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COMPARING POVERTY VARIATIONS: A ROBUSTNESS ASSESSMENT 

OF THE MDGS’ ACHIEVEMENTS WITH RESPECT TO POVERTY 
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Had poverty been halved between 1990 and 2015? In the present paper, we show how well-known 
stochastic dominance tools can be used to check the robustness of claims regarding monetary poverty 
variations and then, using data from PovcalNet, provide a new picture of achievements with respect to 
poverty alleviation during the Millennium Development Goals’ era. Using a sample of 90 developing 
countries, we notably observe that of the 58 countries whose pace of poverty reduction was consistent 
with a 50 percent decrease in the headcount index over a 25-year period, 51 countries showed distribu-
tion changes that were in line with a more general conclusion that poverty would have been halved, 
whatever the poverty index we use, over the same period. Our results at the global level for the period 
2002–2012 also show that the same conclusion robustly holds.
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1.  Introduction

The prominent target within the Millennium Development Goals (MDGs) 
officially adopted during the Millennium Summit of the United Nations in 
September 2000 was undoubtedly the very first one, namely the objective of halv-
ing, 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 com-
munity was successful with respect to this challenging objective, at least at the 
global level, probably before 2015. For instance, PovcalNet, the World Bank online 
tool for poverty measurement, reports that the value of the headcount index using 
their $1.90 poverty line fell from 35.96 percent in 1990 to 10.04 percent in 2015.1 
The ensuing Sustainable Development Goals do not carry on with such a relative 
target for global poverty reduction—the objective is extreme poverty eradication—
but the first goal also includes a relative objective for national poverty alleviation, 

1These were the values reported on the website on July 3, 2020 (http://irese​arch.world​bank.org/
Povca​lNet/).
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namely “by 2030 reduce at least by half the proportion of men, women and chil-
dren of all ages living in poverty in all its dimensions according to national defini-
tions.” So targets regarding variations in the headcount index are still on the agenda.

However, it is widely acknowledged that the headcount index, in spite of its 
appealing simplicity, is a rather crude index with potentially non-desirable prop-
erties and so is outperformed from an ethical point of view by many other indices 
like those proposed by Watts (1968) or Foster et al. (1984). It then could be rea-
sonable to define poverty variation objectives with respect to such indices, but 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 in Jolliffe and Prydz, 2015; Kakwani and Son, 2015; 
Klasen et al., 2015; Ferreira et al., 2015; World Bank, 2007 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 living with less than the international poverty line does not nec-
essarily 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 during the MDGs era” without reference to a specific poverty index. 
For that purpose, we propose an extension of the analytical 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 necessary and 
sufficient conditions for testing i) whether some (absolute) poverty change is � 
times lower than another (absolute) poverty change, and ii) whether poverty in one 
distribution is � times lower than poverty in another 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 � such that a dominance rela-
tionship of a given order cannot be observed. In other words, it allows for instance 
to conclude that, over a given period, poverty has unambiguously changed by at 
least x percent, but for sure, no more than x′ percents.

The structure of the paper is as follows: 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 MDGs era” 
can be regarded as true using raw data provided by PovcalNet. The analysis is 
performed at both the global and the national levels. 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 percent 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. In addition, among a reduced sample of 90 countries for which the 
income distribution was sufficiently well described, we could observe that the pace 
of poverty reduction, using the headcount index and the international extreme 
poverty line, was consistent with the realization of MDGs target 1A in 55 cases. 
We show that this conclusion is robust in 51 cases, considering the set of mono-
tone poverty indices, and in 60 cases, with the narrower set of poverty indices that 
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comply with the strong versions of the transfer and transfer sensitivity axioms. 
Section 4 concludes.

2. N otations and Tools

2.1.  Framework and Known Results

Let yi describe an individual i’s attribute defined on the domain 
K : = [𝜅−, 𝜅+] ⊂. For the sake of simplicity, yi will generally be called income, 
but we may also consider consumption, 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 nondecreasing function of this attribute. 
Considering a population of n individuals, y: = (y1,⋯yn) is a n-vector of indi-
viduals income. The income distribution can alternatively be described using the 
cumulative distribution function F : [�−, �+]→ [0, 1].

As noted in Sen (1976), poverty measurement is basically a two-step proce-
dure. First, we have to distinguish the poor from the nonpoor, i.e., to choose a pov-
erty line z ∈ K �{�−} below which an individual is deemed poor and nonpoor if  
its income is above. Here, this poverty line is exogenously defined, i.e., an absolute 
view of poverty is used for the present framework, and is the same for each person. 
Second, we assess the poverty level of each individual and aggregate the corre-
sponding index over the whole population to get an estimate of the overall poverty 
level. A common practice is to focus on normalized additive poverty indices P that 
are the kernel of large classes of subgroup-consistent poverty indices. A poverty 
index is said to comply with subgroup-consistency if  it provides orderings that 
are consistent with the orderings observed when comparing subgroups of the two 
populations under scrutiny. In other words, the overall level of poverty should not 
increase whenever poverty decreases within some subgroup of the population 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.

Considering the income distribution y and the poverty line z, a general expres-
sion for the poverty level Py(z) is then:2

where �:K ×K �{�−}→+ is an individual poverty index that is at least piecewise 
continuous on K , nonincreasing in yi, and such that:3

2In the present paper, all integrals are to be interpreted as Riemann–Stieltjes integrals. Conditions 
for computing by parts such integrals, even for piecewise functions, are always supposed to be satisfied.

(1) Py(z): =∫
�+

�−

�(y, z) dF (y),

3A function g is said to be piecewise continuous on [a,  b] if  there exists a finite subdivision 
{x0, x1⋯xm} of  [a, b], where x0 = a and xm = b, such that, ∀k ∈ {1,⋯m}, the function g is continuous 
on ]xk−1, xk [ and has finite limits on the right and left ends of the interval (Kaplan, 2002, p. 472). In the 
present paper, we suppose that discontinuities, if  they exist, are all jump discontinuities.
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with 𝜋(y, z) > 0 for at least one income level in [�−, z[ so as to avoid degenerate 
poverty indices.

Since poverty indices are social indices, i.e., 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 related to the normalization axiom that states that poverty is zero 
if  no one in the population falls below the poverty line. More important, the con-
stancy of � above the poverty line is a translation of the focus axiom according to 
which increasing the income of a nonpoor person does not change the poverty 
level other things being equal (notably the poverty line). Another 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.4 This defines a first 
class of poverty indices Π1

0
 thereafter called the class of monotone poverty indices. 

Indices from such classes as Π1
0
 are called canonical poverty indices in Foster and 

Shorrocks (1991). In this paper, they show that additive decomposability is 
observed for any increasing affine transform of a canonical index.

More formally:

where �̂
1

[a,b] denotes the set of piecewise smooth functions with respect to y on the 
interval [a, b].5

This class of poverty indices notably includes the famous indices proposed by 
Watts (1968); Chakravarty (1983) and Foster et al. (1984) where the individual 
poverty index �(y, z) is, respectively, defined on the poverty domain as log z − log x , 

1 −
(
x

z

)�

 with � ∈ ]0, 1], and 
(
1−

x

z

)�

 with � ≥ 1. However, an infinite number of 

rival indices from Π1
0
 are also likely to be proposed since there may be little agree-

ment regarding the way we should evaluate the relative burden of poverty of two 
poor persons with different income levels. Social analysts then have a rich man’s 
problem in choosing a specific poverty index since no index can be regarded a pri-
ori as superior to the other within our basic axiomatic framework. This affluence 
would not be a problem if  any poverty ordering of two populations using a specific 

(2) 𝜋(y, z)

{ ≥0 if y< z

=0 otherwise
,

4For a relatively comprehensive review of poverty measurement axioms, see Zheng (1997).

(3) Π1
0
: =

{
P
|||||
𝜋∈ ��

1

K

𝜋(y+𝜀, z)−𝜋(y, z)≤0 ∀y+𝜀< z, 𝜀>0

}
,

5A function g is said to be piecewise smooth on [a, b] if  g is piecewise continuous on [a, b] (see 
footnote 3), and there exists a finite subdivision {x0, x1⋯xm} of  [a, b], where x0 = a and xm = b, such 
that, ∀k ∈ {1,⋯m}, g is continuously differentiable on [xk−1, xk ] where the derivative at xk−1 shall be 
understood as right-handed and the derivative at xk shall be understood as left-handed (Kaplan, 2002, 
p. 472). It is worth emphasizing that this definition implies that g is not necessarily continuous at each 
xk, contrary to the definition of piecewise differentiability that is chosen by Duclos and Makdissi 
(2004). As a consequence, the first restriction in (3) means that this class of poverty indices does not 
necessarily comply with the restricted continuity axiom.
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poverty measure from Π1
0
 was not likely to be reversed after turning to an alterna-

tive poverty index from the same class.
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 many arbitrary choices between different relevant techniques and 
approaches. Let alone the usual problems related to the obtaining of population 
estimates using sampling procedures, 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 fulfilling them is a very difficult task. 
This contingency of poverty orderings to poverty line and poverty index choices is 
thus a serious issue for the study of poverty, in particular for monitoring poverty 
changes.

These problems were first addressed in Atkinson’s (1987) seminal paper where 
a stochastic dominance approach was proposed to test the robustness of poverty 
orderings with respect to both the poverty index and the poverty line. Assuming 
that everyone agrees that the poverty line will never be lower than z− ∈ K �{�+} 
and never exceeds an upper bound z+ ∈ [z−, �+], let A≽z−,z+

0,1
B denote a situation 

where PyA(z) − PyB (z) will never be positive whatever P ∈ Π1
0
 and z ∈ [z−, z+]. In the 

present paper, following Atkinson (1987), we consider weak orderings, hence the 
possibility of having PyA(z) = PyB (z) whatever the chosen poverty index and the 
value of the poverty line. This differs notably from Zheng (1999) that proposes 
conditions so that PyA(z) > PyB (z) is always true with the considered restrictions on 
� and z.

It can then be shown that A≽z−,z+

0,1
B if  and only if  there is no z ≤ z+ such that 

the difference P1
yA
(z) − P1

yB
(z) is strictly positive, where Ps

y
(z) is:6

This stochastic dominance approach has later been discussed and refined in 
many papers, including Foster and Shorrocks (1988b, (1988a); Atkinson (1992); 
Jenkins and Lambert (1993); Zheng (1999, (2000a, (2000b); 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 con-
clusion can be proposed given the chosen analytical framework. In that case, the 
usual strategies are to either lower the upper bound z+ until a first-order domi-
nance relationship is observed or introduce additional restrictions on the definition 

6This result was first obtained by [Atkinson (1987), Condition 1A] for the subset of indices from 
Π1

0
 such that � is continuous and differentiable over K . Zheng (1999) generalized this results by allowing 

� to be discontinuous at the poverty line. Duclos and Makdissi (2004) also extended Atkinson’s result 
with the possibility of having � continuous over K  but not differentiable for a finite number of values 
within the poverty domain. As shown by Proposition 1 (page 9) and considering the case yA� = yB�, the 
condition P1

yA
(z) − P1

yB
(z) ≤ 0∀z ∈ [�−, z+] implies PyA (z) − PyB (z) ≤ 0 also for measures with jump dis-

continuities within the poverty domain or at the poverty line as long as they comply with weak 
monotonicity.

(4) Ps
y
(z): =

1

n

∑n

i=1

(
z−min{yi , z}

)s−1
.
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of admissible poverty indices so as to consider subsets of Π1
0
. In the present paper, 

we consider the second way of raising the ordering power.
For this purpose, we define the classes Πs

r
, s ∈ �{0, 1}, r ∈ {0,⋯s − 1}, of  

poverty indices defined as:7

where �0
[a,b]

 denotes the class of continuous functions on the interval [a,  b].8 

Whatever s ∈ �{0}, it can be easily checked that Πs
r+1

⊂ Πs
r
, r ∈ {0⋯s − 2}, and 

Πs+1
r

⊂ Πs
r
, r ∈ {0⋯s − 1}.

Poverty indices from Π2
0
 constitute a subset of Π1

0
 and show individual poverty 

functions that are convex with respect to income on the poverty domain. They 
consequently satisfy restricted continuity as well as the weak version of the trans-
fer principle; that is, any sequence of progressive transfers from poor individuals 
should not result in increased poverty. Restricted continuity, i.e., continuity on the 
poverty domain but virtually not at the poverty line, has notably been justified by 
Bourguignon and Fields (1997). It can be argued that the existence of essential 
needs whose satisfaction is not a matter of degree but has a pure dichotomous 
nature may also justify the presence of discontinuities within the poverty domain. 
However, such discontinuities are not consistent with the respect of the weak trans-
fer axiom. That is why restricted continuity is imposed in Π2

0
 while it is not in Π1

0
.

The class Π2
1
 is a subset of Π2

0
 such that continuity at the poverty line is 

observed. Convexity of the individual poverty function is thus observed over the 
whole domain of definition of �, and a strong version of the transfer principle is 
therefore endorsed: progressive transfers from nonpoor persons to poor persons 
should also not result in a larger poverty level.

The last commonly invoked sets of poverty indices, Π3
r
, are subsets of Π2

0
 and 

bring 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 transfer of a given amount between two poor persons showing a given 
income difference reduces poverty the more the lower is their initial income. 

7We do not consider the case r = s studied in Duclos and Makdissi (2004) as dominance conditions 
for that case do not differ from those observed for r + 1 = s.

(5) Πs
r
: =

⎧
⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

P

������������������

𝜕j𝜋

𝜕yj

����y=z
=0 ∀j∈{0,⋯r−1} if r≥1

𝜕j𝜋

𝜕yj
∈𝒞

0
[𝜅−,z[

∀j=0,⋯s−2

𝜕s−1𝜋

𝜕ys−1
∈ �𝒞

1

[𝜅−,z[

(−1)j
�
𝜕j𝜋

𝜕yj

����y=x+𝜀
−

𝜕j𝜋

𝜕yj

����y=x
�

≥0, ∀x+𝜀< z, 𝜀>0, j=0,⋯s−1

⎫
⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭

,

8In the case of indices that can be differentiated everywhere on [�−, z[ at the s-th order, the last 
condition of (5) is equivalent to (−1)j

𝜕j𝜋

𝜕yj
|||y=x > 0, ∀x < z, j = 1,⋯s. If  �s−1 shows a finite number m of  

distinct jump discontinuities at the disjoint points that define the set X : = {x1,⋯xm} ⊂ ]𝜅−;z], this in-
terpretation is only valid for j = 1,⋯s − 1. Indeed, for j = s, the fourth and third conditions then have 
to be interpreted as (−1)s

�s�

�ys
|||y=x ≥ 0 , ∀x ∈ [�−, z[�X  and (−1)s−1

(
limx↑xk

�s−1�

�ys−1
|||y=x − limx↓xk

�s−1�

�ys−1
|||y=x

)
≥ 0

∀x ∈ X.
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Members from Π3
r
 are thus associated with a marked aversion for extreme poverty 

as social returns to income increments decrease at a decreasing speed. The individ-
ual poverty function is still convex on the poverty domain, but its curve becomes 
more bent as we consider poorer incomes. With Π3

0
, restricted continuity is assumed 

(since � ∈�
0
[�−,z[

). Π3
1
 assumes continuity at the poverty line, but the graph of the 

individual poverty function is likely to show a kink at the poverty line. Finally, the 
class Π3

2
 brings together indices such that � is also smooth at the poverty line.

It is worth pointing that, due to the first restriction in (5), popular indices are 
likely to be excluded from the considered class of poverty indices as a result of an 
increase in r. Indeed, such an index like the Watts index belongs to Π3

1
 but is not 

included in Π3
2
 because it is not smooth at the poverty line. As shown by Zheng 

(2000b) and Duclos and Makdissi (2004), disregarding “kinked” poverty indices 
is necessary to be able to propose ordering criteria that purely rely on third-order 
stochastic dominance conditions, hence raising significantly the ordering power in 
comparison to second-order stochastic dominance tests used for poverty orderings 
associated with Π2

1
.

Our point of view is that the exclusion of “kinked” poverty indices shall not 
be regarded as an issue of practical importance since we conjecture about the 
existence of smoothed version of such indices that consequently belong to Π3

2
. 

Consider for instance poverty indices of the form (1) with:

with � ∈ ]0, z − �−[. With this index, the upper bound of the poverty domain 
becomes z + �, but we can note that its limit equals the Watts index as �→ 0. 
Consequently, for very small values of �, this smoothed version of the Watts index 
can hardly be distinguished from its original version with observed income distri-
butions. Yet, it is included in Π3

2
 since it can be shown that �

2�

�y2
 is continuous every-

where. The same can be done for many other indices like the Chakravarty indices, 
assuming �(y, z) = z+�−y

2�
�̂
(
y, z + �

y− z+�

2�

)
, ∀y ∈ [z − �, z + �[, where �̂ is the indi-

vidual poverty index used for the “kinked” poverty index. As a result, our feeling is 
that the gain from the drop of “kinked” poverty indices is worth the gain in the 
ordering power due to the possibility of focusing on a unique order for stochastic 
dominance tests.

Finally, for larger values of s, the sensitivity of poverty indices to extreme 
forms of poverty increases in comparison with less harsh situations. Loosely speak-
ing, the relative weight given to very low income increases, when compared with 
less poor income, as s is raised. As emphasized later, dominance tests associated 
with statements A≽z+

r,s
B can be performed using the function Pj with j = r + 1,⋯s .9 

The narrower the set of poverty indices, i.e., the higher are r and s, the easier it 

(6) 𝜋(y, z)=

⎧⎪⎨⎪⎩

log z− log y if y< z−𝜀
z+𝜀−y

2𝜀

�
log

�
z+

y−z+𝜀

2

�
− log y

�
if z−𝜀≤y< z+𝜀

0 if y≥ z+𝜀

9This result is not shown here, but can easily be obtained from Proposition 1, page 9, assuming 
yA� = yB�.
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becomes to perform robust poverty comparisons since the ordering power increases 
with the order of dominance as shown by Duclos and Makdissi (2004) for their 
classes of poverty indices.

It is worth pointing that the aforementioned studies only consider the ordinal 
properties of poverty indices, hence making it possible to consider any continuous 
increasing transform of P. This means, for instance, that the normalization 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) = 1 + 2Py(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−,z+

r,s B hold for the larger classes Ξs
r
 of  subgroup-consistent poverty indices 

defined by:

with �:+ → being continuous and increasing. As an illustration of poverty 
indices that belong to Ξ1

0
 but are not included in Π1

0
, we can cite 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). As emphasized below, ordering poverty changes generally means dis-
carding subgroup-consistent poverty indices that are not additively decomposable.

2.2.  Robust Comparisons of Poverty Changes

As argued in the introduction, the objective of poverty analysis may some-
time be slightly more ambitious than a simple ordering of the poverty levels of 
two income distributions. In particular, we may be interested in the magnitude of 
poverty changes without 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 connection with such large sets of poverty indices as Ξs

r
. Nevertheless, it 

can be shown that robust conclusions can be obtained regarding both the sign and 
the magnitude of poverty changes provided the focus is put on classes Πs

r
. For that 

purpose, we consider two forms of comparability we may want a poverty index to 
satisfy to consider the magnitude of poverty changes:

•	 variation comparability means that it is possible to order pov-
erty 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 vari-
ation in poverty than a move from distribution A′ to distribution B′.”

•	 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, � ∈++, can be interpreted as “distribution A 
shows at least as much as � times poverty as the distribution B.”

Both forms of comparability can be simultaneously considered to get robust 
comparisons of poverty changes using the following result:

(7) Ξs
r
: =

{
�(P(z))|P(z)∈Πs

r

}
,
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Proposition 1 

Proof   See appendix A.

In the case r + 1 = s, condition (9) is necessarily observed if  condition (10) is 
satisfied, and so can be neglected.

It can easily be seen that Proposition  1 generalizes previous results, nota-
bly those of Zheng (1999) and Duclos and Makdissi (2004). Indeed, assuming 
yA� = yB� , the comparison in (8) boils down to the usual poverty comparison 
between the distributions A and B. Within this framework, one then finds the dom-
inance conditions proposed in (Zheng 1999, Propositions 1–3, 5) for (r = 0, s = 1) , 
(r = 0, s = 2), (r = 1, s = 2), (r = 1, s = 3), and (r = 2, s = 3) but considering here a 
larger set of indices than those whose function � is s times continuously differen-
tiable with respect to income over the whole poverty domain. Duclos and Makdissi 
(2004) propose the use of dominance test corresponding to the case r + 1 = s, but 
assume continuity of the s − 1-th derivative of � with respect to income at the pov-
erty line. This would correspond to classes of the case r = s in our setting. We do 
not consider these subsets in our setting as dominance conditions are exactly the 
same as for r + 1 = s. Finally, regarding the ordering of poverty levels, our proposi-
tion is more general since this unnecessary restriction is dropped.

Nevertheless, the main contribution in Proposition 1 is the use of stochastic 
dominance techniques for the ordering of poverty changes. Pure variation compa-
rability is obtained for � = 1, whereas pure ratio comparability corresponds to the 
case P(yA, z) = P(yA� , z) = 0.10

In the case we are only interested with ratio comparability and considering 
r = 0 and s = 1, Proposition 1 can easily be implemented. Indeed, it simply means 
comparing the cdf for distribution A with a scaled-up or scaled-down version of 
the cdf for distribution B, depending on the value of �. 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 can robustly conclude that poverty has decreased by 
at least 100(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 it complies with monotonicity in 

(8) P(yB, z)−P(yA, z)≤�
(
P(yB� , z)−P(yA� , z)

)
∀P∈Πs

r
, z∈ [z−, z+],

(9)
iff Pj(yB, z)−P

j(yA, z)≤�
(
Pj(yB� , z)−Pj(yA� , z)

)
∀z∈ [z−, z+], j= r+1,⋯s

(10) and Ps(yB, z)−P
s(yA, z)≤�

(
Ps(yB� , z)−Ps(yA� , z)

)
∀z≤ z+.

10We thank the anonymous referee that suggested bringing together the propositions used for a 
previous version of this paper and that separately addressed the case of variation comparability and 
ratio comparability. The resulting Proposition 1 is more general.
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addition to additive decomposability, anonymity, and the focus and normalization 
axioms.

With the more general setting considered with comparison (8), if  condition (10) 
is fulfilled, namely the difference in the cdf associated with distributions A and B is 
never strictly larger than � times the corresponding difference for the distributions 
A′ and B′ up to z+, we can robustly conclude that the poverty change corresponding 
to a move from A to B is not larger than � times the poverty change referring to a 
move from A′ to B′ whatever our choice of poverty index among the class of mono-
tone poverty indices and the chosen value for the poverty line (within the interval 
[�−, z+]). It is worth pointing that Proposition 1 does not impose any robust pov-
erty ordering between any pair of distributions within the set {A,A�,B,B�}. For 
instance, it is possible to consider the case where poverty increases as a result of a 
move from A′ to B′, whereas it is not possible to say anything robust regarding the 
comparison between A and B. In that situation, assuming (9) and (10) are satisfied, 
we would be able to conclude that if  poverty had increased as a result of a move 
from A to B, the increase would robustly be lower than the reported increase asso-
ciated with the move from A′ to B′.

Considering r = 0 and s = 2 increases the ordering power as long as 
z− > 𝜅−. Indeed, for this class of poverty indices, one has to look at the sign 
of both (P1(yB, z) − P1(yA, z)) − �(P1(yB� , z) − P1(yA� , z))∀z ∈ [z−, z+] and 
(P2(yB, z) − P2(yA, z)) − �(P2(yB� , z) − P2(yA� , z))∀z ∈ [�−, z+]. If  z− = �−, then 
the second condition is not binding since the satisfaction of the first entails the 
satisfaction of the second. This mirrors the observation made by Zheng (1999, 
p. 357) that, in the case of poverty level comparisons, the conditions for a robust 
ordering considering the class of poverty indices complying with the weak transfer 
axiom and restricted continuity collapse to conditions based on first-order sto-
chastic dominance tests as z− tends to �+. On the contrary, if  there is no uncertainty 
regarding the value of the poverty line (i.e. z− = z+), condition (9) simply means 
that the headcount ratio difference between distributions A and B at z+ shall not 
be larger than � times the headcount ratio difference between A′ and B′ for the 
same value of the poverty line. Conditions (10) based on second-order dominance 
tests are then more decisive, and the ordering power significantly increases. The 
increase is even more important if  one moves to r = 1, whatever the chosen value 
for z−, as there is no necessity to use the conditions based on first-order stochastic 
dominance tests to obtain a robust ordering of poverty variations any more. It is 
worth emphasizing that these remarks regarding the crucial role of z− and r hold 
for larger values of s. Indeed, imposing more restrictions regarding the behavior of 
the derivatives of the individual poverty function within the poverty domain, i.e., 
considering an increase in s, does not raise the ordering power as long as z+ = �− 
and � is not supposed to be continuous, since we are still stuck to the necessity of 
having conditions based on the comparison of the headcount ratio fulfilled.

As underlined earlier, Proposition 1 relates to classes of additively decompos-
able but cannot be extended to the corresponding broader classes of subgroup-
consistent poverty indices. However, the evidence is that the vast majority of 
empirical studies related to poverty assessment only consider additively decompos-
able poverty measures of the form (1). Consequently, giving up the use of subgroup-
consistent but non-additively decomposable poverty indices should not be regarded 
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as a real sacrifice for both practitioners and policy makers.11 Nevertheless, it does 
not mean that these indices could not be supported. For instance, if  we assume that 
the social returns of fighting poverty decrease as aggregate poverty becomes lower, 
poverty changes should be tracked using convex transforms of members of Πs

r
. 

Conjecturing that such subgroup-consistent indices could be worth scrutiny, we 
discuss here some specific situations where robust orderings of poverty changes 
can be extended to subgroup-consistent but non-additively decomposable poverty 
indices.

For instance, it can easily be seen that our framework requires poverty indices 
to be cardinal, i.e., to provide uniquely up to positive affine transformations a com-
plete preorder of income distributions 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) > 𝛽(P(yB� , z) − P(yA� , z))⇔ P�(yB, z) − P�(yA, z) > 𝛽(P�(yB� , z) − P�(yA� , z)) 
if  and only if  P� = a + bP, with a ∈ and b ∈++. Therefore, in general, variation 
comparability can only be considered for the subset of Ξs

r
 such that transforma-

tions � are affine, i.e., the subset of subgroup-consistent poverty indices whose 
variations are additively decomposable.

This cardinality requirement may be slacken if  additional information regard-
ing the ordering of poverty distributions is available. A first trivial case is when 
B≽z−z+

r,s
A and A�≽z−z+

r,s
B� are simultaneously observed, hence when we observe a 

robust decrease in poverty in the former situation 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 all indices from Ξs

r
, since any monotonically 

increasing transform of P will preserve the ordering between each pair of poverty 
indices and so the sign of poverty changes. Testing conditions  (9) and (10) are 
consequently useless in this case. More interesting are some of the remaining cases 
regarding the ordering between any pair of distribution within the set {A,A�,B,B�} 
along with the satisfaction of conditions  (9) and (10). For instance, with 
B≽z−z+

r,s
A≽z−z+

r,s
A�, having the conditions of Proposition 1 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 Ξs

r
 such that � is concave. On the contrary, in the 

case A≽z−z+

r,s
A�≽z−z+

r,s
B�, the result extends to members of Ξs

r
 such that � is convex.

With pure ratio comparability, it is necessary to focus on poverty indices that 
comply with the normalization axiom, but convex and concave transforms of 
members of Πs

r
 can be considered depending on the value of �. More specifically, 

if  𝛽 < 1 and P(yB, z) < 𝛽P(yB′ , z)∀P ∈ Πs
r
, this result will also be true for members 

of Ξs
r
 such that � is convex and �(0) = 0. It can also be shown that, in the case 𝛽 > 1 

and P(yB, z) > 𝛽P(yB′ , z)∀P ∈ Πs
r
, the result also applies to members of Ξs

r
 such 

that � is concave and �(0) = 0.

11As pointed by a referee, the question is why we should care about subgroup-consistent but non-
additively decomposable poverty indices? It is true that such indices are of little interest if  one is only 
interested in the ordinal properties of a poverty index and, to the best of our knowledge, the desirability 
of specific members of Ξs

r
 that do not belong to Πs

r
 has not been discussed in the literature yet.
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2.3.  Specific Uses

The test proposed in Proposition 1 can be contrasted with those commonly 
used for growth “propoorness” tests and that also implicitly imply comparing 
poverty variations. As summarized by Duclos (2009), the rival approaches of 
the growth “propoorness” concept all mean comparing the observed poverty 
change with the one that would have been observed under a counterfactual sce-
nario. From a practical point of view, this counterfactual scenario is obtained 
using some transform h:K n

→ K n on the observed initial income distribution. 
With the absolute approach defended by Ravallion and Chen (2003), h is the iden-
tity function. A growth spell is then deemed “propoor” if  poverty has decreased 
during the chosen period. With the relative approach supported by Kakwani and 
Pernia (2000), h scales up or down each element of the initial income distribution 
according to the registered growth rate in mean income. A growth spell is then 
regarded as “propoor” if  the observed poverty change is to be preferred from a 
social point of view that the change that would have occurred had growth been 
inequality preserving. In all cases, assuming yA and yB are, respectively, the ini-
tial and final income distributions, growth will be said to have been “propoor” if  
P(yB, z) − P(yA, z) ≤ P(h(yA), z) − P(yA, z). As P(yA, z) appears on both sides of 
this equation, it can be dropped, hence simplifying the test to a traditional pov-
erty ordering between yB and h(yA), but the point is that growth “propoorness" 
tests are a special case of the comparisons considered for Proposition 1 with � = 1 , 
yB� = h(yA), and yA� = yA. Another obvious use of Proposition  1 in the context 
of growth “propoorness” analysis corresponds to the case where yA and yA′ are, 
respectively, replaced by h(yA) and h(yA′ ). In this situation, conditions (9) and (10) 
can be used to test whether growth was more “propoor” as a result of a move from 
A to B in comparison with a move from A′ to B′.

Here, we suggest that a different approach for monitoring the poverty effects 
of economic growth can be considered using a target 1 − � on the rate of poverty 
variation rather than a scenario h for individual income changes. Let � be the rate 
of growth over the period of interest and �z

P
 be the value of the growth elasticity of 

poverty associated with the poverty index P and the poverty line z.12 The product 
��z

P
 can be used as a benchmark for the relative change in poverty against which the 

observed relative variation shall be compared. Then, we can consider the situation 
of pure ratio comparability, i.e., P(yA, z) = P(yA� , z) = 0, along with � = 1 − ��z

P
 to 

test whether poverty reduction was larger or not than in the benchmark scenario. 
Using Proposition 1 with these specific choices, one can then check whether this 
result does not depend on the specific poverty index or the chosen value for the 
poverty line.

12We do not go into details regarding the way the value of �z
P
 should be chosen, but we provide here 

some insights about possible choices. First, it is worth pointing that �z
P
 is an elasticity of poverty with 

respect to mean income that can either refer to an inequality-preserving process or to a specific pattern 
of inequality changes. Second, the value may be estimated using different techniques (a point estimate 
using Kakwani’s (1993) formulas, an arc elasticity using past changes, simulations or econometric mod-
els as in Ravallion, 2001, or Adams, 2004) or chosen on the basis of political criteria, i.e. poverty reduc-
tion and growth declared objectives.
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Finally, we can emphasize that Proposition 1 can also be used for the com-
parison of changes in contributions to aggregate poverty. Let us assume that the 
population can be decomposed into m ≥ 2 mutually exclusive groups. The share 
of group g ∈ {1,⋯m} in total population is denoted �g ∈ ]0, 1], with 

∑m

g=1
�g = 1 

and yg is the observed income vector for the g-th group. With Fg denoting the 
corresponding cdf and using additively decomposable poverty indices, aggregate 
poverty can then be expressed as:

and the contribution Cg of  group g to P(y, z) is then simply:

Estimating such contributions is very useful for the purpose of policy eval-
uation to assess the sources of success or failure of poverty alleviation programs, 
especially with respect to the issue of the appropriate targeting of these programs.

Corollary 1 

Proof   Same proof as the one for Proposition 1 provided in appendix A, but consid-
ering (12) instead of (1) as the starting point.

Corollary 1 shows how scaling down Pj by population shares makes it possible 
to move from comparisons of poverty variation to the comparisons of changes in 
poverty contributions. In Section 3.2, the usefulness of this corollary is illustrated 
by testing whether China’s contribution to the observed decline of poverty was 
more important than the contribution of the other countries. It can also be used 
to compare changes at the national level with changes in the contribution of some 
specific group of the population or to provide robust bounds for the contribution 
of a population subgroup to national poverty.

(11) P(y, z): =
∑m

g=1
�g ∫

�+

�−

�(y, z) dFg(y),

(12) Cg(y, z)=�g ∫
�+

�−

�(y, z) dFg(y).

(13) Cg(yB, z)−Cg(yA, z)≤Cg(yB� , z)−Cg(yA� , z), ∀P∈Πs
r
, z∈ [z−, z+],

iff �B
g
Pj(yB, z)−�A

g
Pj(yA, z)≤�

(
�B

�

g
Pj(yB� , z)−�A

�

g
Pj(yA� , z)

)

(14) ∀z∈ [z−, z+], j= r+1,⋯s

(15) and �B
g
Ps(yB, z)−�A

g
Ps(yA, z)≤�

(
�B

�

g
Ps(yB� , z)−�A

�

g
Ps(yA� , z)

)
∀z≤ z+.
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3.  Has Poverty Been Halved During the MDGs Era?

In the present section, tools introduced previously are now applied to the anal-
ysis of poverty alleviation during the MDGs 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 devel-
oping 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, i.e., $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 issue 
of robustness with respect to the choice of the poverty index. Finally, we use the 
$1.66 per day poverty line suggested by Klasen et al. (2015) as the value for the 
lower bound z−.

3.1.  Data and Methodology

Stochastic dominance tests typically require the use of micro-data from house-
holds surveys so as to get the individual income distributions we want to compare. 
Although the availability of micro-data has remarkably increased since the begin-
ning of the twenty-first 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 data sets that 
compile partial 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 distributions as well as Maddala 
and Singh’s (1977) parametric Lorenz curve. These proved to be the most inter-
esting 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 ran-
dom sample of 10, 000 values—samples are limited to 2000 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 
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 data set is very interesting regarding 
the quality of information since the current version of PovcalNet provides infor-
mation on most distribution using population centiles. This makes it possible to 
use generated income distribution that fit pretty well the original income series. 
In the specific case of China, India, and Indonesia, representing about 40 percent 
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 
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then merged and weighted using population size data from the World Bank (World 
Development Indicators).

Another appeal of PovcalNet is that coverage is sufficiently large both to build 
global income distributions over our period of analysis and to consider individ-
ual achievements for a relatively large number of developing countries. Regarding 
these individual achievements, we consider the case of 90 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 20 points are available for the Lorenz curve, and iv) the value of the head-
count ratio associated with the initial distribution is larger than 1 percent. Although 
the time span is sometimes relatively short, the median duration for our 90 spells is 
16 years and in 23 cases it exceeds 20 years—for a list of selected countries as well 
as the corresponding period of analysis, see Table 4. In this later case, we can be 
quite confident that data make 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. 
Second, we had to strike a balance between three conflicting objectives, namely 
ensuring a good coverage of the world Population, performing consistent compar-
isons (i.e. using the same set of countries for both the initial and final distributions 
and the same monetary concept), and having the longest duration. Because of 
poor data availability regarding income distributions 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 to get estimates of the world income 
distribution for the years 2002 and 2012.13 We then obtained distributional infor-
mation for 109 countries that accounted for 82.5 percent and 81.8 percent of the 
world population, respectively, in 2002 and 2012. Since PovcalNet provides for 
each country the mean income 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 emphasized 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 
expenditures].” 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 selecting data for each country in a consistent manner so that all cor-
responding distributions refer to either income or consumption. Therefore, for a 
given country, observed distributional changes are generally not due to changes in 
the underlying concept. Of 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. Regarding the esti-
mated 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 

13An exception is Côte d’Ivoire for which data for the year 2015 were used.
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consumption data are not constant in our series. Indeed, these variations are prom-
inently caused by demographic changes, and there is no way of proving that results 
presented in the next section are not partly due to the imperfect structure of our 
initial data set.

3.2.  Results

We first consider changes in the world distribution of income using 
Proposition 1. More specifically, two claims have been tested, namely i) that the 

Figure 1.  Poverty Reduction in the World, 2002–2012: Dominance Tests. 
Note: The vertical dotted line indicates the critical value of z+ so that the curve for 2012 is exactly 

half  the curve for 2002.
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pace of poverty reduction over the period 2002–2012 was consistent with a 50 per-
cent decrease of poverty between 1990 and 2015, and, more ambitiously ii) that 
poverty was effectively (at least) halved between 2002 and 2012. In the case of 
claim i), the targeted change is a 24.2 percent decline in poverty between 2002 and 
2012. Figure  1 presents the results for both claims: The curves labeled “target” 
and “half” indicating the one that shall be compared with the 2012 cdf to assess, 
respectively, the validity of claims i) and ii).

Before assessing the robustness of poverty changes, it is worth emphasizing 
that Figure 1a confirms the widely documented decline in global poverty during 
the MDGs period since the distribution for 2012 first-order dominates the dis-
tribution for 2002. Regarding the assessment of the magnitude of this lessening, 
the comparison of the 2012 curve with the “target” curve shows that the pace of 
poverty reduction between 2002 and 2012 was unambiguously larger than the one 
required to halve poverty over the period 1990–2015. It can also be seen that this 
result can easily be extended beyond the $1.90 poverty line since no crossing can be 
noted at least up to $3.00 per day.

Regarding the more challenging result of halving the share of the population 
living in extreme poverty between 2002 and 2012, we observe that such an import-
ant decline was reached during this subperiod since the headcount index, using the 
international poverty line, for 2012 was 46.8 percent of the estimated value for 
2002.14 Figure 1a also bears out that this conclusion, namely that poverty has been 
more than halved during this period, is also valid for the whole set of additively 
decomposable monotone poverty indices and all poverty lines up to the internal 
poverty line. However, it can be seen (see Table 1) that robustness vanishes once we 
try to consider relatively small increments for z+ above that threshold. Indeed, with 
poverty lines above $62 per month ($2.07 per day), the curve associated with the 
2012 distribution passes above the curve corresponding to half  the cdf of the 2002 
distribution. Of course, previous studies have emphasized a robust decline in pov-
erty 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 

14Our estimates are, respectively, 24.9 percent and 11.7 percent for the years 2002 and 2012. The 
World Bank estimates provided by PovcalNet indicate that the value of the headcount ratio for 2012 
was 49.9 percent of the value for 2002. Turning to the poverty gap index and the squared poverty gap 
index, this ratio becomes, respectively, 45.5 percent and 44.9 percent. With our own estimates, the esti-
mated values for this ratio are, respectively, 42.2 percent and 41 percent.

TABLE 1  
Upper Admissible Bound for the Poverty Domain and Uncertainty Intervals for Global 

Poverty Reduction, 2002–2012

Parameter Π1

0
Π2

0
Π2

1
Π3

0
Π3

1
Π3

2

z
+
max

62.3 62.3 81.5 62.3 81.5 102.1
�−( × 100) 37.9 39.8 39.8 40.4 40.4 40.7
�+( × 100) 47.9 47.3 46.4 47.3 46.1 46.1

Note: z+
max

 denotes the minimal value for z+ above which it cannot be concluded that poverty in 
2012 is less than half  its level for 2002. �− and �+ are estimated using $1.66 and $1.90 respectively for 
z
− and z+.
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should be observed over the whole period 1990–2015 using a slightly larger interval 
for the poverty line.

Another way of extending the range of admissible values for the poverty line 
that are consistent with this robust halving of global poverty is to consider nar-
rower classes of poverty indices. As noticed in section 2, moving to Π2

0
 is of little 

help since we still have to consider the results of Figure 1a over [z−, z+] to get a 
robust ordering. However, turning to the class Π2

1
 of  poverty indices, so that robust-

ness can be assessed with the unique use of second-order stochastic dominance 
conditions, proves to be useful. Unsurprisingly, Figure 1b shows a second-order 
dominance relationship using the international poverty line as the value for z+, 
but its main interest is to show that, focusing on the subset of additively decom-
posable monotone poverty indices that comply with the strong transfer axiom, the 
conclusion of a robust halving of poverty between 2002 and 2012 holds up to a 
maximum value of $82 per month. Considering ordering conditions based only 
on third-order dominance tests, i.e., focusing on poverty indices from Π3

2
, the esti-

mated value is pushed up to $102 per month.
The last two lines of Table 1 provide a complementary view on these results. It 

indicates the critical values �−
s
 and �+

s
 that determine the range of values for � that 

are not associated with a crossing of the curves corresponding to Ps(y2012, z) and 
�Ps(y2002, z), s ∈ {1, 2, 3}, up to z+ and so to an unambiguous result for the sign 
of the difference P(y2012, z) − �P(y2002, 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 poverty level in 2002, using members from Π1

0
 to Π3

2
. In the 

theoretical case �−
s
= �+

s
= �, final poverty would exactly be � times its initial level, 

whatever the chosen poverty index (within Πs) and the value of the poverty line 
(up to z+). As a consequence the difference �+

s
− �−

s
 can be read as a measure of 

the uncertainty regarding the relative change in poverty. More generally, it can be 
interpreted as a measure of dissimilarity (up to a scaling factor) of the bottom part 
of the compared distributions.

Using the international poverty line, Table 1 shows a relatively precise view of 
the decline of poverty as our estimates indicate that extreme poverty at the global 
level in 2012 represents between 37.9 percent and 47.9 percent of its 2002 level, 
considering additively decomposable monotone poverty indices. With narrower 
classes of poverty indices, it is possible to be more precise regarding the magnitude 
of poverty variation during the period. For instance, with members from Π3

2
, our 

results show that poverty in 2012 was at best 40.7 percent but for sure no more than 
46.1 percent of its 2012 level.

Raising the value for z+ above the international poverty line logically widens 
these ranges of admissible values for � (see Figure 2), but is worth pointing that the 
effect is not symmetric. Indeed, we do not observe any effect regarding the largest 
magnitude of poverty alleviation (i.e., 1 − �−), whereas the lowest admissible value 
for that decline (i.e., 1 − �+) shrinks as z+ increases. The picture is approximately 
the same considering the critical values of � associated with a second- and third-
order dominance relationship (Figures 2a,b).

Before turning to individual achievements among our set of developing coun-
tries, we want to emphasize the influence of Chinese progress on our results. As 
noted for instance by Chen and Ravallion (2010), China’s spectacular results with 
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respect to poverty alleviation since the early 1980s played a crucial role in the 
dramatic decrease in global poverty observed during the past decades. Figure 3 
shows the results of Proposition 1 using a first-order dominance test when China is 
dropped from the set of countries used to build the global distributions of income. 
We still observe a robust decline in poverty over the period 2002–2012, and the 
pace of poverty reduction over this period was also robustly in line with poverty 
halving between 1990 and 2015 (i.e. the comparison with respect to the target 
curve). 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 percent decrease in 
poverty over a 25-year period, a 24.2 percent decline over 10 years would have been 
sufficient to be on track with the MDGs poverty target. It can be seen for instance 
on the left panel of Figure 3 that the curve depicting the cdf for the year 2012 is 

Figure 2.  Uncertainty Interval for Different Values of z+, 2002–2012 
Note: The vertical dotted line indicates the critical value of z+ so that the curve for 2012 is exactly 

half  the curve for 2002.
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everywhere above the curve associated with (100 − 24.2) percent of the cdf for the 
year 2002. Therefore, whatever the poverty index from Π1

0
 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 larger than 24.2 percent for the non-Chinese part 
of the world between 2002 and 2012.

Therefore, 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 
decrease in poverty for the non-Chinese world, hence making it possible to con-
clude again that the rate of poverty reduction over the studied period was consis-
tent with halving poverty between 1990 and 2015, even when disregarding the huge 
Chinese contribution. However, Figure 3 and critical values for � also confirm that 
the decrease was not large enough to halve poverty robustly between 2002 and 
2012. Indeed, the curve associated with the cdf for the year 2012 crosses the curve 
corresponding to 50 percent of the cdf of the 2002 distribution of income over the 
interval [7.4, 16.2], and our estimates of critical values for � indicate that poverty 
reduction was between 39.9 percent and 55.7 percent over the period using mem-
bers from Π1

0
 . Therefore, we cannot assure that the magnitude of poverty reduction 

during this period was at least 50 percent. Considering narrower set of poverty 
indices up to Π3

2
 does not change the picture. For instance, our estimates indicate 

that the decrease ranges between 45.5 percent and 55.1 percent considering mem-
bers from Π3

2
.

This decisive role of China can also be emphasized using Corollary 1 to assess 
its contribution to global poverty in 2002 and 2012. More specifically, we consid-
ered comparisons of the form �cP(yc, z) ≤ �P(yw, z) where the subscripts c and w, 
respectively, refer to China and the world. Our estimates indicate that, at the begin-
ning of the period, China’s contribution to global poverty was no more than 36.3 

Figure 3.  Poverty Reduction in the World, 2002–2012: Dominance Tests (Omitting China) 
Note: The vertical thin line corresponds to the monthly income associated with the $1.90 poverty 

line.
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percent using indices from Π1
0
 and 31.1 percent with the narrower class Π3

2
 (Table 2).15 

At the end of period, the corresponding upper bounds were, respectively, 12.2 per-
cent and 7.6 percent. Such a dramatic decline of this bound is indicative of the 
tremendous discrepancy between China and the rest of the world in terms of pov-
erty alleviation performances.

The overall non-ambiguous decline of poverty is a great achievement but shall 
not conceal the uneven individual progress of developing countries regarding the 
first MDGs’ target. Table 3 summarizes the results of individual tests regarding 
poverty levels and poverty changes. The first two lines refer to the results of usual 
poverty orderings; the remaining three lines relate to relative poverty changes. 
Details, notably the estimated critical values of � for each class of poverty index up 
to Π3

2
, are reported in Tables 4 and 5 where countries are ordered according to the 

value of the ratio of the headcount index in the final year over the corresponding 
value for the initial year.

15The reader can be logically be surprised that our estimates systematically indicate that China’s 
contribution to global poverty may have been zero whatever the class of poverty indices we consider. 
This result is not due to the uncertainty about the true value of the poverty line but is related to the fact 
that our framework does not rule out the use of poverty indices such that �(y, z) = 0 for y ∈ [yc, z] where 
yc is the lowest value observed in our Chinese income distributions. Since yc is larger than the lowest 
income in our global income distributions, it is simultaneously possible to have zero poverty in China 
and a strictly positive value for global poverty using the same index and the same poverty line.

TABLE 2  
The Chinese Contribution to Global Poverty, 2002–2012.

Note: �− and �+ are estimated using $1.66 and $1.90 respectively for z− and z+.

TABLE 3  
Robust Comparisons for Relative Poverty Changes During the MDGs’ Era for Different 

Classes of Poverty Indices

Tested 
hypothesis

H Π1

0
Π2

0
Π2

1
Π3

0
Π3

1
Π3

2

Increase 16 10 11 12 11 12 13
Decrease 74 62 65 66 65 66 67
On track 55 51 53 59 53 59 60
Not on track 35 14 15 15 15 15 15
Halving 41 37 40 49 42 51 53

Note: H is the headcount ratio estimated at z+. Tests are performed using $1.66 and $1.90 respec-
tively for z− and z+.
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Our results highlight this heterogeneity of  country trajectories as well as 
the difficulty to claim that the pace of  poverty reduction was in line with a 50 
percent decrease in 25 years in many countries during the MDGs era. Indeed, of 
the 90 countries listed in the table, only 55 were on track of  halving the share of 
their population living in extreme poverty. Of  these 55 cases, 51 had an estimated 
value for �+ that was lower than the ratio that, for the considered period, would 
have been equivalent to halving poverty over the MDGs time span, considering 
members from Π1

0
. This is, for instance, the case of  Chile where our estimates 

indicate that extreme poverty in 2013 undoubtedly represented between 2 percent 
and 23 percent of  its 1990 level. With indices that comply with the weak version 
of  the transfer axiom but allow for a discontinuity at the poverty line (i.e., mem-
bers from Π2

0
), only two countries out of  the 55 aforementioned cases, namely 

Turkey and Honduras, could not be regarded robustly as “on track” during 
the studied period. Adding weak transfer sensitivity, i.e., considering members 
from Π3

0
, does not shrink that list further. However, it can be noted that Turkey 

falls short of  being robustly “on track” in that case. Indeed, for the considered 
period, the target was � = 0.737, whereas the corresponding estimate for �+ is 
0.743. Although the evidence provided here is too limited to suggest a general 
law regarding changes in the headcount index and changes for large classes of 
poverty indices the headcount index belongs to, it is striking to note that changes 
in the headcount index finally proved to be a good proxy for tracking the capac-
ity of  having a pace of  poverty reduction that was consistent with a 50 percent 
decrease in poverty.

Considering narrower sets of distribution-sensitive poverty indices that do not 
include the headcount index (i.e., s ≥ 2 and r ≥ 1) provides an even more welcome 
picture as it raises up to 60 the number of countries for which the pace of pov-
erty reduction was robustly in line with halving poverty had the same trends been 
observed from 1990 to 2015. Indeed, as the headcount index does not belong to 
classes Πs

r
 such that r ≥ 1, it is effectively possible to consider a larger set of suc-

cessful countries than the 55 whose decline in the headcount index was consistent 
with MDGs’ target 1A. Unsurprisingly, we can remark that the gain in terms of 
ordering power of moving from the second to the third order of stochastic dom-
inance is clearly lower than the increase associated with a move from the first to 
second order.

Within our sample of developing countries, 44 countries were successful in 
halving the share of the population living in extreme poverty between the dates 
of the surveys used for the present study. Focusing on poverty indices from Π1

0
, we 

observe that this result is robust for 37 out of these 44 countries. In connection with 
the results obtained at the global level, we can note that China and India belong to 
that set of very successful countries. It is worth noting that for two of the remain-
ing countries, namely Turkey and Honduras, the critical values of � associated with 
Π1

0
 are such that � = 1 belongs to the corresponding interval, hence indicating that 

we cannot even conclude robustly that poverty has decreased during the respective 
periods. Turning to the class Π2

1
, the number of robust halving raises the count up 

to 49 countries. The additional increase is more modest, yet significant, consid-
ering indices from the class Π3

2
 with 53 countries that effectively halved poverty 

robustly during the studied period.
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On the other end of poverty achievements, our results show that the pattern of 
changes in the income distribution would unambiguously not result in a 50 percent 
decrease of extreme poverty in 14 countries (15 when focusing on members of Π3

2
 ). 

For instance, the most optimistic estimate one could obtain for Togo during the 
period 2006–2015 using members from Π1 is a 12.89 percent decrease in extreme 
poverty, whereas a 22.08 percent decrease would have been needed over the same 
period to achieve the halving of extreme poverty in 25 years. Table 3 also shows 
that the share of population living in extreme poverty increased in 16 countries of 
the sample and, for 10 of these 16 cases, the increase was robust at the first order. 
When considering dominance conditions based on second- and third-order sto-
chastic dominance tests, that number raises up to 12 and 13 countries, respectively. 
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) for some countries. Considering 
the whole set of additively decomposable monotone poverty indices, this situa-
tion is observed for Madagascar, Malawi, Timor-Leste, Uzbekistan, and Zambia. 
Moving to narrower classes of poverty indices does not wipe this indeterminacy 
out for these countries.

4. C oncluding Remarks

In their recent survey of the use of stochastic dominance tools for the analysis 
of poverty, García-Gómez et al. (2019, p.  1438) argued: “stochastic dominance 
does not allow to obtain cardinal results. That is, it tells you whether in one distri-
bution poverty there is more or less poverty than in another, but you cannot know 
how much poorer is one population with respect to the other.” This claim is chal-
lenged in the present paper. More specifically, we introduce stochastic dominance 
tools that address the issue of performing comparisons of poverty changes without 
relying on a specific poverty index and a specific value for the poverty line. In com-
parison with the traditional use of stochastic dominance techniques for poverty 
orderings, this newer use generally implies being able to provide robust conclusion 
for the sole class of additively decomposable poverty indices, hence ruling out con-
clusions regarding subgroup-consistent but not decomposable poverty indices. An 
application on the global distribution on income as well as for 90 developing coun-
tries shows how powerful 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.

Finally, we showed that economic progress during the period 2002–2012 was 
associated not only with a decrease by more than 50 percent of the world popu-
lation living in extreme poverty but also with a robust halving of the degree of 
poverty. Although China played a major role in this success, the good news is that 
the pace of poverty reduction in the rest of the world between 2002 and 2012 was 
consistent with a 50 percent decrease in poverty between 1990 and 2015, i.e., the 
reference period for MDGs’ target 1A. However, a closer inspection of individ-
ual performance with respect to poverty alleviation points out unbalanced results. 
Although some countries have succeeded in halving poverty or to have distribution 
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change patterns that were consistent with this objective over a 25-year period, our 
results indicate robust observations of limited progress or poverty increases in a 
non-negligible number of countries, hence making the fight against poverty still a 
priority on the development agenda.
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