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Foreword

How the well-being of households is affected when inflation occurs or relative
prices shift, how widespread poverty is in your country, how this compares with
other nations, the extent of inequality in society, and how deep the relative
deprivation is of the poor compared to the rich—these are the topics that interest all
of us, specialists and laity alike. But most people have no idea of the amount of
effort, from data collection, through statistical analysis, to theoretical conceptual-
ization, that goes into producing these numbers that appear in newspaper headlines
and magazine essays and in tickers running beneath the main-frame of the evening
television news.

This book, which is a collection of papers, written by Ranjan Ray over the years,
on the above topics, mainly in the context of the Indian economy, with occasional
forays to other nations, such as China, Vietnam, Canada and Australia, is an erudite
and authoritative work. The value of the book lies in the wonderful, encapsulated
account it gives of all the specialized work that goes on behind the production
of these headline numbers concerning inequality, poverty and household welfare, in
India and other economies, that all of us take an interest in but only a few fully
understand. The book also goes into related areas such as commodity taxation and
tax reform, which, with India’s recent adoption of the Goods and Services Tax, has
become a topic of popular interest.

Reading these essays not only helps one understand the full significance of some
of these concepts and indicators but also makes one aware of their strengths and
weaknesses. As such, Household Behaviour, Prices and Welfare should be of
interest to students and teachers of economics, to economic journalists and media
persons who report and talk about these numbers, and also, alas, to the social media
trolls, wanting to give a spin that serves the interests of his or her political master.

My own interest in these topics was, initially, that of the curious bystander. This
changed once I went to the world of policymaking, first in the Indian government in
New Delhi in 2009 and then at the World Bank in Washington in 2012. I was
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actively engaged in several of the topics that this book deals with, and as a con-
sequence, I was already familiar with some of the papers included in this volume.

At the World Bank, which is the world’s premier institute for global poverty
statistics, I had quickly come to appreciate the importance of in-depth analysis
of the indicators of poverty, inequality and household well-being, which we use to
guide us through policymaking. It is wonderful to see a robust and engaging
analysis of many of these topics within the covers of one book. Ranjan Ray makes
us aware of both the advantages and the pitfalls of many of these indicators and
indices.

Consider the standard purchasing power parity (PPP) index, which is at the heart
of intercountry welfare comparisons and would be the source of joy, anguish and
complaints every time the World Bank puts out fresh PPP numbers, which
prompted new intercountry comparisons. And, indeed, there is scope for ques-
tioning these indices. For instance, for large countries, such as China and India,
where prices vary across geographic regions and between rural and urban areas,
there is an open question concerning how representative the PPP indices are.
Ideally, what one wants are different PPP indices for different groups and, if that
were not available, to at least be aware of their shortcomings so that we can keep
them in mind in crafting policy interventions. Ray’s book does a thorough job of
pointing to these conceptual problems and also providing suggestions for future
research to correct them. It is in this sense that the book addresses the interests of
both the policy maker and the students interested in academic work.

There was another, more personal reason that drew me to reading this book. In
the early 1970s, when I was a student at the London School of Economics, among
the inmates of the hostel at Fitzroy Square, where I stayed, was a small group of
aspiring chartered accountants. Among those to-be accountants, setting out every
morning, in their neckties and formal suits, to spend the days auditing accounts,
there was one who openly envied us, the graduate students of the London School,
who kept erratic hours, working late into the nights, and often chatting and debating
economics hours on end. This was Ranjan Ray, who having been a student of
economics in India, took a lot of interest in what we studied, and in our debates and
discussions. After some months of watching us wistfully, he took a big decision. He
announced he was changing his career plan and applying for admission to LSE.
Soon he was my fellow student there. Having played a minor role in his career
change, I wanted to read and see if that was a good decision on his part. It was.

Ithaca, New York Kaushik Basu
Professor of Economics and Carl Marks
Professor at Cornell University



Series Editors’ Preface

We have great pleasure in presenting the first volume in the new Springer series,
Themes in Economics: Theory, Empirics, and Policy. As stated in the descrip-
tion on the Springer website, the main objective of the series is to publish volumes
dealing with topics in economic theory and empirics with important policy impli-
cations and of contemporary relevance. Professor Ranjan Ray’s collection of papers
eminently meets the objectives, and we are happy that our former colleague,
S. Subramanian, on the Editorial Board was successful in convincing Professor Ray
to undertake this venture.

This volume is particularly appropriate as the first volume since it provides an
excellent illustration of the link between theory, empirics and policy in economic
research that is the key objective of this series. The essays reported in this book
describe empirical studies on a variety of data sets from countries with different
cultural and developmental contexts. This collection of essays covers a diverse set
of topics related to household behaviour and welfare. Among others, these topics
include: the distributional implications of price movements; effects of changes in
relative prices on inequality and poverty; and effects of selected public delivery
schemes in India on the health of its children. The volume is divided into three
parts. In Part A (Chaps. 2-7), the central role played by prices in welfare com-
parisons is examined. In Part B (Chaps. 8-9), instead of the single-country scenario,
bilateral and multilateral country contexts are considered is examined. In Part C
(Chaps. 10-12), the focus is on non-money indicators such as calorie intake,
hunger, child health and multidimensional poverty. Chapter 1 provides a useful
overview of the material covered.

This book should prove to be a useful resource for a variety of stakeholders
ranging from students and teachers of advanced undergraduate courses in eco-
nomics to doctoral students, researchers and policy analysts. It contains up-to-date
surveys of several of the topics covered in the volume.
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Ranjan Ray is currently Professor of economics at Monash University. He has
had a distinguished career of teaching and research. Apart from Monash University,
the institutions where he has taught include University of Manchester, Delhi School
of Economics and University of Tasmania.

Gurugram, India Satish K. Jain
Oslo, Norway Karl Ove Moene
Gurugram, India Anjan Mukherji
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The measurement of prices, PPPs, demand estimation and welfare measures, living standards

and inequality. These and more are in this excellent book by Ranjan Ray. An attractive blend

of theory and measurement, the book will be a source of inspiration for all those wanting to

learn about recent developments in the measurement of prices and welfare within and
between countries.

—Kenneth W. Clements, FASSA, Professor of Economics,

The University of Western Australia

This book contains a selection from the outstanding lifetime scholarly contributions of
Professor Ranjan Ray which focus on the measurement of household behaviour and welfare.
A distinguishing feature of the book is the ideal and balanced mixture of theory, empirics and
policy. It highlights the importance of monetary and non-monetary measures in assessing
welfare and poverty at the national level as well as at the global level. Through these essays,
Professor Ray demonstrates his mastery over micro-economic theory and his command over
econometric tools necessary to deal with diverse measurement issues such as the estimation
of equivalence scales; index number methods for temporal and spatial price comparisons and
compilation of purchasing power parities; optimal taxation and tax reforms; and the
measurement of multidimensional poverty and deprivation. The book contains a treasure of
cutting-edge techniques and empirical tools for researchers interested in measuring the
distributional impact of price movements on household welfare, inequality and poverty. This
book will serve as an invaluable resource for development economists, economic
statisticians, researchers, policy makers and aspiring graduate students.
—D.S. Prasada Rao, FASSA, Emeritus Professor,
School of Economics, The University of Queensland
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Chapter 1 )
Introduction Check or

This monograph seeks to bring together a collection of my recent papers with
co-authors covering a diverse set of topics with a shared focus on household welfare
and with special reference to India. In doing so, the volume also describes other
studies from other countries that share the focus on household behaviour and
welfare. India has a long and rich tradition of welfare analysis based on a preference
consistent framework applied to rich data sets from household budget surveys.
While the earlier studies were based on grouped data sets in the Consumer
Expenditure Surveys (CES) collected under the auspices of the National Sample
Survey Organisation (NSSO), recent studies use the unit records from the CES that
are made available to the researchers by the NSSO. Two common features of these
papers are: (a) they combine methodological contributions with empirical analysis
of micro-data at household-level designed to provide policy insights, and (b) they
share an interest in distributive issues, namely inequality and poverty.

An attempt is made in this monograph to link the essays to provide a coherent
picture on the use of household budget survey data to arrive at policy-relevant
results in a wide range of areas extending from prices, purchasing power parities,
real income comparisons both between and within countries, tax design and tax
reforms, inequality, poverty and equivalence scales. As this illustrative list shows
the topics cover a range of issues that cross the conventional divide between micro
and macroeconomics. Prices play a key role in several of the essays with the focus
on the distributional implications of price movements, especially on the effects of
changes in relative prices on inequality and poverty. The volume documents the
shift in the literature on prices from being exclusively a macrotopic featuring in the
study of inflation and cross-country comparisons to one that is firmly rooted in
micro-theory-based analysis of household behaviour. The link between household
behaviour and welfare is a unifying feature of the monograph. A good example of a
volume that demonstrates this link is the edited book by Blundell et al. (1994).

The distinctive features of India include its population size, sharp rural-urban
divide and its cultural diversity. For example, the State of Uttar Pradesh alone has a
population size that is comparable to the combined population of Germany, UK,

© Springer Nature Singapore Pte Ltd. 2018 1
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2 1 Introduction

France and Italy. There are few greater examples of countries where the
country-wide generalisations implicit in concepts such as purchasing power parity
(PPP) of the country’s currency, the national health statistics and the country’s
anthropometric indicators are of limited use, and aggregate country-wide statistics
can be quite misleading, than in the case of India. One of the messages from the
evidence presented and discussed in this book relates to the disparate, even con-
tradictory, movements in several of the welfare indicators, besides the wide vari-
ation in their magnitudes, between the different regions of India.

The chosen studies compare household behaviour and welfare at different levels
of aggregation of the regions that the households reside in, namely subnational and
cross-national comparisons, both temporally and at a point in time. While the first
two comparisons place the studies in the realm of micro, the third extends the
interest to the macroarea. While much of the work at the subnational and national
levels are on Indian data and involve intra-national comparisons, the volume also
covers cross-national comparisons that are both bilateral (such as between India and
China, and India and Vietnam), trilateral (such as between China, India and
Vietnam) and multilateral (such as between the 200 or so countries covered in the
2011 round of the International Comparison Project). The volume does not provide
comprehensive surveys of the literature on the topics of the chosen essays since
they are available elsewhere in papers and monographs.

However, to make the volume self-contained, the chapters contain a limited survey
of the literature that the studies draw on. Instead, the volume concentrates on the
interplay of analytical framework, estimation methodology and household-level unit
record data sets in yielding a set of empirical results that can be interpreted in a policy
friendly manner. The volume gives primacy to the recent empirical findings on
household welfare in an era of globalisation that has brought about significant changes
in living standards. The essays show the usefulness of a priori-specified consumer
preferences and utility maximisation-based behaviour in analysing unit record data sets.
While much of the volume is of interest to researchers working on developmental
issues and, more broadly, on emerging markets, the cross-national comparisons
involving calculations of purchasing power parities (PPP) between national currencies
are of interest to macroresearchers with a focus on developed countries.

India is quite unique since while on aggregate GDP (PPP) the size of the Indian
economy is the fourth largest, behind China, EU and the USA, providing a huge
market that exceeds those in many of the smaller (and much richer) OECD nations,
on per capita GDP (PPP) measure, India slides down sharply in its rankings and
displays all the characteristics of a developing country with high levels of poverty,
illiteracy, hunger and undernourishment. India, therefore, straddles the divide
between developing and developed countries in a manner that few other countries
do. The focus on India, therefore, makes this monograph of wide interest to
researchers and policy analysts. The Indian evidence also helps appreciation of the
intra-country differences in large countries that give importance to the spatial
dimensions in topics such as PPP, cost of living index, nutritional intake and
anthropometric outcomes. Such an appreciation is often lacking in global com-
parisons between countries.
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The volume can be broadly divided into three parts. Part A examines the central role
played by prices in welfare comparisons. It consists of five chapters (Chaps. 2-7).
Chapter 2 outlines the cost minimisation based and preference-consistent specification
of demand systems modified and extended to incorporate family size and composition
effects, analogous to price effects, on the household’s expenditure allocation. Chapter 3
presents the alternative approaches to the measurement of changes in prices and dis-
tinguishes between the deterministic and non-stochastic approaches to price indices. It
surveys some key contributions that provide a bridge between the two approaches and
derives an equivalence between the deterministic and stochastic price indices. This
chapter also shows how the measurement of spatial variation and temporal variation in
prices in a heterogeneous country setting such as India can be integrated in a com-
prehensive framework that allows both sets of calculations.

Chapter 4 extends the discussion to the evaluation of the welfare implications of
price changes. In particular, it explores the link between welfare analysis and the ‘True
Cost of Living Index’ (TCLI) that, unlike the other price indices discussed in Chap. 3,
is explicitly based on consumer preferences and requires a priori specification of
consumers’ utility function and estimation of the corresponding demand function. An
important advantage of the TCLI approach, described in Chap. 4, is that it allows an
investigation of the effect of relative price changes on inequality and poverty. Chapter 5
illustrates the usefulness of the methodologies discussed in Chaps. 3 and 4 by reporting
the evidence from a selection of empirical studies that apply the alternative procedures
discussed there. The empirical evidence on price changes, and their distributional
consequences presented in Chap. 5 look at single-country studies.

Chapter 6 focusses on spatial price differences in India and their effect on State
rankings and inequality. Since much of the author’s work has been on India, much
of the discussion in Chaps. 5 and 6 is on India, though we also report evidence from
other countries, namely UK, Australia and Canada. While the evidence reported in
Chap. 5 is from a selection of countries, including India, Chap. 6 is focused
exclusively on India. India is of particular interest, given its large and heteroge-
neous population, with differences in preferences between States often exceeding
that between the smaller economies in, for example the European Union.
Chapters 5 and 6, which draw on, among others, Pendakur (2002), Mishra and Ray
(2011), Majumder et al. (2012) and Chakrabarty et al. (2017), report on spatial price
differences in Canada, the rural-urban differences in prices in India and that
between the principal States of the Indian union and analyse their empirical
implications for inequality and welfare.

The evidence in Chaps. 5 and 6 also highlights the sensitivity of the results to the
deterministic and stochastic specifications and the need to arrive at a satisfactory
trade-off between non-restrictiveness in specification and tractability in estimation.
Chapter 7 moves the discussion to commodity taxes with prices still playing a
central role. It defines ‘optimal commodity taxes’ and presents empirical evidence
on whether taxes are uniform in the Indian context, and on its redistributive impact.
This chapter then moves on to the issue of tax reforms and provides Indian evidence
on directions of Pareto improving tax reforms and their sensitivity to demand
specification.
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In Part B, the volume moves from the single country to bilateral and multilateral
country contexts. Part B consists of two chapters (Chaps. 8 and 9). Chapter 8
focusses on the calculation of purchasing power parities (PPP) between the national
currencies and their use in welfare comparisons. Chapter 8 highlights the close
connection between the use of price indices and the calculation of the PPPs. In
recent years, the International Comparison Project (ICP) has occupied centre stage
in providing the PPPs that are required in global and regional poverty calculations.
Chapter 8 reports on studies that subject the ICP methodology to critical scrutiny
and provides an alternative estimation framework that yields a set of PPPs that can
be used to subject the ICP PPPs to robustness checks. The material in this chapter
draws on, among others, Majumder et al. (2015, 2017).

Chapter 9 extends the discussion to describe the literature on the use of the PPPs
in calculating global poverty rates. The latter issue has acquired considerable sig-
nificance as we move from the Millennium Development Goals (MDGs) to the
Sustainable Development Goals (SDGs), with both sets of goals providing primacy
to poverty reduction, and in the light of the recent report of the Global Poverty
Commission set up by the World Bank to examine the approach to poverty mea-
surement. This section is based, largely but not exclusively, on ongoing work by the
author, Ranjan Ray, with Amita Majumder and Sattwik Santra.

In Part C, which consists of four chapters (Chaps. 10-13), the volume moves
beyond the exclusively money-metric framework of Parts A and B to focus on
non-money indicators such as calorie intake, hunger, child health and multidi-
mensional poverty.

Chapters 10 and 11 extend the discussion to bring in the recent developments in
multidimensional deprivation that include both money-metric and non-money-metric
indicators of quality of life. Following Bourguignon and Chakravarty (2003),
Chakravarty and D’Ambrosio (2006), Alkire and Foster (2011), there has been a
spate of studies on this topic that measure deprivation based on a lack of access by the
household to a range of dimensions. There are two aspects to the measurement of
multidimensional deprivation: the number of dimensions that the household is
deprived in, and the spell of deprivation in each deprivation. The literature has not,
until recently, distinguished between the two, and overlooked the importance of the
latter since the studies have either been conducted on data from a single time period
or on repeated cross sections from multiple time periods, neither of which allows
examination of the spell of deprivation experienced by the same household over time.
From a policy perspective, it is not only important to track how the overall multi-
dimensional measure of poverty is moving over time, but to also identify the
dimensions where the spells of deprivation are high.

With the recent availability of panel data sets, the volume reports the method-
ology and findings from some recent studies that extend the static multidimensional
framework to distinguish between the breadth and depth of deprivation. In this
concluding part C of the volume, while Chap. 10 reports the results from studies
comparing multi-dimensional poverty in the static framework between regions in
India, and between countries (namely, China, India and Vietnam), Chap. 11 takes a
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temporal view of multi-dimensional poverty on the lines mentioned above.
Chapter 11 establishes the need to differentiate between ‘dimensionality’ and
‘duration’ in multidimensional measures of poverty and proposes a measure that
incorporates this distinction.

The former chapter is based on, among others, Ray and Mishra (2012), Mishra
and Ray (2013), Ray and Sinha (2015) while the latter reports the methodology
followed in Nicholas and Ray (2012), Mishra et al. (2018), and extended in
Nicholas et al. (2017). Since, as yet, India does not have a panel data that is long
enough to identify dimensions recording spells of continuous deprivation, the
methodology described in Chap. 11 will be empirically illustrated by reporting
evidence based on panel data sets from China and Australia. Chapter 11 shows how
the static multi-dimensional poverty measures can be extended to incorporate
persistence in deprivation to provide evidence on the comparative spells of con-
tinuous deprivation between population subgroups in Australia and between the
residents of the different regions in China. In another application of this method-
ology, this chapter describes a study on the multidimensional deprivation experi-
enced by children in Australia and records systematic evidence of the higher
deprivation experienced by indigenous children vis-a-vis non-indigenous children
not only with respect to the number of dimensions they are deprived in, but also in
the persistence of that deprivation. The empirical studies described in this chapter
illustrate the policy usefulness of the methodology by identifying the population
subgroups facing higher deprivation and the dimensions that are primarily con-
tributing to that deprivation. The methodology has the potential for similar appli-
cations in other countries.

Chapter 12 provides evidence on the declining calorie intake in India co-existing
with declining money-metric expenditure poverty rates. This has been a source of
concern for policy makers in India with no convincing explanation provided for this
mismatch between rising rates of undernourishment and falling rates of poverty.
This concern is underlined by the dismal state of child health in India when the
country has been performing well on most macroeconomic indicators including
consistently recording during the past two decades some of the highest growth rates
in the world. This chapter also provides evidence on the spatial aspect of child
health in India by reporting differences between regions on the movement in the
child health indicators. In recent years, the continuation of in-kind transfer mech-
anisms such as the Public Distribution System (PDS) and the Midday Meal
Scheme (MDMS) has attracted considerable attention with many economists
favouring their replacement by unconditional cash transfer such as the institution of
an universal basic income (UBI) to be paid directly into the recipient’s bank
account. Chapter 12 provides some evidence on this issue including the
nutrition-enhancing effect of PDS and MDMS and their role in reducing the
‘prevalence of undernutrition’. The results sound a note of caution on disbanding,
or even curtailing, in-kind transfer schemes in favour of cash transfers in India. As
with much of the monograph, the spatial differences on the evidence on this issue
between regions in India come out clearly making it difficult to make India wide
generalisations.
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The monograph ends with the principal features and main results summarised in
Chap. 13. The monograph highlights the role of theory in providing an analytical
framework for estimation and welfare analysis that leads to useful policy insights. It
combines description of recent methodological developments with the reporting of
applications on rich data sets with a focus, though not an exclusive one, on India.

The monograph covers a wide area ranging from conventional demand analysis
and price indices to issues in multi-dimensional deprivation, social exclusion and an
assessment of public welfare schemes in India. The volume should be a useful
reference guide for teachers, researchers, and graduate students working on
methodological issues in price measurement, calculation of purchasing power
parities within and between countries, comparison of living standards between and
within countries, developmental issues dealing with hunger, child health, inequality
and poverty, and especially for those doing household survey data based empirical
work on household welfare in the developing country context. The volume indi-
cates the rich potential in micro-data sets for useful policy-relevant welfare analysis,
and the role that utility theory-based demand specification can play in this regard.
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Chapter 2 )
Specification and Estimation ki
of Demographic Demand Systems,

Equivalence Scales with Selective

Empirical Evidence

2.1 Demand Specification'

The standard approach to demand specification is to either assume a functional form
for the utility function and maximise it subject to the individual’s budget constraint
or minimise the individual’s cost or expenditure function subject to the utility set at
a prespecified value. While the former exercise is referred to as the primal approach,
the latter is referred to as the dual approach. While the former yields the individ-
ual’s Marshallian demand function as a function of the prices of the commodities
and aggregate expenditure, the latter yields the Hicksian demand function as a
function of aggregate expenditure and the unobservable utility. While the former is
readily estimable, the latter requires the utility to be substituted by prices and
aggregate expenditure using the indirect utility function that is obtained by
inverting the cost function assumed for the cost minimisation exercise. Historically,
the primal approach was adopted starting with a prespecified utility function, but in
recent years, the dual approach based on an expenditure or cost function has been
used mainly because of its proximity to welfare analysis and cost of living indices.
Given the nature of this volume, we have adopted the latter approach.

One needs to distinguish between demand estimation on a single cross section
assuming that all households face the same prices for an item, and demand esti-
mation on time series with prices varying over time. The former is referred to as
Engel curve analysis, following Engel’s (1895) pioneering analysis of Belgian
family budget data. The focus of attention in Engel curve analysis on
cross-sectional data is the effect of changes in family size and composition on the
household’s expenditure allocation, while that in demand estimation on time series
data is the effect of changes in prices on expenditure allocation. Engel curve
analysis yields estimates of ‘equivalence scales’ while conventional demand esti-
mation yields estimates of own and cross-price elasticities. The common point in

!See Deaton and Muellbauer (1980a), Pollak and Wales (1992) for a more complete treatment.
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both exercises is the estimation of expenditure elasticities that measure the response
of demand for an item to an increase on total expenditure, but the interpretation
changes between cross-sectional and time series analysis. This is due to the fact that
in Engel curve analysis, the expenditure elasticity measures the change in demand
between two households with varying level of total expenditure at a point in time,
while that in demand estimation refers to change in demand due to change in total
expenditure of the same household over time. This distinction has been weakened
in recent years following the work of Barten (1964) which extended traditional
utility functions to incorporate household size and compositional variables besides
prices.

This has led to a literature that involves specification and estimation of demo-
graphic demand systems on pooled time series of cross sections allowing simul-
taneous estimation of family size, price and expenditure elasticities. Examples of
this recent tradition include Ray (1980, 1982) on Indian data, and Pollak and Wales
(1981) on UK data. The former is described in some detail below. In the Barten
(1964) model, the household maximises a utility function,

u:u(ﬂ a q_) 2.1)

) )
my ny my

where (qi, . ..q,) are the quantities of the n goods consumed, and m; = m,(by,..., by)
is a parameter which, independently of quantities, income and prices, measures the
effect on utility of household composition. b, (d = 1,..., f) is the number of
household members in category d; m; is called the ‘specific adult equivalence scale’
which is usually normalised w.r.t an adult male or a childless couple. The budget

4qi
mi

constraint, ¢ =Y p;q; can be rewritten as u=> p,-ml-< ) where p is the

aggregate household expenditure.

While Barten’s (1964) original formulation was set out in primal terms and
involved matrix manipulation, Muellbauer (1974) simplified the analysis by
working with the indirect utility and cost or expenditure functions corresponding to
the Barten household direct utility function. If we define g; = % as the quantity

m;
consumed per equivalent adult, and p; = p;m; as the ‘equivalent adult normalised’
price of an item facing the household, then the household utility maximisation can
be viewed as maximising u (g7,..., ¢7) subject to = > piq;. This yields the

Marshallian and Hicksian demand functions, respectively, in the Barten model as

follows:
Qi:mi'Di<Pu 7...,'“> (22)
1my Pnlty

qi = m; - Hi(pymy, .. ., pumy,) (2.3)

where i = 1,..., n and n is the number of commodities. A key feature of the Barten
model that came out of Muellbauer’s analysis is the ‘quasi-price nature of the
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household composition effects’ in the Barten formulation, since the p;s and the m;s
appear symmetrically in the utility and demand functions.

While this made the Barten model widely applicable to any demand system by
replacing g; by ¢}, and p; by p7, it also pointed to the restrictive manner in which
the household composition effects are admitted in the Barten framework. It is clear
from the Marshallian demand form in Eq. 2.2 that a change in household com-
position has two effects on demand for commodity i; a direct effect through a
change in m; and an indirect effect through the terms in the function,

D; (zﬁ yee b ) In a subsequent study, Muellbauer (1977) tested on UK Family

"7 puitiy

Expenditure data the underlying and central hypothesis of the Barten model,
namely the quasi-price nature of household composition effects and found the
hypothesis to be rejected by the data. The Barten model allows the data to be pooled
across households with different family size and composition and the estimation of
the price and expenditure elasticities to be performed on the pooled time series and
cross-sectional data.

Muellbauer found the performance of the pooled model, following Barten, to be
substantially inferior to that of the non-pooled model where the demand systems are
estimated separately over the different family types. However, both the pooled and
non-pooled models yielded plausible and similar values of the expenditure elas-
ticities, the former yielded sharply lower price elasticities than the latter. This
possibly reflects the implausible nature of the Barten-type quasi-price responses
which are quite different from the real time series price responses. The cost function
of the Barten model is given by c(u, pymy,..., p,m,). Gorman (1976) generalised
the Barten model by adding a fixed cost element to the above cost function. In the
Gorman framework, therefore, household composition has both a quasi-price effect
and a fixed cost effect.

2.2 Temporal Comparisons of Prices and Income

Another contribution of Muellbauer (1974) is to show how the Barten model
allowed the true cost of living index (TCLI) (due to Konus (1939)) and the real
income index defined at the level of the individual to be extended to that of the
household. While the TCLI compares the cost of reaching a fixed level of utility in
two time periods, the real income index is the relative cost of reaching two utility
levels at given prices. There are two variants of each index, depending on the
choice of base or given year utility as the reference utility for the former, and the
base or given year prices for the latter. If we define, c(u, p) as the cost or expen-
diture function that shows the minimum cost of obtaining utility level, u, at price
vector, p, then the TCLI expressions corresponding to base year utility, u,, and

c(uo,p1) c(uy,p1)
c(uo,po) c(u1,po)’

given year utility, u;, are given, respectively, by and
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c(u,po)

cluopo) 2nd

The corresponding real income indices are given, respectively, by

% It is readily verified that the ratio of expenditures in the two time periods,

W c(upi)

Ho — cluopo)’
reference prices), and the true cost of living index (with the base year utility used as
the reference utility). The Barten model allows a straightforward extension of these
indices from the individual to the household level by replacing the prices, p;, by
equivalence scale normalised prices, p;. We will return to this topic in more detail
in the next chapter.

is the product of the real income index (with given year prices as

2.3 Cross-Sectional Welfare Comparisons Between
Households

While the above discussion related to the temporal comparisons of prices and
income, as measured by the cost of living index and real income index, let us now
turn to cross-sectional welfare comparisons between households with varying
family size and composition facing the same set of prices. The key measure here is
the ‘general equivalence scale’ introduced by Engel (1895) and extended by Prais
and Houthakker (1955) to allow item-specific equivalence scales. The equivalence
scale, as its name suggests, converts households with differing size and composition
into equivalent units in terms of some reference household. The scale, thus, seeks to
quantify and represent in one summary measure the varying ‘needs’ of families that
differ in household size and composition.

Viewed as a true cost of living index (TCLI) , the general equivalence scale
compares two households with different composition and calculates their relative
cost of enjoying the same level of utility—in other words, it seeks to answer
questions such as: “What expenditure level would make a family with one child as
well off as it would be with no children and Rs. 2000? The importance of the scale
in welfare economics in general and public policy discussion in particular stems
from the fact that considerations of justice, equity and the like crucially involve an
examination of people’s ‘needs’ in relation to available resources. Such ‘needs’ will
obviously vary from household to household depending on, among other things, its
size and composition. Larger households will have greater needs than smaller
households. Similarly, households with more children in the older category will
make greater demands on certain items, less on others, than those households with
more children in the younger category. Since it is the household rather than the
individual that is the unit of consumption, decision making and beneficiary of
public welfare programmes, it seems natural to make welfare comparisons between
households in a manner similar to the way the TCLI compares individuals over
time.

There have been, broadly, two approaches to the measurement of equivalence
scale. The first uses nutritionist requirements of different age-sex groups to
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determine the scales. This method, however, has not found wide favour since rarely
agree on what the ‘correct’ nutritional requirements are [see, e.g. Sukhatme (1978)
and Dandekar (1982)]. Moreover, such requirements are likely to vary considerably
over time and across countries. The second, more widely used approach, consists of
calculating the scales from observed expenditure pattern of households. The
approach originated with Engel’s (1895) pioneering analysis of Belgian working
class budget data, which was generalised by Prais and Houthakker (1955). The
Engel procedure uses a household’s budget share for Food as an indicator of
welfare. Hence, a comparison of expenditure of households with different family
size and composition but identical budget share for Food gives us the equivalence
scale. In spite of the long tradition of estimation of equivalence scales, there remain
severe problems in estimating and interpreting the estimated scales.

The Prais—Houthakker method leads to a serious identification problem, as noted
by Forsyth (1960). McClements’ (1977) suggestion of using Theil-Goldberger
priors to overcome the problem has been criticised by Muellbauer (1979) on the
grounds that the priors largely determine the estimates, as recently confirmed on
Australian data by Bardsley and McRae (1982). Muellbauer’s (1979) suggestion of
using nutritionist Food priors has been similarly criticised by McClements (1979)
for dominating the general scale, which he seeks to estimate, and is inconsistent
with Muellbauer’s own approach, generally, of not following the nutritionist
method of determining equivalence scales. The Barten method, though overcoming
the identification problem of Prais—Houthakker through use of price information,
assumes a type of household behaviour that implies excessive quasi-price substi-
tution in response to demographic changes and biases the estimated scales
downwards.

2.4 Alternative Technique for Estimating Equivalence
Scales—Generalised Cost Scaling and Price Scaling

Ray (1983) proposed an alternative technique for estimating equivalence scales.
Although in the Barten—Gorman tradition of using a utility-consistent framework, it
has the advantage of overcoming the identification problem by directly specifying
and calculating the ‘general’ scale without having to rely on prior calculation of
‘specific’ scales. The proposed method is easy to apply, and the estimated
parameters easy to interpret. This is particularly useful in view of our earlier dis-
cussion of the relevance of the scales in issues of public policy. Ray (1983)
demonstrated the usefulness of the procedure by applying the methodology to
pooled time series of UK budget data and obtaining plausible results. The
robustness of the estimates is established by performing the empirical work under
two quite different sets of circumstances involving different functional forms, dif-
ferent commodity and household aggregation and different number of observations
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but, yet, obtaining results that compare favourably with one another. The demo-
graphic technique proposed by Ray (1983) is described as follows.

The proposed demographic technique stems from viewing the general equiva-
lence scale, mq, as a ‘true cost of living index’, namely the ratio of costs of
obtaining a reference utility level u at a given price level p of household & with
z children and a reference household ‘R’ (adult couple with no children),

Ch(”aPaZ) = mOh(Zvl’t?p)CR(uap) (2’4)

If one specifies a suitable functional form for the cost function of the reference
household, cr (#, p), which satisfies the usual economic theoretic conditions of
linear homogeneity in prices, symmetry and concavity, then choice of a suitable
functional form for mon(z,u,p) gives us the corresponding form for the cost
function of household 4. Using price information and household budget data, one
can then calculate the general scale directly by estimating the parameters entering
m, using the estimable demand system of household, 4, implied by Eq. 2.4. The
direct specification of m suggested by this approach, not only simplifies calculation
of the general scale, but allows an easier investigation of the variation of the scale
with prices and reference utility level.

This is, again, particularly useful since the variation of the scale with price, as
much as the scale magnitude itself, is of relevance in welfare and income main-
tenance programmes. It is worth pointing out that while the Prais—Houthakker
methodology almost guarantees the scale to rise with reference utility, the reverse is
the case for the Barten scale. The general scale my can be split into two multi-
plicative factors: a ‘basic’ component, /g, and a price and utility-varying compo-
nent, @, where @ represents the dependence of the general scale on the structure of
relative prices and utility:

my(z,p,u) = me® (p,z,u) (2.5)

where ®(p,z,u) must be non-negative and homogenous of degree zero in prices
p- A test of unit @ constitutes a test of the invariance of the scale with price and
utility. It is worth noting that in such an event, i.e. if ® = 1, the cost function of
household h would be given by:

cn(u,p,z) = mo(zn )X (u, p) (2.6)

Taking logs and using Shephard’s Lemma, w; = dlogc/dlogp;, where w; is
budget share of item i, gives us the following relationship.

wn(p,u,z) = wir(p, u,2) (2.7)

Equation 2.7 says that households, which enjoy the same level of utility, have
identical expenditure composition which, as noted above, is the basis of the Engel
model. The generalisation of the present procedure over the Engel model thus
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directly rests on the variation of the scale with prices, as is evident in the following
relationship implied by Egs. 2.4 and 2.5,

dlog @

— 2.
" ologp; 28)

Wih(M,PaZ) = WiR(M,P)

2.5 Requirements for Identification of True Equivalence
Scales and Their Interpretation as Cost of Children

Browning (1992) provides estimates of adult equivalence scales from a selection of
studies in developed country contexts. The scale estimates vary considerably. This
reflects an underlying difficulty in interpreting the utility-based equivalence scale
estimate as the ‘cost of child’. The difficulty was first pointed out by Pollak and Wales
(1979) and elaborated in Pollak (1990). As noted by Browning (1992, p. 1444), ‘any
utility function V(p, x, z) can be renormalised to F(V(p, x, 2), z), where F(V(p, x, z), z)
is strictly increasing in V without changing the demand system’. However, they
generally give different values of the equivalence scale. In other words, observed
behaviour cannot identify the true equivalence scales that are required in policy
applications unless a ‘correct normalisation’ is made. Such normalisation takes the
form of assumptions such as that made in the Engel model or the identifying
restriction that the cost of a child is independent of base or reference utility.

This latter restriction was derived independently by Lewbel (1989) and
Blackorby and Donaldson (1993) and has been referred to by them as, respectively,
‘Independence of Base Utility’ (IB) and ‘Equivalence Scale Exactness’ (ESE). As
already noted above, the UK evidence reported in Ray (1983) has rejected this
restriction. Note, also, that the price scaling procedure proposed in Ray (1983) and
its nested specialisation that enforced price invariance of the scale satisfy the 1B/
ESE restriction of the invariance of the scale to reference utility. Pollak and Wales
(1979) explain this problem by drawing a distinction between ‘unconditional’ and
‘conditional preferences’. In the words of Pollak and Wales (1992, p. 85), ‘the
difficulty is that the preferences needed to compare alternative price—demographic
situations are “unconditional preferences” (in this case, preferences over price—
demographic situations) and these preferences cannot be obtained by analysing the
consumption patterns of households with different demographic profiles’.

The latter are the ‘conditional preferences’ which correspond to the observed
expenditure behaviour but are not the ‘unconditional preferences’ required to
identify and estimate the cost of a child. The latter, it is argued, cannot be identified
from observed household budget data. Again in the words of Pollak and Wales
(1992, pp. 88-89), ‘Conditional preferences are defined over market goods, with
non-market goods held fixed at specified levels. Thus conditional preferences
resemble conditional probabilities, which are “conditioned” on some specified
event. Unconditional preferences, which are defined over the space of market goods
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and nonmarket goods, are analogous to unconditional or joint probabilities. Making
situation comparisons requires knowing unconditional preferences; conditional pref-
erences do not contain enough information to compare situations that differ in the level
of market goods’. This difficulty prevents the ‘true cost of living index’ conventionally
defined over time series data with temporal variation in prices from being used to define
the adult equivalence scale based on welfare comparisons between households.

The above discussion shows that for demand data to be useful in yielding
equivalence scales that are useful for policy applications involving welfare compar-
isons between households one requires restrictions on ordinal preferences implicit in
methods proposed in the literature and, conditional on the normalisation adopted, one
requires demand data to estimate the parameters of the indirect utility or cost function.
Blundell and Lewbel (1991) argue that if a scale is agreed upon for a given year, then
conventional ‘exact price indices’ can be used in conjunction with demand based
preference estimates to identify changes in the scale from year to year.

2.6 Demographic Demand Systems

Ray (1983) showed that besides providing an alternative specification of the
equivalence scale analogous to the ‘true cost of living index’, generalised cost
scaling and its nested specialisation, price scaling, can be used to derive demo-
graphic demand systems that will allow simultaneous estimation of equivalence
scales and demand elasticities from pooled cross section of budget surveys. In the
empirical exercise in Ray (1983), two quite different frameworks were chosen and
have been described as Framework 1 and Framework 2 below. Both use the same
functional form for myg:

my =1+ pz (2.9)
where z indicates the number of children in the household, and the scales are
normalised at unity for the childless couple, p is the basic equivalence scale, i.e. the

‘cost’ of a child at base year (p = 1). Two alternative frameworks were used for the
exercise in Ray (1983).

2.6.1 Framework 1

A simple multiplicative form was chosen for the scale function:

o(p,2) = [ [ mt* (2.10)
k=1
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where > 0; = 0. 0; measures the effect of a change in the relative price of item i on
the general scale, my. It should be noted that the s would be identified only if there
is reasonable relative price variation. This is clear from the fact that if prices move
near identically over time such that the relative prices are constant, then @ shall be
close to unity regardless of the ¢ values.

The following non-separable generalisation of the LES [see Blundell and Ray
(1984)] was chosen as the functional form for the reference household’s cost
function,

ZZW”Z 1/2+quﬂk (2.11)

where ) f; = 1 and y; = y;;. Equation 2.11 nests LES when y; = 0,i #j.
The estimable demographic demand system is then given by

wi=08z+ Y v (p?p}‘) v (m HPZ(SM)>
J k
B 1= 33 vy (piny)1/2 <mo Hp;’iékzﬂ
i k

where 7y is given by Eq. 2.9, pi(=p;/u) is the ‘normalised price’ and u is
aggregate household expenditure.

(2.12)

2.6.2 Framework 2

The specifications adopted in Framework 1 imply restrictive behaviour in two
important respects: utility invariance of the scale and linear Engel curves. To relax
these restrictive assumptions, Framework 2 proposed the following functional
forms:

O(p,u,z) exp( Hpk‘{Hp'“z }) (2.13)

where Y f; = Y n; = 0. The n;s allow dependence of the scale on both prices and
utility. The direction of variation of ® with u would depend on the magnitude of the
n;s namely being positive (i.e. my increasing with u) if H p'“Z > 1, and negative

otherwise. The second restrictive assumption of linear Engel curves in Framework 1
can be relaxed by assuming PIGLOG preferences for the reference household, R
whose cost function is given by:



18 2 Specification and Estimation of Demographic Demand Systems ...

1
R _ ‘ 4 ) . . B
log ™ (u, p) = g + E o;logp; + 3 E E y;log pilogp; +u Ikl P (2.14)

where 7; = 7;, >0 =1, Y f; = >_7; = 0. The estimable demographic demand

system in budget share form is then given by,

wi =i+ y;logp;+ B loglu/(moP)] (2.15)
J

Given ff = f;+n;z,andlog P = P = a9+ »_ o; log p; + %Zzw/y log p; log p;

Both the demographic demand systems Eqgs. 2.12 and 2.15 were estimated by
Ray (1983) on pooled UK Family Expenditure Surveys (1968—79). The study was
conducted on the following 4-item classification of household expenditure for
Framework 1—Food; Clothing and Footwear; Fuel and Light; Durable Household
Goods. The following 4-item classification was used in Framework 2—Fuel; Food;
Alcohol, Clothing and Durables; Transport, Services and Other Goods. Child age
effects were introduced by generalising the components of the scale function
Eq. 2.5 to

my =14+ p,21 + pr22 (2.16)

D(p,2) = [ [ ppre o2 (2.17)
k

71 = number of young children (0-5 years), z; = number of older children (5—
18 years), and > g = > 02 = 0.
k k

2.7 UK Evidence on Equivalence Scales

The results from estimating Eqgs. 2.12 and 2.15 on UK data in Ray (1983) can be
summarised as follows.

(a) In Framework 1, the parameters principally of interest here are the basic
equivalence scale, p, and the J;’s, which measure its variation with relative
prices. The significance of ¢; (Food) and d4 (Durable Household Goods) suggest
rejection of the Engel model and point to the proposed methodology repre-
senting a significant improvement over Engel on likelihood-based chi-square
criteria. Note, however, that on differentiating between young and older chil-
dren, the price sensitivity of the scale weakens with only 2 of the 8 Jdyqs (k = 1,
..., 4, d=1, 2) record statistical significance. Under price invariance of the
scale, a child costs around 12% of a childless couple. Allowing the scale to vary
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with prices opens up the possibility of substitution responses, and this leads to a
drop in the basic scale estimate to around 7% of a childless couple.

(b) The results show that the ‘cost’ of a child is significantly and positively related
to the relative price of Food.

(c) Framework 2 allows the additional dependence of ‘child cost’ on reference
utility via the #s. The statistical significance of the #s confirms the variation of
the equivalence scale with reference utility extending the result on the sensi-
tivity of the scale to the structure of relative prices facing the household.

An alternative and simpler specification for the GCS functional form was pro-
posed in Ray (1986) and the corresponding demographic demand system was
estimated on UK Family Expenditure data pooled over 1968-79. Let us recall the
relation between the cost functions of household h and the reference household R
given above in Eq. 2.4, and the GCS form introduced in Eq. 2.5,

Ch(”vpvz) = mOh(Zv uvp)cR(uvp) (24)
m()(Z,p, M) = ﬁ’l()(Z)(I)(p, 2y u) (25)

Following our earlier discussion, the cardinalisation adopted in GCS in Ray
(1986) allows @(p,u,z) to be split up into a price-dependent component, ®; (p,
z) and a utility-dependent component @, (u, z). The general scale can be split up
into multiplicative factors: mg and ®@. iy represents the price and utility-invariant
component of m and can be interpreted as the equivalence scale in base year at base
utility level. In empirical work, such a base utility level could be treated as zero so
that /m(z) becomes the equivalence scale of a ‘subsistence’ household at base year.
The scale factor @(p, z, u) would then automatically show the nature of variation of
the general scale both across households and over time.

D(p,u,z) = 1 (p, 2)P2(u, 2) (2.18)

This is a simpler formulation than that in Ray (1983), given by Eq. 2.13 above.
In Eq. 2.18, while the price-dependent component of the scale, @; (p, z), does not
depend on reference utility, the utility-dependent component of the scale, @, (u, z),
does not depend on prices. The price scale, ®;, measures the response of cost of
children to relative price changes over time for a household whose welfare level u is
kept constant—or, more appropriately perhaps, for the subsistence household
(u = 0). In contrast, ®, measures the response of cost of children to utility changes
on constant price data, that is, as one moves across reference households within a
single survey. In addition to several other restrictive assumptions, the most notable
being the absence of lifecycle or intertemporal considerations, one needs to assume
identical preferences and some a priori cardinalisation to identify the general
equivalence scale and obtain plausible scale estimates.

The resultant ‘scale’ is called ‘conditional’, since it is conditional on preference
and a particular cardinalisation. The justification of the particular cardinalisation
that needs to be assumed must be (i) plausibility of the underlying story on
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behavioural grounds and (ii) plausibility of the estimated conditional scales in view
of their subsequent policy use. We, ideally, also require a criterion that (iii) the
conditional scales should be very close to the unconditional scales which they
approximate. However, since the latter will not be identified on available budget
data, verification of such a criterion will never be possible in practice.
Assuming PIGLOG cost function given, by Eq. 2.14 above, for the reference
household, R, and the following functional forms for the three components of the
equivalence scales:

Mg (2)=1+pz @ (p,2) =[P, ©, (uz) =e' (2.19)

The demographic demand system for household h is given by

wp=a; +6;z+ Xy log (pj) + B; 1/(1 +7isz’;Bk) log (u/ﬁlo (Z)P)
(2.20)

The demographically varying price index is given by

1
logP = oy + Zoc,- log p; + EZZyijlogpilogpj+ Zék(zlogpk) (2.21)

It is also worth pointing out that the ‘unrestricted’ system, Eq. 2.20, will identify
all the demographic and price—expenditure parameters satisfactorily only if there is
reasonable independent variation in both prices and household size. An inspection
of the log P expression above reveals, for example, that the scale p is identified
from the ’s only if the variation in z log p is appreciably different from that of log
pr. However, as the UK evidence presented in Ray (1986) showed, a time series of
budget data from the Family Expenditure Surveys, 1968—79, contained the nec-
essary information to yield well-determined estimates of the price parameters and,
in conjunction with sensible and plausible restrictions, of the basic demographic
parameters as well. The generality of the demographic demand system, Eq. 2.20,
can be seen from the fact that it nests the Barten model as demonstrated below. To
see this, let us go back to the starting point, the GCS, given in Eq. 2.5 and choose a
different functional form for 7y, although retaining that of ®.

g () = et en < (2.22)
Given that ®(p,u,z) =[x p;jkz MUz 31 5. =0.

Choosing the PIGLOG cost function for the reference household as before, GCS
implies the following cost function for a household with z children.



2.7 UK Evidence on Equivalence Scales 21

1
loge=ay+Xq; logpi+522n,- log p; log p; + u Bo [T Pk + €12 +

€, 22+Y; 6;(zlogp;) thuz
11 i 6;(z logp; (2.23)

Now, if m; denotes the ‘specific scales’, then the Barten cost function for the
same household is given by,

* 1 * * *
oo + Zoc,- log p; + 2 Z Z"/,-j log p; logp; + up, Hpkﬂk (2.24)
k

where p? = p;m;. If the specific scales are assumed to take the form

m; = 1%, then it is readily verified that Eq. 2.23 nests Eq. 2.24, i.e. GCS nests
Barten if the following relation holds between the GCS and Barten parameters.

5= by (2.25)
J
&1 Z IX,‘G,‘ (225a)

1
e =3 3 00 (2.25b)
i
=0 (2.25¢)

In other words, using Eq. 2.23 as the maintained framework, we can test the
Barten idea implicit in Eq. 2.24 via a nested test of the restrictions (Egs. 2.25-
2.25c). This means that Barten enforces two restricti