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ABSTRACT

Consumption functions form a wmajor component of modern macroeconomic
theory. The considerable amount of econometric evidence that has been accumu-
lated since the 1930!'s has generally been interpreted as showing a significant
relationship between national income and aggregate consumption. Frequently,
classical tests of significance have been applied to the results obtained from
the estimation of aggregate consumption functions. However, it seems unlikely
that the assumptions underlying these classical tests are satisfied by the
economic time series which have been used in these studies. This paper is
concerned with more robust ways of examining the significance of such
correlation and regression studies.

The test that is used in this paper involves the estimation of
"international” consumption functions; that is, the consumption of country i
is regressed on the income of country J . Tn order for the consumption function
to be meaningful, we require that own income (j = i) be more highly correlated
with consumption than other-country (5 % i) income. Using time series on aggre-
gate consumption and income, our results tend to support the hypothesis that
regressions involving the same country's consumption and income do not indicate
a significant dependence between the two series. The result obtained from an
analysis of first differences of the series indicates that there is some relation-
ship between the own-country variables but that the strength of the association

is highly variable from one country to another.
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1, TIntroduction

Since the 1930's a congilderable amount of econometric analysis has been
devoted to the estimation of consumption functions using macro-economic time
series variables. The results of the studies in this area have generally been
interpreted as showing a significant relationship between national income and
aggregate consumption. It is frequently claimed (see Friedman (1957)) that the
estimated relationship takes a "behavioral" form which derives in some way from
the consumption behavior of individuals. However, the empirical studies of which
we are aware use seemingly inappropriate statistical methodology, and have been
lacking in justification of the aggregation from individual behavior to national
accounts which is necessary to give the results their "behavioral' content.

The purpose of this article is to show that there is very little real
evidence in the data to support the view that variation in aggregate consump-
tion can be satisfacotrily described by variation in national income. This
result does not imply anything about the determinants of individual consumption
since the data do not on theoretical grounds seem to represent a valld aggrega-
tion of data for individuals. The theoretical problems of aggregation which

are relevant to this point have been studied principally by Nyblén (1951) and

*This research was performed in the Econometric Research Program with the
support of the National Science Foundation (GS-551) and the O0ffice of Naval
Research (NR O47-086). The computations were performed on the Princeton
University 7094 Computer which is supported under NSF Grant GP 579.



Theil (1954), to whom the reader is referred for detalled analysis. On the
basis of the empirical results presented here and the theoretical work by
Nybléh it seems to us impossible to support the view that a meaningful
dependence between national income and consumption is at present justifiable

on either theoretical or empirical grounds.

2, Analysis of the Significance of Regression Relationships

Frequently, classical tests of significance have been applied to the
results obtained from the estimation of macro-economic consumption functionsal
These tests assume that the independent variables are observed without error,
the error terms for each observation on the dependent variable are uncorrelated,
and that the error terms are normally distributed with constant variance. It
seems to us somewhat unlikely that these assumptions would normally be met for
many of the economic time series which have been used in studies of the consump-
tion function. TFor this reason we have considered more robust ways of examining
the significance of the results of such correlation and regression studies.2

In order to construct tests that do not depend on the classical
assumptions of significance testing, we must attempt to assess the variability
of the estimates from the information in the sample. Particularly simple tests
which do not depend on ﬁhe distribution of the residuals can be conducted with
international macroeconomic data on income and consumption. Procedures with
similar objectives were employed by Pfanzagl (1963) in his study of the

relationship between aggregate income and price inflation.

For a survey of macroeconomic consumption functions, the reader 1is
referred to Suits (1963).

2Estimates of the significance of results are termed robust 1f they are
insensitive to the distribution of the errors in the variables.



To investigate the significance of a regression between two variables
it is natural to asgk if the observed result 1s different from the result that
would be observed if there were no linear relationship between the variables.

Suppose that we consider consumption functions of the form

(2.1) Ciy = oy 5 Bij th

where Cit is consumption in country i at time t and th ig income in
country J at time t . It seems reasonable to suppose that no relationship
exists when 1 + j or at the very least that Ci and Yj are less highly
correlated when i *+ j than when i = j . From a number of such "null-
hypothesis' regressions, we can infer the average values and the variability
which we would expect if there were no rélationship between the variables.

The results of computing such regressions are given in Tables 2.1
and 2.2 for the original data and for first differences of the data.3
The entries in these tables are squared correlation coefficients with the
element in the (i,3j) position corresponding to the regression of' the
consumption of country 1 on the income of country j . The additional
column on the right shows the regression coefficient obtained by regressing
the consumption of country 1 on its own income.

The national consumption functions (entries in the last column and

along the main diagonal of Table 2,1) are consistent with the results of

Yang (1964). However, it is clear from Table 2.1 that, with the exception

3The data on which the regression results are based are private
consumption expenditures and disposable income, both in current dollars,
for the period 1950-1963. The l950-l95h data were obtained from the
1957 Yearbook of National Account Statistics of the United Nations.
The data for 1955-1063 were obtained from the 1964 Yearbook. NNo
adjustments were made for price-level or exchange-rate changes.
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of _A.ust:r‘a,]_ia,,)_L the income of any country is about as good as the income of

any other in explaining consumption of a given country. In fact, in only

four of the twelve countries is the coefficient of determination obtained

from the regression of the country's consumption on its own income higher

than all of the other off-diagonal coefficients of determination. This

provides rather strong evidence to support the hypothesis that the regressions

giving rise to the diagonal elements do not indicate a significant dependence

between the two serieg. In contrast to this conclusion,:it might be noted

that using classical significance tests the null hypothesis that aii = Bii =0

would be rejected in all cases, even for Australia, at the 1 percent level.
The table of first differences (Table 2.2) shows results that are

more variable, and therefore deserve more study. For the Ffirst-differenced

form of the consumption function, seven of the twelve countries have "own"

coefficients of determination which exceed the largest coefficients obtained

by regressing consumption on the income of each of the other countries. We

can estimate the behavior of the diagonal elements by computing their mean

and standard deviation. The same statistics can be computed for disjoint

combinations of twelve off-diagonal elements. The off-diagonal elements which

were chosen are the elements in the diagonals which result from repeating the

matrix to the right. This procedure yields eleven disjoint combinations each

of twelve off-diagonal terms., The results of these combinations are as follows:

diagonal mean .52
diagonal s.d. .36
off-diagonal mean .18
off-diagonal s.d. .20

The relatively low correlation between income and consumption in
Australia may be explained in part by institutional factors determining farm
income which is approximately 20% of disposable income. When non-farm dis-
posable income is used, the R2 is increased substantially. For a discussion
of this point see Kmenta (1966),
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Since the observations on the diagonal have both a higher mean and a higher

standard deviation, we are led to infer that some countries appear to

exhibit a significant dependence between their income and consumption series.
However, the high variability of these numbers indicates that the strength
of the dependence is variable over countries. Inspection of the original
table also supports this view.

Table 2.3 summarizes the information in Table 2.2 by giving the
rankings of the correlation coefficients which appear on the diagonal in
Table 2.2, These coefficients were ranked both by rows and by columns.
The row ranking indicates how many other income series (Yj) were more
highly correlated with a country's consumption (Ci) than was its own
income (Yi) . The column rankings indicate the number of other country's
consumption series that are more highly correlated with a country's income
than is its own consumption. On both rankings over half of the countries
have higher correlation coefficients when both series are from the same
country. However, in five cages on the row ranking and four on the column
ranking this is not the case, This table helps to indicate the variability
of correlations between the two series within one country.

Since the simple regressionsg which we have just discussed indicate
substantial variability in the correlation of each country's income with
its own consumption, we investigated this evidence somewhat further. We
performed stepwise regressions for each consumption series using the
twelve income series as independent variables, The results of these
regressions are shown in Table 2.4, The results shown are for the re-
gression using first differences at the stage where the own country's
income series entered the regression except for Canada and New Zealand

whieh -- due to multicollinearity and few degrees of freedom -~ did not



Table.2.3

Rarnking of own country's correlation
coefficients (from Table 2.2)

Rank of Number of countries
own R2 by rows by columns
first 7 8
second 3 1
third 1 0
fourth 0 1
fifth 0 0
sixth 0 0
seventh 0 1
eighth 0 1
ninth 0 0
tenth 1 0

12 12



have their own income series enter the regression until so many variables

had been entered that the results were no longer meaningful. In the case of
Austria (country 2), for example, the income of Sweden (country 10) was the
first variable to enter the regression and Austria's income was the second
variable to enter. At this point the partial r2 ig .12 for Swedish income and
.05 for Austrian income. The regression coefficient of Austrian income 1s .28
as opposed to a coefficient of .56 obtained from regressing Austria's
consumption on its own income,

Of the twelve series, seven had their own income series enter the
regression first. One such.country ig Denmark in which case the r2 is .76
and the regression coefficient is .82, In none of the cases where the own
income series did not enter first was the final partial r2 of own income

higher than any other partial r2 in the regression. -
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Table 2.4

Multiple regressions on first differences
at point where own income entered the regression

income multiple
consumption Tt 231 %) 516 |7 |89 101} 12 &
ustralia 1
partigl r~ - L1l A1 .12 .26 | .19 .62
order of en- | 5 2 L4 1 3
trance of
variables
regression .05
coefficient
Austria 2 .05 .12 .87
2 1
.28
Canada 3 L 9 3 1 6 7 10 8 11 2 5 1.00
Denmark 4 .76 .76
1
.82
France 5 .89 .89
1
.82
Japan 6 .86 .86
1
213
Netherlands T -7 -5
1
- Th
New Zealand 8 3 8 6 7 5 0] 1 2 by 9 Y .83
Philipines 9 70 .70
' 1
1 A 66
Sweden 10 .69 .69
1
61 |
U. 8 11 .69 69
1
.82
U. K 12| .251] .06 .39 03 76
2 3 1 Ly
-.18
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3. Conclusion

This paper has been concerned with the problem of significance tests
of the Keynesian consumption function. Since the error terms are not likely
to satisfy the conditions on which classical significance tests depend, a
more robust way of examining the significance of regression results was
proposed. For the coﬁsumption function, the test involves a comparison of
the squared correlation coefficients obtained from regressing the consumption
of country 1 on the income of country i with those obtained by regressing
the consumption of country i on the income of country j for j % i, For
the consumption function to be meaningful, we require that own country income
be more highly correlated with consumption than other-country income.

Using time series observations on consumption and income, our results
tend to support the hypothesis that regressions involving the same country's
consumption and income do not indicate a significant dependence between the
two series. The results obtained from an analysis of first differences of
the series suggest that there is some relationship between the own country
variables but that the strength of the association is highly variable from one
country to another, Since similar national accounting practices were used in
all countries differences in these practices are probably not respongible for
the observed variation in correlations. These differences may be associated

with a loss of information due to aggregation or errors in the accounting or

statistical procedures.
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