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(-2)varn =35 (v - w Y78 v2 = (voeyd) - Guy/oyD) . (o ENGEL CURVES AND DEMAND SYSTEMS :

s . . : . . : PHIC EFFECTS ON CONSUMPTION
Substitution of (8), (9) and (10) into (7) yields, after some manipulationm, , DEMOGRA C

N PATTERNS IN >:maw>bw>*
equation (5) .

by
QED

Ross A. Williams

University of Melbourne

1. INTRODUCTION

In order to capture adequately the effects of structural
changes in an economy it is necessary to use a disaggregated aommu.H
Empirical implementation of economy-wide models at a disaggregated level,
however, requires a formidable input of data and parameter estimates.

In this paper we are concerned solely with providing such estimates for
consumer behaviour. In particular, we are interested in measuring the
effects of family size and age of household head on expenditure patterns of
Australian households. These estimates form part of the input into the
SNAPSHOT model of ﬂwm Australian mno:oswm being constructed as part of the

IMPACT project.

If demographic effects on consumption patterns are to be

measured adequately cross-section data must be used. The data used here

1. Some of the more important disaggregated economy-wide models of recent
years are : Johansen (1974), Adelman and Robinson (1975) and those con-
tained in Blitzer, Clark and Taylor (1975).

2. See Dixon, Harrower and Powell (1976).
*

I am indebted to Ellen Hope for efficiently carrying out all the computa-
tional work reported here.
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Appendix

Equivalence of variances of mw from 1V

estimation of LES and OLS estimation of ELES

In deriving relationships between estimated variances we
follow the notation of section 2 except that all variables are now deviated
from sample means. For convenience the household subscript is omitted,

but all summations are over households unless otherwise stated.

The basic relationships between the point estimates of LES

and ELES may be summarized as follows :

~u
ELES 8, = v, ¥z v? A=1, ..., n) (1)
. 2 ~
ELES o o= Lvy/ly = & mu (2)
j
~% koA X
LES/ELES mw = mW\: = % vy y/L vy i=1, ..., n) . 3

Estimation of LES by IV yields :

mw b wm\mm v wuw , where mw = mﬁ<w - mw <uw\ﬁz -2) 4)

var B.
mH

2

= [z vy - wWw L v,V ww b <Mu\mﬁﬁ: - 2L vyl . (5)

Now consider the expression for the variance of mw under

ELES :

The plan of the paper is as follows. In section 2 we
explore at a theoretical level alternative methods of obtaining
estimates of the parameters of the Klein-Rubin utility function,
namely, marginal budget shares and "subsistence" expenditures. The
theoretical relationships between LES and ELES estimators is examined
in some detail. Section 3 considers the use of spline functions to fit
piece-wise linear relations for LES/ELES. Section 4 contains a brief
description of the data followed by empirical estimates of Engel curves.
Estimates of "subsistence" expenditure are derived in section 5 using
LES/ELES estimates and a priori information. Section 6 summarizes the

key findings and makes suggestions for further research.

2. ESTIMATION OF THE PARAMETERS OF THE

KLEIN-RUBIN UTILITY FUNCTION USING

CROSS-SECTION DATA

The Klein-Rubin (additive) utility function is given by

J

[}
i)
[ el

L L., ,
Hmu inu Jv

where U is an index of utility of a consumer or household, and @u s

j =1, ..., n, represents quantities of goods purchased. The Yy
parameters may be thought of as "subsistence quantities," utility being

ammwzmmouuwzrms @u v <uw moamwwu. The mw parameters (I mw = 1)

are shown below to represent marginal budget shares.

1)
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28.

of total "subsistence' expenditure, which were based on time-series

estimates of the Frisch @wwwamdmww. These were combined with the

IV estimates of LES to obtain estimates of "'subsistence' expenditures on

individual commodities.

The empirical estimates of the Klein-Rubin parameters may be
summarized as follows. Marginal budget shares are influenced by age of
household head but not so much by family size within a given age class.
The strongest results are that young households yield higher values of mm
for durables and lower values for housing and recreation than do old
households. "Subsistence" expenditures, however, are influenced by both
the age and size of the family. "Subsistence" expenditure on food is
higher for both old and large families. Family size exerts a strong
positive effect on <w‘mmn»am~mm for clothing. "Subsistence" expenditure
on housing is estimated to be higher for young households than for old

households.

%

Even though some care has been exercised in obtaining the Yy

estimates they still remain less reliable than those for mw . In
*
j
Frisch parameter we have assumed that o 1is a homegeneous function of

obtaining a priori estimates of I vy, from time-series estimates of the

household expenditure and family size. It is quite likely that "income"
and family size have differing effects on w but little positive information

is available on ﬁrwmw. A useful approach to this problem would seem to be

1. Insofar as estimates of the mw and w enable calculation of price

elasticities we are employing time-series estimates to assist in estimat-
ing price elasticities from cross-section data. This is a long
established procedure dating from the work of Stone (1954a).

2. For family-size effects on w for developing countries see Lluch,
Powell and Williams (1977).

and vy = v , i.e., total consumption expenditure, and

Under the conventional atemporal maximization of the Klein-
Rubin utility function (1) subject to a budget constraint total expenditure
is assumed exogenous. The resulting expenditure equations, LES, again

assuming no price variation across households, are :

Vin % T By Yyt iy &
where
* w *
o, = Yy, -8 ‘T )
i i 1423
and the only new notation is the error term CFP It is now apparent
that mw represents the marginal budget share for the wﬁw good. Notice,
however, that equations (8) - (9) may also be obtained by eliminating the
income term, Yy from the ELES equations (3) - (7) . Under this deriva-
tion, however, the error term on (8) becomes
®ih = Yin " B Y - (10)

It follows that if ELES is the maintained hypothesis then ordinary least
squares (OLS) estimation of (8) would yield inconsistent parameter estimates

since the error term, €ihe is then correlated with the explanatory variable,

<7u

i.e., plim4(z vy mwru\z £ 0, i=1, ...,n) .
h ]
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26.

"Subsistence'" expenditure on food increases with family
size and ranges from around $800 in 1966-7 prices for young households
with no children to around $1200 per houschold for old households with
four children. In part, however, this result is built into the SOQmH_M
and with one exception (old households with no children) "“subsistence"
expenditure on food is around 45 per cent of total ''subsistence" expenditure
for all types of households. The <M|®mﬁw5mﬁmm for clothing increase
noticeably with family size for old households, and to a lesser extent for
young households. Estimates of ''subsistence"” expenditure on housing tend to
be lower for housecholds without children, particularly for young households.
The estimates of <M for transport decrease with family size for yocung
households although this may in part reflect the lower incomes of large
families; the corresponding values for old families are positively correlated
with household income. For cigarettes and alcohol the <Mxmwﬁw5wﬂmm among
young households are remarkably similar {(around $145) across family sizes.
For the remaining categories (durables, medical, recreation and other) no

systematic family-size effects emerge.

The combination of IV estimates of Engel curve parameters and
independent estimates of total subsistence expenditure obtained using time
series estimates of w has thus provided quite acceptable estimates of
""subsistence' expenditures on individual commodities. Age of household head
and number of children in the family both appear to be important causes of

variation in "subsistence' expenditure which cannot be neglected.

*
: . Jo
“subsistence' expenditure increases with family size.

1. The a priori estimates of w and I v ensure that at least total

7.

from sample means. A similar result was obtained by Liviatan outside
a demand systems framework. The proof for the standard errors is more

complex and is given in an appendix.

Thus we have two equivalent ways of obtaining consistent
estimates of marginal budget shares, mw IV estimation of LES (8) or
OLS estimation of ELES (2) and unscrambling. The OLS estimates of mw
and p  considered separately are consistent only in the absence of measure-
ment error in income. The practical advantage of the IV approach is that
standard errors of mw are obtained directly. On the assumptions that the

errors on (2) have zero mean, are uncorrelated across houscholds, have

constant variances and covariances, that is

Eugy)

i
<
-

Eugpusy)

H
Q

mAercuxu uo. h#k ,

and are normally distributed, the IV estimates of mw will be asymptotically
efficient and normally distributed with asymptotic variances given by the

usual IV formula. This follows from the fact that on the above error assump-
tions OLS estimates of ELES (2) are maximum likelihood estimates and there is

a one to one correspondence between these and IV estimates of rmm.H

Consistent estimates of the intercept term, oy

equations may be obtained using IV. Whilst these estimates are of interest

, in the Engel

per se, it is also desired to obtain estimates of the subsistence parameters,

1. Since within LES and within ELES the same explanatory variables appear in
each equation of the respective system, estimation by OLS on a commodity-
by-commodity basis is equivalent to systems maximum likelihood estimation.
The outlined estimation method also ensures that I mu = 1 as required.

j
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Values of the individual v, are reported in table 6,

together with estimates of their asymptotic standard errors.]  About

60 per cent of the <M|mmﬁwamnmm are significant, for both young and old
households, where significance is defined as occurring when the point
estimate exceeds twice the estimated standard error in absolute size.

All nine estimates of '"subsistence' expenditure on food are significant,
whereas only one estimate 1s significant for durables and for recreation.
Negative values of 4M are obtained for durables, recreation and other,
but they are significant in only two cases (recreation for old families
with one child, "other" for young families with one child). The «Mw
estimates lose their "subsistence'" interpretation when they are negative,
and imply own-price elasticities which are greater than one in absolute
<m~cw.m They are therefore most likely to occur for non-necessities, as is

the case here.

Age of the household head appears to be an important determinant
of "subsistence" expenditure. Comparing old and young households of a given
family size, "subsistence" expenditure on food is always higher for old
families, reflecting the older age of children, whereas '"subsistence" expendi-
ture on housing and "other" is always higher for young families. If house-
holds with no children are ignored, the <M‘<mwcam for durables and transport
are higher for old families, but the <Mx<mwcmm for recreation are higher for

young families.

%
1. The estimate of I vy, is treated as a constant in calculation of standard

J
errors, that is
- x*
var(est <Mu = var(est Qwu + 2 (est % <uu coviest @ est mwv
&
+ (est T <wvw var (est me ,
where "est" is short for "estimate of." It follows that the reported

standard errors will underestimate the "true" values.

2. See Powell (1974), p. 38.

* * *
Yy T oo ¢ mmw (1 -8

J J

T
=

*
Such estimates of y; are of course only consistent if income is measured

without error.

Because of uncertainties about the qualityof income data the
procedure adopted here is to first obtain IV estimates of the Engel equation
coefficients o and mw in (8). Then the individual <M values will be
unscrambled using both available alternatives : estimates of the subsistence

*
swn, L vy, , from (i) OLS estimation of the aggregate consumption function

J
(6) - (7}, and (ii) a priori information. In unscrambling we exploit the
fact that ELES decomposes into two parts : LES and an aggregate consumption

function. Thus using the LES equation (9) :

ES
1

~ ~ g
Y, ooy + mw I <u (i=1, ..., n), (14)

[

"~
where alternative values of the sum of subsistence expenditure, I v,

u 2
will be dinvestigated, Equations (13) and (14) yield the same estimates
* *®
of Y if = <u in (14) is obtained from the aggregate consumption
function (6) - (7). Before proceeding to empirical results, however,

some discussion of the linearity assumption is necessary.
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22. 1.

bl .
Table 5 Yincome" classes. Thus in equation (15) the marginal budget share for

households with total consumption expenditure less than $a is mww the
ESTIMATES OF THE MARGINAL PROPENSITY TO CONSUME, u ,

% marginal budget share for households with total consumption expenditure
TOTAL SUBSISTENCE EXPENDITURE, I Yy o AND  THE

}; and for expenditure greater than $b the
FRISCH PARAMETER, w , AUSTRALIA, 1966-8

between $a and $b is Amw Py

marginal budget share is Amw o wa.

1 Linear spline functions ensure that the linear segments form
HOUSEHOLD TYPE

a continuous curve, but in so doing they implicitly impose relationships

< 35 > 35 between sJopes and intercepts, which in the context of our demand system
0 1 2 3 0 1 2 3 4 c s . . .
means restrictions between subsistence expenditures and marginal budget
shares. If we consider the three segments of (15) as separate LES
1. Mean 4150 3967 3834 4198 3731 4410 4697 4495 4725 equations, the intercept terms are L ﬁaw - mnwVv and ﬁpw -ap; - dwau
Expenditure
$) for the three "income" classes, respectively. Undue restrictiveness of
2 the model can be avoided, however, by suitable choice of the number and
ELES Estimates
location of the join points.
2. u L3537 .3281 .2202 .4972 | .3181 .4505 .1870 .4003 .3499

. . . . . . .0430) (.083 i . . L.
(-0892) (.0449) (.0492) (- 0939))(. 0503) (. 0548) (- 0311) (-0430) (. 0830) The arguments of section 2 still apply in deciding on the most

3. 1y 3913 3830 3785 4518 3621 4107 4561 4274 4760 appropriate method of estimating the parameters of the Klein-Rubin utility
) i 672) (308) (492) (2215
(1930) (408) (365) (1149) Q:,S (672) (305) (492) ( ) function. The method decided upon in section 2 may be used with spline
4 © “17.5 <201 -79.2 +13.1) -33.9 -14.6 -34.6 -20.3 +136.2 functions, i.e., IV estimation of the coefficients of (15) and independent
estimates of the sum of subsistence expenditures used in unscrambling the
o . 3 ¥*
waMWWMWWMWm individual v, . The ELES aggregate consumption function is now of the
5. © -1.75 -2.05 -2,31 -2.42| -1.81 -1.98 -2.14. -2.36 -2.47 : form
6. T «w 1779 2032 2174  2463| 1670 2183 2502 2590 2812 VR T e Ty by - @) r By - b) vy (16)

where n and £ measure changes in the marginal propensity to consume across

-t

. < 35 and = 35 relate to age of household head in years;
0, 1, 2, 3, 4 refer to number of children in household. income classes.
Only households with working heads and non-working
children are included.

The successive intercept terms, from which it is possible to

unscramble estimates of the subsistence sums, are o, (@ - na) and (& - an - bE).

2. Standard errors are given in parentheses.
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20.

In table 4 the mw;<wucow measure marginal budget shares for
households with total expenditure below $4000 per year in 1966-7 prices.
The nw-®mﬂwsmdwm measure the change in the slope of the Engel curves at
the join points. Estimates of the marginal budget shares for households

with total expenditure above $4000 are thus given by Am»*,nwv . If the

nw;mmmwamﬂw wm:ONmwmdwmwnm:ﬁuwawmmmﬂmawmﬂosmmqonrezmro mmmzsvﬂwosom
linearity over the whole income range may be retained. In only 9 of the

45 estimates of Py does the point estimate exceed the estimated standard
nwwouwu and in no case is the estimate significant at the 5 per cent ievel.
No "t-values" exceed one in the case of households with no children, even
though the sample size of 232 is relatively large. The only result of note
is that the marginal budget share for recreation tends to increase with
"income."  The p;~value for recreation is positive and exceeds its standard
error for families with one, three and four children. In a number of cases
marginal budget shares are negative for one of the segments, although the
average values for the two segments tend to be similar to those given in
table 3. It may be concluded that there is no evidence of the linearity

assumption being inappropriate within our subgroups of consumers. Thus the

Engel curve estimates presented in tables 2 and 3 will be used in unscrambling

bl

estimates of "subsistence” expenditures, vy

=N

1. The cases are : 1 child, housing and recreation ; 2 children,
housing, durables and medical ; 3 children, food, recreation and
other ; 4 children, recreation.

In order to capture age effects the sample is
partitioned into "young" and "old" households according to the age of
the household head. A break-point of 35 years is chosen, primarily
because families at this stage in the life cycle would not have children
beyond the secondary school level. Family size effects are measured by
fitting the system separately for households with 0, 1, 2, 3 and, for the

older group only, 4 nﬁmeHm:.H

A nine commodity classification of expenditure is adopted :
Food, Cigavettes § Alcohol, Clothing, Housing, Durables, Medical Goods,
ﬁamsmﬁoamm, Recreation, and Other. The income variable is personal

disposable income including imputed rent. Both the expenditure and income

definitions correspond fairly closely to those used in the Australian

National Accounts.

Characteristics of the sample data are given in table 1. Mean
household income and expenditure for a given family size is lower for young
households except for households with no children. Both the mean household
income and the average savings ratio for young households decline uniformly
with the number of children. This is because the percentage of working
wives is higher in small households. For old households, income and the
savings ratio reach a peak for households with two children. The most
noticeable features of the figures for average budget shares, <W\<“ are
that the values for food increase with family size for both young and old
househoids, and the values for durables are much higher for young households

than for old households.

1. There are insufficient observations in other classes.

2. Includes computed value of services provided by motor vehicles rather
than actual cash outlays on purchases. The imputations were constructed
by the author from the market value of cars owned by households. A
consumption rate of 20% was assumed. This value is suggested by the work
of Swan (1971), p. 15, and Industries Assistance Commission (1974), p. 40.
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18.

The number of children in the household seems to influence
the mw:mmﬁwamﬁmm less than does the age of the household head. Neverthe-
less, some patterns emerge. ‘The marginal budget share for food shows some
tendency to increase with family size : it is estimated to be around 0.10
for both young and old families with three children. Among young house-
holds the mW¢mmﬂwawﬂmw for transport increase with family size, whereas
those for recreation fall with family size. This could, however, just be
an income effect as household income is inversely related to family size
for young households (see table 1). An income effect is observed for these
mw‘mmawgmnwm among old households : the marginal budget shares for transport
and recreation tend to be negatively and positively associated, respectively,
with household income. There is some tendency for the marginal budget share

for medical goods to increase with family size. Overall, however, it would

be a reasonable approximation to assume constant marginal budget shares across

s . 1
family sizes within a given age group.

Within each of the nine consumer groups the linearity assumption
of the model was tested using spline functions as outlined in the previous
section.  Experimentation with more than one join point proved unsuccessful
in that the linear segments tended to move erratically and coefficients were
badly determined. Even with only two segments, that is, one join point, the
same problems were encountered with data for young housecholds. Presented
results are therefore confined to old households and are given in table 4.
The single join point used in the reported results is $4000, although some
(unsuccessful) experimentation was conducted with other values. By using a
value of $4000 the samples, which in several cases are rather small, are

divided roughly in half.

1. As is done, for example, by Betancourt (1977) and Musgrove and Howe (1977).

15.

Instrumental variable estimates of the Engel curve
coefficients, oy and mw in equation (8), are given in tables 2
and 3, together with estimates of their asymptotic standard errors.
Negative values of the intercept, o, imply that the average budget
share increases with total expenditure. This phenomenon is observed for
clothing, durables, recreation and "other" among both young and old house-

holds.  The effect is most pronounced for expenditure on durables by

young households.

All of the estimates of marginal budget shares reported in
table.3 lie in the expected interval of 0 to 1. About 80% of the 45
mwxmmmwamﬁmm for old households are significant at the 5 per cent level,
whereas only a little over half of the mw-mmmwawﬂom are significant for
young households. The marginal budget share for housing is always
significant at the 5 per cent level for old households, but it is never
significant for young households. Only one of the nine m»ummnwamﬂom for
cigarettes and alcohol is significant. Expenditure on these goods appears
to be unrelated to "income. In contrast, expenditure on clothing is
estimated to be significantly influenced by "income," within a given family

type, in all but one case.

Comparing young and old families of a given size, the marginal
budget share for durables is always markedly higher for young families,
whereas the mw-<m~smm for housing and cigarettes and alcohol are higher for
old families. The marginal budget share for recreation is markedly higher

for old households if we confine comparison to households with children.
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