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Chanter 0

Statistical models for consumer behaviour

in India: A summary

The present dissertation is about analysis of consumer
. behaviour based on time-series consumption data in the framework of a
static complete demand system with special reference to India.

On the methodological slde, the thesils proposes two static
demand systems. One of them is based on a modification of the Simple
Non-Additive Model (SNAM) of Deaton (1976) - a generalisation of Stone's
Linear Expenditure System (IES) — that overcomes the limitations of the
1ES arising from the additivity of its underlying direct preference
structure, The other system is based on the Price Independent
Generalized Linearity (FIGL) of Miellbauer (1975). Both the systems
contain far smaller mumber of parameters compared to those in flexible
demand systems,e.g., the dlmost Idcal Demand System. (AIDS) of Deaton
and Micllbauer (1980s) or the Translog Systems of Christensen,
Csrgenson and lau (1975).  However; unlike these flexible systems,
the theoretical restrictions such as the adding-up, symmetry and
nomogeneity properties of the demand functions are built imto the
oroposed systems.

The empirical part of the thesis is concerned with

comperisons of the performances of the differemt variants of the



posed systems and the AIDS on the basis of Indian consumer
expenditure data.

The dissertation is orgamised in six Chapters and five
dppendices. In what follows, summary of the individual Chapters and
4ppendices are presented.

Chapter I presents a survey of literature on the theory and
methodology of demand analysis based mainly on time-series consumption
data. This Chapter has eight sections. Section 1.1 is introductory.
Section 1.2 summarisos the static theory of consumer behaviour and the
implications of this theory for empirical demand analysis. Section
1.3 briefly presents the different results on separable preferences.
Section 1.4 contains a brief description of the well-kmown static
demand systems. Section 1.5 deals with the aggregation of demand
equations across consumers. Section 1,6 presents a summary view of
the different generalisations of the ILinear Expenditure System.
Section 1.7 surveys the investigations relating to the 5:mlusion of
demographic characteristics in complete demand systems. Finally,
Section 1.8 presents a very brief account of the researches on
dyramic demand analysis.

Chapter II constitutes the methodological contribution of
e present dissertation. Two specifications of empirical demand
&7s=ens have been presented here that provide the theoretical

Zoxdation of a major part of the empirical exercises reported in



This Chapter has four sections. While Section 2.1
is introductory, Section 2.2 presemts the proposed modification of
Deaton's SNAM. The budget share equations corresponding to this
modified SNAM is of the form

p; vy (® zpy v ()
vy = 7 +8,(p) (1~ X

Y, i=1,2,..0, 0 ... (0.1)

[ with I Bi(p) =1 in view of adding-up
i

criterion ]
with
Py
Yi(p) =cy +a; log 7 ) ... (0.2)
and
Py
8 (p) = b + d; log ™ ) s ...(0.3)
where
> % P
o= ey ven(0.4)
e
L
m, ={1 dk} * (
2 = kpk ...(0.5)

are two all-commodity price indices, and LA budget share for i~th iten

(there being n items), y: total expenditure, p; ¢ price of the i-th.item,

the vector of prices, and 2y, bi’ ey di are the 4n structural



parameters of the system of which 4n -~ 1 are independent in view of
+he adding-up restriction.
Section 2,3 presents the proposed system based on the PIGL,

the budget share equatior for which are of the form

pyv; () N
vy = W + Bi(p) log (W), 4B nee B ans(D.6)

[ with I Bi(p) - 0 in view of adding-up criterion ]
i

faoy which yi(p) and Bi(p) are the same as those defined in (0.2) -
(0.5). It may be noted that for both (0.1) and (0.6) one can
consider alternative variants by dropping either or both of the
papnmet,er eets ay and di, i=1,2,..0, 0 . Thus, the full
gpecifications (0.1) and (0.6) have been called the SNAM 2 and
Variant 3 respectively. Those obtained by dropping d.l’s have been
231704 SNAM 1 and Variamt 2 respectively. Finally, while (0.1)
yeduces to the LES when both ai‘s and di's are dropped, the
corresponding form of the proposed system (0.6) hap been called here
Jariant 1. Sections 2.2 and 2,3 also discuss the theoretical
properties of the proposed systems. Finally, Section 2.4 makes some
concluding observations regarding the possible uses of thesc systems
ir smpirical enalysis.



Chapter IIT describes the nature and sources of consumer
expenditure and price data used in the empirical analyses and also the
general procedures employed in estimating the demand systems. This
C hapter has four sections. The first section is introductory.
Section 3.2 describes the mature of consumer expenditure data obtained
from the different rounds of the Indian National Sample Survey that
have been used in the analysis. Section 3.3 provides a brief
description of the nature of wholesale price indices compiled by the
Office of the Economic 4dviser, Government of India, and also the
procedure by which this itemwise wholesale price relatives have been
combined to construct price indices for broad groups of items (using
expenditure weights). Finally, Section 3.4 briefly outlines the
Non-Linear Full-Information Maximum Likelihood (NLFIML) procedure
employed in the estimation of the different Variants of the modified
SNAM anl our proposed system.

The results of empirical exercises based on the different
demand systems, viz., the LES, the AIDS, and the different
specifications of the SNAM and our proposed system, are reported in
Chapters IV - VI, These systems have been estimated separately for
the rural and the urban sectors of India. Chapter IV presents a
comparative study of the performances of the IES and the AIDS. In

Chapter V the performances of the different Variants of the SNAM and

those of our proposed system have been compared to see the extent to



which the results improve through increasing the price flexibility of
these systems. Finally, Chapter VI presents comparison of the
performances of the SNAM 2 and Variant 3 with that of the AIDS in view
of the fact that the 4n - 1 independent parameter full specifications
of the modified SNAM and of our proposed system were observed to give
better results compared to the other specifications having smaller
rumber of parameters.

Chapter IV contains four sections, of which Section 4.1 is
introductory. Section 4.2 reports the empirical results of fitting
the AIDS and the LES to the consumer expenditure data relating to
rural and urban India. These systems have been estimated on two sets
of data, viz., (i) the aggregate time-series data on the overall
average of per capita consumer expenditure in rural or urban India
and (ii) the disaggregated population-groupwise data, i.e., the
average per capita consumer expenditure for each of three population
groups - the poorest thirty per cent, the middle forty per cent and
the richest thirty per cent of the population in the rural or the urban
sector. Section 4.3 presents the itemspecific estimates of
sxpenditure and own-price elasticities as obtained on the basis of the
estimated 4IDS and the LES. Finally, Section 4.4 makes some
concluding observations. The results obtained in Chapter IV may be

oriefly summarised as follows:



(i) 4s is to be expected, judged by the goodness of fit
measured by the itemspecific squared correlation coefficients between
the observed and the estimated budget shares and those between the
observed and estimated expenditures, the performance of the AIDS is
generally much better both for aggregate and disaggregated data.

(ii) The itemspecific estimates of expenditure elasticities
obtained from the aggregate and the disaggregated data show closer
agreement for the LES than for the 4IDS. However, for the
disaggregated data the two systems tend to give similar estimates.

(iii) The non-compensated own-price elasticities estimated for
the two systems are widely different for many items for both data sets,
particularly for rural India.

(iv) The LES-based itemspecific own-price elasticities tend to show
a broad proportionality relationship with the corresponding
expenditure elasticities even in the present case where very broad
itemgroups have been considered. This result is in conformity with
Deaton! s analytical conclusion regarding the interdependence of the own-
price anl expenditure elasticitics for systems bascd on additive
direct preferences (Deaton, 1974b).

Chapter V also has four sections, including an introductory
section, Here, in Section 5.2 the estimation procedure has been
briefly described. In Section 5.3, the empirical results relating

o the different variants of the modified SNAM and our proposed system



have been presented, These include the log-likelihood values,
peremeter estimates, measures of gooduess of it and the estimated
elasticities corresponding to the different systems estimated
separately for tho rural and the urben sectors on the basis of
disaggregated data, TFimlly, Section 5,4 gives a sumAry of the
mmltslobtad.ned and sane conclusions tased on these results,
Briefly, the rosults reported may ke summPrised as follows:

(1) For both the modified smmmana our proposed system, the
goodness of it (as judged by the log~likelihood values and the item.:-
specifio squared correlation coefficients between observed and
‘estimeted tudget shares) improve by allowing more ard more price
flexibility into the systems. In other words, SNAM 2 and Variant 3
are seen to per!_?onn better than their corresponding restricted
versions, Also, on the whole, Wariant 3 is seen to perform better than
SHAM 2,

(11) Comparison of the itemspecific expenditure elasticdties
anl non-compensated price elasticities ebtained from the different
estimated systems suggests that the estimates of exponditure
elasticity obtadined from these systems are far more comparable then
the mmqundir@ estimates of own.-‘.pz:i.cs elssticity, A closer
exanination, however, revealed differences in the expenditure
slasticities obtained from the mod:i.figd SNAM set-—up and the corresponding

specifications of our proposed system,



Chapter VI presents an empirical comparison of the
performances of SNAM 2 and Variant 3 - the full specifications of the
modified SNAM and our proposed system respectively - with that of the
AIDS., ThisC hapter has seven sections. Section 6.1 is introductory.
Section 6.2 is a comparative study of the goodness of fit of these
three systems based on the itemspecific squared correlations between
the observed and the estimated budget shares computed for each system
separately for the rural and the urban sectors. Section 6.3 reports
some results on the empirical validity of the regularity conditions
for individual systems. In Section 6.4, the estimated expenditure and
own~crice clasticis¥ies obtained from the three systems have been
compared. Section 6.5 sets out some results on the test of
significance of the auto—correlation of disturbancesfor the individual
systems.  Some results.rlating to a test of misspecification for the
three systems have been presented in Section 6.6 . Finally,

Bection 6.7 gives a summary of results and mkes some concluding
observations. The salient findings of this Chapter may be summarised
as follows:

(1) Judged by the goodness of fit, compared to the 4IDS,
Variant 3 of our proposed system performed ressonably well for most
items in rural and urban India. This observation may be of some
interest in view of the fact that Variant 3 involves a much smaller

mumber of parametors compared ta the 4IDS,  However, for some items
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in rural and urban India even the 4IDS specification was found to be
inadequate in terms of explanatory capacity.

(ii) Comparison of the itemspecific expenditure elasticities
obtained from the three systems reveal that the estimates based on
the AIDS and Variant 3 broadly agree, while those based on SNAM 2 are
marginally different in meny cases. In contrast, the estimates of
own-price elasticity obtained from the different systems are found to
be widely different. To check the plausibility of the estimates of
the own-price elasticity, the pattern of variation of these
elasticities over population groups was examined. For Variant 3, an
inverse relationship between the price elasticity and the income level
(sbrictly, expenditure level) was observed for most of the items in
rural and urban India. The corresponding exercises for the 4IDS and
SNAM 2, however, failed to show such an intuitively plausible
relationship.

(iii) For both SNAM 2 and Variant 3 the auto—correlation of the
residuals was observed to be very high. For the AIDS, on the other
zand, tho problem of such auto-correlation was observed to be much

Zess serious. Sub analysis sted that the problem of

auto—correlation observed for SNAM 2 and Variant 3 cculd be, to some
=xtent, due to misspecification of the functional form. 4 test of
=sspecification of functional form revealed that SNAM 2 involves a

—Zrzermisspecification compared to the other two systems.
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There are five Appendices. Appendix 4 derives the cost
functions underlying the modified SNAM (SNAM 2) and our proposed
systems (Variant 1, Variant 2, and Variant 3) described in Chapter II.
This 4dppendix also obtains the expressions for the expenditure and
price elasticities for the systems.

Appendix B is concerned with the NLFIML estimation
procedure described in Chapter III. At each stage of iteration, the
NLFIML method requires the values of the first order partial
derivatives of the budget share functions with respect to the
parameters of the systems being estimated. This 4ppendix lists
the expressions for these first order partial derivatives for
alternative specifications of the SNAM 2 and Variant 3.

Appendix C is supplementary to Chapter IV,  This has two
parts. The first part presents the estimated non—compensated own and
cross price clasticities for the LES and the 4IDS, based on both
aggregate and disaggregated data, separately for rural and urban
India. The other part of this dppendix presents the results of some
further exercises for the AIDS based on disaggregated data.
Specifically, while estimating the AIDS, it was observed that a large
number of parameters were statistically non-significant, thus
indicating presence of considerable multicollinearity in the data.

To examine whether the goodness of fit of the 4IDS would be severely

affected if some of the explanatory wariables were dropped, stepwise
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regressions were done for the individual budget sharc equations of the
AIDS. The results indicated that even with a much smaller number of
price veriables one would get the samc order of goodness of fit as
obtained for the corresponding full specification of the AIDS.

4ppendix D reports some results of tests of homogeneity of
demand systems across population groups. It may be pointed out that
in Chapter VI, the results for the AIDS, SNAM 2 and Variant 3 fitted to
the disaggregated population-groupwise data have been presented.
Actually, data relating to all the three population groups have been
used together to estimate a single system. This procedure implicitly
assunes that the same set of parameter values would be applicable to
all the three population groups. To examine the validity of such pooling,
these tests of homogeneity were applied for the 4IDS and also for the full
specification of our proposed system, i.e., Variant 3. It turns out that
the overall tests give an unfavourable verdict - they point to significant
variation of the parameter values across the three population groups.
However, on examination of the parameter estimates obtained from the
three population groups separately, some of the parameters were
cbserved to vary systematically, while the others showed small variation
228ross population groups.

Finally, Adppendix E reports on some dynamised systems

2 to the aggregate data. In the analysis based on aggregate

Zz2ta, the problem of auto-correlation of the itemspecific random
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disturbances was observed to be quite strong. In view of this,

(a) the AIDS was re-estimated in its ﬁrsb—difi‘cremed form, and

(b) the LBES and the simplest version of our proposed system
(Vaz‘iant ‘!) were re—estimated by incorporating linear time trends
in the budget shares, or the phenomenon of habit formation into the
systems. For the residuals of the first—differenced version of the
4IDS, auto~correlation was seen to be virtually absent. The
dynamised versions of the LES and Variant 1 succeedsd to some extent
in reducing the degree of awto—correlation of the regiduals observed
in the corresponding static forms.



Chapter I

Survey of literature

1.1 Introduction

Ever since Ernst Engel (1857) formulated his famous law(s)
for family budgets, inmterest in empirical studies on consumer
behaviour has been a persistent phenomenon., Measurement of consumer
regponse to changes in factors affecting the demand for consumer goods
and empirical velidation of theoretical postulates regarding consumer
behavigur have been the central objectives of these studies.

According to the nature of the data used, these studies
may be classified into three groups — analysis of cross-sectional
household budget data, analysis of time series data on aggregate/
average consumption of goods obtained from national accoumts sources
or from repetitive household budget surveys, and finally, apalysis
of contimous crogs-sectional or panel data on household budgets.

The tradition of analysis of cross-sectional household
budget data is the oldest. Typically, these studies are concerned
primarily with the estimation of income responses, i.e., the Engel
cuvves, through eliminating the effects of demographic and other
sogio-soonomic factors that are known to have considerable effeets
on household copsumption deedmions, Classical examples of such
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cross—-scevional household budget studies are Allen and Bowley (1935),
Wold and Jureen (1953), Prais and Houthakker (1955) and Friend and
Jones (1960).

Analyses based on time-series or contimious cross-sectional
data are required for measuring consumer responses to price changes -
the price effects - and also for examining the dynamic aspects of
consumer behaviour. There are two alternative approaches to time-
series - based analyses. The first ons may be called the single
comnodity/single equation approach in which consumer demand for a
specific commodity is analysed in terms of factors governing the
demand for and the supply of the commodity concerned. The complete
demand system approach, on the other hand, recognizes the
interrelatedness of consumer demand for different goods being
consumed by the consumer and attempts to capture this interrelatedness
assuming given supply condi‘tions.l/

While the early works based on time-series data followed
the single cquation approach (e.g., Schultz, 1938; see also Stone,
1954a), intercst in complete demand systems was stimilated by Stene

(1954b) when he proposed the simplest version of the Linear Expenditure

~ In principle, one can estimate the Engel curves underlying such
systems on the basis of purely cross-sectional data.For some systems,
the Zngel curves may be interrelated in the sense that parameters
relating to other items appear in the Engel curve for an item .
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System - a system of commodity-specific linear demand equations
incorporating several theoretical postulates of consumer behaviour as
consl stency requirements. Subsequently, research on consumer
behaviour based on complete demand systems has proceeded in three
directions, viz.,

(i) testing the empirical validity of the different
theoretical restrictions on consumer behaviour in a
tpragmatic! framework of linear or linearlized system
of demand equations (vide, Theil, 1965; Barten, 1966;
and Byron, 1968, 1970a, 1970b);

(u) development of complete demand systems based on specific
forms of well-behaved preference structure (Hcuthakker,
1960); and finally,

(iii) development of demand systems corresponding to fairly
general forms of prefercnce structure that may be supposed
to represent preferences through suitable parametric
restrictions (vide, Christensen, Jorgenson and Lau, 1975;
and Deaton and Muellbauer, 1980a).

It should be mentioned here that the above account relates
only to studies done in the framework of static consumer behaviour.
analysis of the dynamic aspects of consumer behaviour has also made
rapid strides since the 1960's in both their methodological and

substantive aspects.
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In what f-llows, the literature on studies on consumer
behavicur, based cn time-serics data anl carried out in the framework
of complete demand systemg is bricfly reviewed.  The plan of
expogition is as follows: Section 1.2 discusses the static theory
of consumer behaviocur and its implications for empirical analysis;
section 1.3 defines the notion of separable preferences; section 1.4
describes some well-known static demand systems; section 1.5 presents
a discussion on aggregation over consumers; section 1,6 discusses
some generalisation of the IES based on the cost function/indirect
utility functicn approach; section 1.7 is concermed with the
treatment of household characteristics in complete demand systems;
and finally, section 1.8 briefly discusses the dynamic considerations
in demand analysis.

1.2 The static theory of consumer behaviour and its implications

The static theory of consumer behaviour is concerned with
the problem of allocation of a given money income (in a given time-
period) of a single consumer among different commodities, when all
prices facing the consumer are assumed fixed. It also indicates the
nature of the consumer!s reaction to price(s) and income changes. This
problem of aﬂocati&n may also be posed equivalently as one of

—inimisation of the cost of enjoying a specified level of utility in a

=/ See Brown and Deaton (1972) for a deteiled review on this topic. (See
alsc Barten, 1977; and Phlips, 1983.) For a comprehensive discussion
°n the theory of consumer behaviour see Deaton and Miellbauer (19£0b).
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situation of given prices. This theory is a simplified exposition

of reality and to some extent approximates the actual gituation where
a1l the ¢ mmodities are non-durable in nature. However, real-life
allocation problems are much more complicated because of the presence
of rationing and subsidies in consumption of specific goods, durable
goods and the phenomenon of habit formation, among other things, These
would call for substantial modifications of the static theory including

the introduction of dynamle consideration.

1.2.1 Utility maximisation and ian demand tions

The standard problem of consumer's equilibrium in a static
framework is essentially a constrained maximisation problem. Here the
consumer is assumed to possess a smooth, twice-differentiable ordinal

ubility function V (qq7 Ggs +++» q,) defined over the quantities of

consumption gj (=1,2, ..., n) of n goods, and V (q1: Qgs eees qn)
n

is maximised subject to the budget constraint I p; q =¥ pi‘s being
i=1

the fixed prices, and y the given level of money income during a
specified period of time. The first order conditions of this
maximisation problem are

u= X p

s (1.2.1)
p'a= ¥
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where

u= ﬂ—,LV,..., 2y ) is the vector of marginal
3q4 33y 3,

utilities, p is the n-vector of prices (p.l, aees pn); q is the n-vector

of quantities (q1, Ggs +++s Q)7 and A the Lagrangean multiplier

interpreted as the marginal utility of ¥ . The second order condition
2y |

of maximisation is that U = 3q1—3qJ » ‘the matrix of second order

partial derivatives of V is negative semidefinite, i.e., V (q1, agseerqy)

is quasi-concave. The system of demand equations obtained by solving

equation (1.2.1), viz.,

9% =4 (P Pgs eves b)) Tris=1,2, ci,n . (1.2.2)
are known as the Marshallian demand functions. These functions satisfy
the adding-up criterion,viz.,

n
iE=1 Py = ¥ eee (1.2.3)
and are homogeneous of degree zerc in prices and income. The observable
restrictions on the system (1.2,2), in view of its c nal.stency with the
utility maximisation behaviour, may be derived from the following system
of differential equations obtained by total differentiation of equations
(1.2.1), viz.,

vop] [ el A

. = oo (102.4)
P OJ -3 4y - q*dp
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The Slutsky decomposition of price response into income and

substitution effects may be derived frem equation (1.2.4) as

29 -1 _ -
= = AU - = * oo (1020
=1 Fy 1 a a4y ¢y -apq (1.2.5)
where
3. aq, 3 .
1 2 o
4 = ( R ) is the vector of

dlog A
of income effects, and ¢ = 1/ ( —Bl—o_g_sv— ) is Frisch's money

flexibility parameter. Equations(1.2.5) yield the income compensated

price effects as

S= [ay] = 307 -q a7 4y 1-qraa” .. (12.6)

This is obtained by adjusting income in such a way that after a price
chax;xge the utility is left umaltered, Equations (1.2,6) are known as
the Slutdky equationc and form the pivot for all observable
restrictions on the demand equation (1.2.2) that follow from the static
theory. The restrictions and some of their implications are listed
belows

(i) The adding-up property implies the following aggregation

restrictions, viz,,

g, =1 anipB =0 cee (12.7)



(i)

(R

(iv)
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which are known as the 'Gngel aggregaticn! and 'Cournct
aggregation! respectively. In other words, the
reallocations of the bud et due to income or price change
must exhaust total income.
The demand functions are homogeneous of degree zero in prices
and income when

Sp=0 co (1.2.8)
which suggests that proportional changes in all prices and
income rmst leave the quantitics demanded unaltered.
The symmetry restriction U = U’ is equivalent to

S=8 ... (1.2.9)
which asserts that the specific substitution effects are
symmetric. Finally,
The negativity restrictiom, i.e., negative semidefiniteness of U
or equivalently the quasi-concavity of the direct preference

structure underlying (1.2.2) is equivalent to the negative

somidefiniteness of S .

By considering the dual of the constrained utility maximisation

n
problem, i.e., minimisation of the total cost 1 Pyay subject to the
i=1

utility constraint ¥ =V (q1, Qs eees qn) where ¥ is a specified level



of utility, one obtains the Hicksian ¢

* = : o
(s Pgs wees P V)5 3=1,2, co0s m. ... (1.2.10)

On substituting the Marshallian demand functions in the direct
utility function V (q‘T’ . qn) one gets an alternative representation of
preferences in terms of prices and income. Thus, V (q,], Qgs wees qn) =
V(qy (7 pys By vemPp)s 1=1,2, s m) ) = v & Pys Pgs +eu Pp)s
which is known as the inlirect utility function. Similarly, substituting
the Hicksian demand functions into the bulget expression Ei P37 the cost
function © (V*.v Pys Pgs eeer pn) is obtained. Note that, for given
prices and income, V="V (q.la Qgr wves qn) =7 (v, Pq7 Py eees Pn);
and i§1 P9y =¥y=0C (7, Pys Pgs wees pn), if q;'s are the optiml
quantities, so that C (¥, pyy ppy ++.» py) 18 the minimm cost of

attaining T at prices Pyr Pgr eee2 Py -

concepts of the cost function and the indirect utility

function are interrel:t

in the sense that when one specifies the cost
function, the corresponding indirect utility function is, in principle,
automatically specified.,  For well-behaved preferences the cost function
¢ (7, p) = ¢ (v, p), whore p is the n-vector of prices ani T ig the
reference utility level, exists and has the following properties:

(i) it is linear homogenecus in p ;

(ii) it is increasing in 7V and non~decreasing in p, and increasing for

at least one price; and,
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(11i) it is comave inp for any V. .
The eorresponding infirect wtility function V. (y,p) has the
following properties:
(i) it is strictly increasing in y if the preference structure is

*
well~behaved ne can invert V. to obtain thz cost function, and

(ii) it is homogencous of degree zero in prices and income.

1.2.3 Empirical implications of the static theory

The implications of the static theory of consumer's equilibrium
summarised above for building models of consumer behaviour are as follows:
One can explicitly specify a system of lemand equations with an underlying
preference structurc in three alternative ways. First, a direct utility
function may be specified and the corresponding Marshallian demand functions

(1.2.2) ~btained by solving the first srier conditions (1.2.1). Next,

*
sne miy orocify an indirect wtility function Vo (y, p) explicitly and
cbtain the corresponding Marshallian demand functions invoking Rend Roy's
identity, viz.,

v / opy

o7 /oy

q = i=1,2, ceu, 0o v (102011)

that (1.2.11) holds for optimal quantities in view of the adding-up
*
restriction and the homogereity of degree zero of V in p and y. Finally,

*
ore zay specify explicitly a cost function C (V, p) and obtain the



- 24 -

Hicksian domanl functions using Shephard!s equition, viz.,

207", p)

T =q ; i=1,2, ..., n. (1.2.12)
The corresponding Marshallian demand functions may then be Jerived by
eliminating V' from equation (1.2.12) through forcing y = ¢ (v, .

The advantage of the approaches based on the cost function or
the indirect utility function tc the problem of specification of
empirical demand systems may be brought out at this stage. Tn obtain
the demand functions implied by a specific Jirect preference structure,
one would solve explicitly for the optimal quantities,the system of
equations (1.2.1) given by the first order utility maximisation
conditions. 4n exact explicit solution of q;'s from (1.2.1) presupposes

a fairly restrictive form of the irect preference structure. For the

appreaches based on the indirect utility function or the cost function,
on the other hand, the demand functions are e.sily obtained through
equations (1.2.11) and (1.2.12) respectively. Thus, one only has to
start fron G or V' satisfying the conditinns stated.

It should be noted that a system of demand equations satisfies
the adding-up, homogeneity, symmetry and negativity restrictions if and
only if the underlying preference structure, whether defined in terms of
the direct utility function, the indirect utility function or the cost

function, is well behaved in the sense that it represents congistent
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c-nsumer!s choice.  The conlitions needed for the demand functions
to be consistont with preferences are known as the integrability
conditions, and they play an important role in empirical analysis.
It may be mentioned here that the symmetry condition is the
fundamental integrability condition in the sense that given a demand
function satisfying this condition, a utility function may be
constructed (Samuelson, 1950), If in addition negativity holds,
then the demand equations can be considered to be derived from the
maximisation of the utility function. When one estimates a
theoretically consistent demand system from actual lata, it is
implicitly assumed that the actual data correspond to a utility
maximisation behaviour of the consumers concerned - an assumption
that is likely to be highly simplifying in case of time-series data,
particularly on aggregate/average consumption. This gives rise to
the question of checking the empirical validity of the theoretical
restrictions.

Two alternative ap;;roaches to testing the empirical validity
°Z the theoretical restrictions are generally adopted. First, in the
‘rragmatic! approach, cn may specify, a priori, a form for the demand
fumetions that would, through appropriate parametric restrictions be
£orced to be theoretically consistent (vide Theil, 1965; Barten, 1966).
== other approach, known as the 'flexible functional form!approach,

specifies a  very general form for the preference function which,



through proper restrictions on the parameters of the preference
fanction itself would yicld a consistent preference structure. The
demand systems corresponding to the latter approach are known as
flexible demand systems (vide Christensen, Jorgenson and Lau, 1975).
In each of these approaches, both the general model and the model
incorporating the parametric restrictions are estimated, and the

validity of the restrictions are examined statistically.

1.3 Separable preferences

Commodity aggregation is one of the most important issues
involved in the empirical implementation of the theory discussed above.
The basis of the notion of commodity aggregation is purely empirical.
While analysing consumer behaviour using actual data, a problem of
manageability arises due to the presence of a large number of
commodities which are actually consumed by ccnsumers. The demand
functions corresponding to these large mumber of commodities are often
aggregated into functions corresponding to commodity-groups (e.g.,
fcoreals'y 'animal foodl, 'elothing') but this can be theoretically
justificd only under specific conditions.

4 set of conditions under which commodity aggregation is

fectly justified was first given by Hicks (1936) and leontief (1936)

Weomposite commodity theorem'. The theorem states that
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commoditics for which relative prices d» not change over time can be
treated as a single commodity for all analysis of consumer behaviour.
In actual practice, however, commodity aggregation is mostly done by
combining items »f similar use int» a single group. In so far as
even closely related items show some variation in relative prices,
such aggregation would at best be approximately consistent.

4n alternative approach tc dealing with the problem of
commodity aggregation is thr-ugh the notion of !'separable preferences!.
The concept of separability was introduced independently be Somo (1945)
and Leontief (1947). 4According tc their notion of separability, in
the utility function a group of commodities may be treated as separable
from the remaining commodities when the marginal rates of substitution
between commodities within the group are independent of the quantities
of commodities cutside the gr':up.z/ Thus, for separable preferences,
commoditi-s may be partitioned into any mumber of roups, and
preferences for commodities within each group can be described
independently of the quantities of commodities in other groups.

The implications of separability in the context of consumer

budgeting have been studied by Strotz (1957, 1959) and Gorman (1959),

ght variation of this notion of separability is due to Pearce
?‘, and is known as 'Pearce separability!.  Commodities conform
s specification if the marginal rate of substitution between
dities within a group is independent ~f the consumption of
her commodity whether inside or outside the group.
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among others.  Scparability provides a basis for ‘the utility tree
approach' and ‘other approaches t» decentralized budgeting, under which
a consumer can first allocate his total expenditure (income) to each
commodity group and then allocate each group-expenditure to individual
commodities in the group.é/ The notion of separability thus restricts

the form of the preference function to some extent.

1.3.1 Weak separability

4mong the various forms of separability considered in the
literature, the least restrictive form is 'weak' separability. The
type of separability discussed in the preceding paragraphs is in fact
nothing but weak separability. In case of direct weak separability,

the direct utility function is written as
. 2
TV (v @Y T, @D v @) . (13.1)

where V is an increasing function in its argument s, G is the number ~f
commodity grouy's, and qg is the g-th subvector of quantities consumed
(g=1,2, ..., G). 1In case of indirect weak separability, the indirect
utility function is written as

R NG ARG T A O PR A G D BT

& Several definitions and conditions of decentralizability have been
proposed and analysed by Pollak (1969, 1970b), lau (1969),
Gorman (1970), Blackorby, Primont and Russell (1978).  .See also
Jeaton and Miellbauer (1980b) for a discussion on separability.
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for some partition of commoditiesinto G groups, wherc ¥8 = ;;'5"/;,g B pg
being the g-th subvector of prices, and yg the total expenditure of the
g-th group (g = 1, 2y evy G), With 255 =y .

4 direct weak separable utility function of the form (1.3.1)
implies and is implied by the following form of subgroup demand function

for item 1 belonging to group g
g
= £ e (1234
g g(y‘c":p> (1.3.3)

where yg = is the total expenditure on group g . For

I Pax Y
two-stage/decentralized budgeting, existence of subutility function in
the context of weak separability means that one can define the group
csst fumctions O ( vg* ,8) s g=1, 2 ..., G, having the requisite
rroperties. The indirect utility function for group g may then be

obtained as

Vo= b (L F) €=10 2 veus G aae (1.3.4)

total utility may then be written from (1.3.1) as
* * »*
V=V (V] ,Vy 5y V5 ) wes (1.3.5)

F:r broad allocation among groups, (1.3.5) is maximised subject to

*
b v g) = e (130
gcg< g 7P ) ¥y (1.3.6)



-ze solution, however, requires knowledge of individual prices and
uantities, which under certain conditions (vide Gorman, 1959) may be

replaced by group price and quantity indices.

1.3.2  Implicit separability

Ancther form of separability due to Gorman (1970), viz. "
‘implicit! or 'quagi'-separability is defined as follows, Preferences
are said to be implicitly separable if and only if the cost function

can be written in the form

¢ @ p) =0 @0, 07 1), 0 6F) B 6 (7, %)
v (1327)

where Cg (V*, %) is increasing in v and pg (g=1,2, .00, G).
Here, in contrast to indirect weak separability, all the arguments
contain total utility V'* + This form of separabilit; provides a
different and a more prictical scheme for two-stage budgeting, The
Cg (V*, pE) s can be constructed suitably so that these may be treated
28 group price indices. The total cost fumetion C (V*, ) can then be
obtained and used in allocating expenditure to broad groups according
to Shephard!s equation (1.2.12).
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1.3.3 Strong separability

Under the most restrictive form of separability, viz., strong
separability, the ratio of margimnl utilities of any palr of commodities
belonging to distinet groups are independent of the quantities consumed
of all other commodities. The direct utility function in this case is

written as
Vo (V@) # T, @) e 27, 0D) .. (1.3.8)

8o that under suitable monotonic transformation (1.3.8) takes the
explicitly additive form. This form of separability is alternatively
known as 'block additivity!. A special case of !block additivity!,
defined above, where each group consists of only one good, is referred
to as 'direct additivity' or 'want independence!. Here the utility

function takes the form
V=2 (V) (ag) + Wy (@) + eV, (g)) wee (1.3.9)

= being the mmber of individual commodities. For the indirect
wtility function the forms corresponding to (1.3.8) and (1.3.9) are

resectively
v (V: (71) + V; (vz) Foee 4 VG* (YG) ) vee (1.3.10)

*

RS AREHEE ANEAEINE AN EAD) e (1.3.11)
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“==h are °I the 'indirect block additive! and 'indirect additive' forms
Tespectively.

The restrictiveness of the assumption of
fadditivity! lies in the following implications, First, for the
direct utility functinon, the expenditure elasticities and Frisch's
money-flexibility parameter determine all the own- and cross-price
elasticities (Frisch, 1959; Houthakker, 1960). Thus, the price
elasticities of commodities are determined without the requirement of
detailed price information. Second, direct additivity has been shown
to impose an approximately proportional relationship between the
expenditure and the own-price elasticities (Deaton, 1974b) and this
distorts the measurement of both the expenditure and the price
elasticities.

In case of indirect additivity, the cross-price elasticities
for all commodities with respect to a particular price are equal
(Houthakker, 1960). Finally, indirect additivity implies an
approximately linear relationship between the expenditure and own-price
elasticitics (Deakon, 1974b).

In spite of all these restrictive consequences, the assumption
>f directly additive preferences has been very popular in empirical
aralysis, primarily because of the ease and simplicity it provides in
deriving demand functions from well-behaved preferences.

-4 The emirical consequences of different separability assumptions
are listed in Goldman and Uzawa (1964).
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1.4 Some well-known systems of static demand equations

In this section we shall examine briefly some of the popular
static demand systems that are widely used in empirical studies on

consumer behaviour,

1.4.1 The Rotterdam models

These models are examples of the 'pragmatic! approach to
demand analysis. In their work where these models were proposed,
Theil (1965) and Barten (1966) suggested the following systen of
demand equations

= - o d;
wy dlog g = by (dlogy ]f W, dlog pk) + JE &5 log Py
i=1,2 won o (14a1)

. Py %
in continuous form, where v o= 7 is the budget share for the i-th
item, bi is the marginal propensity to consume item i » and

Pyp. 5
o= —L-;,—l— » 85 being the compensated price effect for the i-th
item with respect to the j-th price. The equation system (1.4.1) is
obtained by considering a decomposition of the cbserved changes in
demand into its real income and substitution compenents,  The

restrictions on consumer behaviour in the context of this system may be
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translated into restrictions on the parameters of the system, viz.,
b;'s and c,.'s as follows:
i ij

1) £ bo=1 and I oy = 0 for all j in view of the adding-
c k

up restriction,

(ii) e
J
homogeneity restriction,

Xj = 0 for all k when the demand functions satisfy the

(4ii) oy = oy for i # j in view of the symmetry of the matrix

Tog;0 » and
(iv) the matrix [sij] is negative-semidefinite or equivalently
the matrix [Cij] is negative-semidefinite in view of concavity of the
underlying direct preference structure.
Tt may thus be noted that in the framework of the above model
the empiricul validity cf the theoretical restriction may be tested
conveniently through the corresponding tests of rostriction on the

parameters. The linearity of the system in the transformed variables

litates such tests.
Theoretically, however, this model has been subjected to

s=vere criticism (vide Mcfaddem, 1964; Yoshihara, 1969; Philips, 1983).

nas been shown that since bi\‘s and cij‘s are treated as parameters,

iZs model is consistent with a very simplistic preference structure
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that implies unitary cxpenditure and own-price elasticities for all
the items and zero cross-pricc elasticities. Given this, the
usefulness of the mndel as a framework for testing the empirical
validity of the theoretical postulates of consumer theory is serdosusly
questioned, However, as an empirical description of consumer behaviour,
this modol would still provide a convenient first order approximation
to the underlying true demand system that is simple in appearance and
casily estimable.

The system of equations(1.4.1) is popularly known as the
tabsolute price variant' of the Rotterdam model. T»o provide a
framework for testing the empirical validity of the hypothesis of
directly additive preferences, a ‘relative price variant! of (1.4.1)
has also been proposed. This version of the Rotterdam model has the

following form

w; dlog q; = by dlog ¥+ § 84 ( dlog P;]. - 12( by ‘dlog pk) vee (1.402)

where

dlog y = dlogy - I vy d]_\)gpj
J

and
a'ij = cij -4 bi bj s ¢ Dbeing the money flexibility
parameter.

Additivity of preferences implies that [aij] should be a diagonal

matrix, Hence under additive preferences 8y = 0 for i # j , and
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these restrictions may be tested empirically. & comparison of (1.4.1)
with (1.4.2) shows that the former is linear and the latter mon-linear
in parameters. Thus, the absolute price variant of the Rotterdam model
is much simpler to estimate. Under additivity or block additivity,
however, the relative price version would have a smaller mumber of
unknown parameters and thus it could be more eonvenient than the
absolute price variant from the point of view of estimation.
The Ro’i’si‘:exdam models have been popular systems for
empirical applications - particularly for empirical verification of
the theoretical restrictions on consumer behaviour. The important
applications of the absolute price variant of this model include works
by Barten and Turnovsky (1966), Barten (1967, 1969), Parks (1969),
Lduch (1971), Goldmen (1971), Deaton (1974a), Theil (1975) and Barten
and Geyskens (1975). Barten (1968), Theil (1970) and also Theil (1975)
applied the relative price variant of the model. These studies have
been based on time serics consumption data for countries like Britain,
" Holland, Sweden, Germany, Spain and Newzealand. Empirical tests of
the various theoretical restrictions have not always been conclusive,
nor have they given similar results in all the investigations. Some
of the important findings of the tests based on this model are as
follows:
Barten (1969) tested homogeneity and symmetry on the basis
of Dutch data for the years 1923-1939 and 1950~1961 and found these



~ 37 =

hypotheses tc be unacceptable. Barten and Geyskens (1975), however,
observed that the theoretical restrictions of consumer theory are
accepted on Dutch data for the years 1950-1959 and on German data
for the years 1950-1968.  Theil (1975) found support for the symmetry
restriction on Dutch data for the years 1922-1963 (excluding the war
years) and also for British data for the period 1900-1938 (excluding
the war years). 4 similar conclusion was also reached by Parks (1969)
on the basis of Swedish data for the period 1862-1955.

Lduch (1971) obssrvéd ‘that the homogeneity hypothesis was
not acceptable for the Spanish data for the years 1958-1964. He also
observed that given the homogeneity restrictions, the hypothesis o>f
symmetry could mt be rejected. Similar results were alsc obtained
by Deaton (1974a) for the British data for the period 1900-1970

(excluding the war years).

1.4.2 The Iinear onditure System (LES) and some
generali sations

The LES, proposed by Stone (1954b), is an example of a
demand system consistent with a well-behaved preference structure.
This system, unlike the Rotterdam models, has a smaller rumber of

parameters and it provides a fairly simple description of consumer

Sehaviour. The system is specified as

n
Py = P30 * bi (y - 151 pjcj) 5 i1i=1,2,...,n eer (104.3)
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a
with y> T pe.,, 1>b, >0 foralli, and
Ty * 3

adding-up. The parameters of the system, viz., by o
(=1, 2, «v., n) are usually given the following interpretations :
ci's are the committed quantities, to be consumed of the different

commodities. That is, when

n n &/
y—j=z1 pjcj s g = oy and for y>j:1 pJ.cj 'q‘.i'> o -

Following the interpretation of ¢;'s given above, (y-2 P;; ) is
i
called the supermumerary income which is allocated among commodities in
the proportions b‘l' bz, cees bn « Thus, bi's are the marginal budget
shares for different commodities.
The direct utility function underlying the LES is known as
the Stone-Geary utility function., This is an additively separable

function of the form.
n
V(ags ags vees @) = o By Lo (a5 - ey) coe (1e4ed)

with bj >0, qj >°j for j=1, 2, ..., n which guarantees that the

preference structure represented by (1.4.4) is well-behaved. The cost

3
Y If the committed quantity interpretation of the ¢ i‘ s is held, then
ci> 0 would be a reasonable restriction. However, with ey > 0,

i=1,2, ..., n, the IES ig unable to incorporate price-elastic
commodities.
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function underlying the IES is

W)= 3 (1p ™ (1.4.5)
c(V,p = =z c, + b v oo (1.4.5
T R
and the corresponding indirect utility function is
- n
- I pe ]
M T e Bk .
v (o) = =3 B, : vee (104.6)
1
=1 &
The expenditure clasticity n; of item i for the IBS is
given by
n;= by /"!. wee (1427)

) P393
where w; = —;—L— is the budget share for commodity i . Given

bi> [} sy > 0 for all i, ny > 0 for all i and this rules out the
presence . infericr goods in the IES set-up.
The non-compensated price elasticities are given by

- pic.

37

-y X for 1i#j vee (1.4.8)
l‘:i.,]' = ey

-1+(1—b.1)T for i=j vee (1.4.9)

T+ - > i
Zt may be noted that if ey 0 given ey < g and 1 bi>0,

Big | <1 — thus all commodities are price inelastic. The expressions
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for the compensated price elasticities are

B3p;.
( il ) 0: i j e oo
e g cj) fori#j (1.4.10)
T..=
ij
(&g - 1) (1- voe (1u4a11)

Thus, given 1> bi>0 s and 9> ) “j_i((‘ for all i . Note,
however, that r 15 0 for i#j in equation (1.4.10) which neans
that there camnot be any complementarity relationship between any pair
of goods in the LES set-up.

The IES has been most extensively used in empirical amalyses
f consumer behaviour, Bver since Stone (1954b) formilated and applied this
system to describe the British consumer expenditure pattern, there have
been numer-us applications of this system to consumption data pertaining
to a number of countries. Thus Paelinck (1964); Parks (1969), Pollak
and Wales (1969), Yoshihara (1969), Leoni. (1967), Lahlman and
Klevmarken (1971), Jeaton (19744) and Theil (1975) used this system
to amalyse consumption data for countries like Belgiwa, Sweden, the
U.S.4., Japan, Italy, Holland and Great Britain. There have also been
a number of applications of the IES to the Indian data., While Rudra
(1964), Rudra and Paul (1964), Bhattacharya (1967) and Joseph (1968)

applied this system to the time series of average per capita consumer
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expenditure for India, Radhakrishna, Mirthy and Shah (1979), and
Radhakrishna and Mirthy (1980) used this system to analyse the
consumer expenditure patterns of disaggregated population groups.

The IES has also been employed in a number of international
comparisons of consumer expenditure patterns. This includes studies
by Baschet and Jebreu (1971), Goldberger and Gamaletsos (1970), Solari
(1971), Theil (1971), and Parks and Barten (1973). 1In these studies
the consumption patterns of different European countries have been
compared.

It has already been mentioned that the LES in its original
formulation cannot incorporate inferior goods and complementarity
between pairs of goods. Also, if the committed quantity parameters
are assumed to be positive, the items become price inelastic. dpart
from these, another important limitation of the IES is the restrictiveness
of its non—compensated own-price elisticities resulting from the
additivity of the direct utility function underlying the system (Deaton,
19740).  Yet, the IES has found most extensive use in empirical analyses
because’ of the slmplicity of its form and parametric parsimony. However,
there have also been rumercus attempts to generalise the IES to overcome
its limitations. While some of these generalisations may be considered

1o be based on modifications of its underlying direct utility function,

e others f1low from generalisations nf the underlying cost function/

indirect utility function. Some of the generalisations of the former
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category still retain the strong separability of the direct utility
function, Heore, some >f the systems based on the mrdification of the
direct utility function of the LES will be discussed.

Two generalisations that retain the strong separability of
the underlying direct utility function are due to Pollak (1971). The
first one, known as the 'Generalised Bergson Family! of demand systenms,
is of the form

n
Pya; = pyoy + () (v~ k; Bot s1=12 i n ol (1412)
where 1
5. Pb.) 1-p
o) = —————, 5>0,i=1,2, .., n.

5 (o P
k(pk by)

anl 1> p > . The direct utility function underlying (1.4.12) is

n
. P
PR CTPR W = % (g = e )" 5 g e oi(104.13)

74

In the limiting case of p * 0 , equation (1.4.12) reduces to the IES.

7,

J The systems obtained by generalising the cost function/indirect
utility function implied by the IES, will be discussed in section
1. 6 below.

3

¥ Wales (1971) arplied this system to post-war Canadian data and found
that its performance was not significantly different from that of the
IES.



The ~ther systen is a generalisation of Chipman's (1965) model

and has the following form
n
pg =B+ 4 () {y- & py ()}, a2,
el NCIRY|
where
vi(®) = e - b logpy
k=1,2, ...;n.
S

ik
b, p,;
PR

) =

and b> 0, k= 1,2, ..., n. Equation (1.4.14) though formally
similar to the IES, does not mest the IBS. Equation (1.4.14) is gonerated by
the following direct utility function

n Ok T %

Ve g vnerg) == 1 b oxp = o (1.4.15)

3
k=1
with ©>0, k=1, 2, ..., n. UWnile equation (1.4.14) mkes both
the committed quantities and the marginal budget shares price flexible,
the former system introduces price sensitivity into the marginal budget
shares only.  However, in view of Jeaton's observation, the additivity
of the direct utility fimetions (1.4.13) and (1.4.15) would rule out
independent estimates of expenditure and own-price elasticities on the

basgis of either of these systems.
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Yhe multi-level generalisation of the LES in Brown and Heien
(1972) is based on a block additive direct preference structure, called
the S-branch utility tree, & concept developsd in Strotz (1957, 1959).
The specific form of the S-b‘re.nch utility function used in this

generalisation is

{
S i

S
Vilags qpr s qp) = I 21 a
pt

s (1.4416)

where bsi>0’qai>csi’csi=)=o’ a2 0,0< 1, psk‘! and
bsi’ Cgir agp s py aro the pdrameters. Here the n-commodities are
partitioned into § groups with ng = the rumber of goods in group

s (s=1,2 ..., 5) andq; is the quantity of tho i-th item in the

s-th group. The resulting system of demand equations.is

cy-_c
L - )as-‘l N
b [a x ] S r
Gg gt (GE) AT (% 1 p o)
Pei r r=1j=1 T T
s op =1
[r a® (x) ] vor (104017)
el T L
1

2 Og= —1—_‘—0-— are the inter-group and intra-group
s -

elzsticity of substitution patemeters for pairs of goods, respectively;
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Pgy is the price of the i~th item .in the s~th group, and

ns b o
X, = I (“ﬂ—) Pos s 8=1,2, vva, 8,
S j=1 Pgj 8]

s "r

Iz T Ppi 9ps

=1 j=1 T T

The system allows for complementarity between pairs of goods and allows
considerable flexibility for the cross—price cffects. Even with
cgi> 0 for all s and i, the own-price elasticities of this model can
take any value between 0 to = . In the special case where ng = 1
for all s and o = 1, the gystem collapses to the IES, The assumption
of block-addivitity o;‘ the direct preference structure, however, does
not eliminate fully the problem of independemt estimation of the own-
price and :xpenditure elasticitiec (Jeaton, 1974b).

Carlevaro (1976) modified the IES by making the direct utility
function underlying the 1ES non-addiitive, viz.,

n
V (ags ags <-es g) = G(8) + z b," 10g (g - o,) wee 0.4018)
=

where f = f(q1, [P qn) is the solution of the equation
log £= 7 .° %08 (5.°+ b, ! 8(2) ) = ?bolog( - c,) - logk
P ¢ t SR 4o % %4 T % i

K being a constant. eee(104.19)
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The demans cquations corresponding to (1.4.18) = (1.4.19) are

y-Ipe,
N o 1 B A.5 1 A N
Py = pgey + Uo7+ b 0 ( T N JE )

voo(1.4.20)

= 0 as the adding-up requirement, and

This system has non-linear Engel curves and

the non-linearity of the Engel curves is controlled by the form of 4(.) .
In addition, the marginal budget shares here are dependent on prices as
well as income. This system reduces to the IES when bi1 =0 forall i .
(ne interesting special case of equation (1.4.20) is the quadratic case,
{.0., when Y‘ﬁPici): y_ipjcj 2/

i3 P :

144.3  The Indirect and Jirect Ad’iloc Systems

The Indirect Addilog System (IAS) of Houthakker (1960) is derived
from an aduitive indirect utility function and thus is an example of the
‘indirect utility function approach' to the specification of a system of

dlemand equations. In spite of the well-known implications of the

v This case has been named the Quadratic Expenditure System (QES) in
Pollak and Wales (1978). In section 1.6 we shall discuss some
further QES type generalisations of the IES.
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assumption of additivity for the preference structure, HoWthakker
favoured this assumption on two grounds, viz., (1) when one considers
only broad groups of commodities, the limited substitution possibilities
implied by the additivity of the preference structure may not be very
implausible, and (2) this assumption considerably simplifies the use of
the theory in empirical applications.

The indirect utility function underlying the IAS has the

following functional form

* n ¥
\ = I s (— b, -1 e (14021
(s p) Lo ( ™ ) s by > (1.4.21)

Using Roy's identity, the demand function for item i is obtained as

N b, b -1
o 3V/3pi o by py (14z2)
Y * =" b, -1 b serilehe
W/ 2y I a,b, yJ P J
j=1 43 bl

It may be noted that (1.4.22) is what one would obtain if a system of
simple double~logarithmic demand equations is forced to meet the adding-

up restriction. Using (1.4.22), for any pair of commodities

* * o
log g; - log ag = loga; = log a8y + (‘I+bi) log (—g—;—)

y
- (1+bj) log (P_j) oo (104.23)



where ai* = aibi .+ From the point of view of estimation, equation
(1.4.23) in double-logarithmic form is preferable to equation (1.4.22),
as the latter is non-linear.

The expenditure elasticities g (A=1,2, «.., n) and
non-compenszted own and cross-price elasticities ¥y 5 (i,j=1,2 ...y n)

for the IAS are given by
n
n= THb - Iowb, v (104.24)

Y5 = wibj - 6ij 1+ bj) veo(1.4.25)

where éij is Kronecker delta. It may be noted that the demand for an
individual commodity is income elastic (income inelastic) if
b, > ;: wjbj ( b < Jx wjbj ‘) . Similarly, the oun-price elasticity
of demand “>r an individual commod” by is controlled "~ (i.e., whether
or not an item is price elastic) the sign of b; . For this reason,
the bi's may be interpreted as 'reaction' parameters. Unlike the IES,
IAS can ineorporate inferior goods and complementary goods.  Finally,
the Engel curves underlying the system are non-linear.

The Direct Addilog System (34S), also proposed by Houthakker
(1960), is the direct amalogue of the above system.  For this system,
the direct utility function is specified as

n
V(aqs qgs eees q)) = 1:51 a9 T 8>0, bi<1, coi(14a26)



With this form of a direct utility function, however, the form of the

demand function cannot be explicitly determined through sslving the

first-order conditions for the constrained utility maximisation problem.

3
As an alternative, the first-order conditions, viz., Bg-; = Xpi for

i=1, 2, ..., n,may be expressed as

Ps
S - =i
log g = P {(bj 1)logqj+log(pj)+1og(

veo(1.4.27)

where ai* =a;b, . For (1.4.27), the ratio of expenditure elasticities
is constant for any pair of commodities. It may be mentioned here that
under indirect additivity the difference between expenditure elasticities
is constant for any pair of commodities,

"he empirical applications of the IAS have uostly been done
in the context of comparison of alternative systems of demand equations.
In some of the applications mentioned earlier of the LES and/or the
Rotterdam -odel, viz., those >f Parks (1969), Yoshihara (1969), Solari
(1971), Baschet and Jebreu (1971), Goldman (1971) and Theil (1975), the
performance of the IAS has been compared to those of the IBS and/or the
Rotterdam model. Diverse results, however, emerged from these studies.
In Parks' study (Parks, 1969), the Rotterdam model was found to perform

“est, followed by the IES and the IAS respectively. Yoshihara (1969)



also frun. the LES to perform better than the IAS on Japanese data.
Theil (1975), in his comparison of the performances of the IaS, the
Rotterdan model and the IBS on Qutch and British data, observed IAS to
be inferior to both the IES and the Rotterdam model. However, in a
prediction test on British data, IES was found to perform least
satisfactorily. Solari (1971), and also Baschet and Jebreu (1971), on
the other hand, observed that the performances of the LES and IiS were
more or less similar., In Goldman's study on the basis of overall
performances, the Rotterdam model was seen to be the best, followed by
the IAS and the LES respectively. However, ior individual commodities,
none of the systems could show any clear pattern of superiority
(Goldman, 1971).

Apart from the comparative studies mentioned above, the IAS
has been used by Somermeyer, Hilhorst and Wit (1962), Somermeyer and
Langhout (1972) and also Somermeycr and Bannink (1973) in analysing the
consurption pattern of the Jutch population. On Indian data,
Radhakrichna and Marthy (1977) and also Radhakrishna, Marthy and Shah
(1979) aprlied the IAS and they compared its performance with that of
the IES. In their study, the TiS was generally found to perform
better than the LBS, although the parameter estimates suggested
violation of the regularity conditions (negative semi-definitensss

of the substitution matrix) for the IAS in somc cases.
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Comparcd to the IAS, the J4S has been less popular as an

empirical model.  Howbhakker (19€0) applied this system to a long time-
series of consumption data for Sweden and Canada, and also to a set of
short time series data for 13 UECL countries. He observed that the
DAS performed better than the IAS. In his application of this model
to UK. date (1900-1970), Deaton (1974a) found the performance of this
system satisfactory when compared to other competing models, viz., the
LES and the Rotterdam model. The elasticities corresponding to the
248, however, turned out to be heavily constrained due to the

additivity assumption.

1v4e4  The Transcendental logarithmic Translog) models

The Transcendental logarithmic models were proposed by
Christencen, Jorgenson and Lau (1975), who suggested the 'flexible
functioml form epproack! + demand analysis, For the Direct Translog
Mdel (DTM) » the direct utility function is specified to be a quadratic
form in logarithms of quantities consumed. Similarly, for the Indirect
Translog Mrdel (ITM), the underlying utility function is taken to be a
simllar function of the ratios of individual prices to income,
Symbolically, the direct and indirect utility functions underlying

the Translog Models are respectively
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-an=;3+xui1nqi+%i ;Gii lnqilnqj veo(1.4.28)

* ¥y Py P
= (i 3 —t L
and InV ao+§ai1n(y )+2§ z Sij].n(y )1n(y )
J
oo (104.29)
These forms of the utility functions are considered to be
fairly flexible as they provide local second order approximation to the

true utility function underlying a given set of consumption data, The

demand functions in budget share form, derived from the above utility

functions are

B i=1,2 w0 ..(1.4.30)

corresponding to (1.4.28) i.e., the OTM, and

G G/ )
W o= £0k+ T Fk.ln(p.. 7 i=1,2 ..., 0 ... (1.4.31)
Xk kj oo J
for the ITM,

It may be noted that, as in the case ~f ZAS described above,
Zor the DM the individual Marshallian demand functions cannot be
exlicitly solved from the first order conlitions for constrained utility

=xizisation, and the form (1.4.30) has been obtained by rearranging



)

o
»
'

these conditions, Several theorctical restitctions can be tested
through restrictions on the parameters of the IIM. These are :
(1) Dquality restriction: i.c., when the equations are consistent

with wutility maximisation,

fcski TPy roran g, g
(2) Symmetry restriction; 8..= 8.. forall i, j;

ij Ji
(3) hdaitivity : 8550 for 1 £i;
(4) Homatheticity : £ 8 . =0 foralli .
X ki

For the ITM set-up, the theoretical restrictions may be tested
through analogous set of restrictions on the parameters of the ITM.
Some restrictions of the JTM have clear implications on the ITM set-up.

For exan

&, if the direct utility function is homothetic, the
indirect utility function is homothetic. 4dlsc, if the direct utility
function is additive and homothetic, the indirect utility function is
additive and homothetic.

Christensen, Jorgenson and lau (1975) applied the DTM and
ITM to the time-serics consumption for the U.S. for the period 1929-1972
to examine the empirical validity of these theoretical restrictions.

Their results brcught out clear evidence favouring the rejection of the



theoretical restrictions implied by constrained utility maximising

consumer behaviour.

1.5 _dggregation over consumers

The theory of consumer behaviour summarised above
formalizes the behaviour of an optimizing rational consumer. The
applicability of this theory to empirical analysis of observed
aggregate consumption data, however, is not automatically guaranteed.
Indeed, it is only under appropriate theoretical restrictions that a
set of micro-demand functions would aggregate over consumers without
giving rise to aggregation bias, 4lthough the problem of aggregation
is theorctical in nature, the conditions under which such aggregation
is posslble have important bearings on empirical analysis. In fact,
such conlitions impose specific restrictions on the form of the
demand functions and the underlying preference structure.

In what follows, we discuss some results on aggregation of
demand functions across the population of consumers, and their
implications in empirical amalysis. In subsection 1.5.1 we
consider 'exact aggregation!; subsection 1.5.2 deals with
Miellbauer!s notion of consistent aggregation (Mueubauer, 1975);

2nd finally subsection 1.5.3 presents the almost Ideal Demand System



(AI3S) - 2 system }ro; nsed by Deaton and Muellbauer (1980a) based on

the notion of consistent aggregation.

1.5.1 Zxact aggregation

The results on aggregation of demand functions can be
classified into two groups - those relating to exact aggregation and
the others relating to consistent aggregation. Under exact
aggregation, the form of the micro-demand functions should be such
that these,when aggregated over consumers,wculd give an aggregate
(or macro) demand function relating aggregate demand to aggregate
income/total cxpenditure, Gorman (1953) and Green (1964) examined
the conditions for this. However, the conditions turned out to be
extremely stringent, viz., the micro-demand functions should all
have linear Dngel curves with identical slopes. This condition
for exact linear aggregation is equivalent to the indirect utility
function being cf the form

y - B(p)

* \
v 2) =
)= —gor— e (1.5.1)
where P(1) and Q(3) arc linear homogenccus price index functions.

The cost function associated with (1.5.1) is the form

o0, p) = ) + o) ¥ (1.5.2)



and is known as the 'Gorman polar form'. 4ny system of demand

equations having linear Engel curvcs is 2 member of this Gorman

b
fanily. In articular, for the 1S, P(p) = I pe, and Q(p) = T3, L
X

k

b =1,

Ty aieme .
with N and bk as parameters and )

z
k

Tvidently, the requirements of exact aggregation are rather
stringent.  Miellbauer (1975) introduced the notion of 'consistent
aggregation' to generate a much wider class of demand functions that
would ageregate without resulting in any ageregation bias. This
definition also covers exact linear aggregation as a special case.

Following Muellbauer, the system of budget share functions
wi(y, p)yi=1,2, ..., n,are defined to be consistently aggregated,
if therc exists a representative income level y* (=1 (y1, YgreeesVygs D)
Yy h=1,2, ..., H, being the individual incomes) such that

* s
we=w. (y,r)yi=1,2, ..., n, uhere

i i
® Vin Tp
)y W, being the h~th consumer's budget share for
Iy, ih
commydity i .

This definition of aggregation xeads to a class of budget
share functions of the form

W = ai(p) + bi(;;) g p), i=1,2 .0 ... (1.5.3)



witha, (), iy (i) such that glai{l,) =1, i b () =0, inview
of tho alling-w criterion, ani ¢(y, 1) ie some function of y and .
The form (1,5.3) is known ac !Gencralissd Linearity! (GL) as this
implies that any pair of budget share functions must be linearly
related,

For (1,5,3), the representative income level y* degends on
the income distribution as also on the given prices; The special
case of (1,5,3) for viich y* is independent of prices has been called
'Prico Independent Generelised Iinearity' (PIGL).  PIGL has been

ghown to be equivalent to the budget sharc functions being of the

form
T=a @)+ Gy, e Ao e (10504)
¥y b
=a,0)+b, () gy, e=0 < (1.5.5)
decording’ 7, (1.5.4) and (1.5.5) © ve been called PI™% and Price

Independent Generalised Log-Linear (FIGLCG) fras respectively,

The cost functions unlerlying (1.5.4) and (1.5.5) arc

c~¢ (V*; p=1[{a @)} _E +{n (p)} B s 240 ... (1.5.6)

»
v
* LY
C L) =(H @} 3G ;=0 L (157)
regpectively, where a(p), b(p) and B(p) arc linear homogeneous

functions an? H(p) is a homogenecus function of degree zero in prices.



It may be noted that the Gorman polar form is a special case of

uer's morv general form and is obtained as a special case when

Maellbauer's approach to consistent aggregation described
above is based on the representative consumer approach where the
representative consumer, with income y*, is defined to be one whose
budget sharcs are the average budgst shares for different commoditics
assuming that such a consumer (or y*) exists. In this approach,
individual consumers are assumed to possess identical preferences.
Recently, Lau (1977) and also Jorgenscn, Lau and Stoker (1982)
developed a theory of exact aggregation that can incorporate differences in
individual preferencos arising out of differences in individual
attributes, An aggregate domand function, according te Lau's
definition, is cxpressible 2s a function of prices and k independent

index funciions & dent on individuals' incomes an. attributes. The

results in Gorman (1953) and Miellbauer (1975) may be obtained as

special cases of Lau's aggregation results.

1.5.3 Empirical implementation of the PIGL - The Admost Ideal
nand System (ATDS)

The PIGLCG budget share function (1.5.5) is a well known form
of Zngel curve that had been advocated long ago by Workdng (1943) and

lzter by Leser (1963) on various statistical considerations. The form



(1.5.4) allows more flextbility in respect of variation in y. 1Ina
sense, iMellbauer's work establishes the economic-theoretic
Justification for thesc forms of Engel curves.

In view of the plausibility of income responses displayed
by Muellbauer's PIGLCG and PIGL forms, the corresponding cost
functions (viz., (1.5.7) and (1.5.6) respectively) may be used to
generate complete systems of demand equations capable of incorporating
non-linear income effects. -Indeed, Deaton and Miellbauer (1980a)
proposed a fairly general system of demand equations - called the
Almost Ideal DPemand System (AI3S) — on this Mane. The explicit form

of the cost function on which the 4I3S is based is

o Hrre * ¢
lege V,I)—ao+§ajlogpj §]z( sk 1ogpj 1og py
. b,
+V b nmp, Y .. (1.5.8)
<] j 3

which is lincar homogencous in prices under the restrictions

Ta,=1,zZc, =1Ic =Ib, =0 e (1.5.9)

The rosulting demand system in budget share equation form is given by

n
W, =a, + I

¥
+b; log (=), i=1,2,...,n  ...(1.5.10)
J P

log P=a +Za, logp, +4¢
g ot T ey loery vil

i © g 108 v; Log py <o (1.5.11)



\ *
's in equations (1.5.1C) anl (1.5.11) are related to thec,, 's

Tho ¢,
& J Jk

k
in cquation (1.5.2) through the £sllowin: relation

* * 2
ey ee - (105012)

Equation (1.5.10) is a fairly flexible system in the sense that one con
incorporate the theoretical restrictions, viz., adding—up properties,
homogenelty and symnetry through incorporating suitable restrictions on
the parameters of the system.  Thus, sdding-up roperty requires
Ta =1, Tb =0and £€.  =0fork=1,2, ..., n...(1.5.13)
s P} . Ik
J J
Homogeneity of the budget share equations is guaranteed by
Teyy=0 for i=1,2 ., co(1.5.14)
J

Finally, symmetry of the Slutsky substitution matrix is ensured by

SOy forall 4, j=1,2 ..,n oo (1.5.15)

J

However, negative semi-lefiniteness »f the substitution matrix of the

ALZS cannot be ensured theoretically anl has to be checked empirically.

The generality of the AIDS is broadly comparable to those of Rotterdan

model wnd the Translog models, since it may serve as a first order

appreximation to any demand system derived by utility maximisation.
The expenditure elasticity ny for the AI3S is given by

]
ng=1+ i/M o, is=1,2 0,0 oo (1.5.16)



S

Assuming wi> 0 , commodities with b.l> 0 are luxury items, while
commoditics with bi< C are necessary or infericr items. Given bi< 0,
a commodity is a necessity if fbif < LA and an inferior good if
|bi| > Wy »  The expression for non-compensated price elasticities is

1 n
=—{ - Ic Yo~ e (1.5,
iy = cij by (aj ECASER Log py ) 13 (1.5.17)
i k=1
i, =12, ..y n
where sij is Kronecker  delta.

The corresponding expressions for the compensated price elasticity is

¥
b, t o -
15 *P by log (S )+ A } eij ... (1.5.18)

i, j=1,25 veuyn.
Negative definiteness of the substitution matrix can be checked
empiricall;” by examining the eigen-values of the [“i J] matrix.

The 4108 was applied by Deaton and Meellbauer (1980a) to
post-war British data (1954-1974) with eight commodity groups. They
tested several restrictions on the system. On an equation by
equation comparison, homogeneity was rejected in four cases. Symmetry
was found to be rejected in general, irrespective of the maintained
hypothesis containing or not containing homogeneity. The first

application of the AIDS to Indian data was made by Ray (1980). He
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incorporatel family-size into the original model and examined its
performance dasel on NSS data (1952-1949) separatcly for rural and
urban India., Iater, Ray (1982) cstimated the 4IDS on the pooled
cross-section NSS data (1952-1969) and compared the results with those
based on the time-series data. The rcsults in general turned out to
be sensitive to (i) rural/urban data, (ii) time-series/cross-section

data,and (iii) inclusion/exclusion of family-size.

1.6 Generalisations of LES based on cost and indirect
utility functions

In this section we discuss some of the generalisations of
the LES based on the cost function/indirect utility function approach.
It has been mentioned earlier that the IES is consistent according to
Gorman's v-tion of exact aggregati-n (Gorman, 1953), and thus

possesses the following form of the indirect utility function

- B(p)
(v, p) = === L (1.601)
alp)
with
P(p) ° (®) % (1.6.2)
= % ) =1 e (16,
P kpk x? kpk

with 1 b =1.
K



Cne line of modification of the IES is to propose alternative forms
of P(p) an? Q(p), and the othcr is to specify an altogether different
indirect wtility- function/cost- function that would generate the IES
as a special case. For these generalisations the explieit form of
the corresprnling direct utility functions cannot be known. However,
in some cases, the additivity of the direct utility function
underlying these generalisations can be checked by examiming the
relationship between the own-price elasticity and the expenditure

elasticity for individual goods implied by these generalisations.

1.6.1  Generalisations involving wany additional parameters

Stone's modification of the IES (Stone, 1964) is based on
Q(p) as given in equation (1.6.2), and P(p) = p“c , where

- |
=@ p) Dp., e=lepey o)’ .. (1.6.3)

o anl J being an n-vector of paramcters and a symmetric matrix
respectively, such that P(p) is linear homogeneous. This modification
results in o complicated expression for the substitution matrix Nasse

(1970) suggested a similar modification where

c= by e (1.6.4)

with v : a diagonal matrix, Yiq = Jp_ ; Y is an n-vector with
i

'i)i as the i~th element; and D is some symmetric matrix. Both
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lirect utility

equaticnz (1.0.3) anl (1.6.4) impiy non-additive
functions.
The Linear Translog System (LTS) of Lau and Mitchell (1971)

has P(p) the same as that in equation (1.4.2), but Q(p) is taken to be

i /*‘—nT b, .
ap) = (Voexp (k; j; 2y Tog py 1og py) ) (lecpk ) el (1.6.5)

The implication of this generalisation on the separability property
of the underlying direct utility function cannot be known easily. The

demand equations underlying the LTS are of the form

n n
- - 6.6
Py = Pyoy * (bi + j; oF log pj) (y jET pjcj) v (1.6.6)

which collapses to the IES if a,, = O for all ij .

~lackorby, Boyce and Russell (1978) proposed a system which
is basically u generalisation of the Brown-Heien (1972) model. The
system is based on a two-level Gorman-polar form cost function. The

indirect utility function is thus given by (1.6.1), where

= I by z P o P g = s (160
*e) o111 goq sty U PatPay ey Tvep (1.6.7)
and 1
o -0 1o
ap) = (= o u (py) ) ;o e>0 . (1.6.8)



n_ o 1
with Qs(pc) = ( 21 [
: i

>0 .

s'c [
si Psi P9 Pei

Here the - commodities are partitionel into 8 groups, the s-th group
containing n_ commodities (s=1,2, ..., 8). The resulting system
collapses to the Brown-Heien system when vy i 0 for every s and
i#j . When the partitions of goods are single-member partitions,
the system reduces to the LES.

The cost function underlying any system of demand equations

having quadratic Engel curves is, in general, of the form

B, (p)

o (7, ) = 4, ) ¥ { —
By(p) +k V

L (1.6.7)

when 4y ), B, (p) and 32<p) are some functions of prices (Gorman, 199).

and various alternative forms of B_1 (p) and

n
Taking A_l(p) = .21 P;oy
i=

B2 (p), onc can generate munerous quadratic generalisations of the LES,

: = by 8 Th B
For example, B1(p) = ifzpi and By(p) = ;pk i=21

the generalised Quadratic Expenditure System of Howe, Pollak and Wales

2;p; lead to

(1979).
Blundell and Ray (1982) have proposed a non-separable
generalisation of the LES referred to as the Non-Linear Expenditure

System (NLES) based on a cost function of the form
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*

o (7, p) = B(p) + ap) V .o (1.6.10)
which is of the generalised Gorman-polar form., For equation (1.£.10)
Blundell =nd Ray specified

n n ( ) o/2 ( )

P(p) = T I cis (pyps (10601

et g W
and  Q(p) = o (1.6.12)
where 5= cji and T bj = 1. The resulting demand equations take
J
the form
1-a n ( a/2 1= n n “/2)
P.q; =¥ I oec.. (pip.) +h{y-y I c,(p.p)
394 j=1 ij Vit i =1 k=1 BLAREE'S
L (1.6413)

which for oy = 0 (i #j)and a=1 reduces to the IES,

1.6.2

It may be noted that many of the generalisations considered
above represent attempts to introduce morc flexibility in respect of
price effects, in particular, own-price effects, into the LES by
introducing o large number of additional parameters. Such systems may
have the desired flexibility in respect of the price effects, but are

likely to pose considerable computational problems in actual empirical
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exercises affecting particularly the reliability of the estimated
parzmeters.  In this context, a non-aditive generalisation of the IES
proposed Ly Leaton (1976) is very attractive. This system has a
reasonably small number of parameters. Yet it has been found to give
better results compared to the LES, The cost function underlying this
genoralisation is alsc of the Gorman polar form and has

n

(i:‘l % j) o (1.5014)
P,

n
P(p) =1 Pt T3 p log
k k=1

... (1.6.15)
x
ey
(y-2 R0 = i‘( o Py, log (—JTk—) )» i= 1,2,..., 0.
X

ven(1.6.16)

In the special case wherc a; = O for all i andp = 0, equation (1.6.16)
collapses to the LES. Ieaton considered twc other special cases of

equation (1.6.16) in his empirical exercise. The first special case,
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called the Simple Non-4dditive Molel (SNaM) is obtained by taking

p= 0 in cquation (1,6.16), which gives

I by
Py = picy * ap; log (—kT) ER) pkc
¥ %
L agp;
- i P, log (—ka—) ) .o (1.6.17)

and the other special case, called the Variant model, has p=0, ci=() for
all i, giving

Eak_pk bi Zap
Py = ap; log (kTi}+ N (y-: I oy, log (‘]—‘—) )
k€

. (1.6.018)

In the empirical exercise, SNAlf performed much better than
the LES ~nd also the Variant model both in terms of explanatory power,
and the quality of the estimeted expenditure and own-price elasticities.

It may be mentioned here that in Chapter II of the present
thesis, o generalisation of the SNaM has been suggested.  The budget
share parameters are also made pricc sensitive in this model. This
goeneralised SNilM is not a member of the family (1.6.15) and the
functional form of the marginal budget shares in this model is

dfferent from that in the general model (1.6.16) of Deaton (1976).
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1.7  TIreatment of demographic characteristics in
complete demand systems

Household characteristics such as size, cge-sex composition,
education level, occupation and other characteristics of household
members are known to be important determinants of houschold
consumption pattern. Usually, these factors are duly taken into
account in the analysis of cross-sectional household budget data (vide
Prais and Houthakker, 1955; Friend and Jones, 1960; Deaton, 1980 ).
In the analyses of time-series data on aggregate or average consumption,
on the other hand, these characteristics have often been relatively
ignored. However, with the availability of large-scale computational
facilities, analysis of time-series of ungrouped cross-sectional
household budget data has become feasible. Such data are ideally
suitable for the analysis of variation in consumption patterns arising
out of voriation in income and prices, and particularly in household
characteristics, Inleed, the need for estimting complete demand
systems incorporating household characteristics on the basis of time-
series of cross-sectional data has often been recognised (e.g. ,

Pollak and Wales, 1980).

To formilate complete demand systems suitable for this

type of investigations, one has to bring the household characteristics

into the analytical framework of the static utility-theoretic model



discussed above.  For household demographic characteristics, viz.,
size and age-sex composition, therc have been a fair amount of
progress in this direction. In what follows, these developments arc

discussed briefly.

1.7.1  Demograrhic scaling and translation

Barten (1964) proposed a theoretical framework for
incorporating household composition into demand equations, In this
framework, for each commodity, he defined effective household size
that depends on the household composition vector, i.e., ny o= m
(a.], 8y eees ak) »i=1,2, ..., n, where aj ¢ nunber of members
of the j-th type (age-sex category, say) in the household, and i is
the commodity subseript. The effective per capita consumption is
then obtained by scaling the household consumption g; by the
corresponling effective household size oo, viz., q; = ;L s Where

i
q;‘ represents effective per capita consumption of commodity i .

The houschold's direct utility function is defined in terms
of qi's a8 T=7 (@)s ags +es 4o ).  In view of these adjusted
quantities the budget constraint is modified as ¥ :E. p; qI » where
p; =p;n . Thus, in this set-up, the effect of vam}.ation in
household composition is supposed to work exclusively through the

prices, as changes in household composition result in an alteration
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in the reletive price structure and thus affect the consumption
basket. The resulting Marshallian demand functions corresponding

to this demographic scaling are of the form

g =% (Dys s e mps ¥ . e (1.7.1)

Gorman (197 ) noted the limitation of the Barten model,
where the household composition works through price effects
exclusively. He proposed the following generalisation of the Barten
model of demographic scaling., Consider the cost function underlying
Barten!s approach, viz., 0 =0 (p?, p;, vees p;, v ) where C is
the minimum cost of attaining a stipulated utility level V* . Gorman
suggested that a fixed cost component, exclusively dependent on prices
and household composition should be added to the cost function. Thus,
if fp"ai is the fixed cost component where o;'s are functions of
the houschold composition vector (5.1, 8gs eees a.k), then the cost

function would be
* % * %
C= ifljiu.i*'c (p1,p2, e V) - el e2)

Given a specification of the variable cost component C (pt; ), pz Y000
p:;, V*) of Gorman's cost function, one would obtain the corresponding
system of demand equations.

The concept of fixed cost referred to above has been later

called 'dzmographic translation!., Pollak and Wales (1978)
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demonstrated the feasibility of generating theoretically consistent
systems of demand equations that incorporate household composition
through domographic translation. In fact, they have shown that
corresponding to any theoretically consistent demand system

q = £ (p.,, Do wees Py ¥) there exists a corresponding . -

theoretically consistent system of the form
*
9 =9 * £ (b Byr wvs B ¥ = I 1y 3 e (1.7.3)

where o = o (a1, Bns eres ak), i=1,2, «o., n, are the

demographic translation parameters.

1.7.2  Empirical applications of demand systems with
demographic characteristics

There have been some applications of the types of model
deseribel above.  Barten (1964) modified the Rotterdam model through
demographic scaling in his empirical exercisc. Using the same
procedure Parks and Barten (1973) modified the IES, and Micllbauer
(1977) reported an empirical exercise based on some systems belonging
to the PIGL and PIGLOG class. Lau, Iin and Yotopolcus (1978)
applied demographic scaling to the Indirect Translog model in
analysing consumption data for Taiwan.

Howe, Pollak and Wales (1979) used the demographically

translated IES and Quadratic Expenditure System (QES) in their
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empirical analysis of U.K. data. Pollak and Wales (1980)
incorporated both demographic scaling and translation into the @8S,
the Basic Translog Model (BIM) of Christensen, Jorgenson and Lau
(1975), and a Generalised Tranglog Model (GTL). In all thesc
studies, significant composition effects have been observed which
suggests that the omlssion of the household demographic factors may

consgiderably affect the estimates of pure price and income effects.

1.8 Dynamic considerations in demand analysis

The static demand systems discussed above may in some
cases be inadequate as a framework for analysing time-series
consumption data, as these systems fail to capture the dynamic
elements that may be present ih such data. Such an inadequacy gets
reflected in the presence of serial correlation of the random
disturbances of the stochastic versions of these systems actually
used in estimation.

The sources of such dynamic factors may be inherent in
the behaviour of a real-life consumer. There are broadly two
Teasons why a consumer would bring in dynamic considerations in his
consumption decisions. First, if expenditures on durables and habit-

forming non-durables are included in the consumer's budget, decisions
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about expenditure on such items may be directly and indirectly
affected by the (physical or psychnlogice.l) stocks of such goods
possessed, the stream of income earned and prices in past periods,
and also by expectations about future incomes and prices. Even
when durable goods and the phenomenon of habit formation for non—
durables are not considered, the consumer!s decision problem would
be a dynamic one, if the consumer takes into account his possible

future well-being in deciding his current consumption pattern.

1.8.1 Approaches to the study of dynamic consumer behaviour

The types of possible dynamic factors mentioned above
camnot always be captured through introducing time trends in an
otherwise static system of demand equations. There have been
broadly twe approaches to studying the dynamics of consumer
behaviour on the basgls of time—series consumption data.

The first approach is essentially a single commodity
approach in which consumption of a durable or a habit-forming
non—-durable commodity is modelled through bringing in explicitly
the stock of such commodity and its change from period to period.
The partial adjustment models of Chow (1957, 1960), Stone and Rowe
(1957, 1960) and Houthakker and Taylor (1970; Ch. 1) are examples

of this approach.
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The other ayproach may be called the system approach in
the sense that,under this,complete systems of dynamic demand equations
are evolved as a comprehensive description of the dynamic aspects of
consumer behaviour. These systems of dynamic demand equations can be
interpreted in terms of utility maximising consumer behaviour and are
thus utility-theorvtic in nature. These models may further be
classified into two groups. Cne group of models are called 'myopic'
models as these models describe the dynamics of consumers' problem as
one of maximisation of current period utility in the presence of
dynamic factors such as stock-adjustment, habit formation etc.,
without any concern for the utility in future periods. The other
models, viz., the 'intertemporal' or 'rational' modols are those based on
maximisation of a utility-stream over a given planning period or
the life-cycle of the consumer. These models may be considered to
provide 2 fuller description of the dynamic aspects of consumer

‘behaviour.

1.8.2  Myopic models of dynamic consumer behaviour

Boulding (1950) and later Cramer (1957) attempted to

construct a dynamic model of consumer behaviour in the utility-
theoretic spt-up. They considered a current utility functions

Zefined over the physical stocks possessed of the different
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commodit 2s, to be maximised sub’2ct to a suitable wealth constraint.
Once the optimal stocks are worked out, the current purchases of
different commodities are worked out through commodity-specific
identities relating changes in stocks to current purchases and
description.

Houthakker and Taylor (1970; Ch. 5) broadened the scope of
Boulding-Cramer type models. They introduced state-variables measuring
physical stocks for durables and psychological stocks for non-durables
into their analysis and defined the current utility function in terms
of both the state-variables and current purchases. The system of
demand equations is then obtained maximising the current utility
function subject to the budget constraint and the set of commodity-
specific stock-adjustment identities. This model has been used in a
number of empirical analyses relating to different countries (Houthakker
and Taylor, 1970; Fhlips, 1983; Taylor and Weiserbs, 1972) and has
been found to give plausible results. In these applications the
Houthakker-Taylor model based on a quadratic utility function has been
used. 'Y Phlips (1972) considered the dynamised Stone-Geary utility
function (by introducing stocks explicitly into the Stone-Geary utility
function) to formilate a dynamic IES model.

Apart from the models mentioned above, there have béen some

attempts to dynamise an otherwise static system of demand equations,

o/ A slightly different discrete model was estimated by Mattei (1971).
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particularly the IES, by introducing habit-formation. Stonc's
(Stone, 1966; and also Stone, Brown and Rowe, 1964) own effort to
dynamise the LES by introducing time trends in the parameters has
been found to improve the empirical performance of the LES. However,
such modification would not lead to a dynamic model in the proper
sense of the term. Pollak (1970a)and Pollak and Wales (1969)
introduced habit-formation into the LES through making the committed
consumption parameters of the LES Ilinear functions of lagged
consumption defined in altermative ways. A similar modification
of the QES has been done in Hewe , Pollak and Wales (1979).  On the
whole, the empirical results corresponding to such dynamisation
indicate significant improvements over those of the corresponding

static versions.

1.8.3 Dynamic demand systems bosed on intertemporal utility

mazdimi sation
Even if the phenomena of habit-formation and durability of
consumption goods are absent, the consumer may have to adjust his
consumption decisions continuously over time, when current consumption
decisions are subjected to planning stretched over more than one
period. Indeed, the life~cycle hypothesis stipulates that a consumer
considers the problem of mawimisation of a utility function defined

over the stream of consumption flows for a stipulated planning period,



subject to constraints on corresponding anticipated flows of income
and prices.,  Such an approach is generally known as the 'rational
approach te dynamic consumer behaviour! and consequently the dymamic
demand systems resulting from this are known as 'rational demand
systems'.

Under the ratiomal approach the consumer is assumed to
maximise his utility functional, i.e., a discounted sum of the flow
of utility over the planning period subject to a wealth constraint
based on the flow of income. This involves a process of contimous
period to period replanning (viz., strategy of consistent planning)
or a once-for-all planning (viz., the strategy of pre—commitment).
Strotz (1956) demonstrated that for consistent planning the
discounting of the flow of utility should follow specific rules.
The existence of the dynamic utility function implicit in the
rational approach is also not always guaranteed. The conditions
for existence of such a utility function was examined by Kowvpmans
(1960) and Koopmans, Jiamond and Williamson (1964).

4 system of deman! equations based on the rational
approach is rather complicated in form and thus camnot be used
conveniently in empiricel analysis. 4 mumber of simplifying
assumptions are generally made so that the resulting system could

be estimable. For example, Phlips and Spinnewyn (1982), who applied



sich & wodel to the 0,5, data, considered mdels based on
decentrelisation of the ntertemporal deeidlon protlen, By
considering decentralisation vith wchanged tates and
decentraligbion vith changing tagtes over tize, they estalided
an equivelence between the so<alled 'myople! nodels and the

'ratiorel! ores,



Chapter IT

A molification of SNAM

and

A new system of demand equations

2.1  Introduction

This chapter proposes two systems of demand equations that may
be classified as theoretically consistent systemSbeing based on well-
defined preference structures. The first is based on a marginal
modification of the Simple Non-Additive Model (SMAM) of Deaton (1976)
that was proposed as a generalisation of Stone's Linear Expenditure
Systen (LES) especially to overcome the additivity property of the direct
ytility function underlying the latter. The other is based on
Miellbauer!s notion of consistent aggregation (Maellvaver, 1975). To be
precise, this latter system represents an attempt to build up a static
system of demand equations within the framework of Price Independent
Generalised Lincarity (PIGL) by bringing in prices explicitly into the
system of Leser-type budget share equations implied by the PIGL., The
two proposed systems are somewhat competing in the sense that they
imvolve the same mumber of parameters. However, on a priori

considerations, the system based on the PIGL has an advantage over the
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modified SNAM in that the former can allow for non-linear Engel curves
which the latter cannot,

The plan of this chapter is as follows: scction 2.2 introduces
the modified SNAM; section 2,3 proposes the new system based on PICL; and

finally section 2.4 presents the summary and conclusions.

2.2, 4 suggested modification of the SNAM

As already discussed, the additivity of the direct utility
function underlying the IBS heavily constrains the non-compensated own-
price elasticities implied by this system. In order to overcome this
limitation of the IBS, Deaton (1976) suggested a modification of the IES -
the QNAM - by meldng the 'committed quantities' of the LES functions of
prices in a specific menner. We propose here a further modification of
the SWAM by meking the 'marginal budget share! parameters functions of
prices as well.

Our proposed modification of the SNAM takes the following



n
I’iqi=pi"i(F)+ pi@) (y- iy By ‘yj(p)} 5 i=1,25000, nwas (2.2.1)
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i ( £,8.(p)=1 invi ddi
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aj(p) = by +d; log ( ) cee. (2.2.4)
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a
o L
p T,
and m, = k:-;*[ (I,k) i e (2.2.5)

Here, y, (P»l: Pgr eve s Pn) and (qj, Qs eve 2 q_n) stand as before for the
total expenditure/income, the prices and the quantities of the n
sommodities, respectively. The system (2.2.1) - (2.2.5) is defined on
<ze basis of 4n parameters, viz., aj, bj" cj, dj (j=1, 2, +uv ; n)of which

= - 1 parameters are independent (one of the bj 's became dependent



on the other b-parancters in view of the adling-up restriction).;l/ It
may be noted that this system reduces to Jeaton!'s SNAM specification if

di=0 for all i . In what follows we shall refer to the original SNAM,

which is a special case of this system p: el here, as SNAM 1 and the
full specification ns SNaM-2 .
The cost function underlying SNAM-2 takes the form
*
n n B (v)

* * ... (2206
R N AN R I (2:2.6)

he. #*
e L T R4

The form of the corresponding indirect utility function is thus

n
B
v-Z2p v, () n
» R el @) =1 ... (22.7)
Vo= ® 7okt K
By ()
k=1

n
v Note that the adling-up restriction j§-1 By () =1 imposes restriotion
n n ®;
on Jffl bj only, viz., jg'l bj =1, since j£1 dj log ( —g ) is equal to

0 by construction.

-2/ Vide Appendix 4, section 4.3, for the derivation of the cost function
2.2.6).
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and the cogu function is clearly a member of the family of Gorman polar

farm [equation (1.5.2)1 with

n

P(p) = Iy v (@) L. (22.8)
n
and Q(p) = k_& P & (o} .. (2.2.9)

Lot us next consider the expressions for the various elasticities

implied by the systsm.z/ The Engsl or expenditure elasticity is of the

8; ()
N, = =———— ; i=1, 2, «.. , 0. o (2.2.10)

¥y
where w; is the budget share for item i (i=1, 2, «+. » n). Thus, given

> 0 in all income and price situations, item i is a luxury when

Si(p) > w; > a necessary when 0 < ﬁi(p) < w; ond an inferior good when

B <
;@ <o
The non—compensated price elasticities are given by

uij="ﬁ(e~i(p) (g0) - 84y} Danctey 6y ®) vy ()

+18,0) 85 - ay by -%;‘)] GoTay vy @ @2

b4 Vide Appendix i, Section 4.3, for derivation of the expressions for
expenditure and price elasticities.
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a
i

£or any pair of items i and j , where si(f) = T:—“— and 5:’.]’ is
T Tk k
k=1

the Kronecker delta.

The corresponding expression for the compensated price

elasticities are obtained from the relation Wij = ”ij + wj noo.

Thus,

for any pair of items i and j .

The system of demand equations (2.2.1) - (2.2.5) proposed above is
theoretically consistent in the sense that, by construction, it meets the
theoretical restrictions, viz., the adding-up property, symmetry and
nomogeneity.  However, the concavity of the cost function (2.2.6) cannot be
guarantced through parametric restrictions and has to be checked
empirically.

One may consider special cases of this modified SNAM for
empirical applications., The special cases emerge from specific parametric
restrictions. For example, when aj anl :13. (3=15 2, «vs 5 n) are dropped

from the specification, the system reduces to the IES, If only



dj (3=1, 2, «v., n) arc dropped, one gets ‘eatcn's SNAM-1 specification.
Another generalisation of the IES which intrcduces price flexibility
through marginal budget shares only may be obtained by dropping only

aJ. (3=1; 2, +..; n) from the full specification.

2.3 A new systen of deman? equations basvton PIGL

In this section a new system of demand equations based on
Miellbauer's noticn of Price Independent Generalised Linearity (PIGL) is
proposed (Miellbauer, 1975). 4s alrealy mentioned, PIGL implies a

specific form of bulget share equations, viz.,

Wy o= e (p) + by ) y® , € #£0. e (2.3.1)

and the corresponding logarithmic limiting form called Price Independent

Generalisc” Log linear (PIGILG) form, i.e.,

W= Ay (p) + by (p) logy, € =0. e (2.3.2)

where Wyt budget share for item i (i=1, 2, ..., n), v income/total
expenditure, a; (p) and bi (p) are independent functions of prices

n n
I ai(p)=1andi;x1bi(p)=o,

p= <P11 Pos eees

) satisfying
i

and € 1s a parameter that controls the non-linearity of the income



rés-;)onses. The genesis ~f the PIGL anl PIGLOG class of demand systenms,
vi%., Maellbaver's notion of congistent aggregation is discussed briefly
below.é/

For a system of budget share equations wi(y, ) i=1, 2, ..., n,
consistent aggregation is defined as the existence of a representative
income level y* such that ﬁi =y (y*, p) for all i, W; being the
observed average bulget share of item i . 4 necessary and sufficient
condition for the existence of y* is that each pair of budget share
functions are linearly related - a phenomenon that has been called
Generaldsed Linsarity (GL). However, under GL, y* will be a function
of the income distribution as alsc of the prices, and forcing y* to be
independent of prices is equivalent to the budget share equations being
of the PIGL or PLGLOG form. Miellbauer also characterised the cost
function unierlying the budget share equations (2.3.1) and (2.3.2) to be

>f the gencralised Gorman polar form, viz.,

1
o]

oY) = A W e ; c40.. (2.3.3)

ad ¢ (7, p) = (HE) YV BG) =0 v (2.3.4)

where a(p), b(p) and B(p) are homogeneous functions of degree one, H(p)

/
= Vide Chapter I, Section 1.5, for a fuller description of this.
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is a homogencot

functi~n >f degree zero, and V* represents the specified
level of utility.

Lne forme (2.3.1) and (2,3.2) of budget share equations, having
the requisite theoretical basis, have been taken as the starting point
for building up empirical demand systems. For instance, the Almost
Ideal Iemand System (AIDS) propesed by Jeaton and Muellbauer (1980a) is
based on (2.3.2). Here, we propose the following algebraic forms for
(2,3.1) and (2.3.2).

D5 Yi(p) [( aiii}__] s e 4o

W= —ry—+ B.() [ o 5 e (2.305)

p Yi() y
and wi=_u(r+ Si(p) log(-ﬂa—) B € =0 ... (2.3.6)

i=1, 2, «vop n.

n
where a(p) = zTPk yk(;) and yi(p) an. Bi(p) are functions of
X=

n n
prices such that I Bk(p) =0 and I P vk(p) > 0 for all prices.
= k=1

It may be noted that if Yk(p) and ﬁk(p) for all k are assumed to be
independent of p, then (2.3.5) and (2.3.6) specialize to systems that are

very similar in appearance to the IES, However, Yk(P) and Bk(p) should



preferably be treated es functions of prices so that the systems could
allow a reasomsble Cegree of pricc flexibility, The specific functiomal
forms for Yk(p) anl Bk(r’) are preposed to be the saze as those given in

(2.2.2) ~ (2.2.5) above, viz.,

%3
vj(p)=cj+ajlog( > )
n
g kT
W.Iz-"?—‘_'l
k=1ak
¥
p) = b, +d, log (—
SJ(p) AL og (=)
2
&
. E
a
o m, = I (pk)" ’

The system a: desoribed by (2.3.5), rr (2.3.6) and (2.2.2) -
(2.2.5) thus have 4u basic parancters, viz.; a, by & 4
k=1, 2 vosy 0 (and algo € incase of (2.3.5) ). Inview of the adding-

up requirement, 3 b =0, and thus there are 4n~1 (4n) independent
k=1
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parameters for the FIGLOG (PIGL) systam.Z/ Now, in so far as different

items would need different values of €, the parameter that controls the
non-linearity of income responses, in the budget share equation, if one
forced £ to be the same across diffsrent budget share equations, the
resulting € might be closer to the modal value of e , possibly zero.
In view of this, in what follows, we shall congider only the logarithmic
limiting case of the proposed system as defined by (2.3.6) and (2.2.2) -
(2.2.5).

The explicit form of the cost function underlying the
logarithmic system is
n 8" (p)

o, p) = e e (VI p I e 23)
J=1

where
* &
py vy ()5 8y ()= & (o 85 ()

n
afp) = T

. =1

n
5/ The adding-up requirement for (2.3.5) and (2.3.6), viz., T 8,(p) = 0
k=1

n

is equivalent to the restriction I bk =0, since the remaining term
k=1

in Bk(p) adds up to zero automatically as pointed out in footnote 1 .

&/ The cost function underlying the PIGL system (2.3.5) and (2.2.2) - (2.2.5)
* x D BN

is O(, p) = «(p) (1-cv T p 3
=1
of the cost functions see Appendix 4, section 4.2 .

) . e#0. For derivation
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The indirect utility function corresponding to (2.3.7) is

. y
v e 2= ; u(p)>0;fﬂ;(p)=0.

n 5 () alp) X

T op.

=1 J ... (2.3.8)

Thus, given p, v is monotonically non-decreasing in y, if and only if
y > a(p) . Therefore op) may be interpreted as the cost of attaining
a level of satisfaction for which the ordinal utility index is assigned
zero value.

Turning to the expressions for the elasticities implied by the

system, we have the expenditure/Engel elasticity given by

8; (p)

i” EA
i

oo (2.3.9)

0 , an item woul: be classified as a luxury item if

8y (p) >0 and a neccssary/inferior item if Bi(p) <0 in a given price
situation. Also, given the prices, ny falls as y increases for necessary/
inferior items.

The expression for compensated price effects for any pair of items

i and j is given by

J - -
Sy 5 Lo Coy(e) =5551 o) + ay®) aj(p) -y
a,
+og5 83®) = (g5 —-2—:}1—‘ )-8 e(p) ) log 2]

k
... (2.3.10)



- 92 -

which by construction of the system is symmetric.

Here

8 Py
0;(p) = 54—
i ¥ % B
i=12 . ,n.
p v (p)
ai(P) T e
;09 -
)
; a8,
E Py
o(p) = A
I ov; (p)
5 J
J
and éij is Kronecker delta .
Next, the 1 and price elasticities
(denoted by, and LT respectively) between any pair of items i and i

are of the form

ij

1

1
=-— [e;(p) (ej(p) - gyt &(p) +ui(p}aj(p) +8;(p) aj(p)

i

+ 1845 8;(p) ~ a4 (aij - log'Z ] <o (2.3.11)

LET S L
1
- Ti—f 8, () { o (p) ~ 8551 o) + ay(p) “j(P) -y

4,
* Gy B0 <4 G g - ) - 56 80) ) 12 ] e (22012)
k



By construction, the system describe! above satisfies the

homogeneity, symmetry and adding-up restrictions.  However, the

conca¥ity of the cost function, or equivalently, the negative semi-
definiteness of the matrix of compensated price effects cannot be ensured
through parametric restrictions and can only be checked empirically.
4s in case of the modified SNAM set-up described in section 2.2,
one may consider special cases of the system proposed above for empirical
applications. The possible special cases of the system are as follows:
i) The aj and dj parameters are dropped altogether in which case
the system is defined on 2n-1 independent parameters and comes
close to the LES in appearance.

ii) Only the dj parameters are dropped, in which case the income
response coefficient is forced to be constant in all price
situations. Thus this is a 3n-1 independent parameter
specification,

iii) Another 3n-1 independent parameter specification is obtained
when only the aj parameters are dropped, in which case the
Yi(p)'s become constants. This specification thus rules out
substitution possibilities for the poorest consumers.
In our subscquent empirical analysis we have used the full
specification and the three special cases (i), (ii) and (iii) of the model
in Chapter V. These specifications have been called Variant 3, Variant 1,

Variant 2 and Variant 4 respectively.
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2.4 Summary and conclusions

>hapter provides the theoretical foundation of some of the

empirical dcmand analyses reported in the present dissertation, Some

well-known m

1s for consumer demand have been tried in these exercises,
besides tw: new models introduced by the present author in this chapter.
The first of thessis based on a modification of Deaton!s SHAM

specification - referred to here as SNAM 2. The sther

specification propesed here (referred to as the Variant) is based on
Miellbauer's notion of Price Independent Generalised Linearity/Loglinearity.
The basic motivation behind this theoretical endeavour has been to evolve
empirical demand systems that are reasonably flexible in respect of price
and income responses, yet parsimonious in terms of number of parameters
involved, These considerations have obvious relevance so far as empirical

demand anal;sis based on time series data is concernel,

The modified SNAM set-up proposed here has the advantage that
it can incorporate price flexibility in various degrees into the Linear
Zxpenditure System — a system that is so popular for its structural
simplicity., The Variant set-up (i.e., the other system proposed here),
on the other hand, allows for non-linear Engel curves along with some
znount of price flexibility. This is likely to be useful particularly in

>2ses where one works with a time series of cross sectional consumption



data, The Variant molels, being based on PIGLOG, also admits consistent
aggregation in Miellbaver's scnse, and thus may be used to umodel macro
demand functions with a consistent micro-economic theoretical fowndation.
4s alrveady mentioned, the systems proposed here have relatively
amall mmber of parameters compared to other flexible demand systems like
the Rotterdam model, the &IDS or the Translog systems, that have
demonstrated superiority over other systems in respect of goodness of fit
in actual empirical exercises, 4ctually, these flexible systems may at
times turn out to be wasteful in terms of the number of degrees of
freedom used up for estimation. This may affect the quality of the
individual parameter estimates and consequently the quality of the
clasticity estimates, particularly the price elasticities obtained.
Indeed, there is a serious question of trade-off between the flexibility
of a gystom and the quality of estimates of price elasticities - and in
actual empirical applications the flexible systems may turn oub to be
more flexible than really necded for a reasonably good explanation of
the given data,  From this point of view, the systems proposed in this

chapter may be of some relevance in applied demand analysis.



Chapter ITT

Dita and estimation procedures

3.1 Introduction

This chapter briefly describes the sources and nature of the
data used and the estimation procedures applied in the empirical
analyses of consumer behaviour in India, the results of which are
reported in the following chapters.

Data for the empirical analyses (i.e., estimation of some
alternative forms of complete demand systems) have been compiled from
two sources.  The consumption data, viz., the time-series of
consumer expenditure on broad groups of items as also on all-items
have been compiled from the reports on consumer expenditure surveys
published from time to time by the National Semple Survey Organisation
(NSSC), Government of India, which conducted household consumer
expenditure surveys on a continuing basis during 1950 to 1974 and
thereafter at intervels of 4 or 5 years. The price data used in
the analysis are basically the commodity-specific wholesale price
indices compiled and published regularly by the Office of the Economic
Adviser, Government of India - the authority responsible for regular
collection and compilation of wholesale prices of a large number of

commodities at all-India level. In the absence of appropriate
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retail/consumer prices or price indices, these commodity-specific
wholesale price indices have been suitably combined by using
expenditure welghts based on consumer expenditure estimates thrown
up by the NSSO t¢ form iten-group-specific price indices. These
price indices have been used in the estimation of demand systems.

The alternative demand systems that have been estimated
include the various specifications of the SNAM and Variant models
(Variants 1, 2 and 3) described in the previous chapter, and also
the 4IDS.  In the absence of cross-equation parametric restrictions
(such as the symmetry restriction) AIDS can be estimated by single-
equation CLS regression technique, ALl the other systems considered
here are, however, non-linear in parameters, and therefore, have been
estimated by a suitable Non-Linear Full Information Masimum Iikelihood
(NLFIML) method,

In what follows, the nature of consumption and price data,
used and the estimation procedure employed in the present analysis
are described. Section 3.2 and 3.3 briefly discuss the consumer
expenditure data and price data, respectively, and section 3.4, the
final section, presents an outline of the NLFIML estimation

procedure,



3.2 NSS consumption data

The National Sample Survey (NSS) is a multipurpose socio-
economic enguiry of all-India ccverage carried out on a continuing
basis in the form of successive rounds. The duration of a round has
varied in the past from a few months to a complete year. The
enquiry on consumer expenditure was a regular feature of the NSS
beginning with the first round conducted during Cctober-1950 -
March 1951 upto the 28th round carried out during Cctober 1973 -
June 1974.  Subsequently, however, it has been conducted at
intervals of 4 to 5 years.

The data were collected by interview method from
nationwide samples of households.  Probability sampling was
followed for selecting the households, and the sampling design was
stratifi>d, multistage (households being the final stage units) with
provision for two or more interpenetrating subsamples, each of which
throws up independent and equally valid estimates of the population
characteristics. Rural and urban sectors were always distinguished
and .separate estimates were prepared for these two sectors; these
cstimates are available also for the rural and urban sectors of
different states of India, at least for all rounds starting from

the 13th round (September 1957 - May 1958).



~ 99 -

Expenditure information collected from sample households
related to a moving reference period of 30 days preceding the date of
enquiry.:]-/ To counteract the scasonal bias in the estimates that
might result from the use of this moving reference period, a subround
arrangement was followed and the interviews of sample households were
equally distributed over these subrounds (seasons).

Estimates for the broad patterns of consumer expenditure
are available in published form in NSS reports entitled 'Tables with
notes on Consumer Expenditurc' from the second round onwards separately
by size classes of monthly per capita total consumer expenditure on all
item-s (PCE) along with estimated percentages of population in each PCE
class separately for the rural and the urban sectors of the country.
Detailed tabulations covering long lists of items are also available
for some of the rounds. Such tables are published separately for
the rural and urban sectors of the individual states of India also.

4 typical NSS table on consumer expenditure is reproduced in Table 3.1
(this table is taken from the report for the 28th round enquiry).
The present analysis is based on consumption data thrown up

by the NSS enquiries during 7th (Octcber 1953 — March 1954) to 28th

v Actually, there had been some experimentation with other reference
periods upto the 6th round, and two moving reference periods (1ast
30 days and last 365 days) were used for item-groups like 'clothings'
in the rounds following the 28th.
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(October 1973 - June 1974) rounds (excluding the 26th round (Juns 1971 -
June 1972) for which the estimates are not pub]ished.g/

Cn the whole, the conccpts, definitions and procedures
followed in these different rounds of enquiry remained more or less
uniform, so that the estimates of consumer expenditure from successive
rounds of the NS5 may be considered to form a time series of broadly
comparable f‘iguras.z/

Expenditure on nine broad groups of items have been
congidered in the present study. These nine broad groups of items,
their commodity coverages and their shares in total consumer expenditure
are presented in Table 3.2 . It may be pointed out that the observed

budget shares for scme of the broad item groups are indeed quite small.

2/

It may be mentioned that the moving reference period of last 30 days
was w formly followed for al’. items of the budget during these
rounus,

3/ Some major procedural changes that have taken place over time may be
noted however, These are (vide Chatterjee and Bhattacharya, 1975):

(1) Ceasumption out of home grown produce was imputed at local retail
price upto 8th round, but from 9th round onwards, this imputation
was made at ex-farm prices which was somewhat lower than the
local retail prices, being exslusive of distributive margins; and

(2) & major change of questionnaire was made with effect from 19th
round, when the earlier questionnmaire became a part of the
'Integrated household survey' questionnaire which covered, in
addition, the entire range of productive enterpriBes of the
household, besides aspects like employment and unemployment.
4lso, during the 10th - 14th rounds, the 'consumer expenditure!
questionnaire was extended in order to collect information on
household receipts and disbursements as well.
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For example, items like 'edible oils', 'meat, fish, egg', and 'sugar!,
each account for roughly 3 per cent of the average consumer!s budget
in both rural and urban India. Yet, this grouping of items has been
used presumably in consideration of expected differences in
elasticities of demand. It may be mentioned that these elasticities,
particularly the price elasticities for these items, are frequently
needed in formulation of production and distributional policies in
India.

We have constructed two sets of time series of estimated
consumer expenditure for each broad group of items. First, a series
of aggregate or average per capita expenditure (for all PCE levels
taken together) have been built ~- we shall refer to this data set as
the 'aggregate data'. The other set of time series data may be
considered to be disaggregated in nature. This consists of three
population-groupwise time-series of average per carita expenditures.
The three population groups are the poorest 30 per cent, the middle
40 per cent and the richest 30 por‘cent of the population judged by
the level of PCE.  These population-groupwise estimates have been
obtained through quadratic imterpolation based on information given

in tables like Table 3.1 -/*/ Thus, for example, average per capita

& The percentage distribution of the population by PCE class is
available from separate tables in the NSS reports.
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expenditure on an item (x*) for the bottom P* per cent of population

is calculated as follows, Let Pi be the estimated cumulative per cent
population upto FCE class i , Si the cumilative share of expenditure on the
iten upto OB class 1, and 1 the maximm of 1 such that P .4
quadratic relation between Si and Pi is fitted using the three

observation-pairs (P, , Sl), (Pl+1’ Sl+1) and (. The

Frips sl+2)'
*
cumidative share of expenditure on the item S for the bottom ¥ per

oent population is thus obtained from the fitted quadratic relation.

*
Finally, the average per capita expenditure on the item x for the
3t
*
bottom P per cent population is computed as 700* A S , S being
P

the average expenditure on the item for all PCE classes taken together.

To conclude this section, some comments on the validity of
the NSS-based consumption estimates are essential to help in judging
their quality. There have been some discussions about the velidity
of NS8S consumption estimates (Mukherjee, 19698; Dandekar and Rath,
1971; Rudra, 1972; Ilukherjee and Chatterjee, 1972; Srinivasan,
Radhakri shnan and Vaidyanathan, 1974; Chatterjee and Bhattacharya,
1975; a.nd’ Mikherjee and Saha, 1981).  (n the whole, the time series
of NS8S-based estimates of aggrogate household consumer expenditure
have been observed to agree fairly well with the corresponding
aggregates derived from national income data, in splte of the fact
that the two series have completely different data bases and are
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compiled by fully independent procedures. However, the pattcrn of
household consumption expenditure as obtained from the NSS has been
seen to be systematically different from that based on the product—
flow estimates thrown up by the CSC, although the two aggregates of
conWﬁon cxpenditure tally reasonably. Some more specific
complaintsabout the NSS budget data are :
(1) The NSS-based estimates of per capita consumption of cereals
(one of the major heads of expenditure for the Indian
households) are unduly high (vide Kansal, 1965; Chatterjee and
Bhattacharya, 1975).
(ii) The NSS budget enquiries possibly under—estimate the
consumption of rich householls. (vide
fdra, 1972).

(iii) The use of a moving reference period of last 30 days for
the collection of ezpenditure information from sample
households may be responsible for biases due to scasenality
of cxpenditure on such items as !'clothing! that are
subject to considerable seasonal variations.

( vide  Chatterjee and Bhattacharya, 1975).
The examination of thesc possible deficiencies of NSS data would
require systematic and contimual examination, and their revision, if
necessary, may be well-nigh impossible. However, the NSS consumption
data have been extensively used in Engel curve analysis, and quite

sensible estimates of Engel elasticity for various broad item-group have
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always bocn obtained. In the execrcises made for fitting demand functions
and estimating price clasticities, again, the results, at least the income
and price clusticities, have generally been plausible (vide Ganguly et al.

1960; Iyenger, 1967; Bhattacharya and Maitra, 1970).

3.3 Price data

For estimation ci empirical demand relationships, it is
appropriate to use retail/consumer price data for the items considered.
In the present case, however, suitable item-groupwise retail price data
for the entire period covered by the a.nalysis‘could not be obtained from
any source and, thorefore, the wholesale price data have been used.

In India a mumber of official agencies regularly collect
retail prices faced by specific population groups and some of them also
compile consumer price indices based on these price data. For example,
the Directorate of Economics and Statistics, Govermment of India,
collects rotail prices of agricultural food products from selected importamt
consuming centres spread over the country. The Labour Bureau, Government
of India, collects retail prices of about 100 items from 50 industrial/
mining/plantation centres of the country and compiles consumer price
index mumbers for industrial workers for individual centres and also for
India as a whole. The NSSU collects rural retail prices on an all-India

basis mainly from village markets and these prices are used by the Labour
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Bureau in the compilation of igricultural Labourers' Consumer Price
Index (ALCPL) numbers for inlividuil states and alsc for India as a
whole. Zlowever, this wealth of valuable retail price information
could not be used for the purpose of the present analysis mainly for
two reasons. First, the available retail price data relate to
specific population groups in the rural and the urban sectors, and
cannot strictly be used for the entire population in rural and urban
India. More importantly, from none of the sources mentioned above
one would get details of retail prices/price-indices for the entire
period covered in the present study emabling one to construct suitable
price indices for the nine broad groups of items considered separately
for the rural and the urban sectors of India.

48 an alternative, we, therefore, turned to the available
wholesale price data. The single most important source of wholesale
price At in India is the Office of the Economic Adviser (OE‘»A),
Ministry of Industrial Zevelopment and Company affairs, Government of
India. This agency has been compiling weekly wholesale price indices
for groups of items and the overall wholesale price index for all-
commodities for quite a long time. 4t present, these indices cover
about 140 items belonging-to three broad groups, viz., (i) primary
articles, (ii) fuel, power, light and lubricant,and (iii) mamifactured

products.  The average prices and the wholesale price indices based ~n



- 107 -

these prices are regulurly published by the CE4 in its monthly
publication entitlsd 'Wholesale Prices in India!.

The price indices fir the nine broad groups of items that
we have utilized in the empirical analyses, were actually constructed
for similar analyses by Radhakrishna, Mirthy and Shah (1979).5/ These
indices have been compiled separately for the rural and the urban
sectorsof the country., The procedure of compilation is given below.

For each item in a broad group, the monthly wholesale price
relatives (obtained from the publication of the OEA) have been
averaged over the months covered by a NSS round to obtain the average
price relative for that round. Using the expenditure weights for
individual items in a broad group relative to the total expenditure
on the broad group teken as a whole, the price index/relative for the broad
group of items has been constructed. The expenditure weights have
been workil ~ut on the basis of estimated average consumer expenditure
on individwl items thrown wp by NSS 13th round (September 1957 - May
1958) and separate weighting diagrams for the rural and the urban
sectors have been used to construct the price index series for the

rural and the urban population groups. Finally, as the published

-4 The price indices uptc NSS 20th round (July 1965 - June 1966) have
been reported in the reference cited here. Thanks are due to
Professor R. Radhakrishna for providing the price indices for later
rounds.
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series of wholesale price relatives had undergone base changes (in
196162 and 1970-71), the computed serics were converted to the
original base (1952-53 = 100) through splicing.

The price index series described above have been used as
approximations tc the unknown corresponding series of indices for
retail prices faced by rural and urban consumers during the period
of our study. The use of such price indices may vitiate the
estimated price responses to some extent and may therefore be
questionable for two reasons. First, using the wholesale price
relatives in place of the corresponding retail ones amounts to
assuming that the retail trade and transport margins have always been
a fixed proportion of the wholesale prices. However, market
imperfecticns and the presence of excess-demand conditions in the
economy from time to time would suggest non-parallel movements of
wholesale ~nd retail prices of ituas at times. Sec:nd, in our
analysis, we have asswied that a single set of price indices is
applicable to the entire population in rural or urban India, thus
ruling out the presence of differentials in intertemporal price
movements between richer and poorer consumers. 48 a matter of fact ;
there is some evidence that the price rise over time did, at times,
affect the poorer section of the population more adversely than the
rich (l\hhalanmbis, 1962; Iyengar and Bhattacharya, 1965;

Mukherjee, 1969b).



3.4 Estimation procedure

Three types of static demand systems have been used in the
empirical amalysis. These are - the modified SNAM set-up, our
proposed Variant systems and the AIDS. From the point of view of
estimation, the AIDS is computationally simple under some
approximation,  However, the other two types of systems are
non-linear in parameters and are thus computationally somewhat
difficult. In what follows, we briefly describe the estimation
procedures followed for these gystems.

For the modified SNAM and our propossd models we adopted
the following Non-Linear Full Information Mauxdimum Iikelihood (NLFIML)
method and used the NLFIML computer package supplied by Professor dngus
Jeaton. The stochastic specification of a system is taken in general

to be

Wiy = £ (pt, Yy 0)+uit; i=1,2, ..., n BNCVRD
t=1,2, s, T
where py = (p‘H:’ Dogr +ees pnt) is the vector of sbservations on
n commodity prices at time t (t =1, 2, ..., T); ¥y is the observed
total expenditure (PCE) 2t time t ; Wiy
for item i at time t , © is the vector of parameters, and U

is the observed budget share
B ¢ is the
additive random disturbance term in the i-th equation at time t .



dsturbance term Uiy is assumc.!l to have the following

properties :

E (uit') =0 forall i and t ve. (3.4.2)

and

E (u, u, )= Uij for t=s
it Yye/ T <o (3.4.3)
0 for t#£s

where in vicw of the adding—up restriction, the matrix 1 = {cij ]
of contemporancous covariances of the disturbances, has rank n - 1
The NLFIML procedure used here takes care of this singularity of I ,

Writing (3.4.1) in vector form, we have
w=7=(p, y,0)+u <o (3.444)

where u is assumed to follow a multivariate normal distribution
6
W (0, T (X) 1)4 Here (X) stands for the Kronccker product.

The log-l-zclihood function for u is

-nT
log L(u) = 7~ log 2m -} log | 2 () I |

=370 (U @) 1) () . (3u45)

VBORS (o) —w - £ (p, 5, @) .

6
’2/ For items with very smll observed budget shares, this assumption of
normality in the cstimation may be questioned. However, whether such an
assumption weuld be reasonable would depend on the variance of the
disturbance terms in the functions corresponding to these items. The
order of inconsistency resulting from not assuming a truncated
distribution for these disturbance terms, however, may be small.
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The log-licelihood function for w is then
o T
Iog L(w) = - —5~ log 21 -3 log 3| + 1T log |a]
-1
-3v(e) (= (X)) I) V) ...(3.4.0)
where [A| = is the Jacobian of transformation. Given this

set-up, the NLFIML maximises log L(w) through iteratlon which works
as follows. Starting with an initial value of ", (3.4.6) for the
linearised version of (3.4.4) is considered. The new set of
parameters arc worked out by modified Gauss-Newton method of
Marquardt (1963). The general recursive expression for any stage of

ikeration,. say the (k + 1)-th,is given by
PS ~ A s Ao ~ N -1
Ger = 8+ L2() (T (q) () T} 2(8) + 2 1] 2(6)

-1 R
VNSRS (D e Gk

where QK and 91( +1 8T the parameter estimates for two successive
stages of iteration k and k+1,
22 (ps 5 0)

2(8) = ——gp—— Lo E) = (6 (3))
=0
k

with cA,=+ui (ek)‘uj ()5 1, 5=1,2 .rn.



- 113 -

The Ak in (3.4.7) represents the modification over the Gauss-Newton
algorithm.  For )‘k equal to zero this method reduces to the Gauss-
Newton alrorithm. By increasing )‘k the steepest descent method is
approached.  Since the Gauss-Newton method performs very well in the
neighbourhood of the extremum,starting with a small A, )‘k) 01is
decreased in each iteration unless this results in an unacceptable
step.  Note that here the step length is determined similtaneously
with the step direction.

4t each stage of iteration the value of the concentrated

log-likelihood function, viz.,

oT T o n T
LogL(w):——z—-lchw —Tloglr (Ok)l +Tlog[A|——2-
o0 (3.4.8)

is computed and compared with the value previously obtained. The
process 1o continued till the comvergence criteria are fulfilled (i.e.,
the parameter estimates as alsc the likelihood value stabilise ) - in
which case it gives the maximum value of Log L(w) .
For the estimation of the ALIS, we have considered the

following stochastic specification cf the system

] Ty n

Wiy = ag + b log ( 3 )+ j=21 o35 108 By + Wy e r(3.4.9)
t

1,2, vausy n
152, «oa, T

"o

i
t



where Ft has been approximated by log Tt = ki] Vit log Pyt for all

t, followings the suggestion in Deaton and iiellbauer (1980a). The

randon disturbances have becn assumed to have

E(uit‘; =0 foralliandt vee(3.4.10)
52
Blu, u. ) = i fori=jandt=s
Mg Yyl T <o (3.4.11)
¢ otherwise
The assumptian .of absence of contemporancous correlation between
cross-equation disturbances makes the application of single equation
Ordinary Least Squares (OLS) technique to individual equation of the
system poseible., It may be noted that in the absence of cross-
equation parametric restrictions (such as symmetry constraints), the
use of OLS has also been suggested by Deaton and Muellbauer (1980a).
Gven the time series mature of the data used, the

assumption »f absence of serial correlation is, a priori, rather
restrictive. In fact, we have checked the presence of serial

correlation (intragroup in case of disaggregated data) for the

estimted systons, and have found fair amount of serial correlations
1n many cases for aggregate as also for the disaggrogated data, This
calls for reestimation of the systems taking into account the posgible

serial correlation in the stochastic disturbances.
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It may be mentione! that for the lisaggregatel data, on
subsequent annlysis we founl that the observed serial correlation may
partly be due to misspecification of functiomal form. The treatment
of serial correlation in the present case may, however, be somewhat
difficult becouse of the 'combined time-series and cross-section!
nature of the data. Typically, for such data, one should consider
an error structure capable of incorporating both the intergroup
correlation at any point of time and intragroup serial correlation
over time. We have, however, not been able to estimate the systems
taking into account these factors.

For the aggregate Jlata, we have made an attempt to
examine the extent tc which the observed serial correlations in the
iten-specific disturbances could be due to omission of dynamic
factors like changes in tastes and preferences over time. For this
purpose v have estimated two dynumised versions of some of the
systems, by inccrporating (i) item-specific linear time trend in
budget shares, and (ii) the phenomenon of habit formation in the
origimal systems. As these results are not directly related to
the other chapters of this dissertation, these have been reported

in Appendix E,



Chapter IV

Lincar Zxpenditure System and the 4lmost Ideal

Demand System : An empirical comparison

4«1 Introduction

Statistical analyses of consumer expenditure pattern in India
have mostly been confined to Bngel curve analysis based on consumer
expenditure data throun up by different rounds of the National Sample
Survey (vide Sinha, 1966; Singh, 1968; Cupta, 1968; Maitra, 1969;
Bhattacharya and Maitra, 1970; Jain, 1972; Jain and Tendulkar, 1973;
Coondod, 1975 and, Planning Commission, 1979). However, there have also
been some attempts to estimate complote demand systems based on time
series data. These studies are, by and large, based on the Iinear
Expenditurs Systen (LES) perhaps because this was the best known and
also popular in view of its ability to formalise consumer behaviour
in a simple manner.

Important applications of the LES to the Indian consumer
expenditure data include studies by Rudra (1964), Rudra and Paul (1964),
Bhattacharya (1967), Joseph (1968), Radhakrishna and Mirthy (1973),
Mirthy (1977), Radhakrishna, Mirthy and Shah (1979) and Radhakrishna
and Murthy (1980).
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The LES, well known, is derived from an additively

geparable Jiirect utility function. As noted earlier, the empirical
implication of additive separability of the direct utility function
underlying the IES is rather jistu.r‘bing.y For any demand system based
on an additively separable direct preference structure, the
non-compensated own-price elasticities of commodities are approximately
proportional to the corresponding expenditure elasticitics (Deaton,
1974b).  Given the high correlations between item expenditures anl the
total expenditure in most time series data, Deaton's result thus
suggests that while the expenditure elasticities would be estimated more
or less accurately by the IES, the corresponding estimates of the
non-compensated own-price elasticities would tend to be proportional to
the estimited expenditure clasticities - thus ruling out the possibility
of getting independent (unbinsed) estimates of the true own-price
elasticitics underlying the data.

It is, thercfore, important to examine the extent to which
the estimates of own-price elasticities based on the IES differ from
those based on more flexible demand systems having no such prior

restriction on the underlying direct preference structure.g/

v Vide Chapter I, section 1.3 .

L4 Deaton (1975) reports such a comparison of the own-price elasticities
estimated from the LES and the constant elasticity demand equations.
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Here we shall coupare the results of the IES with those of the Almost
Ideal Deman? System (AIDS) of Decton and Micllbauer (1980a) that
possesses a number of Cesirable properties, e.g., flexibility of the
functional form, consistency in respect of aggregation over consumers,
a very general form of underlying preference structure, and simplicity
from the point of view of estimation. This comparison, among other
things, should bring out the limitations, if any, of the IES based
expenditure and price elasticitics.

This chepter has three sections : section 4.2 presents the
empirical results of fitting the IES and the AIDS to Indian consumer
expenditure data separately for the rural and the urban sectors of the
country; section 4.3 compares the expenditure and own-price elasticities
estimated from the two systems, and finally section 4.4 draws some

concluding observations.

4.2 Estimation and empirical results

The empirical exercisee based on the IES and the ATDS reported
in this chapter have been carried out on both the aggregate and the
ddsaggregated populaticn -groupwise consumer expenditure data, obtained
through N8S 7th to 28th rounds separately for rural and urban India.

The IES has been est:'l_lmted'in its budget share form with the

following stochastic specification
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Pig 93 Pis O Eps
iy = B +o (1= i )+ ugy voo (4a2.1)
¥, ¥, ¥y
i=1,2, ..,n
b= 1,2 conl
where

Bu,,) = 0 forallianit
E(“j;b ujs) =“Uij fort =8
0 fort#s.
It pay be noted that in view of the adding-up oriterion, } by =1 and
the covariance matrix of the disturbance terms for any given 1 has rank
n~1 . In the estimation method used, viz., non-linear full information
maximm likelihood methnd, this fact has been duly taken into account.y
For the AIDS, the individual budget share equations have been
estimated by single equation Ordinary Least Squares (0LS) method,
assuming additive disturbances for all the individual budget share

functions. The stochastic specification used for the AIDS is

Y The expressions for the first order partial dervivatives of the
right~hand side of equation (4.2.1) with respect to the individual
paramsters, (cerived for the maximum likelihood estimation
are listed in Appendix B.



thus
n
Wiy = jf=1 €55 log Py * Ui vee (4e2.2)
i=1,2,..,n
t = 1,2, «..,T
where
log ?t Sa* jil‘! aj log pjt + % E ﬁcjk log pjt log Pt
ver (4.2.3)
with

E(uit) =0 for all i and t

2 74

E(uit ujs) =|oy fort=g i

n
o

_ 0 otherwise

It should be pointed out here that Pt

*
defined in equation (4.2.3) has been approximated by Py , where

in equation (4.2.2)

* . s
Tlog Pt = Ekwkt log Prg (t = 1,2, ...,T), following the suggestion in

Deaton and Miellbauer (1960a). Use of this approximation emables one to

estimate equation (4.2.2) by OLS ignoring the symmetery restrj.ction.é/

& A more appropriate procedure would be to use Zellner!s (1962) SURE
method taking a1l equations together. For computational eimplicity
we have used the single equation OLS. The assumption that the
covariance matrix is diagonal may, however, result in a loss of
efficiency of the estimators.

5/ The homogeneity restriction, however, can be incorporated.
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As alronly mentioned, the two systems, viz., the IES and the

AIDS, have been cstimited separately for rural and urban India on the
basis of both aggregate and population-groupwise disaggregatel consumer
expenditure data. In what follows, we shall present a comparison of
the empirical results of fitting the two systems to the aggregate and

the disaggregated data.

4e2.1  Coodness of fit

Tables4.1.1 and 4.1.2 present the itemwise squared correlation
coefficients between observed and estimated expenditures (Rf) and
between observed and estimated budget shares (Rf’) resgpectively for the
IES and the AIDS fitted tc the two types of data separately for rural
and urban India.

[n terms of R; the 4IDS appears to have performed somewhat

tetter ¢

parc. to the LES both on the aggregate anl the disaggregated
data.  However, the wuperiority of the AIDS has been brought out more
convineingly in Table 4.1.2 where Ri may be seen to be higher in most
cases and substantially higher in some cases for the ATLS; exception
may be seen for 'mest, fish and ogg!, in urban Imdia

for disaggregated data. For the disaggregated data, the Ri value for
the AIDS ranges from 0.568 to 0.969 in the rural sector and from 0.407 to

2
0.999 in the urban sector. The IES, on the other hand, has Rw value as
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low as 0.009 for 'other food! in the rural sector, and 0.108 and 0.035
in the urban sector for 'other food'! and 'sugar' respectively. On the
aggregate data, the LES performed rather poorly for such items as
'milk and milk products', 'meat, fish and egg! for both rural and
urban India, 'other food! for rural India, and 'clothing! for urban
India. Coming to the comparison of Ri values between the aggregate
and the disaggregated data, LES shows a rise in Ri values as one moves
from aggregate to disaggregate data, for 'cereals and cereal
substitutes', 'milk and milk products', 'meat, fish and egg',
felothing! and 'fuel and light! for both rural and urban India and
for 'other nonfood! for urban India. Correspondingly, the AIDS shows
a rise in B.i values for 'cereals and cereal substitutes!, 'milk and
milk products!, 'clothing!, 'fuel and light' and 'other nonfood! for

both rural and urban India.

4.2.2 Estimates of parameters

The estimates of the parameters of the ILES fitted to the
aggregate and the disaggregated data have been presemted in Table 4.2
along with their asymptotic standard orrors. Judged by the standard
errors, the estimated b and ¢ parameters of the LES arc significant
for most of the items for both the sectors as also for the two types of

data. In general, the b-parameters are more precisely estimated
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compared to tae ¢ - parameters. In some cases, viz., for ‘clsthing!,
and !other non-food! in the urban sector for aggregate data, and for
'milk and “ilk products', 'clothing! and 'other non-food! in both rural
and urban sectors for Jdisaggregatedl data, the ¢ - parameters turned out
to be negative, most of them being signiﬁcant.é/

The estimated parameters of the AIDS have been presented in
Tables 4.3.1 = 4.3.4 . Tables 4.3.1 = 4.3.2 report the parameter
estimates for the rural and urban sectors respectively based on the
aggregate data, while Tables 4.3.3 - 4.3.4 present the corresponding
estimates based on the disaggregated data.

The statistical significance of the estimated parameters,
based on aggregate data, reported in Tables 4.3.1 - 4.3.2 has been
summarised in Table 4.4.1 . It may be noted from this Table that
while none of the marginal budget shares for the rural sector have
t-ratios cxceeding 2 in absolute value, for the urban sector only for
two iten groups (out of nine), viz., for 'clothing® and 'other non-food!,

the t-ratios for the margimal budget shares exceed 2 in absolute value.

4s regards the statistical significance of the cii’s, for the rural

sector four out of nine such parameters have [t| ratios greater than 2,

& A negative ¢ implies that the corresponding item is price-elastic
vide Chapter I, section 1.4 . Given the interpretation of ¢'s as
committed quantitice, negative ¢'s would be plausible for lwury items.
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Table 4e4.1  Freguency distribution of estimated parmmeters of the 4IDS
according to absolute value of treir tmrotios

[ India ¢ Tuxal ond urbong  angrcegate data

S ;‘Tn": of Paxamoters of AIDS
il Surobio 7 by 5 o AD)
[ &) [€3) (il 69) (6]
111 Indda rural il ze 4 o 4 4
1g. 18]« 2 2 4 4 25
it <1 3 5 1 #
111 India urban 5 22 5 ) 0 15
1g |tf< 2 2 4 4 26
5] <1 2 3 5 51

Table 44442 Frequency distribution of ostimated paremeters of the ATDS
acoroding to absolute velue of their teratios

111 India ¢ xural and urbang disaggresated date

TR Tore of L8 ..~
Seotor range of ..—-y-—,,.éé’ﬂ}i.ﬁ.i.—-
ik teratio ay by o 4 L{ﬁ‘?ﬂ
()] 2 €3] €3] Gl . _.l8l
11 India rural i 22 8 ] 5 "
1 gltle 2 1 0 2 22
14} <1 0 1 2 39
211 India urban 4 32 ol 9 1 10
1 [l < 2 0 0 2 20
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while for the urban sector all the | t | ratics arc less than 2. The

oysts (i # j) have [t| ratios less than 2 in most of the cases for both
sectors.

Tablc 4.4.2 summarises the results of the statistical
significance of the estimated parameters set out in Tables 4.3.3 - 4.3.4
based on the disaggregated data. It may be seen from this Table that
in contrast to the results based on the aggregate data, all the marginal
wudget-shares (except that for ledible oil! for the rural sector), have
t-ratios greater than or equal to 2 in absolute value. The muber of
statistically significant cij‘s is, however, comparable for the two
sets of data.  Out of nine ¢, 's five for the rural sector and one for
the urban sector have absolute values of t-ratios greater than or equal
to 2; and most of the cij‘s (i # ) have t-ratios less than 2 in

absolute value.

4.3 Estinates of elasticities

In this section we shall examine the itemwise exprenditure
elasticities and the own price elasticities based on the IES and the
ATDS for rural and urban India, These elasticities have been estimated

at the sample average of prices and total expenditures.jj In what follows,

Z/ It may be noted, however, that the elasticity based on the aggregate and
the disaggregated data sets have been estimated at their respective
sample averages of prices and total expenditures.



we shall first comparce the estimated expenditure-olsticities based on the
aggregate and the lisaggregated data given by the two systemss Next, we

shall comp.re the corresponding non-compensated own-price elasticities.

4.3.1 Expenditure elasticities

Table 4.5 presents the itemwise expenditure elasticities for
the IES and the 4IDS separately for rural and urban India based on the
aggregate and the disaggregated data.

A comparison of the expenditure elasticities based on the
aggregate and the disaggregated data shows that for the LES, the two sets
of elasticities are more or less in agreement, with some discrepancies
for meat, fish and cgg', !sugar' and !'fuel and light! in the rural sector
and for 'edible »il', !sugar' and 'clothing! in the urban sector. For
the AIDS, the two sets of elasticities tend to have larger discrepancies
on the whole compared to those for the LES. This may be so for the
following reason : ‘the parameters determining the value of the
expenditure elasticities are b's for the IBES, the b's for the AIDS.

The b-parameters of the LES are very precisely estimated from both the
aggregate and the disaggregated data, and are close in magnitude for both
the rural and the urban sectors. This agreement is, however, expected
in view of the linearity of the underlying Engel curve. For AIDS, on

the other hand, the b-parameters estimated from the disaggregated data
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have small st

ors, while those estimated from the aggregate data

are mostly nor gnificunt for both sectors.  Thus the magnitudes of
p —parameters estimatod from the tw> sets of data are not comparable.
Moreover, the underlying Engal curve in this case being non-linear, the
estimated b's based on aggregate date purhaps involve some aggregation
bias.

Coming to the comparison of expenditure elasticities obtained
from the two systems, the following observations may be made on the basis
of the results reported in Table 4.5 .

(i) For either sector, the expeniiture clasticities from the two
systems show a closer agreement in case of disaggregated data.
This is, however, expected in view of the above mentioned fact
that the b-parameters of the LES and the b-parameters of the
ATLS are preciscly estimated from disaggregated data.

(ii) In 211 the cases, for tae disaggregnted d.ta, the AIDS tends
to give a lorger (smaller) elasticity for lwary (necessary)

8/

items when compared to the LES.

4,3.2  Prige olagticities
Table 4.6 presents the non—compensated own price elasticitics

for the IES and the AIDS for both the rural and the urban sectors.

4 For aggregate data, the classification of items (into luwxury/necessary
items) according to the IES does not tally with that according to the



Table 4.6 Esti
cal

imates of itemwise »
alculeted at sample average
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n compensated ow
of prices and

price clasticities
total oxpenditures

for the LES and the AIDS*

A11 India ¢ rurnl and urban; aggregate and disaggregated data

LIS AIDS .

Itoms A1l Indde ALl Indin A11 Indfa  ALL India

Tural urba rural wrben
D) (2] G)) (&) O]
1o Coxcals and cereal ~0.474 ~04460 =0.034 =0.164
subetltutes 0,589 0,392 -0.098 0.041
2, Milk and milk products -0,838 ~04983 ~04104 ~0,468
-1.,067 =1.111 ~0,590 -1.025
3. Bdidle oils =04502 =04352 ~0.526 ~0.752
~0.690 =0.760 ~0,604 ~0,783
4o Moat, fish, egg -0.897 -0,968 =0.715 -0.812
=0,795 ~0,938 ~0,809 ~0.806
5. Suger ~0,476 -04539 ~0443% =0,792
~0,887 ~0,303 =0,462 ~0,736
§, Other food =04607 ~0.738 ~14178 =0.902
~0,659 =04895 -1.299 ~1.069
7. Qlothing -04823 =1.473 04425 -1.224
~1.,077 14237 0.162 ~1.305
3. Fuel and light ~0.746 «0.804 ~0,566 ~0.886
=04493 ~04657 =04528 ~04729
2. Other non food =0.772 -14081 ~04494 ~04300
~1.027 -14118 =0,648 =0 4844

* In cach cell the upper figure is based on eggregate data, and the
lower on disaggregated data,
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Estimates based on disaggregated data have been reported along with

wegute data in the same tablc.g/

those basel on
The price elasticities estimated from the aggregate and the
disaggregated data may be compured in terms of the sign and the megnitude
of a specific elasticity obtained from the two sets of data. In many
cases, the cross price elasticities have opposite sign for aggregate and
Iisaggregated data, but the differences are quite small. 4s for the
own-price elasticities, in only one case (for !sereals and cereal
substitutes! for AIZS on urban data) the estimates of own-price
slasticities have opposite signs for the two types of data. For IBES,
in the rural sector for 'milk and milk products', !clothing! and 'other
nonfood! and in the urban sector for 'milk and milk products!, while the
elasticities based on aggregate data arc less than 1, those based on

19
saggregated data turn out to be greater than 1. o/ For 4AI3S, such
sccurrences may be found for 'mil: and wmilk productc' and 'other food!

in the urban sector.

of the magnitulcs of the price elasticities obtained

from the two sets of data turns out to be much more difficult. So far

Y The estimates of corresponding non-compensated cross price
elasticities have been reported in Tables G.1-C.4 in 4Appendix C.

y It may be noted that in cases where the own-price elasticity values
have (numerically)exceeded 1, the corresponding c-parameters are
negative and these items have turned sut to be luxury items according
te Table 4.5.



as the estimates of own-price elasticities arc ccncerned, no clear

pattern of difference of the estimates be

d on the two systems could
be discerned for either sector. On the whole, except for some cases,
the estimates of cwn-price elasticities based on the aggregate data are
not widely different from the corresponling estimates based on the
disaggregated data. For the LES, considerable difference may be
observed for !sugar', and smaller but appreciable differences are seen
for 'milk and milk products!, !'fuel and light!, 'clothing!, and 'other
non-food! for the rural sector, and for fedible ~ils!, 'sugar! and
fclothing! in case of the urban sector. For the 4I3S differences in
estimtes of own-price clasticities from the two sets of data may be
seen to be large for 'milk and milk products! and 'clothing' for the

rural sector, and
11/

'milk and milk products! ani !other non-food! for the
urban sector.
The estimates of non-cozpensated own-price elasticities based
on the IBS and the AIl5 are strikingly differcnt for many items for the
rural sector; for the urban sector the rumber of such large differences
appears to be smaller. For aggregate data, large discrepancies between

the IES-based and the 4IlS-based elasticity values may be observed for

1-V The estimates of own-price elasticity for 'clothing! based on the AIDS
are positive for both sets of data. Bhattacharya and Maitra (1970)
also obtained a positive own-price elasticity for this item in their
analysis of the Log-log-inverse demand functions based on NSS 7th-22nd
round data.



211 items except for fe’ible oils!, tmeatyfish, egg! «nd 'sugar! in the

mural sector, anl Cor all items oxccpt for 'meat, fish, egg's 'clothing!
and tfuel and light! in the urban ceetor.  For disagiregated data, such
i fferences may be observel for all items, except for ‘edible oils! and
tneat, fish, cgg' in the rural sector, and for only 'cereals and cereal
substitutes', and !other non-food! in the urban sector. For the rural
sector, for some items, e.g,, for 'wilk and wilk products!, tclothing',
and tother non~-food!, the elasticity values are greater than 1 by 1ES,
while they are less than 1 in absolute value by the ATDS for disaggregated
“ata; the order is reserved in case of 'other food! for both aggregate
and disaggregated data, For the urban sector, for 'other non-food!,the
1ES-based elasticity is greater than 1, while the ATJS based value is
lecss than 1 in absolute value, and for Tother food! the reverse is
sbserved for disaggregatel data,

Cwble 4.7 presents the itemwise ratios of non-compensated own-
price elasticity ani th: expenditure elasticity for the LES and the AIDS
separately for the rural and the urban sectors. It may be observed that
the estimates of the non-compensated own—price elasticities based on the
155 tend to bear a fixed proportional relationship with the corresponding
cstimates of the expenditure clasticities, In eight out of nine cases,
the constant of proportionality turns out to be approximately equal to

-0.5 for aggregate data, and -0.7 for disaggregated data for the rural
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sector. For the urbun sector the constant is approximately equal to

-0.8 for both types cf It be noted that in all cases,

fcereals 1nl cerecl substitutes! turns out to be the -nly ameptisn.@/
For AIDS, on the other hand, the ratios are totally different and are
highly variable across items. In some cases there are large differences
between ratios based on aggregate and disaggregated data for the same
item. For the rural sector, the ratio ranges from -0.039 to -1.268 for
aggregate data, and from 0.086 to -1.404 for the disaggregated data.
For the urban sector, the corresponding ranges are from -0.172 to -2.211
and from 0.152 to -1.205 . Figures 4.1 and 4.2 illustrate the
relationship between non-compensated swn-price elasticities and
corresponding expenditure elasticities for aggregate and disaggregated
data for the two systems, respectively for the rural sector and the
urban sector, Clearly, while the points for the IES lie more or less
on a straizht line, those for the aIDS are fairly scuttered for both

sectors as also for both typesof data.

12/ tno proporticnality relationship as derived in Jeaton (1974b) is
an approximate one and is based on the assumption that the cross-
price elasticities arc negligible compared to the own-price
elasticities. It may, however, he observed from Tables C.1-C.4
in Appendix C, that for 'cereals and cereal gmbstitutes! this
assumption is empirically not quite supported.
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In this chapter the empirical performances of the IES and
the AIJS have been coapared on the basis of aggregate and 2isaggregated
Indian consumer expenditure data soparately for the rural and the urban
sectors. On the whole, the AIDS appears to have performed better than
the IES. However, this is only to be expected as the 4IIS, by
construction, has larger explanatory power.u/ Specific observations
on the performances of the two systems are as follows.

48 regards the measure of goodness of fit, both in terms of

item expenditures and budget shares, the 4IZS appears to perform

better than the IBES for both aggregate and disaggregated data for both

sectors,

e sme idea as to whether AIDS is really worth all the

pa: ters that it requires, and whether one is getting gond value
per parameter, a ctepwise regression procodure has been applied as
i The results are reported in Appendix C. 4 more
roach would be to estimite the homogeneity and
symnetry restricted versions of the AIIS and check for the validity
of these restrictions. We have est: ed the homogeneous version
of the 4IDS on both the aggregate and disaggregated sets of data.
The homogeneity hyyothesis is rejected in no case. The symmetry
restricted version of the ATJS could not, however, be estimated
because of the non-availability of appropriate computational
facilities for the non-linear full information maximum likelihood
estimation of the ATIS with the yresent. numser of paremeters.
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The itcuwise sxpenditure elasticitics estimated from the
aggregate and the disaggregated cata are in close parity for the IES,
while those for the AIDS show somewhat larger discrcpancies, 4
comparison of the expenditure elasticities based on the two models
reveals that these elasticities show closer agreement for the

dlsaggregated data than for the aggrogate data.

Finally, the non-compensatel own-price elasticities based
on the IES and the AIDS are strikingly different for many items for
either set of date especially for the rural sector. While the
1ES-based elasticities show a broad proportionality relationship with
the corresponding expenditure elasticities, the iIDS-based elasticities

are relatively unconstrained.



Chapter V

performnces of the & ternative
wecifications of modified SNAM and the proposed, _system

5.1  Introduction

In chapter II we have suggested a generalisation of the IES,
called SUAM 2, which is basically a modified version of Deaton's (1976)
Simple Non-additive Model (referred to ne SNAM 1 here). We have also
proposed a set of new systems of demand squations, which have been called
the 'Wariant! models, based on Maellbaver's (1975) notion of consistent
aggregation,

In the present chapter, on the one hand, the performances of
the IES, Sall 1 and SNAM 2, and, on the other hand, those of the four
alternativ. specificaticns of the Variant! models, viz., Variant 1,
Vardant 2, Variant 3 and Vardant 4 have been compared empirically. The
two sobs of nested modcls have been analysed based on population groupwise
disaggregoted consumer expenditure data on nine broad groups of items for
rural and urban India.

The plan of this chapter is as follows: section 5.2 describes
the precedure of fitting the six models to the data; section 5.3 presents

the empirical results on log-likelihood values, paremeter estimates,
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EL

@

gnoid .£ fit nd elasticitics; and finally, scction 5.4 gives the

g

summary conclusions.

5,2 Dstimation

The seven systcms, viz., the IES, SNAM 1, SUaM 2, Variant 1,
Variant 2, Variant 3 and Variant 4 have been estimated in budget share
forns by Non-Lincar Full Information Maximum Iikelihood (NLFIML) method.
The data used herec are the disaggregated consumer expenditure data for the
rural and the urban sectorsof India over the period covered by NSS 7th to
28th roun.ls.j/

For the purpose of estimation, an additive disturbance term has
been introduced in the functional form of each of the models. Thus, the

stochastic specification of the systems are:
n

z . Co
Pyt 04 Pit %3
S . [ 0 o e o
LS Wy = —— +b; (1 )+uit oo (5.2.1)
Ty Ty
N Iopy vy (By)
pyy vy (py) PR L
SNAM 15wy = +bi(1.- )+uit..‘ (5.2.2)
b vy

v The LES has been fitted on the same data in Chapter IV. Some of the
results for the LES have, however, been reported in this chapter also
to facilitate comparison with those for the other systems.
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n
311 by 7y (Py)
S 2 s gy =+ pylpg) (- ) +ugy - (5:2.3)
A ¥
Py O3 Ty
Variant 13 wg = * b, log ( - )+ Uy vee (5.2.4)
I I c
Py Cs Piy Cs
g1 8 #1000
iy Yy (B) ¥
; e — S
Varianb 2t Wiy = o +b; log ( & o )+ Wpoees (5.2.5)
T opg, Y. (P L opyvs (P
5=1 L2 Mt 3=1 PAZ N
Py vy (B) 7
Variant 3: gy = T—-——-(——) + ai(pt)log (-;1——-——(—) LT (5.2.6)
I pyvs (B T D vs(py)
51 FARG e 5=1 B2 et
and
Pig % , 7
Variant 4: Wy = + 8 (py) log () e (5.2.7)
4 C. I Psy Cs
o1 F1 EEREAA

fori=1,2, oo pn and t=1,2, vee 5 T owith

Pig
\A (py) = o5 *+ 3 Log o H

Pig
and Bi (pt) =Dy + 4 log o ;

i
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For all the six systems, the Jisturbance term Uy has been

: 2,
assumed tn have the following }'rr;;ertws.-/

E (4,) =0 foralliandt ... (5.2.10)
"o, ; fort=3s

2 ( y - |7 cee (5.2.11)

Pl Y T Lo prt s

At this point we may mention the problems faced in the estimation of
parameters of SNAM 1 (urban data) ani SNAM 2 (rural and urban data).y
In these three estimations, after a rumber of iterations, the parameter
a, was found to diverge, while the other parameters were almost
stabilizing.!*/ In these three cases, we have (i) allowed a, to contime
to be large till the program came to an end normally, and (ii) restricted
a, at the value after which a sudden Jump to a large value was found to

occur, while the osther parameters were left unrestricted.

§/ The exprossions frr the first order parti:l derivatives of the right
hand side of equations (5.2.1) - (5.2.7) with respect to the parameters,
have been given in dppendix B.

2/ In Deaton (1976), the estimation of the parameters of SWAM 1 on British
data with eight broad groups of items posed an identification problem
of the following type. It was shown that if pi‘s are close to T 12

which may very well be the case with only eight broad groups, a.'s and
c;'s cannot be procisely estimated. +

& 1eat
gy

T ® 0 for all i=1, 2, ..., n, and t=1, 2, ..., T, the clements in
a

any stage a.j is such that ﬂ,[: pj, so that from our formulation,

J
the direction matrix corresponding to a, will be approximately zero.
Consequently in the next stage aj will tend to be very large, while sther
parameters will change marginally.



No suci ;roblem of «stimation, however, occurred in case of the alternative

Variant specifications.

5.3 Comparison of results

In this section we present the paramcter estimates of the
models fitted tc the rural and urban data, and compare the performances
of the IES-SNaM 1 - SN4M 2 and of Variant 1 - Variant 2 - Variant 3 -
Variant / on the basis of log-likelihood values, ueasures of goodness of

£it (2%) amd expenditure ant own-price elasticitiss?

5.3.1 Log-likelihood values

Table 5.1.4 presents the 2 X log likelihood velues for the seven
models, viz., IES, SNAM 1, SNAM 2, Variant 1, Variant 2, Variant 3 and
Variant 4, along with the corres;onding mumber of parameters. For each of
QUAM 1 and SHAM 2, two values have been presented where necessary - one

for unrestricted ay and the other for restricted a, .

¥ Ri and elasticities of Variant 4 have not been reported here.



ternative specification
1s

Table 5.1.4 : Log likelihocd values for the
of the 'SNAM' ¢ Wariant! =

A1l India: rural and urban; disaggregated data

2 x log Jikelihood

— ?‘;;?;it;f‘s Imﬁ:llmral Infﬁﬁlirban
() () 3) [3)
1ES 18 3523.6 35347
BNAM 1 27 3568.9 3598.9*%
(3607.9)
SNAM 2 36 3691.7% 3670.7%
(3690.2) (3686.3)
Variant 1 18 3511.6 3465.9
Variant 2 27 3688.0 3726.1
Variant 3 36 3758.2 3778.2
Variant 4 27 3614.4 3678.7

restricted cstimates; figures in parentheses are the

unrestricted estimates.
It may be scen from the table that introduction of prices through Y (p)
and Bj(p) improves the performance of bath types of models as one moves

6
from the simple varsions to the extended versions.'-/ To assesc the

é/ If onc is interested in bringing in prices in the model in a manner so
that the empirical results improve considerably, Variant 2 would soem to
be preferable to Variant 4, as Variant 4 does not allow any substitution
possibility for the poorest consumer. From Table 5.1.8, botween Variant 2
and Variant 4, thc former turns out to be a superior specification for both
rural and urban data. Variant 4 is, therefore, oxcluded from the
subsequent analysis.



statistical significance of the improvements, the formal likelihood ratic

test was applied t each of the twe scts of nmested models. Table 5.1.B

below sumrarises the results.z/ The test basel on this table indicates

Table 5.1.B : DIifforence »f loglikelihood values for
alternative nested specifications of the
TSHAM! and Wariant! models

411 India: rural and urban; disaggregated data,

fordistion (2 1og Mketnoon) < x*)”
From To rural India urban India
@) (2) €))] (4)
LES SNAM 1 45.3 642
SHaM 1 SNAM 2 122.8 71.8
Variant 1 Variant 2 1764 260.2
Variant 2 Variant 3 70.2 52.1

* 2 PP
Critical value of x “(9) at 5% level of significance
is 16.92 .
significant improvements as one passes from LES through SNAM 2 and from
Variant 1 thrcugh Variant 3 .
4s the two sets of specifications are non-Pested, the log-

Likelihcod values for the similar specifications of the SNAM and the

Y Tho romults of SHAM 1 (rural) and SVAM 2 (rural and urban) to be
reported henceforth will be based on restricted a .



Variant molels are not strictly couparable. However, one umay observe

L3S performs better than Variant 1, the order of performance

n the extended specification, This is seen for both rural

and urban sectors of the country.

5.3.2 Paramcter estimates

The full sct of estimated parameters and the corresponding
asymptotic standard errm"s for the IBS, SNAM 1 and SNAM 2 have been
presented in Tables 5.2.1 and 5.2.2 for the rural and the urban sectors
of India respectively. Tables 5.3.1 and 5,3.2 present the parameter
estimates and the corresponding asymptotic standard errors for Variant 1,
Variant 2 and Variant 3 for rural and urban India respectively, We shall
ddscuss the parameter estimates obtained from the different systems below.g/

For SNaM 1, all the b~parameters and most of the c-parameters
for both sectors are significant (uxceptions are'milk and milk products!,
tgugar!, 'clothing! and 'other non-food! for the rural sector, and tmilk
and mlk products!, 'meat, fish, egg!, anl tother food! for the urban
sector).  The standard errors for all the b-parameters being very amall,
the b-paramcters are very preciscly estimated., The a~parameters for

'cercals and cereal substitubtes!, 'milk and milk products!, 'meat, fish, egg!,

%

The discussion on the LES parameters has been reported in Chapter IV.
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'sugar', 'fucl and Light' in the rural sector, and for 'ecereals and cereal
substitutes!, 'sugar', 'clothing!, anl 'fuel and light! in the urban sector
are statistically signilicant, whilé for the other items the a-parameters
arc non-significant. It may be mentioned here that the a-parameter for
tother non-food! (urban lata) Jloes not have any standard orror, since the
parameter has been fixed at that valuc.

For SNalM 2, all the b-parameters for both sectors, and the
c-parameters (except for 'edible oil', 'meat, fish, egg' and 'other food!
for the rural sector, and 'clothing! and Tother non-foold! for the urban
sector) arc significant. None of the a-Larameters for the rural scctor
is significant. The a-parameters for the urban sector are all negative
and many of them are significant, with the oxception of 'sugar', !sther
food!, 'elothing! and 'other non—food‘.?-/ Finally, most of the
d-parameters (except for 'cereals and cercal substitutes! and 'meat, fish,
egg! for the rural sector, and 'mcit, fish, egg!, 'rugar! and 'fuel and
Iignt! for the urban s.ctor) are significant und are mostly positive for
both the sectorsj.?-/ However, significant negative value of d is found

for 'fuel and light'! in the rural sector, and for 'other food! in the

urban sector.

4 The negative sign of a-raramcters is reasonable as it indicates
substitution possibilities at very low levels of living.

9/ A positive value of d means that with rising relative price of a
comnodity, its income elasticity goes up, which confirms Cramer's
conjecture (Cramer, 1970)..
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We now discuss the results presented in Tables 5.3.1 - 5.3.2 .
For Variant 1, 21l the b and ¢ values are significantly ifferent from
zern for both the ssctors. Exceptlons are: c-valuec for 'meat, fish,
egg!, and 'other food! for the urban sector, and b-values for ledible oil!
for the rural sector. The b-values for 'ceresls and cereal substitutes!
and 'fuel and light! are negative for both sectors, and the b-value for
fother food! is negative for the rural sector.

For Variant 2, all the estimated b and ¢ -parameters for both
the sectors are significant, the only exception being the b-value for
tedible oil! for rural India. The a~parameters except for 'cercals and
cereal substitutes', 'milk and milk products', 'other food' and 'clothing'
in the rural sector, and 'sugar! and ®lothing! in the urban sector, arc
significant and arc mostly negative for both sectors.

For Variant 3, all the estimated b-parameters are significant
for both c.ctors (cxcertions are: 'meat, fish, egg' .nd 'other fo»d! for
the urban sector). Sume is the case with the estimates of c-parameters
except for !'sugar! for the rural sector, and 'clothing! and 'other non-food'
for the urban sector. The estimates of a-parameters are by and large
slgnificant (with the exception of 'sugar! and 'clothing! in urban India)
and are mostly negative, Positive and significant a-values are seen for
‘mlDt and milk products', 'clothing! and !'other non-food! in the rural

sector,  The pattern of the estimates of the d-parameters obtained from



the two sectors are scmewhat lifferemt. Most of the estimated 1's turn
out to be significantly Zifferent from zero. They are relatively small

in magnituls for the urban sector. While the d's £or the rural ssctor are

mostly positive, those for the urban scctor are mostly negative. However,
glven the rolatively amall magnitudes of d's for the urban sector, the
results perhaps indicate that while for the rural consumers income
elasticities for most items react positively to rise in relative pricesof

the items, for urban consumers the income elasticities are comparatively

insengitive to relative price variations.

5.3.3 Goodness of fit

To compare the performances of the six demand systems anl to
examine their goodnoss of fit at the item level, the itemwise squared
correlation coofficients between observed and predicted budget shares (Ri)
were calecul ted for each ~f the cstimated systoms.ﬂ-/ Table 5.4 presents
the Ri vulues by items for each system fitted for the rural and the urban
sectors. The results may be summarised as follows:

The performanceSof the IES and Variant 1 are more or less similar,

Variant 1 performing slightly better for the rural sector and somewhat worse

11/

4s all the systems were estimated in budget share equation form,
Ri's were used to compare the goodness of fit.
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for the urban scct.r than the IZS. The Variant 1 fit is noticeably
inferior for 'edible nils! anl !fuel and light! in the urban sector,

Iatroduction »f prices tirough Y j(P) and (fj(p) generally
improves the Ri ~ values, the improvements, however, being small in
general, The improvement is quite clear for the Variant set-up in the
urban sector, while elsewhere it 'is not so clear. 4s one moves from the
simple versions to the extended versions, noticeable improvements of Ri
value may be observed for fother food! in the SNAM set-up and for 'other
food! and 'meat, fish, egg! in the Variant set up for the rural sector.
For the urban sector, congiderable improvement may be observed for 'edible
oils' in the SNAM set-up and marked improvements may be observed for
tedible oils', 'other food! and !fuel and light! in the Variant set-up.
However, in some cases, (e.g,, for the urban sector, for 'meat, fish, egg!
and 'cther food! in the SNAM set-up, and for 'meat, fish, sgg! in the

Variant ct-up) a slightly declining trend may be observed.

Variant 3 in general, performs better than SNaM 2 in both
sectors taking all items together. The Ri values for 'other food! in the
rural sector for both the models, for !sugar! ani lother food! for SNAM 2
and for 'meat, fish, egg! and 'sugar! for Variant 3 in the urban sector
are rather smell., The Ri value for 'other food! based on Variant 3 is

markedly better than that based on SNAM 2 for urban India.
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5.3.4 Excenditurc and own-price elagticitics

Tables 5.5 and 5.6 give the itemwise exyenditure and own-price
elasticitics cstimated for different systems at the samplo average »f
prices and total expenditure for the two scctors.

As regards the expenditure elasticities, the estimates for
alternative SNAM specifications are close to one ansther, but differ t:-
some extent from the other estimates. Variaznt 1, Variant 2 ani
Variant 3 give very similar cstimates for the rural sector. For tne
urban sector, however, the agreement is mot as much; congiderable
di screpancies may be observed for almost all items except for.'milk ani
milk products'. On the whole, for both sectors, the estimated
elasticities based on the two sets of modclsare comparable. The estizates
based on 8NAM 2 and Variant 3 are fairly close for both sectors (exceptions
are: 'milk and milk products', 'elothing'! and !sther non-food! for the
rural sector, and folothing! and !sther non-food! £r the urbin ssctor).

The estimates of itemvise own-price ¢lasticities show much
greater variation across the systems. Within the SUAM set-up thers arc
large discrepancics in elasticity values estimated from the thres systems
especially for !sugar!, 'clothing!, and !fuel ani light! for the rural
sector and for 'milk and milk prolucts', 'edible »ils!, 'other food! ani
tclothing! for the urban sector. For the Variant set-up, marked

disorepancics may be observed for almost all items except for 'sugar! for
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the rural scctor, and for 'cereals and cereal substitutes', !'sugar!,

tother food!, 'clothing! and !'fuel and light! for the urban sector.

Cne of the purposes of introducing price flexibility into the
parameters of the LES is to overcome the problenm created by the additivity
of the drect utility function underlying the IES, so that the approximate
proportionality relationship between the expenditure and non-compensated
own-price elasticities is no longer valid, To check the improvement in
this respect empirically for the SWAM set-up, the ratio between the
expenditure elasticity anl non-compensated own-price elasticity for each
item was calculated for the IES, SNAM 1 and SNaM 2 . Table 5.7 reports
these ratios for rural and urban data. The ratios between the expenditure
and non-compensated own-price elasticities for the Variant models have also
been calculated for rural and urban India and reperted in Table 5.7 .
Clearly, wiile the LES shows an approximate propertionality relationship
between the expenditure elasticities and non-compensated own-price
clasticities for almost all items for both sectors, (only !cercals and
cereal substitutes' stands out from the rest) the other systems do not.@/
For the other systems the ratios are variable across items. The ratios,
in general, tend to be less than or near 1 in absolute value, with the
exception of 'fuel and light! for SNAM 2, Variant 2 and Variant 3 in the

rural sector, and 'cercals and cereal substitutes! for SNAM 1, Variant 2

2/ The fact that 'cercals and cereal substitutes! stands out as an
exception has been reported in Chapter IV.
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and Variant 3, 'ether focd! for NAM 2, Variant 2 and 'fuel and light'. for

NAM 1 and WM 2 in the urban sector.

5.4 Summary and conclusions

In this chapter, empirical performancesof altermative forms (that
allow for different degrees of flexibility of price responses) of the SNAM
models and the Variant models have been examined on Indian consumer
expenditure data. In general, the performancesof the systems impreve by
increasing the flexibility of price responses.  {n the whole, Variant 3
perforns better than the comparable SWiM of the SNAM set-up.

The itemvise expenditure and non-compensated own-price
elasticitics obtained from different systems are compared, The expenditure
elasticiting estimated for all the systems are broadly comparable,
elasticities based on the SNAM specifications being marginally different
from those based on the Variant models. The price elasticities are far
less comparable. The IES-based expenditure and non-compensated own-price
elasticities show a near-proportional relationship for almost all items for
rural and urban Iniia, while the corresponding estimates based on its

extended versions and the other systems are relatively free.



Chapter VI

SUAM 2, Variant 3 anl ATDS: 4n empirical o mparison

6,1 Imtroduction

From the empirical analyses reported in the previcus chapter, we
have seen that on the whole, SNAM 2 has performed significantly better than
the other two spocifications of the IES - SVaM 1 - SNAM 2 sot-up.
Correspondingly, Variant 3 has performed best in the Variant 1 - Variant 2 -
Variant 3 set-up. In the present chapter, these two best fitting models,
viz., SNAM 2 and Variant 3 have been compared empirically with the AIDS n
the basls of the population groupwise disaggregated Indian conggmer
expenditurs data. This comparison has been based on several criteria,
viz,, grodnoss of fit, ability to meet the regularity conditions,
plausibility of the estimitel elasticities, and properties of residuals
revealed by tests of misspecification.

Section 6.2 reports the comparative goodness of fit of the
estimated models; results on empirical validity of the regularity
conditions are presented in section 6,3; the estimates of elasticities
based on these models are examined in section 6.4; sections 6.5 and 6.6

report on tests of serial correlation of the residuals and misspecification
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of functicnal forms respectively — for the three models; and finally,

section 6.7 draws some ccneluding observations.

6.2  Comparative goodness of fit

To examine the relative goodness of fit of SNAM 2, Variant 3
and AIDS at the item level, the itemwise squared correlation coefficients
between observed and predicted budget shares (Ri) have been calculated for
each item. Table 6.1 lists the Ri values by items for each system fitted
to the rural and urban data. 4s could be expected, AIDS performs best,
on the whole, taking all items together. One may note in particular that
the Ri values for ‘other food! in the rural sector and for !sugar' in the

urban sector are much too low for SNAM 2 and Variant 3 compared to the

From Table 6.1, Variant 3 appears to be somewhat closer to the
AIDS than the SNAM 2 . Thus, for 'cereals and cereal substitutes!, 'milk
and milk products!, !sther food!, 'clothing!, !fuel and light', and 'sther
non-food! in the rural sector and for 21l items except 'meat,
fish, egg' in the urban sector, the Ri values for Variant 3 are closer
(than those of SNAM 2) to the P.f, values based on the AIDS .  In the urban
sector, the Ri value based on SNAM 2 for !'nther food! is strikingly lower

than those for Variant 3 and 4IDS .
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Tgble 6,1 Ttemrise squarcd correlation coefficients betieen observed and
predicted budget shaves (P‘i)
411 India ¢ rural ond urbany disargregated data

Ttens T N L R
) ST 2 Vaviant 3 ADS  SHAL2  Varignt3 AIDS
) (2) ) [ORNC) (€
1, Ceresls and
cereal 0,878 0,963 0,969 0,949 0,991 0,99
substitutes
2, Milk and milk
products 0914 0937 0.5 0945 0876 0,900
3, Bdible oils 0,650 0,626 0BT 0676 0719 0.8

4o Meat, fih egg 0529 052 0568 04T 0312 007

5e Sugar 0,89 0,907  0.89 0,101 0177 0511
6, Other food 025 0295 0,639 0012 0673 0766
7. Clothing 0,845 0.912 04943 0,869 0,910 0,953

8, Tuel and Light 0,921 0934 098 0899 0967 0,972

9, Othernon food 0,729 0,862 0870 0831  0.959 0,962




- 172 -

6.3 Empirical validity of regularity conditions

The regularity conditicns, i.e., the concavity of the cost
functions underlying cach of the three systems have been checked
empirically., For this, the negative semi-definiteness »f the matrix of
compensated price effects calculated at each sample point has been checked.
For each of the three population groups in elther sector, we thus have 20 such

checks for every system. Table 6,2 below summarises these results.,

Table 6,2 : Frequency cistribution of the mumber of positive
characteristic roots of the 9 x 9 matrix of compensated
price effects obtained from different systems and
population groups.

411 India: rural and urban; disaggregated data

e - N X
group ~=2 3 4 "o 1 2z 3
(D) @) G @ ) (B @ ©® 9
1 20 - - - 20 - -
SNAM 2 2 20 = = 7 13 - o
3 20 - - 5 15 o] =
1 16 4 - - 19 1 -
Variant 3 2 18 2 - - 7 13 -
) - 18 2 - 2 - -
1 - é 14 - - g 12
AIDS 2 - 18 2 - - 20 -
3 . 20 - - - 18 2

*
Population groups 1, 2 and 3 stand respectively for the lowest 30 per
cent, middle 40 per cent and the top 30 per cent of the population
based on ranking by the level of per capita total expenditure.
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It may be observed that only fer the SNAM 2 specification the
regularity conlitions are satisfied for the urban population groups 2 and
3, in 7 and 5 cases respectively, out of a total of 20 cases. In all
other cases, the regularity conditions are violatel for each of three
systems. The significance of this phenomenon in empirical demand analysis
is, howevar, somewhat controversial. 4is Deaton and Miellbauer (1980a) notey
11f the cost function deesn't exisb, why worry about its concavity?! In
any case, violation of regularity conditions does not become a hindrance
to further analysis with the system. Judging by the mumber of positive
roots, SNAM 2 performs the best and the AIDS performs least

satisfactorily.

6.4  Expenditure and own-price elasticities

Tables 6.3 and 6.4 give the itemwise expenditure and own-price
elasticities estimated for SNAM 2, Variant 3 and AIZS, at the sample
average of prices and total expenditure scparately for each of the two
sectors.

The three models give more or less similar and highly sensible
estimates for the expenditure elasticities, the estimates based on SNAM 2
being a little different from those based on Variant 3 and AIDS which show

excellent agreement. This is due to the fact that SNaM 2 has a linsar
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Table 6,3 Bstimates of itemise expenditure elagticity from different systems
at sample aversge values of prices and fotal expenditure

A1 India ¢ rurel and webany disaggregated data

_Iﬂl I')dlg All Indig Urban
Itens "__" 7o t}-—-—m»n* ¥ U__“AIJJS
) 6)' ar
1o Cereals and
cereal 063 0578 0562 0T 0,219 0,069
substifutes
2, Milk and milk

macts 198 1B 1B 134 e 14

3s Bdible oils 14026 14024 1,006 04931 0,89 04860

4o Meaty fighy egg 173 1469 1,16 1087 1420 1,106

54 Sugar 1316 1.378 130 04920 0,929 0,887
6, Other food 0,959 093 095 1,02 1073 1,049
7. Clothing 1592 14802 1,884 1.488 1,692 1,642

Fuel and light 0671 0,616 0621 052 0676 06T

Other non food 1512 1,733 12736 14382 14956 1590
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Table 6.4 Estimates of itemise own~price elasticity from differcnt systems
at sample average values.of prices and fotal axpenditure

41 Indis ¢

rural and wrban;

digaggregated data

Itens

T Thdis le

T2 Ty 3 s:w
RN ) DU )

T Hi T Ui -

V@Z 25 Zﬂ“

4
.

Cereals and
cereal
substitutes

Hilk and milk
products

Bdidble oils
leat, fish, egg
Sugar

Other food
Clothing

Fuel and light

Other non food

0,661

~0,832

~0509
=017
~0,361
=04387
=04022
-14284

~0.816

=04489

~0.939

04353
0,818
=039
04232
04132
=107

=04791

«0,098

~0590

=0.604
~04809
=062
14299

04162
0529

~04648

~04396

0,637

0,292
0,960
~0587
~14380
04561
=096

~14160

~0.612

14164

~0,481
=0.973
<0414
-1,158
<0435
0,708

04962

0,041

=1,025

0,783
0,806
04736
=14069
~1.300
~0.7129
0,844
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Engel curve, whereas the 4IDS and Variont 3 have similar non-linear
Engel curves.

The estimates of itemwisc own-price elasticitics for the three
systems show much less agreement. The relative magnitudes of the
elasticities estimated from the different systems do not reveal any
clear pattern in general. However, for rural India, the SNAM 2
ostimates tend to be higher than the corrcsponding Variant 3 cstimates.
The elasticity for 'clothing' for AIDS in the rural sector is
posi.tive.l/ We may note that in the rural sector, almost all items

" (except for 'fuel and light! for SNAM 2 and Variant 3, and for 'other
food! for ALLS) are price inelastic. The elasticities based on urban
data tend to be more sensible in this respect. For SNAM 2, !'other food'
and 'other non~food!, for Variant 3, 'milk and milk products' and 'other
food!, and for the AIDS, !'milk ani milk products!, 'other f5>d! and
felothing! have price elasticities greater than 1 in absolute value.

To judge the plausibility of the estimates of own-price
elasticities from the three models, it was examined whether the
estimates of itemwise own-price elasticities for the three population
groups show any reasonable pattern. Intuitively, it is reasonable tn

expect that the absclute value of the own—price elasticities would

v This has been reported in Chapter IV of this dissertation.



Aecline as real inerme level increases, Table 6.5 presents the

estimte] itemvise clasticitics for the threc population groups at prices
and total expenditures of the 28th rounl of the NSS.g/ The following
patterns my be nbserved from Table 6.5 . In the rural sector, the AIDS
estimtes declinel as inerme level increased fir only three items (cereals
and cereal substitutes', !clothing! and 'fuel and light!), and almost no
trends were observed for ledible oils!, 'meat, fish, egg! and 'other food!.
For QVAM 2, this declining pattern was observed for only three items (Tmilk
and milk produatst, 'sugar! and 'othor non~fool!) and 'meat, fish, egg!
ghowed mo trend. In case of Variant 3, except for 'fuel and light!',
declining trend was observed for all other (items except for 'meat, fish,
cgg!, which sowed almost nc trend).

For the urban sector, however, the declintng trend in
olasticitics was cbserved for all the models for many »f the items.
Inereasin~ trends were observed f r 'sugar! and 'other food! for SNAM 2,
tsugar! and 'clothing! for Variant 3 and 'cercals and cereal substitutes!
and 'other non-food! for the AIDS.  Almost no trends were observed for
tedible oils! for Variant 3, and fer 'edible ~ils', 'meat, fish, egg',

isugar! and 'other food! for 4TS,

Y Tt may bo mentioned that the pattern anl extent of variation of the
elasticities over population groups does not change much over the
rounds,
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Table 6,5 Estimates of itemwise

own price elasticity(calculated at prices and

total expenditures)of NSS 28th round by i-pulation groups for
SNAM 2, Variant 3 and ALDS

£11 ITndia ¢ rural and urban;

disaggregated data

-7 —damient s o AIDS
Ttems Sopulation groupt ropulation Aroup™  _ populstion gROUE®
1 2 3 7 3 2
[€)) (2 ) (4] [6)) ( {1 (8), (o) 10}
Al Indis Ruxal
1. Cereals and : :
cereal 0545 ~04628 ~0.744 ~0.663 ~0.577 ~04316 =0,318 =0.197 04138
substi tutes ]
2,
T o LK 1,948 0,985 0,725 =1,233 ~1.05T 0,964 ~0,162 ~04506 ~0,706
3. Edible oils ~0.491 =0.540 —0.581 =0.706 =0,636 =0:536 =04672 ~0.675 ~0.674
4. Meaot, f’:‘;& 0,863 ~0,864 ~0.866 =1,061 —1.040 =1,014 0,792 =0.807 ~0,829
5. Sugar 0,467 ~0.395 0,356 0,303 0,260 ~0,134 =0,352 ~0.463 ~0.562
6. Other food ~04303 ~04381 =0.453 =0.454 ~0.295 ~04032 =1,259 ~1,267 -1.281
7. Clothing ~0.062 0,079 0,115 0,322 0,093 -0,021 4.181 0,861 -0,098
Or Fuel and 0791 ~1.095 ~1.522 =830 ~0.975 ~1.192 ~0.586 ~0.513 ~0.310
9. Other non =14169 ~0,812 =0,682 =1,155 =0.998 =0.907 ~0,045 0,496 ~0,718
food [
Kl Urbg
1s Cerveals and ! )
coveal ~0,463 04433 0,383 ~0.T46 ~0.665 ~0.400 0,360 ~0.161 0.534
substitutes
2. Milk and milk _ et . . 1,838 1,029 =1.0:
rodaoms | ~1:326 0,764 0,564 ~1.254 ~1.189 ~1.140 ~1.038 =1,029 ~1.022
3, Baible 0ils ~0,646 ~0.501 ~0,395 =0,680 ~0,670 =0.655 =~0.844 =0,835 =0.821
4o Meat, fi::é ~14242 =1.161 =1.109  =1,619 =1.574 ~1.524 =0,783 ~0,796 ~0.812
5. Sugar 04221 =0,498 ~0,710 =0,225 ~0,256 =0.296 ~0.789 ~0.779 =0.762
6. Other food  =0.762 =1.238 —1.546 =1,277 ~1.157 =1.022 1,070 ~1,068 ~1,066
7. Clothing 0,848 ~0.565 ~0,497 =0.219 =04447 0,548 ~24258 =1.519 ~1.219
8. Fuel and !
lignt  ~1.223 ~1.073 ~0.920 0,780 ~0.742 ~0.564 =0.T74 =0.,T37 =0.653
9« Other BN ~1.801 ~1.220 ~0.970 =1,212 ~0.671 ~0.631 ~0.649 ~0,792 ~0.869

* Population group 1, 2 and 3 stand respectively for the lowest 30 percent
middle 40 percent and top 30 peroent of population based on ranking by

the level of percapita total expendituve,
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6.5 Tosts of sorisl correlaticn of SNAM 2, Variant 3 and AIDS

Given the nature »f the lata used, viz., a time series of
population-groupwise consumption data, the problem of serial
correlation is likely to be present in the estimated residual of the
gystems discussed above. To detect this for the three estimated
systems, viz., SNAM 2, Variant 3 and 4TINS, we calculated the simple
first order autrcorrelation coefficient rij between the estimated
residual s sijt and eijt—‘}’ when eijt denotes the cstimated residual for
the i~th item (i = 1, 2, ..., 9), j~th popwlation growp (j = 1, 2, 3)
and t-th time point (t =1, 2, ..., 20).‘3/ The estimated correlation
coefficientsare given in Table 6.6 .  Presence of positive serial
correlation is tested by standard test for linear cnrrola:.ian.-l*/ The

results of thesc tests have been summarised in Table 6.7 .

74 The rounds are nct of equal duration and there are cccasional gaps
between tw: ¢ nsecutive rounds,  Hence, strictly speaking, taking
t=1, 2, ..., 20 for the 20 rounds ccvered here is an over-
slmplilication.

5/ There are obvisus objections against such a procadure, and therefore
we used it only for rough guidance. It may also be mentioned here
that because of the nature of the data, standard procedure of
calculating equation - specific Durbin-Watson statistics could not
be used.
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of first ovder serial correl tion coefficients

of residuals for difforent systems and population groups

411 Tndia 3 rural and urban;

disaggregated data

L awiz Vaeent .. ADDS
I Thorlation groupt  _population group® populabion grouph
1 2 3 1 2 3 1 2 3
Gl (€ C) NN )] Gy (&) (1) (8) (€I GTo) I
A1l Inaia Rurel
1. Cereals and
cere 0.705 0.384 0,610 _ 0.618 0,510 0,574  0.544 04139 0267
substitutes
2. Milk and milk .
‘products 0,585 0,167 0.479 04416 0,144 0,656 0,078 =0.342 0.353
3. Edible oils 0.539 0,248 0,420 0,602 0,314 0,541 0.577 0.034 0,195
4o Meaty LAy 0250 0,54 0.104 -0.179 04178 0,070 -0.01 -0.099 ~0.119
5. Sugar 04131 0.155 ~0,094 =0.156 0.075 0.275  0.041 0,038 0,137
6. Other food 04179 0.320 0571 0,066 0,278 0,511  0.135 0.131 0,061
7. Clothing 0.846 0,378 0,179 04792 0,533 0,238 0,121 =0.179 ~0.010
SO o Ou1T O5T7 0,406 0,565 0,595 0:301  0.309 0.241 04012
9 eJothez non & 00452 0,372 0,590 0.246 0,357 0,532 0,351 04452 0495
. Tngla Usban
1. Cereals and s ' e
cere: 0,574 =0.036 0,599 0,335 =0,225 0,699 0.522 -0.188 0.138
substitutes 3
2, Milk and milk . 2 " 0.:
produots 0296 0307 0.002 0,402 0,173 0.041 0.4 ~0.249 0.263
3. Edible oils 0,467 0.559 =0,013 0,177 0,480 0.340 0.130 0.103 ~0.410
4. Meat, “:2{; 0.348 —0.349 0,049 0,358 =0.112 =0.011 0,131 =0.256 —0.291
5. Sugar 0.844 0,780 0,231 04829 0,607 0.571 04662 0,084 0,792
6. Other food 0.897 0.832 0.818 0.438 0,193 0.569 04680 0.447 04654
7+ Clothing 0.748 0,514 =0.056 04650 04425 0,060 04139 0,083 ~0,185
8. Fuel and 57 ¢ 8 O 0.4 0,22
1ight o.10g 0.578 0.022 0,261 0.525 =0,068 04324 540 /4
9. Other non 0.796 04405 0.582 0,349 ~0.045 ~0.057 0556 0,057 04343

food

Population group 1,
middle 40 peroent an:

the level of percapita total expenditures

2 and 3 stand respectively for the lowest 30 percent,
3 top 30 porcent of population based on wanking by
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Table 6,7 : Results »f tesb £or the presence of first order su'ml
o zes.\.wals for a given population gre

Number of rejoctions (at 5% level of slrm.ﬁ.cancu) of tne
orrclation for different systems and

ulation groups
A1 T

a: rural =n’ urban; disaggregated data

Number of rejecti-ns sut of a total of 9 cases
all India rural all India urban
System population populaticn population population population population
zroup 1 group 2 oug. 3 group 1 group 2 gzrrow 3
%Irl Uy

(Lowest (middle pper (Lowest (middle pper
308) 40%) 30%) 30%) 408) 30%)
(@] () k] (&) ) () (2]
SNAM 2 6 1 6 6 [ 3
Variant 3 5 3 4 b 4 3
ATDS 2 1 1 4 2 2

Judged by the number of cases of rejection of the mull hypothesis >f zero

serial correlation, the ALIS turns cut to be the best. The results for

the AIDS mziest that at least for the data relating to the rural sector,
serial correlation is not a serious problem. For the other two systems,
however, the number of cases of rejection of the mull hypothesis of zero
serial correlation is generally higher compared to the AIDS for each of the
two sectors. For SNaM 2 and Variant 3 the serial correlation for
population groups 1 (Lowest 30 per cent population) and 3 (top 30 per cent
population) of the rural sector are found to be significant for many items,

while those for group 2 (middle 40 per cent population) are not. For the
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urban sector, populaticn group 3 hes a emller mumber of significant cases
compared t» the other two population groups.  The phencmenon of serial
correlation »f the residuals is also reflected to scme extent by the
number of positive and negative residuals of the three models presented
in Tables6.8.1 and 6.8,2 for rural and urban India respectively. To have
some idea about the order of magnitudes of the residuals, for each system
the sum of absolute values of the residuals have been calculated for each
item for either sector. The values arc presented in Table 6.9 .  For
SNAM 2, the middle population group shows higher values comparcd to the
lowest and top population groups for many items for both sectors, with
the exceptions »f 'meat, fish, egg! and !fuel and light' in the rural
sector, and 'milk and milk products! and !other food! in the urban

sector. For Variant 3, except for 'milk and milk products', 'meat, fish,
egg', 'clothing' and *fuel and light'! in the rural sector, and 'other food!,
telothing! and 'fuel and light! in the urban sector, the same pattern is
observed for all other items.

In case of AIDS, the middle percentile grcup shows higher
values for 'cereals and cereal substitutes!, 'edible oils', 'clothing!'
and 'other non-food! in the rural sector, while in the urban sector the
exceptions to such a pattern are 'other food', 'clothing! and 'fuel and
light'. It may alsc be obsorved that for either sector, the order of
magnitudes of the sums of absolute values of the residuals is generally

lowest for the AIDS. These results taken as a whole suggest that the
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phenomenon of serial correlation of residuals may partly be due to
misspecification of the functional form rather than omission of dynamic
elements. In the next section an attempt has been made to test for
possible misspecification of the functional form.

Apparently the observed serial correlations of the residuals
for all the systems noted above would call for reestimation of the
systems taking into account the possible autocorrelation of the stochastic
disturbances. In case of misspecification of the functional form, the
other standard assumptions of the model, viz., that the expectation of
the error is zero and that the error is independent of the regressors,
are likely to be violated. Thus, usual mcthods of reestimation may not be

very helpful in such a situation (vide Maddala, 1977; Judge et _al.,

1980).  Ideally, given this type of data, onc should consider a
sultable error structure to take into account the inmtergroup correlation
at a point of time and/or the intragroup serial correlation over time.
4n approach to this problem would be to define an error components model
for the equation disturbances (e.g., Tiao and 4li, 1971; Darrough

et al,, 1983). Alternatively, onc may assume a suitable covariance
structure for the composite error terms that can incorporate these two
types of correlations mentioned above (e.g., Parks, 1967). However,
owing to limited time at our disposal, these refinements have not been

incorporated in the empirical analyses.
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6.4 Test »f misspecification of functional
form of SNAM 2, Variant 3 anl ATOS

In view of the resilts obtained in the previous section, we now
test for the possible misspecification of functional forms of the above
mentioned systems.

Since the Msaggregated data consist of average expenlitures
for three pepulation groups in each round, it is possible that the
gpecific form of Engel curves underlying Varient 3 , 4IDS (i.e., Leser-
type semilog form)and SNAM 2 (Linear form) could not capture fully the
non-linearity of income responses implicit in the data at least for some
items. To check this, we applied an empirical test of misspecification
of functional form, very similar to one proposed by Ramsey (1969).

To test the hypothesis that there is no misspecification (i.e.,
residusle frop a regression have zero means) ageinst the alternative that
means of rosiduals can be approximated by some function of the included
independent variables, Ramsey proposed two tests, called the Regression
Specific Error Test (RESET) and the Rank Specific Error Test (RASET). The
test procedure we followel here is similar to RESET, where the residual is
regressed on functions of the estimates »f the depondent variable, and
an F-test is applied for the joint significance of the coefficient in the

regression equation.



- 1833 -

For each item, we calculated the estimated budget share wijt
(where i, j, t stand respectivoly for item, pojulation group and NSS rounls)

and the correspeniing residuals ei;jt = wijt - ;lijt ( Vi being the observed

budget sh:tre) We thor fitted a quedratic rolationship between ;’i't and eij' with

oy ¢ 28 the dejendent variable, by Crdinary Ieast Squares (CLS).

Algebraically, the regression equation is given by

3 * a * 2
=2 ;oW Wy = e (6.6,
eijt a; + by "1jt+ci Uiy o t=1, 2, , T (6.6.1)
i=1,2 ..,n
i=1,2,3
where
By vy () T Vi (x,)
(1) ;’ijt = + (1= ), for SNAM 2 ... (6.6.2)
Vi Vit
Py vy () T

2) W, = 8, log{ . 3}, £
<)”1Jt ;:'—N VAL (b,) Log i—_m e ‘;ax_;;‘“ ven (6.6.3)

with
oy by
vy () =og + oy logpyy - ay 1"5(%‘(‘“)
X
and 1chklogl‘kJc
£y () =By + 3 Togpgy - 4 (T)
k

$74 This procedure and application of the RESET type test, however, may not
be strictly valid for the nonlinear set-up of SVAM 2 and Variant 3, It
has been used only as an approximation,
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and

B) wygy =g+

with _

log Pt = Zk W, 108 Dy
Py = (yg> Tays «+es Pyy) I8 the vector of prices at time t and vy bs the
total expenditure »f j-th population group in t-th period.

(=12 ..., n)

* % *
The estimates of the parameters ai N bi and ci

along with the corresponding standard errors, and also the itemwise

= . 2 Residual sum of squares .
coefficiemt of determination R® { = 1 - Total sum of squarcs )

have been presented in Tables6.10.1 and 6,10.2 respectively for rural and
urban sectors. Judging subjectively, in the rural sector, the
mi sspecification of functional form of the demand equations appears to be
largest for 'cereals anl cereal substitutes! anl 'other non-food!, for which
the R2 values for all the three moiels are fairly high, In the urban
sector, the R2 values for 'cereals and cereal substitutes! and 'fuel and
light! in ATIUS and Variant 3 are fairly low, while in SNAM 2 it is high,
for tother non-focd', the RZ values for 4IDS and SNAM 2 are fairly high,
while for Variant 3 it is relatively low, and for 'milk and milk products!
the Rz values for AIDS and Variant 3 are higher compared to that for SHAM 2.
One can assess the significance of the estimated coefficients b
and c* in Tables6.10.1 anl 6.10.2 . To test the overall significance of

the regression statistically, we caleulated the F - values
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R / (x-1)

2
(1-8%) /(T -x)
estimated) for each item, for the rural as well as the urban sector.

(F=

where k is the number of parameters

These values have been reported in Table 6.11 . In almost all cascs,
the F-values excceded the critical value at 5 per cent level of
slgnificance for items where the individual regression coefficients b*
and c* turned out to be significantly different from zero.

In the rural sector, the calculated F-value exceeds the
critical value at 0.5 per cent level of significance for 'cereals and
cereal substitutes' and 'other non-food' in all the three models, for
'milk and milk products' and 'clothing' in SNAM 2, for 'fuel and
Light! in AIDS, The F-value exceeds the critical value at 1 per cent
level of s?.gnit‘icance for 'fuel and light' in Variant 3, and it exceeds
the critical value only at 5 percent level of significance for fclothing!
in AIDS, In the urban sector, the calculated F~value is significant
at Q.5 per cent level for 'cereals and cereal substitutes', 'clothing',
'fuel and light' and 'other food! in SNAM 2, for 'milk and milk
products! and 'other non-food' in Variant 3 and AIDS, and for 'other
food! in AIDS. The F-value exceeds the critical value at 1 per cent
level of significance for 'meat, fish, egg' in Variant 3. In three
cases, viz., in AIDS for 'edible oils' in the rural sector and "meat,
fish, egg' in the urban sector, and in SNAM 2 for 'meat, fish, egg' in

* *
the rural sector, however, the individual regression parameters b and c
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werc significantly different from zero at 5 per cent level of
sigmificance while jointly the effect turned out to be non-sigmificant
at the same level of significancc.

The above results can be summarised as follows: (1) Cn the
whole, SNAM 2 involves a larger degree of misspecification compared to
AIDS and Variant 3 for both sectors, and (2) Variant 3 performs
reasonably well compared to AIDS in both sectors.

At this point it may be interesting to compare the results
of sections 6.3 and 6.4. We may note that many of the high values
of the serial correlations in Table 6.6, and of the sums of absolute
values of residuals in Table 6.9 correspond to or are associated with
slgnificant F-values in Table 6.11 .

It may thus be corcluded that for the given set of
disaggregated data, there is evidence of possible misspecification.
It, howevor, camnot be Judged whether or not the absence of dymamic
elements is the source of positive serial correlation without extensive

work involving fitting of dynamic models.,

6.7 Sumary and conclusions

In this chapter, the empirical performances of SNAM 2,

Variant 3 and AIZS have been cmupa:z‘ed.'(y Cn the whole, Variant 3

é/ To check whether the assumption that the three groups of population have
the same parameter values is reasomable, we have applied pooling tests
for Variant 3 and AIDS, These results are reported in Appendix D.



performed. better than SNAM 2. Compared to the AIJS, Variant 3
performel recsonably well for most of the items in rural and urban
India despite the fact that the number of parameters involved in the
AIDS is far larger than in Variant 3. For some items, however, even
the AIDS specification seemed inadequate.

The iterwise expenditure and own-price elasticities obtained
from different systems were compared. The expenditure elasticities
estimated for all the systems were of the same order of magnitude,
elasticities from SNAM 2 being marginally different from those of
AIDS and Varient 3. The price elasticities from the three models
werc often quite different. The non-compensated own-price
elasticities from Variant 3 showed an inverse relationship with income
level for most of the items in rural and urban India. The
elasticities from SNAM 2 and AIDS, however, failed relatively often to
show sucl. an intuitively plausible pattern for rural India.

The presence of serial correlation in the residuals of the
three models was examined separately for the three population groups.
The results suggested that misspecification of functional form could
be the cause of significant serial correlation values. Performance
of Variant 3 was generally more satisfactory than that of SNAM 2 .

4 Ramsey type test of misspecification of functienal forms

was carried out to detect whether the functiomal forms of the models
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Appendix 4

Cost functions and elasticity expressions for the
SNAM and Variant systems

4.1, Introduction

In this dppendix we shall derive the explicit form of cost
functions underlying the SNAM and Variant systems discussed in
Chapter 1L, and also obtain the expressions for the various elasticities
for these systems, Sections 42 and 4.3 present the derivation of these
cost functions and the expressions for various elasticities respectively

for these two families of demand systems.

4.2, Cost functions

Let us first consider SNAM 2, the generzl form of the SNAM

family. The budget share equations for this system are

T () T ry vy(e)
MRy e T 8y (0) U e
i=1,2 .,10  ..(21)
vith .
¥ P
() =c; +a logp - a; log ( ) v (da2.2)

Ty
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and

Fi(p) =D+ 4, logp - i (4.2.3)

where the symbols have the same meaning as in Chapter II. To obtain
*
the cost function underlying (4.2.1) - (4.2.3), we assume C(V, p) = y
3*
where C(V', p) is the cost function, v being the level of utility, and

*
use w; = __B_ZngﬂV_J_E)_ . Thus, (4.2.1) may be written as

31og Py

E.P~Yj(P)
]
+8s(P) (1=

3log C  Pi 5 ()
—_—= } 5 i=1,2,..0m
91og P; Y
v (4.204)

or equivalently

ac e; ()
S =v,() +
EF

4.2.5)

{6-zp.v, (Y, i=1,2,..., n .
i j 3]

*
where C stinds for 6(V', p) . (4.2.5) is, thus, a system of n partial

differential equations, Define
z2=C-2 p, v(p) » v (4.2.6)
FRE A
to have
3z

i=1,2 sy n. c(aa2.7)

Now, given the defimition of Yj(p) in (4.2.2) abave, we have
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) Eoapy
__);pr(p)=ci+1lpr +ai—ailog Eak
i ] X
I
) b
- ( ILap — | —
Rt z
i i
=y (), i=1,2 s n oo (4.2,8)
Thus, (4.2.7) beccmes
3z 30
T};;=—5Ti-vi(p) , i=1,2, .00y (4.2.9)
using (4.2.5) and (4.2.6) in (4.2.9) yields
P Y ()
— 2z i= . TS
T ™ , i=1,2 ..,n (4.2.10)

Given the efinition of Bi(p) in (~.2.3), separating the variables in

(4.2.10) and integrating on both sides, we have
2
e 1 (Tyem)
0 S—

“Ta Z

Py

a,
log 7 = by logp; + 4 (108 p;)

*
*logky (V) pyr i = L2rees m §#1) L (h20)

*
where log Kj W, »y =152, «uey n, j #4) is the constant of

integration. Rewrdting (4.2.11) in exponential form, we have
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: L 145 108 b,
g Jkic 9
%3 logw ERE
. .
Z=p; 17 s K0P (aza2)
where pi = (pj, i=152 voeyn, j#4). Since the l.h.s. of
. .
(4.2.12) is independent of i, Ki(V , p-) should be such that
a d
byt o 1€ by v s b+ 3 logp, o
Py K (V,p) =p, KV, p)
e (4.2.13)

for any pair of r, 8=1,2, ..., n, v#s. Dividing (4.2.13) by

Bt 2 los

it P on both sides
k!
* *
k (7, ) KV, p7)
= for any r, s, r#s
% &
. b+ 3 log py . B + 5= log p vee(da2.14)
s B kér i

ko
which suggests that KS(V 5 %) is of the form

%
b+ logp]
I ko2 PR CW-R
P (4.2.15)

* #*
k(7 p%) =V

Thus, for any i, (4.2.12) is of the form



dkzdjlogpj dkl
e b +57log
. 2 N )V*npkkz Py
kL
4 a I d; log p
* bt pmloep -yl
=V np il
k

o O @)
P

o ﬂ;(p)
...V]]('[pk ,  say.

(4.2.16)

Substituting (4.2.16) in (4.2.6), we have the explicit form of cost
function underlying (4.2.1) - (4.2.3) as

*
8. (p)
3* * J
V', p)=zp. v, (p) +V Tp, een(a.2.17)
T B s 7 d
J J
where

g (®) =% (o + 3 () ) .

The cost function underlying Variant 3, the general form of
the Variant family, may be derived in a similar manner. For Variant 3

the individual budget share equations are of the form
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L o6 (——x) , i=1,2 s
A e ey AL \W ,
3 i o (8.2.18)

where Yi(p) and f’ri<p) are as given in (4.2.2) and (&.2.3)

*
respectively, 4s before, assume y = C(V, p) and use

91og O " .
= g write (4.2.18) as
Wy logp; to (&

3 C Yi (P) Qi(P) o] .
Sloz 8 + log (- ) , i=1,2,4405 1
ap; L p.vjhﬂ Py ijvj(p5
i J e (8.2,19)
Next, define
g (4.2.20)
2 = DR TLRY
I p; vj(p5 .
b
so that
3 log® _ dogl _ 1 3 EEy 5(1:) ,i=120.s 1
R T e e liz2)

Given 3-3— tp; y(®) =v;(p) 5 nelng (4.2.19) and (4.2.20), (4.2.21)
n T

simplifies to

o, (p) )
2082 (AP s, 11,2 {oo(@.2.22)
py Py



Note that (4.2.22) is formally similar to (4.2.10), so that the system
of partial differential equations (4.2.22) may be solved in an

analogous mamner, and the solutidn is of the form

logz =V Tp Voo (402.23)
Thus, by substituting (4.2.20) in (4,2.23) we obtain the explicit form
of the cost function underlying Variant 3 to be

et ()
G
i
o, p) =1 py yj(p) exp UV Up, } voo(6.2.24)
j j

where

s? (p) = (b * oy ® ).

The cost function corresponding to the general PIGL casc.sf

our proposed system, i.e., for the system

i
.PijP

p; v; () ; )
Wy e T ) AR e
J

oo (402.25)

nay be derived in the following manner.
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. I . 2 log C s A
Assuming y = O(V p) » using vy = B—E::: ag hefore, anl

deflning z o5 in (4.2.20), (4.2.25) reduces to

“(e1) 5, B -€
z 2z L,Ei veo(842.26)
ap;  epy
Further, defining 2 2 x, (4.2.26) can be written as
8, (p) £, ()
3
Ao -2 i3 e Lo (8a2.27)
b P Py

The solution of the above system of differential equations is given

by

1
8 (@)

4
g (p) 8. (p) .
e (-1 =2—c api+Ki(€,V*,pl)}

Py

=1, 8 ey me ora(42.28)

i " .
where 17 has the same meaming as before,

2
a

an a (z 3 og pk)

1 p A X )

g (p) = (by + 3 Log p) logpy ~ "5 T En v (@.2.29)

X
(4.2.28) further simplifies to
;
; & (p)
x=1+5 (e Vi e Ty i=1,2 . e (802.30)

Now, substitution of equation (4.2.29) in (4.2.30) yields
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I * i
(x—1)—;;i(s,V,p)pi

v (d.2.31)

Note that (4.2.31) is formally similar to (4.2.12), so that

ey ()

(x = 1) = £(e) V In veo(4.2.32)

where *
B @) =% (5 +8, ()

substituting the values of x and #z in equation (4.2.32), the explicit
form of the cost function is obtained as

-e B; (p)

* =€ *
c(v,p) ={zp, v; (@)} (1-eV np oo (42.33)

with .
s () =3y vp, ®)) .

4.3. Elasticities

In this section we shall obtain the expression for various

elasticitics of the SNAM 2 and Variant 3 of our proposed model as specified

5
Y In order that §%> 0, £(e) and e should have opposite signs. Thus,
f(e) = e has been chosen.
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in (4.2.1) = (&.2.3), and (4.2.18) and (4.2.2) - (4.2.3) respectively.
It may be noted that the corresponling clasticity expressions for the
special cuses of these systems, viz., the IES and the SNAM 1 in case of the
SNAM family and Variant 1, Variant 2 and Varient 4. in cagoof our proposed
system, can be obtained by dropping the parameters (that do not appear
in the correspcnding specific systems) from the elasticity expressions
derived here.

In deriving the expressions for the various elasticities
we shall ﬁequ;ntly need the expressions for the partial derivatives

of vy (p), 8 (p) and 12 Py, % (p) where v, (p) and 8, (p) are as defined in

(4.2.2) and (4.2.3) above. These derivatives are

a, a.a.
4 Ad
B
L SxPre
o, (p)
=—— {5, . -6, } e L4,
P Cogy J(p) gy (4.3.1)
28, (p) d d a.
?pl =8y ol —L (s - oo (4.3.2)
3 Py Py 4 Py 3
and
eipk Y4 (P)
o 4@ oo (a.3.3)
where
a,p;
8, (p) = = e (4.3.4)
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and 6ij is the Kronecker deltae

The expenditure elasticity ng for SNAM 2 is given by
3, (p)
= =2 i
ny = —i- e (4.3.5)
i
The expression for the non-compensated price elasticities

uij for any pair of goods i and jis

] 3 P
Hiy = aizg Lol #12 =945 52i<p) -2y, ()
j R TN p; I k

X (y - i kak(P)) 3Bi(p) Si(p) 312( pkyk<P)

3
P Py Py 3Py

which on substitution of (4.3.1) - (4.3.3) becomes

- Lo, ()¢ Oj(p) -84y ilkpk‘rpj ﬂi(p)vj(p)

a
+{e,(p) 835 =9 (Gij -i—ik) } (y—i pY ()]
vee(4.3.6)

The corresponding compensated price elasticities

LEY (= “ij+qui) are of the form



Py

" Le () o) TR

i) (og5 -0 PN Coy; z—d%- ) }(y—ipkvk(p)) 1
k
e (@3.7)
The clasticity expressions for the SNAM 1 and the IES
can be obtained by dropping the irrelevant paramcters from (4.3.5) -

(A.3-7). Thus, for the SNAM 1

5 )
o= o5 _ vea(d.3.8)
1 \
3= q:L ) iakpk + pJ‘)l'yJ(p)
by 6y (y-: P (@) ) ] e (4.3.9)
and
LT ql[@(p)(e(l))—é )tlkk+
3 (‘5ij - bj) (y—ipkyk(P) )1 . N ERR 1))
Similarly, for the LES
b
i
ng = _w;. e (4.3.11)
llij--qu[pc‘J +byb, (y-—ipkck>]

piC,
- b=l 55 ( eee(4.3.12)

ipgy
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and

1
Pid

c.
N = (x L
T - (aiJ =0y (y—lipkck)}— (oj - 835001 - Py )

cea(4.3.13)

Let us now cbtain the expressions of various elasticities
for Variant 3 of our proposed system.

For this system, the
expenditure clasticity is

=1+
nl

Pi(p)
¥i

eee(4.3.14)
The non-compensatod price elasticity for any pair of goods i and j
takes the form

3log q. ¥ av, (p) vy IR
- %4 - [ o) i - i k
ij 2log p, T 3P, 2 E
J 2log p I P; Gi(PkYk(p)) P;
( v 28 (p) &% () , ( b4 ;
+ (— - log
Pi %y Pi zi PV (@)
2 (p) ¥

a
- —— Zpy (p)]
z k'k
i PP Py x
which on simplification becomes

TR CORCIORE R R PR R )

+ 8 (p) uj(p) + 85250 - 5 (cij

z
k
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where

lE( Ty
6(p) = W

p;v; (p)
a;(p) = W
and

¥
&= z B ()

The corresponding compensated price elasticitjes arc of the form

W,

= % (83 (P € 05(6) =655} 8(6) + 0 () ay(5) = wyw,

+ {cij 8;(p) - dj (sij -

—ﬂi(p) sj(p) } log 2] ...(4.3.16)

The elasticity expressions for Variant 2, Variart 1-and Variant 4 can

be obtained by dropping the irrelevant parameters fron (4.3.14) - (4.3.16).,
Thus, for Variant 2

cee(d03.17)

by = - % [8;(p) ¢ Sj(p) =655 o(®) +a;(p) a; ()

+ biaJ,(p) * 835 logZ) oo (ha3.018)
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and

e e
: o8 o ai(4.3220)
S it
i T e T e
L
i e ST di )
ol +b.} +6..0b log2] (4.3.2
b AL by oo (ha3.21)
25 kpkk kpkk 2
and
. 1 PypiciC.
mom-o AL e b i
Sl e R s s el |
L

oo (4.3.22)



Si(p)
CRA o (83.23)
i
P BiCa
1 J 3
I rrd b LA RS
J CUIRY D,
k k ek
vo(&3.2)
and
¢,
: : PPJ ch /
| Jp— - ‘ i
kpkk

e (8.3.35)



Aprendix B

Dorivatives of demand functions:
with respect to their parameters

It has been mentioned in Chapter III that the demand
systems have been estimated by Non-Linear Full-Information Maximum
Likelihood (NLFIML) method using the NLFIML package. The NLFIML
package uses the modified Causs-Newton method for maximisation of the
log-likelihood. Thus, for the system of budget share equations in

stochastic form
w=1= (p, y, 8) +u (Bl

where w i vector of observations on all the budget shares, y ¢ the
vector of observations on total expenditures, p : the matrix of
observations on prices, 6 : the vector of parameter's of the system,
and u : the vector of random disturbances, estimation of 6 is done
through iteration whore the parameter ostimites for the (k + 1)th
stage ék 41 are related to the parameter cstimates @k of the
previous stage through the relation

o 5 P . -1
Bppq 117 6 * 1 Z(ek)‘ (z (ek) ) 1) z(ek) +A I}

(26) & @) ® 1) vE )N .o(B.2)



where
22(ps s 8)

Z@) - 36 .

Q=k ’

V) =v - £ (py8)

E(ék) is the contemporaneous covariance matrix of the equation
disturbances estimated at the kth stage of iteration, and (X) stands
for Kronecker product. This estimation procedure thus needs the
first-order partial derivates of the individual budget share functions
with respect to the individual parameters of the system. In what
follows, we shall list the expressions for these first-order partial
derivates for the SNAM 2 and Variant 3 of our proposed system with
respect to their paramcters. It may be noted that the expressions
for the first-order partial derivatives of the special cases of the
SNAM 2 and Variant 3, viz., the SNAM 1 and the LES and Variant 2, Viriant 1 and
Variant 4, can be obtained by dropping the parameters, from the
expressions for the SNAM 2 / Variant 3,that do not appear in a
specific special case.

For the SNAM 2 system the budget share equations are of
the form

pyv; (p) =(p)

i=T+5i(p) (1__?_), i=12...,n ...(8.3)
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with
z
yi(p) =¢; +a; logp - a; log ( kzak ) oo (B.2)
£ 4, 10 7,
(o) = +a logp; - d; (& T ) ...(B.5)
k
and
alp) = IE( B 7. () ... (B.6)

The parameters of this Systen are a5, bi, ci and di » i=1,2,..., n,
The first-order partial derivatives of the R.H.S. of (B.3)

with respect to these parameters may be worked out to be as follows:

aw, a(p)

Bb;.L = 8y (1-——) < (B.7)
W, <

o - oy -5, ) (B8

a,

4 i s I
y[Pi(ﬁijl”g(nT)“xak(w 0
k

- £y p) By gl - N1 )
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and
dw, b, u(P) ‘
L - «ea(Be
3~ (o ) 0g () (-5 . (3.10)
where dk
Eap kg
=k - J
= )Ty = ipk v (B11)
k

and 6ij : Kronecker delta .

For Variant 3 of our proposed system, viz.,

v &)
w o= %p- + Bi(p) log (—;(%’7—) ... (B.12)

where Yi(p) andei(p) are same as in (B.4) and (B.5) respectively,
the para:eters arc again ai, bi’ ci,and di »1i=1,2, ..., n. The
partial derivatives of the R.H.S. of (B.‘IZ) with respe‘ct to these
parancters may be seen to be as follows :

'f)wi

¥
abj =Gij log (}TGT) ... (B.13)

2w s p; v (p)
o = ooy iy - 7‘)—; pl -8,(m1 oo (B14)
i
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Appendix C

The IZS and the AIDS : Additionmal empirical resulbs

C.1 Introduction

This dppendix has two parts. The first part presented in
Section C.2 is supplementary to Chapter IV. In this section the
estimates of the non-compensated own and cross price elasticities for
the LES and the AIDS fitted to the aggregate and also the disaggregated
data for rural and urban India have been reported. The second part,
given in Section 0.3, presents the results of applying stepwise
regression to the itemspecific budget share equations of the ATDS on
the basis of disaggregated data. This exercise was undertaken in
order to examine whether one could dispense with some of the price
variables in individual budget share equations.  Such an exercise was
folt nocessary in view of the multicollinearity problem observed to be

present.

C.2 Non-compensated price elasticities for the 1ES
and the ATDS

Table C.1 ~ C.4 present the estimates of non-compensated own
and cross price elasticities for the LES and the AIDS, Tables C.1 -

C.2 present the elasticities for rural India estimated on the basis of
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Tuble G2 Estinates of ifemdse non comensated own and cross price elasticities caloulated
at sanple average of prices and total expenditure for ALDS

11 Tndia ¢ ruraly aggregate and disaggregated data*

S 12 3 5006 8
THens 4 1 9

0} OO N IO OO O N O O ) O
o oreels o ceredl 034 D8 D65 0G0 00 0,002 0.5 064 0L
sibgtitutes =0,09 =0s233 =0,023 0,060 0405 0,044 0,063 =0,11 =0,022

Jilk and milk 72 0,004 0,004 0,349 0,10 0,082 0,50 0,05 0.6}
moducts 1,176 =090 L0000 0,212 =0,161 0,113 =,208 02 =017

o~

3, Eiible oils 0,439 0,208 <0926 0312 0,16 0,30 036 0% 0.0
0300 0,116 0,604 0,328 025 0268 0380 0,22 0.0

Yeat, fish, gy =161 0 0580 05 Gils D22 0,96 0,366 ~0,196

4
A0 0665 0500 0809 085 0,105 0286 0,077 -0,028
5, Sugar 008 0.8 D01 0,039 D3 0,298 0,288 D17 0,218
045 0210 063 006 D2 0,468 0,05 <0112 0,118
6, Other food 063 020 0586 050 0,09 T8 DTS 0,002 0,078
05% 0360 0512 021 006 1,29 0205 0,881 0,036
7o Clothing 0,985 0,500 0,192 0,462 =0,009 0,238 0% 0,47 -0.212
05 0068 0.2 06 0.3 0241 062 0.3 0,26
6 Teledligh 80 3 041 00D 0005 0,200 0,023 ~0566 ~0,194

0086 0,0 0,12 0,117 0,024 0,094 .54 05 =0,

, Othernomfool =028 00T 0548 0,094 006 0,167 0,35 0,282 0.9
D571 078 4B 0210 038 0,418 ATy -.037 0,648

~

# In each cell {he upper figure is based on aggregate data and the lover on disaggregated datas

- ozz -
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the aggregate and the disaggregaved data for the LES and the 4AIDS
respectively.  Table C«3-C.4 present the corresponding estimtes
for urban India.

4s we have already discussed the own-price elasticities
in Chapter IV, here we shall _discuss -only . the cross-price
elasticities. It may be observed in Tables C.1 and C.3, that for
the LES, for both the sectors and the two types of data, the magnitudes
of cross-price clasticities are mostly negligible compared to the
estimates of the corresponding own-price elasticities. There is,
however, an important exception to this general pattern, that is, the
cross-price elasticities for different itemgroups with respect to the
price of 'cereals and cereal substitutes' for both the sectors and
both sets of data are often larger. No such systematic pattern is
observed for the estimated cross—price elasticities based on the 4IDS.
The relatively large magnitude o.” the IES based estimates of the cross-
price elasticities with respect to the price of 'cereals and cereal
substitutes' would explain why the proportionately relationship between
the LES Lased estimates of expenditure and own-price elasticity was
not observed for 'cereals and cereal substitutes' in Chapter IV.

48 regards the comparability of the estimates of cross-
price elasticities obtained from the two types of data, the following
observations my be made. For either system the signs of the

elasticities estimated from the two types of data generally agree



for both .z sectors. For the rural sector, the «IDS shows a much
better agrecment. The comparison of the magnitude of the elasticities
estimated from the two types of data is, however, much more difficult

and no clear conclusion can be drawn in this respect.

C.3 Stepwise regressions and the 4IDS

It may be observed in Tables 4.3.1 = 4.3.4 of Chapter v
that a large mumber of estimated Qij parameters have high standard
errors. This perhaps indicates a fair amount of multicollinearity
in the logarithms of prices used as explanatory variables in the
itemspecific budget share equations of the 4IDS. It may be noted
that the 4IDS, as proposed, is a flexible system of budget share
equations each having a large number of parameters that would provide
first-orler approximation to any true unknown budget share equations
underlying a given set of consumption data. However, given that in
most timo-serics data the prices tend to be correlated, it is
worthwhile to sce whether the 4IDS is really worth all the parameters
it has. To cxamine this for the present set of data, the stepwise
regression procedure was applied to estimate the individual budget
share equations based on the disaggregated set of data for rural and
urban India separately. The BMDP package has been used for the

stepwise regressions.
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Table C.5 presents a summary of the Stepwise regression
results. This table gives the names of explanatory variables that
enter into the regression equations for itemspecific budget shares at
the first few stops and the corresponding ®® and 8 valwes.V  To
facilitate comparison, the 72 values corresponding to the full-
specification of the AIDS have also been presented here. It may be
observed that with small number of explanatory variables the r? and
R‘z values of the truncated regressions are generally quite high.
Also, the g for the truncated regressions are quite close to (and
in some cases even higher than) the ones for the full specification
of the AIDS. These results thus clearly demonstrate how the large
number of price parameters contained in the 4IDS could virtually turn
out to be superfluous in the presence of high correlation amongst the

price variables.

y The 'income' variable in Table C.5 is actually the real income

n
defined as ;/F, with F= g Wy log p; ; where y, P;
1

(i=1,2,...,n) and wy (i=1,2,...,n) have the same meanings as before.
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alDS and Variant 3 : Homogeneity across

In the empirical analyses based on population-groupwise
disaggregated consumption data reported in Chapters IV, V and VI,
demand systems have been estimated under the assumption that a single
system would be applicable to all the three population groups. Thus,
it may be of interest to examine if this assumption of homogeneity of
demand systems across population groups is empirically plausible. In
what follows, we report some results on tests of homogeneity of demard
systems across population groups, applied to the two best fitting systems,
viz., the AIDS and Variant 3.

For the AIDS, homogeneity across population groups has been
tested for indivicdual itemgroups 1 rough a single equition procedure
described in Deaton (1980). This procedure t.kes into account the
heterogeneity of disturbance variance across population groups.
Following chis procedure, population-group specific observations are
first standardised by dividing by the respective estimated standard
deviations obtained from the group-specific regression estimates. 4
pooled weighted regression equation is then estimated on the basis of
these standardised observations. Thus, let RSS, : residual sum of

3
squares for the regression equation for population-growp j (= 1, 2, 3)
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Jhy standardised observacions for that group, and RSSp 8
residual sun of sguarcs for the pooled regression equation mentioned

above,  Tne statistic for the pooling test is then defined as

il
! =1 N — v (D)
T RSS, /(T - %)
IR
K being the mumber of parameters in the equation and T being the total
number of observations in all the three groups together. In view of
the fact that RS‘SJ.’S relate to regression equations estimated on

standardised data, (D.1) simplifies to

RSS - T+
» XK

= oo (Di2)

F=

which under the null-hypothesis of intergroup homogeneity is

dstrimut>? as F (K, 1-3)



based on AIDS

Itemwise F~values for pooling test

411 India: rural and urban; disaggregated data

Items 411 India rural 411 India urban

(@) (2) [€))
omdemeesuok o
2 “’gf;dagis"‘ﬂk 15.219% 2.338%
3. Edible oils 5.455% 5.795%
4. Meat, fish, egg 2,429% 18.569%
5. Sugar 1.556 7.616%
6. Other food 12444 1.735
7. Clothing 5.243% 0.111
8. Fuel and light 11.210% 0.164
9. Other non~food 11.001% 2.263%

*
Significant at 5 per cent level exceeding critical

value F, 1.96

22, 277

Tuble D.1 presemts the itenwise computed F-values separately
for rural and urban India. It may be seen froa this table that with (22,
27) degrees of freedom for most of the itemgroups in rural and urban India,
the homogeneity is rejected at 5 per cent level of significance.

Exceptions arc 'sugar! for rural India and 'cereals and coreal substitutcs!,

'other food', 'clothing' and 'fuel and light' for urban India.



For Variant 3 an approximate pooling test has been done on
the basis of the likelihood values.l/ In this case, the system has
been estimatel separatcly for each of the three population groups and
the sum of twice-log-likelihood values obtained for each population
group (called Lg here) has been compared with the corresponding twice-
log-likelihood value for the system cstimated on the basls of pooled
data (called L. here). The difference Ig - Ly is asypototically

aistributed as X:S - ny? VTS N = Inp, np being the mber of

parameters in the system. The estimated LS - L} values are presented
in Table D.2 below, along with the corresponding group specific and

pooled twice-log-likelihood values.

Table D,2 : Difference of log-likelihood values for alternative
cstimation of Variant 3 from pooled and non-pooled
data

A11 India: rural and urban; disaggregated data.

Seot Twice-log-likelihood value L-n*
CRAChy Fopulation Population Population p 009 8 1§
group 1 group 2 group 3 i
@ (2) [€)] (4) [N E)
4A11~India
Tural 1477.3 1836.7 1476.7  3758.2 1032.5
411-India
urban 1457.0 1415.6 1416.1 3778.2  510.5

*
The critical value of x2 at 5 per cent level of significance
is 92.8 . [

This test procedure followed here is an approximate one, as it does not
take into account the heterogeneity of the variances of the itemspecific
random disturbances across population groups.
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The results prosented i: Table D.2 clearly indicate the
heterogencity of consw ption patterns is described by Variant 3 across
population groups.

In view of the above results, the validity of using pooled

data in the empirical analysis presented in this dissertation msy be

questioncd. It may, however, be mentioned that the results presented
above pertain to testing of equality of all parameters across
population groups simultancously. It is possible that systematic or
large variation of some, but not all, of the parameters across
population groups leads to significant values of the test statistics.
To get @ rough idea of this, the parameter cstimates obtained by fitting
the AIDS and Variant 3 to the three population groups separatcly werc
examined., It turned out that for Variant 3, while the variation of
other parameters werc emall, the c—paramcters for the rural sector and
the a-parameters for the urban sector varied systeuatically across
population groups, the magnitude of variation being larger in case of
the former. 4s for the AIDS, no such general pattern could be
observed.  For cach cquation, however, many of the parameters showed
Little variation across population groups. 4s this stady of
heterogeneity of consumption behaviour across population groups was
undertaken very late in the course of the present study, these results
could not be taken into account for re-doing the results based on the

assamption of homogeneity.



E.1 Introduction

In Chupter IV, we presentel estimates of the AIDS and the

LES fitted to agiregate and disaggregated consumption data for rural

and urban India. Serial correlaticn of item-specific random
2isturbances is commonly encountered in analyses of aggregate time
series consumption data on the basis of static demand systems.
Presence of serial correlation in these cases are gencrally ascribed
to the inadequacy of static demand systems in capturing dynamic
elements, e.g., shifts in tastes and preferences over time, habit
formation ete., implicit in aggregate time series consumption data.
To cope with this, dynamic versions of static demand
systems ~re . scmetimes tried out. Two approaches to dynamisation
of a static demand system are popular, viz., the introduction of
time trenis in the individual demand equations or in the relevant
parameters of a static system, anl the introduction of the phenomenon
of habit formation into the system by making some of che relevant
parameters dependent on past consumption levels (Polla_k and Wales,
1969; Pollak, 1970a).
N In our exercise based on aggregate data, the problem of

serial correlation of the item—specific random disturbances was



observel to be quite strong. In view of this, some further exercises
based on the agsregate data werc unlertaken. Here, we report the
results cf these exercises. In section E.2, the results based on
the AIDS in its first-difference’ form are discussed. The results
relating to the dynamised LES and also the dynamised Variant 1 of our

roposed system are preosented in section E.3 .
prop P

E.2 The first—differenced AIDS

For the ATDS fitted tc aggregate consumption data for rural
and urban India, the equation specific Durbin-Watson (D-W) statistics
were all observel to be very low — clearly indicating the presence of
positive serial correlation in the item-specific random disturbances.
The AIDS in its first-differenced forms were therefore estimated. 4s
is well-iown, the first-differenced AIDS with item-specific intercept
terms is useful in exuanining the presence of linear time trends in the
observed bulget shares. We have estimated the first-differenced AIDS
once with the intercept terms and again without the intercepts in order to
detect the prosence of such linear time trends in the observed budget
shares. These systems have been estimated separately for the rural
and the urban sectorg,

Table E.1 presents the itemwise adjusted coefficients of

determination (%) for the two versions of the AIDS, estimated by
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Table B/ Itemdise adjusted coefficient of deterninotion (I?z) for AIDS ¢
15t dlfferenced, with and withous intiercepts

A1 Indfa ¢ mral and wrbeny aggresete date

Alldiamoel A Indig wben
Tters with without with without

.Anteroept intercept intercevt intercept
0) (O NG) W..—_0)

1o Ceveels end cereal substitutes 0,919 0918 04742 04689
2 M1k & nilk products 0208 <109 0700 o.62
5 Biible ofls 0346 0B o4 0.9
4o Weat, figh, egg 0293 031 00225 0,289
5, Sugar 0,868 0873 080 0819
64 Other food 0323 150 0,016 5270
To Clothing 0336 0.2 0410 pub2
8, Fuel & light 0002 040 AT bt
9y Other nom food 0308 0369 0S5t
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single-equation crdinary least squares methol for the two sectors.

4 comparison of the 52 values for the two specifications of the first-
differenccd 4lDS suggests that the introduction of the intercept terms
does not, in general, improve the results. Indeed, the intercept
terms turned cut to be significant only in a few cases, viz., for
'other food! in case of the rural sector, and for !'fuel and light! in
case of the urban sector. However, the problem of multicollinearity
was observed to be very strong, so that the above observation regarding
the presence of time trends in budget shares may not be conclusive.

To examine the extent to which first-differencing the 4IDS
could eliminate the observed serial correlations in the ¥fem-specific
random disturbances, we calculated the equation-specific D-W statistics
for the two versions of the first-differenced AIDS. Table B.2
presents the computed equation-specific D-N statistics for the
originally estimated 4AIDS and ite first-differenced versions
separately for the two sectors. It may be observed from this table
that for the first-differenced version of the iIDS the problem of
positive serial correlation is virtually absent. It may thus be
concluded that the aggregate time series consumption data for the rural

and the urban sector are auto-regressive in nature.
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E.3 Dynamised LES and Variant 1

T capture the auto-regressive and time-dependent elements
observed to be present in the aggregate consumption data, we estimated
two types of dynamised versions of the IES and Variant 1 of our
proposed system. The first type incorporates linear time trend in
the individual budget shares., Thus, the IES with linear time trend
takes the form

Pig &4 L Py
+ oy (1-—‘]—-—)+ult co(B.1)
Tt

wit=ait¢

fori=1,2, ..., n, where ait represents the time trend in wit
and the other notations have their usual meaning. Similarly,

Variant 1 with linear time trend is of the form

Pit %4 Yy
wit=;it+ T, 0, +bilaé<2p.tc. )+uit .. (B.2)
379 LS

fori=1,2, ..., n.

The other type of dynamisation is based on the introduction
of habit formation phenomenon. Here, we have considered the case of
the committed quantities being linearly dependent on the previous level
of quantity consumption, i.e., ci<qit—1) =c;y +ay gy » where UGyt

consumption of item i in period t-1 . Thus, the "habit-formation



version ol tne IZS is of the form

pyg (o5 + a3 agy ) IPjg (cj+ajqjt—‘l)
= +b, (1 -y
Wit vy i ( b ) Yt
<. (B.3)
fordi =1, 2, ..., n. The corresponling Variant 1 system is

given by
Pig (05*a3054 ) Tt
W, =——(————7+b. log ('—~—(——F) +u,
orE gty g) TR 5 Pae gt
i (Bug)
fori=1,2, ...pn.
The systems represented by (E.1), (E.2), (E.3) and (E.4)
were estimated for the rural and the urban sectorson aggregate time

series consumption data. Under the assumptions E(u,

) = 0 for all

1iand b, w2l B(u, ujs) =9y fort= s and Blu, ujs) =0 for
t # s , these systems have been estimated by .ion-Linear Full-
Information Maxirmum Likelihood method using the NLFIML package.
Table E.3 presents the twice log-likelihood values for
these systems separately for rmral and urban India. To facilitate
comparison, the corresponding log-likelihood values of the static
versions have also been reported in this table. It may be observed

that for rural India, introduction of a linear time trend results in a



Toble B3 Comparative values of tyice logelikelinood

A1 India ¢ rurel and urbany eggregate data

LES
Ktelz P
Bootars tnt time  fomee tant  time  fomee
5 taste  frend tlon  faste  frend tion
0] 2 N 9 M Y ) O () I 1

411 India rurel W7 B0 B0 B0 B 1470,

AL India urben M6 1606 17 1Lt BB 165

fumber of paremeters 18 il 2 18 Al 2




much larger rise in likelihood values than the introduction of habit-
formation for both the IES and Variant 1 . Actually, introduction of
habit-formation in the 1ES leads to a fall in the likelihood value.

For urban India, the results for the two systems are somewhat different
in nature. For this sector, introduction of habit formation in the
LES results in a larger rise in the likelihood value compared to the
introduction of linear time trend. For Variant 1, on the other hand,
introduction of linear time trend signifieantly improves the likelihood
value, but the introduction of habit formation fails to do so.

To examine whether the introduction of linear time trend
or habit formation could improve the situation regarding serial
correlation of the item-specific random disturbances, we computed the
D-W statistics for the two dynamised versions of the IES and Variant 1.
TablesE.4 and E.5 present these D-W statistics for the rural and the
urban sectnrs for the alternmative versions of the IL3 and Variant 1
respectively.

From Table E.4 it may be observed that in the rural sector,
the LES with time trend shows some improvements in the picture of
serial correlations. But the habit-formation version of the IES, in
general, suffers from more serious serial correlation problem compared
to the original IES. In the urban sector, on the other hand, both the
versions of the LES improve the picture of serial correlation - IES with

time trend doing somewhat better than the habit-formation vewsion.



Table Bo4 Iten specific DurbineWatson (D-W) statistics tor the IES, 1ES with
linear time trend and LES with habit formation

A1 Indig ¢ rurel and urban;

garecate data

Al Tglageal A1 il when
18 15§ i 1ZS
with AT with
Tens 1ES E&‘ mbit 0 S
formtam - forng=
trend t%o% e
@) O] [©) 4 G).....[6)
1y Oereals and
oereal 0,614 0,622 0,791 0805 0,928 1,146
substitutes
2y Milk and milk - '
products 0,859 0,927 0882 0,973 0,996 1,786
3, Bdible oils 0,B3 125 099 1169 2,80 1,191
4o Meat, fish, egz 1,812 LTTT 1569 2,645 2,149 2,094
5, Sugar 0u61 2,088 0,60 0,707 146 2,109
6, Other food 0,187 0,946 0,98 0,106 0,897 0,703
7o Clothing 0,655 1551 0682 0562 2,282 1,214
8, Tuel and light 12264 1830 0842 1536 2,216 1,789
94 Other non food 1248 L7204 0,643 2,083 0,879




Table E.5 Tten specific Durbinelistson (D) statis . cs for Variant i
Variant 1 with linear time trend, and Varient 1 with
habit formation

A1 India ¢
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rural and

urbang

aggregete data

ALl India ural

02 Tndie wiban___

Tai. T Vi o
Ttens Vade  FPD g e T
att habit  ent1 habit
me time
trend Lomge trend mea'
tion . tion
() (2) () (4) [6) (6) @
1o Cereals and
cereal 0,679 04794 0578 14129 1,238 1,623
substitutes
2, Milk end milk . . ‘
products 04865 14189 14998 04998 04919 14648
3. Edible oils 1,203 1066 1174 04854 1,000 76
44 Meat, fish, egg 1,814 1,859 14110 2,618 1,726 14923
5. Sugar 0329 15 05% 0400 0,942 J786
6. Other food 04157 04865 0,301 0,220 04986 2,036
7o Clothing 14212 1626 2,013 0,3 14886 1,639
8+ Tuel and light 1,237 14919 14328 14300 1.568 2,087
9, Other non foed 153 1,737 1397 0,651 2,018 1,260




The rcsults for Variant 1 in Table E.5 are broadly similar
in nature to those in Table E.4. dctually, the relative superiority
of the time trend version for rural India and of the habit-formation
version for urban India in accounting for the observed serial
correlations (at least partly) is brought out more clearly here.

Before concluding we shall summarise the results regarding
the presence of time trend and habit-formation as reflected through
the estimates of the dynamised versions of the IES and Variant 1. 4s
regards the presence of time trend, for the rural sector, both the
systems indicated significant time trend for !sugar!, 'other food!,
'clothing', 'fuel and light' and 'other non-food' items. For the
urban sector, the estimatos based on Variant 1 indicated significant
time trend for 'edible oils', 'meat, fish, egg!, !'sugar', 'other food',
'elothing! and !other non-food!, and the estimated IES indicated
significant trend for !cereals nnd cereal substitutes!, in addition.
So far as habit-formation is concerned, the results based on the two
systems showed some differences. While the LES-based estimates
indicated significant habit-formation for all the items in the urban
sector, the cstimated Variant 1 did not indicate significant habit-
formation for 'edible oils', 'clothing! and 'fuel and light! for this
sector.  For the rural sector, the estimated LES indicated significant

habit-formation for 'cereals and cereal substitutes', 'edible oils',



‘other food! and 'fuel and Liznt! only, while the results based on
Variant 1 infcated significant habit-formation in respect of all the
nine iter groups,

To conclude, it may be pointed out that the dynamised
versions of the 125 and Variant 1 succeeded to some extent in
accounting for the presence of positive serial correlations that were
observed to be present when the static version of these systems were
estinated on aggregate tine series consumption data, However, these
dynamised versions camot be accepted as satisfactory speeifications
for the aggregate data analysed here because for such important items
as "cereals and cereal substitutes!, 'edible oils', 'lothing' etc.,

the problen of serial correlstion continues to be present,
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