IBGE

Brazilian Institute for Geography and
Statistics

ECLAC

Economic Commission for Latin America and the
Caribbean

National Statistical Institute of Portugal

Third Meeting of the Expert Group on Poverty Statistics (Rio Group)
Lisbon, 22-24 November, 1999

Equivalence Scales
A Brief Review of Concepts and Methods®

ECLAC

! This document is an abridged translation from the original in Spanish: “Escalas de Equivalencia: Breve
Resefia de Conceptos y Metodos’, CEPAL (1999), in press.



1. Introduction

In measuring “well-being”, household income (or consumption) is usualy used as a suitable
indicator of the level of living. The most elementary option is to use total income, which would
mean that two households with the same income have the same level of well-being, regardless of
their size or other characteristics. The use of per capita income partly solves this problem, since it
takes account of the number of persons in the household. However, this variable assumes that all
individuals needs are the same and that there are no economies of scale in consumption. This runs
counter, for example, to the evidence that children need a smaller budget than adults to satisfy their
food and clothing needs, and moreover it is not compatible with the idea that two persons living
together can cover their needs in terms of heating and housing without needing to spend twice as
much as a person living aone.

Equivalence scales are indexes that measure the relative cost of living of families of different sizes
and compositions. They are made up of two eements: the “consumer unit equivalence”, which
takes account of the needs of the household members according to their characteristics, and
“economies of scae’, which mean that the margina cost goes down with the addition of new
members to the household.

In the literature, equivalence scales are usudly classified as follows. a) “behaviour” scales,
estimated on the basis of the observed expenditure of households; b) “parametric” scales, which
explicitly reflect the “equivalence” and “economies of scal€’ dements; ¢) “expert” scales, which
are constructed on the basis of the criteria used by researchers, and d) “subjective’ scales,
estimated on the basis of individuals perceptions of their own needs. In line with this logic, the
methods most frequently used to estimate equivalence scales are analysed below.

2. Equivalence scales based on observed expenditure

2.1 Theoretical framework

Following the ideas of Tsakloglou (1991), let us assume a utility function for heads of households
which depends on the quantity of goods consumed in the household (q) and its demographic
characteristics (z)*

u=u(q, 2)

Then, we can obtain a “cost function” which indicates the minimum expenditure on goods (x)
required for a household of composition z to reach utility level u when prices are p:

c(u,p,z) = x

The equivalence scale is obtained by dividing the cost function of household h by the cost function
of the reference household, for given levels of prices (p°) and utility (U°):

2 symbolsin bold-face type, such as p and z, correspond to vectors.



As set forth here, the equivalence scale mcannot be estimated, because the level of utility u is not
observable. However, it is possible to empirically estimate demand functions which depend on
observable variables. Generally speaking, the methods for constructing equivalence scales
presented in this section can be interpreted as different ways of estimating these demand functions.
Expenditure on good i is given by:

1 c(v(x,p,z),p,z)
Tinp,

P qi(Xap’Z) =

Pollak and Wales (1979) consider that this procedure is not appropriate for making welfare
comparisons, because the observed demand is “conditiona” on the size of the household and
therefore does not reveal the household's preferences with regard to the number of members in it.
According to these authors, the only valid way of making welfare comparisons is through
“unconditional” preferences: that is to say, utility functions that are maximized by choosing both
the quantity of goods to be consumed and the family size. Other criticisms of the welfare
assumptions in the estimation of equivalence scales may be found in Fisher (1987) and Nelson
(1993).

2.2 Engel method

The most frequently used method for constructing equivalence scales is that of Engel (1895). It
assumes that the greater the proportion of expenditure allocated to the purchase of food, the lower
the level of well-being of the household. If two households spend the same proportion of their
budgets on food (i.e., they have the same level of well-being), the relation between the total
expenditures of the two households will give an index of the cost of maintaining the first household
compared with the second, and this index will be the equivalence scale. This is applicable not only
to expenditure on food but also to spending on any good displaying the same empirical regularities
(“1so-Prop” method, Watts, 1967).

In order to construct equivalence scales by this method, we must estimate an “Engel curve” for the
proportion spent on food. Let us take, for example, the following functional form:

w, =a +b In(x/n)+é gn +e

where x = total expenditure, n = total number of persons in the household, n; = number of persons
in category i (examples of categories are: children from O to 6 years of age, from 6 to 12, etc.), a,
b and g are parameters, e is an error term, and In(x/n) is the natural logarithm of per capita income.

If X" is the expenditure that household h must make to maintain the same level of utility as the
reference household (whose expenditure is x°), and if both households devote the same proportion
of their expenditure to the purchase of food, then x” would be defined by:



a+b In(x*/n“)+é gn' =a+b In(x°/n°)+é g;n’
Solving for the expenditure variables, we obtain the equivalence scale:®
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Nicholson (1974) shows that expenditure on food is not an appropriate indicator of well-being. His
argument is as follows: Let us assume that an adult couple have just had a child and receive an
income compensation which alows them to maintain their previous level of living. As the child
spends most of his budget on food, the total proportion of expenditure devoted to the purchase of
food will be greater than before the arrival of the child, athough the family’s level of living has not
worsened. Consequently, Engel’s method overestimates the compensation needed to maintain the
family on its initial indifference curve. Such overestimation also occurs because the limited
economies of scalein food consumption are not representative for other goods such as housing, etc.
These observations are consistent with the findings of Tsakloglou (1991) and Deaton and
Muellbauer (1986).

Although it has the great advantage of simplicity, Engel’s method is rejected as a valid option for
estimating equivalence scales, both because of the weakness of its theoretical bases and the
implausibility of its implications, including its assumption that the relation between the needs of
children and adultsis the same for al goods.

2.3 Rothbart method

Instead of expenditure on food, Rothbart (1943) suggested using a group of goods consumed only
by adults, termed “adult goods’. The idea is that the incorporation of a child into the family
involves fresh expenditure which is financed by reducing the budget for goods not consumed by
children. If it is assumed that the spending on “adult goods’ (such as cigarettes and liquor) reflects
the well-being of the adults in a household, the equivaence scale is given by the quotient between
the total expenditures of two households with different sizes whose spending on “adult goods’ is
the same. Using this method, it is aso possible to calculate the “cost of a child’: that is to say, the
monetary compensation needed to permit a household to spend the same proportion of its budget on
“adult goods’ as it did before the incorporation of the new member. The empirical estimation of
equivalence scales by this method follows the same procedure as was set forth for Engel’ s method,
subject to prior identification of the “adult goods’ to be used.

The literature comparing the Engel and Rothbart methods tends to prefer the latter. This does not
mean that Rothbart’s method is free from defects, however. Among such defectsis the fact that this
method assumes that the presence of children has an income effect only on the consumption of the
parents, but this is not so when there are “family” goods (public goods in the household). Among
the practical limitations, it should be noted that this method is only useful for estimating

% The term exp(x) is equivalent to e*, where e is the base of the natural logarithm (In).



equivalence scales for children, since it requires that the additional member of the household should
not consume “adult goods’.

There are a number of arguments showing that the Rothbart method underestimates the equivalence
scales. Thus, Gronau (1988) notes that when the parents derive utility from the consumption of
their children, the marginal propensity to spend on “adult goods’ is reduced by the presence of
additional children. In addition, Tsakloglou (1991) mentions that some “adult goods’ tend to be
inelastic with respect to income, so that they do not adequately reflect the “cost” of an additional
member in the household.

2.4  Prais and Houthakker (PH) method

This method —based on Sydenstricker and King (1921)- is a generdlization of the preceding
methods, as it estimates a system of Engel curves for each good (or group of goods) consumed in
the household. The Engel curves have the following form:

8
@

(5 3]
oF (X’Z) =m, (Z)gigm

where my(2) is interpreted as an “income scale€’” and m;(z) corresponds to “specific scales’ for each
good. The first function measures the relative income required by households of different
compositions to attain the same level of well-being, while the second measure the relative
expenditure on good i by the different demographic groups in the household. Thus, a household
with children will have higher “specific scales’ for goods such as “children’s food” and
“education” than a household made up only of adults; this will be reflected, in turn, in a higher
“income scale’.

The most obvious advantage of this method is that it does not assume that the addition of a new
member to the household has the same effect on the consumption of all goods, as Engd’s method
does. There are certain extreme assumptions behind this method, however, such as the assumption
that the crossed elasticities are zero. Moreover, Muellbauer (1974) shows that the model is under-
identified and that it is not possible to estimate equivalence scales without placing restrictions on
some of the specific scales. According to Deaton (1997), it could be assumed that the specific scale
for “adult goods’ is equal to 1, but in this sense it is open to question whether this complicated
method redlly represents a contribution compared with a smpler methodology such as that of
Rothbart.

2.5 Barten method

Like the method of Prais and Houthakker, the method by Barten (1964) proposes a system of
demand equations, but unlike the methods analysed earlier this incorporates the possibility that
prices may vary. As it is more general, this method embraces the three methods already analysed,
subject to certain special restrictions.”

* Only if the couple is takes as the reference unit for al the methods, and not an adult or other member.
Nelson (1993) notes that this assumption is open to objection, since the concept of well-being used leaves
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In this method, the demand functions have the following form:

q, =m(2)*h (%, p,my(2),.... p,m, (2))

where z is a vector of demographic characteristics vector and m;(z) determines the proportion of
each good i consumed by the parents (Deaton and Muellbauer, 1986). When a new member is
added to the household, the demographic characteristics can affect demand in two ways. (a) a
“direct” positive effect on demand, corresponding to the increase of the factor m; as a result of the
greater “needs’ caused by an additiona member, and (b) an “indirect” effect due to the change in
“effective’” prices (pim;) of the parents consumption, resulting in the replacement of more
expensive goods by cheaper ones. This latter effect lends greater theoretical weight to Barten's
method, asit is not present in any of the earlier methods.

It should be noted that this methodology implicitly assumes that both the reference household and
the household with children consume the same goods, which is not consistent with the case of a
good such as diapers. This problem can be solved by using the modification suggested by Gorman
(1976), who adds a number of fixed costs associated with children to Barten’s cost function.

In general, Barten's method is of limited applicability, as it requires data with price variations for
its estimation. With regard to the soundness of the assumptions made in this model, the empirical
evidence seems to rgject the independence of the m;(z) functions with respect to quantities, income
and prices (Nelson, 1992).

3. “Parametric” scales

An option which is not based directly on observed behaviour is provided by “parametric”’ scales.
These are scales constructed on the basis of a standard functional form, with explicit parameters
that reflect the economies of scale in consumption and the different needs of the household
members.

One possihility is to establish the equivalence scale entirely as a function of the economies of scale
in consumption. In this case, the scale is given by n% where n is the number of members in the
household and g is the parameter for economies of scale (q = 0 corresponds to absolute economies
of scale; g = 1 corresponds to the absence of economies of scale). According to Buhmann and
others (1988), this functional form adequately represents other scales estimated on the basis of
observed expenditure, even though it does not take other demographic characteristics into account.
Some studies by the Organization for Economic Cooperation and Development (OECD) and the
Statistical Office of the European Community use an equivalence scale of this type, taking a value
of g equal to 0.5 (Burkhauser and others, 1996).

It is also possible to develop a parametric scale entirely as a function of the relative needs of the
household members. An example of thisis the OECD scale, which can be written as [1.0 + 0.7(A-
1) + 0.5K]; i.e., the first adult has a value of 1.0, each additional adult is equivaent to 0.7 of the
first adult, and each child under 14 is equivalent to 0.5 of the first adult. Smilarly (but assuming

out the welfare of children.



lower equivalences) the “modified OECD” scale uses parameters corresponding to 0.5 for each
additional adult and 0.3 for each child (De Vos and Zaidi, 1997).

A more “complete” parametric scale has been proposed for the construction of the United States
poverty line (Citro and Michagl, 1995). This scale has the form (A + pK)F, where A is the number
of adultsin the family, K is the number of children, p is the proportion of a child's needs compared
with those of an adult, and F is the economies of scae factor.

Generaly speaking, the growing use of these scales is due to the ease with which they can be
applied and understood. They are often criticised for the arbitrary manner in which they select
parameters, although this can be corrected by choosing values that are consistent with observed
behaviour.

4. “Expert” and subjective scales

4.1  “Expert” scales

An “expert scale” is one constructed on the basis of the views of expert socia analysts, using
different types of information and usualy taking into account the specific use to be made of the
scale (Buhmann and others, 1988)°. The “expert scale” most often cited in the economic literature
isthat of Orshansky, which is actually a by-product of the poverty lines for various types of United
States households.

Citro and Michael (1995) mention some criticisms of this method, generally aimed at the fact that
these scales depend largely on nutritiona criteria. These criteria may not coincide with redity, and
moreover they fail to reflect the economies of scale in the consumption of “family goods’. In short,
this method has gained little acceptance, and its use for the construction of equivalence scalesis not
usually recommended.

4.2  “"Subjective” scales

Asin the previous case, subjective scales are a by-product of the construction of subjective poverty
lines. These are calculated on the basis of the interviewees perception of what they consider to be
the minimum income essential for survival. For this purpose, surveys usualy include a “Minimum
Income Question” along the following lines: “What do you consider to be the minimum amount of
money needed for the survival of afamily of four persons?’ (Danziger and others, 1984).

The empirical evidence shows that the higher the income level of the respondent, the higher tendsto
be the income that he considers to be a minimum for survival. On the basis of this, it is assumed
that those households which consider that this minimum income would be similar to that which
they receive themselves are those that give the “true’ answer, i.e,, the poverty line. The equivaence

> Although “parametric” scales could also correspond with this definition, the information they use is not
limited to that coming from “experts’. Our classification is based on the way equivalence scales are
constructed and not the source of the information used.



scales are obtained by dividing the subjective poverty line of a household by that of the reference
household.

Although many authors acknowledge the potential of subjective information in measuring well-
being, this method has not won general acceptance in the construction of equivalence scales. Its
results are not usually easy to accept, as they generally involve excessive economies of scale.

5. Effects of the use of equivalence scales

A first option for evaluating the implications of the use of equivalence scales is that developed by
Buhmann and others (1988). That study approximates a wide variety of equivalence scales by
means of a parametric scale with a single parameter corresponding to economies of scale. The
results show that the value of the parameter for “subjective’ scalesis usualy around 0.25, that of
“behaviour” scales averages 0.40, while that of “expert” scales exceeds 0.60. In short, “subjective”
scales generate high values of economies of scale while “expert” scales give very small economies
of scae, in line with what was noted earlier.

Coulter, Cowell and Jenkins (1992) make a theoretica analysis of the effect of using an
equivalence scale on the measurement of poverty and income distribution, using a parametric scale
of the same type as that of Buhmann and others (1988). These authors find that changes in the
parameter of economies of scale are typicaly reflected as a U-shaped relation between the socia
indicator and the parameter in question, both for income distribution and for poverty. This means
that if the value of the parameter is gradually raised from O to 1, first there is a reduction in the
indicator (either a reduction in poverty or an improvement in income distribution), but after
reaching a minimum level the indicator gradually begins to rise again.

The prediction of a U-shaped relation is compatible with the empirical findings of various studies,
including those of Coulter and others (1992), Buhmann and others (1988) and Figini (1998). With
regard to the magnitude of the changes in the measurement of income distribution and poverty,
severa studies generally concur that the aggregate measures do not display major variations as a
result of changes in the equivalence scale. However, the demographic structure of households
ranked by income levels may register important changes. It should be noted that these empirical
observations are based on the use of relative poverty lines and refer to developed countries, so that
their conclusions are not necessarily applicable to other situations or ways of measuring poverty.

6. Conclusions

The arguments set forth in this paper clearly indicate that no method is categorically superior to
another. The “subjective” and “expert” methods are often rgjected for not having an acceptable
theoretical basis for measuring welfare. Although the methods developed by Engel and Rothbart
have the advantage of being smple and easy to estimate, both of them generate biased scales. The
methods of Pras and Houthakker and of Barten have more solid theoretica bases, but
unfortunately their estimation is a complicated matter, they are not suitably identified, and they
require very large data bases.

Among the advantages of parametric scalesis their ease of construction, which makes it possible to
establish a clear separation between the “needs’ effect and the “economies of scale” effect. In spite



of their simplicity, they give quite acceptable approximations to the results obtained by using
methods with a better theoretical base. The selection of values for the parameters could be totally
arbitrary, however, unless based in some way on observed behaviour.

Generdly spesking, studies which evauate the impact of using equivalence scales on the
measurements of income distribution and poverty do not find any major effects on the aggregate
measurements, but such effects are observed on the demographic structure of households below the
poverty line. However, these conclusions are not necessarily applicable to developing countries or
those where the poverty line used is absolute.
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