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This paper discusses a Fuzzy Multidimensional approach
which is developed from a completely relative notion of deprivation,
and reports the results obtained from an analysis on the European
Community Household Panel. Within this unified framework the
classic monetary analysis can be coherently integrated by auxiliary
variables which proxy other impoverishment traits such as the
possession of durable goods, housing conditions and financial
status. The all-comprehensive information-set allows to measure
various aspects of what is commonly understood as poverty by
identifying different refinements within the notion of poverty itself,
however the interconnection between these different aspects still
needs to be untangled. [JEL Classification: C42, D31, D63, I32,
O15, O52]

1. - Introduction

The analysis of poverty in relation to inequality and Sen’s ca-
pabilities approach has recently been at the center of the eco-
nomic literature (Atkinson, 1996). Contrary to physical measure-
ments, the measurement of a subjective feeling such as poverty,
although connected to measurable entities such as commodities,
presents many difficulties from a practical as well as a theoreti-
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cal point of view. Traditional poverty analysis is totally dependent
on the assumption that monetary deprivation is a sufficient proxy
variable for all other dimensions of deprivation and that an arbi-
trary poverty line can divide the poor from the non-poor. The
ground-breaking capabilities approach to poverty analysis (Sen,
1985) has fully introduced the multidimensional nature of depri-
vation and has set relative poverty at the center of attention with-
in first world poverty analysis through the rationale according to
which a relative measure in commodities will correspond to an
absolute measure in capabilities. The crisp division of the popu-
lation between poor and non-poor has long been criticized as un-
realistic (Cerioli and Zani, 1990) and a continuum of living stan-
dards from poor to non-poor implies that any predefined cutoff
point will be arbitrary (Mack and Lansley, 1985).

In this paper I will use the notion of Fuzzy Set Theory (Zadeh,
1965) and give a measure of how restrictive the crisp assumption
is by computing fuzzy measurements at individual level following
a complementary methodology (Betti and Verma, 1999)1 to the
Totally Fuzzy and Relative (TFR, Cheli and Lemmi, 1995).
Recently the above two methodologies have been unified in the
Integrated Fuzzy and Relative method (Betti et al., 2006; Betti and
Verma, 2008). The European Community Household Panel
(ECHP) dataset allows the use of extensive information to define
the non-monetary dimensions of our analysis through the use of
variables concerning the financial situation, the dwelling condit-
ions and the possession of durable goods.

In the first section traditional poverty (i.e. exclusively a mon-
etary phenomenon) is explained and the major shortcomings of
such a method are presented. The fuzzy multidimensional altern-
ative follows, discussing two different approaches and focusing
on the membership function and the weighting specification. In
the third section some first results are presented by a simple
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classification of the data to provide a synoptic general under-
standing of the dataset over which the analysis is conducted. Fi-
nally, preceding the conclusion, the traditional and multidimen-
sional methodologies compare the different results and a syn-
thesis is presented to account for the visible discrepancies and
provide a yardstick to quantify the partial nature of the mone-
tary variable.

2. - The Traditional Approach

The traditional approach is centered on the identification,
comparison and measurement of a specific subgroup of the
population defined as the poor. It necessitates three strategically
crucial decisions: the identifying criterion, the equivalence scale
and the index formulation.

2.1 Identification

In the traditional dichotomous one-dimension poverty
analysis, the identification rule must be formulated in order to
define a numerical threshold on some monetary dimension. This
value, often referred to as poverty line, partitions the sample or
population under analysis in two subgroups, the poor and the non-
poor. The conclusions that we can derive from such a division are
as robust as the tacit assumption that the subgroups are
homogeneous, as results can be extended as long as they apply
uniformly across the individuals in question. 

The criterion of “basic needs” is the most intuitive identification
principle, and has been used from the birth of poverty analysis. A
family (taken as the unit of analysis) is considered poor if it lacks
sufficient resources to consume a predetermined “basket of goods”
which is assumed sufficient to satisfy its basic needs. Rowntree
(1901) had further proposed a “primary” poverty line that reflected
the minimum necessary to maintain physical survival. However,
deprivation refers to so much more then physical survival, that the
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“correct” composition of the basket of goods had to be largely
arbitrary and consequently not easily defendable.

The “food ratio” criterion seemed a viable alternative and
defined a family as poor whenever the expenditure proportion in
food exceeded a prefixed value. Engel (1895) observes that the
“food ratio” is inversely related to the well-being of a household.
The successive step of household comparison may be avoided, but
again the threshold value is arbitrary.

From a predominantly absolute poverty measure such as
that defined by the basket of goods, the poverty line has evolved
into a relative measure, and today most studies within first
world poverty rely on relative measures such as predetermined
percentages of the median income or specific percentiles of the
income distribution concerning the underlying population.

Finally it is worth mentioning that non-objective measures
have also been proposed — through open questions (Kapteyn and
Van Praag, 1976) or through multiple answers (Deleeck, 1977) —
based on the idea that each individual is the best judge for his
own poverty level. This statement has been challenged, and some
common ground can be found in realizing that the difference
between individual perception and objective deprivation can
significantly contribute to the understanding of what is
colloquially referred to as poverty.

2.2 Comparison

Household comparison is crucial to the traditional approach
and often is not explicitly stated.

The different needs of different households have to be taken
into account, and the household composition is believed to be
an admissible way of weighting household incomes (Deaton
and Muellbauer, 1980, 1986; Atkinson and Bourguignon, 1987;
Ebert, 1996). The monetary variable, whether it be income or
consumption, must be collected at the household level under
the assumption that resources are more or less equally shared
within the family where the economies of scale take place. The
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least restrictive assumption one can make is that all compo-
nents share the same living standard and must be weighted
accordingly to their needs. A generally agreed-upon solution
does not exist, mainly because the optimal criteria for such
scale are interconnected with the objectives of the research,
the underlying variability and the scope of the comparison.

Technical measures have been computed by following a
normative procedure such as that of basics needs and more
specifically such as biological nutrition needs. Thus given a fixed
level of well-being, children will have less needs than adults,
women less than men, the elderly less than the youth. This
approach is absolutely normative in nature, but once we extend
beyond nutrition the arbitrariness of what is to be accounted for
becomes problematic and one can obtain unjustly discriminating
results.

Empirical measures have been proposed following a positive
reasoning, statistically inferring the weights from population sam-
ples and consequently being “value-free”. However this approach
poses other difficulties, as estimated well-being functions need not
be socially acceptable and can be misinterpreted. An extreme ex-
ample would be when more numerous households are correlated
with lower incomes, hence under extreme circumstances one
could infer that family size is inversely proportionate to family
needs.

However one decides to compare the needs of different
households, the precision of the estimates is only part of the issue.
Once the sample information has been obtained, one will often
want to compare the results with other samples and using a very
detailed equivalence scale will diminish the comparability between
different situations. Results obtained through tailored scales will
not be comparable to other results without causing a significant
bias, therefore one must be aware of the trade-off between the
estimation efficiency and the domain over which the results may
be used. In an analysis treating diverse populations and centered
on the comparison such as the following, the choice has been
made for a relatively simple scale in line with many other analyses
on the same dataset.
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2.3 Measurement

Once a poverty line has been defined, and a vector of
equivalent incomes computed, we must construct an index that
allows to measure the phenomenon from the most relevant
perspective. The properties that a poverty index should have to
successfully address its purpose can be listed through the
following axioms as proposed by Sen (1976):

The monotonicity axiom: a reduction in the income of an
individual below the poverty line must increase the measure of
poverty;

The transfer axiom: a transfer of income between an individual
below the poverty line and a richer individual must increase the
measure of poverty;

The relative equity axiom: an increase in the income of an
individual below the poverty line must have a greater impact than
an equal increase of a richer individual.

Although seldom used, a more restrictive version of the
relative equity axiom is:

The ordinal weight axiom: the difference between income and
poverty line for the poor must be weighted with respect to the
rank, hence proportionally to the degree of poverty.

The traditional poverty analysis approach is commonly based
on three indices, each one providing a different interpretation of
the income distribution and measuring the Incidence, the Intensity
and the Inequality of poverty. They are referred to respectively as
Head Count Ratio (HCR), Poverty Gap Ratio (PGR) and Gini
coefficient (GIN) (Gini, 1921).

The HCR is the number of poor over the population (i.e. the
proportion of poor). This measure is very intuitive and gives a
correct estimate of the poverty under the tacit assumption that
the two partitions defined are completely homogeneous sets with
respect to poverty. Its use is widespread although it violates all
the above axioms.

The PGR measures the ratio between the poverty gap, defined
as the difference between the poverty line and the mean income
of the poor subpopulation, and the poverty line. This proportion

RIVISTA DI POLITICA ECONOMICA NOVEMBER-DECEMBER 2007

42



reflects the minimum income sufficient on average to lift all poor
from their situation to the poverty line. The PGR measures the
intensity of poverty, and does not violate the monotonicity axiom.
This measure confronts us with the question of how to consider
the marginal utility of the monetary variable under analysis, that
here is set to a constant. Marginal utility is commonly accepted
to be increasing in the level of poverty, as the poor obtain more
satisfaction from a fixed increase in income than the rich.

The Inequality is taken into account by the GIN, a measure
derived from the Lorenz curve (Lorenz, 1905). The GIN is obtained
by the difference between the Lorenz curve under complete
equality of income and the estimated Lorenz curve, divided by the
integral of the Lorenz curve under complete equality of income.
By restricting this measure on the subpopulation defined as poor
we obtain an index that accounts for an increasing marginal utility
of the poor for any monotone transformation.

Amartya Sen proposes a linear formulation of the three
indices having noticed their joint importance. This measure is
known as the Sen Index (SEN) and is defined as follows:

(1) SEN = HCR (PGR+(1–PGR) GIN)

The SEN proposal is born from Sen’s critique (Sen, 1976) to
the HCR as a prevailing index to use in poverty analysis, centered
on the violation of the monotonicity and the transfer axiom. As
successively pointed out by later authors (Shorrocks, 1995), under
certain circumstances the SEN would itself violate the transfer
axiom2 unless we restrict the analysis to a weaker version of the
transfer axiom in which the number of poor stays constant. This
because the SEN in its original formulation establishes a trade-
off between the incidence and the intensity of poverty and
consequently a transfer from a richer to a poorer household can
cause an incidence effect that would outweigh the intensity effect.
Sen counter argued (Sen, 1983) that the technicalities of the
transfer axiom as initially stated were moderately important, as
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— although a relative poverty measure must be adopted — it must
always be related to the “breaking point” proposed by Townsend
(1962). It is this level of discontinuity which we try to approximate
when introducing a certain poverty line.

Sen (1983) concludes his article with the following words:

“It is important to know whether the poor, relatively speaking,
are in some deeper sense absolutely deprived. 

It makes a difference.”

This concluding remark not only stresses the importance of
addressing correctly these issues, but recalls the importance of
relative poverty and the capabilities approach, whereby a relative
measurement in commodities will give an absolute measure in
capabilities. 

2.4 Difficulties

Difficulties in a traditional poverty analysis arise in both the
identification and the aggregation steps. To identify the poor
subgroup one must first explicitly formulate a threshold (i.e. define
some poverty line). The poverty line derives from an absolute
poverty measure and grounds its intuitive idea on a specific basket
that satisfies some pre-determined “basic needs”. However as it
has been noticed above, deprivation has a relative nature and is
dependent on the context. This means that either by fixing some
predetermined threshold, or by fixing a relative statistic of the
underlying distribution, the poverty we want to define necessarily
is linked to some arbitrary choice of threshold. To this, one must
add the risk that the Purchasing Power Parity (PPP)
approximation may not correctly account for equal opportunities
in different countries. 

Equivalence scales are widely used and allow us to weight
household income with respect to its composition, as larger
households will have lower living standards then smaller
households given a specific income level. The more specific the
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tool the higher will the cost be in terms of meaningful
comparisons between different living standards that would require
different specific values.

The monetary variable presents different options, as it is not
clear if income is preferable to consumption as a living standards
variable. If we are interested in income analysis, generally referred
to as disposable income, then it is likely that the answers provided
may be biased. Rich households are believed to often understate
their incomes, and very poor individuals may overstate it given
the intimate nature of the question. 

Compared to what one would expect from a living standards
variable, the income variable presents greater variability, however
it is generally known with precision hence it is easy to estimate
and intuitive to interpret. 

A consumption analysis on the other hand, might more closely
represent what is commonly intended by living standards, but
depurates income of the investment component, and involves
higher costs for the interviewee.

Given the known difficulty to correctly make inference on
monetary variables, additional variables can be extremely valuable,
not only for the computation of a multidimensional analysis but
also to estimate and validate the truthfulness of the information
provided by those household that seem to provide unlikely or
incompatible answers. 

This further reinforcement of the complexity of poverty
analysis continues to undermine the exclusive use of a monetary
variable, and it seems unlikely that such a variable is sufficient
for a complete analysis.

2.5 Criticisms

The HCR as a reference index has often been under attack
for its bluntness. This index, widespread to this day given its
intuitive appeal, violates the monotonicity axiom (not accounting
for the depth of poverty) and the transfer axiom (not
distinguishing different poverty situations in which there has
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been a transfer of resources from one poorer individual to
another). As seen already the Sen’s HCR critic stemmed a whole
area of research that studied the importance of Sen’s Axioms and
the disputed “Pigou-Dalton condition”. Possibly the most
interesting alternative proposed was a convoluted compromise
named the Sen-Shorrocks-Thon Index (SST) however it never
gained advantage over other measures, and mainly remains a
curiosum.

The traditional approach is centered on the threshold,
whereby the sample is partitioned in two clearly distinguishable
subsets. This partition is meaningful as long as the two subgroups
are clearly different (polarization), but as those just above the
threshold generally do not substantially differ from those just
under, it is only an artificial abstraction3.

The Fuzzy Set approach intends to investigate the information
lost by tackling poverty through a dichotomous approach, and
search for further insights in what is generally considered a
“robustness” problem.

The Multidimensional approach investigates the distortions
induced by the simplification of limiting the analysis to the
monetary aspect of the individuals’ well-being. If the monetary
variable perfectly reflects other dimensions then it can be
rightfully used as a proxy for living standards. However this tacit
hypothesis made by the traditional analysis must be proven, as
otherwise a significant bias in some specific dimension of poverty
could result, and the picture obtained would be distorted. In this
case a supplementary multidimensional analysis would provide
informative insights. Difficulties related to the monetary
measurement and verification cast further doubts regarding its
exclusive effectiveness. Further data such as housing, financial
situation or durable goods must be evaluated to verify and possibly
open a debate on either its redundancy or its additional value,
both of which would be significant findings.
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3. - The Fuzzy Multidimensional Approach

3.1 The Fuzzy Aspect: Totally Fuzzy and Relative (TFR)

Fuzzy Set theory, promoted by Zadeh (1965) and successively
developed by Dubois and Prade (1980), provides the mathematical
tools to overcome the critiques of the dichotomous aspect of the
traditional approach. Given a set X of elements x ∈ X any fuzzy
subset A of X is defined as:

A = {x, fA (x)}

Where fA is a membership function (m.f.) of the fuzzy subset
A and its value determines the degree of x’s membership to A as
follows:

fA (x) = 0 x does not belong to A
0 < fA (x) < 1 x partially belongs to A
fA (x) = 1 x completely belongs to A

In poverty analysis we can consider X to be the sample of n
individuals and A to be the subset of the poor within that sample.
Once we have chosen an adequate set of indicators to fully
represent the condition of poverty of the reference population, in
order to compute the degree of membership at individual level
(Cerioli and Zani, 1990) we define the m.f. as follows:

In this example, k4 variables have been chosen as indicators
of k different dimensions of poverty, respectively X1, X2,…, Xk. A
generic weighting is represented by w1, w2,…, wk and g(xij) is the
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measure of deprivation of the i-th unit with respect to the j-th
indicator. The function f(xi) is the weighted average of the single
g(xij) and represents a complete poverty variable calculated for
each individual on all indicators. Following the Totally Fuzzy and
Relative (TFR) approach proposed by Cheli and Lemmi (1995),
each component of the m.f. referring to each single dimension is
defined as follows:

Where H(xij) is the cumulative distribution function for the
variable Xj.

We will divide the case of categorical variables from the one
of continuous variables.

Specifying the m.f. for categorical variables can be problematic
when we have on some dimension high frequencies for high
standards. In this case the lowest degree of poverty will be valued
by a relatively high estimate and the previous formulation will
give all high values in a relatively short range. The problem can
be avoided by appropriately rescaling the parameters to
standardize the underlying variability in the levels of deprivation
within a [0,1] interval:

Where λ is the index across possible answers available in the
dimension Xj and xj

(λ) is the generic degree of poverty with
respective upper and lower limit [xj

(1), xj
(max)].

This new formulation will standardize the membership values
in the unit interval proportionally to the deprivation, although in
dichotomous variables it would be redundant. Specifying g(xij) in
terms of the distribution of Xj each statistical unit is given a “score”
on their deprivation that exclusively depends on the relative
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proportion of better off statistical units on such a measure of
deprivation. This procedure gives this method its categorical ranking
system that is completely relative in nature, and relies on the correct
specification of the different dimensions that must be taken into
account to fully reflect the prevalent lifestyle under analysis.

In the case of continuous variables, such as the monetary
variable, the previous formulation is not appropriate hence we use
the cumulative distribution H(.). To clarify the example we will
adopt the notation of yi to identify the equivalent income of the
i-th statistical unit as it is the most common continuous variable.
The m.f. is defined by:

(2) g (y1) = 1 – H (y1)

The H(.) function may either be empirically derived or
exogenously introduced in the analysis.

In accordance with the categorical case we assign each
individual a degree of poverty within the [0,1] interval that
completely depends on the fraction of units that have a higher
income. It is important to notice that this method does not make
use of any poverty line as high and low values will respectively
correspond to poor and non-poor. 

Global indices are used to give a synthetic measure of a
complete poverty variable by taking the mean value across
individuals. We define the global monetary poverty index as:

(3)

The calculation of the index on the whole sample is not very
informative as the H(yi) function is by construction within the
[0,1] interval and the expected value is 0.5.

E[1–H(y1)] = 1 – E[H(y1)] = 0.5

This unsatisfying result has been criticized, and considered
the limit to the TFR method, as whenever we calculate a global
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poverty index on different samples we always obtain the same
value. It is not a traditionally cardinal measure but this is not a
central issue to regarding its use which is more closely related
with the comparison of different subpopulations for which the
computed values do differ indeed. It can be argued that the
cardinality in traditional measures is however artificial, as the
reliance on an arbitrary distinction between poor and non-poor
implies arbitrariness in the parameters, hence the cardinal
measure varies with the selected line of poverty. This pseudo-
cardinal feature can be adapted to the TFR measure through the
following change in the formula:

(4) g(y1) = (1 – H(y1))
α

An increase in the alpha value will polarize the values assigned
to poorer and richer households, hence weighting the poor more
as shown in the graph, and by defining an arbitrary value it will
model the global poverty index to the HCR through an iterative
process. This gives the analysis the pseudo-cardinality feature and
allows a direct comparison between the two approaches.

The aggregation of intrinsically different measures, which
necessarily determines a possible trade-off, is clearly one of the
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most fragile points in multidimensional analysis in general, and
represents a possible weakness of this method. Methods that stem
from TFR generally require the HCR index to establish a
relationship between the monetary and the supplementary
variable. The researcher can then justify the comparison between
different subgroups of the sample, and can evaluate the
contribution to poverty of different profiles, such as the working
class or rural areas which are particularly at risk. An alternative
where a different relationship is established and HCR index need
not be calculated is presented in Betti and Verma (2008).

Similarly the global supplementary index can be described by
the formula:

(5)

Where f(xi) is referred to the relative supplementary m.f. In
the TFR approach, the P index represents a generalization of the
HCR and can be interpreted as the proportion of poor families
deriving from the relative cardinality of the fuzzy subgroup and
the cardinality n of the population (Dubois and Prade, 1980).
However one must remember that the fuzzy approach does not
reason in terms of poor and non-poor, as the P index does not
refer to the percentage of poor in the population, but the average
level of poverty as measured by the m.f.

3.2 The Fuzzy Aspect: A Complementary Methodology

The methodology I have used is centered on the need to
extend the conventional classification of poor/non-poor as is
presented in (Betti and Verma, 1999)5. As in the TFR, one must
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replace the dichotomous classification with a degree of
membership to the Fuzzy Set of the poor. This degree is confined
within the [0,1] interval and proportional to the degree of
deprivation. The advantages of such a classification can be
summarized in the following points:

i) The methodology allows us to incorporate some aspects of
the GIN and SEN index. 

ii) A valuation of the relative position of different subgroups
within the population can be obtained in a much more intuitive
way. 

iii) When considering a non-monetary deprivation such as
possession of durable goods one may have some and not others,
hence a crisp measure is clearly inappropriate.

iv) The approach is particularly helpful in determining entry
and exit levels of statistical units within a longitudinal framework.

To determine the poverty index we must link the i-th
individual’s inclination to poverty with his rank and the proportion
of income that the individual has within the equivalent income
distribution. We define the m.f. as:

(6)

This represents the proportion of the sum of equivalent
incomes with respect to the individual that has the i-th rank in
the ordered distribution of incomes. As the previously discussed
m.f. also in this case we assign values within the [0,1] interval
proportionally to the degree of poverty.

We define a new Fuzzy Monetary (FM) index as:

(7) Ii = Vα
i

This is analogous to the previously illustrated TFR method.
As supplementary variables are either dichotomous or discrete in
nature we must determine a functional form for identifying the
relative score in the discrete case. Dichotomous variables do not
need such a specification as we can directly give a score of 0 or
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1 to the only two possible outcomes, but in case where we allow
for multiple degrees of poverty one must specify how the degrees
relate to each other. For M being the number of multiple answers
and m being the rank of the degree increasing in the level of
poverty we can adopt an equidistant measure on the range as
follows:

(8)

Hence Betti and Verma (1998) presents similarities with the
TFR method due to the common objectives, but also substantial
modifications. In this article the contribution to this branch of
research comes not only from the clarification and application of
these improvements but also from the comparison and evaluation
of the results with respect to the traditional measures. While the
above mentioned article conducted an analysis only on the first
two years, here the analysis is on the complete dataset, and is
comprehensive of Austria, Finland and Sweden which did not
participate at the ECHP during the first years. 

Having panel data is particularly important for the longitu-
dinal measures which will be introduced at the end of the chap-
ter, but more generally for all those empirical fuzzy and tradi-
tional results for which the complete evolution is now available.
This gives each result a measure of robustness and can be in-
formative on the relationships between efficiency and equity like
in the Irish case. However an organic analysis also poses new
questions and introduces new difficulties, such as the accumula-
tion of biases due to attrition or the comparison of temporary
poverty with respect to persistent poverty, either monetary or sup-
plementary. 

3.3 The Multidimensional Aspect

Once a m.f. for a certain dimension has been defined we must
identify how to coherently aggregate the different indices
corresponding to the different dimensions. The various indicators
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that attribute a level of poverty must be defined, in order to
calculate the level of deprivation over the whole set of
supplementary dimensions.

(9)

The weights can be defined in several alternative ways, but
they must be a decreasing function of the deprivation level such
that poverty in terms of a relatively widespread item has a greater
impact on the index than poverty in terms of a scarce item. The
proposal I have adopted in the following analysis is given by the
logarithm of the inverse of the fuzzy mean of households relatively
to the variable Xj (Cerioli and Zani, 1990):

(10)

The fuzzy proportion of poor statistical units with respect to
Xj is given by the mean value with respect to the whole popula-
tion, and represents the population average membership to the
subset of the poor with respect to Xj. The inverse guarantees that
as the average level of deprivation grows, the weight given to such
dimension is inversely related. The logarithm transformation
avoids giving too much weight to rare items, as it would happen
in dimensions for which the population under analysis is rela-
tively well endowed. The importance of choosing measures that
correctly specify the well-being of the underlying population
hence critically influences not only the m.f. but also the weight-
ing factors. Although the monetary and the supplementary fuzzy
variables present some common traits, it is as if they were dis-
tinct partial indices and independent of one another. This means
that to obtain comparable measures we must determine a rela-
tionship, which can be done by equating their aggregate value.
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(11)

After this transformation, the average value of the new
measure of supplementary poverty Di' (FS) will be equal to the
average value of the measure of monetary Ii (FM) and may be
combined to construct a measure of how much these two different
aspects overlap. 

3.4 The Comparison among Fuzzy Measures

Once we have obtained various fuzzy measures with respect
to different dimensions — e.g. monetary poverty Fuzzy Monetary
(FM) and non-monetary poverty Fuzzy Supplementary (FS) — we
can compute individual measures that correspond to particular
fuzzy theory operations:

i) Manifest Poverty (MP): the minimum value between FM
and FS per unit

ii) Latent Poverty (LP): the maximum value between FM and
FS per unit

We can also evaluate longitudinal properties by comparison
of the above across time periods identifying the evolution of
variability and other statistical properties. Studying the individual
maximum and minimum across time periods we obtain the
following measures:

i) Continuous Poverty (CP): the minimum value of the
measure of poverty across time

ii) Anytime Poverty (AP): the maximum value of the measure
of poverty across time

These additional measures give us a new perspective on the
information within the dataset and provide valuable information
on the whole sample or on specific subgroups. In particular we
can evaluate the information overlap for cross-section measure-
ments and some specific dynamic properties such as trends or
heteroskedasticity for longitudinal measurements.
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4. - Empirical Results

4.1 European Community Household Panel (ECHP)

This analysis uses the ECHP6 dataset that has been monitoring
the European Union (EU-15) between 1994 and 2001. The data
was collected through the use of questionnaires that all originated
from a unique blueprint which was only later adapted to best
gather information from the different realities of the participating
countries. Although there are some compatibility problems, the
ECHP is surely one of the most detailed and self-sufficient datasets
for transnational comparisons of living conditions realized up to
date. The ECHP has been very successful and has realized its
purpose of comprehensively representing the EU population
through micro-data collected at both the household and individual
level. It is a “panel” database as the interviewed households answer
once a year (Lazarsfeld, 1940) and this has many advantages one
of which is the possibility to conduct a longitudinal analysis that
can shed light on the population dynamics not traceable in a cross-
section analysis. It also allows to have more control over the
heterogeneity of the individuals, and to obtain greater estimation
efficiency by adjusting to various dynamics.

4.2 The Celtic Tiger

Many interesting observations can be derived from this
multipurpose dataset, however the Irish data is particularly
significant as the country underwent an entire economic boom
cycle that was later referred to as the Celtic Tiger7. As documented
by the ECHP data, Ireland was transformed from one of the
poorest countries in EU to one of the wealthiest, and this offers
the opportunity to analyze the whole process and discuss the link
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between efficiency and equality. Different reasons have been given
to the causes of such unexpected growth. The low corporate tax
rate is often suggested8 as one of the major reasons and the
substantial net transfer payments provided by the European
Community seem to have been wisely used. However growth in a
relative poverty framework does not have the same implications
as absolute poverty. An increase in the median income given by
economic growth corresponds to a proportional increase in the
poverty line, which means that if growth leaves behind poorer
households, it will cause a worsening in the poverty incidence,
intensity and inequality measurements.

4.3 Traditional Results

The traditional analysis is centered on the poverty line of the
monetary variable and, as we value the relative notion of poverty,
we have fixed such value at 60% of the median9 income. This
poverty line is generally referred to as “at-risk-of-poverty”
threshold and is often used on the ECHP dataset. PPP10 disposable
income is equivalized through the use of the modified OECD
equivalence scale11.

Graph 2 shows the equivalized median income through
different countries and years (waves) for available countries. As
the data is in terms of current prices, the comparison should be
done across countries instead of across years. This is because the
values are in terms of nominal prices and although the PPP
counterbalances inflation in different countries, the mean inflation
across years is still present as shown by the approximately 3%
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8 «The luck of the Irish», The Economist, October 14, 2004.
9 The median is preferred to the mean as it is less sensitive to the pronounced

asymmetry of the income distribution.
10 Purchasing Power Parity at current prices is derived from a fixed basket of

goods and allows a meaningful comparison between different currencies.
11 The (Modified) OECD scale assigns a unitary (1) weight to the first

household member, 0.5 (0.7) to each additional adult member and 0.3 (0.5) to each
child. An alternative scale would be the McClements scale (MCCLEMENTS L.D.,
1977).



sustained increase in the median income. The poverty line values
are given by a vertical 60% scaling of Graph 2. Greece, Spain and
Portugal show values up to one third of those of Luxemburg. Much
information is lost in computing the median hence — for
illustrative purpose only — Graph 3 reports the cumulative12

European distribution divided by country for 1994. On the
horizontal axis are 100 equidistanced classes between € 0 and €

50,000 a year, and on the vertical axis we have the number of
“weighted” interviewees that match such a class. While the
countries presented are the same as in Graph 2 the color
identification distinguishes only the poorest five.

The HCR, i.e. the proportion of the population at risk of
poverty, varies between 10% and 20%. We find respectively low
values in Finland, Sweden, Denmark, Netherlands and Luxemburg,
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The cumulative graph is less traditional, and does have some evident drawbacks,
however it is here presented as a powerful illustrative example.

GRAPH 2
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intermediate values in Germany, Austria, Belgium and France, and
high values in United Kingdom, Ireland, Italy, Greece, Spain and
Portugal. The correlation with equivalized income is evident, as
low incomes generally correspond to high HCR even allowing for
relative poverty thresholds. This is congruent with our previous
intuition that poorer countries have more asymmetrically skewed
distributions as seen in Graph 3. The division between north and
south is maintained although the Anglo-Saxon model does not
perform up to expectations, possibly due to its historically more
liberal approach to welfare. If we compare different years the HCR
seems to have a general tendency to diminish, except for Finland
and Ireland that show a marked increase. 

The PGR, i.e. the proportion of poverty line that if
redistributed to the poor would allow them to reach the poverty
line, varies between 15% and 30%. Ireland and Portugal present
the most extreme changes (10%), furthermore in opposite
direction. Ireland starts with the lowest values in the EU and by
the end of the period overtakes Portugal which had started with
PGR just second to Greece. The evidence is significant and
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GRAPH 3

COMPARED INCOME DISTRIBUTION (1994)
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although some distortion may lie in different attrition patterns,
this is not visible from a simple attrition analysis based on the
comparison of the original sample and the balanced panel
subgroup (see appendix). We can surely attribute some of this
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GRAPH 4

HEAD COUNT RATIO (HCR)
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GRAPH 5

POVERTY GAP RATIO (PGR)
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effect to the relative nature of the analysis, as the poverty line in
Ireland increases at a higher pace then in Portugal. 

It is interesting to notice the common drop in this measure
within the first two years, which is probably due to an early exit
of the extremely poor households in the sample. In Germany we
notice that the PGR drop of 10% is consistent with the HCR
measure both of which are fairly stable in the following years.
Instead in the UK there is a more marked difference between the
two measures especially during the first and the last year. 

The GIN index presented in Graph 6 is that referred
exclusively to the poor population. Limiting the analysis to the
poor subgroup we can picture more clearly the dynamics of the
very poor and we are not distracted by distribution changes in the
non-poor subgroup for which one could conduct a separate
analysis. Ireland shows very low and stable GIN values throughout
the eight years, which means that the poor predominantly fall
within a specific income bracket that successively shifts further
ways from the poverty line as shown by the PGR. This strengthens
the conviction that the increase in poverty measures is mainly due
to the growth effect. 
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GRAPH 6

GINI INDEX FOR THE POOR SUBGROUP (GIN)
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Conversely Germany shows a marked correlation between all
three indices which suggests that the sudden change following the
first two years is due to an early exit of some very poor individuals.
We can propose this interpretation because if poverty where to
diminish uniformly from the poverty subgroup, the GIN would
not have been affected.

The SEN index in Graph 7 does not add any new information
but gives a general overlook on all aspects of the phenomenon.
Portugal, Italy, Spain and Greece show very high values as
predictable, and Ireland’s race to reach southern European levels
is worrying. 

The bluntness of these indices is self evident, and the results
can be ambiguous. Clearly a deeper analysis would necessarily
have to take into account the whole income distribution.
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GRAPH 7

SEN INDEX (SEN)
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4.4 Fuzzy Multidimensional Results13

The fuzzy multidimensional analysis raises new questions and
by either supporting or contradicting the traditional approach

13 For further the variable specifics consult EUROSTAT DOC. PAN 166 /01 -
ECHP UDB Description of variables.



clarifies previously ambiguous answers. The implemented
methodology has the advantage of following the relative approach
applied in the monetary analysis, and creating a meaningful
supplementary poverty measure at a disaggregate level. This plays
an important role enabling the researcher to compare different
subgroups of the population. The choice of variables to be
included, that is intrinsically subjective, has been determined
simply by the data available within the areas of interest —
financial situation (Graph 8), dwelling conditions (Graph 9),
durable goods (Graph 10) — as the primary objective is to present
the methodology. Most variables give strong insights in the
different living conditions between different countries, and open
questions that can have different answers depending on the
financial, but also cultural, geographical and climatic background:
Insufficient heating in Denmark implies miserable living
conditions, but in Spain a comparable deprivation results in many
of the answered questionnaires, which suggests a different relative
importance.

The first fourteen variables (Graph 8) identify aspects
concerned with the financial situation of the interviewee’s
household. “Making ends meet”, saving some income and a
valuation of the minimum salary necessary are the indices that
show highest values. This can be partly explained by the fact that
such questions are subjective, and subject to wishful thinking,
therefore they can adapt to many different poverty profiles.
However if we were to order the countries by median income, an
inversely related pattern would emerge. The inability to repay the
rent, the mortgage, the bills, and other installments show very low
values, as they can be easily anticipated months before, and when
not met imply serious discomforts. We can notice how the relative
approach is in line with what is commonly considered poverty as
it weights more those causing major discomfort. Questions that
ask whether the heating is insufficient show that this is the case
predominantly where there are climatic favorable conditions, such
as Portugal, Spain and Greece; one could investigate if the pattern
is still identifiable at regional level. Our relative approach consents
us to accordingly weigh a faulty heating whether it be in Greece
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or in Finland. Holidays, furniture renewal, new clothes and having
guests over for dinner have similar rankings, but the size reflects
the nature of the expense. While the first two are large, exceptional
and fixed the following are moderate, frequent and flexible.

The following seventeen variables (Graph 9) monitor the
dwelling conditions. A separate kitchen and an open area attached
to the dwelling are largely concerned with the predominant
architectural style, and are more difficult to connect to what is
commonly meant by poverty. Presence of a heating system
presents analogies to the variable in the financial situation which
measured the capability to sustain the costs of an adequate
heating. Missing bathrooms, WC, hot water, sufficient lighting,
functional roofing, humidity and rot are comparatively rare, and
present low values (under 10%)14 apart from Portugal that
distinguishes itself for the appalling dwelling conditions. Hot
water seems to be an issue in Greece, but the data for the year
under analysis is often not considered reliable. Insufficient space,
pollution, noise and crime do not present clear patterns. This can
be because they are independent of income, they are too complex
to be separated at national level, they concern difficult realities to
analyze and compare or more likely a combination of the three.
The variable concerned with the presence of a house mortgage
can be interpreted in different ways. The fact that one does have
a debt to repay can be seen as a measure of poverty or wealth,
as it generally implies some form of collateral. One could also
advocate for neither, but only indicating a choice of inter-temporal
consumption facilitated by an efficient financial market that
guarantees an efficient allocation of resources between different
times and people. We can notice that it is proportional to the
income variable, but this could be reflecting the cultural aspect
of taking out a loan, more common in northern countries which
often have more efficient financial markets.

The last eight variables (Graph 10) are concerned with
durable goods and are dichotomous in nature. The durable good
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framework allows us to see once more the importance of the rel-
ative approach that characterizes this analysis. Owning a good is
clearly a sign of wealth, as it allows us to satisfy needs and can
generally be sold, thus it could be valued by some value para-
meter such as the average cost of such item. The intrinsic value
however is dependent on the context: an example can be given
by the common car. In a social structure as the Italian one, where
structural investments have promoted it as cornerstone of mo-
bility a car has a very different value then in the UK where pub-
lic transportation is a viable alternative, or in Holland where dis-
tances are very different. Therefore not having a car means dif-
ferent things in different places and taking the cost value is not
necessarily the optimal procedure. Cultural differences can be
seen in the relative importance of owning a VCR, a microwave,
a dishwasher, or a computer (for which the diffusion proportional
to income can be seen as either a cause or an effect). The ab-
sence of owning a second house presents high values as could
have been expected, this often being a luxurious and expensive
item. House prices and costs will be positively correlated with
this variable as in the UK. 

4.5 Fuzzy Monetary (FM) and Fuzzy Supplementary (FS)

The fuzzy multidimensional methodology opens many
important questions to which it provides answers that are most
valuable when evaluated jointly with the traditional analysis and
idiosyncratic information concerning the distinctive issues. In this
chapter we try to give a flavor of the main results at EU-15 level,
and illustrate the potentialities of further analysis developed by
identifying different specific subgroups within the sample.

To fully understand the importance of the fuzzy multidi-
mensional method one must clearly have in mind how the m.f.
(Graph 1) relates to the distribution of the fuzzy measures (Graph
11). To be consistent with the HCR measure the FM has a highly
polarized m.f. which separates between individuals with high
and low deprivation levels within a relatively narrow income
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interval. The graph below however must not be confused with
the m.f. as it actually represents the distribution of the individ-
ual membership values given by the sample distribution, as the
increase in FM levels within the [0.9,1] interval clarifies. The FS
counterpart on the contrary approaches zero for high levels of
deprivation due in part to its highly multidimensional nature. It
must be said that the graph is partially incomplete as it shows
only a portion of sample with FM values between [0,0.1]. This
however is needed to visually compare FM and FS for the OP
subgroup.

Having calculated FM and FS measures at an individual level
one can follow the traditional approach and identify the “officially
poor” (OP) and track them in this new framework. The FM
measure gives no significant additional evidence to the
dichotomous analysis, but the FS presents a positively skewed
distribution, with few individuals having FS above 40%. The
difference between those with high levels of FS and the OP
population is surprising, proving that the poor in most official
statistics will often not reflect such deprivation on a non-monetary
scale. The proportion of OP is increasing in the FS measure, but
many which are FS-poor are not OP, therefore further analysis is
needed to define different poverty profiles. This intuition can be
verified at national level. The following graph (Graph 11) presents
the sample divided in OP and OPc by two different viewpoints (FS
and FM) therefore the total sample weight size is doubled.15

This result, although significant, remains ambiguous as it has
two possible explanations:

i) Individuals with low incomes (OP) do not entirely
correspond to those with low living standards. This further
information must be used to guarantee the protection of those
who are most in need from a living standards prospective and
promote social-cohesion.

ii) The variables used in the analysis are not representative of
the needy population, and therefore must be revised and modified
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in order to describe more adequately the real needs that people
suffer. 

These two interpretations are not mutually exclusive, and start
a breach in the income versus living-standards equality. Deeper
questions on the analysis and its purpose are necessarily raised:

What’s the use of knowing these further elements? If lower
wages do not match lower living standards, how can we develop
more focused poverty relief policies? Is the objective of poverty
relief policies to guarantee minimum living standards or to
provide a safety net for those that have low incomes? On what
basis should we fight temporary poverty with respect to permanent
poverty?

4.6 Manifest and Latent Poverty Measures

If we are comparing two different fuzzy measures, MP and
LP measures are by definition complementary. Their objective is
to underline a “stronger” and respectively a “weaker” measure of
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GRAPH 11

FUZZY MONETARY (FM) AND FUZZY SUPPLEMENTARY (FS)
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the membership to the poverty set at individual level. When we
compute the LP measure the maximum deprivation between FM
and FS is taken into account, therefore it provides an upper bound
between the two poverty measures. Being the upper bound, it is
expressed by higher figures, but necessarily characterizes a less
stringent measurement of poverty as the complete measure is also
inclusive of the MP counterpart. This may seem counter intuitive,
but taking the maximum value implies that the individual’s overall
poverty must be lower, hence it specifies a weaker deprivation
condition. The complementary analogy indicates that the MP is a
lower bound, therefore the underlying privation must be more
distressful.

By computing a similar analysis to the FM and FS measures
we notice that no LP(OP)<MP(OPc) but in some cases
MP(OP)<MP(OPc) in line with our previous results. When the
global index of the MP/LP16 is approximately unitary the monetary
variable is a good estimate of the supplementary dimensions, as
high FM values correspond to high FS values for most individuals.
If alternatively the value is low in the [0,1] interval, two distinct
analyses must be adopted. The ratio compared at national level is
in most cases proportional to the traditional poverty measures,
and there being a relationship implies that by limiting the analysis
to the monetary variable we are distorting the resulting poverty
figures inversely to the monetary poverty level. 

4.7 Continuous and Anytime Poverty Measures

CP and AP measures are computed exclusively on the
balanced dataset to provide minimum and maximum values on
equal time intervals17. As we have four poverty measures this
allows us to create a whole set of comparisons that through
appropriate underlying assumptions can help us make inference
on the inter-temporal dynamics. 
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The AP-CP difference for FM and FS, computed by country,
is positive by construction and provides non-trivial information
regarding the variability of the respective measures within the
time interval. A relatively low monetary variability may be caused
by a stable labor market and a relatively low supplementary vari-
ability can be sign of established living standards. The data con-
firm the more active, “catching up” role of poorer countries that
present higher variability in both measures and which show higher
estimates. This is true for the supplementary but especially for
the monetary measure whose higher variability presents analo-
gies with the variability of income with respect to consumption.
In Ireland this aspect is even more accentuated, as could be
expected. 

The AP-CP or the AP/CP measures can be computed for the
MP and the LP or the ratio MP/LP. This suggests impressive
potentialities, however inferring conclusions presents various
difficulties, and this line of research has not been investigated
beyond the confirmation of previous findings. Substantial research
need still be done to explain effects linked to age, gender, territory
or any variable present within the ECHP dataset.

Deriving a new variable that incorporates various dimensions
at the individual level is difficult to criticize in a multidimensional
analysis. The choice of variables presents no general rule of
thumb, while the numerical aggregation can be defended in
various ways. In this analysis a totally relative approach is used,
so that individual deprivation is measured with respect to the
whole population of reference. This new variable can be compared
with the traditional analysis or with other fuzzy measures, and a
study of cross-section and longitudinal properties significantly
contributes to identify the underlying phenomenon. 

5. - Conclusions

The first result obtained through the use of non-monetary
variables is the measurement of the significant difference between
monetary income and living conditions. Temporary and permanent
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poverty are presented as two different aspects of the same
phenomenon and an identification through the use of the different
methodologies is proposed. The relative importance between these
two aspects is not discussed, but the acknowledgement of these
two facets spurs an exploration of the different poverty profiles.

The second result obtained shows how a partial analysis, such
as an exclusively monetary one, can significantly distort the
results, as the approximation given to the degree of poverty is
proportional to the measure itself, and therefore is not
independent of income. Verified at national level, this implies that
the approximation valid for poor in poor countries is not as valid
for poor in rich countries, whom, given the relative nature
examined, are also on average richer in absolute terms.

Finally a measure of variability of the monetary and sup-
plementary variable is derived from the balanced sample. The
conclusions derived from these measures must be taken cau-
tiously as attrition related issues have a very high impact in this
context. An analysis between the balanced and the complete sam-
ple has not shown systematic effects, however further analyses
are needed. 

This research has presented a fuzzy multidimensional
methodology that follows relative poverty as the unifying
principle through the whole analysis. This line of reasoning is
less intuitive then the absolute alternative but, giving importance
to the shape of the distribution over the absolute position of its
elements, it better describes what is commonly felt to be poverty
and is a fundamental requirement for a solid comprehension of
poverty analysis. The analysis prefers to work on measurements
at individual level and successively aggregate them to compute
global measures, as individual values allow for infinite variations
on different reference subgroups that are fundamental to identify
different poverty profiles in an intuitive fashion. 

A picture of the privation in all its aspects must be
constructed and monitored, from which we can extract the
information to fight poverty in its most extensive meaning, i.e. the
common sentiment of feeling “incapacitated” to fully participate
within a society.
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APPENDIX

1.A - Sample Information

The ECHP dataset has been collected by NDUs (National Data
Collection Units), generally national statistical institutes, which have
autonomously decided the details regarding the sampling procedure
in order to best address the reality that each one had to confront.
Ceteris paribus a nation with very diverse characteristics and
complicated patterns to identify will need a larger sample to obtain
similar efficiency in the estimates; however as the size of the sample
results from separate national decisions rather than from a
centralized European one it is difficult to believe that this reason
uniquely justifies the sample size. The national sample sizes do not
reflect the national proportions of European population and this one
of the predominant reasons for the use of ECHP weights18.
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GRAPH 12

YEARLY SAMPLE VARIATION (1994-2001) 
COMPARED WITH BALANCED PANEL
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18 W1-W8 correspond to the eight years during which the ECHP has collected
information, while Bil shows the number of participants surveyed that have stayed
in the sample throughout the eight years.



The difference between the Bil value and the W8 is a
measure of the population that has exited and re-entered the
sample. The Netherlands seem to have a low attrition, and high
re-entry rates as opposed to Ireland which shows a very marked
attrition and very low re-entry rates; this could suggest a
particularly efficient NDU in following the early exits or a
national attitude towards questionnaires. Austria (AT), Finland
(FI), Sweden (SE) and Luxemburg (LU) do not have balanced
figures as they miss some waves, due to a late entry. The graph
also highlights how the initial sample is not proportional to the
population of each nation, as Germany has a W1 sample similar
to Ireland, when the actual population is twenty-three times that
of Ireland. 

1.B - Missing Information and Attrition 

Statistical analysis is based on the hypothesis that the
collected information is complete and correctly reflects reality.
Missing data represents a substantial problem that can make the
theoretical model quickly drift apart from reality, introducing bias
in the calculations. Missing data can be:

i) Complete, if there is no information related to the selected
statistical unit.

ii) Partial, if the statistical unit refuses or is incapable of
answering a certain questions

iii) Attrition related, if the statistical unit decides to exit the
sample

iv) New-entry related, if we have not interviewed the statistical
unit the first year

To fix such problems, ECHP imputes the missing data
through the use of an elaborate set of weights obtained from
those who have answered. The valuation of the impact of partial
missing data is very difficult, as ECHP is a complex questionnaire,
and the fact that it allows to jump certain questions makes the
task even harder. Partial answering is relatively common in
questions of economic nature that try to infer the income of a
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statistical unit and that is why net or gross income is asked
alternatively.

The partial missing information does not cause attrition
problems, as imputation is a largely accepted practice, but the
imputation relies on the non-verifiable hypothesis that the missing
data is random with respect to the covariates that define it, hence
the risk of a systematic bias cannot be avoided through imputation
(Dempster, Rubin, 1983).

Attrition often can be reduced through the use of split-panel
models, where a proportion of the sample is periodically changed.
If we look at the missing rates and notice how strongly they differ
in different countries we can have a good idea of how quickly a
distortion can accumulate its effects. The following graph points
out the absolute percentage changes in the sample size and how
the maximum, mean an minimum value relate throughout the eight
waves. This kind of analysis is brought forward in the complete
thesis, but does not present any significantly worrying results.

Maximum values far from the mean indicate outliers which
can have different causes and effects then those of sustained
attrition. Ireland presents generally high percentage changes, but
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GRAPH 13

MAX, MIN AND MEAN YEARLY PERCENTAGE VARIATION
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also Finland and Luxemburg must be monitored as a fall in over
15% of the sample could hide some significant distortion to the
results. 

1.C - The ECHP Weights

The need to weight differently statistical units that compose
the sample comes from the different probability of selection, and
it can relate to households or individuals. Here are some com-
ments on the automatic use of weights with no contextualization
of the objectives:

i) Under certain circumstances, assigning weights to statistical
units avoids biased estimates, however this practice is not missing
problems of its own (Peracchi, 2002).

ii) To use estimates derived from weighted data can be
controversial especially in problems related to particular
regression techniques (DuMoushel, Duncan, 1983).

iii) Weighting individuals can be superfluous in situations that
have for objective human behavior, instead of a calculated
description of the population (Hoem, 1989).

iv) Systematic weights contrary to personalized weights may
result in probability values that are outside the logically possible
interval (Horowitz, Mansi, 1998).

However weights often will allow us to make meaningful
comparisons in a certain temporal instant and their use is
widespread. We can further subdivide the weights in three
different classes:

i) Design weights: inversely propositional to the probability of
selection.

ii) Non-response weights: inversely proportional to the
obtained answers by question.

iii) Correction weights: correcting the distribution given some
external data.

The weights adopted in this analysis are computed through a
step-by-step procedure, and further adjustments have been made
to extreme values through EUROSTAT normalization. 
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The pie charts in Graph 14 compare the initial sample, with
the corresponding weighted sample. 

We can notice how the initial sample that does not reflect the
population of each nation is successively adjusted. The third pie
chart shows the proportion relative to the balanced dataset, and
as it seems to be similar to the initial sample, we justify the use
of the same weights when discussing results relative to the
balanced dataset.

RIVISTA DI POLITICA ECONOMICA NOVEMBER-DECEMBER 2007

78

GRAPH 14

SAMPLE, WEIGHTED AND BALANCED DISTRIBUTION (1994)
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