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Abstract

Before effective anti-poverty policy can be designed and implemented, the extent, trend
and distribution of poverty must be identified — in this sense, poverty measurement is a crucial
intermediate step in public policy making and development planning. This paper asks whether
the estimated proportion of the world’s population with income below US $1 (adjusted according
to purchasing power parity) per day is a good measure of trends in global poverty. We argue that
the answer depends on three important issues in the measurement of poverty — the definition of
the poverty line, how best to summarize the level of poverty and how to infer statistical estimates
of poverty from sample data. In this paper, we survey the literature on poverty measurement,
demonstrate the importance of considering poverty incidence, depth and inequality jointly,
present a simple but powerful graphical representation of the Sen and SST indices of poverty
intensity (the “poverty box’’) which is the FGT index of order 1 and extend our empirical work to
China using the commonly accepted international poverty line definition of one half median

equivalent income.



1. Introduction

According to the United Nations (UN) International Development Report (2004), the
proportion of the world population with income below US $1 (adjusted according to purchasing
power parity’) per day* has dropped from 40% in 1981 to 21% in 2001. However, this paper asks

the question: is this alone a good indicator of global anti-poverty progress?

One of the primary targets of the UN Millennium Development Goals is the poverty rate
or head-count ratio - i.e. the proportion of population with income below the US $ 1 poverty line.
As a measure of poverty, this has the enormous advantage of simplicity. The poverty line — one
US dollar per day — seems immediately understandable as an indicator of absolute deprivation.
The calculation of the percentage of people who are poor is similarly direct. This measure can
therefore easily be used in public debates — even though it implicitly embodies the assumption

that the degree, and inequality, of deprivation of the poor is not important.

A secondary indicator of Millennium Development Goals is the poverty gap ratio (also
called the average poverty gap of the population’ or the poverty gap index®), which is the mean
distance for the entire population of income shortfalls below the poverty line as a proportion of

the poverty line.” The poverty rate and the average poverty gap ratio® are the two most used

? Aten and Heston (2004) note that since the consumption of the poor is more heavily weighted to food than the
consumption of the population as a whole, and since food is relatively highly priced in developing countries, the
PPP adjustment appropriate for comparisons of GDP per capita is inappropriate for comparisons of absolute poverty
— they argue that a more appropriate poverty line PPP would increase substantially the global poverty rate. However,
in this paper we cannot directly address this issue.

* Chen and Ravallion (2001, p.285) note that initially the $1per day standard was set in 1985 prices, but they use
$1.08 in 1993 prices.

> See Xu and Osberg (2002, p.140).

% See Lipton and Ravallion (1995, p. 2579).

’ See Chen and Ravallion (2001, note for Table 3).

¥ Two closely related ideas are the average poverty gap ratio of the population (where the deprivation of the nonpoor
is taken to be zero — see equation 2.3 below) and the average poverty gap ratio of the poor (or the income gap ratio),
which is defined as the average income shortfall below the poverty line as the proportion of the poverty line for the
poor — see equation 2.2 below [see Lipton and Ravallion (1995, p. 2579), Raj (1998, p. 255 and Xu and Osberg
(2002, p.140)]. Clearly, the average poverty gap ratio of the population equals the product of the average poverty
gap ratio of the poor and poverty rate.



poverty measures in many countries and international organizations - largely because they can be

easily understood and, as a consequence, actually used in the broader public debate.

A third dimension of poverty measurement (although not calculated widely®) is the
inequality of poverty. Although this is not part of the Millennium Development Goals,
economists such as Amartya Sen have argued for the use of poverty measures which jointly
incorporate the incidence, depth and inequality of poverty. In this paper, we explore such

possibilities, and possible simplifications.

Measures of the incidence, depth and inequality of poverty presuppose specification of
the poverty line. In common language usage, poverty is about deprivation of necessities - the
primary dictionary definition of "poverty" is "want of the necessities of life* [see Oxford (1998,
p-1135)]. However, any operational criterion of poverty for statistical measurement necessarily
involves some approximation in the measurement of individuals’ command over resources — and
some balancing of the risks of misclassification. For any given poverty line, there is some
probability that a person who is actually deprived may not be identified as a poor person (Type I
error) and there is also some chance that a non-deprived person may be identified as poor (Type
IT error) — minimizing the first source of error seems particularly important. As well, analysts
have often debated whether to measure poverty in terms of a generalized command over
resources (i.e. income) or in terms of command over specific commodities — i.e. a minimum food

and non-food basket.

A poverty line threshold can be based on either an absolute or relative criterion. Typically,
an absolute poverty line has been used in developing countries, often based on the minimum
food consumption basket for a specific level of calories (say 2200) and a minimum non-food
consumption basket. However, economic growth means that even absolute poverty lines tend to
change over time, as consumption items which were considered non-essential in the past,

become seen as essentials now. The rapidity of economic growth in recent years in some

? The Philippines is one of the few developing countries which report inequality regularly as a part of official
poverty statistics.



countries provides some evidence that the absolute poverty line methodology may be becoming

less appropriate in some countries in this changing world."°

In affluent countries, extreme deprivation may be rare, and in practice poverty research in
most developed countries uses an explicitly relative definition of the poverty line'' (often defined
as a fraction — usually 50% - of median income). An absolute poverty line (such as $1 US per
day) has been more common in research on developing countries. However, some developing
countries are very rapidly becoming more affluent — at least in average incomes. Hence, although
many researchers would agree that absolute deprivation remains the important issue in countries
with very low per capita incomes, this division of focus has become harder to justify in recent
years. Rapid economic growth in countries such as China, Maldives, Thailand, and some others
(comprising a large fraction of the world’s population) raises the question: how should we

measure poverty when average income is growing rapidly?

Amartya Sen (1985) has noted that there is the broader question of whether a poverty line
income threshold can be representative of other dimensions of capacities. As well, at the
operational level, researchers need to decide which measurement units to use. The recipient unit
— individuals or households — must be defined and identified, as is culturally appropriate.
Researchers must also decide whether income or consumption or expenditure is the most
appropriate concept to use in assessing command over resources and how exactly each concept
can be best approximated, in the real world of statistical practice. But given these research
decisions, poverty still has to be summarized by some index - and one example of current
practice is Chen and Ravallion (2001), who use the head-count ratio and poverty gap ratio based
on the international absolute consumption poverty lines (the 1993 PPP adjusted $1.08 and $2.15

respectively).

' For example, in Maldives, Thailand, some regions in China, no absolute poverty exists if an absolute poverty line
were used in 2003-2004.

' See, for example, the recent OECD study by Forster (2005). Even when the rhetoric of an “absolute” poverty line
is used, the redefinition over time of a “subsistence” consumption bundle in developed economies often means that
the poverty line is implicitly, if periodically, drawn relative to prevailing norms of consumption [see Fisher (1995)
and Osberg (2000)]. The USA is an exception, since the Social Security poverty line was initially set in 1963 at
three times the level of a “subsistence” food budget, and has been adjusted only for price increases since then.



In the economic literature, many poverty measures have been proposed in the literature
primarily based on the axiomatic approach advocated by Sen (1976) [see Zheng (1997) for a
review]. However, most are not actually used in practice. The more communicable and often-
used poverty measures are the head-count ratio, poverty gap ratio, income gap ratio, and Foster-
Greer-Thorbecke (FGT) indices of different orders [see Lipton and Ravallion (1995), Ray
(1998), and Todaro and Smith (2003)]. Although perhaps desirable from a theoretical perspective,
more complex poverty measures such as Sen (1976) that measure poverty incidence, depth and
inequality jointly appear more difficult to calculate and harder to communicate. Hence, it is the
simpler poverty measures that tend to be actually used despite their insensitivity towards
distribution among the poor, which is considered important by Sen (1976), Foster, Greer, and

Thorbecke (1984), Shorrocks (1995), Lipton and Ravallion (1995), among others.

In this paper, we analyze the benchmark poverty measures such as the Sen and SST
indices of poverty intensity in order to (1) find their simplified representations, (2) relate them to
an illustrative tool called the “poverty box,” which combines the incidence and depth of poverty
in a two-dimension space, and (3) apply these measures to a developing country (China). Osberg
and Xu (2001) find that in the developed countries, where the poverty rate is relatively low
(typically considerably less than 20%), inequality among the poor is small and fairly constant
over time and across jurisdictions. Hence Osberg (2000) and Xu and Osberg (2001) advocate the
“poverty box” approach as a way of simplifying communication and facilitating comparative
studies.'? This approach offers a solution to how to measure poverty incidence and depth jointly
and graphically and gives the poverty gap ratio a geometric interpretation. This paper addresses
the issue of whether the same should be done in developing countries such as China, where the

poverty rate is much higher and the variations in inequality of poverty are greater.

Finally, since all poverty statistics are estimates from samples surveyed from the

population, sampling variability of these estimates is a perennial concern. Particularly in many

12 Fields (1977, p. 576 or 1980, p. 26 and p. 212) study of Brazil’s poverty, includes a figure in which the poverty
rate and average poverty gap in local currency are shown in a coordinate system — but for international comparison
one needs to use the poverty gap ratio. Based on international data in 1987 and 1998, Chen and Ravallion (2001)
note that the poverty rate based on the 1993 PPP US$ 1.08 (or 1993 PPP US$2.15) poverty line, poverty rate is
higher than 40% (70%) in South Asian and Sub-Saharan Africa.



developing countries (such as China) where estimates of poverty outcomes for absolutely large
numbers of people may depend on quite small numbers of sample observations, it may be

important to ask — what are the statistical properties of poverty estimators?

Section 2 of the paper reviews what we have learned from the literature on a set of useful
poverty measures. Section 3 provides some empirical evidence from China and Section 4

examines related statistical issues. Section 5 concludes.



2. What Have We Learned about Poverty Measurement?

The most common measure of poverty is to calculate the proportion of the population
whose incomes are below a designated poverty line. If we use N for the size of a population and

Q for the number of the poor, then the poverty rate is given by

_Q
H== (2.1)

This “head count” measure presupposes the definition of recipient unit (individual or
family or household) and income concept, and the specification of a poverty line (z), below

which the income of individual i ( y,) is unacceptably low. However, the poverty rate cannot

show the depth of poverty - in two countries (or the same country at two different points in time).
With identical poverty rates, the two poor subpopulations may have very different average
income levels. More disturbingly, if the poverty rate is used as the main measure of the
effectiveness of anti-poverty policy, policy makers may be tempted by “cream-skimming”,
because the most cost effective way to reduce poverty is to give a small transfer to the richest of

the poor so that his or her income is lifted just above the poverty line.

Concern with the depth of poverty motivates two closely related measures — the average

poverty gap ratio of the poor and that of the total population. The former is denoted by

Izlz(_z‘%j 2.2)

z

and the latter

H]:QLZ =Y :Lz Eabi| (2.3)
N Q _)/‘-<Z z N yi<Z z
where the poverty gap ratio is set to zero for the nonpoor population because they have zero

deprivation of income.



Although these measures illustrate incidence and average depth of poverty, they

cannot reveal whether deprivation differs substantially among poor people. Further, the average

poverty gap ratios are not sensitive to whether poverty alleviation targets the poorest of the poor

and those who are only marginally poor. In 1976 Amartya Sen proposed a set of fundamental
axioms as the basis for poverty measurement. Similar to the debate in establishing inequality
measurement, where the Pigou-Dalton transfer principle became a guidepost or an axiom [see
Dalton (1920) for the original work and Xu (2003) for an intuitive explanation], Sen’s (1976)
axioms, refined further later [see Shorrocks (1995) and Chakravarty (1997)]], formed the
foundation for subsequent poverty measures. One of the key points made by Sen is that all the

existing poverty measures at that time were insensitive to the distribution aspect of poverty.

Seven well-known axioms or principles for evaluating poverty measures are: '

(1) Focus axiom (F): the poverty measure should be independent of the nonpoor population.

(2) Weak monotonicity axiom (WM): a reduction in a poor person’s income, holding other
incomes constant, must increase the value of the poverty measure.

(3) Impartiality axiom (I): A poverty measure should be insensitive to the order of incomes.

(4) Weak transfer axiom (WT): An increase in a poverty measure should occur if the poorer
of the two individuals involved in an upward transfer of income is poor and if the set of
poor people does not change.

(5) Strong upward transfer axiom (SUT): An increase in a poverty measure should occur if
the poorer of the two individuals involved in an upward transfer of income is poor.

(6) Continuity axiom (C): The poverty measure must vary continuously with incomes.

(7) Replication invariance axiom (RI): The value of a poverty measure does not change if it
is computed based on an income distribution that is generated by the k-fold replication of

an original income distribution.

B See Hagenaars (1986, 1991) or Xu and Osberg (2001) in Chinese; the English version is available at
http://is.dal.ca/~econhome/RePEc/dal/wparch/sensw.pdf.



For some observers, these axioms or principles are pre-conditions to judge the
reasonableness of a poverty measure. Of course, as shown later, some axioms impose stronger

conditions than other axioms do (WT versus SUT or with or without C).

The poverty rate H satisfies the Focus, Impartiality, and Replication axioms but it
violates the Weak Monotonicity, and Weak Transfer axioms. Hence, many economists find the
poverty rate unacceptable, since it captures the incidence of poverty but is insensitive to the
depth of poverty. The average poverty gap ratio of the poor / satisfies the Focus, Weak
Monotonicity, and Impartiality axioms but not the Weak Transfer axiom - which means that /
captures the depth of poverty but is insensitive to the distribution aspect of poverty. Because of
these deficiencies in the poverty rate and average poverty gap ratio, Sen (1976) proposed two
version of the same poverty measure. The first is

S, =H[l—(1—1)(1—G(yp)){%ﬂ, (2.4)

where G(y ,) is the Gini index of the distribution of the poor. As the population size gets larger,

0

—=— — 1. Thus another version is given by
1+Q

S=H[I+(1-DG(y,)] (2.5)

These two versions of the Sen indices will satisty the other axioms but not the Strong Upward

Transfers and Continuity axioms. .S, does not satisfy the Replication Invariance axiom while §

does. Clark et al. (1981) applied equation (2.5) in their empirical study.

Immediately after Sen’s work many economists proposed a wide range of poverty
measures [see Zheng (1997) and Xu and Osberg (2002) and references therein]. Among those,
Shorrocks (1995) proposed a modified Sen index which is identical to the limiting case of the
Thon index (1979, 1983), and can be called the Sen-Shorrocks-Thon (SST) index of poverty,
which is defined as

Sy = % 3 (2N -2i+ 1)[2_—”). (2.6)

yi<z z
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27N J is set to zero. The application of this

Note that the poverty gap ratio for the nonpoor (
z

poverty index can be found in Xu (1998).

Foster, Greer and Thorbecke (1984) proposed a class of decomposable poverty indices
(the FGT indices) of the form:

FGTa(y,z):%Z(Z;yfj , 2.7)

Yi<z

where y represents the income distribution and y, represents the income of individual i. Within
this family of indices, the FGT index with some values of o (@ =0,1) does not satisfy all of the

above axioms. However, higher order FGT indices (i.e. a > 1) do satisfy axioms WM, WT, and
SUT. As can be seen below, the FGT indices include those that are criticized by Sen (1976).
When o =0,

FG]})(y,z):%Z(%) :%:H. (2.8)

i<z
The FGT index of order 0 is the poverty rate. When a =1,
FGT(y,2) = - D (ﬂ) = HI. (2.9)
N yi<z z
The FGT index of order 1 is the average poverty gap ratio of the population, which equals the
product of the poverty rate and the average poverty gap ratio of the poor. FGT indices of an

order higher than 1 are distribution-sensitive. For example, when o = 2,

FGTz(y,z):%Z(Z_Zy’) . (2.10)

Yi<z
. . . (z=y .
In this formulation, when a > 1, a larger poverty gap ratio [—ylj > 0 receives more than
z

proportionately higher weight in the FGT index. Schady (2002) is an example where the FGT
index of order 2 is used. Researchers often face the question as to what value should be assigned
to a. It is unclear how to weight each of the FGT indices in terms of their importance. This
family of indices themselves do not provide any guidance on this issue. However, as Osberg

(2004) has noted, in the FGT family of indices, when Luxembourg Income Study data on

11



affluent countries are used, it appears that over the range o = 2, 3, ..., 6 index values tend to be
clustered and there is not much additional gain of information. We consider below whether a

similar conclusion is warranted in the very different circumstances of rural China.

It is somewhat surprising to see that the FGT indices are applied more widely in

empirical poverty studies than the Sen indices, S,, S, and S, , although the latter were

proposed earlier and have been improved upon over time [see Osberg (2004)]. Fields (1980,
p-170) noted that it is sometimes impossible to calculate S because of the unavailability of data
on income inequality. Although the FGT index of order a <2 does not satisfy many of the
important axioms, the FGT indices are considered attractive by many analysts, in particular for
their additive subgroup decomposability. Osberg and Xu (1999, 2001), Osberg (2000), Xu and
Osberg (2001, 2002) argue that the Sen indices are not as simple to the policy analysts, but
should and can be substantially simplified. Indeed, as soon as these simplifications become
known, the Sen indices, in particular the SST index, become a powerful tool in policy analysis as

shown by Myles and Picot (2000).

In particular, we have argued'* that the Sen index S and the SST index S o7 [glven in

equations (2.5) and (2.6) respectively] should, and can, be simplified into their multiplicative
components - the poverty rate, average poverty gap ratio of the poor, and a measure that is
related to the Gini index of poverty gap ratios of the poor (for the Sen index) or of the population
(for the SST index).

zZ=);

z

Formally, let x, represents the poverty gap ratios ( j for the poor and x those of

the population. The Sen index given in equation (2.5) can be written as

S=HI[1+G(x,)]. (2.11)

' See Osberg and Xu (1999, 2001), Osberg (2000), Xu and Osberg (2001, 2002).

12



Note that in order to calculate G(x,), one can use the regular Gini index formulal5 with poverty

gap ratios sorted in non-decreasing order [see Xu and Osberg (2002, p. 143)]. The higher is the

value of 1+G(x,), the greater is inequality among the poor. A verbal expression of equation

(2.11) above is:

The Sen Index = [the poverty rate]x [the average poverty gap ratio of the poor]
x [the inequality of poverty gap ratios of the poor].

The interpretation of the above is that the Sen index measures poverty incidence, depth and
inequality jointly while permitting decomposition into commonly used poverty measures.
Poverty is high when the incidence of poverty is high (a higher poverty rate), or when the depth
of poverty is increasing (a higher average poverty gap ratio), and or when the poverty gap ratios

of the poor are more unequal [a higher 1+ G(x,)]. When poverty gap ratios of the poor are

identical, then the Sen index becomes:

The Sen Index = [the poverty rate] x [the average poverty gap ratio of the poor]

because the poor are approximately equally deprived, G(x,) =0, so I+ G(x,) =1. The Sen

Index thus collapses to the FGT index, with a = 1. As well, when the inequality of poverty gap
ratios is a constant at the level K, the major sources of changes in poverty can be expressed as the
sum of changes in the poverty rate and the average poverty gap ratio of the poor alone. Hence,
when either when the poor are equally deprived or the inequality of poverty is constant, the
combination of two simple concepts — the rate and average depth of poverty - leads to a

powerful illustrative tool: the “poverty box”. Under the condition that inequality of poverty is nil

" For a data set {), V,,...,Vy} - the Gini index or coefficient is given by

1 N
G(y)=1- I Z(2N —2i+ 1) ¥;, when {y,,¥,,...,,} are sorted in non-decreasing order. Alternatively,
Y=

N N
D Uyi—y;l
G(y)= % , where {),,¥,,..., ¥} do not have to be sorted. Note that  is the mean of
y
{¥/sVysees Yy} - See Xu (2003) for more details.

13



or that there is little change in this inequality, the size of poverty box can represent the welfare
loss caused by poverty and the change in the box size can be interpreted as the change in welfare

loss.

The “poverty box” is, in fact, related to the poverty profile [originally due to Jenkins and
Lambert (1997)], which we show in Figure 1. In this coordinate system, the poverty profile
draws the curve of cumulative percentage of poverty gap ratios, for the total population, from the
highest to the lowest (zero ratio for the nonpoor) corresponding to the percentage of the
population. The poverty profile curve rises from the origin (at point 0) at a faster rate, increases
at a decreasing rate, reaches the plateau (at point a) when the last and least poor individual’s
poverty gap ratio is added, and then becomes flat to the end (at point HI) when zero poverty gap
ratios of the nonpoor are add to the cumulative percentage. When the inequality of poverty gap

ratios is nil, the curved segment of the poverty profile becomes a straight line.

As shown in Figure 2, the geometric interpretation of the Sen index with reference to the
poverty profile curve according to Xu and Osberg (2002), is as shown in the upper-right panel.
Let the triangle area of OHH’ be Area E. The Sen index is given by the sum of Areas C and D
divided by Area E. Hence the Sen index will take the curvature (in relation to Area C) into
account. In the lower-left panel of Figure 2, the poverty box is drawn in relation to the poverty
profile. In the event that there is no curvature in the poverty profile curve or when the curved
segment varies little in a relative sense, the poverty box can convey all the information needed

for poverty comparisons.

14



Figure 1 Geometry of the Poverty Profile
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Figure 2 Geometry of the Sen index and Poverty Box
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As shown in Osberg and Xu (1999, 2000), the SST index [equation (2.6)] proposed by
Shorrocks (1995) following Sen (1976), can be simplified into

S = HI(1+G(x)), (2.12)

where x represents the poverty gap ratios of the total population. A less mathematical expression

of the above is

The SST Index = [the poverty rate] x [the average poverty gap ratio of the poor] x
[the inequality of poverty gap ratios of the population].

As shown previous for the Sen index, the SST index also measures the welfare loss caused by
poverty and it can measure poverty incidence, depth and inequality jointly while permitting the
SST index to be decomposed into commonly used poverty measures. The difference between the

Sen and SST indices is the Gini index of poverty gap ratios. Unlike G(x,) which is in the Sen

index and can take value zero when all the poor are equally poor — i.e. have the same poverty gap

ratio, G(x), which is in the SST index, cannot be zero simply because even if the poor are
equally poor the nonpoor have zero poverty gap ratios. As shown in Xu and Osberg (2002, p.
145, equation 24), G(x) =1— H when the poor have an identical poverty gap ratio. For example,
if the poverty rate is 15% and the poor are equally poor, the Gini index of poverty gap ratios of
the population will be 1-0.15 = 0.85. The inequality component in the SST index will then be

1+ G(x)=1+0.85=1.85. Any inequality in poverty gap ratios among the poor will add to [1 +
G(x)] but with an upper bound value 2 — so there is a fairly narrow possible range, particularly if

the poverty rate is relatively low.

The “common sense” explanation for the small role that inequality among the poor plays
in an aggregate measure of poverty intensity is that the differences in income among the poor are
relatively small when compared to income differences among the nonpoor. The upper bound on

the incomes of poor people is the poverty line. The lower bound, leaving aside measurement

17



error aside, is subsistence. The money value of the difference is not large, particularly when

compared to the differences among the nonpoor population.

When the inequality of poverty gap ratios of the population changes little over time and
across countries/regions/social groups, the value of the SST index is in proportion to (oc) the

product of the poverty rate and the average poverty gap ratio of the poor; that is
The SST Index o [the poverty rate] x [the average poverty gap ratio of the poor].

To a logarithmic approximation, the percentage change in the SST Index is then equal to the sum

of the percentage changes in the poverty rate and the average poverty gap ratio of the poor.

The geometric interpretation of the SST index, according to Xu and Osberg (2002) is as
follows. Let the lower triangle of the poverty profile box in the upper-right panel of Figure 2
surrounded by O, O’, HI, 1, and H be Area A, which is the half of the unit box. The Sen index is
the ratio of the sum of Areas B, C, and D to Area A. Hence, the poverty box is directly

connected to the poverty profile.

For both Sen and SST indices'®, it appears that the inequality of the poor in developed
countries is fairly constant, and thus plays little role in comparisons — either internationally or
over time [Osberg and Xu (2000)].). Hence a two-dimensional poverty box can present poverty
reasonably accurately and can be used for across country/region/social group comparisons. The
“poverty box” is formed by the poverty rate H and the average poverty gap ratio of the poor /
[see Xu and Osberg (2001) and Osberg (2004)].

' The Sen and SST indices are closely related. According to Xu and Osberg (2002),
Sey = HS+2H(1— H)I.

That is, given H and I, it is always possible to compute S, from S and vice versa. For example, if we know

S¢sr» H, and I based on the data, we can compute S using

g Ss=2HA=I Sy o gy
H H

18



What does the “poverty box™ add to the debate? Figure 3, which is taken from Osberg
(2004) illustrates its potential usefulness for comparisons of poverty in the context of the United
Kingdom, where the average poverty gap ratio and the poverty rate moved in different directions
over time. An assessment of poverty policy in the UK which looked only at the poverty rate
would score the 1979 to 1986 period as a success, since the poverty rate fell (from 9 % to 8.4 %),
but would miss completely the significant increase in the average poverty gap of the poor (which
rose from 21.8 % of the poverty line to 27.8 %). This divergence between trends in the poverty
rate and average poverty gap ratio is not uncommon in developed nations [see Osberg (2002,
p.18)], but is crucial for the assessment of poverty policy “success”. If there is little change in
inequality among the poor, the “poverty box™ represents the welfare loss clearly and is precisely
the poverty gap ratio index (H *x/) advocated by the United Nations as the secondary indicator of
poverty. Having established the link between the poverty box and the Sen and SST indices, the
remaining question for this paper is whether or not the poverty box approach can be effectively
used in analyzing poverty in developing countries — and to assess this issue we turn to evidence

from China.
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3. How Should We Measure Poverty Trends in China?

In assessing the level and trend of global poverty, a crucial variable stands out in importance — the
rate of growth of the Chinese economy. With 1.29 billion citizens, roughly 20% of the world’s population,
China dominates global poverty trends in Asia and the world — and in recent years, the Chinese economy
has been growing strongly.'” In 1980, GDP per capita in China was $708, (PPP, constant 1995 international
$'%), but by 2003 that had risen six-fold to $4,344."” Over the 1995-2003 period, the average annual growth
rate of per capita GDP was 7.55 %. Extrapolation of these recent trends would imply that in twenty years, in
2023, per capita GDP in China would be about $20,000 in PPP terms — a level of income that is well above
the income levels in Europe at the time when a “relative income” conception of poverty became recognized

as appropriate.”’

At current exchange rates, the US dollar value of China’s per capita GDP is far lower — at
$1,024 in 2003. Clearly, when the ratio between PPP and the exchange rate is of the order of 4:1,
adjustment for PPP has an enormous impact on the estimated level of average real income of 1.29 billion
people. In fact, the calculation of PPP values can be done in a number of ways — each with its own
advantages and disadvantages. Hill (2000, p.294) has compared the range of estimates of PPP adjusted
average income levels that thirteen available methodologies imply, noting that calculated average income
ratios can nearly double, depending on PPP methodology chosen.?' Hence, one has to worry that estimates
of the extent of global poverty are extremely sensitive to very technical choices about PPP methodology —
particularly since the income distribution is typically very dense in the region of the poverty line, implying
that small changes in the calculation of the poverty line can affect the measured poverty status of fairly large
fractions of the population. The technical uncertainties involved in PPP calculations, and their enormous

impact on poverty measurements, are a strong argument for the use of a relative income criterion of the

' India’s 1.06 billion inhabitants (and faster rate of population growth), and lower level of average income (in 2003, GDP per
capita of $2529 — PPP, constant 1995 international $) mean that India’s growth rate is also crucial to global poverty trends —
between 1995 and 2003, growth in GDP per capita in India averaged 4.3 %, with strong acceleration in most recent years (8%
GDP growth in 2003).

'8 Unless otherwise noted, all aggregate data in this section are PPP constant 1995 $, drawn from the World Bank web site -
http://devdata.worldbank.org/dataonline/

' To put this in context, the comparable per capita PPP GDP of Portugal was at $7,499 in 1975.

2% The GDP per capita (PPP, constant 1995 international $) of Canada was $23,842 in 2003.

2! For example, although (when evaluated at observed exchange rates) the ratio of per capita income in the USA in 1990 to
that of Turkey was 8.1 to 1, the range of PPP income ratios was between 3.3 to 1 and 6.4 to 1 (with the Geary-Khamis price
index method favoured by the ICP project generating a ratio of 3.7 to 1).
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poverty line, measured in own currency units — on the grounds of transparency and robustness. As well,
developing countries such as China are moving rapidly from the group of nations in which absolute poverty
is the key concern to the group of countries in which relative poverty will be in the spotlight. While it is
still possible to continue to calculate the absolute $1 per day poverty line, the concept of relative poverty is

becoming steadily more socially relevant.

The usual methodology for international comparisons of poverty among developed countries is to
use micro-data on the incomes of individual households (from a data set such as the Luxembourg Income
Study) in order to calculate the equivalent income of individuals and to draw the poverty line relative to
median equivalent income —most commonly at 50% of median individual equivalent income. Typically, all
individuals within households are assumed to share equally in household resources, and have no claim on
the resources of other households.* The LIS definition of total family money income after tax (disposable
income)™ is often used as the basis for calculation of the after tax money “equivalent income” of all
individuals within families. The concept of equivalent income is used to reflect the fact that members of
larger households can benefit from economies of scale in their consumption expenditure. In the literature,
a number of equivalence scales have been used to account for the economies of scale of household
consumption [see Burkhauser et al. (1996), and Phipps and Garner (1994), among others] but recent
literature®* has predominantly used the LIS equivalence scale, which calculates the equivalent income of

each household member as:

y.
y, =—5 (3.1)

where y, is total household income after tax,” and n, is the number of persons in the household.”®

2 Admittedly, these are strong assumptions about the social context of income flows since the effective resources available to each
person depend on the degree of inequality in the intra-household distribution of consumption. See Phipps and Burton (1995, p. 194).
ZDisposable income consists of the sum of gross wages and salaries, farm self-employment income, non-farm self-employment
income, cash property income, sick pay, disability pay, social retirement benefits, child or family allowances, unemployment
compensation, maternity pay, military/veteran/war benefits, other social insurance, means-tested cash benefits, near cash benefits,
private pensions, public sector pensions, alimony or child support, other regular private income, and other cash benefits; minus
mandatory contributions for self employed, mandatory employee contribution, and income tax.
24See, for example, Buhmann et al. (1988), Coulter et al. (1992), Burkhauser et al. (1996), and Figini (1998) for comparison of the
LIS, OECD and other equivalence scales. Figini (1998, p. 2) notes that “OECD and other two-parameter equivalence scales
empirically used show a similarity of results [in measurement of inequality] to one parameter equivalence scales with elasticity
around 0.5.”
»“Disposable Personal Income” in the LIS data sets.
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This methodology lies behind the poverty estimates for the UK discussed in Section 2 (and much of
the broader literature on poverty in affluent nations), but this paper started with a discussion of global
poverty trends using an absolute poverty line concept (specified as the local currency equivalent, in
purchasing power parity terms, of US $1 per day). How does the relative poverty line methodology compare

with the absolute US $1 standard for China in 1995?

To assess this we use data from the 1995 CHINESE HOUSEHOLD INCOME PROJECT
(1995 CHIP)*” whose purpose was to measure and estimate the distribution of personal income in both
rural and urban areas of the People's Republic of China. The concept of “income” used was
considerably broader than that used in most studies of OECD nations - it included both cash payments
and a broad range of additional components: payments in kind valued at market prices, agricultural
output produced for self-consumption valued at market prices, the value of food and other direct

subsidies, and the imputed value of housing services.**/*’

Although calculation of the value of in kind
or own account self-production is arguably an appropriate adjustment to the context of rural China,

none of the nations whose data is included in the Luxembourg Income Study make an imputation of

%% Note two important special cases of the “equivalent income” calculation y, = —i .Household income is assigned to
n

each individual if a = 0 and per capita income is assigned if o = 1.

27 Riskin, Carl, Zhao Renwei, and Li Shi. CHINESE HOUSEHOLD INCOME PROJECT, 1995 [computer file]. I[CPSR
version. Amherst, MA: University of Massachusetts, Political Economy Research Institute [producer], 2000. Ann Arbor,
MI: Inter-university Consortium for Political and Social Research [distributor], 2000. The Chinese Household Income
Project is a joint research effort sponsored by the Institute of Economics, Chinese Academy of Social Sciences, the Asian
Development Bank and the Ford Foundation. Additional support was provided by the East Asian Institute, Columbia
University.

28 Disposable rural household income = Income from wages pensions and other compensations

received by individual members of the household + Household income from township, village, collective and other types
of enterprise (other than compensation for labor) + Cash income from farming and industrial and subsidiary activities +
Gross value of self-consumption of farm products + Income from property + Rental value of housing equity + Net
transfer from/to collective and state entities + Miscellaneous income (including private transfer) + Net cash income from
the sale of farm products + Net income from non-farm subsidiary activities.

» Disposable urban household income = Cash income of the working members + Income of the retired members + Income
of the non-working members + Income from private/individual enterprises + Income from property + Miscellaneous
income (including private transfer and special income) + Subsidies less taxes (except housing subsidy and ration coupon
subsidy) and income in kind + Ration coupon subsidy + Housing subsidy + Rental value of owner occupied housing
equity.
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the rental value of owner occupied housing.®® Thus, maintaining a comparable estimate of poverty

implies similarly disregarding the imputed value of housing services.

The 1995 CHIP dataset is based on a survey of 7,998 rural households (together representing
34,739 individual household members) in 19 provinces plus 6,931 urban households (with 21,698
members) in 11 provinces. Eliminating observations with negative incomes produces 7,988 rural and
6,929 urban households. Table 1 presents estimates, based on one half the median equivalent income
(in local currency) as the poverty line, of the SST index, poverty rate, average poverty gap ratio, and
inequality of poverty gap ratios. The top panel uses the comprehensive definition of income, while the

bottom panel excludes the imputed value of owner occupied housing.

If the comprehensive definition of income is adopted, then half the median equivalent income
is 2,555 Yuan (Renminbi). At the official exchange rate of 8.28 Yuan per US $1, this is equivalent to a
poverty line of US $308.57, or US $0.85 per day. However, excluding the imputed value of owner
occupied housing implies that half the median income is 2289 Yuan, which is equivalent to $276.44
per year ($ 0.76 per day) at official exchange rates. Clearly, however, the official exchange rate is a
poor guide to relative purchasing power. If the PPP exchange rate is 1.9 Yuan per US $1,°' this implies
that calculating a relative poverty line of half the median equivalent income produces a poverty line
equivalent to $1,344 per year ($3.68 per day) using the comprehensive income concept, or $1,204 per
year ($3.30 per day) excluding the imputed value of home ownership. In 1995, therefore, a relative

poverty line would be set substantially above the $1 or $2 absolute standard.

Of course, if incomes at the bottom end of the income distribution in China were to have grown
over the period 1995 to 2003 at the same 7.55 % rate as per capita GDP, a person earning $1 in 1995
would be making $1.83 in 2003, and someone making $2 per day in 1995 would make $3.66 in 2003.
Hence, a relative poverty line of one half median equivalent income in 1995 is, in absolute terms,
about what somebody who was just at the $2 per day income level in 1995 would now be making, if
their incomes had grown at the national average rate — which implies that in China in 2003 a relative

poverty line may not actually have been so different from an absolute ($2 per day) poverty line, in

3% The method used in the 1995 CHIP is to assume an 8% return on the respondent-estimated value of home equity.
3 See World Bank, World Development Indicators 2003, Pages 282-285.
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practice. [Of course, one clear concern about the path of China’s development is precisely this
assumption — that people at the bottom of the income distribution are sharing in the benefits of

economic growth.]

Implicitly, the use of a common national poverty line criterion for poverty measurement in
developed countries is based on the idea that the nation as a whole is the relevant comparison group
for the assessment of interpersonal equity. The motivation for this idea is not really a sociological
presumption that individuals in all parts of the nation actually compare themselves with each other —
China is a vast country, and survey evidence indicates that interpersonal comparisons tend to be highly
local, in all countries.** However, the nation state is the political entity within which redistribution of
income, or other forms of anti-poverty policy might conceivably occur — and it is the political unit

within which any expressions of political discontent with poverty outcomes will primarily be managed.

If a common national poverty line is used, one clear implication of Table 1 is the concentration
of poverty in China in rural areas. Focussing on the lower panel of Table 1, we see that by this
definition of the poverty line, the SST index of poverty in urban areas is approximately 18 times larger
in rural areas than in urban China (0.1180 compared to 0.0065) — not primarily because the depth of
poverty in rural areas is so much greater (the average rural poverty gap is 0.309, compared to an
average urban poverty gap of 0.255) but because the rate of poverty is so very much higher (32.3 % in
rural areas, compared to just 1.3% in urban areas). The poverty box for the information in Table 1 is

given in Figure 4. As can be seen in Figure 4, the divide between the rural and urban China is huge.

Table 2 shows that if rural and urban China are analyzed as if they were separate countries, and
if the urban poverty line were drawn at half the median equivalent income of urban areas, while the
rural poverty line is similarly drawn at half the median equivalent income of rural areas, the poverty
line would be set over twice as high in urban areas (3862 Yuan) as in rural China (1527 Yuan).
Interestingly, the level of poverty in rural China would still be twice as high as in urban areas (a rural
SST index of 0.072, compared to an urban index of 0.036). This is again illustrated clearly in Figure 5,
which shows the differences between the poverty box between rural and urban China when each is

evaluated by its own poverty standards.

32 See Kluegel et al (1995:20) or Evans and Kelley (2003)
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However, since the CHIP data go to some lengths to account for possible sources of in-kind
income that might reduce the money cost of living in rural areas, there seems to be little technical
reason why rural and urban incomes cannot be compared. If Chinese society comprises a common
polity, the application of a common national poverty line to both urban and rural China therefore
seems defensible. Table 3 therefore compares the SST index of poverty across the rural areas of the
sampled provinces of China. Even leaving aside the capital region Beijing, because of its absolutely
low fraction of rural dwellers, there is a huge range of variation in the SST index of poverty — with
large differences across provinces in all three components of the SST index. As Table 3 indicates, the
rural poverty rate (excluding Beijing) is as high as 61.9 % and as low as 9.7%. The average rural
poverty gap ranges from about 38.9% to about 7% of the poverty line. These differences — of the order
of'a 5:1 ratio — are huge, so large as to swamp the observed differences in inequality of the poverty gap
in the population — which varies between 1.567 and 1.962. The variation in (1+G(x)) across the rural
areas of Chinese provinces are relatively large compared to the variation observed across other data
sets in developed countries, but small compared to the variation in poverty rate of poverty gap — which

may indicate the usefulness of the poverty box emphasis on poverty incidence and depth of poverty.
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Table 1

SST and Components

China 1995
Poverty Line = 1/2 the Median for the Country
Region Poverty Line SST Poverty Rate Relative 1 + Gini of Number of
(%2 Median Poverty Gap Gap Poor
Equivalent Observations
Income)
Income Includes
Imputed Return
Owner Occupied
Housing
All 2555 0.100 0.189 0.282 1.886 2474
Urban 2555 0.0063 0.014 0.225 1.993 94
Rural 2555 0.154 0.298 0.283 1.818 2380
Income Excludes
Home Wealth
All 2289 0.118 0.204 0.309 1.875 2677
Urban 2289 0.0065 0.013 0.255 1.993 86
Rural 2289 0.180 0.323 0.310 1.801 2591
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Figure 4 The Poverty Box China 1995: Urban and Rural
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Table 2
SST and Components
China 1995
Poverty Lines: 1/2 the Urban Median for the Urban; 1/2 Rural Median for the Rural

Region Poverty Line SST Poverty Rate Relative 1 + Gini of Number of
(%2 Median Poverty Gap Gap Poor
Equivalent Observations
Income)

Income Includes

Imputed Return

Owner Occupied
Housing

Urban 4159 0.033 0.073 0.230 1.958 494

Rural 1753 0.057 0.120 0.245 1.931 974

Income Excludes
Home Wealth

Urban 3862 0.036 0.076 0.238 1.956 515

Rural 1527 0.072 0.133 0.281 1.924 1084
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Figure 5 The Poverty Box China 1995: Urban and Rural Comparison
Poverty Lines: 1/2 Median for Urban; 1/2 Median for Rural

0.35

034 013,028

rural

0.25
0.08, 0.24

urban

0.2

0.15

relative poverty gap

0.1

0.05

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

poverty rate

Note: Income excludes home wealth.

30



Table 3

SST and Components
Rural China 1995 by Province
Poverty Line = 1/2 the Median for the Country (including urban)
Income Excludes Home Wealth

Region Poverty Line SST Poverty Rate Relative 1+ Number of
(2 Median Poverty Gini of Poor
Equivalent) ‘Gap Gap Observations
11 - Beijing 2289 0.023 0.021 0.558 1.985 2
13 - Hebei 2289 0.184 0.312 0.328 1.801 159
14 - Shanxi 2289 0.342 0.559 0.373 1.643 166
21- Liaoning 2289 0.166 0.288 0.316 1.820 92
22 - Jilin 2289 0.146 0.253 0.312 1.848 75
32 - Jiangsu 2289 0.303 0.220 0.070 1.962 36
33 - Zhejiang 2289 0.052 0.129 0.210 1.918 53
34 - Anhui 2289 0.117 0.247 0.256 1.853 112
36 - Jiangxi 2289 0.108 0.252 0.231 1.852 88
37 - Shandong 2289 0.142 0.249 0.307 1.850 178
41 - Henan 2289 0.129 0.271 0.258 1.847 203
42 - Hubei 2289 0.194 0.279 0.381 1.828 111
43 - Hunan 2289 0.229 0.412 0.319 1.741 204
44-Guangdong 2289 0.059 0.097 0.310 1.946 46
51 - Sichuan 2289 0.248 0.485 0.301 1.697 388
52 - Guizhou 2289 0.272 0.547 0.301 1.657 165
53 - Yunnan 2289 0.215 0.472 0.268 1.701 146
61 - Shanxi 2289 0.308 0.578 0.328 1.625 177
62 — Gansu 2289 0.378 0.619 0.389 1.567 190
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Since one of the purposes of poverty measurement is to rank the severity of the problem
of poverty in different jurisdictions, one can ask to what extent using the “normalized poverty
gap” (EGT1 ) or poverty box concept® will alter the ranking of rural poverty among Chinese
provinces based on the SST index and to what extent using higher order FGT indices would alter
the ranking based on the SST index. As noted earlier, in equation (2.7), the Sen and SST indices
are well justified poverty measure which contain, as their components, both the FGT index of
order O - the poverty rate (H)- and -the FGT index of order 1 - the average poverty gap of poor
people (I) times the poverty rate (H).

Table 4 reports, for each province of China whose data is available in the CHIP, the
computed level of rural poverty, using as measure the SST index and FGT a=0....6 . One way
of evaluating the loss of information entailed by using the poverty box is to see how much the
ranking of the provinces based on the SST index is altered by using the poverty box (the poverty
rate times poverty gap or FGT1). Similarly, one way of thinking about how much the FGT index

of a higher order (i.e. FGTa when & > 1) matters relative to the benchmark SST index is to see

how much the poverty ranking of the provinces based on the SST index can be altered by the

FGT index of a higher order ( & > ). As explained previously, the FGT index of a higher order
can be interpreted as giving larger poverty gaps higher weights in the weighted sum in the FGT

index so as to incorporate more aversion to poverty inequality.

For many purposes it is not so much the absolute, but the comparative, level of a poverty
index that matters - for example, if one wanted to know which province of China has the greatest
problem of rural poverty. Since the various poverty indices discussed thus far have different
ranges, it is not very informative to compare their numeric value — so this paper adopts the
“Linear Scaling Technique (LST)” to standardize the range of all poverty measures. To do this,
the high and low observed values are taken to represent the possible range of a poverty measure

for all countries, and denoted Min and Max, respectively. The data is then scaled according to

33 Although the FGT1 does not satisfy the transfer axiom, it does possess the socially desirable property of easy
comprehensibility and subgroup decomposability and is equal to the area of the poverty box.
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these values. Figure 6 then reports for each province® the value for each poverty index scaled

according to the formula (value—min)/(max—min).

Figure 6 indicates that the ranking of the provinces based on the poverty rate is very
different from the ranking based on the benchmark SST index. As an example, Yuanan Province
(code 53) was ranked the 9th in poverty intensity based on the poverty rate but is 7th according
to the SST index. However, the ranking of the provinces based on the poverty box is consistent
with the ranking based on the benchmark SST index — which indicates that the poverty box is a
good approximation of the benchmark SST index.35 The FGT indices of order higher than 2
give increasing weights to inequality in poverty and hence may change the ranking of provinces
based on the benchmark SST index substantially, in particular among the middle ranked
provinces. A case in point again is Yuanan Province (code 53), which has the most prominent
decline in ranking as one increases the order of the FGT index. Yuanan province is ranked the
7th in poverty intensity based on both the SST index and poverty box. But as one increases the
order of the FGT index from 2 to 6, Yuanan province experiences a rapid decline in the poverty
ranking to the 8th, 9th, 11th, 11th, and 13th, respectively. However, for the most poverty-
stricken provinces such as Gansu (code 62) and Shanxi (code 14) and the least poverty-stricken
provinces such as Zhejiang (code 33) and Jiangxi (code 36), the higher order FGT indices do not
provide any additional information in terms of relative rankings to those based on the benchmark
SST index. Hence, Figure 6 can be read as indicating that there is relatively little gained in inter-

provincial poverty comparisons if one uses “higher order” [FGT ,-,. ¢ ] poverty indices.

3 More exactly, Figure 6 presents data for provinces included in the CHIP data with 50 or more poor observations.
3 Although this paper does not report the ranking based on the Sen index, it is shown in Footnote 16 of this paper
that when I and H are known, the Sen index and SST index have a one-to-one correspondence relationship. Hence,
both Sen and SST indices can be used as benchmarks.
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Comparison: SST and Components versus FGT indices of order 1 to 6

Table 4

Rural China 1995 by Province
Poverty Line = 1/2 the Median for the Country (including urban)
Income Excludes Home Wealth

FGT
poverty | poverty alpha=1

Province rate gap | SST | alpha=2 | alpha=3 | alpha=4 | alpha=5 | alpha=6 | rate*gap

11-Beijing 0.021 0.558 | 0.023 0.0085 0.0067 0.0053 0.0042 0.0034 0.012
13-Hebei 0.312 0.328 | 0.184 0.0472 0.0254 0.0152 0.0099 0.0070 0.102
14-Shanxi 0.559 0.373 | 0.342 0.1094 0.0687 0.0479 0.0355 0.0274 0.209
21-Liaoning 0.288 0.316 | 0.166 0.0415 0.0224 0.0134 0.0085 0.0056 0.091
22-Jilin 0.253 0.312 | 0.146 0.0371  0.0213 0.0139 0.0098 0.0074 0.079
32-Jianhsu 0.070 0.220 | 0.303 0.0060 0.0031 0.0019 0.0012 0.0008 0.015
33-Zhejiang 0.129 0.210 | 0.052 0.0081 0.0029 0.0012 0.0005 0.0002 0.027
34-Anhui 0.247 0.256 | 0.117 0.0247 0.0117 0.0062 0.0036 0.0022 0.063
36-Jiangxi 0.252 0.231 | 0.108 0.0209 0.0094 0.0050 0.0030 0.0020 0.058
37-Shandong 0.249 0.307 | 0.142 0.0359 0.0212 0.0145 0.0109 0.0087 0.076
41-Henan 0.271 0.258 | 0.129 0.0297 0.0164 0.0105 0.0075 0.0057 0.070
42-Hubei 0.279 0.381 ] 0.194 0.0586 0.0374 0.0258 0.0188 0.0141 0.106
43-Hunan 0.412 0.319 | 0.229 0.0597 0.0318 0.0187 0.0118 0.0079 0.131
44-Guangdong 0.097 0.310 | 0.059 0.0155 0.0099 0.0071 0.0055 0.0045 0.030
51-Sichuan 0.485 0.301 | 0.248 0.0636 0.0338 0.0206 0.0138 0.0100 0.146
52-Guizhou 0.547 0.301 | 0.272 0.0710 0.0368 0.0217 0.0142 0.0101 0.165
53-Yunnan 0.472 0.266 | 0.215 0.0485 0.0230 0.0127 0.0079 0.0054 0.125
61-Shanxi 0.578 0.328 | 0.308 0.0849 0.0460 0.0275 0.0179 0.0123 0.190
62-Gansu 0.619 0.389 | 0.378 0.1204 0.0695 0.0444 0.0305 0.0221 0.241
minimum 0.021 0.210 | 0.023 0.0060 0.0029 0.0012 0.0005 0.0002 0.012
maximum 0.619 0.558 | 0.378 0.1204 0.0695 0.0479 0.0355 0.0274 0.241
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Figure 6 Comparison: Poverty Rate, SST Index and FGT index
Rural China 1995 by Province
Poverty Line = 1/2 the Median for the Country (including urban)
Income Excludes Home Wealth

Poverty Rate SST Poverty Rate FGT a=2 FGT a=3 FGT a=4 FGT a=5 FGT a=6
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4. Statistical Issues

However, observant readers may have noted the right hand side column of Table 3,
which reports the number of poor observations, by province. In many provinces, the sample is
absolutely small — and it is being used to portray the outcomes experienced by millions.* For a
theoretically desirable poverty measure to be applied in the real world where we rely on sample
data, it is necessary to examine the statistical properties of the sample in order to implement
appropriate statistical procedures.’’ In this section, asymptotic theoretical results for the

poverty measures advocated here are reviewed first and then the bootstrap method is discussed.

The poverty measures advocated in this paper include the Sen and SST indices of
poverty intensity and their components - the poverty rate (the FGT index of order zero), the
average poverty gap ratio of the population (the FGT index of order one), the poverty gap ratio
of the poor (the ratio of the FGT index of order one to that of order zero), the Gini index of
poverty gap ratios of the poor or of the population (and hence 1 plus the Gini index of poverty
gap ratios of the poor or of the population). These poverty measures, whether used as an
aggregate (the Sen or SST index) or as a component (the poverty rate, or the average poverty
gap, or 1 plus the Gini index), have desirable statistical properties. For income or poverty data,
we will primarily rely on the asymptotic theories although some of the measures have good

finite sample properties.

The poverty rate H is essentially a proportion of a distribution. If we use the sample to
estimate H assuming that ¢ is the number of the poor in the entire sample of size n,*® then the

point estimator,

a=94, (4.1)
n

is a consistent estimator of the true, but unknown, H.*° The large sample variance of H is

3% In Figure 6, provinces with less than 50 observations of rural poverty are not plotted.
37 See Osberg and Xu (2001) for the bootstrap illustration. The statistical procedures proposed here will be
implemented in another project.

3 For simplicity, we use {yl s Voseees yn} as the sample and z as the poverty line for the sample data.
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H(1-H)
—

Var(H) = (4.2)

Since H can be consistent, Var(H) can be estimated consistently as well by replacing / with

H in equation (4.2). In addition, with some minor modification, equations (4.1) and (4.2) can

be used for a sample with sampling weights.

The average poverty gap ratio of the poor is a mean concept, which can be estimated by

i=ly =lz(2_7yfj. 4.3)

q x>0 q yi<z

This estimator / is also consistent with a variance
1

Var(l) = =) Z:‘)(x" -1y (4.4)

Again, Var(I) can be estimated consistent by replacing  with I given I is a consistent

estimator. Equations (4.3) and (4.4) can be modified for a sample with sampling weights.

Sometimes, researchers are interested in the average poverty gap ratio of the population. It can

be estimated by HI = 1 Z X, :l Z (Z_—y’j with Ear(?ﬂ) = (;1) Z (xl. - ?11)2 . These
n z n— x>0

x;>0 n yi<z

results can be found in Kakwani (1993).

For the term of 1 plus the Gini index, we can discuss the Gini index first. The
probably the earliest contribution was made by Hoeffding (1948) based on the U-statistics.
Following Glasser (1962) developed the variance for the Gini index based on the definition of
the Gini index based on the Gini’s relative mean difference [ Xu (2003)]. Note that this paper
contains two versions of the Gini index: one is the Gini index of poverty gap ratios of the poor,

G(x,) and the other is the Gini index of poverty gap ratios of the population, G(x). Since

these two indices are closely related by

G(x)=(1- H)+ HG(x,), (4.5)

3% Note that under the binomial distribution, the estimator is unbiased and has the same variance.
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we can simply focus on G(x,).

Among many other approaches, Glasser (1962) proposed the Gini index estimator and

its variance estimator. Let the poverty gap ratios of the poor be {x,,x,,...,x,} ,

q
d, =%Z\xi—xj , for i#j. (4.6)
q—1ia

and

1 q
d==>"d. 4.7
ppa (4.7)

Let x, be the sample mean of the poverty gap ratios of the poor {x,,x,,...,x, } . Based on these
definitions, the Gini index of poverty gap ratios of the poor can be estimated by the following
estimator

G(x,)= %. (4.8)

p

The large sample variance of the above estimator is given by

Var(Gx, )) [ﬂar( )- 4é(xp)@ov(d,fp)+4[é(xp)]zﬂar(fp)] (4.9)

The term 1+ G(x,) can be estimated by 1+ G(xp) . The variance of 1+ G(xp) is the same as

given in equation (4.9). The estimator of the Gini index of poverty gap ratios of the population,

G(x), and its variance can be developed similarly. Based on equation (4.5) and the assumption
that H is fixed, Var (@(x)) = H? Ear(@(xp)) can be employed.40

However, as may be noted, the above discussion is limited to the components of the
Sen and SST indices (that is, the FGT indices of order 0 and 1 and the Gini indices of different
kinds). In order to explain the statistical inference issues of the Sen and SST index one needs to
look beyond the above basic statistical results. Following Hoeffding (1948), Zheng (1993),
Bishop et al. (1997, 1998, and 2001), and Zheng et al. (2000) employed the U-statistics to

develop the statistical inference for the Sen index and some other extensions. Xu (2004) also

% Note that for simplified methods to estimate the standard error of the Gini index, please see Ogwang (2000),
Giles (2004), and Ogwang (2004).
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worked the statistical inference for the SST index and a uniform framework for all statistics

discussed above. The following is a brief presentation of the relevant results in Xu (2004).

In order to apply the U-statistics to the Sen and SST indices, first introduce some U-
statistics. Let /(4) be an indicator function: /(A4) =1if 4 is true, /(A4) =0 otherwise. Let

U, =121(y1. <z)=H, (4.10)
niq
and
1 n
U, :;Zyl.l(yl. <z). 4.11)
i=1

Then the mean of x and that of x, can be defined using U, and U, :

R=U|1-—2 (4.12)
zU,
and
U
U Lt 4.13
g ( ZUlj ( )
Now define the U-statistics for the Gini’s mean difference:
1 n_n
= —y | Iy, <2)(y. <2). 4.14
’ n(n_l)gg'% ¥ G <y, <2) (4.14)

According to Xu (2004), the estimator of the Sen index is given by

22U -2z2°UU, - U,

S = 4.15
22°U, *.15)
The estimator of the SST index is defined as
3 2
Sssr = 2z, -2z U, -0, . (4.16)

27°
According to Hoeffding (1948, Theorem 7.5), the estimators U, ,U,, and U, are consistent for
their population counterparts 6,,6,and 6, , respectively. If F, is the continuous distribution

function with finite variance, then the joint distribution function of
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1 1 T

(U,-6,).n*(U,-6,),n>(U,-6,) (4.17)

0| =
0| =

n

(U—@)z n

is asymptotically normal with mean 0 and variance

91(1_91) ‘92(1_‘91) 2‘93(1_‘91)
S=|6,0-0) <6) 26,6, |, (4.18)
20,(1-6) 2¢5(6.6,) <)

where
S0 = [ dF, ()67, (4.19)
0
z(z 2
5(6,) = j ( J B dFy(y»j dF,(y) -6y, (4.20)
and
£(0,0)= [ 7| 7, = 2, | dF, (3)dF, (v,) - 0,0, (421)
)]

respectively. Since Sand S, are functions of U,,U,,U,, their variances can be derived from

suitable functions of X . Due to the space limitation, we refer the interested readers to Xu

(2004).

While the asymptotic results discussed above are desirable, the computation of the
standard error of the Sen or SST index estimate can be complex. Osberg and Xu (2001) have
proposed the bootstrap method for computing the standard error for the SST index estimate.
This method is also applicable to the Sen index estimates and to estimates of other poverty
measures. In a recent study, Davidson and Flachaire (2004) find that the bootstrap method can

generate accurate variance estimates for poverty measures but not for inequality measures
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because the latter are extremely sensitive to the data in the upper-tail of a distribution. This

finding assures that the bootstrap method is suitable for poverty measures.

The bootstrap method can be described as follows: Resample randomly from the

sample y" ={y,",»,’,...,»,"} with replacement, compute the poverty measure of interest using

the random sample P(y"), and repeat this process B times (typically B is a large number say

200). Then we can compute the bootstrap standard error using

B 2

> (PG™)-P(e))

se(P) =122 21 , (4.22)

1 . ) P ~ ~ _
where P(e) :EZP(J’ *). In this case, Pcanbe H, I, G(x,), G(x), S,and S .
b=1
A practical example of this methodology was provided by Osberg and Xu (1999) who
compared Canadian provinces — and since the provinces of China are an order of magnitude
larger in population than Canadian provinces, while the sample size from which inference is
made is considerably smaller, the importance of computing bootstrap standard errors is likely

to be considerably greater in the context of China.
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5. Summary and Conclusion

This paper started by asking whether the estimated proportion of the world’s population
with income below US $1 (adjusted according to purchasing power parity) per day is a good
measure of trends in global poverty. We have argued in this paper that the answer depends on
three important issues in the measurement of poverty — the definition of the poverty line, how
best to summarize the level of poverty and how to statistically infer estimates of poverty from

sample data.

5.1 What Poverty Line?

In common language usage, poverty is about deprivation of necessities - the primary
dictionary definition of “poverty” is the deprivation of “the necessities of life”’[see Oxford
(1998, p. 1135)]. Adam Smith’s views on this were drafted at a time — more than 200 years

ago — when all nations had much lower incomes than presently, but their relevance endures:

“Under necessaries, therefore, I comprehend not only those things which nature, but
those things which the established rules of decency have rendered necessary to the

lowest rank of people.” (Vol. 2, Bk. V, Ch. II, Pt I, Art IV — 1961, p. 400)

In thinking about what “the established rules of decency” might be, on a global scale,
the criterion of $1 per day — USS, PPP — has the enormous virtue of seeming simplicity, and
hence communicability to a global public. However, a good deal of technical complexity sits
behind the calculation of $1 per day in Purchasing Power Parity terms — and the issue is crucial

to the evaluation of the level of global poverty.

As well, the rapidity of economic growth in China, and in India and South East Asia,

means that, for a very substantial fraction of the world’s population, the problem of absolute
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deprivation of commodities is being replaced by a more subtle type of poverty. As Sen has put
it:
“Relative deprivation in the space of incomes can yield absolute deprivation in the
space of capabilities. In a country that is generally rich, more income may be needed to
buy enough commodities to achieve the same social functioning, such as ‘appearing in
public without shame’. The same applies to the capability of ‘taking part the life of the
community’.” (1992, p. 115)

In international poverty comparisons among developed countries, the norm is to
calculate the poverty line as a fraction of median income, and to use local currency units
throughout — which avoids entirely the problem of the uncertain value of PPP conversions. For
the above reasons, this paper argues that more attention should be given to relative deprivation
(i.e. equivalent incomes less than half the median) as well as absolute deprivation (i.e. incomes

below $1 or $2 US per day).

5.2 The Summarization of Poverty Qutcomes

The Sen and SST indices of poverty intensity measure the welfare loss caused by the
incidence, depth and inequality of poverty, have desirable axiomatic properties and can be
calculated and decomposed easily. Furthermore, they have simple geometric interpretations
that are related directly to an easily communicated illustrative tool - the “poverty box”. As
demonstrated in the empirical example in this paper, the poverty ranking of regions based on
the poverty box is remarkably consistent with that based on the benchmark SST index, which
has a one-to-one correspondence relationship with the Sen index. The “higher order” poverty
FGT indices (FGT a = 2....6) do not change the rankings of most and least poverty-stricken
provinces but will shift the middle range regions primarily due to the overweighting of
inequality in poverty. Hence, in addition to being subject to arbitrariness in selecting the order,
a = 2....6, the higher order FGT indices add relatively little to comparisons among jurisdictions
— in comparisons of rural poverty in China, or of affluent nations. Hence, the poverty box is
indeed appealing — particularly since it is a major component of the Sen and SST indices and a

special case of the FGT index. Although it is listed as one of many UN Millennium
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Development targets, we argue that it should be the primary target and that it should receive

more attention than the useful — but sometimes misleading — poverty rate.

5.3 Statistical Inference Issues

To implement the desirable poverty measures discussed in this paper, sample data must
be used. Hence a full understanding of the statistical properties of the corresponding poverty
estimators becomes important. In addition to the common knowledge about the poverty rate
and average poverty gap ratios, this paper also shows the desirable statistical properties of the
Sen and SST index estimators and their components and explains how to use the bootstrap

method to make statistical inference for these poverty measures.

44



References:

Aten, Bettina, and Alan Heston (2004), “Use of Penn World Tables for International
Comparisons of Poverty Levels: Potential and Limitations” Paper presented at session 5,

International Association for Research in Income and Wealth Twenty-Eighth General
Conference, Cork, Ireland, August 22-28, 2004.

Bishop, John A., John P. Formby, and Buhong Zheng (1997), “Statistical Inference and the
Sen Index of Poverty,” International Economic Review, 38(2), 381-387.

Bishop, John A., John P. Formby, and Buhong Zheng (1998), “Inference Tests for Gini-Based
Tax Progressivity Indexes,” Journal of Business & Economic Statistics, 16(3), 322-330.

Bishop, John A., John P. Formby, and Buhong Zheng (2001), “Sen Measures of Poverty in
the United States: Cash versus Comprehensive Incomes in the 1990s,” Pacific Economic
Review, 6(2), 193-210.

Bourguignon, Frangois and Satya R. Chakravarty (2003), “The Measurement of
Multidimensional Poverty,” Journal of Income Inequality, 1, 25-49.

Chakravarty, Santya R (1997), “On Shorrrock’s Reinvestigation of the Sen Poverty Index,”
Econometrica, 65(5), 1241-1242.

Chen, Shaochua and Martin Ravallion (2001), “How Did the World's Poorest Fare in the
1990s? ” Review of Income and Wealth, 47(3), 283-300.

Clark, Stephne, Richard Hemmings and David Ulph (1981), “On Indices of the Measurement
of Poverty,” Economic Journal, 91(362), 515-526.

Cowell, Frank A. (1989), “Sampling Variance and Decomposable Inequality Measures,”
Journal of Econometrics, 42, 27-41.

Cowell, Frank A. (1995), Measuring Inequality, 2nd edition, Harvester Wheatsheaf, Hemel
Hempstead.

Davidson, Russell and Emmanuel Flachaire (2004), “Asymptotic and Bootstrap Inference for
Inequality and Poverty Measures,” Mimeo, McGill University, Montreal, Canada.

Evans, M.D.R., and J. Kelley. 2004. “Subjective Social Location: Data From 21 Nations.”
International Journal of Public Opinion Research 16: 3-38.

Fields, Gary (1977), “Who Benefits from Economic Development? A Reexamination of
Brazilian Growth in the 1960’s,” American Economic Review, 67(4), 570-582.

45



Fields, Gary (1980), Poverty, Inequality, and Development, New Y ork: Cambridge University
Press.

Fisher, G.M. (1995), “Is There Such a Thing as an Absolute Poverty Line Over Time?
Evidence from the United States, Britain, Canada, and Australia on the Income Elasticity of
the Poverty Line,” A paper presented October 28, 1994, at the Sixteenth Annual Research
Conference of the Association for Public Policy Analysis and Management in Chicago,
Illinois; see http://www.census.gov/hhes/poverty/povmeas/papers/elastap4.html.

Foster, James, Joel Greer, and Erik Thorbecke (1984), “A Class of Decomposable Poverty
Measures” Econometrica, 52(3), 761-766.

Forster, Michael and Marco Mira d'Ercole (2005) “Income Distribution and Poverty in OECD
Countries in the Second Half of the 1990s” OECD Social, Employment and Migration
Working Papers No. 22 DELSA/ELSA/WD/SEM(2005)1, 18-Feb-2005.

Giles, David E. (2004), “Calculating a Standard Error for the Gini Coefficient: Some Further
Results,” Oxford Bulletin of Economics and Statistics, 66(3), 425-433.

Gini, Corrado (1912), Variabilita e Mutabilita, Bologna: Tipografia di Paolo Cuppini.

Gini, Corrado (1921), “Measurement of Inequality of Income,” Economic Journal, 31(121),
124-126.

Glasser, G. J. (1962), "Variance Formulas for the Mean Difference and Coefficient of
Concentration." Journal of American Statistical Association, 57, 648-654.

Hagenaars, A.J.M. (1991), “The Definition and Measurement of Poverty,” in L. Osberg (ed.)
Economic Inequality and Poverty: International Perspectives, Armonk: M.E. Sharpe.

Hagenaars, A.J.M. (1986) The Perception of Poverty, Amsterdam: North Holland.

Hill, R.J. (2000) “Constructing Bounds on Per Capita Income Differentials across Countries”
The Scandinavian Journal of Economics, 102(2), 285-302.

Hoeffding, W. (1948). “A Class of Statistics with Asymptotically Normal Distribution,”
Annals of Mathematical Statistics, 19(3), 293-325.

Kluegel, J.R., G. Csepeli, T. Kolosi, A. Orkeny, and M. Nemenyi. 1995. “Accounting for the
Rich and the Poor: Existential Justice in Comparative Perspective.” In J.R. Kluegel, D.S.
Mason, and B. Wegener (eds.), Social Justice and Political Change, Public Opinion in
Capitalist and Post-Communist States. De Gruyter, Berlin and New York, pp. 179-207.

Jenkins, Stephen P., and Peter J. Lambert. 1997. “Three ‘I’s of Poverty Curves, with an
Analysis of UK Poverty Trends.” Oxford Economic Papers, 49, 317-327.

46



Lipton, Michael and Martin Ravallion (1995), “Poverty and Policy,” Handbook of
Development Economics, Volume 11, Edited by J. Hehrman and T.N. Srinivasan, Amsterdam:
Elsevier, 2551-2657.

Myles, J. and G. Picot (2000), “Poverty Indices and Policy Analysis,” Review of Income and
Wealth, 46, 161-179.

Ogwang, Tomson (2000), “A Convenient Method of Computing the Gini Index and Its
Standard Error,” Oxford Bulletin of Economics and Statistics, 62(1), 123-129.

Ogwang, Tomson (2004), “Calculating a Standard Error for the Gini Coefficient: Some
Further Results: Reply,” Oxford Bulletin of Economics and Statistics, 66(3), 435-437.

Osberg, Lars (2000), “Poverty in Canada and the United States: Measurement, Trends, and
Implication,” Canadian Journal of Economics, 33(4), 847-877.

Osberg, Lars (2002), “Trends in Poverty: The UK in International Perspective - How Rates
Mislead and Intensity Matters,” Working Papers of the Institute for Social and Economic
Research, Paper 2002-10, Colchester: University of Essex.

Osberg, Lars (2004), “Assessing “Success” in Anti-Poverty Policy: Some Measurement
Choices that Matter — And Some that May Not,” Paper presented at CERF Conference on
Helping People Out of Low Income, Toronto, Ontario, June 3, 2004.

Osberg, Lars and Kuan Xu (1999), “Poverty Intensity: How Well Do Canadian Provinces
Compare?” Canadian Public Policy, 25(2), 179-195.

Osberg, Lars and Kuan Xu (2001), “International Comparison of Poverty Intensity: Index
Decomposition and Bootstrap Inference,” Journal of Human Resources, 35(1), 51-81. Errata,
Journal of Human Resources, 35(3), 2001.

United Nations (2004), Industrial Development Report 2004.

Ray, Debraj (1998), Development Economics, New Jersey: Princeton University Press.
Sandstrom, Arne, Jan H. Wretman, and Bertil Walden, (1988), “Variance Estimators of the
Gini Coefficient-Probability Sampling," Journal of Business and Economic Statistics, 6(1),

113-19.

Schady, Norbert R. (2002), “Picking the Poor: Indicators for Geographical Targeting in
Peru,” Review of Income and Wealth, 48(3), 417-433.

Sen, Amartya Kumar (1976), “Poverty: An Ordinal Approach to Measurement,”
Econometrica, 44(2), 219-231.

Sen, Amartya Kumar (1985), Commodities and Capabilities, New Y ork: North-Holland.

47



Sen, Amartya Kumar (1992), Inequality Re-examined, Russell Sage Foundation, New Y ork:
Harvard University Press.

Shorrocks, Anthony F. (1995), “Revisiting the Sen Poverty Index,” Econometrica, 63(5),
1225-1230.

Thon, D. (1979), “On Measuring Poverty,” Review of Income and Wealth, 25, 429-440.
Thon, D. (1983), “A Poverty Measure,” The Indian Economic Journal, 30, 55-70.

Todaro, Michael P. and Stephen C. Smith (2003), Economic Development, Boston: Addison-
Wesley.

Xu, Kuan (1998), “The Statistical Inference for the Sen-Shorrocks-Thon Index of Poverty
Intensity,” Journal of Income Distribution, 8(1), 143-152, 1998.

Xu, Kuan and Lars Osberg (2001), “On Sen's Approach to Poverty Measures and Recent
Developments,” China Economic Quarterly, 1(1), 151-170.

Xu, Kuan and Lars Osberg (2002), “The Social Welfare Implications, Decomposability, and
Geometry of the Sen Family of Poverty Indices,” Canadian Journal of Economics, 35(1),
138-152.

Xu, Kuan (2003), “How Has the Literature on the Gini Index Evolved in the Past 80 Years?”
English version, in Frank Columbus (ed.), Contemporary Poverty and Welfare: Alleviation
Issues, Nova Science Publishers, Inc. forthcoming; Chinese version appears in China
Economic Quarterly, Vol. 2, No. 4, 757-778, 2003; see
http://is.dal.ca/~econhome/RePEc/dal/wparch/howgini.pdf

Xu, Kuan (2004), “U-Statistics and Its Asymptotic Results for Some Inequality and Poverty
Measures,” Mimeo, Dalhousie University, Halifax, Canada.

Zheng, Buhong (1993), Poverty Measurement, Statistical Inference, and Application to the
United States, Ph.D. Thesis, West Virginia University.

Zheng, Buhong (1997), “Aggregate Poverty Measures” Journal of Economic Survey, 11(2),
123-162.

Zheng, Buhong, John P. Formby, and W. James Smith, Victor K. Chow
(2000), “Inequality Orderings, Normalized Stochastic Dominance, and Statistical Inference,’
Journal of Business and Economic Statistics, 18(4), 479-488.

b

48



