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ESTIMATION OF ADDITIVE ENGEL CURVES IN THE
PRESENCE OF HETEROSCEDASTICITY*
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This study is mainly concerned with the empirical determination of additive Engel
curves from disaggregated National Sample Survey (NSS) data for the [ndian State
of Karnataka, using an extended Working: Leser model suitab'y adjusted for heteso-
scedasticity.

1. INTRODUCTION

Various functional forms of Engel curves have been used from time to time in
the literature on consumer behaviour. Enge! curves of the ‘price-independent
generalised log lincar (PIGLOG)' form have been popularised rec-atly by
Deaton asd Muellbauer (1980), who used them to construct what is widely
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data. Grateful ack are due [0 an referee who made valuable sug-
gestions for improvement of an ¢arlier version, presented at the 241h Indian Econometric
Conlerence, Ahmedabed, January 8-10, 1987. Tbanks are also due 1o B. V. Srikantish for
providing typographical assistance.
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known as the ‘almost ideal demand system (AIDSY'. The Working-Leser mode}
appears as a special case of the PIGLOG family. Ray (1980, 1982, 1985),
Murty (1984) and Majumder (1936) have all used the AIDS to describe the
consumer behaviour in India. However, in all these studies the problem of
heteroscedasticity has not reccived adequate attention. But, as is well known,
the presence of heteroscedasticity in data can have serious implications for
inferences about the Enge) parameters.

Also, studies on consumer behaviour in India have been, for the most part,
based on grouped data (Iyengar, 1963, 1964; Coondoo, 1969; Bhattacharya
and Maitra, 1969; Jain and Tenduikar, 1972; Murthy, 1980; Murty, 1984, Ray,
1985; Majumder, 1986).

In this paper we propose to examine the implications of ignoring the hetero-
scedasticily problem in the estimation of the Workiog-Leser model using dis-
aggregated household data on ption. In Section 2 a brief description of
the data is given. The outline of the methodology used is given in Section 3.
Our main results are brieBy discussed in Section 4. Finally, Section 5 sums up
the conclusions.

2. THE DATA

The study uses disaggregated houschold expeaditure data for the State of
Karnataka collected by the NSS Organisation (NSSO) io its 32nd Round
(1977-78).! Four regions, namely Inland Northern, Inland Eastern, Inland
Southern, Coastal and Ghats, are distinguished and following ten broad com-
modity categories are considered : (1) cereals and pulses, (2) milk and milk
products, (3) vegetables, fruits aed nuts, (4) sugar and gur, (5) pan, tobacco,
and intoxicants, (6) other foods, (7) fuel and light, (8) clothing, including
fi and beddiag, (9) durables, and (10) miscell

3. METHODOLOGY

The simplest Working-Leser form regresses the share of household’s expendi-
ture on a specific item of consumption on its total outlay :

wi=q+flnEte (i=12...,10 [$)]

where E is total outlay and w, is the budget share of the ith item in total out-
lay. Of course, it is assumed that e is i.i.d. normal, with zero mean and
variaace o7,

1. For a detailed description of the data, concepts snd definitions, see Notional Sample
Survey Report (1985).
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Since £w, = |, we should have Za; = 1 and £, = 0. It is well known that
if (1) is estimated equation by equarion by ordinary least squares, then the
above adding-up criterion is automatically satisfied, The Engel curves in this
form ate ¢asily derivable from the generalised indirect utility function,

[

U= X gy

0]

for appropriately chosen functions . ¢, and ¥, (sce, Gorman, 1981).

The price vector p may also be introduced into equation (2), in which case
the parameters «; and B; become functions of p. Consequently, ¢,, ¢, and ¢,
also become fuactions of p (Muellbauer, 1980), lo cross-section based studies,
prices are d across h holds. The PIGLOG model (!) has
no price variables in it. It does not also explicitly include the demographic
variables such as b hold size and position which appear important in
a cross-section study.

Houschold size (V) can casilv be brought into the model cither in implicit
form or explicitly, so that an extended Working-Leser version of (1) can be
written as

=o + B + u} (28)
w=qf + B, InE+ vjla N + uf (2b)
Equations (2a) and (2b) could be further enlarged by including a quadratic

term as follows :

w‘=u: + 8 ln- -k '{:(ln %)l + uf (32)

wo=ap® + ;" In £+ lo N+ 8 (I £ + =)* (I M) +
(3b)

It must be noted that (3.) uses la (per capita expenditure) and In (per capita
expenditure) squared as the explanatory variables.? This model implicitly

2. However, a slightiy different version of (3a) is used by Deaton eral. (1984). They
assert oo the basis of (hclr cmp!nc:l wnrk that the Engcl curves (2a) or (3b) wheo fitted to

different groups of h that arc d p within the groups are
well approximated across the groups by toral h hold by per capita
household :xpcndl(urc Accoldmg to lh:se aulhors lhe residual =llccu of demographic
siracture can b variables hnearly,

without aﬂ'eclmg “the additivity pmpﬂuc’s
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forces the coeficient of In N to be equal in absolute magnitude to the coefficient
of In E i, | B |. On the other hand, model (3b) allows the coefficicats of
1n E and ln N, B* and ¥;°, to be completely differeat. Also, it provides for the
explanation of the separate effects of total outlay (E) and houschold size (N)
on the shares of specific commodities (wy), whereas (3a) presents the combined
effect of total outlay and household size on budget shares. The separate cffects
are confounded in this model because of the use of per capita expenditure,
When the quadratic demographic effect is dot sigoificant, we may further
simplify (3b) and write

wy=¢+BnE+NloN+&(nEP+u @

In what follows we shall be mainly conceraed with the estimation of parameters
in model (4).

In cross scction analysis the problem of h dasticity could arise due to
groupiog of observations; it could also arise from variations in the relation-
ship between the conditional variance of the error term with one or more of
the explanatory variables, For ungrouped data the latter is more readily
applicable. This problem is not new, but has generally been neglected in the
analysis of NSS data, resulting in possible under- or over-estimation of the
regression parameters as well as their sampliog variances. It could even lead
to erroncous rejection of valid specifications, if not detected ¢arly and correct-
ed for (see, Witte and Cramer, 1986).

Since variance is dependent upon the uait of and the exp
ture shares (which is what we are trying to analyse here) are much smaller in
magnitude compared to absolute expendi levels, the p of hetero-
scedasticily may not be serious.

For purposes of estimation, model (4) can be rewritten as

™

I

wy=a+@l0E+ YN + 800 EP + uy (4a)

where wy; is the share of commodity { in the budget of the jth household in
the sample; E, is the monthly total expenditure of household j; N, is the size
of the jth houschold (i.c., number of heads); and u, is the usual error term,
i=12,..,9¢%

3, Dsta on durables contain many zero observations, so that mode} (4) or (4a) is pot
entirely appropriate. In cross sections the zero observations could arise In two ways : ia one
case those who do not purchase have no use for the item, l.e., the margioal utility is less
than the price lor any positive amount and in the second case the reporied zero expenditure
may be because of infrequency of purchase due to seasonality. Itis also plausible that most
bouscholds sre just too poor 10 boy a durable. For a deteiled treatment of zero expenditures
ses Deaton ef al. (1985) and Nayak (1987).
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The Goldfeld-Quandt test when applicd to model (4a) indicated the presence
of heteroscedasticity. As a first step, therefore, it was surmised that per capita
expenditure (PCE) is one of the key variables accounting for the observed
heteroscedasticity. If, for ple, we assume that heteroscedasticity is of the
form

o =ty O]

where zj = In (E/Ny), i.e., z; = I (PCE),, then each commodity iavolves two
additional parameters, o* and b. The latter can be interpreted as the measure
of the strength of heteroscedasticity depending upon its magoitude and siga.
A negative b implies that for lower magniludes of PCE the variance in expendi-
ture share on the particular item is more than that for higher magnitudes of
PCE. Similarly, a positive b implies that for lower magoitude of PCE the varia-
tion in expenditure share on the particular item is less than that for higher mag-
nitudes of PCE. In particular, when b = 0, the mode! is homoscedastic. The
two parameters o and b are both unknown and have to be estimated along
with the regression coefficients, using the method of maximum likelihood. The
estimating equations tura out to be highly non-lincar and their solution intract-
able. However, a practical method wouid be to compute the In likelihood
function /(b) for a range of values of b and pick up that value of b for which
I(b) is a maximum. In this case, we have a set of five equations in five unkaowns
for each value of b, leadiog to unique estimates (see, Kmenta, 1971). In our
exercise the values of b range from —6 to -6, with finer intervalsin the

ighbourhood of the i The results are reported in Tables 1(R) and
1{U) separately for the rural and urban sectors.

Table {(R)
Maximum Likelihood Estimates of b for S¢lected Commodities, Rural Karnaraka (1977-78)

Commodity group Reglon

t I ni [14
Cereals and polses 0.0 0.0 00 0.0
Milk and milk products 00 20 20 20
Sugar 0.0 0.0 —4.00 00
Pan, tobacco, intoxicants 0.0 —2.0 090 -15
Fuel and light 00 =30 20 LS
Vegetables, (ruits, nuts 0.0 3.0 0.0 0.0
Other foods 50 4.0 40 20
Clothing 50 0.0 0.0 0.0

Miscollancons items 50 0.0 30 30
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Table 1(U)
Maximum Likelihood Bstimates of § for Selected Commodivies, Urban Karoataka (1977.78)

Commodity group Region

i i m v
Cereals and pulses 0.0 00 0.0 3.0
Milk and milk products 30 00 0.0 0.0
Sugar 00 0.0 0.0 0.0
Pan, tobacco, fatoxicanta 0.0 0.0 =30 30
Pueland light 0.0 0.0 30 15
Vegetables, lruits, nnts 0.0 00 0.0 0.0
Other foods 40 0.0 0.0 0.0
Clotbiog 0.0 0.0 0.0 0.0
Miscellapcous items 00 a0 -15 =20

4. EMPIRICAL RESULTS

From our analysis it turns out that heteroscedasticity is more marked in the
rural sector as indicated by significantly large negative values of b for three
commodity groups, viz., pas, tobacco, intoxicants; sugar and gur; and clothing,
in all the regions. Fuel and light has a aegative b in region Il only (see, Table
1{R)). On the other band, in urban Karnataka, there are fcwer instances of
heteroscedasticity. A aegative b is encountered oaly in some regions for items
like pan, tobacco and intoxicants, and miscellaneous items (see, Table 1(U)).

For pecessities and most items of luxury the value of & is positive, which
indicates that as housebolds move up in the income scale, their expenditure
patters tends to become more and more divergent. This s as expected. On the
other hand, the existence of a negative & in some cases indicates that for those
commodily groups the divergence may actually decline with increasing income.
This is an interesting hypothesis which needs further examination.*

4. Ao i test for the sigaifi of b is provided by the statistic, Q, defined as
Q=20 — b)) m

where b is the aximum Jikelihood estimate of b and b, is zero, i.c., by = 0. The variable,

Q, In large samples, follows a cni-square distribution with onc degree of freedom. The

compuied values of Q are shown in the Appendix table. The table values of the chi-square

dlstribution at 5% and 19, levels of significance aro, respectively, 3.84 and 6.63, for one

degree of freedom. Therefore, any value of Q exceeding these critical values should be con-
ignil t (sce, Rao (1974 : 417).
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After determining the value of b for each commodity group, in cach region
and sector, the variables in model (4a) were divided by 23/%, so that the trans-
formed crrors bacome homoscedastic. The adjusted mode] takes the form

7] In E; lo N, (In E

LI Io By KL 1)
P P + B 2 +v. 2 +% 7 + 2 6

The various parameters in model (6) were estimated for all selected groups of
commodities in all regions and sectors of the State. The variables of interest,
viz., the budget shares and the elasticities, were thea cstimated at the mean
levels of the explanatory variables. These are shown in Table 2.

The coefficient of determination, R", is genzrally high and significant in most
cases, justifying the need for the transformation of the variables to overcome
heteroscedasticity. The estimated regression coefficients in model (6) appear
highly significant although gegative coefficicats are observed io the milk and
milk products, other foods, clothing, footwear and miscellaneous groups with
regard to demographic changes. In all cases, however, the income (i.c., total
expenditure) cffects are sigoificant and positive, Cereals and pulses appear as
necessities whereas milk and milk products, vegetables, fruits and nuts,
clothing and footwear as luxurics. Oa the other hand, items like sugar, pan,
tobacco and intoxicants, fuel and light, and other foods appear as semi-luxu-
ries. These results are hardly startliog, but the range of variation ja the esti-
mated elasticities in Table 2 could be of some interest to students of consumer
behaviour in India. A detailed analysis of these results in the context of social
classes is found in Raghuprasad (1986).

5. CONCLUSIONS

From an examination of the¢ R'-coefficients we find that the adjusted model
fits well to our data sets. The errors i the estimates of clasticities and budget
shares therefrom are oot very large, as judged by usual half-sample analyses.
It may be noted, however, that the original model would not retain its strict
additive property after the cotrection for heteroscedasticity is applied. This is
no doubt a limitation of our study.

As already observed, heteroscedasticity might occur purely as a data pro-
blem or because of a specification error. In our model we have not included
the prices. This might lead to a specification problem which we have not
investigated in this study. In our analysis the assumption of uniform prices
across the regions within the State could be justified 1o some extent.

Bven if the prices were to be different, the question of which set of prices to
use, i nol casy to answer. It might be argued that implicit prices, i.e., valug
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of consumption divided by quaatity consumed, could have been used. But this
is also subject to certain inherent limitations (see, Iyengar, 1965). It is also
observed that quantity data would be generally less reliable than value data,
In addition, commodity aggregation poses its own problems in the use of
implicit prices.

If external information on prices is used to convert quantities into values,
we still bave the problem of aggregation because in the case of some commodi-
ties, only values are available in our data set, and not the quantities. The
commodity group ‘vegetables, fruits and nuts' is a good example. The problem
of prices in this context has been dealt with elaborately ju Nayak (1987).

Conventional forms of Engel curves such as the double-log, semi-log, hyper-
bolic. log-inverse and lincar forms were tricd on our data set, but the choice
of a most satisfactory model among them was not unique. As a viable alter-
pative the Working Leser model was adopted, with suitable modifications
incorporating the houschold size effects. This model was found to be more
realistic for Karoataka data after necessary corrections were applied for
heteroscedasticity.®
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Appendix Table
Values of Ot for Selectod Commodities and Regions : Rura! and Urban Karnataka, 1977-78

Commodity group Sector Reglon
T a1 [
Cereals and pulses Rural 2.02 0.76 562 0.40
Urben 2.64 0.32 121 22.50°
Milk aod milk products Rursl 1.92 10.78°°  20.11°° 27120
Urban 10.76% 1.00 10 095
Sugar Rural 092 0.66 54.68%¢ 1.00
Urbag 1.96 352 3.01 .00
Pao, tobacco, lntoxicants Rural 1.00 16.00°* 270 30.90%
Urban 1.28 318 10.56*° 24.54%°
Puc) and light Rural 0.14 23.90°* 101.21°° 21,30%¢
Urban 0.76 280 12.21°¢ 9.00*
Vegetables, fruits, nats Rural 0.58 17.80°° 256 038
Urban 1.00 0.30 286 1.4
Other foods Rural 31.02¢ 28.66°°  68.26°* 3030
Urban 3.00 291 0.92 0.46
Clotbing Rural 37.540 0.91 123 1.56
Urban 245 3.20 115 125
Miscellagcous Rural 25.48°% 284  180.68°° 89.46%
Urban il 622 9.89% 82,70

10 = 2 (i) = I(by)] is the likelihood ratio test statistic as defined in footnote 4.

sSignifcant at $% level,
**Significant at 1% level.
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