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Abstruct

One of the major topics that ateracted the atention of econometrigians in recent years is
mcasurement of poverty, This puper teviews criticully the conceplual und statistival issues that
have boen cxamined by the coonometricians, The paper provides a comprehensive review of
major recent approaches and results on measarenent of poverty. It devotes one section Lo
outline a new approach (0 the measurement of poverty (hat is based on Lhe actual consumption
hehaviour of the people instead of on arbitrary choice of cither & poverty line or & deprivation
function. Tt devotes two sections for sugeesting frnitful areas of vesearch. one addressed o
ceondinists on synlhesiving poverly measurettienl wilth appiied welfare economics, and another
to stalislicians on problems of statistical inference assoviated with funcliomal estimation. The
paper also highlights the importance of reliability theory amd risk assessment in translating
consumption deprivation inte a poverty measure. & new index of poverty that depends on risk
of consumplion deprivation is also proposed.
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....... important conceptual issues in the measurement of poverty remained undis-
cussed for too long. What was needed was a greater degree of vertical integration
between the statistical measurement of poverty on the cne hand and welfare

economics on the other™
AB. Alkinson (1987)
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1. Introduetion

I was pearly len years ago that one of us overheard a conversation between two
professicnal economists, both concurnng with the view that *poverty’ is an over-
worrked topic. The rate at which coomomic journals are currently publishing articles in
this Deld testily that, contrary o one’s expeetation, JL s an area that has great potential
for Murther rescarch. We lecl thatl there are at least throe spealic aspects of poverty
which have ned been adequately explored in this allegedly "over-worked” lopie. These
throe uspects arc: (1) overcoming the grbitrariness and subjective clements in the
choice of the poverty imdex, (1) synthesizing the poverty measurement with applied
welfare ceonomivs and poblic policy, and (i) slabistical tssues relating o measure-
ment of poverty index based on sample survey data on income and expenditure
distributions. This review of econometric methodology pertaining to poverty
measuremnent is therefore to be regarded as a review by kate comers to the hield with
emphasis on the three specific issues just cited that have a great potential for future
research. Several important contributions ta the paverty literature such as empirical
analvsis of poverty indices and their variation are excluoded in this review in order to
focus on issucs refating to methodology and in order 1o maintain a moderate lenglh
for the paper.

This paper is organived ss follows. The next section miroduces the basic conveptual
"whal is a Poverly Index? Section 3 traces methodologicul developments in
poverly measurement gpta Lhe development of an axiomalic approsch by Sen {1973
Section 4 deals in some detail with some recently developed tocasures of poverty.
Scebion 5 offers a oritique of The existimg methods of measuring poverly and supgests
an alternative approach. In Section & measurement of poverty 15 viewed from a policy
perspective and it is integrated with applied welfare econmmics and public policy.
Finallv, Section T presents a few statistical issues such as weifare comparizons of
income distributions, efficient estimation of poverty index, incorporation of variability
of consumption deprivation in devising new measures of poverty.

155 LE

2. What is a poverty index?

The question of what a poverty index is. cannot be answered unless we state cleariy
what 1s meant by poverty of an individual. Poverty connotes the notion of a poor state
of economic well-being or a state of economie ill-being. It connotes a state of
econoinic deprivation, Dreprivation can be based on comparing an individual's eco-
nomic stale with cither an absolule notm. in which cise it 5 called an absolule
deprivation, or u normative or relative norm, m which case it is culled a relative
deprivatdon. An individaal™ ceonomic stute cin have several dimensions. Henoe the
notion of econarmic deprivation implies Lhat the individual 15 comparing, or introdie-
ing a purtial ordering on, yarious economic states he is confronted with, Thus, the
notion of economic deprivatton ol an individoal is closcly related (o the partial
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orderng of economic states by an individual. The economic state can be redefined
in terms of three states, better than the norm, worse than the norm. or equivalent
ta the norm. From these states one can say whether a person iz deprived or not.
i % thuy clear that the norm used for determiming deprivation has 1o be specific
to each individual or each specific group of individuals. For example, this norm
should be very low for a priest who vows to live in poverty and thus chooses poverty
voluntanly.

When there are several individuals in a community, it is necessary to arrange them
into dilferent groups such that persons within a group can be expected to have the
satne sel of prelerences or partial ordering and persons in different groups have
diffgrent partial orderings. Within each homopenouws group one can determing the
nymber and;/or proportion of persons who are deprived. There will be as many such
deprivation indices. vie., the proportion of persons who are deprived, as there arc
groups, The guestion then arises as 4o how one can combine the group deprivation
indices inte a4 single community deprivation index. Such 2 conversion of group
deprivadion indices to a single deprivation index roquires o purtial ordering of
geonomic well-being of different groups — vie, & social welfare function.

It was assumed above, just for convenicnes, that cach individual's coomomic stale 1s
represented m bwo calegones - deprived, nol deprived, Bul ong can also introduce
4 partial ordening of different connomic stutes of an individual relative wo an absolute
or 4 relative norm. Then under certain regulanity conditions on the individual's
preferences an individval's deprivation can be represented by a deprivation function
as demonstrated by Diebren (1959). Using an analogous reasoning, if the social partial
ordering of group deprivations satisfy certain regularity conditions there exists a com-
munity deprivation function.

A group poverty index can be detined as the mean level of deprivation for that
group. The community poverty index can be defined as a ‘subgroup consistent
aggregate of the variouws constituent group poverty indices. The meaning of the term
subgroup consistency and the problem of agpregation and decomposition of poverty
indices are deait with in detail in Section 4.

3. Early developments in measueement of poverty

As imglicated in the previous seetion measurement of poverty depends on 4 notm
wilh respect W which the economic stale of an individual is compared. The standard
approach which goes at least ay far back ay Rowntree {1901 ) % we define 2 poverty line
in terms of a mimimum level of income needed to purchase the busic necessitics of lif:
and use the income distribution to see what percentage of the people have an meome
less than such a poverty line, This measure is called Head Count ratio (H). Some other
contributors who used this approach are Bowley and Burnett-Batt (1915), Townsend
£1954), Weisbrod {1963] and Atkinson (1970b). Another measure which also depends
¢n the poverty line and income distribution is the poverty-gap used by Batchelder
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(L9710 It is the aggregate income shorl-lall from the poverty hine of all those persons
whose incomes are below the poverty line. A slightly modified and normalised version
— Wiz, per person percentage gap of all the poor, called the income-gap ratio, {, is in
popular use,

Suppose there are » individuals with incomes y,, ¥3, ..., ¥, 2franged in 31 increas-
ing arder and let = be the poverty line. Let ¢ be the maximum index { such that v, = =
Then, ¢ denotes the number of the poor. The head-count rutio H s given by

H = q_.'lﬂ. {3.]}
Let g; be the income gap defined us ¢; = 2z — ¥, Then the per person poreenlag: gap
of 4l the poor, T is miven by
| 1 qu':'\ 1 2 —»)
f=—Ya=- (-):T—'. (3:2)
gz |§1 k! E.-Z,q & i i?q =
If one defines the mean incorae of the poor as m then

= — M

li= i3.2a)

The oumerator of (3.23) represents the minimum cost of poverty alleviation under the
assumpticn that the policy maker knows who the poor are and what their incomes
arg. The denominator represents the maximum cost of poverty alleviation if the policy
maker only knows who the poor are and does not know what their incomes are and he
needs to give away # per capita income of = to all the poor. 1t is clear that the head
count ratio gives nnly 4 count of the poor and it gives no accoont of how poor the
poor are relative to the poverty line, The income-gap ratio tells how poor the poor are,
a5 a group, in relation to the poverty line. But oeither of these indices give any idea of
how the income is distributed among the poor. It is desirable that the poverty index
reflect the inequality of income distribution among the poor. For this one can ose an
mequality indey introduced by Lorenz (1905) and Gind {1912). This index is given by:

E =¥ {3.3)

Coe may conclude thal the best thing to do for measuring poverty is to present the
triplet H,7. and G, where H tells us how many persons are poor, T tells us by how
much the mean income of the poor falls short of the poverty ling, und & ells ux the
incquality of the income (and income pap) among the poor. The first llem measores
the extent of poveriy, the second measares sevenly of poverty and the third measuares
the distribution or incidence of poverty. The weights a policy maker attaches to these
three components must be commensurate with the policy maker's concern for these
three policy dimensions of poverly — extent, severity and distribution or incidence.

There was, and there has been, a considerable debate on how to determine
a poverty linc. This debale is quoite sipnificant because the poverty indices depend on
this choice of the poverty line. Here there are three different poinis that one may note.
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First, the poverty line need nol bave a scientific basis, 1L can be chosen administrative-
ly using certain objective eriteria.' Second, one can possibly consider a ranking of
people according to the degree of deprivation in such a way that the ranking is
invariant o the choice of the poverly line. This sugpestion was made by Atkinson
{1987). Third, there may not be a nnigue deterministic minimuom requitement on the
pasis of which a poverty lioe can be delermined. This last point i closely related to
a criticiem made by Sukhatme (1978} of a method which uses an average requirement
it choosing the poverty line.

Dandekar and Rath {1971} used a nutritional norm and then used the minimum
total expenditure needed to meet that norm as the paverty line. For this they used the
averdage daily energy requirements of an individual of a given age, sex, body weight,
and physical getivity. Sukhatme (1978) proposed that one must instead wuse & mbrisum
daily requircment rather than an average requirement. He had also argued that the
engrgy tequirements of an individual would follow a first order auwlorcgressive
stochastic process with o constant variaocs, Survival risk depends nol on nutritional
deficiency on @ given day. Instead, it depends oo a history of notritional deficiency.
A part of this history is contained in the individual’s body weight and state of health,
and the rest is contained in the cumulative nutritional deficiency over the recent past.
This is an important point to note as it leads to certain statistical issues that will be
dealt with later in Section 7. In particular, if the actoal energy intake and the required
energy intake are both random the nutritional deficiency is determined by the
probability that acrual energy intake falls below the requirement. The sorvival risk
due to notritional deficiency is then a function of the probahility that the aclual cnergy
mtake falls short of the requirements over a period.

4. Later developments in measurement of poverey

Sen (1974) nsed an axiomatic approach for developing a notmative poverty index
along the lines of his earlier axiomatic approach lor arriving at normative megsures of
inconte inequality (Sen, 1973). He extended this work by developing a new ordinal
approach Lo the measurement of poverty (Sen, 1976) I was mentioned in the previvus
section thal a poverty index can be detived from three indices H, I and G. Sen
introduced three axioms that a poverty index must sutisly and from them he deduced
that the only poverly imdex thal satishes those three axioms is of the form

Py=H+ (I - NG i4.1)

There are thres eother major contributors besides 520 whoe made significant comtri-
bulions to the development of poverty indices. These are Atkinson (1970a, b, 1987},

! Usnally there is 8 hicrarchy of negds that are o be satisfied in a given oeder. Which items of this
hierurchical nged siructurg showld entgr inte the minimum oceds that are to be met may vary from socicty
o samdely. Similarly the desired lewvels of consumpiion alsn may yvary from socicry 60 sogicty, Heiee, the
choice of poverty ling may be different for differend societies.
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Kakwani (Kakwani and Poddar, 1976; Kakwani, 19804, b}, and Foster (Foster, Greer
and Thorbecke, 1984; Foster and Shocrocks, 1991 Foster, 1984). Some of these
developments are described below in a modified form and in some detail as they lead
us to some usefol and researchable issues that will be discussed m Sectiony 5-7.

Let us assume that deprivation and poverty are measured i lerms of income. Let
z be the poverty Line and let y be the income of a typical individoal. Let f () denote the
density while F i) is the cumulative distribution function associated with the income
distribution. Following Sen (1976} and Kakwani {1980a] the poverty index may be
cxpected to satisly the following three axioms:

Monotanieily axiorm: Given other things, an increass in fincome of & person below the
poverty ling must decrease the poverty.

Trawsfer axiom: Given other things, a pure transfer of income from a person below the
poverty line to any other person with a higher income must increase the poverty.

Transgfer sensitivity axiom: Chiven other things, if g transir ¢ = 0 of income takes place
from a puor howschold with per cupiti income v b another poor household with per
cupity income 3 + did = () then the magnitude of increase in poverly decreases as
¥ Increases.

[From the earlier discussion m Section 2 it s clear that an individual's depovation
i can be expressed as a funciion of cither absolute or relative deviation of bis tncome
from the poverty levek

d = glz — ). {4.2a)

d=gii-— ¥z} (4.2b)
In general terms the deprivation can be expressed as a [unction of y and 2

d = diy,z). i4.2c)

Atkkinson {1987 has shown that most of the poverty indices proposed in the
literature can he represented by a poverty index defined as follows:

P, = j div. ¥ (s) dy. 4.5
1}

From Fig. 2 in Aikinson's paper, and from Table | of the same paper it is clear that in
all those cases the deprivation function 1s & non-increasing lunction of y and convex to
the otigin, or strictly convex to the origin. It can be shown that Atkinsow's class of
poverty indices satisfy the three axioms listed above if the deprivation function is
a decreasing function of ¥ and strictly convex (Kumar, 1993,

1t s often desirable, cither due to analbylical necessily or convenience and for policy
purposcs, 1o divide the entire population mto different groups of persons and define
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poverty index for each group, This pives rise to the basic conceptual problem
of consistent apgregation or decomposition. In order to tackle this issue Foster and
Shorrocks {1%91) introduced another axiom termed “subgroup consistency’ which
ouly means that the congept of monotonicity applies to groups of persons, ¥iz., if the
poverty mdex of all proups except one group, group i, remains the same and i the
poverty of gronp f increases then the aggregate poverty index roust increase,

Suppose that we partition the people into a finite number of mutually exclusive and
callectively exhaustive groups &, Ga, ..., {5y, These may refer to different regions,
different ingome proups, different ethnic groups, erc. Assume that w; is the propertion
ol houscholds who belong to group § and filyy and F{y) refer 10 1he conditional densiy
and conditional cumulative distribotion function of income distribution, rexpectively,
gusoviated with proup i Let diy, =) denote the deprivation function associated with
group 1. We can then define & sub-group poverly index P; as follows:

Po= | dilyz)flpdy. e
Ryl

The intergsting question to pose is: bow can cne combine the sub-group paverty
indices milo an aggregale poverty index so that aggrepate poverty index satisfies the
three axioms listed earher and also the sub-group consistency axiom of Foster and
Shorrocks (1991 Let the agpresste poverty index P be given by

~r

pP-= | TR TR TS AT (4.5}
Jik

where z and & are vet unknown and 7y is given by

3
flh= 3, wifils) (4.6)
i—1
If onc notes that d{y, 2} is consomption deprivation then what is needed 15 a condi-
tion lor consislent agprepation or consumplion over individuals that will give rise (o
the fallowing consistency relation:®

k
diy.z) =} diiy, z). (4.7}
i-1
where z = max{z}
If the above condition is satisfied then emploving (¢.6) and {4.7) one can write:

% — TOWK 3,

k 3
P =J dipz) i dy — ¥ owe | dilpzdfiiv dy, 14.8)

L) i—-1r o

Here it s being wssumed that diy, 7] = O for v > o For condilions on coosislent aggreealion of
consumplion expendilur: the reader may celer to Muelbaoer (1973}
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k
Py wh, @9)

i

i-1

A poverty mdex that satisfies (4.9) is called (an additively) decomposable poverty
indes.

There i no compelling reason why one should have this additive separability or
additive decomposability of the poverty index. One cun defing poverly index lor cach
homogencous proup. Such individusl group poverty indices can be combined mlo un
overall poverly index in more than one way salisfyving the sxiom of subgroup
consisteney, T'wo points that oust be noted berc arc that diy, z} is the mesn
deprivaticn of group § and that each grovp may have its own poverty line, These two
points are related to the issues raised by Sukhatme and these are quite important for
some statistical issues raised in Section 7. The analysis given above is a synthesis of
ideas and results contained m Atkmson (987), Foster and Shorrocks (1991) and
K umar i 1993),

5. Poverty mensure hased on consumptisn deprivation

The hterature on measurement of poverty reviewed m the provious section sulfers
from i few mujor shorteomings, & large scgment of the coanemics profession secns Lo
operate with a few gestall switches, such as poor wnd non-poor, deprived and
not-deprived, poverty ling, etc. The prevalence of these terms in the economics
literature, and the protession accepting them unquestionably, seems to suggest the
fallacy of reiffication — Le., since something is merely named, it exists. Some of the
geutall switches must be abandoned because they do not lead Lo measurable concepts.
{thers must be rogected as they are inconsislent with emmrical observaiions. The
notion of poverty which connotes 4 foe distinetion between the poor and non-poor 15
one such concept. Poveriy line is another concept. Both of them can be dispensed
with.

There i no qualitative difference between a person just below the poverty line
und the one juxtl above the poverty line. If there s such a difference the expenditure
pattern between the two, on cither side of the line should differ discernibly. But
the observed consumer sxpenditure do nol support such 4 phenomenon. There iy noe
bivlogical bagis lor the poyerty line either in thai it represents a entical food
requirement or 4 debilitating deprivation of a sharp natare. These concepts of poverty
ling and the poor and non-poor must therefore be rejected. On the otherhand, it
is quite meaninghil to group people in such a way that within each group the
consoer behaviour is quite similar and between groups it is dissimilar. For each
such group one can chserve the pattern of consumption expenditore, A detailed
empirical and theoretcul investigation made by the authors, which will be reported
shortly in another paper, reveals that consomption expenditure equilibriom for



T. Krisfna Kowmtar o of. [ Joyurntal of Stedistical Plarnleg awef Inference 29 (100, 53 7 Hl

any commodity can be regarded as o steady state equilibrivm in response to an
income stimulus, This steady state equilibrium is being pulled up by a desire to
consume as close to a saturation level as possible while it is pulted down by a shortfall
m income. As this phenomenon bears a close resemblance to fluid dynamic equoilib-
vium and as hyperbolic curves represent fairly well such equilibrium responses
we postulated that consumer expenditure equilibria can be represented by hyperboelic
relations.*

In particular. if one considers the consumption expenditure on foodgrains it
represents a hyperbolic relation of the form

. Iy -
£ = (3.1}
where  is the consumption expenditure on foodgrains and y is the total cxpenditure
{2 proxy for income that is not observed). This is the equation for a rectanguiar
hvperbola with F and — K as its asymptotes. F represents the saturation level of
foadgrains consumption expenditure. From this aobserved behaviour one can define,
quite objectively, consumption deprivation for loedgrains as the shortfall of the actual
consumption expenditure from the saturation level F.

For a group of 1 consumers one can then define a normalized per capita consump-

tion deprivation for foodgrains as:

1 r ) ( VJ-’[ 1~ K
[ Vsl o] [enis ; 5.2
”Vr'; [ K+ _}".):| I t=21 (K - .1":) )

It can be easily verified that this foodgrain consumption deprivation index lies
between D and 1. T¢ assumes the lowest valoe O for infinitely Targe values of income and
the highest value | for zero incomes,

If one were to measure the degree of poverty among @ homogeneows group this
foodgrain consumption deprivation index can be emploved as the poverty index
for that growp. It may be emphasized that (5.2} used as a poverty index has the
following desirable properties which the other indices reviewed in Section 4 do
not have: (i} It does not depend on an arbitrarily chosen poverty hine, () There
is no abhrupt distinction hetween the poot and the non-poot, and (G} This index
depends on the observed and measurahle behaviour of the people. This index also
satisfies the three axioms that a poverly index must satisly, as deprivation lunction
is a decreasing funciion of ¥ and i s convex (Kumar, 1993) Since this index is

4 0me of the authors (V.5.} used such hypecholic curves in his rescarch on biocherical phenomena, He
postulared in eacly @iphties o simibar coodel [or consumer eapenditures while examining the Mutionsl
Sample Survey dara and Mational Butrition Moaitocing Bureaw datu. To actual practics the sumple data
my give Tise to pom-hyperbiolic curves for some categonies of expenditures, This only means thar the
ohserved ineames and hehavienrs are at lower ranges. tao far feom saturarion Jevels.
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related to consumpiion and it is derived from the [amiliar Engel curves of economic
theory of consumer hehaviour it is possible to treat poverty as the opposite of welfare
and integrate studies on poverty, poverty alleviation programs and policies with
wellare economics.

6. Poverly measurement amd applied welfare econnmics

By ils very nature measwrement of poverty was motivated by welfare cconomics
becausc it 15 through such measurcment that one can identily the need for wellure
measures and alse devise suitable methods for peeds targeting (Kanbuar, 1387, Keen,
15992). However, different methodological approaches were followed in poverty
measuremnent, needs targeting. and other applied welfare economics. In particular the
approaches of poverty measurement invariably depended on income distribution and
a deprivation function. Recent fiteraturs on needs targeting (Kaobur, 1987; Thar-
becke, 198%; Keen, 1992) that used such poverty indices were hence focused on
changing the incidence of poverty through direct income transfers. The arbitrary
choice of deprivation function based on certain axiomatic considerations has placed
poverty-based wellsre coonomics into an altopether different compariment from other
microcconomic theory bused wellare soonomics o the latier type of analysis one
wonld nommaly take sovial wellare as i function of levels of individyal comsumption,
and this level of individual consernption gs a function ol income and prices confront-
ing the individual.

A synibesiy between these two seemingly different approaches is powable by noting,
as mentioned in the previous section, thal consumplion deprivation can be laken as
the deprivation function in the poverty index, Bhunogi Rao {1981} had alrcady drawn
the attention to the relation between consumption deprivation and poverty. Since for
necessities, such as foodgrains, the Fugel curves are incrcasing functions of income
and strictly concave, it follows that the deprivation function so defined is a decreasing
function of income and strictly convex* Thus, the poverty index based on consump-
tion deprivalion of necessities satisties the three axioms suggested by Sen {1976). and
Kakwani (1980a) The parameters of Engel curves are functions of own and cross
prices. If one writes the consumption deprivation functions in fubl, using aggregate
comsumer demand functions for pecessities, they will be functions of prices and
income. One can then devise policies throogh which deprivation can he reduoced
employing price and income policics. Such policies affect both the level of consump-
tion deprivation and the resulting income distribution, these two being the muajor
compancnts of the poverty index.

*In the consumption basket of persons who are nesr the afficially defined poverty line of India such
ersertial items or necessities constituted in 983 1934 more than 73% of the tolal consumplion expendi-
mre. 3¢ Technical note on the Scventh Bive Year Plan, p. 10,
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Such a svnthetic approach (o applicd wellare ceonomics can be illustrated by
consdering the following enlarged defimition of the poverty index

"z,

E
P=3 “‘e‘ di (. z,, it o dys {f.1)
-1 o0

where p; is a veelor of prices encountered by persons in group §

Let fioly, pip} denote the distribution of ingome in group | prier te introduction
of public policy measures, some of which are directly meant to be poverty atleviation
programs while others are policies that do have an impact on the poverty level
Let fv. pia) denote the distribotion of income of group i after the intreduction
of public policy measures. The policy measures are in general aimed at assel redis-
tribution policies, changing lactor incomes, pure meome transfer policies, and poce
pohcies such as rationing and public distribution, elc. p, and py, represent the price
voclors withoutl and with new policy interventions. It is possible that there are dircot
and indirect effiecis of programs. The poverty levels cun be [avourably sflccted by
the poverty alleviation schemes but they can be adversely affecied by other public
policies. Henee ane must consider the over-all welfare impacts of all public policies
put together. Such an cvaluation is eminently carricd out by deseribing the function-
ing of the cconomy as o temporary cyuiliboum model with price controls and
rationing. One can consider an extended input ocutput model with different tvpes of
households as different endogenous sectors that sopply factor inputs to the other
sectors and receive factor incomes. Similarly, in this set-up cne must include govern-
menl as o separate sector that provides government services to varlous seclors,
including different household sectors, and it receives as inputs taxes and services
of factors® &

The welfare economic problems can then be posed as follows: Minimize

L3 "

P = T Wiz Idi{y! zl'fpfnl]_fl:u'{_}}f pl‘lI]dJ’?! {6'2]
]

—
i=1 v

subject to the conditions

k =,

P, FPy= L win | vz ok fie (e, pnd d s, (6.3
i-1 W1

y=4dx+ B+, 6.43

¥ia = Fraflia T L+ Fain [£n5u]

Y = FigPios 16.5h)

Fia = Pio + Dy{xg — x) = py; (6.6

Mois o doubl o very diflicull task to allocate belween vanious secloes the poblic penls thel the
rovernmeni produces. One approach is to teeat public goods 235 2 factor of praduction that enters ino all
sectars al the same levels.
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where x, (5 8 r x | vector of demand for outputs of the varicus sectors while x is the
supply. A and B are u = n maitices of cutrent and capital cocfhcients, ¢ w ol vectar
of met imports, D is a #xa dingonal matriz of cocthcients that reflect (he speed of
market adjustments between demand and supply. the diagonal elements of 2, can be
zera lor those sectors whose price is controlled. ry, denates the initial endewment of
factors of the ith person while r;; is the final endowment of factors. Some of the
additions to factor endowments is through markets lor factor services while other
additions are due to asset distribation policies. Thos in Eq. {(6.5a) t,, is a pure transfer
meone while t,; 15 a transfer of an asset (its income equivalent). Tn Eq. (6.6) g, 15 that
component of change in price which is set through povernmeni’s price control. In the
ahove oplimizatinn problem the government policies regarding choice of elements of
the: price veclor my, and i activity levels (centain components of x vector denote the
gelivitics of the government) are instruments of policy, ¢ 15 exogenows amd all other
variables are o be delermined endogenously.

Thorbeeke (1989) presented this kind of model 1o assess the impact of programs
targeted for poverty aileviation. His approach alse included both the direct and
indirect impacts employing the Social Accounting Matrix (SAM). But his approach
invalved estimating the income-esquivalence of such direct and indirect impacts and
including the post-policy incomes in a Foster—Greer-Thorbecke index of poverty
{Foster et al., 1984}, What is suggested here is a more direct approach in which the
policy impacts, both direct and indirect, are traced through a computable general
equilibrium model. The resulting consumption levels are used to derive consumption
deprivation and the consumption deprivations are used to measure poverty.

7. Seatéstical issues on measurement of povertly

There are maiuly three distinet wiys in which statistical issues arise in measorement
of poverty. First, since the poverty index depends on the density of income sorme
problems confronting poverty measurement are similar to the statistical problems
associated with probability distribuetions. Second. as we do not have, creept in rare
accasions, a census of incomes poverty measurement is quile often made eroploying
information ou income distribution provided by sample surveys. This gives se 1o
estimation of population poverty index using a sample. Third, following the critical
contribotion of Sokhatme cne can interpret deprivation, whether it is a nutrnitional
deprivation of a4 consumption deprivation, as not being deterministic: but as being
stochastic. Then even it we have a census of incomes the poverty index must be baxed
on a stochastic deprivation.

Some of the statistical issues hrst arose with the meusurement of ineyualicy. Sinee
there is a close relation between incoine inequality and poverty i1 is wseful e eover
the methodolopical issucs relating to income incqualily also. £3ne eatly application
of properties of density lunctions was by Levine and Singer {1970). They consider
the closed-form expression for the income inequality in terms of the income density
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function. Using an exponential disiribulion for incomes Lthey teach the conclusion
that under such an income distribution a proporticoal tax does not change income
inequality but if a lumpsum tax is imposed after a proportional tax then the effect
of that on income inequality depends on the proportional tax also. The usual
definstion of Loreniz curve is m terms of two equations both having a common
parameter (decile or fractile) as given in Kendall and Stewart (1969). Gastwirth
{1971) presents the equation ol Lorentz curve as a single function of the percentile
employing the inverse function of the cumulative distribution function. Such
an approach provides an elegant analytic scheme for studying the effects of income
transfers, through taxation, on income inequality. With the PC revelution and
the availability of software for numerical integration this technique has preat
potentiat applications for studies on impacts of taxation on income mequality and
weltare.

Another study that has o sipnificunt polential for fulure rescarch on medseremend
of poverty is by Singh and Maddala {1976). They noted that the two disttibutions (thal
are quite often used in income distribution studies. viz, the Parcto and the log normal,
were not quite suited for the graduation of incomes. These authors capilalized on the
well-knoawn result that the larger the income the more is the probability of having
more income, This phenomenon is just the opposite of the phenomenon of probahility
of survival with aging. The authors arpucd that upto a point. ie, at lower levels of
icome, the failure rate or hazard rate defined by f(y}11 - F(3)} is increasing and
then it is decreasimg. And theyv also noted that this property is shared by the lop
norroal distribution of incomes. This approach of Singh and Maddala 10 relawe
probakility distobutions m cconomics to these in reliality theory of Barlow and
Proschan (1963) bas a great potential for further research on poverty measuregment,
This is because the deprivation function used in the poverly indices musl be related to
failorc rate or hazard ratc that measeres the risk of survival, We shall return to this
topic when we discuss the stochastic nature of deprivation,

There were quite a few studies that addressed to the question of dominance of cne
income distribuiion over another in terns of the dominating distribution gving rise to
an unambiguously more equal income distribution than the other (Atkinson, {970a;
Dasgupta et al.. 1973 Rotschild and Stiglitz. 1973; Kanbur and Stromberg, 1988).
Bhatty (1%74) and Moothatho (1921} examined a similar issue of deriving conditions
[or one Lorents curve being entitely above another Lorentz curve. Monotonioity
axiom plays a central role in measurement of poverty. This axiom imposes certain
conditions on the cumulative distribution lunction as shown by Atkinsoo (1987) and
Koumar (1993}, Spencer and Fisher (1992) point out thal this condition 1 same as the
condition of stochastic ordenng or majonzation, Henee, there s a necd to further
explore in detail the applicability of the concepts of stochastic domimanee and
majorization developed by Marshalt and Olkin (1979) to the problems of measuring
and comparing poverty.

The problem of utmost significance in devising sustainable poverty alleviation
programs is to treat income over individuals and time as 1 multivariate stochasiic
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process and to derive conditions under which one slochastic process dominates
another in terms of reducing the poverty index aver a period. Kanbur and Stromberg
(1988) examined this problem for a particular case in which a canditional transitional
density was used. Emploving the statistical theory of stochastic deminance and
majorization of Marshall and Olkin {1979 some more research can be undertaken on
this topic which has great policy relevance.

Maost of the applied and empirical work on poverty measurement that one comes
across 15 of the "economic statistics’ variety such as constroction and comparison of
ceonomic indices. Several authors had computed poverty indices over time and space
und made comparisons nol realising or ignoring the facl that such indices were
constructed on the basis of sample income distributions. They arc therelore only
estimates of the underlving population poverty indices.

Iyvengar {1960, 1964) derived a consistent estimator of the .orentz ratie under the
assumption that the vnderlying income distribution was g normal and that this
sample distribution was available in grovped data lorm, Similarly Maiti and Pal
{1988), and Kakwani and Poddar (1576) developed efficient methods of estimating the
population Gini coefficient using grouped frequency distributions. However, it is very
rare Lo find mslances where a comparison of estimates of Ginl coefficient over time ot
space 18 done against the slandard ertors of such estimates. Similar statement can be
made regatding (e comparison of estimates of poverty indices over space and time,
There is a need to judge whether the observed differences in eslimates of poverly over
time and space or groups of persons are significunt in relution to their standard errors
which reflect the inherent variation attdbutable (¢ mere rundom varation. One
iinportant statistical problem that needs immediate research aticnbion s the problemn
of estimation of population poverty index emploving grouped sample Iroguency
distribution of incomes with a deterministic deprivation function, Tn this case the
population poverty index can be written as:

~r

p— | dinafundy (1.1)
]

wl

Its estimate. basced on prouped sample requency distribution, can be written as

B~ | div.2)f 0y 72)
ol

whete f(y} is an estimated sample density function. The sample density function can
be estimated either parametrically, assuming a specific functional form for the density
with unknown puramelers or non-parametrically employing any one of the non-
parametric Kernel estimators. If one interprets diy, z) as the condilional mean of
deprivation given an mcame of ¢ then the poverty index P of (7.1 has the inlerpreta-
tion of unconditional mean depeivation. Coe can then treat{7.1) as being quile strmilar
1o a non-paramnetric regression and employ methods sugpested by Madaraya (1964)
and Watson (19641, More importantly, ong needs o koow the properties of estimators
P of {7.2) under various Lypes of density estimators £,01) .
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If a parametric approach is followed assuming 4 speciiic functional form for fiy) in
{7.1} then one can derive an estimator of P based on appropriate sufficient statistics of
the parameters of { (v} thereby assuring oneself of consistent and efficient estimatoe. IT
analytic methods becorne intractable for drawing inferences on the sampling distribu-
tion of the poverty estimator piven by {7.2) one can employ boolsitaps lechnigue of
Efron (1982) to penerate replicated samples and penerute sampling distributions of the
poverty cslimators. [F nom-parametrie approach 15 adopted for csbmating £{y) then
the probletns of mlerence under that sel-up are more challenging One may refer to
Prakasa Rao (1983) for inference in siluations of non-parametric functional
exlimation.

There are some atlemnpts in the literature for ‘cortecting’ or improving the cstimale
of Gini cociBcient which was caleulated from grouped sample frequency: Gastwirth
and Glauberman (1976) proposed an interpolation formula employing Hermite inter-
polation. This approach is of the nature of curve-titting and smoothing rather than
efficlently estimating the (3ini ceeflicient. Suryanaravana (19%1) compared the Gini
coeflicients estimated by the traditional trapezoidal method and by the Kakwani and
Poddar procedure and concluded that the estimates provided by the trapesomdal
method underestimate the Gini index and that the estimale was sensilive Lo the
method of estimation. Tt is possible to apply Gastwirth’s method o the NS5 dala 1o
improve the estitnales of the Gini coellicient. Bul it is morc inleresting 10 assume
4 pararmetric form w the income density function and o oblain an cthicent estimator
of the Gimi eoefficient based oo sufficient statistics of the paramecters of the density,

Suryanarayana and Geetha (1992) estiate Foster, Greer, and Thorbecke's poverty
index using grouped sample ingeme distnbution and specifying a two parameter log
normil distribution, The authors, while realizing this is a sample estimate of the
population poverty index di not examine the properties of this estimator and its
sampling distribution. Suryanarayana and Geetha express the Foster, Greer, Thar-
becke index as 2 function of the moments of the log notinal distribution. This
approach opens up the doors for a seties of inleresumy statistical problems. Some of
these may be outlined here

First, any deprivation function &y, zj cun be approximated by a sufficiently high
degree polynomial m y, for a given =. Henee any peneral poverty index can thus be
expressed as a function of the momenis of the income distribution, Sceond, cven if
a piven deprivation function cannot be easily spproximated by polynomaal of a low
degree, since the poverly index is only ordinal, one can ask if there 15 any moenotonic
increaging luoction of diy. ) thal gan be approximated by 4 low degree polynomial,
Third, sines the statistical literature provides efficient methods for estimating the
moments, one can Lake such cstimates of the moments and derive efficient estimators
of the poverty index. For instance one can take the maximum likelibood estimators
{or the momenis. Then poverty index can be estimated as a function of such consistent
estimators. Such an estimalor of the poverty index which is a function of the
maximum likelihood cstimators itsell will be consistent and efficient under certain
very general conditions.
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Many practical problems of poverty alleviation can be converted into policies
aimed 2 modilying the tneome distributicn so as to reduce poverty. Since the poverty
index can be expressed in torms of the moments of the income distribution the policy
protlem reduces to that of choosing public policies that affect the moments of the
income distributions in suitable ways. One can generalize the concept of regression
which is an expression for conditional expectation or conditicnal mean. Similarly one
can define higher erder regressions representing conditional variance and conditional
third moment, ete. These moments of income distributions can be expressed as
functiony of certain factors such as public policies aimed at poverty alleviation and
olher markct forces. We thus have a hierarchy of regression;®

E{¥|X) = hiX; §), i7.3a)
E[ir — E{yx)}1X) = & X; v {7.3b)

From the coetticients of these hierarchy of regressions one can devise suitable policics
such as altering the values of certain components of veclor X which are under the
policy makers” control. It is possible that some policies increase not only the mesn of
the income but also variance while some policies change only the mean and do not
change the variance. This type of knowledge will help in designing opiimum palicies
for poverty alleviation.”

The poverty indices defined in Section 4 assumed & determmmistic deprivation
function. Very little attention 1 patd in the likerature regarding operational proced-
ures for deriving the deprivation lunction, 1t was suggested earlier that consumption
deprivation ¢an be taken as the deprivation function. The question then arises as to
whether consumnption deprivation fonction can be regarded as deterministic. Con-
sumption deprivation in fact should be regarded as stochastic since the amount of
consumption eapenditure for a given amount of income is not deterministically
known, The usual interpretation of the consumption deprivation function is that it is
the tean value of consumption deprivation at a given Ievel of income. The real
problem with poverty, is not the mean level of consumption deprivation, but it is the
vaniability of the consumption deprivation. The lower income persons are more
susceptible for deprivation as the spread of actual consumption is so wide due to high

8Tl may be noled thai the same way y; is & sumple infermation on the mean {v, — (v + }'_,]_.-'2;'1 iz the
satnple information on the vanance. Hence the abive expression gan be calenluted for cvery pair of
observations and those calenlated valoes can be used as vahues sssumed by u deperdent varishle for the
regression af the variance, The mean valucs of the corresponding pairs of values for x can be laken us the
values of the independent variahles.

? Suryunuraysna (1286) derived analytically the partial derivatives of the Head Connt Ratio with respect
te the lncation and seale paramciers of a log normal ineome distribulion [Suryaneraysna, 1988, pp
234 23T The type of hieturchical regreasions given zhove sogether with such partal dodvatives provide the
neceszary information to devise palicies (o redoce the ineome meguality.
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varignce that it can go below the comsumplion requirements more frequently. Even if
the varahiltity is same at different income levels the probability that a person's
consumpticn falls below the minimum required consumption is more for 2 {ower
income person than for a higher income person. This is because the mean deprivation
is a decreasing function of incomes at all levels of income. [t is this variabifity in the
consumption deprivation, and that too the possibility of differential variability at
different income levels, that causes a major problem for the poor.

The existing literature on poverty indices does not take into account this aspect of
variance in deprivation level. A more useful measvre of poverty can be defined as an
tL, '} measare that is frequently used in portolio choice:

e -

e J E[dip 21 fividy + o | VL. 2] fvdy  (with & = 0). (7.3
n w il
The problem raised by Sukhatme is 4 special case of this problem. Sukhatme treated
z to be random {vanabihity of intra-individual energy requirements). In general both
actual consumption and the requirements may show vanability giving risc W variabil-
ity in diy, z).

In fact the above sopgestiom o replace Eld(y, ) by Eddiy, 2} + aVid (v, o)) s
# stondard approach of measoring rsk. Ooe can generahise this progedure and
introduce alternative measures of risk in place of d(), ). Another promising approach
seems to be the approach of reliability thoory, Based on the distribution of d(y. 2) one
can determine a hazard rate or failure rate function (Batlew and Proschan, 1965 and
use that function instead of E{d{y, 2)}. From a policy perspective the sustainability of
a poverty alleviation program depends on reducing the walnerability of the poor
people towards consumption deprivation. Hence sustainable poverty alleviation as
a policy objective calls for devising a measure of poverty which captures such
vulnerability. Eq. (7.3) provides such an alternative measure of poverty.

The problems of siatistical inference cited above with a deterministe or known
deprivation function need to be modified to incorporale the siochastic deprivation
funciion. The population poverty mdex may now be defined ax

F= rF{dE}'.z}}f{ﬂ dy {74)
w il
i this casc the sample cstimate may be written as
P Iov:fl[}',z].f; iy} dy- {7.5)
ul

One needs 1o cxamine the sampling properties of this estimator. In the absence
of any analytic approach to derive the sampling distribution of this estimator one can
cornpate thiz estimator of the poverty index for given sample cstimates rf{y, ) and
Sdxt employing nomerical mtegration, for which appropriale computer software is
available. The bootsirap techmgue developed by Efron (1982) can be employed to
generate sampling distribution of the poverty cstimator given by {7.5). Similarly one
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should consider sxuitable modification of (7.5) 1f the population poverly index iz given
by (7.3).

Another important statistical problem is that of classification. If one knows
that different groups of persons inust have different poverty lines, the determination of
which 15 quite difficult, and uses for convenience a uniform poverty line for all,
what will be the extent of the errors in classification of the poor in different

Eriups?

This review 15 only selective and not exhaostive. The mam objective, which 15
hopefully satislsctonly achieved. is 1o give an over-all survey of recent developments
in econometric methodology of poverty measurement and to suggest a lew directions
for futore research,
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