An Application of the Samuelson-Stone Linear Expenditure
System to Food Consumption in Ireland
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pattern of food consumption in Ireland over a period of twenty-one
years. Such an analysis may also be 'useful as a basis for projections,
although this aspect of the subject is only briefly examined here.

THE principal aim of this paper is to offer a structural analysis of the

Formulation of the Model

The choice of model to be tested can, in the general m-good case, be formu-
lated as follows:— _ o

pq: = b T"JZIBUPJ " o ()

Thus the expenditure per head of population on the ith good' (pg.) is a fiinction

of total expenditure per-head (u)! and of all the prices (p;) where (,=1, 2,3,

. .'m). In order to examine the properties of such a general linear system in
greater detail a two-good example will be used. This can be written: ,

P191 = bypABupy+Brpy R

P25 = bapu+Bypr+Boop,

1. Total expenditure per head is taken here (as in much of the literature) to be synonymous with
income per head.
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or, in terms of quantities (¢) only:

bip
gy = +B11+ Bty
1

b4 41 ' (3)
__ bou +Bz1Pl+B
F 2R 2

With the help of this example general properties of the model can be deduced.

It is well known that a useful and theoretical criterion of demand analysis is
that the sum of the individual expenditures should add t() total expenditure.
In terms of equation system (2) this additivity criterion requlres that

D191Tha0s = (4)

Substi“tuting for p1g, and peg, from (2) we get

(b14b5) +1(B1y+Bon) +2(Bia+Ba) = 0 (5)
Since y, p; and py # o then . B
'bi+b2 =1; B 1+B‘.1 = 0; Byy+By =0 (6)

Thus the system will be addlthC if the 4’s add to unity and the price coefﬁments
in each column add to zero, or, in general, if

Z-liilz 1 and .‘_V_“]BU =0 N

From these features of additivity other properties relating:to the expenditure
and price elasticities can be deduced:
Expenditure elasticities: . '

As the b’s sum to unity, then the sum- of the expendlture Alasticities welghtcd
by their “own’ expenditure proportions will sum to umtlz The expenditure

elasticity of the ith good is b and the expenditure propor1 ion of the ith good

P'Q*
is 24 I general, since Z b: = 1 then
u i=1
8
m b’_ﬂ ) p!q! : ( )

—_— =1

i=1 P n
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Price Elasticities: : -

As the price coefficients in each column sum to zero then the welghted sum
of the price elasticities for each good with respect to one price plus the expendi-
ture proportion of the good which has that price equals zero. In terms of the
two-good example it is then required to show that:

091 . b1, 1’141+ b, Pt /’191

=0 - (9)
‘?P.l 71 k01 ¢ 2 u . . .
Differentiating equation (3) and substituting in equation (9) ‘-
_ (byp+Bygps) +ﬁ1 ) 1_0_] ., Pade /’191 —0 (10)
B b2 92 B 2
Multiplying across by k. B
21
B
bk Buta B, 0 (11)
2N 21 . ) .
But from (3):
binw Bypp
B, — bi#_Bute, (12)
. b b _
.'. equation (11) becomes: o .

Similarly it can be shown that if equation (9) were expressed in terms of
elasticities with respect to the other price (p,) and the last term were replaced

by the expenditure proportion of the good which has th1s price (1 €., 1’2_9_?) then
I

Y

322+B12 =0 - | ‘ : (14)
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In general, then, if Z B.; = o which it does because the: model is addltlve,

'thenan, T L=t TU I S PR S FT L  DRE S L,

'51 ST IR _'l‘;(i [ oIS MR . '! B A (‘\" Ay 1 l .,x,‘; S Lt

“Jl.i FIEL I HEA .‘i ’aq‘ p p'q' l)-’qf 6(‘,' SR S v“. . (1155)
i=lapj N/ [l‘ ',u,. " TR . . ¢

which is the required result.

Ny Lt

¢ Since the quahtity cc?nsurr‘ned 1sxbemg treated here as,a particular linear
function of total expenditure and of each price the equatlous are homogeneous
of degree zero. Thus, if in the first equation of system (3), 1+ were increased by
a given percentage and-p:and, p, were each increased by-tae same percentage
the increases would cancel out leaving ¢, unchanged. Ths seems reasonable
since a rational consumer would hardiy be influenced one way or another if,
for example an increase ini_his income weré Bifset. by-anlequl proportionate
Increase in all the prices with which he ‘was faced. The major implication of
this property of homogeneity is that for each commodity the sum of the
expenditure elasticity and all price elasticities is zero. Thus, taking good 1 (g,)

from the two-commodity example it is required to show thfart; . .

’ [ . o

b 00 1 001 s _

(16)
P19 01 43 Oy 4y
. S n!(\
[ X Al "\ . '__..
91 .4 %1 ‘
Substituting for =} and -2 from equations (‘;)
b1 2
b b B e B1y
Ot Ot Byaby 2 PP (17)
_ AURY P191L qul 205
k! i . .
Similarly for good 2 (g5).
Generalising then we have: R
L b 0gi", ps'_ o (18)

piqt '=lap." q: . )
BT BRI B oL U T T 1Y T S EE S S A P T N , 4
L B S N T LY o BT L Piooogd o0 o T el
Thus, not only will” an"equi-proportionate change in total expenditure and
each ‘of the-prices leave consamption -unchanged: but an egui-proportionaté
changé in the expenditure elast1c1ty and each of the price e] asticities will also

leave consumption unchanged. * - S
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In elementary (indifference curve) demand theory consistency of preferences
is postulated for the rational consumer, i.e., the substitution effects are
symmetrical. However, in adapting this theory to a market situation there is
no guarantee that the consistency of preferences will remain (i.e., that the
community indifference curves will not intersect). Whether or not the symmetry
condition exactly reflects the facts of market behaviour (though it could not be
very far out) there are good reasons for its adoption. Not least of these is the
fact that it reduces the number of parameters to be estimated (from m2—1 to
2m—1) but, as will be seen later, it also allows the general model to be
interpreted 'in a plaus1ble manner It can be shown that the model as it stands,
does not satlsfy the symmetry COI’ldlthl’l However a more frultful approach is
,to assume that th1s is the case and then to proceed to examine what restrictions
are required to render the model symmetrlcal The matrlx of substltutlon
elast1c1t1es is deﬁned by Stone2 in matrlx notatlon as:

|

+ .
s B Coe ' - PRI

S =g, T ()
where § = matrix of substitution elasticities ,
¢ = diagonal matrix of quantities o
a = vector of quantity derivatives' 'with | respect to expenditure
¢ = transposed unit vector )
-u =. vector of total expendlture o .
' 4 = matrix of quantity derlvatlves w1th respect to price.

‘

In our two-goodtexample this formula can be expanded -as:

-1 e | N 3 Tt o
q— 0qy/0u | {1 1] 0g1/0py  094/0py s _I J

1 | | BEEE

S = + U
o 1 . ' I |
7 0g4/ 01 .| 0gs/0py Ogy/0p, —
2 - 9s

' P 4 ! (20)

Y T ' © 8 Lo . L . Yo .

1 6q1 19 .1 aql L1 94y, N R

. q1 aﬂ +q1, apl i 9 a/l +q1q2 5/72 N Y 4 U

! ‘392+ a?z . . 1 542+ I 222

42 On 9192 6[)] ‘ 9.2 on 92 by

2. Stone J. R.N. Linear Expenditure Systems and Demand Analysis: an Applxcatlon to the Pattem
of British Demand E:onomic Fournal, Vol. Ixiv, September 1954. :
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The element s,, of matrix (21) is

dg; .p 04

N = —_— — -}.,__ LR . . (22)
= s 9192 Ov @

which can be written:

0 ' P

S1g = ;711 I _’f_+_q1 KB

(23)
by 41 Pafs On ¢y

Thus the elasticity of substitution of good 1 for good 2 is equal to the elasticity
of demand for good 1 with respect to the price of ‘good 2 divided by the
expenditure proportion of good 2 plus the expenditure! elast1c1ty of good 1.
This’is the familiar result that price elasticity consists of : an income effect and
‘a substitution ‘effect. However, this says nothing about wh “ther the substitution
effects are symmetmcal or not. For symmetry to hold, then, in our example,

$10 Must equal sy, i.e., in the matrix (21)_ the off-diagorial elements must be
equal. Therefore the followmg rélation must hold:

Oy b, #  On # _00 B 0 H

51’2_ 7, quz a#, 91 b1 4 10191 all gz

This relation shows that the elasticity of demand’ for good 1 with respect to
a change in the price of good 2, (mcome changing to compensate the price
change) equals the elasticity of demand'for good ‘2''as the price of good 1
changes. This relation was first developed by Slutsky® for the general case, by
the use of determinants in 1915-and is consequently referted to as the Slutsky

condition. S1mphfymg equation (24). and multiplying across by Nz we get

i poo
a form of the COg.'ldltIOI’l derlved dlffer«ently by H1cks4 S ‘
5L I T day ' O 3 TS SR
! . il‘{’—q2i} == 'ig_i_qlizx - : ’ M ; (25)
o o Opy “ow  0py Om L

~“The left hand side, for example, shows the effect on demand for good 1 of
a change in the price of good 2 combined with such a change in income as
would enable the consumer to buy the same quantities of all goods as before
in spite of the change in the price of good 2. It is obvious: that this change in
income will be smaller the less important is ¢, in the co; 1sumer s budget. A
similar interpretation apphes to the right hand side. Itis- necessary, however,

to discover what restrictions on the model are necessary for thls equality to hold.

‘ 3. Slutsky E . Sulla teoria del bilancio del consomatore, Giornale deglz Ecommt:tl July, 1915.
4. Hicks J. Value and Capital, Clarendon, Press 1939.. . -

¥
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Substituting the differentials from equations (3) into equation (25) we get:

By, by By, b

—+q e N (26)
p e ps P
Multiplying across by p, p,:
Biopot+gobipe = Barp1+41b20, (27)

Substituting the expressions for ¢; and ¢, from equations (3):

B B
12p2+blp2< ;" ;jp 1+Bzz) 21p1+b2p1( ‘|‘Bu+ 12/ 2) (28)
2 2 .

or
Biopotb1bap+b1Bg1p1+b1p5Bag = Boyp1-+bobqpt+bop1B1y+b5B10ps - (29)

which simplifies to:
Boyp1(61—1) +b,1Boppg = Biapa(bp—1) +b5B11 9y (30)

This equality must hold if the symmetry condition is to be satisfied but there is
no a priori reason why it should hold. It therefore remains to see what restrictions
are necessary to make it hold. If the first and second terms on one side equalled
the first and second terms on the other side respectively then the equality
would hold but this would involve restricting the variables p; and p, as well as
the parameters. Obviously the only way this equality can hold is if the two
terms containing p, are equal and the two terms containing p, are equal, i.e. if:

byBoopa = Biapa(by—1) : © (31)
‘and

By p1(by—1) = byBy1 4 .(32)

Expressing the B’s in terms of the §’s, equation (31) gives:

By =10y , . (33)
and
” Bgy = (by—1) (34)
and equation (32) gives
By = lfz (35)

and
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Thus the symmetry condition will- hold if the restrictions on the B’s shown

in equations (33)—(36) are applied. These restrictions can be written more
generally as follows: .

Bii = (bi—1) . . (37)
and ‘
T, r !“ . Bij = b‘t . (38)
and compressed in one "expression,- using Kronecker’s delta, as: :
{’ . L i \ B 7] =‘1 (bi —_— 8113) t . N (39)
t‘ er b ' '; j ‘X\ o \\ ) , )
wheresu_llf‘=,§=01fi¢j ) )

Stonestincludes' a constant term -(¢) to make the ‘restrictions fully general.
Thus equation (39) may be written:

R . . ‘\.Bu = (bi—éigj_)CJ (4.0)

s &
These: most general restrictions on the B’s do not violate the property

‘: Z Bu f‘ 0 already dCSCI‘led Thus for example g1ven b; +b2 = 1 then °

i= nu

AR

L o By By = (by—1)e;tbyc;

+

ok R N A o . i :
T P T Cvo= —bgty4-bocy=0 - (41)

regardless of the value of ¢;0 .- - ¢ % ..
Similarly: oo G '
W . i BB =o0 v AU " (42)

éonsequently the properties of the expenditure and price elasticities (equations
8 and 15) still apply. '

Also, of course, the homogeneous nature of equations (3)is not violated and
the implication of homogeneity on the elasticities is unchanged since the terms
containing the B’s in equation (17) cancel out. Thus the symmetry condition
can be accommodated without violating-any of the other p1 ‘operties.

5. Stone, 1954, op. cit.
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The restricted values of the B’s in terms of the &’s can now be substituted
into the original system (2). Thus the first equation of this system becomes:

019 = b1ﬂ+(b1—1)01P1"Lb1€;P2 o (43)
P61+, (1 '1'?1‘1"*‘17262) “ (44)
Following Stone® write —# for ¢. Then
0 = P1k1+b1(l{—'l’1k1 —paoks) (45)
Similarly the second equation of system (2) becomes:
bz = l’zkz“}'vbz.(l‘ —poks —p1k1) (46)

and the system may be generalised as:

g = pikit-b (M—ZM:) 47)

where £ and b are parameters to be estimated.

I3

This, then, is the standard form of the linear expenditure system. It postulates
that expenditure on the ¢ th good is divisible into two parts. The first part (p.£.)
is committed expenditure on the i th good which consumers will maintain either
from habit or due to necessity. The committed quantity (k) will not be affected
by the level of total expenditure or by any of thé prices. This might not be very
realistic in the case of certain luxury items but due to falrly standard dletary
habits especially in Ireland and constant blologlcal needs it would seem to be
plaus1ble for most food items. Since some proportion of total expenditure is

“tied-up” in this way for each good it is clear that additional consumption
on any good can only be made out of “residual”. income and this is what the

m

second term shows. The expression u— Y p;k; measures the)mcomc whlch is
ji=1
left over after all the committed purchases have been met. It is therefore termed

supernumerary income and since the s measure what proportion of it is
devoted to each good, they can be interpreted’as marginal propensities to
consume out of supernumerary income and they must all sum to unity.

- i Saae R R T A
6. Stone, ibid. v Co b -
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The system as described here can also be interpreted in terms of the utility
maximising behaviour of Paretian demand theory. The utility function:

u(qys gg» - - +» 4,,) can be derived from the model as wrltten in equation (1).
This was done by Geary? in a note on previous work 1:y Klein and Rubin?®
which laid more emphasis on constructing a theoretical cost-of-living index.
Geary’s method can be briefly illustrated by reference to a one-good example.
Thus to find the utility function associated with the ccfnnsumption of g, we
begin with the first equation of system (3) and substitufe for the symmetry-
restricted B’s. This gives:

blﬂ (by— )51l’1+b1€2pz

g + (48)
T h
. by(pteipyteop
gk = 2 n oo (49)
1
Now since (_3_u_ = Apy, i.e., marginal utility is proportionate to price, then
04,
. Pi0gy = Adu (50)
But from (49) ‘
o by(pFeqpyFe '
py = Aletalitop) (51)
7116
R : Ab , 0
: oy = (e py+eopo)0g, (52)

q;+¢6

Since compensating variation in income is impliéd by the 1nodel, utility maxi-
misation is achieved by the consumer remaining on the same indifference curve,
i.e., u = o. Integrating this function (52) we get, with A(y: +cl Dr1teaps) =1,

u = bylog(gy+c;) +C , (53)

where C'is the constant of indefinite integration.
In terms of Stone’s treatment the utility function (or preference field) for the
multi-commodity case can be written

— Y bulog(gi—ky) (54)

i=1

7- Geary, R., A Note on the Constant Utility Index of the Cost of Living, Rewew of Economic Studies,
Vol. xviii xg5o~ I

8. Klein, L. R. and Rubin, H., A Constant Utility Index of the Cost of lemg, Review of Economic
Studies, Vol. xv 1948-49.
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It seems intuitively obvious that utility should be some function of the excess
of consumption over that part which is committed on the grounds that the
latter part is in the nature of a basic minimum and hence does not enter into
the consumer’s efforts to maximise utility.

Equation (51), when generalised, becomeS°

pige = piks +b Zlhk:) . (55)

which is the standard form of the model. :

Thus the symmetry conditions also allow this utility function to be derived. ,
It is clear that due to the hyperbolic form of this function the 5. must all be
negative, i.e., the marginal rate of substitution is diminishing. Also b: must be
positive and less than unity. If not the utility function (54) would be i 1mag1nary
All these features are derived from elementary demand theory and equation (55)
shows that they are implied by the model.

This utility interpretation can be used to show how the same utility can be
achieved in period ¢ with income (p,) at prices p,: as was achieved in period o
with income p, and prices pg:.

Thus

n (qt‘—‘kti)lii
= =1 (56)
I X

—-

where IT multiplies all expressions of the form which follow

or, introducing the price sets of both periods we have:

by
ubo' _
<z0p“> =1 (57)

where £ = i§lp;q;—§lp,-ki>

b,
) Di 8
1L.€., Zol . Po‘) (5 )
% (P:\b: (59)
or e = zc:f"k‘+(uo ZpoJE) i= 1 Por .
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Thus the .income (i,) which is required to keep utility constant in time (¢)
under price regime (p:,) is.equal to the current cost of (ommltted purchases
plus the supernumerary income -of the ;base period (o) rcused by a geometric
average of the price ratios. Thus a constant utility.index cf the cost of living is
given by u,/u, where g, is given for some base year and U, 1s calculated by
formula (59) for all other years. It can be shown that this utility function and
the cost-of-living index based upon it is useful for making projections.

General Critique . : S

* Because the model conforms so well with demand theory there are circum-
stances, in practice, with which it cannot adequately cope. Strictly speaking
complementary and inferior goods should be ruled out. Tlus can be shown by
examining the substitution effect, i.e., the compensated pnce effect. Thus, for

examplé, substituting the restricted values of the B’s in the left-hand side of
equatlon (29) glves ' . ! ‘

1 o o t ’ ! T ,
s12 = bybolu ;(P1k:l‘t‘l7;ké)l ) o , \: ‘_(6,0),

Similarly it can be shown that: . ' Y

S e L hk +hoks)] (61)
Tl;erefore, in general, e

Tt st (biE8a)b (u-—prk) e (62)

If . = , then 8, =1 and's, f nlllstbe rlegg‘ti've since a ch'liange' in tllé' “ov:vn"’.

price of a good will cause a change in the opposite direction in demand for
that good. Since supernumerary 1ncome must be positive 1hen the expression
(bi—1)b: must be negative in which case’b: must be pos«tlve and less than
unity. The fact that 5. must be positive rules out inferior goods. If # ; then
8,y = 0 and s:; must be positive which rules out complementary goods. In
applying the model some negative »’s do emerge suggesting that certain
commodities are inferior. Such results do undermine/the utility interpretation
to a certain extent and while it would have been poss1bl= to eliminate the
negative &’s by aggregating the commodities into larger gro: lpS it was felt that
these “recalcitrant” results were, of ifiterest in themselves. e
' This model might also be cr1t1c1sed‘ on the grounds that the constant
parameters are not realistic. For instance the committed ¢xpenditure might
well increase slowly over, tlme reflecting the way in which ' “luxuries” tend to
become ‘“‘necessities” as 'time' elapses Also, Jas ‘has been nOtlch there may be
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other factors which shift the function: Although the introduction of a trend
term would destroy most of the theoretical properties, the parametersthems
selves could be rendered time dependent?; for example, by writing &’ + &'t for
b and k' +k''t for k where ¢ = time. However, it was felt that even over a period
as long as twenty years the parameters of Irish consumption habits probably
have not changed very 51gn1ﬁcantly for the traditional types -of foodstuﬁ's being
analysed. ' vio
Finally the instantaneous response mechamsm implied by the model may
not be ideal. The model can.be dynamised along Nerlovian lines but such'an
approach is considered ‘to be more suitable for durable goods.1? An alternative
approach would be to use the dynamic version and then allow'the equilibrium
values of consumption which appear in the dynamic model to be determined
by a static linear expenditure system.!! It was felt, however, that-such refine-
ments would not be apposite here due to-the’ per1shab111ty of foodstuﬁ's and the
regularity of their. consumption. . - . .
Thus the model as formulated in equation (47) which is the standard form
of the Samuelson-Stone linear expenditure system is used to analyse the
consumption of foodstuﬂ‘s inIreland. - - - o s Bl ”
. e we g e .-
Application : Co s
The above model?" was apphed to - the ‘consumption of’ fifteen dlﬁ'erent
foodstuffs and one catégory of other expenditure in Ireland over the twenty-one
year period from -1947 to 1967 . < : AT A
Vo e T ISRt S S
Quantities of individual foodstuffs consumed per head per week were taken
from the Irish Statistical Survey/National Income and Expenditure® up to
1958 and from the Irish Statistical Bulletin!* thereafter. Annual retail prices
were calculated from the quarterly data published in the June an;‘i December

¥ A . M { s !

9. Programme for Growth Vol. 1. Department of Applied Economics, Umversuy of Cambndge,
Chapman and Hall, 1g62.

10. Stone, R. and Rowe, D. A., The Market Demand for Durable Goods, Econometma, Vol. 25,

No. 3, 1957 R B B [V
11. Stone, R., and Croft-Murray, G., Social Accountmg and Economic Models, Bowes and Boww
London 1959. Xy o e Nl v e

12. The L.E.S. has recently been shown to be merely a special case of an even more general ‘model
which, for example, can accommodate complementary and inferior: goods, See Brown, Murray and
Heien: The S-Branch Utility Tree: A Generalisation of the L E S. Discussion Paper No 18 State Umverslty
of New York: at Buffafo, May, 1968. s \

13. Irish Statistical Survey/ National Income and Expendtture, Central Statistics Office; Dubhn, 1948—1968
14. Irish Statistical Bullelin|Irish Trade ]oumal ‘and Statistical Bulletm, Central Statlstxcs Oﬂicc Dublm,
December, 1969.

B
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Statistical Bulletins?® the price of beef being taken as the|unweighted average:
price of the two cuts; sirloin and shoulder. An attempt was made to estimate
the expenditure proportions of all cuts with a view to gettin,'gr a better (weighted)
average price for beef but this made very little difference t(') the simpler method
which had been used by Hart'¢ and which is, perhaps, Jess arbitrary. Given.
prices, quantities and ,population?? an annual series of expendltures for the
total population was constructed for fourteen foodstuffs. The sum of these in
each year was subtracted .from the.item: ‘,‘expendituret- on food and non-
alcoholic beverages’!® giving a residual termed “other food”. Finally, the total-
expenditure on all food was subtracted from the ofﬁc1al figure for “total
expenditure within the state’. giving a second residual termed ‘other expen-
diture”. Thus the sum- of all the individual expenditures equalled the official
totals and the two residual items “other food”-and ° other expenditure” bore
the brunt of any, inconsistencies. This calctlation was repeated for the series.
at constant (1958) prices, the Consumer Price Index!? b=1ng used to deflate
the “hybrid?¥:residual items which did not have a umque “own’’ price. Thus
complete ‘‘additive”, series for sixteen items over.a period of twenty-one years:
were constructed at current and constant, (1958) prices. "The constant. price.
series can be seen in conjunction with the values predicted by the model in
Appendix A. In computing the model the data was converted to per capiia
terms by dividing by the population in each year.

. The grouping of commodities was largely determined by the availability of
data but it does-seem’ to conform well with the criteria of “want independence”
between groups and “price homogeneity” within each group 20 The method of
estimating the model is described, by reference to the two-good example, in
Appendix B.
ety e Lot .

i

Results 4

e Gy “ .

"“The estlmated parameters are sét out in Table lina way that illustrates the
“mechanics” of the model. The first column shows the estimated quantities in
natural units per head per week to which the consumers are committed. For

15. Ilnd for Junc and December, 1948-—1969
.16. Hart, J., An Econometric Method.-of Forecasting the Demand for Iood in Ireland in 1970,
Fournal of the Statistical and Social Inquiry Society of Ireland, 1966.

17 Statistical Abstract of Ireland, Central Statistics Office: Dublin, 1948-1968 for the Census Years
1951, 1956, 1961 and-1966. Est1mates for mtercensal years were obtamed From the C. S o, Gufﬁth
Barracks, Dublin.;;,
18, Irish Statistical Survey[National Imome and Expendtture, Central Staumcs ()fﬁce, Dublm, 1948—1 968.
219. Trish Statistical Bulletin, December, of. cit., 1964 and 1g6g.

20. Stone, R Altchxson, J., and Brown, J. A. C,, Some Estimation Prob]ems in Demand Analysm.
The Incorporated Stalzstu:um Vol? ‘e, No. 4, April, 1955..  ~

v
i
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example, the average consumer maintains a committed consumption of 6-01
pints of fresh milk per week. He will -actually consume more than this by
devoting some of his supernumerary income to milk. Alternatively, in the case
of bread, the actual consumption will be less than the committed part because,
for this good, the marginal propensity to consume is negative. Column (2)
shows committed consumption in expenditure terms for 1958. This year was
chosen to simplify the exposition, since, being the base year, constant and
current prices are the same. The third column shows the estimated &’s. They
are generaly quite small for the individual food items though those for pigmeat, f
mutton and fresh milk show that 46%, 3:1% and 309, of supernumerary
income respectively, are spent on these goods. The existence of negative 5’s
does undermine some of the theoretical properties of the model but they do

appear reasonable, from a pragmatic point of view, for farmers’ butter, bread,.

household flour and potatoes (the traditional inferior goods) though somewhat
surprising for eggs and sugar. The interpretation of these parameters will be
more fully discussed in terms of elasticities. As seen in column (3), however.—
the ’s do sum to unity. :

Column (4) shows the estimated or predicted values for expenditure in 1958
The term, 4:<, is formed by multiplying supernumerary income (Z) by each’'..
Since .

16 NETIN
Z = .gipiQi‘—'.glpiki -

we form ¢ by adding up the actual individual expenditure and subtracting the
sum of the estimated committed expenditures. We then form p.k.+5.<, i.e.
the sum of the committed and uncommitted expenditure on the ith good
which is, of course, the expenditure (p:¢:). The sum of these predicted values,
(770.55) should approximate the actual figure of total expenditure which it,
does. Thus it can be seen from Table 1 that the predicted. expenditure on fresh
milk, for example, is made up as follows: o .

3528 = 34-284--029653 (77055 —736 82)

and for creamery butter as:

F [y

26-15 = 26-03 + 003499 (770'55—73682)

and similarly for other commodities. s
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d/hd/wk old pence per hea.d per week.

WL

¥

) TABLE I: Estimated Parameters of L.E.S. - '
“eol. (1) * col. (2) eol. (3) col. (4) col. (5)
R ki ' piks h b k2+b.Z  col. (4)]col.(2)
Item .. oz/hd]wk - d[hd|wk =piq) I+bL
oros. .. 1958 ditdlwk + ., pik
. o N 1258 %
C . & . .
Fresh Milk . . 6or(a) 3428  -020653, 5528 291
Creamery Butter' 832 2603 003499 <615 046
Farmers’ Butter . 351 965 .. *--022352 '8-go —777
Margarine . 079 . 099 -008330 1-27 28-28
Cheese . 0'59 o 129 “005771 148 14'73
Eggs 504 (b) 21-01'  —'000627 20°99 —0°10
- Beef " " 1075 < 2623 002502 " 26-31 0-30
Mutton ;. © " 476 TI-91 ‘031050 12 gb 8-82
Pigmeat 13'79 . 4054 . 045675 42-08 379
Poultry 341 . 694 012832 7-37 6-20
Sugar 2064 9:68 ! —-003080 9°58 —1'03
Bread 52-18 2348 —+020575 ‘2279 —2:90
Household Flour . .34'59 t.. 13:90. ~ —-023119Q 1312 —5-60
Potatoes T 12311 24:16, | —-017468 2357 —2°44
. Other Food - — ' 20°56 -148561 2557 24°37
Other Expenditure — 466-17 799348 463°13 5-76
Total — 736-82 I-000000 77055 —
(a) =pints; (b) =number; & =Supernumerary Income;

’

" It is obvious that for most commodities the differences between total expendi-

ture on the good in questlon (col. 4) and the committed’ part (col. 2) are quite
small, i.e. the proportion of expendlture which is committed is quite large. This
is partly because supernumerary income () in 1958 was I.t_111 quite low due to
a low income level bur also because the 5’s, with the exception of the last two
items, are small fractions. In all cases where the 5’s are pos1t1ve the expenditure
exceeds the committed part and wherenegative §’s occur the expenditures are
less than the committed parts since these regression lines are falling. The extent
to which expenditure differs from the committed part can be seen in column (5)

which is obtained by dividing column (4) by column (2) forming the expression

[

b Z
p«kt
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The figures are given in percentage terms. Since < is the same for all goods in
any one year, the differences-between goods on this basis are due to differences

in the ratio Z)bk_i Thus the higher the 4. and the lower the p.£: the more will
expenditure on the ith good exceed the committed part. Margarine has a
relatvely high & and a low pk with the result that expenditure on the good
exceeds committed expenditure by 28-289%,. The same is broadly true of other
food, cheese and mutton which have figures of 24:37%, 14-73% and 8829,
respectively. Pigmeat is lower because, although it has a relatively high b, its
committed proportion is also high. Alternatively, the more staple goods such
as bread, potatoes, flour, sugar and eggs have high proportions of expenditure
committed to their purchase while the propensity to consume additional
quantities out of supernumerary income is negative. Although beef and
creamery butter have positive #’s they nevertheless fall, surprisingly, into this
“staple” category. For a fuller understanding of consumer behaviour, however
an examination of the various elasticities is required.

Expenditure Elasticities:

The expenditure elasticity of the ith good is given by:

’ b-i[l

b

1)
The elasticities presented in Table 2, however,,are expressed in quantity terms
Le., in calculating them the constant (1958) price values for p and p.q. were
used. Table 2 shows these elasticities as averages over the period 1961-1964,
for purposes of comparison with O.E.C.D. time-series elasticities, and for 1967.
In addition this table shows what might be termed ‘“‘supernumerary income
elasticities” for 1967 given by the formula:

* biz : _
b

whichis also calculated at constant prices. Since

bZ _ ki

piqe pigs . LT
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T TaBrLE 2: Expenditure Elasticities of Quantity _De;;nanded

v

PN . : - L.ES.
‘ 0.E.C.D.
Item . bi[.l-/ﬁiqx' ’ biZ/pigt
" 196164 1961-64 1967 1967 °
Fresh -Milk . . 0-36 o6y 0'73. 018
Creamery Butter — » 012 D13 . 003
All Butter —0-38 - 051 —065 —0'16
Margarine  * i : — 2-82 261 065
Cheese : 211 v 2°37 1-84 046
Eggs =~ = . . —0'49 +  --003 —+03 _ —o00I
Beef S ’ 052 008 08 .0°02
Mutton - o 124 148 - 162 0°40
Pigmeat . 0'50 089 - 588 - 0-22
Poultry 1-06 141 107 - 027
Sugar ’ 045 -0°30 —034 —o008
Bread = —0°91 —1°10 —0-27
Bread and Household
Flour * —o08 —1-28 —1-60 —0°40
Potatoes —04 —0-76 —0-89 —0-22
Other Food | S —, . 286 92 058"
Other Expenditure . 121 119 0'30

1

these elasticities must all be less than unity since both p.k: aad p.q. are positive.
They are also, of course, directly correlated with the ordinary expenditure
elasticities. Farmers’ butter is included with creamery butter to give an overall
elasticity for‘all butter, while flour is included with bread to give an overall
- elasticity for wheat products both figures: bemg more compatlble w1th the
OECD* ones. - & - - -

High positive elasticities of the two types described emerge for margarine,
other food, cheese, mutton, other expenditure and poultryiin that order. The
figure for margarine is surprisingly high. However, both Hirt® and Goreaux®
have referred to the same phenomenon in terms of cro;ss-section analysis.
Margarine, in Ireland, of course, was never considered to be an inferior
substitute for butter. The elasticity of demand for margarine with respect to
the price of butter is, in fact, not significantly different from zero, suggestmg
that the relative cheapness of this good does not account!for the growth in

21. OECD, Country Studies, Ireland, 1968
22, Hart op. cit.

23. Goreaux L. M., Factors Inﬂuencmg the Trend of Food Consumpti’ 20, in The State of Food
and Agriculture, ¥.A.O., x960
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consumption. However, the growing use of margarine in cooking and baking,
the development of better quality margarine and the promotion of this product
in recent years on health and taste grounds all combine to provide a reasonable
explanation for this high elasticity. The actual consumption of margarine rose
dramatically from 0-84 ounces per head per week in 1948 to 2-5 in 1967. This
trebling of consumption as the result of a much slower growth in income
accounts for the high elasticity. Consumption in the initial year, 1947, was
however, high (1-55 ounces) but this was clearly due to post-war abnormalities.

The high figure for other food is not 'surprising in view of the luxury-type
nature of this category which includes such items as meals outside the home,?
veal, lamb, cream, etc. The high elasticity for cheese corresponds quite well
with that derived by the OECD. As in the case of margarine, the consumption
of cheese has grown rapidly, from the low level of 0-61. ounces in 1948 to 14
ounces in 1967, although the smooth upward trend did not really begin until
1952. This clearly reflects changing tastes and there is some evidence to suggest
that there is also a higher demand for better quality cheese. For example,-the
expenditure elasticity measured in .cufrent prices is 2-01 in 1967 which is
higher than that at constant prices implying that there is a fairly strong quality
effect. Also, of course, the availability of a wide range of cheeses which is
probably related to the development of the supermarket, must also have had
an effect.

In a cross-section study Leser? who also derived a high elast1c1ty for mutton
felt that there was “no obvious explanation for the special position of mutton
as a luxury good”. The OECD figure for mutton in Table 2 is also quite
high. Consumption rose from 3-95 ounces per head per week in 1948 to 7°5 in
1967 but the upward trend has flattened out'in more recent years. Itis obvious
that if the earlier observations were omitted from the analysis the elasticity
would be substantially reduced. It is probable that in the earlier period the
growing equality in ‘the distribution of income brought the consumption of
mutton within the compass of many more consumers thus raising the average
consumptlon per head. ~ ’

The consumption of poultry remained relatively stable until 1957 when it
began an upward trend rising from 3-3 to 56 ounces per head per week in 1967.
The elasticity is correspondingly high and is quite close to the OECD figure
It is tempting to argue that the high elasticity is due, for example, to the
substitution of poultry for beef, the consumption of which did not increase very
much. Howeveér, this would be erroneous because such an occurrence would be

. . N
24. This item is included because the official figures for consumption are derived from production
figures,

25. Leser, C.E.V., Demand Relationships for Ireland, The Economic Research Institute, Paper No. 4,
1g62.
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reflected by the cross-price elasticity and not by the expenditure elasticity:
Nevertheless poultry used to be considered a luxury good when its relative price
was high and there is good reason to believe that it is still :regarded as a luxury
item. Thus the expenditure elasticity of poultry may be high because of the high
regard- in which this food is still held quite apart from the fact that its price .
relative to beefchas fallen due to the development of br01ler production, etc.
There is still somethmg of the “Sunclay-lunch” aura about poultry. Also the
expenditure elasticity in current: prices is significantly hl!rher (i-37 in 1967)-
implying a shift to better quality fowl. . "o
- Fairly high elasticities-also emerge for pigmeat and fresh milk in that order.

It has already been noticed that the marginal propensity to consume pigmeat
out of supernumerary income is the highest of all the 1nd1v1dual foodstuffs yet
its expenditure elasticity is lower because of the high propc: 'rtion of expenditure
which is committed. Both features can be rationalised ‘in 1'_,hat a high commit-
~ ment to the traditional bacon and rashers in Ireland is not surprising while a
high marginal propensity to consume pork and ham mlght also be expected.
The elast1c1ty, however, is somewhat higher than that: de ‘ived by the’ OECD
‘This is probably because the longer, time - period used here includes more
instances of sharp growth in consumption. Between 1948 and 1949 consumption
rose from 11°79.to 1450 ounces per head per week and between 1951 and 1955
from 12-57 to 15-50 ounces per head per week. Also of course the OECD
study did not extract the effect of prices so there is no rezson to expect strict
correspondence betiveen the elasticity estimates. . The elasl1c1ty for fresh milk
is “also .somewhat. hxgher than,the OECD estimate prol)ably for the same
reasons., The trend in milk consumption from 1952. onwar ds was very steady.
showmg a:decelerating -increase from 546 to 7-0 pmts jper head. per week
in'1967. RN r PR ’ '

<y Two commodities, creamery butter and beef, have surprls ngly low elasticities
In thé'case of butter Leser?® derived a similar result from ‘cross-section data:
Thus; in Ireland, there is a situation whererthe:élasticity for margarine is high
while that for butter is low, a phenomenon which is revers{:d in the UK Part
of the answer may.be-that butter is more or less- complem(‘ ntary with inferior
goods ssuch,as bread and potatoes-while margarine.is mbre widely used.in
baking, and  cooking. - The elast1c1ty_f0r beef, however,. is ;perhaps ‘the most’
surprising, of all even-though the OECD figure is not very high. Since 1950
the - consumption of beef has remained almost, constant at a level of about
10 ounces per.head per week. It is virtually 1ndependen|t of the growth in
income or the passage of time. It will be seen later that the “own’ price
elasticity of demand for beef is also very low. Thus beef cortlsumption seems to

o : ,:
26. Ibid.
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be almost completely inelastic with respect to both income and price. One
reason for the low expenditure elasticity might be that beef was not considered
to be a luxury food in Ireland especially as there was no war-time shortage. In
any event the higher elasticities for mutton, pigmeat and poultry do suggest a
preference for these meats over that for beef. This preference may, in part, be
due to the fact that some of these meats can be consumed on farms without
process of sale while this does not apply to beef. Other single-equation models
tested in relation to beef did not produce significantly higher expendlture
elasticities.

The remaining commodities have negative expenditure elasticities. For
example, if total expenditure or income increased by 10%, consumption of
bread would fall by about 119%, because the increase in income brings a rangs
of other goods into the compass of the consumer who can buy them by further
increasing his income as a result of reducing his purchase of bread. If bread
already constitutes a large proportion of his expenditure then a small reduction
will release a relatively large amount of income for purchasing the other goods.
In the later years of this study bread did not form a very large proportion of
total expenditure so that its consumption would have to be reduced by a fairly
large amount if other goods were to be purchased. This reasoning probably
accounts for the fairly high elasticities for bread, bread and flour and potatoes
though obviously other secular forces such as the reduction of carbohydrate
intake are also at work. Consumption .of all these goods fell dramatically
between 1947 and 1967; bread from 50-24 to 40-8 ounces, household flour from
48+48 to 20-8 ounces and potatoes from 148 ‘6 to 976 ounces (per head per
week). ‘ - g
The items, all butter, sugar and eggSVh‘ave lower negative elasticities. The
addition of farmers’ butter to creamery butter renders this elasticity negative
because the consumption of the former has almost fallen to zero. Over the whole
period consumption of farmers’ butter fell from-4-99 to 1-0 ounces. The figure
for all butter for 1961-64 corresponds quite well with the OECD figure. The
fact that sugar and eggs appear as inferior‘goods, though only marginally so; is
fairly surprising though neither could really be termed luxury items. In the
case of sugar it is probably the secular factors such as dietary habits and the
minimisation of calorie intake which are responsible rather than income since
the proportion of expenditure devoted to sugar is very small. After an initial
increase up to 1953 the consumption of sugar fell slowly from 214 to 19-1
ounces per head per week. Although the OECD derived a negative elasticity
for eggs as well, the one presented here is a good deal lower. The consumption
of eggs has remained fairly stable at around 5-5 eggs per head per week from
1951 onwards suggesting that it is almost completely inelastic to the income
changes that occurred over the period. Given the fact that eggs are fairly
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traditional for certain meals it is not surprising that this is so. Since the con-
sumption of eggs may also be associated, to some extent, with Friday abstinence
it is perhaps not surprising that the expenditure elasticity is inarginally negative,
In general, there is a very wide dispersion in these elasticities suggesting that
the consumption-income relationship in Ireland is very different for different
goods. Leser?” has found this to be also true of cross-section elasticities However,
aswas already noted, the sum of the elasticities, however varled when welghted

by their “own’ expenditure ‘proportions should equal umty and this is, in fact,
the case. That is:
16 poa .16
o P sincz Y, by = 1
i=1 Pigs u V=l

and similarl-y when Z-replaces p.

" Price Elasticities: . ‘ ‘

In this general simultaneous system there are 16 price varl iables for each good
(1 “own’ price and 15 “other” or “‘cross” prices). There ar« also 16 goods and
a price change, as shall be seen, can be interpreted as compensated or uncom-
pensated. Thus, as Frisch?® has noticed, the number of price elastlcmes derivable
from this type of model is very large. Actually the cross-price elasticities are
almost all not significantly different from zero while the “owln” price-elasticities
are. This suggests that the prices of other goods do not materially affect the
consumption of the good in question and that most of the response is to the

‘own’ price of that good. Thus, only the “own” price elasti(l,mes will be shown
‘here though passing reference may be made to a cross-price elasticity which
appears interesting. The price-elasticity may be defined as being either compen-
sated or uncompensated by income. ' ;

The uncompensated price- elast1c1ty is the usual one where, for example, a
fall in price leads to an increase in real income which isinot offset by any
exogenous income change. This elasticity can be expresse:d in terms of the
parameters as follows (for the two-good case):

- 7 .f’_l'z[ "1“_5’121’2] oL T (6
: ) o 0- L A 2% ‘A :

from equations (3)

+

27. Ibid. .

28. Frisch, R., A Complete Schemc for Computmg All Direct and Cross Demand Elastlcmm ina
Model with Many Sectors. Econometrica, April, 1959.
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~by (1 —pok:
_ 1(—poks) (64)
h191
(Restricting for symmetry)
—b, (L +pik
1’191
Similarly it can be shown that?®
?ll . ’LQ _ —b1p2k2 (66)

ope 4y F2UA

If, however, the price change is offset by an income change then the price
elasticity measures the substitution effect and is given by:

09, P - 09y Py
=% . P D%, P 6
S11 %, 91+, %1 Py . (67)

—b bipok b :
I e T, A WIS J . (68)
F2U8 b 0 ,

from equations (3) and restricting for symmetry.

Substituting for ¢, in the numerator of equation (68) from equations (3) we get:

[4

—by(1 —pyky—poks) +1by (1 —piky—poks) (69)

F214

Si1 =

_ —bRa—by)
P14 (70)

29. This corresponds with the formula given in: Stone, R., The Changing Pattern of Consumption,
Department of Applied Economics, Cambridge 1966, and in Goldberger, A. S., and Gamaletsos T.,
A Cross-Country Comparison of Expenditure Patterns, European Economic Review, Vol. 1, No. 3, Spring,
1970.
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Similarly it can be shown that:

5y = bk (71)
ha

Thus, in general, the compensated elasticity is:

—bZ(51—b)
. D

.

where 8; =1 if ; =, ; =‘oifi;éj’

-

Both measures of the “own’ price elasticities are shown in Table g for 1967.
The uncompensated elasticities are, in all cases, higher than the compensated
ones. This is to be expected because if the price of one ‘good rises and the
consequent reduction in real income is not offset by an iricome change then
the uncompensated response to the price change will be higher than if it were
compensated. Since the compensatlon is such as to enable thc consumer to buy
the same quantities of all goods as before in spite of the change in the price of
the good in question we might have expected the compensaied price elasticities
to be even lower. The fact that this is not the case sugges’_ts that the income
compensation does not encourage the Irish consumer to revert to the status quo
completely but rather to spend only part of the extra mcome on the dearer
good while spending the remainder on other relatively chPaper goods. With
the exception of the other, expenditure category the dlfferc'nces between both
types of elasticity are not very large but they are highest for C ‘ther food, mutton,
pigmeat, poultry and cheese, suggesting that the response to the prices of these
goods is damped somewhat more by a compensating chan;re in income than
in the case of the other goods. If the formula for the uncompensated elasticity
is divided by that for the compensated one the following expression results:

T —bi+(p:g:)/2
I_b(
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This explains the rather higher dampening of the price response for the above
mentioned goods since the higher the expenditure as a proportion of super-
numerary income and the higher the marginal propensity to consume the more
will the uncompensated elasticity exceed the compensated elasticity. For
example, if the price of mutton increased, the fall in income would have a
strong effect on the consumer’s reaction because the expenditure proportion of
mutton is quite high while the marginal propensity to consume is also reason-
ably high and so, when the income effect is allowed to operate we would
expect the price elasticity to be substantially higher than when the income
effect is assumed to be exactly offset. Thus if the price of mutton rose by 10%,
consumption would drop by 5:4%. However, if income compensated the price
increase the fall in consumption would be reduced to 4:3%.

It will be noticed that the elasticities in Table g are highly correlated with
the expenditure elasticities for 1967 in Table 2. This, of course, is because of
the homogeneity property of the model. It has already been noticed that
because of this property the following relation from the two-good example
holds: )

by - 00 b 001 by

2
l’ﬂl_ 1 91 O ¢ (72).

i.e., the expenditure elasticity equals minus the sum of the own and cross-price
elasticities. Since the cross-price elasticities are all fairly low it is obvious that
the “own’’ price elasticities will be correlated with the expenditure elasticities

In view of this we find that the highest negative elasticities appear for
margarine, other food, cheese and mutton in that order. If the price of these
goods rose by 10%, consumption would fall by 5%, and over. This is a fairly
high measure of response. The elasticity of margarine with respect to the price
of butter is only +0-003 implying that if butter price rose by 10%, the increase
in margarine would only be 0-03%,. (This, in fact, was one of the higher cross-
elasticities.) Poultry, pigmeat, milk and creamery butter have lower élasticities
of —o41, —0°'34, —0-20, and —0-04 respectively while the figures for the'
remaining goods are all positive, ranging between 4-o1 for eggs to ++53 for
bread and flour. These goods, of course, have been found to be inferior. Thus
if the price of bread were to fall by 10%, the increase in the consumer’s income
encourages him to further 'reduce his purchases of bread by 3-4%, so as to
purchase other goods that have come within his reach. This interpretation is
not entirely plausible for eggs and sugar. However, both these positive
elasticities are very small. '
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TaBLE 3: Own price elasticities in 1967 compensated an;a’ uncompensated

. Compensated Uncompensated
' Item : .
o T b Za—b)pg bbb,

Fresh Milk |, - o ey a0
Creamery Butter . RIS —-03 —-04
All Butter . i T 419 421
Margarine - : N 73
Cheese ; ) : —50 —59
Eggs PR P n . Srdgr +-o1
Beef T R — —-03
Mutton e O - 54
Pigmeat . ‘ - S _'«'24 —34
Poultry —34 —41
Sugar +-09 +-10
Brcad — 424 +-34
Bread and Household Flous” ~ . = +40 +-53
Potatoes ‘ ' JERPSEN " 438
Other Food ;-57 —84
Other Expenditure R .. =06 —85

. p P | :

Use of the Model for ijectwns

The model can readily be used for deriving prOJecnons A!though nro actual
projections are presented in this present paper it is worthwhil® outlining briefly
the methodology involved. .

Since income and prlces are the 1ndependent varlables of: the model, their
. future values must obviously be known before projections of food consumption:
can be made. Different annual average growth rates in superﬁumerary income
can be tested. Since total committed expenditure will remaii constant in the
future the growth rates apply to supernurnerary income only. For example,-the
< in 1967 will become {(1-0r)8 in 1975 (say): where 7 = growth rate. It was
noted earlier that utility was a function of:real Supernumerarjlv income. Hence
this treatment implies a growth in- utilicy but it also assumes that no utility is
derivable from committed consumption. With regard to prll,es at least two
methods can be used. The first merely assumes that relative p] ‘ices will remain
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the same as in the base year 1967 while the second attempts to pro_]ect relative
prices in the following way:

1. A constant-utility index of the cost-of-living can be constructed along the
lines suggested by Klein and Rubin.?? The index is defined as:

He
Ho
where the subscripts o and ¢ refer to the base
year, 1958 (say), and all other years, respectively,
and pu, is given by the following equation:

. 16 : . Pu. by . (73)
: Zpt‘k +(u Zﬁoik pof B

i=1

s

Equation (73) yields the income in any period (u,) which is required to give
the same utility at prices p, as income in 1958 (u,) gave at 1958 prices (f,)

2. This index can then be used to deflate the actual prices of each good over
the entire pCI‘lOd the deflated prices being:

()

Thus, the set of prices so deflated, display, in any period, what might be
termed the real price relatives. !

3. These deflated price series can then be individually extrapolated to the
projection year, 1975 (say). Usmg equatlon (73) we can then find the income
in 1975 (say) which, at these projected prices, would give the same utility as
the income in 1967 at 1967 prices. The 1975 price set is then deflated by the

1975 cost-of-living index so derived, i.e., by ’.29_6-7 . This procedure is used for
K1975

all the projection years and it ensures that, if the growth in £ were zero, utility

would remain constant.

The two sets of pro_]ectlons can then be derlved from the equation:

+ v

¥ . biZ . ’ ‘ B
' g1 = k:4+— {(74)
' b M

i

30. Klein and Rubin ap. cit.
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where p: is either the price projected in the manner described above or the
constant 1967 price. Clearly if the projected pnce rises Ly more than 7%, per
annum (i.e., the assumed growth'in <) then ¢. will fall ancl vice versa. The total
projected expenditure at constant prices will equal the to: @l at projected prices.,
Thus, some relative prices will increase while others dec‘rease the net effect,
weighted by the expenditure proportlons being zero. Cansequenl:ly the real
expenditure is the same for both price séts and this conforr_ns with the constant-
utility interpretation-already described. .

Concluding Comments S, e - . ' -i',

In this paper the overall approach ‘was to’ impose a theory of consumer
behaviour on the facts rather than to examine many different hypotheses. No
apology is made for this. Demand theory is fairly well estabhshed especially in
Western economies and if it ‘had not fitted the facts.in the Irish economy then
the discrepancies themselves would have been of interest.

The model used conformed almost exactly with the theoxy of demand. It was
homogeneous of degree zero, it satlsﬁed the add1t1v1ty critérion, it was capable
of being (and was) restrlcted to satisfy the symmetry of subst1tut10n criterion,
it conformed with the utility 1nterpre1Lat10n of demand theory and, ﬁnally, it.
was, of course, simultaneous, the main behavioural 1mphc ation of whxch was
that the consumer was seen to respond to income and to the prices of all goods
when deciding on the purchase of any particular good.

In short, the model used was an all- or-nothmg one in the sense that if some
of the results it produced appeal to common sense then the others (which may
not) cannot be rejected out of hand. It is submitted that most of the results, in
terms of parameters and elasticities, were emmently plau51ble while those which
were somewhat surprising were capable of bemg ratmnahsed The expenditure
(or 1ncome) elastlcmes were in .some cases quite dlﬁ'erent to those denvedl
elsewhere from cross-sectwnal studles but this was, not uné; pected in view of
the conceptual dlfferences between them N
Central Bank of Ireland. - A_d-: FUTI,
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Fresh Milk 'Creamery Butter

Year Actual Expected Actual, Expected |
1947 18.6730 20.4773 10.4740 16.6110
1948 19.3780 21.6407 13.3990 16.8019 + w
1949 19.4950 219519 15.6280 16.8259 .
1950 20.3320 22.6744 17.4230 16.8676 .,
1951 20.1650 22.3307 17.6570 16.7840 .
1952 19.9660 21.3985 17.9710 16.6278
1953 21.3680 21.8132 16.8630 16.6626 7
1954 22.5110 21.9406 17.0800 16.6378 2t
1955 23.0810 22.6315 17.75%70 16.6287 .
1956 22.9710 21.9680 17.7570 16.4392
1957 23.5800 21.3928 16.4030 16.3059
1958 23.3190 21.8709 15.9920 16.2004
1959 23.6200 22.2372 17.0040 16.2157
1960 24.1810 22.9834 15.7700 16.2314
1961 24.4310. 23.3587 15.5220 16.2060 -
1962 24.5240 23.9247 15.7780 16.3369 '
1963 24.6970 24.5588 16.6630 16.5161
1964 24.8100 25.2287 17.1250 16.6831 ¢+
1965 25.2610 25.5427 17.3960 16.7882
1966 25.3580 25.5741 16.4730 16.8655
1967 25.1310 26.0289 16.1680 17.0024

Farmers’ Butter Margarine
Year Actual Expected  Actual ... Expected_ o
1947 8.8650 7.4111" 1.2540° 0.2983 :*
1948 8.3850 6.7259 0.6810 05323 '
1949 7.9990 6.4476 0.5910 0.5906
1950 7.4890 5.7883 0.6130" 0.7668
1951 6.6g00 5.9929 0.7270 0.6906
1952 6.5830 6.6156" 0.6990 0.4928
1953 5:3560 6.2857 1.1280 " 0.5955 o
1954 5.3100 6.1408 1.1250 0.6436 -
1955 5.0260 5.4428 1.1930 0.8721 ' _
1956 5.0250 5.7690 1.1656 0.7339
1957 5.0020 6.1235 1.2540 0.5952
1958 47730 5.5131 1.3950 0.7896 .,
1959 47610 5.1695 1.4720 ogroy
1960 4-5720 4.5121 1.6180 1.1715
1961 4-5490 4.1126 1.5310 1.3082
1962 4-5670 37144 1.5370 1.4356
1963 3.7450 3-3305 1.6280 16215 |,
1964 3.0780 2.7520 1.7910 1.8170 -7,
1965 2.4030 2.5007 1.71%0 1.8363 ‘-
1966 2.0680 2.4243 1.8050 ' 1.9039 %
1967 1.7320 2.0937 1.9710 2.0443
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Actual and expected consumption at constant (1958) prices (£ million)

"\\.‘.. 4 [T O |

Tt

\n A, e
Cheese

Eggs
Year cune oo oo Actual Lxpected. - ... \. Actua! Expected
1.0470 0.5069 .- 11 ‘0491:) 13.6023
-+ o0d8bgo- - --o07104- ~- 11.1680 - - —~13.6348
’ 0.6220 0.7855 - 11.8850. 13.6114 .
0.8450. 9.9364 13.1270- 13.5423 ¢ .
0.6750. 0.8812. 14.8590 13.5110
0.5200 . 0:7103+ 14.0190 13.4893 :
0.8710. 0.7954 12.904¢)" 13.4638 .. °
0.86g0 0.8289 14.390C! 13.4238 .
0.8310 0.9804 - 14.7170! 13.3168
0.8560 ©.8844 147030 - 13.2204
0.8210. 0.7877. 14.379C 13.1710
0.8430. 0'9187. 14.473C" 13.0097
1:.08201 1.0077 14.4380 12.9680
1.0770. 1.1556 . 13.5980- 12.8834
1.2060 : 1.2226 13.2750, 12.8103
1:3460 . 1.3288 13.3250 12.8454
1.4020: 1.4528 12.9060' 12.9338
1.49901 1.5822 - 12.7030 12.9623
1.6420. 1.6430 13.0140- 13.0124
1.6480 1.6763 12.5440, 13.0526
1:9340 1.7784 11.8220 13.1042
R Beef - . Mutton
Year i‘ T Actual Expected Actual Expected
1947 26.2790 16.47883 7-1920 6.1021
1948 . 23.0880 16,9483 6.4070 7.0911
1949 18.1090 16.9602 5.2460 7.4462
1950 5 a 15.9590 16.9733 4.9860 8.2518
1951 7 19.0400 16.8987 4.9080 7.9421
1952 ' 16.8160 16.7658 6.4670 7.0294
1953 15.3190 16.7892 6.4390 7-4763
1954 ) 14.1850 16.7609 6.7600 7.6464
1955 . . 15.0210 16.7150 7.8880 8.4191
1956 ' 7] 15.3960 16.5456 8.8030 7.9068
1957 . ., . 15.5260 16.4301 8.9320 7.3636 .
1958 . 14.4740 16.3087 9.3600 8.0334
1959 ' A 14.6540 16.2994 10.7340 8.4697
1960 ' ¢ 15.0010 16.2905 11.1060 9.4492
1961 - _ 15.5400 16.2575 11.0220 9.9683
1962 * TP 16.1960 16.4606 11.6780 10.5449
1963 © 17.36go0 16.5204 11.9150 11.2063
1964 ) 16.8380 16.6109 11.6590 11.7848
1965 O%: - 16.2980 16.6599 11.2360 11.7283
1966 "’ 17.1250 16.5402 11.4350 12.0254

1967 ' 18.2910 16.8716 11.8100 12.6645
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Pigmeat Poultry
Year Actual Expected Actual Expected
1947 22.6280 23.9174 5.1950 3.8513 .
1948 . 22.4780 25.3861 4.8960 4.2588
1949 27.6100 25.8836 4.8770 4.3945
1950 26.0920 26.9505 5-3540 4.7127
1951 23.7740 26.4396 5.0560 45874
1952 24.6170 25.2039 5.0810 4.1734 .
1953 26.5570 25.7678 44790 43821 -
1954 28.1210 25.9547 4.2680 44518
1955 28.9200 27.0756 44610 47955
1956 27.3100 26.1063 4.9120 4.5587
1957 27.5670 25.2586 4.1870 4.3109
1958 25.8970 26.0861 4.0880 4.5732
1959 27.4660 26.6633 4.1770 4.8696
1960 26.4080 27.8655 4.5220 5.2521
1961 27.7250 28.5124 4.4830 5.5843
1962 28.3720 29.5653 4.8280 5.8450
1963 29.1170 30.6414 5.8780 6.1878
1964 31.6250 31.8812 6.0540 6.2795
1965 35.0490 32.3076 6.6660 6.4461 .
1966 34.0800 32.7482 7.6%%0 6.5192
1967 32.0340 33-6581 7-3970 6.8g90 -
Sugar Bread

Year Actual Expected Actual Expected
1947 3.5930 6.4102 14.6090 . 16.8378
1948 4.5720 6.3620 16.2520 15.9444
1949 4.3130 6.3044 ‘16.3210 15.5049
1950 5.6120 6.1636 16.2100 14.4875
1951 6.0010 6.1847 16.7630 14.7713
1952 6.3520 6.2862 15.7960 15.7114
1953 6.4330 6.2165 15.1340 15.1871
1954 5.8980 6.1806 15.1820 14.9668 i
1955 5.7120 6.0507 - 14.9900 13.9882
1956 6.5240 6.0526 14.5960 14.3728
1957 6.0550 6.0764 13.5390 14.8015
1958 5.9010 5.9346 13.5250 14.1221
1959 5.8430 5.8751 12.9110 13.8177
1960 5.8580 5.7536 12:4040 13.1731
1961 6.1480 5.6664 12.3440 12.7349
1962 5.3600 5.6560 12.3910 12.5079
1963 5.8060 5.6428 12.4790 12.2205
1964 5.1920 5.6363 12.0880 11.9300
1965 5.7110 5.6304 12.1340 11.8239
1966 5.4070 5.6336 11.7300 11.7604
1967 5.6430 5.6113 11.5640 11.7228
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Actudl and expected consumption at constant (1958) prices (-;,(,' million)

414.2140

. Household Flour Potatoes
Year Actual Expected Actual’ Expected
1947 12,5870 10.9775 18.848& 16.7490
1948 8.5480 9.9165 18.7360. 16.1215
1949 9:5790 9.3830 18.0570 15.8570
1950 8.7920 8.1226 18.0030 15.1940
1951 - 8.5230 8.5007 17.7340 15.3123
1952 9.2840 9.7339. 17.5090 16.0556
1953 8.8550 9.6818 14.5440 15.6164
1954 8.3830 8.8355 14.7090 15.4084
1955 -8.4090 7.6653 14.5650 14.7421
1956 . 8.2620 8.2309 14.0360 14.9140
1957 7.65g0 - 8.8035 13.4820. 15.2267
1958 6.7750 &.1295 12.4780 14.6101 -
1959 6.7580 77681 13.2140 14.2423
1960 ‘6.7250 7.0757 12.9580' 12.9961
1961 -6.3010 €.7213 12.6870 13.0906
1962 - 6.3250 6:3781 12.7350. 12.8088
1963 .6.3690 5.9956 12.6330 12.1815
1964 .6.0000 5.5839 1 2.4980! 11.9817
1965 . 5.2180 5.3998 12.3470 12.6462
1966 5.2380 5.2829 12.2000. 12.1195 -
1967 . 5.2650 5.0542 12.0610' 11.5334
Total Food Ohrllﬂ Expenditure
“Year Actual Espected Actual | Expected
1947 168.0360. 168.0051 261.1640+ 259.1698
1948 167.3600 170.16g0 289.5400" 285.4162
1949 166.0950 * 174.0078 304.1050 294.7807
1950 169:4960 179.0387 324.5040" 316.3177
1951 167.7630 175.2483 318.0370 307.1558
1952 169.2300 170.7026 285.1700 283.0283
1953 170.0650 172.5621 296.3350 294.2728
1954 © 175.7640 173.1394 295.6180: 298.8445
1955 185.2290 177:2770 313.7710" 321.1743
1956 174.9190 171.8993 301.8810 304.2528
1957 173.6410 169.1391 283.4.590; 289.5878
1958 173.5610 171.9502 304.0470 305.6691
1959 ~ 177.9600 175.3307 314.1400 316.7726
1960 183.9470 180.3113 336.4530 3394413
1961 183.4360 183.3193 349-6640 349-8466
1962 188.9820 186.8648 960.2180. 362.3209
1963 - 191.0040° 193.0593 380.2960 378.6931
1964 % 198.5100 197.9310 393-9900 394-4470
1965 : 200.1900 202.1469 401.9100 400.3404
1966 203.4730 201.7699 399-9270 - 401.3149
1967 - - 202.2860 205.3524 411.7991
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APPENDIX B

Method of Estimating the Model
The system to be estimated was as follows:

1y = by +(by—1)c1pre+byCopot - - . bicrghig Uy

Pagar = bopty+botypye(bp—1)capo+ . . . byCrghre: +iip (1)

P16:916t = bigh: 0160101 +bygcoPp+ + + (b1g—1)¢16 P16 TU160
where t = 1, 2, ... 21; u = disturbances

Clearly the parameters cannot be estimated by taking the equations one at
a time since ¢, (j = 1,2,...16) appears in each equation and would not,
except coincidentally, have the same estimated values in all the equations. The
iterative procedure outlined by Stone! can be divided into three stages the
first of which begins the process and the remaining two form a cycle of opera-
tions. For ease of exposition the method will be outlined in terms of the two-
good example,

1. In the first stage provisional estimates of the 4’s are formed by assuming
all the ¢’s are zero and fitting the resulting “naive” form:

P19y = by, oy
(2)
pthz'. = b2u1+vzm

using least squares estimators with uncorrected sums of squares. This method
ensures that 6,454, = 12 The vectors of disturbances (v; and v,) contain the
variation in the expenditure which is due to price.

1. Stone 1954, 0p. cit.
2. Infactaslongasp, ¢, + p, g2, = p, the b’s will sum to unity. The formula for estimating b, is
b* = py, g1 ifpd and byis by* = Py, ga s
r(b1,91, + P2 92)

b F b ——————— =
w2

t i
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2. In'this stage an attempt is made to extract from v;. and v, the components
of ¢;. and ¢y, left out of the “naive” model. Thus, substituting the provisional
estimates, 4,* and b,* (say) we can write:

vy = prdye—bi*p = (b;* ;‘1)51171‘“*'171*‘2?.:2‘4'“1‘

: . N (3)
Vg = Py —by*uy = bo¥erpyt(bg* —1)cop gty

4 . . N
The estimates, ¢,* and ¢,*, are derived by minimising the sum of squares of
the disturbances in these equations over all time periods.
3. With these estimates, ¢;* and ¢,*, we can now derive new estimates for
by and by, b,** and b,** (say); by estimating the following equations:

PregrFoper® = by(p,He*priteshs) ey
L ' (4)
pztgzt +p2tc2* == bz(ht"*;cl*plz‘_l—CZ*pz() "621

With b,** and b,** it is'now possxble to re-estimate cl aiid ¢, by returmng to
requatlons (3) in the second stagélt v P ... ‘

Thus, the first stage gives initial estimates of 4 which enable éstimates’of ¢ to
be derived in the second’ stage which, in turn,’énable nevr estimates:of b to be
derived iri the third stage. It is then possible to re-estimate ¢ and b by proceedmg
from ‘the second ‘to the third stage and back again. This process’ is contlnued
until stable estimates of b and ¢ are eventually reached. In the present case,
convergence occurred-after fifty-three iterations. There are; of course, alterna-
tive estimation procedures such as those described,by Barten® but it'was felt
that the method described above was quite adequate.

[y 3 Lot

1 ¥ 1

3. Barten, A. P., “Maximum Likelihood Estimation of a Completc Systexln of Demand Equations,
European Economic Reuzew Vol. 1, Fall, 1g6g. _





