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In this chapter, we develop the pure welfarist approach whieans that welfare depends
on a single indicator which is taken to be either income orscomption. We thus suppose that
our basic observations are individual incomes. These datasaally provided by governmental
agencies. Either they cover the entire population and aadade every five years or more, or
they are just survey data, drawn at random to get a represergample of the total population.

¢ | shall use the Chinease Social Survey and more preciselt06é wave. We made that
choice simply for convenience. | had worked on these data faaper.

Data concern households, which directly introduce the tipesf equivalence scales. We have
usually access to household composition and to some kimtofne decomposition in earnings,
financial revenues, rents and transfers. In a subsequéntdegve shall detail how households
of different composition can be made comparable. For thdewhie suppose that households
have the same size and the same composition.

A good deal of the econometrics of income distribution wil devoted to the estimation
of the income distribution, either parametrically or ncargmmetrically. Indices are a good way
of summarizing the dispersion characteristics of a distidn in order to provide comparisons
between countries or through time. Why should we take istdrethe left tail of the income
distribution and thus have a particular attention for therfoWe have to explain the aversion
of a society for inequality and poverty. Atkinson (1970)rf@lized this problem by mean of
welfare functions. This is also the approach adopted by@egt997) in his chapiter 3, chapter
on which we shall draw a lot.

1 Welfare functions

Following Atkinson (1970) or chapter 3 of Deaton (1997),Ustconsider that society is formed
by a collection ofn individuals and that we want to measure welfare of this getinsidered as
a whole. We measure welfare with respect to a univariat@lbrinotedr; that represents either
income or consumption. We have thus a first collection of nlzg®mns on income

X = (21,29, -+, Tp) (1)

that represents the income distribution.

1.1 Graphical representation

We indicate here how we can represent graphically thiscidle of individuals and their income.
After the Dutch economist Jan Pen, we propose the Pen’s @aiagery individual is given a
size proportional to his income, normalized by the meannmeof the population. Then each
individual is ranked according to his size. The abscise armalized by the sample size.

We use first the results of an income survey made in the Philgspand available as &R
data set. We then use income data for China which come fro@@&t&S, 2006. We also provide
the Gini coefficient:G = 0.427 for the Philippines and> = 0.527 for China (zero incomes
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Figure 1: An example of Pen’s parade



were removed). A lot of information are already containe&igure 1 displaying Pen’s Parade
for the two countries. For the Philippines, the mean incosneached only at the 6th decile of
the population. The richest person earns 7 times the meamigicFor China, the mean income
is reached further away after the 7th decile, while the stiperson earn 25 the mean income.
However, the Philippine data set concerns lllicos, which small region in the north of the
Philippines. The CGSS is representative of the whole China.

1.2 The welfare function

We define the welfare function as a function witlarguments representing the empirical income
distribution:

The welfare function is a very normative function. It musegla certain number of axioms that
define the comparisons we want to operate between indiaditakepresents social preferences
over the income distribution.

1. Pareto axiom: The welfare function is increasing for all its inputs. Thigams can be
weakened so that it is not decreasing for some of its termkevileing increasing for the
remaining terms. With a weakened axiom, we can constructl@amegunction which is
increasing for the poor while being constant for the rich.

2. Symmetry axiom or anonymity: We can permute the individuals without changing the
value of the function. But there are problems when the haaldsthave not the same com-
position. Survey data concern households, while welfaeergh deals with individuals.
The question of household composition is nontrivial andsigally addressed by equiva-
lence scales. Problems can also arise if agents have diffetiéity functions. Then the
aggregation of utilities is not invariant to changes in thaeo of the arguments.

3. Principle of transfers: the quasi concavity of the welfare function implies that & w
operate a monetary transfer from a rich to a poor, welfaraaseased, provided that the
transfer does not modify the ordering of individuals. Tlknown as the Pigou-Dalton
principle. This is a very important principle, which is ndways verified. But most of the
time we shall try to enforce it.

4. Other axioms: there is a large economic literature devoted to buildingavelfunctions
and inequality measures or indices. Some axioms are notathuéxclusive. Many papers
are devoted to finding the minimal number of necessary axiwhen building a welfare
function. See in particular the book by Sen (1997).

The main consequence of these axioms is that a welfare umekipresses the aversion that
a society has for inequality and that the welfare functiol m@ maximal when all individuals
have the same income. A whole strand of the empirical liteeats devoted the practical mea-
surement of aversion for inequality, the desire for rethstion, the causes of poverty. This kind
of opinions can be studied using the CGS for instance for &hin
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2 Inequality and social welfare

If a social welfare function expresses the aversion of aespéor inequality, then it is the natural
starting point for inferring inequality measures. Let upose that the function is homogenous
of degree 1. Using this property, we can factorize the meeone.:

W(x) = pV (/- w0/ p). 3)

We then normalizé/(.) so thatV(1,---,1) = 1. As there is an aversion for inequality, the
normalized function reaches its maximum at 1 and thus to#dfiane cannot be greater than
We can thus rewrite the welfare function as:

Wi(z) = p(l = 1) (4)

wherel cannot be greater than Lis then interpreted as an inequality measureahcepresents
the cost of inequality. Welfare increases withso that we can have at the same time a welfare
increase and an increase in inequality. It is essential te that total welfare is measured by a
mix betweenu and/, and not only by one minus the degree of inequalityif the poor get a
bit more, and the rich much more, this is a Pareto improvenferd welfare is greater provided
1 has risen more thah. The principle of transfers, on the contrary leayeanchanged, but
decrease$. There is thus a balance to maintain between these two iamoctiteria: Pareto
principle and principle of transfers. Note however thatas a scale whilé has none. This
might influence the trade-off. We shall discuss the shapd/odnd the concern for the poor
further down in the text. Let us note in passing the famoustiebetween equity and efficiency,
debate initiated by Okun (1975), which is often seen as &t

3 Welfare function and inequality indices

As W(z) = p(x)(1 — I(z)), we can start from a welfare function and then solve for the co
responding index of inequality. Or we can do just the reveiSt&rt from a given inequality
measure, verify that it complies with the principle of treers and then derive the corresponding
social welfare function.

3.1 Starting from a welfare function

We illustrate the passage frolr to / to derive the inequality index of Atkinson. Let us start
from the following welfare function:

1 xle

W:_le—e’

n-=;

wherec is the parameter monitoring aversion to inequality. In gaheve use values between
0 and 2 for poure. Fore = 1, the above expression is not defined. The indeterminacy is



removed (using for instance the de I'Hospital rule which nsetaking the limit of the ratio of
the derivatives) by considering:

1

This welfare function has important and nice propertiese fidtio of marginal social utilities of
two individuals has a simple expression:

8W/8xl . ZT; e
As ¢ — oo, the marginal utility of the poorest dominates. We are in Ravlsian situation,
Rawls (1971), where the objective of the society is to mazethe situation of the poorest.
Whene — 0, more and more concern is put on the situation of rich indiald.

We can derive a measure of inequality from this particulalfave function which is the
Atkinson index:

J

. 1/(1-¢)
L=1- (—Zm/u)l*) |

n-;

Whene = 1 it has the multiplicative form:

Iy =1—[](x:/m)"".

3.2 Equally distributed equivalent =

We start again from from the welfare functidf and we consider the income distribution
X = (21, ---,z,). W(X) takes a certain value for this given distribution. Let us nuwn-
sider another income distribution where everybody haslgosame amount, to be determined.
We are looking for the equivalent incondesuch thati?’ (£) = W (X), which means an income
uniformly distributed that provides the same welfare faeisty. If the principe of transfers ap-
plies, then the inequality < y is always verified. We can then define as an inequality index on
minus the ratic /j:

r=1-%

1!

We want this index to be independent of the scale of measunteriiée usual way of defining

scale independence is to require that
Wiy, x,) = WAz, -, Azy,)
where is a positive number. Using this axiom, the valu€ a$ uniquely defined by

1—e
- sz

i

1/(1-6)
() = [ ]

which leads naturally to the second index of inequality d€iAson,1 — £(z)/u. This inequality
index is at value in [0,1]. If the computed value of this indeXor instance 0.3, this would
mean that 70% of the actual total income would be necessamylar to reach the same value of
welfare, provided that income is equally distributed. Thet®f inequality i9.30 x .
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4

Inequality indices

A simple way of comparing income distributions is to summpathose distribution by an index.
Of course, in order to produce an adequate summary, thossestlave to verify a certain
number of axioms.

Scale invariancés the easiest property. The index should not change if wegdnthe unit
of measure

The responsiveness to transfers is one of the most fundahy@aiperty. When taking
money from the rich to redistribute it t the poor (without ngang the order) the index
should diminish.

Population principle the value of the index should not depend on the size of thalptipn
or of the sample. If we replicate the sample, the index shonatetchange.

Fixed range If everybody has got the same income (the mean income), ttteemdex
should be zero. The index can be bounded above. The Gini fledéxstance is equal to
one in the case of perfect inequality (one individual hashedlincome, all the other have
Zero).

Subgroup decomposabilityf we can cutz into two exclusive subgroups such that=
1 U 2, decomposability means that inequality in the whole pajpatar can be written
as a weighted sum between inequality indices in the subgrplys a residual depending
only on the mean inside the subgroup. This last term reptésgween group inequality
while the weighted sum represents inequality within groups

Once these properties are verified, we can start from an &i¢gjindex and deduce the corre-
sponding welfare function by meansiof = p(1 — I).

4.1

Inequality indices based on the quantiles

Some authors like very much to describe the income distabuiy means of its quantiles. We
shall see in a next chapter how to estimate those quantilaat Wa quantile? There are various
ways of defining it. Let us suppose that we know the densityfnchich a random variabl& is
drawn and call itf (z). It integrates to one. We suppose also thas at values irj0, co[. Then,
thep-quantile is the value, such that:

/Ox,, f(z)dz =p.

If we know the cumulative distributiof'(z), thep-quantile can be defined in an explicit way as

Tp = Fﬁl(p)



Let us define a grid over, with nine pointsp = (0.1,0.2, - - -, 0.9). We thus define deciles. The
median is the value that separate the sample in two regioeguzt probability:

Tmea = FH(p = 0.50),

while the two quarter quantiles correspongbte: 0.25 andp = 0.75.
This being said, simple indices were proposed in the litgeatsuch as thenterquartile
range
Io= To.75 — 9130.25.
L0.50
However, this index does not verify the principle of tramsfelf a transfer is done within a
quintile group, the index is left unchanged. This index igartheless quite used, especially by
official agencies. For instance Insee presents regulaglynitome distribution in the form of its

deciles. A by-product is to measure the normalized distaet@een extreme deciles.

Table 1: Distribution of annual net wages in France

before taxes in euros 2008-2010
2008 2009 2010

D1 13595 13554 13722
Q1 15491 15789 16037
D5 19159 19756 20107
Q3 26136 26869 27 345
D9 38555 39046 39809
D9/D1 2,84 2,88 2,90
Source : Insee, DADS 2010.

For instance Piketty (2017), Piketty et al. (2017) make atguse of quantiles. They have an
interpretation of those quantiles in term of social classes

1. With an income below the median, the individuals are atergid to belong to the poor
class. This is at contrast with the usual definition of thegstyvline we shall see below.

2. With an income between 50% and 90%, we have the middle alhgd covers 40% of
the population

3. Therich individuals are those with an income greater thartop 10% decile.

We must note that this interpretation is specific to that bafdRiketty. In particular, defining the
middle class is not an easy task and it usually does not gones to what is written above.

4.2 Indices based on moments

The coefficient of variatiors the square root of the variance of the incomes divided byrthan

income:
v Variance

CV =
Mean
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Itis easy to compute, bounded at zero, but not bounded frawvealit is subgroup decomposable,
scale invariant and obeys the transfer principle. It is ot &aparticular case of the Generalized
Entropy Index.
The variance of logarithms:
VL = Var logx

is often used in relation with wage studies. It is directliated to the lognormal distribution
where it represents the parameté(we shall detail that distribution later on). It has neveléss
some unwanted properties as underlined in Foster and OIBY199 this paper it is explained
how the variance of logarithms can contradict a Lorenz ander

4.3 The generalized entropy index

Indexes of thegeneralized entropy famillgave nice properties and is advocated so in Cowell
(1995). For a given value of they are:

1 i \©
Ip=——— =) =1
£ nc(c—l)zl<u) ]
Whenc¢ = 0, a limit argument gives the mean of logarithms:
15(0) = £ T log 2
E n fL‘i’

while for ¢ = 1 the same limit argument yields tA&eil index

There is a one to one mapping between fpeand Atkinson index 4 for a limited range oft-.
The generalized entropy index is a subclass of the Atkinsdex withe =1 —cfor0 < c¢ < 1.
The Theil coefficient is at value between 0 dngn.

4.4 The Gini index and its social welfare function

The most common inequality index is the Gini index. It is lthea the mean of every distinct
pair of differences of income, taken in absolute value. €teen(n — 1)/2 different pairs. We
normalize around the mean, which gives:

This index is at value if0, 1]. When everybody has ggt the index is zero. When one hag
and the other zero, the index is 1. This index can be costlgngpuite whem is large. Provided
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we order the observations, or at least know their rankhe Gini index can be computed using a
single loop, in the formulation proposed by Angus Deaton:

n-+1

2
Ie = - — 1)szixia

n—1 n(n

wherep; = n if z; is the minimum of the sample and = 1 if z; is the max of the sample. If
we explicit a bit the rank, we have an expression that is Wi$eficomputations:

1
]G:n+ - S ap(n+1-1),

n—1 nn—l

where ;) is the order statistics, which means that the observatieroettered by increasing
order. A slightly simplified expression fdy; is also used in the literature with

1
]G_n—i— Zx (n+1—1),

which can also be written as
n + 1

Z Tyt —
Despite its weighting scheme, the G|n| index focuses iendithn to the centre of the income
distribution. There are variations around this index, hiytédy Donaldson and Weymark (1980)

who introduce a parameterc [0, 1] which allows for different weighting schemes of the obser-
vations and paying more attention to the tails of the incomgildution.

The welfare function which is associated to the Gini coedffitiis the one which weights
every observation using its rank. The poorer will receivelifighest weight. We get

W = p(l - Ig).

This function has been used by Sen (1976b) to rank the In@digesSt We can generalize this
function as
W =p(l-1Ig)°

for o between 0 and 1. So we can weight the implied trade-off betveegiity (1 — I;) and
efficiency ().

5 From inequality to poverty
When looking at the shape of the welfare function (4), we se¢ ¢conomic growth, e.g. the

simultaneous increase pfand ofI¥ can be concomitant with an increase of inequalities: some
people can get richer at a greater speed than others.
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e That was the case during the Thatcher period in the UK. AthtinR003) shows how
during the eighties real income of the poorer remained emsthile mid-range incomes
increased and top incomes increased a lot. Despite thisatiegincrease, global welfare
also increased. However, this is due to the single dimeregipnoach of the social welfare
function. If we had used another index such as the new denaopindices, we would
have seen that global welfare, as measured by this alteenatiex had fallen during that
period.

e There is also the example of China with the economic reforedsin a totaly different
context. Im (2014, PhD dissertation) comments the famoogasl of Deng Xiaoping,
the designer of Chinese economic reformigt Some people get rich firstThis slogan,
which still has a very important influence within Chineseisty justifies inequality on
the ground of efficiency rather than on the ground of desgness and fairness.

Because of this apparent trade-off between efficigpgyand equity (inequality), the inter-
pretation of inequality is not evident. It might be seen aquity by poor people, those who
remain at the bottom of the social ladder or as an opportutiose who manage to climb the
social ladder and are rich. Thus there is the need of anatderator which focusses on the left
part of the income distribution. Poverty is felt aga@lure for societyand this feeling justifies
that we devote to it a large interest. The welfare functiansforms a complete distribution into
a single number which allows to analyze the effects of a pudtonomic policy on the whole
income distribution. If we want to devote more attentionite poor, we must concentrate our at-
tention to one part of the income distribution, the one wihsotoncerned by the poor, even if we
are only interested in counting them. We shall thus movermterest from analyzing inequalities
to analyzing poverty by concentrating our attention on #fethil of the income distribution.

Poverty indices are used by official agencies to monitorpoxerty policies. A lot of dif-
ferent indices were proposed in the literature. Sen (19%@a)the first to propose an axiomatic
construction of indices. Zheng (1997) provides an excekemvey. His survey is organized
around grouping axioms and examining which index compbestich axiom. It is common to
notez the poverty level or line of poverty. With an income beleya person is said to be poor.
Abovez, he is no longer poor.

5.1 Poverty lines

For this purpose, we have to defined what is called a povertyihat is to say a line below which
an individual or a household is said to be poor and above wihrechill no longer be considered
as a poor. We feel all the arbitrary character of such a line. céh define it in two different
ways.

1. anabsolute line of povertyis defined with respect to a minimum level of subsistence. For
instance, the Indian government has defined a minimum nuoflezdories necessary for
subsistence which is different in town and in the countrgsidsing a price index, it has
defined a monetary level of poverty in town and in the coumdg/sUsing the same food
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subsistence, the US government defined an absolute levelefty, but dividing it by the
share of food in the budget of an average household. The IRt (revenu minimum
d’insertion) can also be situated in this framework.

2. In developed countries and more precisely within the B¢ prefer to define eelative
poverty line. The European Union launched a research programme for meggoverty
where the poverty line is defined with respect to a fractiotihefmean or the median of the
income distribution. Will be considered as a poor everyiitlial which income is below
50% or 60% of the mean income of his country. This is a notiorelaitive poverty, which
is near from the notion of subjective poverty (pauvret&easie). (see also the difference
between objective and subjective health status).

3. Atthe international level, there is the desire to define a world poverty line, mainlyach
the works of the World Bank. There is the famous one-doldag which has been reeval-
uated several time, mainly due to changes in PPP. The last yabposed by the World
Bank is $1.90. Atkinson and Bourguignon (2001) have prouhtie view that an interna-
tional poverty line should combined both types (relativd abhsolute). This idea has been
illustrated in Xun and Lubrano (2017) for evaluating worla/prty.

5.2 Measures of poverty used by official agencies

Two indices are used by most government and by the UnitedNstithe head count ratio and
the income gap ratio. Note the use of the indicator funcilgr) when writing down those in-
dices.

Theheadcount ratieevaluates the number of poor, the number of persons below

H(x,z) = %Z]l(xz <z)=

wheregq is the number of poor. It is simply the fraction of people intae of poverty. Despite
its appeal (it is always nice to know the number of poor jusiryltiplying the index byn), this
indexdoes not satisfy the principle of transfetswe tax the poorest to redistribute to those just
below the poverty line, the index decreases. This is due to the discontinuity oirttiex inz;.
However, we can note that Atkinson (1987) argues that a numnmcome: is basic right and
that it is important to know how many persons are deprivedhisfright. Its range is between O
and 1.

4
n7

Theincome gap ratid (z, z) measures in percentage the gap between the poverty énd
the mean income among the poor:

I(x,2) :£<Z—$ZIE¢:U(IE¢ §2)> 21—&7

z

wherey, the average income of the poor. This second index is alseliiibn insensitive. This
insensitiveness motivates another class of indices, fiogigsed by Sen (1976a) and which are

13



detailed in the next subsection.

Thepoverty gap ratias a third index found by multiplying these two indexes:

Hn%@:€<yni§pmuggﬁ.

n

Despite the fact that it is not distributive sensitive, ihdex has some good empirical properties.

Watts (1968) was the first to propose a distribution-seresitidex:

n

1
W ==Y (logz —logz;)l(z; < 2).
i
This index is related to the Theil inequality index as:

W = H[T —log(1 — 1)),

where: -
T == (logu, —loga;)U(z; < 2),
q

=1
H and! being defined above. Its range is between 0 and infinity.

Remark 1 We have defined these indices by summation over the wholéesarsipg the indi-
cator functionll (z; < z). The summation can be done only over the sample of the poeided

the observation are order by increasing valueq i the number of poor, the sum of the figst
observations refers to the population of the poor.

5.3 Sen family of poverty indices

Sen (1976b) has proposed an axiomatic construction of arfyovelex, named after the Sen
poverty index. It represents one solution to take into antofiinequality among the poor. It
combines théhree I's of poverty, namely

1. Incidence (a head count measure)
2. Intensity (the poverty gap measure)

3. Inequality (a Gini index among the poor stating that thpantance given to a poor is its
rank)

This index can be defined by reference to the previous ind&xasd /, addingG p as the Gini
coefficient of the poor:

S(z,z)=H(z,2)(I(x,2) + (1 — I(z,2))Gp).

14



When there is no inequality among the po6f; = 0 and thenS = HI. When inequality
is extreme(Gp = 1), we are back to the headcount measure. Of course, this iraketohbe
calculated and it can be expressed in term of weighted otd#stics. Replacing each element
by its analytical expression, we get:
_ 2 hEoag :

S_(q—kl)n; ~ (g+1—1),
provided we order the observations by increasing order. ortiering is implicit in this writing
because we used tleder statisticsr;. Each observation in this measure is weighted by its
relative rankg + 1 — 7. The poorest have the highest weight. This index preclutepadssibility
that an anti-poverty policy could decrease a poverty indskhy giving transfers to individuals
who are just below the poverty ling leaving the situation unchanged for individuals that are i
a state of extreme poverty. Its range is between 0 and 1.

Because it includes a Gini indeX,cannot be decomposed into groups, or its decomposition
includes a residual which is hard to interpret. It also viedathe principle of transfers and is not
continuous inz. Shorrocks (1995) proposed a modification of this index Wipartially solves
some of the difficulties raised by the Sen index.

Shorrocks (1995) starts from the fact that the Sen indexngplied in S = HI when
Gp = 0. If we restrict that property to hold only wheft = 1, we get a modified index of the
form

1 ”z—x[i] .
— —(2n -2 1).
R

Introducing now thdocusing axionwhich says that the index is sensitive only to the income of
the poor, this new index that we call SST is:

: i
SST = —
n? =

This index shares common features with the Sen index. Itnsnsgtric, replication invariant,
monotonic, homogeneous of degree zera endz, and normalized to take values in the range
[0,1]. Butis has the additional properties of being continuous @msistent with the transfer
axiom.

Let us now define the variable which is the normalized poverty gap:

z — :L'm

2n — 21+ 1).
~ (2n i+1)

z— X

z
Then it is possible to show that the SST index can take a varglsiform?
SST = u(z)(1 + G(2)).

We find another expression in footnote 9 of Shorrocks (198Bj¢h is more obscure when we want to relate
that index to the previous official indices:

SST = (2~ H)HI+ H*(1-1)Gp.

We give its expression only as a reference because it camaapéhus in some articles or textbooks.
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Its range is between 0 and 1.

The modified Sen index was later called in the literature the-Shorrocks-Thon index be-
cause this index can be viewed as a variation of the Thon (li@d@x. This is the reason why
we used the acronyfiST. The Thon index is

2 iz—l‘m( +1 )
n —1).
n+ 1)n z

i=1

Th:(

The SST index converges to thé&h index when the populatiom is successively replicated.
However, Shorrocks (1995) underlines that the SST indeiegrl greater number of axioms
than the Thon index.

Finally, it is interesting to note with the end of the papeiStiorrocks (1995) that the SST
index is related to the poverty gap profile, later called tié durve by Jenkins and Lambert
(1997). We shall come back to this notion in Chapter 9.

5.4 FGT indices

Foster et al. (1984) propose a class of poverty indices whaste the main property of being
decomposable. They are linear, simple to understand andmdpoiate. Because of their linear-
ity they are decomposable, a notion that we shall illustirage next chapter. These indexes are
based on partial moments, built from the income distributibhey have the general form In fact
all of these indices can be expressed in a general form

1
Po=—=) (1 —u;/2)"W(z; < 2),
T 2=/ @ < 2)
wherea is a parameter that be set to 0,1,2 or more. This class of iisderticularly important
and we shall come back to it in the next chapter. For the watla$ detail the expression of this
index for various values af.

For a = 0, we get the usual headcount measure:

1 q
0= EZ (z: < 2) 0
Fora = 1, the index takes into account the distance of an individuahé poverty line, using

the notion of poverty gap — x;

Py = %Z(l — i/ 2)W(w; < 2).

(2

The contribution of an individual to the value of the indeXagyer the poorer he is. Thisindex is
a continuous function of which respect the principle of transfers. But this indexdssensitive
the distribution of income among the poor. So it is not seresito certain types of transfers
among the poor. This index is very near from tHé index detailed above.
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For a = 2, we recover a sensibility to the distribution of income aig¢ime poor

Py = lz:(l —2;/2)*W(z; < 2).

n
The range of these indices is between 0 and 1.

The index of Foster et al. (1984) is decomposable becausis thear structure. Let us
consider the decomposition of a population between rurdlaban. IfX represents all income
of the population, the partition of is defined ast¥ = XV + X%, Let us callp the proportion of
XYin X. Then the total index can be decomposed into

P = Z(H” ) <z-sZ>+<1—p>1nZR(2‘jf)aﬂ<xi9)

nis

where PV is the index computed for the urban population dféithe index computed for the
rural population.

6 Poverty and inequality in social welfare functions

The initial formulation of the welfare function (4) impli¢sat a welfare increase can very well
occur together with an increase of inequality. How can weppse a formulation of the wel-
fare function so that a better concern for inequality is aoted for? In other words, which
form should we give téV (x) if we want to maximize welfare while insisting on poverty.kit-
son (1987) treat this question in section 3 of his paper,endigtinguishing four possible options.

The first option consists in neglecting poverty. The social welfare functsmmply maxi-
mizes

W(z) = p( 1),
wherel! is an inequality measure apd measures the cost of inequality. If the welfare function
is adequately chosen, we can decompose the inequality neessthat the group of poor people
can be separated from the rest of the population. We can tkeasume the evolution of poverty
without having poverty reduction as a major objective.

In asecond option we seek to introduce a priority on the cost of povérty= P whereP
is a poverty index, while leaving aside the cost of inequalitie corresponding welfare function
is:
W(r)=p—pP —pl=pl—P—1I). (6)
Atkinson (1987) indicates that in this case, it is sensiblage a counting measure fBrand a
measure satisfying the principle of transfers for
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Thethird option consists in focusing one’s attention only on poverty. Theesponding
welfare function is of the form:

W(x) = p—pP = p(l-P).

Finally the last option consists in using a trade-off between inequality and pgvefhe
welfare function is identical to that given in (6):

Wi(z) =p—pl —pP.

But this time, justice arguments lead to use foa Gini coefficient computed on the whole
population and for” a modified Sen (1976a) poverty measure.

These considerations show that building a social welfanetfian can be relatively complex
when considering its properties and the way individualsamgregated. The simple form (4)
presented above is thus maybe too simple.

7 Empirical illustrations using Chinese survey data

We are going to illustrate some of the above notions usingi@nncome data of the Chinese
Social Survey for 2006. All calculations are done using thiévwgare R and the packagkeq
when possible.

7.1 The softwareR

Ris free software which can be used easily for analyzing thenre distribution. You can get it
for free at:
http : | Jwww.r — project.org/

You can make computations of your own, while a lot of packagesavailable for estimation
purposes. The basic package allows you to estimate derwsitparametrically, plot the corre-
sponding density, eventually doing multiplots. The pa&dagqis useful for estimating poverty
and inequality indices.
TheRwrapperRstudio , already documented in the introduction is especially eorent.
It can be downloaded at:
https : / Jwww.rstudio.com/

When you runRstudio , there a first window in the upper left part of your screen \gher
you can type and edit the file where your code is located. Watecode there and save itin a
file (you will be asked for a name in the formyfile.r). For running your code, entirely or just a
part of it, you have to highlight itCtrl A is a good way for highlighting it all. Then pres3rl R
to run the code. Compilation and numerical results will agpe a lower left window. If there
is a graph, it weill appear in the lower right panel.

Here is theR code that we used in the remaining paragraphs.
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Table 2: Summary statistics for annual income
Min Qo5 Q50 Mean Qs Max
20 3000 6000 9972 12000 250000

rm(list = Is()) # to erase everything from the working space

library(ineq) # the ineq library

library(weights) # for means, variances and quantiles with weights
library(reldist) # for gini with weights

setwd("E:\\Cours Nanchang\\Calculs")

CGSS = read.table("CGSS2006.csv",header=T,sep=";")
names(CGSS)
attach(CGSS)

income = qd35a
income[income>=455555]=NA
income[income==0] = NA

id = lis.na(income)
y = incomel[id]

n = length(y)
summary(y)

So we have read the data. Names are displayed. Income g@i8t&variable. A description
of the data is available in the release notes of the survemeS@lues are missing. So there
are replaces bNA. We have declared as missing zero incomes and values gtieate455 555
which have a special meaning. All these values are discdrdedthe working sample which is
y. Itremains 7 709 observations (the valuewpbut of 9 517 (the length afd353.

It is important to have a first idea of what is in the sample.sTikithesummarycommand.
From Table 2, we see that the distribution is very asymmetig to the large distance between
the Median and the Mean. And the Max is quite far away from tleam Note that we have
not used weights that will be detailed later on. Using samy#eghts can make a significant
difference.

There is a second difficulty with those income data whichveaéed by using theble(y)
command. This command is used to count the number of obgmrgathich have specific val-
ues. We are not going to display its result, but there are Z8&eht values, which means that
the variable is not continuous. There are some rounded ¥&hag have a significant frequency,
while intermediate values were used by only very few indmaild. There was a rounding mech-
anism when individuals were answering this question thattnmalividuals used, but not all.
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7.2 Non parametric estimation of densities
A first global indication is given by estimating the incomstdbution.

h = 1.06 *sd(y)/n"0.2)

plot(density(y,bw=h,xlim=c(0,100000),
main="China: annual income in 2006",
xlab="Income in yuans")

g0l = quantile(y,0.01)
g10 = quantile(y,0.10)
g50 = quantile(y,0.50)
g90 = quantile(y,0.90)
g99 = quantile(y,0.99)

lines(c(q01,q01),¢(0,0.00005),col=1)
lines(c(g10,q10),c(0,0.00005),col=2)
lines(c(g50,950),c(0,0.00005),col=3)
lines(c(q90,q90),c(0,0.00005),col=4)
lines(c(999,q99),c(0,0.00005),col=5)

We have used the Silverman rule to determine the bandwidtie économetrics of density
estimation will be explained later in the lectures. We hagpldyed vertical lines the locate the
1%, 10% quantiles, the median and the 90% and 99% quantitesreBult appears in Figure 2.
There are several facts that we can retain from this Figurst, Ehere is a tiny gap between the

China: annual income in 2006

6e-05

4e-05

Density

2e-05

f —

T T T T T T
0e+00 2e+04 4e+04 6e+04 8e+04 le+05

0e+00
!

Income in yuans

Figure 2: Density estimate of the Chinese income distriuti

1% and 10% quantiles while the distance between the 90% &n@9% is huge. The density is
very much concentrated around the median (the green Vditiep We can thus expect a large
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inequality in this very asymmetric distribution. In orderdet a realistic gap, we were obliged
to discard the part of the graph which was greater than 100y08@s, which means the part
between 100 000 and 250 000 yuans.

7.3 Inequality measures

Let us now compute inequality indices for this data set. €hasgices indicate a high level of

Table 3: Inequality measures
Gini  Theil Atkin0.5 Atkin1.0 Atkin1.5
0.527 0.511 0.232 0.425 0.582

inequality, starting with the Gini. The Atkinson index ieases with: which takes more and
more account of the poor individuals. Figure 3 describesetrwution of the two indices for
increasing values afandc.

Atkinson and Entropy indices

— Atkinson

— Entropy

00 01 02 03 04 05 06 07

0.0 0.5 1.0 15 2.0

Epsilon and ¢

Figure 3: Atkinson and Entropy measures for varyirandc
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The code for plotting this Figure is as follows:

nk = 25

At = rep(0,nk)

En = rep(0,nk)

e = seq(0,2,length=nk)

for (i in 1:nk){
At[i] = Atkinson(y,parameter=e[i])
Enl[i] Entropy(y,el[i])

}

plot(e,At,type="I",main="Atkinson and Entropy indices" :
xlab="Epsilon and c",ylab=""
lines(e,En,col=2)
legend(1.50,0.25,
legend=c(" ","Atkinson",", "Entropy"," "),
col=c(0,1,0,2,0), Ity=1:1, cex=0.9)

Note the different code which was used for the legend. Thencand entropy gave errors. So
we reprogrammed it.

Entropy = function(y,c){
n = length(y)
mu = mean(y)
if (c==0){En = mean(-log(y/mu))}
else if(c==1){En = mean(y/mu * log(y/mu))}
else {En = mean((y/mu)°c-1)/c/(c-1)}
return( En)

7.4 Poverty measures

In China, like in India or in the Philippines, it is importawotdistinguish between rural and urban
when analysis poverty. For instance, in December 2011 fndid the urban poverty line at INR
32 (USD 0.60, EUR 0.46) per day per capita and to INR 26 in ramahs.

In 2011 China has raised the official rural poverty line to0B,Juan a year which makes
around $400 which makes around $1.10 a day to be compared WaHd Bank international
poverty line of $1.25 at 2005 prices. Chen and Ravallion 8@alyze the evolution of poverty
in China before that revision and indicate a poverty ling/ivag from 600 to 1400 yuans per year
per capita, depending on the provinces, to take into acatitfatences in prices.

The fact of being classified as urban or rural is determinéghima by the Hukou system. In
the CGSS survey the variabdm0O3aindicates that status. When03a = 1, the individual has a
rural status, whena03a = 3, he is classified as urban. An other status correspong®ta = 2.
For individuals that have a positive income, we have theo¥alhg statistics, reported in Table
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Table 4: Income statistics by Hukou status
Status Pop% Min Qo5 Qs0 Mean Qs Max
Rural 50 60 2000 3000 6111 7000 250000
Other 3 720 6000 10000 12630 18000 100000
Urban 47 20 6000 10000 13980 17000 200000
Total 100 20 3000 6000 9972 12000 250000

5. We see that Urbans and Others have very similar charstatsti So we can join the two
categories and keep only the distinctiamal versusurban

rural = ga03a[id]==1

urban = ga03a[id]==3

other = ga03a[id]==2
table(ga03a[id])/n

summary(y[rural])

summary(y[other])

summary(y[urban])

urban = (qa03alid]==3)|(qa03a[id]==2)

We are now faced to the choice of a poverty line. There is the ofécial poverty line of
2 300 yuans which corresponds to 77% of the median rural iecamnto 38% of the average rural
income. The alternative is to consider a relative povertg,lwhich is more adapted for urban
areas. The usual practice (see e.g. Atkinson 1998) is toditker 50% of the mean income,
which makes here 4 986 or 60% of the median income, which maes3 600.

z1 = 2300

z2 = 0.6 *»median(y)

z3 =0.5 *mean(y)

z = c¢(z1,z2,z3)

for (i in 1:3){

cat(Foster(y[rural],z[i], parameter = 1),")
cat(Foster(y[rural],z[i], parameter = 2),")

cat(Sen(y[rural],z[i]),"")
cat(SST(y[rural],z[i]),"")
cat(Watts(y[rural],z[i]),"\n")

Table 5 clearly shows the importance of a correct poverty, land the huge difference be-
tween rural and urban areas. The second fact is that the tativeslines do not give the same
poverty rates: the poverty line based on the median is Iowger that based on the mean. This is
due to the very large asymmetry on the income distributioGhima and implicitly to the large
inequality.
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Table 5: Poverty measures by Hukou status

Status P-ine H.C. FGT Sen SST Watts
Rural

Official 0.388 0.160 0.214 0.279 0.253
60% Med 0.531 0.269 0.341 0.433 0.457
50% mean 0.617 0.358 0.437 0.543 0.648

Urban
Official 0.054 0.021 0.029 0.042 0.033
60% Med 0.096 0.041 0.054 0.080 0.067
50% mean 0.162 0.068 0.091 0.128 0.111
Total

Official 0.223 0.092 0.122 0.169 0.144
60% Med 0.316 0.156 0.199 0.277 0.264
50% mean 0.392 0.214 0.268 0.366 0.382

Finally, what is the poverty rate in China. It has droppedtaridhe recent years. However,
we note that the rate (Head Count) is still very importantiratareas. Itis comparable to OECD
rates for urban areas (between 10% and 16% using a relatiegtpdine). At the country scale,
poverty remains relatively high, due to the weight of ruralees.
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8 Exercises

8.1 Computing limits

Consider two functiong(z) andg(x) andz, such thatf (zo) = g(x¢) = 0. The limitlim,_,,, f(z)/g(z)
is not defined. However. L'Hospital rule give a solution ton@ve this indeterminacy. The rule
says that it is equivalent to compute the limitof, ., f'(z)/¢' (x) wheref’(.) is the first order
derivative. Using this rule, gives the expression of

¢ the generalized entropy fer= 0 andc = 1
e the Atkinson index foe = 1

e the Atkinson welfare function for = 1

8.2 Properties of indices
e Show that the range of the Atkinson index is [0,1].
e Detall the relation between the income gap ratio andihmdex of FGT.

e Show that forc = 2 the GE coefficient is equal to the coefficient of variation.

8.3 Poverty indices

The Sen-Shorrocks-Thon index has several expressionshware more or less manageable. The
usual way for computing the index is

1 zZ— xp )

Let us define the variable Let us define the variable

Zz — T

T = W(x; < 2).

z

Show that the SST index can take a very simple form

SST = u()(1 + G(%)).

Show that the SST index can also be writterf&ag(1 + G(7)).

What is the difference between this index and the Thon indeangoy

9 q
Th=————> (z—ap)(n+1—1).
(n+1)nz= ]

7

Show that the SST index is asymptotically equivalent to therTindex when the same
sample is replicated an infinite number of times.
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8.4 Decomposable poverty indices

A poverty indexP is decomposable if it can be written as a weighted sum of glartdices.
More precisely, letr = (x, z5) and letn; andn, be the respective sizes of the subsamples
andzs. ThenP is decomposable iP = P4 2P,

e Show that the Watts index

is decomposable.

e Show the headcount measure is decomposable.

8.5 Empirics

Explore the softward? and load the libraryneq In this library there is a data base coming
from the Philippines and calldtbcos Describe this data baskdlp("llocos”)). Draw the Pen’s
parade corresponding to this data set. Explain your results

Use the previous data base to decompose poverty between amidarural regions in the
Philippines.
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