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Abstract

This paper proposes a simple two-step estimation procedure for Equivalence scales
using Engel curve analysis based on a single cross section data on household level
consumer expenditure. It uses Quadratic Logarithmic (QL) preferences with the
maintained hypothesis of Generalized Equivalence Scale Exactness (GESE) (Donaldson
and Pendakur, 2004). The novelty of the proposed procedure is that it neither requires
any assumption on the form in which demographic attributes enter into the system of
demands, nor any algebraic specification of the functions that appear in the budget
share equations. More importantly, it does not require a computationally heavy
estimation of complete demand systems. As an illustrative exercise the methodology is
applied to Indian consumer expenditure data.
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Equivalence Scale Exactness (GESE).

JEL classification numbers: C13, C21, D12, J16.

1. Introduction
Equivalence scale is defined as the relative cost of maintaining the same level of utility
under different demographic regimes. It is, therefore, an inevitable element of welfare

comparison between households. There are several theoretical and structural problems
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The authors would also like to thank Professor Gauthier Lanot of Keele University, UK for his immense
help and constructive suggestions. The usual disclaimer applies.
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in the calculation and interpretation of equivalence scales and it is well known that
equivalence scales are identifiable only under explicit assumptions. Muellbauer (1974)
recognised one of the fundamental problems of identification of equivalence scale. He
argued that welfare comparison across households require unconditional equivalence
scales which is based on utility derived from both goods and household's fertility-
decision on having children. But traditional budget data allow us to calculate only the
conditional equivalence scales, where different equivalence scales can be consistent
with the same preferences. The issue of identifiability of household equivalence scale
has been discussed in many studies, which include Pollak and Wales (1979, 1981,
1992), Deaton and Muellbauer (1986), Fisher (1987), Lewbel (1989), Deaton, Ruiz-
Castillo and Thomas (1989), Blundell and Lewbel (1991, 1994), Dickens, Fry and
Pashardes (1993), Blackorby and Donaldson (1994), Lewbel (1997), Pendakur (1999)

and Lewbel and Pendakur (2006).

Functional specification of the demographic vector augmented demand system
plays an important role in the identification issue. Equivalence scales can not be
recovered from demand behaviour in a single cross-section study (where there is no
price variation) in case of a rank-two demand system with budget shares linear in
logarithm of expenditure. Examples are PIGLOG' systems such as the Almost Ideal
Demand System or the Translog demand system [Muellbauer (1974), Blackorby and
Donaldson (1994), Pashardes (1995), Phipps (1998)]. Introduction of price variation
also cannot solve this problem due to limited covariance between prices and
demographic characteristics because while prices vary across period, variation in

household characteristics occurs within a period [Dickens et al. (1993), Ray (1983)].

! The Price Independent Generalized Log-Linear (PIGLOG) systems are characterized by the cost function
of the form C(u,p)={b(p)}a(p), where p is the price vector, b(p) is homogeneous of degree zero and
a(p) is linear homogeneous in prices.
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Deaton, Castillo and Thomas (1989) suggested parameter restriction such as
Demographic Separability” (DS) as a remedial measure which imposes zero
demographic substitution effect; but this restriction can yield biased estimates of
equivalence scales. On the other hand, a rank-three demand system or a rank-two
model that allows for non-linear log-expenditure effects on the budget share enables
estimation of identifiable scales, where scales are invariant to the utility level at which

the welfare comparisons are made, without the restriction of DS [Pashardes (1995)].

The property of invariance of equivalence scales to the utility level has been
termed Independent of Base (IB) by Lewbel (1989) and Equivalence Scale Exactness
(ESE) by Blackorby and Donaldson (1994). Formally, equivalence scales satisfy IB/ESE
if and only if the cost function is separable in the utility level and the household attributes
(Lewbel, 1989; Blackorby and Donaldson, 1993), implying that the equivalence scales
depend only on prices and demographic composition. Although this property is
frequently used in the literature, there is no rationale for assuming that the results of
comparison should be equal for ‘rich’ and ‘poor’ households (Szulc, 2003; Donaldson
and Pendakur, 2004).® Donaldson and Pendakur argue that there may be two reasons
why equivalence scales should depend on total expenditure. “First, because economies
of household formation are associated with sharable commodities such as housing
whose expenditure share decreases as total expenditure rises, it is reasonable to expect
expenditure-dependent equivalence scales for multi-person households to increase with

expenditure. Second, because the consumption of many luxuries, such as eating in good

2 An item-group is said to be demographically separable from a demographic group, if changes in the
demographic structure within the demographic group exert only income-like effects on the goods in the
item-group.

® In a cross-country study of equivalence scales by Lancaster, Ray and Valenzuela (1999) wide variation in
equivalence scales across countries that span a wide range of per capita GNP has been observed.
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restaurants or attending the theatre, are more enjoyable when done in groups, we may
expect equivalence scales for households with more than one member to decrease with
expenditure”.* They propose a generalisation of ESE, which they call Generalised
Equivalence Scale Exactness (GESE) that allows the scales to be different for rich and
poor. They also show that if GESE is a maintained hypothesis, and the reference
expenditure function is not PIGLOG, the ‘equivalent expenditure function™ can be

identified from demand behaviour.

In this paper we propose an estimation procedure for Equivalence scales using
Engel curve analysis based on a single cross section data on household level consumer
expenditure, the underlying system being Quadratic Logarithmic (QL) (Lewbel, 1990) in
a GESE set up. The novelty of our procedure is that we work with the general form of QL
system, without an explicit functional form involving the parameters. To be precise, the
proposed methodology does not require any assumption on the form in which
demographic attributes enter the system. Briefly, the estimation involves two steps. In
the first step, the set of item-specific Engel curves relating budget shares to the
logarithm of income is estimated for different demographic groups in a single equation
framework using household level consumer expenditure data.® In the second step the
equivalence scale for each demographic group is estimated using the coefficients of the

item-specific Engel curves, estimated in the first step, considering commodities as

4 Recent works of Koulovatianos et al. (2005a, 2005b) based on survey data also report evidence that
equivalence scales are decreasing in income.

® Equivalent expenditure for a household is the expenditure level which would make the reference

household as well off as the members of the household. Thus, equivalence scale is actual expenditure
divided by equivalent expenditure.

5 In fact, the proposed method does not require a computationally heavy estimation of complete demand
systems. Equivalence scales in a system framework have been estimated by Pashardes (1995), Lancaster
and Ray (1998), Szulc (2003), Majumder and Chakrabarty (2003), Lyssiotou and Pashardes (2004) and
Donaldson and Pendakur (2006).
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observations in a pooled regression of demographic groups and commodities. The
validity of ESE assumption is then tested under this general set up.’

The paper is organized as follows: Section 2 sets out the estimation procedure for
the equivalence scales; Section 3 describes the data used for the illustrative exercises

done and presents the results; and finally, Section 4 concludes the paper.

2. The Proposed Procedure

The cost function underlying the Quadratic Logarithmic (QL) systems, namely,
the Quadratic Almost Ideal Demand System (QUAIDS) of Banks, Blundell and Lewbel
(1997) and the Generalized Almost Ideal Demand System (GAIDS) of Lancaster and

Ray (1998), is of the form

b(p)
(/Inu)—=A(p)

C(u,p)=a(p).exp( ) @

where a(p) is homogeneous of degree one in prices, b(p) and A(p) are

homogeneous of degree zero in prices and u is the level of utility.

From (1), the demographic vector augmented Quadratic Logarithmic Indirect

Utility Function can be written as:

V(p.y.2)= [('”y;(";az()p'z))l—ﬂ p.2)] ", )

where y is income and z is the vector of demographic characteristics.

" It may be pointed out that as per the existing literature the test of the ESE property is conclusive only in
case of rejection as suggested by Blundell and Lewbel (1991), Blackorby and Donaldson (1993, 1994).
Murthi (1994) tested the restriction implied by exactness in the context of different parametric forms of
engel curves on Sri Lankan data and in most of the cases exactness was not rejected. Pashardes (1995), on
the other hand, found rejection of the hypothesis on UK data for the model he proposed. Gozalo (1997)
and Pendakur (1994) proposed different nonparametric tests of the IB restriction on engel curves. Gozalo
statistically rejected 1B while Pendakur did not reject.
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Donaldson and Pendakur (2004) showed that GESE with QL preference implies the

following relations:

Ina(p,z) = K(p,z)Ina’(p)+InG(p,2) (3)
b(p,z) = K(p,2)b’(p) (4)
A(p,2)=2(p) (5)

where a(.) is homogeneous of degree one in p, b(.) and A(.) are homogeneous of degree

zero in p, a’(p)=a(p,z°), b°(p)=b(p,z°), and A°(p)=A(p,z"), O being the
reference household. It is evident from the above relationships that K(p,z) is

homogeneous of degree zero in prices.

The logarithm of Equivalence scale under GESE is given by:

(K(p,z2)-D)Iny+InG(p,z)

6
K(p.2) ©

InS(p,y,z)=

S(.) is increasing (decreasing) in y if K(p,z)>1 (K(p,z)<1).® ESE implies K(p,z)=1, so
that equivalence scale is independent of income, and in that case

InS(p,z)=Ina(p,z)-Ina’(p). (7)

Now, applying Roy's identity to (2), the budget share equations are given by

é)lna(p,z)+6lnb(p,z)In y +a/l(p,z) 1 In y )

w,(p,y,z)= aInp, alnp, a(p,z) OJlnp, b(p,z) a(p,z)

y )_i_//i’i(p’z) (In( y ))2

or, W, =ai(p,2)+ﬂi(p’2)|n(a(p 2)’ " b(p,2) a(p,z)

(8)

& A possible practical problem could be that for K(p,z)<1, the equivalence scale S(p,z) may turn out to be
less than 1 for high values of y when InG(p,z) is small.
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8Ina(p,z), ﬂ.(p,z):alnb(p’z) 2(p2) = P2 oA(p,2)

h (p,z)=
where @ (p.2) oln p, olnp, olnp

and y is the

i
total expenditure.

Now, given household level consumer expenditure data, one can define specific
demographic groups and classify each household as a member of certain demographic
group. Thus, for commodity group i and demographic group j the household-level budget

share equations (8) can be written as:

W= (p.2) i (p 2 L+ 2P )) 2 ©

i=1,2,...,n; j=0,1,2,....,.3; h=12,..,H';: where z! is the demographic vector and H ' is

the number of households in group j, respectively.

Rearranging the terms, equation (9) can be written as

A(p,2")

wj, =[er (p.2") - B (p.2")Ina(p,2’) + -2 === (Ina(p,2"))’]
b(p.2’) 10
iy_oAi(p.2") ()] o
+[4:(p,2") -2 b(p.2 )(Ina(p 2)ly;’ TR DR

where y;’ =In(y]).
Note that, for a single cross section data prices may be assumed fixed. Hence, equation

(10) can be written as
WiL :[05ij _ﬁij”j +/1:j7fj2]+[ﬂj 2/1 7T ]yh +/1*JYEJ (11)

where 7; =Ina(p,z').

_ _ o Y
Equivalently, w! =al +bly"’ +cly"’ (12)
ih i i Jh iJh

where a) =a] - Bz, +/1:j7zj2
(13)
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bij = ﬂij - 2/1:]”1'
(14)
cl=2".

(15)
Thus, using the cross-section data, the following budget share equation for item i and
demographic group j can be estimated (first stage estimation) taking households

belonging to the demographic group as observations:
i ol piv iyttt gl
wy =a’ +bly, +cly, +ep. (16)
In order to estimate the equivalence scales from (6) we need to have estimates of

K(p,z) and InG(p,z), which can be obtained from the parameter estimates of

equation (16) and equations (3)-(5) as follows.

Note from equations (8), (11) and (15) that

g aA(pz) 1

¢ =1 :
dlnp; b(p,z")
0
or, ¢} = or(p) L , since by GESE A(p,z') = A°(p) (from equation (5)).
olnp, b(p,z')
Again,
"' olnp; b°(p)
0 j _
Hence, S :% =K(p,z') by Equation (4)
¢’ b(p)
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The estimates of K! can be obtained by regressing f:io on éij (without intercept) for

9

each j, taking items as observations, i=1,2,...,n.” Hence ESE can be tested by testing

the hypothesis that the slope coefficient =1 in this regression.

We now propose a simple method for estimating INnG!(= 7, -K I, Yunder the
additional assumption that g = S, +7;, say. Now note from (14) and (15) that
bij_bio:(71_70)_2Cij7fj+zcio7zo- (18)
Given the estimates b, &/, equation (18) is written as
bl —b° =y, + 28} (Kizy —7,)+e}, i=12,.,0; [j=12,..,] (19)
using equation (17), where eij is a composite error term. Here again, it may be pointed
out that although the relationship in (18) is exact, replacement of the variables by their
estimated values yields a regression set-up. eij is a linear combination of the individual

errors of estimation of. bl,c),b’,c’. Using arguments similar to those used in

i1 vi
estimation of K/, estimates of ING!(= 7, -K Iz,) and ;/] are obtained from a pooled

regression of demographic groups and commaodities.

Finally, given income y and demographic group j, equivalence scale under
GESE and a given price level, can be estimated using the following expression:

(K =1)Iny +InG!

InS(.2')- <

where K and InG are the estimated values obtained from (17) and (19).
To obtain the standard error of this generalized expenditure dependent
equivalence scale, for which the analytical expression is not possible to derive, we use

bootstrap method to obtain the approximate standard errors.

° See Appendix Al for an explanation for a regression set-up although the relationship in (17) is exact.
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For estimation of equivalence scales under ESE, we proceed as follows. Note
that under ESE, ci0 = cij V j . After having obtained f:i‘) from estimation of equation (16)
for the reference group, the budget shares for the other demographic groups are now
estimated by putting in this restriction for each j. This yields estimates of éij 's and Bij 'S
under ESE. Estimates of (7, —7,) are then obtained from the following regression
equation™®

bl —b° =282 (7, 7, )+e!, i=12,.,0; j=12,.,3. (20)

3. Data and Results

The data for the present analysis have been taken from the data collected by the
National Sample Survey Organization (NSSO), India, in its 61% round enquiry on
Employment-Unemployment during July, 2004 — June, 2005. The data provide
information on household characteristics, demographic particulars and employment
status at the individual level within each household surveyed. In addition, this survey
also provides data on consumption expenditure on several detailed items and total
expenditure. Since the estimation is based on a single cross section data, prices are
assumed fixed. We also assume that all demographic groups face the same price. Data
for only the urban sector have been used to illustrate the estimation procedure described
in Section 2. The all India urban data we consider here consist of 5959 households

comprising only three types of households based on demographic composition'!. The

1% There will be no constant term here in view of the fact that under ESE b( p,z)=b"(p), which implies

B = p, forallj.

! Here All-India refers to 15 major states, viz., Andhra Pradesh, Assam, Bihar, Gujarat, Harayana, Punjab,
Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa, Rajasthan, Tamil Nadu, Uttar Pradesh and West
Bengal.

10
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reference households are taken to be those consisting of 2 adults only. The two other
household-types are households consisting of (i) 2 adults plus 1 male child (0-17 years)
and (ii) 2 adults plus 1 female child (0-17 years). These groups consist of 3321, 1513,
1125 households, respectively. We consider 10 commodity groups, namely, (i) Cereals
and cereals substitutes, (ii) Milk and milk products, (iii) Edible oils, (iv) Meat, fish & egg,
(v) Sugar & salt, (vi) Other food, (vii) Pan, tobacco & intoxicants, (viii) Clothing &
footwear, (ix) Services and (x) Other non-food*.

The estimation procedure involves first estimating equation (16) for 10

commodity groups (i=12,,...10) and for the three household types (j=0,12)
mentioned earlier. The variable y;j denotes logarithm of total expenditure of household

h belonging to the demographic group j. The regression results obtained from

estimating equation (16) are presented in Table 1. It is observed that except in cases of
‘Other food’, ‘Pan, tobacco & intoxicants’ and ‘Clothing & footwear’, for all other items
most of the coefficients turn out to be significant.

The estimated values of K for two household types, viz., households with 2
adults plus 1 male child and households with 2 adults plus 1 female child, taking the two-
adult household as numeriare, are reported in Table 2. The results of the test for ESE
are also presented. It is evident from the results that ESE is rejected at 5% level of
significance for this data set.

Our next step of estimation involves estimating equation (19), from which

estimate of logG’ = —(K !z, —7;) can be obtained directly as the coefficient of 2¢;.

The estimated values of log G’ turn out to be 2.946 and 2.876 for demographic groups

1 and 2, respectively.

12 «Other food” includes beverages, processed foods, vegetables and fruits. “Other non food” includes fuel
and light, entertainment, education, medical, transport, rent & tax, personal care, toilet article, sundry

11
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Finally, we calculate log equivalence scale for demographic group j at income

j)=(KJ—1)Iny+InG"

level y from the expression InS(Y,z K

by using the estimated

values of both K! and IogGj . The equivalence scales at different levels of income for

the two household types are presented in Table 3. The minimum value for income has
been chosen to be a value close to the sample minimum. We report equivalence scale
up to the income level of Rs.10,000/- basically for two reasons. First, only 2% of the
sample fall beyond this level; and second, the value of the equivalence scale starts to
become implausible (less than one) at this level. However, as pointed out in footnote 8,

this could be due to a problem with the GESE set up itself.

Note that given K I <1, the equivalence scale is a decreasing function of income
by construction as observed in Table 3. This corroborates the findings from the studies
of Donaldson and Pendakur (2004, 2006) using Canadian data. Similar results have
been obtained through a subjective (survey) method for evaluating equivalence scales
using data from Germany and France (Koulovatianos et al., 2005a) as well as from
Cyprus (Koulovatianos et al., 2005b). The result implies that the cost of raising a child
relative to the income level is much higher for a poorer household than for a richer
household, a scenario that fits well into the Indian context. The fact that a child is indeed
a ‘burden’ for a ‘poor’ household in India, is reflected through the high values of
equivalence scales at the lower end of the income distribution. The bootstrapped
estimates of standard errors (from 2000 re-samples) reveal that except for the lowest
income group, almost all values are significant.

For comparability with other Indian studies, the ESE equivalence scales are also
presented in Table 3. The values 0.319 for boys and 0.376 for girls indicate that boys

cost less than girls in an overall sense. This observation is in line with the finding by

article.These items have been merged to avoid too many zero observations.

12
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Lancaster, Ray and Valenzuela (1999) who obtain equivalence scales (averaged over
three children groups, viz., 0-4 years, 5-14 years, 15-17 years) to be 0.171 for boys and
0.192 for girls under a Rank 3 demand system for India. Similar pattern has also been
noted by Chakrabarty (2000) for the state of Maharashtra (India). Here the Engel
equivalence scale for a boy (0-14 years) turns out to be 0.502 and that for a girl (0-14
years) turns out to be 0.569, and the corresponding Rothbarth scales turn out to be

0.047 and 0.069 under a QL budget share curve.

4. Conclusion

In this paper we have proposed a simple estimation procedure for Equivalence scales in
a GESE set up, using Engel curve analysis based on a single cross section data on
household level consumer expenditure where the budget shares are Quadratic
Logarithmic (QL) in income. The novelty of our procedure is that no explicit algebraic
form for the coefficients of the Engel curves (which are functions of demographic
variables™) is required. In other words, the proposed method, which is a two-step
procedure for estimating equivalence scales, does not require any assumption on the
form in which demographic attributes enter the system of demands. More importantly,
the proposed method does not require a computationally heavy estimation of complete
demand systems. As an illustrative exercise the methodology is applied to a limited
number of demographic groups where children of 0-17 years of age have been clubbed
into one group. The procedure is, however, extendable to any number of groups, subject

to availability of data in each demographic group.

From the test of validity of ESE assumption it emerges that ESE is rejected on

Indian data and the generalized equivalence scale is found to be inversely related to

13
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income, a result that corroborates the findings of other studies on developed and

underdeveloped countries. It is also observed that boys cost less than girls.
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(0.036) (0.009) (0.0005) (0.013) (0.001) (0.075) (0.018) (0.001)
(0.053)
Egg, fish & | -0.181* 0.070*** | -0.005*** | -0.461*** | 0.135*** | -0.009*** | -0.117 0.053 -0.004**
meat (0.076) (0.019) (0.001) (0.132) (0.032) (0.002) (0.136) (0.033) (0.002)
Salt & 0.299*** | -0.045*** | 0.002*** | 0.146*** | -0.008 -0.001 0.284*** | -0.042*** | 0.001
sugar (0.032) (0.008) (0.0005) (0.053) (0.013) (0.001) (0.066) (0.016) (0.001)
Other food | 0.097 0.033 -0.004* -0.027 0.060 -0.005* -0.031 0.022 -0.002
products (0.141) (0.035) (0.002) (0.201) (0.049) (0.003) (0.139) (0.034) (0.002)
Pan, -0.274** | 0.087*** | -0.006*** | -0.197 0.067 -0.005 0.018 0.011 -0.001
tobacco & | (0.125) (0.032) (0.002) (0.203) (0.051) (0.003) (0.183) (0.045) (0.003)
intoxicants
Sevices 0.055 -0.042 0.005** 0.643*** | -0.185*** | 0.014*** | 0.519** -0.153** | 0.012***
(0.154) (0.040) (0.003) (0.215) (0.054) (0.003) (0.264) (0.066) (0.004)
Clothing & | -0.042 0.035** -0.003*** | -0.010 0.030 -0.003 0.072 0.008 -0.001
footwear (0.059) (0.015) (0.001) (0.111) (0.027) (0.002) (0.113) (0.028) (0.002)
Other non- | -0.685** | 0.179** -0.006 -1.611*%** | 0.406*** | -0.020** | -1.442** | 0.359** -0.017*
food (0.338) (0.088) (0.006) (0.552) (0.138) (0.009) (0.584) (0.147) (0.009)

Note: Standard errors are reported in parenthesis.

* ** and *** indicate significance at 10%, 5% and 1% levels, respectively.
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Table 2: Estimated values of K for two household types (j =1,2)

Household type 1
(2 adults + 1 male child (0-17 years))

Household type 2

(2 adults+1 female child (0-17 years))

0.6605

(Standard error = 0.1150)

R*=0.778

(Standard error = 0.0809)

0.6842

R*=0.884

H,K=1

ft,|=2.95, p-value: 0.016

Hy, K=1

lt,|=3.91, p-value: 0.004

Table 3: Equivalence scales

Income Level GESE Equivalence Scales
(Rs.) Household type 1 Household type 2
(2 adults + 1 male child (2 adults + 1 female child
(0-17 years)) (0-17 years))
1000 2.504 2.696
(4.314) (2.534)
1500 2.034 2.230**
(1.314) (0.942)
2500 1.566*** 1.757 ***
(0 .349) (0.286)
5000 1.098*** 1.271 ***
(0.261) (0. .211)
10000 0.770** 0.919***
(0.299) (0. 264)
ESE scale 1.319 1.376

Note: A two-adult household has a value 1. Bootstrapped standard errors are in parentheses.

*, ** and *** indicate significance at 10%, 5% and 1% levels, respectively.
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Appendix
Al

From equation (17) we have ¢’ = K 'c/.

To estimate K’ we replace ¢/ ’s by their estimated values. Let ¢/ =c) + 6, where 5/ ’s
are the errors.

Then, ¢’ -6 =K' (&) -5))

or, & =KI¢ +(s°-06'K)

or, &°=KIti+s), say. *)
Note that the regression error is assumed to be present only because of estimation errors
in the first stage. Since the first stage estimates are unbiased and consistent,
asymptotically equation (*) would hold exactly. Now, as the observations here are over
items, the itemwise errors can be assumed to be uncorrelated with the regressor as the

estimation errors originate from estimation of itemwise budget shares separately.
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