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13.
THE DEMAND FOR BEER AND SPIRITS IN IRELAND

By
K. A. KENNEDY, M.R.I.A.,, B. M. WarLsH and L. P. EBRILL

The Economic and Social Research Institute, Dublin

(Communicated by P. Lynch, M.R.I.A.}

[Recéivéd, 7 MarcH 1973. Read, 25 June. Published, 28 DeceMBER 1973.]

ABSTRACT

This paper is primarily an attempt to estimate econometric demand equations
for beer and spirits in Ireland, but it is hoped that it also sheds light on some of
the general considerations involved in empirical demand analysis. The results,
taken in conjunction with earlier studies, suggest that certain variables, in
addition to price and income, play a significant role in such demand analysis in
Ireland. A useful variable in this context is the dependency ratio, which measures
changes in the age structure of the population. The results also support the thesis
that dynamic elements are of considerable importance in demand theory. The
most serious technical problem encountered in the study was the high degree of
multicollinearity in the explanatory variables. It emerged that some of the
conventional rules of thumb normally used for identifying the existence of this
problem failed to exercise sufficient discrimination, and this provides a salutary
lesson,

1 Introduction

In a recent paper Walsh and Walsh (1970} examined alcohol consumption in
Ireland from an economic peint of view., Although the paper ranged over a
number of issues, not the least of which was the question of the extent of Irish
consumption in the light of international experience, our present concern is with
their attempt to fit demand equations for beer and spirits, The results of this
attempt were suggestive rather than conclusive which is hardly surprising in
view of the fact that the only independent regressors included were simple price
and income variables.

The present paper is a more elaborate attempt to estimate these demand
equations. Not only do we consider a longer time period (1949-1970 as opposed
to 1953-1967) but we also test a greater variety of independent variables. In
particular, several variables used to explain savings behaviour in Ireland in a
study by Kennedy and Dowling (1970) are tested. Such a procedure has an
added advantage in that it helps to corroborate further the conclusion that, in
addition to price and income variables, certain other variables do play a signifi-
cant role in empirical demand anlaysis in Ireland.

PROC. R.LA,, VOL. 73, SECT. C [M]
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2 Consumption of Beer and Spirits in Ireland in the
Post-War Period

In Charts I and II the trend in per capita consumption of beer and spirits (the
dependent variables) over the post-war period can be observed. In Chart I
consumption of these commodities is expressed in physical terms. Here, two
alternative ways are suggested for measuring beer consumption.! The first of
these, the standard barrel, expresses the physical volume of beer consumption
in terms of a constant alcohel strength, or, more accurately, a constant specific
gravity, whereas the second, the bulk barrel, measures the physical volume
regardless of alcohol strength. The unit of measurement for spirits consumption
is the proof gallon. In Chart II the volume of beer and spirits consumption is
expressed in expendifure terms based on constant (1958) prices, The appropriate
choice between these dependent variables in the econometric analysis of changes
in alcohol consumption is discussed later in the paper.

There are a number of interesting features in these charts, the most remark-
able being the dip in alcohol consumption as a whole (Chart I1I) and particularly
in spirits, in the 1950s. Walsh and Walsh (1970), by choosing 1953 as their
initial year, received the impression of a relatively uniform rate of increase in
alcohol consumption over time. In fact, the 1951 level was not surpassed again
until 1961, notwithstanding a twenty-five per cent increase in real per capita
personal disposable income over the same period. Indeed, the level of consump-
tion in 1960 was only marginally in excess of the 1948 figure whereas real per
capita personal disposable income was thirty per cent greater.

In regard to the relative trends in beer and spirits consumption, it emerges
that, apart from short-run fluctuations, the position did not alter significantly
throughout the period between 1946 and 1960. Since then, as Chart I reveals,
the growth in the physical volume of spirits consumption has been much more
rapid than the corresponding growth in beer consumption.? Throughout the
post-war period, spirits consumption has tended to fluctuate relatively more than
beer consumption, a point which, as we shall see, has implications for our regres-
sion analysis. This feature is more evident in Chart I than in Chart II.

As the charts imply, the choice of the beginning and end years of our period
is not a matter of indifference. The terminal year, 1970, was chosen because it
was the latest year for which all the relevant data were available when the
research was in progress. The early post-war years were dominated by the
recovery from the effects of war-time scarcities and it was feared that factors
peculiar to these years might disturb the relationship. The choice of 1949 as the
first year was dictated by the fact that it was felt this marked the end of the
period of immediate post-war recovery—a choice which, though somewhat
arbitrary, was justified by a number of considerations.?

! The significance and derivation of these and all other variables are explained more
fully in notes on sources and methods at the end of the paper,

2 That the same trend does not emerge so clearly in Chart I is due to an optical illusion
arising from the fact that the consumption scale used in Chart II is more compressed than
the corresponding scale in Chart I.

* For further discussion of the subject, see Kieran A. Kennedy and Brendan R. Dowling,
Posi-War Economic Growth in Iveland : the Role of Exports and Homs Demand (forthcoming).
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3 Tunctional Form

Generally, it is not possible to decide a priori what functional form should be
applied in a given regression problem. However, although potentially an
unlimited number of forms could be tested, traditionally empirical work on
individual commodities involves choosing between a Linear, ‘double-logarithmic
or a semi-logarithmic function. Each has its particular merits.

On balance, we favoured the double-logarithmic form.* This form has,
however, the disadvantages of lacking a saturation level and of implying constant
elasticities. It can be argued that the absence of a satiety level poses no problems
in this study; although it may not be possible to make the claim for any specific
individual at an instant of time, it is doubtful if, on the aggregate, the saturation
level of alcohol consumption has been approached, Further, the assumption of
constant elasticities, although restrictive, is not excessively so. Finally, it
should be noted that Walsh and Walsh (1970} found no significant difference
between the performance of the double-logarithmic and the linear specifications
in their regression work.

4 Relation of the Chosen Functional Form to Classical Demand
Theory

A demand equation in this form may be expressed as follows in terms of price

and income variables:
{I) log X; = oy 4 oy log P + oy log Py 4 acglog Podo o4 mylog¥+1og e
where X, is the good under consideration; P; is the price of the good; Py, Py, etc.
are the prices of all other goods and Y is the money income or, more accurately,
the budget variable. The coefficients of the variables may be interpreted as
elasticities.

It has been pointed out by Bridge (1971) and Geary (1973) among others
that this form does not satisfy the requirements of classical demand theory in
that it cannot be derived from a utility curve. In particular, unless all income-
budget elasticities are equal to unity, the Engel aggregation condition (viz. that
2ywyn = 1, where wy are budget shares and v are budget elasticities) is violated.
Thus, as the consumer’s budget is increased, he will tend to spend more on those
goods with high income elasticities, which in turn implies that Zwyyy will exceed
unity. However, notwithstanding this, we share the view of other analysts who
maintain that the constant elasticity formulation above can provide quite a
reasonable description of consumer behaviour, It should also be borne in mind
that the classical model is based on assumptions that have not themselves been
empirically validated. Further, its essentiaily static nature begs some of the
most important aspects of consumer behaviour, aspects which will be considered
later in discussing the Houthakker-Taylor model. Finally, as Bridge (1971)
argues, classical theory pays inadequate attention to the many problems sur-
rounding aggregation over individuals,

4 Prais and Houthakker (1971, pp. 93-100) in their cross-section study found the semi-

logarithmic form to be most appropriate for foodstuffs. However, the double-logarithmic
function came a close second.
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Clearly, Equation I in its present form would be difficult to estimate, due to
the number of parameters involved. Some simplifying assumption must be
made. As is usual in this type of analysis, we assume that the beer and spirits
demand functions are homogeneous of degree zero in income and prices, which
implies that the consumer does not suffer from * money illusion ’ but is concerned,
rather, with the relative prices of goods and his real income. We assume further
that all cross price elasticities, with the exception of the beer-spirits and spirits-
beer cross price elasticities, can be set equal to zero.

If an accurate price index is available for use as an overall deflator, these
two assumptions can be applied to reduce Equation I to the more conventional
form where the only independent regressors are deflated income and deflated
beer and spirits prices. The resulting price elasticities should properly be viewed,
however, as compensated elasticities representing measures of the substitution
rather than the total price effects (Geary 1973). While there is no reason why
this price effect should not be estimated, it can be argued that government
revenue authorities are more likely to be interested in the uncompensated price
elasticities.

5 General Price Deflator

The most obvious deflator is the consumer price index {(C.P.L) based on the
annual average of the quarters. However, theoretical considerations suggest
that an alternative should be considered, namely, the implied price of personal
consumption expenditure (P.CE.) which can be derived from the National
Income and Expenditure tables. The principal reason for using this deflator lies
in the fact that the implied price of personal consumption covers a greater range
of goods and services than the consumer price index. Accordingly, this deflator
is employed throughout the paper.

6 Price Variables

Annual indices of beer and spirits prices were calculated, based on quarterly
retail price indices supplied by the Central Statistics Office (C.5.0.) for various
categories of beer and spirits. These annual indices were then divided by the
implied price of personal consumption expenditure, in order to gauge movements
in these indices relative to the overall price level. As was mentioned above, it
was thought appropriate to allow for the possibility that beer consumption might
be influenced by changes in the price of spirits and vice versa. Both price
variables were, therefore, introduced into the respective regressions on beer and
spirits consumption,

In the regression equations presented below, the per capifa consumption of
beer is measured in terms of standard barrels (X,), while the per capita consump-
tion of spirits is expressed in terms of proof gallons (Xs). The other forms of the
dependent variable are considered later. Further, since the equations presented

® Indeed, the revenue effect rather than the total price effect is likely to be considered
most relevant by the authorities and the magnitude of this depends on additional factors
such as the share of taxation in total price,
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in the main body of the text have been chosen from the wide selection of equations
in the tables of parameter estimates, the reference numbers used in the text are
the same as those in the tables. Finally, it should be noted that, in the light of
earlier discussion, the variables are in logarithmic form.

Effect of price on beer consumption

In the following equation the dependent variable X, is regressed on the
level of real personal disposable income per capita (Y,) and the beer price
variable (P)):

(2) X, = -1.748 4- 0.486Y, + 0.076P,
(-10.523) (3.084)  (0.320)
R® = 0.880; SE = 0.0153; F = 78, = 4; DW = 0.75; 42 (1) — 1.50

Here, the f-ratios for the significance of the individual coefficients are in
parentheses below the relevant coefficients; R? is the adjusted coefficient of
multiple correlation; SE is the standard error of estimate; F is the F-value for
testing the significance of the whole equation; 7 is the Geary-tau statistic; DW is
the Durbin-Watson statistic; and y? (degrees of freedom in brackets) is a chi-
square statistic based on the value of the determinant of the Z'Z matrix where
the Z'Z matrix is the correlation matrix of the regressors. The test is described
below.

The primary point of interest in this first regression equation is the lack of
significance which can be attached to the price variable. ‘This is similar to the
Walsh and Walsh (1970) conclusions, notwithstanding the use of a longer time
period and a modified price variable in Equation (2) above. Another aspect of
this equation, and one which could be important, is that the Durbin-Watson
statistic provides evidence of the existence of significant residual antocorrelation.®
Thus the equation suggests that not only is the price variable not significant but
that, further, a model with simple income and price variables leaves out some
important explanatory factors.

A short comment is necessary concerning the use of the determinant of
the Z'Z matrix for a chi-square test. Since this matrix is the correlation matrix
of the regressors, it follows that the value of its determinant must lie between
zero and unity, Farrar and Glauber (1967, p. 99) argue that the value of this
statistic will, therefore, yield * at least heuristic insight into the degree of inter-
dependence within an independent variable set.” Thus, as the Z matrix tends to
singularity {a condition which holds when there is an exact relation between the
set, or some sub-set, of the independent variables), the value of the determinant
tends to zero. Conversely, it tends to unity as the Z matrix approaches ortho-
gonality. If the determinant is transformed into an approximate chi-square
statistic as above—an operation which requires the assumption of multivariate
normality in the parent population—it then proves possible to test for the degree

¢ The no-autocorrelation value tends towards 2. 0.
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TABLE 1: PARAMETER ESTIMATES FoR BERR RUGRESSION EguaTions 1949-70 (t-rarios 1N PARENTHESES)

Equation Dependent Intercept Y, Y, Y, Y, b, P, Vi1
1 X, ~1,705 0.534
(-17.825)  (12.760)
2 X, -1.748 0.486 0.076
(-10.523}  (3.084) 0.320)
3 X -1.088 0.558 0.263  —0.596
(-3.688)  (3.953) (1.198) (-2.576)
4 X, -1.662 0.507
{-18.27) (12.94)
5 X, ~1.644 0.517 —-0.019
(~10.291) (8.333)  (-0.142)
8 X, -1.711 0.436 -0.067 0.177
{(-9.313) (3.235)  (-0.445) 0.762)
7 X, -1.791 0.582
(~17.128) (12.493)
8 X, -2.221 0.491
(-3.758) (11.436)
9 X, -1.957 0.690
(-22.412) (14.866)
10 X, -2.198 0.779
(~17.609) (14.252)
11 X, —-2.025 0.439 0.309
{(-6.88) {1.573) (0.739)
12 X, —0.580 0.597 0.720 -1.304
(-1.237)  (2.660) (2.059) (-3.544)
13 X, -1.799 0.605
(-10.973) (8.574)
14 X, 1.538 0.429
(4.580) (12.8186)
15 X, —2.381 0.966
(~17.509) (13.373)
16 X, 0.574 0.593
(1.067) (7.330)
17 X, -2.968 1.175
{-20.659) (18.689)
18 X, -0.580 0.597 0.073
(-2.642) {3.344) (0.260)
19 X, 0.049 0.839 0.356 0815
{0.160) (7.370} (1.970) (-3.708)
20 X, ~0.889 0.861
{-6.693) (12.198)
NOTATION
X, = Beer consumption per capita (standard barrels).
X, = Beer consumption per capita (bulk barrels).
X, = Spirits consumption per capia (proof gallons).
X, = Deflated expenditure on beer per capila,
Xs = Deflated expenditure on spirits per capila.
Y, = Total real personal disposable income per capita.
Y, = Non-agricultural real personal disposable income pev capita.
Y = Farmers' real personal income per capila.
Y, = The volume of total personal consumption per capita.
Y1, 1 = Rate of change in total real Personal disposable income per capita ; lagged one year.
¥ = Rate of change in non-agricultural real personal disposable income per capila,
Y& 11 = ¥y lagged one year,
P, = Index of beer price deflated by the price of personal consumption expenditure.
P, = Index of spirits price deflated by the price of personal consumption expenditure,

The variables ate in logarithmic form. The coefficients may be interpreted, therefore, as elasticities,
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Vo Fota Dy D, U 8 R S.E. F t DW. IZZI  xv Eqt
0.885 00150 183 4 071 1
0880 00153 78 4 075 00740 1.50(1) 2
0907 0.0135 69 10 106 00145 0.28(3) 3
0.888 0.0148 168 4 066 4
0.882 0.0152 80 4 066 0244 545(1) 5
0.880 0.0153 52 4 082 00188 0383 6
0.881 00133 136 1+ 07 7
0.297 0.888 0.0148 84 6 068 0838 355(1) 8
{0.956)
-0.61¢ 0.947 0.0101 18 7 135 0.337 8.01(1) 9
(~4.832)
-0.800 0.050 0955 0.0093 150 11 221 0121  247(3) 10
(-5.276) (1.310)
0788 0.027 38 2 035 0074 1501 11
0.855 0.0214 42 8 065 00145 0.28(3) 12
0775 0.0267 74 4 026 13
-1.756  0.963 0.0108 275 9 120 0730 2556(1) 14
(-10.137)
-1.225 0920 0.0158 123 6 094 0337 80() 15
{(-6.137)
-0.419 -1.368  0.989 0.0099 221 7 140 0.104 16
(~2.190) (-5.562)
-1.603  0.141 0963 00108 184 12 262 01207 2.47(3) 17
(-9.186) (3.240)
0.887 0.0206 69 6 054 0093 1.91(1) 18
-0.556 0.954 0.0121 109 10 2,00 0.0055 0.10(6) 19
(-3.449)
—0.745 0.925 0.0155 130 6 1.07 0337 8.01(1) 20
(-3.829)
D, = Employment dependency ratio.
D, = Labour force dependency ratio.
U = Non-agricultural unemployment rate.
S = Specific gravity of beer.
R = The adjusted coefficient of multiple correlation.
$.E. = Standard error of estimate.
F = F-ratio.
T = Geary-tau statigtic.
D.W. = Durbin-Watson statistic.
I1Z'Z1 = The determinant of the Z'Z matrix where Z is the (standardised) matrix of observations

of the independent variables.

= Chi-square statistic with v degrees of freedom for multicollinearity.
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TABLE 2: PARAMETER ESTIMATES FOR SPIRITS REGRESSION EguaTtions 1949-70 (i-raTIOS IN PARENTHESES)

Equation Dependent Intercept Y, Y, Y, Y, P, P, ¥y tq-
21 X, -1.160 1.586 -1.445
~1.777)  (8.928) (-2.981)
22 X, ~1.113 1.793 -0.392  -1.308
(-1.683)  {5.664) {-0.795) (-2.521)
23 X, -1.066 1.507 —1.430
(-1.830) (10.2386) (-3.376)
24 X, -1.057 1.592 -0.184  -1.348
(-1.775) (6.589) (-0.453) (-2-875)
25 X, —-0.996 1.575 -0.175 -1.358
{(~1.665) {8.826) (-0-700) {-3.067)
26 X, -1.831 : 1.610 ~1.111
(-2 933) (8.359) {(-2.361)
27 X, -3.258 1.405 1238  1.013
(-2.849) {9.853) (-3.115) (2.167)
28 X, —.567 1.536 -1.491
(-0.384) (9.044) {-3.210)
29 X4 -3.523 1.368 -1.180
{(-2.741) (9.072) {-2.896)
30 X, —~2.404 1.750 -0.907
{(-7.452) (22.955) {—4.282)
31 X, ~3.477 1.667 -0.823
(-5.640) {20.380) {(-4.103)
32 X, -2.224 1.766 ~0.945
(-5.384) (21.201) (—4.130)
33 X -0.283 1.602 -1.357
(-0.448) (10.018) (-2.949)
34 Xy -1.602 1.841 =0.842
(-8.555) {17.305) (~-2.848)
35 X 1.608 1.512 1145  -0.772
{-3.498) (11.230) (-0.537) (-2.348)
NOTATION
X == Beer consumption per capita (standard barrels).
X, = Beer consumption per capita (bulk barrels).
X, = Spirits consumption per capita (proof gallons).,
X, = Deflated expenditure on beer per capila.
X5 = Deflated expenditure on spirits per capita.
Y, = Total real personal disposable income per capita.
Y, = Non-agricultural rea! personal disposable income per capita.
Y, = Farmers’ real personal income per capita.
Y, = The volume of total personal consumption per capita.
Yu t1 = Rate of change in total real personal disposable income per capita; lagged one year.
¥a = Rate of change in non-agricultural real personal disposable income per capila.
Yo t1 = ¥y lagged one year,
P, = Index of beer price deflated by the price of personal consumption expenditure.
P, = Index of spirits price deflated by the price of personal consumption expenditure.

The variables are in logarithmic form, The coefficients may be interpreted, therefore, as elasticities.
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Ya Yata Dy D, U S R S.E. F

+ DW. IZZI y%v) Egqt.
0.809 0.0269 94 6 084 0221 487(1) 21
0.897 0.030 62 8 081 00146 0.28(3) 22
0919 0.0267 120 4 056 02307 5.12(1) 23
0.916 0.0273 77 6 051 00183 0.35(3) 24
0917 0.0271 78 6§ 053 0053 1.04(8) 25
0.802 0.0309 87 6 062 02531 564{1) 26
0.832 0.024 97 6 087 0201 431(3) 27
-0.219 0915 0.027 77 4 054 0179 3.773) 28
(-0.369)
1.130 0832 0.025 96 6 058 0177 377(3) 29
(2.104)
-1.365 0.982 0.0127 376 13 212 0.0705 1.4(3) 30
(~8.112)
0.53¢ -1.273 0984 00118 329 13 242 0.0497 0.96(6) 31
(1.990) (-7.830)
-1.886 -0.161 0981 0.0129 275 14 235 0.022 042(6) 32
(-7-525) (-3-005)
0.921 0020 124 6 089 0231 512(1) 33
~1.344 0971 00178 232 11 232 00705 14(3) 34
{(-5.724)
-1.359 0969 0018 167 13 240 00055 0.1(6) 35
{~5.635)
D, = Employment dependency ratic.
D, = Labour force dependency ratio.
U = Non-agricultural unemployment rate.
S = Specific gravity of beer.
Rr* == The adjusted coefficient of multiple correlation.
S. E., = Standard error of estimate.
F = F-ratio.

Geary-tau statistic.
D.W. = Durbin-Watson statistic.

12’21 = The determinant of the Z‘Z matrix where Z is the (standardised) matrix of observations
of the independent variables.

y3 (v = Chi-square statistic with v degrees of freedom for muiticollinearity.

A
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of interdependence or multicollinearity, The actual test applied is, in fact, an
adaptation of the Farrar and Glauber test, as recommended by Haitovsky (1969).
This test asks whether the hypothesis of singularity may be rejected. Thus,
following Haitovsky, the chi-square statistic associated with Equation 2 is 1.5
with 1 degree of freedom. Hence, even in the case of this basic regression
equation, the value of the determinant may not be taken to differ significantly
from zero even at the ten per cent confidence level, which implies that we cannot
reject the hypothesis of singularity.
If the spirits price variable is now included, the equation becomes:

(3) X, = -1.088 + 0.558Y, -+ 0.263P, - 0.506P,
(-3-688) (3953)  (1'198) (-2'576)
R? = 0.907; SE = 0.0135; F = 69; t = 10; DW = 1.06; 32 (3) = 0.28

The spirits price variable is here represented by P,. The most striking aspect
of this equation is the negative coefficient of this variable which is significant at
the two per cent level. This suggests that beer and spirits are complementary
goods ! Moreover, the coefficient of Py, though not significant, has the wrong
sign. However, on testing, it emerges that the value of the determinant points
to multicollinearity of increasing severity which implies that the regression
equation should not be taken at face value. Indeed, researchers, when faced
with results such as those above, tend to discount them as invalid, appealing to
multicollinearity as the cause. A common device then introduced is to drop one
or both of the price variables from the demand equation. Such a course of action
was adopted by Hogarty and Elzinga (1972) when they uncovered a significant
negative cross elasticity between beer consumption and the price of spirits in
the United States of America.

Clearly, such a procedure is open to abuse. It is possible to argue, however,
that what is at issue is not the rejection of one’s initial hypothesis (that both
price variables should be included) in the light of the evidence but, rather, the
recognition that it is not always possible to include all of one’s a priori information
in the initial hypothesis, because of the limited nature of the estimating tech-
niques employed. For example, the demand function as described above does not
require the own price coefficient to be negative even though such is believed
to be the case. Thus, the approach adopted here, whereby results such as those
above are rejected, is at fault not because it is inconsistent but because it does not
allow for all available information from the outset.” The effect of dropping both
price variables from the beer demand equation may be observed by examining
Equation 1, Table 1. A comparison of Equations 1, 2 and 3 suggests that, due
to the degree of multicollinearity present in the latter two equations, the role
of the price variables is hard to determine,

Finally, it should be noted that a common rule of thumb for detecting multi-
collinearity, namely, that it is associated with insignificant #ratios, is here belied.
A more rigorous test, such as suggested by Haitovsky, is necessary.

7 This is discussed more adequately by Theil and Goldberger (1961).
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Effect of price on spirits consumption

The dependent variable is now X, - per capita consumption of spirits (proof
gallons).

(21) Xy = -1.160 + 1.586Y — 1.445P,
(-L777) (8.923) (-2.981)
R = 0.899; SE = 0.0200; F = 94; 7 — 6; DW = 0.84; 32 (1) = 4.87

The most striking difference between this and the preceding two regressions
is that the own price variable, P,, emerges as significant with the ‘ correct * sign.
It may be noted that the degree of significance is higher than that recorded by
Walsh and Walsh (1970). Further, the absolute value of the coefficient implied
here is substantially in excess of any value they recorded. However, this high
value, as will be shown later, is contingent upon the fact that the demand
equation has not as yet been fully specified—the Durbin-Watson and Geary-tau
statistics provide strong evidence of autocorrelation. When other significant
independent variables are included below, the coefficient of P, takes a value
that is normally less than unity.

When the beer price variable {P,) is included, as in Equation 22, Table 2, its
coefficient is negative and non-significant. The inclusion of P, results in serious
multicollinearity—the value of the y® statistic at 0.28 (3) is very low.

Source of multicollinearity

Since the existence of multicollinearity is cited as the basis for ignoring some
of the results above, the phenomenon should be considered in greater detail.
As yet, reference has been made only to the presence of the problem and not to
its localisation or its specific pattern. For this it is not sufficient to examine the
simple correlation coefficients between the variables—a set of dummy variables
could constitute a perfectly collinear set without any simple correlation coefficient
being particularly great. A more reliable indicator for the localisation of multi-
collinearity is provided by examining the coefficient of multiple determination
(R®) between each of the independent regressors taken in turn and the rest of
the set of independent regressors (Johnston 1972, p. 163). From this test it
emerged that the two price variables were particularly subject to the problem.
The value of R? between P, and the other elements of the set, some of which
have yet to be introduced, emerged as 0.96 while the corresponding statistic
for Py is 0.91. Further, as supplementary evidence, it might be noted that the
simple correlation coefficients between the two price variables themselves and
between each of the price variables and the income variable are all in excess
of 0.8.

It is well known that multicollinearity causes specific estimates not only to
be subject to large errors but also to be extremely sensitive to the sets of sample
data used. Ample evidence of this latter aspect is provided if Equation 3 is
re-run, replacing the dependent variable X, with the alternative mentioned
above, viz., the per capita consumption of beer (bulk barrels) which we designate
as X,. The result is Equation 12, Table 1, where it can be seen that the values of
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the coefficients of P; and P, have altered radically. In particular, the coefficient
of Py now implies that a one per cent increase in the spirits price index will
induce a greater than one per cent reduction in beer consumption ! Clearly, such
results must be treated with scepticism.

In conclusion, it is argued that the most reasonable course of action is to
assume both cross-price elasticities to be zero. Then Equations 2 and 21 in
Tables 1 and 2, respectively, become the relevant equations and it can be argued
that beer is not price responsive whereas spirits consumption is—conclusions
which agree with Walsh and Walsh’s earlier findings.

Other price variables

Other price variables, the principal ones being the rate of change in P,
and P, (lagged and unlagged), were introduced. Generally, these variables
emerged as insignificant in both the beer and spirits regressions and were,
therefore, abandoned.

7 Income Variables

The regression equations presented above imply that the income variable is
indeed important. This must now be analysed in greater detail, drawing, in
particular, on the experience gained by Kennedy and Dowling in their work.
There are several possible ‘ income ’ variables. Thus, in classical demand theory,
the effective constraint is that total expenditure cannot exceed the consumer’s
budget and hence some researchers prefer to use total personal expenditure as the
determining variable. Clearly, this differs from personal disposable income
because savings are not included.® Accerdingly, in deference to classical demand
theory, total consumption expenditure might be favoured as the dependent
variable. In fact, if allowance is made for some of the dynamic elements of
consumer behaviour, further arguments can be adduced for employing this
variable. Thus, to the extent that the consumer exercises greater control over his
expenditure than over his income, the former can be taken as a more accurate
measure of the consumer’s *true” or ‘ permanent’ income (Houthakker and
Taylor 1970, p. 59). These considerations led to the use of Y,, the volume of
consumption per capita. It should be observed, however, that the national
accounts statistics used in the derivation of this variable are not optimal to the
extent that they include, for example, total expenditure on durable goods rather
than the services yielded in any one year by these goods.

Changes in the distribution of income as between occupations can have quite
significant effects on aggregate consumer behaviour, It is commenly held, for
example, that the farming community and the non-agricultural community tend,

8 It has also been pointed out, particularly with reference to cross-section work, that the
choice between income and total expenditure has statistical ramifications. See, for example,
Liviatan (1861).
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on the aggregate, to respond to the same stimuli in different ways. The basis
for maintaining such a behavioural assumption usually reduces to a Friedmanite
theory whereby groups whose incomes are particularly subject to substantial and
frequent fluctuations {e.g. farmers in Ireland) are held to respond to this instab-
ility through a lower than average aggregate marginal propensity to consume
out of current income. Though the farming community is by no means unique
in suffering from income fluctuations, its relatively large size in Ireland suggests
that special treatment is in order. Kennedy and Dowling {1970, p. 28) found in
their paper that the division was important and, specifically, that farmers’
income was a very useful factor in explaining variations in personal saving
whereas the non-agricultural component was not so uniformly significant, Also,
the implied elasticities were such as to suggest that farmers save much more
of a given increase in their current income than the non-agticultural community.

Thus, the following income variables were also tested: firstly, non-agricultural
real personal disposable income in per capita terms, Y,; and, secondly, farmers’
real personal disposable income per capita, Y,;.* For comparative purposes, total
real personal disposable income per capita, Y,, was also fitted as in the equations
presented above.

Beer consumption and the income-expenditure variables

The role of the split income variable can be interpreted from the following
regression equation:

(5) X, = ~1.644 -+ 0.517Y, - 0.019Y,
(-10.201) (6.353) (- 0.142)
R® = 0.882: SE = 0.0152; F = 80; 1 = 4; DW = 0.66; %2 (1) = 5.45

The most obvious point to be noted is the very significant coefficient associated
with Y, which contrasts sharply with a non-significant Y coefficient. The
inference to be drawn from this equation is, therefore, that the non-agricultural
component of personal disposable income is the most relevant income variable
for our work. This may be compared with Kennedy and Dowling’s conclusion
(1970, pp. 27-28) that farmers’ income is more useful than non-agricultural
income in explaining savings behaviour in Ireland—a conclusion that complements
the finding above.

When Y, is dropped, as in Equation 4, Table 1, the overall fit of the equation
improves. Further, a comparison of Equation 4 with Equation 1, Table 1,
reveals that, by the light of such conventional criteria as R?, Y, performs slightly
better than Y,, the total income variable. This finding held in all the regressions
run. If Equation 4 is then compared with Equation 7 it emerges that the split
income variable Y, is also marginally more useful than the total expenditure
variable Y,. Examination of other trials revealed that this is generally the case.

% A modified version of this variable, excluding agricultural stocks, was also used.
However, the resulting variable was always insignificant and was, therefore, dropped.
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Spivits consumption and the income-cxpenditure variables

For spirits, splitting the income variable in Equation 21, we have the follow-
ing spirits regression:

(25) X3 =-10.996 - 1.356P, + 1.575Y, - 0.175Y,
(- 1.665) (- 3.067)  (8.826) (- 0.700)
R? = 0.917; SE = 0.0271; F = 78; 1 = 6; DW = 0.53; 3? (3) = 1.04

The points made above in relation to beer are here even more obvious—
non-agricultural income is again the important component. Further, if Equations
21, 23 and 26 of Table 2 are ranked by R, Y, again tends to be more useful than
either Y, or Y, from which it may be construed that it is, indeed, advisable to
split the income variable. Two additional points may be made. Firstly, the
income elasticity of demand for spirits is significantly greater than unity and is
always much greater than the corresponding elasticity for beer.19 Secondly, the
value of the Durbin-Watson statistic remains as a constant reminder of the
existence of autocorrelation in both the beer and the spirits regressions.

Given that there are differences in savings behaviour between the agricultural
and non-agricultural communities, we should ordinarily expect total consump-
tion, which excludes savings, to perform even better than the split income
variables. The fact that it does not, suggests that farmers have a different (lower)
marginal propensity to consume beer out of income allocated to consumption
expenditure than do people in the non-agricultural sector,

Other income variables

The purpose of the income variables discussed above was to gauge what
might be referred to as  direct * income effects. However, there may be other
effects. Alcohol consumption might vary, for example, in response to changes
in farmers’ income relative to non-agricultural income. On testing, this variable
did not emerge as significant,

Another possible explanatory variable is the rate of change in income. Thus,
a consumer’s view of his present income might be influenced by whether it has
been growing rapidly in the recent past or not. Consumption patterns may
respond to income only after a lag. These considerations led us to test the rate
of change in income variables yy, yy, t.1, ¥, and vy, 1.,.12

In the beer regressions, these variables generally emerged as non-significant—
see, for example, Equation 8, Table 1. This is not to argue that the variables do
not have a role to play but rather that the limitations of the data sample ensure
that this role cannot be pin-pointed with any degree of assurance.

The corresponding results for spirits are more encouraging as can be seen
by examining Equations 27, 28 and 29 of Table 2. In terms of the significance
of their own f-ratios, the lagged rate of change in income variables would appear
to be more important than the current rate of change variables. However, if one

1* Tt may be noted that this is in agreement with Walsh and Walsh’s conclusions (1970,
p. 133).
1 See notes on sources and methods.
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inspects the overall fit of Equations 27 and 29, it becomes obvious that it is
impossible to decide which lagged variable is appropriate. Furiher, when the
dependency ratio {a variable about which more will be said later) is included as
in Equation 31, Table 2, the value of the coefficients of these variables alters
markedly. Perhaps, the only reasonable conclusion is that the coefficients of these
lagged variables are positive rather than negative,

Accepting this, it is interesting to note that the corresponding coefficients of
the current rate of change variables, although non-significant, were consistently
negative in the regressions run. One way of interpreting this would be to argue
that people do not adjust their consumption patterns instantaneously to a given
change in income. Thus, if a given level of per capita income is the product of a
recent increase in aggregate income, spirits consumption {and indeed, consump-
tion expenditures in general) would tend to be lower than in the situation where
that given level of per capita income has been experienced for some time, It is
suggested that this relative negative impact on spirits consumption manifests
itself in the negative coefficients of the current rate of change variables. Corres-
pondingly, as the lag in consumer reactions is overcome, spirits consumption
would tend to rise, resulting in the positive coefficients of the Tagged rate of
change in income variables. This line of reasoning is tenuous. It should be
noted, for example, that the lag assumed here is a calendar year in length which
is rather arbitrary.

Perhaps these results merely confirm that measured income, as gleaned from
the available statistics, in the form of variables such as Y,, is not an accurate
measure of the consumer’s evaluation of his true income. However, much work
remains to be done in this area—for example, what is the most approptiate
lag structure ?

8 Demographic and Related Variables

Theory offers no guidelines on how to allow for changes in family size and
structure.® A useful variable in this context is the dependency ratio, changes
in which may pick up the more significant changes in the structure of the popula-
tion over the period under consideration. Conventionally, the ratio is defined
in terms of the age distribution of a given population. However, since the
relevant data are available only for census of population years, it proved impos-
sible to estimate it in this manner. Accordingly, we followed Kennedy and
Dowling (1970, p. 34) in using what they called the employment dependency
ratio (Dy) and the labour force dependency ratio {D,). The former is the
inverse of the ratio of the employed to the unemployed population, while the
latter is the inverse of the ratio of the labour force to the population not in the
labour force. It should be noted that Kennedy and Dowling found the employ-
ment dependency ratio to be more useful than the labour force dependency ratio
when explaining savings behaviour, although both were highly significant.

14 This problem is dealt with in greater depth by Prais and Houthakker (1971).
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Kennedy and Dowling obtained large negative coefficients in their paper on
savings suggesting that, given per capifa income, a rise in the dependency ratio
exercises a substantial negative influence on the savings ratio. This result
implies that, ceferis paribus, a rise in the dependency ratio is associated with
a rise in total per capita consumption though this need not extend to all consumer
goods. In fact, alecohol would probably be an exception since it is normally held
that the old, the young and the housewives do not drink as much as employed
persons. Thus, we would expect to find 2 negative coefficient, which is what
we found—as shown by the following regressions, one each for beer and spirits,
respectively:

9) X, = - 1957 + 0.690Y, - 0.619D,
(- 22.412) (14.866) (- 4.832)
R? = 0.947; SE = 0.0101; F = 189; = = 7; DW = 1.35; * (1) = 8.01

(30) X, = - 2404 -0.907P, + 1.750Y, - 1.365D,
(- 7452) (- 4.282)  (22.955) (- 8.112)
R2 = 0.982; SE = 0.0127; F = 375; v = 13; DW = 2.12; 32 (3) = 14

In Equation 9 we observe that the coefficient of D, is significant and negative.
Further, the existence of autocorrelation is no longer as pronounced. Referring
back to Equation 4 it may be observed that there is a considerable improvement
in the overall fit of the equation which implies that the variable is very important.
As to the choice between D, and D,, the former generally gave better results.

In regression Equation 30, the employment dependency ratio is again useful
in that it is itself highly significant and also adds to the significance of the
disposable income variable (Y,). More important, perhaps, as will be seen from
the Durbin-Watson statistic, the evidence of autacorrelation has disappeared.
The conclusion must be that the dependency ratio is central to the correct
specification of the spirits demand equation. It will be noted that the inclusion
of D, also reduces the {own) price elasticity of demand for spirits to less than
unity, a result more in line with the findings of Walsh and Walsh.

The value of the coefficient of D, in Equation 30 is greatly in excess of the
corresponding value in Equation 9. Although this is not easily explained, it can
be argued that it arises partly from changes in the distribution of income. Thus,
if the income structure of a given population is altered in such a way as to result
in a more equal distribution of per capita income the result is a fall in the share
of total expenditure on those commodities with income elasticities greater than
unity and a corresponding rise in the share of total expenditure on those goods
with income elasticities less than unity. Increases in the dependency ratio, in
addition to gauging the negative impact of changes in the proportion of the
population of drinking age on alcohol consumption, may also measure changes in
the relevant pattern of income distribution. Thus, given per capifa income,
a change in the dependency ratio corrects for changes in household size (including
in this, changes in the proportion who are married) and is thus effectively a
measure of alterations in the extent to which an employed person’s income is
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re-distributed to dependants because of family commitments. On this basis, the
discrepancy between the coefficients recorded above may be seen as a reflection
of the different incomg elasticities of demand for beer and spirits.

Analogous to the splitting of the income variable, the employment depend-
ency ratio was divided into an agricultural and a non-agricultural component.
Primary interest centred on the latter. However, although it emerged as highly
significant in all regression equations, it did not perform significantly better
{or worse) than D,. Accordingly, D, is retained throughout. On a more general
level, we suggest that the dependency ratio should be considered in all time
series demand models in Ireland.

To the extent that the dependency ratio corrects for the number of people
of drinking age, it might be possible to eliminate it if the other variables are
divided by the total number of ¢ drinkers ’ rather than by total population. This
has the advantage, where multicollinearity is present, of reducing the number
of independent variables, It is not possible, however, to obtain reliable annual
estimates of the number of * drinkers ’ in Ireland. By way of compromise, the
variables were divided by an estimate of the number of people aged between
fifteen and sixty-four.’® The resulting regression equations, unfortunately, did
not represent an improvement on the earlier results. Possibly this is due to
inadequacies in the data, but it may also be, as argued above, that D, does more
than correct for changes in the age structure of the population.

Other demographic variables

Total population and non-agricultural population were fitted as separate
regressors as well as their rates of change. None of these variables was significant.
However, the coefficient of the ratio of the non-agricuitural population to total
population was on occasion significant at the ten per cent level. Further, its
coefficient was consistently positive which substantiates the thesis that the
farming community on the aggregate has a lower marginal propensity to consume
alcohol than the non-agricultural community.

Another variable which calls for comment is the non-agricultural unempioy-
ment rate (U):

(32) X, = - 2.224 - 0.045P, + 1.766Y, — 1L.689D, - ¢.161U,
(- 5.384) (-4.130) (21.201) (-7.525) (-3.005)
R* = 0.981; SE = 0.0129; F = 275; v = 14; DW = 2.35; 32 (6) = 0.42

In this spirits regression equation the coefficient of the unemployment variable
is negative and significant.* In the corresponding beer regression (Table 1,
Equation 10) the coefficient is positive, though non-significant. However, if the

13 Thig statistic is readily available for censal years, and for the intercensal years in the
1960s we relied on data provided by the C.3.0. For the earlier years of the period under
consideration we had to prepare our own estimates based in part on observed trends in the
total labour force and in part on interpolation.

1D, (the labour force dependency ratio) has been included here rather than D,. This
results from the fact that the inclnsion of D, and U together would involve double-counting
as D, contains U implicitly.

[(M2]
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dependent variable X, is replaced by X, (bulk barrels) as in Equation 17, Table 1,
the unemployment variable becomes very significant | These results might be
interpreted by viewing U as yet another attempt to reﬁne our income data.
Thus, an increase in the unemployment rate is a proxy for a deteriorating
economic situation. Given that spirits is income elastic whereas beer is not, it
may be that there is a switching effect from spirits to beer consequent upon an
increase in unemployment. Again, however, caution must be exercised since
there is strong evidence of multicollinearity, which is particularly prevalent in
Equation 32 abave,

10 Other Variables

The estimates of alcohol consumption used in this paper include drinking by
tourists in Treland and exclude drinking by Irish people abroad. Tourist expendi-
ture might, therefore, constitute an important explanatory variable, both
because of the importance of the industry in Ireland and because tourists may be
expected to spend relatively heavily on commodities such as alcohol. This latter
consideration may be particularly significant in the case of cross-border traffic
where such factors as the licensing laws on both sides of the border become
relevant,1s

Two main tourist variables were tested, namely, real tourist receipts and real
net tourist receipts. However, the results were disappointing—the coefficients
were consistently negative and in some of the beer Tegressions were significantly
so. But serious multicollinearity was clearly present and the simple correlation
coefficients between the tourist variables and other explanatory variables
(especially income) were generally high, which alone provides grounds for
suspicion. But the fact remains that we could not establish that tourist drinkers
had any significant effect in accounting for the rapid rise in alcohol consumption
in the 1960s,

It is sometimes maintained that alcohol consumption in general, and beer
consumption in particular, responds positively to a particularly warm summer.
To allow for this, a variable was detived based on the mean temperature for the
summer months. Its coefficient was positive as expected but was generally non-
significant and fluctuated considerably in value. Given these results, and the
fact that the derivation of the variable is atbitrary, we concluded that it was not
possible to establish any significant effect.

11 The Relative Regressions

Multicollinearity ensures that certain of the estimated co-efficients cannot
be interpreted unambiguously. Efforts to overcome this problem led to some
regressions being run on the ratio of beer (standard barrels) to spirits (proof
gallons) consumption. It should be observed immediately that this is in no sense
an exercise in demand theory and that, further, the double-logarithmic formula-
tion would make the resulting coefficients tend towards equality with the

18 See Kennedy and Dowling {forthcoming) for further discussion of tourist trends.
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difference between the corresponding coefficients in the beer and spirits regres-
sions above.® However, these regressions can be used as a test for consistency,
with the additional hope that they may cast further light on what might be
deemed subsidiary regressors, such as the unemployment rate. X, is the new
dependent variable:

(36) X =5.192 - 0.770Y, + 0.834D, — 0.796y,, ¢,
(8436) (-9.697)  (4151) (-2.359)
R? = 0.916; SE = 0.015; F == 78; ¢ = 12; DW = 2.21; y? (3) =5 .47

(37) Xg = 3.59 - 0.8507, | 1.284D, + 0.162U
(16.941) (-9.154) (4979}  (2.512)
R? = 0.907; SE = 0.016; F = 69; + = 10; DW = 1.74; 42 (3) = 247

The coefficients of Y,, I, and D, are much as would be expected in the light
of the earlier work—the coefficient of Y, is perhaps a bit low while that of Dy is
on the high side. The performance of the other variables is also illuminating.
Thus, the coefficient of y,, 4, is negative suggesting that the lagged rate of
change of income variable can be associated with a fall in the ratio of beer over
spirits consumption. This, in turn, can be said to reflect the disparate income
elasticities of the two commodities which, in turn, implies that one is indeed
handling at a remove a genuine income effect, as was argued earlier.

The coefficient of the unemployment vatiable is also instructive. It was
maintained above that a rise in the unemployment rate could induce a shift from
spirits consumption to beer consumption. The positive and significant coefficient
in Equation 37 above substantiates this,

12 Choice of Dependent Variable

Some of the issues involved in choosing between the various dependent
variables introduced earlier will now be discussed. One such issue concerns the
relative performance of the two beer consumption variables expressed in physical
quantity terms (standard barrels, X, and bulk barrels, X,). To the extent that
specific gravity is a measure of alcohol content and, therefore, provides some
indication of quality, it could be argued that the standard barrel, which corrects
the many varieties of beer for different specific gravities, represents a quality-
corrected measure of consumption. On the other hand, it may not be either an
adequate or an entirely relevant measure of quality. Referring to Table 1, a
direct comparison between the performance of the two different dependent
variables is afforded by examining Equations 4 and 9, where consumption is
based on standard barrels, and Equations 13 and 15, where it is based on bulk
barrels. Such a comparison reveals that the regressors explain a greater propor-

16 On a more theoretical level, the application of ordinary least squares (0.L.S.) involves
making implicit assumptions about the error term. If the original error terms in the beer
and spirits demand functions are assumed to be additive in the logs and to meet basic Q.L.S.
requirements, then a sufficient condition for our composite error term in the relative regres-
sions to meet the same requirements is that the original error terms be distributed independ-
ently of each other, We make such an assumption.




688 Proceedings of the Royal Irish Academy

tion of the variation of X, than of X, Further, it should be noted that whea
X, replaces X, as the dependent variable, the parameter estimates tend to be
unstable and, in particular, the coefficient values recorded in Equation 15 are
not as would be expected in the light of earlier work. While it should he emphas-
ised that these are purely statistical considerations, it is suggested that, in the
absence of other criteria, they would tend to favour the use of X, over X,

This comparison may not be fair. Specifically allowance should be made for
the fact that X, has already been corrected for changes in the average specific
gravity of beer by including the latter as a separate regressor in the corresponding
regression equation where X, is the dependent variable. It may be noted, as an
aside, that in those regression equations where X, is the dependent vatiable, our
use of the beer retail price variable P,, was inadequate in that it was not corrected
for changes in alcohol strength.1” The results are given in Equations 14 and 16
where S refers to the average specific gravity. It is very difficult in this case to
choose between the two dependent variables. In Equation 16 (which superficially
appears to be a good fit), there is evidence of multicollinearity and the values of
the estimated coefficients have changed considerably when compared with the
corresponding coefficients in Equation 15. Further, problems arise when cne
tries to rationalise the coefficient of the specific gravity variable. Thus, when
Stone employed the same variable in his study on beer consumption, he argued
that the coefficient should be positive since ‘ other things, including price, being
equal, people will drink more beer when it is strong rather than weak ’ (1943,
p. 315). However, a change in specific gravity has two effects on aggregate beer
consumption as measured by bulk barrels. The first effect, mentioned by Stone
above, is that, to the extent that an increase in alcohol strength is perceived by
the consumer, it can be viewed as being analogous to a reduction in beer price.
The second and more direct effect derives from the fact that an increase in
specific gravity implies that fewer bulk barrels of beer have to be consumed to
ensure the same level of alcohol intake. If this was the only force in operation
one wou'ld expect the S variable to have a negative elasticity equal to unity.
However, to the extent that the first effect, which presumably has a positive
impact on consumption, exists, this conclusion is modified and although the
resulting elasticity would most likely be negative, its absolute value would then
be less than unity.

There is a further consideration which suggests that the variable should be
treated with caution. Thus, according to reliable trade sources, both the alcohol
content and, more significantly, the specific gravity, of the most popular ale brand
are considerably less than those of lager and stout. The average specific gravity
of total beer consumption in any given year, therefore, depends on the proportion
of ale, lager and stout in the total. However, specific gravity is then no longer
a true independent variable in that it is determined by the composition of beer
consumption and to that extent is not a factor explaining beer consumption.
This argues for the necessity of going beyond the single-equation model.

17 However, we allowed for this'in some equations by including specific gravity as a
separate regressor. The resulting price coefficient (P,) remained non-significant.
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Nevertheless, even if these arguments justify a negative coefficient, the
value of the coefficient still appears far too high. We tend on balance, therefore,
to favour the use of X, which has the advantage of containing $ fmplicitly,
reducing the number of independent regressors. This is to be welcomed in view
of the multicollinearity encountered earlier. It must be emphasised, however,
that this whole discussion is predicated on the assumption that the average
consumer is sensitive to alcohol strength. This may not be the case. Thus, within
an historical context, it should be noted that brewers have on occasion passed
on increases in duties by lowering the specific gravity, rather than inereasing the
price, of their brews (Dingle 197Z). This suggests that they felt the consumer
to be less sensitive to changes in the strength of beer than to price changes.

As a corollary of the above considerations concerning the nature of the
specific gravity variable, however, a certain ambignity attaches to the interpreta-
tion of the coefficients of the variables in the beer regressions. Gorman observes
(1959, p. 475) in his discussion on homogeneous separability that ‘ we must
never group luxuries, near-luxuries and necessities together ' when trying to
estimate income elasticities. It can be argued that the commodities grouped
under the heading ‘ beer * violate this rule—the response of lager consumption
to a given change in income probably differs considerably from the response of
stout consumption to the same income change. The implicit assumption of
homogeneity of demand over the various beer categories may be unwarranted,
but was unavoidable due te an unfortunate lack of data. The results must,
therefore, be treated with caution. It should be noted that these considerations
are of less importance in the case of spirits.

Although it does not solve those problems arising from the heterogeneity of
the products within our commodity classifications, an alternative way of estimat-
ing consumption, namely by using deflated expenditure data as in Chart IT, may
be more useful. Thus, as Wold points out {1963, p. 219), the relevance of physical
quantity data is inversely related to the degree of variation in quality and variety
of the good under consideration—estimates of quantity consumed could conceal
significant alterations in the structure of market demand, alterations which
might emerge in the expenditure data. It should be noted that there are grounds
for maintaining that income elasticities relating to physical quantity are less
than the corresponding elasticities relating to deflated expenditure. Thus,
assuming a positive quality elasticity, as soon as a commodity is available in
a number of varieties, consumers may shift their attention to more expensive
varieties as income rises. This, in turn, implies that the deflated expenditure
income elasticity is greater than the physical quantity income elasticity.

The following two regression equations may be compared with Equations 9
and 30 above—X, and X; are deflated expenditure on beer and spirits, respect-
ively:

(20) X, = - 0. 889 + 0.861Y, — 0.745D,
(- 6.603) (12.198) (- 3.829)
R? = 0.925; SE == 0.0155; T = 130; = = 6; DW = 1.07; 32 (1) = 8.01
(L3]
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(34) Xy = - 1602 - 0.842P, + 1.841Y, - 1L.344D,
(- 3.555) (- 2.848)  (17.305) (- 5.724)
R? — 0.971; SE = 0.0178; F = 232; v = 11; DW = 232; 32 (3) = 14

The most obvious point to note is the reassuring similarity of these results
to those recorded earlier, although there is a tendency for the regressors to
explain a greater proportion of the variation of the physical quantity than of
the deflated expenditure variables. This tendency is hardly so marked as to
warrant our strongly favouring one formulation of the dependent variable over
the other. It may also be observed that the income elasticities in both expendi-
ture regressions exceed the corresponding elasticities in the quantity regressions,
as expected.

13 First Difference Results

Tirst difference equations are a useful device for checking the stability of
ordinary regression results, particularly if the presence of multicollinearity is
suspected. Unfortunately, in the case of the beer regressions this usefulness
was sevetely limited as can be seen from the following equation, where the first
differences are the first differences of the logarithms:

(38) A X, = 0.00229 + 0.563 A Y, - 0.541 AD,
(0.366)  (1745) (- 0.973)
R® = 0.322; SE = 0.0119; F = 5.75; 1 = 13; DW = 2.63; y? (1) = 1541

Although this equation was one of the more successful first difference results
for beer it is far from satisfactory. However, some comfort can be derived from
the knowledge that the coefficients of the income and dependency ratio variables
are similar to those estimated earlier.

The corresponding regression equations for spirits are more interesting:

(39) A Xy = - 0.0005 4 1687 AY, - 1L.222AP, + 0521 Ay, 1y - 0.734 AD,
(- 0.004) (3195) (- 3.420) (1.575) (- 0.842)
R2 = 0.754; SE = 0.0176; F = 16.3; = = 13; DW = 2.38; 32 {6) =846

While the absolute values of many of the coefficients are not as would be
expected, the signs of all of the coefficients concur with our earlier results. A sub-
sidiary point to be noted is the relatively poor performance of the dependency
ratio variable {D;). Unfortunately, this was found generally to be the case in
the first difference regressions. However, the performance of the other variables
is gratifying and they corroborate some of the conclusions arrived at earlier.
On this point, it is observed that the coefficient of y,, 1., is positive.

14 The Houthakker-Taylor Model
As was pointed out above, the classical theory of consumer demand is
essentially static. It, therefore, loses relevance if the utility of the commodity
under consideration extends beyond the purchase period. For many goods such
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is clearly the case. It was in order to meet this contingency that Houthakker
and Taylor developed a dynamic model of consumer demand (1970, pp. 9-26).

This model attempts to allow for the fact that consumption of a commodity
may depend on existing ‘ stocks ’ of that commodity. Specifically, their basic
premise is that ¢ current behaviour depends on all past values of the predeter-
mined variables, though more on recent values than on very remote ones’
(op. cit. p. 10). Thus, they postulate that, for an individual:

() qft) = e + Es(t) + s ¥(t) + 7plt) and
(ITY) &(t) = q(t) - ds(t)

where q(t) is the rate of demand at time t, y(t) refers to the rate of income and
plt) to price at that same time, while $(t) refers to the inventory or stock of the
good being held by the individual. &(t) is the rate of change of this stock variable,
while § is the constant depreciation rate associated with the stock.

In the case of consumer durables, one would expect the ‘B ’ coefficient to be
negative. However, Houthakker and Taylor endow the consumer with a
memory and argue that his current behaviour will be influenced by his past
behaviour. This effect manifests itself in the phenomenon of ‘ habit formation
or inertia’ An extreme example of this is provided by the case of tobacco
consumption—the consumer is mich more likely to smoke in the current period
if he has been smoking in previous periods. Habit formation would also appear
to be relevant when considering alcohol consumption. Where habit formation
exists, we would expect the ‘ B’ coefficient to be positive. The question immedi-
ately arises of how one can measure an unobservable psychological stock.
Houthakker and Taylor show (1970, pp. 10-13) that it is possible to eliminate
the stock variable from the basic equation and derive a finite approximation to
the resulting model. The approximation has the following form:

(IV) qt = AO + Al qt — 1 + AzAYt + A3 Yt.1 + A4APt -i- Ath'l

Primary interest centres on the structural rather than the estimated para-
meters of this reduced form. However, they can be easily recovered.l® The

18 Specifically they are: A, A-BA)
A(A + 1)
2A, —1)
et :
2(Ay1Ay)
A 41
2(ActAy)

A+ 1
Aa AE
A!'éA!l Ad_%AS

3 is here over-identified.
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introduction of a stochastic error term does, however, pose problems, If the
stochastic term introduced into relation II is non-autocorrelated, then the error
term in the estimating Equation IV is autocorrelated (Houthakker and Taylor
1970, p. 23). 1t follows that the least squares estimates will not even be consist-
ent because of the presence of lagged values of the dependent variables in
Equation IV.1® This is further aggravated by the fact that, on those occasions
where lagged values of the endogenous variable are included in the regression
equation, the Durbin-Watson statistic is asymptotically biased towards the
no-autocorrelation value (Nerlove and Wallis 1966). Houthakker and Taylor
attempted to correct for this and concluded that, on the assumption of zero
residual autocorrelation, the expected value of the Durbin-Watson statistic lies
between 2.8 and 3.0.

With these reservations in mind, consider the following regression equation
for beer:

(40) Xy, ¢ = 0.0306 + 0.7138K,, 1 + C.00076AY,, | - 0.00030Y,, 1,
(0.833)  (3.441) (2.004) (1.821)
R? = 0.946: SE = 0.008; F = 124; DW = 22; y2(3) = 1.35
= = 0.07249; = 0.1577; 5 — 0.4918; y = 0.000712; ¢, — 0.4475;
8’ = 0.00105: gy’ = 0.6588

l

A few words of explanation are required. X, refers to beer consumption
{standard barrels); t is a time subscript ; the income variable (Y,) is non-agricul-
tural income which, on testing, again emerged as the most useful income-expendi-
ture variable; o, 8, g and § are the structural coefficlents as defined above,
g’ refers to the long-run income coefficient, the derivation of which can be
obtained in Houthakker and Taylor (1970, p. 18). Basically, it allows for
adjustments in stocks consequent upon a price-income change. Finally, ¢ refers
in general to an elasticity, with the subscript denoting the specific elasticity in
question. Tt should be noted that, in order to meet the requirements of the
Hoeuthakker-Taylor model, the linear, rather than the double-logarithmic form,
has been applied.

On a general level the equation is a good fit, although the value of the Durbin-
Watson statistic leaves something to be desired in the light of earlier discussion.
Further, the y* statistic again indicates the presence of multicollinearity. The
value of § is positive, pointing to the existence of habit formation. This is an
intuitively satisfying result. 3§ is also positive, as would be expected: however,
the value of this coefficient is considerably less than the value recorded by
Houthakker and Taylor in their regression equation for alcoholic beverages—
a high value of § emphasises the non-durability of the good under consideration

1* Houthakker and Taylor recomnmend tackling the existence of auto-correlation by
using three pass least squares (3 PLS) instead of ordinary least squares. Wallis has pointed
out that the assumptions behind 3 PLS are highly restrictive and that, therefore, the method
has but limited applicability. The interested reader might refer to Taylor and Wilson (1964),
Wallis (1967).
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(1970, p. 61). The short-run income elasticity, although a bit on the low side
at 0.45, is similar in magnitude to the result recorded in Equation 4 above, where
the dependency ratio is also excluded. The corresponding long-run elasticity
is higher, an interesting result which highlights the relevance of the stock variable.

The price variables, as can be seen from Equation 41, Table 3, had nothing
significant to add to Equation 40 above. It should be noted, however, that the
coefficients of the price variables were consistently negative in the regressions
rum, a more acceptable result than that observed in the earlier part of the paper.
The dependency ratio D; was also included in the estimating equation, That
this is a valid exercise can be seen by examining Houthakker and Taylor's
regression equation for alcoholic beverages where they include the percentage of
the population over eighteen as a separate regressor (1970, p. 61). This resulted
in the following equation:

(42) X, ¢ = 0.237 + 0194 Xy, 11 + 0.00053AY,, | -+ 0.00091 Y,, ¢,
(3.457) (0.851) (1.725) (4.034)
- 0.09996 D,
(- 3.333)

R2 — 0.066; SE — 0.0065; F = 148; DW = 1.84; 2 (6} = 0.247

The D, variable performs quite well here—the implied elasticity of - 0.493 is
not too unreasonable in the light of earlier work. However, the structural
coefficients, when recovered, tended to be meaningless—e.g. & = 10. Further,
the Durbin-Watson statistic points to autocorrelation which, in conjunction with
the low value of the 2 statistic, implies that this equation is of little value for
deriving structural parameters.

The following is an example of a corresponding spirits regression equation:

(45) Xg ¢ = 0.155 + 0.742 Xy, o1 + 00020 A Yy, ¢ + 0.0009 Yy, ¢,

(1.602) (3.860) (4.125) (1.785)
~ 0.0042 A Py, - 0.0024 Py, 1y
(- 3.152) (- 1.828)

R2 = 0.965; SE = 0.0151; F = 117; DW = 2.10; ¥? (10) = 0.1605
a = 0482; 8 = 0.20; 8 = 06; y = 0.0028; n = — 0.0035;
g = 0.0035; ' = 0.0058; gy = 1.644; &y = — 1.043;

ey = 2.038; &y = - 1.738

X, is our spirits variable (proof gallons). Price variables (as defined in the
earlier part of the paper) have been included, which accordingly increases the
number of structural parameters and elasticities (both short and long run)
- yand v’ are, Tespectively, the short run and long run price coefficients associated
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TABLE 3: PARAMETER ESTIMATES FOR BEER AND SPIRITS REGRESSION

Dependent
Equation Dependent Intercept lagged AY, Yo, 14 AP, | S AP, ¢
40 X, 0.0306 0.714 0.0008 0.0003
{0.833) (3.441) (2.004) (1.821)
41 X, 0.049 0.827 0.0009  0.0006 -0.001 -0.001
(1.258) (3.849) (2.041) (2.457)  (-1.589) {-1.519)
42 X, 0.237 0.194 0.0005 0.0009
(3.457) (0.851) (1.725) (4.034)
43 X, 0.228 0.291 0.005 0.001 -0.007 -0.0005
(8.281) {1.137) (1.602) 4.149)  (-1.322)  ({-0.851)
44 X —0.030 0.798 0.003 0.0004
(-1.340) (4.579) (3.894) {1.345)
45 X, 0.155 0.742 0.003 0.0009 -0.004
(1.602) (3.860) (4.125) (1.785) (-3.152)
46 X, 0.286 0.130 0.003 0.002
{2.269)  (0.427) (8.547) (2.929)
a7 s 0.585 -0.175 0.002 0.003 -0.003
(3.643) (-0.518) (3.465) (3.736) {(-2.517)
TERMINOLOGY

Reduced Form Variables

X = Beer consumption per capila (standard barrels)

X4 = Spirits consumption fer capita (proof gallons),

Y3, 1 = non-agricultural real personal disposable income per capita, lagged

AVt =Yyt — Yy ¢y

Py, ¢4 = Index of beer price relative to the price of personal consumption expenditure, lagged

API,Q =P, ~ P

1t

Py 4, = Index of spirits price relative to the price of personal consumption expenditure, lagged

APy, ¢ = Pyt~ Py ¢

D, = Employment Dependency Ratio
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Equations 1949-1970 HouTHAKKER-TAYLOR MODEL
Pyt D, Re S.E. F D.W. vAVA| *(v)  Equation
0.946 0.008 124 2.2 0.068  1.35(3) 40
0.949 0.008 79 2.31 0.0027  0.05(10) 41
~-0.100  0.988 0.007 148 1.84 0.013  0.25(8) 42
(:gggg) 0.965 0.007 98 1.93 0.0005  0.009(15) 43
(2.909)
0.948 00184 128 240 0.092  1.85(3) 44
-0.002 0.965 0.015 117 2.10 0.008  0.16(10} 45
(~1.828)
-0.274  0.960 0.016 127 1.84 0.008  0.15(6) 46
-0.004 (:g‘gg) 0.977 0.012 150 1.67 0.0006  0.01{15) 47

(<3.201)  (-3.067)
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TABLE 4: PARAMETER ESTIMATES FOR BEER AND SPIRITS REGRESSION .

Dependent i
Equation Dependent Intercept lagged Yy, i+ Yo ta Pue+ Putg Pat+ Pasa D, ] .
48 X, 0.054 0.554 0.0002 0.574
(1.619) (3.092) (3.453)
49 X, 0.074 0.642 0.0003 —0.0004 0.436
2.017) (3.377) {3.246) (~1.250) j
50 X, 0.245 0.163 0.0005 -0.103 1.439
(4.421)  (0.960) (5.859) (-3.874) |
31 X, 0.244 0.212 0.0005 -0.0002 —(.098 1.301
(4.317) (1.095) {5.373) (~0.565) (~3.496) 3
52 p. —.051 0.542 0.0005 0.594 °
-1.952)  (2.814) (3.177) .
53 X, 0.281 0.296 0.001 -0.002 1.087
(2.545) {1.647) (4.762) (-3.069)
54 X, 0.396 -0.209 0.002 —0.376 3.058
(3.534)  (-0.803) (3.531) (~4.054)
55 X, 0.669 —0.386 0.002 -0.002 —0.352 4.51
(6.735)  (-2.291) 9.078) (—4.462) (-5.418)
TERMINOLOGY

Reduced Form Variables
X, = Beer consumption per capita (standard barrels)
X, = Spirits consumption per capita (proof gallons)
Yy ¢ + Yy t = Sum of current and lagged non-agricultural real personal disposal income per capifa

P, 1 + Py, t+4 = Sum of current and lagged indices of beer prices relative to the price of personal consump-
tion expenditure

Py, t + Pyt = Sum of current and lagged indices of spirits prices relative to the price of personal con-
sumption expenditure
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EguatioN 1949-1970 BerasTroM (Frow ApjustmrNT) MODEL
E n 4 R? SE I DwW 12'Z1 ¥3(v)  Equation
0.122 0.001 (.943 0.008 176 1.83 0.118 2.45(1) 48
0.207 0.0018 -0.0022 0.945 0.008 121 1.94 0.006 0.12(3) 49
0.292 0.0011 0.9687 0.006 209 1.78 0.027 0.52(3) 50
0.309 0.0012 -0.00038  0.966 0.006 151 1.84 0.001 0.02(8) 51
~0.112 0.0023 0.921 0.023 123 1.61 0.141 2.96(1) 52
0.399 0.003  -0.0064 0.945 0.019 121 1.64 0.023 0.45(3) 53
0.478 0.0025 0.956 0.017 154 1.32 0.019 0.37(3) 54
0.483 0.0028  -0.0029 0.979 0.012 242 1.97 0.003 0.06(6) 35

Structural Parameters

0 = adjustment coefficient

£ = intercept

@ = income variable coefficient

= own-price coefficient
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with the structural equation. Further, due to over-identification, it was necessary
to approximate 8 by a simple averaging process. As the value of § affects the
value of B, the approximate nature of the p estimate presented here should also
be recognised,

The cverall fit of the equation is again quite satisfactory-—three of the
variables are highly significant. However, the value of the 2 statistic is very
low. As far as individual coefficients are concerned, B is again positive as
expected. The short run income and price elasticities at 1.6 and - 1.0 Tespect-
ively are of the right order of magnitude in the light of earlier work, The
corresponding long-run elasticities are again considerably greater in absolute
terms, particularly so in the case of the price elasticity. An attempt was then
made to introduce the dependency ratio into Equation 45. The resulting
equation was, however, untenable—individual elasticities seemed highly implaus-
ible and the Durbin-Watson statistic was a low 1.67.

The primary value of the equations presented immediately above is that they
emphasise the necessity of considering dynamic elements even when examining
the demand functions of non-durable goods—the presence of positive # coefficients
provides clear proof of the worth of the approach. Further, it may be observed
that the substantive conclusions arrived at in earlier sections of the paper still
stand and, in particular, that the demand for spirits is considerably more income
elastic than the demand for beer. Given this latter finding, it would appear that
the use of total alcohol as a dependent variable—as in the Houthakker-Taylor
study (1970, p. 61), is inappropriate.

15 The Bergstrom (Flow Adjustment) Model

Houthakker and Taylor experienced difficulties when they applied the basic
dynamic equation described above to some commodities. To counter these
difficulties, an alternative model—the Bergstrom model—was fitted (Houthakker
and Taylor 1970, pp. 26-9). This alternative formulation was also tested here.

In the Bergstrom model, as Houthakker and Taylor remark {1970, p. 26},
* the dynamics of consumption are viewed as an attempt on the part of consumers
to bring their actual consumption closer to some desired level * where the desired
level is determined by such factors as the consumer’s income and the price of the
good in question. Thus we have:

7 dqi ~o
(‘)&* q-q

(V) g=E5+uy+ 0

where q is the desired level of consumption and q is the actual level; y refers to
income-expenditure, p to own price; 8 is the adjustment coefficient gauging the
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rate at which the discrepancy between desired and actual levels of consumption
is closed. From this, they derive the estimating equation:

(VH) qt = A*n + A*lqt-l + A*2 (Yt + Yt-].) + A*s (Pt + PH)

from which it is possible to recover the original coefficients. Although this
equation may be run in double-logarithmic form, the linear form is used here.
Thus, a representative beer regression result is:

(48) Xy 1 = 0.0544 + 0554 X, o) + 0.00023 (Y, ¢ -+ Yy 1)
(L619)  {3.092) (3.453)

R? = 0.943; SE = 0.0084; F = 176; DW == 1.83; o2 (1) = 2.45

The dependent variable is again per capita consumption of beer (standard
barrels) and the income variable is non-agricultural income as defined earlier
(price has again been excluded). From this equation we obtained the following:

q=0122 + 0,001y

with 6 = 0.57 and ¢, = 0.647. This is quite satisfactory. In particular, the
income elasticity is, at 0.65, much in line with our earlier experience. Further, we
now have the additional information that the value of the adjustment coefficient
(8) is quite high indicating a fairly rapid response to the emergence of any
discrepancy between desired and actual levels of consumption.

A corresponding spirits regression equation is:

(53) Xs- t= 0.281 + 0.296 Xs. t-1 -4 0.001 (Yz, t+ Yza t-1)‘0v0022 (Pz: t =+ Pz: t-1)
(2.545) (L647) (4.762) (-3.069)

R? = 0.945; SE = 0.0189; F = 121; DW = 1.64; ¥ (3) = 045
whence it follows that:

4 = 0.399 4+ 0.003 y - 0.006 p
with § = 1.09; ey = 1.7; gy = ~1.9.

The price elasticity of - 1.9 is high by reference to earlier estimates whereas the
income elasticity of 1.7 is of the right order of magnitude. The value of the
adjustment coefficient is not only greater than that recorded in the beer regression
above but is also marginally in excess of unity suggesting over-compensation.
However, in view of the presence of multicollinearity, it is perhaps only safe to
conclude that spirits consumption responds more rapidly than beer consumption
to any inconsistency between desired and actual levels of consumption,

16 Prediction of Consumption in 1971

The various models introduced above were used as predictors of consumption
in 1971. The resulting predictions, which may be compared with the outcome,
are presented in Table 5.
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TABLE 5: Consumption of beer (standard batrels per capita) and spirits (proof
gallons per capita) in 1971.

Percentage
Amount Change on 1970

Actual

Beer .. - .. 0.441 + 5.9

Spirits .. . . 0.584 + 7.0
Double—logarithm A

Beer (Equation 9) . . 0.398 — 4.3

Spirits (Equation 30) ., . 0.551 + 09
Double—logarithm B

Beer (Equation ) .. .. 0.420 + 1.0

Spirits (Equation 30} .. . 0.572 + 4.8
First differences (double-log)

Beer (Equation 38) . . 0.421 + 1.2

Spirits (Equation 39) .. .. 0.569 4 4.2
Houthakker-Taylor

Beer (Equation 40) - . 0.421 + 1.2

Spirits (Equation 453) .. . 0.582 + 66
Bergstrom

Beer {Equation 48) . - 0.422 + 16

Spirits (Equation 53) ., . 0.573 + 49

Notes—The double logarithm B calculations differ from the double logarithm A
calculations in that, in the latter, the predictions are based on actual
consumption in 1970 rather than on predicted consumption in 1970.

The predictions of beer consumption are uniformly poor while those of spirits
consumption, although not so deficient, still leave much to be desired. The
predictions based on the Houthakker-Taylor model are markedly superior to
those based on the double-logarithmic formulation (Type A). However, the
bad forecasting power of the double-logarithmic equations appears, on this
occasion, to be due to the large discrepancy which emerged between actual and
estimated consumption for 1970. This problem may be alleviated by using the
double logarithmic formulation (Type B), which corrects for the 1970 discrepancy.
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Predictions based on this latter method are, of course, similar to predictions
based on first difference equations. Neither the Houthakker-Taylor nor the
Bergstrom formulations are so seriously affected by these considerations since
the presence of lagged values of the dependent variable amongst the regressors
would tend to correct for any difference between predicted and actual consump-
tion in 1970. Further, too much store should not be placed on the results for
one year. Although the Houthakker-Taylor model here appears to be more useful
as a predictor, it is still argued that the double-logarithmic equations introduced
in the first part of the paper were more useful as indicators of the relevant
Pparameters in empirical demand analysis. Finally, it should be noted that, on
examining other equations, it emerged that the poor prediction results presented
in Table 5 are not contingent on either the choice of equation or the choice of
dependent variable,

17 Conclusion

Some of the findings uncovered in this paper may be considered a further
substantiation of Walsh and Walsh’s earlier work. The evidence suggests that
the (own) price elasticity of demand for spirits is significant at about -0.9
whereas the corresponding elasticity for beer is not significant. One implication
of this is that if the authorities are concerned about tax revenue, given that the
proportion of the retail price devoted to taxation is roughly the same for both
commodities, they should concentrate on taxing beer rather than spirits. How-
ever, it is a corollary of the relatively small {own) price elasticity of demand for
beer that such a policy would also result in a more rapid rise in the proportion
of the average consumer’s budget being devoted to alcohol consumption than
would be the case if spirits consumption were taxed more heavily. The social
ramifications of this repercussion could be undesirable particularly in view of
the fact that, as Walsh and Walsh (1970) remark, beer is the poor man’s drink.

It also emerged in the course of the work that the relevant disposable income
elasticities, both of which are significant, are such as to suggest that beer con-
sumption does not react strongly to income changes whereas spirits consumption
does. From this it may be construed that, as income rises in the future, spirits
consumption will tend to increase more rapidly than beer consumption. The
health implications of such a trend might be viewed with considerable disquiet
in some quarters.2!

Considerable effort has been devoted to alleviating the many problems
implied by aggregation, both over individuals and over commodities. Thus, it
is asserted that the division between agricultural income and non-agricultural
income is advisable and that, further, variables such as the dependency ratio
have a crucial role to play in demand analysis. It has also been argued that the
definition of the dependent variable is not a matter of indifference, Further, the
recurrent role of the dynamic aspects of demand analysis is impressive. This is
epitomised by the presence of phenomena such as habit formation.

3¢ See Walsh and Walsh (1973) for a further discussion of this subject.
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In conclusion, it is argued that this paper represents something of an addition
to the practical type of knowledge required for the successful estimation of
demand equations in Ireland. It also spells out, perhaps in greater detail than is
normal, the theoretical underpinnings of the estimating equations used. Some
important deficiencies remain, however, Mention has already been made of the
statistical problems posed by multicollinearity. To this might be added the fact
that it proved impossible to take account of the effect of advertising expenditure.
Moreover a single equation model of consumer demand may be inadequate.
Nonetheless, it is felt to be a step in the right direction.

NGTES ON SOURCES AND METHODS

X,: Beer per capita {standard barrels)

The Revenue Commissioners make available estimates of the quantities of
beer * retained for home use * in each fiscal year. Source: Annual Reporis of the
Revenue Commissioners, 1950-1970. A simple averaging process was employed
to translate these estimates to a calendar year basis. Thus, for example, con-
sumption in the calendar year 1949 was defined to be equal to one quarter of
consumption in the fiscal year 1948-49 plus three quarters of consumption in the
fiscal year 1949-50.

The Revenue Commissioners also supplied us with a quarterly series dating
back to 1960—quarterly data are not available for earlier years. The annual
figures derived from this series do not differ much in absolute terms from our
estimates. Further, on the few occasions on which a discrepancy does emerge—
the most significant being estimated spirits consumption in 1962—there are
grounds for believing that this may have been the product of stockbuilding in
anticipation of budget changes. Such a phenomenon has little to do with
alcohol consumption by individuals. Further, on inspecting regression results
run for the decade 1960-70, it emerged that the coefficient values and the signi-
ficance levels of the regressors were substantially unaffected by the choice
between the two series. Accordingly, the series based on the averaging process
is used throughout.

The basic unit of measurement of beer used by the Revenue Commissioners
Is the * standard barrel ’, i.e. thirty-six gallons at a gravity of 1055°, Since specific
gravity is the most reliable indicator of relative alcohol content, the use of the
standard barrel represents an attempt to express a variety of beers in terms of
a single alcohol strength. The population figures used here and elsewhete to
derive per capita data are April (mid-year) estimates. Source: Report on Vilal
Statistics and Census of Population series,

X;: Beer per capita (bulk barrels)

This represents the quantity of beer ‘ retained for home use ’ before correction
for alcohol content. It is estimated here by reconverting the quantity of standard
barrels (X,) using the estimate of the average specific gravity of beer as provided
by the Revenue Commissioners each year,
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X, Spirits per capita (proof gallons)

This variable, which measures the physical quantity of spirits consumed per
head in a calendar year, was derived in a manner strictly analogous to X, above.

Source: Annual Reports of the Reverue C ommissioners, 1950-1970,

X' Deflated expenditure on beer per capita

The C.5.0. made available estimates of personal expenditure {in current
prices) on beer for each year from 1953, This was deflated by the current retail
beer price index, the derivation of which is described below. Estimates were
derived for the years 1949 to 1953 by imputing to the deflated expenditure data
the same annual rates of change as had actually occurred in the physical quantity
series (standard barrels) in those years,

Xy Deflated expenditure on spirits per capita

This was estimated in precisely the same way as X, above.

Xy Ratio of beer consumption (standard barrels) to spirits consumption (proof

gallons)
This is the ratio of X, to X,.

Y;: Total real personal disposable income per capita

Total personal disposable income per head deflated by the implicit price of
personal consumption,

Source: National Income and Expenditure (N.1.E.) 1969 and 1970,

Y,: Non-agricultural rea! personal disposable income per capita

This was defined as total personal disposable income less farmers’ personal
income, deflated by the implicit price of personal consumption and divided by
the estimated non-agricultural population. The latter is taken to be total
population less estimated farm population {see below for the estimation of the
latter). This variable sucludes income received by farmers from non-agricultural
sources. It may be noted that in Ireland farmers generally do not pay income
tax on income from agriculture.

Source: N.I.E. 1969 and 1970.

Yy Farmers’ real personal income per capita

Farmers’ personal income is defined to be equal to income from agriculture
minus payments to farm employees and contributions to social insarance. This
was deflated by the implicit price of personal consumption and divided by the
estimated farm population. Estimates of the latter are available for Census of
Population years. Estimates for intercensal years were based on changes in total
population and in the estimated number of family farm workers, this last series
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being obtained from the C.S.0. Thus, population declined less rapidly than
employment and we used this fact to correct our estimates of the decline in farm
pepulation implied by the fall in family farm workers.

Source: N.I.E. 1969 and 1970, Census of Population, and Report on Vilal
Statistics.

Y,: Yolume of consumption per capita
This is total personal expenditure on consumer goods and services deflated
by the implicit price of personal consumption, expressed in per capifa terms.
Source: N.I.E. 1969 and 1970.

y1: Rate of change in total real personal disposable income per capita

Annual percentage changes of Y,. For the logarithmic equations we added
100 to the percentage rate of change before taking the logarithm. The percentage
rate of change was estimated in the logarithmic equations by taking the difference
between, i this case log Yy, ¢ and log Y, 4.
Vi t-1: V¢ lagged one year.

¥,: Rate of change in non-agricultural real personal disposable income per capita
Annual percentage changes of Y, See note on y,.

¥a. t-1: Vs lagged one year

P,: Beer price (four quarter average) divided by the implicit price of personal
consumption
The C.5.0. made available quarterly retail price indices dating from 1953
for various categories of beer. Using the weights assigned to these various
categories in the Consumer Price Index, a weighted price index was derived for
beer which was then averaged over the quarters to yield an annual beer price
index. For the years 1949 to 1953, estimates of the retail price of a pint of stout,
together with the timing of changes in that price, were obtained from trade
sources, whence a price index, based on a quarterly average, was constructed.
The price index was divided by the implicit price of personal consumption.
Source: Irish Trade Journal and Statistical Bulletin, December 1953, and
Irish Statistical Builetin, March 1969, for weights of various categories of beer.

P,: Spirits price (four quarter average) divided by the implicit price of personal
consumption.
Derived analogously to P, above.

Dy Employment dependency ratio

Total population less the employed labour force divided by the employed
labour force.

Source: Report on Vital Statistics, Review of 1970 and Outlook for 1971.
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D,: Labour force dependency ratio.
Total papulation less the total labour force divided by the total labour force.

Source: Report on Vital Statistics, Review of 1970 and Outlook for 1g71.

U: Non-agricultural unemployment rate.

The unemployment rate is the number of insured persons on the Live Register
as a percentage of insurance cards exchanged.

Source: Trend of Employment and Unemployment and Irish Statistical Bulletin.

S: Specific gravity of beer

The Revenue Commissioners supplied estimates of the average specific gravity
of beer in each fiscal year, These estimates were translated into estimates on a
calendar year basis by means of the same averaging process used in the derivation
of the physical quantity data above,
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