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Abstract

In this thesis, theoretically sound and empirically
tractable solutions are provided to problems inherent in the
traditional practice of measuring inequality in fhe‘distribution
of annual income. Inequality is taken throughout to mean the
extent to which society falls short of a situation in which
everyone is equally well-off. The measurement of annual income
inequality is inappropriate in this regard because it ié
consumption, not income, that produces welfare. Furthermore,
individual, and therefore social, welfare depends on consumption
over the lifecycle, not just in a single year. There are also
problems of a less theoretical nature. Measufed annual
ineguality includes an age—related component attributable to tﬁe
shape of lifecycle income_profiles. Annual inequality indices
also fail to account for the effects of income mobility.

.In response to these problems, two new approaches to the
measurement of inequality are proposed. In the welfare approach,
an improved index of ineqguality is sought by replacing annual
income with a summary statistic of lifecycle consumption.
Lifecycle inequality is then decomposed within and among age-
cohorts. Intercohort inequality captures the contribution of
economic growth to total inequality, while intracohort
inequaliﬁy is an index of pure interpersonal inequality. The
decomposition approach is a compromise between the inadequacy of
measuring annual income inequality and the impossibility of
measuring lifecycle consumption inequality. Total inequality is

measured in panel consumption data treated as a single
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distribution, "and then decomposed into indices of age-related,
mobility-related, and pure interpersonal inequality.

Empirical implementation of the decomposition approach
indicates that age-, and especially mobility-related, inequality
account for substantial portions of total measured inequality.
Sensitivity tests of the decomposition approach indicate that it
is a robust method of measuring inequality.

Finally, the decomposition approach is applied to the
problem of measuring the trend of inequality, widely observed to
have been remarkably constant in the post-War period. Although |
the trend of measured annual inequality is constant, lifecyéle
inequality as measured using the decomposition approach declines
ovef the sample period. A

The principal finding of this thesié is that the
decomposition approach to the measurement of inequality is
essential for an accurate assessmént‘of the level and trend of

pure interpersonal inequality.
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CHAPTER ONE

Introduction

Measuring inequality in the distribution of annual income
was early established as a theoretical and empirical norm. This
approach has survived despite considerable evidence that annual
income inequality is a poor index of the extent to which society
falls short of a situation in which everyone is equally well-
off. In empirical work, for example, it was discovered that the
Gini coefficient ié'sensitive to the length of the income
accounting period. Income mobility, the tendency for
individuals' relative positions in a distribution to change over
time, works to reduce the dispersion of incomes cumulated over
several years. Since the choice of an accounting period is
largely arbitrary, what ethical content might otherwise be
imputed to the Gini coefficient of annual incomes 'is effectively
destroyed.

In a similar vein, it was recognized that measured annual
inequality réfleCtS‘not only income differences within a
population, but also its age-structure. Lifecycle profiles
estimated from cross-sectional data show that income varies
systematicall? with age, tending to rise at a decreasing rate
over the working years, eventually leveling off and declining
somewhat after retirement. Young people and seniors therefore
predominate in the low income poftions of the distribution whilé
individuals in the prime of working life are ambng the majority

of high income receivers. Measured annual income inequality thus
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includes an age-related component; a change in its value may as
easily be the result of a demographic change such as the
maturing of a "baby boom" generation, as a tendency for the rich
to get richer at the expense of the poor. |
Theoretical criticisms of the traditional practice of
measuring ineqguality in the distribution of income have also
been raised. Ideally, inequality should be measured in the
distribution of welfare. A problem arises, however, because
individual utility functions are known only up to a monotonic
transformation. Measured inequalify in the distribution of the
images of individual utility functions depends on the particular
functional representation of preferences, and is therefore not

unique.' The impossibility of measuring inequality in the

_distfibution of welfare led to its being approximated by

inequality measured in the distribution of income. Only recent;y
have objectlons been raised agalnst this practice on the grounds
that the dlstrlbutlon of welfare is more closely related to the
distribution of consumption than of income. Inequality would be
more accurately approximatéd, it has been argued, if it were
measured in the distribution of consumption. Furthermore, the
importance, for considerations of welfare, of lifecycle
consumption has been stressed, raising further questions; For
example, what summary statistic of lifecycle consumption is

appropriate for use as one of the arguments in an inequality

The situation is akin to the problem pointed out by Atkinson
[1970] that Dalton's [1920] measure of inequality is not

invariant with respect to linear transformations of individual

utility functions.



index? And how should the effects of economic growth, which puts
the lifecyclé consumption prospects of young people considerably
above those of their elders, be taken into account in the
measurement of inequality?

These are some of the problems with the theory and practice
of inequality measurement which have‘stimulaﬁed the present
research. In this introductory chapter a detailed analysis of
these problems is provided within the context of a review of the
literature on the measurement of inequality. This leads to the
development of two new approaches té the measurement of
inequality. In the welfare approach, presented in Chapter Two,
summary statistics of lifecycle consumption profiles replace
annual incomes as the arguments of an inequality index. While
theofeticallz sound, this approach turns out to be impractical,
and an empirically tractable alternative is presented in Chapter
Three. In the decomposition approach total inequality is
measured in panel consumption data and decomposed into three
components, one of which may be interpreted as an index of pure
interpersonal inequélity. Empiricél results for decomposition
approach indices of inequality are presented in Chapter Four.
Annual inequality indices computed from the same data set are
also reported in order to evaluate and compare the pérformances
of these two types of inequality indices. In addition, the
robustness of the decomposition approach is investigated by
examining the sensitivity of the computed indices to changes in
the specification of certain important variables. Finally, in
Chapter Fivé, I apply the decomposition approach to the problem

of analysing the trend of lifecycle .inequality. I summarize the



results of my research and draw some conclusions from it in
Chapter Six.? |

The distribution of annual income has long been the centre
of attention in both the theory and practice of measuring
inequality. Lorenz [1905]) and Gini [1912], for example, proposed
methods of portraying and measuring inequality in income
distributions that are still the best known and most popular
techniques of inequality measurement. Dalton's [1920] pioneering
theoretical work on "The Measurement of the Inequality of
Incomgs" provided fhe first insights into the social welfare
foundations of the subjéct. Based on these influential
precedents, empirical studies of inequality have concentrated on
the distribution of annual income. This t:adition is continued
in the modern theory of inequality measurement, due primarily to
Atkinson [1970], Kolm [1969], and Sen [1973].

Theoretical interest in the personal distri?ution of income
stems in part from the classical economists' interest in the

distribution of factor shares and the associated neoclassical

marginal productivity theory of
concerned with the distribution
terms, income. The predominance

empirical studies of inequality

relative availability of annual

distribution, which are
of total product or, in monetary
of the income distribution in

is largely the result of the

income data. The tradition of °

2There are two appendices attached to this thesis. In Appendix A,
an alternative procedure for decomposing inequality within and
among population subgroups is evaluated and compared to the one
that I have employed in the decomposition approach to the
measurement of inequality. A method of approximating the degree
of lifetime inequality using annual data is compared to the
decomposition approach in Appendix B.



measuring inequality in the distribution of anﬁual income may
thus be said to have been born of a marriage of empirical
pragmatism and theoretical rationale.

Measuring inequality in the annual income distribution,
however, is both theoretically and methodologically incorrect.
Briefly, the methodological problems concern the failure of
measured annual income inequality to take account of
intertemporal and intergenerational aspects of inequaiity that
should be distinguished from purely interpersonal inequality. In
this sense, simply measuring annual income inequality is
incomplete. A theoretical problem arises.because the correct
interpretation of inequality is the extent to which indi?iduals
in society are not equally well-off, which implies that
measuring inequality in‘the distribution of annual income is
misspecified. I will discuss these broblems and what has been
written aboutvthem in turn, before drawing some conclusions
about how inequality should properly be measured.

Early empirical work indicated that traditional indices of
income inequality are not indepenaent of ﬁhe length of the
accounting period. Hanna [1948], for example, found that the
incomes of a sample of Wisconsin taxpayers became more equally
distributed when measured over a longer accountiné period
(i.e. the Lorenz curve of incomes measured over two years lay
everywheré inside the average of the two Lorenz curves_of annual
incomes). Soltow [1965] and Kohen, Parnes,'and Shea [1975] also
report an inverse relationship between the Gini coefficient of
incomes and the length of the accounting period. This phenomenon

is the result of changes in individuals' relative positions in



the income distribution over time, or income mobility, and has
recently been studied in depth by Shorrocks [1978a,b].

Those occupying the highest and lowest positions in
the income hierarchy rarely remain there forever. So
the aggregation of incomes over time tends to improve
the relative position of those temporarily found at
the bottom of the distribution, and the situation of
those at the top tends to deteriorate. For this reason
it is commonly supposed that inequality falls as the
accounting period is lengthened. . . . (T)he little
evidence available agrees with expectations (Shorrocks

[1978a, p. 377]).

Measured annual income ineguality thus includes a mobility-
related component which should be distinguished from pure
interpersonal inequality. The social significance of the degree
of pure interpersonal inequality is thus overstated by measured
annual income inequality.

The severity of the error inherent in measured annual
income inequality depends, of course, on the degree of income
mobility.

If the income structure exhibits little mobility,

relative incomes will be left more or less unaltered

over time and there will be no pronounced egalitarian

trend as the measurement period increases. In

+ contrast, inequality may be expected to decrease
significantly in a very (income) mobile society

(Shorrocks [1978a, p. 3771).

The available evidence indicates that income mobility and
mobility-related inequality are substantial. Schiller [1977]
found that the United States is characterized by a very high
degree of relative earnings mobility.? Shorrocks [1978b]

gquantified the effect of income mobility by charting the inverse

relationship between measured inequality and the length of the

3However, the subjective nature of his analysis and absence of
quantitative results -impair the validity of his conclusion.



accounting period. Although the results were found to be
sensitive to the choice of inequality index and age, declines in
measured inequality of 5 to 52 per cent compared to annual
income pccurred in inequality of family incomes aggregated over
nine.years. My own estimates, reported in Chapter Four, indicate
that mobility-related inequality accounts for 21 to 39 per cent
of the total.® It would thus seem that the failure to account
for inequality attributable to income mobility represents a
serious problem that has not yet been adeguately solved.
Shorrocks [1978a, b] has provided the best attempt to date
to deal quantitatively with the effect of income mobility on
measured inequality. His suggestion is to exploit the
relationship betweén income inequality and mobility to construct
an index of mobility that‘reflecﬁs the extent to which incomes |
are equalized as the accounting period is lengthened. More
specifically, he first proves thaf, for a large class of
inequality indices which are convex functions of relative
incomes and mean independent, inequality of incomes aggregated
over a number of years cannot exceed a weighted average of
annual income inequality, where the weights equal the
proportions of aggregate income received in each year (Shorrocks
[1978a], Theorem 1). The ratio of aggregate income inequality to
average annual inequality is therefore bounded above by unity,
which represents a situation of complete income immobility or

constant relative incomes over time. Shorrocks calls this an

“This range reflects only the choice of inequality index (or,
more specifically, the degree of inequality aversion) and would
be wider still if the results were disaggregated by age.



index of income rigidity. He then défines an index of income
mobility as the difference between unity and the value of the
rigidity index.

Shorrocks suggests that the rigidity index be computed over
a two year period, then a three year period, and so on up to the
maximum number of years for which data are available.® Rigidity
curves, showing the relationship between the value of the
rigidity index and the number of years of data used to compute
it, can then be plotted. The rigidity curve Qf a completely
income immobile society will be a horizontal line, since the
value of a mean independent inequality index is invariant with
reépect to the length of the income accounting period when
relative incomes are constant (Shorrocks [1978a], Theorem 2).
Incomevmobility will cause the value of the rigidity index‘to
decline as the accounting period is lengthened, and the shape of
the associated rigidity curve thus reflects the degree of
mobility. The rigidity curve of a society in which there is
little income mobility will decline only slightly and lie close
to the horizontal reference line, while a more income mobile
society will be characterized by a more sharply declining
rigidity curve.

The shape of a rigidity curve reveals not only the degree
of income mobility, but may also indicate something of the
nature of the fluctuations in individual incomes over time.

For example, suppose we were to compare two groups,

'5Since individual incomes must be aggregated to calculate long
period inequality in the numerator of the rigidity 1ndex,
longitudinal data are required.



one of which had large variations in transitory .

income, whilst the other experienced substantial

changes in permanent incomes (but small transitory

changes). Year-to-year income variations might appear

to be rather similar. Yet their "rigidity curves" may

be expected to be radically different. If income

changes are purely due to transitory effects, relative

incomes will rapidly approach their permanent values

and there will then be no substantial further

equalization. The rigidity curve will therefore tend

to become horizontal after the first few years. This

contrasts with the group with more mobility in

permanent incomes, whose rigidity curves will continue

to decline as the aggregation period is extended.

. . . (Clalculating values of R (the rigidity index)

over different aggregation periods may thus be all

that is required to make the important distinction

between these alternative types of income variations.

(Shorrocks [1978a, p. 389])

Shorrocks [1978b] exploits this feature of rigidity curves in
his empirical analysis of income stability in the United States
to conclude that transitory income fluctuations predominate
among the younger members of society (the 20 to 29, and
‘especially the under 20, age groups) and among low income
earning females into the middle age groups (Shorrocks [1978b,
pp. 19-21]). The continual decline, over the nine year sample
period, of the rigidity curves of middle aged men (aged 30-59)
and all seniors indicates that income mobility in these groups
is of a longer run nature. An important feature of rigidity
curves is this ability to portray graphically some of the
interesting characteristics of income mobility.

While income mobility is doubtless of intrinsic interest,
its study is motivated primarily by the recognition of its
effects on inequality: "estimates of the welfare loss due to
inequality . . . tend to be biassed upwards if they are computed
from short-run (i.e. annual) data" (Shorrocks [1978a, p. 388]).

Thus, despite the elegance and appeal of Shorrocks' approach, it
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does not provide what is most needed, a method of measuring
inequality free of the effects of income mobility. He does
suggest that, "short run estimates of welfare losses due to
inequality can be made consistent with the true long run value
by reducing the short run estimate by the factor R (the value of
the rigidity index)" (Shorrocks [1978a, p. 388, n. 14]). This is
rather ad hoc, howéver, and results in as many estimates of
long-run inequality as there are years of data in the sample. In
addit{on, while such indices may account for intertemporal
incomeé differences and their effect on measured inequality, they
ignore the equally important intergenerational income
differences which should also be excluded from measured
inequality.s

The annual incomes which an individual receiQes over the
course of his life vary with age, giving rise to the
characteristically humped shape of lifecycle income profiles.
The systematic variation of income with age implies that the
income differences observed in an annual income distribution are
partly‘the result 6f the age-structure of the population. This
intergenerational aspect of inequality is captured by indices of
annual inequality, whicﬂ must therefore be taken as
overestimates of the degfee of pure interpersonal ineguality. In
the extreme, if lifecycle income profiles were identical across

the population, measured annual inequality will be entirely age-

€The intertemporal and intergenerational aspects of inequality
are both accounted for in my suggested approaches to the
measurement of inequality presented in the following two
chapters.
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related. In general the problem will not be this severe, of
coufse, but the fact remains that inequality measured in the
distribution of annual income must exclude the age-related
component if it is to be a reliable estimate of pure
interpersonal inequality.

This intergenerational aspect of ineéuality has been
recognized by many, including Paglin [1975] who argqued that
indices of annual income inequality, "combine and hence confuse
intrafamily variation of income over the lifecycle with the more
pertinent concept of interfamily income variation which
underlies our idea of inequality . . . " (p. 598, emphasis in
original). Eschewing the use of estimated lifecycle income data
or age-specific inequaiity indices, Paglin suggests that
lifetime inequality may be approximated simply by redefining the
standard of equality7 asAequality within,age—cohorts rather than
as gquality across the population as a whole.®

Paglin's method is first to estimate the mean age-income
profile of the population from cross-sectional (annual) data. A
Lorenz curve of this distribution reflects the inequality of
annual incomes that would exist, given the population age-
structure, if everyone traversed the same lifecycle income
profile. Paglin employs this "P-reference line" as a new

standard of equality to replace the traditional 45° line of

"The distribution with respect to which the social signifiéance
of inequality in the actual distribution is measured.

8An immediate problem is that the method has been applied only to
the Gini coefficient. In Appendix B I have generalized Paglin's

technique and compared the results to my own approach and to the
use of age-specific indices of annual inequality.
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equality; it embodies, "equal lifetime incomes, without the
added constraint of a flat age-income profile" (Paglin [1975,
pp. 599-600]). The actual distribution of annual income is
represented by the usual Lorenz curve. The situation is
illustrated in Figqure I.°?

The traditional Gini coefficient is equal to twice the area
between the Lorenz curve and the diagonal, '® and can be seen to
be comprised of the sum of two parts. The shaded area betwéen
the P-line and the diagonal represents annual income inequality
attributable to the mean variation of income with age over the
lifecycle. The age-Gini coefficient is equal to twice this area.
The unshaded area between the P-line and the Lorenz curve
reflects anhual income inequality excluding age-related
inequality; it is measured by the Paglin-Gini which is equal to
the difference between the Lorenz-Gini and the age-Gini. The
Lorenz-Gini was found to overstate long-run interfamily
inequality as measured by the Paglin-Gini by as much as 50 per
cent in sample data. Furthermore, the trend of the'Paglin—Gini_
revealed a 23 per cent decline in ineqﬁality in the post-war
period, in sharp contrast to, "the widely accepted conclusion
that there has been no significant reduction of inequality from
1947 to 1972" (Paglin [1975, p. 603]).

It will surely be agreed that Paglin has addressed an

All Figures and Tables appear ét the end of the chapter.

10The Gini coefficient is defined as the ratio of the area
between the Lorenz curve and the diagonal to the total area
below the diagonal, to which the definition in the text is
equivalent since the area of the sguare is unity..
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important and difficult problem. Given the lack of observed
lifecycle income data, the especial importance of Paglin's
contribution lies in “reconstructing the reference line of
equality to match the excellent annual income data at our
disposal" (p. 599). The Paglin-Gini has, nevertheless, been
subject to considerable criticism on a number of counts.

At least two authors have argued'that Paglin's |
disaggregation of the Gini coefficient is incorrect. The usual
Gini coefficient measures inequality with respect to an optimal
situation in which everyone receives the population-wide mean
income. Wertz [1979], accepting Paglin's arqument that the
optimal income should be the age-group mean, proposed an
adjusted Gini coefficient which, unlike the Paglin-Gini, follows
the logic of the Gini coefficient in its construction. The
adjusted Gini coefficient suggested by.Wertz measures non-age-
related inequality with reference to the 45° line of equality.
The Paglin-Gini, on the other hand, compafes the Lorenz curve of
the actual distribution to a redefined reference line of_
equality, the P-line. Paglin concedes that neither method is
intrinsically superior but argues in favour of the Paglin-Gini
on the grounds: (1) that the Lorenz curve corresponding to the
adjusted Gini coéfficient can dip below the base line of the
Lorenz diagram into the negative income quadrant, and (2) that
Wertz's adjusted Gini coefficient implicitly assumes zero
intracohort income mobility, and thus tends to overestimate
lifetime inequality. The Paglin-Gini, though,not'explicitly
accounting for the effects of income mobility, does a better job

than the adjusted Gini coefficient because the Paglin-Gini



varies inversely with the mean income difference between
cohorts, which is positively correlated with income mobility
(Paglin [1979, p. 676]).

A second criticism of the Paglin-Gini along similar lines
was made by Nelson [1977], who argued that Paglin implicitly
assumed that age-group income distributions do not overlap (as
would be true, for example, if families were grouped by income
bracket). The difference between the Lorenz-Gini and the age-
Gini calculated under this assumption, is an index of pure
interpersonal inequality plus an interaction term. The degree of
non-age-related inequality is thus overestimated by the Paglin-
Gini according to Nelson. Paglin supports his inclusion of the
interaction effect in the intra-age-group component of
inequality with an argument of Battacharya and Mahalonobis
[1967, p. 150]: "(a)ssuming that the means of the groups are
given, it is reasonable to postulate that the between—grdups
component should not change simply because of the degree of
within group variation.”

1t follows that the between groups component in the

general case is the same as the between groups

component in the special case where within group

- variation is zero for every group. Battacharya and

Mahalonobis conclude that while one cannot directly

draw up a concentration curve of overall within group

inequality, as one can for the between group

differences, the area between the latter curve and the

L-curve 'indicates the effect of within groups

disparities.' (Paglin [1977, pp. 520-21])

Paglin would seem to be secure on these quite defensible
grounds.

Nelson also argues, however, that the Paglin-Gini is not a

pure intracohort inequality measure because it depends on cohort

population and income shares as well as on inequality within



cohorts. Danziger, Haveman, and Smolensky [1977] also advanced
this argument in theif critique of the Paglin-Gini. They
investigated the contributions of intracohort inequality, cohort
population shares, and cohort income shares to the trend of pure
interpersonal inequality, and found that, "while all three
sources contributed to the increase in inequality from 1965 to
1972, two of the sources operated to decrease the Paglin-Gini.
Ironically only the changes in cohort-specific Gini coefficients
contributed to the increase in Paglin-inequality over this
period" (Danziger, Haveman, and Smolensky [1977, p. 508]). The
problem‘is that the Paglin-Gini is computed by subtracting the
age-Gini, which is not independent of cohort population and
income shares, from the Lorenz-Gini; it is therefore sensitive
to changQS~in'these variables. More importantly, Paglin's major
finding that the Paglin-Gini declines over time is seen to be |
the result of the trends of cohort population and income shares.
Inequality within groups operated to increase Paglin inequality.
This and related problems éf the Paglin-Gini stem primarily
from Paglin's use of the actual cross-sectional lifecycle income
profile as the basis for correcting the Gini coefficient for
age-related income differences. "An inequality measure which
allows for lifecycle variations is appealing. However, such a
standard requires an explicit judgement on the optimum'lifecycle
pattern, and relying on annual observations of an arbitrarily
observed pattern is unsatisfactory" (Danziger, Haveman, and
smolensky [1977, p. 512]). The Paglin-Gini's lack of any
normative underpinnings is its most serious drawback. I wish

"briefly to discuss other criticisms of the Paglin-Gini before
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returning to this point.

Several writers have argued that the Paglin-Gini estimates
of inequality are too low. Johnson [1977] used a simple model of
income distribution to demonstrate this result. Nelson [1977]
and Formby and Seaks [1980] have argued that the Paglin-Gini's
underestimation of intracohort inequality results from the fact
that it is not normalized to range over a [0,1] interval.

Paglin has also been faulted by Danziger, Haveman, and
Smolensky [1977] for his use of full family money income in the
computation of the Lorenz-, age-, and Paglin-Gini coefficients.

(I)mplicit in Paglin's framework is a criterion for

judging the effectiveness of income transfers, if the

objective is to reduce inequality. An income transfer

is 'Paglin-efficient' only if it reduces the variation

of incomes within an age-cohort; transfers which

involve intercohort redistribution are by definition

'Paglin-inefficient.'-. . . In this context, it should

be noted that, as calculated, the age- and Paglin-

Gini coefficients incorporate transfers which are by

definition Paglin-inefficient, since Paglin's income

concept is census money income. . . . Consequently,

Paglin's income profiles are based on an inappropriate

definition of income which biases his conclusions on

the trend of functional inequality in the post war

period. (pp. 510-11)

In this vein Minarik [1977] reports that the trend of earned
income inequality is considerably different from that of total
family money income. He finds that the Lorenz-Gini rises by 8
per cent and the Paglin-Gini by 2 per cent over the period 1967-
1974, |

It has also been suggested that measured annual income
inequality should be corrected for other factors in addition to
the age-structure of the population. Minarik [1977], for
example, found that, "while the Paglin-Gini, using the age-

income profile for a base, finds a 2 per cent decrease in
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inequality, the adjusted Paglin-Gini, based on separate age-
income profiles for groups with different schooling attainments
finds a 2 per cent increase in inequality" (p. 515). The
guestion here is which factors should be included in, and which
excluded from, an inequality index.

Paglin's purpose is to partition the area between the

45° line and the Lorenz curve into two parts: that

inequality which to him is economically functional

and, hence, of no concern for public policy, and the

remaining . . . non-functional or policy-relevant

inequality. Functional inequality in this instance
reflects society's needs for varying income over the
lifecycle as well as other basic facts relating to
productivity, investment in human resources, and the
work-leisure preferences of households, but only in an
average way, insofar as these factors express

themselves through the age variable. (Danziger,

Haveman, and Smolensky [1977, pp. 505-61])

Kurien [1977] criticizes the Paglin-Gini aldng similar lines,
and -concludes that, "an ideal measure of -income distribution
will eliminate all choice-related vériatioh (in incomes), but
none of the differential opportunity-related variation"

The Paglin-Gini does not fail irretrievably as a result of
any of the arguments just reviewed. The correct disaggregation
could be derived, the resulting index could be normalized to

“range over a [0,1] interval, an appropriate income variable
definition could be chosen, and decisions could be reached on
the social significance of various sources of inequality. A more
serious problem, however, which was mentioned earlier but
deferred momentarily, remains. It involves Paglin's approach to
the problem of separating age-related income differences from

measured ineqguality. He has chosen to redefine the standard of

equality to reflect, "equal lifetime incomes, but not the added
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constraint of a flat age-income profile" (Paglin [1975, p.
600]). This in itself is perfectly acceptable; it could be
justified, and would probably be widely accepted, on vertical
equity grounds alone. Equality "across-the-board" may not,
indeed, be the answér to how income ought to be distributed. But
clearly the question is a normative one, and herein lies the
problem with Paglin's formulation.

The P-reference line . . . is a normatively empty box,
devoid of any ethical content. (It) confuses the
peaked age-income profile thrown out by the market
with the normative question of how income ought to be
distributed. There is no ethical content to the
prescription that the young and elderly ought to have
low incomes because, on average, they do have low
incomes. A meaningless age-Gini subtracted from the
Lorenz-Gini results in a meaningless Paglin-Gini.
(Gillespie [1979, p. 5631])

An obvious solution to this problem is to replace the P-
reference line with a normatively-based standard of equality
which incorporates ethical consideration of how lifecycle income
ought to be distributed. This may not be an easy task, however,
and it would seem simpler to retain the usual ethical standard
of equality, but to disaggregate inequality by source. In the
case of age-related inequality, this would involve decomposing
inequality within and among age-cohorts. Paglin in fact
considered this alternative but found the use of age-specific
inequality indices unsatisfactory because

the empirical coefficients available are not really

specific by age of family head but in fact represent

broad age groups. This introduces spurious income

variance by not fully eliminating the effect of the

age-income profile. However, even if we had truly age-

specific Gini, we would have the problem of weighting

and combining fifty-some measures into one

coefficient. (Paglin [1975, p. 602])

However, procedures for decomposing inequality within and among
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population subgroups have been proposed by Blackorby, Donaldson,
and Auersperg [1981] and Shorrocks [1980], among others, and
there is no reason to prevent age-groups being defined on an
annual basis rather than by brackets including more than a
single year.

There is a genuine problem with this suggestion, however,
but it is not specific to the decomposition of inequality. It
applies equally to Paglin's method, and is in fact inherent in
every measure of annual income inequality because they all fail
to account for the effects of income mobility.

Mobility reduces the dispersion of lifetime incomes

much below the annual income estimate. . . . While the

P-Gini adjusts for average age-related ineqguality it

also fails to catch the accompanying intracohort

mobility. Until we are able to modify our static

inequality coefficients by an index of mobility or

collect more longitudinal household income data for an

extended period of time, our estimate of inequality of

lifetime incomes (or the more difficult trend of the
inequality of lifetime incomes) will remain crude.

(Paglin {1977, p. 527])

It would seem then that even Paglin agrees that the Paglin-Gini
is a stop-gap measure for use when panel data are not available.
But Paglin finds fault with this practice too, on the grounds
that economic growth renders lifetime income equality an
unreasonable and unattainable goal. Paglin did not suggest a
Gini coefficient of lifetime income inequality based on the
observed growth of real income over time. But since economic
growth causes the lifetime incomes of currently young members of
society to exceed the lifetime incomes of their elders, the
appropriate solution would again seem to be the decomposition of

lifetime income inequality within and among age-cohorts.

_To recapitulate, inequality attributable to intertemporal
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and‘intergenerational income differences is confused with
interpersonal inequality in indices computed from annual data.
Paglin has proposed a method of excluding age-related income
differences from the Gini coefficient of annual incomes, but the
Paglin-Gini has no ethical foundations as a measure of non-age-
related iﬁequality. A superior method to distinguish age-related
inequality from pure interpersonal inequality is to decompose
total inequality within and among age-cohorts. Indices of annual
inequality, hohever, cannot accéunt for the effects of income
mobility. Shorrocks has suggested adjusting indices of annual
inequality to approximate long-run inequality. It is preferable,
however, to compute 16ng—run inequality directly from
longitudinal data. To capture fully the effects of income
mobility and the shape of age-income profiles regquires that
inequality be measured in the distribution of.lifetime income.
It is imporfant to recognize thét the inteftemporal and
intergenerational aspects of ineqqality do not disappear when a
lifecycle perspective is adopted; they each appear in a
different guise. The intergenerational problem, as was noted by
Paglin, is the result of economic growth which causes the
lifetime incomes of younger members of the current population to
exceed those of elder members. There is thus reason to decompose
lifetime income inequality within and amohg age-cohorts., The
intertemporal problem in measuring inequality of lifetime
incomes is to choose an appropriate summary statistic of
lifecycle income for the purpose of measuring inequali;y. This
is intimately related to, and will be discussed in the context

of, the theoretical difficulty with measuring inequality in the
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distribution of income, which I take up next.

The distribution of income monopolized the attention of
economists interested in distributional issues until very
recently. As I suggested at the outset of this chapter, this was
likely the result of a superabundance of income data and a view
of inequality as the degree to which the total product of the
economy is not equally shared among the population. Although not
unreasonable grounds on which to jﬁstify measuring inequality in
the distribution of income, its dominance in theory and practice
seems curious in light of the welfare foundations of inequality
measurement, originally established by Dalton [1920].

An American writer has expressed the view that "the

statistical problem before the economist in

determining upon a measure of the inequality in the

distribution of wealth is identical with that of the

biologist in determining upon a measure of the

- inequality in the distribution of any physical
characteristic." But this is clearly wrong. For the
economist is primarily interested, not in the

distribution of income as such, but in the effects of

the distribution of income upon the distribution and

total amount of economic welfare, which may be derived

from income. (p. 348)

In this view, inequality is interpreted as the degree to which
individuals in society are not equally well-off. The measurement
of inequality thus involves a social evaluation of the
distribution of individual welfare or utility. Dalton suggested
that inequality be defined as the ratio of total welfare
attainable under an egual distribution to total welfare attained
under the actual distribution. Recognizing the difficulties of
measuring welfare, however, Dalton argued that, "inequality,

. . . though it may be defined in terms of economic welfare,

must be meaéured in térms of income" (Dalton [1920, p. 349],

emphasis in original). But welfare is derived from income only
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through consumption, so that there would seem to be something.
missing from Dalton's analysis of the problem.'’ Inequality,
though defined in terms of welfare, must be measured in terms of
consumption.

The significance for the measurement of inequality of the
link from income through consumption to welfare was not fully
appreciated until quite recently. Bentzel [1970] was the first
to argue that "it is . . . this income-consumption-welfare nexus
which is the reason for the great interest in the income
distribution" (p. 254). That the observed inequality of incomes
is not so much of intrinsic interest as it is an estimate of
inequality in the distribution of well-being raises the question
of how accurately the former can be expected to app;oximate the
latter.

For 'if it is . . . the distribution of welfare that is

the relevant concept 'in political discussion, the

economists' empirical analyses of income distributions

will be of interest only on the assumption that there

is a fairly close -connection between this distribution

and the corresponding welfare distribution. (Bentzel

[1970, p. 254]) ‘

With this in mind, Bentzel examined the relationships between
the distributions of income, consumption, and welfare with

regard to the measurement of inequality. He identified three

reasons for dissimilarities between the distributions of income

'As he must have recognized and, indeed, hinted at: "We have to
deal, therefore, not merely with one variable, but with two, or
possibly more, between which certain functional relations may be

presumed to exist" (p. 348, emphasis added). Dalton's injunction
to measure inequality in terms of income is correct only if the
functional relation between welfare and income incorporates the
relationships of welfare to consumption and consumption to
income.
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and consumption: saving and dissaving, consumption expenditure
not out of own income, and the fact that the purchasing power of
incomes varies with the price level. However significant such
effects might be -- the consumption distribution generally
displays considerably less inequality than the distribution of
income -- they pale in light of the difficulty of translating
changes in the consumption distribution into their effects on
the distribution of welfare. Recently observed demographic
phenomena such as the "graying of society" and the increasing
-number of working women cause income, and to a lesser extent
consumption, inequality to rise, but it is considerably more
difficult to say what are their effects on the distribution of
welfare. Perhaps the most difficult problem of all is accounting
for, and detérmining the welfare effects of, public consumbtion.
Based on his analysis of the distributions of income,
consumption, and welfare, Bentzel is forced to a pessimistic
conclusion regarding the prospects for learning much about the
distribution of well-being from an examination of the income
distribution. The situation‘could be improved significantly by
measuring inequality in the distribution of consumption.
Interestingly, the importance of shifting attention from
income to consumption for the purpose of measuring inequality is
tied in with the need to extend the temporal dimension of the
analysis in order to estimate inequality more accurately.
Nowhere has this point been made more clearly than in the theory
of consumer behaviour. Both Friedman's [1957] theory of
permanent income and the lifecycle hypothesis of Modigliani and

_Brumberg [1954] view individual welfare as a function of
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lifecycle cohsumption which depends in turn on lifetime income.

(T)here need not be any close and simple relation

between consumption in a given short period and income

in the same period. The rate of consumption in any

given period is a facet of a plan which extends over

. . . the individual's life, while the income accruing

within the same period is but one element which

contributes to the shaping of such a plan. (Modigliani

and Brumberg [1954, p. 3911])

The implications for the measurement of inequality have been
emphasized by Friedman: "the existence of lérge negative savings
is a symptom that the observed inequality of measured income
overstates substantially the inequality of permanent income"
([1954, p. 401).

Recent studies of inequality have thus focussed on the
distribution of lifecycle consumption rather than annual income
(e.g. Nordhaus [1973], Blinder [1975], and Irvine [1980]). The
inteftemporal and intergenerational aspects of annual income
inequality, which were earlier discussed at length, reappear in
different forms in the measurement of lifecycle consumption
inequality. For example, the intertemporal problem is to decide
upon a summary statistic of lifecycle consumption suitable for
the purpose of measuring inequality. Several have been suggested
in the context of measuring lifetime income inequality,
analogues of which might be considered as possible candidates.

Summers [1956] estimated individual lifetime earnings and found

average lifetime income to be more equally distributed than

annual income. Weisbrod and Hansen [1968] suggested an income-
net worth measure of economic welfare, equal to current income
plus the lifetime annuity equivalent of current net worth,.
Lillard [1977) measured inequality in the distribution of human

wealth defined as the discounted present value of lifetime
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earnings. All of these overlook Dalton's injunction, however,
that it is the welfare effects of income which are of interest
in the measurement of inequality. The discounted present value
of lifetime income, or its annuity equivalent, reflect the
magnitude and timing of the income an individual receives over
the course of his life, but not its significance in terms of
economic welfare.'?

Measuring inequality of lifecycle consumption thus requires
a welfare equivalent summary statistic of the lifecycle profile,

such as utility equivalent annuity income, suggested and

employed by Nordhaus [1973] or lifetime wealth, proposed by

Pissarides [1978]. These are, respectively, the lifetime annuity
and the corresponding discounted present value that provide the
same utility as the individual's chosen consumption plan. These
'ideas have been the subject of a recent paper by Cowell [1979],
who was the first to recognize the importance of capital market
conditions. His welfare equivalent summary statistics of
lifecycle consumption, "#ergild" and the associated "wergild
annuity", are defined in terms of actual capitai market
conditions.'® I follow this practice in the welfare approach to
the measurement of inequality presented in the next chapter.

The intergenerational aspect of lifecycle inequality arises

'27wo income profiles with equal discounted present values, but
differently distributed over time, will.not yield equal utility
to an individual without access to perfect capital markets.

13Recent applied work on the measurement of lifecycle inequality
(e.g. Nordhaus [1973] and Irvine [1980]) has focussed
exclusively on consumption plans chosen by consumers facing
perfect capital markets.
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because real economic growth causes consumption profiles to
shift up over time. This will be refleéted in the values of the
wergild annuities, which will tend to be greater for later born
individuals. This intergenerational inequality should be
distinguished from pure interpersonal inequality, and in the
welfare approach this is accomplished by decomposing lifecycle

inequality within and among age-cohorts.
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CHAPTER TWO

A Welfare Approach to the Measurement of Inequality

The modern theory of inequality measurement, attributable
primarily to Atkinson [1970], Kolm [1969], and Sen [1973],
attempts to provide a sound basis for evaluating the social
significance of inequality. Their work represents the most
significant theoretical contribution since Dalton's [1920]
pioneering article and has kindled a burst of theoretical and
empirical work on inequality in the past decade. Nevertheless,
their framework could be improved on a number of éounts so as to
strengthen its welfare underpinnings. |

| The major part'of the work on inequality focusses on tHe |
annual income distribution. A number of writers have argued that
this practice is essentially misguided, however, on the grounds
that an indiviaual's_economic welfare is reflected in his
consumption rather than his income. Furthermore, an accurate
assessment of economic position depends on consumption levels
throughoht life; restricting attention to a single year tends to
produce a misleading indication of well-being.

While some work on the theory and measuremeht of inequality
has proceeded along these lines of late, it has been plagued by
an apparent confusion. Inequality, whether in the distribution
of annual income or lifecycle consumption, is measured in the
aétual distribution with respect to an'equally distributed
alternative. Attemﬁts to date to measure lifecycle consumption

inequality have uniformly assumed, however, that a unique,
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constant rate of interest prevails in the market for saving and
borrowing. Inequality is measured in this distribution of
consumption plans chosen under optimal capital market conditions
with respect to an eqgual distribution with the éame mean. This
situation cléarly is not representative 6f the actual capital
market conditions under which consumption plans are chosen.
Individuals face a variety of means of reallocating their
income, with associated rates of interest, and differential
rates for borrowing and lending. It is these actual capital
market conditions which underlie observed consumption‘over time
and which should be implicit in the measurement of lifecycle
consumption ineqﬁality.

‘The adoption of a lifecycle perspective on the measurement
of inequality introduées a new factor contributing to measured
inequality that is absent when attention is limited to annual
distributions. Real economic growth over time causes the
lifecycle éonsumption opportunities of a young person to exceed
those of someone oldér. Measured inequality in the distribution
of lifecycle cohsumption must therefofe be decomposéd within and
among age-cohorts so as to distinguish pure interpersonal
inequality from that due to growth. Two different decomposition
procedures are available for this purpose. One is inferior on
both theoretical and empirical grounds, as is argued in appendix
A. The other is adopted for the decomposition of per capita
inequality and Atkinson-Kolm-Sen (AKS) equality indices, while a

new decomposition is proposed and adopted for the decomposition
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of AKS indices of inequality.'*®

The approach I am proposing takes account of consumer
choice exercised over a lifecycle planning horizon. It is thus
possible to measure the welfare loss attributable ndt only to
the léck of equality among persons but also to the lack of
perfect means of intertemporal redistribution. That is, the
welfare approach can be extended to measure the welfare loss
implied by both interpersonal and intertemporal maldistribution.
This is done, and a decomposition of the total is provided so
that the two components and their inﬁeractive effect can be
separately identified.

Dalton was the first to point out .that the measurement of
inequality is a question of social welfare. He, and later
Atkinson and-Kolm, suggested indices that measure inequality as
the social welfare loss implied by departureé from equality.'®
In all of their work, however, utility is made a function of
income.'® Yet economic welfare is generally taken to be a

product of consumption. The principal writers on the measurement

142AKS indices measure the percentage of total consumption saved
by moving from the actual distribution to an equal distribution
that is socially eqguivalent (i.e. provides the same level of
social welfare). Per capita indices measure the total saving
from the same move on a per capita basis.

'5palton's index is not invariant with respect to linear
transformations of individual utility functions. The:
contribution of Atkinson and Kolm was to make measured
inequality independent of monotonic transformations of
individual utility functions through the use of the "equally"
distributed equivalent" in the construction of inequality
indices.

'6palton alone suggested that other variables might have to be
taken into account. :
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of inequality thus seem to have stopped short of the goal of
providing a welfare foundation for the theory of inequality
measurement. The problems outlined briefly above are evidence of
this. In the new approach to the measurement of ineguality
presented in this chapter a more accurate.index of individual
welfare is substituted for annual income. Total inequality is
decomposed within and among age-cohorts to obtain an index of
pure interpersonal inequality.

This chapter begins with a discussion of the desiderata of
the modern theory of inequality measurement founded by Atkinson
[1970], Kolm [1969], and Sen [1973]. I then present, in séveral
steps, a thdroughly consistent welfare approach to the
measurement of inequality. Beginning with individual utility
functions and lifecycle consumption profiles, I define
representative lifecycle consumption as the consumptién annuity
that provides the individual with the same level of utility as
the consumption plan that it represents. The social evaluation
function is defined over these representative lifecycle
consumptions and is used to derive the (population-wide) equally
distributed equivalent consumption.'’ The decomposition of
inequality within and among population age-groups requires that
an equally distributed equivalent consumption be defined for
each age-cohort. This in turn requires some separability in the

social evaluation function which restricts the class of

"The equally distributed equivalent of a given distribution is
defined by Atkinson [1970, p. 250] as, "the level of income

(consumption) per head which if equally distributed would give
the same level of social welfare as the present distribution.”
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admissible social evaluation functions and inequality indices fo
certain additively separable functions. Both AKS and per capita
inequality indices bear interpretation as the social saving
which could be realized by moving from one distribution (of
representative lifecycle consumption) to a less unequal one
which is socially equivalent. The decomposition of inequality
implies that inegquality is eliminated in two stages: first
within and then between cohorts. The individual, age-group, and
population-wide equally distributed equivalents are used to
define these hypothetical distributions from which AKS and per
capita indices of inequality are cémputed. Inequality within
age-groups is taken as an index of pure interpersonal
inequality, while the inter-age-cohort component of ﬁhe
decomposition represents ineqguality attributable to economic
growth. The decomposition procedure for indices of per capita
inequality and AKS equality is due to Blackorby, Donaldson, and
Auersperg [1981]. Their decomposition of AKS inequality,
however, suffers from seve;al problems, and I suggest and employ
a ﬁew procedure for decomposing AKS inequality indices that is
free of these problems. Having laid out the welfare approach to
the measurement of interpersonal inequality, I then conéider its
extension to include measurement of the social significance of
intertemporal maldistribution. This involves the evaluation of
actual 1ife§ycle consumption profiles with respect to a
hypothetical situation in which consumption plans are arranged
through perfect capital markets with a unique rate of interest.
Inequality indices in the extended welfare approach can be

decomposed into indices of interpersonal and "intertemporal”
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inequality, plus a third term which reflects the interdependency
between them. Fiﬁally, the chapter closes with a discussion of
the strengths and weaknesses of the welfare approach to the
measurement of inequality.

I begin with lifecycle consumption data on H individuals,
and posit the existence of individual intertemporal utility
functions UM:R™M-»R' with image

(2.1) =Uh(ch) (1<h<H)

Un
where chﬁ(chl, . e ,cth) is the consumption plan of person h
over the T, years of his life. Each utility function is assumed
to be continuous, increasing, and guasi-concave. An individual's
observed consumption plan is chosen to maximize (2.1) subject to
an intertemporal budget constraint which reflects his actual
lifetime opportunities for saving and borrowing. |
| My objective is to evaluate the social significance of

differences in lifecycle consumption plans among ihdividuals.
This'requires both & summary statistic of lifecycle consumption
and a social evaantion function defined in terms of that
summary statistic. While individual utility may seem the obvious
candidate for this purpose, it is in fact unacceptable since
individual utility functions are known only up to a
monotonically increasing transformation. If the images of
:individual utility functions were used as the argﬁments of an
inequality index, measured ineguality would depend upon the
particular transformation which is chosen. It would thus be
possible to change the degrée of inequality simply by applying a

monotonically increasing transformation to individual utility
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functions.'

This problem is solved by the use of Cowell's [1979]
equally distributed equivalent summary statistic of lifecycle
consumption, which I call representative lifecycle consumption.
It is defined as the lifecycle consumption annuity which
provides the same level of utility to the individual as the
consumption profile which it represents. It is invariant with
respect to transformations of the utility function, and is
implicitly defined by,

(2.2) UM 15 0=0"(c,) | (1<h<H)
where lTh is a unit vector of dimension T, . The properties of
u"(.) ensure that representative consumption, r,, is unigue and
well-defined for every possible consumptibn plan, c. (2.2) can
therefore be written as,

(2.3) rh=éh<ch) 1<h<H)
Note that r, 1is an ekact index of person h's well-being; that
is,

(2.4)  r,2r <> UM(c,)2U"(cy) ' (1<hsH)

The social evaluation function W:Rﬁ—+R‘ (where'R: is the
non;negative Euclidean H-orthant) has the image,

(2.5) w=W(r)
where r=(r,, . . . ,rH) is a vector of individualsf

representative lifecycle consumptions. W(.) is assumed to be

'8T7his was the criticism of Dalton's [1920] measure of inequality

~which led Atkinson [1970] to propose. the use of equally
distributed equivalent income in the construction of inequality
indices. AKS indices are sensitive to the level from which
utility is measured (i.e. are scale independent), while per
capita indices will vary with the units in which utility is
measured (i.e. are origin independent).



35

continuous, increasing, and S(chur)-concave.'? The social
evaluation function (2.5) provides the ethical basis for the
construction of AKS and per capita indices of inequality. AKS

indices measure the percentage of total consumption saved by

moving from the actual distribution to an equal distribution

that is socially equivalent. Per capita indices measure the

total saving from the same move on a per capita basis. AKS and

per capita inequality indices take the following forms
respectively:

(2.6) I=1-s/m

(2.7) A=m-s

These indices are constructed using m=%§(1/H)rh, the mean of the
vector r=(r,, . . . ,rH) of individual representative lifecycle
consumptions, and s, the equally distribuﬁgd equivalent of r,
defined implicitly by, |

(2.8) wisl,)=wW(r)

An individual's representative lifecycle consumption, Ty
reflects both the positioﬁ and shape.of his lifecycle
consumption profile (i.e. both the magnitude and distribution of
consumption during the course of his_lifetime). Thus, even if
all consumption profiles had exactly the same shape, the
continual shifting upward of.their positions, because of real
growth of the economy over time, would cause r to be larger for

the younger members of the population.

199(.) is S-concave if and only if W(Br)2W(r) for all r in the
domain of W(.) and for all bistochastic matrices B. W(.) is
strictly S-concave if and only if W(Br)>W(r) whenever Br is not
a permutation of r. A bistochastic matrix is a square matrix of
nonnegative elements whose rows and columns each sum to unity.
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While measured inequality captures both intergenerational
and intragenerational aspects of differenées in individual
welfare, it will be desirable to distinguish the former
economic-growth-related inequality from the latter pure
interpersonal inequality. This requires that individuals be
grouped by age—cohort.vThat is, the population set
N={1, . . . ,H} must be partitioned into subgroups by age,
ﬁ={N1, . e e ,NK} where_Nk is the subset of the population in
" the kth age-cohort. The social evaluation function must be
separable in the partition ﬁ, in which case it can be written in
the form, |
(2.9)  w=RW'(1), ... L WR(E%)
where W(.) is increasing in wh(c®) and'rk=(<rh> VheNE) is the
vector of representative consumption stétistics of all pefsons
in the kth age-cohort. |

The conjunction of separability and symmetry in W(.)
imposes considerable structure on the social evaluation
function. As Blackorby, Donaldson, and Auérsperg [1981, theorem
1] have shown, these conditions imply that W(.) is additively
separable; £hat is,

(2.10)  w=R(Zg(x,))

where W(.) is increasing in its argument and g(.) islidentical
for all h because of the symmetry assumption. Furthermore, S-
concavity of W(.) requires that g(.) be concave; strict S-
concavity requires that it be strictly concave (Berge [1963]).
Thus W(.) must be quasi-concave and symmetric. In this case it
can easily be shown that the equally distributed equivalent

representative consumption takes the form,
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(2.11)  s=s(r)=g"'[(1/H)Zg(r},)]

The cohort sociai evaluation function WK:R"®—R' (where Ny
is the number of people in cohort k) has the image
(2.12) wk=wk(rk) _ (1<k<K)
and can be picked to have the properties of W(.).2?° (2.12) can
be used to define the equally distributed equivalent of rk,
(2.13)  WS(s1, )=w" (")  (1<K<K)
The properties of Wk(.) ensure that representative cohort
consumption, Sic 1 is unique and well defined qu every vector rk;
thus
(2.14) 5, =8¥(r)=g" ' [(1/n)Z glr,)]) (15k<K)

The social evaluation function defined over individual

represehtative lifecycle consumptions must therefore be

continuous, increasing, symmetric, guasi-concave, and additively

"separable. Only then can it provide the welfare basis for the

construction of AKS gnd per capfta indices of inequality which
are decomposable within and among age-groups of the population.
It is generally desirable to go a step further, however, in
order to derive relative indices (which are homogeneous of
degree zero in their arguments) and absolute indices (which are
invariant with respect to equal absolute changes in the values
of their arguments).

AKS indices are relative indices if and only if the social

evaluation function is homothetic.?' Thus, relative inequality

20Blackorby, Primont, and Russell [1978].

21¥(.) is homothetic if and only if it is a monotonically
increasing transform of a linearly homogeneous social evaluation
function,
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indices are based on social evaluation functions which are
continuous, increasing, symmetric, qQuasi-concave, additively
separable, and homothetic. The class of social evalqation
functions which satisfy these properties for positive
representative consumptions?? are the means of order R,
(2.15)  Wo(r)=W[W(r)] | R<1
where ﬁ(.) is increasing and
[(1/H)Zhr:‘ J1/R 0#R<1
(2.16) Wg(r)=
ﬁrh1’H R=0 -
R is a free parameter determining the degree of relative
inequality aversion.??® The corresponding relative inequality
indices are members of the Atkinson family of indices,
1-[(1/H)%(rh/m)"]‘/“ 0#R<1
(2.17) IR(r)= ,
1—T‘E(rh/m)‘/H R=0

" Per capita indices are absolute indices if and only if the

social evaluation function is translatable.2® Absolute indices
are thus based on social evaluation functiqns which are

continuous, increasing, symmetric, quasi-concave, additively

221f the domain of W(.) is the nonnegative orthant R} then we
must have 0<R<1 in (2.16) and (2.17). S-concavity, additive
separability, and homotheticity are not possible over R" except
in the degenerate case R=1 (Blackorby and Donaldson [1982],
theorem 4).

23The degree of relative ineguality aversion varies inversely
with the value of R, As R—>-Wg(r) and s=S(r) both go maximin;
that is, WR(r)=minh{rh}=S(r). Thus IR(r)=1—minh{rh}/m.

' . X~ »*
24W(r) is translatable if and only if W(r)=W[W(r)] where W(.) is
increasing in its argument and W(r+al,)=W(r)+a, for all r, r+al
in the domain of W(.). '
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separable, and translatable, which restricts W(.) to the Kolm-
Pollak (KP) family of social evaluation functions,

(2.18) WG(r)=-(1/G)ln{(1/H)§}exp[(-G)rh]} G>0

and their corresponding absoiute inequality indices,

(2.19) AG=(1/G)ln[(1/H)%}exp{G(m—rh)}] _ G>0

The equally distributed equivalent consumptions for an
individual, an age-cohort, and the overall population are
défined by (2.3), (2.14), and (2.11), respectively. By
constructing reference vectbrs with these representative
consumption statistics as elements, ethical indices of
inequality can be derived by computing the social saving which
could be realized by moving from one vector to another. AKS
indices'express this saving as a percentage of the total and pef
capita indices express it in per caplta terms. I will compute
the per capita inequality indices and ‘the AKS indices of
inequality and equality. The corresponding absolute and relative
indices can be found by duplicating this procedufe using the
equally distributed equivalents corresponding to the social
evaluation functions (2.16) and (2.18) respectively.

In order to measure intracohort inequality consider the
replacement of the actual distribution of representative
consumption, -
(2.20) S S
by a socially equivalent one in which inequality is eliminated
within, but not between age-cohorts. In this situation, eaéh
individual»receives the equally distributed equivalent of the
distribution of representative lifecycle consumption within his

cohort:
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(2.21) (sqlh1, ... ,sKl“K)

The social saving generated by the move from (2.20) to (2.21)
reflects intracohort inequality. If I now replace (2.21) by a
socially equivalent equal distribution,

(2.22) (s1,)

H
inequality between cohorts will have been eliminated and the
social saving accruing from the move from (2.21) to (2.22) can
be used as a measure of intercohort inequality. Notice that the
saving which could be realized by moving directly from (2.20) to
(2.22) measures total inequality, indicating that it will be
possible to aggregate the indices of intra- and intercohort
inequality into an index of total inequality.

On a per capita basis, the savings genera;ed by the move
from'(2.20),to (2.21) measure intracbhort per capita inequality:

AA=(ih'. rh—Ek:nk sy ) /H

(2.23) =%§(nk/H)(mk—sk)
where mk=(1/nk)€§wrk.25 The mean social saving which results
from the move between (2.21) and (2.22) is,
(2.26) AR=%§(nk/H)sk-s |
which measures intercohort inequality in per capita terms. It
can easily be shown that (2.23) and (2.26) sum to
(2.27) A=%§(nk/H)mk-s

=Mm-S

2S5per capita inequality in cohort k is defined, using (2.7), as,
(2.24) A% =m, -s

so that intracohort inequality can be seen to be equal to a
weighted average of inequality within cohorts, with the weights
being cohort populat1on shares. That is,

(2.25) A -Z(nk/a
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which ié the index of total ineguality measured as the per
capita social saving to be realized by moving directly from
(2.20) to (2.22).
Before presenting the derivation of intra- and intercohort

AKS inequality indices, I wish to propose a new decomposition to
replace.the one suggested by Blackorby, Donaldson, and Auersperg
[1981]. Their decomposition of AKS inequality indices, derived
from their decomposition of AKS indices of equality,?® has two
serious drawbacks. The procedure gives different results
depending on whether 1nequa11ty within cohorts or inequality
between cohorts 1is eliminated first. In either case, the
decomposition lacks the simple additive aggregation of per-
capita inequality indices or multiplicative aggregation of AKS
indices of equality.2’ My decomposition of AKS inequality
indices is derived from the decomposition of per capita
inequality using the property that an AKS index is equal to the
corresponding per capita index normalized on the mean |
‘(representative consumption). Thus, very simply, from the
decomposition of per capita inequality,

(2.28) A=A, +A,

I obtain, by dividing through by m,

(2.29) I=I,+Ig

where each index in (2.29) is equal to the corresponding index

in (2.28) divided by m. The decomposition (2.29) has, of course,

26ysing the property that AKS indices of equallty and inequality
- sum to unity.

27gee (2.37) below.
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the same simple additive structure of (2.28) and yields a unique
decomposition of inequality within and among age-cohorts
regardless of whether intra- or intercohort inequality is
eliminated first. While total relative inequality in (2.29) and
total relative equality in (2.37) below sum to unity, however,
the subindices of relative inequality in my decompoéition do not
retain this property.?®

Dividing through (2.23) and (2;26) by m yields, 2°
(2.30) IA=(m—§é(nk/H)sk)/m
and,
(2.31) IR=(;;(nk/H)sk-s)/m
Intra- and intercohort AKS inequality, (2.30) and (2.31), can
easily be seen.to.sum to,
(2.33). I=(m-s)/m

Finally, the constructioﬁ of AKS indices of equality
proceeds as follows. When a move is made from one -situation to
another in which consumption is less unequally distributed, the
corresponding AKS equality index is computed as the ratio of
total representative consumption in the latter situation to

total representative consumption in the former. Thus the index

28Blackorby, Donaldson, and Auersperg [1981, pp. 673-4] have
shown that no aggregation of subindices of relative equality
measured as percentage sav1ngs of the original distribution
exists. That is, there is no decomposition of relative equality
corresponding to (2.29).

23%pgain, notice that (2.30), the AKS index of intracohort
inequality, is equal to a welghted average of AKS inequality
within cohorts; that is,
(2.32) I, = 3% n mk/Hm)(l Sy /my )
(n my /Hm) 1*
with the welgﬁts belng the cohort shares of total representative
consumption. :
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of intracohort AKS equality is,?3°
(2.34) EA=%nksk/%r‘1 '
=%§(nkmk/Hm)(sk/mk)

Intercohort AKS equality is given by,
(2.36) —s/EE(n /H)s,
In this case, the product of the intra- and intercohort terms,
(2.34) and (2.36), yields the index of total AKS equality:
(2.37) E=s/m

The welfare approach to the measurement of inequality
presented above improves on the usual practice of measuring
inegquality in the distribution of annual income by focussing on
the distribution of consumption and by adopting a lifecycle
perspective. While some recent studies (e.g. Nordhaus [1973],
Blinder [1975], Irvine [1980])have made the shift from annual
income to iifecycle consumption, they have measured ihequality
in the potential distribution of representative consumption
computed under the assumption of perfect capital markets. They
should rather have examined the actual distribution of
representative consumption representing lifecycle consumption
opportunities obtainable under existing capital market
conditions. This is accomplished in the welfare approach to the
measurement of inequality by using data on actual consumption in

the computatioh of representative‘lifecycle consumption defined

©(2.34) also demonstrates that intracohort AKS equality is equal
to a welghted average of AKS equality within each cohort, which
is given b

(2.35) EX =g /my (1<k<K)
with the welgﬁts belng the shares of total representative
consumption accruing to each cohort.
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in (2.3).

AKS and per capita indices can be interpreted as inequality
measures which evaluate the actual distribution with respect to
a hypothetical, optimal alternative. When the social evaluation
function is continuous, increasing, symmetric, and quasi-
concave, average representative consumption, r, is the optimal
(i.e. social welfare maximizing) distribution. Social welfare in
the actual situation is represented by the equally distributed
equivalent of r. AKS and per capita indices measure inequality
as a function of theee two statistics.

Since the welfare approach incorporates the consumer choice
problem, it can be extended to measure the welfare loss
attributable not only to the degree'of interpersonal inequelity,
but ‘also to imperfections in the means of redistributing
consumption over time. In the extended welfare approach, the
actual situation is unchanged but the optimal situation becomes
characterized by perfect capital markets in addition to
interpersonal eguality. The optimal situation is thus
represented by the mean of a vecter of potential individual
representative lifecycle consumption statistics representing
consumption plans chosen under perfect capital market
conditions. The situation is represented in Figure II, where
variables representing the situation in which capital markets
are assumed free of imperfections are denoted by a prime.

Consider first an index of per capita ineguality. Total
inequality'is,

(2.38) A=m'-s

The welfare loss due to interpersonal inequality is measured by
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the difference between m, which reflects social welfare when
interpersonal inequality is eliminated, and s, which reflects
the social evaluation of the actual distribution of
representative consumption. That is,

(2.39) AP =m-s

This is exactly the index of interpersonal inequality which was
derived in the welfare approach above, and which can be
decomposéd into intra- and intercohort inequality as in (2.28);
that is,

(2.40) AP=[%§(nk/H)(mk—sk)]+[%E(nk/H)sk—s]

P
R

=K, +A
An index of the welfare loss, measured in representative
consumption dollars per capita, attributable to imperfections.in
capital markets can analogously be defined as the difference
between s', representing social welfare when all "intertemporal"
inequality has been eliminated, and s:
(2.41) A'=s'-s
Finally, account must be taken of the interaction between
interpersonél and "intertemporal" inequality. Improved means of
borrowing and lending may yield greater benefits to some than
others, altering the distribution of representative lifecycle
consumption and thus changing measured interpersonal inequality.
Similarly, redistribution among individuals will affect the
shape of their consuﬁption profiles and thus the social
significance of existing imperfections in capital markets. Thus
the interactive effect of interpersonal and intertemporal

redistribution can be thought of either as the change in

interpersonal inequality attributable to the elimination of
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capital market imperféctions,

(2.42)  afT=(

m'-s')-(m-s)

or as the change in "intertemporal" inequality resulting from
the elimination of interpersonél inequality,

(2.43) AT =(m'-m)-(s'-s)

These two interpretations of the interactive effect are clearly
equivalent, as can be seen by comparing (2.42) and (2.43). The
indices of per capita interpersonal and "intertemporal”
inequality, (2.39) and (2.41), and their interactive effect,

(2.42) or (2.43), can be aggregated into an index of total per

capita inequality by adding them together:

AP 4 AT 4 aAfT
(2.44) =(m-s) + (s'-s) + [(m"-g')~(m-5)]
=.m'--s

We may now.use (2.44) to compute the.corresponding AKS indices
of inequality by dividing through by m'. This yields, |
(2.45) [(m-s)/m'] + [(s'-s)/m'] + {[(m'-s")/m"]-[(m-s)/m"']}
=" + 17 + 1FT
Recall that the per capita index of interpersonal inequality is
the same whether or not "intertemporal" inequality is measured.
The AKS index of interpersonal inequality, however, 1s different
in the extended welfare approach because total representative
consumption (the basis on which AKS indicesvexpress inequaiity)
is greater when lifecycle consumption plans are chosen under
perfect capital market conditions. This is reflected in the
denominator of the AKS index of interpersonal inequality, which

is m' in the first term of (2.45) where it had been m in (2.33).

The index of interpersonal AKS inequality in this extended
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welfare approach to the measurement of inequality can be
decomposed within and among age-cohorts analogously to (2.29).
This yields,

(2.46) I:=(m-%§(nk/H)sk)/m'

and, '

(2.47)  Ip=(Z(n /H)sy-s)/m’

AKS indices of equality are also easily extended £o include
the measurement of welfare losses due to differences between
actual and potential intertemporal distributions. Total AKS
equality in this case is equal to the ratio of social welfare
under the actual distribution, measured in terms of
representative consumption dollars, to social welfare similarly
measured in a potential, optimal situation in which all
inequality has been eliminated and capital markets are free of
imperfections: |
(2.48) E=s/m'

Total ineqﬁality can be decomposed into the product of three
terms as follows:

(2.49) E=[s/m] [s/s'] [(s'/m')/(s/m)]

The first tefm in (2.49) is the AKS index of inequality (2.37)
which can be multiplicatively decomposed inté the two terms
given in (2.34) and (2.36). The second term measures the social
cost of imperfections in the means of intertemporally
reallocating income, and the third term reflects the interaction
of'interpersonal and intertemporal redistribution.

Indices of per capita inequality and the corresponding AKS
indices of inequality and equality, derived in the welfare

approach to the measurement of inequality and its extension to
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include the measurement of "intertemporal” inequality, provide
theoretically sound measures of eqguality and inequality which
have a number of very appealing characteristics. First, they are
defined in terms of, and are constructed with, summary
statistics of welfare which represent lifecycle consumption
profiles and are calibrated in units of real consumption
dollars. Second, the indices distinguish between actual and
optimal, hypothetical distributions of well-being, and afe
carefully constructed to measure inequality in the actual
distribution with reference to the optimal alternative. To }his
extent the welfare approach fits within the framework suggested
by Atkinson [1970], Kolm [1969], and Sen [1973] which is now
widely accepted as the foundation of the modern theory of
.inequality measurement.. Third, welfare approach indices allow
for the exercise of consumer choicé‘to realiocate income streams
to achieve desired consumption plans. While this may seem an
obvious point to anyone familiar with economic theory, it has,
in fact, largely been overlooked in the theory of inequality
measurement to date. Fourth, the indices incorporate a lifecycle
perspective on the measurement of inequality which is both a
necessary adjunct to the explicit inclusion of consumer choice,
and a great.improvement on the predominant trend of measuring
inequality in the distribution of annual income or consumption.
Fifth, they incorporate a method of decomposing interpersonal
inequality into intragenerational and intergenerational
‘components so that they can be studied sepafatel&. And finally,
welfare approach indices can be constfucted so as to include the

effects of both interperSonal and intertemporal inequality, and
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can be disaggregated so as to identify the relative magnitudes
of these two sources of inequality.

These many important advantages of a welfare approach to
the measurement of inequality are,bunfortunately, difficult to
realize in practice. Empirical implementation of the welfare
approach is plaguéd by several problems. First, individual
utility functions are reqguired for the construction of welfare
approach indices of inequality. While actual consumption paths
can be observed in the data (rather than derived by the
maximization of ﬁtility subject to actual market opportunities
for reallocating income streams) utility functions are required
to compute representative lifecycle consumption. Furthermore,
estimation of the indices which I have proposed requires
lifecycle income data on all members of the population. Panel’
daté sets are rare and none covers the entire lifecycle of even
one age-cohort in the population, let alone those of members of
all cohorts representéd in the population. To estimate welfare
approach indices for the current population would require data
collected over.a period of roughly one hundred fifty years; that
is, from the year of birth of the oldest member of the current
population, to the year of death of its oldest-living member.
The prospects for empirically implementing the welfare approach
thus appear bleak indeed.

A situation in which the demands imposed by theory outstrip
empirical resources and abilities is not unfamiliar to
economists. A solution is to try to construct an alternative
formulation which is empirically tractable as well as

theoretically sound and attractive. This task is taken up in the



next chapter.
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FIGURE 1II
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CHAPTER THREE

A Decomposition Approach to the Measurement of Inequality

There are two theoretical problems with measuring
inequality in the distribution of annual income. Their solution,
I have argued, involves a shift to measuring inequality in the
distribution of'lifecycle cohsumption. But while this solution,
which is the essence of the welfare approach to the measurement
of inequality, may appear simple enough when put in-such terms,
its practice is in fact entirely precluded by lack of lifecycle
consumption data and knowledge of individual utility functions.
A decomposition approach to the measurement of inequality is an.
attempt to tread the middle ground bétween the theoretical
rigour and empirical intractability of a welfare approach and
the empiriéally practical but theoretically misspecified
traditional approach. A decomposition approach also responds to
criticiéms leveled at the traditional approach to the
measurement of inequality.that indices of annual income
inequality do not account for the effects of income mobility and
the age-structure of the population.

I shall briefly review here the methodological problems of
measufing inequality in the distribution of annual income. A
number of empirical studies have assessed the sensitivity of

popular and widely employed inequality indices, such as the Gini

315ee Chapter One for references.
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coefficient, to the length of the accounting period.?®' All found
a significant equalizing effect associated with extending the
period over which income (or consumption) is cumulated.
Furthermore, Shorrocks [1978a] has demonstrated that, for a
large class of indices including those consistent with the
approach initiated by Atkinson [1970], Kolm [1969], and Sen
[1973], inequality of income aggregated over an extended
accounting period cannot exceed a weighted average of measured
annual inequality. In the best attempt to date to investigate
the effects of income mobility, Shorrocks [1978b] has
constructed and computed indices which measure income mobility
in terms of the extent to which inequality is diminished by
lengthening the accounting period. What his approach lacks is an
explicit theofetical,link between mobility aﬁd inequality .
indices which would allow measured annual inequality to be
adjusted so as.to account for the effects of income mobility.
The decomposition approach eschews the mobility index approach
of Shorrocks in favour of inequality indices which can
distinguish pure interpersonal inequality from that attributable
to income mobility.

Another widely recognized source of bias in measured annual
inequality is due to the observed tendency of income streams and
consumption paths to rise over the course of a lifetime.?3?
Indices of annual inequality capture not only pure interpersonal

inequality but also inequality related to the age-structure of

321n cross-sectional data this pattern is often observed to have
a declining tail after retirement.
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the population when income and consumption profiles display this
characteristic shape. Paglin [1975] has proposed a method for
distinguishing age-related inequality from pure interpersonal
inequality in the Gini coefficient computed from annual data.
The Paglin-Gini has been heavily criticized®?® but no replacement
has been suggested. Fortunately, howevér, this problem too can
be solved by adopting the decomposition approach to the
measurement of ineguality.3*

The decomposition»approach to the measurement of inequality
starts from the premise that longitudinal data are necessary if
the intertemporal aspects of inequélitj are to be taken into
account. A time-series of anonymous.cross—sections is of no use
for this purpose because the effects of income mobility show up
only when an individuals's income i$ followed over time,?35 Paﬁel
data are thus required, which, even if they do not cover entire
lifecycles, should at least allow the degree of mobility~related
inequality to be approximated. The method of the decomposition
approach is to measure inequality in the panel data treated as a
single distribution. A part of this total will be due to the

differences in income that an individual experiences from one

33por a detailed. discussion of the Paglin-Gini and the criticisms
of it see Chapter One.

34an evaluation of Paglin's method compared to the decomposition
approach is presented in Appendix B.

351y fact, the trend of annual inequality is remarkably stable,
but this does not imply a low degree of income mobility because
the symmetry of inequality indices means that permuting a
particular distribution will not alter the degree of measured
inequality. Any amount of income mobility is consistent with a
stable trend of annual inequality.
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year to another. By measuring the .inequality attributable to

these intrapersonal income differences, an index of mobility-
related inequality is obtained which, in addition to its
intrinsic interest, can be used to define a measure of
interpersonal inequality net 6f the effects of income variation
over time.?® The remaining inequality is not solely
interpersonal, however, but also reflects intergenerational
income differences. The characteristic shape of lifecycle
profiles contributes to the variation of annual income among
individuals even if lifetime incomes are equally distributed.
This source of inequality can also be distinguished from pure
interpersonai inequality, yielding an index of age-related
inequality. This index is of interest for its own sake and for
use in deriving an index of pure interpérsonal inequality net of
the effects of intertemporal and intergenerational income
differences.

The decomposition approach thus begins with panel
_consumption data.‘For each individual, h (1<h<H), in the sample,
the panel data set has a time-series of annual consumptions over
a T year period, ch=(ch1, . e 'CWF)' The entire data set can
be arranged as a vector, c=(c1, . .K. Cy), of dimension HT. In
the decomposition approach to the measurement of inequality,
this vector is treated as a single distribution over a |
population of size HT in which total inequality is measured.

Inequality attributable to variation in individual incomes over

36In this sense intertemporal is a synonym for intrapersonal when
speaking of inequality attrlbutable to the time paths of
individual incomes.
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time can then be distinguished from that due to income variation
among. individuals by decomposing inequality within and among
population (of size HT) subgroups. The consumption vector of the
members of subgroup h is c,. Inequality is decomposed within and
among population subgréups using a procedure suggested by
Blackorby, Donaldson, and Auersperg [1981]. In this procedure
inequality within subgroups is eliminaﬁed from the distribution
by assigning each individual the equally distributed equivalent
of the distribution within his own subgroup.?®’ That is, letting
the scalar Th be the equally distributed eguivalent of the
vector ¢, intrapersonal (mobility-related) inequality is
eliminated by replacing the vector ch=(ch1, .« « 4Cuy) by the 
socially equivalent, equally distributed alternative, (r,1,).%®
The equally distributed equivalent is mean consumption adjusted
for inequality in the distribution it represents. Thus the
equally distributed equivalent of a distribution cannot exceed
its mean, and will be strictly less than the mean if there is
any inequality in the distribution. Thus, total consumption in
the original distribution c:(c\, . . . ,cH) cannot be less than

total consumption in the distribution in which intrapersonal

37An alternative procedure for decomposing .inequality has
recently been proposed independently by Bourguignon [1979],
Cowell [1980]), and Shorrocks [1980], in which subgroup mean
incomes are used to eliminate intragroup inequality. In Appendix
A Shorrocks' version of this alternative procedure is compared
to the Blackorby-Donaldson-Auersperg method, and their relative
performances in the decomposition approach are evaluated. The
conclusion reached is that the Blackorby-Donaldson-Auersperg
procedure is superior for this purpose because the alternative
suffers from two theoretical drawbacks which prove to be
seriously damaging to its empirical performance.

*8Where 11-15 a T-dimensional unit vector.
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inequality is eliminated, which is characterized by the vector

(r, 1 S

P 14). The saving generated by a move from the

former to the latter represents the social cost of mobility-
related inequality.
The replacement of the vector Cy, by (rth) removes all

intrapersonal inequality, leaving only inequality due to

differences between the values of r,, (1<h<H). This remaining
inequality is attributable to differences related to the age-
structure of the population as well as to pure interpersonal
differences in consumption. To distinguish these two sources
from one another, inequality may be further decomposed within
and among age-subgroups of the population. This is accomplished
by grouping together individuals of the same age,?®® and
assigning members of the same cohort the egqually distributéd
equivalent of théirvcohort distribution. Letting sy be the
equally distributed equivalent of the distribution among the n;
members of cohort k, (1<k<K), the elimination of intracohort
ineguality results in the replacement of the distribution
(g 1pr o « o ,ryly) by (SqlTM" .. 'SKleK)' Again, a move
between these two vectors results in a saving which reflects the
social cost of inequality within cohorts, which I have called
pure interpersonal inequality.

Intrapersonal and intracohort ineguality having now been

eliminated, only inequality between cohorts remains. This too

can be eliminated by replacing the distribution

390r in the same age bracket if age-cohorts are defined over a
range of years.
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(s1lTM1, e . ,sklwﬂK) by a distribution in which evéryone
receives the population-wide equally distributed equivalenf, S.
This third move from the distribution of cohort egually
distributed equivalents to a socially equivalent equal
distribution over the entire population (of size HT), (slHT),
implies a further social saving which is a measure of agé-
related inequality.

The measurement and decomposition of inequality involve the
repeated replacement of distributions (over subgroups of the
population) by their . equally distributed equivalents. In each
case, since.the equally distributed equivalent is an inequality
adjusted mean, there is a social saving created which reflects
the social cost attributable to a particular source of total
inequality. AKS indices express this saving as a proportion of
total consumption, and per capita-indices express it in per
capita terms. Thus ethical indices measure inequality as the
amount wasted on inequality.

This chapter begins with a formal discussion of the social
welfare underpinninés of the decomposition approach to the
measurement of inequality. The primary objective is the
definition of the equally distributed equivalents, Ly Sy and
s, which are fundamental elements of the decomposition indices
that I wish to derive. This is done by succéssively eliminating
intrapersonal, intracohort, aﬁd intercohort inequality from the
original distribution. The social savings implied by moving
through a succession of reference vectors measure the social
costs associated with each source of inequality. AKS and per

capita indices of inequality can then be constructed by
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expressing the social cost of'inequality in percentage and per
capita terms respectively. In the former case I again employ the
decomposition presented in the preceding chapter which I have
suggested to replace the Blackorby-Donaldson-Auersperg
decomposition of AKS ineqguality indices.

As mentioned before, the decomposition approach can be
justified on its own grounds--as a solution to the problems of
measuring pure interpersonal inequality in an annual
distribution—-or as an empirically tractable approximation to
the welfare approach. The chapter concludes with a'discussion of
the common ground shared by the two approaches. I show that, by
adopting two simplifying assumptions, an equivalence between the
two approaches can be established.

The measurement of inequality requires the existence of a
ébcial evaluation fﬁnction W:Rﬂ?—»R‘ with image,

(3.1) w=W(c)

where c=(c11; . . ,c%r, N N 'CHT) is a vector of
the consumption paths of H people observed over T years. W(.) is
assumed to be continuous, increasing, and S-concave.

In the decomposition approach, ¢ is treated as a
distribution of consumption over a population of size HT. I
begin by decomposing this population into H exhaustive, mutually
exclusive subgroups of size T, with the intention of measuring
inequality in each subgroup independently of consumption of non-
members. The social evaluation function must therefore be
separable in these subgroups, implying that W(.) can be written
as,

(3.2)  w=W(V'(c,), . . . ,V'(cy))
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where W(.) is increasing in Vh(ch) and ¢, =(cyq, . . . Cp7) is a
vector of the T consumptions observed for person h. The
functions V":RT—R' are idenﬁical for all h, and can be used to
define individual representative consumption:
(3.3) Vir, 14)=V(c,) (1<h<H)
The properties of V(.), inherited from W(.), allow r, to be
uniquely determined for every ¢, so that r, can be written as,
(3.4) r, =R(c,) (1<h<H)
Substitution of (3.3) into (3.2) yields,
w=WIV(r, 1), « « o V(g 1))

(3.5) SW(ry, « - - 1)
This social evalution function defined over individual
representative consumptions can be used as the basis of an index
»of interpersonal iﬁequality free of bias due to consumption
mobility. To separate intercohort effects from intérpersonal
inequality within age-cohorts requires that individuals be
grouped by age. Letuﬁ={N‘, ... ,N°} be a partition of the
population set N={1, . . . ,H} into age cohorts. heNX means
person h is a member of the kth age-cohort which has ny
members. r" is a vecfor of representative consumptions of
individuals in cohort k. Each N* must be separable from its
complement in N, in which case (3.5) can be written as,
(3.6) w=WlW' ('), . . . ,W()]
where W(.) is increasing in Wi (k).

The conjunction of symmetry and separability in W(.)
implies that its structure is additive (Blackorby, Donaldson,
and Auersperg [1981, theorem 1]):

3.7 wlilZq(r,))
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where %(.) is increasing in its argument and g(.) is independent
of h because of the symmétry assumption. S-concavity of W(.)

requires that g(.) be concave; strict S-concavity requires that
it be strictly concave (Berge [1963]). Thus W(.) must be quasi-

concave and symmetric. The social evaluation function

corresponding to decomposable AKS and per capita indices of

inequality must therefore be continuous, increasing, symmetric,

quasi-concave, and additively separable. Further properties are

required of the social evaluation function corresponding to
relative indices (which are homogeneous of degree zero in their
arguments) and absolute indices (which are invariant to equal

absolute changes in their arguments). AKS indices are relative

indices if and only-if the social evaluation function is

homothetic. In conjunction with the properties listed above,
this restricts the class of admissible social evaluation

functions to the means of order R. Per capita indices are

absolute indices if and only if the social evaluation function

is translatable. This restricts W(.) to the Kolm-Pollak family
of social evaluation functions.

The properties of W(.) and WK(.) are again traced back to

the original social evaluation function (3.1). wk

:R"® —»R' can be
used to define the repfesentative consumption of cohort k,
(3.8)  wWN(s 1, )=W (r") (1<k<K)

="k
which is the equally distributed equivalent of the vector of
representative consumptions of all individuals in cohort k. The
properties of wX(.) ensure that s, can be explicitly defined as,

(3.9) sk=sk(rk) | (1<k<K)

Since Wf(.) has the same additive structure as W(.), with the
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summation being over members of the kth age-cohort only,
representative cohort consumption is;

=qg- 1} <k«
(3.10) 5\ =9 [(1/nk%2%kg(rh)] (1<k<K)
The implicit definition of cohort representative consumption,
(3.8), can be substituted into (3.6) yielding,

1
WIW' (sq1g )y o v o WW (sK_1nK)]

w

(3.11)

I}

%(s1ln‘, .. ,skan)

Finally, the elimination of intercohort inequality with social
indifference is accomplished by assigniné_each person the
population represéntativelconsumption implicitly defined by
(3.12) ﬁ(slﬂ)=€v(s1_1_n1, skl

The properties of W(.) ensure that s is uniquely defined for any
distribution of cohort representative consumptions, and can be
written:

(3.13)  s=s(s;1,., - - . ,sKan)

While (3.13) defines s as the equally distributed equivalent of
the vector (sqlh1, . . e ,sKan), it should be clear from (3.9)
and (3.4) that s can also be expressed as an equélly distributed
equivalent of either inaividual representative consumpﬁions or
the actual consumption paths of each individual.

AKS indices measure inequality as the percentage of total
consumption saved by moving from the actual distribution to an
equal distribution that is socially equivaient. Per capita
indices express the same saving in per capita terms. Both
involve the social evaluation of two situations: one in which
individuals receive their observed consumption paths, and

another in which everyone is assigned the representative, or

equally distributed equivalent, consumption.
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The decomposition of inequality can be thought of as a
series of situations in which various sburces of inequality are
eliminated in succession, and the social savings created by each
move measure that part of totai inequality attributable to a
particular source. It is necessary first to eliminate inequality
due to variation in consumption over time since summary
statistics of individual consumption paths are required in order
to measure interpersonal inequality. Assigning each individual
his representative consumption, Iy defined in (3.4), eliminate§
int;aperéonal inequality and provides an exact welfare index of
individual consumption paths.

Interpersonal inequality indices based on the social
savings generated by a move from the distribution of
representative consumption to an equally distributed equivalent
distribution capfure both real consumption differences among
persons and inequality related to the §ge-structure of the
population. Eliminating inequality within age-cohorts by next
assigning individuals their representative cohort consumptions,
Sy, leads to an index of intracohort inequality.®® Finally, an
index of age-related inequality can be based on the social
saving resulting from the elimination of inequality between
cohorts in the move to a situation in which everyone receives

the population-wide equally distributed equivalent, 's.

40Blackorby, Donaldson, and Auersperg [1981] have shown that
subindices of intra- and intercohort per capita 1nequa11ty are
invariant with respect to the order in which ineqguality is
eliminated within and between age-cohorts. Although this is not
true of their decomposition of AKS indices, it does apply to “the
decomposition of AKS inequality that I proposed in Chapter Two
and that I shall employ here.
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The equally distributed equivalent consumptions given by
(3.4), (3.9), and (3.13) define the elements of three reference
vectors which, with the vector of original consumptions;
represent the four situations which characterize the successive
elimination of inequality, first within each individual's
consumption path over time, then within age-cohorts, and finally
between age-cohorts:

(3.14) (C11 r . . . ’C1T’ . . . ,CH1, ..l L) ICHT)

(3.15) (cyler o o o o ly)

-

(3.16) (511_‘.,“1, e e e Sl )

—T-n\-‘
(3.17) (s1

Lur)
Movements between these reference vectors are made with social
indifference. The social savings which accrue as a result of
such movements can be used to construct AKS inequality indices
when expressed as a proportion of total consumption, or per
capita inequality indices when expressed in per capita terms.

Consider, for example, the per capita saving which could be
realized in a move from (3.14) to (3.15), recalling.that the
consumptions of H individuals received over T years are being
treated as the consumptions of a population of size HT.

B =CI/HD) [ZZ ¢ - ZTr, ]

(3.18) =G/ = (my -y ) ]
where mk=(1/T)Z4;:cht is the mean consumption of individual h
during the time period covered by the data. This intrapersonal
per capita inequality index, A,,, is an average of £1=(mh-rh),
(1<h<H), the per capita inequality in each individual's
consumption path.

A move from (3.15) to (3.16) would produce a per capita
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saving of:

Apc=(1/HT) [Z Try -7 Tny sy
(3.19) =%;(nk/H)(mk-sk)
where mk=dik(1/nk)rh is the mean, and sk=Sk(rk) is the equally
distributed equivalent, of the vector of representative
consumptions of individuals in the kth age-cohort,
rk=(<rh> ¥heN"). It can be seen from (3.19) that per capita
intracohort inequality is equal to the cohort-population-share
weighted average of Ak=mk—sk, the per capita inequality'within
each age-cohort. This index measures pure interpersonal
inequality, free of distortions attributable to consumption
mobility, the age-structure of the population, and economic
growth.

Finally, the per capita saving to be realized by moving
from (3.16) to (3.17) is:

' ARC=(1/HT)[%ETnksk-HTs]
(3.200  =Z(n /)5 s |
‘ which measures per capita inequalitylbetween age-cohorts as the
mean of the distribution of cohort fepreéentative consumptions
less its equally distributed equivalent.

The sum of the three subindices of inequality can easily be
showﬁ to be equal to the index of total per capita iﬁequality,
A=m-s,*' which is the per capita saving that would result from a
direct move from (3.14) to (3.17). Thus the decomposition of

total per capita inequality 1is,

“'Where m is the mean and s is the equally distributed equivalent
of the original consumption vector (3.14).
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A=m-s
(3.21) =[(1/H)%(mh-rh)]+[(1/H)(Eh'.rh—%nksk)]+[Zk(nk/H)sk-s]
= App * Ap * Ap ‘

AKS inequality indices can easily be computed from the
decomposition of per capita inequality given in (3.21). The new
decomposition of AKS inequality that I presented in Chapter Two
to replace the Blackorby-Donaldson-Auersperg decomposition is
calculated simply by dividing through (3.21) by m, the mean of
(3.14). This yields:

(3.22) I=1 + I, +I

AP Ac RC

where the subindices of AKS inequality are defined as followé:
(3.23) I =[(1/H)Z (m -r, ) ]/m

(3.24) IM’=[§:(nk/H)(mk—sk)]/m

(3.25) I =[Zk(_nk/H)ék—s]/m._

The AKS indices (3.23), (3.24), and (3.25) measure
intrapersonal,‘intracohbrﬁ, and intercohort inequality,
respectively, as the social cost associated with these sources
of consumption differences expressed as a proportion of total
consumption in the briginal distfibution. The three indices may
be interpreted as measures of mobility-related inequality, pure
interpersdnal inéquality, and age-related inequality
respectively.

Finally, consider the construction of AKS indices of -
equality by a series of moves between successive pairs of the
reference vectors (3.14) through (3.17). AKS equality indices
cénstructed in this manner are,defiped as the ratio of total
consumption in one vector to total consumption in the preceding

vector. For the move from (3.14) to (3.15) this yields,
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EA? =%Trh /%% Cht
(3.26) =(1/H)Z r, /m,
h
where m=(1/HT)772£cht is the mean of (3.14). Similarly,
intracohort relative equality is given as total consumption in
(3.16) as a proportion of total consumption in (3.15).
B, =%Tnksk/§h:Trh
=%nksk/%h§4“r“
- (3.27) =%Jmsk/%nkmk
since m,=(1/n, )&, r, . And finally, AKS intercohort equality is
k k enk Th
ERC=HTS/%5Tnksk
(3.28) =s/§§_(nk/H)sk
k
The product of these three subindices of eqguality yield the AKS
index of total equality. Thus the decomposition of total AKS

equality is,

E=s/m
(3.29) =[(1/H)%}rh/m] [EEnksk/%Erh] [S/(1/H)%§nksk]
= By Eac Erc

In the decomposition of per capita inequality, (3.21), AKS
inequality, (3.22), and AKS equality, (3.29), total (in)equality
is expressed as a simple function of three subindices of
(in)equality which measure the contributions of intrapersonal,
intracohort, and inter;ohort (in)equality to the total. The
motivation'has been two-fold. The decompositions provide a
solution to problems with the traditional approach of measuring
inequality in annual distributions which, it has been widely
argued, confuses age- and mobility-related inequality with pure
interpersonal inequality. Thus, the effects on measured

inequality of consumption mobility and of the tyéically non-



68

constant time path of consumption have been identified and
isolated, allowing an index of pure interpersonal inequality to
be constructed. To be sure, mobility and the shape of
consumption profiles afe sources of ineqguality which are of
significant intrinsic interest.%? "Ineéuality", however, as the
phrase is commonly used both by professionals and laymen, is, I
believe, meant to exclude ineqguality which arises from either of
these two sources. And this is precisely what the decomposition
approach accomplishes.

An alternative motivation for exploring the decomposition
approach to the measurement of inequality is the hope_that it
may offer a theoretically sound and empirically tractable theory
of inequality measurement. The traditional method of measuring
inequality in the distribution of annual income fails on the

.former.count. The welfare approach presented in Chapter Two
provides a sound theoretical basis for measuring inequality but
is incapable of empirical implementation. The decomposition
approach_is a successful method of measuring interpersonal
inequality without confusing it with inequality arising from
other sources. Dalton argued that, "the economist is primarily
interested not in the distribution of income as such, but in the
éffects of the distribution of income upon the distribution and
total amount of economic welfare" ([1921, p.348]). It should
therefore be asked whether there are grounds‘for interpreting

intrapersonal inequality in the decomposition approach as an

“2yitness the wvolume of literature written on these subjects,
especially the work of Shorrocks [1978a,b] and Paglin [1975].
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index of inequality in the distribution of well-being. The

answer is a qualified yes. Take, for example, the decomposition

of per capita inequality, (3.21). The index which I am arguing

measures pure interpersonal inequality is given by the second

term,

(3.19) AAC=(1/HT)[ZhTrh—Zanksk]

In the welfare approach the corresponding index is (2.23):

AA=(1/H)[Zhrh-%nksk]

In the welfare approach, representative lifecycle consumption,

r,, is the lifecycle consumption annuity between which and his.

actual consumption profile the individual is indifferent. It is

implicitly defined by,

(2.2)  UMr, 1) = U (e, o o o sCyT) ,.

In the decomposition approach, however, representative

consumption is defined in terhs of a social evaluation function

rather than an individual utility function. That is,

(3.3) V(g 1=V(c,q4, - « « ,Cpur)

(2.2) and (3.3) are similar, but differ in two important

respects; One, already mentioned, is that U"(.) is an individual

utility function while V(.) is a social evaluation function

which results from the separability structure imposed on W(.),

from which it inherits its properties. The other difference is

that the domain of U"(.) is a THFdimensional vector of

consumption expenditures made by individual h during the course

of his life, while the dimension of the domain of V(.) is common

to all individuals, being T observations on éonsumption. |
Despite these differences, there are grounds for arguing

that T, in the decomposition approach is a satisfactory summary
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statistic of individual welfare. Inequality is measured in terms
of the social cost implied by maintaining the actual
distribution rather than redistributing it equally. A case might
therefore by made that the arguments of an inequality index
shouid be based on a social, rather than private, evaluation of
the individual welfare that results from a given consumption
plan. In this case V(.) may be viewed as a utility function
based on the preferences of a planner rather than on individual
preferences. Second, and perhaps more importantly, recall that
the welfare approach was found to be empirically impractical
because it requires that individual utility functions be known
and that data on the lifecycle consumption paths of all members
of the population are available. When other writers have met
these obstacles, they have invoked the simplifying assumptions
of identical utility funcfions'and length of life across all
individuals (Nordhaus [1973], Blinder [1975], Layard [1977],
Irvine [1980]). Blinder [1975, pp. 31-2] has argued,
furthermore, for the adoption of (the continuous-time version
of) an iso-elastic form for the utility function. But this is
precisely (the analogue of the discrete-time version of) the
only functional form admissible as a social evaluation function
in the decomposition approach to the measurement of relative
inequality. Faced with the task of implementing the welfare
approach, Blinder would argue for substituting the known
function V(.) defined over T years for the unknown u"(.) defined
over T, years; precisely thié is accomplished by adopting a
decomposition approach to the measurement of inequality.

For these reasons, in the next chapter I calculate
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inequality indices based on the decomposition approach to the
measurement of ineguality. Several features of these indices
will be of particular interest. Of these, perhaps the most
important will be to compare intracohort inequality in the
decomposition (which I take as a measure of pure interpersonal
inequality) with indices of inequality in the distribution of
annual consumption. Also of interest, however, will be the
relative importance of the three sources of inequality which
have been identified in the decomposition approach. Shorrocks
[1978b] has produced soﬁe interesting empirical résults on
income mobility in the United States, but not in a form that
allows the quantitative impact of income mobility on measured
inequality to be calculated. This is possible with the
decomposition approach to the measurement of inéquality, as will
be 'seen in the empirical results in Chapter Four. I shal}'also
inquire into the sensitivity of the indices developed in the
decomposition approach to the choices made regarding the size of
age—cohorts brackets and the number of Years of data yhich are

employed for the computation of the indices.
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' CHAPTER FOUR

Empirical Implementation of the Decomposition Approach

Empirical implementation of the decomposition approach to
the measurement of inequality requires consumption data observed
over a number of years for a panel of individuals. This is
perhaps the heaviest requirement of the decomposition approach
over and above thoﬁe of the traditional approach of measuring
annual income inequality. I have drawn upon the best source of

panel data, the Panel Study on Income Dynamics conducted by the

Survey Research Center [1968] of the Institute for Social
Research at the University of Michigan.®?® Currently, there are
éleven'years of annual data available, rﬁnning from 1968 to
1978, which report a wide variety of economic and demographic
variables for 6154 families and their almost 21,000 members.

I have computed the consumption variable from the point of
view of the family in keeping with the idea that the family acts
as a unit in making private consumption decisions and is treated
as such by public transfer programs. The distribution of
consumption is expressed on an individual basis, however, to
exclude the effects of family size and so that inequality is
measured among individuals. In going from family to individual
consumption it is necessary to make use of adult equivalence

scales because children do not require the same level of

43unfortunately no appropriate panel data exist for Canada.
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consumption for their support as adults. There are a number of
different ways to proceed.

The usual practice has_been‘to compute family size in terms
of adult equivalents. For example, treating an adult as
equivalent in terms of consumption to two children, a family of
five consisting of two adults and three children is eQuivalent
to a family of three and one-half adults. If total family
consumption is $17,500, per capita adult equivalent consumption
is $5,000 (=$17,500/3.5). This family would then be counted, if
the usual practice were followed, as three and one-half
individuals each with a consumption of $5,000. I prefer to keep
the number of family members @t its actual value, however, so

- that all individuals are represented in the distribution of
consUmption. There are then two alternative. One is to assign
the adults in this family consumptions.of $5,000 and the
children $2,500. This, however, creates iﬂEEQfamily inequality
which I do not wish to be included in measured ineqguality. I
have therefore chosen to assign the per capita adult equivalent
consumption to all family members.** This allows me to avoid
introducing intrafamily inequélity while ensuring that all
individuals are represented in the consumption distribution.®?®

The consumption variable has been constructed by proceeding

from market income through net income to consumption. Data

““This practice is followed by Blackorby and Donaldson [1980b].
The idea is due originally to A. Sen in a private communication
to Blackorby and Donaldson. See also Sen [1979, pp. 292-3].

457otal and therefore mean consumption are not, however, the same
as in the original distribution,
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limitations have prevented this from being done exactly as it
should but I have attempted to compute the consumption variable
to correspond as closely as possible with the theoretical ideal.
Beginning with family unit money income from market sources I
added the rental value of free housing which represents one of
the most important non-monetary components of market income. I
then added transfers and subtracted taxes to arrive at net
income, and added the amount saved on food stamps to incorporate
an important non-monetary component of public transfers. My
estihate of family consumption was then derived by adding income
from private pensions and annuities and the rental value of
owner-occupied housing.®® Since I am interested in welfare, and
therefore in real rather than nominal consumption, the
conéumption variable has been deflated by the U. S. Consumer
Price Index (1975=100) (International Monetary Fund [i980, p.
343]).

The demographic data requirements include family
composition (number of adults and children) for calculating thg
adult equivalent per capita consumption, and age of family head,
according to which families are grouped into age-cohorts. I
decided to drop families that experienced a change of family
head during the sample period.té save on computing costé by
reducing the sample size. By excluding families from the sample

on this basis, the question of the age-cohort to which such

46The construction of the consumption variable is described in
detail in Appendix C.
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families should be assigned was also avoided."’ Surprisingly,
this reduced the sample size by 87 per cent.'® My empirical work
is based on this subsample, but for comparative purposes I also
computed relative inequality in the whole sample. The results
indicated that measured inequality is 20 to 25 per cent greater
in the original sample. The relative magnitudes of the
subindices of 