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USE OF INEQUALITY MEASURES IN
CALCULATING INCOME ELASTICITIES

M. Qamar IQBAL

Kakwani (1950} has suggested the use of Gim Coefficient to estimate income
clasticities. This paper shows that co-cificient of vanation, another measure
of inequality, can also be used efficiently to find income elasticitics. Dervation
of both the cstimators are based on the use of Extended Linear Expenditure
System,

1. Introduction

Studies on consumption pattern are usually based on estimation and
analysis of elasticity coefficients for various consumption items. Income
elasticities of demand have become more important in explaining the
consumption pattern owing to Engle's law. These are also uscful for a
comparative study of the consumption pattern of any two or more samples,
Such a comparative study on the basis of income elasticitics may provide
a fair picture of relative poverty in the two samples. Moreover, the
differences in consumption patterns between any two samples may be related
in a way to the differences in their income distributions. Pasha (1982)
indicated that income elasticities of demand for various consumer goods
are affected by the distribution of income. This relationship of distribution
of income among households in a society and the resulting distribution of
consumption expenditure on various items is effectively utilized by Kakwani
(1980).

Kakwani has presented his formula for computation of expenditure
(income) elasticity, where the clasticity coefficient is expressed as a function
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of the Gini Index. This formula is based on a mathematical manipulation
of expenditure elasticity formula derived from the Linear Expenditure
System (LES). In this paper we have shown that the elasticity formula
of Linear Expenditure System can be used to derive an alternative formula,
for the computation of expenditure elasticity. It is suggested that another
important measure of income inequality, namely the “coefficient of
variation” can be used effectively to estimate the expenditure, (incomc)
elasticities. The formula derived here is conceptually identical to the
LES formula. A simple rearrangement of terms in the LES formula has
made it possible to use coefficient of variation in the computation of income
elasticities.

Kakwani’s formulation of expenditure elasticity is presented in Section
Il in which he has used the “Gini Index" to find elasticity of consumption
expenditure on a commodity with respect to total expenditure. Derivation
of an alternative formula for computation of expenditure elasticity in
terms of “coefficient of variation" is also presented in the same section.
A brief description of the data is presented in Section Il and the results of
the two formulac are discussed and compared in Secction IV, Conclusions
and some implications of our approach are then presented in Section V.

IL.a Kakwani's Approach
LES equations are given by

v, =2, + b (v—a) ) {1}

1

where v; is the expc;nditurcl (per capita or household) on the ith commo-
dity; v = T v;; a; = subsistence expenditure on the ith commedity;a = I a;;
b; = marginal budget share of the ith commodity.

Equation (1) can be re-written in the following form

v, = ¢ + b (V) (1a)

] 1
where ¢; = (3, —b; « a)
This system of demand equations is based on the well known Stone-

Geary form of utility function, which imposes the following restrictions
on b,

In cur empincal exercise the unit of analysis is an average household,
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0< b, <1 (i=123,...n) (2)
Eho=1 (3)

Let n; be the elasticity of demand for the ith good with respect to
total expenditure given by

i = b, /w, (4)

where w; is the average budget share of the ith commodity given by w; = v /v

Further, let “G;"” be the Gini index for the distribution of expenditure
on the ith commodity, and “G," the Gini index of toral expenditure.
Kakwani arrived at the following relationship by manipulating the clasticity
formula of equation (4) which is derived from LES.

G, = bi e V¥ e Gt.l'rt"'lr (5)

where v, is the mean expenditure on the ith commodity and is given by

= L
Vie = 3; + bylv a)

and v* is the mean of total expenditure.  Equations (4) and (5) together
imply that,

B = G /G, (6)

where T is the expenditure clasticity of the ith commodity at the mean
expenditures, Thus Kakwani proves that the cxpenditure clasticity of
the ith commodity at the mean expenditures is equal to the ratio of the
Gini Indexes of the distributions of the ith commodity expenditure and
the total expenditure, respectively [Kakwani (1980)] .

To compute the Gini index, Kakwani has suggested that any of the
standard formula can be used. He has not made any specific recommenda-
tion for the purpose of computation of the clasticity. We have used the
following formula to compute the Gini index.?

2 Household income and expenditure surveys present data by income growps, True Gini index
of expenditures can be colculated I datw were grrunged (ranked) by the household expenditure,
therefore using HIES dats in our exercise we will in fact compute @ cancentration index of
expenditure not a true Gin index,
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Gini index = 1 — S§,(Y;_; + Yj,y) (7)

where 8, = cumulative population share of the jth income group; Y;_, =
cumulative income share of the j—Ith income group; Y, = cumulative
income share of the j+1th income group.

ILb Altérnative Approach

The alternative formula is derived here through a simple transformation
of expenditure elasticity formula based on LES in equation (4) above.
This transformation is based on the definition of “b,"" in the ordinary
least squaresmethod. *b,” is defined by equation (1a) as the slope coefficient
of regression equation of v, on v. The formula for “b;" therefore can be
written as

b, = r, o sd(v;)/sd(v) S8

where ”ri” 15 the coefficient of correlation between v and v; sd(vi} =
standard deviation of v;; and sd(v) = standard deviation of v.

Substituting equation (8) in equation (4) yields

H; (r, o [sd{v;)/sd(v)]/w;
[r; o (sdv;)iv;e M (sdiv)iv¥] (9
roe ol eviv)

where “cv(v;)" is the coefficient of variation of v and “cv(v)” is the
coefficient of variation of v. "r;"" is the cocfficient of correlation between
“y," the expenditure on the ith commodity and “v" the total expenditure.
Equation (9) gives an alternative formula for the computation of expen-
diture or income elasticity, where elasticity coefficient is expressed as a
function of coefficient of variation rather than the ratio of Gini indices
as in equation (6).

II. Data

The data used here is taken from the latest “Household Income and
Expenditure Survey of Pakistan” for the year 1985-86. The elasticities
are computed only for Pakistani rural areas. This data in the survey is
presented in the grouped form, where grouping is done on the basis of
household income. Our analysis, therefore, has been carried out at house-



MQIQBAL, INEQUALITY MEASURES IN CALCULATING INCOME ELASTICITIES 63

hold level using average househald expenditures and not the houschold’s
per capita expenditures.

We have computed expenditure clasticities for nine broad commeodity
groups as presented in the survey, These commodity groups are namely
Food, Beverage and Tobacco; Apparel Textile and Foorwear (Clothing);
Transport and Communication; Cleaning Laundry and Personal Appearances;
Recreation, Entertainment and  Education; Rent; Fuel and Lighting;
Houschold Furniture and Equipment; and Miscellaneous Consumption
Expenditures.

IV, Results

The results of estimation of expenditure elasticities are reported in
Table 1, for all the nine proups of commodities. Average expenditure
share of cach commodity group in the household budger for rural Pakistan
is also presented in the same table, This provides an idea about the relative

TABLE 1

A Comparison of Elasticity Estimates by Alternative Formulas

Average

Commodity Budget (G) 5{(CV)  T(C.V.Crude)
Groups Share (%)

Food 51.5 0.876 0.803 0814
Clothing 79 0.899 0.844 0.851
Transport 38 1.599 2.159 2.409
Cleaning 4.7 0.944 0.953 0.962
Education 11 1.746 1.988 2.004
Rent 7.9 0.911 0.944 0952
Fuel 6.3 0.695 0.617 0.635
Furniture 1.9 1.194 1.263 1.273

Miscellancous 14.8 1.443 1.565 1.581
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importance of a commodity group in the consumer's basket. In Table 1
HiqC.V‘J represents expenditure clasticitics calculated using equation (%)
and T(G) using equation {6).

Looking at the average budget shares in Table 1, it shows that Food
and Clothing take away the major chunk of household’s budget in the
rural areas of Pakistan. The elasticity coefficients have a value of less
than unity in case of five commodity groups. These commodity groups
are Food, Cloth, Cleaning, Rent, and Fuel. These commodity groups may
be considered as necessities for consumption in rural Pakistan. It s interest-
ing to note that Fuel has elasticity coefficient equal to 0.617 which is
even less than the value of the coefficient for Food which is 0.803.
One possible reason for it may be the inclusion of Beverage and Tobacco
in the Food group which are expected to be relatively responsive to changes
in income. Further, in the Pakistani rural society a large portion of food
consumption is home produced (unpurchased) and there may be substantial
under reporting of expenditure on food items. Probably the tendency
of under reporting is higher in the lower income groups. Another explana-
tion lies in the fact that the use of Fuel and Lighting in rural Pakistan
is fairly similar in terms of kind and quality, looking across the households
in various income groups. In addition to that being basic consumption
items, expenditure gn Fuel and Lighting does not respond much to the
changes in income level,

Since Pakistan is a developing country, its rural area is highly under-
developed. This is also reflected in the consumption pattern, as the value
of elasticity coefficient for the commodity groups like Transport and
Communication, and Education and Recreation is found to be signiticantly
greater than unity. This is just in accordance with the norms in a rural
society such as of Pakistan. Further, the three commeodity groups which
can be classified as luxury goods in the case of rural Pakistan, have the
Jowest priority on the average in the consumer’s budget (Table 1),

It may also be noted from the table that the results of the two formulas
reported as Hi{G,‘J and 'IY.l{C.‘-,-’) arc slightly different although their origin
is the same. Using the formula based on Gini index would not give exactly
the same results as given by LES formula. In some cases it under-cstimates
while in others over-estimates the true LES elasticities. Results indicate that
in case of the three commodity groups namely Food, Clothing, and Fucl,
it slightly over-estimates the elasticity coefficient, while for the remaining
six groups it has given an under estimate. Probably this inconsistency
is for two reasons: firstly, it may be due to grouping and aggregation bias®

3 On the data set of rural Pakistan, HIES 1979, Ercelawn (1988) computed aggregation crrors
in the measurcment of income incqualities for varfous indices of inequalities. He finds an error
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as grouped data are being used. Secondly, as explained in footnote (2),
true Gini, G, and G, (concentration indexes in our numerical exercise)
have been estimated lower than their true values? Further, the degree
of under-estimation in G, and G; may be different and in the case of G
this under-estimation may vary for different commodity groups in a
sample, It seems important to mention here that while Kakwani's formula
may over or under estimate the values of clasticity coefficients as compared
to those obtained by using LES formula in its original form, the alternative
formulation suggested here will not do so.

It is also seen from Table 1 that the expenditure on all the nine
commodity groups have a high and positive correlation with the total
expenditure. That is why a simple ratio of coefficients of variation gives
quite a good approximation of the values of elasticity coefficients. These
values are reported in Table 1 as 1;(C.V. Crude), where T;(C.V. Crude)
= aviv; ) evv).

To observe the closeness of the crude estimate to the actual values
of elasticity coefficients we have calculated mean square error. The mean
square error for the crude estimate based on coefficients of variation is
0.008. In this particular case the elasticity estimate obtained through
the Gini index have a relatively higher mean square error which is 0.045.
But the crude estimate based on cocfficients of variation may not
always give better results as compared to the estimate based on Gini index.
However, for practical purposes a simple ratio of coefficients of variation
can give an approximation (always an over-estimate of the magnitude)
of the elasticity coefficient, given the knowledge about the correlation
between the two variables,

V. Conclusions

The consumption pattern of -rural Pakistan represents a picture of
low incomes and provides indications of a backward and underdevelop-
ed society. Expenditure on food items (including beverage and tobacco)
accounts for more than fifty per cent of the household budget on the
average. Many other items which are treated as necessity in the modern
age are unable to justify their appropriate importance in the basket of
a household in the rural Pakistan. The expenditure elasticity coefficients

of more than 25 per cent in the ceefficient of varation, as against less than 2 per cent in the
Gini coefficient, However, we find no evidence to conclude that coefficlent of variation will
always give a higher aggregation error as compared to Gini index for various data sets.

4 For example, P:.rni‘tt (1980) has shown that the concentration index of & warigble is always less
than or equal to its true Ginl index in magnitude, :
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for most of the commodity groups have a value of either close to uniry
or greater than unity,

For a given data set Kakwani’s formula may not give the same results
as the original elasticity formula of LES in the presence of various imperfec-
tions, such as, estimation of pseudo-Gini in place of true Gini, grouping
and aggregation errors and if the underlying function is not exactly (and
positively) linear,

Elasticity formula presented in this paper (clasticity coefficient as a
function of cocfficients of variation) gives the same resules as LES formula
in its original form, even for grouped data. It is shown in Section II
that on a theoretical basis the formula in equation (9) is directly derived
from LES formula of equation (4), without making any simplifying assump-
tions, The only difference is in the concepts involved in their compurations,
The LES formula of equation (4) requires the estimation of a set of regression
equations to compute clasticities, whereas the relationship in equation
(9) requires the coefficient of correlation between the two variables and
their coefficients of variation.

Again, it may be useful to mention here that the LES method imposes
certain restrictions on "b," as described in cquations (2) and (3) of Scction
Il. These restrictions in turn become the limitations of LES method in
computing eclasticities, since these restrictions imply that all commodities
consumed (for which elasticity 15 being calculated) are normal goods.
Because for an inferior good, income (expenditure) elasticity has to be
negative which in turn requires a negative value of “b,". For empirical
purposes it is not necessary to impose these restrictions while computing
income {expenditure) clasticity using the formula based on coefficients
of variation, although it is an alternative form of the original LES formula.
The sign of the correlation coefficient describes whether a commodity is
an inferior good or a normal good.

The formula developed in this paper has a general applicability for the
estimation of elasticity between any two variables. Income (consumption)
elasticities have been used here only as an illustration,
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