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1. Introduction

This Ph.D. thesis provides a synthesis of studies on different topics on consumer
behaviour: it offers some insights concerning consumer demand for organic and non-
organic commodities and addresses the issue of consumer inefficiency. Specifically, it
(a) provides empirical evidence on the interrelationships between organic and non-
organic commodities in the form of estimates of cross-quantity flexibilities, (b)
analyses the effects on consumer welfare that arise from the substitution of non-
organic commodities by organic ones, (c¢) develops a theoretical model for measuring
efficiency in consumption, and (d) proposes an econometric framework for empirical
measurement of consumer’s inefficiency.

The first two topics addressed are those of consumer demand for organic and
non-organic commodities and of changes in consumer welfare resulting from
substitution of non-organic by organic commodities. Consumer demand for organic
products was chosen as a subject of study due to the importance of organic
agriculture, i.e., of a production system which is based on locally or farm-produced
renewable inputs in preference to external ones and which aims to promote and
enhance ecosystem health (FAO, 2003). In the European Union (EU), the importance
of the organic farming sector is reflected in the recent reforms of the EU Common
Agricultural Policy (CAP), and in relevant Regulations. Since the 1992 CAP Reform,
organic farming has been assigned an important role in the enhancement of
environmental protection throughout the EU, while EU Regulations 2078/92 and
2092/91 provided specific incentives for conversion to and maintenance of organic
farming and established organic products as distinctively different from their
conventional counterparts (provision of standards and certification). However, higher
prices received, is the most important incentive for farmers to convert to organic
agriculture (Burton, Rigby, and Young, 1999, 2003; O’Riordan and Cobb, 2001).
Farmers receive higher prices for organic products when consumers believe that there
is a quality premium available in organic product’s attributes (Loureiro, McCluskey,
and Mittelhammer, 2001; Boland and Schroeder, 2002). Thus, consumers’ acceptance

of organic products is vital for the growth of the organic farming sector.



Most studies on the demand conditions for organic products examine consumer
attitudes, identify their motivation for purchasing organic products, and elicit
willingness to pay for them (see, for example, Yiridoe, Bonti-Ankomah, and Martin
(2005) for a review of the literature on studies exploring these issues, and Gracia and
de Magistris (2008) for a review of the recent empirical studies on the economic and
demographic factors affecting consumer’s demand for organic products). Such studies
take into account socio-economic, demographic, psychological, and ethical factors
which may have an effect on consumer’s acceptance of organic commodities, but
almost completely neglect the presence of organic product’s competitors in the
market, i.e., their non-organic counterparts. In particular, there are very few empirical
studies of consumer demand that employ actual quantity and price data in order to
explore the interrelationships between organic and non-organic commodities in the
form of estimates of cross-price elasticities. For example, Glaser and Thompson
(1998) employed the Almost Ideal Demand System (AIDS) of Deaton and
Muellbauer (1980b) and monthly scanner data from U.S. supermarkets, in order to
estimate the demand for organic and conventional frozen vegetables, for the period
from September 1990 to December 1996; Glaser and Thompson (2000) employed the
AIDS and national scanner data from U.S. supermarkets in order to estimate the
demand for organic, branded, and private-label milk, for the period from November
1996 to December 1999; and Wier, Hansen, and Smed (2001) employed the AIDS
and time-series data (derived from a household panel data set) in order to estimate the
demand for organic and conventional dairy products in Denmark, from the beginning
of 1997 to the end of 1998. The limited number of empirical studies eliciting cross-
price elasticities between organic and non-organic products is due to the fact that
organic products are relatively new compared to their non-organic counterparts, and
therefore to the paucity of sufficient historical data on retail prices and consumption.

In this context, the aim of Chapter 2 is to provide empirical evidence on the
interrelationships between organic and non-organic commodities and on the changes
in consumer welfare resulting from substitution of non-organic commodities by
organic ones, by using a system of demand equations for both commodity types. To
this aim, cross-sectional data and the Inverse Almost Ideal Demand System (IAIDS)
of Eales and Unnevehr (1994), and Moschini and Vissa (1992) are employed for the
empirical analysis of household demand for organic and non-organic milk & yoghurt,

and fruits & vegetables, in London, UK. Inverse demand systems, i.e., demand
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systems for which quantities are taken as predetermined, can be used when prices
either do not exist or are artificially distorted (Deaton and Muellbauer, 1980a), or in
the case of quickly perishable foods, agricultural, and fishery products for which
quantities cannot adjust in the short-run (Barten and Bettendorf, 1989). In the latter
case, the underlying assumption is that since supply of such commodities may be
highly inelastic during short-intervals, price must adjust so that the available quantity
is consumed. In this study, the commodities under analysis are quickly perishable
ones and cannot be stored. In addition, the data at hand include information on
purchased quantities and expenditure, but not on prices. Therefore, an inverse demand
system seems more appropriate for the present analysis. Another issue that the use of
inverse demand systems gives rise to is that of endogeneity of commodity quantities.
Demand studies using cross-section data and direct demand systems, on the other
hand, compute the commodity prices from the quantity and expenditure data.
However, these computed prices (unit values) also reflect the quality of the
commodities and are endogenous in the sense that they are the outcome of the
households’ purchasing decision (Deaton, 1990; Nelson, 1991).

The use of cross-section data in our analysis, however, is not without
complications. It is common in micro-level analyses of consumer demand for many
households to report zero purchases of certain commodities. The presence of these
zero observations gives rise to two problems. Firstly, in the case of an inverse demand
system, such as the IAIDS, where expenditure shares are functions of the logarithm of
the quantities purchased, the logarithm of zero purchases cannot be defined. In order
to overcome this problem, we extend the approach proposed by Battese (1997) in the
context of stochastic production frontier estimation, which allows full-sample
estimation and results in efficient and unbiased estimates. The second problem related
to the presence of zero purchases is that standard systems estimation methods, e.g.,
seemingly unrelated regression or maximum likelihood, lead to biased parameter
estimates. The Amemiya-Tobin model by Wales and Woodland (1983) is the
approach adopted in the present study to account for the presence of zero purchases in
our sample. The advantages of this approach for estimation of censored equation
systems, relative to other approaches which are widely used in the literature, lie in that
it can be applied to any demand system specification, addresses the problem of
adding-up of observed expenditure shares adequately, and yields efficient parameter

estimates. The Amemiya-Tobin model by Wales and Woodland has also been
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employed by Dong, Gould, and Kaiser (2004), for the estimation of Mexican
household demand for 12 food categories, and by Dong, Kaiser, and Myrland (2007)
for the assessment of the effects of advertising on Norwegian household demand for
four fish and meat categories.

The estimated parameters of the IAIDS can be used for the derivation of
implications regarding consumer behaviour towards organic and non-organic
commodities, not only through the computation of the flexibilities (i.e., the analogues
to elasticities of direct demands), but also through computation of the effects of
changes in consumed quantities on households’ welfare levels. Measurement of
consumer welfare using inverse demand functions has received much attention in the
literature. However, most studies are based on the empirical measurement of the
Marshallian surplus, which is derived from the uncompensated inverse demands. The
Marshallian surplus is an approximate welfare measure since it cannot measure
exactly the welfare effects resulting from quantity changes; it is a valid measure of
welfare change when consumer preferences are homothetic. In the present study, on
the other hand, the logarithmic distance function underlying the IAIDS can be used
for the derivation of exact welfare measures for quantity changes. In particular,
Palmquist (1988), and Kim (1997) have shown how the distance function underlying
an inverse demand system can be used for computation of exact welfare measures for
quantity changes, i.e., of the compensating variation (CV) and equivalent variation
(EV) for a change in commodity quantities. Despite their advantage of being exact
welfare measures, however, it is only the consumer demand studies of Beach and Holt
(2001), and Holt and Bishop (2002) that report these measures.

The third topic addressed in this Ph.D. thesis concerns the theoretical modelling
of efficiency in consumption. Standard consumer demand analysis assumes a priori
that consumers always behave optimally, that is, they do succeed in obtaining
maximum utility from given purchased commodities, or they do succeed in choosing
the minimum quantities required for the achievement of a utility level. However,
optimality is a restrictive assumption to make for consumers’ actual behaviour. As
Afriat (1988) points out, “The ordinary theory of the consumer is based on utility —
and unquestioned efficiency. Even when the utility is granted, perfect efficiency
seems an extravagant requirement. The familiar volatilities of real consumers make
such intolerance unsuitable.” (p. 252). It is then more reasonable to assume that

consumers may not behave optimally and employ theoretical and empirical models
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that accommodate any departure for optimality (i.e. inefficiency) and allow it to be
measured.

The importance of studying inefficiency in consumption lies not only on the fact
that optimal behaviour, and hence, efficiency, is a restrictive assumption to make for
consumers’ actual behaviour. It also lies on the fact that consumer’s non-optimal
behaviour has a negative impact on welfare levels. In particular, it has a negative
impact on consumer’s welfare levels in terms of budget that was wasted and which
could have been allocated to the satisfaction of other needs. In addition, over-
consumption leads to increased and more industrialised production, which itself fuels
over-consumption, through, say, advertising. This circle implies excessive use of
natural resources and/or wrong allocation of them in the production of commodities,
increased waste from both consumption and production, and a negative impact on
social welfare.

The assumption of consumer’s non-optimal behaviour can be accommodated in
the case of commodities, such as highly perishable foods, meat, fish and agricultural
products. In such cases, consumers may be inefficient because they are making rough
estimates of the volume of the commodities and the quantity combination of them that
are enough for the achievement of some desired utility level: when consumers choose
a commodity bundle, they choose it on the basis of their estimates of what commodity
combination is the suitable one for their wants. Consumers may also be inefficient
because they cannot predict the future exactly: since individuals’ every day lives
cannot be programmed to the detail, it is not unexpected that a portion of the
purchased quantities of the commodities are not consumed but — in the case of highly
perishable foods that cannot be stored — are disposed of instead. Or it could be lack of
information, awareness and responsibility from the part of consumers with respect to
the full social costs of their consumption decisions that lead to excess purchases and
spending, and consumption inefficiency. Thus, consumers may purchase a commodity
bundle that is later on proved to be non-optimal: they could have bought less of all the
commodity quantities (commodity inefficiency), thus reducing expenditures, and/or
they could have re-allocated their expenditures by choosing different quantity mix
(allocative inefficiency), thus reducing expenditures even more. Reduction of
consumer’s inefficiency and mitigation of its negative impact on welfare levels could
be accomplished though, say, advertising. If advertising plays an important role in

creating and/or sustaining consumer’s non-optimal behaviour, then advertising could
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perhaps be used as a means of awareness raising and initiation of changes in
consumer’s shopping, purchasing and consumption patterns.

In this context, the aim of the Chapter 3 is to propose a theoretical framework
for analysing consumer’s efficiency in price-quantity space. The theoretical model
which is developed is based on the simple observation that consumer preferences are
commonly defined over the consumption levels and no distinction is being made
between the quantities of the commodities purchased and the consumption levels
themselves, that is, it is implicitly assumed that the purchased quantities and the
consumed quantities are the same. However, if it is assumed that consumers are free
to dispose of any unwanted quantities of the commodities they have purchased, then it
becomes possible to define a measure of efficiency of the consumers in their effort to
mimimise expenditure for commodities. Past attempts to study consumption
efficiency in price-quantity space have been based on revealed preference relations or
money-metric utility functions in order to construct non-parametric or parametric
efficiency indices (Afriat, 1967, 1988; Varian 1982, 1983, 1985, 1990). The focus of
these studies, however, is on the examination of the goodness-of-fit of optimising
models to actual data by measuring the departure from optimisation. Moreover, what
is implied by these efficiency measures is that inefficiency occurs because a portion
of the consumers’ budget is wasted, and not a portion of the purchased quantities.
However, it is this latter assumption that allows the construction of the measure of
what we define in subsequent sections as commodity efficiency. Moreover, since these
models do not allow for the possibility that an observed commodity bundle may also
be commodity inefficient, no distinction is being made between what we will define
as allocative efficiency and overall efficiency. As a result, the efficiency score that
these models assign to consumers may be higher than it should.

Our analysis is carried out under the consumer’s expenditure-minimisation
framework, and the starting point is the assumption that the consumer’s objective is to
choose a feasible commodity vector in order to achieve a desirable utility level.
Assuming also that the consumer need not make use of all the quantities of the
purchased commodities and may dispose of any unwanted quantities of them, the
quantities of the purchased commodities may well be higher than the ones required to
just attain the desirable utility level, and the consumer may well have chosen an
inefficient way of attaining this target utility level. This type of efficiency is what we

are going to define as commodity efficiency. Another type of efficiency is what we
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call expenditure, or overall, efficiency, and which we describe as the consumer’s
ability to avoid wasting expenditures, by minimising the cost of purchased
commodities in the achievement of a utility level. A third type of efficiency is
allocative efficiency: assuming that the expenditure-minimising commodity vector
and an observed commodity vector lie on the same indifference curve, allocative
efficiency is concerned with how close this observed commodity vector is to the
expenditure-minimising one. Finally, we show the relation between the three types of
efficiency, ie., the decomposition of expenditure efficiency into commodity
efficiency and allocative efficiency.

The theoretical model which was just described is based on the assumption that
any unwanted quantities of the purchased commodities can be disposed off. However,
this assumption gives rise to the definition of consumer’s inefficiency, not only in
terms of quantities and budget that were wasted, but also in terms of utility that could
have been, but was not, attained at the end of the day. More formally, assuming that
the consumer’s objective is to obtain maximum utility from a given commodity
vector, if the consumer does not achieve this objective, i.e., if he/she does not use the
purchased commodities as efficiently as he/she could, then the utility attained may
well be lower than the maximum attainable one. We will use the notion of wutility
efficiency, in order to describe consumer’s ability to obtain maximum utility from
given purchased commodities. This type of efficiency applies not only to commodities
the quantities of which the consumer may dispose off. Since the starting point is the
consumer’s objective of obtaining maximum utility from a given commodity vector,
the notion of utility efficiency can be used to study non-foods as well. For instance, it
could be lack of information about the commodities’ characteristics, the way(s) they
could and/or should be used, etc., that may lead the consumer to obtain from a given
commodity bundle a utility level that is lower than the one the commodities could
potentially allow him/her to. Examples are cars and lack of information regarding
“green driving” (car use and driving behaviour that reduces the negative externalities
produced by cars), foods and lack of information about the preparation of healthy
meals, etc. Furthermore, a consumer facing exogenous market prices for commodities
and having a fixed budget to spend on the purchase of them behaves optimally as long
as the commodity bundle he/she spends his/her budget on is the utility-maximising
one. However, due to lack of information about the commodities’ characteristics, the

way(s) the commodities could and/or should be used, whims, accidents, or other
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factors that may affect the consumer’s decisions, the consumer may spend his/her
budget on a commodity mix which is not the utility-maximising one. This type of
efficiency is what we will define as budget allocative efficiency, whereas the notion of
utility overall efficiency will be used in order to describe the consumer’s ability to
obtain the highest utility level that the utility-maximising commodity vector is
capable of generating. Finally, as in the case of expenditure efficiency, we propose a
relation for the decomposition of utility overall efficiency into its constituent parts,
i.e., utility efficiency and budget allocative efficiency.

The fourth topic addressed in this Ph.D. thesis is that of empirical measurement
of efficiency in consumption. Our empirical analysis of consumer’s efficiency focuses
on the empirical measurement of commodity, allocative and expenditure efficiency,
whereas the empirical measurement of utility, budget allocative and utility overall
efficiency is left for future research. The empirical methodology that is adopted for
the econometric estimation of the former set of consumption efficiency indices lies on
the employment of approaches that are used not only in consumer demand analysis,
but also in other fields. In particular, as shown in Chapter 3, the index which is
proposed for the measurement of commodity efficiency is based on a distance
function representation of consumer preferences. Hence, calculation of the
commodity efficiency index requires knowledge of the value of the distance function,
which can be acquired though econometric estimation of the latter. However, the
difficulty in estimation of a distance function representation of consumer preferences
lies on that it is a function, not only of observed commodity quantities, but also of
consumer’s utility level which is unobserved. Chapter 4 illustrates how this problem
can be dealt with, by estimating a translog distance function with a panel of household
consumption data for milk & yoghurt, fruits, and vegetables, and the use of two
different approaches: a proxy for utility, and treatment of consumer’s utility as a
random error term. Lewbel and Pendakur (2006) invented Implicit Marshallian
Demand systems, which are systems of Hicksian demands where utility u is
substituted by implicit utility, a simple function of observables. Following Lewbel and
Pendakur (2006), Fire, Grosskopf, Hayes, and Margaritis (2008) proxy utility with
household annual income in order to estimate and assess systems of demand equations
which are derived from expenditure and benefit functions. The advantage of such an
approach is that, once observable variables are used as a proxy for utility, the distance

function can be estimated using standard frontier-estimation techniques which are
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widely used in production efficiency analysis (see, for example, Kumbhakar and
Lovell, 2000, Ch. 3). Its drawback, however, is that consumer’s utility level is
assumed to be affected by the set of observable variables used, while any other factors
that may effect consumer’s preferences are ignored. The second methodology that is
adopted for estimation of the translog distance function lies on treating consumer’s
unobserved utility level as a random error term. Specifically, treatment of the terms
associated with the utility level and the distance as one-sided positive error terms
gives rise to a density for the composite error term which resembles the two-tiered
frontier framework by Polachek and Yoon (1987, 1996). The estimated distance
function can then be used as an index to measure the consumer’s commodity
inefficiency. As far as calculation of the measure of allocative efficiency is concerned,
knowledge of either the expenditure function or the expenditure-minimising
commodity vector is required; standard procedures employed in production efficiency
analysis for computing the index of allocative efficiency are employed for
computation of the measure of allocative efficiency in consumption. Finally, the
measure of expenditure efficiency can be computed with the use of the proposed
relation for the decomposition of expenditure efficiency into commodity and
allocative efficiency.

In dealing with these topics on consumer behaviour, the present Ph.D. thesis

contributes to the literature of consumer behaviour by:

e providing empirical evidence on the interrelationships between organic and
non-organic commodities, in the form of cross-quantity flexibilities, and on
the changes in consumer welfare resulting from substitution of non-organic
commodities by organic ones,

e developing indices of commodity-oriented efficiency for measuring
consumer’s efficiency in price-quantity space, which allow consumer’s
efficiency to be studied not only in terms of budget that is wasted, but also in
terms of quantities that are wasted,

o extending the output distance function from the producer theory context to the
consumer theory context and developing indices of utility-oriented efficiency
in price-quantity space, which allow consumer’s inefficiency to be studied in

terms of utility that could have been, but is not, attained,



e proposing an approach for empirical measurement of commodity-oriented
efficiency, under which consumer’s unobserved utility level is treated as a
random error term in the estimation of a distance function representation of

consumer’s preferences.

What makes our study on consumer demand for organic products different from the
majority of studies in the relevant literature is the use of actual data for household
purchases (as opposed to survey data), and the adoption of a demand system for both
organic and non-organic commodities whose functional form is consistent with
known household-budget data. Also, the technique proposed by Battese (1997) for
dealing with the problem of the logarithm of explanatory variables which may take on
zero values is extended from to the stochastic production frontier context to the
context of inverse demand systems estimation. As far as the proposed commodity
efficiency measures are concerned, they allow consumer’s efficiency to be studied not
only in terms of budget that is wasted (i.e., as in the models developed by Afriat and
Varian), but also in terms of quantities of the purchased commodities that the
consumer may waste. As regards to the proposed utility-oriented efficiency measures,
their construction is based on the use of the output distance function. The output
distance function is well-established in the producer theory context, but it has never
been used before in the consumer theory context. The utility-oriented efficiency
measures allow consumer’s inefficiency to be studied in terms of utility that could
have been, but is not, attained. This side of consumer’s non-optimal behaviour has not
been explicitly dealt with in the literature of consumer’s efficiency. Specifically, an
index which resembles our index of utility overall efficiency can be found in Russell
(1998). However, the issue of consumer’s efficiency is not studied by Russell (1998);
it is only implied that consumer’s efficiency could be studied in terms of utility that is
wasted. Finally, as far as the empirical measurement of consumer’s commodity-
oriented efficiency is concerned, we propose a new approach for dealing with
consumer’s unobserved utility level in the estimation of consumer models. In
particular, we propose that estimation of a distance function representation of
consumer’ preferences be carried out via treatment, and estimation, of consumer’s
unobserved utility level as a random error term. As already stated, the proposed
empirical approach yields an empirical model for consumer’s efficiency which

resembles, but is not similar to, the two-tiered frontier framework by Polachek and
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Yoon (1987, 1996). In the present Ph.D. thesis, however, we propose estimators for
the one-sided error terms which are distinctively different from the ones proposed by
Polachek and Yoon (1987, 1996).

The structure of this Ph.D. thesis is as follows. Chapter 2 is concerned with the
study on consumer demand for organic and non-organic commodities. This chapter
begins with a presentation of the inverse demand system that is adopted, i.e., the
IAIDS, as well as its extensions and applications. The adaptation of the IAIDS to the
purposes of our study, and the econometric framework adopted are then presented.
The final section of this chapter provides a description of the data and an analysis of
the empirical results. The theoretical model which is proposed for measuring
efficiency in consumption is the subject-matter of Chapter 3. Firstly, a historical
background on consumption efficiency measurement is provided: the past attempts of
measuring efficiency in consumption are presented in detail. Then, a somewhat more
involved presentation of the expenditure, and distance functions is offered, and
existing results, which are derived from the producer’s cost-minimisation problem
and used in applied production analysis, are also derived in the context of consumer
theory. Next, a detailed presentation of the proposed theoretical model is provided:
the notions of commodity, allocative, and expenditure efficiency are described,
measures for these types of inefficiency are derived, and a decomposition of
expenditure efficiency into commodity and allocative efficiency is also proposed and
illustrated. Moreover, the notion and a measure of utility efficiency are provided, and
its relation to the measure of commodity efficiency is explained. Finally, the notions
and measures of budget allocative efficiency and utility overall efficiency are
provided and a decomposition of utility overall efficiency into utility efficiency and
budget allocative efficiency is proposed. In Chapter 4, two alternative approaches for
empirical application of the proposed theoretical model for measuring efficiency in
consumption are proposed, and described in detail. Then, the data used for estimation
of the model are described, and the empirical results are analysed. Finally, Chapter 5

summarises and concludes.
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2. The Demand for Organic Foods in the UK: A

Censored Inverse Almost Ideal Demand System

2.1 INTRODUCTION

The present chapter is concerned with consumer demand for organic commodities and
contributes to the relevant literature by providing empirical evidence on the
interrelationships between organic and non-organic commodities, in the form of
cross-quantity flexibilities, and by exploring the effects of substitution of non-organic
commodities by organic ones on consumers’ welfare levels. As already stated in
Chapter 1, what makes the present study on consumer demand for organic products
different from the majority of studies in the relevant literature is the use of actual data
for household purchases (as opposed to survey data), and the adoption of a demand
system for both organic and non-organic commodities whose functional form is
consistent with known household-budget data. Also, in the present study, the
technique proposed by Battese (1997) for dealing with the problem of the logarithm
of explanatory variables which may take on zero values is extended from to the
stochastic production frontier context to the context of inverse demand systems
estimation.

The demand model that is adopted for modelling consumer demand for organic
and non-organic commodities is the inverse AIDS. This model has almost all of the
properties of its widely used direct counterpart, and, as a result, its appearance in the
literature triggered a number of studies encompassing empirical applications,
extensions, and modifications of it, as well as studies proposing new inverse demand
systems which nest it. The econometric model that was chosen for estimation of the
IAIDS is the Amemiya-Tobin model by Wales and Woodland (1983). The direct and
inverse AIDS, other inverse demand systems associated with the IAIDS, and
econometric models that compete the one that is adopted here are presented in Section
2.2. The Battese (1997) approach that is adopted for tackling the problem that in the
IAIDS the logarithm of zero quantities cannot be defined, the final model used for
estimation and further issues related to its estimation, are the subject-matter of Section

2.3. The same section also presents the framework that is employed for economic
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interpretation of the parameter estimates, that is, the methodology for computing the
flexibilities and analysing the effects of changes in consumed quantities on
households’ welfare levels. The last section of this chapter provides a description of
the data used for estimation, as well as the analysis of the empirical results in terms of
the consumption scale, uncompensated and compensated flexibilities, and of the
changes in household welfare induced by changes in consumed quantities. In
particular, the focus of the welfare analysis carried out in the present study is on the
changes in the welfare levels of the households which report zero purchases of
organic commodities, when a portion of consumed non-organic commodities is

substituted by their organic counterparts.’

2.2 LITERATURE REVIEW

2.2.1 The Inverse Almost Ideal Demand System: The Model, Extensions,
Generalisations
As mentioned in the introductory section, the empirical study presented in this chapter
employs the IAID system of Eales and Unnevehr (1994), and Moschini and Vissa
(1992) for the estimation of demand conditions for organic and non-organic foods.
The TAIDS is the inverse counterpart of, but not dual to, the Almost Ideal Demand
System (AIDS) of Deaton and Muellbauer (19805). The latter model is widely used in
empirical studies of consumer demand as it has several advantages. Specifically, the
cost function underlying the AIDS represents, not an arbitrary, but a specific class of
preferences known as Price Independent Generalised Logarithmic (PIGLOG)
preferences (Muellbauer, 1975, 1976). PIGLOG preferences have the property of
exact aggregation over consumers, without invoking parallel linear Engel curves.
Moreover, the PIGLOG parameterisation of the AIDS cost function is flexible, in that
it has enough parameters to be considered as a local second-order approximation to

the true unknown cost function. In addition, the functional form of the AIDS is

' The study in this chapter was presented at the XIith Congress of the European
Association of Agricultural Economists, Ghent, Belgium, August 26-29, 2008, under
the title “The Demand for Organic Foods in UK: A Censored Inverse Almost Ideal
Demand System” (with M. Genius, P. Midmore, and V. Tzouvelekas).
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consistent with known household-budget data, and, as discussed below, it also allows
linear estimation methods to be employed.
The starting point for the derivation of the AIDS is the following logarithmic-

cost-function representation of PIGLOG preferences:

log C(u,p)=(1-u)loga(p)+ulogh(p), 2.1
where,

loga(p)=a0+;ajlogpj+%;;7;logpilogpj, (2.2)

logb(p)ZIOga(p)Jr,BO]:[pff , (2.3)
and i,j=1,...,N denote commodities, p=(p,,...,p,) 1s a vector of commodity

prices, and u denotes a utility level. As Deaton and Muellbauer (19800) state, except

for a few cases, u lies between zero and unity. Therefore, the function loga(p) can
be thought of as the cost of subsistence, while the function logb(p) can be thought of

as the cost of bliss. Substituting the functions loga(p) and logh(p) into the AIDS

logarithmic cost function, the latter can be written as
logC(u, p)=a,+>;logp, +0.5% 3 7, log p,log p, +uﬂ0pr" , (2.4)
J i J

where i,j=1,...,N indicate commodities. Consumer theory requires that a
consumer’s cost function be homogeneous of degree 1 in prices, implying that the
parameters of the AIDS logarithmic cost function should satisfy the following
restrictions: ) @, =1, ziy; :Zj 7’1] =0, and Zj B;=0. Derivation of the AID
system of expenditure shares starts with application of Shephard’s lemma (Shephard,
1953) to the cost function (2.4), to obtain the compensated demands.” At the

? Shephards’ lemma allows the compensated direct demand functions to be recovered

from the expenditure function. In particular, Shephards’ lemma states that, if the
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optimum, consumer’s total expenditure x is equal to C(u, p). Inversion of this

equality yields u as a function of prices and total expenditure, i.e., the indirect utility
function, which can then be used to uncompensate the compensated demands. This
way, Deaton and Muellbauer (19805) derive the following system of expenditure

share equations:

m:al.+27/ijlogpj+ﬂilog(P/x), (2.5)
J

where, 7, = (1/ 2)( }/;. + }/; ) ,and P is a price index defined by

1
log P=c, + Zaj log p; +EZZ7/¥/ log p;log p; . (2.6)
J rJ

The system of expenditure share equations in (2.5) and (2.6) should represent a
system of demand functions that satisfy the budget constraint, are homogeneous of
degree zero in prices and total expenditure, and yield a symmetric Slutsky matrix.

This implies the following restrictions on the parameters of the AIDS: } o, =1,
207 =0, 2.8=0; %.7,=0; and y, =y,. Moreover, the underlying preference
structure is homothetic if S =0 for all i. Finally, as it stands, the system represented

by equations (2.5) and (2.6) is non-linear in its parameters. Deaton and Muellbauer

(1980b) proposed the use of a price index such as the Stone price index,

In P :ziwl.ln p,, as an approximation to the AIDS price index in (2.6). The

resulting model, often called as the Linear Approximate AIDS (LA/AIDS), does not

require non-linear estimation. In addition, Deaton and Muellbauer (1980b) suggest

expenditure function C(u,p) is differentiable with respect to prices at a given point p,

then its first partial derivatives with respect to prices yield the compensated direct

demands. That is, dC(u,p)/dp, = q,(u,p) forall i=1,...,N .
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that the AIDS price index can also be substituted by an index such as the Stone price
index when there is evidence of high collinearity in time-series data.’

Eales and Unnevehr (1994) applied the PIGLOG parameterisation of the cost
function to the distance function, and specified the following logarithmic distance

function as a starting point for the derivation of the IAIDS model
lnD(u,q):(l—u)lna(q)+ulnb(q), (2.7)

where q=(g,,...,qy) is a vector of commodity quantities, and Ina(q) and Inb(q)

are defined as

1 *
Ina(q)=a, +Xa,Ing,+-337,Inq,Ing,, (2.8)
J o

1nb(q)=1oga(q)+ﬂ01f[q;”f . (2.9)
J
Hence, the IAIDS logarithmic distance function can be written as”

InD(u,q)=q, +Zaj Ing, +%ZZ}/; Ing,Ing, +uﬁ0Hq;ﬁ-" : (2.10)
J J J

i

Application of the Shephard-Hanoch lemma (Shephard, 1953; Hanoch, 1978) to the

distance function in (2.10) yields the compensated inverse demands.’ At the optimum,

* Apart from the Stone price index, other indices, which have better approximation
properties (e.g., a log-linear Laspeyres index), have been proposed as approximations
to the AIDS price index (see, for example, Buse (1994), and Moschini (1995)).

* As Eales and Unnevehr (1994) note, there is no closed-form solution for the dual of
the AIDS logarithmic cost function. Hence, the logarithmic distance function
underlying the IAIDS is not the dual of the AIDS logarithmic cost function.

* The Shephard-Hanoch lemma (also known as the dual Shephard’s lemma) states that
the first partial derivatives of the distance function with respect to quantities yield the

compensated inverse demand functions, that is, 8D(u,q)/dq, =r,(u,q) for all
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the distance is equal to unity, and, hence, lnD(u,q) =0. Solving this equation for u

yields the direct utility function which can be used to uncompensate the inverse
demand equations. This procedure yields the following system of IAIDS expenditure

shares:

w,=a,+) 7;,Ing,+ B, InQ, (2.11)
j

where 7, = (1/ 2)(7/; +7; ) , and Q is a quantity index defined by

an:a0+Zajlnqj+%zz;/ijlnqilnqj. (2.12)
j i

The TAID system represented by relations (2.11) and (2.12) must add-up to total
expenditure, be homogeneous of degree zero in quantities and satisfy symmetry.

These imply adding-up restrictions > o, =1, >, 7, =0, and Y B =0; homogeneity
restrictions z_/ 7; =0; and symmetry restrictions y, =y, on the parameters of the

IAIDS model. Finally, a linearised version of the IAIDS can be obtained by using a
Stone quantity index in order to approximate the IAIDS quantity index. Since linear
estimation methods could then be applied to the resulting model, Eales and Unnevehr
(1994) call the latter as the Linear Approximate IAIDS (LA/IAIDS). They do note,
however, that, in contrast to prices, quantities are not highly correlated. Hence, the
justification employed for the use of the Stone price index in the AIDS is not as
relevant for the IAIDS.

As the TAIDS retains all of the desirable theoretical properties of the AIDS,
except of the property of aggregation over consumers (i.e., aggregation from the

micro to the market level), it is not surprising that consumer demand researchers

i=1,...,N. The compensated inverse demand functions express expenditure-
normalised prices as a function of a fixed utility level and a reference consumption
bundle. These prices have been called by Hicks (1956) as marginal valuation
functions, and are also known in the literature as marginal willingness to pay, or

shadow prices.
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welcomed the emergence of the IAIDS in the literature by adopting it or adapting it.
For example, Rickertsen (1998) employed the IAIDS in order to investigate the
effects of advertising on vegetable demand in Norway, using time-series data, while
Holt and Goodwin (1997) extended the IAIDS to include nonlinear, nonadditive habit
effects and habit stock terms (long memory) in order to estimate the demand for meat
in the U.S. using quarterly meat expenditures data.

A generalisation of the IAIDS is provided by Moro and Sckokai (2002), who
derived the Quadratic Inverse Almost Ideal Demand System (IQAIDS). The IQAIDS
is the inverse analogue of (but not dual to) the Quadratic Almost Ideal Demand
System (QAIDS) of Banks, Blundell, and Lewbel (1997), and it is a generalisation of
the TAIDS in that it allows non-linear scale curves.® In particular, Banks, Blundell,
and Lewbel (1997) proposed an indirect utility function which provides a more
general representation of PIGLOG preferences by allowing quadratic Engel curves.
Moro and Sckokai (2002) inverted this indirect utility function in order to derive the
cost function, and extended the parametric representation of the latter to the distance

function in order to obtain

ub(q)
InD(u.q)=Ina(q)—| ——= <1, 2.13
n (uq) na((I) L—u/ﬁt(q)} ( )

where

lna(q)=a0+Zajlnqj+%ZZ;/ijlnqilnqj, (2.14)

J L
Inb(q)=[1q; - (2.15)

J

¢ Scale curves are, for inverse demands, an analogue of Engel curves for direct
demands. However, scale curves are not equivalent to Engel curves, in the same way
that scale flexibilities (or scale elasticities) of inverse demands are an analogue of, but
not equivalent to, expenditure elasticities of direct demands. For the relation between
scale flexibilities and expenditure elasticities, see, for example, Park and Thurman

(1999).
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Ini(q)=Y 4 Ing, . (2.16)

Application of the Shephard-Hanoch lemma to the distance function in (2.13) yields
the compensated inverse demands. Inversion of the distance function at the optimum
yields the direct utility function which can be used to uncompensate the compensated
inverse demand equations. Then, the following system of uncompensated inverse

demands is obtained:

1
b(aq)

The homogeneity property of the distance function with respect to quantities and the

m:al.+2yijlnqj—ﬂilna(q)—/1[ [lna(q)]z. (2.17)

symmetry property of the demand functions imply the following restriction on the

parameters of the IQAID system of share equations: > .a, =1, >. B =0, X7, =0,
2.7;=0, 2,4=0,and y, =y,. Finally, the IQAIDS represented by (2.17) nests
the IAIDS: the IQAIDS is reduced to the IAIDS by setting 4, =0 Vi.

Another model that nests the IAIDS is the Inverse Lewbel Demand System
(ILDS) introduced by Eales (1994). The direct Lewbel Demand System (LDS)
(Lewbel, 1989) itself parametrically nests both the AIDS and the indirect translog
demand model of Christensen, Jorgenson, and Lau (1975) as specialisations. The
ILDS nests the IAIDS and the direct translog demand system of Christensen,
Jorgenson, and Lau (1975), and allows testing whether consumer preferences are
better represented by one of the two more restrictive models. Eales (1994) shows that
the ILDS share equations can be derived by application of the Hotelling-Wold
identity, (Hotelling, 1935; Wold, 1944). to the following direct logarithmic utility

function’

” The Hotelling-Wold identity allows the uncompensated inverse demand functions to

be derived from the direct utility function via the following relation:
N

(0U(q)/0q,)/ >.q,(0U(q)/8q;)=7,(q), i=1,.,N. This identity gives the
j=1

expenditure-normalised prices that would induce the consumer to choose the utility-

maximising consumption bundle.
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an(q)=Z,8ilnqi+ln[an], (2.18)

where
InQ=a,+> «a, lnq/+%§ >.7;Ing;Ing,; . (2.19)
i ' ijo '

Alternatively, as Eales (1994) shows, the ILDS can be obtained from the distance

function that corresponds to (2.18). The utility function is implicitly defined by
u=U (q/ D(u,q)). Thus, the logarithmic distance function, InD(u,q), that

corresponds to (2.18) can be derived by solving the implicit equation

4q; 4, 1 4q; q;
InU = In| =+ |+InJea,+ ) o . In| — |+— In| == {In| = |}, (2.20
(@) 2h (D] { ’ ; ! (Dj 22?” (Dj LDJ} (2.20)
for In D . Then, the following logarithmic distance function is obtained:

nQ-ul]g”
1+ Y 7, Ing,
ok

InD(u,q)= (2.21)

where InQ is given by equation (2.19), and the following restrictions apply:
2o=1, 2. B,=0, 3> 7,=0, and y,=y,. Application of the Shephard-

Hanoch lemma to the logarithmic distance function in (2.21) yields the compensated

inverse demands:

o+ Xy, Ing; +fullq.” Zn,(an—qu;”’k)
w, = ] d — k . (2.22)

f 1+ > 7. Ing, 2
Zzlz,: v (1+ZZ}/ijlnqu
o
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Observing that at the optimum lnD(u,q) =0, and hence, the last right-hand term in

(2.22) is equal to zero, and substituting for the unobservable utility level, u, from

equation (2.18), yields the ILDS share equations

al.+z;/ijlnqj+,8ian
. = ] (2.23)
1+ZZ7/47 Ing,
i
The TAIDS is obtained from the ILDS in (2.23) by imposing the restrictions
zj 7; =0Vi, while the direct translog demand system is obtained by imposing the
restrictions S, =0 Vi.

The ILDS, in turn, is nested within a more general inverse demand system, the
Hybrid Inverse Demand System (HIDS) of Holt (2002). In particular, the HIDS is a
synthetic demand system that nests not only the ILDS, and, hence, the IAIDS and the
direct translog demand system, but also a model which Holt (2002) calls as the
Inverse Nonseparable Linear Expenditure System (INLES).® The HIDS is given by

al.+27[jlnqj+77i InQ
J

1+ZZ7/_/k Ing,
j ok

w, :(1—/1)

+ z{z v,9°9 + B [1 —Z;ujquzq;ﬂj} , (2.24)
J J

where InQ is given by (2.19). The properties of adding-up, homogeneity and
symmetry imply that the following restrictions should be imposed on the parameters
of the HIDS: X, o, =3 B =1, X1, =0, > >,7,=0, y,=v,,and v, =v,. The
IAIDS is obtained from the HIDS by imposing the restrictions >, 7, =0 Vi, and
A=0.

Finally, a differential form of the LA/IAIDS is nested within the model of

Brown, Lee, and Seale (1995). The latter model also nests the inverse Rotterdam

(RIDS) (Barten and Bettendorf, 1989), the Laitinen-Theil (Laitinen and Theil, 1979)

® The direct Nonseparable Linear Expenditure System is attributed to Ray (1985).
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and the RAIIDS (Brown, Lee, and Seale, 1995).” The model of Brown, Lee, and Seale
(1995), although called as “synthetic” by the authors themselves, was later proved by
Matsuda (2005) to have the same scale effects as the Box-Cox scale curves do, and

hence, to be a demand model in its own right (Matsuda, 2005).

2.2.2 Econometric Models for Censored Equation Systems

The previous section provided a presentation of the IAIDS, its direct counterpart,
some extensions and generalisations of it, and inverse demand systems within which
the TAIDS is nested. In empirical applications of consumer demand systems, however,
where household-level data are employed, the presence of zero purchases in the
sample requires adoption of an appropriate econometric model for estimation of
censored demand equations. If the problem of zero purchases is not properly
addressed, then standard system-estimation methods, such as maximum likelihood
(ML), or seemingly unrelated regression (SUR), will yield biased parameter
estimates. Two main approaches have emerged in the literature for the estimation of
micro-level demand systems, namely, the Amemiya-Tobin model by Wales and
Woodland (1983), and the Kuhn-Tucker model and its dual (Wales and Woodland,
1983; and Lee and Pitt, 1986). An alternative approach concerns two-step estimators
such as the ones proposed by Heien and Wessells (1990), Shonkwiler and Yen (1999),
Perali and Chavas (2000), etc. The Amemiya-Tobin model by Wales and Woodland
(1983) is the approach adopted here for the estimation of our censored demand
system. The advantages of this approach and, hence, the reasons why it was chosen,
are discussed at the end of this section.

The Amemiya-Tobin model by Wales and Woodland (1983) is a non-trivial
modification of Amemiya’s (1974) extension of the Tobit model (Tobin, 1958)) for a
system of equations. In the Amemiya-Tobin model preferences are non-random, i.e.,
the consumers have the same utility function. Furthermore, the consumer is assumed

to maximise a utility function subject to the budget constraint, and the utility

® The Laitinen-Theil model is the inverse counterpart of the Central Bureau of
Statistics (CBS) model by Keller and van Driel (1985), while the RAIIDS is the
inverse counterpart of the National Bureau of Research (NBR) demand model by

Neves (1987).
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maximising expenditure shares add-up to unity. The observed expenditure shares,
however, may deviate from the utility-maximising ones due to errors of maximisation,
errors of measurement of the observed shares, and other random disturbances which
influence the consumer’s decisions (Wales and Woodland, 1983, p. 267). The model
then allows for the non-negativity restrictions by assuming that the observed shares
are the sum of the utility-maximising shares plus a vector or random error terms
which follow a truncated multivariate normal distribution. However, in the Amemiya-
Tobin model, the adding-up restrictions hold for the latent expenditure shares but not
for the observed (i.e., censored) expenditure shares.'” The modification that Wales
and Woodland (1983) proposed in the context of the Amemiya-Tobin model concerns
an alternative mapping of the latent to the observed expenditure shares, such that the
budget constraint is satisfied, not only by the latent, but also by the observed
expenditure shares. In order to present this approach, let us define the system of latent

expenditure share equations as:

w =h(x;b)+¢,, (2.25)

. .. * . .
where i=1,..., N denotes commodities, w, is the demand system’s (in our case, the

IAIDS) i-th latent expenditure share, x is a vector of the demand system’s
explanatory variables, b, is a conformable vector of demand parameters, and &, is the
error term associated with the i-th equation. The adding-up restrictions for the
parameters of the demand system imply that the latent expenditure shares satisfy the
budget constraint, that is, > .w, =1 and Y & =0. As a consequence, the joint
density function of the latent expenditure shares is degenerate and one of them, say
the N-th expenditure share, may be dropped during estimation as redundant. The error

terms associated with the remaining N-1 latent share equations can now be assumed to

be distributed as multivariate normal with mean 0 and variance-covariance matrix Xx.

' Censored expenditure shares, or observed expenditure shares, are dependent
variables that take on the value of zero with positive probability but are continuous
random variables over strictly positive values (they have a mixed discrete-continuous
distribution). The (unobserved) latent expenditure shares summarise the influence of

the explanatory variables on the outcome of the observed variable.
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In order to ensure that the observed expenditure shares will also satisfy the
budget constraint, Wales and Woodland (1983) used the following mapping of the

latent to the observed expenditure shares:

wo=—i_  ifw >0, (2.26.a)
> w,
jeM

w, =0 if w <0, (2.26.b)

where w; and w; are the latent and observed expenditure shares of good i,
respectively, and M is the set of positive latent expenditure shares. Equation (2.26.a)
defines each observed expenditure share as the ratio of the respective latent share to
the sum the positive latent expenditure shares, thus forcing the observed expenditure
shares to add-up to unity. This mapping of the latent to the observed expenditure
shares then generates a density for expenditure shares which has the form of a
partially-integrated mixed discrete-continuous multivariate distribution, i.e., it is a
continuous probability density function with respect to the positive observed shares
and a discrete probability mass with respect to the zero observed shares. In particular,
assuming that the first m goods are purchased, while consumption for the remaining

N-m goods is zero, and dropping one of the latent shares as redundant, say, the last of

the zero shares, w,, Wales and Woodland (1983) provide the following expression

for the probability density/mass function for w = (wl,. w0 O) M

2 W Vs

" In the Amemiya-Tobin model, the mapping of latent to observed expenditure shares

is: w=w if w >0, and w,=0 if w, <0. The resulting probability/density mass
function for w=(w1,...,wm,0,...,0) is less complicated than the one described in

(2.27), and has the form

S (Wee s W W s Wy s X))
* * * * *
=jjf (wl,...,wm,wwl,...,wal,h,Z)dwal...dme.

Nevertheless, as shown by the mapping of latent to observed expenditure shares and
the expression for the probability/density mass function for the shares, there is

nothing in the Amemiya-Tobin model which ensures that the observed expenditure
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F (W W Wyt Wy )

o 0 0 * w
1ol
* * * * (2.27)
= ...,w,\,_l;h,Z‘.)J(W)dw,\,_1 Ldw, L dw, I<m<N
g*(wf,......,w;H;h,E) m=N

where h=(h,....h, ), g (-) is the conditional joint normal p.d.f. of the first N-1

latent shares w; , and

J(w):[1+(w@/wJ2+.“+(w%/WJ2Tﬂ, (2.28)

Gy =1-3 W (2.29)
i=1 W

a=a,, — f w, l=m+2,..,N-1. (2.30)

The term J(w) is the Jacobian between the latent and the observed shares and can be
ignored in the likelihood function as it does not depend on the parameters of the
model (Wales and Woodland, 1983). Wales and Woodland (1983) provide an
example of the application of this ML estimator in the case of the Linear Expenditure
System (LES), for estimation of household demand for three types of meat. In
demand systems of more than three commodities, however, estimation of the
likelihood function is somewhat more involved as a simulation procedure is required
for approximation of the probability/density mass functions comprising the model’s
likelihood function. For example, the Amemiya-Tobin model by wales and Woodland
(1983) and the GHK simulator (Geweke, 1991; Hajivasiliou, McFadden and Ruud,
1996; Keane, 1994) have been employed by Dong, Gould, and Kaiser (2004), for the

estimation of Mexican household demand for 12 food categories, and by Dong,

shares too will satisfy the budget constraint. The adding-up issue is dealt with by
dropping one of the shares as redundant during estimation, but the resulting parameter

estimates are not invariant to the equation dropped.
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Kaiser, and Myrland (2007) for the assessment of the effects of advertising on
Norwegian household demand for four fish and meat categories.

The second approach for the estimation of censored demand systems is the
Kuhn-Tucker model proposed by Wales and Woodland (1983), and its dual model
proposed by Lee and Pitt (1986). In these models, the source of zero purchases is
assumed to be the consumer’s inability to afford a commodity at given prices relative
to his/her income. That is, the consumer is at a corner solution to his/her utility
maximisation problem. In addition, both models assume that preferences are
randomly distributed over the population, thus, allowing for differences in consumer
tastes. As far as the Kuhn-Tucker model is concerned, its derivation starts with the
maximisation of a random direct utility function, subject to budget and non-negativity

constraints:

max{U(q,&):p-q<x,q>0"}. (2.31)
q

where q=(q,,...,qy) is a vector of commodity quantities, £=(¢,,...,&, ) is a vector

of random disturbances assumed to be jointly distributed as multivariate normal with

mean vector zero and covariance matrix X ={o,}, p =( Dise-os pN) is a vector of

commodity prices, x denotes total expenditure, and 0" is the N-dimensional zero

vector.'> U(q,e) is assumed to be a random utility function of the form
U(q.e)=U(q)+&-q, consisting, of a deterministic and a random component. The

random component, €, of the utility function is the one that allows for differences in
consumers’ tastes. Thus, the difference between the Kuhn-Tucker model and the
Amemiya-Tobin model by Wales and Woodland (1983) lies in the way the stochastic
components are incorporated. In the former model, a random utility function is

employed. The maximisation of this random utility function, with regard to non-

"> Notation: p-q is the inner product (or, dot product) of the two (column) vectors p
and q, that is, p-q = ZL p.q, - Also, q>q' means that ¢, >¢q/ Vi; q>q' means
that ¢, >¢q/ Vi; and q>q' means that ¢, >¢q' Vi and for at least one element j,

q;,#49;
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negativity constraints, yields the optimal consumption vector, which is allowed to
occur at a corner. On the other hand, in the Amemiya-Tobin model preferences are
non-random, i.e., the consumers have the same utility function which they maximise
subject to the budget constraint, and the utility maximising (the latent) expenditure
shares add-up to unity whereas the observed expenditure shares do not. The observed
expenditure shares differ from the utility-maximising ones, and random error terms
are used to account for these differences.

The necessary and sufficient Kuhn-Tucker conditions for a solution to the

problem in (2.31) are

U(qQ+&—-Ap <0, i=1..N, (2.32.2)
p-q—x=0, (2.32.b)

where U,(q) =0U (q)/ 0g, 1s the marginal utility of the i-th commodity, and A is the
Lagrange multiplier. Let us assume that one commodity is purchased, say the first
commodity. Then, at the optimum, Ul (qQ)+¢& —4 p, =0. Solving this equality for 4,

and substituting it into the remaining N —1 conditions in (2.32.a) yields

(P& —pe)+(PU@-pU @)<0,i=2,.,N, (2.33.a)

p-q—x=0. (2.33.b)

Taking into account that the budget constraint allows one commodity, say, g,, to be

written as a function of the remaining N —1 ones, Wales and Woodland (1983) re-

write the Kuhn-Tucker conditions as

y,=y(@<0, i=2,..,N, (2.34)

where q=(q,,....9y), ¥, =pé& —p&, and 3.(q) = pU (@) - pU,(§). Since the ¢,
random disturbances are assumed to be jointly distributed as multivariate normal with

zero mean and constant covariance matrix X, the y,’s — being linear functions of the
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&, ’s — are jointly distributed as multivariate normal with zero mean and non-constant
covariance matrix Q= {pfo;j - p,P\0,;,—P,;P,0y,; + p;p;0,} (Pudney, 1989).

As Wales and Woodland (1983) note, the vector of random disturbances € is

known to the consumer and, to him/her, the utility function U(q,€) and the utility-

maximising commodity vector q are non-stochastic. This is not the case for the
researcher, though. The researcher treats the vector of random disturbances €, and,
consequently, the utility-maximising commodity vector q, as random drawings from a
population. Hence, specification of a distribution for the random disturbances as
above allows, in turn, the derivation of a distribution for the consumption vector. In
particular, for a purchase regime where the first m goods are purchased, while

consumption for the remaining N —m goods is zero, the observed demands g¢,,...,q,

will have a mixed discrete-continuous joint distribution characterised by the following

probability/density mass function'

f(QQ:---aqm,O,...,O)
Yy o Ymn _ _ .
I I g(yz,...,ym,ym+l,...,yN;O ‘,Q)

—0 —0

_ xabs|J (§)|d,,.. .- Yy if 1<m<N, (2.35)

g(Fy..» 7,0V, Q)abs|J (q)), if m=N,

where 7, =3.(q) = p,U,(@)- pU,(qQ) and y, = p&, — p,&,, and J(q) is the Jacobian

of the transformation from (y,,...,»,) to (¢,,...,9,, ), i.e.,

[ 07,(q5s---»q,,,0,...,0) 09,(qss-++q,,50;...,0) ]
oq, aq,
J(q)= : : (2.36)
9,(45,---.4,,9,...,0) ~ 0y,(q,,-.-,9,,0,...,0)
i aq, aq,, ]

" Purchase, or demand, regime is the set of positively consumed goods.
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The probability/density mass for purchase regimes where g, =0 are obtained by re-

ordering goods so that the ones with positive consumption occur first, and some other

good is used in the place of good 1 for the derivation of the model. Thus, the complete
probability/density mass function for q is constituted upon 2"~ probabilities of the

type described in (2.35). The sample log-likelihood function is then the sum, over all
households, of the log of the probabilities of the type in (2.35), where each household
is associated with one of the purchase regime-specific probabilities. Maximisation of
this likelithood function yields consistent, asymptotically efficient and normally
distributed estimates of the parameters of the underlying random utility function and
of the covariance matrix £ (Wales and Woodland, 1983).

Wales and Woodland (1983) also provide an empirical application of the Kuhn-
Tucker model, using the quadratic utility function, for the estimation of household
demand for three types of meat, while an example of its use in the literature of
recreation demand is provided by Phaneuf, Kling, and Herriges (2000). In particular,
Phaneuf, Kling, and Herriges (2000), employed the Kuhn-Tucker model and a direct
utility function which is a variant of the LES in order to estimate the demand for
fishing in four sites of the Wisconsin Great Lakes region. The use of a direct utility
function for representation of preferences, however, is a drawback of the Kuhn-Tuck
model, since many widely used consumer demand models, such as the translog
model, are based upon the specification of an indirect utility or a cost function.

An econometric framework for modelling corner solutions in price space has
been proposed by Lee and Pitt (1986). Specifically, Lee and Pitt (1986) extended the
Kuhn-Tucker approach to a dual form, taking the maximisation of the direct utility
function without regard to non-negativity constraints as a starting point. That is, they
start by defining the indirect utility function as the solution to the following

maximisation problem,

V(r,e)=max{U(q,g):r-q=1}, (2.37)

where q=(gq,,...,q,) is a vector of quantities of the N commodities, € =(¢,,...,&y)

is a vector of random error terms, U(q,¢€) is a strictly quasi-concave utility function,
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and r=(r,...,r,) is a vector of expenditure-normalised commodity prices.
Application of Roy’s identity yields the notional demands

g = V(@20 i=1,.,N. (2.38)

i irj(aV(r,s)/arj),

The demands ¢, in (2.38), are called by Lee and Pitt (1986) as notional because they

are derived from a utility maximization problem which does not include non-
negativity constraints and, thus, they may take on negative values. In this sense, the
notional demands are rather latent variables corresponding to the non-negativity
constrained (i.e., observed) demands via virtual prices. The virtual prices are treated
by Lee and Pitt (1986) as reservation, or shadow, prices which exactly support zero
purchase of commodities. The derivation of the model of Lee and Pitt (1986) proceeds
as follows. Assume that the demands for the first £ commodities is zero, while the

demands for the remaining N —k ones are positive. Let ¥ =(7,,,...,7,) denote the
vector of expenditure-normalised market prices of the N —k positively consumed
commodities, and let @ =(7,(T),...,7,(r)) denote the vector of virtual prices that
support zero consumption of the first & commodities. Then, for i=1,....,k the

denominator in Roy’s identity is equal to zero, and the vector of virtual prices @ can

be solved from the equations

_ OV (z(T),..., 7, (T),T,g)
= o

0 , i=l.k. (2.39)

Once the virtual prices for the non-consumed commodities are derived from (2.39),
they can be substituted into the equations in (2.38). Specifically, the demands for the

N —k consumed commodities are given by

oV (z,(T),...,7,(T),T,&)/or,
T (aV(ﬂ.l(F)"ﬂk(F),F,S)/aI"J)

, i=k+1,.,N. (2.40)

=
Il

M=

~
Il
—_

-30 -



Comparison of virtual and market prices determines the consumption or non-
consumption of commodities, and, thus, the purchase regimes. Thus, the purchase
regime in which the first £ commodities are not consumed is characterised by the

inequalities

T(F)<r, i=1,..k. (2.41)

The regime switching conditions in (2.41) state that a commodity is not consumed
unless the consumer’s reservation price exceeds the commodity’s market price.
Moreover, they are shown by Lee and Pitt (1986) to be equivalent to the Kuhn-Tucker
conditions when the latter are expressed in terms of virtual prices.

Lee and Pitt (1986) show how equations (2.39), (2.40), and (2.41) can be used
for the derivation of the probability for each purchase regime and, hence, for the
model’s likelihood function. Specifically, Lee and Pitt (1986) employ the translog
indirect utility function, and use Roy’s identity in order to derive the notional
expenditure shares. Then, they use equations (2.39) and (2.41) in order to obtain, for
each of the £ non-consumed commodities, an inequality relation between the i-th
random error term and a function of the market prices of the i-th and of the N —k
positively consumed commodities. Moreover, they use relations (2.40) in order to
obtain, for each of the N—k—1 positively consumed commodities'®, an equality
relation between the i-th random error term and a function of the i-th budget share, of
the market prices of the N —k positively consumed commodities, and of the error
terms associated with the & non-consumed commodities. Using these inequality and
equality relations, and making appropriate assumptions about the joint distribution of
the random error terms, they obtain the probability/density mass function for this
regime. Since there are 2"~ possible purchase regimes, the sample log-likelihood
function is the sum, over all households, of the log of the purchase regime-specific
probabilities, where each household is associated with one of the purchase regime-
specific probabilities. The model is then estimated with the use of maximum
likelihood. Examples of empirical applications of the dual approach of Lee and Pitt
(1986) are provided in Phaneuf (1999), and Chakir, Bousquet, and Ladoux (2004).

* One of the positively consumed commodities is dropped as redundant since the

budget constraint must be satisfied. Hence, N —k —1 equations in (2.40) are solved.

231 -



Specifically, Phaneuf (1999), employed a translog indirect utility function in order to
estimate the demand for fishing in four sites of the Wisconsin Great Lakes region,
while Chakir, Bousquet, and Ladoux (2004) used panel data and a translog cost
function in order to estimate the industrial demand for electricity, gas and oil, in
France.

An alternative approach to the one-step estimators presented above lies in the
use of two-step estimators. Amongst the two-step procedures for estimation of
censored equation systems, the two-step estimator proposed by Heien and Wessells
(1990) for estimation of multivariate sample-selection models has been the most
widely used in demand studies.”'® The Heien and Wessells (1990) procedure

assumes the following system of limited dependent variables

w, =h(x;b,)+¢,, (2.42)

d; =7'a, +v,, (2.43)
1ifd >0

= O, (2.44)
0 ifd <0

w.o=dw, (2.45)

where i=1,...,N denotes commodities; w; denotes the demand system’s i-th latent
expenditure share and w, denotes the respective observed expenditure share; d, and
d’ are a binary indicator variable for the i-th commodity and its corresponding latent
variable, respectively; x and z denote vectors of exogenous variables; and &, and v,
are random error terms. The vector of random error terms
(1),8)’ =(U),..., 0y, &, 6y )' is assumed to be distributed as (2N)-variate normal with

zero mean and variance-covariance matrix given by

¥ See, Shonkwiler and Yen (1999), and Chen and Yen (2005) for a review of
empirical studies employing the Heien and Wessells (1990) estimator.

'® The bivariate sample-selection model is attributed to Heckman (1979).
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_ X, X,
Y= , (2.46)
Xy Xy

where X, is the matrix of covariances between the v,’s, X, is the matrix of

covariances between the ¢,’s, and X, =%/, is the matrix of covariances between the

v,’s and the &, ’s. Finally, the normalisation restriction o_ =1 is assumed.

Equations (2.43) and (2.44) constitute a standard probit model, and provide the
censoring mechanism, that is, they represent the mechanism which governs the
consumer’s consumption or non-consumption decision. Applying the probit technique

to each equation 7 of the model in (2.43) and (2.44), consistent ML probit estimates a,

are obtained. These parameter estimates are then used for computation of the inverse

Mills ratio, which for purchased commodities, is

R =~ oz 2:’) ; (2.47)
O (z'a,)
while for non-purchased commodities is given by
g - o (2.48)
" 1-o(z4,) '

where ¢(-) and ®(-) are the univariate standard normal probability density function

and cumulative distribution function, respectively. In the second step, the inverse

Mills ratio and the truncated sample (conditional on d, =1) are used in order to

estimate the regression
w, =h(x;b,)+5R +5, i=1,...,N, (2.49)
where &, is the covariance between the v,’s and the ¢&,’s, and &, is a heteroscedastic

error term. Since the expenditure shares in (2.49) must add-up to unity for the budget

constraint to be satisfied, one of the expenditure shares must be dropped as redundant
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during estimation. The system of N —1 share equations is then estimated using SUR.
However, as Heien and Wessells (1990) point out, the parameter estimates of the

system in (2.49) are not invariant to the equation dropped. The adding-up property of
the expenditure shares implies that Zilé;Ri =0. Yet, such a restriction is not

possible in general, since the inverse Mills ratio can take on any value (Heien and
Wessells, 1990).

The two-step estimator discussed above, along with more recent ones (e.g., the
ones proposed by Shonkwiler and Yen (1999), and Perali and Chavas (2000)), offer
simplified procedures for the estimation of systems of censored equations compared
to the maximum likelihood estimators of Wales and Woodland (1983), and Lee and
Pitt (1986). However, the resulting parameter estimates, although consistent, they lack
in efficiency compared to the one-step estimators. Moreover, under these two-step
estimators, the problem of adding-up of observed expenditure shares is inadequately
dealt with, since the resulting parameter estimates are not invariant to the equation
that is dropped during estimation. The problem of adding-up of observed shares is
more adequately addressed in the Amemiya-Tobin model by Wales and Woodland
(1983), as the budget constraint is accounted for in the mapping of latent to observed
expenditure shares, as well as in the Kuhn-Tucker and its dual. The applicability of
the latter models is quite limited, though, as they require that Kuhn-Tucker conditions
or virtual price relationships (in the case of the dual model) be solved. In addition,
application of the Kuhn-Tucker model and its dual requires that the researcher tackles
the problem of incoherency of the demand model, which arises form violations of
negativity of the Slutsky matrix. Specifically, van Soest, Kapteyn, and Kooreman
(1993) show that if coherency is not imposed then the resulting ML parameter
estimates may be inconsistent. As a solution to this problem, van Soest, Kapteyn, and
Kooreman (1993) propose sufficient conditions for regularity which can be imposed
during estimation, but not without a cost in terms of model flexibility. The Amemiya-
Tobin model by Wales and Woodland (1983), on the other hand, can be applied to
any demand system specification, and is free from the incoherency problem. The
shortcoming of this model — as well as of the Kuhn-Tucker model and its dual — lies
in the requirement for evaluation of multiple probability integrals in the likelihood
function. The use of simulation procedures, though, such as the GHK simulator, can

serve this aim even when there are many goods in the demand system.
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2.3 THE MODEL AND EMPIRICAL FRAMEWORK

The demand system that is adopted for estimation of household demand for organic
and non-organic milk & yoghurt and fruits & vegetables, in London, UK, is the
IAIDS as represented by relations (2.11) and (2.12), which we re-write below:

w, =a,+Xy,Ing, +fnQ,
J

InQ=q, +Za]. Ing, +%ZZ?@, Ing,Ing,,
Jj rJ

where w, denotes the i-th latent expenditure share. Now, relations (2.11) and (2.12)

correspond to the functional form of the latent expenditure shares. As the Amemiya-
Tobin model of Wales and Woodland (1983) requires, the observed expenditure
shares are modelled in accordance with the mapping of latent to observed expenditure

shares in relations (2.26.a) and (2.26.b), which we re-write below:

w; o
W, =—" if w, >0,
> W,
JjeM
w.=0 if w <0,

where w; is the observed expenditure share of good i, respectively, and M is the set of
positive latent expenditure shares.

In order to account for household heterogeneity, variables involving household
characteristics must also be included in the IAIDS. A common way to include socio-
demographic variables, which does not add extra non-linearity to the model, is by

augmenting the shares’ constant terms, ¢, , so that
& =a,+ ) $iZ; (2.50)
k

where Z, denotes socio-demographic variables. Since our system of latent

expenditure shares must add-up to unity, restrictions must be imposed on the

coefficients of the socio-demographic variables as well. That is, the adding-up
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restriction ) ¢, =0 must supplement the adding-up, homogeneity and symmetry

restrictions > o, =1, 3,,7,=0, >, 8=0, > 7,=0,and y,=7,.

As already discussed in Chapter 1, the presence of zero purchases in the sample
not only gives rise to a censoring problem, but also prohibits the use of widely used
inverse demand systems, such as the IAIDS, since the logarithm of zero consumption
cannot be defined. One way to deal with this problem would be to estimate the IAIDS
system only for the households that report positive purchases, but this may result in
sample selection bias. Another way is full-sample estimation by assigning some small
positive number or unity to the zero purchases. However, this approach has also
serious drawbacks: it is not independent of the units of measurement of the respective
explanatory variable(s), and if there is a large number of households in the sample
that report zero purchases then the resulting parameter estimates may be biased
(Battese, 1997). In order to overcome this problem, we employ the approach proposed
by Battese (1997), and modify the TAIDS share equations to include 0-1 dummy
variables indicating positive-zero consumption of commodities, and redefine the
explanatory variables for the non-purchased commodities as the maximum between
the actual value of the explanatory variable and the respective dummy.'” For example,
in a case of N commodities where the first N-1 commodities are purchased by all the
households in the sample, whereas zero purchase of the N-th commodity is reported
by some of the households, the IAIDS latent expenditure share equation for the i-th

commodity can be re-written as

N-1
W; :af+5NDN+Z7/ijlnqj+7/iN lnq;
=

N-1
o, + Z a;Ing, +a,Ing, +

N-IN

1
52 27;ngIng, (2.51)

-1
J=1

—
—

~

+ 5,

=

1 M= . 1 N1 . 1 £ \2
+5 71.Nlnql.lnqN+527/N/1nqN1Hq,+57NN(111‘1N)
i Jj=1

1
1

' An example of the use of the Battese (1997) approach is also provided by Battese,
Malik, and Gill (1996), who applied it the context of the stochastic production frontier

estimation where zero input use is reported by farmers in the sample.
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where D, denotes the dummy variable for the N-th commodity, which takes on the

value of zero for positive purchases of commodity N and the value of unity otherwise,

and ¢, is defined as

if ¢y >0, then: D, =0 and Ing, =In(max{g,,D,})=Ing,,

if ¢, =0, then: Dy =1 and Ing, =In(max{g,,D,})=In1)=0.

Under this example, the model represented by equation by (2.51) can be estimated for
all the households in the sample. In conclusion, in the case of an inverse demand
system where the explanatory variables involving purchased quantities are expressed
in logarithms, this technique is very convenient. It allows the same system of
expenditure share equations to be estimated for all households, either reporting zero
purchases or reporting positive purchases, without resulting in biased estimates.
Moreover, as Battese (1997) points out, the additional constant parameter introduced
by the dummy variable whenever zero purchases are reported acts only as a demand
shifter, leaving the slope of the demand functions and the own- and cross-quantity
flexibilities unaffected.

The TAIDS for the four commodity groups and three socio-demographic
variables was modified so that household heterogeneity and the problem of the
logarithm of explanatory variables taking on zero values are accounted for. As zero
purchases have been reported for all the commodities in our system except for the
non-organic fruits & vegetables category, three 0—1 dummy variables are included in
the model. Thus, the i-th equation of the final IAID system of latent expenditure share

equations is given by:

3 3 3
wo=a,+Y. 7, +2,6,D,+27, lnqj +y,Ing,+ B In0+¢, (2.52)
rar SO Ty T

InQ=a,+> a;Ing, +a,lng, +EZZ%’/’ Ing, Ing,
j=1 ’ i=1 j=1 = ’

12 13 1 2 (2-53)
+_Z7/i4lnqi ln‘h+_Z7/4_/IHQ4lnqj+_744(1n‘I4) >
23 254 2

-37 -



where Z, indicates variables involving household characteristics (age of the main
shopper in the family, household’s social class, and number of children), D, indicates

commodity-specific dummies taking the value of zero if g; >0 and the value of one if
q;=0, In q; :ln(max{qj,Dj}), and & is the error term associated with the i-th

share equation. The introduction of commodity-specific dummies and the budget

constraint now require that the adding-up restriction »_,6, =0 be imposed on the J,

parameters. Finally, in order to accommodate heteroscedasticity of the random errors,
it is assumed that the diagonal elements of the variance-covariance matrix of the error
terms depend additively on the social class and the number of children in the family.
That is, for each household, the variance of the error term associated with the i-th

commodity is given by
o7 =0, +6,Class + 6, Children . (2.54)

In order to estimate the model given by equations (2.52)-(2.54), (2.26.a), and (2.26.b),
the probability/density mass function in (2.27), for purchase regimes where more than
two commodities are not purchased, is evaluated via simulation. In the present study,
we follow the suggestions by Tallis (1965) for reducing plane truncation of normal
distributions to rectangular truncation, in order to transform the probability/density
mass function for these regimes into rectangular normal probabilities. The latter are
then approximated by the GHK simulator.'®

Once the TAIDS has been estimated, the economic interpretation of the
parameter estimates requires computation of the consumption scale, uncompensated,
and compensated (Antonelli) flexibilities, based on the unconditional expectation of
the observed shares. In order to derive the expected observed shares, the simulation

procedure suggested by Dong, Gould, and Kaiser (2004) is followed: we start by

" In this study, application of the transformations suggested by Tallis (1965) is
enough to allow the GHK simulation procedure to be used. For demand systems of
more than four commodities, however, additional transformations are required. These
transformations can be found in the appendix in Dong, Gould and Kaiser (2004), and

also in the appendix in Dong, Kaiser and Myrland (2007).
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simulating the N —1 error terms in (2.52), then substitute the simulated error terms in
(2.52) to derive the simulated latent shares, and, finally, we use the simulated latent
shares and the mapping rule of Wales and Woodland (1983) in order to compute the
expected observed shares. Specifically, the procedure of Dong, Gould and Kaiser
(2004) starts with the estimation of R replicates of the N —1 error terms of the latent

share equations. Let us write the IAIDS i-th latent expenditure share, in a more

compact form, as w, =h(x;b,)+¢,. The N—1 simulated latent shares are then

calculated by

w, =h(X;b,) +¢,, (2.55)

A

where X is the vector of the exogenous variables evaluated at the sample means, b,

l

denotes the vector of the maximum likelihood parameter estimates, and ¢, is the rth

replicate of the i-th error term. The N-th simulated latent share is computed via the
adding-up property of the latent shares. The rth replicate of the i-th observed share is
derived according to the mapping rule of Wales and Woodland (1983), i.e.,

W= ifw >0, (2.56.2)

w, =0 if w <0. (2.56.b)
Hence, the expected value of the ith observed share can be computed as the

average of its R replicates, that is,
1
E(w)=22w, (2.57)

Dong, Gould, and Kaiser (2004) substitute the simulated expected observed
shares in an arch elasticity formula in order to calculate the simulated uncompensated
elasticities for the direct AIDS. Following their suggestion, we compute the change in
the normalised price of good i that would induce the consumer to absorb a small

increase in the quantity of goodj with the use of the following formula:
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AE(w)  4,+Aq,/2
v Agq, E(wi)+AE(wl.)/2

(2.58)

where A, =1 for i=; and A, =0 for i#j, and AE(w,) is the change in the

expected value of the i-th observed expenditure share due to a small change in the

quantity of commodity j, Ag,. Once the simulated uncompensated flexibilities, f;,
have been computed, the simulated consumption scale flexibilities, f;, and the

simulated compensated flexibilities, f,, can be computed from the following

y

relations,19

=21 (2.59.a)

J

Iy =1 —wf, (2.59.2)

The estimated parameters of the IAIDS can also be used for analysing the
effects of changes in consumed quantities on households’ welfare levels. In particular,
Palmquist (1988), and Kim (1997) have shown how the distance function can be used
for the computation of exact welfare measures for quantity changes. Using the
estimated parameters of the IAIDS for recovering the underlying logarithmic distance

function, the compensating variation (CV) and equivalent variation (EV) for a change

in commodity quantities from q” to q' can be obtained as follows:

" Scale flexibilities measure the change in the normalised price of good i in response
to a scale expansion in the consumption bundle. Compensated flexibilities (or
compensated quantity elasticities) are the analogues to compensated elasticities of
direct demands, and they measure the change in the consumer’s marginal valuation of
good i, resulting from a marginal change in the consumption of good j, which is
required for the consumer’s utility level to remain unchanged. Relations (2.59.a) and
(2.59.b) were derived by Anderson (1980). Relation (2.59.a) is the restriction of
homogeneity of degree zero of inverse demands, expressed in terms of flexibilities,
whereas relation (2.59.b) is the Antonelli equation, i.e., the analogue to the Slutsky

equation for direct demands.
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cV=Dw’,q)-Du’,q")=Dw’,q") -1, (2.60)
EV=Du',q")-Du',q")=1-D(',q°), (2.61)

where u° and u' denote the initial and new utility levels, respectively, and q° and q'
denote the initial and new consumption vectors, respectively. The initial and new
utility levels are obtained by setting the distance function D(u’,q") and D(u',q'),
respectively, equal to 1 and solving for the utility level. CV is the amount of
additional (normalised) expenditure necessary for a consumer facing the new
commodity bundle q' to maintain the initial utility level #°. EV, on the other hand, is
the amount of additional (normalised) expenditure necessary for a consumer to

achieve the new utility level ' while facing the initial commodity bundle q°. For

q' <(>)q", CV measures willingness to pay (accept), while EV measure willingness
to accept (pay). Negative (positive) values of CV and EV imply that the consumer is
better (worse) off under the new commodity vector q'. Finally, the CV and EV

measures presented in eqs. (2.60) and (2.61) can be expressed as non-normalised

measures of welfare change by their multiplication with total expenditure.

2.4 DATA DESCRIPTION AND EMPIRICAL RESULTS

2.4.1. Data Description

The data used in the empirical analysis are drawn from a British household survey
conducted by the TNS market research institute. The survey provides information on
weekly purchases of organic and non-organic milk, yoghurt, fruits, and vegetables.
The surveyed households reported the volume of and expenditure on the
aforementioned organic and non-organic commodities purchased at every shopping
trip, as well as the shop that was visited and the time spend. The data base also
includes information on the socio-demographic characteristics of the surveyed
households, such as the number of adults and children in the household, the age of the

main shopper in the family, social class, and the region of residence.
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Table 2.1. Summary Statistics of the Data.

Standard
Variable Mean Min. Max. Deviation
Expenditure shares
Organic Milk & Yoghurt
All households 0.04 0.00 0,79 0.10

Households consuming (7=390) 0.13 0.00 0,79 0.13
Non-Organic Milk & Yoghurt

All households 0.26 0.00 0,95 0.19

Households consuming (7=1061)  0.28 0.01 0,95 0.18
Organic Fruits & Vegetables

All households 0.03 0.00 0,70 0.08

Households consuming (7=401) 0.10 0.01 0,70 0.11
Non-Organic Fruits & Vegetables

All households 0.66 0.02 1,00 0.19

Households consuming (7=1155) 0.66 0.02 1,00 0.19

Quantities purchased

Organic Milk & Yoghurt

All households 1.42 0.00  38.62 4.16

Households consuming (7=390) 4.20 0.13 38.62 6.30
Non-Organic Milk & Yoghurt

All households 8.39 0.00  55.66 8.90

Households consuming (7=1061)  9.13 0.15 55.66 8.91
Organic Fruits & Vegetables

All households 0.55 0.00  21.39 1.53

Households consuming (7=401) 1.59 0.15 21.39 2.26
Non-Organic Fruits & Vegetables

All households 9.60 0.19 58.54 7.44

Households consuming (7=1155)  9.60 0.19 58.54 7.44

Household characteristics

Age of main shopper 50.05 22 84 15.25
Social class 3.66 1 6 1.29
Number of children 0.60 0 6 0.96

Note: The sample consists of 1155 households. 7 denotes number of households. The
explanatory variable for social class takes on the value of 1 for the highest social class and the
value of 6 for the lowest one.

For the purposes of the present analysis, the region of London was selected in
order to avoid problems associated with the consumption of home-grown agricultural
products in rural areas. The final data set used for estimation of the IAIDS is a cross

section of 1155 households in London, and contains household consumption and
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expenditure data on four commodity groups, namely, organic milk & yoghurt, non-
organic milk & yoghurt, organic fruits & vegetables, and non-organic fruits &
vegetables, for November 2006. Aggregation of quantities for the creation of the milk
& yoghurt, and fruits & vegetables commodity groups was carried out with the use of
Divisia indices, with expenditure shares serving as weights. The quantities of the
fruits & vegetables group are measured in kilograms, while the quantities of milk and
yoghurt, before aggregation, were measured in litres and kilos, respectively. Total
expenditure is the sum of expenditures on all commodities, and is measured in Pound-
Sterling.

The socio-demographic variables used in our analysis are the age of the main
shopper in the household, the household’s social class, and the number of children in
the family. Social class is a classification of the households into six categories
representing social grade, social status, and occupation. In particular, the classification
is: Class A (upper middle class, higher managerial, administrative or professional),
Class B (middle class, intermediate managerial, administrative or professional), Class
C1 (lower middle class, supervisory or clerical, junior managerial, administrative or
professional), Class C2 (skilled working class, skilled manual workers), Class D
(working class, semi and unskilled manual workers), and Class E (households at
lowest level of subsistence, state pensioners or widows (no other earner), casual or
lowest grade workers).”” The descriptive statistics for the household data are
summarised in Table 2.1. As shown in Table 2.1, non-organic milk & yoghurt, and
non-organic fruits & vegetables are associated with the highest average expenditure
shares, as 1061 (92%) and 1155 households (100%) households, respectively,
reported positive consumption for these commodity groups, whereas 390 (34%) and
401 households (35%) households reported positive consumption of organic milk &

yoghurt, and organic fruits & vegetables, respectively.

2.4.2 Empirical Results
Estimates of the parameters of the IAIDS were obtained from maximum likelihood

estimation of the model using the GAUSS software. The IAIDS was estimated with

0 In estimation, the explanatory variable used for the households’ social class takes on

the value of 1 for the highest social class and the value of 6 for the lowest one.
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the homogeneity and symmetry restrictions imposed, and the constant parameter ¢,

set to zero.”' Likelihood Ratio tests that were carried out indicated that the error terms
in the share equations for organic milk & yoghurt and organic fruits & vegetables are
heteroscedastic. Therefore, heteroscedastic rather than a homoscedastic error structure
was employed for these commodity groups. The share equation that was dropped as
redundant during estimation was the one for organic milk & yoghurt. Estimates of the
parameters associated with this commodity group were computed via the adding-up,
homogeneity, and symmetry restrictions, and their standard errors were approximated
by the delta method (see, for example, Spanos (1999)).

The maximum likelihood parameter estimates, along with their standard errors,
for the socio-demographic, quantity, total consumption, and dummy coefficients are
presented in Table 2.2. As shown in Table 2.2, all the all the own- and cross-quantity

coefficients, y,, were statistically significant at the 1% level of significance. In

addition, three out of the four total consumption coefficients, S, were found to be

statistically significant. Regarding the parameter estimates of the socio-demographic
coefficients, eight out of the twelve parameters were found to be statistically different
from zero. In particular, the coefficient of the age of the main shopper in the
household is statistically significant in all expenditure share equations except in the
one for organic fruits & vegetables, and appears to have a positive effect on the
expenditure shares for the organic and non-organic milk & yoghurt and a negative one
on the expenditure share for non-organic fruits & vegetables. The coefficient of social
class is statistically significant in all expenditure share equations except in the one for
non-organic fruits & vegetables. In addition, results indicate that as the value of this
socio-demographic variable increases (i.e., as we are moving to lower social classes)
the expenditure share for organic milk & yoghurt tends to decrease, and the share for
organic fruits & vegetables tends to increase. Finally, the coefficient of the number of
children in the family is statistically significant only in the expenditure share

equations for the non-organic commodities, and appears to have a small and positive

' Eales and Unnevehr (1994) report problems with the estimation of ¢, .

Identification of this parameter is problematic since it appears only in the TAIDS
quantity index. The same problem arises in the AIDS as well (Deaton and

Muellbauer, 19805).

_44 -



(negative) effect on the expenditure share associated with non-organic milk & yoghurt

(non-organic fruits & vegetables).

Table 2.2. Parameter Estimates of the IAIDS for Organic and Non-Organic Foods in

London, UK
Non- Non-
Organic Organic Organic ~ Organic
Milk & Milk & Fruits &  Fruits &
Yoghurt  Yoghurt Vegetables Vegetables
Intercept 0.0168 0.2609 0.0095 0.7128
(0.0135)  (0.0083)*  (0.0146) (0.0195)*
Household Characteristics
Age 0.0605 0.0463 0.0066  -0.1134
(0.0093)* (0.0056)*  (0.0111) (0.0144)*
Soc. Class -0.0307 0.0088 0.0178 0.0041

No. of Children

Quantities
Organic Milk & Yoghurt

Non-Organic Milk & Yoghurt

Organic Fruits & Vegetables

Non-Organic Fruits & Vegetables

Total Consumption

Commodity Specific Dummies
Organic Milk & Yoghurt

Non-Organic Milk & Yoghurt

Organic Fruits & Vegetables

Log-Likelihood

(0.0154)** (0.0037)** (0.0076)** (0.0107)

0.0009  0.0073  0.0001  -0.0083
(0.0022)  (0.0008)*  (0.0021) (0.0028)*
0.1774

(0.0057)*

-0.04 0.1346

(0.0027)*  (0.0011)*

0.011  -0.0196  0.0741

(0.0034)*  (0.0020)* (0.0031)*

0.1264  -0.075  -0.0435  0.2449
(0.0045)*  (0.0019)*  (0.0037)* (0.0057)*
0.129  -0.0065  0.0023  -0.1248
(0.0071)* (0.0038)*** (0.0049) (0.0065)*
02311 0.0079  0.0247  0.1985
(0.0098)*  (0.0069)  (0.0061)* (0.0112)*
0.0162  -0.2678  0.0587  0.1929
(0.0077)** (0.0171)* (0.0108)* (0.0203)*
0.0474 00105  -02199  0.162
(0.0066)* (0.0054)** (0.0065)* (0.0099)*

-865.3029

Notes: Asymptotic standard errors in parentheses. * (**, and ***) indicate significance at the 1% (5%,

and 10%).
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Interpretation of the y, and J parameter estimates is provided by the

(simulated) consumption scale, uncompensated and compensated flexibilities
presented in Tables 2.3-2.5. The scale flexibilities, shown in Table 2.3, measure the
change in the expenditure-normalised price of good i (i.e., the consumer’s marginal
valuation of good i) in response to a scale expansion in the consumption bundle. Scale

flexibilities can be used to classify goods as luxuries (f; >—1) or necessities (f; <-1).

In our case, organic milk & yoghurt are classified as luxuries, while the scale

flexibility for the rest of the commodity groups are quite close to —1.

Table 2.3. Simulated Consumption Scale Flexibilities.

Commodities Scale Flexibilities
Organic Milk & Yoghurt -0.2292
Non-Organic Milk & Yoghurt -0.9413
Organic Fruits & Vegetables -0.9259
Non-Organic Fruits & Vegetables -1.0767

The (simulated) compensated (Antonelli) flexibilities are reported in Table 2.5.
Compensated flexibilities measure the change in the consumer’s valuation for good i,
required for him/her to remain on the initial indifference curve, in response to a
change in the quantity of good j. As pointed out by Barten and Bettendorf (1989),
however, compensated flexibilities are imperfect measures of the interrelationships
between commodities because the negative-semidefiniteness of the Antonelli matrix
and the homogeneity restriction lead to dominance of complementarity in the
Antonelli matrix (i.e. dominance of positive cross-quantity effects).”” Here, the
majority of the cross-quantity compensated flexibilities are positive, implying net g-
complementarity between the commodities in the demand system. In addition, as
Dong, Gould, and Kaiser (2004) note, symmetry restrictions required by economic

theory are applied to the latent shares. Thus, the use of observed shares and simulated

* Dominance of complementarity in the Antonelli matrix has been reported in several
studies of consumer demand for goods that are a priori expected to be substitutes,
such as different categories of meats (e.g., Eales and Unnevehr, 1994; Holt, 2002) and
fish (e.g., Barten and Bettendorf, 1989; Fousekis and Karagiannis, 2001).
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uncompensated flexibilities (elasticities in the paper of Dong, Gould, and Kaiser
(2004)) for the computation of the simulated compensated flexibilities does not
guarantee that the latter will be symmetric. For these reasons, we will not discuss the
compensated flexibilities, and turn to the analysis of uncompensated flexibilities

instead.

Table 2.4. Simulated Uncompensated Flexibilities.

Quantities Organic Non-Organic Organic Non-Organic
Milk & Milk &  Fruits &  Fruits &
Prices Yoghurt  Yoghurt Vegetables Vegetables
Organic Milk & Yoghurt -0.2219 -0.0614 0.0270 0.0271
Non-Organic Milk & Yoghurt -0.0264 -0.5925 -0.0263 -0.2961
Organic Fruits & Vegetables -0.0250 -0.1537 -0.3410 -0.4062
Non-Organic Fruits & Vegetables| -0.0684 -0.1291 -0.0325 -0.8467

Table 2.5. Simulated Compensated (Antonelli) Flexibilities.

Quantities Organic Non-Organic Organic Non-Organic
Milk & Milk &  Fruits &  Fruits &
Prices Yoghurt  Yoghurt Vegetables Vegetables
Organic Milk & Yoghurt -0.2119 -0.0023 0.0351 0.1792
Non-Organic Milk & Yoghurt 0.0147 -0.3498 0.0066 0.3285
Organic Fruits & Vegetables 0.0154 0.0851 -0.3086 0.2081
Non-Organic Fruits & Vegetables| -0.0214 0.1485 0.0051 -0.1323

As shown in Table 2.4, all own-quantity uncompensated flexibilities are
negative, i.e., each commodity is its own substitute, and are lower than one in
absolute values. Small responses of normalised prices to own-quantity changes
suggest that, in terms of a direct demand system, the goods in the consumption bundle
are price elastic. A good reason for this is that organic and non-organic commodities
are very good substitutes for one another, and, consequently, the demand for them is
quite elastic. In particular, the organic foods in our demand system are less quantity
elastic and, hence, more price elastic than their non-organic counterparts, which is to
be expected since they are more expensive than the latter. Moreover, each of the

cross-quantity flexibilities is lower, in absolute values, than the corresponding own-
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quantity flexibility, indicating that increases in the consumption of commodity i
mostly affect the expenditure-normalised price (i.e., consumer’s valuation, or
willingness to pay) of that commodity itself. Thus, it is the expenditure-normalised
prices of the organic commodities themselves, and not those of their non-organic
counterparts, that play the most important role in inducing consumers to increase their
consumption of organic commodities.

As far as the substitution effects are concerned, the sign of the cross-quantity
uncompensated flexibilities indicates that organic and non-organic milk & yoghurt, as
well as organic and non-organic fruits & vegetables, are gross g-substitutes as
expected. Our results also suggest that non-organic milk & yoghurt and the two fruits
& vegetables groups are gross g-substitutes, while the type of the interrelationship
between organic milk & yoghurt and the two fruits & vegetables groups cannot be
inferred. A comparison of the cross-quantity flexibilities by pairs of organic and non-
organic commodities shows that the response of the expenditure-normalised prices of
the non-organic commodities to changes in the quantities of the organic ones is
smaller (in absolute values) than the response of the expenditure-normalised price of
the organic commodities to changes in the quantities of the non-organic ones. That is,
it takes a comparatively higher decrease in consumer’s valuation of organic
commodities to induce consumers to increase the consumption of non-organic ones.
Put another way, despite the higher prices of organic commodities, it is relatively
difficult to induce consumers habitually buying organic commodities to “revert” to
non-organic ones. This situation is even more striking in the case of organic and non-
organic fruits & vegetables. An explanation for this could be that organic fruits and
vegetables have made their appearance in the market well before organic milk and
yoghurt did, and as a result, there are more varieties of organic fruits and vegetables
for the consumers to choose amongst and their price premiums are not as high as the
price premiums of organic milk and yoghurt. In short, the values of the cross-
quantity flexibilities, along with organic commodities’ being more price-elastic than

their non-organic counterparts, imply that small decreases in the prices of the organic

* For the sample used in the present study, the percentage difference in unit values
(i.e., the price of the i-th commodity group computed from expenditure and quantity
data) between organic and non-organic milk & yoghurt is larger than the difference in

unit values between organic and non-organic fruits & vegetables.
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commodities and/or small increases in the prices of the non-organic commodities can

increase the demand for the organic commodities substantially.

Table 2.6. Compensating and Equivalent Variation for Households Reporting
Positive Consumption of Non-Organic Milk & Yoghurt and Zero
Consumption of Organic Milk & Yoghurt.

Quantity Changes Household Group Cv EV
Substitution of 5% of Higher social classes 3.81 1.90
non-organic milk & yoghurt = Lower social classes 2.82 1.50
by organic ones (2.1134)* (1.9983)*
Without children 342 1.72
With children 3.31 1.75
(0.2397) (-0.1062)
All households 3.38 1.73
Substitution of 10% of Higher social classes 1.40 0.81
non-organic milk & yoghurt  Lower social classes 0.96 0.62
by organic ones (1.5393) (0.9539)
Without children 1.22 0.70
With children 1.19 0.77
(0.1100) (-0.3092)
All households 1.21 0.73
Substitution of 15% of Higher social classes 0.96 0.67
non-organic milk & yoghurt = Lower social classes 0.72 0.57
by organic ones (0.7972) (0.3315)
Without children 0.86 0.60
With children 0.85 0.67
(0.0269) (-0.2181)
All households 0.85 0.63

Notes: Average CVs and EVs are measured in Pound-Sterling. This sub-sample consists of
723 households (full sample size is 1155). The group of households in higher (lower) social
classes consists of 411 (312) households in social classes A, B, and C1 (C2, D, and E). The
group of households without children consists of 476 households. The group of households
with children consists of 247 households with 1 to 5 children. #-statistics for the differences in
CV and EV between household groups are in parenthesis, and * indicates significance at the

5% level.

Substitution of the estimated parameters of the demand system back into the

IAIDS logarithmic distance function in (2.10) allows derivation of the CV and EV

measures of welfare change due to changes in consumed quantities. For the purposes

of the present analysis, it is of interest to examine the households in our sample which
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reported positive consumption of non-organic commodities and zero consumption of
organic ones, and to analyse these households’ welfare changes due to substitution of
a portion of the non-organic commodities by organic ones. Table 2.6 provides the
average CV and EV measures of welfare change (measured in Pound-Sterling) due to
substitution of a 5%, 10% and 15% of the consumed non-organic milk & yoghurt by
organic ones. As shown in Table 2.6, the average CVs and EVs for all the 723
households in the sub-sample are positive, indicating that the households in this sub-
sample become worse off under the substitution of a portion of non-organic milk &
yoghurt by their organic counterparts. However, as the portion of non-organic milk &
yoghurt which is substituted by their organic counterparts increases, the average CVs
and EVs diminish, indicating that the households become less and less worse off. The
results are also broken down according to household groups. Specifically, we
computed the average CVs and EVs for the following groups: households in higher
social classes (social classes A, B, and C1), households in lower social classes
(classes C2, D, and E), households without children, and households with children.
The hypothesis that the difference between the average CVs (EVs) for the households
in higher and lower social classes is zero was tested, and it was rejected only for the
case of substitution of 5% of non-organic milk & yoghurt by organic ones.** Thus, in
the case of substitution of 5% of non-organic milk & yoghurt by organic ones,
households in different social classes are affected differently by these quantity
changes, with households in higher social classes becoming more worse off than the
households in lower ones. Similar tests which were also carried out for the household
groups with and without children indicate that the substitution of a portion of non-

organic milk & yoghurt by organic ones does not affect the average CVs and EVs of

* The hypothesis that the difference between the average CVs for households in

different groups is zero was tested using the statistic
(51 —C_Vz)/«lslz/ﬂ +s§/T2 ,

where CV, and CV, are the average CVs for household groups 1 and 2, and s, and

s, are the standard deviations of the CVs for household groups 1 and 2. This statistic
follows the ¢ distribution with v =7 +T7, -2 degrees of freedom, where 7| and 7,

denote the number of households in groups 1 and 2, respectively. Likewise for the

EVs.
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these household groups differently. A more detailed analysis of the results, according
to smaller household groups, indicates that households in higher and lower social
classes, without children, are affected differently by the substitution of 5% , or 10%,
of non-organic milk & yoghurt by organic ones, while this difference vanishes for the

15% substitution case (see Table A.1 in the Appendix).

Table 2.7. Compensating and Equivalent Variation for Households Reporting
Positive Consumption of Fruits & Vegetables and Zero Consumption of
Organic Fruits & Vegetables.

Quantity Changes Household Group CV EV
Substitution of 5% of Higher social classes 1.57 1.22
non-organic Lower social classes 1.96 1.56
fruits & vegetables (-1.7534)* (-1.6777)*
by organic ones Without children 1.75 1.38
With children 1.77 1.39
(-0.0820) (-0.0443)
All households 1.75 1.38
Substitution of 10% of Higher social classes -2.61 -3.15
non-organic Lower social classes -2.08 -2.54
fruits & vegetables (-1.6848)* (-1.6297)
by organic ones Without children -2.38 -2.89
With children -2.32 -2.82
(-0.1834) (-0.1624)
All households -2.36 -2.87
Substitution of 15% of Higher social classes -4.78 -6.07
non-organic Lower social classes -4.17 -5.26
fruits & vegetables (-1.5755) (-1.5534)
by organic ones Without children -4.52 -5.73
With children -4.44 -5.62
(-0.2009) (-0.1898)
All households -4.50 -5.69

Notes: Average CVs and EVs are measured in Pound-Sterling. This sub-sample consists of
754 households (full sample size is 1155). The group of households in higher (lower) social
classes consists of 406 (348) households in social classes A, B, and C1 (C2, D, and E). The
group of households without children consists of 517 households. The group of households
with children consists of 237 households with 1 to 6 children. #-statistics for the differences in
CV and EV between household groups are in parenthesis, and * indicates significance at the
10% level.
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A similar analysis is carried out for fruits & vegetables. Table 2.7 presents the
average CVs and EVs for the households reporting positive consumption of non-
organic fruits & vegetables and zero consumption of organic fruits & vegetables (754
households). The average CVs and EVs for the households in this sub-sample are
positive for the case of substitution of a 5% of the non-organic fruits & vegetables by
their organic counterparts, indicating that the households become worse off under this
change in quantities. They do become better off, though, under the 10% substitution
case, and even more favoured under the 15% substitution case. The hypothesis that
the difference between the average CVs (EVs) for the households in higher and lower
social classes is zero was tested, and it was rejected for the cases of substitution of
5%, and 10% (CVs only), of non-organic fruits & vegetables by organic ones. Similar
tests for the households groups with and without children indicate that the substitution
of a portion of non-organic fruits & vegetables by their organic counterparts does not
affect the CVs and EVs of these household groups differently. Finally, a more
detailed analysis of the results, according to smaller household groups, indicates that
it is the households in higher and lower social classes, without children, that are
affected differently by the substitution of a 5%, 10% or 15% of non-organic fruits &
vegetables by organic ones (see Table A.2 in the Appendix).
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3. Measuring Efficiency in Consumption: A Theoretical

Model

3.1. INTRODUCTION
The study presented in the previous chapter employed standard theoretical approaches
for the analysis of consumer demand for organic and non-organic commodities;
standard, in the sense that it is implicitly assumed that consumers behave optimally
and, thus, efficiently. However, as stressed out in Chapter 1, optimality is a restrictive
assumption to make for consumers’ actual behaviour. The study presented in the
present chapter moves away from this restrictive assumption, and develops a
theoretical model for the analysis of consumer’s inefficiency in price-quantity space.
In particular, it contributes to the literature of measuring efficiency in consumption by
proposing indices of commodity-oriented efficiency and utility-oriented efficiency for
measuring consumer’s efficiency. The commodity-oriented efficiency measures
which are developed allow consumer’s efficiency to be studied not only in terms of
budget that is wasted (i.e., as in the models developed by Afriat and Varian), but also
in terms of quantities that are wasted. Also, the proposed utility-oriented efficiency
measures allow consumer’s inefficiency to be studied in terms of utility that that the
consumer could have, but has not, attained. As already stated, this side of consumer’s
non-optimal behaviour has not been explicitly dealt with in the literature of
consumer’s efficiency. Specifically, an index which resembles our index of utility
overall efficiency can be found in Russell (1998). However, the issue of consumer’s
efficiency is not studied by Russell (1998); it is only implied that consumer’s
efficiency could be studied in terms of utility that is wasted. Finally, the construction
of the proposed utility-oriented efficiency measures is based on the use of the output
distance function. The output distance function is well-established in the producer
theory context, but it has never been used before in the consumer theory context.

The structure of this chapter is as follows. The approaches proposed so far for
measuring efficiency in consumption are discussed in Section 3.2. In particular, this
section provides a presentation of Afriat’s cost efficiency index and Varian’s money-

metric goodness-of-fit measure for measuring consumer’s efficiency in price-quantity
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space, and of the recent developments in measuring consumer’s efficiency in price-
quality space. The same section also provides a critique of the aforementioned
approaches. The proposed model for measuring inefficiency in consumption is
presented analytically in Section 3.3. In particular, Section 3.3.1 provides a detailed
presentation of the consumer’s expenditure-minimisation problem, and derives some
interesting results with straightforward application in empirical work. The notion of
commodity efficiency and a proposed measure of it are described in Section 3.3.2,
whereas the notions of and measures for expenditure (or overall) efficiency and
allocative efficiency are the subject-matter of Section 3.3.3. In the same section, a
decomposition of expenditure efficiency into commodity and allocative efficiency is
also proposed and illustrated. Finally, in Section 3.3.4, the notion and a measure of
utility efficiency are provided, and its relation to the measure of commodity efficiency

is explained.

3.2. HISTORICAL BACKGROUND

3.2.1 Afriat’s Cost Efficiency Index

The first attempt to measure consumption efficiency in price-quantity space is
attributed to Afriat (1967), who employed revealed preference theory in order to
construct an non-parametric index for measuring consumption efficiency in a price-
quantity space, where consumption inefficiency is represented as a measure of wasted
expenditure. A brief description of Afriat’s index can also be found in Aftriat (1988)
and Varian (1990). For describing the index in question, we will start by letting q and
p denote a vector of commodity quantities and the vector of their associated market
prices, respectively. Assuming that a utility order R (i.e., a preference ordering)
underlies a demand (q,p) (i.e., a set of quantity and price observations), Afriat defines

a demand (q,p) to be efficient if the following conditions are satisfied:

» The study in this chapter was presented at the 5" North American Productivity
Workshop, Stern Business School, New York, USA, June 24-27, 2008, under the title
“Measurement of Consumption Efficiency in Price-Quantity Space: A Distance

Function Approach” (with M. Genius, P. Midmore, and V. Tzouvelekas).
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Hl=p.y<p-q=qRy, (3.1)
H2=yRq=p-y=p-q. (3.2)

That is, the utility provided by q is required to be at least as great as the utility
provided by any other bundle y which is affordable with that expenditure (condition
H1), and if y provides at least the same utility as q then it should be at least as
expensive (condition H2).**” Afriat defines a demand (q,p) to be compatible with a
utility order R, if it satisfies condition H, which is the conjunction of conditions H1
and H2. Condition H gives Afriat’s model for exact efficiency. In order to define a
model that allows for inefficiency, Afriat introduces a scalar e, which takes on values
between 0 and 1 and which he refers to as a level of cost-efficiency. Using e,

conditions H1 and H?2 are redefined as follows:

Hl(e)=p-y<e(p-q) = qRy, (3.3)
H2(e)=yRq=p-y=e(p-q). (3.4

That is, the utility provided by q is required to be at least as great as the utility
provided by any other bundle y which is affordable with a fraction e of the
expenditure p-q (condition Hl(e)), and the utility provided by q should not be
attainable with expenditure less than e(p-.q) (condition H2(e)). In effect, what
Afriat does for modelling consumption inefficiency is to represent inefficiency as a
measure of budget wastage: an amount [(p-q)—e(p-q)] is allowed to be wasted,
since by better programming at least the same utility could have been obtained with

an expenditure not exceeding e(p-q) (Afriat, 1988, pp. 255-6). Hence, the closer e is

* Put another way, if the amount of money spent on q is at least as great as that spent
on any other bundle y, then q is “at —least-as-good-as” y (condition H1), while, if a
bundle q is “no-better-than” any other bundle y, then the amount of money spent on q
should not exceed that spent on y (condition H2).

*7 Afriat (1998) notes that, if R is representable by a continuous non-decreasing utility
function (i.e., if preferences satisfy the axioms of reflexivity, completeness,
transitivity, continuity and non-satiation), the conditions H1 and H2 become

equivalent.
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to 1, the smaller the portion of the budget that the consumers waste. Thus, e can be
thought of as measuring the “overall efficiency” of consumers’ choice behaviour.

Formally, Afriat’s model for inefficiency is given by the condition H(e), which is the
conjunction of conditions H1(e) and H?2(e) for any e between 0 and 1, and a demand

(q,p) is defined to be compatible with utility order R at the level of cost efficiency e, if
it satisfies condition H(e).

Evidently, if e=1, that is, if no amount of the budget is allowed to be wasted,
then condition H(e) becomes equivalent to the model of full efficiency given by the
compatibility condition H. On the other hand, if e=0, that is, if the entire budget is
allowed to be wasted, then the compatibility condition H(e) is vacuous in the sense

that we cannot find any bundles y that q is at-least-as-good-as.”® In general, if a
demand (q,p) is compatible with utility order R at a level of cost efficiency e, then it
is also compatible with R at any level of cost efficiency e’ such that ¢’ <e. Hence, as
e varies from 1 to 0, the number of bundles y that q is at-least-as-good-as decreases.
Finally, Afriat (1998) also provides as alternative representation of the model

for inefficiency. In particular, he employs a utility cost function, c(p,q), which is

defined in terms of a utility order R by

c(p,q) =inf{p-y:yRq}. (3.5

The function given by (3.5) is actually a money-metric utility function defined in

terms of a preference ordering, and allows the condition H2(e) in (4.4) to be restated

as

c(p,q)=e(p-q). (3.6)

If preferences satisfy certain axioms of choice so that conditions H1(e) and H2(e)

are equivalent, the condition (3.6) alone can be used in order to express the

compatibility condition H(e). In particular, rearranging terms in relation (3.6) yields

* Using Afriat’s words, “H(0) holds unconditionally; that is, every demand is

compatible with every utility at a level of cost efficiency 0” (Afriat, 1988, p. 256.)

- 56 -



. Vo (3.7)
p-q

The compatibility condition H(e), which gives Afriat’s model for consumption

inefficiency is now given by e > e, where Afriat defines e” to be the cost efficiency

of the demand (q,p) as determined by the utility order R.

3.2.2 Varian’s Goodness-of-Fit Measure

Afriat’s cost efficiency index measures the overall consistency of a set of data with
optimising behaviour (i.e., the overall efficiency of the data). That is, a single index e
is used that applies to all observations. Following Afriat (1967), Varian (1990) shows
how to construct a parametric goodness-of-fit measure for violations in optimising
behaviour, which serves as a parametric consumption efficiency index and can be
applied to each observation in a sample. Drawing on Varian (1990), we will start from
the presentation of the efficiency index in its non-parametric form and continue on to
the description and use of it as a parametric efficiency index.” First, let q and p

denote vectors of commodity quantities and their associated prices, and let ¢’ and p’

denote the #-th observation in q and p, ¢ =1,...,7 . Then, for all pairs of observations ¢

and s, define the direct revealed preference relation R’ by

q'R’q’ if and only if p'q’ >p'q’, (3.8)
that is, q' is directly revealed preferred to q' if q' is purchased when q° was
affordable. Varian (1990) defines the following extension to the direct revealed

preference relation:

q'R’q’ if and only if ¢'p'q’ >p'q’, (3.9)

* An extensive non-parametric analysis of optimising behaviour, including the
measurement of violations in optimising behaviour can be found in Varian (1982,
1983, 1985). For the computation of goodness-of-fit measures and Afriat’s efficiency

index, see, for example, Varian (1996).
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where €' denotes numbers such that 0 <¢' <1. This extension of the direct revealed

preference relation says that observation ¢ is directly revealed preferred to observation
s at efficiency level €' if, and only if, &' p'x' > p'x* (Varian, 1996). Just as was the
case in Afriat’s models for exact efficiency (condition H) and inefficiency (condition

H(e)), Varian’s revealed preference relations (3.8) and (3.9) are identical for e’ =1,

w. e = .9) is vacuous. e u
hereas, for ¢ =0, (3.9) is vacuous. Hence, as e’ decreases from 1, the number of

observations revealed preferred to other observations monotonically decreases
(Varian, 1990, p. 130).

In turn, letting the revealed preference relation R, be the transitive closure of
the relation R”, Varian (1990) defines the Generalised Axiom of Revealed Preference

at efficiency level e, GARP,, by’

q'Rq' implies €'p'q' <p'q’. (3.10)

That is, some data (p’,q’,e’) are consistent with the utility maximisation model if,
and only if, they satisfy the GARP,. Obviously, if ¢' =1 for all ¢, then the definition of
GARP, becomes identical with the standard definition of GARP. Varian (1990)
restates the definition of GARP, as follows: if some data (p',q',e") satisfy GARP,

then

forall ¢'Rq" wehave e'p'q' <p'q’, (3.11)

% Definitions: let the standard direct revealed preference relation R’ be defined by:

q'R’q if and only if p'q’ >p'q. Then the transitive closure of the relation R°,
denoted by R, is defined as: q'Rq if and only if there is some chain of observations
(q°,q’,...,q") such that q'R’q", q'R’q",...,q"R"q. Finally some observed choices
(p'.q") are consistent with the utility maximisation model if, and only if, they satisfy
the Generalised Axiom of Revealed Preference (GARP), which is defined as: q'Rq’

implies not q°Rq’.
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Relation (3.11) can now be written as
e' < ptq“/(ptq’) forall q'R(q’, (3.12)

For observations q" such that q°Rq" and e'p'q' =p'q*, ¢ can be defined by the
ratio ¢ =p'q’ / (ptqt). Hence, for relation (3.12) to hold as an equality, q° must be

such the expenditure p'q’ are the minimal ones. That is, €' can be defined by
¢ =min{p'q’/p'q'} . (3.13)
q'Rq

Varian (1990) also shows that, by employing a money metric utility function,
his goodness-of-fit measure can be used for the construction of a parametric

consumption efficiency index. His analysis starts with the assumption that an

observed commodity vector q°, is the result of the maximization of a utility function
U(q";B), where p denotes a vector of parameters. The money-metric utility function ,

or direct (income) compensation function, M (p,q’;P) is then defined as the solution

to the problem of minimising the total expenditure required for attaining at least the

same utility as that generated by the reference (i.e., the observed) commodity vector

q’, at market prices p. That is,

M(Paqo;ﬂ)=H}qin{P°qu(q;l3)2U(q0;l3)} (3.14)
or,

M(p.q";p)=C(UQ";B).p), (3.15)

where C(:) is the consumer’s expenditure function. Notice that the difference
between the minimisation problem in (3.14) and the traditional functional
representation of the consumer’s expenditure minimisation problem is that the target
indifference surface in the former problem is specified in terms of a reference
commodity vector that lies on the surface, while the target indifference surface in the

latter problem is specified in terms of a reference utility level. It is obvious that the
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money-metric utility function can be regarded as an expenditure function: for fixed
q’, M(p,q";p) is a function of p and shares similar properties with the expenditure
function, i.e., it is an increasing, linearly homogeneous, and concave function of

prices. Moreover, holding p fixed and regarding M (p,q";p) as a function of the

reference bundle q°, the money-metric utility function can be thought of as a utility

function. Specifically, since the preference ordering represented by a utility function
is an ordinal property, i.e., it is preserved under any strictly increasing transformation
of the utility function, and since the expenditure function is increasing in utility, the
money-metric utility function as defined in relation (3.15) is an increasing monotonic
transformation of a utility function and, hence, is itself a utility function.

Using the money-metric utility function, Varian (1990) defines the money-

metric goodness-of-fit measure for violations in optimising behaviour by

i'=M(p'.q";p)/(p -q"), (3.16)

where ¢ denotes the #-th observation. Thus, Varian’s (1990) index of the degree of
violation of utility-maximising behaviour is given by the ratio of the minimum
expenditure required for the consumer to be as well off as he would by consuming the

reference bundle q", to the actual expenditure for the bundle q”°.

Varian (1990) illustrated the use of the money metric goodness-of-fit measure
using U.S. data for aggregate consumption of durables, nondurables, and services
from 1947 to 1987. Specifically, he employed a Cobb-Douglas utility function

U(q,.9,-9;) =q,"q5*q;> , with the restriction that o, +a, +a; =1, and estimated it

using three different techniques: (1) by taking the average expenditure share of each
commodity; (2) by obtaining SUR estimates of the Cobb-Douglas system of

uncompensated demand functions, ¢, =e,x/p, i=1,2,3, where x denotes the total

(i.e, the observed) expenditure on the consumption bundle; (3) by using logs in
relation (3.16) to specify the log of the goodness-of-fit measure as the difference
between the log of the value of the money-metric utility function and the log of actual
expenditure, and determining the values of the parameters of the Cobb-Douglas utility
function which maximised the goodness-of-fit. In order to describe the third method,

Varian (1990) starts by specifying the Cobb-Douglas uncompensated demand
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functions as ¢, =a,m/p,, where m denotes the value of the money-metric utility
function, i.e., the minimum amount of money required, at prices (p,,p,,p;), for

attaining the same utility level as that generated by the reference (observed)

commodity vector (¢,,q,,q,). These demand functions are then substituted into the

associated direct utility function to yield the following Cobb-Douglas indirect utility

function

q7'q5°qy> =(aym/ p)* (a,m/] p,)* (e;m/ py)*™ . (3.17)

Solving the indirect utility function for m and taking logs yields:

M(p,q) = “a," o (pq)" (9,0,)" (P3q;)" =

InM(p,q)=—-a,Ina,—a,Ina, —a;Ina, +a,In(p,q,)

+a, In(p,q,) +a; In(p,q;) , (3.18)

where M (p,q) now denotes that we have expressed m as a function of prices and the
reference (observed) commodity vector. At this point, Varian (1990) makes the
assumption that the log of the actual expenditure in period #, Inx’,can be defined as

the sum of the log of the expenditure minimising amount, In M (p’,q’), and an error

term, ¢, which represents the optimisation error. In order to explain what this error

term is, let us rearrange terms in relation (3.16) and take logs to obtain

In(1/i')=Inx'—In M (p',q"). (3.19)

It is obvious from relation (3.19) that the error term representing the optimisation

error is the log of the inverse of the efficiency index i'. Under this assumption, and
using equation (3.18), Varian (1990) derived, and estimated using nonlinear least

squares, the following equation:

Inx'=nM(p'.q')+& =

[_
Inx'=—a,Ina,—a,Ina, —a;Ine,
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+a, In(piq)) + &, In(pyg;) + a; In(pygy) + & (3.20)

3.2.3 Consumption Efficiency Measurement in Price-Quality Space

Measurement of consumption efficiency in price-quality space is based upon the
theoretical framework for consumer demand analysis developed by Lancaster (1966).
Lancaster (1966) defines consumer preferences in terms of the characteristics that
goods possess, rather than in terms of the quantities of the goods themselves:
preference orderings and, consequently, utility, are assumed to rank characteristic
vectors, while commodity vectors are ranked indirectly through the characteristic
vectors they give rise to. The consumer’s budget and the relative commodity prices
(i.e., the budget constraint on the goods) determine the set of commodity vectors that
are feasible for the consumer to choose, and hence the set of characteristic vectors that
are attainable by linear combinations of the commodities. The boundary of the set of
characteristic vectors, which are attainable by linear combinations of the
commodities, is Lancaster’s consumer efficiency frontier, which changes with relative
commodity prices. However, as Hendler (1975) shows, restrictive assumptions should
be made for Lancaster’s (1996) theory to be valid. In particular, Hendler (1975) points
out that Lancaster’s model is based on the restrictive assumption that the marginal
utility of characteristics is always non-negative (i.e., the utility that a characteristic
conveys can never turn from positive to negative). This assumption, if accepted,
restricts the applicability of the model, whereas, if relaxed, changes the shape of the
efficiency frontier. Moreover, according to Lancaster’s linear combination model, if a
linear combination of commodities yields larger amount of total characteristics than
that which is derived from a single commodity, then it is preferred to the single
commodity. Hendler (1975), however, indicates that the consumer’s objective is the
maximisation of utility, and not of the amount of characteristics. Consequently, in
order to say that a linear combination of commodities is preferred to a single
commodity the assumption should be made that (a) the total utility of one
characteristic, although dependent on the total amount of other characteristics, should
be independent of the ratio of characteristics per unit of consumption, or (b) the mix
of goods containing different ratios of characteristics can yield the ratio of

characteristics as another good per unit of consumption (Hendler, 1975, p. 197).
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Despite its drawbacks, Lancaster’s (1966) theoretical framework for the analysis
of consumer behaviour in terms of the characteristics of the commodities provided the
initial basis for researchers interested in efficiency analysis to examine efficiency in
the price-quality space. The latest and more complete advancement in this field is
found in the paper of Lee, Hwang, and Kim (2005), who developed a theoretical and
empirical framework for measuring the degree of consumption efficiency of multi-
attribute products in price-quality space, where consumption inefficiency is assumed
to arise from various sources, such as product complexity, asymmetric information
due to search-costs, bounded rationality of consumers, imperfect markets, etc. The
theoretical framework developed by Lee, Hwang, and Kim (2005) tackles the problem
of indivisibility of quality attributes and, hence, accommodates fully the discreteness
of consumption choice. Specifically, Lee, Hwang, and Kim (2005) start their

theoretical analysis by defining the feasible consumption set, B, as the set of observed
price-quality combinations (p,z')eR""', where z'eR" is the vector of quality

attributes and p is the scalar price. Notice that the feasible consumption set, B,
contains only those price-quality vectors which are observed (i.e., exist in the market)
at a certain point in time. Any other price-quality vector that is not observed in the
market does not exist and it is not feasible for the consumer to choose, that is, it can
not be consumed. This means that the feasible consumption set is not continuous, but
discrete instead, and it is not convex (if two price-quality combinations belong to B
then a linear combination of them will also belong to B only if his new price-quality
combination exists in the market).

Lee, Hwang, and Kim (2005) go on to present a definition of efficient price-
quality vectors which is similar to Koopman’s (1951) definition of technically
efficient input-output vectors. Specifically, they define an observed price-quality
vector (p,z") e B to be efficient in consumption if, and only if, (p,z") ¢ B for any
(=p,z") > (—p,z’) . Based on this definition, they define a consumption frontier, F, as
the set of efficient price-quality vectors. In addition, just as the measure of technical
efficiency in production employs the distance function in order to measure the
distance between observed and technically efficient input-output combinations, the
measure of consumption efficiency that Lee, Hwang, and Kim (2005) propose
employs, what they call, “a kind of distance function” in order to measure the distance

between observed and efficient price-quality combinations. In particular, they define
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the slack (§7,S") e R"", where S” €R and S* € R" denote the distance between an

observed consumption choice and an efficient price-quality combination (i.e., a point

on the consumption frontier) in terms of price and in terms of quality attributes,
respectively. Then, they define a function D(S™,S"), which is strictly increasing in
(§7,8") and D(0,0)=1. Given a reference price-quality combination (p,z")e B,

Lee, Hwang, and Kim (2005) define a measure of consumption efficiency as a

function y:B—> R,

y(p,2')=minD(S",S5+) s.t. (p—S,Z+S")eF and §°,5S">0. (3.21)

Let (S™,S™) denote the solution to the minimisation problem written above. Then, it
is against the reference point (p—S ,z'+S")eF that the efficiency of the
observed price-quality combination (p,z')€ B is measured. Specifically, since the
reference point (p—-S,zZ/+S")eF — associated with the observed choice
(p,z') e B — is itself a member of the consumption frontier, F, this reference point

represents the best price-quality combination for a consumer who has chosen
(p,z')eB.

In order to measure consumption efficiency empirically, Lee, Hwang, and Kim
(2005) proposed a Discrete Range-Adjusted Model, which is a combination of Range-
Adjusted Models and Free Disposal Hull models. Their empirical model
accommodates the discrete nature of consumption choice and allows the consumption
efficiency measure to satisfy the properties of efficiency indices. Their model was
applied to the Korean mobile phone market, and their empirical analysis was focused
on the relationship between consumption efficiency and market share. The empirical
findings suggested that the market share of firms with inefficient products had
decreased. Moreover, Lee, Hwang, and Kim (2005) included in their theoretical
model a parameter taking on values in the [0,1] interval, which reflects the choice
ability of the consumers, and they showed that an inefficient product is more likely to
be selected by consumers who are unable to recognise the efficient product due to low
choice ability. Hence, by incorporating a choice ability parameter in the model, an
explanation can be provided of why producers selling inefficient products (i.e.,

products with high price and low quality) can survive in the market. However, the
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choice ability parameter was not included in the empirical model of Lee, Hwang, and
Kim (2005); it is merely a theoretical discussion on the role of a choice ability
parameter and its relationship with the consumption efficiency measure that is

provided.

3.2.4 Summary and Critique

Both Varian’s (1990) and Afriat’s (1967) indices summarise how close the observed
choices are to maximising choices. Varian’s (1990) measure can be considered as a
generalisation of Afriat’s (1967) efficiency index in that it involves computation of a
set of efficiency indices, one for each observation in the data set. Afriat’s (1967)
approach involves computation of a single efficiency index that applies to all
observations and measures the overall efficiency of a set of consumption choices.
However, computation of a single e that applies to all observations in the data set is
much more easier. One must start with e=1 and test for violations of the strong
axiom of revealed preference. If the data violate the strong axiom of revealed

preference, then a lower value must be chosen for the index, say e=1/2. If the data
do (do not) violate the strong axiom of revealed preference for e=1/2, then a lower

(higher) index must be chosen, and so on. On the other hand, as Varian (1990) states,
computation of his index is more difficult since a set of efficiency indices that are as
close as possible to 1 in some norm must be computed. For example, if a quadratic

norm is chosen, then one would have to solve a minimisation problem such as

E =min @ >T . (e' —1)7, subject to the constraint that the revealed preference relation

R, satisfies the Generalised Axiom of Revealed Preference (Varian, 1990).

Moreover, Varian (1990) shows how his index can be parameterised with the use of a
money-metric utility function, and notes that this money-metric measure can also be
used as a criterion to estimate the parameters of an optimising model. A Bayesian
implementation of the use of Varian’s (1990) money-metric measure as a criterion for
estimating a demand system is provided by Ley and Steel (1996). In particular, they
used a Cobb-Douglas utility function in order to derive the relevant money-metric
utility function and the same data as the ones in the example provided by Varian
(1990), so their results are comparable to those of Varian (1990). Nevertheless, a

problem with empirical applications of Varian’s (1990) money-metric measure is that
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it is not easy to specify the money metric utility function for utility functions that are
of a more complex form than the Cobb-Douglas utility function.

In addition, what is implied by the measures of Afriat (1967) and Varian (1990)
is that inefficiency occurs because a portion of the consumers’ budget is wasted, and
not a portion of the purchased quantities. However, it is this latter assumption that
allows us to define the measure of commodity efficiency, and, in particular, in its
simplest form with no need to take into account commodity prices or impose a
behavioural objective on consumers. Moreover, money-metric utility functions pick
out a commodity vector that makes the consumer as well off as he/she would be
consuming a reference vector, i.e., they pick out a commodity vector that lies on the
same utility curve as the reference vector. Thus, by comparing optimal expenditure
(the value of the money-metric utility function) to actual expenditure, Varian’s (1990)
index measures the overall efficiency of what we define below as commodity efficient
commodity vectors. By leaving no room for commodity inefficiency to arise, and
hence for a decomposition of overall efficiency into commodity and allocative
efficiency, Varian’s (1990) measure may assign to consumers a higher efficiency
score than it should. In short, it is more proper to use the measures of Afriat and
Varian for explaining the goodness-of-fit of employed demand models and attributing
any departure from optimising behaviour to the functional specification of the model,
rather than use them in order to measure consumers’ inefficiency.

Regarding the consumption efficiency measure proposed by Lee, Hwang, and
Kim (2005), it is a measure that employs theoretical tools found in consumer demand
theory (i.e., consumption analysis in price-quality space), in order to analyse the
efficiency of products. Indeed, the name that Lee, Hwang, and Kim (2005) have
assigned to their efficiency measure is misleading in that it does not concern an
efficiency analysis of consumer’s behaviour itself. Instead, the latter is used as a tool
to construct an efficiency measure for measuring product efficiency and firm market
performance. Lee, Hwang, and Kim (2005) themselves suggest that their consumption
efficiency measure can be considered as an extension of the traditional framework of
production efficiency analysis. Moreover, just as was the case with Varians’ (1990)
money-metric measure, their consumption efficiency index measures only the “overall
efficiency” of a product. In addition, the applicability of the model proposed by Lee,
Hwang, and Kim (2005) is restricted by the paucity of data on quality attributes on

commodities. Finally, it seems that the consumption efficiency measure defined in
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price-quality space is appropriate when we examine different varieties of the same

commodity (variants of a differentiated product).

3.3. AMODEL FOR MEASURING EFFICIENCY IN CONSUMPTION

3.3.1 Mathematical Background: The Expenditure Minimisation Problem
Subject to Inequality and Non-Negativity Constraints and Some Further
Results

A consumer’s expenditure function C(u,p)is defined as the solution to the problem of

minimising the total expenditure required to attain a fixed utility level u, given that

N 31
++

the consumer faces a vector of strictly positive commodity prices, peR
Following Blackorby, Primont, and Russell (1978), the expenditure
function, C: R(U)xR", — R’ _ is defined by

C(u,p)zmqin{p-q:U(q)Zu,quN}=p-q(u,p), (3.22)

where R(U) is the range of U with its infimum value excluded,
Q" ={qeR" :q>0"} is the choice set (the set of the quantities of goods over which
consumer’s preferences are defined), and q(u,p) is the solution vector, if unique, to

the minimisation problem.*® Note that q(u,p)is the vector of Hicksian demand

3 RY_ denotes the positive Euclidian N-orthant, while R” denotes the non-negative

Euclidian N-orthant.

* The infimum value of utility is excluded from the expenditure function’s domain.
The reason is that, since the choice set is assumed not to include its origin, then if the
infimum of the range of U is an element of the range of U, the cost minimisation
problem as defined by (3.22) will not have a solution when the level of utility is at its
infimum value (Blackorby, Primont, and Russell, 1978). Moreover, if preferences are
convex (instead of strictly convex), the solution vector for the minimisation problem

in (3.22) may not be unique. In this case, an arbitrary element of the set of solution
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functions or compensated demand functions (or correspondences, if the solution
vector is not unique). Given that the utility function is a continuous, non-decreasing
and quasi-concave real-valued function, the expenditure function is jointly continuous

in (u,p), increasing in u, and non-decreasing, concave, and positively linearly

homogeneous in p.

The distance function representation of consumer preferences, which is used in
standard consumer theory, corresponds to the input distance function representation of
production technologies. From this point onwards we will refer to the distance
function presented so far as input distance function, in order to distinguish between
this function and the output distance function which will be introduced in the sections
that follow. The duality between the input distance function and the expenditure
function allows us to provide an alternative definition of the expenditure function.

Given a fixed utility level u and a reference commodity vector q, the distance function

D' :RU)x QN - R' _ is defined by

++

D' (u,q) = min{r.q:C(u,r) 21 re RY}=r(u,q)-q, (3.23)

where QY ={qeR":q>0"}, r=p/x is the vector of minimum-expenditure

normalised commodity prices, C(-) is an extension of C(-) to R(U)xR" by
continuity from above, and r(u,q) is the solution vector to the minimisation problem

in (3.23), referred to as the vector of compensated inverse demand functions or
correspondences (or minimum-expenditure deflated shadow prices, or marginal
willingness to pay) for the goods in question.”> Relation (3.23) defines the input
distance function as the solution to the problem of finding that vector of minimum-
expenditure deflated prices that will minimise the value of a reference consumption

bundle so that a fixed utility level is achieved. Given the properties of the expenditure

values can be used in the inner product in (3.22) (Blackorby, Primont, and Russell,
1978).

3 If the solution vector for the minimisation problem in (3.23) is not unique, then an
arbitrary element of the set of solution values can be used in the inner product in

(3.23) (Blackorby, Primont, and Russell, 1978).
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function, the input distance function is jointly continuous in (u,X), decreasing in u,

and non-decreasing, concave, and positively linearly homogeneous in q.

The expenditure function can now be defined by

C(u,p)=min{p-q:D'(u,q) 21, qe 0", (3.24)
q

where D’(-) is an extension of D'(-) to R(U)xQ" by continuity from above.”*

In order to take into account that consumers may choose to purchase only a

fraction of the goods available, that is, expenditure-minimisation may occur at a
corner, we will also include a non-negativity constraint, q > 0", in the minimisation

problem expressed in (3.24). The Lagrangian associated with the above minimisation

problem is defined as
L:p-q—i-/l[l—D](u,q)] (3.25)

For the problem at hand, the Kuhn-Tucker (necessary) conditions for a minimum
subject to inequality and non-negativity constraints say that if q" =q(u,p) is a
solution to the expenditure minimisation problem (3.24), then there exists a Lagrange

multiplier A° = A(u,p) such that forall i =1,...,N:

V.L20=p=22V D'(uq), (3.26.2)
q-V,L :0:>q*-[p—/1*VqD1(u,q*)} =0, (3.26.b)
q >0", (3.26.c)

** These extensions of the domains of the expenditure and input distance functions are
necessary for the original expenditure function to be derived from the original input
distance function and vice versa. For details on this subject, see, for example,

Blackorby, Primont, and Russell (1978), Diewert (1982), and Weymark (1980).
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a—LSO:l—DI(u,q*)SO, (3.26.d)

oA

/1*8—L=0:>/1*[1—D’(u,q*)}=0, (3.26.¢)
oA

A >0. (3.26.1)

If p, >/1*6D1(u,q*)/8ql., then ¢, =0. That is, if the minimum of expenditure is

observed to occur when p, >/1*6D1(u,q*)/8ql., then the ith commodity is not

purchased (if ¢, >0, then condition (3.26.a) holds with equality). In addition, if

D'(u,q")>1,then A" =0 (if A" >0, then condition (3.26.d) holds with equality).
Since the constraint in (3.24) is generally binding, i.e., the value of the input

distance function at the optimum is equal to unity so that the first-order conditions
require that 0L/0A=0 and A" >0, let’s see what happens when A" >0 but one or

more commodities are not purchased. For ease of exposition, we will explore the two-
commodities case and assume that at the optimum point, p, =4 0D (u,q") / 0q, and
p,>A" 0D’ (u,q*)/ dq, so that g >0 and ¢,=0. Then, at the expenditure-

minimising point,

/1* _ pl < p2 .
8D’(u,q*)/8q1 8D’(u,q*)/8qz

Rearranging terms yields

* 1 .
oD (u,q)/0g, P>

The left-hand side of relation (3.27) is an input-distance function representation of the

marginal rate of substitution of good 1 for good 2 at q", MRS,,, that is, (the negative)

of the slope of the indifference curve generating utility level u at q" .
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Interpretation of relation (3.27) is made easier with the use of the Shephard-

Hanoch lemma. First, we will define the input distance function by D'(u,q)=r"-q,

where r’ =r(u,q) is the solution vector to the minimisation problem in (3.23). Recall

that the Shephard-Hanoch lemma states that, if the input distance function is
continuously differentiable, the vector of shadow prices can be readily obtained from

partial differentiation of the distance function with respect to quantities, i.e.,

0D (u,q) / oq, =r.(u,q) * Using this property, relation (3.27) can now be written as

MRS, — 6D’(u,q*)/5ql _hwq)  p (3.28)
2= "= - * ’ -
aD’(u,q*)/aqz n.d) P,

The situation described by relation (3.28) is depicted in Figure 3.1. For a given

utility level u", the set of feasible consumption bundles in problem (3.24) is L(u").

q,

*

_pl/pz q

Figure 3.1 Minimisation of Expenditure at a Corner

** Note that this derivative is evaluated at l*)' (u,q) =1. Moreover, as Russell (1998, p.
61) points out, if the reference commodity vector in the definition of the input
distance function is not expenditure-minimising at r =r(u,q) and utility u, then
r(u,q) must be interpreted as the shadow price vector deflated by shadow

expenditures C(u,r(u,q)) .
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Given 1~ and commodity prices p, expenditure minimisation occurs at the point q",
and the minimum expenditure is given by C(u,p) = p,q; + p,q, . In the Figure, the
slope —p,/p, of the iso-expenditure line with value C(u,p) is less steep (in absolute
terms) than the slope 7 (u,q")/r,(u,q") of the indifference curve I(u) at g >0,
g, =0. In other words, if the consumer’s subjective marginal evaluation of ¢, (in
terms of the amount of ¢, the consumer would willingly forgo in order to consume an
extra unit of g,) is less than the market’s evaluation of ¢,, then the consumer will
choose to consume no g, at all at the minimum-expenditure point.

Deaton (1981) provided a definition of the marginal rate of substitution between
two goods, as the one expressed in relation (3.28), for the case where all goods are
purchased. For empirical applications, however, we propose the use of a normalised
marginal rate of substitution. In our two-commodities example, strictly convex

indifference curves exhibit a diminishing MRS, that is, their slope 7 (u,q)/r,(u,q)
decreases (in absolute value) as consumption of g, increases. Put another way, the
consumer’s subjective marginal evaluation of ¢,, in terms of the amount of ¢, the
consumer is willing to give up in order to acquire an extra unit of ¢,, is falling as the
ratio ¢,/q, falls. Hence, the change in r(u,q)/r,(u,q) depends upon how relative

quantities (the quantity mix) changes. For this reason, when measuring empirically
the slope of an indifference curve at an observed point, the relative shadow prices in
(3.28) should be normalised by the observed commodity vector so that the MRS,

when all goods are purchased, is written as

_w,q)/r,(u,q)

Sub.
q,/4;

i

(3.29)

This normalised MRS provides an indication of the ease of substitution between two
goods. Specifically, values of this normalised MRS greater (less) than unity reflect
relative difficulty (ease) in substitution between goods i and ;.

Let us go back to the expenditure minimisation problem in (3.24) and derive

some further interesting results which have straightforward application in empirical
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work. To start with, substitution of the expenditure minimising solution, q" = q(u,p),

and the optimal value of the Lagrangian multiplier, A~ = A(u,p), into (3.25) and

application of the envelope theorem yields the following relations:

ac(u:p) — —ﬂ,* aDl(u:q*)
ou ou ’

V,Cu,p)=q". (3.31)

(3.30)

Equation (3.30) is the (unobservable) marginal cost of utility, while the N equations in
(3.31) are the derivative property of the expenditure function called as Shephard’s
lemma.*®

It is common in applied demand analyses with time-series data to estimate a
demand system where a deterministic time trend is also included as an explanatory
variable. This variable is usually used to capture changes in consumers’ tastes or
changes in the demographic composition of the population through time. In our

example, if both the expenditure function and the input distance function in (3.24) are

also functions of time, then application of the envelope theorem will yield

ac(uapat) _ _/1* aDI(uaq*at)

3.32
ot ot (332)

where, now, q = q(u,p,t) and " = A(u,p,?). This partial derivative may be thought
of as reflecting the rate of change in tastes.

An interesting result provided by Shephard (1970) is that the optimal value of
the Lagrangian multiplier associated with a producer’s cost minimisation problem is

equal to the value of his cost function. Jacobsen (1972) provides a proof of this result,

which makes use of the envelope theorem and the positive linear homogeneity of the

** Tt can be shown that Shephard’s lemma is not just an application of the envelope
theorem. Fire and Primont (1995) provide an alternative proof of Shephard’s lemma,
in the context of production theory, which does not make use of the envelope

theorem.
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input distance function in input quantities.’’ In the context of consumption theory, it is
easy to show that the value of the Lagrangian multiplier associated with (3.25) is
equal to the value of the consumer’s expenditure function. Following the proof by

Jacobsen (1972), we start by assuming that the optimal commodity vector for the

problem in (3.24) is q, so that C(u,p)=p-q and D’(u,q")=1. By the positive

linear homogeneity of the input distance function in commodity quantities it follows

that, for >0, aD'(u,q)=a= D'(u,aq’ )=a. Let C(u,p;c) denote the cost of
the commodity vector aq”. Then, C(u,p;a)=p-aq =a(p-q)=aC(u,p). By the

envelope theorem, the optimal Lagrange multiplier for the problem
C(u,p;a) =min, {p-q:D'(u,q) > a,q € Q" is  Au,p;a)=0C(u,p;a)/oa =

0laC(u,p)]/0a = C(u,p) . Hence, at « =1, it follows that

A(u,p;1) = Au,p) = C(u,p). (3.33)

Suppose that the inequality constraint in (3.24) is binding, i.e., at the optimum,

D'(u,q") =1. Then, using (3.33) we can re-express relation (3.32) as follows:

* 1 . * 1 .
OCERY) _ 5.0 OP/0800 _ 0Cwp) 1 9D'(wq’n
ot ot ot Clu,p,t) ot

N OInC(u,p,t) ~ 0D'(u,q 1) . OInC(u,p,t) ~ 0D'(u,q 1) 1
ot ot ot ot

D'(u,q,1)

. OlnC(u,p,t) _ 0lnD'(u,q 1)
ot ot

(3.34)

7 An alternative proof of this result is provided by Fére and Primont (1995, p. 52).
Their proof makes use of the first order conditions for the producer’s cost
minmisation problem and the linear homogeneity of the input distance function in

input quantities.
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Equation (3.34) now allows the rate of change in tastes to be computed either in price

(dual) space or in quantity (primal) space.

3.3.2 Commodity Efficiency

Standard consumer theory assumes that consumer’s preferences satisfy a number a
number of properties, known as the axioms of choice. Specifically, consumer’s
preferences are assumed to be reflexive, complete, transitive, continuous, non-satiated
(or, (strongly) monotone), and (strictly) convex. However, before proceeding to the
analysis of measurement of consumer inefficiency, expressions for the non-satiation
axiom of choice — alternative to the ones commonly used in consumer theory — are
needed. In particular, Russell (1998) uses the terms strong and weak non-satiation to

define

(1) Strong Non-Satiation: for every q,q' € Q" , if q>q' and q' € L(u), then
qeLu),

(11) Weak Non-Satiation: for all qeQ", if qeL(u), then AqeL(u) for
A>1,

where  L(u) is the consumption (requirement) set defined as

Lu)={qe QYU (qQ) 2 u}. Defined in terms of the consumption (requirement) set,

these definitions state explicitly what is implicit in the usual definitions of strong and
weak monotonicity: if a vector ¢ can generate utility u, then so can a vector with more
of at least one commodity (or more of all commodities) than q. Put this way, strong
and weak non-satiation imply that the consumer can dispose of or eliminate the extra
amount of commodities at no cost.*® As a result, room is left for consumer
inefficiency to be defined.

Having provided alternative representations of the non-satiation axiom of
choice, we may proceed to the analysis of consumer inefficiency. Firstly, let us

assume that the consumer’s objective is to choose a feasible commodity vector in

* In fact, this is exactly the reason why, in production theory, the strong and weak

monotonicity properties are usually called strong (or free) and weak disposability.
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order to achieve a target utility level u. If we also make the assumption that any
unwanted quantities of the purchased commodities can be disposed of, then the
quantities of the purchased commodities may well be higher than the ones required to
just attain u, and the consumer may well have chosen an inefficient way of attaining
u. We will use the term commodity efficiency in order to describe the consumer’s
ability to avoid wasting any quantities of the purchased commodities, by minimising
quantity purchases in the achievement of a target utility level. The definition of
commodity efficiency of consumption bundles which is proposed here is in
accordance with the input-oriented case of Koopman’s (1951) definition of technical
efficiency in production. In particular, we define a commodity vector, which is
feasible for a given utility level u, to be commodity efficient if, and only if, a
reduction in any of the purchased quantities renders the commodity vector infeasible.

Formally,

Definition 3.1: a commodity vector q e L(u) is commodity efficient if, and

only if, q' ¢ L(u) for q' <q.

Following this definition of commodity efficiency, we propose a Debreu-
Farrell-like (Debreu, 1951; Farrell, 1957) measure of commodity efficiency in

consumption, defined as

CE(u,q) =min{¢ :{qe L(u)}. (3.35)

The proposed measure of commodity efficiency calls a reference commodity vector
commodity efficient if, when radially contracted, it no longer attains the given utility

level u. Let the indifference curve associated with utility level u be defined as

I(u)={qeL(u):Aq & L(u) V A <1}, that is, the set of commodity vectors which can

generate utility # but which, when radially contracted, they no longer generate the
utility level u. It is obvious then that the measure of commodity efficiency calls a
reference commodity vector commodity efficient if it is an element of the indifference
curve associated with the utility level u. Thus, just as input isoquants provide a
standard against which input-oriented technical efficiency of the producer can be

measured, indifference curves provide a standard against which commodity efficiency
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of commodity vectors can be measured. However, when preferences are weakly
monotone, this measure of efficiency may assign the same efficiency score to
different commodity inefficient commodity vectors.”” In order to provide a stricter
standard for measuring commodity efficiency, we will introduce a notion similar to
that of input efficient subsets in production theory, the commodity efficient subsets,

which we define as

Effw)={qeLw):q'<q=q ¢ L(u)}. (3.36)

Thus, the commodity efficient subsets are those sets of commodity vectors which can
generate utility # but which, when decreased in any dimension, can no longer generate
utility u. It is obvious from Definition 3.1 that a commodity vector q € L(u) is
commodity efficient if, and only if, q € Eff(u). Moreover, a comparison of the
definitions of indifference curves and of commodity efficient subsets reveals that
commodity efficient subsets are subsets of the indifference curves. As such,
commodity efficient subsets represent stricter standards for measuring commodity
efficiency in that, if a feasible commodity vector is commodity efficient against
Eff (u), then it is also commodity efficient against /(u) but not vice versa.
Consequently, it is only when preferences satisfy strong non-satiation, that
Eff (u)=1(u) and a commodity vector called commodity efficient by the proposed
measure (3.35) is also commodity efficient on the basis of Definition 3.1.

The measure of commodity efficiency can also be defined in terms of the input
distance function, defined by D’(u,q)=max,{1>0:q/1eL(u)}.*" Given this
definition of the input distance function, the consumption requirement set can also be

defined in terms of the input distance function as”'

Lu)=1{qeQ" : D' (u,q)>1}. (3.37)

¥ See the example provided by Russell (1998, p. 29).

“ As before, the input distance function D’() can be extended to D’(-), with domain
R(U)xQ", by continuity from above.

* For a proof of this in the context of production theory, see Féare and Primont (1995).

=77 -



The assumption of weak non-satiation is required for (3.37) to be equivalent to the
definition of L(u) as L(u)={quN :U(q) > u}, that is, for the input distance
function to be able to completely characterise the consumption requirement set. The

input distance function can also completely characterise the indifference curves,

without the requirement that preferences are weakly monotone. Formally, q € I (u) if
and only if D'(u,q)=1. Hence, indifference curves can be defined as
I(w)={qe Q" :D'(u,q) =1}, that is, the sets of commodity bundles having an input-
distance function value of unity. For all other commodity bundles, the value of the
input distance function is greater than unity because the analysis is made under the
expenditure-minimisation framework and consumption bundles in the region below
and to the left of L(u) are not feasible.

Having defined the consumption (requirement) set in terms of the input distance

function, the measure of commodity efficiency can now be given by
CE(u,q)=min{¢ : D' (u,sq) 2 1}. (3.38)

This definition of commodity efficiency shows that there is a close relation between
the measure of commodity efficiency and the input distance function. In fact, the
measure of commodity efficiency is the reciprocal of the input distance function. To

see this, note that the reciprocal of D’() is given by (l/DI (u,q)) =
min{A:Aq € L(u)}. Then, by (3.35),

CE(u,q)=1/D"(u,q). (3.39)

There is a number of properties of efficiency indices that our proposed measure
of commodity efficiency satisfies.* To begin with, the measure of commodity
efficiency takes on values in the (0,1] interval. This is easy to check, considering, for
example, the definition of the input distance function. Given a reference commodity

vector q € L(u), the input distance function seeks that scalar A that will scale q down

* For a discussion on the properties that efficiency indices must satisfy, see, for

example, Fére and Lovell (1978) and Russell (1998).
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to that commodity vector that just attains u. Assuming that the solution to this
problem is A°, D'(u,q)=A">1, with D'(u,q) =1 if, and only if, q /(). Since
CE(u,q) is the inverse of the input distance function, it follows that it takes on values

in the (0,1] interval. In addition, the properties of non-decreasingness and

homogeneity of degree one in q of the input distance function imply that CE(u,q)

satisfies the properties of weak monotonocity and homogeneity of efficiency indices:

CE(u,q) is non-increasing and homogeneous of degree minus one in q. Moreover,
just like its Debereu-Farrell counterpart in production theory, as long as CE(u,q) is

assumed to satisfy the weak monotonicity property of efficiency indices instead of the
strong monotonicity property, it also satisfies the property of commensurability, i.e., it

is independent of the units in which q is measured. The properties of CE(u,q) can

now be stated formally as follows: for any q € L(u),

(1) 0<CE(u,q) <1,

(i1) CE(u,q)=1<qel(u),

(ii1))  CE(u,q) is non-increasing in q,

(iv)  CE(u,q) is homogeneous of degree -1 in q,

(v) CE(u,q) is independent of the units in which q 1s measured.

Property (ii) follows from relation (3.35), according to which a commodity vector is

commodity efficient if it is an element of the indifference curve 7(u). However, as

already mentioned, when preferences satisfy strong non-satiation a commodity vector

defined by CE(u,q) as commodity efficient is also commodity efficient on the basis
of Definition 3.1.

Figure 3.2 illustrates the measure of commodity efficiency, for the case of two
commodities. Suppose that a consumer chooses a commodity bundle, say, q°, such

that q° € L(u") and q° ¢ I(u"), with a view to achieve a target utility level u . The

consumer in our example is commodity inefficient in that the same utility level u"
could be attained with proportionally less of all commodities. In particular, he/she

could have chosen the commodity vector q°/D’(u",q"), which contains a fraction

0S/OR of the quantities (¢’,qy) and it just generates the target utility level u". It is
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obvious that the ratio 0S/OR, which is the inverse of D(u",q"), can serve as a measure

of the consumer’s commodity inefficiency. That is, CE(u ,q")=0S/0R =

1q°/D@",q°)1/Ilq"[|=1/D" (" ,q°) <1.

qZA
L(u")

q"/D'(u',q")
S

0
Figure 3.2 Commodity Efficiency

<Y

3.3.3 Expenditure Efficiency and Allocative Efficiency

Assume that consumers face strictly positive commodity prices, and that their
objective is to attain a target utility level, u, from the consumption of a feasible vector
of quantities . Consumers behave optimally as long as the expenditure for the chosen
commodity vector is the minimum one required for the attainment of u. However,
there is no reason why one should assume that consumers always behave optimally;
as long as any unwanted quantities of the purchased commodities can be disposed of,
consumers’ actual (observed) expenditure may be higher than the expenditure
required for the achievement of u. The consumer’s ability to avoid wasting
expenditures, by minimising the cost of purchased commodities in the achievement of
a target utility level is what is described in this section as expenditure efficiency or
overall efficiency. The proposed measure of this type of efficiency is defined as the

ratio of minimum to actual expenditure. Formally, assuming that consumers face
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strictly positive commodity prices, p € R_, , and that their objective is to choose that

feasible vector of quantities q that will minimise the level of total expenditure p-q

required to attain a fixed utility level u, a measure of expenditure efficiency (or overall
efficiency) is given by the ratio of the minimum expenditure required for the

achievement of u to the actual expenditure, that is,

EE(u,q,p) =C(u,p)/(p-q) , (3.40)

where C(u,p) is the expenditure function defined as C(u,p) =min {p-q:U(q) 2 u},
or, equivalently, C(u,p)=min {p-q:D(u,q)=1}.

Not all expenditure inefficiency can be attributed to commodity inefficiency.
This is because even if consumers behave at 100% commodity efficiency they could
choose a wrong combination of commodity quantities, given the market prices of the
commodities. This type of efficiency, which is concerned with how close a chosen

commodity vector q € /(u) is to the expenditure-minimising commodity vector on
I(u), is defined here as allocative efficiency. Allocative efficiency can be measured

as the ratio of expenditure efficiency to commodity efficiency, that is,

AE(u,q,p) = EE(u,q,p)/CE(u,q). (3.41)

A comparison of the proposed efficiency measures to Varian’s (1990) money-metric
measure is suitable at this point. As shown in relation (3.16), Varian’s measure is
given by the ratio of the minimum expenditure required for the consumer to be as well
off as he/she would by consuming a reference commodity vector, to the actual
expenditure for that reference vector. Hence, Varian’s money metric measure
resembles the expenditure efficiency measure proposed here. However, since the
money-metric utility function picks out a commodity vector that makes the consumer
as well off as he/she would be consuming a reference vector, it picks out a commodity
vector that lies on the same indifference curve as the reference vector. As a result,
Varian’s measure can be thought of as measuring the overall inefficiency of
commodity efficient commodity vectors. However, by assuming that observed

commodity vectors are commodity efficient, and hence, by leaving no room for a
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decomposition of expenditure efficiency such as the one developed here, Varian’s
(1990) measure may assign to consumers a higher efficiency score than it should.
The proposed measure of allocative efficiency can also be defined as a cost

ratio. Recall that CE(u,q)=1/D1(u,q). Multiply and divide CE(u,q) by actual

expenditure, p-q, and then rearrange terms to write CE(u,q) as
.q/D’
CE(u,q) =20 (3.42)

that is, the ratio of the expenditure for the commodity efficient commodity vector to
the expenditure for the actual commodity vector. Using (3.40) and (3.42), the measure

of allocative efficiency can be written as

C(u,p)

AE(u,q.p)=——=P)
(1:9.P) p-q/D'(u,q)

(3.43)

Hence, the measure of allocative efficiency is simply the ratio of the minimum
expenditure required for attaining u to the expenditure for the commodity efficient
commodity vector.

Both the measure of expenditure efficiency and the measure of allocative
efficiency take on values in the (0,1] interval. A consumer is said to be expenditure

efficient (i.e., EE(u,q,p)=1) if he/she chooses the expenditure-minimising

commodity vector, whereas he/she is said to be allocatively efficient (i.e.,

AE(u,q,p) =1) if he/she chooses a feasible commodity vector which is proportional
to the expenditure-minimising vector. In addition, EE(u,q,p) is homogeneous of
degree zero in p, since, for any A1>0, EE(u,q,Ap)=C(u,Ap)/(Ap-q)=
AC(u,p)/(A(p+q)) = EE(u,q,p) . In the same manner, it can also be shown that
EE(u,q,p) is homogeneous of degree minus one in q, and AE(u,q,p) is

homogeneous of degree zero in p and q. Finally, the property of non-decreasingness

# The second equality follows from the property of the expenditure function of

homogeneity of degree one in p.
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in u of the expenditure function implies that EE(u,q,p) is non-decreasing in u.

Formally, for any for any q € L(u), the properties of EE(u,q,p) can be stated as

(1) 0< EE(u,q,p)<1,

(i)  EE(u,q,p)=1<q=q(u,p) sothat p-q=C(u,p),
(iiiy  EE(u,Aq,p)=A"'EE(u,q,p) for 1>0.

(iv)  EE(u,q,Ap)=EE(u,q,p) for 1 >0,

(v) EE(Au,q,p) =2 EE(u,q,p) for A1>1,

while the properties of AE(u,q,p) can be stated as

(1) 0< AE(u,q,p) <1,

(i1) AE(u,q,p)=1< Aq =q(u,q) for 1 <1,
(1)  AE(u,Aq,p) = AE(u,q,p) for 1>0,
(iv)  AE(u,q,Ap)= AE(u,q,p) for 1 >0.

It is obvious from definition (3.41) that expenditure efficiency can be
decomposed into commodity and allocative efficiency. This decomposition of

expenditure efficiency is illustrated in Figure 3.3 for the case of two commodities.
Given commodity prices p’, let q° and C(u",p’)=p°’-q denote the expenditure-
minimising commodity vector and the minimum expenditure required for attaining a
target utility level u", respectively. Suppose now that a consumer facing commodity
prices p° chooses a commodity bundle which is more than enough to generate u".
That, is he/she chooses q°, such that q” € L(u") and q° ¢ I(«"). Suppose also that
the consumer does not use the purchased commodities at hand as efficiently as he/she
could, so that the actual utility-quantity combination is (x°,q°). As shown in Section
3.3.2, this consumer is commodity inefficient since the same utility level u* could be

attained with the commodity vector q°/D’(u",q") which is a radial contraction of
q’. Hence, the degree of the consumer’s commodity efficiency is given by

CEw',q")=0S/0R=[p°-q"/D'(u",q")1/p"-q" =1/D'(u",q"). However, in the
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situation depicted in Figure 3.3, the commodity efficient commodity vector
q°/D'(u",q") does not coincide with the expenditure-minimising vector q". Hence,

even if the consumer in our example had chosen the commodity efficient commodity
vector, he/she would still not be expenditure (or overall) efficient: given relative

commodity prices as they are reflected in the slope of the tangent at 4, the commodity

vector ¢’ /D' (u',q") contains the wrong mix of commodity quantities.

9 A
L(u*)
A\\\ \
AN Raq’
q \\ \\\
9'/D'wq’) N,
P’-q
. ) \\\\pO.qO/DI(u*’qO)
. p’-q \ S

49,

Figure 3.3 The Decomposition of Expenditure Efficiency

This remaining portion of expenditure inefficiency is measured by allocative
efficiency, which is given by AE(u",q°,p")=0C/0S =C(u",p°)/[p"-q"/D" (u",q°)].
Finally, if the observed utility-commodity combination is (ux,q"), the expenditure

efficiency of the consumer can be measured by the ratio ratio 0C/OR, which is the

product of the measures of commodity and allocative efficiency. That is,
EE@’,q°,p°)=0C/OR=C(u",p°)/(p°-q"). The decomposition of expenditure
efficiency into commodity efficiency and allocative efficiency can now be

summarised as follows:

EE@w ,q",p")=CEu ,q")x AE(u’",q",p")
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_0C_0s0C_p'q _p'-q’/D'(w'.q)  p'-q
OR OROS  p°-q" p’-a’  p’-q’/D'(w’.q")

L Cwp)_ 1 C(u’,p)
0 0 — I/ * 0\ 0 0 T/ % 0y "
p’-q’ D'(u’.q")p’-q°/D'(w'.q")

An alternative definition of the measures of commodity and allocative efficiency
can be given with the use of the shadow prices. To this aim, we will present a relation

known as Mahler’s Inequality and the notions of direct and indirect conjugacy.

Following Blackorby, Primont, and Russell (1978), let q" denote the expenditure-

minimising commodity vector for the mimisation problem in (3.22). Also, let A

denote the solution to the maximisation problem
D' (u,q) = max {1 >0:q/A e L(u)}, so that (q/A") € L(u), and write the product of
the input distance function and the expenditure function as follows:

D'(u,q)C(u,p)=A'p-q <A'p- ; =p-q=

D'(u,q)C(u,p)<p-q, V(p,q) e 0. (3.44)

Relation (3.44) is known as Mahler’s inequality. Blackorby, Primont, and Russell
(1978, p. 28) point out that the commodity vector q/ D'(u,q) may not be optimal at

prices p, and define a pair (p,q) to be direct conjugates at utility level u if the u-level

set is supported at ﬁ/ D'(u,q) by a hyperplane with normal p where C(u,p)=1.
That is, if the following equality holds

D', @) C(u,B) = B+ (3.45)

where C(+) is an extension of C() to R(U)xR" by continuity from above.

Balk (1998) uses a different approach for the derivation of relation (3.44).

Following his example, we will provide an alternative representation of Mahler’s
inequality. For ease of exposition, we will assume that the choice set is Q" and that

the constraint in the minimisation problem in (3.23) is defined for unit level
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expenditure, i.e., the constraint becomes C(u,p)>1 and minimisation is now over
r =p . The positive linear homogeneity of the expenditure function in p implies that
for all utility-price combinations C(u,p/C(u,p))=1. Thus, the price vector
p/C(u,p) satisfies the constraint C(u,p)>1 in the minimisation problem in (3.23).

Consequently,

D'(u,q)=p -q<s—P—.q=
C(u,p)
D' (u,q)C(u,p)<p-q, V(p,q) e 0. (3.46)

where p* =p(u,q) is now the vector of optimal shadow prices. Blackorby, Primont,
and Russell (1978, p. 28) point out that the (imputed) price vector p/C(u,p) may not
be optimal at quantities q, and define a pair (p,q) to be indirect conjugates at utility

level u if the u-level set is supported at p/C(u,p) by a hyperplane with normal q

where D'(u,q) =1. That is, if the following equality holds
D'(u,q)C(u,p) =p-q (3.47)

where D’(-) is an extension of D'(-) to R(U)xQ" by continuity from above.

Using relations (3.45) and (3.47), Blackorby, Primont, and Russell (1978)
describe an optimal pair (p,q) at # as a pair which is simultaneously directly and
indirectly conjugate at u , that is,

q P

ﬁ-*l__ =5 —q,
D (u,q) C(u,p)

which implies that

D'(@,§)=C@p) =1 and U@ =7 =V (@) =1,
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*

where V(- is the extension of the consumer’s indirect utility function V(-) from R”,

to RY by continuity from below.*

It follows therefore that q=q(u,p) and
p =p(u,q) (Blackorby, Primont, and Russell, 1978, pp. 31-2).

Let us provide now an alternative interpretation of the measures of commodity
and allocative efficiency. Relation (3.47) says that p/C(u,p) is the vector of deflated

shadow prices that minimises the value of the commodity vector q, given u. If we

rearrange terms in relation (3.47) to obtain

Cu,p)=pr—1—, (3.48)
D'(u,q)

then p can be interpreted as the vector of shadow prices that make ﬁ/ D'(u,q) the

least expenditure solution for attaining u. Recall that the measure of commodity
efficiency can be defined as the ratio of the cost of the commodity efficient

commodity vector to the cost of the actual commodity vector, say, p-q. Recall also

that the commodity efficient commodity vector may not be expenditure—minimising
given market prices. If the latter is the case, then the commodity efficient commodity

vector will be optimal at shadow prices, say, p, and the shadow expenditure for this

commodity vector is given from relation (3.48). However, as Balk (1998) notes, since,

the expenditure function is homogeneous of degree one in prices, if p satisfies (3.48),
then Ap also satisfies (3.48) for 4> 0. Since the shadow prices are determined up to
a multiplicative factor, we can choose a normalisation such that p-q=p-q, where p

is the vector of market prices (Balk, 1998, p. 29). Hence, substituting this equality
into (3.48), and using the definition of commodity efficiency (3.42), we obtain

CEg) = S%P) (3.49)
Pq

* See, for example, Blackorby, Primont, and Russell (1978), Diewert (1982), and
Weymark (1980).
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That is, the measure of commodity efficiency can be interpreted as the ratio of the

minimum expenditure of attaining « under shadow prices p to the actual expenditure.

Finally, using (3.41), (3.40) and (3.49), we can define the measure of allocative

efficiency as

C(u,p)

AE(u,q,p) = Cop)’

(3.50)

that is, the ratio of the minimum expenditure of attaining u under market prices p to

the minimum expenditure of attaining u under shadow prices p.

3.3.4 Utility Efficiency, Budget Allocative Efficiency and Utility Overall
Efficiency

In Section 3.3.2, we assumed that the consumer’s objective is to choose a feasible
commodity vector in order to achieve a target utility level. We also proposed a
measure of commodity efficiency, where commodity efficiency was described as the
consumer’s ability to avoid wasting any quantities of the purchased commodities, by
minimising quantity purchases in the achievement of a target utility level. But, if the
consumer is wasting some of the quantities of the purchased commodities, then he/she
is inefficient, not only in terms of the commodity quantities that were wasted, but also
in terms of utility that could have been, but was not, attained at the end of the day.
This observation gives rise to a different type of efficiency in consumption.

In this section, it will be assumed that the consumer’s objective is to obtain
maximum utility from a given commodity vector. If the consumer does not achieve
this objective, i.e., if he/she does not use the purchased commodities as efficiently as
he/she could, then the utility attained may well be lower than the maximum attainable
one. We will use the notion of utility efficiency, in order to describe consumer’s
ability to avoid wasting utility, by obtaining maximum utility from given purchased
commodities. This type of efficiency applies not only to commodities the quantities of
which the consumer may dispose off. Since the starting point is the consumer’s
objective of obtaining maximum utility from a given commodity vector, the notion of

utility efficiency can be used to study nonfoods as well. For example, it could be lack
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of information about the commodities’ characteristics, the way(s) they could and/or
should be used, etc., that may lead the consumer to obtain a utility level that is lower
than the one the commodities could potentially allow him/her to. Particularly, in the
case of commodities that are complementary, inefficient use of one commodity will

also lead to inefficient use of the other.

u A

U(q)

P(q)

q

0

q

Figure 3.4 The Utility Consumption (Requirement) Set
in the One-good Case

Before examining this new type of inefficiency in consumption some necessary

definitions need to be presented. Firstly, we will define the utility requirement set as
the set of utility levels that, for each commodity vector q € 9", are feasible for the

consumer to attain, that is,

P(q) = {u € R', :u can be attained with q}, (3.51)

It is assumed that u e R',, i.e., u >0, since the point q=(0,...,0) is excluded from

++
the choice set. The utility (requirement) set is closed, bounded from above (we have
u<U(q) for all qeQ"), and convex. Moreover, it satisfies a monotonicity property

which we define as utility disposability:
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Utility Disposability: for every q € Q" , if u>u' and u e P(q), then u’' € P(q)

(or, alternatively, if u € P(q) and u >u', then L(u) < L(u")).

The utility (requirement) set is depicted in Figure 3.4, for the case of one commodity.

In this figure, U(q) denotes the direct utility function for one commodity, ¢ denotes
quantities of the commodity in question, and u denotes utility levels. The maximum

utility level that can be generated by the quantity ¢° is u”. However, a consumer
purchasing ¢° quantities of the commodity can obtain any utility level which is less

than, or equal to, u°. In this case, the utility (requirement) set is given by
P(g)={ueR' :u<u’}.

The definition of utility efficiency which is proposed in this section is in
accordance with the output-oriented case of Koopman’s (1951) definition of output-
oriented technical efficiency in production. Specifically, we define a utility level,
which is feasible for a given commodity vector q, to be utility efficient, if, and only if,

no increase in utility is feasible. Formally,

Definition 3.2: a utility level u < P(q) is utility efficient if, and only if,

u' ¢ P(q) for u' >u.

Following this definition of utility efficiency, we propose a Debreu-Farrell-like
(Debreu, 1951; Farrell, 1957) measure of utility efficiency in consumption, defined as

-1

UE(q,u) = [max {w:ypue P(q)}]_l = [max {w:qe L(t//u)}] (3.52)

The proposed measure calls a reference utility level utility efficient if, when
increased, it can no longer be generated by the given commodity vector q. That is, a
utility level is utility efficient if it is associated with the indifference curve on which
the given commodity vector q lies. Since indifference curves can also be thought of as
representing the maximum utility that can be attained by a given commodity vector,
they provide a standard against which utility efficiency of utility levels can be

measured.
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The measure of utility efficiency can also be defined in terms of the output
distance function. Although it has never been used before in the consumer theory

context, the output distance function is well-established in producer theory. In the

producer theory context, this function is defined as D°(x,y) = min RIZES 4 /1 e P(x)},

where x denotes a vector of inputs, y denotes a vector of feasible outputs, and P(x) is
the output requirement set, i.e., the set of output vectors that are feasible for each
input vector. The output distance function is lower semi-continuous, non-increasing in
inputs, and homogeneous of degree one, non-decreasing and convex in outputs. Let us

define the output distance function in the consumer theory context as
D°(q,u) = min, {y :u/y € P(q)}, (3.53)

and assume that is a lower semi-continuous function, non-increasing in quantities, and
non-decreasing and convex in utility. The output distance function holds a target
commodity vector q fixed, and seeks that scalar that will scale up a reference utility

level u € P(q) to the boundary of P(q). Hence, for u € P(q), the output distance

function takes on values lower than or equal to unity. In analogy with the description
of the output requirement set in terms of the output distance function, we will re-
define the utility requirement set as*’

P(@Q)={ueck, :D%q,u)<1}. (3.54)

Now, we can define the measure of utility efficiency in terms of the output distance

function, as

UE(q.u) = max{y : D°(qyu) <1 ] . (3.55)

* In producer theory, the assumption of weak output disposability is required for the
output distance function to completely characterise the output requirement set (see,
Féare and Primont, 1995). In the consumer theory context, the assumption of utility
disposability should be made for the utility requirement set to be defined in terms of

the output distance function.
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The measure of utility efficiency coincides with the output distance function, since, by

by (4.52), [max {1// ‘WU e P(q)}:If1 =min {1// uly e P(q)} , and consequently,
UE(q,u) = D°(q,u). (3.56)

The properties of the utility efficiency index proposed here can be inferred form the
properties of the output distance function. Firstly, the measure of utility efficiency
takes on values in the (0,1] interval, and is equal to unity if, and only if, the reference

utility level u is associated with the boundary of P(q). Moreover, UE(q,u) is non-

decreasing in utility, and it is independent of the units in which q is measured.

Formally, for u € P(q),

(1) 0<UE(q,u)<1,
(i1) UE(q,u) =1<> u is a member of the boundary of P(q),
(i)  UE(q,u) is non-decreasing in u,

(iv)  UE(q,u) is independent of the units in which q is measured.

Figure 3.5 illustrates the measure of utility efficiency, for the case of two

commodities. Suppose that a consumer chooses a commodity bundle, say, q°, lying
on the indifference curve associated with utility level u°, ie., q"el(u’). The

commodity vector q’ is capable of generating utility less than or equal to u°.

Suppose also the consumer does not use the purchased commodities as efficiently as
he/she could, thus attaining utility a lower utility level #. The consumer in this
example is utility inefficient in that the achieved utility level is less than the maximum
one that the purchased commodity vector can generate. In particular, if the

commodities were used efficiently, the consumer could have achieved utility
u’ = 12/ D°(q’,i). The measure of the consumer’s utility inefficiency is then given by
UE(q",0) =iifu’ =if[ 4/ D°(q".2) | = D°(q".ii) <1.

Recall that in the diagrammatical example of Section 3.3.2 the consumer
chooses the commodity bundle q° with a view to achieve a target utility level 7 , and

that this consumer is commodity inefficient in that the same utility level @ could be

-9) .



attained with proportionally less of all commodities. The consumer in that example

could have chosen the commodity vector q’ / D'(i1,q°), which contains a fraction

0S/OR of the quantities (q/,q5) and it just generates the target utility level .

qZA .
L) L(u”)

q°/D'(i,q")
S

0 —
Figure 3.5 Utility Efficiency

Also, we showed that his/her commodity inefficiency is CE(i,q°)=0S/0R =

1q°/D'(i,q°) 1)/l q° || =1/D" (i1,q°) < 1. If the utility function of that consumer was
assumed to be homogeneous of degree one in commodity quantities, we could reverse

the aforementioned argument and say that the consumption vector (¢’,q;) can, if

used efficiently, generate OR/0S times as much utility as the level 7 .*° In fact, under

* A function is said to be homothetic if it is the positive monotonic transformation of
a homogenous function. Due to the ordinality property of the direct utility function,
any positive monotonic transformation of the direct utility function represents the
same preference ordering as the original function does. Hence, we can choose a
monotonic increasing transformation of the direct utility function as our

representation of preferences. Then, the assumption that the direct utility function is
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this restrictive assumption about consumer preferences, the functions D’(u,q) and

D°(q,u) assign reciprocal values to each utility-commodity combination. That is, if
consumer’s preferences in our diagrammatical example were homothetic, then
D°(q°,4)=1/D"(i1,q") = UE(q",ii) = CE(i1,q°) .*" Hence, the consumer’s utility
efficiency score is readily obtained from knowledge of his/her commodity efficiency
score.

Utility inefficiency represents one type of consumer’s inefficiency in his/her
attempt to obtain maximum utility level from a given consumption bundle. However,
if the consumption bundle in question is not the utility-maximising one, given the
prices the consumer faces and his/her budget, then two more types of efficiency arise:
budget allocative efficiency and utility overall efficiency. In order to describe the
notion of budget allocative inefficiency, let us assume that the consumer’s objective is

to choose a feasible vector of quantities q that will maximise his/her utility level,

given strictly positive prices pe R, and expenditure p.q=x. Consumers behave

optimally as long as the commodity bundle they spend their budget x on is the utility-
maximising one. However, due to lack of information about the commodities’
characteristics, the way(s) the commodities could and/or should be used, whims,
accidents, or other factors that may affect consumers’ decisions, consumers may
spend their budget on a commodity mix which is not the utility-maximising one. It is

the consumers’ ability to choose a utility-maximising commodity vector, given budget

x>0 and commodity prices peR”"

.., that we will define as budget allocative
efficiency. A measure of budget allocative efficiency can be defined as the ratio of the
utility efficient utility level (i.e., the highest utility level that the observed commodity
vector is capable of generating) to the maximum utility that can be achieved given
prices p and budget x (i.e., the highest utility level that can be generated by the utility-

maximising commodity vector). Recalling that the indirect utility function, V' (x,p), is

homogeneous of degree one in commodity quantities implies homotheticity of
consumer preferences. Note also that the property of homotheticity is more general
than the property of homogeneity. That that is, a homogeneous function is also
homothetic, but not vice versa.

* For a proof of this result in the context of production theory, see, for example, Fare

and Primont (1995).
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defined as the solution to the consumer’s utility maximisation problem, and that its
value is the maximum utility level attained, the measure of budget allocative

efficiency is given by
BAE(q.u,x,p) = (u/ D°(q.u)) [V (x.p). (3.57)

Just as commodity efficiency and allocative efficiency constitute two parts of
the consumer’s expenditure efficiency, utility efficiency and budget allocative
efficiency constitute two parts of the consumer’s utility overall efficiency. A measure
of utility overall efficiency is given by the ratio of the actual (i.e., the utility
inefficient) utility level to the maximum utility that can be achieved, given prices p

and budget x, that is,
UOE(q,u,x,p) =u/V(x,p), (3.58)

whereas, the decomposition of utility overall efficiency into utility efficiency and

budget allocative efficiency is given by the relation
UOE(q,u,x,p) =UE(q,u)x BAE(q,u, x,p) . (3.59)

Both the measure of utility overall efficiency and the measure of budget
allocative efficiency take on values in the (0,1] interval. A consumer is said to be

utility overall efficient (i.e., UOE(q,u,x,p)=1) if he/she attains the highest utility

level that can be generated by the utility-maximising commodity vector. On the other

hand, a consumer is said to be budget allocatively efficient (i.e., BAE(q,u,x,p)=1) if

he/she chooses the utility-maximising commodity vector but attains a utility level that
is lower than the one that the optimal commodity vector can generate. In addition,
since the indirect utility function is homogeneous of degree zero in p and x,

UOE(q,u,x,p) and BAE(q,u,x,p) are homogeneous of degree zero in p and x. That
is, for any A >0, UOE(q,u,Ax,Ap)=u/V(Ax,Ap)=u/V (x,p) =UOE(q,u,x,p), and
BAE(q,u,Ax,Ap)= (u/DO(qo,u))/V(/lx,lp) = BAE(q,u,x,p). Moreover, it is

obvious from the definition of BAE(q,u,x,p) that this measure is unaffected by
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changes in consumer’s actual utility level, u. On the other hand, by the non-

decreasingness of UE(q,u) in u and relation (3.59), UOE(q,u,x,p) is non-decreasing
in u. Formally, for u € P(q),

(1) 0<UOE(q,u,x,p) <1,

(i1) UOE(q,u,x,p)=1<q=q(x,p) and u =V (x,p),
(iiiy  UOE(q,u',x,p) >UOE(q,u,x,p) for u' >u,

(iv)  UOE(q,u,Ax,Ap) =UOE(q,u,x,p) for A >0,

and

(1) 0< BAE(q,u,x,p)<1,

(i1) BAE(q,u,x,p)=1<q=q(x,p) and Au=V(x,p) for 1 >1,
(i)  BAE(q,u',x,p) = BAE(q,u,x,p) for u'>u,

(iv)  BAE(q,u,Ax,Ap) = BAE(q,u,x,p) for 1>0.

The decomposition of utility overall efficiency into utility efficiency and budget

allocative efficiency is illustrated in Figure 3.6 for the case of two commodities.

Suppose that a consumer facing commodity prices p° spends his/her budget, x, on the

purchase of a commodity vector q°, which can generate at most utility level u°.

Suppose also that the consumer does not use the purchased commodities as efficiently
as he/she could, so that the actual utility level attained is # . This consumer is utility
inefficient in that he/she has attained a utility level which is lower than the one that

can be generated by the purchased commodity vector. Hence, the degree of the
consumer’s utility inefficiency is UE(q",d) = i/u’ = ﬁ/[ﬁ/DO(qo,ﬁ)} =D%(q".,4).
Suppose now that the purchased commodity vector q° does not coincide with the
utility-maximising commodity vector q . The utility-maximising commodity vector
q  is capable of generating utility level u* =¥ (p°,x), which is higher than the one
that can be generated by q°. As a result, the consumer in our example is also budget

allocative inefficient since, given prices p’ and budget x, he/she has made a wrong

allocation his/her budget, has purchased a commodity vector that contains a non-
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optimal mix of commodity quantities, and has not attained the highest utility level

possible. The degree of the consumer’s budget allocative inefficiency is given by
BAE(q' 4, x,p") =u’/u" = (4/D°(q". 1)) /V(x,po). Finally, the utility overall

efficiency of the consumer and its decomposition into utility efficiency and budget

allocative efficiency is

UOE(q’,i,x,p°) =UE(q’, i) x BAE(q", 1, x,p")

A

- — =
u u u

i 0 [4/D°@)]
= =
Vxp’) [4/D°@.@)] V(xp")

*

uu
0

9 A

<>

i

p’-q’=p’+q =x

o
Y

9,

Figure 3.6 Decomposition of Utility Overall Efficiency
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4. Measuring Efficiency in Consumption: Empirical

Modelling

4.1 INTRODUCTION

Chapter 3 proposed a theoretical model for measuring efficiency in consumption, in
price-quantity space. Econometric estimation of this theoretical model calls for
establishment of an appropriate empirical framework which will accommodate
consumers’ non-optimal behaviour. In this context, the aim of the present chapter is to
suggest an econometric framework for the aforementioned theoretical model and
illustrate its empirical application. In particular, the focus is on the empirical
measurement of commodity efficiency, allocative efficiency and expenditure
efficiency, whereas the empirical measurement of utility efficiency, budget allocative
efficiency and utility overall efficiency is left for future research.

The analysis starts with the computation of the commodity efficiency index
which requires estimation of an input distance function. The translog input distance
function is employed here and its estimation is carried out using two different
approaches. The first approach concerns the use of a proxy for consumer’s
unobserved utility level (Lewbel and Pendakur, 2006; Fare, Grosskopf, Hayes, and
Margaritis, 2008). The second approach concerns the treatment and estimation of
utility as a random error term, and represents the contribution of this chapter to the
literature of measurement of efficiency in consumption. As already stated, this
proposed empirical approach yields an empirical model for consumer’s efficiency
which resembles, but is not similar to, the two-tiered frontier framework by Polachek
and Yoon (1987, 1996). However, the estimators which are proposed in the present
chapter for the one-sided error terms are distinctively different from the ones
proposed by Polachek and Yoon (1987, 1996).

The structure of this chapter is as follows. The two empirical approaches that are
employed for the empirical estimation of consumer’s efficiency are presented in detail
in Section 4.2, along with the methodology for the computation of the measures of
commodity, allocative, and expenditure efficiency. The model is applied to a panel of

British household data on purchases of three groups of highly perishable foods,
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namely, milk & yoghurt, fruits, and vegetables. The last section provides a description

of the data and the interpretation of the empirical results.*

4.2. EMPIRICAL FRAMEWORK
As mentioned in the introductory section, a translog input distance function is
estimated in order to compute the commodity efficiency index. The translog input

distance function adopted is given by®

1
InD}(u,q) = «, +Zaj Ing, +EZZ;/jk Ing, Ing, +Z5j Ing, Int+ 6, Int
7 7k 7
1 1
+ 55“ (Int)* + ( B+ B, Ing,, +5, lntjln u, + Ec;(m u,)’ +e,
7

1
= f(Inq,,t:b,) +g(Ing,,;;b,) Inu, +EC(1HMI-,)2 +&, (4.1)

where j,k=1,...,N is the number of commodities, i=1,...,/ is the number of
households, ¢#=1,...,7 is the number of time-periods, q denotes the commodity

vector, ¢ denotes a time-trend capturing autonomous changes in consumer’s

preferences over time, u, denotes the period-¢ utility level of the i-th consumer, ¢, is

a random error term which 1s assumed to be distributed as iid normal with zero mean

: 2
and variance o,

and oy, a,,74,9,,0,,0,, ), B;,0, and ¢ are parameters to be

j2 Y Yo
estimated. As consumer theory suggests, the input distance function should satisty the

restrictions of symmetry and homogeneity, which imply the following restrictions on

“ The study in this chapter was presented at the 5" North American Productivity
Workshop, Stern Business School, New York, USA, June 24-27, 2008, under the title
“Measurement of Consumption Efficiency in Price-Quantity Space: A Distance
Function Approach” (with M. Genius, P. Midmore, and V. Tzouvelekas).

* This general translog input distance function can be found in Diewert (1993, pp.

212-3).
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the parameters of the distance function given by equation (5.1): 7, =y, ZL a; =1,

N . N N
Zkzlyjk =0 for j=1,...,N, ZH/}] =0, and zjzlaj =0.

Since the input distance function is homogeneous of degree 1 in commodity
quantities, imposition of homogeneity through division of commodity quantities by,

say, ¢,, yields:

1
—Ing,, =, + Zaj ln(qﬂt/qlit)"'EZZij ln(an/qlit)ln(%m/%n)
J J ok

+>6, ln(qﬂt/qm)lnt+dlnt+%dt(lnt)2
7
1
+[ﬂo +Zﬂj ln(q_jit/qlit)+ 50 lntJlnuiz +5§(ln“n)2 —lnD;(u,q) +&,
j

1
= f(ln(qn/%n)at;b1)+g(ln(qiz/%n)at;bz)ln“n +E§(lnuit)2

~InD}(u,q) +¢,. (4.2)

As mentioned in Chapter 1, the difficulty in estimating an input distance
function representation of consumer preferences lies on the fact that it is a function
not only of purchased quantities, but also of consumer’s unobserved utility level. The
first methodology that is adopted for dealing with this problem concerns the use of a
proxy for utility. As already mentioned in Chapter 1, Lewbel and Pendakur (2006)
invented Implicit Marshallian Demand systems, which are systems of Hicksian
demands where utility u is substituted by implicit utility, a simple function of
observables. Following Lewbel and Pendakur (2006), Fére, Grosskopf, Hayes, and
Margaritis (2008) proxy utility with household annual income in order to estimate and
assess systems of demand equations which are derived from expenditure and benefit
functions. In the present study, we use the log of total expenditures as a proxy for
utility, in order to estimate the model given by equation (4.2). We adopted the Battese
and Coelli (1995) specification for panel-data maximum likelihood estimation, which

assumes that the ¢,’s are random variables distributed as iid normal with zero mean
and variance o, and that v, =In D, are non-negative random variables, independent

of the ¢

it >

and independently distributed as truncations at zero of the normal
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distribution with constant variance o and non-constant mean g, . In particular, 4, is

given by

My = Zh HH (4.3)
where u, is a vector of parameters to be estimated, and /,, are variables that may

have an effect on consumer’s efficiency levels (e.g., socio-demographic variables).

The composite error term is given by s, =-InD}(u,q)+¢&, =-v, +¢,, and the

1 it 2

estimator for commodity efficiency is defined as E[(D))"|s,]= E[e™ |s,]. Battese

and Coelli (1993) provide the following expressions for the marginal density of the

composite error term and the estimator for commodity efficiency:

exp{—;(% + 4, )2/(0'52 +o! )}
(ot vt [o(u o) o))

S(s)= (4.4)

and

CE,(u,q) = E[(Dii)_l |5, 1=E[e™ |s,]

:{GXP{‘M’: +%<a*>ﬂ} o[ (w/0')-"]|. (4.5)

®(u,/c”")

where

2 2 2 2
(O.*)2 — 0,0, * Ol —0,8;
2 2 it 2 2 2
o, +O'g o, +0,

and @(-) is the standard normal cumulative distribution function.

The second methodology that is adopted is to treat and estimate consumer’s
unobserved utility level as a one-sided positive error term. Under such a treatment,
however, the translog term for utility-squared will not be included in the model since

this would complicate the model considerably because the composite error term
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would be the sum of four different error terms. Since the two one-sided error terms in
equation (4.2), i.e., utility and the distance, must be preceded by opposite signs in
order to be discernible in estimation, certain assumptions must be made on the utility

and distance terms. Firstly, our theoretical model requires, by construction, that the
value of the input distance function be greater than or equal to unity, i.e., D} >1, so
that InD, >0. Secondly, as consumer theory suggests, the input distance function

must be non-decreasing in quantities and decreasing in utility. Thus, monotonicity of

the input distance function with respect to utility requires that

7 I N Y
aal:it — %& = g(ln qjit’t;bz)& < 0 , (46)

it a ln uit uit it

that is, the function g(-) must be negative. Moreover, since u, >0, Inu, can take on
any values in the interval (—oo,+00). However, since consumer’s preferences are
ordinal, no harm is done by normalising utility so that u, € (0,1) and Inu, <0 . Under

these assumptions, we can re-write the model to be estimated as

—Ing,, = f(ln(qit/qlit)’t;bl)+ [_g(ln(qn/%n)’t;bz ):I(_ln”n)_ In Dy (u,q) + &,

:f(ln(qit/qlit)’t;bl)_'_sit’ 4.7)

where s, = [—g(ln(qit/qlit),t;b2 )](—lnuit) —InD;(u,q)+¢&,. Hence, assuming that
D} >1 so that InD] >0, and assuming that u, € (0,1) so that Inu, <0, we can treat
the variables InD; and (—Inu,) as iid exponentially distributed error terms. In
addition, under the assumption that g(lnq,;?,b,)<0, the terms

[—g(ln(qi,/qm),t;b2 )](—lnui,) and InD](u,q) are preceded by opposite signs and

can be discerned in estimation. Another reason for assigning a specific sign to the
function g(-) is that it was necessary for the construction of the density of the

composite error term s, to decide on the sign of the function g(-), and since

consumer theory suggests that it should be negative for monotonicity of the distance

function with respect to utility to hold, we couldn’t have chosen otherwise.
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In summary, the distributional assumptions we have made for the three random

error terms are as follows:

z, =(-Inu,) ~ iid exponential(s_,07),
v, =In D] ~ iid exponential(c,,5”),
&, ~ 1dN(0,57).

Assuming that the z,,v, and ¢, are independent with respect to one another, the

1

marginal density of the composite error term is given by

1 2 . .
f5)= exp[ > +i}b(—i—%
o,+0o, 20, o© o o

v & v
1 2 . )
+ exp 652 i || Zu_Ze , (4.8)
o,+0o, 20, O, o, O,

which is the same as the density of the composite error term in the two-tiered frontier

model of Polachek and Yoon (1987, 1996) with the exception that o, is not a

parameter to be estimated, but it is defined, instead, as
o, =[-g(In(q,/q,,).t:b,)]o.. (4.9)

We propose the following estimators for commodity efficiency and consumer’s utility

level

CEit(u’q) = E[(Dzi)_l | Sit] = E[67Vil | Sit]
o ol s, 1
= eXp > T
O-vo-w 26\47 Gw f; (S it)

2 2
{@(_6_}1{0_ ! [S,,_&ﬂ@[_i&_%j},@.m)
o, O, 200 © o, o, o0, ©O

and
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2 2
x{@[—i—&]+exp{ % 1 [s”+&ﬂq>(i+i—“§},(4.u)
o, o, e " 0,)] \oy o my

where

o = o,0, - [—g(-)] 0,0,
[-20)]o, +[-g0)]o, +0,0,°

= , =
o,t+o0,+0,0,

and @() is the standard normal cumulative distribution function.

Once the translog input distance function has been estimated and the commodity
efficiency index has been computed, the value of the expenditure or overall efficiency
measure can be computed from relation (3.41) which gives the decomposition of
expenditure efficiency into commodity and allocative efficiency. Calculation of the
value of the measure of allocative efficiency is more problematic since it requires
knowledge of either the expenditure function or the expenditure-minimising
commodity vector. The notion of virtual prices as defined by Grosskopf, Hayes, and
Hirschberg (1995) and the procedure developed by Karagiannis, Midmore, and
Tzouvelekas (2004) for derivation of optimal input vectors can also be employed
here. In particular, suppose the expenditure function is a linear function of the

commodity market prices, that is,
N £
C(u,p) = lejq,», (4.12)
i

Where p denotes the vector of market prices, and q; denotes the expenditure-
minimising quantity of commodity ;. Dividing relation (4.12) through by a

commodity, say, g, , yields

** The derivation of the density in eq. (4.8), and of the estimators for commodity
efficiency and consumer’s utility level in eqgs. (4.10) and (4.11) are presented in

Appendix B.
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Cu, * *
(*p)=p1+p2(q—ij+...+p]v(qﬁ’j. (4.13)

q,

Relations (4.13) and (3.43) can be used to compute the index of allocative efficiency

as follows:

D' (u,q)C(u,p) D' (u.q) C(u,p)/q, (4.14)

AE(u,q,p) = :
(4-0.p) (r-q) P-q)/q,

given that the observed (actual) and the optimal quantity of commodity 1 coincide,
that is, g, = g, . Recall that the Shephard-Hanoch lemma allows the vector of shadow
prices to be derived from partial differentiation of the input distance function with
respect to quantities. Recall also that in Section 3.3.1 we noted that if the reference
quantity vector in the definition of the input distance function is not the expenditure-
minimising one, then the vector of these prices is interpreted as the vector of shadow
prices deflated by shadow expenditure (i.e., virtual prices). On the other hand, if the
reference quantity vector in the definition of the input distance function is the
expenditure-minimising one, then the vector of shadow prices coincides with the
expenditure-normalised vector of market (i.e., observed) prices. Hence, at the

expenditure-minimising commodity vector, q", we have: dlnD'(u,q")/dIng; =

(8D1(u,q*)/8q;)(q;/Dl(u,q*)):(pj/C(u,p))(q;/Dl(u,q*)). Using this result, we

can derive the following system of N-1 equations

olnD'(u,q)/dng; _(p,/Cw.p)(q;/D'.4)) _pg,
olnD'(u,q)/0lng, (p,/Cu,p))(a,/D'w.4)) P4’

j=2,..,N. (4.15)

In the case of the translog input distance function given by relation (4.1), this system

becomes

j=2,..,N,  (4.16)

[&j{q—sz a, +22]:2}/jk ln(q;;,/qm)+5j Int, + B, Inu,

b 9 a + z:lzzylk ln(qut/qlit)+ 51 lntt + ﬁl lnuit ’
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where the restrictions of homogeneity and symmetry have been imposed, and the
assumption that ¢, = ¢, has been made. This system can be solved to obtain the ratios

of expenditure-minimising quantities in terms of the observed market prices, the
estimated expected value of utility (in the case of the two-tiered frontier empirical
specification), and the estimated parameters of the distance function. These
expenditure-minimising commodity ratios can then be substituted into (4.13) to derive
estimates of AE(u,q,p) from relation (4.14).

Finally, knowledge of the expenditure minimising quantity ratios also allows the
derivation of the optimal expenditure shares. The latter can be computed from the

following relation:

pawp) _ pa__ Pla/4) 4.17)
Cu,p) Cwp) (Cu.p)/q)’

w,(u,p) =

The optimal expenditure share for the first commodity can be computed residually,

using the adding-up restriction.

4.3 DATA DESCRIPTION AND EMPIRICAL RESULTS

4.3.1 Data Description

The data used in the empirical analysis are drawn from a panel of British household
data provided by the TNS market research institute. The panel provides information
on weekly purchases of organic and non-organic eggs, milk, yoghurt, fruits, and
vegetables, from December 2004 to November 2006. The surveyed households
reported the volume of and expenditure on the aforementioned organic and non-
organic products purchased at every shopping trip, as well as the shop that was visited
and the time spend. The data base also includes information on the socio-demographic
characteristics of the surveyed households, such as number of adults and children in
the household, age of the main shopper in the family, social class, and region of

residence.
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For the purposes of the present analysis, the region of London was selected in
order to avoid problems associated with the consumption of home-grown agricultural
products in rural areas. Since accounting for censoring would add extra complexity to
the adopted empirical models, and since our aim is to provide an illustration of the
econometric estimation of the proposed model for consumer efficiency, the data on
quantities and expenditure were aggregated to monthly figures, and the households
selected were the ones that reported positive consumption of all the following three
commodity groups: milk & yoghurt, fruits, and vegetables. In particular, the selected
sample consists of 884 households in London, which reported positive consumption

of all three commodities for a period of 12 months, from July 2005 o June 2006.

Table 4.1. Summary Statistics of the Data

Age of
Time Total Social Family Family
Period Quantities Expenditures Class Head  Size
Milk &
Yoghurt Fruits Vegetables
Jul. 2005 11.69  9.96 12.30 46.74
Aug. 2005 11.38  9.58 11.54 43.22
Sep. 2005 11.20  8.71 11.36 40.12
Oct. 2005 11.41 8.48 12.17 39.38
Nov. 2005 11.68 8.21 12.43 38.42
§ Dec. 2005 13.02 8.83 13.16 40.60
S Jan. 2006 11.76  7.70 12.63 37.65
Feb. 2006 11.77 8.30 12.06 39.21
Mar. 2006 13.10  9.51 13.44 44.36
Apr. 2006 11.81 8.78 12.29 40.57
May 2006 11.81 9.06 13.09 42.20
Jun. 2006 11.50  9.02 12.48 44.03
Jul. 2005 - Jun. 2006
Mean 11.84  8.85 12.41 41.38 3.83  54.67 2.60
Min. 0.15 0.10 0.12 2.37 1 22 1
Max. 109.30 80.01 89.36 303.71 6 91 8
St.Dev. 10.52 6.62 8.88 24.96 1.35 1573 1.29

Note: Social class takes on the value of 1 for the highest social class and the value of 6 for the lowest
one.

The variables included in the empirical analysis are the quantities of milk &

yoghurt, fruits, and vegetables, total expenditures on all the three commodities, and
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three socio-demographic variables, namely, the household’s social class, the age of
the main shopper in the household, and family size. Aggregation of the quantities for
the creation of the milk & yoghurt commodity group was carried out with the use of a
Divisia index with expenditure shares serving as weights. The quantities of fruits and
vegetables are measured in kilograms, while the quantities of milk and yoghurt,
before aggregation, were measured in litres and kilos, respectively. Total expenditure
is the sum of expenditures on milk & yoghurt, fruits and vegetables, and are measured
in Pound-Sterling. Social class is a classification of the households in the panel into
six categories representing social grade, social status, and occupation.’’ In particular,
the classification is: Class A (upper middle class, higher managerial, administrative or
professional), Class B (middle class, intermediate managerial, administrative or
professional), Class C1 (lower middle class, supervisory or clerical, junior
managerial, administrative or professional), Class C2 (skilled working class, skilled
manual workers), Class D (working class, semi and unskilled manual workers), and
Class E (households at lowest level of subsistence, state pensioners or widows (no
other earner), casual or lowest grade workers). Finally, family size is the sum of the
number of adults and the number of children in the household. The descriptive
statistics for the household data are summarized in Table 4.1. As shown in Table 4.1,
the average consumption of the three commodities is rather constant during the period

of the 12 months, which is to be expected for commodities such as foods.

4.3.2 Empirical Results

The parameter estimates for the proxy model were obtained from maximum
likelihood estimation of the model in equation (4.2) using the FRONTIER 4.1
software. As already mentioned, it is assumed that the distance follows a truncated-
normal distribution with constant variance and non-constant mean. In particular, the
mean of the distance was specified as a polynomial function of the following
variables: social class, family size, age of the main shopper in the family, time, and

time-squared. As far as the parameter estimates for the two-tiered model are

> In estimation, the explanatory variable used for the households’ social class takes on

the value of 1 for the highest social class and the value of 6 for the lowest one.
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Table 4.2. Parameter Estimates of the Translog Distance Function

Proxy Model Two-Tiered Model
Parameter Estimate Std. Err. Estimate Std. Err.

a, 1.7634 (0.0411)*

Ay 0.2814 (0.0334)* 0.2684 (0.0094)*
ap 0.5572 (0.0371)* 0.3626 (0.0106)*
a, 0.1614 (0.0376)* 0.3690 (0.0114)*

Yy -0.0814 (0.1001) 0.1397 (0.0216)*
Vr -0.4603 (0.0423)* 0.2139 (0.0103)*
Yy -0.2996 (0.0464)* 0.2952 (0.0106)*

Y vr 0.1210 (0.0289)* -0.0292 (0.0074)*

Vv -0.0397 (0.0376) -0.1105 (0.0079)*
Y ev 0.3393 (0.0384)* -0.1847 (0.0087)*
Oy 0.2793 (0.0460)* 0.0065 (0.0083)
oy -0.2099 (0.0551)* 0.0198 (0.0096)**
S, -0.0693 (0.0569) -0.0263 (0.0102)*
S, 0.6266 (0.0729)* -0.0628 (0.0161)*
Oy 1.6591 (0.1145)* -0.1051 (0.0200)*
5, -0.9686 (0.0560)*

By -0.1812 (0.0525)* 0.0687 (0.0218)*
B -0.2281 (0.0576)* 0.0397 (0.0245)***
B, 0.4094 (0.0561)* -0.1084 (0.0263)*
%, 0.9767 (0.0675)* 0.0124 (0.0281)
¢ 0.0780 (0.0986)

Hy -65.7178 (1.3730)*

Hctas 6.2678 (0.3518)*
Hransze  -2.5783 (0.3469)*
Hie 315932 (0.7132)*
Hime 407733 (1.6117)*
Hrimesguared -19.5422 (0.8010)*

o, 03747  (0.0108)*
o, 6.9563 (0.0653)* 0.1893 (0.0110)*
o, 7.3956 (0.0578)* 04212 (0.0110)*

Log-likelihood
-20751.8640 -9363.6816

Notes: MY refers to milk & yoghurt, F' to fruits, and V to vegetables. Asymptotic
standard errors in parentheses. * (**, and **¥*) indicate significance level at the 1 (5,
and 10) percent.
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concerned, they were obtained from pooled-data maximum likelihood estimation of
the model in equation (4.7), with the use of the GAUSS software. The model was
estimated without the translog constant term. In addition, as is obvious in relation
(4.9), there 1s a problem with identification of the standard deviation o, of the
random error term which is associated with utility. In order to be able to estimate the
parameter o_, we normalised /£, to unity.

The maximum likelihood parameter estimates of the two models, along with
standard errors, are displayed in Table 4.2. Both models were estimated with
homogeneity and symmetry imposed, where homogeneity was imposed by division of

all quantities by the quantity of milk & yoghurt. Parameters a,,,, ¥,yv»> Yiyr> Virvr s
By, and o,, were computed via the homogeneity and symmetry restrictions, and,

their standard errors were approximated by the delta method (see, for example
Spanos, 1999). In the case of the proxy model, the standard deviations for the distance

and the normal error term, o, and o,, respectively, were computed from the
FRONTIER 4.1 estimates for sigma-squared (o’ =o.+0c.) and gamma

(y=o. / o). The standard errors for the parameter estimates for o, and o, were

also approximated by the delta method.
As shown in Table 4.2, 25 out of 29 parameters of the proxy model, and 19 out
of 21 parameters of the two-tiered frontier model were statistically significant. In the

case of the proxy model, the variance of the one-sided error term associated with the
distance is found to be o = 48.3902, and that of the normal error term is found to be
o, = 54.6952. In addition, all the parameters in equation (4.3) for the mean of the

one-sided error tem in the proxy model were found to be statistically significant at the
1% level, indicating that households’ socio-demographic characteristics and time may
affect the pattern of inefficiency. Under the two-tiered frontier empirical specification,

the variance of the one-sided error term associated with household’s utility is found to

be o7 = 0.1404, while the variance of the one-sided error term associated with the
distance is found to be o = 0.0358, and that of the normal error term is found to be

ol =0.1774.

The estimated efficiency indices for the two empirical specifications are

presented in Tables 4.3 and 4.4. Under the proxy model, the estimated mean
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commodity, allocative, and expenditure efficiency scores were found to be 76.10%,

77.97%, and 58.78%, respectively, during the period July 2005 - June 2006.

Table 4.3. Frequency Distribution of Commodity, Allocative, and Expenditure
Efficiency for the Proxy Model

2005 2006
Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
Commodity Efficiency
<0.4 0 0 0 0 0 0 0 0 0 0 0 0
0.4-0.5 1 1 2 8 2 1 2 0 2 2 1 0

0.5-0.6 9 15 22 48 39 42 35 32 22 18 25 27
0.6-0.7 31 126 211 295 246 229 251 226 159 145 117 116
0.7-0.8 93 288 405 428 458 482 470 490 504 445 422 358
0.8-0.9 225 313 202 97 131 127 126 136 195 270 314 368
>0.9 525 141 42 8 8 3 0 0 2 4 5 15
Mean 0.89 0.8 0.75 0.72 0.73 0.73 0.73 0.73 0.75 0.76 0.77 0.78

Allocative Efficiency

<0.4 0 0 0 O 0 0 0 0 0 0 0 0
0.4-0.5 0 0 0 0 0 0 0 0 0 0 0 0
0.5-0.6 9 14 8 13 8 8 7 11 9 9 5 8

0.6-0.7 137 130 125 140 137 134 134 130 125 122 115 144
0.7-0.8 383 391 358 391 428 397 394 421 429 438 390 417
0.8-0.9 266 272 308 266 250 267 271 256 258 246 298 244
>0.9 89 77 8 74 61 T8 78 66 63 69 T6 71
Mean 0.78 0.78 0.79 0.78 0.77 0.78 0.78 0.78 0.78 0.78 0.79 0.78

Expenditure Efficiency

<0.4 0 0 0 O 0 0 0 0 0 0 0 0

0.4-0.5 50 54 60 19 30 30 35 31 25 43 39 34
0.5-0.6 428 503 456 484 518 464 492 530 476 392 473 465
0.6-0.7 403 327 368 381 336 390 357 323 383 449 372 385
0.7-0.8 3 0 0 O 0 0 0 0 0 0 0 0

0.8-0.9 0 0 0 O 0 0 0 0 0 0 0 0

>0.9 0 0 0 O 0 0 0 0 0 0 0 0

Mean 0.59 0.58 0.58 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59

Specifically, 70% of the households in the sample achieved scores of commodity
efficiency between 70 and 80%, 80% of the households achieved scores of allocative
efficiency between 70 and 80%, and 83% of the households achieved scores of
expenditure efficiency between 50 and 60%. Regarding the estimates of the efficiency

indices for the two-tiered frontier empirical specification, they were found to be

- 111 -



higher than the ones under the proxy model: the estimated mean commodity,

allocative, and expenditure efficiency scores were found to be 84.06%, 80.14%, and

67.22%, respectively, during the during the time-span of the panel. In particular, the

majority of the households in the sample (87%) achieved scores of commodity

efficiency between 80 and 90%, 45% of the households achieved scores of allocative

efficiency between 70 and 80% and the remaining 55% of the households achieved

scores of allocative efficiency between 80 and 90%, and, finally, almost all the

households (99%) achieved scores of expenditure efficiency between 60 and 70%.

Table 4.4. Frequency Distribution of Commodity,

Efficiency for the Two-Tiered Frontier Model

Allocative, and Expenditure

2005 2006

Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
Commodity Efficiency
<0.4 0 0 0 0 0 0 0 0 0 0 0 0
0.4-0.5 0 1 0 0 0 1 0 0 1 0 1 0
0.5-0.6 2 6 1 4 1 0 1 2 2 2 1 2
0.6-0.7 9 15 15 14 11 20 9 7 27 7 5 9
0.7-0.8 112 124 119 136 128 147 116 102 148 111 120 113
0.8-0.9 761 738 749 730 744 716 758 773 706 764 757 760
>0.9 0 0 0 0 0 0 0 0 0 0 0 0
Mean 0.84 0.84 0.84 0.84 0.84 0.83 0.84 0.84 0.83 0.84 0.84 0.84
Allocative Efficiency
<0.4 0 0 0 0 0 0 0 0 0 0 0 0
0.4-0.5 0 0 0 0 0 0 0 0 0 0 0 0
0.5-0.6 25 0 2 2 2 4 7 3 11 2 1 1
0.6-0.7 9 0 40 22 33 69 51 18 25 9 98 120
0.7-0.8 221 362 315 402 434 406 430 416 329 269 307 375
0.8-0.9 402 469 460 416 393 362 370 427 469 539 423 350
>0.9 137 53 67 42 22 43 26 20 50 65 55 38
Mean 0.81 0.81 0.81 0.80 0.79 0.79 0.79 0.80 0.81 0.82 0.80 0.78
Expenditure Efficiency
<0.4 0 0 0 0 0 0 0 0 0 0 0 0
0.4-0.5 19 0 0 1 0 13 8 3 22 7 0 0
0.5-0.6 142 9 75 43 47 122 8 27 27 5 170 162
0.6-0.7 345 605 526 562 627 528 556 597 562 499 452 484
0.7-0.8 351 270 283 278 210 221 237 257 273 373 262 238
0.8-0.9 27 0 0 0 0 0 0 0 0 0 0 0
>0.9 0 0 0 0 0 0 0 0 0 0 0 0
Mean 0.68 0.68 0.67 0.68 0.67 0.66 0.66 0.68 0.68 0.69 0.66 0.66
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An interpretation of the findings with regard to efficiency scores is suitable here.
Since the empirical specifications we have adopted for the econometric estimation of
the theoretical model and, hence, the derived results, are not comparable, we will
focus on the interpretation of the results derived from of the two-tier frontier
empirical specification only. The central assumption we have made for the
development of the proposed efficiency measures is that any unwanted quantities of
the purchased commodities can be disposed of. This means that the quantities of the
purchased commodities, and hence, actual (observed) expenditures, may well be
higher than the ones required to just attain a target utility level. Using relation (3.42)
which provides a definition of commodity efficiency as a cost ratio, the finding that
the estimated mean commodity efficiency was 84.06% during the period July 2005 -
June 2006 indicates that, on average, a 15.94% of the households’ budget was wasted,
or that households, say, by better planning, could have decreased their total
expenditure by 15.94% and could still have achieved the same utility level with a
portion of the purchased commodities. Recall the definition (3.43) of the measure of
allocative efficiency as the ratio of the minimum expenditure required for attaining a
target utility level to the expenditure for the commodity efficient commodity vector.
Under this definition, the finding that mean allocative efficiency was 80.14% during
the time period covered by the panel indicates that, given some target utility level and
the commodity prices that households face, a 19.86% decrease in total expenditures
could be made feasible if households had chosen a different combination of
commodity quantities. Moreover, since expenditure efficiency is defined as the ratio
of minimum expenditure required for the achievement of u to the actual expenditure, a
mean expenditure efficiency score of 67.22% indicates that, on average, a 32.78% of
the households’ budget was wasted due to the presence of commodity and allocative
inefficiency.

With regard to households’ behaviour over time, it cannot be concluded from
the empirical results that the inefficiency scores are diminishing over time. As shown
in Tables 4.3 and 4.4, the mean inefficiency scores are rather steady over time. This is
to be expected, considering the type of commodities under analysis combined with the
short time-span of our panel (12 months): the commodities under analysis are foods
that have an important role to play in any average household’s diet, and, in addition,
the time-span of our panel is too short to allow for changes in households’ socio-

demographic characteristics which would affect consumption habits and hence
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efficiency scores. Finally, an analysis of the findings in terms of household
classification according to social class (Table 4.5) indicates that, as expected, the
higher the social class, the higher the expenditure savings that can be obtained by

elimination of overall efficiency.

Table 4.5. Mean expenditure Savings per Social Class (in £, Jul. 2005 — Jun. 2006)

Social ~ No. of Proxy Model Two-Tier Frontier Model
Class Households CE AE EE CE AE EE
A 10 12.70 11.11 23.81 9.27 10.71 19.97
B 106 11.88 10.33 22.21 7.45 9.26 16.71
Cl 338 10.10 9.36 19.46 6.75 8.35 15.10
C2 179 9.71 8.86 18.57 6.47 8.18 14.65
D 73 9.12 8.60 17.72 6.26 7.88 14.14
E 178 8.73 8.28 17.01 5.93 7.38 13.31
Mean 10.37 9.42 19.79 7.02 8.63 15.65
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5. Summary and Conclusions

This Ph.D. thesis provides an insight on consumer demand for organic and non-
organic commodities and on the effects of changes in consumed quantities on
consumer welfare, by employing techniques which are used in applied production
analysis in order to make possible the econometric estimation of well-known
consumer demand systems. Furthermore, it deviates from the standard consumer
demand analysis which assumes a priori that consumers behave optimally, develops a
model for measuring efficiency in consumption, and suggests two different empirical
frameworks for the empirical application of the theoretical model.

The majority of studies on consumer demand for organic commodities focus on
consumers’ attitudes, and consumers’ motivation for purchasing organic commodities
willingness to pay for them, as well as on socio-economic, demographic,
psychological and ethical factors which may have an effect on consumer’s acceptance
of organic commodities. There is only a small number of empirical studies that
analyse consumer demand for organic products together with the demand for non-
organic ones, and explore the interrelationships between the two commodity types by
providing estimates of cross-price elasticities. In this context, this Ph.D. thesis
contributes to the literature of empirical studies of consumer demand for organic
products by providing empirical evidence on the interrelationships between organic
and non-organic commodities and on the changes which occur on households’ welfare
levels due to changes in consumed quantities. This task was accomplished by
employing cross-sectional data and the IAIDS model of Eales and Unnevehr (1994),
and Moschini and Vissa (1992) for the empirical analysis of household demand for
organic milk & yoghurt, non-organic milk & yoghurt, organic fruits & vegetables, and
non-organic fruits & vegetables, in London, UK. The occurrence of zero purchases in
the sample was accounted for by using the Amemiya-Tobin model by Wales and
Woodland (1983). Moreover, we accounted, in a theoretically consistent way, for the
problem introduced in inverse demand systems, in which consumed quantities are
expressed in logarithms, when zero consumption is reported. Specifically, our

censored inverse demand system was modified by using an approach proposed by
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Battese (1997), which has been applied in the empirical production analysis literature
and allows full-sample estimation and derivation of efficient and unbiased parameter
estimates.

After estimation of the censored IAIDS, expected observed shares were
computed via simulations and used for the computation of flexibilities. Scale
flexibilities suggest that organic milk & yoghurt are luxuries. The scale flexibility for
organic fruits & vegetables, on the other hand, was found to be close to —1 and close
to the scale flexibility of their non-organic counterparts. Hence, it is not clear that
these commodities are luxuries, a situation that could be explained by the lower price
premium that is paid for organic fruits & vegetables compared to the price premium
paid for the organic milk & yoghurt commodity group in our demand system. In
addition, the organic commodities in our system were found to be more own-quantity
inflexible, and, hence, more own-price elastic than their non-organic counterparts.
Moreover, the magnitudes of the own- and cross-quantity flexibilities suggest that it is
the own-prices of the organic commodities that play the most important role in
inducing consumers to increase their consumption of organic commodities. Hence, the
results suggest that expansion of the organic farming, which could lead to decreases in
the price premium of the organic commodities due to increased supply of them in the
market, will, in turn, increase the demand for the organic commodities significantly.
Finally, estimates of the CV and EV measures associated with quantities changes
indicate that, for the households in our sample reporting positive consumption of non-
organic commodities and zero consumption of organic ones, substitution of a portion
of non-organic fruits & vegetables by/with organic ones is likely to make them better
off, whereas a similar substitution in the case of milk & yoghurt is likely to make
them worse off. The latter result could be due to the relatively higher discrepancy in
unit values of the organic and non-organic milk & yoghurt commodity groups.

This Ph.D. thesis also contributes to the literature of measurement of consumer
efficiency by proposing a theoretical and empirical framework for analysing
consumer’s efficiency in price-quantity space. In this context, a measure of
consumer’s expenditure inefficiency was proposed, which can be decomposed into
two associated measures of efficiency in consumption, namely, commodity and
allocative efficiency, in a manner similar to the one met in production efficiency
analysis. The empirical application of the theoretical framework that has been

developed was required to tackle the problem of econometric estimation of a distance
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function which is a function of not only purchased commodity quantities, but also of
consumer’s unobserved utility level. Two different empirical frameworks were
adopted in order to illustrate the empirical application of the proposed theoretical
model: the first empirical model is based on the use of observable variables as proxies
for utility, while the second one allows consumer’s utility to be treated and estimated
as an unobserved random error term. The model was then applied to a panel data set
of British household purchases of highly perishable foods. Although it seems
restrictive to employ highly perishable commodities in order to accommodate the
assumption that consumers are free to dispose of any unwanted quantities of the
purchased commodities, studying consumer’s inefficiency with respect to such type of
commodities is important since a significant portion of the consumer’s budget is
allocated to them.

The conclusions derived from the analysis of the empirical results in studies of
consumer demand usually direct attention to market and production implications. Our
proposed measure of expenditure or overall efficiency can also serve such a goal, but
the measures of commodity and allocative efficiency in consumption cannot; they
can, however, provide a deeper insight into how expenditure inefficiency arises. None
of the three measures can explain in full why consumers are inefficient. For, even if
socio-demographic and economic characteristics of the consumers are accounted for
in empirical analysis, there are still many characteristics of them, e.g. psychological,
that cannot be observed. For example, it could be lack of information, awareness and
responsibility from the part of consumers with respect to the full social costs of their
consumption decisions that lead to excess purchases and spending, and consumption
inefficiency. Nonetheless, the importance of studying inefficiency in consumption lies
not only on the fact that optimal behaviour is a restrictive assumption to make for
consumers actual behaviour, or on that changes in consumption efficiency levels may
have an effect on products’ prices in a competitive market. It also lies on the fact that
consumer’s non-optimal behaviour has a negative impact on welfare levels. In
particular, it has a negative impact on consumer’s welfare levels in terms of budget
that was wasted and which could have been allocated to the satisfaction of other
wants. In addition, since over-consumption leads to increased and more industrialised
production, which itself fuels over-consumption, through, say, advertising, this circle
implies excessive use and misuse of natural resources, and a negative impact on social

welfare. Reduction of consumer’s inefficiency and mitigation of its negative impact
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on welfare levels could be accomplished though, say, advertising. If advertising plays
an important role in creating and/or sustaining consumer’s non-optimal behaviour,
then advertising could perhaps be used as a means of awareness raising and initiation

of changes in consumer’s shopping, purchasing and consumption patterns.
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Appendix A. Tables for Households’ Welfare Changes

Table A.1. Compensating and Equivalent Variation for Households Reporting
Positive Consumption of Non-Organic Milk & Yoghurt and Zero Consumption of
Organic Milk & Yoghurt.

Quantity Household Group CvV EV

Changes

Substitution of 5% of non-organic

milk & yoghurt by organic ones

Higher social classes, without children (group 1; 77=263) 3.96  1.95
Higher social classes, with children (group 2; 7,=148) 354 1.82
Lower social classes, without children (group 3; 75=213) 2.75 1.44

Lower social classes, with children (group 4; 7,=99) 295 1.63
t-stat. (groups 1 & 2) (0.58) (0.42)
t-stat. (groups 3 & 4) (-0.34) (-0.67)
t-stat. (groups 1 & 3) (1.92)** (1.99)*
t-stat. (groups 2 & 4) (0.86) (0.57)
Higher social classes (group 5; 75=411) 3.81 1.90
Lower social classes (group 6; 76=312) 2.82  1.50
t-stat. (groups 5 & 6) (2.11)* (2.00)*
Without children (group 7; 7:=476) 3.42 1.72
With children (group 8; 75=247) 3.31 1.75
t-stat. (groups 7 & 8) (0.24) (-0.10)
All households in the sub-sample (7=723) 338 1.73

Substitution of 10%of non-organic

milk & yoghurt by organic ones

Higher social classes, without children (group 1; 77=263) 1.51  0.85
Higher social classes, with children (group 2; 7,=148) 1.21 0.73
Lower social classes, without children (group 3; 73=213) 0.87  0.52

Lower social classes, with children (group 4; 7,=99) 1.17  0.83
t-stat. (groups 1 & 2) (0.70  (0.40)
t-stat. (groups 3 & 4) (-0.81) (-1.02)
t-stat. (groups 1 & 3) (1.70)** (1.33)
t-stat. (groups 2 & 4) (0.09) (-0.27)
Higher social classes (group 5; 7s=411) 140  0.81
Lower social classes (group 6; T¢=312) 0.96 0.62
t-stat. (groups 5 & 6) (1.54) (0.95)
Without children (group 7; 77:=476) 1.22  0.70
With children (group 8; 75=247) 1.19  0.77
t-stat. (groups 7 & 8) (0.11) (-0.31)
All households in the sub-sample (7=723) 1.21  0.73
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Table A.1. (continued).
Quantity Household Group Cv EV
Changes
Higher social classes, without children (group 1; 77=263) 1.07 0.72
Higher social classes, with children (group 2; 7,=148) 0.76  0.57

'% #  Lower social classes, without children (group 3; 75=213)  0.60  0.46
%‘) & Lower social classes, with children (group 4; 74=99) 0.97 0.83
§ :g; t-stat. (groups 1 & 2) (0.66) (0.37)
< 5 t-stat. (groups 3 & 4) (-0.85) (-0.84)
¥ & t-stat. (groups 1 & 3) (1.23) (0.79)
E £ t-stat. (groups 2 & 4) (-0.41) (-0.51)
2 §° Higher social classes (group 5; Ts=411) 096 0.67
.2 > Lower social classes (group 6; 76=312) 0.72  0.57
2% tstat (groups 5 & 6) (0.80) (0.33)
é g W?thout' children (group 7; T7=476) 0.86 0.60
A With children (group 8; 75=247) 0.85 0.67
t-stat. (groups 7 & 8) (0.03) (-0.22)
All households in the sub-sample (7=723) 0.85 0.63

Notes: Average CVs and EVs are measured in Pound-Sterling. This sub-sample consists of 723
households (full sample size is 1155), and T,, g=1,...,8, denotes the number of households in each
household group. The group of households in higher (lower) social classes consists of households in
social classes A, B, and C1 (C2, D, and E). The group of households with children (group 8) consists
of households with 1 to 5 children. #statistics for the differences in CV and EV between household
groups are in parenthesis, and * (**) indicates significance at the 5% (10%) level.
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Table A.2. Compensating and Equivalent Variation for Households Reporting
Positive Consumption of Fruits & Vegetables and Zero Consumption of Organic

Fruits & Vegetables.

Quantity Household Group Cv EV

Changes
Higher social classes, without children (group 1; 71=267) 1.54  1.18
Higher social classes, with children (group 2; 7,=139) 1.65 1.29
Lower social classes, without children (group 3; 75=250) 1.97  1.58
Lower social classes, with children (group 4; 7,=98) 1.94 1.52

t-stat. (groups 1 & 2)
t-stat. (groups 3 & 4)
t-stat. (groups 1 & 3)
t-stat. (groups 2 & 4)

(-0.34) (-0.35)
(0.09) (0.19)

(-1.65)* (-1.61)

(-0.70) (-0.59)

Substitution of 5% of non-organic
fruits & vegetables by organic ones

Higher social classes (group 5; 75=406) 1.57 122
Lower social classes (group 6; 76=348) 1.96 1.56
t-stat. (groups 5 & 6) (-1.75)* (-1.68)*
Without children (group 7; 77=517) 1.75 1.38
With children (group 8; 75=237) 1.77  1.39
t-stat. (groups 7 & 8) (-0.08) (-0.04)
All households in the sub-sample (7=754) 1.75 1.38
Higher social classes, without children (group 1; 7,=267) -2.70 -3.27
Higher social classes, with children (group 2; 7,=139) 242 -2.93
Lower social classes, without children (group 3; 73=250) -2.04 -2.48
Lower social classes, with children (group 4; 7,=98) -2.18  -2.68

t-stat. (groups 1 & 2)
t-stat. (groups 3 & 4)
t-stat. (groups 1 & 3)
t-stat. (groups 2 & 4)

(-0.69) (-0.61)
(0.28) (0.33)
(-1.74)* (-1.71)*
(-0.43) (-0.37)

Substitution of 10% of non-organic
fruits & vegetables by organic ones

t-stat. (groups 7 & 8)

Higher social classes (group 5; 75=406) -2.61  -3.15
Lower social classes (group 6; 75=348) -2.08 -2.54
t-stat. (groups 5 & 6) (-1.68)* (-1.63)
Without children (group 7; 77=517) -2.38  -2.89
With children (group 8; 75=237) 232 -2.82

(-0.18) (-0.16)

All households in the sub-sample (7=754)

-2.36  -2.87
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Table A.2. (continued).
Quantity Household Group CvV EV
Changes
Higher social classes, without children (group 1; 71=267) -4.90 -6.24
Higher social classes, with children (group 2; 7,=139) -4.54  -5.74

Sé é Lower social classes, without children (group 3; 73=250) -4.11 -5.18
gn o Lower social classes, with children (group 4; 74=98) -430 -545
2 2 tstat. (groups 1 & 2) (-0.63) (-0.64)
2 2 tstat. (groups 3 & 4) (0.30) (0.33)
\2 é‘ t-stat. (groups 1 & 3) (-1.66)*(-1.65)*
log _%’ t-stat. (groups 2 & 4) (-0.35) (-0.31)
= g Higher social classes (group 5; 75=406) -4.78  -6.07
.§ g Lower social classes (group 6; T¢=348) -4.17  -5.26
§ QE t-stat. (groups 5 & 6) (-1.58) (-1.55)
é *é W%thout' children (group 7; 77=517) -4.52  -5.73
»2 = With children (group 8; 75=237) -4.44  -5.62
t-stat. (groups 7 & 8) (-0.20) (-0.19)
All households in the sub-sample (7=754) -4.50 -5.69

Notes: Average CVs and EVs are measured in Pound-Sterling. This sub-sample consists of 754
households (full sample size is 1155), and T, g=1,...,8, denotes the number of households in each
household group. The group of households in higher (lower) social classes consists of households in
social classes A, B, and C1 (C2, D, and E). The group of households with children (group 8) consists
of households with 1 to 6 children. #-statistics for the differences in CV and EV between household
groups are in parenthesis, and * indicates significance at the 10% level.
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Appendix B. Treatment of Utility as a Random Error
Term: Econometric Specification of the

Consumer Efficiency Model

B.1. DERIVATION OF THE DENSITY OF THE COMPOSITE ERROR TERM
IN THE “TWO-TIERED FRONTIER” EMPIRICAL SPECIFICATION
Under the treatment of the consumer’s unobserved utility level as a one-sided positive
error term, the term of the translog input distance function which associated with
utility-squared is not included in the model. Thus, the homogeneous translog input
distance function which is estimated in order to compute the commodity efficiency

index is given by:

1
—Ing, =a,+ zaj ln(an/%it) +Ezz7jk ln(qjit/qlit)ln(qkit/qlit)
J j ok

+%.8,In(q,,/q,,)Int, +8,Int, +%5ﬂ(lnt,)2
J
+ [ﬁo +Y BIn(q,/q,)+5, lnttjlnuit ~InD!(u,q)+¢,
J

:f(ln(qn/qm)’tt;b1)"’g(ln(qn/qm)’tz;bz)ln“n
~InD}(u,q)+¢,. (B.1)
where j,k=1,...,N is the number of commodities, i=1,...,/ is the number of
households, ¢#=1,...,7 is the number of time-periods, q denotes the commodity

vector, ¢, denotes a time-trend capturing autonomous changes of consumer’s

t

preferences over time, u, denotes the period-¢ utility level of the i-th consumer, &, is

a random error term which is assumed to be distributed as iid normal with zero mean

and variance o,

and a,,a;,7,,9,,0,,6,, B, B; and &, are parameters to be

j 5 Cjo Yo Uy

estimated.
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Since the two one-sided error terms in equation (B.1), i.e., utility and the
distance, must be preceded by opposite signs in order to be discernible in estimation,
certain assumptions must be made on the utility and distance terms. Firstly, our

theoretical model requires, by construction, that the value of the input distance

function be greater than unity, i.e., D) >1, so that In D] >0. Secondly, as consumer

theory suggests, the input distance function must be non-decreasing in quantities and

decreasing in utility. Thus, monotonicity of the input distance function with respect to

utility requires that the function g(ln(qit /qm),tt;bz) be negative. Moreover, since

u, >0, Inu, can take on any values in the interval (—oo,+00). However, since

consumer’s preferences are ordinal, no harm is done by normalising utility so that

u, €(0,1) and Inu, <0. Under these assumptions, we can re-write the model to be

estimated as

~Ing,, = f(In(q,/q,).t:0,) +[ ~g(I0(q, /) 4:b, ) |(~Inw, )~ In D} (u,q) + &,

= f(In(q,/q,,)-t,:b, )+, (B.2)

where s, = [—g(ln(qit/qm),tt;bz)](—lnu”)—lnD;(u,q)+git is the composite error
term. Hence, assuming that D} >1 so that In D] >0, and assuming that u, € (0,1) so
that Inu, <0, the variables InD; and (-Inu,) can be treated as iid exponentially
distributed error terms. In addition, under the assumption that g(lnq,;z,b,) <0, the
terms [—g(ln(qn/qm),z‘t;b2 )}(—ln u,) and InD,(u,q) are preceded by opposite
signs and can be discerned in estimation. Assuming also that the term

[—g(ln(ql_t IR )](—lnuﬁ) is iid exponentially distributed, the distributional

assumptions we have made for our model can be summarised as follows:

z, =(-Inu,) ~ iid exponential(c.,c7),
w, = [—g (ln (4,/9: ) ,15b, )} (— Inu, ) ~ iid exponential(c, o
v, =In D} ~ iid exponential(c,,57”),

&, ~ iidN(0,57).
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where awE[—g(ln(qit/qm),tt;bz)]az, z, €[0,+0), w, €[0,+0), v, €[0,+0),

&, € (—o,+0), and the densities of the random variables z,, w,, v,, and ¢, are
given by
1
fz(zit) =;exp(—zl.,/0'z), (B3)
1
f;v(wit) = O__exp(_v‘}it /Gw) > (B4)
1
fi(v,)= G—exp(—vﬁ/o—v) , (B.5)
1 2 2
£)= expl—¢&,/(207)). B.6
1) == p(-2:/(20)) (B-6)
Let’s drop subscripts and write the composite error term, s, as
s= [—g(ln(q/q1 ),t;bz)](—lnu) ~InD'(u,q)+¢
=(-g)z-v+e¢
=w-v+eg, (B.7)

where g = g(ln(q/ ql),t;bz). In order to derive the density of the composite error

term, s, we will first derive the density of £k = w—v, and then the density of s=k +¢.
Starting with the derivation of the density of k, we assume that the random variables w

and v are independent. Then, the joint density of w and v is

SoyOW:v) = fL(W) f,(v) = 1 eXp(—l—lj. (B.8)

[Nl (o} (o}

w-v w v

We define the transformation :

(r]%(wivvj:m' (B.9)

- 125 -



The inverse transformation and its Jacobian are,

v=w-—k

w=w 1 0
, and |J|=1 1=—l, (B.10)

respectively. The joint density of the random variables k and w is given by

1 ( w  w-—k ]
exp| —————
O-WO-V GW GV

= 1 exp(i}:xp[—i—lj. (B.11)
0,0, o, o, ©

Jiw(ksw)= £, (w,w=k)abs(| J |) =

w v

In order to derive the marginal density of £, the joint density in eq. (B.11) must be
integrated with respect to w. However, care must be taken with regard to the limits of
integration, that is, with regard to the interval that the random variable w takes values
on. Since w is exponentially distributed, we know that w>0. But, the random
variable v 1is also exponentially distributed, v>0, and, hence, the inverse
transformation in (B.10) requires that: v>0=w—k>0= w2> k. In addition, since
w>0 and —v<0, the random variable £ =w—v takes on values in the interval

(—o0,400). Consequently, if £>0, we must choose we[k,+00) as the limits of
integration, whereas, if £ <0, we must choose we€[0,+). As a result, the marginal

density of k has two different functional form representations, depending on whether
k>0 (ie, w—v20=>w2>v)or k<0 (i.e., w—v<0= w<v). Thus, the marginal

density of k is given by:

+o +o0 1 k
.[ fk,w(ka w)dw j eXp[—Jexp[—l_K}dw
f (k ) = F = k TwOy oy o, O,
k +o0 oo 1 k y ,
0 0 O-wo-v O-V O'w O-v
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! exp[—i], if £>20

o, t+o o

v w w

1 exp[i} if k<0
o +o O

v w v

(B.12)

Having derived the marginal density of k&, we can now derive the density for the

composite error term, s =k +¢&. Assuming that the random variables k£ and ¢ are

independent, their joint density is the product of their densities, that is,

Jio (k&)= [ (k) f.(£)=

The inverse transformation and its Jacobian are
k=k 0 1
, and |J|= =-1,
s—k 1 -1

respectively. Thus, the joint density of k and s is given by

fs,k(sak) = ﬁc,g(kss - k)abs(| J |)

: ex LS ! ex —(S_k)2
o,t+o, P o, )o N2 P 20

2
! ex L3 ! exp| — (s = k)"
o,to, P o, O'S\/Z P 20"52
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2 2 2
1 exp 0‘92 -2 1 exp (—lj kzsto,jo, s+o,/o, , if k=20
o,+o, 20, o, )o,N2x 2 o,
1

2 2 2
! exp 0-‘92 2 exp (—lj ks—og/av , 1f k<0
o,+o, 20, o0, )o,N2nx 2 o,

(B.16)

In order to find the marginal density of s, the joint density f,,(s,k) in eq. (B.16)

must be integrated with respect to the random variable k. Since k € (—o0,+0), the

integral in question can be broken down into two different ones:

f.(s)= Tfs’k(s,k)dk = T S (s,k)dk-i—Tfs,k (s,k)dk =

1 o’ s\t 1 1\(k-s-o’ /0 ’
= exp| —5+— '[ exp (——j — 2| dk
o,+o, 20, o,)% . 0.N2x 2 o,

2
— exp( - —qu{i— "Ej (B.17)
o, to 200 © o o

where @(-) denotes standard normal cumulative distribution function.

B.2. DERIVATION OF THE ESTIMATOR FOR COMMODITY EFFICIENCY
IN THE “TWO-TIERED FRONTIER” EMPIRICAL SPECIFICATION
Recall that the measure of commodity efficiency is the inverse of the value of the
input distance function. Since the distance is treated as a random variable (an error
term to be estimated), we need to compute its expected value conditional on the

composite error term, s. Recall also that the random variable v denotes the logarithm
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of the value of the distance function, that is, v=InD"(u,q), so that, D' (u,q)=¢".

The expected value of v conditional on the composite error term, s, is given by:

E[v|s]=+fvf(v|s)dv:+_fv%dv, (B.18)

where f, (v,s) is the joint density of the random variables v and s, and the limits of

integration follow from the assumption that v> 0. Hence, the measure of commodity

efficiency is given by

CE(u,q) = E[(D"(u,q))" | s]= E[e" | s]= Tevf(v | $)dv = Tev%dv. (B.19)

The density of the composite error term, f,(s), is given by equation (B.17). But, we
still need to find the joint density of the random variables v and s, i.e., f, (v,s), so

that we can derive the functional form of CE(u,q) . Recall that the random variable s
is a function of the random variable v. Hence, s and v are not independent, i.e.,

fosvs)# f,(v) f,(s). In order to derive the joint density f, (v,s), we will start by

assuming that the random variables w, v, and ¢ are independent, so that their joint

density is given by the product of their densities, that is,

FuneO00.8) = 1,9 £, (0 () = ——

0,0, o,\2rx

wo v

2
exp[—ﬁ L J (B.20)

We define the transformation

w w—v+¢& S
N I T I (B.21)
& & &

The inverse system and its Jacobian are,
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w=s+v—¢& 1 1 -1
v=vy , and |[J|=|0 1 O0O|=1,
E=¢ 0 0 1

respectively. Then, the joint density of s, v, and ¢ is given by:

fs,v,g (s,v,6)= fw’v,g(s +v—g,v,g)abs(|J|)=...

The joint density f, (v,s) is found by integrating the joint density in

(B.22)

(B.23)

(B.23) with

respect to the random variable ¢. However, care must be taken with regard to the

limits of integration, that is, with regard to the interval that the random

takes values on. Since & is normally distributed, & e (—o0,+x). But,

variable ¢

the random

variable w is exponentially distributed, so w>0, and, hence, the transformation in

(B.22) requires that: w>0=s+v—-g2>0= ¢ <s+v. Consequently, integration of

Sivs(8,v,&) with respect to ¢ will be carried out in the interval (—o0,s +v):

s+v

0= [ £ (sve)de

—00

ol 1\ e-0ol/c ]
X expl| —— || —=—= | |de
J; o.N 27 P ( Zj[ o, j
1 (oﬁ SJ ( Y (erv o;j
= exp ———|exp| ———— | - ,
0,0, 20, o, o, o, o, O,

where ®(-) denotes standard normal cumulative distribution function

conditional expected value of 1/D(u,q) =¢™" is given by
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+00

CE(M,Q) = E[(D[(M,q))_l ’S] = E[e_v ‘ S]= J-e—v f(VaS) dv

AQ)
+o0 2
= 1 .[ e f(v,s)dv= ! ! exp 0-52 -2
f(s) 0 f(S) o-vo-w 2'o-w UW
xJ.eVexp(—l—L]d)[s+v—ag]dv. (B.25)
0 O-v Gw O-&‘ O-w

Using integration by parts in order to compute the integral in eq. (B.25), the

expression for the conditional expected value of l/ D'(u,q) = e becomes:

CE(u,q) = E[(D' (u,q))" |s]= E[e”" | 5]
= I o exp[ O-gz —LJ
f(s)o,0, 20‘3, o,

2 2 1
x{d){i—o-gj+exp|: O-g*z+[s—o-5j - |D LA —O-i ,
o, O, 20 o, )0 o, o0, O

(B.26)

where

® O O
o= D% (B.27)
UV‘FUW'FUVUW

and ®(-) denotes standard normal cumulative distribution function.

B.3. DERIVATION OF THE ESTIMATOR FOR UTILITY IN THE
“TWO-TIERED FRONTIER” EMPIRICAL SPECIFICATION

Recall that the random variable w was defined to be
ws[—g(ln(q/ql),t;bz)](—lnu)E(—g)(—lnu), so that, u=e"¢, where u is the

utility level. The expected value of w conditional on the composite error term, s, is

given by:
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Bl s1= [ wrowl spdw= | wea%)

= —dw, B.28
0 0 fs(S) " ( )

where f, (w,s) is the joint density of the random variables w and s, and the limits of

integration follow from the assumption that w>0. Hence, the estimator for the

consumer’s utility level is given by

E[u|s]=E[e"® |s]= I e f(w|s)dw = .[ e_w/(_g)de. (B.29)

0 0 /()

The density of the composite error term, f,(s), is given by equation (B.17). But, we
still need to find the joint density of the random variables w and s, f, (w,s), so that

we can derive the functional form of E[u|s]. Recall that the random variable s is a
function of the random variable w. Hence, s and w are not independent, i.e.,

Sos(W,8) # f.(w) f,(s) . In order to derive the joint density f,  (w,s), we will start by

assuming that the random variables w, v, and ¢ are independent, so that their joint

density is given by the product of their densities, that is,

1 1 w v g
wv,e)=f W) f W) f.(6)=—— exp| ———-— B.30

S )= LWL, f.(€) oo o2n p( p— 205} (B.30)
We define the transformation

w w w

v | >|lw—v+e|=|s |. (B.31)

g £ £
The inverse system and its Jacobian are,

w=w I 0 0

v=w+¢e—-s, and, |J|=[1 1 -l=1, (B.32)

E=¢ 01 0
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respectively. Then, the joint density of s, w, and ¢ is given by:

fs,w’g(s, w,g) = fw’w(w, w—v+g,e)abs(|J|)

1 1 w (w—e+s) &
=— exp| ——— -—
0,0, ag\/27[ o, o 20,

SR SN OS2 PPN (0 U
0,0, P 207 o, P o, o0,)oN2x

xexp[(—%j(”"—j/av] } (B.33)

The joint density f, (w,s) is found by integrating the joint density in (B.33) with

respect to the normal random variable ¢. However, care must be taken with regard to
the limits of integration, that is, with regard to the interval that the random variable &
takes values on. Since & is normally distributed, & e (—o,+0). But, the random
variable v is exponentially distributed, so v>0, and, hence, the inverse
transformation in (B.32) requires thatt v20=>w+e-s20=>e>25—w.

Consequently, integration of f,

S,W,E

(s,w,&) with respect to & will be carried out in the

interval ¢ € (s — w,+©) ;

S s(W,8) = Ifs,w,g(s,w,a)dg
1 [ O'g2 N j [ w Wj
= exp ~+— |exp| ————
c,0, 20, O, o, o,

i 1 1) & +c72/0' ’
X exp|| —— || —&—2| |d¢
s‘—[w O-g 27[ p ( 2][ O-é‘ J
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where ®(:) denotes standard normal cumulative distribution function. Thus, the

w/(~g)

conditional expected value of u =e” is given by

+o0

E[u | S] — E[e—w/(—g) |S] — J-e—w/(—g) f(W,S) dW_ 1

~+00

J. e_w/(_g)f(w,s)dw

f fGs) T f()
I S (aj +_J
f(s)o,o, P 207 o,
xTeW/(g) exp(—al—al}b(——(s; ) —%jdw (B.35)

Using integration by parts in order to compute the integral in eq. (B.35), the

expression for the conditional expected value of u = e¢™/*) becomes:

E[u|s]=E[e"®|s]

1 o ol s
= exp| —5 +—
f(s)o,o, 200 o©

v v

2 2
x{(l)(—i_ag]-l—exp{a—iz—(s—l—a‘gJ 1*:|<I)(i+0‘g —O-‘ij}, (B.36)
o, O, 20 o, )o o, o0, O

where

* (—a)O'vO-W

" o,0,+(-a)o, +(-)o, (B.37)

and ®(-) denotes standard normal cumulative distribution function.
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Appendix C. Greek Summary

H mopovoa owdaktopiky] Swtpipn amoterel pio ovvbBeon peEAET®V TV o€
OlPOPETIKA {NTNUOTO. CYETIKO HE TN OCLUTEPIPOPE KOATOUVOAMTN: TOPEXEL IO
aviivon g {NTong KatavoAmt) Yoo PloAoyikd kot pn-proroyikd oyabd Kot
dwampaypatedetar to CRTNUOL TG OVOTOTEAEGUOTIKOTNTOS TOL  KOTOVOAMTY.
Ewwotepa, (o) mopéyel sumelpikés evoeifelg oyetikd pe T1g aAANAOGLGYETIOELS
petaly  Poroyikov kot pn-froroyikdv  ayabdv  pe T HOPPN  GTAVPOEODV
avtiotpopwv glaotikotntev (Rtong (cross-quantity flexibilities), (B) avaider Tig
EMITMOGELS TOL £YEL 1] LIOKATAGTACT Un-Proroyikdv pe Proroywd ayadd tave cto
enminedo gunueplag Tov KATAVAA®TY, (V) avarTiooetl Eva Be@pnTikd VITOdEY A Yio TN
HETPMNOT TNG OMOTEAECUOTIKOTNTAG OTNV KATOVOA®on kot (d) mpoteivel éva
OIKOVOUETPIKO TAGIGIO YLl TNV EUTEIPIKT] UETPNON TN OVOTOTEAECUOTIKOTNTOS TOV
KOTOVOAW®TY).

Ta mpdTa dv0 {nTuaTa To 0Toin HEAETAOVTOL 0POPOVV GTH CNTNON KATOVAAWMTY
v Broroyikd xor pn-Proroywd ayobd kot otig petoforég oty gunuepio TOL
KOTOVOAMTY] Ol OMOIEC TPOKLTOLV ONO TNV VLAOKATACTACY] HUN-PLOAOYIKOV e
Broroywkd ayaBd. H immon xoatavolot| ywo Proroyikd oyabd emdéxnke og
aVTIKEIHEVO UEAETNG AOY® NG onuaciog mov €xel m Poloyikn yewpyio og éva
ocvoTNUO Topay®wyns To omoio Paciletar 6€ AVOVEDOIUES EGPOEG, Ol OMOIES
TOPAYOVTOL TOTIKA 1 OTNV QAPLO Kol TO OO0 GTOYELEL GTNV TPomONo™M Kol 61N
BeAtioon g vyelag Tov otkocvotuatos. v Evponaikn Evoon (EE), n onpacia
™G Proroyikng yewpyiog oviikatontpiletor oTlg TPOGPATEG UETOPPLOUIcE NG
Kowng Aypotikng Ioatwkng (KAIT), kabadc ko og oyeTIKovg Kovoviopovs. Me
petappvduon g KAII 1o 1992 i Broroyikn yewpyio oméktnoe Evav onuovtikd poro
omv mpomBdnon g mpootaciag tov mepPdAroviog oe OAn v EE, evd ot
Evponaikol Kavoviopol 2078/92 ko 2092/91 mapeiyov cvykekpiuévo Kivntpo yio
TNV UETOTPOTY] TOV OYPOKTNUATOV o€ PloAoyikd Kot tn datnpnon g PloAoyikng
vempyiog kol kabiEpwaoav To Plodoyikd TpoidvTa G S1POPETIKE TV Un-Bloloyikdv
(mapoyn mpoTiI®V Kot moTomoinong). Oume, ot vynidtepes TES TV PLOAOYIKOV

ayafdv ce oxéon HE TO UN-PlOAOYIKA OTOTEAOVV TO OMUOVTIKOTEPO KIVIITPO TTPOG
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TOVG ayPOTEG YlOL LETATPOTN T®V HOVAd®V Tovg o€ Proroywég (Burton, Rigby, ot
Young, 1999, 2003, O’Riordan kot Cobb, 2001). Ot aypoteg Aapfdvovv vynidtepeg
TWEG Yo T Brodoyikd mpoidvTo OTOV Ol KOTAVOAMTEG TIGTELOVY OTL LIAPYEL £Vl
ac@iiotpo mowdtntag (quality premium) oTo YOPAKTNPIOTIKE TOV PLOAOYIKOV
npoiévtwv (Loureiro, McCluskey, kou Mittelhammer, 2001, Boland kot Schroeder,
2002). 'Etot, n amodoyn tov Plodoyik®v Tpoidvimv €K UEPOLS TOV KATUVOANDTOV
elvail CoTikng onuaciog yio v avamtugn Tov Topéa g PLOAOYIKNG YemPYiag.

Ov meprocdtepeg peréteg tov ovvinkov {fmmong yw Proroyikd mpoidvia
e€etdlovv TN OTOON TOV  KOTOVOAOTOV ¢ 7TPog To  Proroywd mpoidvra,
TPocd1opilovy Ta KivTpo TOV KATOVOA®TOV Yio. ayopd PLOAOYIKGOV TPOTOVI®OV Kot
e€dyovv v mpobupia TOV KATAVOADTOV Vo TANp®covy YU’ avtd (willingness to pay)
(BA., yw moapdoetypa, Yiridoe, Bonti-Ankomah, xot Martin  (2005) v pia
OVOGKOTNGON TOV UEAETMOV TOL dlEpELVOLY avtd To {ntipata, kot Gracia kot de
Magistris (2008) vy pio avaoKOnNon TOV TPOGPOTOV EUTEPIKOV UEAETOV TAVO
OTOVG OTKOVOUIKOUE KOt OMUOYPAPIKOVS TOpAyovTES oL emnpealovv T {\tnomn tov
Katavorlot yio Brodoywd mpoiovta). Téroleg pehétec AapPfavovy vadyn KowmviKo-
OLKOVOUIKOVG, OMUOYPOPIKODS, WLYXOAOYIKOVG Kol MOuovs moapdyovteg, ol omoiot
umopel vo emnpealovv v amodoyn TV POAOYIKOV TPOIOVIOV €K HEPOVS TV
KOTOVOADTOV, 0AAE OUELOVV GYEOOV TOVTEAMG TNV TOPOLGIO GTNV 0yOpd TPOTOVI®V
AVTOYOVIGTIKOV TOV BOAOYIKOV, OTwg ta pn-PlroAoyikd. Edikdtepa, vrdpyovy moiy
AMyeg epmelpcég peréteg g CNINONG KATOVOAMTY TOL XPNGLLOTOLOVV TPOYLOTIKEL
O€OOUEVOL TILADV KO TTOCOTHTOV YLl VO OLEPEVVIICOVY TIG AAANAOGVOYETIOELS HETAED
Bloloywkmv kot pn-proAoyikdv ayabov pe T HOPEY] GTAVPOEWDV EAACTIKOTHTOV
Omong (evoektikd avaeépovpe Tic peréteg twv Glaser kou Thompson (1998, 2000)
kot Tov Wier, Hansen, kot Smed (2001)). O mepropiopévog aplBudc eumeiptkodv
peAetdv mov eEdyouv atavpoetdeic elaotikotTeg {fTnong peta&h Ploloyikdv Kot
un-proroyikdv ayabov opeidetor 6to OTL Ta PloAoyKd TPOidVTO Eivarl Kovovpyla
ayafd oe oyéon pe to un-Prorloyikd Kail, g €K TOVTOV, GTNV GTOVIOTNTA EXAPKDOV
IGTOPIKMV OEO0UEVAOV TTAV® GE AOVIKES TILEG KO KATAVOAIGKOUEVES TOGOTNTES.

e autd ta mAaiola, o otdyog tov Keporaiov 3 eivarl va mapdoyel epmelpikés
eVOEIEEIG OYETIKA [E TIG aAANAocVoyETioES HeTaly Ploloyikdv kot un-Bloloyikmv
ayafov Kot T HeETOBOAEG TNV ELNUEPTIN TOL KOTAVAAMTY, Ol OTOIEG TPOKVITOVY OTO
vrokataotoon Un-froroyikedv pe Proroywkd ayabd. IIpokewévov va emtevydel o

oT10Y0G aVTAC, YpNoLonoteital éva cvotnua eElo®@oewv {fTnong Kot Yo, Tovg 600
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TOmovg oyafmv. Xpnoilomoovvtal SCTPOUOTIKG CTOTICTIKE OE00UEVE KOl TO
avtiotpo@o vroderypo AIDS (Inverse Almost Ideal Demand System — IAIDS) twv
Eales xkou Unnevehr (1994), ka1t Moschini kon Vissa (1992), mpokeipévov va yivel
gUmEPKN avdAivon g {\Tnomg vowokvuptdy yio 000 opddes Proloyk®dv kot pn-
Broroyikdv ayabdv (Yoo & yiaovptt, ppovto & Aayovikd). AVIiGTPoQo GLUGTHOTO
{fong, onAadt, cvotnuote {TNong oto omoio. 0l KOTOVOAGKOUEVES TOGOTNTEG
Bempovvtor wg TPoKABOPIGUEVES, LITOPOLV Vo xpNGLoTom oy OTav ot TES gite Oev
vapyovv gite givan mAacspatikd daoctpefropéves (Deaton kot Muellbauer, 1980a), 1
oV TEPITTOON EVTAODV TPOPIUOV Kot EVTADDOV TPOTOVTOV YEWPYIag Kot AAEING TOL
ot TIEG TOVg Ogv pmopohv vo TPocaprootovy Ppayvypdvia (Barten kot Bettendorf,
1989). 1 oOevtepn mepimtwon, M Pacikr] vedbeon mov yivetar givor 6Tl ool 1
TpocPopd tétowwv ayabmv pmopel vo elvon opkeTd AVEANGTIKY KOTA TN OdpKeEL
LIKPAV YPOVIK®V SUGTNUATOV, Ol TIHEG TPETEL VO TPOGOUPLOGTOVY DOGTE 1 dlafEciun
mocotTTO Vo KotavarlmBel. Ztnv pedétn mov mapovcidleton oto Kepdiaio 3, ta vid
eEétaon ayabd eivor evmabn ko dev umopovv vo amoBnkevBovv. Emmiéov, ta
OTOTIGTIKG OEOOUEVOL TTOV YPNGLULOTOLOVVTAL TOPEYOVY TANPOPOPNGT GYETIKO UE TIC
nocoTNTEG TV oyabmv mov ayopdlovior kot tnv domdvn mov KotafdiAovv To
VOIKOKVPLE, 0ALGL OEV TAPEYOLY TANPOPOPNOT CYETIKA LE TIC TIHEG. LG €K TOVTOL, £Val
avtiotpo@o cvotnuo {fTnong sivor KoTaAANAOTEPO Yoo TV Tapovoa peAétn. ‘Eva
Ao (muo mov eyeipeton amd TNV voBETNoN €VOG OVTIOTPOPOL GULGTNUATOG
Nong aeopd 6NV £vEOYEVELD TOV TOGOTHTAOV TV ayodmdv. ATd TV GAAN TAgvpd,
oL gumelpkég peréteg (NNONG KOTOVOAMTY 7OV YPNOUYLOTOOVV SlOGTPMUATIKA
dedopéva kot dueca cvotiuata {nong (direct demand systems), vwoAoyilovv Tig
TIWEG TOV ayoBdV amd T 0E00UEVA YOl TIC TOCOTNTEG Ko TNV damdvn. Opmg, avtég ot
vroroylopéves TpeS (unit values) avtavakiovv, oyt pévov v Tl v oyadov,
aAAG KO TV TTOOTNTA TOVG, Kot etvat evdoyeveig pe v €vvola 6t Kabopiloviot amd
TIG AmOPAGELS TV volkokvplwv (Deaton, 1990, Nelson, 1991).

H ypnon dootpopatik@v ototyeiov oty avdAvon pog, Opmc, dev yivetal yopic
dvokoMMec. Eivon obdvnbeg oe pehétec {fnone Kotovolmtr Tov YPMGULOTOLOVV
SCTPOUOTIKG CTOTIOTIKA OEJOUEVO, VO OTOVTIMOVTOL TOAAL VOIKOKLPLY TO. Omoin
oNAdvouy pndevikny Katovaiwon vy opopéva ayabd. H moapovsio avtov tov
TOPATNPNOEDV GTO Oetypa eyeipel 600 mpoPAquata. Ipdtov, oty mepinTmon vog
avticTpoeov cvotuatog (nnong, énwg to TAIDS, dnov o pepidia domdvng eivar

OUVOPTNGCEL; TOV AOYAPIOUOV TOV TOGOTATOV TOV oyobdv, o AoydpiBpog twv
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uNndevik@v mocotntv dev umopei vo opiotel. Tlpokeywévon va avtipetonicops 1o
TPOPANUA AVTO, YPNCUYLOTOLOVUE TNV TPOGEYYIoN N omoia Tpotdbnke omd tov Battese
(1997) oto mAaiclo eKTIUNONG OTOYOCTIKOV GLUVOP®V Tapay®mYNG (stochastic
production frontiers), Kot 1 Omoiol EMTPEMEL OIKOVOUETPIKT EKTIUNGT HE TN XPNON
O6A0v TOL Oelypatog kot Oi0El OMOTEAEGUATIKES KOU OUEPOANTTEG EKTIUNGCELS. To
dgvtepo  mpOPANUe  Tto  omoio  oyetiCeton  pE TNV WOPOLGID  UNOEVIK®V
KOTOVOAICKOUEV®V TOGOTNTMOV 6TO Oetypa eivarl 0Tt ot cuvinBelc péBodotl extipmong
ocvotudtov eflochoewy, mwy. N PEBOGOC TOV  POIVOUEVIKA  OGLGYETIOTMV
naAwvdpopnocewv (seemingly unrelated regressions) M m  pébodoc peyiomg
mhoavopdvelag (maximum likelihood), odnyodv oe UEPOMNTTIKEG EKTIUNGELS TV
nmopapétpov. To Amemiya-Tobin poviédo tov Wales kot Woodland (1983) eivon
aVTO TO OTOI0 YPNCLLOTOLEITAL GTNV TOPOVGO LEAETT] TPOKELEVOL VO OVTILETOTIGTEL
10 wPOPANUa TG Toapovsiog ENdEVIKOV mocoTT®V oto  delypo  pag. Ta
TAEOVEKTNLOTO. OVTNG TNG TPOCEYYIONG Y10 TNV EKTIUNGCT GLUGTNUATOV AOYOKPIUEVAOV
(censored) efiomoewv, oe oyxéon pe GAAEG TPOCEYYIGES MOV YPNOCLLOTOLOVVTOL
evpémc otn PipMoypapio, apopodv 610 0Tt (a) Propel va epaploctel G GuoTHHOTA
{MTnomg omolcONTOTE GLVAPTNGLOKNG HOPPNGS, (B) avTHETOTILEL He KOVOTOMTIKO
TPOTO TO TPOPAN A TG IKOVOTTOINGNG TOV EIGOONUATIKOD TEPLOPICUOD EK LEPOVG TV
TOPATNPOVUEVOV HEPOi®V domdvng, Katl () OlveEl OMOTEAEGUATIKEG EKTIUNOCELS TV
TOPAPETPOV TOV GLOTHHATOC. To Amemiya-Tobin povtého tov Wales kot Woodland
gxer emiong ypnoonomBel and tovg Dong, Gould, ko Kaiser (2004), ywo v
extipmong g mong tov Me&ikdvikmv votkokupldv yio 12 katnyopieg tpoeipmv,
kot omd Toug Dong, Kaiser, kot Myrland (2007) yio tnv amotiunon tov emdpdcemv
oL €Yl M dpnpon Thve otn {fTnon Tov votkokvupldv g NopPnyioag yio T€66epic
KOTNYopieg KPEATOS KOl WYapLodV.

Xpnowonowwvrag to vrodetypa TAIDS, v texvikn tov Battese (1997) yuwo v
EMIAVLGOT TOL TPOPANUATOS TOV TPOKVLATEL OO EPUNVEVLTIKES UETAPANTEG TOL
Aappavouv kot undevikég Tég, kot To Amemiya-Tobin poviédo towv Wales kot
Woodland (1983), to Aoyoxpiuévo vroderypa IAIDS extiunbnke pe dtactpopotikd
oTotyela Yo SamAveg Kol KOTOVOMOKOUEVEG TOcOTNTES ayaBdv Yo 1155 voikokvpid
tov Aovdivov, yio tov NoéuPptlo tov €tog 2006. X11g epunventikéc LetoANTEG TOL
VTOOELYLOTOG GLUTEPIANQONCAY, EMIONG, KOl KOWVOVIKO-ONUOYPOUPIKES UETAPANTEG,
TPOKEWEVOL vo ANeBel vdyn 1M €TEPOYEVELD. TV VOIKOKLPLOV TOV OELYHATOGC.

Ewwotepa, o1 otabepoi dpot tov eEilodoewv domdvng tov TAIDS emavénbnkav £tct
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AOTE VO EYOLV TN HOPPT] TOAVMOVLUIKAV GLUVOPTNCEOV NG NAKiog Tov Pactkod
OYOPOGTY] GTO VOIKOKLPLO, TNG KOWMVIKNG TAENG TOL VOIKOKLPLOL Kol TOV apltBpov
TOV TV 6€ avtd. EmumAéov, mpokeévov va avTHETOTICOVUE TO TPOPANUA TNG
ETEPOOKEDUCTIKOTNTOG TOV SUTUPOKTIKOV Op®V TOV ££IGMGEMV HEPOIOV dATAVNG
tov [AIDS, vmobécope 0t T0 dwydvie otoyeion G UNTPOG SKOUOVOTG-
GUVOLOKVLLOVOTG TOV JLOTAPOKTIKAOV OpmV eEapTdVTOL BPOIoTIKA OO TNV KOWMOVIKN
TAEN TOL VOIKOKVPLOV Kol amd Tov aplud Tov moudldv oe avtd. Télog, agol
emPANONKaV 01 TEPLOPIGHOL TNG OUOYEVELNG KO TNG CUUUETPIOG, TO TEAIKO VITOJELY LN
extynOnke pe ™ pébodo g peyiotmg mbavopdvelng kot pe tn Porbeia Tov
vroAoyloTiko¥ akétov GAUSS.

‘Eheyyor Aoyov miBovoeavewng (likelihood ratio tests) mov &ywvav kotdmv g
ektipmong tov vmodelypatog delyvouv 61t ot dotapakTikoi Opol TV £EI0MGEDV
pepdiov domdvng ywo frodoykd Yoo & yioovptt Kot Bloroyikd epovta & Aoyovikd
elvar etepookedaotikol. [a tov Adyo avtd, mpotyunbnke pio £1epocKESNGTIKN
owpOpmon Yo Tovg OATUPAKTIKOVS OpoVG TV eE0MOEMV ALTOV. AOY® TOV
neplopopoV ¢ abpototikdtrag (adding-up) tov eflomdoewv pepdinv damdvng o
ocvotiuota (RTMoNG, M UATPA SLOKVUOVOTG-GUVILOKOUAVONG TMV  OUTOPUKTIKMV
opwv givar 11alovca. Q¢ ek TovTOL, pia amd TIG EEI0MGELS TOV GLGTNUATOS {NTNONG
npémel vo apedel EE@ amd TNV EKTIUNON TOL GLGTNUATOS MG TEPLTTI. LTV TEPIMTMOON
nag, n eElowon pepdiov damavng M omoia apédnke €€ amd TNV eKTiUMoN NTOV
gketvn Tov Proroyucol yéAakTog & yroovptiov. Ot EKTIUNGELS TOV TOPALETPMV TNG EV
Myw eElomwong vmoloyiotnkov HETE TNV €KTIUNON TOL LWOJEIYUOTOS OO TOLG
TEPLOPIOUOVS NG aBpOIoTIKOTNTOG, TNG OUOYEVEWNG KOl TNG GLUUETPIOG, EVO TO
TUTIKG COAALOTA TOLG LTOAOYICTNKOV TPOGEYYIOTIKA WE TN wébooo oéira (delta
method) (BA., ywo mapaderypa, Spanos (1999)).

Ot eKTIUNGELS TOV TOPOUETPOV KOL TO TUTIKA GOAAUATO TOVG TOPOLGLALOVTOL
otov Ilivoka 1. Onwg @aiveron otov mivako 0T, 01 GLVIEAESTEC TOV 10V Kot
OTOVPOEWDV TOGOTNTOV EIVOL CTATICTIKA GNUOVTIKOL 0€ €MIMEOO GNUOVTIKOTNTOG
1%. Emmdéov, tpeig amd tovg T€66EPLG GLVIEAECTEG TNG GUVOAIKNG KATAVAAMGNG,
OKT® OO TOVG OMOEKA GUVTELECTES TV OMUOYPOPIKAOV UETAPANTAOV KOl EVTEKD OO
TOVG OMOEKO GUVTIEAESTEG TV WYELOOUETAPANTAOV 7OV ¥pnoipomomdnkay yo. v

eQopUOYN TNG TEYVIKNG ToL Battese (1997) eivan otatiotikd onpovtikol.
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MMivaxkag 1. Extynoeig [Hopapétpov tov TAIDS BioAioywd xor Mn-BioAoywd
Tpdoa oto Aovdivo (Hvopévo Baciielo)

Mn- Mn-
Buokoyiké Buroroywd Bioroyikd BioAoywd
I'aro & IN'dho &  Dpovta & Dpovra &
[Naovptt  Twovptt  Aoyovikd Aoyovikd
Ztalepd 0,0168 0,2609 0,0095 0,7128

(0,0135)  (0,0083)*  (0,0146) (0,0195)*

Xopoakmptotikd v Notkokuplov

Hlwio 0,0605 0,0463 0,0066 -0,1134
(0,0093)* (0,0056)*  (0,0111) (0,0144)*
Kowawvin Taén -0,0307 0,0088 0,0178 0,0041
(0,0154)** (0,0037)** (0,0076)** (0,0107)
Ap1Opdc IModidv 0,0009 0,0073 0,0001 -0,0083
(0,0022)  (0,0008)*  (0,0021) (0,0028)*
[TocotnTEg
Buoloywd I'dha & Toovptt 0,1774
(0,0057)*
Mn-BioAoywo T'dha & Toaovptt -0,04 0,1346
(0,0027)*  (0,0011)*
BiloAoywd ®povta & Aayovikd -0,011 -0,0196 0,0741

(0,0034)*  (0,0020)*  (0,0031)*
Mn-Boroywkéd ®povta &

Aoyovika -0,1264 -0,075 -0,0435 0,2449
(0,0045)*  (0,0019)* (0,0037)* (0,0057)*
Yvvohlun Katavédimon 0,129 -0,0065 0,0023 -0,1248

(0,0071)* (0,0038)*** (0,0049) (0,0065)*
YevdopetapfAntés yio ta Ayadd
Bioioywo I'dha & TMaovptt -0,2311 0.0079 0.0247 0.1985
(0,0098)*  (0.0069) (0.0061)* (0.0112)*
Mn-Buoroywé I'dha & Taovptt  0,0162 -0.2678 0.0587 0.1929
(0,0077)** (0.0171)* (0.0108)* (0.0203)*
Bioloywd @povta & Aayovikd 0,0474 0.0105 -0.2199 0.162
(0,0066)* (0.0054)** (0.0065)* (0.0099)*
Log-Likelihood -865,3029

2Znueiwoerg: Ta oocVPTTOTIKG TVTIKE cEAApOTO Ppiokovior oe mapeviéoes. Ta * (**, ko **%*)
dnidvovv ctatiotikn onpavtikoma og 1% (5%, kot 10%) eninedo onpavtikdmrog.

H gpunveio t@v cuvteAEGTOV TOCOTHT®V KOl GUVOAKNG KOTOVAANDGCNG TOPEYETOL
HECH TOV OVTIGTPOPMV ELACTIKOTNTOV KAMUOKAG KoTavalmong (consumption scale
flexibilities) ot tOV pn-otabCHEVEOY Kol OTOOMGHEVOV  OVTIGTPOP®V

gehaotikot)TOV (Nnong (uncompensated flexibilities kot compensated flexibilities).
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Yy mapovoo peAETN, xpnopomoinke 1N ddkacio oV TPOTAONKE amd TOLG
Dong, Gould kot Kaiser (2004) ywo v TPOGOUOI®MOT OVTOV TOV OVIIGTPOQ®V
EMOCTIKOTTOV Kal T amoteAéopata mtapovstalovior otovg ivaxeg 2, 3 kot 4. Ot
avTioTPOPEG EAACTIKOTNTEG KAILOKOS KOTOVOAMONG UETPOVV TN UETAPOA oIV
OHoAOTOMUEVT TIUR €VOG ayafol (dnAadr, otnv optlaky agloddynon evog ayadov amd
TOV KOTAVAAMTN), M omoia opeileTon o€ pio 160-T0cOoTIONN OVENCT TOV TOGOTHTOV
Tov Svdopatog ayabmv. Avdioyo pe To av moipvouv TIWEG UEYOADTEPEG N
pkpdtepeg tov  —1, ot avtioctpogeg eAaoTIKOTNTEG KAMpOKOG KOTOVAAW®GNG
YPNOOTOOVVTOL Yoo TV TaSvopnon tov ayofdv og ayodd molvtelelng 1 g
avaykaio ayodd, avtiotorya. Onwg eaivetar otov Ilivaxa 2, to Proioywkd ydio &
YOVPTL UIopovV vo TaStvounfobv wg ayafd ToAvTtelelng, EVM 01 TPOGOUOIMUEVEG
avTIGTPOPES EAACTIKOTNTES KATLOKOS KOTOAVAAMOTG Y10 TIG VITOAOITES OUAOES OyaBmV

givol ToAD kovta 6to —1.

IMivaxag 2. Ilpocopowwpévec Avrtiotpopeg Ehaotikomreg Khipakog

Koatavéilmong.

Ayabd Elaotikotnteg KAipoakog Katavdimong
Broloywé I'dha & T'aovptt -0,2292

Mn-Boioywé I'dha & Toovptt -0,9413

BioAoywd ®povta & Aoyovikd -0,9259

Mn-BioAoywkd Opodta & Aayovikd -1,0767

Ot mpocopowwpéves otabuiouéveg (Antonelli) avtiotpopeg €AUGTIKOTNTEG
Mmong  mapovcidlovion  otov  Ilivaka 4. Ot otaBuicpéveg  avtioTpoQeg
eraoTikodTnTEG {TNOMG LETPOLV TN peTafoAn otnv agloldynon evog ayabov i amd Tov
KOTOVOAMTY €merto amd o, UETOPOAT] oty mocotnta tov ayabov j, m omoia
OTOLTEITOL TPOKEUEVOD OVTOC VO TOPAUEIVEL OTNV apyIKY] KOUTOAN odlopopiog.
Ouwmg, 6mmg toviCouv ot Barten ko Bettendorf (1989), o1 ctabpicpéves avtiotpopeg
eAoTIKOTNTEG CNTNONG ATOTEAOVV ATEAN HETPO TOV OAANAOCLGYETIcEWV PETAED TV
ayafov kabag to yeyovog OtL M untpo Antonelli mpémel va givor apvnTIKO M-
OPIOUEVY], GE GLUVOLOGUO WE TOV TEPLOPICUO TNG OUOYEVELNG, 0dNYOLV GE Kuplopyio

NG CLUTANPOUATIKOTNTOS TV ayabdv ot uitpa Antonelli (dnrodn, Kupropyio tov
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OETIKOV OTOVPOEWODV ONOTEAEGUATOV). XTNV TapoOsO UEAETN, Ol GTOVPOEISEIS
otafUIcUEVEG avTioTpoPeg eAacTKOTNTEG (NTnong elval otnv mAgloyneio. Tovg
Oeticéc, yeyovdg mov vmodelkviel Ot Tar ayafd oto VIOderypd pog eivar xkabopa
ovurAnpouatike (net g-complements). ' tov Adyo ovtod, dev Ba eEetdioovpe TIg
otafopuéveg avtiotpopeg elootikoOtNTeG (RTNoNng, aAAd OBo mpoywpncovpe otV

aVOALON TOV UN-CTOOUCUEVAOV OVTICTPOP®Y EANCTIKOTHTOV {TNONG.

Mivakag 3. Ilpocopowwpévec Mn-Zrabucpéves Avtiotpoees Elaotikotnteg
ZNonc.

Mn- Mn-

[Tocotnreg Buokoyikd Bioloyikéd Bioroywd Bioroyikd

oo & lNdho & Dpovta & Dpovto &

Tég [aovptt  Taovptt  Aayovikd  Aoyovikd
Buoroywo I'dda & TMoovpt -0,2219  -0,0614  0,0270  0,0271
Mn-Buoroywo I'dho & Twodptt | 0,0264  -0,5925  -0,0263  -0,2961
Bioroywd ®povta & Aayovikd -0,0250  -0,1537  -0,3410  -0,4062
Mn-Buoroyud ®povta & Aoyavikdl 00684  -0,1291  -0,0325  -0,8467

Iivaxag 4. [Tpocopowwpéveg Xrabucpéveg Avtiotpopeg EAaotikotiteg Ztnonc.

Mn- Mn-
[TocOtnTEg Bioloywo Bioioywd Broroyikd Bioioyka
I'éro & oo & Dpovta & Dpovta &
Tég [Noovptt  Taovptt  Aayovikd  Aoyovikd
Broloywo I'iha & Taovptt 02119 -0,0023  0,0351  0,1792

Mn-Bioroyiko T'dha & I'eovpt 0,0147  -0,3498  0,0066 0,3285
Biooywd @povra & Aoyavikd 0,0154 00851  -0,3086  0,2081
Mn-Bioloytkd @povto & Aaxavikd| -0,0214  0,1485 0,0051  -0,1323

Onwc @aivetoan otov Ilivoka 3, Oleg ot ideg pn-otabucpéves avtioTpopeg
ehaotikotnTeg {fTnong eival apvntikéc, dniaodn kdbe ayabo eivol vTOKUTAGTOTO TOV
E0VTOV TOV, KOl PUKPOTEPES TNG LOVASAG GE amOALTES TEG. MIKpEG avTOpAoELS TNG
OLOAOTOMUEVNG TIUNG £VOG ayafol og petaforég TG mocdHTNTAG 0L TOV VITOSADBVOLV
ot1, 68 0povg £vOg cuviBovg cuatuatog (nong (direct demand system), to ayadd

0TO JLOVUCUO KOTAVAAMONG €ival EAACSTIKA mG Tpog TI¢ TG Mia kaAn aitia yio o
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eopnua avtd etvar 61t T ProAoykd Kot pn-Proroyikd ayabd amotelodv moAD KOAdL
VIOKOTAGTOTO TOV €VOG Y10 TO GAAO Ko, GUVETMG, 1 CTnom YU ovtd ivon apkeTd
elaotik. Ewdwotepa, ta froloyikd ayadd oto chotud pog eitval Mydtepo ehaotikd
®¢ TPOG TI TOGOTNTES Kal, Gpa, TEPIGGOTEPO EAAGTIKA G TTPOG TIG TIUEG OO TO Un-
Boroyikd avtiotoyd TOLG. AVTO NTAV OVOUEVOUEVO, OQOL TO TPMTO Eivon
ePLocOTEPO axpiPd and ta televtaio. EmmAéov, kabe pio and 11g otowpodeic pn-
otafuiopéveg avtiotpopeg ehaotikOTNTeg {NTNong elvol pkpdtepn (o€ amoOAVLTEG
TIEG) amd v avticToyn o otabuiopévn avtiotpoen racticotnTa (RTnong. Avtod
VITOONADOVEL OTL OVENGEIS OTNV KOTAVAA®OT Tov ayabov i ennpedlovy Kupimg v
oporomomuévn T (dnAaodn, v afloAdynon Tov KotavoAm®TH) TOL 1010V TOV
ayaBov i. 'Etot, o1 oporomompéveg Tipég Tov PloAoyikdv ayabdv, Kot Oyl eKeives Tmv
un-Proroykadv avtictoymv Tovg, eivar exetves mov SadpapatiCovy To oNUAVTIKOTEPO
POLO GTO VO dOGOLY KIVNTPO GTOVG KOTAVOAMTEG VAL ALENCOLVY TV KATAVAA®GN T®V
Boroywmv ayabodv. Ocov a@opd oTo OTOTEAEGLOTE VTOKATACTOONS, TO TPOCTLO
TOV OTOVPOEWDOV UN-CTAOUICUEVOV OVTIOTPOP®Y EAACTIKOTATOV Ogiyvel OTL TO
Broroykd ko pn-proroyikd ydio & yoovpti, KoBmOG Kot To Poloywd Kot pn-
Broroyikd @povta & Aoyoavikd sivor axabapiota vmokotdortozo. oyold (gross q-
substitutes), OT®C NTav avapevopevo. TELOC, To amOTEAEGHATA HOg OElVoLuY OTL TO
un-proroyikd yoho & yloovptl Kot ot 600 KATNyopieg PpovTOV & AoYoviKOV givol
akabdpioto vrokotdototo ayadd, evd m oxéon mov dEmel 10 Plodloykd Yoo &
YLoVPTL Kot TG 000 Katnyopieg ppovtav & Aayavikav ivatl akadopiot.
AxorovBovtag tovg Palmquist (1988) koar Kim (1997), umopovpe va
OVTIKOTAGTNGOVUE TIG EKTIUNUEVES TOPOAUETPOVS TOV LIOJEIYUATOS GTI GLVAPTNON
EviAeideing amodotaong and v omoia wpokvmtel to IAIDS kat va pmopécovpe va
vroAoyicovpe axpipr] pETpo TV UETOPOADY GTNV €LNUEPIO TOL OQPEIAOVTOL GE
HETAPOAEG TOV KOTOVOMOKOUEV®OV TOGOTNT®V. [0 TOvg GKOTOLG NG ToPoVGOG
aviAvone, €ivol TEPIGGOTEPO  EVOLOPEPOV VO €EETACTEL 1 GLUTEPLPOPA TOV
VOIKOKVPIOV TOL Oelylotog mov €Youv OMAMGEL BeTIK KOTAVOA®MON Yoo TOL JN-
Broroywkd ayobd kot pndevikn katavdiomon yio ta Poloywd Kot vo avaivfovv ot
HETAPOAEG OTNV gUNUEPIDL OVTAOV TOV VOIKOKLPIOV OTOV YIVETOL VITOKATAGTAOT] EVOG
HEPOVG TV TOCOTNTOV TV UN-froloyikadv ayabov pe Proroykd. Xtov Ilivaka 5
mopovotalovtor ot péoeg TWEG TG amolnuiopévng petafoing (compensating
variation — CV) kot ¢ 1codvvaung petofoins (equivalent variation — EV) énetta

and vrokatdotaon Tov 5%, 10% kot 15% tov katavaliokdpevov pn-Bloroyikod
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YOAOKTOG & Y1ovpTIoV pe ProAoyikd. ZOUemva Pe TOV TivaKo ovTo, 0l LEGES TIUEG

tov CV kot EV yuo ta 723 votkokvptd tov vd-deiypartog (sub-sample) givan Oetikég,

delyvovtag 0Tt 1 B€0m TOV VOIKOKLPIDOV QLTOV XEPOTEPEVEL LETE OTO VITOKATAGTAOT)

EVOG  UEPOVG  TOL  pn-Proroyikod  yohoktog & - ywovptiov  pe  PloAoyKo.

Mivaxag 5. Arolnuopévn Metafoir (CV) ko Ieodovaun Metapoin (EV)
v Nowokvptd mov Aniovovv Oetikn Kotavdiwon Mn-Bloloyucod
I'dhoktoc & T'eovption kot Mndevikn Kotavdimon Bloroyikot INdlaktog &

[Maovptiov.
Mertafolréc [Tocottmv Opdoeg Nowokvpiorv Cv EV
Yrokatdotaon tov 5% Avorepeg K. Tageig 3,81 1,90
TOL Un-Proroykod Koatatepeg K. TaEerg 2,82 1,50
YOAOKTOG & Y100VPTLOV (2,1134)* (1,9983)*
ne Proroykd Xowpic mondrd 3,42 1,72
Me mtoudid 3,31 1,75
(0,2397)  (-0,1062)
O)a To volkokvpld 3,38 1,73
Ymnokatdotaon tov 10% Avortepec K. Taeig 1,40 0,81
TOV UN-ProAoykov Katohrepeg K. Ta&eig 0,96 0,62
YOAOKTOG & Y10.0VPTIOD (1,5393) (0,9539)
pe Proroykd Xopig moardid 1,22 0,70
Me ntoudid 1,19 0,77
(0,1100) (-0,3092)
O\a ta vokokvpid 1,21 0,73
Ymnokatdotaon tov 15% Avartepeg K. TaEerg 0,96 0,67
TOV UN-ProAoykov Katohtepeg K. Ta&eig 0,72 0,57
YOAOKTOC & YLo0vpTION (0,7972)  (0,3315)
ue Broroykd Xwpig Toudid 0,86 0,60
Me moudid 0,85 0,67
(0,0269) (-0,2181)
O\o To voukokvpld 0,85 0,63

Znueivoeig: Ot péoeg Tpég tov CV kat EV petpovtar og Bpetavikég Alpeg. Avtd 1o vmd-
delypa amotedeitar amd 723 voikokvpd (To mAnpeg delypa amoteAeitat amd 1155 vokokvpid).
H opdda tov vowokupldv o€ avdTepes (KOT®TEPES) KOWmVIKEG TAEEG amoteAeiton and 411
(312) vowoxvptd. H opdda tmv voucokvpldv yopic madid (pe 1 émg 5 moudud) amoteieiton
amd 476 (247) vowoxvptd. Ot ototiotkéc-t yio ) dapopd ota CV kot EV peta&d opddwv
vowkokvpudv PBplokovtor oe mapevbéoelg kot o aotepiokog (*) OMAdVEL GTATIOTIKY
GNUOVTIKOTNTA GE EMITESO ONUAVTIKOTNTOG 5%.
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Ouwc, kabhg avéavetat 10 10606Td TOL UN-Ploroyikod YoAokTog & Y1oVpTIoN TOL
vrokaBictoton pe Proroywko, ot péoeg Tipég twv CV kar EV pewdvovra, yeyovog mov
VTOOEIKVVEL OTL 1 Béom TV Volkokvupldv yivetor oloéva kot Aydtepo kokrn. Ta
aroteAéopato otov Ilivaka 5 elvar emiong yopiopéva cOUPOVO HE OUAOES
VOIKOKVPIMV: VOIKOKVPLHL GE OVOTEPEG KOWVMOVIKEG TAEEIS, VOIKOKLPLAL GE KATMTEPES
KOWOVIKEG TAEELS, VOIKOKLPLA Y®Pig Tondid, Kot voikokvptld pe modtd. H vroBeon ot
N 01popd petald Tv péowv oV Tov CV (EV) yia ta votkokvpld o avatepeg Kot
KOTOTEPEG KOWMVIKEG TAEELG eAEYyXONKe, Ko dev amopplpOnke oty mepintwon g
VIOKATAOTUONG TOV 5% TOL pN-BloAoyKoD YaAaKTOS & YovpToD pe Prodoytkd.™
‘Etol, omv mepintmon ¢ vrokatdotacnsg tov 5% tov pn-Proroykod ydiaktog &
Y1oVPTIOD e PLOAOYIKO, TO VOIKOKVPLE TTOV OVIKOUV GE SLOPOPETIKEG KOWVWOVIKEG
TaEelg  emmpedlovior HE  SPOPETIKO TPOTO OO OUTEC TIC UETAPOAES OTIG
KOTOVOAMOKOUEVEG TOCOTNTEG, LE TO VOIKOKVLPLAL OTIG OVATEPEG KOWMVIKEG TAEELS VAL
YEWPOTEPELOVY TN BE0M TOVG TEPIGGOTEPO OO OTL TAL VOIKOKVPLE OTIC KOTMOTEPES
Kowavikég Béaelc. [Tapopotot Eleyyot dteENyOncav Kat yio TIc OUAGES VOIKOKVPLDOV UE
Kot yopic madtd. Ot éheyyot ool divouv evieilelg 0Tt | LITOKATAGTAGT EVOS UEPOLG
TOV UN-PLOAOYIKOD YAAOKTOC & Y00vpTIoL pe Plodoyikd dev  emnpedler pe
dtapopeTikd Tpdmo T1g péaeg TES twv CV kon EV yua ta votkokvpid avtd.

[Tapopola avédivon £yve Kot Yo T GLUTEPLPOPA TMOV VOIKOKVPLDV G TPOG TOL
epovta & Aayavikd. Xtov Ilivaka 6 mapovcidlovion ot péoeg Typég tov CV ko EV
Yoo Te VOwokvpld mov dNAwcav BeTikny Katavaimon pn-Proloyikav gpodtov &
AOYOVIKOV Kol PNOEVIKY] KOTOVAA®OT Plodoyikdv ¢povtov & Aayovikov (517

vowokvpld). Or péoeg tpég towv CV xow EV vy 1o voikokvptd avtod tov vmo-

2 H v60eomn 611 1 dopopd petal&d tov uéowv tindmv tov CV yia To voikokvpld oe

SLLPOPETIKEG OUAOES Efva UNdEVIKT, EAEYYONKE LLE TN YPTOT TS OTATIGTIKNG
(cvi-cn) /st +s2/T,

omov CV, kat C_V2 etvar ta péoa CV yua Tig opddeg votkokuplov 1 ko 2, ko s, Kot
s, €tvor ot tumkég amokAioels twv CV 1wv opddwv vowokvpiwv 1 ko 2. H
oTatioTik) ovt axohlovbel v t-koatoavour pe v =1 +7, -2 Pabuodc erevbepiog,
omov 7, ko 7, eivar o apBpog tmv volkokvuplav otig opddes 1 kot 2, avtictoryo. Me

Tov {010 TpdTOo Yivetal o Eleyyoc yuo ta EV.
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delypatog etvat BeTicég yo TNV TEPITTOOT TS VITOKATAGTAONG TOL 5% NG TOCHTNTOG
TOV UN-PloAoyikdv epodtov & Aayavikov pe PloAoyikd, vTOOEvVOovVTOS OTL M

HETOPOAN VTN OTIG KOTOAVOAMOKOUEVEG TOCOTNTEG YEWPOTEPEVEL TN 0omn TV

Mivaxag 6. Arolnuiopévn Metafoir (CV) ko Ieodovaun Metapoin (EV)
v Nowokvptd mov Anikovovv gtk Kotavdiwon Mn-Broloywov
Ddpovtov & Aayavikedv kot Mnodevikn Katavaiwon Bioloyikov Opodtov &
Aoyovikov.

Metaforég [Tocottav Opdodec Nowokvplarv Cv EV
Yrnokatdotaon tov 5% Avotepec K. Ta&eic 1,57 1,22
TOV Un-Proroyikaov Katortepeg K. Taéeig 1,96 1,56
QPOVTOV & AUYOVIKOV (-1,7534)* (-1,6777)*
pe ProAoykd Xopic moord 1,75 1,38
Me modid 1,77 1,39
(-0,0820) (-0,0443)
O\o. To volkokvpid 1,75 1,38
Yroxatdaotaon tov 5% Avartepec K. Tageg -2,61 -3,15
TOV UN-Proroyikov Katortepeg K. Taéeig -2,08 -2,54
QPOLTOV & AOYOVIKOV (-1,6848)* (-1,6297)
pe Proroykd Xowpic moord -2,38 -2,89
Me modid -2,32 -2,82
(-0,1834) (-0,1624)
O\a ta volkokvpid -2,36 -2,87
Ymnokatdotacm tov 5% Avotepeg K. Ta&eig -4,78 -6,07
TV Un-froroyikov Kototepeg K. Tderg -4,17 -5,26
QEPOLTOV & AOYOVIKOV (-1,5755) (-1,5534)
pe Proroyucd Xopig mondid -4,52 -5,73
Me modid -4,44 -5,62
(-0,2009) (-0,1898)
O\a to votkokvpid -4,50 -5,69

2nueivoeig: Ot péoeg Tpég tov CV kat EV petpovtar oe Bpetavikég Alpeg. Avtd 1o vmd-
delypo amoteAeitat amd 754 votkokvptd (To mANnpeg delypo amoteAeitat amd 1155 voikokvpid).
H opdda tov volkokupldv 6€ ovatepes (Katdtepes) Kowvmvikég taéelg amoteieiton and 406
(348) vowcoxvpid. H opdda tmv voukokvpldv yopic madid (pe 1 g 6 moudu) anoteleiton
a6 517 (237) vowokvpid. Ot otoTioTKéG-t Yo T dapopd ota CV kot EV peta&d opddmv
volkokvplidv Ppiokoviar oe mopevBécel Kot o aotepiokog (¥) ONADVEL OTOTIOTIKY|
oNUavTIKOTNTA 6€ nimedo onpavtikotntog 10%.

vowkokvptdv. Opmg, n Béon TV VOlKoKLpLdV Yivetol KOADTEPT OTIG TEPUTTOOCELS
vrokotdotaons tov 10% kot 15% g mocodtag TV un-Pfroroyikedv epodtov &

Aayovikov pe Prodoywd. H vwoBeon g undevikng 01apopds otic HECES TIHES TMOV
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CV (EV) v ta vOIKOKVPLY GE OVOTEPEG KO KATMTEPEG KOWWOVIKES TAEELS eAEYYONKE
Kol anoppipdnke yo Tig mEPWTOGES VRokaTAcTtaonS tov 5% Ko 10% tov un-
Bloroywkmv epovtov & Aayovikdv pe Brorloyikd. TTapduotol Ereyyot yia T1G OpAOES
VOIKOKLPIOV UE Kol Yopic modtd VTOdEKVOOVY OTL 1] VTOKATAGTACT VOGS LEPOVG TNG
TOGOTNTOG TOV UN-PLOAOYIKGOV GpoVTeV & Adyavik®dv pe Broloywd dev emmpedlet pe
drapopetikd Tpdémo o CV kot EV avtodv tov opddmv voukokupiov.

To tpito {TMUa T0 0mOil0 SLOMPAYUATEVETAL 1) TAPOVCO, SLOAKTOPIKY O TPIPT|
aPopd otV ovamTLEn evog BemPNTIKOL LTOJEYHOTOS YOl TV ATOTEAEGHOTIKOTNTO
OTNV KOTAVOA®MOT], KOOMG Kol 6TV EUREPIKN pétpnon avtinc. H ocvuvnbng avéivon
{ftnong KoTtavaAmTi VIOHETEL EK TOV TPOTEPMOV OTL 01 KATOVOAMTES CUUTEPLPEPOVTAL
BéAtioTa, omAadn, 0Tl emTvyYdvovy vo emAEEOVY Eval dtdvucua ayafdv Tov Ba Toug
dMGEL TN PEYIOTN YPNOLOTNTA, 1 OTL EMTLYYAVOVV GTO Vo EMAEEOLV TIC EAGYIOTEG
TOGOTNTEG TTOL OTALTOVVTOL Y10 TNV EMITEVEN EVOC OEOOUEVOD EMUTEOV (PN CIULOTNTOS.
Oumg, N vdbeon ™¢ PEATIOTNG CLUTEPLPOPAS EIVAL TEPLOPIGTIKY] GUYKPIVOLEVT] LE
TNV TPAYLOTIKY] COUTEPLPOPA ToV Katavalot®v. Onwg tovilelt o Afriat (1988, cel.
252), «[n] ocvvbng Bewpia Tov Katavaiot Paciletar oTnV ¥PNOWOTNTA — KOl GTN
un-opeopfnTodpevn amoteAecpatikOTTa. AkOpo Kot 6tav 1 xpNoWOTHTO Eivot
dedopévn, 1 téAewn amotelecpoTKOTNTO HOdlel va givar pio vrepPoAiky| amaitnon.
Ot yvootég aotdfeleg ToV TPAYHOTIKOV KOTOVOADTOV KAVOLV oVTH TNV AAEyYN
avoyng akatdAANAN.» Eivoar Aowmdév mepiocdtepo Aoyikd 10 va vobécovpe OTL ot
KATOVOA®TEG UmOopel vo unv  copmeprpépovtol PEATIOTO Kol va vwoBetnoovpe
Bewpntikd Kol eumelpikd vrodeiypato To omoion pmopodv va AdPovv  vmoym
OTO0ONTOTE AMOUAKPLVGT OO TO BEATIOTO, dNANOT, TNV OVOTOTEAEGHATIKOTNTA, KOl
Vo, EMTPEYOLV TNV UETPNOT] TG,

H onpacio g peréng g avomoteAeoLATIKOTNTOS OTNV KATOVAA®OT) EYKELTOL
Oyt poévo oto OTL 1 BEATIOTN GLUTEPLPOPE, Kot (POl 1] OMOTEAEGHOTIKOTNTA, ivor pia
TEPLOPIOTIKN VILOOEST Y1 TNV TPAYUOTIKY] CUUTEPLPOPA TOV KaTaVoA®TOV. Eykettat,
EMIONG, KO 6TO OTL 1| UN-PBEATIOTN GUUTEPLPOPE TOV KATAVAADTMOV EYXEL EVAV APV TIKO
avtiktumo ota emineda gunuepiag. TZVYKEKPILEVO, EXEL Evav OPVNTIKO OVTIKTUTO GTO
emineda gunuepiog TOV 010V TOV KATOVOA®TOV G€ OPOVLS YPMUATIKOV TOPMOV TOL
onatoAnOnkav eved Bo pmopovcav va elyav ypnoyomombel yioo v 1Kavomoinon
AoV avaykov. Emmpdcbeta, 1 vrepkatavaiwon odnyetl oe avénuévn mopoymyn, M
omoio LE TN GEWPE TNG TOPAKIVEL TNV VIEPKATAVAAWOOT| HECW, T.)., TNG OLOPNLLONG.

Avt0¢ 0 KUKAOG ovvemdyston LREPPOMKN YPNON TOV QUOIKOV TOPOV KOV
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EGPOALEVT] KOTOVOUN OUTOV OGTNV TOpoy®yn Tov ayoddv, avénpuéveg mocOTNTES
amoBAITOV TOGO amd TNV KATAVAA®GT 0G0 KOl OTO TNV TAPUYMYY], KO VOV apVNTIKO
OVTIKTLTIO GTNV KOWMOVIKT ELNUEPLOL.

H vmobeon g un-pértiomg ocvumeprpopds tov Katavolmt pmopel va
VIOCTNPYTEL OV TEPIMTOOT ayofdv Onmg ta evmadn TPOPUA Kot To, gumadn
mpoidvta KINvotpoeiag, aleiog Kot yewpylog. X OVTEC TIG TEPIMTMOELS, Ol
KOTOVOAWTEG Umopel v glvol  avamoteAeouaTikol €medn] KAvouv  avakplPeig
EKTIUNGES TOL OYKOL TOV TOGOTHTOV TO®V ayofdv Kol TOL GLUVOLAGUOD TV
TOGOTNTMOV TOL TOVG &lval emapkelg Yo v emitevén evdg emBountod emmédov
YPNOUOTNTOAG: OTAV Ol KATOVOAWMTEG EMAEYOLV éva dldvuoua ayolfdv, To EmAEYOLV
Baoel TOV EKTYUNGEDY TOVG Y10 TO TOL0G GLVOVOGOC TOGOTHTOV TOV Ayaddv ivol o
KatdAAnAog v 115 avdykeg tovg. Emiomg, ot xotavolotéc pmopel vo glvan
OVOTTOTELECUATIKOL ETEWN 0V UITOPOVV va TPoPAEWoLV To PEALOV EMAKPIBADC: 0OV
N Kadnuepwn {on TOV atOP®V eV UTOPEL VO TPOYPOUUATIOTEL £mg TNV TEAELTOIN
Aemtopépeta, €ivor avapevopevo éva PEPOG TV ayopacHiviwv ayabov vo unv
KatavalmOel kot — 18iwg otV mEpinTOOoT gVTAOOV TPOPIN®Y TO, Ooin dEV UTOPOVV
va arofnkevBodv — va metaytel. Akoun, ot KotovoAotés umopet va cuveyilouv va
moipvouv Un-PBEATIOTES AMOPAGELS KO VO EIVOL OVOTOTEAECUOTIKOL EMEWN| LWITOPEL VO
&yovv €va. TPOTLTTO YL TIG OYOPEG KO TNV KATOVOA®GT, TO 0moio v, akoAovBovv
Yopig va 1o emaveéetalovv. 'H Bo pumopovoe va eivor 1 EAAetyn TANpopoOpNoNg,
ouvaicOnong kot VTELOLVOTNTOG EK UEPOVG TMOV KATAVIAMTAOV CYETIKA LE TO TANPES
KOW®VIKO KOGTOG T®MV OTOPACEDY TOVG Y. KOTAVAA®MGOT, 7oL odnyel o€
VIEPPAAAOVGES OYOPES KO OOTTAVES KOl O ALVATOTEAEGUATIKOTITO GTNV KATOVAAWDGT).
"Eto1, o1 kotavalmtéc pmopet va ayopdoovy Eva dtvuopo ayadmv 1o omoio apydtepa
Ba amodeyBel un-Pérticto: Ba pmopovoay va giyov ayopdoer AyodteEpeG TOGOTNTES
amd O6Aa to ayadd (avamoteleouotikotnta w¢ mPog o 0yald) PEIMVOVTOS £TCL TIG
domavec TOvg, KOoUn Bo UTOPOLGOV VO ElYOV OVOKOTOVEIREL TIG OOMAVEG TOVG
EMALYOVTOGC £VOL OLOPOPETIKO GLVOLOGUO TOGOTNTOV TV ayaddv (daveuntikn
OVOTOTEAECUOTIKOTNTO) PELOVOVTOS £TGL TIS Oumdves Tovg oakopa mepiocdtepo. H
pelmon g avomoTELECUATIKOTNTAG TOL KOTOVOAMT KOUL O UETPCUOS TOL
apynTikod ovtiktumoy g Thve oto  emimedo  evnuepiag Ba  pmopovoe, Yo
mopdoetypa, vo emtevyfel péow g Swenuons. Av mn dwenuon moilel évav
onuovtikd poko ot dnuovpyie ko ot dtnpnon S UN-PEATIGTNG

CUUTEPLPOPAS TOL KOTAVOAMTY, TOTE 1 OlPNUIoT {o®G va  pmopovoe  va
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ypnooromBel g Eva pHéco evnuépmong Kot Evapéng aAloy®V 6To TPOTLTO AYOPDV
KOl KOTOVIA®MONG.

Y10 mAaiolo avtd, 0 6to)og Tov Kepaiaiov 4 givarl va mpoteivel Eva Bewpntikd
TAOIG10 Y10 TV OVAAVLOT] TNG OTOTEAEGUOATIKOTNTAG TOL KOTOVOAMTY GTO YMDPO TIUDV-
nocoTNTOV. To BempnTikd VIOdEYHa TO0 omoio avarntvooetal Paciletor 6TV AN
TOPATNPNOT OTL Ol TPOTIUNGELS TOV KATOVOAWMTY| £i010Ton va opilovtan 6e oyéon e Ta
emimedo KoTOVAA®ONG Kol OTL 0gv yiveton OdKkpion HeTalh TV TOGOTNTOV TOV
ayafdv mov ayopdloviol Kot ouT®dV mov kotavoiickovrol. Aniadn, vrovositon m
VOBeo OTL 01 TOGOTNTEG TOV AyOPAloVTOL Kol Ol TOCOTNTEG OV KATOVOAICKOVTOL
elvar ot 101eg. Opwg, av kdvovpe v vrdbeon OTL Ol KOTOVOA®TEG UITOPOLV V.
TETAEOVV OMOECONTOTE UN-EMOLUNTEG TOGHTNTEC TV ayaB®V TOV £XOVV OYOPAGEL,
TOTE UTOPOVLE VO OPIGOLUE EVa HETPO TNG OMOTEAEGUATIKOTNTOG TMV KOTOAVOADTOV
OTNV TPOCTADELL TOVG VO EANYIGTOTOGOVY T damdvn Tovg Yo to ayafd. Ot og
TOPO TPOSTAOEIES PEAETNG TNG OMOTEAEGUATIKOTNTOG TOV KOTAVOAMTY GTOV YMOPO
TIUOV-TTOCOTNTOV £Y0VV PACIOTEL OE EMYEPTUOTO ATOKAAVTTOUEVOV TPOTIUNCE®Y 1)
o0& money-metric  GUVOPTAGEL YPNOMOTNTOS YL VO KOTOOKELACOLV  UN-
TOPOUETPIKOVS 1N TAPOUETPIKOVS Ogikteg amotedecpatikdmrag (Afriat, 1967 ot
1988, Varian 1982, 1983, 1985 kot 1990). To onueio eotioong aLTOV TOV HEAETOV,
opwg, elval n e&étaon tov Katd wOco T VIodeiypota PertioTonoinong taptdlovv
OT0. TPAYHOTIKE oTaTioTikd dedopéva (goodness-of-fit), péom g pérpnong g
amopdkpuveng amd t Peitictomoinomn. Emmiéov, avtd mov vrovoeiton amd avtd to
vrodelypata eivar 0Tt M avomotelecpaTikOTTa cvpuPaivel enewdn Eva PEPOS TOV
TPOVTOAOYIGHOD TOV KOTAVOAMTY €lval mov omoataléTor, Kot Oyt €vo UEPOS TV
ayopoacOévtov mocotitwv. Opwmg, 1 vwobeon OTL Ol KOTOVOAMTEG WITOPEL va
OTOTOANGOVV/TETAEOVY €Vl LEPOG TOV TOGOTHTAOV TV ayopacHéviav ayadmv sivar
EKEIVN TTOV EMTPENEL TNV KOTACKELT TOV HETPOV TNG AVOTOTEAETUATIKOTHTOS (OG TPOG
0. ayoda. Emmpdobeta, apov To vTodelypata autd 0ev EXITPETOVY T SLVOTOTNTA OE
&va. TOPOTNPOVUEVO OldvLGHa ayafmV vo, VOl KOl aVOTOTEAEGUATIKO W TPOS Ta.
ayafda., dev yiveton Kapio d1dkpion pHeta&d ovtdv mov opilovtal 6Tny Tapovca PLEAETN
WG OLOVEUNTIKY OTOTEAEGUOTIKOTHTO, KOl OTOTEAEGUATIKOTHTO WG TPOS TH OOTAVvH M
OVVOAMIKY amoTeleauoTiKoTnTO. G OMOTEAEGHA, TO VTAPYOVTO LTOOEIYHATO PEAETNG
NG  OMOTEAECUOTIKOTNTOG OTNV  KOTOVAAMGY UITOPEL VO OTOOMGOVY  GTOVG

KOTOVOAMTEG Eva LYNAOTEPO EMIMEDO OMOTELEGUATIKOTNTAG OO 0VTO TTOL Bo EMpeTe.
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H avdivon pdg yivetar vmod 1o mpicpo g eAaylotonoinong g damdvng tov
KOTOVOA®MTY), Kot TO onueio ekkivnong eivol n vdheomn 6TL 0 GTOYOG TOV KOTOVOAMTY
elval vo emAéel éva ePiktO Stavuopo ayafdv yuoo vo TETOYEL TOVAAYLOTOV &Vl
dedopévo emimedo ypnowomntag. Emiong, vmoBétovrag 611 0 KatovoOA®TAG OEV
ypewaletal va Kavel xpnon OAov Tov oyopacHEVImV ToGOTHTOV TOV ayod®dV Kol 0Tt
umopel vo meTdEEL OMOEGONTOTE UN-EMBVUNTEG TOCOTNTES TOVS, Ol ayopacHeiceg
mocOTTEG TV ayafov umopodv KAAMoTo va glvol VYNAOTEPES Amd OVTEG TOL
ypewdlovtar yoo v emitevén Tov OedopEVOL EMTEOOL XPNOUOTNTOC, KOl O
KOTOVOA®TAG pUmopel KAAMGTO va €xel EMALEEL EVOV AVOTOTELECUATIKO TPOTO Yl VoL
EMTUXEL OVTO TO  OgdOpéEVO  emimedo  ypnowdmtag. Avtdg o TOmOg
OTOTEAECUATIKOTNTAG €lval avTd Tov opilovue £0M OC OMOTEAECUATIKOTNTO OC TPOG
o ayafd. Mia dAAN popen avamoteleopatikdétTog ivar avtd mov opilovpe g
OTOTEAECUATIKOTNTO. MG TPOS TN OOMAVT, 1| GUVOAIKT OMOTEAEGUOTIKOTITO, KOl TNV
omoio TEPLYPAPOVIE O TNV IKAVOTNTO TOV KATOVOAMTY] VO, OTOPEVYEL TNV GTOTAAN
YPNUOTIKOV TOP®V HE TO VO EAAYIGTOTOLEL TO KOGTOG TV 0yopacHivimv ayadnv
Katd v emitevén  evog  emmédov  ypnowdtrag.  Mio  tpitm  popon
OTOTEAECUOTIKOTNTOS €Ival 1 SLVEUNTIKY] OMOTEAEGHOTIKOTNTA: LTOBETOVTAG OTL TO
dtavouopo oyaddv 10 0moio EAAYIGTOTOEL TN OATAVT KOl TO TOPOATIPOVUEVO OAVLUGLLOL
ayabov Ppiokovior mhve oty O KOPTOAN  adlopopiag, 1 OLLVEUNTIKN
OMOTEAECUATIKOTNTA 0POPE 6TO TOGO KOvTA givar peta&d Tovg ta. 6v0 dlovdcGHaTA.
Téhog, Odelyvovpe 1 oyxéon mov vrApxel peTaEh TV TPOV  HOPPDV
OTOTEAECUATIKOTNTOC, ONAOdY, Tn ox€on 7OV TEPLYPAPEL TN JOTOCN TNG
OMOTEAECUATIKOTNTAG MG TPOG TN O0MAVI] OTNV OTOTEAECUATIKOTNTA G TPOG TO
ayafd Kot ot SVEUNTIKN OTOTEAECUOTIKOTNTO.

To Bewpnticd vodderypa mov oA meptypdptnke Pacileton otnv vedbeon OTL
0l KOTAVIAWTEG UTopoOV va TETAEOVV €va HEPOS TMV TOGOTNTOV TOV AyOpacHEVT®V
ayobov. Opwg, ovt 1 vrdbeon  odlver 1  dvvatdtmro  OplopHod NG
OVOTOTEAECUOTIKOTNTAG TOL KOTAVOAMTY, Oyt HOVO G€ OpOVLE TOGOTHTOV Kol
YPNUATIKOV TOP®V OV OTOTOANONKavV, oAAd Kot G Opovg ypnoyodTnTag mov Ha
umopovoe vo, emttevyBel aAld v Téhel dev emredyOnke. Ewdwdtepa, ag vmobécovue
OTL 0 0TOYOG TOL KATOVOAMTY| €lval Vo TAPEL TNV LYNADTEPT XPNOWOTNTO TOL £V
dtvuopo ayofov pmopel va Tov dMoEL. AV 0 KATAVOAW®TNAG OEV TETOHYEL ALTOV TOV
ot0)0, ONAadN, dev ypnowomomcel o ayobd TOcO omotelecpatikd 6co Oa

umopovoe, TOTE 1 YpnowdTrTa TV omoion AapuPdvel pmopel kOAAloTO Vo givot
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pkpdtepn  omd v duvnTikd  péylotn. Oa  XpNOUOTOMGOLHE  TOV  Opo
OTOTEAEGUATIKOTHTO, (UG TPOG TH XPHOLUOTHTO. Y10l VO TEPTYPAYOVLE TN SLVATOTNTA TOV
KOTOVOAMTY] VO OOQEVYEL TN ONATAAN YPNOWOTTOS HE TO Vv AouPdvel to
VYNAOTEPO EMIMEDO YPNGUOTNTOS TOV £Va VLSO ayopacHiviav ayabov pmopel
Vo TOL amodMoEL. AVTI N LOPPT ATMOTEAEGHOTIKOTNTOG UTopel va pedetnOet oyt povo
oTNV TEPITTOON AyolfdV TV 0TOI®MV TIC TOCOTNTEG O KOTAVAAMTNG UTOPEL VO TETAEEL.
Aol to onueio exkivinong elval 0o 6TOYOC TOV KATOVOAMTY Vo AdPel ™ péylom
xpnowdTTo Tov €va ddvucpa ayafdv Pmopel Vo TOL ATOdMGCEL, 1 EVVOLNL TNG
OTOTEAECUATIKOTNTOG MG TPOG TN YPNopdtta pmopel va ypnoomomdel yio
peAétn Kot GAA®v ayobov mépa and to tpoeua. Mo mapddetypo, Oo propovoe
EMAELYN TANPOPOPNONG YO TA YOPOKTNPIOTIKA TOV ayaddv, Yoo ToV TPOTO UE TOV
omoio Ba pmopovoav kavn Ba Enpene va ypnoiporomBovv, KTA., va gival eketvn mov
odnyel Ttov Katovolot) va AdPet oamd €va divocpa ayobdmv  évo  EmimEdO
YPNOUOTNTAG TO OToio €ivol pKpOTEPO amd avTd oL To ayadd Oa Tov eméTpemay.
[Mapadeiypota amotedobv To ovtoKivTo Ko 1 EAAEWYT TANPOEOPNONG Yo TNV
«mpdowvn odnynon» (XPNoN OVTOKIWVATOV Kol GLUTEPLPOPE GTNV 0O1YNoY TOL
LEWOVOLV TIG OpVNTIKES €EMTEPIKOTNTEG OV TOPAYEL 1) YPNOY CVTOKIVITOV), TO
TPOQIUO. Kol 1 EAAEWYT TANPOPOPNONG OYETIKA HE TNV TPOETOLUACIO VYIEWVAOV
yvevpdtov, kth. EmnpochHeta, évog xoatavalmtg o omoiog avtipetonilel eEwyevelg
TIWEG Yoo To. oyolBd Ko €xel €vor OEOOUEVO TPOVTOAOYIGHO Yol TV Oyopd ayafdv
ocvpmeplpépetar BEATIGTA €QOGOV TO dldvucua TV ayodmv to omoio ayopdlet glvon
ekelvo 10 omoio peywotomotel T ypnowwdmmrTd tov. Opwmg, Adym ENhenymng
TANPOPOPTONG Y10 TO XUPUKTNPIOTIKA TV oyaddVv 1| Yo ToV TpOTO pe Tov 0omoio Ha
umopovcav kavn Ba Expene va ypnoiporombodv, Adym Eapvik®dv emBudmy, Tuyxainv
YEYOVOT®V, N GAA®V TTapoyOVIOV TOV UTOPOLV VO EMNPEAGOLV TIG OMOPAGELS TOV
KOTOVOA®TY), O TEAEVTOIOG UTOPEL VO OATOVIGEL TOVG YPNUATIKOVS TOPOLS TOL GE £Vl
un-pértioto ddvucpa ayafov. Avtiy n HOPEN ATOTEAEGUATIKOTNTOS Elval AvTd TOL
opilove WG d1aVEUNTIKY OTOTEAEGUATIKOTHTO (OG TPOS TH OGTAVH, EVA 1 EVVOll TNG
OVVOMIKNG OTOTEAEGUOTIKOTNTAS WG TPoS T xpnoydtyo. Ba. ypnooromel yuo v
TEPLYPOPY] TNG KOAVOTNTOS TOV KATOVOAMTH vo. AapuPdvel to LYNAOTEPO EMimedO
YPNOUOTNTOG TTOV TO BEATIOTO dtavuopo ayaddv eival ikavo va tov anodwoel. TEAog,
OTMG KOl GTNV TEPIMTOON TNG ATOTEAEGLATIKOTNTOG OC TPOS TN OUTAVY, | GUVOALKY

OTOTEAEGUATIKOTNTO G TPOG TN YPNOIUOTNTO UTOPEL VAL SOCTOCTEL OTIS GUVIGTMOGES
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™G, ONAAdN, TNV ATOTEAEGUATIKOTNTO MG TPOG TN YPNOUOTNTO Kot TN OLOVEUNTIKY
OMOTEAECLATIKOTNTA (OC TPOG TN dOTTdvn).

To tétapto {fTnue T0 00i0 SATPOYUOTEVETOL 1] TOPOVGO OOUKTOPIKT dloTpIPn
etvar exelvo G eumelptknig HETPMNONG NG OMOTEAEGUOTIKOTNTOS KotavoAwmt. H
EUTELPIKT LOG OVAALGT Y10 TV OTOTEAECUATIKOTITO, TOV KOTOVUAWMTY] EXIKEVIPOVETOL
OTNV EUTMEIPIKN LETPNOT TNG ATOTEAEGUATIKOTNTOAG MG TPOG T ayadd, TN OovEUNTIKT
OMOTEAECUOTIKOTNTA KO TNV OMOTEAEGUATIKOTITO MG TPOG TN OATAVN, €VAO 1
EUMEIPIKN  UETPNON NG OMOTEAECUATIKOTNTOG ®C TPOG TN YPNOUOTT, NG
JVEUNTIKNG  OMOTEAEGUOTIKOTNTOS MG TPOG TN O0mAVN Kol TNG GLUVOMKNG
OMOTEAECUATIKOTNTAG (OC TPOS TN XPNOUOTNTO aPVETOL Yio pEAAovTIKN €pevva. H
eUTEPIKY] HeBOdOAOYiOL TOV YPNGIUOTOLEITOL VIOl TV OIKOVOUETPIKY EKTIUNGT NG
TPMOTNG OUASNG OEIKTMOV AMOTEAEGUATIKOTNTOS EYKELTAL GTN] YPNOT| TPOGEYYICEDV TOV
&xovv akohovOnBel oyt povo oty avdivon {fTnong KoToavolotn, 0ALL Kot 68 GAAQ
nedia. Ewwotepa, o deiktng mov mpoteivovpe oto Kepdiao 4 yio ) pérpnon g
OTOTEAECUATIKOTNTAG G TTPog To. ayadd Paciletor oe pia ocvvaptnomn Evkieideiog
amOcTACNG 1M Omolol  OvamapPIGTE  TPOTIUNACES Katavolot®v. Emopéveoc, o
VTOAOYIOUOG TOV JEIKTN OMOTEAECUATIKOTNTAG MG TPOG T ayoBd omontel yvdon g
Tung g ovvdptnong EvikAeideing andotaone, n omolo pmopel vo omoktnOel pe
OWKOVOUETPIKY] ekTipnom ¢ tehevtoing. Opmg, m dvokoAio oty extiunon pog
ovvéaptnong Evkieidelag andotaong n omoio avamopiotd TPOTIUNGES KATOAVOAMTOV
gyketror 6To 0T glvan pia cuvapTnom, Ot LOVO TOV TOPATPOVUEVMV TOGOTHTOV TOV
ayofdv, oAAG Kol TOV UN-ToPaTNPOVUEVOD ETTEIOL YPNCIUOTNTOS TOV KOTAUVOAMTY.
>10 Kepdhaio 5 delyvovpe g to mpOPANa avtd Umopel vor avIHETOTIGTEL, LLE TO VO
exTiunoovpe i vmephoyopOukn  ovvaptnon EvkAeldewng amdoTtoong  pe
doTpopotikd otoryeia ypovoroyikmv celpav (panel) yio T {RTNoTm VOIKOKLPLOV Yo
YOAo & Y00PpTL, GPOVTO, KOU AOYOVIKE, Kot pe TN ¥pnomn 00 Ol0QopeTIKOV
TPOGEYYICEMV: HE TN YPNOTN OGS TOPATNPOVUEVIC UETAPANTNG Yol TNV TPOGEYYIoN
™me xpNowoTTag (proxy), Kot HE TNV OVIWETOTION TNG YXPNOWOTNTOS TOL
KOTovorAmt g éva toxaio opdipa. Ot Lewbel kot Pendakur (2006) onpovpynoav
ta Implicit Marshallian Demand cvotipata e§lo®@oewv, 6To. OMoio 1 YPNOIUOTNTA
vrokobictoton oamd v implicit ypnowotnta, m omoio elvar pio cvvaptnon
TopATNPOVUEVDV peTAPANTOV. AkoAovBdvtag toug Lewbel kot Pendakur (2006), ot
Fare, Grosskopf, Hayes, ka1 Margaritis (2008) ypnowonoincav to €mMoto e166onua

TOV VOIKOKLPUDY Y0l VO TTPOGEYYIGOUV TN YPNOCIUOTNTO KOl VO EKTIUNGOLV Kol
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ATOTIUNGOLV cvoTpate eElo®oewv {NTnong ta omoio e&dyovtal and GUVAPTAGELS
damavng kol cuvaptnoelg weéietog (benefit functions). To mAieovékTnua oLTAG ™G
TEXVIKNG €lvar OTL, 0md TN GTIYUN TOL XPNGLOTOOVVTOL TOPOTPOVUEVES LETAPANTEG
YL TNV TPOCEYYIoN NG xpnotpndtrag, n cvvaptnorn Evikieidsiog andotaong pmopet
va ektyunBel pe ™ yxpnom Kabiepopévov TexViKdvV ektipnong cvvopov (frontier
estimation) 7OV YPNGIULOTOOVVTAL EVPEWS OTNV OVAALGCT  OTOTEAECUATIKOTITOG
mopaywyod (PA., ywoo mopdoetypo, Kumbhakar kor Lovell, 2000). To pelovékmnua
LTS TNG TEXVIKNG, OU®G, €lvar OtL gpodcov yivetar m vrdbeon OTL TO EMimEdO
YPNOOTNTOG TOL KOTOVOAMTN enNpedleTor amd €vo GLVOLOGUO TOPATIPOVUEVOV
petafAnTaV, aperobvtal orolownmoTe GAAOL TaPAYOVTEG TOV Hmopel va emnpealovv
TIC TPOTIUNGELS TOL Katavarlmtn. H dgbtepn mpocséyyion mov ypnNGUYLOTOIOVUE Yo TNV
ektipmon g vmepAoyopBuikng cuvaptnons Evkleidelag andotaong Eykettar oty
OVTUETMOMION TNG UN-TAPOUTNPOVUEVNG YPNOIUOTNTAG TOV KOTOVOAWMT ®¢ £va TuYoio
o@dipa. Ewdwodtepa, ot 6pot ¢ vmeproyoplOukng ocvvaptnong Evkieideiog
amdoTACNG TOV APOPOVV GTO emimedo ypnowodtntog kot v Evkieideio andotaon
avtipetonilovior ®g povomAevpa Kot Oetucd Toxoio ceaipato. Avtég ot vTtobécelg
od1yovv og pio cLVAPTNOTN TLKVOTNTOS TOAVOTNTAG Yo TOV GUVOETO SATUPAKTIKO
6po, N omoio potdlel pe to two-tiered frontier TAOIGLO OUKOVOUETPIKNG EKTIUNONG TOV
Polachek kot Yoon (1987, 1996). H ektyunuévn ovvéptnon Evideideiog omdotaong
umopel  katomwv  va ypnolpomomBel g deiktng  ywu Tt pETpnom NG
OVOTOTEAECULATIKOTNTOG TOV KOTOVOA®T ©G Tpog T ayadd. Ocov agopd ctov
VTOAOYIOUO TOL PETPOL YO TN OLVEUNTIKY OMOTEAEGLOTIKOTNTO, OTOLTEITOL YVAOON
elte ¢ ouvapTNOoNG daTAVNG, 1 TOL SVOCHOTOS ayalfdV TO 0moio eloyloTomOolEl T
damdvn. I'ia Tov okomd avtd, aKoAOVOBOVVTIL TEXVIKEG O1 OTTOTEG YPNCLULOTOIOVVTOL Y10l
TOV VOAOYIGUO TNG OLOVEUNTIKNG OMOTEAECUATIKOTNTOS TOV TOPAYMYOL MG TPOG TIG
e1opoéc. TéAog, TO PETPO TNG AMOTELECUATIKOTNTOG (O TPOG TN damdvn vroAoyileton
HE TN XPNOM TNG GYECNG TOL TPOTEIVOLLE Y1 TN OLAGTOGCT TNG OMOTEAECUATIKOTNTOG
®G TPOG TN OOMAVN O OAMOTEAECUATIKOTNTO OC TPOG TO Oyodd Kot OlvVEUNTIKN
OTOTEAECULATIKOTI T,

Onwg mapovowdletanr oto  Kepdhowo 5, n  eumelpkn  peAétn g
OMOTEAECUATIKOTNTAG TOL KOTOVOAMT ®G TPOS T ayafd £yve pe TNV EKTIUNOM HOG
vrephoyaplOukng ovvaptnong Evkieideiog andotaong pe SloTpOUATIKA 0E00UEVHL
YPOVOLOYIK®V Gep®dv. Ta oTatioTikd 0edopéve aPopolV GE KATAVOAMOKOUEVES

ToGOTNTES Kot damdveg 884 voukokupudv Tov dtapévouy Aovdivo, amd tov [ovito Tov
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2005 éwg ko Tov Iovvio Tov 2006. Xta mAaicla g TpdTNg HeBdOOL ekTipnong g
vrephoyaplOukng ocvvapmong Evkieideiog andotaong (epeEng, proxy vmdostypa),
YPNOUOTOUCOUE TN GUVOAIKT SOTAVY) TMV VOIKOKLPI®DV Y10l VO TPOGEYYIGOVUE TO
EMIMESO YPNOIUOTNTOG TOV VOIKOKVPLDV. TN GLVEYEWN, V10OTONKE TO VIOdEY A
tov Battese kot Coelli (1995), 10 omoio apopd G€ OIKOVOUETPIKN EKTIUNGT HE TN
puébodo g peyiotng mBavoEaveldg pHe TN YPNON OUCTPOUATIKOV GTOYEI®V
YPOVOAOYIK®V CEPDV, TPOKEWEVOL Vo ekTiunbel 10 proxy vmOOEypo oT0
vroroytotikd mokéto FRONTIER 4.1. Xta mhaicia g devtepng pebodov extipnmong
™G vreprloyaplBkng ovvdptmong EvkAeidelog amdotaong (spefng, two-tiered
frontier vrodeypHa), £yve 1 VLOOEST OTL O JOTAPAKTIKOG OPOG KATAVEUETOL KAVOVIKAL,
eV 01 OpOl TOV OPOPOVV GTNV OMOTEAEGUATIKOTNTO KOl GTO EMIMESO YPNOIUOTNTOG
etvar toyoieg petafAntég mov akoAovBodv v ekbetikr| Kotavour. Metd v
eCayoyn G ovvdptmong mukvoTnTag  mOavOTNTOS  0VTOL  TOL  GUVOETOL
dTapaKTIKod 0pov, to two-tiered frontier VTOJEY IO EKTIUNONKE GTO VTOAOYIGTIKO
mokéto GAUSS pe ) pébodo g peyiomg mbavopdvelag. Kot ta 600 vrodeiypata
EKTIUNONKOV HE TOVG TEPLOPICUOVG TNG OMOYEVELNS KOl TNG GULUUETPING, KOl GTNV
TAELOYM L0 TOVG O TAPAUETPOL KOt GTOL SVO VTOJETYLOTO TALY GTATIGTIKA OTLLOVTIKES
(25 amod T1c 29 mapapéTpoug Tov proxy vrodetypatog kot 19 amod tig 21 mapapérpovg
Tov two-tiered frontier vrodelypartog).

Ot extyunuévol Oelktec OmOTEAEGHOTIKOTNTOG Y TO 000  LTOdElypaTo
napovctalovior otovg Ilivakeg 7 kot 8. o To proxy vrddetypo, ot HEGES TIUES TOV
JEIKTAOV OMOTEAEGLATIKOTNTOG MG TTPOG TOL 0yalfd, SLOVEUNTIKNG OTOTELECUATIKOTITOG
KOl OMOTEAEGUOTIKOTNTOS ®G TTPOg TNV damdvn glvar 76,10%, 77,97%, ko 58,78%,
avtiotoryo, Katd v mepiodo lovitog 2005 — Tovviog 2006. Zvykekpyéva, to 70%
TOV VOIKOKVPLOV TOL Oetypotog éxet Pabuodc amotelecpatikdmrog ™G TPog To
ayafd peta&d 70% kot 80%, to 80% TtV voukokvpldv €xel PabBUovg SVEUNTIKNG
anoteheopatikotnrog petald 70% wor 80% ot to 83% TV vowokvpudv £xet
BaBuovg amotereopatikdtrag g mpog ™ damdvn petasd 50% wor 60%. Oocov
aQOPA GTIG EKTIUNCELS TOV OEIKTMOV OMOTEAEGUATIKOTNTAS Yo TO two-tiered frontier
vrodeyra, avTég Ppédniav va £xovv LYMAITEPES TIUEG OO OTL EKEIVEG TOL Proxy
VTOOEIYHOTOG: Ol HEGEG TYEC TOV EKTIUNUEVOV OEIKTMOV OTOTEAEGUOTIKOTNTOS MG
Pog T ayaBd, OOVEUNTIKNG OMOTEAEGUOTIKOTNTOS KOl OTOTEAECUATIKOTNTAG MG
npog t damdvn etvor 84,06%, 80,14%, ko 67,22%, avtictoya, yio v mepiodo mov

KoAOTTEL TO Ogtypo pog. Ewdwotepo, n mAcioyneio T@v vVOIKOKLPIOV 6To deiypa
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(87%) métuye PaBolc omOTEAEGLOTIKOTNTOG G TTPOG Ta aryafd petald 80% kot 90%,
45% 1V VOIKoKuplOV TTETVYXE PoBUOVS OVEUNTIKNG OTOTEAEGUATIKOTNTOS UETOED
70% war 80% xot 10 vroAoUTo 55% TV VOIKOKLPLOV TTETVYXE Pabods daveUNTIKNG
amoterespotikoTroag petad 80% war 90%. Téhog, oxeddv Ola o VOIKOKVLPLY TOL
detypatog (99%) métvuyov Pabrovg amotelecpaTIKOTNTOG OC TPOS TN domTdvn HETAED
60% ka1 70%.

Ta eumelpikd vrodeiypota mTov £YOVUE YPNOUYLOTOMGEL Y10 TNV OIKOVOUETPIKN
ektTiunon  tov  OBgpnTikod  LTOSEIYHOTOC YL TNV OMOTEAEGUOTIKOTNTO  TOL
KOTOVOA®T Kot dpo, to omotehécpoto mov e&nybnkov omd avtd, dev elvan
ovykpioywa. o 1o Adyo oavtd, OBa emkevipwBoope omv  epunveioa TV
amoterecudTov mov eENyOnkav amd 1o two-tier frontier vwdderypa povov. H kopia
VOBEGT OV £YOVUE KAVEL VIO TNV OVATTUEN TOV SEIKTOV OMOTEAEGUATIKOTI TG TOV
eKTIONKOY Elvat OTL 01 KOTAVOAMTEG LTOPOVV VAL TETAEOLV TIG OTOLEG UN-EMBVUNTES
TOcOTNTEG TOV 0yofdV oL ayopacayv. Avtd onpaivel 6Tt ot ayopacHeiceg TOGOTNTEG
TOV ayoddv Kol ®¢ €K TOVTOV, 1 TPAYUATIKY (Topotnpoduevn) damdvn, umopodv
KAAMGTO Vo glvon vynAdTEPES Ao QVTEG TOL LOALS Ypetdlovtor Yo TNV enitevén evog
dedopévov  emimédov  ypnowodtroc. Xpnoipomowwvrog T oxéon (4.42) 1ov
Kepaiaiov 4, n omoia mwopéyet Evav oplopd NG OMOTEAECUATIKOTNTOS MG TPOS TOL
ayafd og évav Adyo KdOctovg (cost ratio), To €Opnua OTL M eKTUNUEVN péom
amoteAecLATIKOTNTO G TTPog Ta. ayadd ftav 84,06% katd tn didpkelo TG TEPLOSOL
IovAog 2005 — Iodviog 2006 vmodewkvier Ot1, katd péco Opo, to 15,94% tov
TPOUTOAOYIGHOD TMV VOIKOKLPIOV OmaToAnOnke, N 0T, m.Y., HECO KOADTEPOU
TPOYPOUUOTIGHOD TOV SOTAVAOV TOVG, TO VOIKOKLPLA B0 Lropovoay va Eiyov LEIDGEL
TN GLVOMKTN ToLG damdvn Katd 15,94% kot Tavtdypova va meTdyovv To 1d10 eminedo
ypnowdrag pe €va pépog tav ayopacpévov ayobov. H oyxéon (4.43) tov
Kepoiaiov 4 opilet 10 HETPO TNG AVEUNTIKNG OTOTEAEGLATIKOTNTAG MG TOV AOYO NG
eMdoTNG damdvng oL amouteiton Yoo TNV EMITELEN €VOG OEOOUEVOL EMTEOOV
YPNOUOTNTOG TPOG T SOTTAVT Y10 TO SLAVVCUO oyolddV TOL EIVOL ATOTEAECUATIKO MG
npog To. oyafd. Ymd avtdv Tov oplopd, To €0pnua 0Tt M UEGT OLOVEUNTIKN
arotedeopatikotnTo NTov 80,14%, Katd T YPovIKY SLAPKELN TOL KOAVTTEL TO delypa
HOG, LTOOEKVOEL OTL, dEDOUEVOL €VOC EMTEOOL YPNOUOTNTAG KOl TOV TIUOV TOV
ayabov, ta voikokvpld Ba pumopovoay va giyov LEUMGEL TI] GUVOAIKY TOLG OOTAVT

Katd 19,86% av eméleyov €va O0POPETIKO GLUVOLAGUO TOGOTNT®V TOV oyaddv.
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MMivaxag 7. Katavour Zuyvomntog yio v ATOTEAEGUOTIKOTNTO O TPOS To. Ayadd,
™ Awoveuntikn ATOTEAEGUOTIKOTNTO Kol TNV ATOTEAEGUOTIKOTNTO MG TPOS TN
Aomdvn, yia to Proxy Ymooetypa.
2005 2006

Iovd. Avy. Xem. Oxkt. Noé. Aek. lav. ®gf. Map. Anp. Mai. lodv.
AmotelecpatikdTTa ©G Tpog To. Ayadd
<0,4 0 0 0 0 0 0 0 0 0 0 0 0
0,4-0,5 1 1 2 8 2 1 2 0 2 2 1 0
0,5-0,6 9 15 22 48 39 42 3532 22 18 25 27
0,6-0,7 31 126 211 295 246 229 251 226 159 145 117 116
0,7-0,8 93 288 405 428 458 482 470 490 504 445 422 358
0,8-0,9 225 313 202 97 131 127 126 136 195 270 314 368
>0,9 525 141 42 8 8 3 0 0 2 4 5 15
Mécog 0,89 0,8 0,75 0,72 0,73 0,73 0,73 0,73 0,75 0,76 0,77 0,78

AlovepnTiKy] ATOTEAEGLATIKOTNTO

<0,4 0 0 0 0 0 0 0 0 0 0 0 0

0,4-0,5 0 0 0 0 0 0 0 0 0 0 0 0

0,5-0,6 9 4 8 13 8 8 7 11 9 9 5 8

0,6-0,7 137 130 125 140 137 134 134 130 125 122 115 144
0,7-0,8 383 391 358 391 428 397 394 421 429 438 390 417
0,8-0,9 266 272 308 266 250 267 271 256 258 246 298 244
>0,9 &8 77 8 74 61 T8 78 66 63 69 T6 71

Mécog 0,78 0,78 0,79 0,78 0,77 0,78 0,78 0,78 0,78 0,78 0,79 0,78

AmotelecpaTikOTNTA OG TPOG TN Aadvn

<0,4 0 0 0 0 0 0 0 0 0 0 0 0
0,4-0,5 50 54 60 19 30 30 35 31 25 43 39 34
0,5-0,6 428 503 456 484 518 464 492 530 476 392 473 465
0,6-0,7 403 327 368 381 336 390 357 323 383 449 372 385
0,7-0,8 3 0 0 0 0 0 0 0 0 0 0 0
0,8-0,9 0 0 0 0 0 0 0 0 0 0 0 0
>0,9 0 0 0 0 0 0 0 0 0 0 0 0
Mécog 0,59 0,58 0,58 0,59 0,59 0,59 0,59 0,59 0,59 0,59 0,59 0,59

Emumiéov, apov 1 amotedecpatikdOmTa ©g mpog ™ damdvn opiletar wg o Adyog g
EAGYIOTNG OAMAVIG TOL OMOLTEITOL Yoo TNV EMitevén €vOg OedOUEVOL EMTESOL
YPNOUOTNTAG TPOG TNV TPAYUATIKY (Topotnpoduevn) damdvn, €vag pesog Paduog
OMOTEAEGUATIKOTNTOS MG TPOS TN damdvn Vyovs 67,22% vmodekvoet Otl, KATd HEGO
6po, 10 32,78% 10V TPOLMOAOYIGHOD T®V VOIKOKLPLOV omatoAnOnke Ady® NG
TOPOVGIOG TNG OVOTOTEAECUATIKOTNTOS MG TPOG TO ayodd Kol Tng SLVEUNTIKNG

OVOTTOTELEC LATIKOTITOC.
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IMivaxag 8. Katavour Zuyvomntog yio v ATOTEAEGUOTIKOTNTO O TPOS To. Ayadd,
™ Awoveuntikn ATOTEAEGUOTIKOTNTO Kol TNV ATOTEAEGUATIKOTNTO MG TPOS TN
Aamdvn, ywo to Two-Tiered Frontier Ynodstypo.
2005 2006
Iovd. Avy. Xem. Oxkt. Noé. Aek. lav. ®gf. Map. Anp. Mai. lodv.
AmotelecpatikdTTa ©G Tpog To. Ayadd

<0,4 0 0 0 0 0 0 0 0 0 0 0 0
0,4-0,5 0 1 0 0 0 1 0 0 1 0 1 0
0,5-0,6 2 6 1 4 1 0 1 2 2 2 1 2
0,6-0,7 9 15 15 14 11 20 9 7027 7 5 9

0,7-0,8 112 124 119 136 128 147 116 102 148 111 120 113
0,8-0,9 761 738 749 730 744 716 758 773 706 764 757 760
>0,9 0 0 0 0 0 0 0 0 0 0 0 0

Mécog 0,84 0,84 0,84 0,84 0,84 0,83 0,84 0,84 0,83 0,84 0,84 0,84

AlovepnTiKy] ATOTEAEGLATIKOTNTO

<0,4 0 0 0 0 0 0 0 0 0 0 0 0
0,4-0,5 0 0 0 0 0 0 0 0 0 0 0 0
0,5-0,6 25 0 2 2 2 4 7 3 11 2 1 1

0,6-0,7 9 0 40 22 33 69 51 18 25 9 98 120
0,7-0,8 221 362 315 402 434 406 430 416 329 269 307 375
0,8-0,9 402 469 460 416 393 362 370 427 469 539 423 350
>0,9 137 53 67 42 22 43 26 20 50 65 55 38

Mécog 0,81 0,81 0,81 0,80 0,79 0,79 0,79 0,80 0,81 0,82 0,80 0,78

AmotelecpaTikOTNTA OG TPOG TN Aadvn

<0,4 0 0 0 0 0 0 0 0 0 0 0 0
0,4-0,5 19 0 0 1 0 13 8 3 22 7 0 0
0,5-0,6 142 9 75 43 47 122 & 27 27 5 170 162
0,6-0,7 345 605 526 562 627 528 556 597 562 499 452 484
0,7-0,8 351 270 283 278 210 221 237 257 273 373 262 238
0,8-0,9 27 0 0 0 0 0 0 0 0 0 0 0

>0,9 0 0 0 0 0 0 0 0 0 0 0 0
Méocog 0,68 0,68 0,67 0,68 0,67 0,66 0,66 0,68 0,68 0,69 0,66 0,66

Téhog, 6GOV aPOPE GTN GLUTEPLPOPA TOV VOIKOKLPIDOV KOTA TN SLIPKELD TOV
YPOVOL, OEV UTOPOVUE VO CLUUTEPAVOVUE OmO TO EUTMEPKO amoTeEAéSHOTA OTL Ol
Babuoi avamotedeopatikoOtnTag pewdvovrol ypovikd. Onwg gaiveton otovg Iivaxeg 7
kol 8, ot pécol Pabuoi amotelespatikdtrog ivor otabepol Katd ™ SdpKEL TOV
xpOvov. Avtd eivar oavopevopevo, av Adpoovpe vtoyn tov THmo TV VIO HEAETN
ayafdv Kot T HKpn xpovikn didpkela mov KaAvmtel 1o detypa pog (12 pveg). o
ovykekpipéva, ta Vo e&€taon ayadd mailovv évav onuoviikd polo otn dlaTpoen
TOVL HECOL VOTKOKVPLOV KO, EXUTAEOV, 1] XPOVIKT] SLOPKELN TOV KOAAVTTEL TO SETYLLOL LLOG

elval TOAD UIKPN Yo Vo, EMTPEYEL VA POVOVV OALAYEC OTO KOWVMVIKO-ONUOYPOOTIKA
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YOPOKTNPIOTIKA To, omoia Ba propohoav va, EMNPEACOVY TIG KATAVIAMTIKEG GLVNOELES

Ko, apa, Toug Pabpods amoTEAEGUATIKOTNTOGS.
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