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ABSTRACT 

In recent years the debate as to the correct form of 

the aggregate consumption function !1as continued unabated. Research 

on the question has been stimulated by the increasing efforts to 

build up econometric models of national economies. Over the years 

these models have grown both in size (i.e. in the number of equations 

and variables employed) and complexity. However, the consumption 

function has remaine(1 an important relationshir in these models. 

The continuing debate has now generated an exceedingly large 

literature, and it is the first aim of this thesis to review the 

more important contributions to this literature. Four cho.pters are 

devoted to this aim. The first deals with work based essentially 

upon the original formulation of the consumption function by Keynes, 

the second deals with Friedman's Permanent Income Hypothesis and the 

literature which that 11as inspired, while the final two chapters are 

given over to a discussion of wealth and the conswnption function, 

including the Life Cycle Hynothesis of Ando, Hodigliani and Brumher~. 

P,esearch into tlte nature of the Australian consumption 

function has not kert pace with overseas work, and the resulting 

literature is small hoth i.n terms of the total nrunber of c:tudies and 

in terms of the ntnnber of successful overseas ideas that have been 

tried using Australian data. It is the second aim of this thesis to 

review the 'vork on the Australian consrnnption function, and a 

conscientious effort has been made to collect together all available 

estimates. 
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The third aim of our work was to provide new estimates 

of the short-run Australian agr,reri;ate conswnntion function. Eleven 

different hypotheses were chosen for estimation on the basis of 

their perfonnance wici1 overseas and ~ustralian data, as revealed by 

our prior review of the literature. These were estimated first 

uslng data on total consumption and then using data on consumntion 

of non-durable p.;oods and services. L\ttcmpts were made to introduce 

lags in to the hypotheses by the use of the geomctri c lag model and 

the Almon variab1 c teclmiriuc. 

T:-ie method of estimation used was single eriuation least 

squares (SELS). However, for one oE the hypotlleses,attempts were 

made to obtain estimates by the us~ of two recently proposed 

methods, both possessin~ superior properties to SELS. 

On the basis of statistical reliability and ex-nost 

forecast perfonnance, the best hypothesis when non-durable consumntion 

data was used, involved current disTJosable income and lagged 

consumption as regressors. m1en total consumption data was used the 

best hypothesis involved the use of current disposable income, total 

personal wealth, and 1ar;gecl consumntion as regressors. 



CHAPTER ONE 

INTRODUCTION 

1.1 Introduction The aims of this thesis are threefold: 

(i) To provide a critical review of the more important overseas 

literature on the aggre~ate consumption function; (ii) To critically 

review the literature on the Australian aggregate consumntion function; 

(iii) To attempt to remove some of the deficienciec; in the Australian 

work, that have been revealed by (i) and (ii), by providing new 

estimates of the Australian consumption function using quarterly 

data. This chapter is given over to a discussion in section L 2 of 

the nature of the aggregate consumntion function and the motivation 

lying behind research into its form. This is follo,·1ed in section 1. 3 

with some further discussion of the aims and scope of this thesis. 

1. 2 The Aggregate Consumption Function While not a specifically 

Keynesian idea, the consumption function was not regarded as a 

macroeconomic relationshir) of central importance until the 

publication of Keynes' General Theory of Emp_~y!_nent, Interest, and 

~fancy. Jn the chapters of tlte General Theory_ dealing uith the 

consumption function, Keynes groupc~d the factors influencing the 

amount spent on consumpti.on from a given level of income into 

1 
subjective factors and objective factors. The subjective factors 

1. J. H. Keynes, The General Theory of Emnloymen t, Interest, and 
}foney (Lonc!on: )facmiJ lan and Coy. , 19 % ) , p. 91. 
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leading a nerson to refrain from soending out of his income included: 

(i) the desire to built un a reserve against unforeseen contingencies; 

(ii) preparation for old age, or the education of dependents; 

(iii) allowinr; for greater consumption at a later data; (iv) pure 

miserliness. Keynes assumed that these factors could be taken as 

given in the short run.
1 

The objective factors included: (i) the 

level of real income; (ii) offsettirig changes in prices and money 

income; (iii) windfall gains; (jv) changes in _the rate of interest; 

(v) chan8es in the tax structure; (vi) changes in income expectations. 

Although Keynes alloued that windfall gains i1erc capable of 

influencing the level of consumntion expenditure in the short period, 

and that substantial ch;mges in the rate of interest and in the tax 

structure mir;ht have some affect, he concluded that "aggregate 

income ••• is, as a rule, tl1e nrincipal variable upon which the 

consumption-constituent of the aggregate demand function will depend". 
2 

Thus, according to Keynes, in the short-run (with subjective factors 

taken as g:i.ven) we can say that 

C = <P(X) (1.1) 

where C aggregate real desired consumution expenditure 

x aggregate real income. 

Keynes called rt>' the marginal pronc:>nsity__to consume and assumed that 

0 <qi' < 1. 

1. Ibid. 

2. lb icl_. , pp. 9 5-96. 
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The consumption function formed an integral part of the 

model underlying the General T~, and hence estimation of its 

parameters '·JaS 0f interest as a test of the model and the conclusions 

derived therefrom. In early work on estimation, <I> was taken to be 

linear in form and the adjustment of consumption to changes in income 

was taken to be instantaneous. Thus the consumption function was 

fonnula ted as 

= (1. 2) 

where b is the marginal propensity to consume. The corresponding 

aggregate savings function is derived from the identity 

y 
't (1. 3) 

Combining (1. 2) and (1. 3) yields the saving function 

= -a + (1 - b) xt (l.4) 

Throughout the rest of this thesis we shall refer to (1. 2) as the 

basic Keynesian consumption functi.on; similarly for (1.4). 

Supporters of the General The~ were encouraged then, when 

estimates of (1. ?) indicated that the consumption function relation-

ship was stable, and that the marginal propensity to consume, b, was 

indeed a -positive fraction. Because of the intimate connection 

between the size of the margi.nal propensi.ty to consume and the size of 

the multiplier, the size of the estimate of b had a further 

significance. 



After the period in which the rrime motive for research 

lay in the testing of the General Th~, impetus for further 

research came from two sources. Firstly, a number of people thoup.;h t 

the analysis by KeynPs, leading to (1.1), was unsatisfactory. At the 

same time, since desired constnnption expenditure constituted such a 

high proportion of aggregate demand, they recognized the benefits 

to policy makers from having available a correctly formulated and 

estimated consumption function. Hence these people tackled anew the 

problem of formulating the aggregate consumption function. The 

results of this work were the various writings of Duesenberry, 

1 
Modigliani, Ilrumberg, Friedman and others. 

The oecond source of motivation for further research came 

from the effort to build and estimate comnletc models of the national 

economy based upon the principles of the General Theory. These 

econometric models of the economy were designed to serve one or more 

of the following ob;ectives: (i) To increase understanding of the 

structure of the economy; (ii) To act as a forecasting device; 

? 
(iii) To enable quantitative ana1vsis of policy measures.- A central 

feature of these models is the explanation of the determinants of 

aggregate demand. Since aggregJ1te c:onsumption is the largest component 

of aggregate demand, the cxplanatio11 of its deterrninan ts is an 

important feature of an econometric model. Thus econometric work on 

1. Detailed references to this work are given below. 

2. J. W. }1evile, "A simple econometric model of the Australian 
economy," Australian Economic Papers, Vol. 1 (1962), p. 79. 
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the consumption function has been further stimulated bv the various 

model-building projects that have be.en undertaken. To improve the 

overall performance of a model its several narts should he as 

refined as possihle. Jlence the continuous work on the improvement 

of the consumption function, or its complement the savings function. 

In this drive to improve the consumption function, the model builders 

have been able to draw upon the writings of the group mentioned in 

the previous paragraph. 

1. 3 Aims and scope of this thesis As noted in section 1.1, the 

first aim of this thesis is to provide a critical review of the work 

that has been done on the aggregat0 consum-rtion function. The next 

four chapters are devoted to thjs task. Although thP review is 

reasonably lengthy it has been possible to discuss only a fraction of 

the available material. However, it is hoped that the reader will 

find there a discussion of the most important ideas on this topic and 

of the more relevant empirical work. Wherever nossible we have tried 

to present empirical results that have used recent, quarterly data. 

We begin the review in chapter two with a discussion of work based 

substantially upon the Keynesian analysis. Having discovered that 

the Keynesian function (1. 2) was unsatisfactory, researchers modified 

it in a variety of ways, e.g. hy replacing the single income vari.able 

with several disaggregated income variables, hy ri.ttempting to take 

account of consurn~rs' stocks of liquid assets, by introducing dynamic 

factors such as trend terms and 1.agr,ed variables. These various 

modifications are discussed in chapter two. 
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Early in the 1950's investigators began a.rethink on 

the question of the consumption function, and several ne\J 

fonnulations, not explicitly based u~on Kevnes, were put fon1ard. 

These new formulations were based unon an examination of the 

behaviour of an individual consumer. From the results obtained an 

aggregate conslllllption function was derived. The two most prominent 

examples of this approach, the Permanent Income Hypothesis and the 

Life Cycle Hypothesis, are discussed in chapters three and four 

respectively. These ideas, in turn, prompted further empirical work 

in the same spirit. A discussion of some of this work is also 

included in chapters three and four. Finally,some more recent studies 

of the consumption function are discussed in chapter five. Throughuul 

these four chapters an attempt has heen made to single out the i<leas 

that have worked well with the aim of using these, uherever possible, 

in our own study of the Australian consumption function. 

The second aim of the thesis is to review work on the 

Australian consumption function. This is done in chapter six. The 

review is of interest in itself, in that it provides an indication of 

just how much progress has been made in one field of economic research 

in Australia during the last twenty five yerrrs. In addit:f.on, the 

review constitutes essential groundwork. for the new estimates of the 

Australian consumption function to be presented in chapter seven. 

In chapter seven we aim to test various hypotheses which have either 

been successfully tested overseas or are based upon ideas that have 

been successfully tested, and to orovide further tests of nromising 
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Australian ideas which have not hecn a<lequately tested. To be 

able to do this we must first have carried out a review of overseas 

and Australian work on the consumption function. Throughout chapter 

seven quarterly data will be used, hence our estimates can be looked 

upon as estimates of the short-run consumption function. Finally 

some general conclusions and suggestions for further work are given 

in chapter eight. 

Throughout this thesis an attempt has been made to minimize 

any problems that might be caused by notation. For those chapters 

in which a large number of variables are discussed an appendix has 

been added 1 listing the symbols used and the variables they represent. 



CHAPTER TWO 

THE KEYNESIAN CONSUMPTION FUNCTION 

AND ITS DERIVATIVE FORMS 

2.1 Introduction In section 2.2 of this chapter some of the 

early empirical work on the consumption function will be examined. 

The functions to be discussed were all formulated by the investigator 

taking the basic Keynesian consumption function, Ct ~a+ bXt, and 

then introducing some extra factor in an attempt to obtain an 

improved estimate of the aggregate consumption function. These 

derivative formulations were obtained in a variety of ways: 

(1) Additional variables, such as a measure of the equality of 

income distribution, were introduced; (2) The aggregate income 

variable,~, of the Keynesian function was sometimes split into two 

or three variables representing the aggregate incomes of the separate 

factors of production or groups within the community; (3) The static 

formulation of the Keynesian function, where current consumption is 

determined by current income, was varied by the introduction of 

lagged values of income and consumption, trend terms, and changes in 

the level of income; (4) Some investigators introduced non-linearities 

into the function. It is their derivative nature, their essential 

dependence upon the basic Keynesian function, which marks these 

studies off from work to be discussed in following chapters, work 

which begins with a fresh start, even though the final result may be 

an aggregate consumption function very similar in appearance to the 

Keynesian consumption function or one of its derivatives. 
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The literature on the Keynesian consumption function and 

its derivatives is very extensive and it is not possible to examine 

any more than a small fraction of the work done. However, it is 

hoped that the ten studies to be examined will give the reader an 

indication of how econometric work on the consumption function was 

developing during the period covered - what methods of estimation 

were employed, what tests of significance were used, how easily 

researchers were satisfied with their results,and so on. 

An assessment of these studies is carried out in section 

2. 3. 
0 

One conclusion drawn there is that the variable X , the 

previous peak v~lue of income, is a very effective explanatory 

variable. The inspiration for the inclusion of this variable came 

from work by Franco Modigliani. 1 Both Modigliani and James 

Duesenberry independently advanced the hypothesis that consumption 

could be adequately explained by current income and previous peak 

income. Modigliani's work, like that discussed in section 2.2, was 

of an essentially derivative nature. Duesenberry, however, advanced 

his version of the hypothesis only after an examination of the theory 

of consumer behaviour at the micro level. The Duesenberry-Modigliani 

2 hypothesis has been long lived and much tested, and for this reason 

1. Colin Clark, when introducing the variable, termed it the 
Modigliani factor. 

2. The latest test, at the time of writing, was in D. G. Craig 
II > 
Predictive accuracy of quarterly and annual aggregate savings 

functions", Journal of the American Statistical Association 
":::7__;:..:..:....::.:..=..--=-=--==-=-.,;.;,:;~=-=-===-=-=.=.::.=..:::...:..:::..:::::::.!:....::.::::..::~:..::::~~!!.· 

Vol. 65 (1970), pp. 1131-1145. The hypothesis first appeared 
around 1947. 
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it will be examined in greater detail in section 2.4 although 

(because of Duesenberry's work) the hypothesis cannot be considered 

as solely a derivative of the Keynesian consumption function. 

Finally, general conclusions are given in section 2.5 along with 

implications for Australian empirical work. 

2.2 Studies of the Keynesian Consumption Function
1 The ten 

studies to be examined are summarized in table 2.1. 2 
The first 

3 estimate, by Staehle, departs from the Keynesian formulation in 

a number of ways: (i) The dependent variable, A, is a measure of 

the average propensity to consume. The observations on A are 

derived by dividing an index of retail sales by an index of labor 

income. 4 (ii) In addition to the income variable, X, a measure of 

the inequality in the distribution of income is included as an 

explanatory variable. s This measure, denoted by D, is defined as: 

D = 
cumulative median income - median income 

cumulative median income 

1. The notation used below is listed in Avpendix 2.1. 

2. See p. 22 below. 

3. H. Staehle: "Short-period variations in the distribution of 
incomes", Review of Economics and Statistics, Vol. 19 (1937), 
pn. 133-143. 

4. No attempt will be made for these early studies to describe the 
income variable used in terms of present day national accounting 
tenns. 

5. The cumulative median income is that amount which raises the 
cumulative total of ranked incomes to half the total of all incomes 
where the cumulative total is built up by cumulating from the 
lowest income upwards. 

• 
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1 
The value of including D was checked in a second article with the 

2 use of bunch map analysis. The income measure used was obtained 

by deflating an index of labor income by an index of wage rates. 

The method of estimation was single equation least squares (SELS). 

No other formulations of the function, or other variables, were 

tried. With the exception of the bunch map analysis the only test 

2 of the estimate was the value of R (0.7343). The work is, however, 

significant as one of the first estimates of the consumption function 

using quarterly data. 

3 The second study, by Stone and Stone, is again a quarterly 

study. Here a trend term has been included "to make allowance for 

trend influences bearing on the relation of [ C'] to [X']". 4 In 

addition tp the estimate shown for Great Britain, estimates were 

made of the consumption functions of Germany, Holland, Poland, Sweden 

and the United States. These estimates involved regression of 

consumption on to income and a trend tenn, except for those cases 

L H. Staehle: "New considerations on the distribution of incomes 
and the 'propensity to consume'", Revtew of Economics and 
Statistics, Vol. 20 (1938), pp. 134-141. 

2. For an account of bunch map analysis see: S. Valavanis, 
Econometrics (New York: McGraw-Hill, 1959), pp. 146-150. 

3. R. Stone and W. M. Stone: "The marginal propensity to consume 
and the multiplier, a statistical investigation", Review of 
Economic Studies, Vol. 6 (1938-1939), pp. 1-24. 

4. Ibid., p. 13. 
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where the correlation between income and the trend term was so high 

1 
as to make the resulting parameter estimates unreliable, in which 

case the trend term was dropped. In each of these latter cases 

annual data was used. Only in the case of Poland was deflated data 

employed. In all cases the method of estimation was SELS. No other 

statistical measures of goodness of fit were calculated except the 

-2 adjusted coefficient of determination (R ) and the standard error 

of the estimate. The authors of this study conclude that 

"It does not appear, in the cases studied, that 
information other than that of changes in income 
is important in explaining changes in the movement 
of consumption except where a change takes place 
in the relation of consumption to income". 2 

3 Estimate number 3, by Polak, was the result of testing 

at least fifteen different formulations of the consumption function. 

The final form chosen was 

C' = 0.9SXi + 0.7ox2 + x3 + 0.35Gl + O.OSG2 + 0.27t (2 .1) 

where Xi, x2 and x3 are, respectively, "lower" incomes, "higher" 

1. If there are exact, or nearly exact, linear relationships 
between regressors the standard errors of the parameter 
estimates will be very large. Thus it would be hard to reject 
the hypothesis that, for example, the population values of the 
parameters are all zero. For an explanation of this problem of 
multicollinearity (or intercorrelation) see: A. S. Goldberger, 
Econometric Theory (New York: John Wiley and Sons, Inc., 1964), 
pp. 192-194. 

2. Stone and Stone: "The marginal propensity to consume and the 
multiplier", p. 20. 

3. J. J. Polak: "Fluctuations in United States consumption, 
1919-1932", Review of Economics and Statistics, Vol. 21 (1939), 
PP• 1-12, 88. 
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incomes and farmers' incomes; c
1 

and G2 are capital gains on 

securities and commodities respectively; t is a trend term. This 

formulation differs from that of Stone and Stone by splitting the 

income variable up into a number of categories, the motive for this 

being that the marginal propensity to consume from the different 

income types is likely to be different and the distribution of total 

income amongst the various categories could change over time. Other 

variables considered were "higher" incomes lagged one year ( cx2>-1>' 
Pareto's measure of the equality of income distribution (a), and the 

general level of prices of consumption goods (p). The criteria used 

to choose between the various estimates were: (i) the magnitude 

and sign of parameter estimates; (ii) the magnitude of the multiple 

correlation coefficient R; (iii) the magnitude of the increase in R 

as extra variables were added into the regressions. Polak assumed 

that the marginal propensity to consume out of farmers' incomes was 

unity, hence the coefficient of unity for x3. The method of 

estimation was SELS. No special measures of goodness of fit or 

statistical significance are shown,but Polak indicates1 that bunch 

map analysis was employed. As are the Stones, Polak is content with 

the Keynesian formulation of the consumption function, concluding 

that 

1. Ibid., p. 9. 



14. 

"The theory is right in assuming that income is 
the most important factor of consumption 
expenditure. The influence of all other factors 
is practically negligible - even that of the 
distribution of income, if the distinction between 
[lower] and [higher] income is taken into account". 1 

2 
Estimate number 4, by Ezekiel, is of interest because 

of the dynamic variables exµerimented with. The estimate attempts 

to measure the influence of a time trend and the rate of change 

of income on consumption. Ezekiel's estimate can be rewritten as 

C' = 10.256 + 0.622X' - 0.090(X')_1 + 0.917t - 0.37t
2 

Thus it can be seen that Ezekiel has thought it worth while to 

include lagged income as an explanatory variable, as opposed to 

Polak3 who rejected it. The estimate also includes a non-linear 

term -0.37t2 • However, it has been shown that the coefficient of 

t 2 is not significant at the 5% level of significance.
4 

Ezekiel 

(2.2) 

also estimated the same relationship after putting it into per-capita 

terms and deflating. However, on the basis of the size of the 

coefficient of multiple determination corrected for degrees of 

-2 freedom, R , this was rejected. The method of estimation was SELS. 

1. Ibid., p. 10. 

2. M. Ezekiel, "Statistical investigations of saving, consumption 
and investment", American Economic Review, Vol. 32 (1942), 
pp. 22-49, 272-307. 

3. See p. 13 above. 

4. I. Friend, "Ezekiel's analysis of saving, consumption, and 
investment", American Economic Review, Vol. 32 (1942), p. 830. 
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The study by Smithies1 has several features which mark 

it off from most of the previous work, including that not reported 

here. 
2 Firstly, constant price data are used. All further studies 

to be reported automatically use deflated data. Secondly, the 

income variable used represents disposable income. Prior to this 

stage it is difficult, in terms of current national income accounting 

concepts, to say exactly what is the nature of the income variable 

used. Subsequent studies examined sometimes do not use the disposable 

income conceptjbut there is usually a special reason for this. (For 

example, Klein in estimates 6.4 to 6.7 does not employ disposable 

income data, although he recognizes the desirability of doing so, 

because the data is not available.) Thirdly, the standard errors of 

the parameter estimates are given, enabling tests of statistical 

significance to be performed. Except for these factors the Smithies' 

function is not greatly different to that formulated by Stone and 

Stone (estimate number 2). Once again the method of estimation is 

SELS. 

Estimates 6.1 to 6.7 differ from previous estimates in 

that each is part of a system of relationships forming an econometric 

3 model of the United States economy. Estimate 6.1 is from a simple 

1. A. Smithies, "Forecasting postwar demand: I", Econometrica, 
13 (1945)~ pp. 1-14. 

2. Note, however, that constant price data was used by Staehle in 
estimate 1. 

3. See L. R. Klein, Economic Fluctuations in the United States, 
1921-1941 (New York: John Wiley and Sons, Inc., 1950). 
L. R. Klein, "The use of econometric models as a guide to policy", 
Econometrica, Vol. 15 (1947), pp. 111-151. 
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1 
three equation model estimated by the method of reduced forms. 

The income variable used is disposable income. The formulation of 

the function departs from the basic Keynesian function in that it 

is cast in a per-capita form, and a lagged value of per-capita 

income is included. Standard errors of the parameter estimates 

and values of the statistics SE and VN were calculated for the 

reduced form equation from which 6.1 is derived. The variable 

L ( N )_
1

, where L represents private holdings of liquid assets, was 

2 also tried, but its coefficient in the reduced form equation was 

found to be statistically insignificant. Estimates 6.2 and 6.3 

are alternative estimates of the consumption function for a large 

16 equation model. In both formulations the income variable is 

disposable income. Both formulations are quite simple, the only 

special feature being the non-linear term -0.0lXt in 6.3. This term 

1. For an account of the reduced form approach to estimating the 
parameters of a system of equations see Goldberger, Econometric 
Theory, pp. 294-329. The reduced-form approach is employed 
because SELS estimates of the parameters of a relationship, 
where the relationship forms part of a simultaneous system of 
equations, lack the property of consistency (which, roughly 
speaking, means that as the sample size (n) grows the probability 
that the parameter estimate (e ) differs from the actual parameter 

n 
value (8) by more than an arbitrarily small amount (£) should be 
decreasing, i.e. 

lim P(le - ej > £) = o ). 
n 

n+co 

2. Klein, "Econometric models as a guide to policy", p. 123. 
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is included to test the hypothesis that the marginal propensity 

to consume is varying over time. 
dC 

(From 6.3 we find that dX , the 

marginal propensity to consume, equals 0.77 - O.Olt, a, decreasing 

function of time). Estimate 6.2 is obtained using the limited

! infonnation maximum likelihood method, while SELS is used to derive 

estimate 6.3. 
2 

Estimates 6.4 to 6.7 are from a six equation model. 

In all estimates the only variables used are income variables - wage 

income before taxation (X
2

) and non-wage income before taxation (X1). 

Lack of data prevented the use of disposable income type variables. 

In 6.4 and 6.6 the lagged value of x1 has been included as an 

explanatory variable. Estimate 6.4 has been found by use of the 

3 full-information maximum likelihood method, while 6.5 and 6.6 have 

been found by use of the limited information maximum likelihood 

method. Asymptotic standard errors are in parenthesis below each 

parameter estimate in 6.5 and 6.6. Finally a SELS estimate of 

formulation 6.5 is given. The influence of the estimation technique 

is quite substantial as can be seen by comparing the magnitude of 

the estimated coefficient of x
1 

in 6.5 (0.02) with that in 6.7 (0.25). 

1. See Goldberger, Econometric Theory, pp. 338-345. 

2. Klein, Economic Fluctuations in the United States, pp. 58-80. 
The two previous models referred to above are discussed in both 
of the publications listed in footnote 3, p. 15 above. 

3. See Goldberger, Econometric Theory, pp. 352-356. 
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A most important feature of this work is the use of estimation 

techniques (reduced form, full information and limited information 

maximum likelihood) suitable for the estimation of relationships 

forming part of a simultaneous system. 

1 Estimates 7.1 and 7.2, by Clark, were obtained in an 

indirect fashion. On the assumption that total taxation was a 

stable linear function of gross national product, Clark formulated 

his conswnption function as 

c = (2.3) 

0 where X = gross national product and X = the highest previous value 

of X attained a year or more previously. In addition Clark's import 

function was: 

(2.4) 

where I = imports. Subtracting (2.4) from (2.3) gives 

(2.5) 

(2.5) was estimated for both (1921-1933) and (1934-1941). These 

estimates were combined with corresponding estimates of (2.4) to 

give estimates 7.1 and 7.2. Clark's reason for adopting this approach 

is to reduce the number of equations and endogenous variables in 

1. C. Clark, "A system of equations explaining the United States 
trade cycle, 1921 to 1941", Econometrica, Vol. 17 (1949), 
pp. 93-124. 



19. 

1 his equation system. The only other variable tried by Clark was 

gross national product lagged two quarters. This was rejected on 

the basis of bunch map analysis. Clark offers no statistics or 

tests in support of his consumption function except the value of 

the correlation coefficient. Bunch map analysis is used to support 

the inclusion of x0 in the function. The function does receive 

some other support in that it is part of a system of equations 

designed to explain the United States trade cycle, which Clark feels 

2 the system does quite well. Although Clark's consumption function 

is part of a system of equations, he estimated it by SELS and thus 

the parameter catimates will not be consistent. 

Estimate 8 was part of a small, highly aggregative quarterly 

model of the United States. 3 The consumption function was very 

simple; aggregate consurnption was made proportional to lagged gross 

national product. The proportional character of this consumption 

function marks it off from the Keynesian function, since proportionality 

implies that the average propensity to consurne equals the marginal 

propensity (whereas the Keynesian function normally shows the average 

propensity greater than the marginal propensity). The system was 

1. Ibid., p. 102. 

2. Ibid., pp. 115-116. 

3. G. H. Fisher, "A simple econometric model for the United States, 
1947-1950", Review of Economics and Statistics, Vol. 34 (1952), 
pp. 46-48. 
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estimated by the method of reduced forms, standard errors being 

given for the estimates of the reduced form parameters. 

1 Estimates 9.1 to 9.3, by Barger and Klein, are noteworthy 

for including lagged consumption as an explanatory variable. c_ 312 

is a simple average of the consumption of the two previous quarters, 

i.e. In 9.1 the variable X is gross income before 

taxes; in 9.2 and 9.3, x1 is wage income (before taxes) and x2 is 

non-wage income (before taxes). Relationship 9.1 was part of a 

model set up in recursive form, enabling consistent parameter 

2 estimates to be obtained by application of the SELS method. The 

95% confidence limits for the parameter estimates are: 

0.931 < Cll < 
= 

0.984 -0.072 < 
= 

< 0.122 = 

where a 1 is the coefficient of c_312 and a 2 is the coefficient of X. 

Barger and Klein note that the result is defective for the following 

1. H. Barger and L. R. Klein, "A quarterly model for the United 
States economy", Journal of the American Statistical Association, 
Vol. 49 (1954), pp. 413-437. 

2. Consistent estimates of the parameters of a recursive system can 
be obtained by application of SELS to each equation of the system, 
if it is assumed that unlagged disturbances in separate equations 
are independent. See Goldberger, Econometric Theory, pp. 354-355. 
Barger and Klein do not make this assumption and use the following 
procedure to obtain consistent estimates: (1) The equation with 
only one dependent variable (say Y

1
) is estimated by SELS; (2) The 

equation with two dependent variables (Y
1

, Y
2

) is estimated by 

SELS, b~t actual observations on Y1 are replaced 

values Y1 • And so on for subsequent equations. 
Klein, "A quarterly model for the U.S. economy", 

by calculated 

See Barger and 
pp. 416-418. 
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reasons: (i) The statistic VN indicates significant autocorrelation 

of the disturbances; (ii) The marginal propensity to consume out of 

current income (a2) is very low; (iii) The confidence limits for a 2 
1 include negative values. While the study suffers from these defects 

it is also impressive for the care the authors have taken to obtain 

consistent parameter estimates and for the calculation of confidence 

limits. Relationship 9.2 was part of a model which was partially 

recursive. Limited-information maximum likelihood estimation was 

required to obtain consistent parameter estimates. A SELS estimate 

of 9.2 was provided also (see 9.3). Barger and Klein subjected their 

models to a further teat by examining how well they predicted in 

comparison to three "guesswork" models. In this test the performance 

of the models both within and without the sample period was checked. 

2 Estimate 10, by Klein and Goldberger, is the consumption 

function for a 20 equation model of the United States economy. In 

setting up the equation for testing,the authors have taken account of 

the functional distribution of income by providing three income 

variables - x1 (disposable employee compensation), x2 (disposable 

non-wage non-farm income) and x
3 

(disposable farm income). In 

addition, allowance is made for population changes and lags in 

1. Barger and Klein, "A quarterly model for the United States 
economy", pp. 422-423. 

2. L. R. Klein and A. s. Goldberger, An Econometric Model of the 
United States 1929-1952 (Amsterdam: North-Holland Publishing 
Coy., 1955), pp. 4-10, 57-66, 90. 



TABLE 2.la 

Author(s)b 
Estimate Sample 

Estimated 
Estimation 

il2 f 
Number Country Datac Period Methode etc. 

Staehle 1 Germany quarterly 1928-1934 A= 197.4 - 0.33X - 2.31D SELS R2 
m 0.7343 

[1937] constant prices 

Stone and 2 Gt. Britain quarterly 1929(III) c' m 408.9 + o.s21ox• - 0.2412t SELS -2 R • 0.909 
Stone current prices -193S(III) SE = 10.0 
[1938] 

Polak 3 u.s.A. annual 1919-1932 C' D o.95Xi + o.1ox2 + x3 
[1939] current prices 

+ 0.3SG1 + O.OSG2 + 0.27t SELS R = 0.994 

Ezekiel 4 u.s.A. annual 1921-1938 C' = lO.iS6 + 0.712X' - 0.0906X' SELS -2 R = 0.986 
[1942] current prices 

+ 0.917t - 0.37t2 SE = 1.044 

N 
c x N 

Smithies s u.s.A. annual 1923-1940 N • 76.s8 + 0.16 N + 1.1s t SELS R • 0.97 IU 
[194S] prices 

. 
constant (0 .OS) (O.S8) 

Klein 6.1 u.s.A. annual 1922-1941 c x x 
)_l N • 84.74 + o.s8 N + o.1s N RF 

[1947' 19SO] constant prices 

6.2 " 1922-1941 C m 11.87 + 0.73X + 0.04t LIML VN 1. 20 SE = 1. 36 

6.3 1921-1941 C = 9.70 + 0.77X - O.OlXt + 0.76t SELS VN • 1.46 SE = 1.17 
(0.04) (0.004) (0.26) 

6.4 1921-1941 c = 16.78 + 0.02X1 + 0.23(X1)_1 FIML VN = 1.S4 SE = 1.14 

+ o.8ox2 
6.S " 1921-1941 c - 17.71 + 0.02X1 + 0.87X2 LIML VN = 0.98 SE = 1. 30 

(O. 07) (0.04) 

6.6 " 1921-1941 c c 17 .15 - 0.22X1 + 0.40(X1)_1 
LI!il. VN = 1. S6 SE = 1. SS 

(0.19) (0.17) 

+ 0.82X2 
(O. OS) 

6.7 " 1921-1941 C m 16.43 + o.2sx1 + o.8ox2 SELS VN • 1. 34 SE m LOS 

(0.07) (0.04) 



Table 2.1 continued 

Author(s) 

Clark 
[1949] 

Fisher 
[1952] 

Barger and 
Klein 
[1954] 

Klein and 
Goldberger 
[1955] 

Estimate 
Number 

7.1 

7.2 

8 

9.1 

9.2 

9.3 

10 

Country 

u.s.A. 

II 

u.s.A. 

u.s.A. 

II 

II 

U.S.A. 

Sample 
Data Period 

quarterly 1921-1933 
constant prices 

II 1934-1941 

quarterly 1947-1950 
constant prices 

quarterly 1923-1940 
constant prices 

II II 

II II 

annual 1929-1941 
constant prices & 1946-1952 

a. For definition of notation see Appendix 2.1, p. 50. 
b. For sources see text. 

Estimation 
Estimate 

c .. -9.64 + 0.622X + 0.322XO 

c - -2.34 + 0.361X + 0.322XO 

C "' 0.608X_1 

c = 257 + 0.955c_312 + 0.035X 

c .. 1313 + 0.474c_312 + 0.655X1 

- 0.238X2 
c .. 1375 + 0.443C_312 + 0.696X1 

- 0.257X2 

c = -22.26 + o.55x1 + o.41x2 
{9.66) (0.06) (0.05) 

+ 0.34X3 + 0.26C_1 + 0.072L_1 
(0.04) {0.075) (0.025) 

+ 0.26N 

(0.10) 

Method 

SELS 

SELS 

RF 

SELS 

LIML 

SELS 

LIML 

c. All quarterly studies except that by Stone and Stone employ deseasonalised data. 

-2 R etc. 

R • 0.966 

R"' 0.877 

VN ., 1.35 

VN"' 1.67 

VN "' 1.98 

d, The figures in parenthesis are the standard errors. In estimate 6.5 and 6.6 the figures are asymptotic standard errors. 
e. SELS = single equation least squares; RF ~ reduced form; LIML = limited-information maximum likelihood; 

FIML = full-information maximum likelihood, 
f. SE = standard error of the estimate; SE - SE corrected for degrees of freedom; VN = Von Neumann ratio (used for testing 

for possible autocorrelation of disturbances). 

N 
N 
O" 
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behaviour with the introduction of the variables N and c_1 • A 

variable not encountered before is L_1 - end of year liquid assets 

held by persons. This is the most fundamental modification to the 

Keynesian function reported so far. Klein and Goldberger argue that 

the consumer's stock of wealth will affect his expenditure plans for 

1 coming periods and that a convenient way to measure wealth stocks 

is by means of L. The problem of multicollinearity between the 

three income variables was overcome by the use of survey data. 

Instead of estimating the coefficients a 1 , a 2 and a 3 in 

and 

and then time series data was used to estimate the coefficient a 1 of 

A A 

a a 
a

1
[x

1 
+ ( ~ )X2 + ( _l, )X ] 

a 1 a 1 3 

where A denotes the survey data estimate. The entire model was tested 

for its forecasting ability both within and without the sample period. 

The estimation method was limited-information maximwn likelihood. 

2.3 Assessment The aim of this section is to provide some 

assessment of the studies just outlined. The early studies examined 

(estimates 1 to 5) appear to do quite well when casually examined. 

1. In coming chapters we will be examining other formulations of 
the consumption function in which the consurner's wealth status 
is regarded as fundamental. 
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The hypotheses tested a-ppcar to be ahle to exn1ain more than 90~~ 

of the variation in consumption ex-penditure. The lowest value for 

the multiple correlation coefficient is O. 73Lf3 for estimate number 1. 

In addition, the consumption functions finally formulated in estimates 

1 to 5 have the virtue of being quite simµle in form. However, it 

is too much to be asked to accept estimates on the basis of the value 

of the correlation coefficient alone. These five estimates, and the 

rest also, suffer from a number of deficiencies. 

First, in six of the ten cases the estimation method was 

SELS. Sinc,e the consumption function is, in reality, part of a 

system of relationships linking the various economic aggregates 

(even if the other relationships are not ~melt out), use nf SF.LS 

1 
will usually result in inconsistent estimates of its parameters. 

Secondly, in only three cases (estimates fi, 9 and 10) was any check 

made for possible autocorrelation of disturbances. The consequences 

of autocorrelated disturbances are: (1) The conventional least-squares 

formulae for calculating the variances (and hence standard errors) of 

parameter estimates may seriously underestimate the variances of least-

squares parameter estimates; (2) The usual form of the t-test will 

not hold; (3) The classical least-squares estimator is no longer a 

best-linear-unbiased-estimator (BLUE) since another linear-unbiased-

1. See footnote 1, p. 16 above. See also Goldberger, Econometric Theory, 
pp. 288-2911 and T. Haavelmo, "Methods of measuring the marginal 
propensity to consume", Journal of the American Statistical 
Association, Vol. ~2 (1947), pp. 105-122. 
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estimator (the generalized least-squares estimator) with smaller 

1 sampling variances exists. Thus, the consequences of autocorrelation 

are that our estimates are no longer BLUE, standard errors are not 

correctly calculated, and the normal tests of significance are 

inapplicable. In view of these consequences the lack of a test for 

autocorrelation is a serious failing. Thirdly, a check on the 

statistical significance of parameter estimates is almost impossible 

as in only very few cases were standard errors calculated. Fourthly, 

only in the case of estimates 9 and 10 was the predictive ability of 

the function checked against data from outside the sample period. 

Fifthly, many of the studies used income variables that were not of 

the "disposable income" type. Sixthly, in many studies the sample 

period was exceedingly short, estimates being calculated on less 

than twenty observations. Finally, hypotheses for testing were still 

being formulated in most cases by taking the Keynesian consumption 

function and tinkering with it in some way - trying different methods 

of deflation, splitting up the income variable in a variety of ways 

etc. 

1. For a discussion of the consequences of autocorrelation and the 
generalized least squares estimator see Johnston, Econometric 
Methods, (New York: McGraw-Hill, 1963), Ch. 7 or Goldberger, 
Econometric Theory, pp. 231-246. 
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In an attempt to overcome some of these deficiencies 

1 Robert Ferber made a systematic study of a number of hypotheses 

using a common set of annual data. The hypotheses were used to 

derive seven basic savings functions, namely: 

A s :::r f(X) 

B s :: f(X, x_1> 

c s = f(X, N) 

D s = f (X, t) 

E s = f(X, x_l' t) · 

F S/X = f [ ( X - XO) /X) 

G S/X ,. f(X/XO) 

Three separate sample periods were used (1929-1940, 1923-1940, 

1923-1930 and 1935-1940), and the data was in turn deflated by a 

price index, population, or both. The combination of basic 

hypotheses with different sample periods and different me.thods of 

deflating resulted in approximately sixty different savings functions. 

-2 As well as calculating R , a check was made on each function for the 

possibility of autocorrelated disturbances. Average absolute percentage 

forecast-errors were calculated for three different periods outside 

1. R. Ferber, A Study of Aggregate Constllllption Functions (New York: 
National Bureau of Economic Research, Technical Paper No. 8, 
1953) and R. Ferber, "The accuracy of aggregate savings functions 
in the post war years", Review of Economics and Statistics, 
Vol. 37 (1955), pp. 134-145. 
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the sample period (four in the case of estimates based on 1923-1930 

and 1935-1940 data). 1 

In examining his results Ferber stated that: 

"We seek functions that 

(a) will supply the most accurate forecasts when 
fitted to the entire period of observation, and 

(b) are likely to be as accurate in predicting 
savings for prosperous years as for depressed 
years."2 

Applying the first criterion brought functions of type F and G, 

and functions of type B when price deflated, to the fore. It was 

not possible to choose between these by employing the second 

criterion. Functions of type F and G do, however, perform better 

relative to a naive forecasting model (St = St-l) than do the 

functions of type B. Of the various functions of type F and G 

tested,the price deflated form of type F seems the best on the 

-2 3 grounds of R and forecast ability. In later work, Ferber states 

that the inclusion of lagged income also aids the predictive ability 

of the savings function. 

Thus, to conclude this section, it appears from Ferber's 

work that the best hypothesis at that time was one involving current 

0 income (X), previous peak income (X ), and possibly lagged income (x_
1
). 

As stated in section 2.1 this hypothesis and its variations has been 

1. Further periods were tested in Ferber, '"The accuracy of aggregate 
savings functions in post war years". 

2. Ferber, A Study of Aggregate Consumption Functions, p. 46. 

3. Ferber, "The accuracy of aggregate savings functions in post-war 
years", p. 144. 
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well tested over a considerable period of time and, while not of an 

entirely derivative nature, it will be convenient at this point to 

examine it in some greater detail. While doing so, results of 

several econometric studies more recent in time than that by Ferber 

1 will be drawn upon. 

2.4 The Duesenberry-Modigliani Hypothesis The hypothesis that 

0 
past income levels, and particularly past peak income (X ), affected 

consumption expenditure is most strongly associated with the names 

of Profs. James Duesenberry and Franco Modigliani. Each independently 

suggested a form of consumptlun functlon including XO. 
2 

One source of motivation for the DM hypothesis was the 

3 estimates of national income and consumption published by S. Kuznets. 

These estimates were for overlapping decades (e.g. 1869-78, 1874-83) 

1. One potentially important variable not discussed by Ferber is 
liquid assets. Its influence will be discussed below. 

2. See J. S. Duesenberry, "Income-Consumption Relations and their 
Implications", reprinted in Readings in Macroeconomics, ed. by 
M. G. Mueller (New York: Holt, Rinehart and Winston, Inc., 1966), 
pp. 61-76; J. S. Duesenberry, Income, Saving and the Theory of 
Consumer Behaviour, (New York: Oxford University Press, 1967); 
F. Modigliani, "Fluctuations in the Saving-Income Ratio: A 
Problem in Economic Forecasting". New York: National Bureau of 
Economic Research, Studies in Income and Wealth, Vol. 11, 1949. 
The Duesenberry-Modigliani hypothesis will be referred to as 
the DM hypothesis. 

3. S. Kuznets, Uses of National Income in Peace and War, Occasional 
Paper No. 6 (New York: National Bureau of Economic Research, 1942). 
Revised estimates of these data were published in S. Kuznets, 
National Income: A Summary of Findings (New York: National Bureau 
of Economic Research, 1946). 
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and, as such, emphasized the long-run characteristics of movements 

in national income and consumption. The long-run ratio of consumption 

to net national product was shown by these figures to have been 

almost constant for some 70 years. Between 1869 and 1928 the ratio 

fluctuated between 0.84 and 0.89 only. On the other hand, annual 

or quarterly data on consumption and income will display a wide 

variation in the consumption-income ratio. Ideally1 then, the aggregate 

consumption function should be capable of reconciling the secular 

(or long-run) constancy of the consumption-income ratio with its 

cyclical (or short-run) fluctuations as shown by annual or quarterly 

data. The baslc Keynesian consumption function cannot do this for 

= a > 0 

implies a falling consumption-income ratio as income rises. Thus· 

the vast majority of consumption functions, which were all some 

modification of et = a+ bXt, were inconsistent with long-run data. 

One early attempt to explain the discrepancy between the 

implications of the Keynesian type function and the long-run data 

1 
was made by Smithies. Smithies did this by estimating the Keynesian 

consumption function (in per-capita form) with a time trend added. 

The estimate was: 

c 
N 

76.58 + x o. 76 N 
(0.05) 

+ l.lSt 

(0.58) 

Smithies reports that applying this formula to changes in Kuznets 

national product figures yielded changes in consumption very close to 

1. Smithies, "Forecasting post war demand". 
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1 those given by Kuznets. This attempt was shown to have failed by 

Modigliani,who re-estimated the Smithies function using revised 

2 
data and obtained 

c 
N 

x 11.1 + o.78 N + o.83t 

This revised estimate did not reproduce the Kuznets figures. 

As an alternative hypothesis Modigliani offered: 

= 0.773Xt + 0.125X~ 

where C = real consmnption per capita, X = real disposable income 

0 per capita, and X m the highest value of X prior to period t. 

(The constant term was found to be statistically insignificant.) 

To see how (2.6) helps to reconcile the secular stability of the 

consumption-income ratio with its cyclical fluctuations, first 

rearrange (2.6) to give: 

= 

XO 
t 

0.773 + 0.125 x-
t 

(2.6) 

In the case of steady growth of income, the highest value of X prior 

0 
to period twill be Xt-l" Hence Xt = Xt-l" Suppose income is 

x - x 
growing steadily at the rate of 2% per period (i.e. tx t-1 =.02). 

t 

1. Smithies, of course, was not the first to estimate a consumption 
function of this form. However, as far as we are aware, he is the 
first to specifically mention the fact that this form of 
consumption function may satisfactorily explain Kuznet's figures. 

2. Modigliani, "Fluctuations in the saving-income ratio", p. 376. 
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ratio X will 

t 
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then be equal to 0.98. The consumption income 

ratio will be a constant, namely: 0.773 + 0.125 x 0.98 = 0.895. 

Thus a consumption function of the form suggested by Modigliani 

is consistent with a constant long term consumption-income ratio. 

On the other hand, suppose income begins to decline. In this case 

x0 stays fixed at the previous peak value of income. Function 
t 

(2.6) is now of the form 

= a + 0. 773Xt 

0 where a is a constant equal to 0.125X • The consumption income 
t 

ratio is now equal to 

a 
= xt + 0.773 

and will rise as Xt falls. When the recovery begins, and Xt 

increases back towards its previous peak, : will fall and 
t 

et X will fall back towards its long-run value. 
t 

Since 1945,declines in the absolute level of income 

have been exceedingly rare, cycles of economic activity being 

characterized more by fluctuations in the rate of growth of income 

around a long-run upward trend. In these circumstances the DM 

hypothesis is still effective in explaining fluctuations in the 

consumption-income ratio. Consider 
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a + b (2.7) 

If income is always rising, but at a fluctuating rate, (2.7) can 

be written as 

(2.8) 

xt-1 
Now, if 100A% is the long-run rate of income growth, = (1 - A) 

xt 
and (2.8) becomes 

= 

c Hence, the long-run X ratio is a constant. Suppose that the rate 

of growth rises above its long run rate to (A+ 6A). Then (2.8) 

becomes 

::: a + b(l - A - 6A) 

c 
( X )LR - b6A 

that is, the~ ratio falls below its long-run value ( ~ )LR" 

SimilarlY, if the rate of growth falls below its long-run rate, 

c 
the X ratio will rise above its long-run value. Thus, if we 
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examine data for which the short-run characteristics have been 

suppressed (such as the Kuznets data), we would expect to find 

c a constant X ratio. On the other hand, if we examine short...:run 

data we should expect to find the ~ ratio fluctuating about its 

long-run value,according as the actual rate of growth fluctuates 

about the long-run rate of growth. Thus, the DM hypothesis reconciles, 

in a fairly simple way, the observed long-run and short-run behaviour 

c 
of the X ratio. 

The work of Duesenberry resulted in a savings function 

of the form: 

= 

One argument used by Duesenberry in support of his hypothesis 

was that consumers would attempt to maintain previously attained 

consumption standards in the face of a decline in income. As a 

measure of these standards x0 was introduced into the consumption 

(savings) function. An alternative measure suggested was c0 , 

previous peak consumption; givin~: 

= a ( + b 

We have already seen above that Ferber' s work, using 

(2.9) 

1. T. E. Davis, "The consumption function as a tool for prediction", 
Review of Economics and Statistics, Vol. 34, (1952), pp. 270-277. 



annual data for the United States, gave support to the DM 

1 hypothesis over a series of others tested. T.M. Brown provided 

a further check using annual data for Canada for the period 

1926-1941, 1946-1949.
2 

Brown was investigating the general 

question of lags in consumer behaviour and tested some seven 

basic hypotheses. The first hypothesis was the simple Keynesian 

consumption function: 

A: 

The next two hypotheses assumed that consumers were slow to react 

to changes in their income status: 

B: 

C: 

Hypothesis C implies that past peak disposable income is the most 

important influence on consumption expenditure (besides current income). 

On the other hand, hypothesis B implies that the most recent lagged 

value of income has the greatest effect of the various past values. 

The next two hypotheses assume that consumers are affected by past 

1. Modigliani's consumption function is 

et aX + bXO 
t t 

s (1 a)Xt bX~ = (1 - a - b)X + b(X - XO) 
St X - XO t t t 

t 
(1 - b) + b t t 

xt 
- a x 

t 
which is a linear version of the type·F function chosen by 
Ferber as best performer (see p.26-27 above). 

2. T .M. Brown, "Habit persistence and lags in consumer behaviour", 
Econometrica, Vol. 20 (1952), pp. 355-371. 
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consumption standards: 

D: 

E: 

Hypothesis D implies that the most recent consumption experience 

is the most important of past experiences, whereas hypothesis E 

implies that previous peak consumption is the most important -

no matter how far back in time that experience was. The final two 

hypotheses are derived from differing assumptions about the marginal 

propensity to consume (mpc): 
x2 

F: et + alxt + t 
ao a2Z 

G: et = ao + alxt + a2xtxt-l 

Hypothesis F implies that the mpc is a linear function of income., 

since F implies that 

dCt 
dX = al + a2Xt 

t 

Hypothesis G, on the other hand, implies that the mpc is a linear 

function of lagged income,since G implies that 

Each hypothesis was varied by including the fhift variable 

Ac, which took the value zero for 1926-1941 and unity for 1946-1949. 

Brown attempted by this device to take account of the increase during 

World War II in personal holdings of liquid assets, data for which 

did not exist. The 14 hypotheses resulting were estimated by SELS. 
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Brown judged the DM hypothesis with shift variable as the best 

f . 1 per ormer, i.e. 

Brown repeated the 14 regressions, this time with 

disposable income split into disposable wage and disposable non-wage 

income. The best result was the estimate of 

c 
t 

where xlt' x2t are disposable wage income and disposable non-wage 

income respectively. Thus, the DM hypothesis is not directly 

confirmed, but Brown's results do provide further support for the 

inclusion of lagged values of variables in the consumption function.
2 

The work done by Brown has been repeated by Arnold Zellner, 

this time using quarterly data for the United States. 3 Since 

Zellner had observations on liquid asset holdings, the shift variable 

c A was not used but was replaced by Lt-l - beginning of quarter liquid 

1. The presence of the intercept a
0 

means that this is not strictly 
the DM hypothesis. A statistically significant estimate for a

0 ' c 
would mean that X~ will decline (assuming a

0
>0) even if Xt is 

growing at some steady rate. 

2. In assessing the various regression results Brown appears to have 
used the following statistics: (i) The t-ratio (i.e. the ratio 
of the parameter estimate to its standard error); (ii) The 
standard error of the estimated (corrected for degrees of freedom); 
(iii) The coefficient of variation (i.e. the ratio of the standard 
error of the estimate to the mean value of the dependent variable); 
(iv) The Non-Neumann ratio; (v) R2. See ibid., p.361-362. 

3. A. Zellner, "The short-run consumption function", Econometrica, 
Vol. 25 (1957), pp. 552-567. 
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assets. Zellner did not bother with the non-linear hypotheses 

(F and G) of Brown, and thus tested a total of 10 formulations 

of the consumption function (hypotheses A to E with and without 

Lt_1). Each formulation was estimated by SELS and by the method 

of Reduced Forms. In the case of hypotheses B to E the reduced 

form estimate yielded a negative mpc and the results were not 

presented by Zellner. The results obtained are shown in table 

2.2 (p.38). The data used was for 1947 (I) to 1955 (I), excluding 

1950 (III) and 1951 (I). 

These results were subjected to a much more careful 

examination than for any previous work. Each estimate was first 

considered in the light of the following three criteria: (i) the 

consistency of the signs of the parameter estimates with prior 

expectations, (ii) the statistical significance of the parameter 

estimates, (iii) the possible auto correlation of disturbances. 

If the estimate passed all three of these tests it was included 

in a group of acceptable hypotheses. These were then ranked 

according to their predictive ability, both within and without 

the sample period, and to the value of R.2 . In judging their 

predictive ability Zellner employed three "naive" or "guess work" 

models. After subjection to this array of tests functions A.2 

(SELS estimate) and D.2 were chosen, i.e. 

A.2(SELS): C = -21.91 + 0.708X + 0.3681_1 
(0.021) (0.054) 
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TABLE 2.2a 

Estimation 
Function Methodb Estimate 

A.l SELS C = 38.09 + 0.747 X 

A. 2 

B.l 

B.2 

C.1 

C.2 

D.l 

D. 2 

E.1 

E. 2 

(0.033) 

RF C = 63.53 + 0.620 X 

SELS C = -21.91 + 0.708 X + 0.368 L_1 
(0.021) (0.054) 

RF C = -18.52 + 0.665 X + 0.396 L_1 

SELS 

SELS 

SELS 

SELS 

SELS 

SELS 

SELS 

SELS 

c = 36.52 + o.553 x + 0.203 x_1 (0.172) (0.176) 

c = -21.96 + o.582 x + o.133 x_1 
(0.104) (0.108) 

+ O. 362 L_1 (0.052) 

C = 30.37 + 0.417 X + 0.369 XO 
(0.157) (0.172) 

C = -22.58 + 0.532 X + 0.199 XO 
(0.099) (0.110) 

+ O. 347 L_1 (0.051) 

c = 0.10 + 0.128 x + o.870 c_1 
(0.093) (0.127) 

c = -18.96 + o.375 x + o.489 c_1 
(0.110) (0.160) 

+ 0.219 L_1 (0.067) 

c = 0.35 + 0.165 x + 0.825 c0 

(0.112) (0.156) 

c = -23.02 + 0.458 x + 0.369 c0 

(0.114) (0.165) 

+ 0.272 L_1 (0.065) 

* Autocorrelation at 5% level. 
** Test inconclusive at 5% level. 

-2 
R de 

0.944 0.75* 

0.41* 

0.979 1. 79 

1.44** 

0.944 0.61* 

0.979 1. 34** 

0.950 0.54* 

0. 981 1. 39** 

0.978 1.53 

0.984 1.77 

0.971 0.99* 

0.982 1.54** 

a Derived from table II p. 560 of A. Zellner "The Short-Run 
Consumption Function". 

b SELS = single equation least squares; RF = reduced form. 
c d = Durbin-Watson test statistic. 
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D.2: C = -18.96 + 0.375X + 0.489C_1 + 

(0.110) (0.160) 

0.219L_1 
(0.067) 

Thus the quarterly work of Zellner, like that of Brown, does not 

confirm the DM hypothesis directly but favours a function employing 

the variables disposable income and liquid assets or disposable 

income, lagged consumption and liquid ass.ets. 

For later purposes it will be useful to include here a 

1 mention of some work by Z. Griliches et al. In this work Griliches 

produced several new estimates of functions D.1 and D.2 using revised 

data. For the same sample period as Zellner, the new estimate of 

D.2 was: 

-24.7 + 0.576Xt + 

(O .113) 

0.228Ct-l + 

(O .150) 

0.319L l t-
( O. 070) 

2 
(R = 0.983, d = 1.68) 

Estimates were also calculated for 1952-1960 and 1947-1960. The 

estimate for 1947-1960 was: 

et = -13.1 + 0.539Xt + 
(0.077) 

0.265Ct-l + 
(0 .102) 

0.258L l 
t-

(0. 044) 

(R2 = 0.997, d = 1.45) 

These estimates would appear to confirm Zellner's conclusions about 

the worth of liquid assets and lagged consumption as explanatory 

variables. 

Estimates of D.l were also calculated. The estimate for 

1. Z. Griliches et. al. , "Notes on estimated aggregate quarterly 
consumption functions", Econometrica, Vol. 30 (1962), pp. 491-500. 



1947-1960 was 

c = 3.1 + 
t 

40. 

0.300Xt + 
(0.085) 

0.670e l 
t-

( 0. 097) 

2 
(R = 0.994, d = 1.09) 

Zellner's estimate of D.l was regarded by him as unacceptable since 

the estimated coefficient of Xt was not statistically different from 

zero. This is not the case for this new estimate, however, and this 

formulation is worthy of further testing. 

A further test of the DM hypothesis was made by Duesenberry 

and others when constructing a quarterly econometric model of the 

1 United States economy. The actual hypothesis tested was a variation of 

Duesenberry's original hypothesis
2

, namely: 

et 
-X-- =a 

t-1 

x 
+ b t-1 + 

XO 
t-1 

e t-1 c-x 
t-2 

(2.10) 

Duesenberry et. al. chose this form after experimentation. However, 

Griliches et. al. suggest the following derivation3 

et 
R =-

t xt-1 

xt-1 
Zt XO 

t-1 

a + i3Z 
t 

Y (R•'< - R ) 
t t-1 

(2.11) 

(2.12) 

(2.13) 

(2.14) 

1. J.S. Duesenberry, 0. Eckstein, and G. Fromm, "A Simulation of the 
United States economy in recession", Econometrica, Vol. 28 (1960), 
pp. 749-809 esp. pp. 800-807. 

2. See(2.9) p. 33 above. 

3. Griliches et. al., "Notes on estimated aggregate quarterly 
consumption functions"? pp. 491-492. 
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Rt is the consumption-income ratio; Zt is the ratio of income 

in period (t-1) to peak income prior to period (t-1); R>~ is the 
t 

desired value of Rt; a, S and y are constants. The following 

restrictions are imposed upon the parameters of the model: a>O, 

S<O, and O<y<l. Equation (2.13) states that the desired consumption-

income ratio is equal to a constant plus an adj us tmen,t term szt. If 
x 

income is growing steadily 100>.% then z t-1 
1 + >.

1 
and at =--= 

t x 
t-2 

R1c = a + B (1 + A.), 
t 

a constant. But, if there is a decline in income 

zt will fall cx0 
t-1 will stay fixed, while Xt-l will fall), leading to 

a rise in R~ (given that S<O). The further Zt falls, the higher Rt 

rises. As the economy enters into the recovery stage, and income 

begins to rise, zt will increase ann the desired consumption ratio 

will fall. This process is identical with that described above2-

when the DM hypothesis was first discussed except that now we 

are talking of the desired consumption ratio.- Equation (2.14) links 

the actual and desired consumption ratios. This equation implies that 

the actual value of the ratio changes by some fraction of the 

discrepancy between the desired value of the consumption ratio and 

the actual value previously attained.
3 

Substituting (2.13) into 

1. The rate of growth is here defined as A. 
x - x 
t-1 t-2 

x 
t-2 

2. See pp. 30-31. 

3. Note the correspondence between equations (2.13) and (2.14) and the 
partial adjustment or rigidity model for generating distributed lags. 
See M. Nerlove, Distributed Lags and Demand Analysis for Agricultural 
and Other Commodities, (Washington: U.S. Dept. of Agriculture, 1958), 
pp. 14-20 or K.F. Wallis, "Some recent developments in applied 
econometrics", Journal of Economic Literature, Vol. 7 (1969), 
pp. 771-782. 
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i.e. 

i.e. 
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gives: 

R l + y(a + BZ ) - yR l t- t t-

et 
-X-- = ay + 

t-1 

et 
-X-- =a 

t-1 
+ 

x t-1 et-1 
()y--- + (1 y)--

x0 xt-2 
t-1 

x e t-1 t-1 b--+ c--
xo x -2 

t-1 t 

(2 .10) 

where a = ay, b = Sy, c = (1-y) and parameter restrictions imply 

that a>O, b<O and O<c<l. 

The commonsense of the parameter restrictions can now be 

easily demonstrated. Suppose the economy enters a slump. As X 

falls consumers could be expected to aim at consuming an increasing 

proportion of their falling income (so as to protect previously 

attained consumption standards) i.e., we would expect to see R~ rising. 

Since Zt is falling during this time, R* will only rise if B<O. Hence 

the restriction on s. To see the need for the restriction on a, 

suppose income were constant over a period of time. Zt would then 

be unity and R£, the desired consumption ratio, would equal (a+ S). 

Since R* must be positive, the restriction on S implies that a>O. 
t 

To derive the restriction on y
1
first write (2.14) as: 

R = yR* + (1- y)R l (2.15) 
t t t-

Lagging (2.15) one period gives: 

(2.16) 
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Sub~tituting (2.16) into (2.15) yields: 

2 
Rt = yR~ + (1-y)yR~-l + (1-y) Rt_2 

Repeated lagging and substitution gives: 

2 
[R~ + (1-y) R~-l + (1-y) R£_ 2 + ... ] (2.17) 

That is, Rt is a weighted average of current and past values of 

the desired consumption ratio. So that the most recent values 

of R* have the greatest effect in determining Rt the weights should 

decline, i.e. we must have O<l - y<l, i.e. O<y<l. The 'old' 

Duesenberry function (2.9) is a special case of (2.10) when y = 1, 

i.e. when Rt = R£· 

The model formulated by Duesenberry et. al. was a 

recursive model for which consistent parameter estimates could b~ 

1 obtained by the use of SELS. The model was fitted to per capita 
D A 

data for 1930-'38, 1948-'57. The variables x?--- and x?--- , where 
t-1 t-1 

Dt = per capita consumer debt and At = per capita liquid assets·, 

were also tried. These,however1 did not have significant coefficients. 

The final result for the period 1948-1957 was: 

x c 
= o.8218 - o.6250 ~-l + o.7843 xt-l 

(0.0819)xt-1 (0.0526) t-2 

1. See footnote 2, p. 20 above. 

R2 0.866 

SE 0.0069 

VN = 1.84. 

1·~ 
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All parameter estimates are significant, and signs conform with 

expectations. The value of R2 is very high considering that the 

equation is being estimated in ratio form. Griliches et. al. 1 

have re-estimated this equation using data for three periods 

1948-1957, 1958-1960 and 1948-1960. The result for 1948-1960 was: 

et 
-- = 0.839 -
xt-1 

x 
0.565 ~-l + 

x 
(0.134) t-1 

c 
o.705 xt-l 

(O. 099) t-2 

R
2 

O. 533 

d 2.47 

Once again the parameter estimates are significant and conform 

in sign and magnitude with expectations. The value of R2 is still 

quite high. 

2.5 Conclusions As stated in Chapter one 1 there are three 

aims of this work: (1) To provide a critical review of the 

literature on the aggregate consumption function; (2) To examine 

Australian work in this area; (3) To make some contribution towards 

eliminating deficiencies in Australian work that have been shown up 

by (1) and (2). Clearly, the content of this chapter is of relevance 

to the first and third of these aims, and in this section we will 

summarize our review of this part of the literature and then consider 

the implications of the work examined for an empirical study employing 

Australian data. 

1. Griliches et. al., "Notes on estimates aggregate quarterly 
consumption functions", p. 493. 
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Firstly, the formulation of the consumption function 

has changed in a number of ways: (a) While early research workers 

were quite confident that current income was the only important 

variable, as time passed extra variables were tried in an attempt 

to improve the fit of the function. Many of these variables 

were not very great departures from the Keynesian function (indeed 

variables such as income distribution measures had been suggested 

by Keynes). The greatest departure was in the use of a liquid assets 

variable. Originally added in to attempt to measure any influence 

on expenditure caused by the build up of liquid assets during World 

War II, the liquid asset position of consumers came to be regarded 

as a continuing part of the consumer's decision making procP.ss. 

(b) The static formulation of the consumption function has been 

dispensed with. Time trends and lagged values of income and consumption 

have been incorporated. The lag structures used have been obtained 

in a fairly arbitrary way in the main. (c) The single income variable 

has on occasion been replaced with variables measuring the incomes 

of sub-groups of consumers. (d) There has been some work on non-linear 

consumption functions (Brown, Klein, Ezekiel), but in the main this 

area has been ignored. (e) The formulation by Griliches et. al. of 

h DM f . 1 . 'd f d d f 1 d . t' t e unction is evi ence o a tren towar s more care u eriva ion 

of the final function to be tested. Arriving at the final function 

by combining together a series of relationships enables more careful 

1. See p. 40 above. 



prior estimates of parameter signs and magnitudes. 

Secondly, methods of estimation have become more 

sophisticated. Originally the only technique employed was SELS. 

However, it is now recognized that the consumption function is 

often one of a set of simultaneous relationships and, so as to 

obtain consistent estimates, methods such as reduced form, full 

infonnation maximum likelihood, limited information maximum likelihood 

have been employed. Some workers (Barger and Klein, Duesenberry et. al.) 

have taken advantage of the recursive nature of their models to enable 

them to use SELS and still obtain consistent estimates. 

Thirdly, the estimated function is now exposed to a very 

much more powerful battery of acceptan~_i:_ tests before being regarded 

as satisfactory. In the early part of the period discussed above 

investigators were content to accept an estimate if it gave a high 

R
2

. Tests employed on the later studies include: (1) The value of 

-2 
R; (2) A test forautocorrelated disturbances(based upon either the 

Durbin-Watson statistic or the Von Neumann ratio); (3) Tests of 

significance on the parameter estimates; (4) The consistency of the 

sign and magnitude of parameter estimates with prior expectations; 

(5) The predictive ability of the estimate both within and without 

the sample period compared with that of "naive" or "guess work" 

models. 

Finally, certain questions as to the nature and type of 

data employed appear to have been settled. Investigators now 
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automatically employ price deflated data and, unless prevented 

by special data problems, use income variables of a disposable 

income type. There is also increasing emphasis on quarterly 

studies for employment in short-run econometric models. 

Turning now to the material of relevance to the third 

aim, the best source of working hypotheses for an Australian study 

is the paper by Zellner. Zellner's work is the most thorough of 

all in the selection of the final hypothesis and also employs post-

war quarterly data. The best performers in that study were: 

C f (X, L _
1

) 

C f (X, L_1 , c_1). 

The recomputationH of Zellner's functions, done by Criliches et. al., 

suggest that consideration also be given to: 

From the earlier work by Brown on annual data, we get the 

following possibilities: 

C f (X, x0 , AC) 

c ~ f (Xl, X2, c-1' Ac) 

The work done by Duesenberry et. al. (and the recomputations by 

Griliches et. al.) suggest that a consumption function in ratio 

forin, involving several lagged variables 
x_l c_l 

f (- -) 
XO X_2 

-1 

may be quite effective. Thus, the variables that we might consider 

for an Australian study are: 
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1. x disposable income 

or Xl, x2 disaggregated disposable income 

2. XO previous peak income 

3. x_l = lagged income 

4. c_l lagged consumption 

5. L_l beginning of period liquid assets. 

The work done by Griliches et. al. 
1 

suggests that there may 

be benefits to be reaped, in the form of aid in building up 

expectations as to the sign and magnitude of parameter estimates, 

by combining these variables together from a series of sub 

1 . h' 2 re ations ips. 

We have now finished examining the contribution to 

the literature made by work based on the Keynesian consumption 

function. In the next three chapters we will look at work which 

ignores this body of literature and sets out to make a fresh start. 

Most of the studies to be looked at base their approach, at least 

in theory, on some process of utility maximization at the micro 

level. We shall begin in chapter three with the Permanent Income 

Hypothesis and some of the work based upon its ideas. 

1. See pp. 40-42 above. 

2. As (2.11), (2.12), (2.13), (2.14) were combined to give (2.10). 
See p. 40 above. 



APPENDIX 2 

2.1 Notation used in chapter 2 

A 

x 

xl 

x2 } 

X3 

c 

D 

t 

Gl 

G2 

N 

x-k' c_k 

6X 

XO 
t' 

co 
t 

c-3/2 

L_l 

s 

AC 

x' 
' 

c' 

ratio of retail sales to labor income 

aggregate real income 

disaggregated real income 

aggregate real consumption 

(cumulative median income - median income)/cumulative 
median income 

time 

capital galn8 uu securities 

= capital gains on commodities 

population 

income and consumption lagged k periods 

peak income and consumption prior to period t 

beginning of period liquid assets holdings of persons 

aggregate real savings 

shift variable (= 0 for 1926-1941, =l for 1946-1949) 

income and consumption in current prices 



CHAPTER THREE 

THE PERMANENT INCOME HYPOTHESIS 

3.1 Introduction In this chapter various aspects of Friedman's 

1 Pennanent Income Hypothesis (PIH) will be examined. The PIH has 

had a very large influence on the work on the consumption function 

2 and also on various other areas of macroeconomics. It departs 

completely from the Keynesian consumption function in its initial 

formulation though, as we shall see, it can lead to an aggregate 

consumption function that is quite Keynesian in appearance. The 

hypothesis is based upon an examination of the theory of consumer 

behaviour. A summary of this examination is given in section 3.2 

which ends with the presentation of Friedman's aggregate consumption 

function. Throughout this section Friedman's distinctive notation 

will be employed. In section 3,3 the aggregate consumption function 

will be incorporated into a model and various tests on the model will 

1. See M. Friedman, A Theory of the Consumption Function (New York: 
National Bureau of Economic Research, 1957). Some aspects of 
the work appeared earlier in M. Friedman and S. Kuznets, Income 
from Independent Professional Practice (New York: National Bureau 
of Economic Research, 1945), Ch. VII. 

2. See, for example, M. Friedman and A. J. Schwartz, "Money and 
business cycles", Review of Economics and Statistics, Vol. 45 
(1963), Sup., pp. 32-64; J. Tobin and C. Swan, "Money and 
Pennanent Income", American Economic Review (Papers and Proc.), 
Vol. 59 (May, 1969), pp. 285-295; D. Laidler, "The Permanent
Income concept in a macro-economic model", Oxford Economic Papers, 
Vol. 20 (1968), pp. 12-23; R. Eisner, "A Permanent Income theory 
for investment", American Economic Review, Vol. 57 (1967), 
pp. 363-390; G. C. Chow, "On the long-run and short-run demand 
for money", Journal of Political Economy, Vol. 74 (1966), 
PP• 111-131. 
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be examined. It is this model which is referred to as the PIH. 

Tests of the PIH are by no means unanimous that, as 

formulated by Friedman, the hypothesis is valid. Also, the hypothesis 

leads to what is essentially a long-run consumption function. Yet, 

in spite of its long-run nature and doubt as to its formal validity, 

the PIH has been the basis of a number of short-run consumption 

function studies, two of which are examined, in sections 3.4 and 3.5. 

Finally, we conclude with section 3.6. 

3.2 1 Basic Theory Friedman begins his analysis with the 

consideration of an individual conslllller unit operating under conditions 

of certainty. Under such conditions the consumer will know his income 

stream over future periods, the price structure, and the interest rate 

structure. In these circumstances there are only two reasons why the 

unit's consumption in any period will differ from its income in that 

period: (1) the pattern of income receipt over time may not coincide 

with the preferred pattern of 'consumption, in which case the consumer 

will have to borrow (or lend) to enable consumption plans to be 

carried out; (2) the consumer may wish to earn interest on any loans 

that are made (assuming a positive interest rate). 

Suppose utility (u') is given by a function of current and 

future consumption, i.e. 

u' = h(C
1

, c2 , ••• ) 

where Ci is planned consumption in period i (i = 1, 2, ••• ) in the 

1. This section follows chapter II of Friedman, A Theory of the 
Consumption Function. 
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prices of period i. Suppose only two periods are considered, i.e. 

Let R1 and R
2 

be the unit's income in those periods, and suppose that 

the interest rate at which the consumer can borrow or lend is i. 

Assuming that the unit can borr-0w against its future income, the 

maximum possible consumption in the first 

of current and future income, i.e. [R
1 

+ 

period is the present value 
R2 

1 
+ i ]. Consumption in the 

second period will then be zero. On the other hand, if no consumption 

is undertaken in the first period, it will be possible to consume 
R2 

[R1(1 + i) + R2] in the second period. The figure [R1 + 1 + i l is 

the unit's wealth at the heginning o~ period 1 (W
1
), while the figure 

[R1 (1 + i). + R2] is the unit's wealth at the beginning of period 2 

if no consumption is undertaken in period 1 (W2 = w1(1 + i)). The 

problem facing the consumer can now be represented on an indifference 

map (see figure 3.1). The indifference curves represent equally 

acceptable combinations of planned consumption in the first period 

and in the second period. The line AB is the locus of attainable 

consumption combinations; it cuts the vertical axis at w
1 

and the 

horizontal axis at w2 ~ w1(1 + i). (Friedman assumes that all income 

is disposed of, hence combinations inside the area OAB will not be 

chosen.) 

Planned consumption in year 1 and year 2 will be found at 

the point of tangency of the 'budget' line AB and an indifference 

curve. Given the set of indifference curves, this point is determined 



53. 

Fir.ure 3.1 

by the intercept and slope of AB, i.e. by w1 , wealth in period 1, 

and i, the rate of interest. 1 So c1 is a function of w1 , i, and 

the shape of the indifference curves, i.e. 

1. The slope of AB is 1 
1 + i . 



54. 

= f(W
1

, i, u) (3.1) 

where u is a vector of all those factors determining the shape of 

the indifference curves. 

To enable closer specification of ( 3 .1), Friedman introduces 

some additional assumptions concerning the utility function. Implicit 

in figure 3.1 are the usual assumptions about the utility function 

which ensure that the indifference curves·arc negatively sloped and 

convex to the origin. In addition it is assumed that the utflity 

function is a homogeneous function of c
1 

and c2 . This implies that 

the curves all have a common slope where they intersect any line 

passing through the origin. To see this suppose that u' is 

homogeneous of degree k, i. e, 

I ( \ C \ c ) = \ k U I ( Cl ' C 2) u "'l' I\ 2 I\ 

Thus, the partial derivatfves of u' (marginal utilities) uill be 

1 homogeneous of degree (k-1), i.e. 

And similarly for u~. Now a line from the origin to an arbitrary 

point (C~, C~) is the ]ocus of all points (tC~, tC~),·t > 0. The 

marginal rate of substitution (MRS) at (tC~, tC~) is equal to the 

ratio of the marginal utilities at that TJOin t, i.e. 

'( 0 0 k-1 '( 0 C~) ' ( 0 0 u1 tC1 , tC 2) t ul cl' ul r,l' C2) 
~1RS 

' ( 0 0 k-1 '( 0 CO) '( 0 r.o) u2 tc1 , tC2) t u2 cl, u2 cl' 2 J2 

1. See R.G. D. Allen Mathematical Analysis for Economists (London: 
Macmillan, 1938), p. 319. 
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Thus the MRS is constant all along the line. Since the slope of 

an indifference curve cutting the line is equal in magnitude to 

the MRS, we can see that all indifference curves cutting the line 

have a common slope. Secondly, it is assumed that the curves are 

symmetric about OC, which requires that their slopes in the vicinity 

of OC are numerically equal to 1. This symmetry implies that the 

consumer in the vicinity of OC is not perturbed by a reduction of 

c1 by one unit, so long as c
2 

is increased by exactly one unit. 

That is> the consumer does not ask to he compensated for postponing 

consumption by asking for more in period 2 than was given up in 

period 1. 

Now suppose i = O. Hence, the slope of AB is numerically 

1 equal to one. The assumption of synunetry then implies that the 

point of tangency will be somewhere on OC, r~gardless of the size 

of initial wealth. From figure 3.2 it is clear that, for i = 0, 

c1 is always one half of w
1, regardless of the size of w

1
• The 

homogeneity assumption means that for an interest rate other than 

zero (i.e. for a slope of AB such as in figure 3.1), points of 

tangency between AB and the indifference curves will all occur along 

some other straight line through 0, regardless of the level of initial 

wealth w1 • It is clear,then,that the optimal value of c
1 

is always 

some constant fraction of w1 for a particular value of i. The 

determinants of this fraction are the slope of the budget line, i, and 

1. See footnote 1, n. 53 above. 
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Figure 3.2 (i 0) 

c 

0 Wl = Rl + ll,2 

the shape of the indifference curves (u). So (3.1) becomes 

= k'(i, u)W1 
(3. 2) 

Friedman introduces new terminology to describe income and 

consumption. Theoretically,income is that amollllt the consumer may 

spend while maintaining its wealth intact. Given initial wealth w1 

and an interest rate i, the theoretical income of the consumer is 

iW
1

• This theoretical measure Friedman calls permanent income 

(denoted by yp1). Also, c1 is the value of services it is planned 

to consume. Statistics of consumption expenditure give actual 

expenditure on goods and services. That is, they include expenditure 

on durables whereas~ideallY,.consmnption statistics should only include 
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a measure of the use the consumer derives from his stock of 

durables. To emphasize this interpretation of consumption Friedman 

replaces cl by cpl' which he calls permanent consumption. 

(3.2) becomes: 

cpl = k' (i, u)W1 

= k' (i, 
ypl 

u) i 

i.e. cpl = k(i, u}ypl 

where k = k' /i. 

Thus 

( 3. 3} -

The introduction of uncertainty does not greatly alter the 

result so far derived. One effect of uncertainty will be to give 

rise to a new reason for holding wealth,and that is to build up a 

reserve for future emergencies~ The higher is this reserve the less 

the need to add to it, and vice versa. So, the permanent consumption/ 

permanent income ratio will be an increasing function of the size of 

the reserve. In a situation of uncertainty human wealth (i.e. expected 

future wage income) is not very valuable as a reserve. Indeed one 

purpose of the reserve will be to cover situations of diminished 

earning power. So, the stock of non-human wealth (i.e. income 

producing assets) is more critical. This can be measured by the 

proportion of permanent income derived from non-human wealth. For 

a fixed interest rate this proportion is measured by the ratio of 

non-human wealth to permanent income, denoted by w. The ratio is 

of more value, as a measure of the required reserve, than would be 
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the absolute value of the reserve. A given reserve may be making 

a small or a large contribution to the achievement ·of a given 

permanent income and, hence, the way to check the adequacy of the 

reserve against uncertainty is to compare it with the permanent 

income that is to be protected. So, Friedman concludes his discussion 

of uncertainty by modifying k(i, u). This is replaced with k(i, w, u). 

Dropping time subscripts (3.3) thus becomes 

C = k(i, w, u)y 
p p 

(3.4) 

Friedman now regards (3.4) as holding even if the conswner's planning 

period is indefinitely longer than two periods. 1 

·This function, applying to only a single conswner Wlit for 

a single time period, Friedman now applies to all units collectively, 

obtaining: 

cl = K x1 

where c1 = aggregate permanent consumption, 

x1 
= aggregate permanent income, 

(3. 5) 

and K "depends on the form of the function k for a single consumer 

unit as well as on the distribution of consumer units by the variables 

2 entering into k". Friedman now assumes that (3.5) applies for all 

------------

1. "It makes much more sense if [relation (3. 4)] is regarded as a 
generalization from this special case to a longer horizon", 
ibid., p. 11. 

2. Ibid., p. 115. See also ibid., pp. 18-19 for the process of 
aggregation leading from (3.4) to (3.5). 
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time units and that K can be taken as "roughly" constant for all 

1 time units. Thus we can write (3.5) as: 

cl 
t = K x1 

t 
t = ..• -1, 0, 1, 2 ••• 

This is the aggregate consumption function of the PIH. 

( 3. 6) 

3.3 The PIH Model and Tests Friedman next combined his aggregate 

consumption function (3.6) with two equations linking measured and 

permanent income and measured and permanent consumption: 

cl 
t 

= 

= 

K x1 
t 

xl + x2 
t t 

cl + c2 
t t 

(3.6) 

(3. 7) 

(3.8) 

In (3. 7) xt is measured income of period t and 2 
xt is transitory income. 

In (3. 8) et is measured consumption of period t while c~ is transitory 

Friedman not clear to how 1 
consumption. is as to split xt into xt 
x2 
t" 

1 He states that Xt is "analogous to the 'expected' value of a 

2 probability distribution" and that the transitory component Xt is 

and 

"to be interpreted as reflecting all 'other' factors, factors that are 

likely to be treated by the unit affected as 'accidental' or 'chance' 

1. Ibid., p. 115. Friedman points out (Ibid., p. 119) that the 
constancy of K is not required by the PIH but is consistent with 
it. The main justification used by Friedman for assuming K 
constant is the long-run stability of the savings-income ratio 
shown by the Goldsmith savings study. (Ibid., p. 116) 
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occurrences 11 1 And again he says that "the precise lin.e to be 

drawn between permanent and transitory components is best left to 

be determined by the data themselves, to be whatever seems to 

2 correspond to consumer behaviour". However, it seems in keeping 

with the spirit of the PIH to look upon x1 as reflecting the consumer's 

long-run income expectations, which may be either above or below 

current measured income. 

As formulated in (3.6) to (3.8) the PIH is untestable since 

1 1 observations on X and C are not available, making testing of (3.6) 

impossible. To allow estimation, and hence, testing, Friedman went 

on to specify some of the stochastic characteristics of the transitory 

2 2 terms C and X • The specifications laid down by Friedman were: 

(3.9) 

= 0 (3.10) 

2 where E(Ct) is the mean (expected) value of transitory consumption, 

Px1x2 is the correlation coefficient between permanent and transitory 

t t 
3 income etc. (3.9) states that the mean values of the observations 

on transitory income and transitory consumption are equal to zero. 

(3.10) states that transitory elements are uncorrelated and are 

1. Ibid., pp. 21-22. 

2. Ibid., p. 23. 

3. Ibid., p. 26, p. 30. 
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uncorrelated with the corresponding permanent component. For 

example, p 
1 2 = 0 means that the transitory component of income 

xtxt 

does not vary systematically with the permanent component. Similarly, 

p 2 2 = 0 means that there is no systematic link between transitory 
ctxt 

income and transitory consumption, in contrast to that which exists 

between permanent income and permanent consumption. 

The model as now formulated is very close to the classical 

"errors in variables" model. This last mentioned model requires a 

more complete stochastic specification of the transitory terms, 

2 2 namely that C and X are normally and independently distributed 

1 variables with zero means and constant variances. If formulated 

this way, it is possible to obtain a maximum-likelihood estimate of 

K using statistics on Xt and et only. To do this,howeve~ it is 

necessary to asst.mle that 

2 2 2 2 where cr1 is the variance of X and cr 2 is the variance of C , and A 

is some known number. 2 

A more fruitful, and more convenient, approac~ however, 

is to actually measure permanent income. The model is then not an 

example of "errors in both variables".but an example of "errors in 

1. See J. Johnston, Econometric Methods pp. 148-176 esp. pp. 150-156. 
See also Goldberger, Econometric Theory, PP• 282-284. 

2. See Johnston, Econometric Methods, p. 152 and Friedman, A Theory 
of the Consumption Function f.n. 13, p. 36. 
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the dependent variable". This model is indistinguishable from the 

usual "error in equations" model of econometrics. Hence, we can 

consistently estimate K, in equation (3.11) by least squares 

1 1 
regression of measured consumption, C, on permanent income, X •. 

Substituting (3.6) into (3.8) we get: 

= K x1 + c2 
t t 

2 
By appropriate stochastic specification of the disturbance, Ct, 

(3.11) 

statistical inference tests on the parameter estimates can be carried 

out. 

The rest of this section will be devoted to an examination 

of some measures of permanent income, and associated tests of the PIH. 

The work to be looked at has been arranged into three broad groups: 

(1) The first group of studies relates to the PIH's implication that 

the consumption function has a statistically insignificant intercept. 

The group includes Friedman's original estimate of the PIH consumption 

function. (2) The second group discusses the appropriateness of 

Friedman's specification that p = p = O. (3) The final group 
x1x2 x2c2 

contains evidence relating to a further implication of the PIH, namely 

that the marginal propensity to consume out of transitory income is zero. 

1. See Johnston, Econometric Methods, p. 156; Goldberger, Econometric 
Theory, p. 284; C. Christ, Econometric Models and Methods (New 
York: John Wiley and Sons, Inc., 1968), footnote 13, p. 251. 
This conclusion doesJhoweve~ ignore any problems caused by methods 
used to measure permanent income (such as distributed lag models) 
and po'ssible simultaneous equation bias. 
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Friedman's measure of permanent income can be obtained 

1 
by starting with the following adjustment model: 

= (3.12) 

where a = the trend rate of growth of income, B = a constant. In this 

model permanent income is continuously adjusted, firstly by supposing 

that permanent income is growing at the trend rate (hence giving 

ax1 (t) as an initial estimate of the change in x!), and then adjusting 

for the deviation of measured income from permanent income (giving the 

1 added term 8[X(t) - X (t)]). Assuming permanent income is zero at 

t = -00 , (3.12) can be solved to give: 
2 

= (8-a)t 
e 

t 
J e(B-a)x X(x) dx (3.13) 

1 That is, X is estimated by taking a weighted average of current and 

past values of actual income. So long as 8 > n, the most recent values 

of X have the highest weights. For this particular model the sum of 

3 the weights is greater than 1. Friedman aims by this fact to ensure 

1. Friedman derived the measure somewhat differently by starting 
with the expression 

t 
= Xoeat + 8 J ea(x-t)[X(t) - Xoeax]ea(t-x)dx 

-oo 

(See expression (S.16) p. 144 Friedman, A Theory of the Consumption 
Function.) That is, permanent income was put equal to the trend, 
value of actual income ·plus a weighted average of past deviations 
of actual income from the trend value of income. 

2. See Appendix 3.1 p.106 below for the solution. 

3. Ibid. 



that pennan~nt income will not be underestimated during periods 

when measured income is undergoing steady growth. 

Income estimates are only made for discrete periods of 

time and Friedman therefore could not fit (3.13) directly to time 

series data. Expression (3.13) was approximated by use of 17 weights: 

1 0.330, 0.221, 0.148, ••• , 0.001. The weights, rounded to three 

decimal places, summed to unity. Applying these weights to 

observations 1 to 17 on X yielded an observation on permanent income, 

x1 , for period 17. Applying them to observations 2 to 18 yielded 

1 an observation on X for period 18. Continuing in this way Friedman 

generated the time series for permanent income. Regressing real per 

capita measured consumption onto real per capita permanent income 

2 yielded: 

::: 88 x1 + c2 
• t t 

coeff. of variation = 4.0 

This regression equation was fitted using time series for et and x! 
for 1905 to 1951. The equation reproduced the time profile of real 

per capita consumption quite well, particularly for the years prior 
3 -

to 1941. Friedman also estimated the equation with a constant term 

1. See Friedman, A Theory of the Consumption Function, pp. 145-147 
and P. Cagan, "The monetary dynamics of hyper-inflation" in 
Studies in the Quantity Theory of Money, ed. by M. Friedman 
(Chicago: Uni. of Chicago Press, 1956), pp. 39-41 for a 
description of the methdd for calculating the weights. 

2. See Friedman, A Theory of the Consumption Function, p. 147, Table 15 

3. Ibid., p. 148. 
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added so as to be able to check the zero intercept implied by the 

PIH. The value obtained for the constant was -4.0 with at-

ratio of 0.24, indicating support for the homogeneous form of the 

consumption function. Friedman reported the second estimate of K 

as being little different from the first. 1 

An attempt to check this conclusion (and others) was made 

by R. L. Moore2 who used the 17 weights (0.330, 0.221, 0.148,etc.) 

calculated by Friedman to obtain permanent income estimates for the 

years 1949 to 1967 from data on real per capita disposable income. 

Moore derived a measure of real per capita permanent consumption by 

adding expenditure on services and single-use goods to the value of 

services obtained from consumer durables. The service value was 

obtained by applying a pattern of declining weights, based upon 

depreciation rates, to past expenditure on durables. The resulting 

regression equation was: 

cl 
t = -228.3 

(23. 8) 
+ 2 R = 0.987 

The parameter estimates are all highly significant, indicating 

rejection of the homogeneous form of the consumption function. However, 

there' are some grounds for not considering this evidence as satisfactory 

The first is that the weights calculated by Friedman were used by Moore 

1. ~., P• 147. 

2. R. L. Moore, "The Permanent Income Hypothesis: evidence from 
post-war time series data", American Economist, Vol. 15 (1971), 
pp. 62-70. 
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to calculate permanent income. Since the actual pattern of these 

weights was determined by Friedman's original data, there is no 

a priori reason for believing that they apply to Moore's data. 

Secondly, the marginal propensity to conswne out of permanent income 

is greater than unity (1.07). While it is conceivable that the 

mpc could be unity, it is wholly inconsonant with the PIH for the 

conswner to be constnning more than 100% of each increment in long-run 

1 expected income (X ). This problem could disappear if the permanent 

income estimating weights were recalculated for the new set of data. 

A second study, supporting Friedman' s hypo.thesis of 

1 homogeneity, was made by Holmes. Using the same data series and 

1 
weights as Friedman, Holmes obtained time series of Xt and x2 (by 

' t 

1 2 1 2 
subtracting Xt from Xt). Regressing et.on Xt and Xt gave 

= 0.017 
(0.028) 

+ o.895 x1 + o.267 x2 + c
2 

(0.049) t (0.101) t t 

R
2 = 0.954 

d "" 0.61 

(3.14) 

The Durbin-Watson statistic indicates a significant level of serial 

correlation. As is often done in such cases, Holmes then asswned that 

the disturbance term (C
2

) is generated by a first order autoregressive 
t 

process, i.e. 

1. 

2. 

J. M. Holmes, "A direct test of Friedman's Permanent Income theory", 
Journal of the American Statistical Association, Vol. 65 (1970), 
.pp. 1159-1162. 

1 There is one difference between the series for X obtained by 
Holmes and Friedman. Friedman extrapolated the X series back in 
time to obtain a longer series for X and hence for xl. Since 
Holmes did not bother with this, his xl series is shorter. 
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where IPI < 1 and ut is normally distributed with zero mean and 

constant variance. Since d = 0.6, the first order autocorrelation 

1 
coefficient of residuals, p, is approximately equal to 0.7. This 

2 may be taken as an estimate of the parameter p. Combining p with 

(3.14) yielded the following alternative estimate: 3 

= o.057 + o.826 x
1 + o.361 x~ + c

2 

(0.052) (0.083) t (0.089) t 

2 
R = 0.853 

(3.15) 

(3.16) 

At the 5% level of significance the hypothesis that the intercept is 

zero is acceptable. 

The work done by Holmes can also throw some light on the 

validity of Friedman's specification that p 
1 2 = O, i.e. that 

xtxt 

permanent and transitory incomes are uncorrelated. Having derived a 

series for permanent income, and having found a corresponding series 

for transitory income by subtracting it from measured income, Holmes 

1 2 estimated the correlation coefficient between X and X at 0.452, 

which was significant at the 1% level. 4 This significant correlation) 

1. By definition dis approximately equal to 2(1 - p). See 
Goldberger, Econometric Theory, p. 244. 

2. Ibid., p. 245. 

3. For the method of estimation see ibid., pp. 245-246. 

4. Holmes, "A direct test of Friedman's Permanent Income theory", 
P• -1161. 
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however, should not come as a surprise. Transitory income is given 

2 1 1 as X = X - X by the PIH. Since Holmes, like Friedman, estimates 
t t t 

1 Xt by a weighted average of current and past values of Xt, it is 

clear 
2 that Xt will be some weighted average of current and past values 

Since X~ and X~ are both given by weighted averages of the 

same variable it would be most surprising if they were not correlated. 

Indeed Holmes has shown that where 

xl 
t = (1 - A) (3.17) 

i.e. where pennanent income is a weighted average of current and past 

values of income (with geometrically declining weights), permanent and 

2 
transitory income are bound to be positively correlated. Frfedman 

does concede the possibility that transitory income, in the form of 

windfalls, may 

"introduce a positive correlation between transitory 
and permanent component of income; it is possible 
als'o that they introduce a neg~tive correlation. 11 3 

Holmes' work, however, seems to have determined that the correlation 

will be positive where the Friedman technique for estimating permanent 

income is used. 

1. See (3.7) on p. 59 above. 

2. J. M. Holmes, nA condition for independence of permanent and 
transitory components of a series", Journal of the American 
Statistical Association, Vol. 66 (1971), pp. 13-15. 

3. M. Friedman, "Windfalls, the 'Horizon', and related concepts in 
the Permanent Income Hypothesis", in Measurement in Economics, 
C. Christ et. al. (Stanford, California: Stanford Uni. Press, 
1963), p. 20. 
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Friedman also laid down that p 2 2 = 0, i.e. that there 
xtct 

is no systematic connection between transitory income and consumption. 

D. Suits has tested this specification and concluded that it is 

1 correct. One method used by Suits was to measure x1 and c1 
by an 

average of the four previous quarters observations on X and C, i.e. 

x1 
t 

= 
l 4 
4 I: Xt-i' 

i=l 
cl 

t 
= 

1 4 
4 I: Ct-i 

i=l 

2 1 cz = c cl Then xt = xt - xt and t t - t • Regressing C~ on X~ yields a 

coefficient of determination of only 0.30. 
2 It can be argued that 

2 ' it is more meaningful to regress et on to transitory saving, 

s2 = 
t 

For this regression Suits obtained: 

c2 
t = 4.510 - o.358 s 2 

(0.143) t 

2 
r = 0.11 

2 Not only has r fallen to 0.11 but the estimated relationship implies 

that as transitory income increases, transitory conswnption falls. 

Laumas performed a similar test by first estimating permanent income 

and permanent consumption, and then calculating the transitory figures 

3 as a residual. Permanent income was estimated from 

1. D. B. Suits, "The Determinants of Consumer Expenditure: A Review 
of present Knowledge", in Impacts of Monetary Policy, Commission 
on Money and Credit (Englewood Cliffs, N~J.: Prentice-Hall, 1963), 
pp. 36-39. 

2. Ibid., pp. 23-26, or G. Ackley, Macroeconomic Theory (New York: 
MaCiii'illan, 1961), pp. 233-236. 

3. P. S. Laumas, "A test of the Permanent Income Hypothesis", 
Journal of Political Economy, Vol. 77 (1969), pp. 857-861. 
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= 
t 

S f eS(x-t) X(x) dx (3.18) 

Similarly for permanent consumption. Annual Canadian data were used. 

Two estimates of permanent consumption were made, one based on 

consumption figures including durable goods expenditure and the other 

based oh consumption figures excluding durable goods expenditure. 

Correlating the resulting transitory income and consumption figures 

yielded a correlation coefficient of 0.96 for the estimate based upon 

data including durable goods, and 0.95 for the estimate based upon 

data excluding durable goods. These results are more consistent with 

As mentioned above,a further test of the PIH is to measure 

the marginal propensity to consume out of transitory income. The PIH 

states that Ct = KX; + C~, i.e. consumption is detennined only by the 

variables permanent income and transitory consumption. These variables, 

1 
howeve~ are not connected in any systematic way to transitory income. 

Hence, consumption is not connected to, or determined by, transitory 

income. Thus, the marginal propensity to consume out of transitory 

2 income (mpct) will be zero. 

1. Since p 
x1x2 

t t 

= 0, see (3.10) p. 60 above. 

2. If x1 is determined by an expression like (3.17) we would expect 
p 

1
. 2 > O, according to the work of Holmes, and therefore for 

xtxt 
consumption to be partly determined by x2 giving a positive mpc • 

t 
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1 Laumas estimated the mpct to be between 0.37 and 0.57, 

and the marginal propensity to consume permanent income (mpc ) to p 

be between 0.87 and 0.97. He also found that the difference between 

the estimates of mpct and those of mpcp to be significant at the 1% 

2 level. Results of Holmes already presented give alternative 

estimates of 0.267 and 0.361 for the mpct. Both estimates are 

significant at the 1% level, and are less than the corresponding 

estimates for the mpc (0.895 and 0.826 respectively). Estimates of 
p 

3 
both marginal propensities have also been made by Mrs. Jean Crockett. 

Crockett estimated permanent income by fitting a semi-log time trend 

to real per capita disposable income. The trend values were defined 

as permanent income, and deviations from the trend as transitory 

income. · Rather than fitting the function 

= I + x2 a + bXt c t 

Crockett substituted (Xt - X~) for x;, obtaining 

= a + bX + (c - b)X2 
t t 

The estimate of (c - b) will be an estimate of the difference between 

mpct and mpcp~ Using annual, constant price data for 1929-41, 1946-60 

1. Ibid., pp. 859-860. 

2. See (3.14) and (3.16) above. 

3. J. Crockett, "Income and Asset Effects on Conswnption: Aggregate 
and Cross Section", in Models of Income Determination, Vol. 28 of 
Studies in Income and Wealth (New York: National Bureau of 

·Economic Research, 1964), ·pp. 124-128. 
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the following estimate was obtained: 

= 104 + o.752 x - o.153 x
2 

(0.020) t (0.058) t 

-2 R = 0.9924 

The estimate of the difference between the two marginal propensities 

is significant, and indicates a mpct of 0.599 (= 0.752 - 0.153).' 

A further regression, using postwar data for 1948-1960, yielded: 

= 135 + o.732 x - o.458 x
2 

(0.018) t (0.090) t 

-2 R = 0.9925 

The estimate of the mpct has now fallen to 0.274 (= 0.732 - 0.458) 

and Crockett suggests that the higher postwar liquid asset level 

2 1 has reduced the importance of X as an explanatory variable. 

From the tests examined the following conclusions can be 

drawn: 

(1) The weight of evidence would seem to support the homogeneous 

form of the consumption function, the contrary conclusions of 

2 Moore being regarded as unsatisfactory on several grounds. 

(2) All evidence examined refutes the derived hypothesis of the 

PIH that the marginal propensity to consume out of transitory 

income is zero. This derived hypothesis is built upon the 

specification that 

l~ Ibid., P• 126. 

2. See p. 65 above. 
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= "" 0 

and, as we have seen, evidence exists showing that both 

1 correlation coefficients may not be zero. In the light of this 

evidence (that mpct ~ O) some investigators have postulated 

what they term the "loose" variant of the PIH.which requires 

that "the marginal propensity to consume (MPC) out of 

transitory income, though possibly greater than zero, be 

appreciably smaller than the MPC out of permanent income. 112 

The various time-series studies examined above all support 

this "loose" variant. 

In spite of the failure under test of particular aspects 

of the PIH its basic ideas have been a stimulus to much other work 

on the consumption function. This stimulus may have been provided 

more by the intuitively attractive idea that (i) income and consumption 

can be split into permanent (long-run) and transitory components and 

(ii) that permanent consumption is principally determined by permanent 

income, than by any theoretical niceties of the PIH. The next two 

sections are an examination of two studies based upon the division of 

1. See pp. 6 7-70 above. 

2. See p. 499 of R. C. Bird and R. G. Bodkin, "The National Service 
Life-Insurance Dividend of 1950 and Consumption: A further test 
of the "strict" Permanent-Income Hypothesis", Journal of Political 
Economy, Vol. 73 (1965), pp. 499-515. This study is one of 
several by Bodkin using cross-sectional data. 
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income and consumption into permanent and transitory components. 

We shall use these studies to assess the "operational worth" of the 

Permanent-Income Hypothesis. 

3.4 A recent study for the United States In this section an 

.analysis by Zellner, Huang and Chau (ZHC) 1 of the short-run United 

States consumption function will be examined. Like Friedman, ZHC 

split consumption into permanent and transitory components: 

::: cl + c2 
t t 

(3.19) 

1 
where et = real quarterly consumption expenditure, et = real quarterly 

permanent consumption, and C~ = real quarterly transitory consumption. 

Permanent consumption is explained by the PIH, namely 

cl 
t = (3.20) 

where 0 < k1 < 1, i.e. permanent consumption is some positive fraction 

of permanent income. Earlier, (3.2~) was treated as an exact 

relationship and, hence, in the regression 

c k x1 
t 1 t + wt 

the disturbance term, w , could be interpreted as transitory 
t 

i C2 i . 2 consumpt on, t' g ving 

L A. Zellner, D. S. Huang, and L. C. Chau, "Further analysis of the 
short-run consumption function with emphasis on the role of liquid 
assets", Econometrica, Vol. 33 (1965), pp. 571-581. 

2. See p. 62 above. 
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However, it seems more reasonable to assume a stochastic relationship 

between c~ and x~ such as: 

cl 1 
= klXt + ut t 

(3.20') 

Using et = cl + e2 we then get 
t t 

et 
1 c2 + ut = klXt + t 

ZHC suggest that 

c2 = a(Lt-1 - Ld) 
t t 

(3.21) 

2 That is, et is a component of et which bears a systematic relation to 

other variables,namely Lt-l =actual holdings of real liquid assets at 

the end of quarter (t-1) and L~ = desired holdings of real liquid 

assets at the end of quarter t. If (3.21) is also an inexact 

relationship, it can be written as 

c2 
t 

= (L Ld) + a t-1 - t vt 

Combining (3.19) with (3.20') and (3.21') gives: 

= 

(3.21')1 

where, say, the £ = u + v are independently distributed with zero 
t t t 

1 mean and constant variance. Ignoring the disturbance term the 

aggregate consumption function of ZHC can be written as: 

1. In fact ZHC specify no particular stochastic properties for 
the disturbance term. 
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et ~ k x1 + a(L 
1 

- Ld) 
1 t t- t 

(3.22) 

Going back to (3.21) for a moment, ZHC give two possible 

1 reasons for the effectiveness of this hypothesis. Firstly, unexpected 

increments to income of a windfall or transitory nature may manifest 

themselves in a build up of liquid assets above the desired level, 

prompting consumers to remove this imbalance by expenditure of a 

transitory nature. Similarly, unexpected decrements to income may 

lead, by this process, to negative transitory consumption. Secondly, 

consumers desiring to undertake expenditure of a major kind (such as 

the purchase of new consumer durables) may build up an imbalance in 

liquid asset holdings prior to undertaking the expenditure. Regardless 

of whether the imbalance results from, or results in, a decision to 

purchase, a positive imbalance (actual holdings exceeding desired 

holdings) would be expected to lead to an increase in consumption 

expenditure. Thus, prior expectations are that a > O. 

Before examining ZHC's estimates of (3.22) return for a 

moment to (3.20). Two alternatives to this were examined, namely: 

1 

cl 
t 

cl 
t 

= 

= c1 + k x1 
1f t-1 3 t 

(3.23) 

(3.24) 

In (3.23) et is determined by past as well as current values of xl 
t" 

The weight 8 is such that the most values 1 
the recent of X have greatest 

influence ori cl 
• i.e. 0 < s < 1. Whereas (3.20) postulates an 

1. Zellner et. al. , "Further analysis of the short-run consumption 
function", p. 574. 
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1 1 
instantaneous adjustment of C to changes in X , (3.23) postulates 

a lagged response possihly due to inertia on the part of constUllers. 

Hypothesis (3.24) implies that consumption is affected by current 

permanent income and by the most recently experienced level of 

permanent consumption, i.e. (3.24) is a habit persistence hypothesis. 

To discriminate between these three competing hypotheses, they were 

first expressed in terms of observable variables. Firstly, actual 

consumption data were used in place of permanent consumption. 

Secondly, permanent income was measured by a weighted average of 

1 
current and past values of actual income. 

xl 
t 

= 

Combining (3.20) and (3.25) gives: 

Lagging (3.26) by one period and mutliplying through by A gives: 

Subtracting (3.27) from (3.26), and rearranging gives 2 

= AC l + k1(1 - A)X 
t- t 

(3.25) 

(3.26) 

(3.27) 

(3.28) 

1. (3.25) is the discrete analogue to the measure of permanent income 
used by Lawnas. See (3.18) p. 70 above. 

2. Compare (3.28) with the hypotheses tested by Barger and Klein 
(seep. 22 above), Brown (p. 35), Zellner (p. 38) and 
Griliches et. al. (p. 40). 
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The transformation used to reduce (3.26) to (3.28) is called a 

1 Koyck transformation after its originator. Employing this 

transformation in a similar fashion, (3.23) and (3.25) yield: 

= 

and (3.24) and (3.25) yield~ 

= 

(3. 29) 

(1.29') 

Formulations (3.29) and (3.29 ') involve identical variables. 2 Since 

we expect that 0 < A < 1, 0 < 8 < 1, ~ > O, the coefficient of Ct_2 

in both (3.29) and (3.29~ should be negative. However, regressing 

Ct on C 
1

, C 
2 

and X resulted in a positive coefficient less than 
t- t- t 

its standard error. 3 Hence ZHC rejected (3.23) and (3.24) in favour 

of (3.20). 

Returning now to the aggregate consumption function (3.22). 

Denoting it by H(l), we have 

There are two unobservable variables in H(l): To relate 

1 
Xt to observable magnitudes the following hypotheses are suggested by 

ZHC: 

1. L. M. Koyck, Distributed Lags and Investment Analysis, (Amsterdam: 
North-Holland Publishing Coy., 1954). 

2. Which should not be surprising since (3.24) is just a Koyck 
transformation of (3.23). 

3. Zellner et. al., "Further analysis of the short-run consumption 
function", p. 572. 
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H(3) (1 - A)[X +(A+ y)X l +(A 
t t-

2 
+ y) xt-2 + ••• ] 

1 
In both,Xt is a weighted average of current and past values of actual 

income. In H(2) the weights sum to unity, while in H(3) they sum to 

1 - A which is ~ 1 according > 0 H(3) is derived from 1 - A - Y ' < as Y < • 
the model: 

xJ - x1 
t t-1 = yX1 + (1 - A)(Xt -'xl ) 

t-1 t-1 

This is the discrete analogue of the model used by Friedman to 

1 estimate permanent income. y is the trend rate of growth of permanent 

income and, as such, is positive. Thus the sum of the weights in 

H(3) is greater than unity. 

d Concerning Lt, two hypotheses are offered to explain its 

determination: 

H(4) 

H(5) 

= 

= 

xl 
11 t 

where it is a measure of the short term interest rate. H(4) is in 

accordance with Friedman's view that permanent income is the principal 

2 determinant of the demand for money. A priori expectations are that 

1. See (3.12) p. 63 above. 

2. See M. Friedman and A. J. Schwartz, "Money and business cycles", 
Review of Economics and Statistics, Vol. 45 (1963), Sup. pp. 32-64 
esp. pp. 56-59 or J. Tobin and c. Swan, "Money and permanent income: 
some empirical tests", American Economic Review (Papers and Proc.), 
Vol. 59 (1969), pp. 285-295 for an outline of the permanent income 
theory of the demand for money. 
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n > O. d In H(S) the influence of interest rates on Lt is included. 

Since a rising interest rate implies an increasing opportunity cost 

d of holding money and other liquid assets, L and i should move in 

opposite directions. Hence, a priori expectations are that o > O. 

By combining H(l) with one of H(2), H(3) and one of H(4), 

H(S), four different consumption functions can be formed. For example, 

consider the combination of H(l) with H(2) and H(4): 

H(l) et 
1 - Ld) = kl\ + a(Lt-1 t 

x1 (1 - ).)(Xt + ).X 1 + 2 + ••• ) = ). Xt-2 t t-
H(2) 

Ld l = nXt t H(4) 

Substitute H(4) into H(l) and rearrange: 

= 

Substituting H(2) into the last expression gives: 

= 

Lagging this expression one period and multiplying through by ). gives 

= 

Subtracting from the previous expression, and rearranging, gives: 

H(l, 2, 4) .et 
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In a similar way the other three functions can be obtained, giving: 

H(l, 3, 4) = 

H(l, 2, 5) = 

H(l, 3, 5) = 

These composite hypotheses are non-linear in the structural 

parameters, the result being that SELS estimates of the coefficients 

of the regressors may yield several different estimates of the 

structural parameters. For example, in H(l, 2, 4) an estimate of ~ 

is provided by the coefficient of L 1 , while a second-estimate is 
t-

provided by dividing the coefficient of Ct-l into the coefficient of 

Lt_2 (and changing the sign). Except by chance.these two estimates 

will not be the same. This problem can be eliminated by estimating 

H(l, 2, 4) subject to the (non-linear) restriction that: 

the coefficient of L 2 t- = - the coefficient of Lt-l 

x the coefficient of C 
1 t-

To do this,non-linear estimating techniques are required. ZHC provided 

non-linear single equation least squares (NL-SELS) and non-linear two 
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1 
stage least squares (NL-2SLS) estimates of all composite hypotheses. 

Estimates of the last two hypotheses [H(l, 2, 5) and 

H(l, 3, 5)] showed o to be small with respect to its standard error, 

thereby favouring H(4) over H(5). So attention will be concentrated 

on the estimates of H(l, 2, 4) and H(l, 3, 4). Non-linear estimation 

of H(l, 2, 4) subject to the restriction mentioned above will provide 

estimates of A, a and (k
1 

- an)(l - A). Similarly, non-linear 

estimation of H(l, 3, 4) subject to the same restriction will provide 

estimates of (A+ y), a and (k1 - an)(l - A). Since the list of 

regressors in both H(l, 2, 4) and H(l, 3, 5) is the same (namely Ct-l' 

Lt-l' Lt_2 and Xt), one non-linear regression of et on Ct-l' Lt-l' 

· Lt_2 and Xt' subject to the above mentioned restriction, will provide 

estimates which can be interpreted as estimates of A, a and 

(kl - an)(l - A) for H(l, 2, 4) or as estimates of (A + y), a and 

(kl - an)(l - A) for H(l, 3, 5). ZHC carried out this regression both 

with and without a constant term. For both NL-SELS and NL-2SLS the 

estimate of the constant was many times its standard error, and the 

results for the regressions including the constant are therefore 

shown in table 3.1 below. 

1. 2SLS is a method for obtaining consistent parameter estimates 
for a relationship which is part of a simultaneous system of 
equations, as the consumption fqnction ust,Jally is. 
See Goldberger, Econometric Theory pp. 329-336 or H. Theil, 
Principles of Econometrics (Amsterdam: North-Holland Publishing 
Coy., 1971), pp. 451-458 for a description of two stage least 
squares. 
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TABLE 3.la 

Parameter estimated 

H(l, 2, 4) H(l, 3, 4) NL-SELS NL-2SLS 

A. A. + y 0.2419· 0.5241 
(0.1051) (0.1258) 

Cl Cl 0.3758 0.4992 
(0.0502) (0.0968) 

(k1 - an) (1 - ;q (k1 - an)(l - A.) 0.5381 0.3064 
(0.0805) (0.0968) 

constant constant -12.470 -10.884 
(3.299) (3.669) 

a. Derived fr0m Table I p. 575 Zellner et. al. "Further 
Analysis of the Short-Run Consumption Function". 

The estimates of X and A.+ y are in the reg~on (0, 1), as 

they must be if the weights in H(2) and H(3) are to decline. The 

estimates of a are also in agreement with prior expectations as to 

sign. All parameter estimates are high with respect to their standard 

errors. The disappointing feature of the results is the presence of 

the apparently significant constant term. If the consumption function 

is in fact of the form 

a < 0 

then in the long-run (when L = Ld) we have t-1 t , 

a < 0 
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which implies an increasing ratio of consumption to permanent (long-

run) income, as permanent income grows. This is not born out by 

facts such as the data produced by Kuznets and referred to in the 

1 previous chapter. 

Note that ZHC have made no test for autocorrelation of 

disturbances. Indeed,they go ahead to assume that the disturbances 

are autocorrelated and are generated by a first-order autoregressive 

process, i.e. 

v 
t 

= 

where i::t is assumed to be non autocorrelated with zero mean ?nd 

2 constant variance cr • 'fakE> H(l, 2, .5) 

= 

Lagging one period, and multiplying through by p, gives 

= 

+ p(k1 - an)(l - A)Xt-l + pvt-l 

Subtracting this expression from the previous, and rearranging we get: 

= 

1. See p. 28 above. 
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Note that v - pv 
1 

has been replaced with tt, assumed to be non
t t-

autocorrelated. NL-SELS and NL-2SLS estimates of this function were 

made. The NL-2SLS estimates were preferred because of the more 

reasonable average lag in the adjustment of permanent income to actual 

income implied by the 2SLS estimate of A. 1 In addition the NL-2SLS 

estimate of the function with constant term resulted in an' insignificant 

estimate of the constant. Hence in table 3.2 the NL~2SLS estimates of 

the function without constant are presenteq. Once again o is 

, insignificant, indicating support for 

H(4) = 

over 

H(S) = 

The coefficient of the liquid asset imbalance term (a) is highly 

significant, indicating the potential worth of such a term in an 

Australian study. A piece of corroborative evidence on the liquid 

2 asset imbalance term was provided by Mrs. Jean Crockett. As noted 

in the previous section Cro<;kett estimated x
1 

by the trend values of 

income obtained, by fitting a semi-log time trend to actual income 

1. The average lag is given by A/(l - A). For the NL-2SLS estimate, 
the lag averaged 6.9 quarters, while for the NL-SELS estimate 
the lag averaged less than one quarter. For the formula A/(l - A) 
see p. 772 of K. F. Wallis, "Some recent developments in applied 
econometrics: dynamic models and simultaneo~s equation systems", 
Journal of Economic Literature, Vol. 7 (1969), pp. 771-798. 

2. See Ci:ockett ,, "Income and Asset Effects on Consumption", p. 127. 
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TABLE 3. 2a 

Parameter 
Estimated Estimate 

0.8732 
(0.0410) 

Cl 0.6974 
(0.1531) 

10.168 
(7.251) 

k - ClT) 0.4045 
1 (0.1195) 

p -0.3213 
(0.1241 

a. Taken from table IV Zellner et. al. "Further 
analysis of the short-rt.in consumption function". 

data. "Equilibrium" liquid asset holdings were then found from a 

1 regression of liquid assets on to permanent income (X ) with a time 

trend added. The actual expression used was 

= -190 + o.956 x~ + 6.02s t 

1 where Lt-l = equilibrium liquid assets at the end of period t-1. 

The following two regressions (using annual data) were calculated: 

= 75 + 0.766 X - 0.238 x2 + 0 083 (L Ll ) 
(0.014) t (0.045) t (0:011) t-l - t-1 

R.2 
= o. 9961 
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1 
163 + o.716 xt - 0.219 ~xt + 0.027 (Lt-l - Lt_1) 

(0.009) (0.045) (0.017) 

il2 = o.9958 

1 
The significant coefficients of (Lt-l - Lt_1), particularly in the 

first regression, indicate further support for the Zellner, Huang and 

Chau thesis. 

3.5 A model for Britain 
1 In a series of papers, Stone and Rowe 

have developed and tested a consumption function for Britain based 

upon the PIH. The Stone-Rowe (S-R) model splits income and consumption 

into permanent and transitory components. the separate components of 

consumption each being explained by different variables. In addition, 

the S-R model introduces wealth into the con~umption function on the 

grounds that from time-to-time "abnormal" accumulations of wealth will 

lead consumers to undertake abnormal levels of expenditure. "The 

general proposition ••• is that whereas we should expect more income 

to be accompanied by more spending and more saving, we should expect 

more wealth to be accompanied by more spending and less saving. 112 

1. R. Stone and D. A. Rowe, "A post-war expenditure function", 
The Manchester School, Vol. 30 (1962), pp. 187-201, R. Stone; 
"Private saving in Britain 1 past, present and future", The 
Manchester School, Vol. 32 (1964), pp. 79-112; R. Stone-:-"Spending 
and saving in relation to income and wealth", L'Industria, 
(No. 4 1966), pp. 471-499 reprinted in R. Stone, Mathematical 
Models of the Economy and'other Essays (London: Chapman and 
Hall Ltd., 1970). 

2. Stone, Mathematical Models of the Economy and other Essays, 
pp. 121-122. Stone and Rowe give the credit for the idea of 
including wealth in the consumption function to Modigliani and 
R. Brumberg, whose work will be examined in chapter four below. 
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Stone and Rowe split beginning-of-period wealth into two parts, 

1 2 
normal or permanent wealth, Wt, and transitory wealth, Wt. Thus 

the first three relationships of the S-R model are: 

= 

= 

= 

cl+ c2 
t t 

xl + x2 
t t 

wl + w2 
t t 

(3. 30) 

( 3. 31) 

(3.32) 

Permanent consumption is a homogeneous linear function of the permanent 

components of income and wealth: 

1 
Transitory consumption is proportioµal to transitory income: 

c2 
t = 

1 
So as to be able to replace the unobservable variab~e, X , the S-R 

( 3 .• 33) 

model postulates that permanent income is a weighted average of current 

and past values of income, i.e. 

xl 
t 

= 

Applying a Koyck transformation2 to this gives 

xl 
t = >.Xt + (1 - >..)X

1 
t-1 

(3.35) 

1. . This is contrary to Friedman' s "strict" variant of the PIH but is 
in accord with the "loose" version, supporting evidence. for which 
is given above. See p. 73 above. 

2. See p. 78 above. 
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Permanent wealth is similarly defined by a weighted average of 

current and past values of actual wealth. Hence we can write 

wl 
t 

= A.Wt + (1 - A)W
1 
t-1 

(3.36) 

1 Note that the weights used to formulate W are identical with those 

1 1 used to formulate X • The seven relationships (3.30) to (3.36) 

constitute the basic S-R model. 

To derive the S-R consumpti9n (saving) function substitute 

(3.33) and (3.34) into (3.30), giving: 

Using (3. 31) this gives 

= 

Now, substitute (3.35) and (3.36) into (3.37): 

et· = a 1 A.Wt + a 1 (1 - >.)w!-l + (S1 - s2);,.Xt 

l' 
+ (Bl - S2)(l - J,.)Xt-1 + s2xt 

(3.37) 

(3. 38) 

Lagging (3.37) by one period and multiplying through by (1 - ;,.) gives 

+- S (1 - >.)X 2 t-1 (3.39) 

1. Had different weights been used in (3.35) and (3.36) more than one 
Koyck transformation would then have been required to eliminate the 
unobserved variables. Alternatively the method outlined in 
Nerlove, Distributed Lags and Demand Analysis pp. 25-29 could have 
been used. In either case the number of lagged values of variables 
would have been larger. 
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Subtracting (3.39) from (3.38) and rearranging gives: 

= 
(3.40) 

Stone and Rowe chose to estimate (3.40) in ratio form, the dependent 

variable being the ratio of savings to income. Estimating in ratio 

form will help to suppress any affects of common trends in the 

variables, and hence reduce the problem of multicollinearity. This 

transformation is sometimes useful in dealing with problems caused 

by heteroskedastic disturbances. 1 Since savings~ St' equals income 

·minus consumption, (3.40) yields: 

That is: 

b = -(1 - >.) 
3 

( 3.41) 

,(3.42) 

1. Heteroskedastic disturbances do not have a constant variance, in 
which case the ordinary least squares estimator is not a BLUE 
estimator. See Goldberger, Econometric Theory, pp. 235-236. 
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From least squares estimates of the four regression coefficients 

(bo, ••• , b3) estimates of the four structural parameters (al' sl' 

s 2 , A) can be found as follows 

c:tl = 

= 

(3. 43) 

= 

Prior expectations are that all parameters lie between 0 and 1, since 

A is the weighting factor in a distributed lag, and since the other 

factors are marginal propensities to consume. Since a given 

increment to the flow of permanent income should have a greater effect 

on consumption than would a similar increment to the stock of permanent 

wealth, sl should be larger than al. 

Using seasonally adjusted price deflated quarterly data for 

the period 1955(11) to 1963(1), the following estimate of (3.42) was 

obtained: 1 

0.472 
(0.121) 

wt x c 
0.0130 x + o. 394 t-l - 0.684 t-l 

(0.0060) t co.111) xt (0.145) xt 

R
2 

= 0.893 

d "" 2.17 

1. Stone, "Private saving in Britain, past, present and future", 
p. 87. 



92. 

All parameters are at least twice their standard errors. Using 

(3.43) the following estimates of the structural parameters can be 

found: 

a
1 

= 0.0411, s
1 

= 0.411, a2 = 0.583, A = 0.316 

All estimates of structural parameters conform with prior expectations 

about sign and magnitude. The value of A implies ~n average lag of 

2.1 quarters, considerably shorter than the 6.9 quarters obtained for 

1 the U.S. economy by Zellner, Huang and Chau. The time pattern of 

2 
the savings ratio was quite closely reproduced. The value of R2 was 

quite remarkably high for an equation in ratio form. 

The basi~ S-R model has been varied in a number of ways. 

Possibly the most interesting variation was the inclusion of a 

3 government policy variable G. The policy variable G was an index of 

the measures used by the government to dampen down, or stimulate, 

conswnption spending. 
1 The deviation of G from its normal level, G , 

was included as a factor determining the level of transitory consumption. 

That is, (3.34) was replaced with: 

c2 
t = (3.44) 

1 where Gt was measured by a weighted average of current and past values 

of G, i.e. 

1. See P• 85 above. Note that because of the notational difference 
between H(2) and (3.35) the appropriate formula for calculating 

1 - A A the average lag is now A rather than 1 _ A • 

2. Stone, op. cit., p. 88 diagram 2 or p. 109 Table 2. 

3. Ibid., PP• 103-104, and Stone and Rowe, "A post-war expenditure 
function", pp. 187-188. 
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(3.45)1 

Note that once again the same weighting factor A has been used to 

build up the weighted average. When G is above its nonnal level a 

restraint on spending should he felt, and hence prior expectations 

were that y < 0. Manipulating the model in the same way as before, 

and expressing in ratio form gave: 

( 3.46)1 

b3 = - y{l - /..) 

h4 = - (1 - /..) 

Estimating (3.46) by SELS using seasonally adjusted, price-deflated 

1 quarterly data for the period 1955(11) to 1961(1) gave: 

0.541 
(0.104) 

wt 
0.0220 

(0.0104) xt 
+ o. 366 

(0.125) 

Gt - Gt-1 
+ 0.505 

(0.718) xt 
0.648 

(0.172) 

R
2 = 0.9916 

d :z 2.12 

1. Stone and Rowe, "A post-war expenditure function", p. 192~ 
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This estimate implies that the structural parameters are: 

n1 = 0.0625, s1 = 0.265, s2 = 0.565, y = -0.779, A o. 352 

These estimates conform with all prior expectations as to sign and 

magnitude. 2 The value of R is higher than for the previous estimate, 

while the value of the Durbin-Watson statistic is consistent with 

the hypothesis of no serial correlation. The coefficient b
3 

is 

insignificant,implying that either y = O, i.e. that the government 

policy variable is insignificant, or that A = 1. The second 

1 1 '1 
alternative implies that xt = xt and wt =wt, i.e. that transitory 

components of income and wealth are zero. The first of these 

alternatives is the more reasonable. The apparent failure of the 

policy variable may be due to the relatively unsophisticated device 

used to measure G, namely the percentage downpayment on the hire-

purchase of radio and electrical goods. The variable is intuitively 

attractive and should not be disregarded on the basis of this much 

evidence alone. 

Other variations of the model tried were: 

(1) To attempt to measure the influence of transitory wealth on 

transitory constnnption by replacing (3.34) with: 

c2 
t 

::: 

This hypothesis has not been tested with quarterly data, but 

1. See (3.35) and (3.36). 
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for eight different regressions using annual data the 

estimates of a
2 

all had· the wrong sign (negative).
1 

(2) To allow for potentially different responses of wage and 

profit earners the income variable was split. The relation-

ships of the model are then: 

= cl + c2 
t t 

= wl + w2 
t t 

= 

x = x1 + x2 
at at at 

~t = ~t + ~t 

xl 
at 

= ft.Xat + (1 -
1 

ft.)Xa,t-1 

~t = ft.~t + (1 - ft.)x!,t-1 

wl 
t 

cl 
t 

c2 
t 

= 

= 

= 

ft.W + (1 -
t 

ft.)W1 
t-1 

w + s x1 + s x.1 
al 1 . la at lb-ot 

where Xat and ~t are the disposable incomes of, say, wage and non-wage 

income earners respectively. Note that in building up the estimates of 

1. See Stone, Mathematical Models of the Economy, p. 129, Table 1. 
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permanent wealth and permanent income for wage and non-wage income 

earners,the same weighting factor A has been used. 'Solving these 

equations together gives: 

= 

- (1 - A) 

This equation has not been estimated with quarterly data, but an 

estimate using annual data has been calculated and shows a significant 

1 
difference between Bla and Slb" 

Before concluding this section there is one further point 

to consider - the long-run consumption (savings) function implied by 

the S-R model. As noted above, when quarterly data was used the 

model reproduced the time path of the savings-income ratio quite well. 

There is, however, the question of the model's ability to reproduce 

the (constant) savings-income ratio shown by long-run data such as the 

Kuznet's data. To examine this question Stone and Rowe supposed 

income to be growing exponentially from a base x, i.e. 

1. Stone, "Private saving in Britain, past, present and future", 
pp. 84' 85. 
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= 

1 where p is the rate of growth of income. Hence 

xt-k = x e 
p(t-k} 

"' 
- pt -kp X e e 

= xt e -kp (3.46a)I 

Now, permanent income is given by a weighted average of current and 

past values of actual income: 

xl 
t 

= 
2 

A[Xt + (1 - A)Xt-l + (1 - A) Xt_2 + ••• ] 

Using ,(3.4€:6) this can' be written as: 

xl 
t = 

= 

-p 2 -2p 
A[Xt + (1 - A)X e + (1 - A} X e + ••• ] 

t t 

AXt[ 
1 

J 
1 - (1 - A}e-P 

since 0 < (1 - :\.}k e-kp < 1 for k > o. Hence 

xl 
A t t;, (3.47} = = 

xt 1 - (1 - :\.}e-p 

where t;, is a constant for any particular value of p. Now, if wealth 

is also assumed to be growing at the rate p, a similar arglD!lent yields: 

1. 
dXt 

That is• ""dt I Xt = p. An assumption more in keeping with the 

discrete analysis of the S-R model above is 

xt - xt-1 

xt-1 
= p 

Since the results to be derived are not altered by this assumption, 
and the derivation is a little more complex, the Stone-Rowe 
assumption has been used. 
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Dropping time subscripts (for convenience), (3.37) implies: 

c = 

which gives, using (3.47) and (3.48), 

c = 

dW Now dt , the rate of change of wealth, equals savings. Therefore 

That is, 

dW 
dt 

dW 
dt 

= s = x - c 

= 

= <PX - ljJW 

(3.48) 

where <P = [l - 8 1 ~ - 82(1 - ~)], ~ = a1~. Prior expectations are 

that <P and~ are positive, since "the general proposition ••• is that 

whereas we should expect more income to he accompanied by more spending 

and more saving, we should expect more wealth to be accompanied by 

1 more spending and less saving." Since the rate of growth of wealth 

. dW t.T H 
is p , dt = pw. ence 

pW = <PX - ljJW 

w 
x = p + tjJ 

1. Stone, Mathematical Models of the Economy and other Essays, 
PP• 121-122. 

(3.49) 
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The savings ratio is now obtained directly from (3.49). 

s dW Ix pW = = x dt x 

which gives, from (3.49): 

s Pcfl x = p + tjJ 
(3.50) 

Since cp and tjJ are functions of p only, (3.50) shows that the savings 

ratio is a function of the rate of growth -of income only. For p = O, 

i.e. for a situation of no growth in income,(3.50) implies that 

S/X = O. That is, in the case of zero growth in income the marginal 

(and average) propensity to conswne is unity. As the rate of income 

1 growth increases ao does the ~avings ratio. For all rates of income 

growth, however, savings (and hence consumption) are proportional to 

income. Thus the long-run consumption function of the S-R model is 

= 

where k is a function of the long-run rate of growth of income. Hence 

the model is not inconsistent with the (constant) long-run savings-

income ratio revealed by historical data such as that of Kuznets. 

For comparison,take the Zellner-Huang-Chau consumption 

function and assume income is growing e~ponentially at the rate p. 

From (3.22) we have 

1. d(S/X) 
dp = 

= 

(p + ljl) 2 
> O, since a prior:(. ljl, cp > _Q. 
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Suppose also that in the long-run L 
1 

= Ld. Hence the long-run 
t- t 

consumption function is 

1 
et = klXt 

1 
Now Xt is given byl 

xl = (1 - A)[Xt + AXt-l + A2X + ••• ] 
t t-2 

(3. 25) 

= (1 - >.)(l + Ae-p 2 -2p + A e + • • • ]Xt 

1 - A 
xt = 

1 - Ae-p 

since xt = x pt 
e • That is 

xl = sXt t 

where s = 
1 - Ae-p 

1 - A 2 Thus the long-run savings· ratio for ZHC is 

i.e. 

1. ZHC also 

St 
1 

et 
= --

xt xt 

St 
1 - k c = 

xt 1 

' 1 
estimated xt from 

xl 
t 

2 
(1 - A)[Xt +(A+ y)Xt-l +(A+ y) Xt_2 

(3.51) 

+ ••• ] 

We have used (3.25) in preference to this, as (3.25) was equivalent 
to the formula used by Stone and Rowe. No derived conclusions are 
materially affected by this choice. 

2. Comparing (3. 25) and (3. 35) shows that (1 - A) in the ZHC model 
is equivalent to A in the S-R model. ijence the expression for s 
just derived for the ZHC model is identical with the corresponding 
expression (3.47) for the S-R model~ 
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(3.51) is constant for a particular value of p, and hence the ZHC 

model is consistent with long-run data of the Kuznets' type. For 
St 

the situation of no growth (p = O) ~ = 1 and hence ~ = 1 - k1• xt 
Since 0 < k1 < 1 (k1 is the marginal 

pennanent income), we can see that 0 

propensity to consume out of 
St 

< X- < l.in a situation of no 
t 

growth. Hence the marginal propensity to consume is less than unity 

in a no growth situation. This contrasts with the S-R model which 

1 
implies a long-run mpc of unity in a no growth situation. 

3.6 Conclusions This chapter has been concerned with a discussion 

of Friedman's Permanent- Income Hypothesis and some examples of 

subsequent research which have made use of it. Ignoring time subscripts, 

we saw from section 3.2 and 3.3 that the PIH can be stated as: 

cl = K x1 (3.6) 

x = xl + x2 (3.7) 

c = cl + c2 (3. 8) 

E(C2) = E(X2) = 0 (3.9) 

p 1 2 = p = p 2 ? = () 

x x c1c2 c x~ 
(3.10) 

Substituting (3.6) into (3.8) yields-: 

c = K x1 + c2 
(3.11) 

1. See p. 99 above. 
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Friedman estimated x1 by a weighted average of current and past 

values of actual income (X). An estimate of K was then obtained by 

1 2 regre.ssing actual consumption on to permanent income (X ) (C being 

treated as though it were a disturbance term). 

In section 3.3,evidence relating to the various parts of 

the PIH was examined. Specifically, the following hypotheses were 

discussed: 

(1) The consumption function (3.11) is homogeneous (i.e. has 

zero intercept). 

(2) The two income components are µncorrelated (i.e. P 1 2 = 0) 
x x 

(3) The two conslJl!lption components are uncorrelated (i.e. P 1 · 2 = O) 
c c 

(4) The marginal propensity to consume transitory income is zero 

(i.e. mpct = 0). 

The evidence .examined supported (1) but was against (2), (3) and (4), 

though in the case of (2) the conclusion p i 2 ~ 0 was dictated by the 
x x 

1 method used to estimate permanent income. Thus, the PIH is judged to 

be defective in the version (3.6) to (3.10). However, the real worth 

of the PIH is perhaps best judged by the success or otherwise of 

subsequent research which has used the concepts and framework of the 

PIH as its basis. To this end, two well known studies of the aggregate 

consumption function employing the notions of ·the PIH were discussed in 

sections 3. 4 and 3. 5. 

1. See p. 68 above. 
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In section 3.4 work by A. Zellner, D. S. Huang and 

L. C. Chau was examined. Two alternatives to (3.6) above were 

tested, namely an inertia hypothesis 

and a habit persistence hypothesis 

cl 
t = 

Both alternatives were rejected after testing. Transitory consumption 

was made proportional to a liquid asset imbalance term, giving 

(3.22) 

for the aggregate consumption function. The weight of evidence 

supported the following hypothe~es about the determination of x1 and Ld: 

xl 
t 

= 

= 

(1 - >.) 
00 

i 
E >. Xt-i 

i=O 

Function (3.22) performed well ~n terms of (1) the significance of 

parameter estimates, (2) the agreement of signs and magnitudes of 

parameter estimates with prior expectations. An interesting feature 

of the work was the use of a non-linear estimation method to avoid 

conflicting estimates of structural parameters. 

In section 3.5 work by R. Stone and D. A. Rowe was examined. 

A very important feature of the Stone-Rowe model is the introduction 
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of wealth into the consumption function on the hypothesis that the 

consumer has some notion of an equilibrium wealth-income ratio and 

his savings behaviour is partly determined by attempts to adjust 

towards this. Wealth, like income and consumption, is split into 

a permanent component and a transient component. A series of 

estimates of the basic S-R model and its variants has been made using 

both annual and quarterly data. Judged by conventional tests - size 

2 of R , value of Durbin-Watson statistic, significance of the parameter 

estimates and their agreement with a priori expectations as to sign 

and magnitude - the model does well. One variation of the model is 

to include a government policy variable G as a determinant of the 

level of transitory consumption giving: 

c2 
t = 

While the estimate of y is significant when annual data is employed, 

it is insignificant when quarterly data is used. Both the S-R model, 

and the ZHC model, have a long-run consumption-function consistent 

with that implied by long-run data of the Kuz~ets type. 

In the formulation of both models the respective groups of 

authors have drawn heavily upon ideas first put forward by Friedman 

in the Permanent Income Hypothesis. The satisfactory performance of 

both models can be taken as validation of the "operational" worth of 

the PIH. 

In addition to the general idea that measured income and 

measured const.Ullption can be divided into permanent and transitory 

components, and that permanent and transitory consumption can be 
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separately explained, there are a number of other ideas potentially 

useful for a study using Australian data to be gained from the 

discussion of this chapter: (1) The first is that there is benefit 

to be derived from the structural model approach to deriving the 

final function to be tested. Firstly, this approach makes the job 

of forming prior expectations about the sign and magnitude of 

regression parameters much easier, and secondly, if there is some 

defect in the final equation the source of the problem can be more 

easily found. For example, the quarterly estimate of the S-R model 

Gt - Gt-1 
showed that the estimate of the coefficient of X was 

t 
insignificant. Immediately we can say that this implies that either 

1 
y = 0 (and hence (Gt - Gt) is not n useful term) or A a 1 (that is, 

permanent components are equal to measured amounts). (2) A second 

point is the possible use of a liquid asset imbalance term and a 

government policy variable. The first of these worked well, while the 

policy variable did not do well with quarterly data. However, the 

notion of a policy variable is attractive and may prove useful with 

Australian data. (3) The final idea is that total wealth (rather than 

just liquid asset holdings) may be import~nt. In the next two chapters 

this idea will be examined more thoroughly, beginning with the work by 

Modigliani, Brumberg and Ando known as the Life Cycle Hypothesis. 
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3.1 Solution of (3.12) 

(3.12) 

(8-a)t Rearranging, and multiplying through by e , gives: 

That is 

t 
= f 8e(8-a)x X(x) dx + H 

-co 

where H is a constant. 

. . 1 x (t) = 8 It e(S-a)x X(x) dx +' He-(S-a)t 
(8-a)t e -co 

1 If X (t = -co) = O, then 

H = 0 

Hence 

= 
t 

S f e(S-a)x X(x) dx 
'(8-<;t)t e -oo 

(3.13) 
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The sum of the weights is 

8 
t 

(8-a)x d 8 1 (8-a)x t 

(8-a)t f e x = (S-a)t [ B e ] 
- a e -oo e -oo 

8 [ 1 (8-a)t ] = (8-a)t e 
8 - Cl e 

(as long as 8 - a > O) 

= B 
8 - a 

Thus the weights will sum to more than unity if income is steadily 

growing (i.e. a> O), and to less than unity if income is falling 

(i.e. a< O). 
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CHAPTER FOUR 

WEALTH AND THE CONSUMPTION FUNCTION I: 

THE LIFE CYCLE HYPOTHESIS 

4.1 Introduction As seen in the previous chapter, the 

consumer's wealth position is an important element in the 

development of the PIH. The individual's consumption function 

for the PIH was shown to be: 1 

= k'(i, u) w1 

where c1 denotes current consumption and w1 the consumer's 

current net worth. In this chapter and the next further 

theoretical work, leading to empirically testable hypotheses, 

involving the consumer's wealth position will be considered. 

Unlike the PIH the work to be looked at in this chapter (and 

most of that in the next chapter) involves wealth explicitly 

in the final equation to be tested. The lack of data on consumers' 

net worth has made these various hypotheses harder to test than 

the PIH which can be reduced to a relationship between variables 

for which statistics have been collected on a quarterly basis 

for a considerable period of time. 

In this chapter, the Life Cycle Hypothesis (LCH) 

developed by A. Ando, R. Brum.berg and F. Modigliani will be 

examined. The theoretical basis of the LCH will be discussed in 

section 4.2. During this discussion it should become clear that 

1. See (3.2) p. 56 above. 
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there are many points of contact between the LCH and the PIH. 

In that section we will also examine the long-run versus short-

run implications of the hypothesis. Empirical work on the 

aggregate consumption function implied by the LCH will be looked 

at in section 4.3. Conclusions are written up in section 4.4. 

4.2 The theoretical basis of the LCH~ As in the case of the 

PIH, the derivation of the LCH consumption function is based upon 

2 
a process of utility maximization subject to a resources constraint. 

Assuming that the price of consumables is constant over time, utility 

will be a function of the value of current and future consumption, 

and any assets bequeathed by the consumer. If the value of assets 

bequeathed is assumed to be zero, the utility function can be 

written as: 

u = CeT(T+l) CeT(T+2) 
t ' t ' 

(4 .1) 

T where Ct is the value of consumption in the current year (t) by a 

eTi consumer aged T years, Ct is the consumption expenditure an 

individual of age T plans (in year t) for year i of his life (i > T) 

1. This section is based upon F. Modigliani and R. Brumberg, 
"Utility Analysis and the Consumption Function: An Interpretation 
of cross-Section Data", in K. K. Kurihara (ed.), Post-Keynesian 
Economics (New Brunswick, N.J.: Rutgers University Press, 1954) 
and A. Ando and F. Modigliani, "The Life-Cycle Hypothesis of 
saving: aggregate implications and tests", American Economic 
Review, Vol. 53 (1963), pp. 55-84. The authors of these papers 
will be referred to collectively in the text as MBA. 

2. See section 3.2 above. 
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and L years is the consumer's life span (assumed to be equal to 

N years earning life plus M years retirement). As with the PIH, 

consumption is d~fined as expenditure on single-use goods and 

services plus the service derived from stocks of consumer durables. 

The resources constraint is: 

(4.2) T T 
wt-1 + yt + E 

i==T+l (1 + 

N 

T where wt-l =the consumer's net worth at the end of year (t-1), 

T yt = the consumer's labour income in year t (i.e. income other than 

eTi earnings from net wealth), yt =the labour income an individual 

of age T expects (in year t) to earn in year i of his life (i > T) 

and rt = the rate of interest in year t. The left hand side of (4.2) 

is the consumer's lifetime resources (equal to his existing stock of 

assets plus the present value of future labour income),while the 

right hand side is the present value of current and future consumption. 

Note that (4.2) implies that consmners do not expect to receive any 

inheritance during the remainder of their life cycle. For future 

T convenience denote the left hand part of (4.2) by v , i.e. 
t 

= 
T T N 

wt-1 + yt + E 
i=T+l (1 + 

(4. 3) 

MBA make the further assumption that the utility function is 

homogeneous with respect to consumption at different points in time. 1 

1. See Ando and Modigliani, "The 'Life Cycle' Hypothesis of Saving", 
P• 56. cf. with a similar assumption in the PIH p. 54 above. 
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Maximizing (4.1) subject to (4.2) yields: 1 

= 

T 2 
That is, consumption is proportional to life resources vt. 

The coefficient of proportionality depends on the form of the 

( 4. 4) 

utility function, the rate of return on assets and the current age 

of persons. 3 Now, denote by y~T the average annual labour income 

that a consumer of age T years in year t expects to earn over the 

remainder of his earning life. Hence 

1 = N - T 

N 
E 

i=T+l 

Thus (4.3) can be written as 

= T T eT 
wt-1 + yt + (N - T) yt 

Substituting (4.5) into (4.4) gives: 

= 

1. See Appendix 4.1 for the derivation of this result for the 
special case N = T + 1. 

2. cf. (4.4) with the corresponding expression for the PIH 
(see (3. 2) p. 56 above). 

3. See Appendix 4.1 for the specific form of y! for the special 
case N = T + 1. 

(4. 5) 

(4.6) 
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MBA then postulate an aggregate consumption function of the same 

1 form as (4.6), namely: 

where et = aggregate consumption, Yt = aggregate labour income, 

(4. 7) 

Y~ =aggregate expected labour income, and ai, a; and aj are constants. 

Obtaining (4.7) involves first aggregating over all consumers of 

age T, and then aggregating the result over all age groups. MBA 

have described the aggregation process, and a set of conditions 

2 
sufficient to ensure the time stability of the parameters of (4.7). 

However, they state that this has been done only to exhibit "the 

conditions for existence of a particular form of the aggregate 

3 consumption function". In effect, having obtained the consumption 

function for an individual MBA then aggregate by analogy to obtain 

the aggregate consurnption function. 

Before going ahead to consider empirical tests of the LCH, 

the long-run/short-run characteristics of the LCH consumption function 

will be examined. In order to examine the long-run implications of 

4 (4.7), MBA suppose that labour income is growing at a steady rate. 

1. Ando and Modigliani, "The 'Life-Cycle' Hypothesis of Saving", p. 58. 

2. Ibid. pp. 58-59. 

3. Ibid. P• 56 f.n. 2. 

4. See Ando and Modigliani, "The 'Life-Cycle' Hypothesis of Saving", 
p. 76. For a very full analysis of the long-run/short-run 
implications of the LCH the reader is referred to F. Modigliani, 
"The Life Cycle Hypothesis of Saving, the Demand for Wealth and 
the Supply of Capital", Social Research, Vol. 33 (1966), pp. 160-217. 
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e In this circumstance Yt is made proportional to Yt yielding: 

= a.=a.'+a'S 1 2 

1 where S is the constant of proportionality. Now total income (X) 

equals labour income plus non-labour income. Non-labour income 

will be equal to rWt-l' where r is the average rate of return on 

assets held. In the long-run r is supposed constant. Hence, 

savings, St, are given by 

l~ 

St = x - c 
t t 

= x t - a3wt-l - cxY t 

= xt - a3wt-l - a(X - rW ) t t-1 

= (1 - a)X - (a.j - ar)Wt-l t 

St = aX - bW (4. 8) 
t t-1 

e As a possible justification for making Yt proportional to Yt , 
e 

suppose Yt is being estimated by a distributed lag of current 

and past values of Yt, such as 

Y~ = (1 - A)[Yt +(A+ p)Yt-l +(A+ 
2 

p) yt-2 + .•• ] 
e where p is the trend rate of growth of Yt (see H(3) p. 79 above). 

If labour income, Y, is also growing at the rate p, this can be 
written as: 

ye (1 - A)[l + 
A + p + ( A + P 2 = ) + • • • ]Yt t 1 + p 1 + p 

(1 - A.) 
1 

yt = 
1 -

A. + p 
1 + p 

= (1 + p)Yt 

= SYt s = 1 + p 

Thus, the constant of proportionality will be greater than unity, 
thereby allowing for the long term upward trend in actual income. 



where a :: 1 - a, b :: a) - ar. Assuming capital gains zero over 

the long run, we can say that 

(4.9) 

where liWt =Wt - Wt-l" Adding (4.8) and (4.9) we get 

= aXt - bWt-1 

• 

Adding and subtracting p, and then rearranging, gives: 

liWt xt p +b 
= P + a [- -w wt-1 a 

t-1 

That is, 

liWt xt 
- h ] (4.10) = P +a [-w w 

t-1 t-1 

where h 
p + b xt 

> h. Therefore the term = Now suppose -W-- in a t-1 

brackets is positive and 
L\Wt 

Hence the rate of growth hence -W-- > p. 
t-1 
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of total income X is less than that of wealth W. 
1 must 

x 
fall towards has time passes. Similarly, if~< h,total income 

t-1 
xt 

X must grow faster than wealth W, and -W-- will increase towards h as 

b.W t-1 b.X 
time passes. 

xt 
If--= w 

t-1 

t t h, then W- and -X-- will both equal p 
t-1 t-1 

xt 
(the rate of growth of labour income), and -W-- will remain steady 

t-1 

at h. Hence the LCH implies a constant long-run wealth-income ratio 

equal to 

= 
1 
h 

== 
a (4.11) 

p + b 

1. Since xt = y 
t + rW l t- (1) 

b.Xt b.Yt yt-1 
+ r 

b.Wt-1 wt-2 
= 

xt-1 yt-1 xt-1 w x t-2 t-1 

b.Yt yt-1 b.Wt-1 x - y 
+ t-1 t-1 from (1) = y x w xt-1 t-1 t-1 t-2 

b.W y b.Yt b.Wt-1 t-1 t-1 = --+-- -w x y 
t-1 

w t-2 t-1 t-2 

b.Xt b.W 1 y b.Wt-1 t- + t-1 [p = --] x w xt-1 w t-1 t-2 t-2 

b.W b.X b.W 
Hence if~l> t t-1 p, < w x w t-2 t-1 t-2 
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The corresponding savings-income ratio is: 

St w - w t t-1 wt-1 
= 

xt w t-1 xt 

1 
= p . 

h 

St pa 
= x p + h 

t 
(4.12) 

1 
Thus the LCH implies a constant long-run savings ratio. Both the 

savings ratio and the wealth-income ratio are functions of the rate 

of growth of in~ome. Since 

d(S/X)t ah 
0 "" :> 

dp (p + b)2 

and 
d

2
(S/X)t -2ab 

< 0 = 
(p + b) 3 2 

clp 

we can see that the long-run savings ratio rises with the rate of 

growth of income, but at a decreasing rate. In the same way, we 

have 

d(Wt-1/Xt) -a 0 = 
(p + b)2 

< dp 

d2 (Wt_/Xt) 2a 
0 

dp2 
= 

(p + b) 3 
> 

Hence the wealth ratio declines as the rate of growth of income rises, 

but at an increasing rate. For a zero rate of income growth the 

1. cf. (4.11) and (4.12) with (3.49) and (3.50) of the Stone-Rowe 
model of the previous chapter. 
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savings ratio is zero, i.e. the long-run marginal propensity to 

consume is unity. 

To exhibit the short-run characteristics of their model, 

MBA continue to assume that Y~ is proportional to Yt,
1 

giving: 

= 

from which the savings function 

2 can be derived. The long-run savings function is 

= 
pa 

p + b xt 

Now, in any particular year Wt-l is known at the beginning of the 

year, since W 
1 

is the stock of wealth at the end of year (t-1). 
t-

So (4.8) can be shown on the S - X plane as a line with intercept 

(4. 8) 

(4.12) 

-b~t-l and slope a. In figure 4.1 below, (4.8) is shown for several 

years and (4.12) is also shown. 

Now, suppose that income for year 1, x1 , is equal to the 

trend value of income. Thus savings for year 1 can be calculated 

from either s1 or (4.12). Thus s1 and (4.12) must intersect at P1• 

Positive savings in year 1 cause the stock of wealth to grow and the 

1. See Ando and Modigliani, "The Life-Cycle Hypothesis of Saving", 
p. 78. 

2. See p. 113 above. 
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S pa X 
t p + b t 

short-run savings function (4.8) to move to the right to s2 • If 

income grows at the trend rate, then s2 will intersect (4.12) at 

P
2

• Once again,the savings function will move to the right. 

Suppose that in year 3 the rate of income growth falls below the 
ox

3 
ox

2 
trend rate (i.e. OX <OX ). In these circumstances, savings in 

2 1 

year 3 will be given by x
3
P

3
• Since the slope of OP 3 is less than 

that of the long-run savings function, it is clear that the savings 

ratio has fallen along with the cyclical decline in the rate of growth 

of income. The smaller savings will result in a smaller than otherwise 
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shift in the savings function to s4• If the rate of growth of income 

increases sufficiently,i~ is possible in year 4 for savings to 

pa exceed P + b x
4

• That is 1 an upward swing in the rate of growth of 

income will produce an upward swing in the savings ratio. 

Thus, the LCH consumption (savings) function implies long-

run constancy and cyclical variability of the savings ratio. 

4. 3 Empirical tests of the I.CH The first published test of the 

1 
LCH aggregate consumption function was by R. Brumberg. Denoting 

non-labour income by Rt, Brumberg obtained the following saving 

function: 

s y + Rt - c t t t 

yt + Rt - (a'Y + ' e + ajwt-1) = a2Yt 1 t 

St = (1 - a' )Y + R - 'Ye - ajWt-1 1 t t Cl2 t ( 4 .13) 

To overcome the lack of data on Ye and w
1

Brumberg first put (4.13) 

into first difference form: 

= (4.14) 

Brumberg then hypothesized that /J.Ye was a linear functi'on of the 

change in labour income, i.e. 

= (4.15) 

1. R. Brumberg, "An approximation to the aggregate saving function", 
Economic Journal, Vol. 66 (1956), pp. 66-72. 
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On the other hand,AW 1 will equal the smn of savings in period 
t-

( t-1) plus capital gains, i.e. 

Substituting (4.15) and (4.16) into (4.14) we obtain: 

= 

(4.16) 

(4.17) 

Since consumption expenditure under the LCH includes only the service 

value of consumer durables, savings statistics had to be revised to 

include expenditure on durables. Changes in an index of share prices 

were used as a proxy for capital gains. Using constant price data 

for the years 1929-'49, (4.17) was estimated by least-squares to give:
1 

= ASt -610 + O. 89 b.Yt + 0.38 b.Rt - 0.14 s 1 -t-
27 G 

t-1 
(380) (0.08) (O .18) (0. 03) (14) 

( 4 .18) 

R2 = 0.97 

All signs conform to expectations, and all coefficients are 

statistically significant at the 10% level. However, the coefficients 

1. The constant term and the coefficient of G 1 in (4.18) are 
t-

apparently in the wrong units. For example, the correct value of 
the coefficient of G 1 is -0.027. See P. Newman, 11 Factor shares 

t-
and the savings function", Economic Journal, Vol. 66 (1956), 
footnote 1, p. 734. 
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of /'\Rt and Gt are not significant at the 5% level, nor does the 

hypothesis b = 1 
2 

look acceptable. 1 The 
2 

value of R is quite high, 

especially so when it is remembered that the hypothesis has been 

tested in first-difference form. 

The hypothesis, without the capital gains variable, was 

tested using data for 1929-1941, giving: 

104 

(330) 

+ 0.53 l'\Yt + 
(0.14) 

0.69 /'\Rt -

(0. 28) 

0.14 s 1 t-

(0 .08) 

(4.19) 

The most noticeable feature of this is the great change in the value 

of parameter estimates; aside from the coefficient of S 1 all other 
t-

parameters 4ave drastically changed values (and, in one case, changed 

sign). The intercept and coefficient of St-l no longer appear to be 

significant. Brum.berg used (4.19) to forecast annual savings for 

the period 1942 to 1949. The mean percentage forecast error was only 

1.4%. However, the standard deviation of the percentage forecast 

errors was 14.2%, with the actual percentage error ranging from -26.7% 

to 17.3%. Brum.berg also forecast with the Duesenberry-Modigliani 

hypothesis
2 

and two naive models ((i) St= S 
1

, (ii) S = S 
1 

+ l'\S 1). 
t- t t- t-

The LCH, as tested by Brum.berg, showed itself superior to all of these 

alternatives. (The Duesenberry-Modigliani function, for example, gave 

a mean forecast error of 48.1%). While these forecast results for the 

1. Note that since G 1 has been replaced with a proxy variable we 
t-

can no longer expect b
3 

to equal b4• 

2. See p. 28 above. 
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LCH do not look impressive, except in comparison to the other 

models examined, it must be remembered that the forecasts are for 

the years of the second world war and immediately afterwards, years 

which most researchers do not even attempt to discuss. 

Further estimates of the LCH were published by Ando and 

1 Modigliani. Two basic hypotheses were derived from the function: 

= (4.7) 

Hypothesis I is obtained by supposing that Y~ is proportional to Yt, 

2 giving: 

= (4.20) 

Both a and a3 should be positive and less than unity, with a (the 

marginal propensity to consume current labour income) significantly 

higher than aj (the marginal propensity to consume wealth stocks). 

The second hypothesis is obtained by supposing that the per-capita 

e expected income of those currently employed (yt) is proportional to 

their current per capita incomes, i.e. 

= 

where Et is the total number employed. The per-capita expected income 

1. Ando and Modigliani, "The Life-Cycle Hypothesis of saving". 
Revised results are given in A. Ando and F. Modigliani, "The 'Life 
Cycle' Hypothesis of saving: a correction", American Economic 
Review, Vol. 54 (1964), pp. 111-113. The revised results are 
used below. 

2. See p.113 above for one possible derivation of (4.20) from (4.7). 
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eu e of the unemployed (y ) is, in turn, proportional to y • Hence 
t 

= = 

where 8
2 

= Si8
1

• Aggregate expected income is then given by: 

where Nt is the total labour force, and hence (Nt - Et) is the number 

of unemployed. Substituting for e and eu and rearranging.we get yt yt 

ye 
yt 

(N -
yt 

= Et . 81 'E + E )·S -
t t t 2 Et t 

ye Nt 
i.e. = <81 - 82)Yt + s., E yt t ... t 

(4.21) 

Substituting (4.21) into (4. 7) gives 

et a.lYt + 
Nt 

ClJWt-1 = a.2 E Y + 
t t 

(4.22) 

where Cll =Cai+ a2CS1 - s2)], Cl2 = a2B2• (4.22) will be referred to 

as hypothesis II. A priori expectations are that 0 < aj << a. 1 < 1. 

Using United States current price data for the years 1929-1959 

(excluding 1941-1946), both hypotheses were fitted by SELS. The constanb 

terms obtained were significant, but in view of their small size Ando 

and Modigliani did not abandon the homogeneous form of the function. 1 

Table 4.1 shows the results of five tests of hypothesis I and II in 

1. See "The Life Cycle hypothesis of saving: aggregate implications 
and tests", p. 63. 



TABLE 4. la 

Estimated coefficients 
and their standard errors 

b Hypothesis Mode of Nt R2 tested Regression yt y - wt-1 SE d 
t Et 

I A 0.640 0.077 2.860 0.999 0.89 
(0.039) (0.008) 

I B 0.550 0.079 2.335 0.921 2.00 
(0.116) (0.021) 

I c 0.634 0.080 0.018 0.962 0.99 
(0.020) (0.030) 

II A 0.430 0.287 0.058 2.690 0.999 0.85 
(0.108) (0.139) (O .012) 

II B 0.444 0.274 0.051 2.215 0.929 i.82 
(0.124) (0.147) (0.025) 

a: adapted from TABLE A p. 112 of Ando and Modigliani, "The 'Life 
Cycle' Hypothesis of saving: a correction", American Economic 
Review, Vol. 54 (1964), pp. 111-113. 

b: A: regression in which the variables are in original form. 

B: regression in which the variables are in terms of first 
differences. 

C: regression in which the variables are in ratio form. 
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which the constant term was forced to equal zero. Consider 

hypothesis I first. The first regression yielded: 

= 0.640Yt + 0.077Wt-l 

Using the published standard errors it can be shown that the 

parameter estimates are significantly different from zero at the 

1% and 5% levels. However, the Durbin-Watson statistic shows 

evidence of positive serial correlation at both the 1% and 5% levels 

of significance, casting some doubt on the conclusions drawn from the 

significance tests. 1 A common device for overcoming the problem of 

serially correlated disturbances is to first transform the variables 

into first differences. 2 After makine this tr~nRformation the 

estimated consumption function was 

= 0.5506Y + 0.0796W l t t-

The parameter estimates are significant at the 1% and 5% levels, and 

the Durbin-Watson test shows no sign of serial correlation at the 5% 

level. Finally, the function was estimated in ratio form. In this 

form the common trends of the variables will be eliminated, thereby 

1. See p. 24 above. 

2. This device would overcome the problem of autocorrelation if 
the disturbances Et were generated by a first order autoregressive 
process: 

= 

where ut is non-autocorrelated, and p is approximately unity. 

See Goldberger, Econometric Theory pp. 236-238. 
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eliminating problems of multi-collinearity and µerhaps 

1 heteroskedasticity. The result was: 

w 
0.634 + 0.080 ~-l 

t 

Again the estimates are significant at the 1% and 5% levels. The 

value of the Durbin-Watson statistic (0.99))however,indicates the 

presence of positive serial correlation at both the 1% and 5% levels. 

Ando and Modigliani also tested the possibility that there had been 

a shift in the coefficient of either labour income or net worth since 

the world war by estimating 

= 

where Xt took the value zero for 1929-1940 and unity for 1947-1959. 

This was estimated in a variety of forms, but in no case were the 

coefficients of Xt statistically significant. 

Thus in summary we have for hypothesis I: 

(i) The hypothesis is supported by a consistently high value of R
2 

(ii) The estimated coefficient of net worth is statistically 

significant and all estimates lie in the fairly narrow range 

0.077 - 0.080 

(iii) On the other hand the coefficient of labour income is not so 

stable,ranging from 0.550 - 0.640. In each case the coefficient 

is statistically significant. 

1. See p. 90 above. 
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(iv) All estimates agree with prior expectations as to sign and 

magnitude. 

(v) For all except the first difference regression the Durbin-

Watson test shows evidence of positive serial correlation. 

(vi) There is no evidence of a shift in the coefficient of either 

labour income or net worth from the pre-war to the post-war 

period. 

In the case of hypothesis II, a SELS fit of the original 

hypothesis gave: 

= 
Nt 

o.430Yt + o.287Yt ~ + o.osswt-l 
t 

The hypothesis in this form does not pass the Durbin-Watson test at 
Nt 

either the 1% or 5% levels, nor is the coefficient of Yt ~significant. 
t 

Estimating the equation in first difference form gave: 

The Durbin-Watson test now shows no sign of serial correlation at 

either the 1% or 5% levels. The coefficient of ~(Y ~ )t is still 

insignificant however. Remaining results presented by Ando and 

Modigliani were directed at testing for shifts in the coefficients of 

labour income and net worth. No significant shifts were detected. 

Given the insignificant coefficient of ~(Y ~ ), it would seem that 

hypothesis I was the preferable of the two hypotheses. 

So far,the tests of the LCH that have been reported have 

used annual data. While the hypothesis has performed reasonably well 
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with this data, a more critical test involves the use of quarterly 

data. Evans has tested hypothesis I with U.S. quarterly current 

1 price data for the period 1947-1962. The estimate obtained was: 

w 
0.8152 + 0.0456 ( t-l ) 

(0.0141) yt 

-2 R = 0.130 

d = 0.68 

The net worth coefficient is statistically significant, but the 

Durbin-Watson test indicates serial correlation of residuals. The 

value of R2 ,however, indicates that the hypothesis has little power 

to explain quarter-to-quarter changes in the ¥ ratio. In the light 

of this result Evans modified the basic hypothesis by including a 

c 
l~gged y term, implying some form of habit persistence effect in the 

c adjustment of y to changes in the wealth-income ratio. The result 

for this form was: 

et w c 
0.2013 + 0.0108 t-l + 0.7661 t-l 

yt (0.0095) yt (0.0780)yt-l 

R2 = o.658 

d = 2.09 

-2 While the value of R has improved quite markedly, and the Durbin-

Watson statistic is consistent with the hypothesis of no serial 

1. See M. K. Evans, "The importance of wealth in the consumption 
function", Journal of Political Economy, Vol. 75 (1967), 
PP• 335-351. 
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l wt-1 . 
correlation, the estimated coefficient of ~Y~ is no longer 

t 

significant. Since the net-worth term is one of the distinctive 

features of the LCH,it seems from this evidence that the hypothesis 

may not be of great use in a quarterly study of the aggregate 

consumption function. 

Another quarterly study, with bearing on the LCH, is one 

2 by Branson and Klevorick. This study begins with the following 

variant of Ando and Modigliani's hypothesis I: 

c 
< N \ = 

b b b 
b I ( ! ) 1 ( w ) 2 (P ) 3 

0 N t N t-1 t 
(4. 23) 

where Ct = aggregate real consumption expenditure on non-durables and 

services plus the use value of durable goods; Yt = aggregate real 

labour income after tax, W 1 = aggregate real net worth of households, 
t-

Nt =population, Pt= the price level.
3 

Taking natural logarithms 

1. This favourable result must however be discounted to some extent 
since, as the regression now involves lagged values of the 
dependent variable, the Durbin-Watson test is no longer strictly 
applicable. (See M. Nerlove and K. F. Wallis, "Use of the 
Durbin-Watson Statistic in Inappropriate situations", Econometrica, 
Vol. 34 (1966), pp. 235-238. 

2. W. H. Branson and A. K. Klevorick, "Money illusion and the 
aggregate consumption function", American Economic Review, Vol. 59 
(1969), PP• 832-849. 

3. Branson and Klevorick have included the price level to test the 
hypothesis that consumers suffer from money illusion. If this 

K 
hypothesis is correct then E ~k in equation (4.25) below will 

k=O 
be positive. Estimates of equation (4.25) show this term to be 
significantly positive. 
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of (4.23) yields: 

c 
tn < N >t = (4.24) 

To allow for possible lags in the adjustment of consumption to changes 

in Y, W and P, ( 4. 24) is 

in ( c 
)t = ho+ N 

rewritten in a distributed 

I 
l: 

i=O 

y .J 

Yi Q.n ( ) i + l: N t- j=O 

K 

+ t: nk in Pt-k 
k=O 

oj 

lag format: 1 

w 11,n ( ) 
N t-1-j 

(4.25) 

This equation was estimated using U.S. quarterly data for the period 

1955(1) to 1965(4). The distributed lag weights were estimated by 

2 
the Almon variable technique. After experimenting with var.i.ons 

patterns of weights.Branson and Klevorick chose the following 

estimate: 

1. Ando and Modigliani have also considered the introduction of lags 
in the LCH constnnption function, see A. Ando and F. Modigliani, 
"Econometric analysis of stabilization policies", American Economic 
Review (Papers and Proc.), Vol. 59 (1969), pp. 296-314. 

2. S. Almon, 11The distributed lag between capital appropriations and 
expenditures", Econometrica, Vol. 33 (1965), pp. 178-196. The 
Almon variable technique is explained more fully in appendix 7.1 
below, but it essentially involves the transformation of the 
observations on in (X/N), in (W/N) and in Pinto observations on 
a set of "Almon" variables. The dependent variable is then 
regressed onto these "Almon" variables. From the result the 
weights yi, oj, nk can then be determined. The technique asstnnes 

that each set of weights lies on a polynomial of some specified 
degree. By varying the lag lengths and the degree of the 
polynomials the research worker can choose the best weighting 
pattern. 
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7 

= -1.953 
(0.114) 

+ E ( y ) 0.127 ln ( W ) Yi in N t-i + N t-1 
i=O (0.036) 

(4.26) 

2 R = 0.9984, d = 1.757, Eyi = 0.661 (with standard error of 0.043), 

Enk = 0.418 (0.036). That is, the weighting pattern chosen involves 

w the current value of 2n ( N ) only, while quite long distributed lags 

of in ( ~ ) and in (P) are used. The actual weights yi and nk are 

given in table 4.2. With the exception of the last weight,each value 

of yi is at least twice its standard error. 

In contrast to the work by Evans, this modified version of 

the LCH does lend some support to the ideas of the Life Cycle 

Hypothesis, if not to the actual form put forward by Ando and 

Modigliani. As well as introducing the variable P and allowing for 

a more complicated lag structure, Branson and Klevorick have 

transformed the basic data by expressing it in real per-capita terms 

and taking natural logarithms of the results. Nevertheless.net 

worth does appear to be a significant variable in this quarterly study. 

4.4 Conclusions In this chapter we have examined another 

formulation of the aggregate conswnption function based upon a process 

of utility maximization, subject to a resource constraint, at the 

micro level. The outcome of this maximization process is a conswnption 

function for an individual of the form: 

= (4.4) 
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TABLE 4.2a 

Coefficient of 

lag (i 9 k) Q.n ( 
y 
\· in p 

N -1 t-k 

0 0.274 0.100 
(0.046) (0.082) 

1 0.151 0.093 
(0.015) (0.029) 

2 0.081 0.080 
(0.021) (0.047) 

3 0.048 0.063 
(0.018) (0.039) 

4 0.039 0.044 
(0.013) (0.023) 

5 0.038 0.026 
(0.019) (0.029) 

6 0.030 0.010 
(0.019) (0.032) 

7, 0 0 

Sum 0.661 0.418 

Standard Error (0.043) (0.036) 
of Sum 

a: Taken from Branson and Klevorick, "Money illusion 
and the aggregate consumption function", Table 2 
p. 841. 
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where v~ is the value in year t of the lifetime resources of a 

consumer of age T years. v! is replaced with an expression involving 

the consumer's net worth, his current labour income and the average 

expected labour income over the remainder of his life cycle. Hence 

(4.6) 

There is one feature of the work at this stage which calls for comment 

T 
and that is, that current labour income (yt), current stocks of 

T assets (w 
1
), and the present value of expected labour income 

t-
eT [(N - T)yt ] all have the same coefficient in (4.6). This carries 

T 
the implication, for example, that a given increment to yt will have 

no greater effect on cons1nnption expenditure than the same increment 

to wealth stocks. A priori, it seems more reasonable to expect an 

increase of, say, $1,000 in y~ to lead to a much bigger increase in 

consumption than would the same increase in the value of assets. 

Certainly, at the aggregate level, the empirical evidence supports a 

much larger coefficient for current labour income than for wealth. 

Relationship (4.6) is then used to derive an aggregate 

consumption function. As in the case of the PIH.the aggregation 

procedure amounted to little more than aggregation by analogy. 

Nevertheless, the theoretical work behind the LCH does provide some 

rationale for including a net worth term in the aggregate consumption 

function. 

When estimated with annual date,the hypothesis performs 

reasonably well, particularly the first difference form of hypothesis I. 

Since hypothesis I does not explicitly include a measure of the 
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variable Ye, it cannot be regarded as providing a test of the worth 

of a human capital variable. Hypothesis II 

the human capital variable by including the 

does make some test of 

Nt 
term E Yt. However, 

"t 

all estimates of hypothesis II that were examined showed this variable 

to be insignificant. Thus, either this measure of Ye is not a good 

e proxy, or Y itself is not a useful variable. In so far as the latter 

possibility is true.we can conclude that empirical evidence does not 

support the inclusion of a human capital variable. 

The evidence from estimates based upon quarterly data is 

mixed. The estimate of the ratio form of hypothesis I made by Evans 

shows the LCH to be a failure - even on the criterion of achieving a 

2 high R , which most functions seem capable of doing with ease, the 

LCH does not perform well. Evans' modification of the LCH, by the 

inclusion of a lagged value of the dependent variable, was not 

successful as the coefficient of the net worth variable was then no 

longer significant. Against this evidence must be set the results of 

Branson and Klevorick. After modifying hypothesis I in a number of 

ways (using real per capita data transformed into logs, and employing 

a distributed lag format), the net worth term was found to be 

significant. A wealth variable was also successfully used by Stone 

and Rowe in the model discussed in the previous chapter. The S-R 

model combined ideas from both the LCH and the PIH, introducing the 

notion of permanent wealth as a determinant of the permanent component 

of consumption. 
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While modifications of the I.CH, or models employing ideas 

from the LCH, can be found to work well, the LCH formulated by Ando 

and Modigliani does not perform satisfactorily with quarterly data, 

and for this reason we shall not attempt to apply it to Australian 

data. However, the central idea of the hypothesis, that the consumer's 

net worth is an important determinant of the level of consumption, is 

a potential contributor to a study of the Australian consumption 

function. 



APPENDIX 4 

4.1 Obtaining (4.4) when L = T + 1 

We wish to maximize 

u = 

subject to the resource constraint 

= CT + 
t 

ceT(T+l) 
·t 

Form the expression 

L = CeT(T+l))+ >..(vT- CT 
t t t 

ceT(T+l) 
t 

) 

where >.. is a Lagrange multiplier. U is assumed to be homogeneous. 

Suppose U is homogeneous of degree 1. Then ( 3) can be written as 

L = 

ceT(T+l) 
CT cp( _t __ _ 

t CT 
t 

ceT(T+l) 
t 

) 

(1) 

(2) 

(3) 

(4) 

CeT(T+l) 
where cp = U(l, T ). 

et 

T Differentiating (4) with respect to et, 

CeT(T+l) and >.., and setting the results equal to zero gives 
t 

= ) - >.. = 0 (5) 
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aL CT 
<f>' 

1 >.. 
0 = . . ( -- ) = 

aceT(T+l) t CT 1 + rt 
t t 

aL T - CT 
ceT(T+l) 

t 
0 v = a>.. t t 1 + r t 

Solving (6) for>.. and substituting into (5) gives: 

<P - (CT)-1 <P' ceT(T+l) - <t>'(l + r ) = 0 
t t t 

Substituting from (7) into (8) gives 

i.e. <f> - (CT)-1 <I> '(l + ) T t rt vt 0 

CT 
t = <t>' T 

[ ~ (1 + rt)]vt 

CT T T 
t Yt vt 

where T !_'_ (1 +rt)] yt [ <P 

Substitute (9) into (8) 

<f> - cp' CeT(T+l) - ~'(l + r) = 0 
T 't 'f t 

i.e. 

where 

cf>'(l+r)v 
t t 

ceT(T+l) 
t 

= 

= 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 
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Relaxing the assumption that U is homogeneous of degree 1, 

and replacing it with the assumption that U is homogeneous of degree 

T T+l 
k, results ink entering the expressions for yt' yt Similarly, 

generalizing from the case L = T + 1 results in the expressions for 

T yt etc. becoming more complex. 

T 
Before the terms yt etc. can be spelt out in any more 

detail the utility function must be specified. Suppose that the 

individual consumer's utility function is: 1 

U(CT' CT+l' • • •' S,) 

i.e. u = 
L 

a E 
j=T 

= -B -8 
a[CT + (1 + y)CT+l + ••• 

L-T -8 ... + (1 + y) CL ] (14) 

(15) 

2 (14) is a monotonic transformation of a CES function; a, 8, and y 

are parameters. - 1 o - 1 + 
8 

is the elasticity of substitution between 

consumption in any pair of periods. y is interpreted as the consumer's 

subjective rate of discount for future consumption. The consmner's 

resource constraint is: 

1. 

2. 

= 
L 
l: 1 j-T 

( 1 + r ) cj 
j=T 

(16) 

This example is taken from W. E. Weber, "The effect of interest 
rates on aggregate consumption", American Economic Review, Vol. 60 
(1970), pp. 591-600. To reduce the burden of notation somewhat, 

the following convention will be followed: 

CT+i = ceT(T+i) VT - v r - r 
- t ' t = T' t = • 

T 
CT :: Ct' 

For another study employing a CES type utility fllllction in the 
context of the LCH see M. J. Farrell, "The magnitude of 'rate-of
growth' effects on aggregate savinp,s", Economic Journal, Vol. 80 
(1970), pp. 873-894 esp. n. 890 ff. 
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Maximizing (15) subject to (16) gives for current consumption: 

where 

= 
L 

{ }: 

j=T 

Clearly yT depends upon the consumer's age (T), the rate of interest 

(r) and the form of the utility function (Randy). 



CHAPTER FIVE 

WEALTH AND THE CONSUMPTION FUNCTION II: 

FURTHER EVIDENCE 

5.1 Introduction In this final chapter reviewing work on the 

consumption (saving) function, three further attempts to formulate 

a successful aggregate consumption function will be examined. The 

unifying element in each attempt is the introduction, at some stage 

in the formulation, of consumer's net worth. In section 5.2,a paper 

1 by Lydall is discussed which assumes that saving takes place so as 

to bring wealth stocks into some desired relationship with consumption. 

For example, the consumer may adopt a pattern of consumption which 

aims to accumulate wealth stocks equal to five times current consumption 

expenditure. The aggregate saving function derived includes net 

personal wealth as an explanatory variable. In section 5.3,work by 

2 Ball and Drake, and Spiro is examined. While both these functions 

involve wealth in the initial stages of their formulation, transform-

ations are carried out which result in the variable's exclusion from 

the final form of the function tested. Ball and Drake reject the 

1. H. F. Lydall, "Saving and wealth", Australian Economic Papers, 
Vol. 2 (1963), pp. 228-250. 

2. R. J. Ball and P. S. Drake, "The Relationship between aggregate 
consumotion and wealth", International Economic Review, Vol. 5 
(1964), pp. 63-81; A. Spiro, "Wealth and the consumption function", 
Journal of Political Economy, Vol. 70 (1962), pp. 339-354. 
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approach of the PIH and the LCll, which have consumers attempting 

to choose an optimum nattern of consumption over the remainder of 

1 
their life cycle subject to a life-time resources constraint, and 

postulate instead that consumers' utility denends on current 

constnnption and wealth, and that consumers set out to maximize 

utility subject to a budget restraint involving current income onlv. 

Finally, Spiro proposes that "savings are the result of a discrepancy 

between the actual and the desired stock of wealth", and that "when 

there is no discrepancy, savings equal zero". 2 In section 5.4. 

conclusions about the usefulness of wealth in the consumption functiou 

are presented. 

5.2 The work of Lydall As noted in the previous section, Lydall 

begins by supposing that "an individual has ••• some view about 

the 'ideal' relation be~ween the level of his consumption expenditure 

during a given period of time and the amount of accumulated wealth 

h • h h ld lik t t b ' d II 
3 w ic e wou ·e o pass on o su sequent perio s • The relation 

used by Lydall is: 

= (5.1) 

* where w1 = the consumer's desired level of wealth at the end of 

Period i, 4 c. = ti dit d · · d i k 
1 

consump on expen ure uring nerio , = a constant. 

1. See sections 3.2 and 4.2 above. 

2. Spiro, "Wealth and the consumption function", p. 339. 

3. Lydall, "Saving and wealth"; n. 231. 

4. The period i is assumed to be very much shorter than one year or 
one quarter. 



All variables are measured in current prices. The individual aims, 

by his savings in the current period, to bring about some partia~ 

adiustment of his actual wealth stocks to their desired level. Hence 

0 < m < 1 ( 5. 2) 

where si = the individual's current saving, wi-l = wealth at the end 

of period i-1. Finally, we have the budget identity 

( 5. 3) 

where xi =disposable income during period i. Substituting (5.3) into 

(5.1) and the result into (5.2) gives: 

= 

= (5.4) 

mk m 
where a = 

1 
+ mk , y = -1~+-m_k_ • To obtain the longer period consumption 

function (i.e. the quarterly or annual function),Lydall supposes that 

there are n short periods per long period. Therefore, aggregating 

over time gives 

n n 
= a E x1 - y E wi-l 

i=l i=l 
(5.5) 

n 
Lydall next proposes that average wealth per short period ( 1 E w. 

1
) 

n i=l 1-

is approximately equal to initial wealth holdings (w
0

) plus half of 
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n 
( 1 ) 1 total savings during the long period I. si , i.e. 2 i=l 

1 n 
/, wi-1 

n i=l 

n 

= 
1 n 

WO + 2 /, 
i=l 

s. 
1. 

E wi-1 
i=l 

= (5. 6) 

Substituting (5.6) into (5.5) gives: 

= 
n n 

Cl. - .!!r.. " E x. - nywo ? '-' Si 
i=l l.. - i=l 

2a n 2ny 
2 + ny r. xi - 2 + ny w 0 

i=l 

i.e. I s 'x' - 11 w' 
I\ .... -1 (5. 7) 

2a 2ny 
where s' = Esi' x' = Exi' w~1 = w0 , A. = 2 + ny , µ = 2 + ny 

(5.7) is the individual saving function: savings (s') depend upon 

current disposable income (x') and the stock of wealth held by the 

consumer at the end of the previous period (w~1 ). The parameters of 

(5.7), A. andµ, are functions of n, m and k. Assuming then that n, 

m and k are constant over time, A. andµ will also be constant over time. 

1. Suppose n = 4, WO = 100 and saving in each short period is Si = 10. 
1 

i<100 + 110 + 120 + 130) Then - l.wi-1 = = 115, while n 

WO + ! 
2 

Es1 = 100 + !( 2 10 + 10 + 10 + 10) = 120. 



To obtain the aggregate saving function, it is now necessary 

to aggregate (5.7) over all individuals. First, write (5.7) for 

individual j: 

Aggregating over all individuals gives: 

N N N 

E 
I = E :>..jxj E I 

sj - µjw-1,i 
j=l j=l j=l 

(5.8) 

1 
To simplify this expression, Lvdall assumes that there are only M 

distinct values of Aj andµ. 
J 

in the cornrnuni ty, and that the ratio of 

the mean income of each group of persons with parameters Ak and µk to 

the mean income of the community is constant. A similar assumption is 

made about wealth. Hence 

= k 1, ••• , M (5.9a) 

k=l, ••• ,M (5.9b) 

-, -, 
where ek and nk are constants, xk and wk are the mean income and the 

- -mean wealth respectively of group k, and x and w are mean community 

income and wealth. Now, taking note of the fact that there are only 

M distinct values of A. we can write 
J 

N 

l: A.ix'. 
j=l J 

= (S.10) 

where nk = the number of persons with parameter Ak. Substituting 

1. Lydall, "Saving and wealth", p. 234. 



(S.9a) into the 

i.e. 
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right h:rnd side of (5.10) gives 

N M 
L: ft.jxj L: ft.knkekx 

j=l k=l 

N 
E ft. .x'. 

i=l 1 J 

and X 

( 

aX 

~1 

E 
k=l 

N 
E 

j=l 

N 
L: x. 

j=l J 
ft.knkek) ( N - ) 

(5.11) 

x.' 
1 

i.e. X = aggregate disposable 

income. In a similar fashion (5.9b) gives 

N 

L µiw~l . 
j=l ,] 

= (5.12) 

N 
and w_1 = E w~l,j, i.e. w_1 = aggregate wealth 

j=l 

held by the community at the end of the previous period. Thus, the 

aggregate savings function is (from (5.8), (5.11) and (S.12)): 

( 5 .13) 

For a and b to be constant over time, ek and nk and the size of each 

group (with respect to the "mole ponulation) must be constant over time. 

Before considering the statistical tests of this hypothesis, 

the long-run/short-run characteristics of the model will be examined. 

To find the long-run implications of the model,suppose disposable 
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income is growing at the rate p. Then, ignoring capital gains, the 

. l 
long-run savings and wealth ratios are 

pa 
p + b 

a 
p + b 

( 5 .14) 

(5 .15) 

Thus, as in the case of the Stone-Rowe model and the LCH, the lon~-run 

savings and wealth ratios are constant for any particular value of p. 

Hence Lydall's work imµlies that a stable trend rate of growth of 

income will result in a constant long-run savings ratio. In addition 

(5.14) and (5.15) imply, as a first approximation, that cyclical 

fluctuations in the rate of growth of income around the trend rate 

will produce fluctuatjons in the savings ratio around its long-run 

value. 

The implied cyclical behaviour of the savinRS ratio can be 

demonstrated fairly simply. From above we know that, in any year, 

savings are determined by 

The long-run savings function is 

= 
pa 

p + b 

1. These can be derived by an argument almost identical to that 
used to obtain the corresponding expressions for the LCH 

(5.13) 

(5.14) 

(see the derivation of (4.11) and (4.12) on pp.113-116. above). 
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These savings functions are identical to the corresponding 

expressions for the LCH, namely (4.8) and (4.12). Hence the 

graphical treatment used in the previous chapter for the LCH applies 

here, 1 and the conclusions about the cyclical characteristics of the 

LCH also apply. That is,the savings function (5.13) implies that 

s the savings ratio X will rise and fall along with cyclical increases 

. 2 and decreases in the rate of growth of income. 

Thus the savings function proposed by Lydall is consistent 

with both secular constancy and cyclical variability in the savings 

ratio. 

To conclude this section, we_ will now consider the 

emplrlcal evic.lence offered by Lydall. The savings function was 

estimated in ratio form, i.e. 

= 

to eliminate any prohlems due to multicollinearity. This may also 

3 
help to deal with any problems due to heteroskedastic disturbances. 

Since a is the margfr1al propensity to save out of the flow variable X, 

and b is the marginal propensity to save out of the stock variable w_
1

, 

we expect both a and b to be positive fractions with a considerably 

greater than b. Savings (and hence wealth) were defined to include 

expenditure on durables net of depreciation (i.e. consmnption included 

1. See pp. 117-119 above. 

2. See pp. 118-119 above. 

3. See p. 90 above. 
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the use value of durables only). Using United States annual current-

price data for the years (1920-41) 1 Lydall obtained 

St w 
R2 0.4098 - 0.0656 t-1 0.923 = = 

xt (O. 004) 
x 

t d 1. 765 = 

United Kingdom data for the period 1948-1960 gave the estimate 

= 0.1668 - 0.0368 
(0.004) 

R2 = 0.883 

d = 1. 340 

The estimation method was SELS. The estimates are quite satisfactory, 

as judged by the.accompanying statistics: the value of R2 for each 

estimate is quite high, the values of d are consistent with absence 

of serial correlation, and the imTJlied t-ratio~ 1-1re quite. 

high. The signs and magnitudes of the estimates conform to prior 

expectations. The estimates for the two countries are quite different. 

This may perhaps be explained by the fact that the U.S. data was 

entirely pre-Worl<l War II while the U.K. data was entirely post-war. 

On the other hand,there does not seem to be any necessary reason why 

the estimates for these two countries should be identical,or even 

1 very close. 

5.3 The Ball-Drake-Spiro consumption function Ball and Drake, 

and Spiro independently derived and tested an aggregate consumption 

function of the form 2 

= a+ b = 1 (5.16) 

1. A suitable statistical test of the equality of the U.S. and U.K. 
coefficients is given in Johnston, Econometric Methods, pp. 136-138. 

2. Spiro did not express his function in this form.but a Koyck 
transformation of the function tested would yield (5.16). 



Rall and Drake begin by supposing that utility is a function of 

current consumption and end-of-period we:ilth, i.e. 

(5.17) 

where wit = end-of-period wealth for consumer i, cit = current period 

conswnotion. fi is assumed to be homogeneous of degree 1, hence 

= 
wi 

h ( _t) 
cit i 

cit 
(5 .18) 

wit 
where h. ( ) 

1 cit 

wit 
f

1 
( , 1). The budget restraint is 

cit 

(5.19) 

Maximizing (5.18) subject to (5.19) yields: 

(5.20) 

where ki 
1 (1 - h~ I hi). Aggregating (5.20) over all individuals 

yields 

where wt = 

r, w }. ki c. 
i 

it 
i 

]_ t 

c.t 
= ( >:: ki 

_i_) 
et 

i et 

wt = k c 
t 

aggregate end-of-period wealth, C 
t 

1. See Appendix 5.1. 

(S. 21) 

aggregate consumption, 



isn. 

cit 
Obviously,k is constant over time only if ~C and k. 

, t 1. 

are constant over time. k, being the ratio of aggregate wealth to 

consumption expenditure,will be positive. The aggregate form of the 

budget identity is 

x = et + wt - w t t-1 
(5.22) 

Substituting (5.21) into (5.22) yields 

x Ct + kCt - kCt-1 t 

et = (1 - cr)X + crC 1 t t-
( 5. 23) 

where a k Since k > 0, 0 < a < 1. 1 + k • 

So as to be able to examine the long-run implications of 

(5.23), Ball and Drake first obtain an expression for current saving1 

as follows: 

which, from (5.22) gives, 

s = xt - c t t 
(5.24) 

= xt - (1 - cr)Xt - oCt-1 from (5.23) 

crXt - aC t-1 

= a[Xt -x l+s 11 t- t- from ( 5. 24) 

1. Ball and Drake, "The relationship between aggregate consumption 
and wealth", p. 69. 
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CJ [ 

x - x 
t t-1 
x t-1 

+ 
x 1 t-. 

xt 
(5.25) 

Suppose now that income is growing at the rate p. Therefore (5.25) 

gives 

St s 
J 

0 [ p + t-1 ] 
xt x 1 1 + p 

t-

St crp cr s 
t-1 

i.e. + ---
xt 1 + p 1 ,+ p xt-1 

The solution of this difference equation is
1 

where ( ~ ) x is 

i.e. 

St so cr )t + ( ~ ) 
xt = - ( 

1 + XO p x 

the solution of 

( 
s ) 

crp + CJ ( = x 1 + p 1 + p 

crp ( s ) x (1 - CJ) + p 

s 
x ) 

As we have noted above, 0 < cr < 1. Hence, for p > 0 we have 

(5.26) 

cr St crp 
0 < 

1 
+ P < 1, and -X -+ ----'----as t -+ oo 

t (1 - cr) + p 
Thus the equilibrium 

savings ratio. is a function of the rate of growth. If the long-- run 

trend rate of growth is stable, the long-run savings ratio should be 

crp 
approximately constant at (l _ cr) + P • The same graphical technique 

used to explore the cyclical behaviour of the savings ratio that was 

1. See W. J. Baumol, Economic Dynamics (New York: Macmillan, 
2nd ed., 1959), pp. 175-181. 
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1 
implied by the Lydall model could also be used here. Hence, as in 

the case of Lydall, we can conclude that cyclical fluctuations in 

the growth rate of income will uroduce corresponding fluctuations 

in the savings ratio. Thus, the Ball-Drake consumption function 

(5.23) is consistent with both long-run stability and short-run 

variability in the savings ratio. 

The wealth ratio corresponding to (5.26) can be easily found. 

From (5.21) we can write 

w 1 t-
= 

= 

kC l t-

8t-l crp xt-1 1 
In equilibrilllll -X-- = (l _ cr) + , and -X- = 1 + P 

t-1 p . t 

But k = --
0

-
1 - a 

w_l 
(-) x = 

= 

= 

1. See pp. 117-119 above. 

( 
crp 1 

k 1 - (1 - cr) + p )( 1 + p ) 

k • (1 - cr)(l + p) 
(1 - o) + p 

0 

(1 - cr) + p 

1 
1 + p 

(S.27) 
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(5.26) and (5.27) are similar to the results derived for the S-R 

1 model, LCH, and Lydall. 

Since the consumption function tested by Spiro :f.s identical 

with that of Ball and Drake,its derivation will be presented before 

the empirical evidence bearing upon the Ball-Drake function is 

2 
discussed. Spiro begins with the aggregate consumption function 

ro 

= BW 1 + BX + E a1. xt-1• 
t- t i==O 

B > 0 (5.28) 

where W 
1 

=aggregate (non-human) wealth at the end of period (t-1), 
t-

Xt = disposable income (which Spiro assumes is received at the 

beginning of each time period), and B, ai are constants. After the 

distribution of incomes (i.e. just at the beginning of each period). 

assets held are (W 1 + X ). The coefficient B renresents the asset 
t- t 

effect upon consumption, and it is assumed that an increase in asset 

holdings will produce an increase in consumption. The coefficients 

a. represent the influence of current income (beside its asset effect) 
1 

and all past incomes upon consumption. By a process of algebraic 

manipulation,Spiro obtains the following expression for W 
1 

in terms 
t-

f 
. 3 o past incomes: 

w 1 t-
= 

00 

E 
i=l 

i 
[ (1 - B) -

i-1 
n 

E (1 - B) ai-n-l]Xt-i (5.29) 
n=O 

1. (3.49) and (3.50), pp. 98-99 above, (4.11) and (4.12), pp. 115-116, 
above, and (5.14) and (5.15), p. 146 above. 

2. Spiro, "Wealth and the consumption function", p. 340. 

3. See Appendix 5. 2 po. 167-168 below for the derivation of (5.29). 
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Suhstitutinp, (5.29) into (S.28) gives: 

= 

00 00 i-1 
BXt + E X + R E ( (1 - B) i - E (1 - B)na. 1 JX i a. t i i-n- t-

i=O 1 
- i=l n=O 

= 
i-1 

[a. + H(l - B)i - B E (1 - B)nai-n-l]Xt-i 
1 n=O 

(5.30) 

where bo = B + ao 

B)i 
i-1 

+ B(l - (1 
n 

b. = a. - R E - B) ai-n-1 i i n=O 
i 1, 2, 3, ••• 

To reduce the estimation problem to manageable proportions, Spiro 

assumed that the bi were a set of geometrically declining weights 

summing to unity. In support of the unit sum of the weights, Spiro 

considered the case where income was constant at, say, X. (5.30) can 

then be written as 

where D = E bi. Obviously, in this situation consumption is constant 
i=O 

from period to period. Now if D is less than unity, savings are 

positive and hence wealth will increase. But an increase in wealth 

1 will produce an increase in consumption, contradicting the earlier 

conclusion that consumntion is constant. Hence D t 1. Similarly D t 1. 

Hence, the sum of the weights, D, must equal unity. Thus, (5.30) is 

written as: 

1. See (S.28) above. 
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K >: 
i=O 
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(1 - K)i X 
t-i 

0 < 1-K < l ( 5. 31) 

leaving only one parameter to be estimated from data on income and 

consumption. Spiro also shows that if the weights a. in (5.28) are 
1 

themselves geometrically declining weights of the form 

a.= (K - B)(l - K) 1 , then (5.31) follows exactly, rather than as an 
1 

1 
approximation from (5.30). 

The implied long-run relationships follow immediately. 

Suppose income is growing at rate p > O. (5.31) can then be rewritten 

as 

00 

(K E 
i=O 

1 - K Since 0 < 1-K < 1, we have 0 < < 1 for p > O. Hence 
1 + p 

= 
K(l + p) 

p + K Xt 

p(l - K) 
p + K 

(5.32) 

That is, the long-run savings ratio is a constant for any particular 

trend rate of growth. The long run wealth-income ratio is a little 

more difficult to obtain. First from (5.29) we have: 

w 
t-1 

co 

E diX . 
i=l t-1 

( 5. 33) 

where di 
i 

= (1 - B) -
i-1 

n 
E (1 - B) ai-n-l" 

n=O 
From the definition of bi, 2 

1. Spiro, "Wealth and the consumption function", pp. 350-352. 

2. See P• 15L1 above. 
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it is clear that 

= 

Now, as stated above, if the weights a
1 

are of the form (K - B)(l - K)i, 

bi will equal K(l - K)i. Hence 

= 

Thus (5.33) can be written as 

= 

= 

wt-1 
= 

xt 

00 

l: 
i=l 

00 

L: 
i=l 

1 - K 
K + p 

1 - K 
K + p 

i 
(K - B)(l - K) + Bd. 

1 

( 
1 - K )i ] x 
1 + p t 

x since 0 < 
t 

1 - K 1 1-+P < 

(5.34) 

Thus the long-run wealth-income ratio, as in previous models examined, 

1 
is constant for any particular rate of growth. 

Having examined the formulation of the Spiro-Ball-Drake 

conswnption function and its implied long-run/short-run properties, 

it remains to discuss the empirical evidence for the function. 

1. (5.32) and (S.34) are identical to the corresponding expressions 
for Ball and Drake, namely: (S.26) and (5.27), a result which is 
hardly surprising.since a Koyck transformation of (5.31) - the Sniro 
consumption function - yields (5.23) - the Ball and Drake functi~n. 
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Spiro estimated his function using constant nrice data for 

the years 1905-1949 (excluding war years). The consumntion data 

measured expenditure on non-durahlc>s, c;ervices and the use value of 

durables. Income was equal to personal disposable income plus 

retained corporation profits. Retained profits were included on the 

grounds that individuals will "take into account the savings of 

corporations (and hence the increase in value of their certificates 

of ownership) when determining how much they (the individuals) will 

nl f save. The estimated unction was: 

= 0.162X + 0.162(0.838)X l + 
t t-

2 
0.162(0.838) x 2 + •.. 

t-

R2 = 0.98 

This result is unsatisfactory for a number of reasons. First, no 

information is given as to how the estimate was obtained. Secondly~ 

no standard errors are provided, making significance tests impossible. 

Thirdly, a visual.examination only was used to check for possible 

autocorrelation of disturbances. (This check seemed to indicate the 

presence of auto correlation.) Finally, the estimate does not give 

much indication as to the likely performance of the hypothesis if 

quarterly data were to be employed. 

While still using annual data, Ball and Drake tested the 

hypothesis more thoroughly. Firstly, they fitted the function 

= 

1. Spiro, "Wealth and the consumption function", p. 34l1. 
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with in terceot term suppressed. The values of a and b obtained 

enabled a check upon the theory which imnl ied that a + b = 1. 
1 

Three 

sets of consumption data were employed: Total consumption figures 

(for the U.S. and the U.K.), consumption of non-durable goods and 

services (for the U.K.), and consumµtion of non-·durables plus the 

use value of durables (for the U.S.). The income variable used was 

personal disposable income. Both SELS and 2SLS estimates were 

provided. The U.S. estimates, using post war data (1946-1960), for 

total consumption were 

SELS: c 0.66 x 0.31 c -2 
0.99 + R = 

t (0.13) t (0.15) t-l 

2SLS: c = t 
0.23 x 

(0. 30) t 
+ 0.78 c 1 

-2 
0.98 R = 

(0.38) t-

The sum of a and b in both estimates does not differ significantly 

2 from unity. In the case of the 2SLS estimate the coefficient of Xt 

is not significant. On the other hctnd, in the case of the SELS 

estimate the coefficients of X and C 
1 

are, respectively, much 
t t- . 

3 higher and much lower than their theoretical values. The results for 

1. See (S.23) p. 150 above. 

2. For the statistical test employed here see Theil, Principles of 
Econometrics, p. 138. 

3. For example, from (S.23) the coefficient of X is 1 - a = ~~1~ 
t 1 + k , 

where k is the wealth-consumntion ratio. Available data on wealth 
and consumption suggest that 1 - a should be approximately 
0.17 - 0.20. See Ball and Drake, "The relationship between 
aggregate consumption and wealth", Table 3, p. 78. 
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the U.K. are somewhat better. Using data for the years 1950-1960, 

both SELS and 2SLS estimation yielded 

= 0.45 x + 
(0.10) t 

o. 54 c 1 
(0.11) t-

-2 R = 0.98 

While the coefficients are statistically significant, they do not 

coincide well with their theoretical values. (The coefficient of 

X should be in the region of 0.28, while that of Ct-l should be 

approximately 0.72.) 

The results for consumption of non-durables etc. for the 

U.S., using postwar data were 

0.50 x 0.44 e 
-2 

0.99 SELS: c = + R = 
t (0.14) t (0.16) t-l 

2SLS: et 0.36 x 0.61 c -2 0.98 = + R 
(0.22) t (0.26) t-l 

For the 2SLS estimate the sum of the coefficients is not significantlv 

different from unity. However, the coefficient of Xt is less than 

twice its standard error. The coefficients in the SELS estimate are 

1 significant, and have moved closer to their theoretical values 

(although still a long way off). The sum of the coefficients is 

significantly different from unity. The results for non·-durable 

consumption for the U.K. were 

SELS: et 0.29 x + 0.68 c 1 
-2 

0.99 = R = 
(0.06) t (0.06) t-

2SLS: c 0.29 x + o.68 ct-l -2 0.98 = R = t (0.06) t (0.07) 

1. Which are 0.14 to 0.17 for a and 0.83 to 0.85 for b. 
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The sum of the coefficients in each case is not significantly 

different from unity. Roth coefficients are significantly different 

from zero. The coefficients are also close to their theoretical 

1 values. The authors state that none of the estimates presented above 

show signs of serial correlation. In addition,various estimates, 

including an intercept term.were made using U.S. data and 2SLS. In 

all cases.the constant term was not statistically significant. 

The estimates by Ball and Drake suggest that their 

hypothesis is not unreasonable for non-durable consumption, particularly 

for U.K. data. However, the hypothesis still has to pass the more 

exacting test of quarterly data. Results hy Griliches et. al., already 

2 presented above, give some support to it. Using total constunption 

data (1947-1960) for the U.S. Griliches et. al. obtained (by SELS): 

3.1 + 0.300 x + 0.670 c 1 
(0.085) t (0.097) t-

R2 = 0.994 

d = 1.09 

Both coefficients are significant, and sum close to unity (0.970). 

The Durbin-Watson test, as far as it is valid in this situation, 

suggests the presence of serial correlation and,hence,the significance 

tests are not strictly applicable. 3 Evans has also tested a variation 

of the Spiro-Ball-Drake function. 4 Using United States quarterly data 

1. Ball and Drake, "The Relationship between aggregate consumption 
and wealth", p. 81. 

2. See p. 39 above. Note that the estimate by Griliches is not a 
strict test of the hypothesis, since the intercept term is not 
restricted to zero. The estimated value of the intercept is, 
however, very close to zero. 

3. See p. 24 above for the implications of autocorrelated disturbances 

4. M. K. Evans, "The imnortance of wealth in the consumption function", 
Journal of Political Economy, Vol. 75 (1967), pp. 335-351. 
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for 1947-1962 Evans ohtai.ned for total consumption: 

1 4 
0.466 x + 0.590 4 r. c . 

(0.082) t (0.091) i=l t-i 
0.993 

0.99 

and for non-durable con~tion (including use value of durables): 

= 
1 4 

0.286 x + 0.695 4 r. c 
(0.046) t (0.053) i=l t-i 

R2 = 0.998 

d = 1. 83 

1 4 
The lag term ( -

4 
l: C • ) rather than C 1 is used on the grounds 

i=l t-1 t-

"that additional information can be obtained about consumption 

1 
patterns by including the consumption of the previous four quarters". 

Estimation was by SELS. All coefficients are signifi.cant, and the 

value of R2 is very high. The value of d,however,indicates the 

presence of serial correlation in the case of total consumption. 

Restricting attention to the non-durables estimate~we see that the 

coefficients sum to 0.981. This value is significantly less than 

unity. 2 In addition, Evans estimated this function with an intercept 

term, obtaining 

4 
3.31 + 0.302 x + 0.691 ~ r. ('t-i_ 

(l.2P.) (0.045) t (0.050) i=l 

The intercept term here is significant, a further point against the 

Spiro-Ball-Drake formulation of the aggregate consumption function. 

1. Ibid., p. 345. 

2. Ibid., p. 342-343. 
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From the above then, we conclude that there is not strong 

support for the hypothesis when annual data on total consumption is 

used. The hypothesis does perform better when annual data on 

non-durable consumption is employed, particularly in the case of the 

United Kingdom, where the parameter estimates are significant, agree 

closely with their theoretical values, and sum close to unity. The 

quarterly estimates by Griliches et. al. (using total consumption 

data) yield significant estimates of the coefficients, which sum close 

to unity. There is insufficient information, however, to test the 

statistical significance of the sum of the coefficients. In addition, 

the Durbin-Watson test indicates that the residuals are serially 

correlated. The eotimatc by Evans employing data on consumntion of 

non-durables and services ,(plus the use value of durables) passes the 

Durbin-Watson test, but the estimated coefficients are significantly 

different from unity. In addition, when estimated with an intercept 

term, it was found that the intercept was significant. 

5. 4 Conclusions In this chapter, and the previous one, a number 

of hypotheses involving wealth have been discussed.and it is the 

purpose of this section to assess their relative merits as indicated 

by the empirical evidence cited. 

Turning first to the work which does not include wealth in 

the final function tested, i.e. that of Spiro and Ball and Drake. 

While the hypothesis performs reasonably well for annual data on 

non-durable consumption, its performance with quarterly data is not 

satisfactory. Evidence has been given which runs contrary to the 
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f f h f . l 
homogeneous orm o t e unction. In addition, further evidence 

has been cited which is inconsistent with the theoretical implication 

2 
that the function is homogeneous of degree one. However, since 

Spiro et. al. do not include wealth in the function actua 1 ly tested, 

the results just referred to cannot be regarded as a decisive test 

against the wealth hypothesis
3 

in general, but just as a test 

unfavourable to their particular form of the wealth hypothesis. 

The remaining work examined is that by Lydall, and that 

based upon the Life Cycle hynothesis. The version of the wealth 

hypothesis put forward by Lydall performed reasonably well with annual 

data. However, it has not been subjected to the more exacting test of 

estimation by quarterly data. Without this further test it is 

difficult to feel more than "neutral" towards Lydall's hypothesis. 

Thus, we are left with the LCH. 
4 

As noted above, while the LCII performs 

reasonably well with annual data, its performance with quarterly data 

is not good. A quarterly estimate of the LCH consumption function, 

made by Evans, 5 showed evidence of significant serial correlation 

-2 
and gave a value of R of only 0.130. 

1. See p. 161 above. 

2. See p. 161 above. 

3. The wealth hypothesis is taken to mean any hypothesis which 
introduces wealth, either explicitly or implicitly, into the 
aggregate consumption function. 

4. Sect. 4.4 p. 133 above. 

5. See p. 128 above. 
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The discrenancy between the satisfactory r>erfoDl!ance of 

the wealth hypothesis using annual data and its unsatisfactory 

performance when quarterlv data is used, may be due to the use of the 

same formulation of the consumption function for both annual and 

quarterly data. For exa~ple, the LCII is tested in the form 

= 

regardless of whether the test data is quarterly or annual. It 

seems reasonable, however, to expect a relationship involving 

quarterly data to be more complicated especially in its dynamic 

characteristics, than one involving annual data. Two studies referred 

to previously tend.to confirm this expectation. One is the study by 

Branson and Klevorick, 1 which tests the LCH by an aggregate consumption 

function of the form: 

= 

+ 

The authors of this study employ the Almon technique for estimating 

the distributed lag weights, thereby ensurinp, great flexibility in 

the choice of weights. This version of the LCH performs well in 

terms of the statistical significance of the parameters and a high 

value of R
2

• Another quarterly study which performs quite well is the 

1. See pp.129-131 above. 



mixed PUl/LCH mode] of Stone and Rowe. In the Stone-Rowe model 

= 

00 

a 1 E A(l - A)iWt-i + (Bl - 62) 
1 

___ E
0 

A(l - A)iXt-i + B2Xt 
i=O 

While the lag structure chosen here is more restrictive than in the 

Branson and Klevorick study (W . and X . have identical weights, 
t-1 t-1 

and the weights are specified to he geometrically declining summing 

1 
to one) the model nevertheless performs well with quarterly data. 

Thus, rather than reject the use of a wealth variable in a quarterly 

Australian study, because of the poor performance of the LCH, Ball-

Drake-Spiro etc. with quarterly data, it would be more useful to 

experiment with dynamic formulations of these hypotheses along the 

lines suggested in the Stone-Rowe an<l Branson-Klevorick studies. 

Our examination of the principal overseas work on the 

aggregate consumption function is now complete. The next chapter 

will consist of a discussion of work done on the Australian consumption 

function. Following this discussion,it is intended, where possible, 

to try for Australian quarterly data those ideas which have been 

found successful overseas and which have not yet been tested with 

Australian data, or have been inadequately tested. From the results 

of this work it is hoped to be able to suggest a satisfactory form 

for the short-run Australian aggregate consumption function. 

1. See np. 91-92 above. 
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5.1 Deriving (5.20) from (5.18) and (5.19) 

From (5.18) and (5.19) form the exnression 

L 
w. 

cit h. ( __g_) + .A(x.t - c.t - w.t + w. t 1) 
1 c 1 t 1 1 1 1, -

aL 

dcit 

ClL 
aw. 

1t 

From (3) .A = 

where k. = (1 
1 

h. 
1 

cit 

h '. • 1 

h. 
1 

h' 
wi_t 

+c. 
it i 2 

cit 

h~ 
1 

J .A -
1 cit 

Suhstitute into 

w. 
_.2.!:_h' 

c. i h'. 
it 

[l 
h' 

i 
h. 

1 

ki c. 1t 

1 

] - .A 0 

0 

(2) • 

0 

(5.20) 

w 
Since hi is itself a function of _!!_ 

cit 

( 1) 

(2) 

(3) 

further 

specification of the utility function is needed before ki can be said 

to be independent of time. 
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5.2 Derivation of (5.29) 

(S.28) can be written as: 

where 

Now by definition: 

s 
t-1 

Again, by definition: 

w l t-

BX + 
t 

00 

w 2 + s 1 t- t-

Therefore, from (4) we have 

(1 - B)W 2 + X l - x l t- t- t-

(1) 

( 2) 

(3) 

from (l) 

(5) 

(6) 

Lagging (6) one period, and substituting the result into (6) gives: 

= 

Repeated lagging and substitution gives: 1 

w 1 t-

00 

i 
L (1 - n) (Xt-1-i - xt-1-j) 

j=O -

1. The term in lagged W ~ 0 since (1 - B)j ~ O as j ~ 00 0 

(7) 
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Substituting (2) into (7) gives 

w 1 t-

Expanding 

i.e. w 
t-1 

= 

out 

= 

ro 

L: 
j=O 

(8) 

00 

I: 
i=l 

(1 - R)j[(l - B)Xt-1-.i - I. aixt-l-;-i1 
i=O 

(8) 

gives 

+ (1 - R) 2 [(1 B)X X X X ] - t-3 - ao t-3 - al. t-4 - a2 t-5 - ••• 

-1-

(S.29) 



CHAPTER SIX 

STUDIES OF THE AUSTRALIAN CONSill1PTION FUNCTION 

6.1 Introduction In this chapter we turn to the second of our 

aims, namely: To critically review work on the Australian ap,grer;atc 

consumption function. This review is essential ground work for the 

empirical work on the Australian consumptlon function to be done in 

chapter seven below. In chapter sPven we are aiming (i) to test 

various ideas that have been proven useful elsewhere,and (ii) to test 

promising Australian ideas that have as yet not been adequately tested. 

To be able to do this, we must have previously carried out a review of 

hnth the overseas and the Australian literature on the consumption 

function. In the previous four chapters we have carried out a review 

of the princinal overseas work.and we now turn to a discussion of the 

Australian work. 

The discussion has been split into two main parts. The 

first part, section 6.2, deals with single equation studies, i.e. those 

where an attempt has been made to find one relationship to explain 

total consumption. A number of features of this work deserve comment 

here. Firstly the number of studies is exceedingly small. Only six 

published studies were found, and within these there is only one 

1 really "Australian" idea. A further feature is the absence of any 

1. Another Australian study (B. L. Bentick, "Foreign borrowing, 
wealth, and consumption: Victoria 187 3-1893", Economic Record, 
Vol. 45 (1969), pp. 415-431) has been left out because of the 
time period covered by the study,and also because it uses data 
covering Victoria only. 
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1 effort, such as that hy Ferber referred to previously, to test a 

whole series of hypothetical consumption functions using a common 

set of (Australian) data. Thirdly, Australian authors have not 

bothered to seek out the long-run implications of their hyµotheses. 

There are possibly two reasons for this. Firstly, some of the 

consumption functions tested have been of such a simple nature 

that the long-run implications can be discerned without any special 

effort. Secondly, and perhaps more importantly, there is no set of 

long-run Australian data corresponding to that of Kuznets for the 

United States. Thus it is not clear exactly what long-run 

characteristics it is desirable for an Australian consumption function 

2 to have. A fourth feature of this work is the lack of any attempt to 

build up to an aggregate consumption function from an examination of 

consumer behaviour at the micro level. Instead, researchers have 

proceeded by putting forward various lists of aggregate variables which 

might prove useful. In this sense these studies correspond to those 

3 discussed in chapter two above. 

1. See footnote 1 p. 26 above. 

2. These comments do not aoply unqualified to the studv by Lydall 
('Saving and Wealth"). However, when discussing these points, 
Lydall does so in the context of the stable United States 
savings ratio discovered by Kuznets (See "Saving and Wealth", 
p. 243). 

3. Once again,these remarks are not meant to apply to the study 
by Lydall ref erred to in the previous footnote. 
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The second nart of our discussion, sections 6.3 and 6.4, 

deals with multiple equation studies, i.e. studies in which 

relatjonships are sought to exp]ain senarate comnonents of total 

consumption, such as consumption of non-durables, consumption of 

durables. Almost all of this work has been associated with various 

efforts to build a complete econometric model of the Australian 

economy. Since this model-building effort has only gotten under way 

in recent times, the total amount of work is not very extensive, and 

it will be possible to present the consumption equations from almost 

all available econometric models of Australia. The models employing 

annual data are discussed in section 6.3, while those using quarterly 

data are dealt with in section 6.4. In discussing these disaggregaten 

consmnption functions,we are departing from the practice of previous 

chapters, where only single equation studies were examined. However, 

we feel justified in doing this in the light of the small amount of 

published work on the Australian consumption function. Conclusions 

are presented in section 6.5. 

6.2 
1 Single Equation Studies The six studies to be examined in this 

section involve four different formulations of the aggregate constnnption 

function and each formulation will be dealt with in the order of its 

publication. The principal discussion,however,will centre on the 

1. See appendix 6.1 below for a list of the notation to be used in 
this chapter. Since the list of variables is quite extensive, 
alphabetized symbols have been employed, e.g. CMV for consumption 
of motor vehicles. 
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suggestion by Arndt and Cameron that consumption is a linear function 

of non-farm disposable {ncome.
1 

Naturally, the first estimate of the consumption function 

using Australian data was based upon the Keynesian function: 

2 
This estimate was made by P. ,J. Lawler in 1949. By 

combining current and constant price data with aggregate and per-

capita data,four estimates were obtained. Although no correlation 

coefficients were given, recomputation using Lawler's data shows that 

the per-capita constant price equation gives the highest value for 

the correlation coefficient. 3 Lawlf>r's estimate for this equation was: 

xt 
25.6 + o.672 N 

t 

The sample data were in/!;,' s, for the years 1928-29 to 1939-40, 

(6.1) 

expressed in 1938-39 prices. Estimation was by SELS. Lawler himself 

chose (6.1) as the preferable estimate,although providing no statistical 

measures upon which to base the choice. Lawler's other estimates are 

4 
shown in table 6.1. 

1. H. W. Arndt and B. Cameron, "An Australian consumption function, 
Economic Record, Vol. 33 (1957), pp. 108-115, 268. 

2. P. J. Lawler, "The consumption function", Economic Record, 
Vol. 25 (1949), PP• 93-122. 

3. It is not possible to discriminate between the equations on the 
basis of the statistical significance of the parameters, since 
all parameter estimates were highly significant. 

4. See p. 183 below. 
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The second estimate to apoear was that by Arndt and 

Cameron in 1957. 1 The Arndt-Cameron consumption function was simply 

the Keynesian function, but with non-farm riersonal disposable income 

(XNF) used as the income variahle rather than personal disposable 

income (X). The reasoning advanced to support this change was: 

"that farmers' const.nnption levels are in various ways 
(such as direct personal contacts, availability of 
goods and services, advertising) influenced by 
const.nnption levels in the rest of the communjty. If 
farm consumption is a function of non-farm consumption, 
which in turn is a function of non-farm disposable 
income, total const.nnption will be a function of non
farm disposable incomes."2 

That is: c = 

where CF and CNF are farm and non-farm consumption resoectively. 

Since CF is influenced by CNF, we can rewrite this as: 

Arndt and Cameron have further argued that ~F is determined by non-

farm disposable income, XNF. Hence 

C = f[g(XNF)] + g(XNF) 

i.e. C = f*(XNF) 

Arndt and Cameron suppose that e'' is a linear function giving: 

= a + b XNF 
t 

1. Arndt and Cameron, "An Australian consumption function". 

2. Ibid., p. 109. 

(6.2) 
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Essentially, there are two steps in the argument put 

forward by Arndt and Cameron: (i) CF= f(CNF) and (ii) CNF= g(XNF). 

Step (i) implies that the farming community adjusts its consumption 

standards to those of the non-farming community with such a short 

la~ that CF is determined by the non-farm consumption of the same 

period. While this may be plausible for long periods, it seems more 

reasonable for adjustment to take place over several periods when 

1 
these periods are as short as 3 months or twelve months. With 

respect to step (ii), it should be clear from previous chapters that 

a relationship attempting to explain the level of consumption by the 

level of disposable income alone will be inadequate. Thus, neither 

step in the argument seems very convincing on a priori ~roun<ls. Nor 

is the empirical evidence put forward very satisfactory. Using 

annual data for 1946-47 to 1955-56, Arndt and Cameron obtain (by SELS): 

288.2 + 0.8875 XNF 
t 

r = 0.9926 

The data are in 1 m. in 1953-54 prices. Similar regressions were 

carried out for the 10 years 1928-29 to 1937-38 and the 20 years 

1928-29/1937-38 and 1946-47/1955-56. In all cases, the correlation 

coefficient was very high. However, the correlation coefficients hy 

1. To allow for a more gradual adjustment, the model could be 
reformulated as: 

c = CF + CNF' er = (1 - A) i NF NF E A. c_1 , C = a + SXNF 
i=O 

00 

Rearranging,we obtain: 

C = 2a(l - A.) + (2 - A.)SXNF - A.8XNF_1 + A.c_1 

A test of this hypothesis is included in cha~ter seven below. 
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themselves are not very strong support for the hynothesis. Both 

variables (i.e. et and XNFt) showed a strong upward trend in the 

post-war period, 1 which of itself would lead to a high value of r. 

Recognizing this, Arndt and Cameron regressed year-to-year changes 

in consumption onto both year-to-year changes in XNF and year-to-year 

c_hanges in X. The correlation coefficients obtained were 0. 97 and 

0.36 respectively. 2 Current price data were used here. While this 

is a piece of more impressive evidence in favour of the Arndt-Cameron 

hypothesis, there is no reason to believe that the same result would 

3 be obtained when using quarterly data. In general.it must be 

concluded that the hypothesis has not heen rigorously tested: The 

estimates were unsupnorted by standard errors~ making tests of 

significance impossible. No test was made for possible autocorrelation 

of disturbances, nor was any effort made to test the predictive power of 

the function against alternatives. In short, at this stage, the 

function seems little more than a superficially attractive idea that 

has been inadequately tested. 

A second estimate of this consumption function, in current 

4 
.E_rice form, was made by C.E.V. Leser using annual data for 1948-49 

1. 

2. 

3. 

4. 

Indeed,XNF should be an even steadier series than X, since the more 
volatile component - farm disposable income - has been removed. 

Arndt and Cameron, "An Australian consumption function", pp. 111, 268. 

Indeed,see equation (6.9) below,where the regression of ~et onto ~Xt 
yields a squared correlation coefficient of 0.973. 

C. E. Leser, "The pattern of Australian demand", Economic Record, 
Vol. 34 (1958), pp. 220-221. 
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to 1956-57. Leser began by sunposing that consumption was a linear 

function of non-farm disposable income and farm disnosable income: 

i.e. 

= 

= a + (b - c)XNF + cX 
t t 

To help reduce the problem of multicollinearity which might exist 

due to the similar trend in both XNF and X, the function was estimated 

in ratio form: 

Using SELS, Leser ohtained 

liS.S + 0.99768 XNFt - 0.0718 
t xt 

(6.3) 

Leser reported a coefficient of multiple determination of approximately 

0.95. (6.3) can be rewritten as: 

= 148.8 + 0.9259 XNFt (6.4) 

As with the study by Arndt and Cameron, the great lack of statistical 

measures makes a proper assessment of this estimate impossible. One 

disturbing feature is the incorrect sign on the coefftcient of farm 

disposable income (X - XNF). However, in the absence of standard 

errors it is not possible to determine whether or not this coefficient 

is in fact statistically significant. 
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1 Cameron, in a later work, has provided both annual and 

quarterly estimates using more up-to-date figures. Using annual 

current price figures for 1953-54 to 1963-64, Cameron obtained by 

SELS the estimate: 

71.7 + 0.9792 XNFt + LiHP 
(0.019) t 

(6.4a) 

r = 0.998 

where LiHP is the "current net increase in instalment credit balances 

outstanding". Presumably, to obtain this estimate Cameron regressed 

(Ct - LiHP t) onto XNF t. The value of the correlation coefficient is 

high, and the coefficient of XNF is highly significant. Using 

deseasonal izen current pri c.P. cinarterly data for the period 1958 (III) 

to 1964 (II), Cameron obtained the following two estimates: 

CNF 
t 

= 

= 

78.5 + 0.8374[YNF l - Tt] + LiHl\ 
(0.028) t-

68 + 0.8241 XNF + LiHPt 
(0.0257) t 

r = 0.9876 

r = 0.989 

( 6. 5) 

(6.6) 

where CNFt = consumption of non-farm products, YNF = non-farm personal 

income, T =non-farm personal tax (both direct and indirect). 2 While 

the number of observations used (24) is not large,it is more than twice 

1. B. Cameron, Production, Employment and Prices in Australia, 
1958-59 to 1963-M (Melbourne: F. W. Cheshire, 196 7). 

2. Note that by definition XNF 
t YNFt - T t" 
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the number that had been used to obtain the annual estimates mentioned 

above. Once again, the value of r is high and parameters are highly 

significant. Estimate (6.4) was also subjected to a further test -

namely its ex-post forecast ability. Forecasts for CNF for 1965 (II) 

and 1966 (II) were made, the forecast errors being anproximately 1.4% 

and 2% respectively. 

While the results discussed above <lo lend support to XNF 

being a useful income variable, they have not established its clear 

(or even marginal) superiority over personal disposable income as the 

relevant income variable. 

There remain only two studies of the aggregate consumption 

function to look at. The first is Lydall's study of saving and wealth. 

1 Since this has been extensively discussed above, it is now only 

necessary to present Ly<lall's results for Australian data. Using 

current price data for the years 1951-52 to 1961-62, SELS estimation 

gave: 

0.7300 - 0.2407 
(0.013) 

Statistically speaking,the estimate is good: 

R
2 = 0.974 

d 1. 753 

(6.7) 

2 the value of R is high, 

the value of d is consistent with absence of serial correlation and 
w 
t-1 

the coefficient of -- is highly significant. However, while the 
xt 

signs of both parameter estimates are consistent with expectations, 

1. See section 5. 2 pp. 141-148 above. 
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their magnitudes are not. In particular, both estimatP-s seem far 

too high. To see this, consider the const.m1ption function corresoonding 

to (6.7), namely: 

0.2700 x + 0.2407 w 1 
t t-

From this we can see that an increase of, say, $10m. in the stock of 

wealth at a particular point in time will result in a perpetual 

increase in the annual flow of consumption expenditure of $2.4m. 

On the other hand,a perpetual increase of $10m. in the flow of income 

will result in a perpetual increase in the annual flow of consumption 

expenditure of only $2. 7m. Lydall d tes the manner in which the wealth 

data were obtained as a ponnible reason for this result. The series 

for W 
1 

was constructed by assuming a base stock of wealth of 
t-

t ,,e'5,000m. in 1948-49 and cumulating net personal saving in subsequent 

years. To obtain an alternative series for Wt_
1

,Lydall arbitrarily 

j 
cut~2,000m. from the base stock, obtaining the following estimate 

as a result: 

w 
0.46 - 0.125 ~-l 

t 

Until a better series for wealth is available,it cannot be said that 

the worth of a total personal wealth variable has been decided one 

way or another. 

The final estimates of the constnnption function to be looked 

at in this section arose as a result of an attempt to evaluate the 
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f f . 1 . rl" 1 
e fects o taxation po icy on consumption exnen 1ture. The results 

presented below use current price quarterly data; annual results were 

also presented by Auld. All equations were estimated by SELS. The 

basic quarterly consumption function tested by Auld is: 

(6.8) 

The seasonal element in the data was removed by adding in three 

dummy variables sit' i = 1, 2, 3 to give 

= 

where Sit = 1 in period i and zero at other times. The estimated 

coefficients of the seasonal dummy variahlcs arc not presented in the 

text here, but are included in table 6.1. Auld's estimate of (6.8) is: 

162.2 + 0.1991 llXt 
(0.033) 

2 
R = 0.973 (6.9) 

The coefficient of flXt is significant. Amongst other variables tried 

were llHP - the net increase in instalment credit balances outstandjng, 

STr - the estimated reduction in Commonwealth sales tax revenue due to 

i 
a change in legislation, and ST - the estimated increase in 

Commonwealth sales tax revenue due to a change in legis1ation. The 

resulting estimates were: 

= 156.0 + 0.1875 ~Xt + 0.9139 llHP 
(0.037) (0.570) t 

(6.10) 

R
2 

= 0.972 

1. D.A.L. Auld, "An application of econometrics to evaluate fiscal 
tax policy", Economic Record, Vol. 45 (1969), pp. 147-1S7. 
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174.l + 0.1869 t.Xt + 2.255 STtr l - 12.87 STit l 
(0.036) (1.71) - (5.37) -

(6 .11) 

R2 = 0.978 

In both (6.10) and (6.11) the coefficient of AXt is significant. 

For the other variables, only the coefficient of ST~-l is very 

significant. The negative coefficient of STi 
1 

indicates that an 
t-

increase in Commonwealth sales tax revenue (and hence a decrease in 

disposable income) in one quarter leads to a dron in consumntion 

spending in the next quarter. Over all, the additional variables tried 

do not seem to imnrove the basic function significantlv.
1 

The extra variables tried were more successful when ACD, 

the change in consumer expenditure on durables, was used as dependent 

variable. 2 The results obtained were 

t.CDt = 24.51 + 0.0497 AX + 1.002 t.HP (6.12) 
(0.014) t (0.202) t 

R2 = 0.947 

ACDt 29.55 + 0.0381 AX + o. 3692 STr - 5.218 i 
= ST l 

(0.018) 
t 

(0. 868) 
t-1 

(2. 7 3) t-

(6.13) 

R2 = 0.912 

1. Indeed, the addition of t.HP seems to cause a fall i.n the value of R2 

from 0.973 to 0.972. Since the value of R2 ~ot fall as extra 
variables are added into the regression (see Christ, Econometric 
Models and Methods, p. 510-511) this would seem to indicate the 
possibility of a computing error on the part of Auld, or that his 
reported results are values of R2 and not R2. 

2. By including a consumption function for durables, we are departing 
somewhat from the guidelines laid down in section 6.1, which said 
that this section was to be concerned with relationships explaining 
total consumption. However, as this work by Auld is not part of a 
multiple equation study (in the sense used in section 6.1),it does 
not fit exactly into sections 6.3 or 6.4 either. Hence,we have 
chosen to discuss it here. 
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i r 
This time both llHP t and STt-l have significant coefficients. STt-l 

does not have a significant coefficient, indicating that consumers 

react to increases in sales tax,but not to reductions. That is, there 

is an asymmetry in the behaviour of consumers. 

Another anproach adonted by Auld was to split !'IXt into two 

components: 
T llXt - the change in disposable income resulting from 

1 
personal income tax changes, - changes in X due to other 

A 
factors (in effect,llXt llXt 

llCD 
t 

12.86 + 

The result was: 

0.0267 llXA + 
(0.017) t 

0.7056 llXT . t 
(0.299) 

R2 = 0.882 

(6.14) 

An attempt to refine this approach was made by using the variables 

llXTr 
t 

the change in X due to a personal income tax reduction, and 

llXTi - the change in X due to a tax increase. The resulting estimate 
t 

was: 

= 28.07 + 0.0243 llXt + 2.392 llXTr - 0.5658 llXTi 
(0.018) (0.698) t-l (0.429) t-l 

(6 .15) 

R2 = 0.924 

In (6.14) the coefficient of 6XT is significant,but that of f)XAt is not. 
- t 

T Since it is highly unlikely that changes in X are the nrincipal 

determinants of changP.s in CD, (6.14) must he rejected as a serious 

1. Estimates for this variable were obtained from estimates of the 
revenue effect' of income tax chan~es reported in the Budget Speech. 
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Lawler 
[1949] 

Arndt and 
Cameron 
[1957] 

Leser 
[1958] 

Cameron 
[1967] 

Lydall 
[1962] 

Auld 
[1969] 
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TABLE 6.1 

SINGLE EQUATION STUDIES OF THE AUSTRALIAN CONSUMPTION FUNCTION 

Data 

annual, current 
prices (411.'s) 
annual, constant 
prices (;tm. 's) 
annual, current 
prices (k' s) 
annual, constant 
prices (/:!s) 

annual, constant 
prices (~m. 1 s) 

II 

annual, current 
prices ~m. 1 s) 

II 

annual, current 
prices am, IS) 

annual, current 
prices ($m.) 

quarterly, current 
prices ($m.) 
deseasonalized 

Sample 
Estimateb Period 

1928-29 to c 103. 2 + o. 772 x 
1939-40 

c 136.0 + 0.726 x 

II c x 
N 16.2 + o.764 N 
c x 
N = 25.6 + o.672 N 

1928-29 to C = -40.8 + 1.071 XNF 
1937-38 
1946-47 to C = 288.2 + 0.8875 XNF 
1955-56 
1928-29 to C 160.8 + 0.9342 XNF 
1937-38 plus 
1946-47 to 
1955-56 
1946-47 to C 67.9 + 0.9598 XNF 
1955-56 
1928-29 to C 0.8 + 1.0473 XNF 
1937-38 

1948-49 to 
1956-57 

1953-54 to 
1963-64 

1958(111) 
to 
1964(11) 

~ = 0.99768 ~F + 
14~· 8 

- 0.07178 

C = 71.7 + 0.9792 XNF +~HP 
(0.019) 

CNFt = 78.5 + 0.8374[YNF l 
(0.028) t-

- Tt] + ~HPt 

R2 etc. 

r = 0.9952 

r 0.9926 

r 0.9988 

r = 0.998 

r = 0.9876 

CNF = 68.0 + 0,8241 XNF + ~HP r 
(0.0257) 

0.989 

annual, current 
prices 

1951-52 to 
1961-62 

quarterly, current 1958 to 
prices 1965 

St W 
~ = 0.7300 - 0.2407 t-l 
xt co. 013) xt 

Estimate s1 S2 

6.9 -175.5 -36.84 
(22.5) (27.2) 

6.10 -175.7 -37.53 
(26.6) ( 32. 9) 

6.11 -178.8 -39.15 
(26.9) (30. 5) 

6.12 -27.55 -20.67 
(11. 2) (13.1) 

6.13 -15.66 -4.58 
(13. 7) (15.5) 

6.14 -7.829 +13.59 
(11. 3) (13. 7) 

6.15 3.455 +4.197 
(12.8) (1'1.6) 

R2 0.974 
d 1. 753 

-309.6 
(13.4) 

-276.2 
(26.8) 

-297.6 
(16.8) 

-33.92 
(9.70) 

-66.67 
(8.56) 

-63.67 
(8.84) 

-71.41 
(8 .12) 

Notes: 

a: For sources see text. 
b: All estimates were obtained by SELS. 
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estimnte of the J\ustrali:m consumption function. Similarlv,in (6.15) 

Tr 
the only variahle with a sip,nifican t coefficient l.s /\Xt-l' and once 

again it seems most implausible that this variahle is the principal 

determinant of changes in CD. Certainly, without more evidence than 

that offered by Auld there are no good grounds for accenting these 

estimates as serious estimates of the Australian consumntion function. 

This concludes the examination of sin~le e<p1ation studies 

of the Australian consumntion function. In the next two sections we 

shall examine a number of studies which use several equations to 

explain total consumntion. For example, Nevile
1 

divides total 

consumption (C) into two parts: consumntion expenditure (excluding 

motor vehicles) (CEMV) and consumption expenditure on motor vehicles 

(CMV). Separate relationshins to explain CE~V and CMV are then 

estimated. Those studies using annual data are discusse<l in section 

6.3, while those using quarterly data are discussed in section 6.lf. 

6.3 Multiple Equation Studies using Annual Data There have been 

six multiple equation studies using annual data. Three of the studies
2 

proceed by dividing consumption into consumption excluding motor 

vehicles (CEMV) and consumption of motor vehicles (CMV). The various 

1. J. W. Nevile, "I\ simnl e econometric model of the Australian 
economy", Australian Economic Papers, Vol. 1 (1962), pp. 79-94. 

2. Nevile, "A simple econometrlc model of the Australian economy"; 
J. Kmenta, "An econo'lletric model of Australia, 19413-61", Australian 
Economic Papers, Vol. 5 (1966), pp. 131-164; and J. H. Dulay, 
"Structural changes due to immigrati.on: an econometric study", 
Australian Economic Papers, Vol. 6 (1967), np. 223-233. 
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relationships estimated are fairly straight forward extensions of 

the Arndt-Cameron consumption function. The estimated relationships 

1 ? 
are shown in table 6.2A below. The remaining three studies- divide 

consumption expenditure into expenditure on durables (CD) and 

expenditure on non-durables (CND). These three studies have attemuted 

to introduce some more modern ideas by the inclusion of lagged values 

of the dependent variable in each equation. The estimated relation-

3 ships are shown in table 6.2B below. 

4 
In his model of the Australian economy,Nevile adopts the 

Arndt-Cameron consumntion function to explain CEMV, obtaining 

(by SELS): 

CEMV = -56.4 + 0.978 XNF 
(0 .OL1l) 

0.992 (6.16) 

To explain motor vehicle expenditure,Nevile adds the oercentage sales 

tax on motor vehicles (STMV) to the Arndt-Cameron function, obtaining 

(by SELS): 

CMV -396.4 + 0.130 XNF -
(0.014) 

1. See p. 192 below. 

2.134 ST;W 
(O. 757) 

R = 1).983 (6.17) 

2. N. Podder, "Forecasting with an econometric model" (oaoer presented 
at the 4lst congress of ANZAAS, Adelaide, 18-22 Aug., 1969); 
J. A. Zerby, "An econometric model of monetarv interaction in 
Australia", Australian Economic Papers, Vol. 8 (1969), pp. 154-177; 
J. W. Nevile, Fiscal Policv in Australia (Melbourne: F. W. Cheshire, 
1970). 

3. See p. 200 below. 

4. Nevile, 11A simple econometric model of the Australian economy". 
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The data used were in} m. at constant prices .'lncl covered the vears 

1947-48 to 1959-60. Consumption is divided in this way between CEMV 

and CHV because, in Nevile's words "expenditure on motor cars ••• is 

important and distinctive enough to warrant a separate equation".
1 

Kmenta suggests that the distinctive character of motor vehiclP 

expenditure is emphasized by the fact "that governmental measures 

to regulate aggregate demand have at times singled out the demand 

for motor-cars as one of the factors requiring special attention". 

The inclusion of sales tax on vehicles in the motor vehicle expenditure 

function is justified by virtue of its being "the main regulator" of 

the demand for vehicles.
2 

The main function of the model estirnatP.d by Kmenta was 

"to serve as a means of analysing the cyclical effects of immigration 

on the Australian post-war economy". Kmenta assumes that the influx 

of migrants leaves the parameters of the various relationships unaltered 

but causes shifts in the relationships. To measure these shifts, Krnen ta 

adds the variable ~t - net annual immigration - to each relationshio. 3 

Using constant price data for the years 194 7-!•8 to 1960-61, Kmenta 

obtained:
4 

1. Ibid., p. 88. 

2. Kmenta, "An econometric model of Australia", p. 134. 

3. Ibid., pp. 131-132. 

'•· Ibid., p. 144. 
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CEMVt 219.0122 + 0.9129 XNF 
t 

(0.0486) 
0.40?7 /\ 

(0.6275) t 

( 6 .18) 

CMV 
t 

-166.5387 + 0.11865 XNF' 
(O .0164) t 

R
2 

0.9698 

d 1. 737 

2.2804 STnV 
(0.9535) t 

+ 0.1362 6 
(0 .1053) t-l 

R2 

d 

0.9105 

2.993 

(6.19) 

The coefficients of XNF are significant at the ]% level, while the 

coefficient of the immi~ration varialile is insignificant in both 

equations. The coefficient of STMV is significant at the 5% level. 

The value of the Durbin-Watson statistic in both cases is consistent 

with the hypothesis of no serial correlation of disturbances at the 5% 

level. Two-stage least squares was used as the method of estimation. 

This work by Kmenta is superior to much of that going before it, in 

the sense that proper significance tests on parameters have been 

carried out and residuals tested for serial correlation. Some earlier 

1 
studies do not even provide the information needed for the reader to 

carry out the tests. The net result of the study, however, is that we 

have still not advanced much hevond the ideas of Arndt and Cameron, 

and certainly not beyond those of Nevilc in 1962. 

The third study of this group was another attemnt to discover 

whether or not immigrants had had any effect upon the Australian 

1. e.g. the 1958 study by Leser. 
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economy. 1 The author of the study, Duloy, validly criticized the 

work by Kmenta on the grounds that 

"it assmnes only an 'impact effect' of migration. 
To take the constnnption function as an example, 
the impact effect hypothesis implies that mip,rants 
shift the consumption function only in the year of 
their arrival, and that they have a consumption
income relationship identical to that of the locals 
in all subsequent years. But if migrants differ from 
locals in some important economic characteristics, 
such as asset holdings or age structure, then they 
are likely to operate on a consumption function 
different from that of the locals for a number of 
years after the year of arrival. 11 2 

Duloy begins bv assuming that per-capita consumntion of migrants and 

locals is determined by their respective non-fann disposable incomes, 

and that the m.p.c. of both groups is equal. Thus we have 

CEMVQ, XNFQ, 

L (l Q, + B--
L 

(6.20) 

CEMV XNF 
m + s m 

= (l 
MI m MI 

( 6. 21) 

where the subscrints Q, and m refer to locals and migrants respectively, 

and L and MI are the number of locals and migrants respectively. Note 

that, since Dulay defines migrants as "those who have migrated to 

Australia and for whom behavioural parameters differ from the rest of 

the population", 3 HI is not necessarily equal to the number living in 

1. Dulay, "Structural changes due to immigration". 

2. Ibid., p. 223. 

3. Ibid., p. 225. 
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the community who immigrated to the country at one time or another. 

From (6. 20) and (6. 21) we can dcriv<> :m expr~sston for nE'r-capita 

consumption: 

CEMV 

N 

CEMVQ, 
[ L • L + MI • 

Adding time subscripts, and rearranging, we get 

CEMVt 

Nt 
= 

MI 
aQ, +(am - aQ,) Ntt + S 

] I N 

Duley next assumes that the consumption function for a 

(6.22) 

group of newly arrived migrants lies above that of the local community, 

but that over time it adjusts down towards the local community function. 

This adjustment takes nlace through the intercept parameter. Suopose 

a*(T) is the intercept narameter of the groun of migrants who arrived 
m 

T years ago, and that the adjustment process is given by: 

* a (T) 
m 

0 < T < T 
(6.23) 

T > T 

where 0 2 y 2 1. Thus, iki i.t assumed that after T years the adjustment 

is complete. Duloy's assumption about the direction of adjustment of 

the migrant consumption function re11uires that k > O. 
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The intercept narameter a must now be viewed as some sort . m 

of average of the individual intercepts c/' ( T) • Thus a will be a m m 

function of time, a (t). In particular,it is assumed that 
m 

et ( t) 
m 

* That is, etm(t) is a weighted arithmetic average of the etm(T)~ where the 

weights are net permanent arrivals t. 
1 

Using ( 6. 23), this can be 
t-T 

rewritten as 

MI 
t 

Also -- = 
Nt 

T-1 
- T-T)] t. E [et 9, + k(l 

T=O 
y t-T 

a. ( t) = 
m T-1 

E t. 
T=O 

t-T 

T-1 
T--r)t. E (1 -

T=O 
y t-T 

et ( t) = ai + k m T-1 
E t. 

-r=O 
t-T 

T-1 
E /Jt--r I Nt' which with (6.24) implies that 

T=O 

T-1 
_ T-T)l'i E . (1 

1'1It T=O 
y t-T 

(tt - a ) -- = k 
m 9, Nt N 

t 

(6. 24) 

(6.25) 

1. Since adjustment is complete after T years,there will be only 
T terms in the average. 
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Substituting (6.25) i.nto (6.22) gives: 

CE~W 
t 

N 
t 

XNFt 
+ B N 

t 

(6.26) 

The parameters to be estimated are aQ,' k, y, T, and B· A priori,we 

require 0 .2_ y ..::_ 1. In addition,Duloy's assumptions imply k > 0. A 

numher of different estimates were obtained by placing various 

restrictions on y and/or T. The preferred estimate was obtained by 

setting y = 0 and employing a non-linear iterative least squares 

1 procedure. The estimated parameters were 

a
1 

= 6.56, k = -353.95, T 7, B 1.01 

with R2 = 0.99 and d 2. 37. Hence the esti.ma ted consumption function 

has the form: 

CEMVt 

Nt 
= 

6 
l. (::,. 

T=(l t-T 
6.56 - 353.95 ---- + 1.01 

Nt 

XNF 
t (6.27) 

One apparently unsatisfactory feature of this estimate is that the 

estimated value of k is negative, the consequence of this being that 

* the intercept parameter for each migrant group, a (T), lies below 
m 

instead of above the intercept parameter of the local consumption 

f 
. 2 unction. This implies that,at a particular income level.migrants 

spend a lower proportion of their income than do locals on consumption, 

1. Dulay, "Structural changes due to immigration", p. 229 footnote 7. 

2. * T-T am(T) - a1 = k(l - y ) < 0 if k < 0 and O ..::_ y < 1. 



TABLE 6. 2A 

MULTIPLE EQUATION STUDIES OF THE AUSTRALIAN CONS'!NPTION FUNCTION USING ANNUAL DATA: I 

Sample Estimation 2 Author a Data 'Period Estimate Method R etc. 

Ne vile constant prices 1947-48 to CEMVt -56.4 + 0.978 XNF SELS R = 0.992 
[1962] ~'m.) 1959-60 (0.041) t 

CMVt -396.4 + 0.130 XNFt - 2.134 STMVt SELS R 0.983 
(0.014) (0. 757) 

Kmenta constant Prices 1947-48 to CEMVt 219.0122 + 0.9129 XNF - 0.4027 ""' 2SLS R2 0.968 
[1966] ~m.) 1960-61 (0.0486) t (0.6275) t d 1. 737 

~vt -166.5387 + 0.11866 XN1" - 2.2804 STMV 2SLS R2 0.9105 
(0.0164) t (0.9535) t d 2.993 ..... 

ID 
N 

+ 0.1362 ""' 1 • 
(0.1053) t-

6 

cmwt 
E 

""' XNFt -r=O t--r 
* Dulay constant prices 1947-48 to --= 6. 56 - 353. 95 + 1.01 -N- NLILS 

[196 7] (~m.) 1960-61 N 
N t t t 

2 

CMVt 
E ""'t--r XNF 

-r=O t * 
N 

-44.0 + 87.43 
Nt 

+ 0.19 -N- NLILS 
t t 

- 0.16 STMVt 

Notes: 

a: ' For sources see footnote 2 p, 18!+. 

*: NLILS = non-linear iterative least squares. 
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excluding motor vehicles, whereas Duloy had assumed the opposite 

behaviour. Duloy did,however,rffovide no evidence to sunport his 

contention, and the econometrics seP.m to show otherwise. 

To obtain a vehicle consumption function, Duloy supposed 

that per-canita vehicle consumption for both migrants and locals was 

a function of their respective per-capita non-farm disposable incomes 

and the sales tax on vehicles. The parameters of both mi~rant and 

local consumption functions were assumed identical except for the 

intercept parameter. Making the same manipulations as before gave: 

T-1 
(1 - T-T)6 1: 

CMVt •=0 
y t-T ~"IF 

= a9. + k + 13 
__ t + 

oSTMVt 
Nt N Nt t 

The preferred estimate was ohtained by setting y 0, the estimates 

of the remaining parameters being 

-44.00, k 87.43, T = 3, 0.19 and o = -0.16 

2 
with R = 0.94 and d = 2.68. Thus, the motor vehicle consumntion 

function has the form 

2 
1: t:,. 

t-T 
-44. on + 87. 43 _,_=o __ _ 

Nt 
+ 0.19 

XNF 
t 

Nt - 0.16 ST~Vt (6.28) 

A point to note about (6.28) is that the estimate of k is positive, 

indicating that, initially, the mtgrant function lies above the local 

function and that, therefore, migrants spend a higher proportion of 

their incomes on motor vehicles than do locals. 
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A further interesting feature of the results is that the 

1 
rather complicated lag term,~ 

T-1 
r. (1 - yT-T)t,t-T ],reduces to a 

T=O t 

1 very simple unweighted lag, F.t,t , in both equations since y = 0 in 
Nt -T 

both preferred estimates. Finally, the estimates of the standard 

errors (using SELS formulae) indicate that the coefficient of the 
r. t, 

migration factor ( ~-T ) was statistically significant in both 

(6.27) and (6.28). It appears,then,that Duloy's econometric work has 

been able to detect differences in the pattern of migrant/local 

spending. 

While the results of this study are quite interesting, its 

principal aim (like that of Kment;:i), was to examine the influence of 

immigration. As a consequence,the constllllption functions were 

formulated to test for any possible "migration effect". Many other 

potentially useful variables have therefore been disregarded by these 

authors. Nevile and Kmenta were also restricted by the fact that they 

were building a model of interdependent relationships, and to keep the 

model simple each relationship had to be reasonably simple. Hence we 

cannot expect lavish experimentation with the form of the consumption 

function by researchers attempting to build models of the whole 

economy within the framework of a small ntnnber of equations. 

The next three studies to be examined divided total consumption 

expenditure into two parts: expenditure on durables (CD) and 

expenditure on non-durables (CND). Total consumption was divided in 

this way because, in Nevile's words, "in the case of consumer durables, 



195. 

the purchase is as much akin to savings as to consumption [and] 

economic theory, therefore, would lead us to expect the two types 

1 2 of consumption to behave differently". The estimates by Podder 

were part of a simple seven equation model of the Australian economy. 

Both relationships are based upon a simple fonn of the Pennanent 

Income Hypothesis: 

where yP = permanent income, and is approximated by a simple geometric 

lag of past incomes: 

= 
2 

(1 - b)[Yt + bYt-l + b Yt_2 + ••• ] 

Clearly, a Koyck transfonnation will result in: 

C = c(l - b)Y + bc_1 

To keep his model simple, ~odder used Gross National Product (Y) as 

his income variable. Using deflated annual data for the years 

1952/53-1967/68, Podder obtained: 

CNDt = 578.9433 + 0.3434 y + 0.3159 CND (6.29) 
(0.0483) t (0.1863) t-1 

R2 = 0.994 

CDt = 37.2685 + 0.0613 y + 0.2332 CD l (6.30) 
(0.0218) t (0.2036) t-

R2 = 0.910 

1. Nevile, Fiscal Policy in Australia, p. 81. 

2. Podder, "Forecasting with an econometric model". 
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The estimation method used was 2SLS. While the equations tested 

were exceedingly simple, they are interesting as an example of one 

of the first attempts to introduce the Permanent Income Hypothesis 

to Australian data. 1 One point to note before going on is the 

relatively low level of significance of the estimated coefficient 

of the lagged variable in both (6.29) and (6.30). As far as durable 

consumption is concerned, the poor performance of the lagged variable 

is not very surprising since a high expenditure on durables in the 

previous period will raise the stock of durables held at the 

beginning of the current period and thereby tend to depress current 

period expenditure. Similarly for a low expenditure on durables in 

the previous period. Hence there is not necessarily a strong positive 

correlation between CDt and CDt-l and any positive coefficient of 

CDt-l (such as we have in (6.30)) is unlikely to be significant. 

2 Zerbv began like Podder, by assuming that current 

consumption was determined by current income and lagged consumption. 

In an attempt to disaggregate, he replaced the single income term by 

personal non-farm income (YNF), personal farm income (YF), and personal 

taxes (TT), hoping bv this to achieve the same effect as using non-farm 

disposable income and farm disposable income, observations on which 

were said to be unavailable. 3 In addition,a number of monetary 

1. The forms tested are,of course,also comnatihle with Brown's 
habit persistence hypothesis. See p. 35 above. 

2. Zerby, "An econometric model of monetary interaction". 

3. Ibid., pp. 158-159. 
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variables were tried in each equation. Three methods of estimation 

were used - SELS, 2SLS, and three-stage least squares (3SLS).
1 

The 

SELS estimates, using deflated annual data for the years 1948/49-

1964/65, were: 2 

CDt -0.2274 + 0.1957 YNFt + 0.1822 YF - 0.4741 TT 
(0.1920) (0.0351) (0.0824) t (0.1914) t 

- 0.0456 rt - 0.0180 CD l 
(0.0366) (0.3005) t-

R2 = o.9422 

SE
2= 0.0033 

VN = 2.1692 

0.3597 + 0.8241 YNF + 0.0902 YF - 0.7223 TTt 
(0.2419) (0.1025) t (0.1474) t (0.2784) 

- 0.0703 CND l 
(0.1059) t-

-2 R = 0.9963 
2 

SE = 0.0088 

VN = 1.6187 

Of the monetary variables tried,the short term rate of interest 

(6.31) 

(6.32) 

performed best wtth the CD equation, while none performed satisfactorily 

with the CND equation. In the case of (6.31),the tax variable an<l 

both income variables are significant, and for (6.32) the tax variable 

1. 3SLS is a method of estimation whereby consistent estimates of the 
parameters of the structural equations of an interdependent model 
may be obtained. In this respect it resembles 2SLS. It differs 
from 2SLS in that all estimates are obtained simultaneously, 
whereas in 2SLS they are obtained equation by equation. For an 
outline of the method see Goldberger, Econometric Theory, 
pp. 346-352. 

2. VN is the Von Neumann ratio for testing for the presence of 
autocorrelated disturbances. 



193. 

and the non-farm income variable are significant. The lagged dependent 

variable performed poorly in both equations. The 2SLS and 3SLS 

estimates of (6.31) agree quite well with the SELS estimate in terms 

of signs, magnitudes and t-ratios,with the one exception that the 

coefficient of CD 
1 

has a different sign and is approximately 8-9 
t-

t imes larger in magnitude (with a much higher t-ratio) for both 2SLS 

and 3SLS estimates. In the case of (6.32),there is little agreement 

between the results of the three methods. For comuarison,the 3SLS 

estimate is: 

= -0.3836 
(O. 2184) 

+ 1.0710 YNF + 
(0.0699) t 

- 1.6050 TT -
(0.2139) t 

0. 6612 YF 
(0.1147) t 

0.0994 CND l 
t

(0 ."1651) 

The greater-than-unity coefficient of YNF makes this particular 

estimate unacceptable. 

(6. 33) 

The last study to be examined is that by J. ~'1. Nevile. 1 In 

searching for an equation to exolain non-durable consum~tion 

expenditure, Nevile begins by assuming that all cash benefits (CB) 

to persons (i.e. pensions, unemployment relief, student grants, etc.) 

will be completely spent on non-durables. Hence, a relationship to 

explain (CNDt - CBt) is needed. Nevile adopts the relation: 

= a + b(XNFt - CB ) + c(CND l - CB 1) 
t t- t-

(6.34) 

suggesting the Permanent Income Hypothesis or the habit persistence 

1. Nevile, Fiscal Policv in Australia, pp. 81-84, 109. 
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hypothesis as rationale. To see the connection between the PIH and 

(6.34), denote (CNDt - CBt) by Ct and (XNFt. - CBt) by Xt. Then, a 

simple form of the PIH is1 

where xP is permanent income. 
p 

Sunpose X is explained by 

Therefore, 

giving 

i.e. 

x" t 
= 

= 

= a(l - A)(XNF - CB ) + A(CND l - CR 1) t t t- t-

Using SELS, and deflated annual data for the years 1954/55-1966/67, 

the following estimate is obtained: 

= CBt + 616 + 0.3980 (XNF - CB ) 
(0.0589) t t 

+ o.4250 (CND 1 - cnt_1) 
(0.0975) t-

(6.35) 

') 

R~ = 0.999 

Unlike the previous two studies, the lagged term (CNDt-l - CRt-l) 

now has a highly significant coefficient. Nevile begins the search 

1. Nevile actually assumed that et was a non-homop,eneous function of 

X~ (i.e. et = a + BX~) with the result that (6.34) includes an 

intercept term. 



TARLE 6. 2B 

MULTIPLE EQUATION STUDIES OF THE AUSTRALIAN CONSUMPTION FUNCTION USING ANNUAL DATA: II 

Sample Estimation 
Data Period Estimate Method 

constant prices 1952-53 to CNDt = 578.9433 + o. 3434 y + 0.3159 CND l 2SLS 
($m.) 1967-68 (0.0483) t (0.1863) t-

CDt 37.2685 + 0.0613 y + 
(0.0218) t 

0.2332 CD l 2SLS 
(0.2036) t-

Zerby constant prices 1948-49 to CNDt 0.3597 + 0.8241 YNFt + 0.0902 YF SELS 
(1969] ($m.) 1964-65 (0.2419) (0.1025) (0.1474) t 

- O. 7223 TT + 
(0.2784) t 

0.0703 CND l 
(O .1059) t-

CDt = -0.2274 + 0.1957 YNF + 0.1822 YF 
(0.1920) (0.0351) t (0.0824) t 

SELS 

- 0.4741 TT - 0.0456 rt - 0.0180 CDt-l 
(0.1914) t (O. 0366) (0.3005) 

Nevile constant prices 1954-55 to CNDt = CB + 616 + 0.3980 (XNF - CB ) SELS 
(1970] ($m.) 1966-67 t (0.0589) t t 

+ 0.4250 (CND l 
(0.0975) t-

- CB ) 
t-1 

159 + 0.3766 (XNF - CBt) 
(0.0569) t 

SELS 

- 0. 3439 (XNF l - CBt-l) + 0. 5801 CD -l 
(0.0643) t- (0.1666) t 

Notes: 

a: For sources see footnote 2 p. 185. 

R2 = 0.910 

R.2 
= o.9963 

SE 2= 0.0088 

VN = 1.6187 

R.2 = 0.9422 

SE2= 0.0033 

VN = 2.1692 

R2 = 0.999 

R2 
= 0.935 

NI 
0 
0 . 
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for a relationship to explain constnnption of <lurables (CD) by 

supposing that CD is detennined by disposable income an<l the stock 

of durable goods at the end of the previous year (KDt-l). The 

measure of disposable income used is, as for non-durables, non-farm 

disposable income minus cash benefits. Hence: 

= (6.36) 

To eliminate KD~ for which no data existed, Nevile assumed that 

depreciation was a constant proportion d of the initial stock of 

durables. Hence the closing stock will be equal to the depreciated 

opening stock plus current expenditure, 1 i.e. 

= (1 - d)KDt-l + CDt 

jKDt = (1 - d)jKDt-l + jCDt 

From (6.36) we get 

jKD l t-

Substituting (6.38) into (6.37) gives 

(6.37) 

(6.38) 

Lagging (6.39) one period and substituting into (6.36) 9 we obtain after 

rearrangement: 

1. This implies that there is no depreciation on durables in the 
period of their purchase. 



= 

where cx0 = ad, cx1 = 

estimation yields: 

CDt = 159 + 

202. 

c, cx2 = -c(l - d), <X3 = (1 - d - 1). 

0.3766 (XNF - CB ) 
(0.0569) t t 

- 0.3439 (XNF l 
(0.0643) t-

+ 0.5801 CD 
(0.1666) t-l 

2 
R = 0.935 

(6.40) 

SELS 

- CBt-1) 

(6.41) 

From the estimates of cxi it is possible to deduce that a = 1832, 

c = 0.377, d = 0.087, j = 0.333. The value of d imnl~es that the 

average life of durable goods is approximately 11 years, which is not 

tmreasonab le. 

We now go on to consider those multiple equation studies 

which used quarterly data. 

6.4 
1 Multiple Equation Studies using Ouarterlv Data There are two 

well known multiple equation studies of the Australian consumption 

function, one by the Reserve Bank of Australia and the other by the 

Commonwealth Treasury and the Bureau of Census and Statistics. Both 

studies are parts of continuing projects hv the bodies mentioned and 

1. In this section the figures in parenthesis below parameter estimates 
are t-ratios, i.e. the ratio of the standard error to the parameter 
estimate. A t-ratio of approximately 2 indicates a significant 
coefficient at the 5% level of significance. 
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the results given below were the latest available at the time of 

1 writing. 

Both studies are similar in that they disaggregate 

consumption into three components - consumption of motor vehicles 

(CMV), consumption of other durables (COD), and consumption of non-

durables (CND). A tvpe of stock adjustment model is employed by 

both to explain consmnption of durables. Basically.the stock 

adjustment model consists of the following relationshins
2 

qt = dt + t.kt 

dt = pk 1 t-

t.kt = kt - kt-1 = e (1 d <t - kt-1) o < e < 1 

kd a + Byt + Yl\ t 

(6.l.2) 

( 6. 4 3) 

(6.44) 

(6.45) 

Relationship (6.42) states that exnenditure, qt' is made un of two 

parts: dt = replacement expenditure, and t.kt = net investment in new 

stocks. Replacement exnenditure is supposed to he proportional. to the 

1. The estimates for the Reserve nank are from W. E. Norton and 
J. F. Henderson, "A model of the Australian economy: a further 
progress report" (paper presented at the Australasian Conference 
of Econometricians, ~onash University, 9th - 13th August, 1971), 
while those for the Treasury are from C. I. Higgins, "A wage-price 
sector for a quarterly Australian model" (na.per presented at the 
Australasian Conference of Econometricians, Monash University, 
9th - 13th August, 1971). 

2. This outline follows C. Christ, "Econometrics in economics: some 
achievements and challenges", Australian Economic Papers, Vol. 6 
(1967), PP• 164-165. 



opening stock (relationship (6.43)). Meanwhile,it is assumed that 

the consumer has in mind some desired closing stock, k~, which is 

determined by such factors as current income (yt) and relative prices 

(pt) (relationship (6.45)). Finally, it is supposed that current net 

investment will raise the total stock of durables by some fraction B 

of the difference between the opening stock and the desired closing 

stock (relationship (6.4l1)). Substituting (6.43), (6.44) and (6.45) 

into (6.42) yields 

a8 + S6y + y6p + (p - S)k l 
t t ' t-

(6.46) 

The ResP.rVP. Bank study modifies this model in several ways. 

First, the stock of liquid assets is introduced into (6.44) and (6.45). 

That is, liquid wealth is taken to be a determinant of the desired 

closing stock of durables, and the level of liquid wealth acts as a 

constraint determining the level of net investment. Secondly, some 

allowance is made for depreciation of current purchases. Hence (6.43) 

is replaced with 

= pk l + £q t- t 
0 < £ < p < 1 

The inequality 0 < £ < p < 1 is based upon the assumptions that the 

rate of depreciation is constant throughout the life of the durable 

and that the purchases of durables take place at a steady rate 

1 throughout each period. With these changes the final equation for 

1. See R. Stone and D. A. Rowe, "The market demand for durable goods", 
Econometrica, Vol. 25 (1957), n. 424. 
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testing is: 

(6.47) 

where it-l is the stock of liquid wealth at the end of period (t-1). 

Using constant price data for the period 1959 (1) to 

1 
1969 (4), the following estimates were obtained by SELS: 

=, 197 + 11.00 s 3 - 0.0150 KMVt-l + 0.0305 xt 
(2.03) (1.48) (3.59) 

= 

+ 0.0119 Mt-l - 207 RPt 
(2.40) (2.07) 

SE = 15.48 

R2 
= 0.847 

d = 0.89 

84 - 0.0033 sl • KODt-1 - 0.0017 s2 • KODt-1 
(2.72) (1.58) 

- 0.0250 KOD l + 0.0684 Xt 
(1.79) t- (7.40) 

+ 0.0148 Mt-l - 114 RPt 
(2.07) (0.79) 

SE = 11.39 

R
2 = 0.950 

d = 1.05 

(6.47a) 

(6.48) 

where KMVt-l' KODt-l are stocks of motor vehicles, other durables at 

the end of period (t-1); Mt-l is the stock of money at the end of 

2 period (t-1); RPt is a measure of relative prices; s1 , s2 , s 3 are 

1. Note that the subscript for Min (6.48), and (6.51) below, is 
shown as t in Norton and Henderson, "A model of the Australian 
economy". 

2. For example, in the case of (6.48) RPt is equal to the ratio of 
the implicit deflator for COD to the consumer price index. 
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seasonal dummy variables. Seasonally unadjusted data were used, 

the seasonal adjustment beinP, made via some pattern of additive or 

multiplicative seasonal dummy variables. In (6.47a),one additive 

seasonal dummy, s
3

, has been included, while in (6.48) two 

multiplicative seasonal dummies, s1 and s2 , have been used. Norton 

and Henderson state that the estimated relationships shown 'vere chosen 

from amongst a number of estimates, and that the criteria used to 

select the fjnal estimate were 

"the sign and significance of the coefficient of the 
explanatory variables suggested by economic theory; 
where relevant, the shape and mean of the lag 
distribution on the explanatory variables; the 
results of ex post forecasts; and the values of R2, 
the standard error of estimate and the Durbin-Watson 
anrl nurhi.n statistics" .1 

The Treasury study modifies the simple stock adjustment 

model by assuming that the desired closing stock depends upon current 

non .• farm disposablP. income, the maximum rate of interest on fixed 

deposits (RMFD), the rate of sales tax on durables [either STMV 

(sales tax on motor vehicles) or STOD (sales tax on other durables], 

2 
and the volume of money (M_1). Using seasonally adjusted current 

1. Norton and Henderson, "A model of the Australian economy", p. 3. 
For earlier estimates of the consumption functions.see W. E. Norton 
and J. R. Broadbent, Equations for Personal Consumption 
Expenditure (Reserve Bank of Australia, Occasional Paper No. 3B, 
1970). For the Durbin statistic see J. Durbin, "Testing for serial 
correlation in least squares regression when some of the regressors 
are lagged dependent variables", Econometrica, Vol. 38 (1970), 
pp. 410-421. 

2. See C. I. Higgins, "A model for National Income forecasting" 
(paper presented to the Economic Soc. of Aust. and N.Z., Canberra, 
1970), appendix, p. 6. 
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price data, the following estimates were obtained: 

= -100.1889 + 0.0923 XNFt + 0.0754 M l 
(1.193) (2.088) (3.282) t-

- 0.2033 KMV l - 15.7888 RMFDt 
(4.014) t- (1.591) 

- 43.1723 STMVt + 0.934 ~t-l (6.49) 
(0.456) 

= 

SE $8. 8 3m. 

R:2 = o.955 

d = 2.41 

128.9906 
(6.528) 

+ 0.0447 XNFt + 0.0395 Mt-l 
(2.903) (5.377) 

0.0773 KOD -l - 12.2456 RMFDt 
(4.760) t (3.439) 

- 23.9254 STODt + 0.831 ut-l 
(0. 379) 

SE = $3.09m. 

ii2 = o.995 

d = 1.60 

One noticeable feature of these estimates is the relatively noor 

(6.50) 

performance of the sales tax variables compared to the models using 

annual data. 1 

Both studies approach the question of obtaining a relation-

ship to explain consumption of non-durables in a formally similar 

way, although the final equations obtained are quite different. The 

Reserve Bank study assumes that there is an equilibrium level of 

1. See for example (6.17) and (6.19) above. 
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expenditure (CNDe) related to <lisposahle income and relative prices, 

and that quarterly changes in expenditure are some positive fraction 

of the discr<.>pancv betioleen the current period's equil ihrium expenditun~ 

and the last period's actual exnenditure. ()uarterly changes in 

1 
expenditure are also affected by holdings of liquid wealth. 

CNDe X RP t m + n t - v . t 

CNDt = CND l + w(CNDe - CND 
1

) + xM - 0 < w < 1 
t- t t- t-1 

Substituting the first of these expressions and rearranging yields: 

= wm + wru'\t - wvRP t + xl-\_1 + (1 - w)CNDt-l 

Using seasonally unadjusted constant price data for the period 

1959 (1) - 1969 (4), the following SELS estimate was obtained: 

CNDt = 1691 - 0.1040 sl • CND - 0.0447 s3 • CNDt-l 
(14.15) t-1 (10.15) 

+ 0.7760 CND . l + 0.1576 x 
(8.81) t- (9.47) t 

+ 0.0294 M l -
(1.59) t-

1830 RP 
(3.04) t 

(6.51) 

SE = 22.05 

R2 ::: 0.996 

d = 1.90 

Once again multiplicative seasonal dtnnmies appear to have performed 

2 
best •. 

1. See Norton· and Broadbent, Equations for personal consumption 
expenditure t r· 6. 

2. Norton and Broadbent report that the use of several measures of 
permanent income resulted in a poorer fit. See ibid., pp. 10-11. 
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The Treasury study uses a consumption function for non-

1 
durables similar to that devised by Duesenberry and others. One 

interpretation of this function is that consumers attempt a gradual 

adjustment of their consumption-income ratio to its desired level, 

which in turn depends upon the ratio of income to its previous peak 

2 
value. That is 

= 

CNDt 
where Rt* is the desired value of R - ~- and Zt 

t - XNFt ' 
, where 

0 XNFt is the peak value of XNF in the previous eight quarters. The 

adiustment process is described by 

* y(R - R 1) 
t t-

Substituting the first relationship into the second and rearranging 

gives: 

i.e. 
XNF 

t 

= 

1. See p. 40 above. 

cry + ~yZt + (1 - y)Rt-l 

a + b 
CND l t-+ c---
XNF 

t-1 

2. This interpretation is just a simple modification of that 
suggested by Griliches et. al. for the original Duesenberry, 
Eckstein, Fromm function (see pp. 40-42 above). 

(6.52) 
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Using seasonally adjusted current price data.the following estimate 

was obtained: 

= 0.5769 
(8.338) 

XNF 
- 0.5364 __ t + 0.9560 

(8.460) XNF~ (43.146) 

CND l t-

XNFt-1 

(6.53) 

SE = $11. 28m. 

0.979 

d = 2.28 

Parameter estimates here conform with a priori expectations as to sign 

1 and magnitude. All parameter estimates are significant and the 

Durbin-Watson test gives no indication of serial correlation of 

disturbances.
2 

6.5 Conclusions As the prime concern of this thesis is with the 

aggregate consumption function, the conclusions will be presented first 

with respect to the single equation studies and then with respect to 

the studies of the disaggregated consumption function that were 

discussed in sections 6.3 and 6.4. 

The first conclusion that can be drawn from our examination 

of the single equation studies is that very little work on the 

Australian aggregate consumption function has been done. There has 

been no systematic study, using Australian data, of the many hypotheses 

discussed in previous chapters and elsewhere. ln fact only two 

1. The restrictions discussed on p. 42 above apply eriually here. 

2. Note however that the test is not strictly applicable due to the 
presence of a lagged value of the dependent variable amongst the 
regressors. 
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hypotheses have been cxaminerl at al1, namely (a) the Keynesian 

function '(discussed by Lawler) and the Arndt-Cameron and Auld 

modifications of it, and (h) the wealth hypothesis (discussed by 

Lydall). 

The second point to make is that what work has been done, 

has not been of a very rigorous nature: (1) The sample data used 

has generally consisted of a very small number of observations. In 

the case of the studies using annual data,the average number of 

observations is approximately ten. For the studies using quarterly 

data, the position is much improved, but even here the number of 

observations is only 24-26. (2) Most of the work done has used 

annual data. (3) Only one invcsti!?,ator (Lydall) checked fur possible 

autocorrelation of residuals. (4) Only three of the estimates (those 

by Lydall, Cameron [1967], and Auld) included standard errors to enable 

significance tests to be performed. 
1 

(S) With one exception, . no check 

was made on the forecast ability of the estimated relationships using 

data from outside the sample period, nor was any comparative study 

with naive models done. (6) Many of the estimates were carried out 

using current price data, although some investlgators acknowledged 

this deficiency. 
2 

( 7) Finally, SELS was used ln every case, with the 

result that parameter estimates will not be consistent. In general, 

1. Cameron [1967]. 

2. In addition,Lydall's wealth hypothesis is formulated in such a 
way that it is not clear that constant price data must be used. 
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functions have been estimated by simple least squares and then 

judged acceptable or not on the basis of the value of the squared 

correlation coefficient. 

The multiple equation studies examined fall naturally into 

three groups: (1) The work of Nevile [1962], Kmenta [1966], and 

Duloy [1967]; (2) the work of Podder [1969), Zerby (1969], and 

Nevile (1970]; (3) the work done at the Reserve Bank and the 

-----------Commonwealth Treasury and Bureau of Census and Statistics. The~ 

group consists basically of further modifications of the Keynesian 

function. The Arndt-Cameron income variable has been used with the 

addition of a sales tax variable to improve the fit of the motor 

vehicles equation. Krnenta and Duloy have also investigated the 

effects of an immigration variable. So there is nothing radically 

new about the approach of the first group. The sample size is still 

very modest, consisting of 13-14 observations. Standard errors are, 

however,provided. In addition,.Kmenta employs 2SLS to obtain consistent 

estimates. Constant price data are used throughout. On balance,the 

statistical work is slightly better than that used in the single 

equation studies. 

The second group consists of work from the late 1960's, and 

represents quite a departure from earlier work in the way functions to 

be tested -were fonnulated. Prior to this work,investigators, with the 

exception of Lydall, relied entirely upon simple modifications of the 

basic Keynesian consumption function. This group does,however,give an 

indication that overseas work (of quite long standing) had finally been 
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noticed. The main ideas behind the work here are drawn from the 

Permanent Income Hypothesis or the inertia hypothesis. The measure 

of permanent income used has been an avera8e of current and past 

values of disposable income, with geometrically declining weights. 

There has been a further increase in the sample size with an average 

number of observations of approximately 15. 1 Two of the three studies 

obtained 2SLS estimates, anrl one of these also employed 3SLS methods 

of estimation. Standard errors are given for all estimates, but only 

Zerby checked for autocorrelation. 

The third group consists of the work done at the Reserve 

Bank and the Treasury to construct a quarterly model of the Australian 

economy. Since quarterly data are used,the number of observations 

employed is much higher than for orevious studies, being almost fifty 

for the Reserve Bank. Current price data are used by the Treasury; 

2 however, their model is to be re-estimated using constant price data. 

Both models are. apparently estimated by SELS, while 2SLS estimates by 

the Reserve Bank are to be made. 3 All estimates are accompanied by 

correlation coefficients, Durbin-Watson statistic, t-ratios, standard 

errors. The Treasury study also includes an estimate of the 

1. This is an improvement which comes naturally with time and does 
not, of course, reflect virtue upon the part of the author of the 
study. 

2. See Higgins, "A wage-price sector for a quarterly Australian 
model" , p • 41. 

3. See Norton and Henderson, "A model of the Australian economy: 
a further progress report", p. t~. 
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Duesenberry-Eckstein-Fromm (DEF) consumption function. These two 

studies seem to be more carefully formulated, and backed up with more 

statistical measures than any other study. 

In summary,then,there h3.s not been a great deal of work done 

on the Australian consumption function. Am1roximately four 

hypotheses have been tested: 

(i) The basic Keynesian hypoth~sis, plus modifications 

(ii) A wealth hypothesis 

(iii) A version of the P.I.TI. 

(iv) The DEF function. 

As shown in previous chapters, each of these hypotheses has been 

tested many times and in many different forms using overseas data. 

In addition,many other hypotheses, some of which have been discussed 

before, have also been tested. It is the aim of our next chapter to 

formulate a number of hypotheses about the Australian aggregate 

conswnption function, in the light of the preceding review chapters, 

an.d test these with quarterly Australian data. It is hoped that this 

work will go soine way towards making up the leeway in the study of this 

important macroeconomic relationship in the Australian context. 



APPENDIX 6 

6.1 Notation used in Chapter Slx 

c = 

CB = 

CD = 

CEMV = 

CMV = 

CND = 

CNF = 

total personal consumption expenditure 

cash benefits to persons 

consumption expenditure on durables 

total consumption excluding motor vehicle expenditure 

consumption expenditure on motor vehicles 

consumption exnenditure on non-durables 

consumption of non-farm nroducts 

COD consumption of other durables 

= consumption expenditure bv the farm sector 

CNF consumption expenditure by the non-farm sector 

KMV 
-1 

KOD 
-1 

M 
-1 

N 

r 

fu'1FD 

RP 

s 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

net permanent immigrants in vear t 

net increase in :i.nstalment cred:i. t balances outstandin?, 

stock of durable consumer goods at the end of previous 

period 

stock of motor vehicles at the en<l of the previous period 

stock of other durables at the end of the nrevious period 

stock of money at the end of the previous period 

population 

short term rate of interest 

maximum interest rate on fixed deposit 

measure of relative prices 

total personal savings 



s. 
1 

STMV 

STOD 

STi 

T 

TT 

w_l 

x 

T' r:...x i 

y 

YF 

YNF 

= 

= 

= 

= 

= 

= 

seasonal dummy variable 

sales tax on Motor vehicles 

sales tax on other durahles 

estimated increase in Commonwealth sales tax revenue 

following a change in legislation 

estimated reduction in Commonwealth sales tax revenue 

following a chanp.;e in legislation 

non-farm personal income tax 

total personal taxes 

net personal wealth at the end of the previous neriod 

personal disposahle income (PDI) 

non-farm PDT 

the chan~e in X-resulting from changes in personal 

income tax 

the change in X resulting -from chan~es in factors other 

than personal income tax 

the change in X resulting from an increase in oersomtl 

income tax 

the change in X resulting from a reduction in personal 

income tax 

G.N.P. 

personal farm income before tax 

personal non-farm income before tax 



CHAPTER SEVEN 

THE AUSTRALIAN AGGREGATE CONSUMPTION FUNCTION: 1959-1968 

7.1 Introduction This chapter aims to cover the third of the 

objectives laid down in chapter one, i.e. to make some contribution 

towards eliminating deficiencies in the L\ustralian work on the 

aggregate consumption function that have been shown up hy our review 

of the general literature on the aggregate consumµtion function and 

of the Australian estimates of the function. With this aim in mind, 

we draw up in section 7.2 below a list of hypotheses about the 

consumption function which have themselves been tested successfully 

using overseas data, or are based uron ideas that have been 

successfully tested with overseas data. These hypotheses in turn 

have either not been tested with Australian data at all, or have 

been inadequately tested. For the sake of "completeness" a new 

estimate of the strict Keynesian function, C = a + bX, is provided. 

It was also our intention to obtain new estimates of any uniquely 

Australian functions that have proved succesi:;ful. From the previous 

chapter it should be clear that the only formulation that could fall 

into this category "is that by II. W . .!\rnclt and B. Cameron. While 

this "Australian" consmnption function cannot be said to be wholly 

successful either on a priori grounds or on the basis of the empirical 

evidence,a modified version of it has been included in the list for 

estimation. 
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In section 7.1 questions relating to methods of 

estimation and treatment of data are dealt with. The estimated 

relationships are presented and discussed in section 7.4. As will 

be clear from section 7. 2,more than one estimate of some of the 

hypotheses is possible. The criteria used to select the reported 

estimate are included in section 7. 4. After the results ;i.n~ discussed, 

an attempt is made to distini>;ui.sh the better of the estimates. 

Conclusions are given in section 7.S. 

7. 2 !!YE_otheses to be tested Th<> first hypothesis to be tested, 

which will be denoted by H(l), is the basic Keynesian consumption 

function: 

H(l): c a+ bX (7 .1) 

where C is aggregate real consumption and X is aggregate real persona] 

disposable income. A priori.we expect 0 < b < 1. The second 

hypothesis has been tested successfully with quarterly data by 

Griliches et. al.:
1 

H(2): c a + b'{ + cC _
1 

(7. ?) 

This type of function is suggec;ted hy nrm-m 's hah it ners istence 

hypothesis, or alternctt i_veJy by supposing that com:iumnt ion is a lin<>ar 

1. See p. 40 above. 
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function of permanent income of the type 

c 

where 

xl 
00 

(1 - A) E Ai X_i 
i=O 

(7. 3) 

( 7. 4) 

(7.2) is obtained by substituting (7.4) into (7.3) and applying a 

Koyck transformation. A priori expectations are that 0 < b < 1 and 

O<c<l. 

The third and fourth hypotheses performed well in the 

1 
quarterly study by Zellner. Hypothesis three is 

H(3): c a + bX + cr._1 
(7.5) 

where L_
1 

is the stock of liquid assets at the end of the previous 

period. Two series for L_1 were tried: 

L=1 = notes and coins in the hands of the public plus 

current deposits of the public with trading banks. 

L :
1 

= L:
1 

plus fixed deposits of the public with trading 

banks plus deposits with all savings banks. 

A further series was also tried, namely: 

w_
1 

= total private sector wealth.
2 

1. Zellner, "The short-run consumption function". See also p. 38 
and p. 39 above. 

2. For actual data used and sources see Appendix pp. 277-2H4 below. 



This variable (W _
1

) has performed well in the Stone-Rowe model and 

also in various tests of the Life Cycle Hypothesis. A priori 

expectations are that 0 < b < 1 and 0 < c < 1. Hypothesis four 

includes lagged consumption as an explanatory variable: 

H(4): C = a+ bX + cL_1 + dC_1 
(7 .6) 

A priori expectations are that 0 < b < 1, 0 < c < 1 and 0 < d < 1. 

The study by Brown showed the following formulation to be a good 

performer for Canadian data: 

where x0 is the highest previous value of X and Ac is Brown's proxy 

1 variable for the stock of liquid assets. We shall test this using 

the three series L :
1

• L ~l and w_
1 

in place of A~. Thus we have for 

hypothesis five: 

II(S): c a + bX + cXO + dl 
'-1 (7.7) 

1 l 12 w1ere L_1 is approximated by L_
1

, _
1 

or w_
1

. A oriori expectations 

are that 0 < h < 1 and 0 < d < l. The sixth hypothesis is: 

H(6): a + b 
x_l 
--+ 
XO 
-1 

This has been tested successfully by Duesenberry ~~. 2 A nriori 

1. See P• 36 above. 

2. See p. 43 above. 
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expectations are that a> O, b < 0 and 0 < c < 1.
1 

Hypothesis (7) is a reformulation of the Arndt-Cameron 

constnnption function. First it is assumed that non-farm consumption, 

CNF, is detennined by non-farm disposahle income, XNF: 

a + SXNF ( 7. 8) 

On the other hand farm conswnption levels are influenced, by a lagged 

adjustment process, by non-farm consumption: 

00 

CF (1 - A) >.i NF (7.9) = I. c_i 
i=O 

c = CF + CNF 

i.e. c (1 - ;\)(CNF+ ;\C~~ + ••• ] +a+ SXNF (7 .10) 

Applying a Koyck transformation to (7.10) yields: 

(7 .11) 

Substituting (7.8) into (7.11) and rearranging gives 

C = 2a(l - A) + B(2 - A)XNF - ~\XNF_1 + \C_1 
(7.12) 

Observations on the variable XNF are not puhlished, and indeed cannot 

be ohtained since it is impossible to find out what proportion of 

indirect taxation is paid bv the farm (or non-farm) sector. Arndt 

1. See p. L12 ,above. 
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and Cameron obtained their series for XNF via a breakdown of personal 

income tax. 1 A similar breakdown for recent data is ,however. not 

possihle, 2 and therefore an alternative procedure was required. To 

obtain an estimate of XNF, suppose that the share of non-farm disposable 

income in total disposable income is equal to the pre-tax share of 

non-fann income in total personal income, i.e. 

XNF YNF 
x y 

where Y =personal income before taxes, YNF =non-farm personal income 

before taxes. Therefore we can write 

XNF ( YNF ) X 
y (7.13) 

This assumption is unlikely to be true, hut there is no way of knowing 

whether it will result in a more or less accurate measure of XNF than 

any other assumption. Substituting into (7.12) gives 

H(7): c = YNF YNF 
a + h ( y ) X + c ( y ) - l X - l + dC -l (7. J.li) 

Since it is reasonable to suppose that 0 < >. < 1 and 0 < B < 1, 

expectations are that 0 < b < 2, -1 < c < 0, 0 < d < 1. 

Hypothesis (8) is based upon various ideas from the Permanent 

Income Hypothesis and other associated work. 3 First we assume that 

1. Arndt and Cameron, "An Australian consumption function", 
footnote 1, pp. 108-109. 

2. See Zerby, "An econometric model of monetary interaction in 
Australia", footnote 14, p. 159. 

3. See chapter 3 above. 
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total consumption can be snli t into two components - permanent 

consumption and transitory consumption: 

c cl + c2 (7.15) 

The simple PIH is adopted to explain c1
, i.e. 

= (7 .16) 

2 
The Zellner, Huang and Chau explanation of C by a liquid asset 

imbalance
1 

is adopted: 

(7 .17) 

d 
~1ere L is desired holdings of liquid naaets at the end of the current 

period. Substituting (7.16) and (7.17) into (7.15) yields: 

c 

To explain x1 and Ld we use 

xl (1 - >.) 

00 

l: 
i=O 

(7.18) 

(7.19) 

(7. 20) 

(7.19) is the most commonly used device for estimating permanent 

income, while (7.20) was the relationship chosen by Zellner, Huang 

2 
and Chau. Substituting (7.19) and (7.20) into (7.18) and applying 

1. See p. 75 above. 

2. See P• 82 and n. 85 above. 



a Koyck transformation yields: 

c ( 7. 21) 

where a 

This was further varied by the addition of the variable At: an index 

of constnner attitudes, and (Gt - i\): a government policy variable 

1 
along the lines suggested by Stone and Rowe. Gt is the normal level 

of Gt. If Gt is above Gt it is assumed that the government is 

attempting to depress constnner spending. Thus the coefficient of 

(G - G ) can be expected to he negative. The nttitudcG variable is 
t t 

introduced in the belief that consumers' attitudes towards such factors 

as expected price and income movements can influence aggregate 

spending. 2 With the addition of these variables (7. 21) becomes: 

H(8): c aX + bL_1 + cc_1 + dA + e(G - G) (7. 22) 

Four different forms of this were obtained: (i) by putting d = e = O; 

(ii) by putting d = O; (iii) by putting e = O; (iv) by leaving the 

values of d and e unspecified. Three series for L_
1 

were tried: 

1. See p. 92 abo~e. A description of the construction of series 
for At, Gt and Gt is given in section 7.3 below. 

2. Much of the work on the influence of constnner attitudes has been 
done by G. Katona and E. Mueller. A summary of some of this work 
is given in G. Ackley, Macroeconomic Theory (New York: Macmillan, 
1961), pp. 288-295 and D. B. Suits, "The Determinants of Consumer 
Expenditure: , A Review of Present Knowledge", pp. 18-19. 
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L.=
1

, L~ 1 and w_
1

. Thus, in total,12 regressions were performed. All 

estimates by Zellner, Huang and Chau showed a= (a1 - a 2n)(l - A) 

and b = a
2 

to be positive fractions.
1 

In addition,c =A should be 

a positive fraction, and,as said above,e should be negative. Hence, 

a priori expectations about signs and magnitudes are 

0 < a < 1, 0 < b < l, 0 < c < 1, e < O. 

Hypothesis 9 was reached by replacing the geometric lag in 

(7.19) with 

xl 
n-1 

I. wi x_i 
i=O 

Substilutlug (7.19') and (7.20) into (7.18) yicldn: 

n-1 
C = (a1 - a 2n) I w1 X . + a 2L 1 i=O -i -

After adding A and (G - G) we have for H(9) 

H(9): c 
n-1 

I a 1x_i + bL_1 + cA + d(G - G) 
i=O 

(7.19') 

(7.23) 

where a
1 

= (a
1 

- a
2
n)w

1 
and b = a

2
• Since it is reasonable to suppose 

that the marginal oropensity to consume out of both current and lagged 

income is some positive fraction,we specify a priori that 0 < ai < 1 

for all i. In addition, we would expect 0 < h < 1 and d < 0. 

1. See Zellner et. al., "Further analysis of the short-run consumption 
function", Tabl;s-I to IV. 



226. 

The weights ai in (7.23) were estimated by the Almon 

1 variable technique. This technique involves transfonning the 

observations on X into a corresponding set of observations on a 

mnnber of "Almon" variables. (7.23) is then estimated with the 

Almon variables in place of the X_i. From the estimated coefficients 

of the Almon variables the weights a. can be calculated. 
1 

Since the 

technique assrnnes that the weights lie on a polynomial of some 

specified degree, it is necessarJJ before estimation is possible, to 

specify both the degree of the polynomial (q + 1) and the length of 

the lag (n). In the estimates of H(9). polynomials of degree 2, 3 and 

!~ were used. Lags of length 2 to 10 were used with the second degree 

polynomial, 3 to 10 with the third degree polynomial, and 4 to 10 with 

the fourth degree polynomial. Two considerations were used in 

detennining the lag length: (i) the requirement q < n had to be 

2 obeyed, and (ii) it is unljkely that values of X more than 10 periods 

in the past will exert an influence on consumption spending. 

I f 
1 

1
2 

Tlree dif erent series for L_
1 

were used: L and W -1' -1 -1· 

In addition four variations of (7.23) were obtained: (i) by putting 

c = d = 0, (ii) by putting c = 0, (iii) hy putting d = 0, (iv) by 

leaving c and d unrestricted. Hence,twelve different forms of (7.23) 

were tried. As has been seen in the previous paragraph,24 different 

combinations of n and q were used with each regression. Thus, in total, 

288 regressions were perfonned. 

1. See appendix 7.1 below for a brief outline of this method. 

2. See appendix 7.1, p. 267 below. 
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Hypothesis (10) consists of the following set of 

relationships 

c cl + c2 (7 .15) 

cl a 1X 1 (7 .16) 

c2 = a2(W_l - Wd) (7. 24) 

xl = 
n-1 

l: wi x 
-i 

i=O 
(7.19') 

m-1 
L: v. w 

-1-i 
i=O l 

(7.25) 

That is, transitory consumntion c2 
is now made proportional to the 

imbalance in total wealth stocks of the nrivate sector. The unobserved 

variables, x1 and Tvd, are both explained by distributed lag relation

ships involvin8 past values of W, in the case of Hd, and current and 

past values of x, in the case of x1
• wd is thus approximated bv a 

relationship similar to that used by Stone and Rowe to estimate 

1 d 
permanent wealth and the term (w_

1 
- W ) is therefore similar to 

l . . ] l 2 t1e1r transitory wea.t1 term. Substituting (7.16), (7.24), (7.19') 

and (7.25) into (7.15) yields: 

c (7. 26) 

1. See p. 8<) above. 

2. Seep. 94 above. 
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n-1 m-1 
i.e. c = L aix-i + bW_l + L c.W 1 i 

i=O i=O 1 
- -

(7.27) 

we have for H(lO): 

n-1 m-1 
H (10): c E aiX-i + bW_1 + E ciW-l-i + dA + e(G - G) 

i=O i=O 
(7. 28) 

A priori expectations are that 0 < a1 < 1, 0 < b + c0 < 1, 0 < ci < 1 

(O < i < m - 1), and e < O. 

Four different forms of H(lO) were obtained: (i) First by 

putting d = e = O, (ii) second by putting d = 0, (iii) third by putting 

e = O, and finally by leaving d and e unrestricted. The two sets of 

weights in (7. 28) were estimated by the Almon variable technique. If 

each lag structure had been estimated in the same way as was the one 

structure in H(9) 1 there would have been a total of 24
2 

different 

Almon specifications of the lag structure. Combined with.the four 

different forms of H(lO), this would have resulted in over two thousand 

estimates of H(lO). To make the problem of choosing a best estimate 

feasible, it was decided to limit the longest lag to 4. Polynomials 

of degree 2, 3 and 4 were used, but it was specified that both lag 

structures were to he estimated using polynomials of the same order. 

2 These restrictions resulted in 14 different Almon specifications. 

1. i.e. with polynomials of degree 2, 3, 4 each with la~s of appropriat 
,length up to a length of 10 - giving a total of 24 different 
specifications. 

2. e.g. with polynomials of degree 3 there were four possible 
combinations of lags: (3, 3), (3, 4), (4, 3), (4, 4), where the 
first number of each pair refers to the length of the lag on X, 
and the second number to the length of the lag on w_1 • 
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Combined with the four different forms of H(lO) this gave a total of 

56 estimates. 

The final hypothesis for testing is: 

H(ll): c aX + bC_1 

This is derived from the simple PIH 

c = aX 1 

1 where X is estimated by a geometric lag 

xl = (1 - A) r. 
i=O 

0 < et < 1 

0 < A. < 1 

(7.29) 

(7. 30) 

(7. 31) 

Substituting (7. 31) into (7. 30) and applying a Koyck transformation 

yields 

i.e. H(ll), where a = a and b = A. Hence, given the likely values of 

a and A a priori expectations are that 0 < a < 1 and 0 < b < 1. It is 

to be noted that this is identical to 11(2) except that the intercept 

term of H(2) is suppressed to give ll(ll). 

It may be informative at this point to recall just how much 

work on the above eleven hypotheses has been done with Australian 

data. In the case of H(l): C =a+ hX, two estimates have been 

reported above, one by Lawler using annual constant price data and one 

1 by Auld (in first difference form) using quarterly current price data. 

1. See table 6.1, n. 183 above. 
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H(2) introduces lagged consumption into the consumption function. 

Podder has estimated this function with annual constant nri.ce data, 

but using gross national product in place of oersonal disposable 

income. 1 Zerby and Nevile have also estimated versions of H(2). In 

the estimate by Zerby YF, YNF and Total Taxes were used in r>lace of 

disposable income. Nevile employed non-fann disposable income in 

place of disposable income. Both Zerby and Nevile used annual constant 

price data. 
2 

A version ofH(3): c = a+ bX + cL -1 
has been tested by 

Lydall using annual current price data. 3 
II (4): C = a + bX + cL_

1 
+ dC 

has been estimated by the Reserve Bank of Australia using quarterly 

-1 

. d 4 constant price ata. The Ducscnbcrry hypothcsic H(6): 
c x_l 

--=a+b 

c_l 
X_l XO 

-1 
+ c ~- has been tested in the Commonwealth Treasury study using x_2 

5 YNF YNF quarterly current price data. H(7): C =a+ b( Y )X + c( Y )_
1
x_

1 

+ dC_1 has not been tested at all, but the simple Arndt-Cameron function 

6 has been tested by Arndt and Cameron using annual constant price data, 

7 Cameron using quarterly current price data, Nevile using annual constant 

l. See tahle 6. 2TI , 11. 200 ahove. 

2. Ibid. 

3. See table 6.1, p. 183 above. 

4. See (6.51), p. 208 above. 

s. See (6.53), f'. 210 above. 

6. See table 6.1, p. 183 above. 

7. Ibid. 
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1 price data, and a mnnber of others. On the other hand, hypotheses 

H(5), H{8), H(9), H(lO) and H(ll) have not been tested at all, even 

indirectly. 

Thus, the mnnber of hypotheses tested directly is only 

five (H(l), H(2), H(3), II(4) and H(6)), and the number of estimates 

of these hypotheses is not more than one or two. In addition, as was 

stated in chapter one, our prime interest at this stage is in 

estimates employing quarterly data.
2 

Further, it will be argued below 

that the constant price form of the functi.on is to be preferred over 

3 that using undeflated data. In all the above mentioned studies of 

the Australian consumption function there is but ~ quarterly study 

using deflated data, namely the Renerve Bank eE:timate of H(l1). It is 

safe to conclude then that there is a most substantial deficiency in 

Australian research in this area, and we hope in the rest of this 

chapter to make some contribution towards improving the situation. 

We begin in section 7.3 with the consideration of certain questions 

relating to treatment of data and methods of estimation. 

7.3 Statistical questions relating to data and estimation The 

material in the section is dealt with under two sub-headings. Under 

the sub-heading "data" the following points are discussed: (i) What 

definition of consumption are we to use? (ii) What devices are needed 

1. See table fi.7-A, p. 192 ahovc. 

2. See p. 7 above. 

3. See pp. 235-236 below. 



232. 

to overcome any lack of data? (iii) What methods are to be used 

(a) to deflate data, and (b) to take account of seasonality? Under 

the sub-heading "estimation methods", the estimation methods are 

discussed, along with any likely statistical problems. Finally, a 

list of the various statistics calculated with each estimate is given. 

7.3.1 Data The first question relating to data concerns the 

definition of consumption to be employed. Ideally, consumption 

expenditure is equal to aggregate expenditure on single-use goods 

and services plus the use value of consumers' stocks of durables. 

Purchases of durable goods by consumers would then be classed as an 

investment. However, statistics of the use value of stocks of consumer 

goods are not available. Rather than attempt to c'"'nstruct such· 

statistics
1 

it was decided to estimate each hypothesis first with 

statistics on total consumption,_(C) and then with statistics covering 

expenditure on non-durable goods and services (CND). The first set 

2 
of estimates are shown in table 7 .1, while those using CND as 

3 dependent variable are shm.m in 7. Li. 

The next question that had to he considered was the 

availability of data. Most statistics required were obtained from the 

regular publications of the Commonwealth Bureau of Census and Statistics 

1. Such statistics have been constructed by, for example, R. L. Moore, 
"The Permanent Income Hypothesis: evidence from post-war time 
series data". 

2. Seep. 245 below. 

3. See p. 256 below. 
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or the Reserve Bank of Australia. Data for the four variables XNF, 

A, G - G, and w_
1 

did, however, pose a problem. As noted in section 

YNF 7.2 a proxy, ( -y- )X, had to be used in place of XNF. The series 

for total private sector wealth, W, was obtained from a Reserve Bank 

of Australia discussion paper. 1 This paper gave estimates of closing 

stocks of wealth for the third quarter 1958 throu~h to the fourth 

quarter 1969. 

The rate of sales tax on motor vehicles (STMV) was used as 

a measure of the government policy variable G. STMV has been used 

many times in the past as a measure of government efforts to affect 

consumer expenditure on motor vehicles.
2 

For comparison, Stone and 

Rowe 111 their ~Jork enrnloyec.l the percentage downnaymen t on the hi re

purchase of radio and electrical goods as a measure for G.
3 

Since 

there is no officially specified downpayrnent percentage in Australia, 

this measure was inapplicable. G was put equal to an unweighted 

average of G in the previous four quarters. The only difficulty 

associated with the use of STMV concerned its value in those quarters 

in which the rate of sales tax was altered. In such quarters G was 

put equal to a weighted average of the old and the new rates, with 

the weights being the number of days in the quarter for which the 

1. J. Helliwell et. al. Quarterly Estimates of Private Sector Wealth 
(Reserve Bank of Australia, Research Discussion Paper No. 18, 1971). 

2. See Nevile, "A sinrple econometric model of the Australian economy"; 
Kmenta, "An econometric model of Australia 1948-61". 

3. See Stone and Rowe, "A post-war expenditure function", p. 199. 



old rate applied and the number of days for which the new rate 

applied respectively. 

The index of consumer attitudes, A , presented the most 
t 

difficult problem. Ideally, of course, such an index ought to be 

based upon some survey of consumers. ,Such an approach was out of 

the question for two reasons however. Firstly, the index should 

reflect the attitude of Australian consumers and the time and 

expense involved in constructing anJ carrying out an Australia wide, 

statistically reliable survey is obviously too great for a study of 

this nature. Secondly, and far more critically, even if such a 

survey were carried out it would provide only a single observation 

on At. In the United States, on the other hand, surveys of consumer 

attitudes have been carried out on a semi-annual or quarterly basis 

since the beginning of the 1950's.
1 

In place of the survey aoproach 

we looked for a number of proxy variabl~s for A which (i) may have 

values reflecting current consumer attitudes, or (ii) may in themselves 

influence consumer attitudes. Four variables were chosen: (a) The 

quarter-to-quarter percentaRe change in the consumer price index, 

(b) The quarter-to-quarter percentage change in average weekly earnings, 

(c) The quarter-to-quarter changes in outstanding instalment credit 

balances financed by all businesses, (d) total registered unemployed. 

1. See E. Mueller, "Ten years of consumer attitude surveys: their 
forecasting record", Journal of the American Statistical Association 
Vol. 58 (1963), pp. 899-917. 
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It was felt that (a), (b) and (d) may influence consumer attitudes, 

\1hile (c) reflects consumer attitudes. To attempt to overcome the 

problem of different units, each sc>ries was first divided through by 

its value in the four quarters of l963. The resulting four series 

were then added together to give the attitudes index. From the 

nature of the construction of the attitudes index it is difficult 

(or impossible) to form any expectations as to the likely sign or 

magnitude of its coefficient in a regression. 

Quarterly price defl:-ited data for the period 1959(2) to 

1969(1) were used throughout, giving a total of 40 observations. 

Quarterly data was used because we were looking for estimates of the 

short-run consumption function. Quarlerly rlata also has the advantage 

of substantially increasing the ntDUber of observations available for 

1 use. One reason for using deflated data is that at the micro level 

demand functions for goods are homogeneous of degree zero in prices 

? 
and income,- i.e. there is absence of money illusion. Hence, we would 

expect at the aggregate level a similar absence of money illusion.
3 

1. While the use of quarterly rather than annual data increases the 
number of observations hy a factor of 4, it does not increase the 
amount of statistical information by the same amount. See 
L. R. Klein, A Textbook of Econometrics (Evanston, Illinois: Row, 
Peterson and Coy,, 1953), p. 314 where Klein points out that the 
use of quarterly data will not lead to an increase in the number of 
degrees of freedom by a factor of 4. 

2. See J. M. Henderson and R. E. Quandt, Microeconomic Theory 
(New York: ikGraw-Hill, 1958), pp. 21-22. 

3. However, see Branson and Klevorick, "Money illusion and the 
aggregate consumµtion function", for one study in which results 
indicate that money illusion is a significant factor at the 
aggregate level. 
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This requires that the variables in the consumption function be 

expressed in real tenns. In the results below all data, where 

apuropriate, have been deflated by the consumer price index,base 

1966-67 = 100. The consumer price index has been used as it seems 

more sensible to deflate consrnnption and income data etc. by an 

index relevant to the decisions of consumers. Carl Christ also 

provides arguments for deflating all variables by a single price 

index.
1 

Since we arc using quarterly data some allowance must be 

made for seasonality. There are two ways of treating seasonal effects: 

(i) Use deseasonalized data obtained by the use of, for example, 

four-quarter moving averages; (ii) Use undeseasonalized data while 

attempting to take account of seasonal effects by introducing additive 

or multiplicative seasonal dummy variables. If deseasonalized data 

were available (i) would be preferable to (ii) since it is 

computationally less burdensome. However, deseasonalized data were 

not available for all variables and hence there was little to choose 

between the methods on grounds of computational ease. There are 

some theoretical reasons for nreferring (ii) over (i). Firstly, the 

inclusion of seasonal dummies gives the onportunity for testing 

hypotheses about the affect of seasonality upon parameters. Secondly, 

the inclusion of the seasonal dummies makes quite clear that some 

degrees of freedom are lost by attemnting to take account of seasonality 

1. C. F. Christ, "Aggregate econometric models", American Economic 
Review, Vol. 46 (1956), u. 396. 
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In addition to these thcoreti_cal reairnns there Is some cm pi rical 

evidence that seasonal dummies ls the preferable method. Using 

covariance analysis G. W. Ladd found in five out of six studies 

examined that- the additive seasonal dummies model was preferable to 

1 
the use of seasonally a<liusted data. Norton and Broadbent made 

a number of estimates of the Australian consumption function using 

quarterly deflated data. The equations were estimated using both 

seasonal dummi.es and seasonally adjusted data. They concluded that 

"In the equations based on seasonally adjusted data the 
performances of the relative price and liquid wealth 
variables are poorer and the Durbin-Watson ratios are 
markedly lower [than in the equations using seasonal 
dummies] • "2 

As a consequence they presented the P-stimates based upon the seasonal 

drnnmies. In view of these theoretical and empirical results the 

various hypotheses, with the exception of H(ll), were estimated with 

additive seasonal dummies. Thus, for example, H(l) with seasonal 

dummies becomes 

c (7. 32) 

where Qi = 1 during quarter i and = 0 during other quarters. This 

treatment implies that seasonality affects the intercept term, but 

leaves the slope coefficient, b, unaltered. 

1. G. W. Ladd, "Regression analysis of seasonal data", Journal of 
the American Statistical Association, Vol. 59 (1964), n. 420. 

2. Norton and Broadbent, Equations for Personal Consumption 
Expenditure, fn. 1, p. 7. 
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7.3.2 Estimation methods Hypotheses one to ten were estimated 

by single equation least squares. Since the consumption function is 

in reality part of a simultaneous svstem of relationships, the 

parameter estimates obtained will be biased (simultaneity bias) and 

indeed will not even be consistent.
1 

A consequence of this lack of 

consistency will be that estimates will be biased even for large 

2 
samples. For rather specialized cases it is possible to show that 

the estimated coefficient of disposable income will be biased upwards 

from its true value. 3 

Even if this simultaneity problem were not present least 

squares estimates of some hypotheses will be biased due to the presence 

4 
of lagged values of the dependent variable among the re~ressors. 

This bias is known as distributed lag bias. In addition the estimates 

may also be inconsistent, and therefore biased even for large samples. 5 

Note that in the case of H(9) and H(lO), where the distributed lag 

weights are estimated using the Almon variable method, lagged values 

of the dependent variable do not occur amongst the regressors and, 

hence, the estimates will be free of distributed lag bias. 

1. See, for example, Johnston, Econometric Methods, pp. 231-234. 

2. Ibid. 

3. Ibid., p. 234. 

4. Ibid., pp. 211-215. 

5. Goldberger, Econometric Theory, pp. 276-277. 
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The form of 11(11) wns such that it was possi.hlC' to apnly 

two recently rironoscd t'sti.nwtion methods as nltcr.natives to .least 

1 
squares. These method!~, one proposed hy Llviatan and an iterative 

procedure discussed by Dhrymes, K1ein and Steir,litz (DKS),
2 

have the 

property that they give consistent estimates under a weaker set of 

assumptions than is required to obtain consistent estimates by least 

squares. For the application of both of these methods it was necessary 

to work with deseasonalized data. This data was obtained by the use 

of a four-quarter moving average. 

With H(l) to H(8) the follmJing statistics were calculated: 

-2 
R , SE, t-ratios, and either the Durbin-Watson or Durbin statistic. 

The last two statistics mentioned are designed to test for possible 

autocorrelation of disturbances, the Durbin statistic being designed 

for regressions including lagged values of the dependent variable 

amongst the regressors. This statistic is defined as
3 

h (1 - ! d) /- n 
2 V ~ - nV().) 

1. N. Liviatan, "Consistent estimation of distributed lags", 
International Economic Review, Vol. !1 (1963), pp. 44-52. 

2. P. J. Dhrymes, L. R. Klein, and K. Steiglitz, "Estimation of 
distributed lags", International Economic Review, Vol. 11 (1970), 
pp. 235-250, esp. pp. 244-245. Both the Liviatan and DKS estimators 
are discussed in P. J. Dhrymes, Distributed Lags: Problems of 
Estimation and Formulation (San Francisco: Holden-Day, Inc., 1971), 
Ch. 5. 

3. See Durbin, "Testing for serial correlation in least squares 
re.1;ression uhen some of the regressors are lagged dependent 
variables", p. 419. 
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where d is the value of the Durbin-hlatson statistic, (n + 1) is the 

sample size and V(A) is the estimatP.d variance of the SF.LS estimate 

of the coefficient of yt-l' where yt is the cle"!1Pndent variable. 

The statistic is testf'd as n standard normal deviate. Clearly the 

test based u11on this statistic is inapnlicab le \Jhenever nV(A) ~ 1. 

In such cases the Durbin-Watson statistic, although not strictly 

appropriate, is used. For H(9) and Il(lO) the following statistics 

were calculated: n2 , SE, t-ratios (or the estimated coefficients 

of the Almon variables, and the Durbin-Watson statistic. t-ratios 

for the actual distributed lag weights have not heen calculated. 

In the case of H(ll) our princinal interest lny in the size of the 

estimates given bv the alternative estimation methods, and consequently 

no accompanying statistics were calculated. 1\fe shall now present and 

discuss the results ohtainPd. 

7. 4 Estimates of the short-run consumption function From section 

7. 2 a~ove it should be clear that for some hypotheses more than 

one regression has been carrieil out for ench <lefi.nition of the 

dependent vari.ahle. ln the case o[ ll(l), !1(2), 11(6) and fl(7) 

only one r~sult was obtainccI.
1 

l)ut for 11(3), !l(4) and H(S) three 

] 
regressions 1:ere carried out - one usin~ L_

1
, a further one usinr, 

~ 
L_

1
, mid another using the w1~nlth series ~ .. ·_

1
• For l!(S), twelve 

estimates .,,ere ohtainecl by the use of the three series L :
1

, L=
1

, 

w_
1 

in coniunction with the four fonns of H('3) ohtained bv the 

1. i.e. one result for total consumption, C, and one result for 
consumption of non-durables, CND. The results are separately 
renorted' in tables 7.lA and 7.4A. 
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(i) putting d = e = 0, (ii) putting d = 0, (iii) putting e = 0, 

1 (iv) leaving d and e unrestrictC'd. Fin:illy, for 11(9) and H(lO) 

2 
288 and 56 estimatl"s n~spectively were calculate<l. Before 

considerinp, the results we shall go over the methods used to select 

the reported estimate from the available alternatives. 

In the case of H(3), H(5) and H(4, 8) the criteria used 

were: (i) The estimate must be accompanied by a satisfactory value 

of the statistic d or h, i.e. the null hypothesis of zero first-

order autocorrelation of disturbances must be acceptable at the 5% 

level; (ii) The accompanying t-ratios must show the estimated 

parameter to be statistically different from zero at the 5% level of 

significanc~; (iii) Parameter estimates should conform with prior 

expectations as to sign and magnitude. For each hypothesis there 

was no more than one estimate satisfying all three criteria. For 

some hypotheses no estimate satisfied all three criteria. In these 

circumstances a subjective choice had to be made with the aim of 

getting "reasonable" values for t-ratios and d or h. In the case of 

H(4, 8) three results are presented in table 7.lA. Of these H(4, 8): 3 

seems the best in terms of t-ratios and the statistic d or h. However, 

3 the implied long-run marginal propensity to conslDlle is only O. 357. 

1. See p. 22!1 above. Note that the form of H(8) obtained by putting 
d = e = 0 is precisely ll(4). For this reason H(4) and H(S) have 
been treated together and r~sults are reported as H(4, 8). 

2. See p. 226 and p. 229 above. 

3. The long-run marginal propensity to consume is found by suppressing 
time subscripts in the consumption function and solving for C. The 
resulting coefficient of disposable income is then described as the 
long-run m.p.c. Hence, the long-run m.p.c. corresponding to 

C = a + bX + cC 
1 

is b 
t t t- 1 - c 
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Estimates U(4, 8): 1and11(4, 8): 2 are not significantly poorer 

in terms of t-ratios etc. but have more reasonable values for the 

long-run marginal propensity to consume, namely 0.591 and 0.892 

respectively. 

In the case of T1 (9), 12 separate regressions were performed 

for each of 24 lag structures. To find the best estimate we her.an 

by looking for the Jag structure givinr, the lowest value for SE, the 

adjusted standard error of the estimate, for each list of regressors. 

The resulting structures were all based upon polynomials of degree 4, 

and the weights took on a rather imT>lausihle U-shape. Attention was 

then directed to structures based U1JOn polynomials of degree 3,since 

these appeared to give the ne."'Ct best set of values for SE. From these, 

the estimates with satisfactory t-ratios vere chosen. The final 

estimate was then selected, on a somewhat more subjective basis, 

taking into account (i) the value of the Durbin-Watson statistic, 

and (ii) the signs and magnitudes of parameter estimates. This 

procedure was anplie<l both for the estimates involving the variable C 

and those involvinp.; the variable CND. 

In the case of H(lO), 4 regressions for each of ll1 lag 

structures were carried out. With C as dependent variable we began 

by looking for the lag structure which minimized SE for each list of 

regress ors. Since the distribution of SE was rather "flat': a fairl~r 

wide choice amongst structures based upon nolynomials of degree 3 and 

4 was still possible. However, the variables A and (G - G) were 

insignificant whenever included, and the reported result was chosen 



from amongst the remaining regressions on the basis of good values 

for t-ratios. The results with CND as dependent variable were in 

general unsatisfactory. The minimtnn SE criterion resulted in choice 

being restricted to structures based uµon polynomials of degree 2 

with a relatively long lag. Amongst this set of estimates none could 

be found with a satisfactory set of t-ratios. The result presented 

1 
is typical of those available. 

The selected estimates of the various hyµotheses are 

? 
presented in tables 7.1 and 7.4 below.- In table 7.lA the results 

are given for the case where total consumption, C, is the dependent 

variable. For convenience the estimates of the four intercept 

3 parameters are given separately in table 7.lll. This convention has 

not been followed in the case of H(6) - the Duesenberry/Eckstein/ 

Fromm function - because of the special significance of the intercept 

term in that hypothesis. The estimated coefficients of the Almon 

variables and the associated distributed lag weights for H(9) and 

H(lO) are given in table 7.2. Tables 7.4A, 7.4B and 7.5 contain the 

same information for the regressions using CND (consumption of non-

durables) as dependent variable. 

1. It should be noted that outside the minimum SE choice set, the 
t-ratios were equally bad. 

2. See p. 245 and n. 2S6 resnectively. 

3. i.e. the estimates of the intercept term, a
0

, and the coefficients 

of the three seasonal dummies, a
1

, a
2

, a
3

• 
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7.4.1 The results using C We will first discuss the results 

usinr, C as ciependent variable, after which nn attempt will be m<tde 

to select the best of the estimates from tnh le 7. lJ\. 

Firstly, the Keynesian consumption function does quite 

-2 
well on the criteria of good t-ratios and a high value for R • The 

estimates of the intercept parameters indicate that seasonal-factors 

are significant. However, the Durbin-Watson statistic indicates that 

serial correlation of the disturbances may be a proble.m. 

If lagged consumption is introduced as a dependent variahle 

the problem of serial correlation, as indicated by the Durbin statistic, 

disappears. There is also an increase in the value of R2 
and a very 

largP. recluc.tion in SE. Both parameter estimates in H(2) are highly 

significant. The coefficient of disposable income falls very 

substantially and takes on a similar value whenever lagged consumption 

is a regressor.
1 

The question arises then as to whether or not serial 

correlation bias is adversely affecting the estimate. This would not 

seem to be the case since the consistent estimate of the coefficient 

obtained by using Liviatan's method is in the same region as the other 

estimates. 

A variable of interest is the liquid asset variable. 

appears twice in table 7 .lA, in the estimate of H( 3) and of H(4, 8): 2. 

In neither case is it statistically different from zero at the 5% level. 

1. See H(4, 8): 1, H(l~, 8): 2, H(4, 8): 3 and H(ll). 



TABLE 7 .lA 

ESTIMATES OF SHORT-RUN CONSUMPTION FUNCTIONS, USING OUARTERLY AUST. DATA 1959(2) - 1969(1): SLOPE ESTI~ATESa 

Method of 
Hypothesis Estimationb 

H(l) SELS 

H(2) SELS 

H(3) SELS 

H(5) SELS 

H(6) SELS 

Estimatec 

c - 0.882 x 
(37.20) 

c - 0.203 x + o.781 c_1 (3.11) (10.55) 

c -

c -

1 0.856 X + 0.102 L_1 (27. 97) (1. 30) 

0.419 X + 0.101 XO + 0.023 W_1 (4.64) (0.97) (4.66) 

c x_
1 

• 1.132 - o.153 o1 + 0.001 o2 - 0.078 Q3 (8.11) (-7.21) (0.02) (-8.69) 

x_
1 

c 
0.589 -a-+ 0.421 .....::!. 

(-4.84) x_1 (3.17) x_2 

-* SE * d 

0.975 65.82 1.43 

0.994 32.31 

0.976 65.18 1.39 

0.988 45.84 .87 

0.967 0.017 

0.94 

2.19 

H(7) SELS C = 0. 505 ( YNF ) X -
(5.50) y 

YNF 0.015 c -y- >_1 x_1 + 0.522 c_1 0.996 26.84 1.84 ** 

H(4, 8): 1 

H(4, 8): 2 

H(4, 8): 3 

H(9) 

H(lO) 

H(ll) 

Notes: 

SELS 

SELS 

SELS 

SELS 

SELS 

L 
DKS 

(-0.60) (3.11) 

c - 0.204 x + 0.001 w_1 + 0.655 c_1 (3.20) (1.64) (6.22) 

c = 0.199 x + 0.049 L:1 + 0.111 c_, - 5.925(G - G) 
(3.14) (1.10) (10.54) - (-2.11) 

c • 0.155X + o.069 L2 + o.566 c_1 - 5.382 (G - G) 
(2.48) (2.27) -l (4.66) (-2.29) 

5 
c • i: ai x_i + 0.020 w_1 i•O (4.69) 

3 2 

a estimates of the intercept para:neters are given in table 7.lB. 

0.994 31.54 1.23 

o. 994 31. 20 0.18 

0.995 29.51 1.40 

0.988 41.59 1.04 

0.989 41.92 0.94 

b SELS = Single equation least squares, L •method of Liviatan, DKS •method of Dhrymes, Klein, Steiglitz. 
c figures in parenthesis below parameter estimates are t-ratios. 
*: R2 • adjusted coefficient of multinle determination, SE • ad1usted standard error of the estimate, 

d • Durbin-Watson statistic, h = Durbin statistic. 
**: Durbin statistic could not be calculated (nV(A) > 1). 

***: DKS procedure did not converge. 



TABLE 7. lH 

ESTH1ATES OF SHOHT-IHJN CONSUMPTION FUNCTIONS, USING QUARTERLY 

AUST. DATA 1959(2) - 1969(1): INTERCEPT ESTIMATES 

Parameter a 

Hypothesis 
ao al a2 a3 

H(l) -132 .195 236.765 32 7. 402 253.935 
(-1.l+O) (7. 23) (9.66) (7.76) 

H(2) 150. 201 -390.599 -32.794 -140. 777 
(2.81) (-6.34) (-0.Sn) (-3.46) 

H(3) -433. 872 196. 750 286.170 235. 831 
(-1.74) (4.41) (6.21) (6.69) 

H(5) -38.624 -92.984 18. 725 -15.890 
(-0. 5 7) (-1.22) (0.27) (-0.27) 

H(6) See Table 7.lA 

II( 7) 265.604 -259.380 -140.706 -120.946 
(5.17) (-4. 38) (-11.18) (-3.89) 

H(4, 8): 1 127.136 -362. 354 -44.136 -138.824 
(2.35) (-5.79) (-1.17) (-3.49) 

H(l~' 8): 2 -14.136 -404.887 -52.996 -148. 640 
(-0. 094) (-6.72) (-1. 38) (-3.76) 

H(4, 8) : 3 287.737 -386.412 -103. 874 -166.546 
(3.55) (-6.80) (-2.33) (-l1. 36) 

H(9) 100.007 -3!16 .456 -221.744 -204.285 
(1. 54) (-17.52) (-10.35) (-9.11) 

H(lO) 162.476 -361.677 -227.305 -188.512 
(2.20) (-12.06) (-3.50) (-2.51) 

H(ll) Not J\pulicable 

Notes: 

a: figures ln parenthesis below estimates are t-ratios. 



Hypothesis 

Lagged Variable 

Sum of Weights 

Notes: 

TABLE 7.2 

ESTIMATED COEFFICIENTS OF AU10N VARIABLES AND DISTRIHUTED LAG WEIGHTS 

H(9) 

x 
a 

Almon Distributed 
Coefficient Lag Height 

0.169 0.1248 
(4.99) 

0.068 0.1682 
(2.29) 

0.1541 

0 .1064 

0.0489 

0.0055 

0.6079 

Almon a 
Coefficient 

0.207 
(3. 71) 

0.136 
(2.94) 

x 

H(lO) 

Distributed 
Lag Weight 

0.1699 

0.2087 

0.1627 

o. 0777 

0.6190 

Almon a 
Coefficient 

0.039 
(1. 65) 

-0.008 
(-1. 31) 

Distributed 
Lag Wei~ht 

o. 0432 

0.0174 

-0.0171 

0.0435 

a: figures in parenthesis below the estimate of the Almon variable coefficient 
are t-ratios. 

(-.,;) ..,.... 
'-l . 
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? 
The variable L=l appears once, in the estimate of H(4, 8): 3. 

Its estimated coefficient is statistically significant at the 5% 

level. An alternative to 1:1 and L=1 tried in most regressions was 

1 2 
w_

1
. This variable has been selected in preference to L_1 and L_1 

in the case of H(S), H(4, 8): 1, and H(9). In the case of H(S) and 

H(9) the estimated coefficient of w_
1 

is strongly significant. 

Hm.1ever, as the Durbin-Watson test indicates autocorrelation of 

disturbances in both estimates, there may be some overstatement of 

l the t-ratios. In the case of H( 4, 8): 1 the Durbin statistic 

indicates absence of serial correlation, in which case the conventional 

t-test holds. The estimated coefficient of the wealth variable is 

statistically significant there at the. 10% level. The wealth variable 

appears also in H(lO), first as a single term -0.026W_1 and secondly 

2 
as part of a distributed lag term E ciW-l-i" The coefficient of 

j=Q 

the single term is clearly not sip,nificant, having a t-ratio of only 

-0. 84. While t-ratios have not been calculated for the distributed 

lag weights, the t-ratios of the Almon variable coefficients (from 

which the weights are calculated) indicate that these coefficients 

are not significant at the 5% level. 
2 

In addition, the Durbin-Watson 

statistic indicates presence of serial correlation in H(lO). Thus 

there does appear to be strong evidence for wealth or liquid assets 

being a significant variable in the consumntion function. 

1. See p. 2li above. 

2. See table 7.2 p. 2l17. 
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Our results also throw some light on the farm, non-farm 

break up of disposable income suggested by Arndt and Cameron. When 

testing H(7) (our version of the Arndt-Cameron function) it was not 
A 

possible to calculate the Durbin-statistic, since nV(A) was greater 

than unity; however, the Durbin-Watson statistic indicates absence of 

serial corre]ation. 
-2 

In addition,H(7) has a very high value for R 

and the lowest value of SE of all the estimates in table 7.lA. The 

sign and magnitude of all parameter estimates confonns with prior 

expectations. Thus far the evidence in favour of H(7) is very good. 

IJ h ff. i f ( YNF ) X • ' • 11. iowever, t e coe 1c ent o ---y- _
1 

_
1 

is not stat1st1ca y 

significant. This coefficient is equal to 13A where B is the 

coefficient of XNF in 

NF c a + BXNF 

and A is the adjustment coefficient from
1 

(1 - A) 
00 

E 
i=O 

( 7. 8) 

(7.9) 

Hence we have f3A = 0, i.e. f3 = 0 or A = 0. Since it does not seem 

reasonable to have B in (7 .8) equal to zero, the first reaction to 

this result is to conclude that A = 0, i.e. that there is an 

instantaneous adjustment of farm consumption levels to non-farm levels. 

This evidence would tend to support the original formulation 

by Arndt and Cameron. However, the coefficient of lagged consumption 

1. See p. 221 above. 
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in H(7) is strongly significant. 
1 

This coefficient is equal to A. 

Thus we have two contrary pieces of evidence concerning the value 

of A; one :::i•poortR the Arndt-Cameron thesis while the other implies 

a lag in the adjustment of farm consumption standards to non-farm 

d d 
2 i I ff . i f ( YNF ) X stan ar s. S nee tie coe ic ents o _ Y , ( YNF ) X and 

y -1- -1 

C _
1 

are subject to a non-linear restric.tion in the parameters f3 and 

A, a proper test of JI( 7) wil 1 require the use of an estimation method, 

3 
such as that employed by Zellner, Huang and Chau, which incorporates 

this constraint. 

A further question concerns the usefulness of the variable 

x0 • This has been tested in H(5) and H(6). In H(5) the estimated 

coefficient of x0 is clearly insignificant. ThP fnrmulation in II(6) 

works much better. Parameter estimates are significant and conform 

in sign to prior expectations. However, the value of h indicates the 

presence of serial correlation and hence casts doubt upon any 

conclusions as to the significance of narameter estimat~s. 

The government policy variable was tried in the testing of 

H(8), H(9) and H(lO). In the various regressions performed it 

generally appeared with the correct sign and a fairly high t-ratio. 

It has been chosen in two out of the three reported estimates of 

H(4, 8). In general it seems to have worked more satisfactorily than 

1. 

2. 

See (7.12), p. 221 ahove. 

However, the length of the lag implied by the coefficient of c_
1 is only slightly longer than one ~uarter. 

3. See p. 81 above. 



251. 

in the Stone-Rowe model where the parameter estimate was insignificant 

1 
when quarterly data were used. 

A final point of interest is the average lag in the 

ad_iustment of permanent income to actual income implied by the 

Liviatan estimate of H(ll). This result is an estimate of the PIH 

ftmction 

1 
(7. 30) c aX 

00 

where xl = (1 - /..) l, /..i x (7. 31) 
i=O 

-i 

A. 
The average lag is given by 

1 
_ /.. , and in this case is equal to 4. 75, 

2 i.e. almost S quarters. Using United States data Zellner et. al. 

found an average lag of 6.9 quarters in the adjustment of permanent 

. 1 . 3 income to actua income. 

Having examined the results generally, we now aim to find the 

best of the estimates in table 7 .1. This will be done mainly on the 

basis of the ex-post forecast ability of the various estimates for the 

four quarters 1969(2) until 1970(1) following the sample period. 

Rather than carry out ex-post forecasts for all estimates,we began by 

selecting those estimates: (i) which pass the Durbin or Durbin-Watson 

test, (ii) which have significant parameter estimates, and (iii) whose 

1. See p. 94 above. 

2. See footnote 1 p. 85 above. 

3. Ibid. 
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parameter estimates conform in sign and magnitude with prior 

expectations. Only two estimates complied with all of these 

requirements, namely H(2) and H(4, 8): 3. So as not to unduly 

restrict choice, three additional estimates were examined - H(4, 8): 1, 

H(4, 8): 2, and H(9). These three had been nreviously excluded by a 

narrow margin only; in the case of H(4, 8): 1 and H(4, 8): 2 the 

1 
t-ratios for the variables i.r_

1 
and L_1 , respectively, were too low, 

while H(9) had been excluded on the basis of the value of its Durbin-

Watson statistic. Three "naive" or "guesswork" models were employed 

for comparison. Naive model I (NM I) <;tates that next period's 

constnnption is equal to this period's, i.e. et+l et. Naive model 

IT (NM IT) puts next period's consumption equal to the current period's 

plus the change from last period to this period, i.e. et+l = et + 

(C - C 
1
). The third model (NM III) calculates next period's 

t t-

consumption by applying the current consumption-income ratio to next 

et 
period's income, which is assumed known, i.e. C t+ 

1 
X • Xt+ 

1
• Two 

t 

measures of predictive performance were used: (i) the average 

absolute error (ME), and (ii) the square root of the mean square error 

of prediction, i.e. 

M 
p_n_-_c~, r_)_2 

where C = the actual value of consumption, C = the corresponding 
a p 

predicted value of consumption, and n = the number of periods involved 

in the predic~ion. 
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The actun1 va Lue of consumption, the predicted values, 

and the values for M and ME 1He shown he] ow in tahle 7. 3. All five 

constnnption functions are clearly superior to the naive models.
1 

Ranking the five conswnption functions according to the values of 

A1ill and M gives 

ME M 

H(9) H(9) 

H(4, 8): 1 JI ( 4, 8) : 3 

H(2), H(/1, 8): 3 H(4, 8): 1 

H(2) 

JI ( 4, 8) : 2 II ( 4, 8): 2 

Of the five estimates tested then, 11(4, 8): 1, H(l~, 8): 3 and H(9) 

are clearly superior to H(2) or H(l;, 8): 2. Of the first three 

mentioned H(9) is the best ex-post forecaster, but its superiority 

h . d . 2 ere is not ramatic. On the other hand H(4, 8): 1 and H(4, 8): 3 

pass the Durbin-test for autocorrelated disturbances while H(9) fails 

the corresponding Durbin-Watson test. Confining attention, therefore, 

to H(4, 8): 1 and H(!i, 8): 3, there is little to choose between them 

-2 on the basis of the accompanying statistic (h, R , t-ratios, etc.). 

1. Since we are using undeseasonalized data, the naive models are at 
an automatic disadvantage with respect to the consumption functions 
(which include faciliti_es for taking care of seasonality), and it 
would be most surprising if any of the naive models had proved 
superior. 

2. The difference between the average absolute error of H.(4, 8): 1 
and H(9), for example, is only $7m. ner quarter compared with a 
figure for actual constnnption of some $3,900m. per quarter. 



TABLE 7.3 

ACTUAL A.~D PREDICTED CONSU!1PTION, 1969(2) - 1970(1) 

Actual Predicted Consumption 

Consumption 
H(2) H(4, 8):1 H(4, 8):2 H(4, 8):3 H(9) NM I J\T!-1 II 1~·1 III 

3817 3810 3824 3818 3793 3857 36LL7 3322 3773 

3843 3847 3842 3860 3834 3861 3817 3987 3874 
1-...l 
\.Jl 

4236 4137 4131 4153 4125 4154 3843 3869 4420 .::-. . 
3852 3947 3930 3968 3913 3874 4236 4629 3782 

Average 
Error 1. 75 5.25 12.75 20.75 a.so 51.25 14.75 -25.25 

A.A.E. 51.25 47.75 54.25 51.25 40.50 243.25 445.75 82.25 

N 68.72 65.50 71. 82 64. 61 47.78 287.87 501.04 102.05 
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However, the value for the long-run m. p.c. implied by H(/•, 8): 1 is 

1 
more plausible than the valuf' impli.Pd hy H(4, 8): 3, and we 

therefore choose l!(L1, 8): 1 as the best estimate. 

7.4.2 The results using CND The results obtained when using CND 

as dependent variable are very similar to those just discussed,and 

for this reason the discussion here will be brief. To facilitate 

comparison with the earlier results, topics will be discussed in the 

same order as before. 

Once again the simple Keynesian function performs well on 

the criteria of good t-ratios, high R:2 
etc. However, the Durbin-

Watson statistic indicates that serial correlation could be a problem. 

The addition of lagged CND removes any doubt about serial correlation 

of disturbances. The coefficient of disposable income drops most 

markedly from O. 786 to 0.096. Estimate H(l+, 8) also includes lagged 

CND as a regressor and the resulting estimate of the coefficient of 

X is 0.094. In both cases the estimate is statistically significant. 

Liviatan's estimator yielded 

CND 0.004X + l.006CND_
1 

A priori exnectations were that the estimated coefficient of CND_
1

, A, 

would satisfy the restriction 0 < A < 1. This restriction is needed 

because A is the adjustment coefficient in 

xl (1 - A) 

1. See pp. 241-242 above. 

00 

)~ 

i=O 



TAllLE 7.4A 

ESTI•1ATES OF SHORT-RUN CONSU'!PTION FUNCTIONS, USING nuARTEP.LY AUST. nATA 1959(2) - 1969(1): SLOPE ESTIMATESa 

Method of 
Hypothesis Estimationb 

H(l) 

H(2) 

H(3) 

H(5) 

H(6) 

11(7) 

H(4, 8) 

H(9) 

H(lO) 

H(ll) 

Notes: 

SELS 

SELS 

SELS 

SELS 

SELS 

SELS 

SELS 

SELS 

SELS 

L 
DKS 

Estimatec 

CND a 0.786 X 
(33.61) 

CND = 

CND = 

CND = 

0.096 x + 
(1.98) 

0.890 CND_1 
(14. 52) 

1 0.785 X + 0.004 L_1 (25.37) (0.05) 

0.334 X + 0.141 XO+ 0.020 w_
1 (3.53) (1.29) (3.84) 

CND c 0.913 - 0.129 o
1 

+ 0.015 o
2 

- 0.063 Q
3 (7.11) (-6.75) (0.73) (-7.61) 

x_1 CND_
1 0.458 -0- + 0.440 -x-

(-4.21) x_
1 

(3.22) -2 

--* SE * d 

0.969 64.99 1.35 

0.996 24.56 

0.968 65.93 1.35 

0.983 48.09 0.69 

0.962 0.015 

CND = 0.309 ( ~) X - 0.024 ( 'lNF) X_
1 

+ 0.649 CND_
1 

0.997 21.50 
(4.06) y (-0.26) y -l (4.52) 

CNn = 0.094 x + 0.002 w_l + 0.857 CND_l 
(l.93) (0.54) (9.85) 

5 
CND m l: ai x_i + 0.015 w_l - 6.010 (G - G) 

i=O (3. 77) (-1.92) 

3 2 
CND • i: ai x_i + 0.022 w_1 + i: ci w_

1
_i · 

imQ (1. 83) iaQ 

CND = 0.004 X + 1.006 CND_
1 

** 

0.995 24.83 

0.987 38.30 0.72 

0.986 41.88 0.75 

a estimates of the intercept parameters are given in Table 7.4B. 

* h 

-0.46 

2.21 

-0.20 

-0.39 

b SELS • single equation least squares, L m method of Liviatan, DKS =method of Dhrymes, Klein and Steiglitz. 
c figures in parenthesis below estimates are t-ratios. 
* R2 = adjusted coefficient of multiple determination, SE = adjusted standard error of estimate, 

d m Durbin-Watson statistic, h = Durbin statistic. 
**: DKS estimate not calculated. 
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TABLE 7. 4H 

ESTIMATES OF SHORT-RUN CONSU'1PTION FUNGrIONS, USING QUARTERLY 

AUST. DATA 1959 (2) - 196_~_(1): INTERCEPT ESTIMATES 

Hypothesis 

H(l) 

11(2) 

ll(3) 

H(5) 

H(6) 

H(7) 

H(4, 8) 

ll(9) 

-----· 

ll(lO) 

H(ll) 

Notes: 

-219. 383 
(-2.3'1) 

138.459 
(3.22) 

-230.977 
(-0. 92) 

-129.017 
(-1.82) 

181. 974 
(5.55) 

130.795 
(2. 86) 

-33.854 
(-0.55) 

54.820 
(O. 78) 

Parametera 

255.831 
(7. 91) 

-360.630 
(-8.17) 

25l1. 293 
(5. 63) 

-73.499 
(-0.92) 

33'-*· 873 
(10.01) 

-52.578 
(-1.78) 

313.288 
(7 .15) 

28.811 
(0.40) 

See Table.7.4A 

-2.59.225 
(-5. 53) 

-355. %0 
(-7.83) 

-262.460 
(-14.4<1) 

-297. 872 
(-14.12) 

-97 .117 
(-8.66) 

-55.518 
(-1. 83) 

-153.573 
(-7.69) 

-200.725 
(-9.52) 

Not Applicable 

251.005 
(7. 77) 

-167.014 
(-5. 34) 

250.309 
(7. 02) 

-14.799 
(-0.24) 

-136.377 
(-5.32) 

-166.892 
(-5.28) 

-169.239 
(-8.19) 

-192.132 
(-9.68) 

a: fir,ures in parenthesis helow estimates are 
t-ratios. 



TABLE 7 .5 

ESTIMATED COEFFICIENTS OF AL~10N VARIABLES AND DISTRIBUTED LAG WEIGHTS 

Hypothesis H(9) H(lO) 

Lagged Variables x x 

Almon Distributed Almon Distrihuted Almon Distributed 
Coefficient Lag Weight Coefficient Lag Weight Coefficient Lag Weight 

0.133 0.0838 0.170 0.1086 -0.002 -0.0016 
( 4. 21) (6.61) (-0.36) 

'-...;) 

'"", :n . 
0.100 0.1265 0.1629 -0.0021 

(3. 65) 

0.1361 0.1629 -0.0016 

0.1203 0.1086 

o. 0872 

0.0444 

Swn of Weights 0.5983 0. 5430 -0,0053 
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If A. > 1 it is then not possible to carry out a Koyck transformation 

to give H(ll). Nor does it make good economic sense to have smaller 

1 
weights on the recent values of X than on all other values. Thus 

it was not possible to check the estimates of the X coefficient 

against consistent estimates. The estimates obtained are, at least, 

of the same order of magnitude as that by the Reserve Bank of 

2 
Australia. 

Turning now to the 1 iquid asset variable. This is much 

less prominent than in the previous set of regressions. 1=1 appears 

? 
once, in 11(3), with a t-ratio of only 0.05. 1:1 does not appear at 

all. Hence liquid assets do not seem to be an important explanatory 

variable. This result is quite consistent with various economic 

argurnents put forward above. For example, liquid assets have some-

times entered our consumption functions via a liquid asset imbalance 

term designed to explain transitory consumption. By its nature 

non-durable consumption exnenditure corresponds more to permanent 

consumption than to transitory consumption, and hence we need not 

1 2 
expect a strong tie up between CND and L_

1 
or L_

1
• 

On the other hand w_
1 

appears four times, in H(S), H(4, 8), 

Hf9) and II(lO). Tile estimated coefficient of w_
1 

is insignificant in 

1. Without obtaining an alternative consistent estimate to the 
Liviatan estimate it was not possible to obtain a consistent 
estimate by the DKS method. 

2. In a regression for CND, where CND_
1 

was amongst the regressors, 

the coefficient of X was found to be 0 .15 76. See p. 208 above. 
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lf(/1, 8) and in the distrlhutcd l11g tt'rm in ll(l0).
1 The~ psti.matecl 

coefficient is,howevcr, strongly si~ni.ficant in 11(5) and ll(9). It 

may be that these formulations have captured some of the permanent 

wealth effect put forward by Stone and Rowe as a determinant of 

2 
permanent conswnption. 

The previous comments concerning the significance of x0 

and the division of X into farm and non-farm components apply here 

without amendment. The governmeat policy variable does not get quite 

as strong support this time. It appears only once, in H(9), 

accompanied by a Durbin-Watson statistic indicating the presence of 

serial correlation. 

Finally, the performance of I! (10) was uniformly abysmal for 

all lag structures and lists of regressors tried. 

We now conclude this section by attempting to find the best 

of the estimates in table 7.4 on the basis of their ex-post forecast 

ability. Once again the forecast period is the four quarters 1969(2) 

- 1970(1) immediately following the end of the sample period. 

Estimates H(2) and H(9) were chosen from the available estimates. 

The choice criteria used were (i) good t-ratios, (ii) a good value 

for d or h, and (iii) conformity of parameter estimates 

with prior expectations as to siBn and magnitude. The actual value 

1. To be precise the Almon coefficient generating the weights is 
not significant. See Table 7.5. 

2. Seep. 88 above. 
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of consumption, the predicted value, and the values of M and AAE 

are given below in table 7. 6. Once again the estimated consumption 

TABLE 7 .6 

ACTUAL AND PllEDICTED CONSUMPTION 1969(2) - 1970(1) 

Actual 
Constnnption 

3334 

3337 

3654 

3372 

Average 
Error 

AAE 

M 

H(2) 

3321 

3343 

3574 

3445 

3.50 

43.00 

54.62 

Predicted Consumption 

H(9) NM I NH II 

3357 3187 2935 

3360 3334 3481 

3608 3337 3340 

3408 3654 3971 

-9.00 46.25 -7.50 

187.25 364.00 

32.00 221~. 52 399.17 

NM III 

3297 

3384 

3838 

3262 

21.00 

94.50 

111. 28 

functions are clearly superior to the naive models. Of the two 

consumption functions H(9) is the better on both the value of AAE 

and M. However, the average absolute error (AAE) associated with 

H(2) is only $10m. per quarter higher than that for H(9), compared 

with actual consumution of approximately $3,400m. per quarter. At 

the same time,I1(2) passes the Durbin test while H(9) fails the 

Durbin-Watson test. -2 -Tn a<ldition, the values of R and SE for H(2) 

are better than those for H(9). Since there is nothing to choose 



262. 

between the two on the basis of t-ratios, we therefore select H(2) 

as the best estimate. 

7.5 Conclusions In this chapter we have formulated and tested 

with Australian data a number of short-run consumption functions. 

Each was tested, first with data on total consumption (C) and then 

with data on the consumption of non-durable goods and services (CND). 

The results were similar for both sets of tests and the following 

general conclusions are offered: 

1. The marginal propensity to consume out of current income is 

quite low when lagged consumption·is included in the list of 

regressors. 

1
1 2 

2. The liquid asset variables, _
1 

and L_
1

, have not been 

particularly successful (especially with regressions using 

CND). 

3. A total net personal wealth variable has featured several 

times with a strongly significant coefflcient and appears 

in the chos_en equation for total consumption. 

4. Conflicting evidence exists as to the worth of splitting 

disposable income into farm and non-farm components, and as 

to the manner of the split up. 

5. As pre_sen tly constructed the inclex of consumer attitudes is 

not a useful vartable. On the other hand some success has 

been achteved with the government policy variable G. 
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6. Generally speaking,the use of the Almon variable technique 

for estimating distributed lag weights results in poor 

values of the Durbin-Hatson statistic. 

7. The attempts to employ consistent methods of estimation 

were unsuccessful. 

8. The preferred consumption functions are: 

c = 127.136 - 362.354 Ql - 44.136 Q2 - 138.824 03 
(2.35) (-5.79) (-1.17) (-3.49) 

CND 

+ 0.204 x + 0.007 w_1 + o.655 c_
1 (3.20) (1.64) (6.22) 

138.459 - 360.630 Ql - 52.578 02 
(3.22) (-8.17) (-1.78) 

+ 0.096 X + 0~890 CND_
1 (1.98) (14.52) 

R:2 = o.994 

SE == $31. 54m. 

h = 1.23 

167.014 <13 
(-5.3l•) 

-2 R = 0.996 

SE $24.56m. 

h = -0.46 



APPENDIX 7 

7 .1 Estimation of distributed lags hv the Almon variable method 

This appendix aims to give a brief outline of the Almon variable 

1 method for estimating distributed lags. Suppose that we wish to 

estimate Friedman's PIH 

K x1 
t 

conswnption function 

(1) 

and suppose that permanent income is approximated by the n period lag 

1 n-1 
xt = E w'. x 

i=O 1 t-i 
(2) 

Substitute (2) into (1) 

n-1 
et = K [ w! x . 

i=O 1 t-1 

n-1 
[ wi X -i 

i=O t 
(3) 

where wi K w~, i ·= 0, 1, ••• , n-1. It is our desire to estimate 

The Almon method begins by supposing that the weights wi are 

the values of some polynomial w(x) evaluated at the ooints 

x = 0, 1, ••o,n-1. 
2 

That is 

1. For a fuller account of the polynomial lag model and the Almon 
variation of it, the reader is referred to Dhrymes, Distributed 
Lags: Problems of Estimation and Formulation,Chapters 3 and 8. 

2. As the nrevious footnote hinted1 this approach is taken by a whole 
class of distributed lag models, and is not unique to the Almon 
model. 
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w(i) i = o, 1, ... ' n-1 (4) 

Now, if it is known that 

w(x.) = b· 
J j 

j = 0 ' 1 ' ••• ' q+ 1 (5) 

i.e. if the value of the polynomial at each of (q+2) points x. is 
J 

1 known, then we can say that 

q+l 
w(x) = E 

j=O 

where 

q+l 
cj>. (x) TT 

J k=O 
k:fj 

<P • ( x) b. ( 6) 
J _, 

x - x k 
j = o, 1, ... ' q+l (7) 

x. - xk 
1 

Since cj>.(x) is a polynomial of degree (q+l), w(x) in (6) is clearly 
J 

of the required degree. Also cp. (xi) = oi., where oi. is the Kronecker 
_, J J 

delta. Hence w(x.) has the value b. at the point xj, .i = O, 1, ••• , q+l. 
_, J 

Thus w(x) in (6) possesses the required properties. 

Before the weights can he calculated from (6) two further 

pieces of information are required: (i) the values b. (j = o, ... ' q+l) ,. 
J 

and (ii) the (q+2) points x. (j = O, ••• , q+l). J . 

Turning to (ii) first. The Almon model asslDl!es that x
0 

-1 

and xq+l n, and that the va]uc of w(x) at these points is zero 

(i.e. ho bq+l O) • Hence, from (S) we have 

w(-1) w(n) 0 

1. G. Birkoff and S. MacLane, A Survey of ~odern Algebra (New York: 
Macmillan, 1953), p. 64. 
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i.e. zero weights before time 0 and after time n. In addition (6) 

becomes 

w(x) 
q 
i:: 

j=l 
cji. (x) b. 

.1 1 

The remaining q points xi are distributPd arbitrarily over the 

interval [O, n]. 

(8) 

Turn now to (i), the determination of the values bi. b 0 and 

bq+l have just been given values. 

substitute (8) into (3). Therefore 

n-1 q 

To find the remaininr, q b.'s first 
1 

i:: L: rp,(i) h. x . 
] ] t-1 i=O i=l 

q n-1 
L: h. E q,.(i) x . ] 

j=l ] i=O J t-1 

q 
!. b. '\· 

i=l J ] 

n-1 
where Atj = i:: rp.(i) X .• 

J t-i i=O 
Now each Atj is just a certain linear 

combination of the X's. Hence, observations on the A • 's can be built 

up. 

t] 

Estimation of the b.'s can then be made by a least squares 
J 

regression of Ct on to the CJ Almon variables Atj. 

Once the b. are estimated the weights are given by 
1 

wi = w(i) i O, 1, ••• , n-1 

where from (8) 
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q 
w(i) 1: 1' .• ,0) b. 

j=l J 

The cstJmates of w. h:rned upon the Almon model are efficient 
1. 

1 
relative to those based upon a least squares fit of (3) so long as 

n > q. 

This exposition has been carried out for the case of a 

single lagged variable. The method extends in an obvious way to 

handle the situation of more than one lagged variable and/or other 

unlagged variables. It should also be clear that the only decisions 

that have to be made by those working with the Almon method are the 

determination of n and q, i.e. the lag length and the degree of the 

-polynomial generatinp, the weights. 

1. That is, the Almon estimator, like the least squares estimator 
based upon (3), is unbiased but has a smaller variance than the 
least squares estimator based upon ( 3). For a proof of this 
result see Dhrymes, Distributed Lags, pn. 225-226. 
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CONCLUSIONS 

8.1 Introcuction In chapter one the aims of this thesis were 

stated to be: (i) To provide a critical review of the principal 

literature on the agr.;regate consrnnption function; (ii) To critically 

review the work done on the Australian agp;rega te constm1µti.on function; 

(iii) To make some contribution t01·1ards removinr, deficiencies in 

Australian work, reven]e<l by (i) and (ii), by obtaining new estimates 

of the quarterly Australi.:m agr;regate consrnnption function. He 

pursued our first aim in chapters two to five, while aims (ii) ancl 

(iii) 1.iere covered in c}1anters six anrl seven respectively. It is t~e 

purpose of this final chapter to attempt to draw up somP. conclusions 

relating to these three aims. These conclusions are nresented in 

section ~.1 below, after a discussion in section 8.2 of the 

limitations of our work. T<'inally,in section 8.4 some su~gestions for 

further work are advanced. 

8. 2 Limitations In the case of aim (i) the 1 imitations on our 

work arise from the necessary incompleteness of our review. The 

literature on the a?,gregate consumption function is so extensive that 

only a highly selective review was possible. In making our selection 

from the literature we aimed to find, and discuss, those ideas which 

seemed the most important, either from the paint of view of popularity 

or empirical success. A selection of work employin?.; these ideas was 

also made. Thus, for example, we he!'_?;an ~hnnter thr.P-e wi.th ;i <liscussion 

of the orir,inal work by Friedman on the Permanent Income Hypothesis 
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and concluded witr1 a discussion of the Stone-Rowe, and Zellner-Huang-

Chau work which employed PIH ideas. The selective nature of our 

review will have been a limiting factor, therefore, if important 

ideas have been overlooked, or if important empirical work employing 

these ideas has been omitted. The s<1mc problem was not encountered 

in the case of aim (ii). The Australian literature on the consumption 

function is far from extensive and it was decided to discuss all that 

was available. 

In the case of our third aim, to provide estimates of 

various short-run consumption functions using Australian data, the 

limitations were of a statistical nature. Firstly our conclusions 

are limited by the fact that the estimation method used was SELfJ. 

1 Therefore, as mentioned above, the resulting parameter estimates will 

suffer from simultaneity bias and in some cases from distributed lag 

bias. An attempt was made to check the results obtained by usinp, the 

estimators put fon·mrd by Liviatan and Dhryrnes, Klein and Steigli tz, 

but generally the attemnt was unsuccessful. A further problem 

experienced was associated with the lack of certain data, in particu~ar 

data on consumer attitudes. Actual observations on non-farm disposable 

income could not be obtained, and a nroxy variable ( YNF )X was used y 

instead. 

1. See section 7.3.2 above. 
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8.3 Conclusions Hi th the ahove 1 imitations in mind the following 

conclusions relating to our first aim are offered: 

1. Firstly, it is clear that we cannot sneak of the consumntion 

function very meaningfully excent as a general term coverin?-: 

a wide variety of hypotheses. The orir;inal Keynesian 

formulation, C a + bX, li;1s heen recognized as unsatisfactory 

for a lonx time. However, none of tlie comnetinR hypotheses 

that have subse<Juently been rrnt forward can he said to have 

proved itself over its rivals. 

2. The early apnroach of investigators of the consumption function 

was to add to aggregate income various lists of other macro-

economic variahles an<l then to estimate the parameters of the 

resulting equation. This arproach has been abandoned to some 

extent, and attempts to derive an aggregate function often begin 

with an examinntion of the behaviour of the individual consumer. 

The most obvious examples of this approach are the Permanent 

Income and Li fc Cycle Hypotheses. 

3. There is an incn~asing tendency to derive the consumption 

function hy fitting top.;ether several other macro relationships. 

The most obvious example of this A.oproach is the work of Stone 

and Rowe or Zellner, Huang and Clrnu discussed in chapter three. 

This approaci1 has the benefit of facilitating the formation of 

a priori expectnti.ons ahout the si~n and magnitude of parameter 

estimates. If the estimate of the resulting consumption function 

is 

i '3 

unsatisfactorv the job of tracing the source of the troubl~ 

l also made more easy. 

1. See p. 249 above for example. 
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L1. There has been increasing attention paid to the dynamic 

structure of various lagged variables. There has been 

frequent use of the geometric la~ model (for example by 

1 
Stone and Rove, Zellner, Huang and Chau, and Griliches ~~al. ) , 

and one example of the J\lr1on variable lag moJel has been 

2 
discussecl. 

5. The statistical problems associated with least squares 

are: 

estimation have been recognized and tackled by many researchers. 

Two and three stage least sciuares, limited-and full-information 

maximum likelihood methods have all been employed at one time 

or another. Methods for handling autocorrelated disturbances 

3 
have been used by 7.ellner, Huang and Ch<Ju. 

Our conclusions concerning the Australian work examined 

l. Firstly the amount of work clone is very small. Only six 

single equation studies of the nggrer,ate consumption function 

4 
could be found, one of uhich had as its primary aim an 

investigation of the effectivP.ness of fiscal tax policy. Only 

two of these used quarterly data. In neither case was constant 

1. See P· 88 , n. 77, and p. 43 above respect i vc ly. 

2. See p.129 above. 

3. See P• 8L1 above. 

4. See section 6.2 above. 
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d I · · a· · a1 
t price data use • Tle remaining stu ics examine were par 

of some model building orojcct and involved the use of 

na:rtially disa~mregatc:d consumpti.on functions. 

2. The only specifically Australian idea in the work examined 

is that advanced by J\rndt and Cameron which suggests that 

in the Australian context the a~propriate income variable for 

the basi.c Keynesian function is non-farm disposable income 

(Xl:H'), p;iving C = a + b Xl'ff. ' Wh tlc this can hardly be termed 

a very radical ldca, it was adopted for most early estimates 

') 

of the .'\ustra li'1n consumption function.~ Our conclusion on 

this idea is that the empirical evidence does not clearly 

establish the suneriority of this varinble, and that the 

formulation C a + b XNF is implausible. J\n alternative 

formulation was offered for later testing. 

3. Overseas ideas such as the T'IH and the T,CH did not receive 

any attention until the last few years. !w. yet only one 

quarterly constant price study reporting on the testing of 

these ideCJ.s has hecn nubl islwu. 

If. The "statisticaJ" riuality of the Australian work has lmprovecl 

over the years with the latest quarterly estimates being 

_') 

accomn11.nietl by t-ratjos, rr-, the r;tandard error of estimate 

and the Durbin-Y!atson statistic. The estimates have usuallv 

heen obtained by SELS, but estimates using 2SLS and 3SLS have 

also been nuhlished. 

--- ~·- -------·---
1. See sections 6.3 and 6.4 ahove. 

2. Those by Arndt-Cameron, Leser, Nevile (1962), Km.enta, Dulay, 
and, finally, Cameron (1967). 
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With re~ard to the new estimates of the Australian 

constm1ption function nresented in chapter seven 1 the following 

conclusions apply: 

1. In general,liquid assets does not seem to be an important 

variable, especially for rep,ressions involvinl:!; C".i!D ;:i.s dependent 

variable. On the other hand total nersonal wealth appeared 

in several places ~icit a stronglv significant coefficient, 

including the estimate judged to he best Fhen total constnnption 

(C) was the dependent variable. 

2. The estimates of the re formulated Arndt-Cameron function were 

not completely satisfactory and it was not possible to come 

to a specific conclusion about the worth of the non-fam 

disposable income variable. 

3. Some success vas achieved with the government policy variable 

(G - G), although it did not fi8ure in the final e<Juations 

chosen. On the other hand the consumer att1tudes index A was 

uni fonnly unsuccessful. 

l.1. The preferred equations were: 

127.136 362.354 () - '•4 .116 () - 138 • .S24 OJ 
(2.35) (-5.79) 

·1 
(-1.17) 

-2 
(-3.49 

+ 0.204 x + 0.001 w_
1 

+ 0.655 c_l (8.1) 

CND 

(3.20) 

138.459 
(3.22) 

+ 0.096 
(l. 98) 

(1. 64) (6.22) 

-2 
R 0.994, SE $31.54m., h = 1.23 

360.630 Ql - 52.578 Q2 - 167.014 Q3 
(-8.17) (-1.78) (-5.34) 

'T + 0.890 GND (8.2) " -1 (1!1.52) 

-? 
n~ = 0.9%, SE = $24.56m., h -0.!16 
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The long run marginal !'rouensity to consume implied by (8.1) 

is 0.591, and by (8.2) is 0.873. Both results can be taken 

1 
to imply some support for the PIH. 

8.4 SugP,estions for further work One area of work involves the 

construction of special series of rlnta. for example, tests of 

certain aspects of the PIH requjre that n series for consumption of 

single-use goods and services nlus the use value of stocks of 

consumer durables be available. At the moment no such series exists 

for Australia. A test of the Life Cycle Hypothesis for Australia 

would also be possible i_f a series for labour income was derived. 

A third set of series which might be constructed is one for factor 

disposable incomes. The single income variable has been disaggregated 

in this way in many overseas studies.
2 A fourth possibility is a 

series for consumer attitudes. 

A second obvious area for further work lies in the use of 

new estimation methods. For examrle, to -pronerly test II(7) in the 

previous chapter, some non-linear estimation technique is needed. 

There are also a large ntnnber of methods for estimating distributed 

lags, which have not yet been trie<l with A.ustrali.an data. 
3 

/I.. further 

1. See pp.222-4 above for the derivation of the form of (8 .1) and 
pp.218-9above for the derivation of the form of (8.2) 

2. See, for example, the estimate by Klein and Goldberger, Table 2.1 
p. 22 above. 

3. See for example L. R. Klein, "The estimation of distributed 
lags," Econometrica, Vol. 20 (1958), pp. 553-565. 



275. 

possibility lies in the use of new metho<ls for introducing lags 

1.nto the consumption function. With the exception of the work 

presented in the previous chapter utilising the Almon variable 

method, the geometric lag structure has been the only lag generating 

device used in Australian work. Another well known possibility is 

1 
the rational distribution lag structure. 

To adequately test the PIH, alternative estimators of 

permanent income should be tried. In chapter seven above, permanent 

income was estimated by a weighted average of current and past values 

of actual income with weights determined either by a simple geometric 

lag structure with weights summing to unity, or by the Almon method 

with the sum of the weights determined by the data. Other 

possibilities are: (i) The geometric lag structure used by Zellner, 

2 
Huang and Chau, with weights summing to more than unity; 

(ii) Jorgenson's rational distributed lag; (iii) Friedman's estimate 

3 of permanent income; (iv) Crockett's estimate found by fitting a 

semi-log trend curve to data on mea.c;ured income. 
4 

1. See D. W. Jorgenson, "Rational distributed lag functions," 
Econometrica, Vol. 34 (1966), pp. 135-149. 

2. See H{3), p. 79 above. 

3. See (3.13) p. 63 above. A similar method has been used in 
a- Reserve Bank study with no apparent success. (See Norton and 
Broadbent, Equations for Personal Consumption Expenditure, 
pp. 10-11). 

4. See p. 71 above. 
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It may also be possible to utilize in snmc way the 

cross-sectional data being gem~rated by the Australia-wide survey 

of consumer finances nn<l expen<li ture carried out by Drane, Ed,.;ards 

1 and Gates. An example of the use of cross-section data in n tine 

2 
series study by Klein and Goldberger has been discussed above. 

A final suggestion is that a study similar to that under-

taken by Ferber he done using Australian data. This study would 

involve the estimation of ;:i number of the better known hypotheses 

about the aggregate consumption function, and the subjection of the 

estimates to various statistical tests. One question that could be 

tackled within such a study concerns the relative merits of the 

variable non-farm disnosable income (~~F) over total personal 

disposable income (X). By estimating all hypotheses, first using 

XNF and then using X, some judgement as to the relative perfonnance 

of the two variables may be possible. 

1. See JI. R. Ech.rards and R. C. Gates, "The Sydney survey of consrnner 
finances" (paper presented to the 38th Congress of ANZAAS in 
Hobart, August, 1965) for a preliminary renort on this project. 

2. See p. 23 above. 



DATA APPENDIX 

I. Variahles Used 

(1) c = Total personal consumptjon expenditure ($m.) 

[Statistical source = (J)] 

(2) CND = Consumption expenditure on non-durable goods and 

( 4) 

(5) 

(6) 

(7) 

(8) 

services ($m.) = C minus (exnenditure on (1) electr:i.cal 

~oods, (ii) other household l~urables, (iii) purchase of 

motor vehicles). [ (3)] 

= Seasonal dummies (0. 
1 

times). 

1 in quarter i and 

Personal disposable income ($m.} [(3)] 

0 at other 

= Notes and coin in the hands of public plus current 

deposits of the public with all trading banks,, at the 

end of the previous period ($m.). [(8)] 

1 
= L_ 1 plus fixed deposits of the puhlic ivith all trading 

banks ~ savings bank deposits, at the end of the 

previous neriod ($m.). [(S)] 

Total private sector wealth at the end of the previous 

period ($m.). [(7)] 

(10) x0 
=Highest previous value of X ($m.). 

(11) y Total personal income ($m.) [(3)] 

(12) YNF Non-fann personal income = Y minus income of farm 

unincorporated enterprises ($m.). [(J)] 
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(13) A ConstUUer attitudes index, based upon: 

(i) The constuner price index [(2), No. 53 and (4)]. 

' (ii) The total balances outstanding for instalment 

cre<lit for retail sales (all husinesses). [ (1)] 

(iii) Total registered unempl oyerl. [ ( 4) ] 

(iv) Average weekly earninr,s per emnloyed male unit 

[(2), No. 50 and (5)]. 

(14) G-G Government policy variable 1Jased upon the rate of sales 

tax on motor vchiclP.s (ST>lV). [(6)] 

(15) cpi = The consumer price index (base: 1966-6 7 100). 

((2), No. 53 and (4)] 

II. Statistical Sources 

(1) Commonwealth P.ureau of Census and Statistics, Instalment 
Crerlit for Retail Sales. 

(2) Labour Report. 

(3) Ouarter]:1 Eotima.tcs of Nn ti on al Income and 
Expenditure. 

(/f) f)uarterly Summary of Australian Statistics. 

(5) Wage Rates and E~rnings. 

(6) Commonwealth of Australia, Sales Tax (Assessment) Act (1930-1970), 
an<l Sales Tax (Exemptions and Classification) Act 
(1935-1970). 

(7) J. Helliwell, et. al. ~uarterly Estimates of Private Sector 
Wealth. Reserve Bank of Australia, Research Discussion 
Paper No. 18, 1971. 

(8) Reserve Bank of Australia, Statistical Bulletin. 
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111. Data Used 

(1) (2) ( J) (4) (5) 

c CND 01 02 03 

1958:4 

1959:1 1925 1689 
1959:2 2037 1781 0 1 0 
1959:3 207l1 1781 0 0 1 
1959:4 2318 1971 0 0 0 

1960: 1 2137 1841 1 0 0 
1960:2 2273 1960 0 1 0 
1960:3 2293 1956 0 0 1 
1960:4 2495 2125 0 0 0 

1961:1 2230 1956 1 0 0 
1961:2 2311 2040 0 1 0 
1961:3 2313 2034 0 0 1 
1961 :4 2519 2192 0 0 0 

1962:1 2329 2037 1 0 0 
1962:2 2464 2.148 0 1 0 
1962:3 2471 2121 0 0 1 
1962:4 2724 2333 0 0 0 

1963: 1 2491 2162 1 0 0 
1963: 2 2623 2285 0 1 0 
1963: 3 2684 2297 0 0 1 
1963: 4 2931 2504 0 0 0 

1964:1 2.663 2. 312. 1 0 () 

l96l~: 2 2839 2451 0 1 0 
1964: 3 2888 2475 0 0 1 
1964:4 3183 2721 0 0 0 

1965:1 2886 2496 1 0 0 
1965: 2 3052 2641 0 1 0 
1965:3 3092 2680 0 0 1 
1965:4 3363 292!1 0 0 0 

1966:1 3047 2679 1 0 0 
1966:2 3228 2836 0 1 0 
1966:3 3280 2875 0 0 1 
1966:4 3609 3138 0 0 0 



28(). 

(1) (2) (3) (4) , (5) 

c CND Ql Q2 Q3 

1967:1 3301 2912 1 0 0 
1967:2 3486 3068 0 1 0 
1967:3 3563 3119 0 0 1 
1967:4 3918 338!1 () 0 0 

1968: 1 3606 3162 l 0 0 
1968:2 3779 3301 0 1 0 
1968:3 3789 3322 0 0 1 
1968:4 4198 3635 0 0 0 

1969:1 3880 3391 1 0 0 
1969:2 4092 3574 0 1 0 
1969: 3 t.143 3597 0 0 1 
1969:4 4604 3972 0 0 0 

1970:1 4229 3703 1 0 0 
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(6) (7) (8) (9) (10) 

x Ll 
-1 

12 
-1 

w 
-1 

XO 

1958:4 2549 

1959:1 2076 2549 
1959:2 2098 3393 6728 38826 2549 
1959:3 2333 3274 6676 39802 2549 
1959:4 2715 3342 6866 41136 2549 

1960:1 2242 3577 7148 42484 2715 
1960 :2 2362 3639 7238 43096 2715 
1960: 3 2441 3521 7192 43896 2715 
1960:4 2939 3470 7241 44506 2715 

1961: 1 2473 3551 7401 43955 2939 
1961:2 2439 3467 7401 45061 2939 
1961: 3 2550 3293 7301 46112 2939 
1961:4 3001 3248 7439 46166 2939 

1962:1 2511 34'l7 7753 46821 3001 
1962:2 2604 3518 7915 47603 3001 
1962:3 2675 3379 7845 47181 3001 
1962:4 32/d 3332 8026 47386 3001 

1963: 1 2685 3525 8367 48607 3241 
1963:2 2764 3587 8542 49824 3241 
1963: 3 2961 3464 8517 50288 3241 
1963:4 3579 3493 8749 51550 3241 

1964: 1 2950 3783 9242 52781 3579 
1964:2 3049 3942 9541 54425 3579 
1964: 3 3187 3732 9556 54903 3579 
1964: 4 3764 3760 9880 55720 3579 

1965:1 3266 3991 10313 57170 3764 
1965: 2 3283 L1034 10488 56872 3764 
1965:3 3400 3791 10337 56727 3764 
1965:4 3885 3689 10458 57608 3764 

1966: 1 3344 3907 10846 59544 3885 
1966:2 3!150 3931 11000 60210 3885 
1966:3 3601 3816 10938 60526 3885 
1966: 4 4247 3881 11218 61293 3885 
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(6) (7) (8) (9) (10) 

x Ll 
-1 

L2 
-1 

w -1 
XO 

1967 :1 3767 4203 11686 62833 4247 
1967:2 3738 4291 11895 63419 4247 
1967:3 3780 4074 11824 65603 4247 
1967 :4 4487 4113 12155 68438 4247 

1968:1 3763 4495 12739 70310 4487 
1968:2 4016 4507 12824 71824 4487 
1968: 3 4009 4414 12805 75484 4487 
1968 :4 5009 4421 1.30% 74825 4487 

1969:1 4281 4752 13635 78076 5009 
1969:2 4462 4885 13930 78959 
1969: 3 4553 4750 13974 77684 
1969:4 5281 4756 14267 78896 

1970:1 4762 5205 14934 81368 
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(11) (12) (13) (14) (15) 

y YNF A G - G cpi 

1958:4 83.5 

1959:1 2274 2033 83.8 
1959:2 2304 2268 2.42 o.o 84.2 
1959:3 2566 2295 1. 78 o.o 84.5 
1959:4 2998 2527 2.97 o.o 85.0 

1960: 1 2465 2281 2.02 o.o 85.8 
1960: 2 2598 2566 5.39 o.o 87.3 
1960:3 2699 2521 3.22 o.o 88.3 
1960:4 3260 2770 2.99 5.0 88.9 

1961: 1 2734 2441 0.45 4.5 89.5 
1961: 2 2703 2686 2.08 -2.7 90.1 
1961:3 2311 2581 -0.42 -2.7 89.9 
1961:4 3321 2850 0.27 -2.7 89. 6 

1962:1 2767 256() -1.08 -'},q 8q,4 
1962: 2 2866 2861 1.08 -6.4 89.4 
1962:3 2954 2721 0.79 -4.5 89.6 
1962: 4 3591 3019 1.63 -2.7 89.7 

1963: 1 296l1 2705 -0.45 -0.8 89. 7 
1963: 2 3049 3017 1.89 0 90.0 
1963: 3 3279 2941 1.10 0 90.2 
1963:4 3978 3324 1.46 0 90.1 

1964: 1 3270 2942 0.7.5 0 90.7 
1964: 2 3372 3318 3.04 0 91.5 
1964: 3 3559 3282 3,3q 1.4 92.6 
1964: 4 4219 3634 4.07 2.1 93.7 

1965: 1 3649 3266 0. 7L1 1.5 94.3 
1965:2 3672 361+5 3.12 0.9 95.2 
1965:3 3814 3598 2.81 0.3 96. 2 
1965: 4 4396 3846 3.57 o.o 97.4 

1966:1 3764 3503 -0. 39 o.o 97.6 
1966: 2 3836 3867 2.52 o.o 98.4 
1966:3 4069 3854 1.41 o.o 98.8 
1966:4 L1832 4161 3.05 o.o 99.7 
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(11) (12) (13) (14) (15) 

y YNF A G - G cpi 

1967:1 426!1 3822 0.19 o.o 100.1 
196 7: 2 4220 421/f 3. 77 o.o 101.3 
1967:3 4298 4153 J.63 o.o 102.7 
196 7: 4 5160 4559 1.94 o.o 103.0 

1968: 1 4305 L1189 0. 6] o.o 103 .l1 
1968:2 4606 4642 3.03 o.o 104.2 
1968:3 4721 4531 1.38 o.o 1011. 6 
1968: 4 5791 5029 4.13 0.0 105. 7 

1969:1 4931 4624 1.17 o.o 106.4 
1969:2 o.o 107.2 
1969: 3 o.o 107.8 
1969:4 o.o 108. 7 

1970: 1 o.o 109. 8 
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