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Abstract 
Sen (1976) challenged the way in which a measure of poverty is constructed by recommending that a poverty 

index should satisfy certain axiomatic properties to ensure its reliability, stability and, most importantly, 

effectiveness. Since then, many authors have developed research based on this new methodology. Thus, the 

axiomatic approach has been adopted in both one-dimensional and multi-dimensional measures. For the latter, 

some authors, such as Bourguignon and Chakravarty (2006), have extended the analysis by considering the 

interrelationships between the dimensions of poverty in the multidimensional measure. These two authors 

postulate for a substitutability relationship between dimensions. For us, we have extended this assumption to 

assume a cause-and-effect relationship between dimensions. However, this type of relationship (cause and 

effect), leads to an attack on the focus axiom in the measurement of poverty. Our research has succeeded in 

proposing a measurement index that addresses this problem. The measure we propose makes it possible to 

assess the impact of a dimension on the level of poverty, even if that dimension exceeds its reference poverty 

threshold. Therefore, we can call this index a relative measure. The latter comprises parameters whose values 

may also influence the other axioms, in particular the transfer axiom. In order to assess the results, an 

application to urban households in Madagasikara was carried out between 2002 and 2012. 
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I. Introduction 
It is recognized by all (researchers, international organizations and sovereign states) that poverty is a 

multidimensional phenomenon. This multidimensionality has led to major philosophical, economic, political 

and practical debates, with the ultimate objective of identifying the multiple facets of the phenomenon in order 

to make poverty reduction strategies as effective as possible. 

Given the extent of the dimensions of the phenomenon, researchers are divided on how to capture all of 

them and especially on the methods of effective, reliable and robust synthetic measurements. Thus, for the sake 

of loss of information, some authors prefer not to develop synthetic indices and present all dimensions 

separately and in a single document; this is the case for reports on the millennium development goals. Others 

have found a way to reduce them to synthetic information such as for composite indices, statistical approaches, 

counting approaches. However, the latter do not comply with certain principles even though the counting 

approach proposed by Alkire and Foster (2007) was formally adopted by UNDP in 2010. Indeed, Sen (1976) 

advocates the possibility for a poverty index to identify the poor and also to take into account the joint 

distribution of dimensions. Added to this, and in order to unintentionally exclude certain groups of individuals 

in the synthetic measure, the fuzzy measures were proposed. 

The research then continued in order to associate the fuzzy measurements with axiomatic properties 

and complement them: identification of structurally poor groups, aggregation of dimensions to account for joint 

distributions, characterization of stability in time and space and invariance to small state change (robustness). 

Hence the emergence of several multidimensional axiomatic measures whose variants in fuzzy 

multidimensional measurement. 

Each measure has its own specificities and no measure is universally accepted, but the literature shows 

that the most appropriate measure will be a fuzzy and axiomatic one: (i) Fuzzy, as it would be difficult to 

observe the change in intra-group situation with dichotomous measurements; (ii) Axiomatic, since axioms 

would guide certain properties essential for a measure of poverty Current trends in measures of poverty seem to 
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point towards a fuzzy, axiomatic and multidimensional measure of poverty. The authors thus offer clues 

synthesizing this multidimensional aspect of the phenomenon. However, this multidimensionality could be 

translated differently in measurement methods. Some methods include all dimensions in a simple aggregation, 

or at the limit assign different weights to variables, and/or specify shape parameters to each variable. Other 

methods consider the interrelationships that may exist between variables. Aggregating an index is simply a 

generalization of one-dimensional measurement, but what we will try to explore in this work is the consideration 

of the interrelationships between variables in the way we measure poverty. These interrelations could be the 

cause of the violation of the axiom of focusing in terms of poverty. 

 

1. Interrelationships between dimensions in measuring poverty 

Referring to Sen’s (1985) capacities approach, the interrelationships between the different dimensions 

of poverty can take many forms, and the very definition of the approach leaves an opening to all kinds of 

combinations of dimensions (according to this approach, there are several possibilities to achieve well-being). 

According to the classical theory and the World Bank theory (2000), income contributes to reducing poverty 

over time. In interpreting this theory, income will be seen as the fulcrum of all dimensions of poverty. Other 

authors such as Watts (1968), D’Ambrosio et al. (2005) and Mussard and Alperin (2005), reconcile themselves 

to this classical theory by arguing that income has a transversal dimension. 

The integration of these inter-relationships, between dimensions, in the measurement of poverty has 

been subject to a variety of methods, but its application in fuzzy and axiomatic measures is very limited. Only 

the works of Bourguignon and Chakravarty (2003) and Chakravarty (2006) have dealt with some forms of 

interdimensional linkages by demonstrating their applications in the measurement of poverty. We will resume 

some of that work and then use it to build a new proposal for legislation. 

 

1.1. From iso-utility curve (indifference curve) to iso-poverty curve 

Bourguignon and Chakravarty (2003) and Chakravarty (2006) have postulated three forms of 

relationships between poverty variables: substitutability, complementarity and independence. In this sense, the 

authors drew inspiration from the theory of the consumer by making the household, or poor individual, play the 

role of the consumer. Thus, the individual or household is faced with several attributes or variables and seeks a 

combination of attributes that will allow him to reduce his poverty situation as much as possible. 

The construction of the iso-poverty curve follows the same mechanism as the consumer indifference 

curve. This assumes that the attributes of poor households are substitutable, as are those of the consumer. With 

this consideration, iso-poverty curves would be the inverse of the iso-utility curve. Indeed, utility increases 

(well-being improves) along with an increase in variable values. 

By analogy, the level of poverty decreases after an increase in variables (for example, an increase in 

income associated with access to electricity would only increase the well-being of the poor household, which 

means at the same time that its level of poverty has decreased). 

In this case, if the iso-utility curve moves to the right and shows an increase in the level of utility, then 

the iso-poverty curve moves in the opposite direction to the left to show the decrease in the level of poverty 

induced by a simultaneous improvement of the two variables. 

Moreover, according to Bourguignon and Chakravarty’s reasoning (2003, page 38), iso-poverty is 

concave in relation to the meeting point of the two deprivation thresholds. For further clarification, we will 

present this observation graphically, note that this presentation was also taken up by Lugo and Maasoumi (2008, 

page 10). 

 

Figure 1 : Concave of wellness curve to completion point 
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In this graph, Z1 and Z2 represent the respective poverty thresholds in relation to X1 and X2. An 

improvement in these variables is reflected in their shifts to their respective thresholds, and an upward shift in 

the curve is reflected in an improvement in well-being. Here, the curve represents well-being, not iso-poverty as 

such. The latter is concave with respect to the completion point R. In this case, the poverty function, reflecting 

the utility function, would be concave; However, the authors who proposed this presentation advanced functions 

of convex memberships (for example, the membership function proposed by Bourguignon and Chakravarty, 

2003 and that of Chakravarty et al., 2006). 

Returning to the graph above, the well-being curve (and indirectly the iso-poverty curve (IP1)) is 

concave with respect to the meeting point of the poverty thresholds R (or completion point). It is increasing with 

respect to the two variables (X1 and X2), and is represented by the transition from IP1 to IP2, which would lead 

to the concavity of the characteristic function of poverty despite the imposition made for the respect of certain 

axioms of poverty. 

 

However, there is a contradiction when it is said that the iso-poverty curve is an increasing function of 

poverty. The authors have replaced the iso-poverty curve with a well-being curve, assuming that moving the 

curve to the right (IP1 to IP2) is synonymous with improving well-being and thus reducing poverty. However, in 

the opposite direction, the presentation of this illusion is lifted while taking the relative values Z1/X1 and Z2/X2 

instead of X1 and X2. Thus, we have been able to obtain the following presentation and we find that the iso-

poverty curve is indeed concave with respect to the point R, and is also decreasing with respect to the 

improvement of the two variables X1 and X2. 

 

Figure 2 : Concave of Iso-poverty to the point of completion 

 
 

This concavity of the iso-poverty curve relative to the completion point results in the concavity of the 

membership function. However, the latter is decreasing while the utility function is concave increasing. Indeed, 

the concavity of the membership function is naturally deduced from the concavity of the utility function, but the 

two take opposite directions. Thus, the membership function is decreasing and the utility function is increasing. 

In addition, authors such as Bourguignon and Chakravarty (2003, page 39) and Aaberge and Brandolini (2014, 

page 40) do not rule out the possibility of the concavity of the membership function.  

The main specificity of the utility function is the decrease in its marginal utility. In this case, the 

surplus of goods generates less satisfaction for the consumer. 

 

By analogy, marginal poverty is also falling. This means that poverty reduction is slow. A surplus of goods 

would lead to a reduction in poverty, but at a lower level than one would wish, in the belief that a certain level 

of goods should provide some satisfaction. 
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All this information confirms the properties of the function we are looking for below: 

 
 

1.2. The cause effect relationship of the dimension of poverty 

a) Cause and effect variables 

Bourguignon and Chakravarty (2003) considered the goods to be substitutable or complementary. In 

this context, the consumer’s choice between several baskets of goods is anticipated by the author in the context 

of the choice of poverty variables. However, in the analysis of poverty, there are variables independent of 

household choice, such as access or time to public infrastructure, which are a variable of poverty. 

 

The substitutability of poverty variables still raises questions. Bourguignon and Chakravarty (2003) 

have taken the example of income and education, arguing that the decline in income can be offset by the 

improvement in education. This leads us to say that the state could decide to increase the allocation to education 

expenses in exchange for the reduction of income through the reduction of the wage bill. When two variables 

are substitutable, the level of household poverty remains unchanged or tends to decline. 

Using data on rural households in Brazil over two years (1981 and 1987), it was found somewhere that 

two-dimensional poverty reduction was achieved when the decline in educational poverty appeared in the face 

of an increase in poverty relative to income. In this context, the final decision as to the choice to be made rests 

with the State and not with the household. 

Positioning themselves in place of the household, these two variables are variables of cause and effect, 

that is to say, to have a high-income level, one must have a high education level. Conversely, a household with 

high incomes would be able to finance the education of its children so that they could have a high level of 

education. Returning to the classical reasoning, rising incomes will reduce poverty. 

Watts (1968) gave a definition of poverty based on classical theory, which stipulated maximization of 

utility under the constraint of scarce resources. As in previous analyzes, the poor individual took the place of the 

consumer. 

By analogy, each individual faces an income constraint to acquire a certain quantity of goods and 

services that could lift him out of poverty. 

Our approach starts from this Watt theory, assuming that income is the main cause of poverty, and 

other variables are effect variables. Moreover, according to D’Ambrosio, Deutsch and Silber (2005) and 

Mussard and Alperin (2005), household income is an indispensable element because of its transversal nature 

with regard to the other dimensions of poverty. 
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But we also kept the assumption that these other variables are substitutable. For example, income is the 

only causal variable, housing assets and characteristics are effect variables, and both are considered 

substitutable. This means that with an increase in income, the household can choose between buying a durable 

good or improving the condition of its home, but its choice would give it the same level of poverty. 

 

 
 

We will consider two substitutable variables x1 and x2, and to have a more explicit presentation of the iso-

poverty curve, take the ratios m1/x1 and m2/x2. We will also introduce a budgetary constraint determined by 

income R, but instead of taking R we will consider Z/R where Z is the poverty threshold relative to income. It 

will also be a declining function of income, implying a decline in income-related poverty. Therefore, we have 

the graphic presentation below. 
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1.3. Infringement of the FOCUS AXIOM 

Since some variables are considered to be the cause of poverty, such as income, which is also a budget 

constraint, and others as the effect of poverty, then improving the cause variables to a level above their 

thresholds could always lead to an improvement in the effect variables, as long as the latter remain relatively 

deprived. This implies a breach of the focus principle since an attribute/variable even above the threshold (the 

poverty level) can be touched and improved. 

 

a) Income as a source of violation of the focusing axiom 

i. Focus axiom reminder 

In a one-dimensional measure, the axiom is that the rich do not affect the poor as a whole, and that if the rich get 

richer again then this will have no influence on the level of poverty as a whole. In the multidimensional case, if 

an individual is poor in relation to one dimension while he is rich in relation to another, and if he is given a 

surplus in relation to the dimension to which he is rich, then this will not affect the level of poverty. 

 

 
 

 

This axiom indicates that if a person is non-poor in relation to an attribute j, the intensity of 
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poverty will not be affected if he is given a plus ( ) for this attribute, even though he is poor in relation to the 

other attributes. 

This axiom assumes that the attributes are independent of each other, but what would happen if the 

attributes were interdependent? If, for example, attribute j represents income and the other attributes (s) are 

represented by the characteristics of the dwelling and the possession of household goods. Assuming that the 

household is above the poverty line (the household is non-poor) in relation to income but below (poor) in 

relation to the other two attributes; how can we be sure that, by increasing its income, the household will always 

be at the same level of poverty? By obtaining a surplus of income, would he not be tempted to improve his 

living conditions? 

Setting a poverty line for income does not mean that the excess income over that line would no longer 

affect other spending items. And now, in the case of a multidimensionally poor household, even in a state of 

wealth relative to its income and in a state of poverty relative to the other variables, it will indeed be able to 

improve its situation of deprivation relative to these other variables with the little surplus income that it has. 
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The aim of all these explanations is to show that above the poverty line, no modification of the iso-

poverty curve is possible, which is in line with the axiom of focusing. However, this presentation by 

Bourguignon and Chakravarty (2003) did not introduce budgetary constraints. 

Now, we're going to continue with the analysis by looking at income. 
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research, which is also based on the functional forms of density functions and probability distribution functions, 

such as exponential law, gamma law, Khi-two law, and many other mathematical functions. 

This function is referred to as a "relative function" because its values remain in the range 0 to 1, even if the 

interest variable exceeds the poverty (non-poor) threshold. We will see below what this function is. 

As we have announced, we have looked for a function that retains above all the rigidity criterion and that 

considers the violation of the focus axiom while keeping the other properties. 
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The shape of this relative measure is concave at the beginning, changes inflection and is almost convex at the 

end to ensure relativity. In order to highlight the difference between the existing measures and those we propose 

in this work, it would be interesting to apply them and compare the results obtained. 
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According to these results, the transfer principle changes as the parameters take their values. It is therefore up to 

researchers to use the parameters that are appropriate for their research. 
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variables as well as the results obtained using a measurement that would violate the focus axiom. 
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between the two years in question. This situation could be responsible for the reduction of three-dimensional 

poverty by -4.7 points. 
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dimensions, allowing us to choose a value of 2 for the beta parameter. 

On the other hand, we are going to let spending freely exceed the poverty line. For the representativeness of the 

desired shape for this relative measure, we will keep the alpha value at 2. 
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Distribution by socio-professional group  
A breakdown by socio-occupational group shows that households headed by a senior manager are the most 

spared. The fuzzy poverty rate across the three dimensions is only 26.8%. These households minimize poverty 

in relation to expenditure and housing characteristics, unlike households headed by apprentices and self-

employed workers who are the most disadvantaged. 
 

These findings are the same as those found in the report of the National Survey on the Monitoring of the 

Millennium Development Goals in Madagascar (INSTAT ENSOMD 2012-2013). 

 

 
These results indicate in part the fidelity of the urban poverty structure in Madagascar, regardless of the 

measurement method used. 
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Distribution by region  

The regional distribution of fuzzy poverty tells us that the Androy and Atsimo-Atsinanana regions are the 

poorest, with the same proportion of 59.4%. By contrast, the wealthiest region is Analamanga, with 42.9% of 

the population living in poverty. These findings are also observable with the FGT index presented in the 

INSTAT ENSOMD 2012-2013 report. 

 

 
 

We have plotted simultaneously, in the graph below, the distribution of fuzzy poverty rates by region, 

according to the relative measure, as well as the incidence of poverty according to the FGT index in order to test 

graphically the consistency of the two results, while ensuring the reliability of the results obtained with the 

relative measure. 
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despite the fact that housing-related poverty is much higher than asset-related poverty. In any event, the decline 

in the level of relative poverty observed from these two effect variables was not as remarkable, so to speak, as 

the allocation would not focus solely on these two goods. 

On the other hand, it was noted that the relative measure revealed an important aspect of poverty, 

according to which it is difficult for a poorer person to improve than a poorer one. As a result, such measures 

appear to be more realistic. Moreover, the functional form of the measure, which is almost concave, implies that 

a high concentration of the distribution at the bottom of the scale reflects the phenomenon of more resistant 

poverty, while the high concentration at the top of the scale makes it more sensitive to the decline. Moreover, 

this new measure appears to be reliable and robust since its structuring by region or by any other household 

characteristic is consistent with the structuring of other poverty measurement methods such as the one-

dimensional measure of FGT. 
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Conclusion  
In order to take account of the multidimensionality of poverty, the aggregation of a measure into a 

synthetic measure was used and facilitated by its axiomatic properties linked to its functional form. Despite the 

fact that the multidimensionality of poverty was unequivocal, the mere aggregation of a measure was not 

sufficient to reflect the importance of the interrelationships that would exist between the different dimensions. 

The consideration of these linkages or interrelations in the measurement of poverty was reflected in 

Bourguignon and Chakravarty (2003), through substitutability and/or complementarity between the variables or 

dimensions of poverty.  

Our concern in the analysis of Bourguignon and Chakravarty (2003) was their use of a membership 

function taking the convex functional form, while the theory suggests a concave form. We have therefore turned 

to the search for a concave measure to conform to what the theory claims. Subsequently, our analysis went 

further by introducing the budgetary constraint variable in addition to the substitutable variables. Consumer 

theory introduced a budgetary constraint variable into the analysis of consumer behavior (poor household). To 

this end, we have taken up this theory by adding the budgetary constraint seen in the analysis by Bourguignon 

and Chakravarty (2003). Therefore, budgetary constraint was the cause variable for poverty and substitutable 

variables were the poverty effect variables, as suggested by Celiori and Zani (1989). The introduction of this 

budgetary constraint therefore caused the iso-poverty curve to move beyond the poverty lines. This 

displacement reflects a violation of the focus axiom. This tells us that it is possible for a poor household to move 

away from poverty if the variables on which it is not poor are increased by a certain amount.  

Normally, according to this axiom, the measurement index ignores dimensions that exceed their 

thresholds. However, the measure that we have proposed allows us to capture this aspect and calculate a poverty 

rate for a variable that exceeds the poverty line. We have called this measure “relative measure.” This 

measurement has the characteristic that allows the transfer principle to be modified as a function of the values of 

the parameters. However, its particularity lies in the fact that it reveals both a downward rigidity of poverty and 

an upward sensitivity. 

Applications were made with urban household data prevalued between 2002 and 2012 in Madagascar. 

The results of these applications have shown that the change observed between these two years (2002 and 2012) 

has shown precisely the extent of the allocation of income (a variable that causes poverty) to the effect variables 

(durable goods holdings and housing characteristics).  

On the one hand, there has been a considerable decline in poverty in relation to expenditure (income), 

which is accompanied by a slight decline in poverty linked to housing characteristics. On the other hand, this 

decline is quite significant for holdings. Indeed, in terms of the figures, the relative measure shows respective 

decreases of the order of 8.4% for expenditure, 5% for assets and 0.7% for housing characteristics. This implies 

that there is an allocation to other variables, despite a fairly significant improvement in living standards. In other 

words, an increase in income was not enough to move these two variables, and an increase in income above its 

threshold is always the right thing to do to reduce the level of poverty relative to each effect variable.  

On the other hand, by applying the relative measure while leaving income freely above its threshold and 

keeping the other two dimensions below their thresholds, a difference of -3.7 percentage points between these 

two years was observed in the incidence of expenditure-related poverty, which is -1.2 percentage points overall. 

Indeed, the incidence of poverty in relation to expenditure was 66.7% if it had been kept below its threshold and 

it decreases to 63.1% when it was left freely above the threshold. That decline has dragged global poverty down 

from 45% to 43.8%.  

The violation of the focus axiom was thus proved, and this implies that one should not ignore the 

variables to which the household is relatively wealthy, because the income making the household rich could 

obviously have an influence on the other variables to which the household is poor. 

From the above, the relative measure may be of some use depending on the concerns of potential users. 

At the same time, it could also contribute to new research extensions. Two axioms have been strongly affected 

by this measure, and now the debate on the stability of axioms has special interests in the search for methods to 

eradicate the phenomenon of poverty. 
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