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Abstract

Has poverty been halved between 1990 and 2015? Such a loose formulation of the

first target of the first MDG, without any reference to a specific poverty index and a pre-

cise value for the poverty line, makes the reply to that question quite challenging. In the

present paper, we show how well-know stochastic dominance tools can be used to check

the robustness of claims regarding relative variations in poverty and then, using data

from PovcalNet, provide a new picture of progresses with respect to poverty alleviation

during the MDG era.

Keywords: Poverty comparisons, stochastic dominance, Millenium Development Goals.

JEL Classification: D63, I3.

1 Introduction

The prominent target within the Millennium Development Goals officially adopted during

the Millennium Summit of the United Nations in September 2000 was undoubtedly the

very first one, namely the objective of halving, between 1990 and 2015, the share of the

population living in extreme poverty. According to both the World Bank and the United

Nations, the international community was definitely successful with respect to this chal-

lenging objective, at least at the global level, probably before 2015. Though target 1A

clearly made reference to a specific poverty index and a specific poverty line, it is worth

pointing that it was sometimes shortened as “halving poverty” (see for instance the titles

of Collier and Dollar, 2001, Besley and Burgess, 2003), hence getting rid of the reference
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to the headcount index and the extreme poverty line. Such an imprecise formulation then

opens the door to many rival interpretations in terms of poverty alleviation monitoring.

It is widely acknowledge that the headcount index, in spite of its appealing simplicity

for policy debates, is a rather crude index with potentially non-desirable properties and so

is outperformed from a theoretical point of view by many other indices like those proposed

by Watts (1968) or Foster et al. (1984). The problem then becomes to choose one index

within the bottomless set of admissible poverty indices. The choice of a specific value for

the poverty line can also be a subject of endless discussions (see for instance the debates

about the update of the international poverty line Jolliffe and Prydz, 2015, Kakwani and

Son, 2015, Klasen et al., 2015, Ferreira et al., 2015, World Bank, 2017) as it induces at least

measurement errors and arbitrary choices. Besides, the empirical evidence shows that

using a different poverty index or a different value for the poverty line for the comparison

of two income distributions often results in a change in the poverty ordering between these

two income distributions. Consequently, halving the share of the population with less than

the international poverty line does not necessarily mean that poverty has been halved in

a broader sense.

In the present paper, we consider the validity of the claim “global poverty has been

halved bduring the MDGs era.” For that purpose, we propose an extension of the analyti-

cal framework initiated by Atkinson (1987) and based on the use of stochastic dominance

techniques to test the robustness of poverty orderings. More specifically, we derive neces-

sary and sufficient conditions for testing wether i) whether some (absolute) poverty change

is lower than an other (absolute) poverty change, and ii) whether poverty in one distribu-

tion is β times lower than poverty in an other distribution for various classes of poverty

indices and different values of the poverty line. It also makes it possible to define “bounds

of certainty” that delimit values of β where a dominance relationship of a given order can-

not be observed. In other words, it allows for instance to conclude that, over a given period,

poverty has unambiguously changed by at least x percents, but for sure, no more than x′

percents.

The structure of the paper is the following. Section 2 introduces notations and our

extended stochastic dominance framework. In section 3, we assess to which extent the

statement “poverty has been (at least) halved during the MDG era” can be regarded as

true using raw data provided by PovcalNet. The analysis is performed both at the global

and national level. In particular, focusing on the subperiod 2002-2012, we show with the

help of synthetic income distributions for 109 countries that accounted for approximately

82% of the World population in 2012 that extreme poverty was at least halved during this

subperiod, a result that does not rely on the choice of a specific poverty index nor on a

specific value for the poverty line.
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2 Notations and tools

2.1 Framework and known results

Let yi describe an individual i attribute defined on the domain K := [κ−, κ+] ⊂ R. For the

sake of simplicity, yi will generally be called income, but we may also consider consump-

tion, wealth, or any relevant non-monetary attribute that can be described by a continuous

variable. Whatever yi refers to, a person’s well-being is supposed to be a non-decreasing

function of this attribute. Considering a population of n individuals, y := {y1, . . . yn} is a

n-vector of individuals income.

As noted in Sen (1976), poverty measurement is basically a two-step procedure. Firstly,

we have to distinguish the poor from the non-poor, that is to choose a poverty line z ∈

K\{κ−} below which an individual is deemed poor and non-poor if its income is above.

Secondly, we assess the poverty level of each individual and aggregate the corresponding

index over the whole population to get an estimate of the overall poverty level. A com-

mon practice is to focus on normalized additive poverty indices P that are the kernel of

large classes of subgroup-consistent poverty indices.1 More specifically, considering popu-

lation A and poverty line z, a general expression for the poverty level PA(y, z) is then:

P (yA, z) :=

∫ κ+

κ−

π(y, z) dFA(y), (1)

where π : K × K\{κ−} → R+ is an individual poverty index that is non-increasing in yi

and such that:

π(y, z)







≥ 0 if y < z

= 0 otherwise
. (2)

with π(yi, z) > 0 for at least one income level in [κ−, z[ so as to avoid degenerate poverty

indices.

Since poverty indices are social indices, that is indices with a normative content, they

should satisfy a certain number of additional properties that help defining an axiomatic

framework for poverty measurement. For instance the second part of condition (2) is re-

lated to the normalization axiom that states that poverty is zero when no one in the pop-

ulation falls below the poverty line. More important, the constancy of π above the poverty

line is a translation of the focus axiom according to which increasing the income of a non-

poor person does not change the poverty level other things being equal (notably the poverty

line). An other widely accepted axiom is the monotonicity axiom that, in its weakest form,

imposes a poverty index not to increase after the increment of a poor person’s income.

This defines a first class of poverty indices Π1 thereafter called the class of normalized

1A poverty index is said to comply with subgroup-consistency if it provides orderings that are consistent
with the ordering observed when comparing subgroups of the two populations under scrutiny. In other words,
overall level of poverty should not increase whenever poverty decreases within some subgroup of the pop-
ulation and is unchanged outside that group, assuming a constant structure of the population. Foster and
Shorrocks (1991) have shown that every subgroup-consistent poverty index is an increasing transform of an
additive poverty index of the type (1), so that poverty orderings observed with classes of additive poverty
indices should also hold for the corresponding classes of subgroup-consistent poverty indices.
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monotone poverty indices. More formally:2

Π1 :=

{

P (y, z)

∣

∣

∣

∣

∣

π(y, z) ∈ Ĉ1
∂π
∂y

≤ 0 ∀y < z

}

, (3)

where Ĉs denotes the set of s-times piece-wise differentiable functions on K. This class of

poverty indices includes notably the famous indices proposed by Watts (1968), Chakravarty

(1983) and Foster et al. (1984) where the individual poverty index π(y, z) is respectively

equal to log z − log x, 1−
(

x
z

)β
with β ∈]0, 1], and

(

1− x
z

)α
with α ≥ 1. However, an infinite

number of rival indices from Π1 are also likely to be proposed. Social analysts then have

a rich man’s problem in choosing a specific poverty index since no index can be regarded

a priori as superior to the other regarding our basic axiomatic framework. This affluence

would not be a problem if any poverty ordering of two populations using a specific poverty

measure from Π1 was not likely to be reversed after turning to an alternative poverty index

from the same set.

Poverty orderings may also crucially depend on the choice of the income value for the

poverty line. Designing a poverty line is a difficult exercise that generally involves doing

some arbitrary choices between different relevant techniques and approaches. Let alone

the usual problems related to the obtaining of population estimates using sampling proce-

dures, one cannot reasonably believe that the chosen value of income is the only admissible

value for the poverty line as the definition of human needs and the appropriate cost of ful-

filling them is a very difficult task. This contingency of poverty orderings to poverty line

and poverty index choices is thus a serious drawback for the analysis of poverty.

These problems were first addressed in Atkinson’s (1987) seminal paper where a stochas-

tic dominance approach is proposed to test the robustness of poverty orderings with re-

spect to the poverty index and the poverty line. Let A <z+

1 B denote a situation where

P (yA, z)−P (yB , z) will never be positive whatever P ∈ Π1 and z ≤ z+. Then, assuming that

everyone agrees that the poverty line will never exceeds an upper bound z+ ∈ K\{κ−},

Atkinson showed that A <z+

1 B if and only if the difference P0(yA; z)−P0(yB ; z) is nowhere

positive ∀z ≤ z+, where Pα(y; z) is:

Pα(y; z) :=
1

n

n
∑

i=1

(z −min{yi, z})
α
. (4)

This stochastic dominance approach has later been discussed and refined in many pa-

pers, including Foster and Shorrocks (1988b,a), Atkinson (1992), Jenkins and Lambert

(1993), Zheng (1999, 2000a,b), Duclos and Makdissi (2004, 2005) and Bresson (2014). The

specificity of the approach is that it does not provide a complete order. If a dominance

relationship is observed, then a robust ordering can be provided. Otherwise, the test is not

conclusive and no robust conclusion can be proposed given the chosen analytical frame-

work. In that case, the usual strategies are either to lower the upper bound z+ until a

first-order dominance relationship is observed or to introduce additional restrictions to

2In Foster and Shorrocks (1991), indices from Π1 are called canonical poverty indices. In their paper, they
show that additive decomposability is observed for any increasing affine transform of a canonical index.
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poverty indices so as to consider subsets of Π1. For instance, we can define in the spirit of

Duclos and Makdissi (2004) the following classes Πs of poverty indices:

Πs :=

{

P (z)

∣

∣

∣

∣

∣

π(x, z) ∈ Ĉs

(−1)k ∂kπ
∂xk > 0, ∀x < z, k = 1 . . . s

}

. (5)

Poverty indices from Π2 constitute a subset of Π1 and satisfy the Pigou-Dalton principle

of transfers, i.e. any sequence of progressive transfers within the poverty domain should

result in reduced poverty. The last commonly used set of poverty indices, Π3, is a subset of

Π2 and brings together poverty indices that respect the axiom of transfer sensitivity (Kolm,

1976, Foster and Shorrocks, 1987). In the context of poverty measurement (Kakwani,

1980, Foster and Shorrocks, 1988b), transfer sensitivity means that a progressive transfers

of a given amount between two poor persons showing a given income difference reduces

poverty the more the lower is their income. Members from Π3 are hence associated with a

marked aversion for extreme poverty as social returns to income increments decrease at a

decreasing speed.

Higher-order dominance tests associated with statements A <z+

s B can then be per-

formed using the function Pα with α = s − 1. The narrower the set of poverty indices,

that is the higher s, the easier it becomes to perform robust poverty comparisons since the

ordering power increases with the order of dominance as shown by Duclos and Makdissi

(2004). For α → +∞, the corresponding dominance corresponds to the maximin criterion

and every pair of income distribution can be ordered.

It is worth pointing that, as presented in the literature, these stochastic dominance

tests only consider the ordinal properties of poverty indices, hence making it possible to

consider any continuous increasing transform of P . This means notably that the normal-

ization axiom is not required for the type of orderings associated with stochastic dominance

tests. Removing that property does not represent a considerable sacrifice as its normative

content is poor (Zheng, 1997). Indeed, considering for instance P ′(y, z) = 2 + P (y, z) is

totally benign when the objective is only to rank income distributions in terms of poverty.

As a consequence, the aforementioned results on poverty orderings A <z+

s B holds for the

larger classes Ξs of subgroup-consistent poverty indices defined by:

Ξs :=
{

g
(

P (z)
)

|P (z) ∈ Πx

}

, (6)

with g : R+ → R being continuous and increasing. As an illustration of poverty indices

that belong to Ξ1 but are not included in Π1, we have members from the second family

of poverty indices suggested by Clark et al. (1981) and the cross-sectional version of the

equally distributed equivalent gap proposed by Duclos et al. (2010). In the next pages, we

will also make use of three subsets of Ξs, namely Ξl
s Ξconc

s and Ξconv
s , that require g to be

respectively concave and convex.
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2.2 Variation comparability and ratio comparability

The objective of poverty analysis may sometime be slightly more ambitious than a sim-

ple ordering of the poverty levels of two income distributions. In particular, we may be

interested in the magnitude of poverty changes whithout having to resort to any specific

poverty index. It can then easily be understood that this logically induces giving up the

use of dominance tools in connexion with such large sets of poverty indices as Ξs. Nev-

ertheless, depending on the kind of comparisons we consider, it can be shown that robust

conclusions can be obtained regarding both the sign and the magnitude of poverty changes

for subset of poverty indices that include at least Πs. For that sake, we consider two de-

grees of comparability we may want a poverty index to satisfy in order to consider the

magnitude of poverty changes:

• variation comparability means that it is possible to order poverty differences between

pairs of income distribution, i.e.
(

P (yB, z)−P (yA, z)
)

−
(

P (yB′ , z)−P (yA′ , z)
)

> 0 can

be interpreted as “a move from distribution A to distribution B is associated with a

larger variation of poverty than a move from distribution A′ to distribution B′."3

• ratio comparability means that it is possible to compare the ratio of poverty levels

for any pair of income distribution with any positive real number, i.e. P (yA, z) −

βP (yB , z) > 0, β ∈ R++, can be interpreted as “distribution A shows at least as much

as β times poverty as the distribution B."

Clearly, variation comparability requires poverty indices to be cardinal, that is to pro-

vide uniquely up to positive affine transformations a complete pre-order of income distri-

butions with respect to poverty. As in the case of utility functions, values returned by

the poverty index are of little significance per se for variation comparability, as we are

only focusing on poverty changes. Thus, P (yB, z) − P (yA, z) > P (yB′ , z) − P (yA′ , z) ⇔

P ′(yB , z) − P ′(yA, z) > P ′(yB′ , z) − P ′(yA′ , z) if and only if P ′ = a + bP , with a ∈ R and

b ∈ R++. Hence, in general, variation comparability can only be considered for the subset

Ξl
s ⊂ Ξs such that monotone transformations g are affine, that is the subset of subgroup

consistent poverty indices whose variations are additively decomposable. For the rest of

the paper, this class of poverty indices will be called the class of additively variation de-

composable poverty indices.

We then get the following result:

Proposition 1.

P (yB , z)− P (yA, z) ≤ P (yB′ , z) − P (yA′ , z), ∀P ∈ Ξl
s, z ≤ z+, (7)

if and only if Ps−1(yB, z) − Ps−1(yA, z) ≤ Ps−1(yB′ , z) − Ps−1(yA′ , z), ∀z ≤ z+. (8)

Proof. Straightfoward.

3It can be noted that such comparisons are implicitly performed for growth “pro-poorness” analyses (Duclos,
2009) with yB = yD and yA and yC being respectively the final distribution and a counterfactual distribu-
tions. Indeed, though growth “pro-poorness" tests finally require to compare the final distribution with a
counterfactual distribution, the initial objective is to compare an observed poverty change with the poverty
variation that would have occured with a given counterfactual scenario.
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For instance, with s = 1, if condition (8) is fulfilled, namely the difference in the cdf

associated with distributions A and B is never strictly larger than the corresponding dif-

ference for the distributions A′ and B′, we can robustly conclude that the poverty change

corresponding to a move from A to B is not larger than the poverty change refering to a

move from A′ to B′ whatever our choice of poverty index among the subset of additively

variation decomposable monotone poverty indices and the chosen value for the poverty

line (up to z+). It is worth pointing that Proposition 1 does not impose any robust poverty

ordering between any pair of distribution within the set {A,A′, B,B′}. For instance, it is

possible to consider a case where poverty increases as a result of a move from A′ to B′

while it is not possible to say anything robust regarding the comparison between A and

B. In that situation, assuming (8) is observed, we would just be able to conclude that if

poverty had increased as a result from A to B, the increase would robustly be lower than

the reported increase associated with a move from A′ to B′.

Additional information regarding the ordering of poverty distributions may however

slacken the requirement of cardinality in order to be able to perform comparisons of

poverty variations. A first trivial case is when B <z+

s A and A′ <z+

s B′ are simultane-

ously observed, hence when we observe a robust decrease in poverty in the former sit-

uation and a robust increase in the latter situation. We then know that the ordering

of
(

P (yB , z) − P (yA, z)
)

and
(

P (yB′ , z) − P (yA′ , z)
)

is robust for a a larger set of poverty

indices than Ξl
s, since any monotonically increasing transform of P will preserve the or-

dering between each pair of poverty indices and so the sign of poverty changes. Testing

condition (8) is consequently useless in this case. More interesting are some of the remain-

ing cases ordering between any pair of distribution within the set {A,A′, B,B′} along with

the satisfaction of condition (8) is fulfilled. For instance, with B <z+

s A <z+

s A′, having con-

dition (8) satisfied means that the ordering of the poverty variations
(

P (yB, z)− P (yA, z)
)

and
(

P (yB′ , z) − P (yA′ , z)
)

is also robust for all members of the subset of Ξconc
s . On the

other hand, assuming A <z+

s A′ <z+

s B′, the satisfaction of condition (8) makes it possible

to conclude that the ordering of
(

P (yB , z) − P (yA, z)
)

and
(

P (yB′ , z) − P (yA′ , z)
)

will be

preserved by any convex increasing transform and so is robust for all members of Ξconv
s .

Proposition 1 can also be applied to a specific case where the use of a poverty index

would theoretically require ratio comparability, namely halving poverty. Let P ∅ denote the

real value taken by the poverty index P when no income level falls short of the poverty

line. Poverty indices from Πs are such that P ∅ = 0, but this is not necessarily the case for

members of Ξl
s. If poverty has been at least halved in a move from A to B, it means that we

should observe P (yB , z)−P (yA, z) ≤ P ∅ −P (yB, z). We then obtain the following corollary

to Proposition 1:

Corollary 1.

P (yB, z) ≤
1

2
P (yA, z), ∀P ∈ Ξl

s, z ≤ z+, (9)

if and only if 2Ps−1(yB , z) ≤ Ps−1(yA, z), ∀z ≤ z+. (10)

Proof. Straightfoward.
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If the curve depicting twice the cdf for distribution B is nowhere above ∀z ≤+ the cdf for

distribution A, we then know that for each monotone and additively decomposable poverty

index and poverty line below the maximum line z+ will indicate that poverty is at least

50% lower in distribution B than in distribution A. In fact, if two distributions are such

that (9) is true, that result will also hold for the larger subset Ξconv
s since for any pair

(a, b) ∈ R×R++ and any increasing convex function g defined on [a,+∞[, we necesserarily

have by definition g(a+ 2b)− g(a+ b) ≥ g(a+ b)− g(a).

As noted earlier, halving poverty can be seen as a particular case of variation compara-

bility and so makes it possible to get robust conclusions using Ξl
s. With ratio comparabil-

ity, that is when statements like “poverty in distribution A is at least β times as large as

poverty in distribution B" are meaningfull, it can easily be understood that the fulfillment

of the normatization axiom is now required. Indeed, ratios are notre preserved when the

same real number is added to both the numerator and the denominator. On the other

hand ratios are left unchanged when both quantities are multiplied by the same positive

number, but a scaled up or down version of any index from Πs is itself a member of Πs,

so that general results with ratio comparability cannot be extended beyond that subset.

Though the argument is clearly weak from an ethical point view and thus offer no sup-

port for preventing the use of indices from Ξs \ Πs, the evidence is that the vast majority

of empirical studies related to poverty assessment only consider additively decomposable

poverty measures of the form (1).

The following proposition introduces our main result regarding ratio comparability:

Proposition 2.

P (yA, z)− βP (yB , z) ≤ 0, ∀P ∈ Πs, z ≤ z+, (11)

if and only if Ps−1(yA, z)− βPs−1(yB , z) ≤ 0, ∀z ≤ z+. (12)

Proof. See appendix A.

For instance, at the first order and assuming β > 1, Proposition 2 implies comparing

the cdf for distribution A with a scaled up version of the cdf for distribution B, using

parameter β. If the curve depicting the former is nowhere above the curve depicting the

latter considering all values for the poverty line up to z+, we an robustly conclude that

poverty has decreased by at least 100(β−1) percent as a result of a move from distribution

A to distribution B whatever the value of the poverty line (with a maximum value of z+)

and the functional form of the poverty index, assuming he complies with monotonicity,

additive decomposability and normalization.

It is worth noting that Proposition 2 differs from what is usually done in the growth

“pro-poorness” literature where counterfactual income distributions are created by apply-

ing some transform on the observed income distribution, e.g. applying to each observed

income the estimated growth rate of mean income (Duclos, 2009). Here, counterfactual

distributions y′
B are only implicitly defined by the relationship Ps−1(y

′
B, z) = βPs−1(yB , z)

∀z ∈ K.4

4It can be emphasized that we need this implicit counterfactual distribution to be defined only up to z
+.
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3 Has poverty been halved during the MDG era?

In the present section, tools introduced in the previous pages are now applied to the analy-

sis of poverty alleviation during the MDG era. More specifically, we consider how true can

be regarded the statement that poverty has been halved during that period, both at the

aggregate level and, individually, for a substantial set of developing countries. For the two

types of exercises, we are quite conservative regarding the choice of the maximum value

z+ for the poverty line and use the World Bank’s current value for the extreme poverty

line, that is $1,90 per day and per person in 2011 $PPP. Although we also try to consider

larger values for z+, the use of the World Bank’s international poverty line means that our

results mostly address the robustness issue with respect to the choice of the poverty index.

3.1 Data and methodology

Stochastic dominance tests typically requires micro-data from households surveys so as to

get the individual income distributions we want to compare. Although the availability of

micro-data has remarkably increased during since the beginning of the XXIth century, it

remains quite difficult to get the necessary data to perform the dominance tests for a large

number of developing countries as well as to build consistent income distribution at the

global level.

To circumvent these problems, we have to turn to secondary datasets that compile par-

tial information from original households surveys. Here, we follow the method used in

Bresson (2014) and rely on the data on mean income and the Lorenz curve given by the

World Bank’s poverty calculator and platform PovcalNet. Income distributions for each

country and each date are then estimated using a two-step procedure. First, the income

distribution is modeled parametrically using different functional forms. In the present

paper, our attention is confined to the lognormal, Singh-Maddala, Dagum, and Beta 2 dis-

tributions as well as Maddala and Singh’s (1977) parametric Lorenz curve. These proved

to be the most interesting functional forms in Bresson (2009). The estimation showing

the best fit as expressed by the sum of squared residuals is chosen for each distribution.

A random sample of 10, 000 values—samples are limited to 2, 000 random values for the

construction of the global distributions of income—is then generated from the parametric

distribution and adjusted using Shorrocks and Wan’s (2008) procedure in order to get a

perfect fit with respect to the information on the Lorenz curve available from PovcalNet.

The use of PovcalNet as a source for our dataset is very interesting regarding the qual-

ity of information since the current version of PovcalNet provide information on most dis-

tribution using population centiles. This makes it possible to use generated income distri-

bution that fit close well original income series. In the specific case of China, India, and

Indonesia, representing about 40% of the World population, PovcalNet provides separate

information for rural and urban areas. Since average income is also available for each

area, the estimations of rural and urban distributions are first treated separately in the

present paper. The resulting urban and rural distributions for each country and each year

are then merged and weighted using population size data from the World Bank (World
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Development Indicators).

An other appeal of PovcalNet is that coverage is sufficiently large both to build global

income distributions over our period of analysis and to consider individual achievements

for a relatively large number of developing countries. Regarding these individual achieve-

ments, we consider the case of 92 developing countries. Countries have been selected using

the following criteria : i) at least two surveys are available, ii) the two surveys are spaced

by at least 5 years (and up to 25 years), iii) at least twenty points are available for the

Lorenz curve, and iv) the value of the heacount ratio associated with the initial distribu-

tion is larger than 1%. Although the time span is sometime relatively short, the median

duration for our 92 spells is 16 years and 23 cases it exceeds 20 years.5 In this later case,

we can be quite confident that data makes it possible to provide a consistent appraisal of

the country achievements regarding poverty alleviation during the MDGs era.

Selected observations differed for the analysis of poverty changes at the global level.

Indeed, we first have to consider both developed and developing countries. Secondly, we

had to strike a balance between three conflicting objectives, namely ensuring a good cov-

erage of the World Population, performing consistent comparisons (that is using the same

set of countries for both the initial and final distributions and the same monetary concept),

and having the longest duration. Due to poor data availability regarding income distribu-

tions in the 1990s, we had to be less ambitious regarding the duration of the period of

analysis and chose observations for the periods 2000–2004, and 2010–2014, in order to

get estimates of the World income distribution for the years 2002 and 2012.6 We then

obtain distributional information for 109 countries that accounted for approximately 82%

of the World population in 2012.7 Since PovcalNet provides for each country the mean in-

come expressed in Purchasing Power Parity using the 2011 ICP, income values are directly

comparable at the global level and over the two periods. Of course, like most studies that

estimate the World distribution of income using household survey data, we could not avoid

the simultaneous use of both income and consumption data, so that, as stressed by Anand

and Segal (2008, p.74): “it is therefore not clear exactly what type of global distribution

emerges from combining these surveys [based on either income or consumption expendi-

tures].” This may be a serious concern for distribution changes, notably because income

and consumption are imperfectly correlated. Here, we tried to fix that issue by select-

ing data for each country in a consistent manner so that all corresponding distributions

either refer to income or consumption. So, for a given country, observed distributional

changes are generally not due to changes in the underlying concept.8 Regarding the es-

timated global income distribution, the mixture of both income and consumption surveys

may still be a matter of concern as the relative share of income and consumption data

are not constant in our series. Indeed, these variations are prominently caused by demo-

graphic changes and there is no way of proving that results presented in the next section

5For a list of selected countries as well as the corresponding period of analysis, see table ??.
6An exception is Côte d’Ivoire for which data for the year 2015 were used.
7The exact percentages are respectively 82.5 and 81.8% for the years 2002 and 2012.
8Of course, this does not preclude other methodological changes, like a modified sampling design or a

different coverage of income sources, that may affect the shape of the observed income distribution.
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are not partly due to the imperfect structure of our initial dataset.

3.2 Results

(a) First-order test.
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(b) Second-order test.
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Note: The vertical dotted line indicates the critical value of z
+ so that the curve for 2012 is

exactly half the curve for 2002.

Figure 1 – Poverty reduction in the World, 2002–2012: dominance tests.

We first consider changes in the World distribution of income. Figure 1a first confirm

the widely documented decline in global poverty during the MDGs period since the dis-

tribution for 2012 first-order dominates the distribution for 2002. Regarding the specific

objective of halving the share of the population living in extreme poverty, we observe that

the target was reached during the subperiod 2002–20012 since the headcount index, using

the international poverty line, for 2012 was 46.8% the estimated value for 2002.9 Figure 1a

also confirm that this conclusion, namely that poverty has been more than halved during

this period, is also valid for the whole set of additevely decomposable monotone poverty

indices and all poverty lines up to the internal poverty line. However, it can be seen that

robustness vanishes once we try to consider relatively small increments for z+ above that

threshold. Indeed, with poverty lines above $62 per month, the curve associated with the

2012 distribution passes above the curve corresponding to half the cdf of the 2002 distri-

bution. Of course, previous studies have stressed a robust decline of poverty during the

1990s (see for instance Sala-i-Martin, 2006, Chen and Ravallion, 2010), so that we can

be confident when claiming that a robust halving of poverty should be observed over the

whole period 1990-2015 using a slightly larger interval for the poverty line.

An other way of extending the range of admissible values for the poverty line that

are consistent with this robust halving of global poverty is to turn to an higher order of

dominance. Figure 1b unsurprisingly show a second order dominance relationship using

9Our estimates are respectively 24.9% and 11.7% for the years 2002 and 2012.
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the international poverty line as the value for z+, but its main interest is to show that,

focusing on the subset of distribution sensitive indices among additevely decomposable

monotone poverty indices, the robust halving of poverty between 2002 and 2012 holds up

to a maximum value of $82 per month.

(a) First-order test.
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(b) Second-order test.

20 40 60 80

0
.4

0
0

.4
2

0
.4

4
0

.4
6

0
.4

8
0

.5
0

0
.5

2

zmax

β

Note: The vertical dotted line indicates the critical value of z
+ so that the curve for 2012 is

exactly half the curve for 2002.

Figure 2 – Uncertainty interval for different values of z+, 2002–2012.

Figure 2 gives a complementary view on these results. It indicates for different values

of z+ the critical values β−
s (z

+) and β+
s (z

+) that determines the range of values for β that

are not associated with a unambiguous result for the sign of the difference P (y12, z) −

βP (y02, z). In other words, for a given value of z+, this can be regarded as the range of

admissible values for the ratio of the poverty level in 2012 over the povery level in 2002,

using members from Πs. Using the international poverty line, we then have a relatively

precise view of the decline of poverty since our estimates indicate that extreme poverty at

the global level in 2012 represents between 37.2% and 48.5% of its 2002 level (Figure 2a),

considering additively decomposable monotone poverty indices. Raising the value for z+

above the international poverty lines logically widens this range of admissible values for

β, but is worth pointing that the effect is not symmetric. Indeed, we do not observe any

effect regarding the largest magnitude of poverty alleviation, while the lowest admissible

value for that decline shrinks as z+ increases. The picture is approximately the same

considering the critical values of β associated with a second order dominance relationship

(Figure 2b), but it can be noted that the range of values for the ratio of poverty levels is

significantly narrower when we impose our poverty indices to comply with the transfer

axiom.

Before turning to individual achievements among our set of developing countries, we

want to stress the influence of Chinese progresses on our results. As noted for instance by

12



(a) First-order test.
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(b) Uncertainty interval (s = 1).
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Note: The vertical thin line corresponds to the monthly income associated with the $1.90 poverty
line.

Figure 3 – Poverty reduction in the World, 2002–2012: dominance tests (omitting

China).

Chen and Ravallion (2010), China’s spectacular results with respect to poverty alleviation

since the early 1980s played a crucial role in the dramatic decrease of global poverty ob-

served during the last decades. Figure 3 show the results of first-order and second-order

dominance tests when China is dropped from the set of countries used to build the global

distributions of income. Although we still observe a robust decline of poverty over the pe-

riod 2002–2012, that decrease would not had been large enough over that period to halve

poverty robustly. Indeed, it can be seen for instance on the left panel of Figure 3 that the

curve depicting the cdf for the year 2012 is everywhere above the curve associated with half

the cdf for the year 2002. So whatever the poverty index from Ξl
1 and whatever the value

of the poverty line—the result is valid even for high income levels—, we can be sure that

the decrease in poverty was less than 50% for the non-Chinese part of the World between

2002 and 2012. Critical values for β at the first-order indicate that poverty indices from

Π1 would indicate a reduction in poverty that is between 39.9% and 55.7% over the period.

As previously underlined, these results refer to a 10-year time span and if we consider the

constant rate of return that corresponds to a 50% decrease in poverty over a 25-year pe-

riod, a 24.2% decline over 10 years would have been sufficient to be on track with the MDG

poverty target. So, would it have been possible to extend the duration of the spell over the

whole period 1990-2015, we surely would have observed a significantly larger deacrease in

poverty for the non-Chinese World, hence making it possible to conclude that poverty has

been halved, even when diregarding the huge Chinese contribution.

The overall non-ambiguous decline of poverty conceals the uneven individual progresses

of developing countries regarding the first MDGs’ target. Table ?? reports estimated crit-

ical values of β for first-order and second-order dominance tests and stresses this hetero-
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geneity as well as the difficulty to claim that poverty has been halved in many countries

during the MDG era. Countries are ordered according to the value of the ratio of the head-

count index in the final year over the corresponding value for the initial year. Among the

the 92 countries listed in the table, 44 were successful in halving the share of the popula-

tion living in extreme poverty over the considered period. Focusing on poverty indices from

Ξl
1, we observe that this result is robust for 35 out of these 44 countries. In connexion with

the results obtained at the global level, we can stress that China and India belong to that

set of successful countries. Turning to the class Ξl
1, the number of robust halving raises

the count up to 41 out of 44 comparisons. It is worth noting that for the three remaining

countries, namely Jamaica, Morroco, and Tonga, the critical values of β for s ∈ {1, 2} are

such that 1 is included in the corresponding interval, hence indicating that we cannot even

conclude robustly that poverty has decreased during the respective periods.

On the other end of poverty achievements, Table ?? show that the share of population

living in extreme poverty increased in 16 countries of the sample. For 7 out of the 16

cases, the increase was robust at the first order. That number raises up to 13 distributions

when performing second-order stochastic dominance tests. It is however interesting to

note that even among these 16 countries, we cannot reject the conclusion that poverty has

been halved (using a specific poverty index and a specific value for the extreme poverty

line). Considering the whole set of additively decomposable monotone poverty indices,

this situation is observed for Cote d’Ivoire, Kenya, Malawi, Timor-Leste, Uzbekistan, and

Zambia. Moving to Π2, this is still the case for Timor-Leste.

Finally, for the remaining 32 countries, we necessarily cannot conclude robustly that

poverty has been halved at the first-order, but a robust halving can nevertheless be ob-

served at the second-order. This is the case for 7 out of these 32 countries. For 7 other

countries out of that set, the estimated values for β−
2 and β+

2 indicate that we had a ro-

bust decline in poverty, but that the decrease was less than 50%. This is for instance

the case of the Republic of Congo for which additevely decomposable and distribution-

sensitive poverty indices would return decrease in poverty ranging from 16.4% to 26.4%

between 2005 to 2011.

4 Concluding remarks

The present paper introduces stochastic dominance tools that adresses the issue of per-

forming comparisons of poverty changes whithout relying on a specific poverty indicex and

a specific value for the poverty line. In comparison with the traditional use of stochastic

dominance techniques for poverty orderings, this newer use generally implies being able

to provice robust conclusion for the sole class of additevely decomposable poverty indices,

hence ruling out conclusions regarding subgroup-consistent but not decomposable poverty

indices. An application on 92 developing countries showed how powerful can these tools

can be, notably to confirm the robustness of results observed on the basis of the headcount

index, as well as the additional information they can provide regarding the magnitude of

poverty changes.
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Finally, we showed that economic progresses during the period 2002-2012 were associ-

ated not only with a decrease by more than 50% of the World population living in extreme

poverty but with a robust halving of the degree of poverty. Altough China played a major

role in this success, the good news is that the same result could also be observed for the

rest of the World. However, a closer inspection of individual performance with respect to

poverty alleviation show less balances results. While some countries have succeeded in

eradicting poverty, progresses were robustly limited and poverty even increased in a non-

negligible number a countries, hence making the fight against poverty a priority on the

development agenda.

A Proof

Let first consider first-order dominance, that is the case for s = 1. Integrating this by parts

yields:

∫ κ+

κ−

π(y, z)fA(y) dy − β

∫ κ+

κ−

π(y, z)fB(y) dy

=

∫ κ+

κ−

π(y, z)
(

fA(y)− βfB(y)
)

dy (13)

=
[

π(y, z)
(

FA(y)− βFB(y)
)]κ+

κ− −

∫ κ+

κ−

π(1)(y, z)
(

FA(y)− βFB(y)
)

dy, (14)

= π(κ+, z)
(

FA(κ
+)− βFB(κ

+)
)

− π(κ−, z)
(

FA(κ
−)− βFB(κ

−)
)

−

∫ κ+

κ−

π(1)(y, z)
(

FA(y)− βFB(y)
)

dy, (15)

= −

∫ κ+

κ−

π(1)(y, z)
(

FA(y)− βFB(y)
)

dy, (16)

= −

∫ κ+

κ−

π(1)(y, z)
(

P0(yA; y)− βP0(yB ; y)
)

dy, (17)

since π(κ+, z) = 0 and FA(κ
−) = FB(κ

−) = 0. Sufficiency is thus proved for s = 1. Now

assume that for any integer s ≥ 2:

∫ κ+

κ−

π(y, z)
(

fA(y)− βfB(y)
)

dy = (−1)s
∫ κ+

κ−

π(s)(y, z)
(

Ps−1(yA; y)− βPs−1(yB ; y)
)

dy. (18)

We then have:

∫ κ+

κ−

π(s)(y, z)
(

Ps−1(yA; y)− βPs−1(yB ; y)
)

dy

=
[

π(s)(y, z)
(

Ps(yA; y)− βPs(yB ; y)
)

]κ+

κ−
−

∫ κ+

κ−

π(s+1)(y, z)
(

Ps(yA; y)− βPs(yB; y)
)

dy (19)

= π(s)(κ+, z)
(

Ps(yA;κ
+)− βPs(yB ;κ

+)
)

− π(s)(κ−, z)
(

Ps(yA;κ
−)− βPs(yB ;κ

−)
)

−

∫ κ+

κ−

π(s+1)(y, z)
(

Ps(yA; y)− βPs(yB ; y)
)

dy (20)
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= −

∫ κ+

κ−

π(s+1)(y, z)
(

Ps(yA; y)− βPs(yB; y)
)

dy (21)

as π(s)(κ+, z) = 0 and Ps(yA;κ
−) = Ps(yB;κ

−) = 0, so that:

∫ κ+

κ−

π(y, z)
(

fA(y)− βfB(y)
)

dy = (−1)s+1

∫ κ+

κ−

π(s+1)(y, z)
(

Ps(yA; y)− βPs(yB ; y)
)

dy. (22)

It can be seen that (17) complies with (18) and consequently with (22). So, we can

recursively see that it holds for any integer s. For necessity see Duclos and Makdissi

(2004).
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B Additional tables

Country Period Target (%) Ratio (%) β−

1 (×100) β+
1 (×100) β+

2 (×100) β−

2 (×100)

Thailand 1990–2013 52.85 0.224 0.1205 0.241 1.469e-05 0.05132

Mongolia 2002–2014 71.7 1.866 0.3968 1.906 0.01458 1.382

Kyrgyz Rep. 1998–2014 64.17 4.161 0.1656 4.17 0.1807 2.002

China 1990–2013 52.85 4.427 0.3122 3.234 0.3284 1.664

Bhutan 2003–2012 77.92 5.791 0.6667 5.961 0.7353 3.561

Vietnam 1992–2014 54.34 5.989 1.449 16.67 1.75 4.086

Algeria 1988–2011 52.85 6.379 2.685 10.53 4.035 10

Cambodia 1994–2012 60.71 7.056 0.4367 7.208 0.0002491 4.209

Azerbaijan 1995–2008 69.74 8.046 0.9091 8.058 0.01554 4.911

Pakistan 1990–2013 52.85 9.924 0.07446 9.938 0.0008826 4.174

Chile 1990–2013 52.85 13.22 0.9901 25.71 7.665 21

Armenia 1999–2014 65.98 13.29 2.671 13.37 3.743 9.74

El Salvador 1991–2014 52.85 13.77 0.2004 13.8 0.4168 7.13

Indonesia 1993–2014 55.86 14.13 0.2172 13.83 8.818e-05 7.056

Costa Rica 1990–2014 51.41 16.2 0.3413 17.2 11.93 15.34

Egyt 1990–2015 50 16.6 5 33.33 7.871 16.07

Panama 1991–2014 52.85 16.71 0.1401 16.71 2.741 10.39

Nicaragua 1993–2014 55.86 16.81 0.2427 16.82 3.239 9.364

Turkey 2002–2013 73.71 17.26 16.35 150 29.99 239.6

Brazil 1990–2014 51.41 17.67 1.695 60.66 19.28 29.36

Peru 1994–2014 57.43 19.55 7.143 25 13.63 17.27

Paraguay 1995–2014 59.05 21.43 0.9901 21.52 11.09 16.92

Sri Lanka 1990–2012 54.34 22.37 12.5 50 17.52 25.04

Ecuador 1994–2014 57.43 22.55 1.37 24.07 15.64 18.58

Nepal 1995–2010 65.98 23.66 1.149 23.66 2.421 14.13

Fiji 2002–2013 73.71 25.66 8.108 25.74 8.148 20.34

Ghana 1991–2012 55.86 28.44 10 100 19.09 24.09

Mauritania 1995–2014 59.05 28.59 1.613 29.38 8.669 22.91

Mexico 1992–2014 54.34 31.46 10.34 50 13.68 28.12

Tajikistan 1999–2014 65.98 35.22 0.7407 35.23 2.122 23.12

Bolivia 1997–2014 62.42 35.79 7.477 100 28.19 33.6

Dominican Rep. 1996–2015 59.05 38.29 1.19 38.29 2.913 28.01

Jamaica 1990–2004 67.83 40.15 10 60 0.8402 44.8

Bangladesh 1991–2010 59.05 41.31 1.667 41.34 0.116 28.6

Tonga 2001–2009 80.11 42.69 28.12 150 34.81 82.06

Philippines 1997–2015 60.71 46.42 4.167 46.47 5.027 37.95

Morocco 1998–2006 80.11 46.44 12 50 14.88 40.88

India 1993–2011 60.71 46.49 2.813 45.23 14.71 34.94
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Country Period Target (%) Ratio (%) β−

1 (×100) β+
1 (×100) β+

2 (×100) β−

2 (×100)

Honduras 1991–2014 52.85 47.38 40.84 3600 42.43 45.63

South Africa 1996–2011 65.98 48.3 16.67 57.14 22.98 38.1

Ethiopia 1995–2010 65.98 49.41 4.762 49.42 16.29 34.35

Cabo Verde 2001–2007 84.67 49.9 11.63 300 18.22 40.86

Uganda 1992–2012 57.43 50.22 2.564 50.28 14.5 36.4

Cameroon 1996–2014 60.71 50.35 46.64 1700 49.65 68.06

Burkina Faso 1994–2014 57.43 51.21 0.06988 51.21 0.4242 24.1

Solomon Islands 2005–2013 80.11 54.47 0.8547 54.47 12.56 39.89

Niger 1994–2014 57.43 54.59 0.4016 54.59 5.842 33.19

Georgia 1997–2014 62.42 55.9 2.41 55.91 21.41 48.32

Liberia 2007–2014 82.36 56.02 1.149 56.02 11.13 42.54

Mali 1994–2009 65.98 57.02 0.117 57.02 3.969 31.97

Chad 2003–2011 80.11 60.24 16.67 74.87 55.32 68.96

Gambia 1998–2003 87.06 64.4 1.136 64.51 26.77 51.17

Tanzania 1991–2011 57.43 65.51 0.9259 65.51 13.9 50.55

Albania 1997–2012 65.98 65.61 20 115.8 6.845 85.34

Tunisia 2005–2010 87.06 66.44 20 70.83 24.6 62.33

Lao 1992–2012 57.43 67.12 40 600 41.74 67.84

Maldives 2002–2009 82.36 70.01 3.846 70.01 7.437 57.64

Guatemala 1998–2014 64.17 70.12 5 70.28 31.37 54.14

Namibia 2003–2009 84.67 71.24 17.78 100 39 65.73

Guinea 1994–2012 60.71 71.58 21.23 400 27.96 54.22

Papua New Guinea 1996–2009 69.74 72.51 0.1718 72.51 38.65 61.56

Congo, Rep. 2005–2011 84.67 73.72 70.78 400 73.78 82.71

Rwanda 2000–2013 69.74 77.49 1.19 77.55 33.65 64.19

Senegal 2001–2011 75.79 77.76 70.19 2600 75.13 144.2

Mozambique 1996–2008 71.7 79.97 38.03 1100 47.69 67.82

Congo, Dem. Rep. 2004–2012 80.11 81.54 1.124 81.54 39.52 66.48

Lesotho 1994–2010 64.17 85.54 4.878 100 57.59 75.99

Swaziland 2000–2009 77.92 86.67 25 1375 93.68 164.3

Argentina 1992–2014 54.34 87.19 2.174 95.28 87.6 95.13

Burundi 1998–2013 65.98 87.49 0.4367 87.52 46.1 75.82

Togo 2006–2015 77.92 88.19 87.11 1.01e+04 92.55 148.4

Sierra Leone 2003–2011 80.11 89.61 14.29 100 44.39 76.95

Nigeria 1992–2009 62.42 93.56 1.031 93.65 53.38 83.04

Haiti 2001–2012 73.71 97.2 97.09 5900 102.3 115.5

Benin 2003–2015 71.7 101.8 101.8 3.36e+04 124 562.3

Central Afr. Rep. 2003–2008 87.06 102.4 102 1.01e+04 105.9 131.9

Timor-Leste 2001–2007 84.67 105.1 24.88 105.4 29.09 88.97

Guinea-Bissau 1993–2010 62.42 105.2 102.2 6700 105.5 120.7
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Country Period Target (%) Ratio (%) β−

1 (×100) β+
1 (×100) β+

2 (×100) β−

2 (×100)

Zambia 1991–2015 51.41 105.3 0.2146 105.3 65.43 95.16

Sao Tome & Principe 2000–2010 75.79 109.5 93.75 433.3 109.1 351.3

Djibouti 2002–2013 73.71 110.6 107.7 4000 120.5 233.5

Malawi 1997–2010 69.74 112 111.9 500 131 275.6

Madagascar 1993–2012 59.05 112.5 33.33 203.4 128.2 163.3

Cote d’Ivoire 1992–2015 52.85 126.3 126.2 750 135.5 190.8

Comoros 2004–2013 77.92 133.5 133.5 2200 172.2 303

Uzbekistan 1998–2003 87.06 147.2 0.3497 151.6 70.25 135.2

Micronesia 2005–2013 80.11 155.1 155 2.08e+04 227.5 2661

Kenya 1994–2005 73.71 179 125 500 182.7 210

Venezuela 1992–2006 67.83 215.9 215.9 279 234.2 264

Yemen 1998–2014 64.17 271.4 100 383.3 291.7 329.7
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