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POVERTY, INCOME INEQUALITY, AND THEIR MEASURES:
PROFESSOR SEN’S AXIOMATIC APPROACH RECONSIDERED

By NoRIYUKI TAKAYAMA'

This paper proposes the Gini coefficient of the censored income distribution truncated
from above by the poverty line as an index of poverty. An ordinalist axiomatic approach,
which was introduced by Professor Sen, is used to justify this measure. In comparison with
Sen’s index, our alternative measure is simpler and more concerned with relative depriva-
tion; it can be regarded as a more natural translation of the Gini coefficient from the
measurement of inequality into that of poverty.,

1. INTRODUCTION

STUDIES ON THE MEASUREMENT of income inequality have been revived since the
end of the nineteen sixties.” Before the work of Professor Sen [13], however, few
studies had been made on the measurement of poverty. In his illuminating paper
[13], Sen proposed a new measure of poverty which is free from various arbi-
trarinesses inherent in the poverty measures currently in wide use. His measure of
poverty is essentially ordinal and satisfies reasonable axioms. The pieces of
information required for his measure number only three: the head-count ratio,
the poverty-gap ratio,” and the Gini coefficient of the income distribution of the
poor. In these respects, his analysis should be highly appreciated because he
introduced a rigorous and scientific viewpoint in the study of poverty measure-
ment.

But, as we shall see in Section 2, there remain in his index some problems that
require reconsideration. First, Sen introduces the notion of relative deprivation as
one of irreducible cores of poverty, and uses it in his weighting procedure. His
specification, however, takes into account the partial welfare ranking of the
truncated income distribution only, which excludes observations of any income
above the poverty line. At the same time, his normalization focuses rather on the
absolute aspects of poverty. Thus his measure is less geared to relativities than it
need be. Second, the normalized poverty value of his index is arbitrary, as he
himself recognizes. This arbitrariness prevents him from presenting a straight-
forward translation of the Gini coefficient from the measurement of income
inequality into that of poverty. As we shall examine later, the normalized poverty
value of his index leaves the Gini coefficient in an incomplete axiomatization as a
measure of income inequality.

! The author is greatly indebted to Drs. Koichi Hamada, Amartya Sen, and an anonymous referee
for their helpful comments and suggestions. -

Adtkinson [1] clarified the relationship between a social welfare function and rank ordering with
Lorenz curves. Dasgupta-Sen-Starrett [5] and Rothschild-Stiglitz [11] generalized Atkinson’s result.
Sheshinski [14] and Sen [12] investigated the social welfare function which underlies the Gini
coefficient. Theil [15], Rao [10], Gastwirth [6, 7], and Toyoda [16] examined the decompositions of the
inequality measures.

¥Sen [13, p. 223] called this gap “‘the income-gap ratio.” Here, we use this term in a different
context. See Section 2.

747



748 NORIYUKI TAKAYAMA

The purpose of this paper is to propose an alternative measure of poverty that is
free from these shortcomings, while keeping the spirit of Sen’s axiomatic
approach. The proposed index of poverty is the Gini coefficient G, of the censored
income distribution truncated from above by the poverty line. Our alternative
measure of poverty is simpler and has more intuitive sense than Sen’s index. It will
also provide a more full-blooded representation of the notion of relative depriva-
tion than Sen’s measure succeeds in providing. In addition, our measure of
poverty can be regarded as a more natural translation of the Gini coefficient from
the measurement of inequality into that of poverty. As is also true of Sen’s index,
our measure of poverty can be decomposed into relevant factors such as the
head-count ratio, the poverty-gap ratio, and the Gini coefficient of the income
distribution of the poor. We can represent our index diagrammatically, too. Our
measure of poverty can be seen to have the appropriate properties, in general.
Finally, the concept of the censored income distribution will enable us to extend
the results of this paper easily to a utilitarian approach.

2. A REVIEW OF SEN’S PROCEDURE

Before going into the derivation of our index, let us briefly review Sen’s
procedure and discuss its problems.

Sen considers a community S of n people, where the members are numbered in
a nondecreasing order of income, i.e.,

(1) y1"'<‘-y2"<“:-"'SYm“{—Ym+1“<—Ym+2‘<*”'"‘<"‘yn°

The set of people with income no higher than x is called S(x). If the poverty line z
is exogenously given and is equal to y,,,, then S(y,. )} is the set of the poor.* S(y,) is,
of course, the set of all people in the community S.

The poverty gap g; of any individual is defined to be the difference between the
poverty line z and his income y;:

(2) &=z~ Y -

The traditional indices of poverty criticized by Sen [13] are the “head-count
rajio” H and the so-called “‘poverty gap.”” The former is the percentage of people
below the poverty line:

(3) H=m/n.

The latter is the aggregate short-fall of income of all the poor taken together from
the poverty line. Sen normalized this poverty gap into a per-person percentage
gap Q,” which is called the “poverty-gap ratio” in this paper:

(4) Q= Y g/(mz)

ieS{ym)

* The notation g was used for the number of the poor in Sen [13]. However, we would like to use g to
denote the income gap in this paper.

% Sen [13] used the abbreviation I for this concept. Here, we use I as an index of income inequality.
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H isinsensitive to the extent of Q. Q, in turn, is insensitive to H. Moreover, both H
and Q are insensitive to the distribution of income among the poor.

In order to avoid these shortcomings, Sen derived his measure of poverty P,
(which was denoted as P in his original paper [13]) from an ordinalist axiomatic
approach:

(5) P;=H[Q+(1-Q)G,),

where G, is the Gini coefficient of the income distribution among the poor. Note
that P is initially defined to be a normalized weighted sum of the poverty gaps g;
of everyone in S(y,.):

(6) Ps=A Y g

. ies(?m)
where A is a constant term for a normalization and v; are nonnegative weights, He
introduced the following three axioms to derive equation (5). '

AxioM M (Monotonic Welfare): The relation > (greater than) defined on the set
of individual welfare numbers {Wi(»)} for any income configuration y is a strict
complete ordering, and the relation > defined on the corresponding set of individual
incomes {y;} is a sub-relation of the former, i.e., for any i, j:if y;>y, then
W:(y)> W(y).

AxioM R (Ordinal Rank Weights): The weight v, on the poverty gap of person i
equals the rank order of i in the interpersonal welfare ordering of the poor, i.e.,
vi=m+1-—1i

AxioMm N (Normalized Poverty Value): If all the poor have the same income,
then P, = HQ.

Sen asserted further that P, corresponds to the Gini coefficient of income
inequality G. That is, replacing the poor m by the entire population » and
replacing the poverty threshold of income z by the mean income u, would
transform P, into G.

Unfortunately, there are two problems in his procedure. First, Axiom R is
arbitrary in the sense that the ranking is based on the truncated distribution, or the
“poverty distribution” and neglects the existence of people above the poverty
line. However, we can regard poverty as a problem of society as a whole from the
welfare point of view. As Sen convincingly argues, poverty is essentially a relative
notion, and the sense of deprivation is perceived when someone. in poverty
compares his income with that of others in the community as a whole, not only
with that of individuals below the poverty line. Along with his normalization
(Axiom N) which focuses on the absolute elements of poverty such as the
head-count ratio and the poverty-gap ratio, his specification in Axiom R made the
derived measure less geared to relativities than it need be. If the poverty measures
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should be more concerned with relative deprivation than traditional measures,
Sen’s index needs to be taken further in that direction.

Second, Axiom N is also arbitrary in the sense that it cannot give a full
axiomatization of the Gini measure of “inequality,” in combination with Axioms
M and R only. Namely, the inequality measure n. is obtained in place of P; in
equation (5) by replacing m by #, and replacing z by uo, as mentioned above.
According to Axiom N, n has the value zero if all people in the community have
‘the same income u. This is checked by putting H = 1 and Q =0in P, in Axiom N.
On the other hand, g; in equation (6) is zero for all 7 in this transformation. Then,
Axiom N leaves a constant term A indeterminate in equation (6), when it relates
to “income inequality.” Another normalized value is needed to specify A in a
complete axiomatization of the Gini coefficient as a measure of inequality.®

Therefore, we propose the full axioms which underlie the Gini measure of
inequality before going into the investigation of our alternative measure of
poverty.

The income gap ¢; of any individual i is the difference between the mean income
wo and his income y;:

(8) qi=po—y, Where wo= 2 y/n.
ieS(y,)
The index of income inequality I of a given income configuration (1) is defined
to be a normalized weighted sum of the income gaps g; of the whole community:

(9) I=B Y wq+C,

ieS(yn) _
where B, C, and w; are constant terms for a normalization, and non-negative
weights, respectively. Thus, the index of income inequality I of a community is
given by the value of the weighted “‘aggregate income gap” of the total popu-
lation. :

As is suggested by Sen, the Gini coefficient can be axiomatized by an ordinal
approach. In order to transform an absolute poverty index into a relative one of
inequality, Axiom R must be modified to include all the people, whether poor or
not.

AxtoM R*: The weight w; on the income gap of person i equals the rank order of i
in the interpersonal welfare ordering of the whole population, i.e., w;=n+1—1.

Further, Axiom N must be modified.

% Sen’s index given by (5) has the additional problem, which is trivial in practical use, that we can
have the elegant P, only when it is applied to an economy with a large number of the poor. The poverty
index derived from his ordinal approach is given by

™ PS=H{1—(1—Q){1"GW(%)}].

If the number of the poor m approaches infinity, then m/(m + 1) approximates unity, which yields
equation (5).
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AxaoM N*: If all the people in the community have the same income, then I = 0.

By Axiom N*, the constant term C is readily shown to equal zero. But, another
normalized poverty value is required to specify B in equation (9). We shall
introduce Axiom N to normalize I to lie in the closed interval [0, 1].

Axiom NY : If the richest monopolizes the whole income and all the others have
zero income, then I=1—1/n. -

In the special case where the richest Imonopolizes the whole income nug, we
must have
(10) I=Buon(n—-1)/2.
According to Axiom N7, this has the value (1—1/#), i.e.,
(11) B=2/(uon”).
From (11), it follows that

2 .
(12) I=— Y (m+1-i)po—y:)
Mol ieS(yn)
2
=1+l"‘" 5 Z (n+1—z)y,

h MHoh ieS(y,)

On the other hand, the Gini coefficient G of the Lorenz distribution of the
incomes of the total population is given by (see Theil [15] and Sen [13]):

1 n n
(13) G= s L 2 |yi—yil
. 2pon” i=1j=1
1 2 &
=1+———"5 ¥ (n+1-i)ys

R ol i=1
From (12) and (13), we obtain
(14) I=G.

We have proved that the axioms stated determine one income inequality
uniquely. ‘

THEOREM 1: The only index of income inequality satisfying Axioms M, R*, N*,
and NY is given by the Gini coefficient of the income distribution of the total
population. )

3. AN ALTERNATIVE INDEX OF POVERTY: DEFINITION

In this section, we want to introduce the concept of a censored income
-distribution, and then define our index of poverty.
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In measuring poverty it seems reasonable that any income variations of the
community member above the poverty line do not affect the value of the poverty
index so long as they do not drive him down below the poverty line. At the same
time, we cannot neglect the existence of people above the poverty line. For, the
head-count ratio is one of the most important pieces of information in measuring
poverty, though it has its own.drawbacks when applied alone, as Sen pointed out.

Therefore, the income distribution truncated from above by the poverty line,
i.e., the poverty distribution only, does not give us sufficient information on
poverty. We must have a poverty distribution augmented by a point distribution of
income above the poverty line in measuring poverty. This leads us to define the
“censored””’ income vector y*(z) truncated from above the poverty line z:

(15) Y2 =OF yi, L vE vEL yEaa Ly,

where
vi=y: if yi<z, and y¥f=z if y;=z

We set yF equal to z if y; is equal to or is greater than the poverty level z in order
to retain continuity. As we shall examine later, the censored income distribution
defined here is a key concept which enables us to use inequality indices for
measuring poverty, too.
Some notations concerned with the censored income distribution are defined as
follows: '
The mean income of the poor w,:
1
(16)  wp.=— %
M ies(y®)
The mean income of the censored income distribution w:
1
an p=— Y yi=Hu,+(1-H)z.

N ieSiyh
The cumulative income ratio of the poor ¢:
(18) ¢ =Hu./u,
(19) 1-¢=01-H)z/u.

Sen defined his index of poverty as a normalized weighted sum of the poverty
gaps of everyone in S(y..), which is given by (6). Here, we define an alternative
index of poverty.

DEFINITION: Poverty is measured by the index of income inequality of the
censored income distribution truncated from above by the poverty line.

7 Statisticians have made studies of the estimation of censored distributions (see Cohen [4], for
example).
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As is obvious, preferring equality in the income distribution turns into averting
poverty in the censored income distribution, for, we no longer have equal
distributions except for those with no incomes below the poverty line, provided
that the poverty line is exogenously given. Note that we exclude the unrealistic
case in which all the people in the community are below the poverty line in this
procedure. ‘

Our definition of poverty index seems to be different from that of Sen, at first
sight. But, as is shown later, the two definitions do not make any real difference.
Moreover, by definition, our index of poverty is free from the difficulties inherent
in Sen’s index concerning the finite number of the poor and the normalized
poverty value already pointed out in Section 2.

4. A NEW INDEX OF POVERTY DERIVED

Our index of poverty P is given by

(20) P=D } wilp—y)+E,

ieS(yh)

where D and E are the constant terms for a normalization, and w; is the weight
(see equation (9)).

We would like to propose Axiom N to specify E, which precisely corresponds
to Axiom N* in the poverty setting.

AxioM Na: If no persons are below the poverty line, then the poverty index equals
8
zero.

When the number of the poor m is zero, we have y = z in the censored income
distribution (see (17)). In this polar case, we obtain P =E regardless of any
specification of w; in equation (20). On the other hand, Axiom N, implies P = 0 in
this case. Thus, we have

(21) E=0.
Equation (21) enables us to rewrite (20) as

(22) P=D z wl(lu' "Y:k), i'e':

iesS(yh *
(23) P=D 3 w.-(z—y?)+F, where F=D(u-—-2z) Y w,.
: i8Sy ieS(yH

In this way, we have shown that our index of poverty equals a normalized
weighted sum of poverty gaps (z — y¥) of everyone in S(y%), which is essentially
the same as Sen’s index (compare (23) with (6)).

8 Sen implicitly assumed Axiom N, in his procedure (see equation (6) above).
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We proceed further to use Axioms R, and N; to specify w; and D. Both Axioms
are precisely the counterparts of Axioms R* and N¥ in the analytical framework
of poverty. '

AXiOM Ri: The weight w; on the poverty gap of person i equals the rank order of i
in the interpersonal welfare ordering of the whole population, i.e., w;=n—+1—i,

Axrom Ny: If all the poor have no income, then the index of poverty is equal to the
head-count ratio; i.e., if y¥ =0 fori e S(y¥), then P=H,

Axiom Nj refers to the polar case where the income differences among the poor
are safely neglected and the povérty-gap ratio Q reaches the maximum value
unity. Then, we can argue that in this special case the proportion of people who are
below the poverty line alone should give us all possible information needed on the
degree of poverty. If all the poor have no income, then u = z(n —m)/n, and

) noo (m+n+1)
24 i-yf= Py =Hl .
24) fe.‘.?z(:y’,':) Y iﬁ§+1 Y 2
From equations (22} and (24), we obtain

printl) -5 i'y?“}=D#;m”/2-

(25) P=D{‘—
2 ieS(yR)

Axiom N, tells us that in this case P = H; namely,
(26) P=m/n.

From equations (25) and (26), it follows that

Q27) D=2/ (énz).

Substituting equation (27) into equation (23), we have

(28) F=(1—%)(1—i—).

Thus, equation (23) is specifically given by (27) and (28).
On the other hand, equation (27) enables us to rewrite (22) as (sce equation

(12)):

1 2 -

(29) P=1+——=F 3% (n+1-i)yf.

LAY o

This equation is easily shown to be equal to the Gini coefficient of the censored
income distribution G, (see equation (13) above). Thus, we have proved that

(30) P=gG,

1
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"THEOREM 2: The only index of poverty satisfying Axioms M, Ry, N1, and N, is
given by the Gini coefficient of the censored income distribution truncated from
above by the poverty line.’

5. SOME PROPERTIES OF THE NEW INDEX

Theorem 2 indicates that the Gini coefficient of the censored distribution G,
truncated by the poverty line is justified in measuring poverty from an ordinalist
axiomatic approach. In other words, we can rely on the Gini coefficient not only as
a measure of inequality but also as an index of poverty. Any more efforts at
devising specific measures of poverty are not necessarily required.

Our index of poverty is simpler and has more intuitive sense than Sen’s index,
since information required for our measure is limited to G, only. It is clear that
we can safely regard G, as a more natural translation of the Gini coefficient from
the measurement of inequality into that of poverty, since the censored income
distribution is reduced to the income distribution itself if the income level z
approaches infinity.

The simplest is not always the best, of course. As in judging inequality by the
Gini coefficient, so also in poverty measurement some downward change of G,
might not be said to be preferable without some reservations from the policy
standpoint. For, G, can show a decrease if the relative position of the modal class
of the poor gets better while that of the poorest remains unchanged.'® In order to
inquire into the causes of a change in the degree of poverty, and further to judge it
from a policy standpoint, we need additional details on any robust factors which
have much to do with the above change. One way to get such details is to
decompose a summary measure into relevant factors.

The Gini coefficient G can be decomposed into the between-set Gini cofficient
G, and the within-set Gini coefficient Gw; (see Bhattacharya-Mahalanobis [3])

(31) G=Gb +Zjo : GW‘;,

where w; is the weight and is equal to the income share of the set j multiplied by
the population share of the same set. Similarly, the Gini measure of poverty G, or
our P can be decomposed into

(32) G, = G§ +wG,, ¢
where G¥, G,,, and w are the Gini coefficient between the poor as awhole and the
non-poor in the censored income distribution, the Gini coefficient among the

® If there is more than one person having the same income, (1) does not determine the numbering
uniquely. But, as is implied in Sen’s procedure, the formula for the poverty index specified in Theorem
2 yields the same P no matter which numbering convention satisfying (1) is chosen.

1% Atkinson [1] showed that the Gini coefficient weighs the modal income class more heavily than
any others on the margin.
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poor, and its weight, respectively. G§ and w are calculated as follows:
(34) w = Ho.

Taking equations (33) and (34) into consideration, we have G, instead of equation
(32):

(35) G,=H—-¢+H ¢ G,.

Here, we al$o have the next equation (see (4) and (19)):
(36) (1-¢)Q=1~u./n.

Equation (36) enables us to rewrite (35) as

37) P=H[(1-¢)Q+¢G,]

In this way, we have succeeded in obtaining a decomposition of the Gini
coeflicient of the censored income distribution into relevant factors such as the
head-count ratio H, the poverty-gap ratio Q, and the Gini coefficient of the poor
G This kind of decomposition permits a rather intensive study of poverty ' For,
without the above decomposition we hardly know what factors govern the
changes of P. I;n addition, we can assess the impact of governmental policies
against poverty on the poor through the changes of H, Q, or G,,. In this respect,
the decomposition given by (37) is quite useful to poverty researchers.

Compare our index P with Sen’s index P;:

(5) P;=H[Q+(1-Q)G,]

While our measure of poverty is very similar to Sen’s, there is a slight difference.
Both measures are the function of H, Q, and G.,,*? but their specifications differ
from each other. Our index of poverty can be interpreted as follows (see equation
(37)): Q is related to the aggregated poverty gap of the poor and G,, is connected
with their aggregate income gap. On the other hand, the sum of the weights on
these aggregate gaps (1 —¢), ¢ equals unity. We can therefore interpret P or G, as
the normalized weighted “average” gaps of the poor. In the case of Sen’s index,
however, the sum of the weights 1, (1 — Q) does not generally equal unity. Thus,
his index is not the normalized weighted average in general, but remains as a
normalized weighted “sum”.

Let us examine the properties of our new index of poverty P. It is obvious that P
lies in the closed interval [0, 1], with P = 0 if everyone has an income greater than
the poverty line z, and P=1 if anyone above the poverty line monopolizes the
whole income in the community with considerably large n (see Axioms N; and

" In the study of income distribution, the decomposition of the Gini coefficient by components of
income (which was made by Rao [10]) and that of utilitarian measures by sub-populations (obtained by
Gastwirth [7] and Toyoda [16]), are fully utilized to find main factors which dominate the changes
of mequahty figures (see Mizoguchi-Takayama-Terasaki [9], for example).

2 Strictly speakmg, both measures are the function of H, u,, and G,, when z and n are given
exogenously. Q is a function of x., and ¢ is a function of & and p,.
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N>). Note also that when H and u, are given, namely, when H, Q, and ¢ are given,
then greater G,, gives us larger P.'*> Moreover, if H and G,, are given, then greater
w; brings smaller P.** In other words, the greater Q and the smaller ¢, then the
larger P will be in the above condition.’® All these properties are what we want in
measuring poverty. In addition, if ., and G,, are given, greater H gives us larger P

" in almost all cases.’® In summary, the properties of our index are shown to be

appropriate in general (Sen [12] pointed out that — G is concave, which means

c . B(1,1
2
2
E D(I,Z/p.o)
o
e
g SN NTY/TY
S
E Gllp, fi,)
3 !)u"z F'O
0 E(H,0) A(1,0)

cumulative population ratio
FIGURE 1

13 3P/8G,, = He. In this paragraph, we assume that » (the number of the total population) and z
(the poverty level) are exogenously given.

1 3P 1-H .
Mo = —Z(—z-)'(l—H . Gw)<0.
i

H sy,
15_85__ 2 . _ . 2
=z"H1-H)1-H - -G,)/u*>0.
a0
a :
~£=—(1—H'Gw)<0.
a¢

aP
g = ¢ 2/ )G+ (= (L~ H)'z ~ Ho, ) .
If H <1/2, then we enjoy dP/8H > 0. We could have smaller P with greater H, if the distribution of the
poor is perfectly equal and the income of the poor is near the poverty level z (or H > 1/2). In this
special case, which should be considered as an unrealistic and therefore negligible one, it could be
argued that the perfectly equal distribution of the poor who form almost the entire population ought to
be weighed more heavily than the narrow poverty gap in measuring poverty. This argument could
justify smaller P with greater H in the special case mentioned above.
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poverty averting in the censored income distribution truncated from above by the
poverty line),

The geometrical representation of the Gini coefficient by the Lorenz curve
makes visible any size distribution of income, which gives us a vivid impression of
the degree of inequality. Similarly, the new index of poverty derived here can be
visualized in Figure 1. The income distribution of the community $ is given by the
Lorenz curve OFB and the censored income distribution is represented by the
curve OFH. It is well known that the Gini coefficient as a measure of income
inequality is given by area OFB divided by area OQAB. Our new index of poverty
can be seen to equal the ratio of shaded area OFH to area OAH. Note that the
area of the triangle OFH is the counterpart of the between-set Gini coefficient G ¥
and that area S corresponds to the weighted within-set Gini coefficient of the
poor wG,,. ,

Here, I must note one difficulty in our examination of this poverty index. As can
be easily checked, our measure of poverty G, has the disturbing property that a
reduction in the income of someone below the poverty line can reduce (rather

than increase) the degree of poverty. The fact is that it is possible for a person who

is below the poverty line still to be among the relatively rich in the censored
income distribution. This means that G, does not always satisfy the “monotonicity
axiom” which is postulated by Sen [13]. Poverty, as a notion, is essentially a
relative one, but at the same time, it has an irreducible core of absolute suffering.
It must be remembered, therefore, that in order to capture this absolute element
of poverty, we should take Q into account (the poverty-gap ratio, a component of
G, given by (37)), too. On balance, our measure G, has succeeded in providing a
full-blooded representation of the notion of relative deprivation, but this is
achieved at some cost, as is stated above. This implies that G, does not pointwise
dominate P, in terms of merits as an index of poverty.

One can argue that Axioms N; and R, are arbitrary, too. However, the
outcome of our axiomatization for P, viz., its equality with G,, makes these
Axioms less arbitrary eventually than Axioms R and N in Sen’s procedure,
though this is not a part of the axiom system but a consequence of it.

6. CONCLUDING REMARKS

In this paper, we have reconsidered the ordinal approach introduced by Sen in
measuring poverty and have derived an alternative measure of poverty which is
free from the specific uneasinesses experienced with Sen’s index. The axioms
proposed here are essentially the same as those of Sen. The central tool in deriving
our alternative index is the censored income distribution truncated from above by
the poverty line, This instrument enables us to use the Gini coefficient not only as
an index of inequality but also as a measure of poverty. In addition, the concept of
the censored income distribution can be easily extended to another type of
approach in measuring poverty.l?

7 Hamada and Takayama [8] try to detive poverty indices of the expected utility type and discuss a
quasi-ordering of poverty, using the concept of the censored distribution defined in this paper.

M
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The real contribution of this paper is that our measure of poverty G, provides a
full-blooded representation of the notion of relative deprivation in poverty
measurement. G, is more concerned with this notion than Sen’s index P,. We have
done so because we believe that poverty is essentially a relative notion, at least in

developed countries.

It must be born in mind, however, that the poverty level z is assumed to be given
exogenously in this paper, though this assumption is a usual one in the derivation
of any poverty index. Every measure of poverty decisively depends on the poverty
level. How this level is set is, therefore, all the more important, and remains to be
studied in the future.'®

Musashi University

Manuscript received July, 1977 final revision received March, 1978.

REFERENCES

[1] ATKINSON, A. B.: “On the Measurement of Inequality,” Journal of Economic Theory, 2 (1970),
244-263,
{2} . The Fconomics of Inequality. Cambridge: Oxford University Press, 1975.

[3] BHATFACHARYA, N., AND B. MAHALANOBIS: “Regional Disparities in Household
Consumption in India,” Journal of the American Statistical Association, 62 (1967), 143-161.

[4] CouEeN, A. C, Jr.: “On the Solution of Estimating Equation for Truncated and Censored
Samples from Normal Populations,” Biometrika, 44 (1957, 217-237.

[5] DASGUPTA, P., A. K. SEN, AND D. STARRETT: “Notes on the Measurement of Inequality,”
Journal of Economic Theory, 6 (1973), 180-187.

[6] GASTWIRTH, ]. L.: “The Estimation of the Lorenz Curve and Gini Index,” Review of Economics
and Statistics, 54 (1972), 306-316.

(7] : “The Estimation of a Family of Measures of Economic Inequality,” Journal of
Econometrics, 3 (1975), 61-70. 4

[8] BAMADA, K., AND N, TAKAYAMA; “Censored Income Distributions and the Measurement of
Poverty,”’ Bulletin of the International Statistical Institute, 47 (1978), Book 1.

[9] MrzoGgucHl, T.,N. TAKAYAMA, AND Y. TERASAKI: “Overtime Changes of Size Distribution
of Household Income under the Rapid Economic Growth: the Japanese Experience,” a paper
presented to the 2nd Asian Regional Conference of the International Association for Research
in Income and Wealth held at Manila, 1977.

[10] Rao, V. M.: “Two Decompositions of Concentration Ratio,” Journal of the Royal Statistical
Society, Series A, Part 3, 132 (1969), 418-425.

[11] RoTHscHILD, M., AND J. E. STiGLITZ: “Some Further Results on the Measurement of
Inequality,” Journal of Economic Theory, 6 (1973), 188-204.

[12] SEN, A. K.: “Informational Bases of Alternative Welfare Approaches: Aggregation and Income
Distribution,” Journal of Public Economics, 4 (1974), 387-403,

[13] : “Poverty: An Ordinal Approach to Measurement,” Econometrica, 44 (1976}, 219-231.

[14] SHESHINSKI, E.: “Relation between a Social Welfare Function and the Gini Index of Inequal-
ity,”” Journal of Economic Theory, 4 (1972}, 98-100. ; '

[15] Turi, H.: Economics and Information Theory. Chicago: Rand McNally, 1967.

[16] Tovobpa, T.: “Income Inequality: the Measures and Their Comparisons,” Kokumin Keizai, 134
(1975), 15-41, in Japanese.

1% There have been two-way definitions of the poverty line, absolute and relative (see Atkinson [2]).



