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Abstract. This paper is a contribution to the analysis of igtion seen as a one-dimensional condition. A
most useful tool for such analysis is to view degidn as a matter of degree, giving a quantitative
expression to its intensity for individuals. Sufinzzy’ conceptualisation has been increasinglyisat in
poverty and deprivation research. This paper aim&utther develop and refine this strand of reséaithe
concern of the paper is primarily methodologicather than detailed numerical analysis from partaul
applications. We re-examine the two additional asp@troduced by the use of fuzzy (as distinct ftben
conventional poor/non-poor dichotomous) measuresnely: the choice of membership functions and the
choice of rules for the manipulation of the resgtifuzzy sets, rules defining their intersectiord an
averaging. The relationship of the proposed fuzepetary measure with the membership function and an
estimate, by confidence interval, of the povertg.li

Keywords: strong poverty; medium poverty; weak poverty; mesitie function; fuzzy set operators

Elasticity size corresponds to the elasticity afieglence scale compared to the size of household

1 Introduction

Poverty measurement may be sensitive to how the po® identified. The traditional approach
supposes a rigid poor/non-poor dichotomy, whereast rof the literature on poverty measurement
continues to be based upon the use of povertyhblds. Yet it is taken for grantedat such a clear-

cut division causes a loss of information and reesahe nuances that exist between the two extremes
of substantial welfare on the one hand and théndistnaterial hardship on the other.

Nowadays many authors recognise that poverty sHmilcbnsidered as a matter of degree rather than
as an attribute that is simply present or absemingnmdividuals in the population early attempt

to incorporate this concept at a methodologicaellgand in a multi-dimensional framework) was
made by Cerioli and Zani (1990) who drew inspinatfoom the theory of Fuzzy Sets initiated by
Zadeh (1965)Cerioli and Zani’s original proposal was later deped by Cheli and Lemmi (1995)
giving origin to the so called Totally Fuzzy andl&®e (TFR) approach. Both methods have been
applied by a number of authors subsequently, withreference for the TFR version (Chiappero
Martinetti, 2000; Clark & Qizilbash, 2002; Lelli0R1], and in parallel the same TFR method was
refined by Cheli (1995) who also used it to analppeerty in fuzzy terms in the dynamic context
represented by two consecutive panel waves. Emeesthe methodological implementation of this
approach has evolved in two directions, with sonmawdifferent emphasis despite their common
orientation and framework. The first of these igified by the contributions of Cheli and Betti ()9
and Betti, Cheli and Cambini (2004), focusing morethe time dimension, in particular utilizing the
tool of transition matrices. The second, with tbatcbutions of Betti and Verma (1999, 2008), Betti
Chelli and Verma (2006), has focused more on camguhe multidimensional aspects, developing the
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concepts of “manifest” and “latent” deprivation teflect the intersection and union of different
dimensions.

Although deprivation is widely recognised as a idirhtensional phenomenon, we still believe that
indicators based on monetary variables have a fuadtal role, and therefore deserve a special
analysis. For this reason, some recent contribsitconsider two different fuzzy measures: the first
one is based only upon a monetary variable anefésred to as Fuzzy Monetary; the second measure
is based on several non-monetary indicators relatédusing conditions, durable goods, etc. amnsl it
referred to as Fuzzy Supplementary.

When poverty is viewed as a matter of degree,aisea fuzzy measure, two additional aspects are
introduced into the analysis compared with the eotional poor/non-poor dichotomous approggh:
the choice of membership functions i.e. quantieasipecification of or households' degrees of pgvert
and deprivation; andii) the choice of rules for the manipulation of theuténg fuzzy sets, rules
defining their complements, intersections, uniod ameraginglin this paper certain conceptual and
theoretical aspects concerning fuzzy set logic @perations pertinent are utilised to measure three
levels of poverty: strong poverty, medium povertyddow poverty. By referring to the overall
population we propose a collective fuzzy monetaeasure. Moreover we note the relationship of the
proposed fuzzy monetary measure with the memberghiption and an estimate, by confidence
interval, of the poverty line.

The methodology proposed in our research will hestitated by the Tunisian case. The household
survey data conducted by the INS (Tunisian Inditaf Statistics) in 1990 and involving 7734
representing households from different parts ofdamentry will be used in this study. Unfortunately,
the household survey does not provide direct in&tiom on prices. Instead, it gives detailed
information on expenditures, including consumptimnconsumedproducts, and quantities so that
local prices can be estimated. Half of the sampleaseholds were also included in another survey
yielding information about the content of the gaods

This paper is structured as followSection 2 starts with an uncertainty of the povértg. In section

3, we discuss the methodology of construction pbeaerty fuzzy index. Section 4 is devoted to the
case of Tunisia for the “rural-urban”, spatial caripon, a comparison by activity of the household
chief and a comparison by educational level. Bnallconclusion is given in section 5.

2 Uncertainty of the poverty line

Poverty analysis is based on the determinatioroeégiy lines from which one then computes poverty
indices such as the head count ratio or the mopbisiicated ones (see e.g. Zheng, 1997). These
indices can then be used by economists and patiekers for temporal or spatial comparisons in a
relatively-easy manner. Although the determinatibthe poverty line is an important and uncertain
issue, we highlight in this section the computatban interval of confidence for this line.

We suppose that the poverty line belongs to trmr\'rat[i—l,2+ I] = [21, 22], whereZ represents an

estimate of the poverty line. The determinatiorZa$ a delicate step because it is not independent of
the socio-economic context in which the individisakstablished and must take into account of the
particular characteristics of the choice of degroraindicator.

In this paper, we consider the general approachtHerassessment of poverty lines proposed by
Ravallion and Bidani (1994). This approach considtgletermining first the minimum income, to
satisfy basic food needs, and second estimatinghthiemum income to satisfy non food needs. These
minimum incomes constitute respectively the food aon food poverty lines. Basic food needs are
computed on a regional basis depending on the focal consumer behaviour so that the typical
consumption basket ensures a minimal calorifickiat@s determined by nutritionists. Then, this baske
is evaluated using local prices so that the foocefdy line can be calculated.

110



FuroEconomica
Issue 1(24)/2010 ISSN: 1582-8859

The natural approach is to construct a consumexskdi of non food goods associated to a poor
household and then calculate its value by mean®aal prices. There are however two serious
impediments to this approach. The first one is tuthe fact that usually one doesn’t have data on
non-food products and the second is that it is atrmapossible to elaborate a homogenous measure
for the quantities of non food products and dedepeesentative unit values. We therefore choose to
approximate the non food budget share of the pgviame by looking at the behaviour of the
household with income equal to the food povertg.lihhe share, they are ready to sacrifice in cialer
satisfy their basic needs on non food productd, seilve to estimate the non food part of the pgvert
line.

The valuation of the non food component is cardget by using a method presented in Ravallion
(1994). This approach, based on the intuitive aguinthat the definition of "basic non food needs",
requires the valuation to the willingness to giyeaunecessary food product in order to purchase the
required item. Ravallion estimates the value offtteel component by an AIDS class of functions:

Y,
w, =aj +pB; Iog[z fjn9]+251kduk e (1)
i k

Where @ is the food share of househoidbelonging to the region and/or afeay, is its total per
capita expenditurezjf is the already established food poverty line f@agr nifis the equivalent size

of householdi belonging to the region and/or aje@ is elasticity sizk di;‘ are socioeconomic

variables such as the age of household head, tinbatuof children , the number of working women,

etc..., and & is a disturbance term. The value @']f :af +Z“5]_kajK estimates the expected non food
k

shares of households with per capita expenditiaeréaches the food poverty line, i¥.= z/ . The
evaluation ofHT is made by means of the sub sample with per cegjanditure around the poverty

line. The poverty line is then given b&i :(2—0'}) q‘ and includes de minimum expenditure to

satisfy basic food and non food needs. This igadigtthe so-called lower poverty line. To calcelat
confidence interval for the poverty line the bo@ptmethod typically provides a better approxinmatio
to the asymptotic approximation than standard erfidre bootstrap method (see e.g. Efron &
Tibshirani, 1993) is computationally intensive anceptually very simple. We takiel random
samples of sizen, with replacement, from our original sample. Taggér the value oM the better
the approximation. Values &¥1 between 100 and 200 are commonly used. Each dfitreamples is
called a bootstrap sample.

We calculate the for every bootstrap sample. Lét be the value of the poverty line for the-th

bootstrap sample. Then, the bootstrap standard efraz is just the standard deviation of the
bootstrap poverty lines. That is,

A 1 s &
sdo)= (L5 (2, -2
The standard bootstrap confidence interval fompibeerty line defined as following:
2+ ®(1-a/2)sd?2)

were ®(1-a /2) is the percentile of The Gauss Distribution.

! Elasticity size corresponds to the elasticity gufiigalence scale compared to the size of household
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3 M ethodology of construction of the poverty fuzzy index

It is useful to begin by a brief clarification dfig concept of treating poverty (or more generally,
various forms of deprivation) as a matter of degeg@acing the conventional classification of the
population into a simple dichotomy. Basically, iaklividuals in a population are subject to poverty,
but to varying degrees. We say that each indivitlaala certain propensity to be poor, the popuiatio
covering the whole range [0,1]. The conventionaprapch is a special case of this, with the
population dichotomised as {0,1}: those with andme below a certain threshold are deemed to be
poor (i.e. are all assigned a constant propensjtyathers with an income at or above that threshold
are considered to be non-poor (i.e. are all asdigneonstant propensity=0).

As to the fuzzy sets, the basic idea is as follo@izen a setH of elementx[JH , any fuzzy
subset A of H is defined as: A:{X, ,LIA(X) = ,u} where,uA(X): H - [0,1] is called the
membership function in fuzzy subsét. The vaIue,uA(x) indicates the degree of membershipxof
inA. Thus ,uA(x) = O0means thatx does not belong at all ¥, Whereas,u(x) =1means thatX
belongs toA completely. When on the other hdhd ,uA(x) <1, then x partially belongs té and its

degree of membership ofA increases in proportion to the proximity ;m‘A(x) to 1(Zadeh, 1975;
Dubois & Prade, 1980; Kaufmann & Gupta, 1991).

3.1 Internal configuration by the fuzzy logic

In our internal configuration by the fuzzy logicevpropose four steps: In a first step, we model our
input variable the “poverty line” in the form ofiangular membership function (TMF), and we
propose three states: a low level of the poven, la medium level and a high level, and consetuent
three fuzzy input subsets: Weak, Medium and Higguifel). We define also the “poverty” as output
variable. Three TMF of fuzzy subsets are proposedhown in figure2: “Strong Privation (SP)”,
“Medium Privation (MP)” and “Weak Privation (WP)".

= A “Strong Privation” corresponds to a poverty liogver or equal to its minimal valee= z , and
consequently, the privation is a very relevant piyvendicator.

= A "Medium Privation”, corresponds to a povertyelinelonging to the selected interv%zl1 - 22] .

= A "Weak Privation” corresponds to a poverty lineybnd its maximum value= z,; and the
privation cannot be considered alone as a reliablex of poverty.
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Figurel Poverty line
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The logic of these scales of privation intensitgssfollows: in the case of the monetary variablesh
as the income or the expenditure, one is confromedeneral with situations where the living
conditions improve with an increase of the indicato

Fuzzy methodology translates these ordinal rants fizzy membership scores or degrees that are
capable of reflecting the content of the ordinakgaries in line with our conceptual understanaihg
the phenomenon that we want to describe.

This leads us to the second step, i.e. how to mssgmbership degrees or scores and to calibrate
appropriate membership functions.

Again, this step is neither automatic nor univaxslt would be in the case of an ordinal scale.
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Figure2 Poverty

Different methods can be adopted for constructirgmimership functions (Chiappero Martingtti
2006. They can be chosen arbitrarily by the investigatocording to her or his common sense and
experience, or the value judgements underlyingthie®retical concept that she or he wishes to
describe. For instance, a simple decreasing oeasing linear membership function can be adequate
in order to depict variables or concepts distridusdong a linear continuum between 0 and 1
(inclusive), where any value is proportional to dsstance in the value axis . Triangular or
Trapezoidal-shaped membership functions make giplesto preserve linearity and at the same time
to incorporate minimum and/or maximum thresholé@stisn 3.2).

In the third step, we aggregate through fuzzy dpesaacross dimensions or domains of poverty for
each unit of analysis, whether they are individwalbouseholds.

Similarly to what happens with conventional or prisets, complement, intersection and union
operations make it possible to manipulate and coenbiementary fuzzy sets. However, since fuzzy
sets are not crisply partitioned as are conventisets, the operators apply on the membership
functions, determining membership degrees thate @gain, will not be restricted simply to 0 and 1

(section 3.3).

Finally, the fourth step refers to the possibilifyapplying fuzzy logic rules and fuzzy approximate

reasoning in order to infer a logical conclusicarthg from premises that are known or assumee@to b
true. In this step, a fuzzy collective poverty irdesed only upon a monetary variable is proposed
(section 3.4).
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3.2 Themembership functions

To measure poverty, we proceed as follows: We mepin a first step, an mathematical expression of
the membership function of each fuzzy subset. Wms#, in the second step, a membership function
for each level of poverty. In the third step, we farward while using some fuzzy operations, a fuzz

poverty index based upon the membership functi@seh and confidence interval for the poverty line
estimed.

The mathematical expression of the membership ifumcif each fuzzy subset is as follows:

0 x<0
1 0<x<z (2)
Mgp¥ =11, B 2, <X<P
P-z P-z
0 x2 P
0 X < z;
2 x-2—24 Z, £ X < z4 ®)
m (x) = Z, -7 Z, -7
MP -2 22
X + 2 Z, £ x< 1z,
Z, - 74 Z, -7
0 X2z,
0 x< P,
2_y-_2P P, < X< P, (4)
P,-P," P,-P,
Hyyp (X) =
we -2 2P,
X+ Py s x<P,
P,-P,  P,-P
0 x=P,

X being the income (the expenditure), i® an unspecified income value higher than P, is an
unspecified income value lower thay, P; is an unspecified income value higher they zg is the
barycentre of the interv@lz,, z,] and R is the barycentre (Figure 3) of the inter{/&,, P;] .
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Hep(X), Hyp(X)and p,.(x) respectively indicate the membership- functiontloé fuzzy subsets
“Strong Privation”, “Medium Privation” and “Weak iRation”.

It is worth underliningthat for the different values of the “poverty linghe membership function
which takes its values in the interyd, 1] indicates the degree to which a household is densd as
poor.

33 Basic rules of thefuzzy set operations

There are three types of fuzzy set operations ombmeeship functions which are relevant to our
application to one-dimensional poverty measurenfemtzy addition, aggregation (or averaging) over
fuzzy sets.

Addition of fuzzy numbers

The addition of fuzzy numbers follows the same psscto add two confidence intervals (Kaufmann
& Gupta, 1991), but on a level -by —level baBisr example, letA and B be two fuzzy numbers and

A, and B, their intervals of confidence for the level of presptiona, a [ [0,1]. We can then write:

A, (+)B, =[al?,al?]|(+) b, b = [al") + b, al") + bl

Let us now consider another method for the adduiidinzzy numbers. LeA, B IR,

1xy.201R: Hoioe @)= LRI04 0)
zZ=x+y
Fuzzy aggregation and aver aging

Aggregation of membership functions over differsets is related to the concept of fuzzy partitions.
More generally, if for each unit in the populatiats membership functionu in a certain set is

fractioned into componentg; such thay, =%, , then the , values constitute membership

functions corresponding to fuzzy partitions of triginal set.

This concept of fuzzy partitions is relevant in #pecification of marginal constraints which thezy
set operations must satisfy.

34 The Fuzzy unidimensional poverty

The measurement of the total poverty is the sumstroihg, medium and weak poverties. Let SP, MP
and WP be three fuzzy numbers belonging respegtteeluzzy subsets “Strong Privation”, “Medium
Deprivation” and “Weak Deprivation” argp,, MP, and WP, their intervals of confidence for the level

of presumptiom, a 1[01]. We can then write
SR (+MP, (R, = [0, | (1) 217, 27 (+) [P, PL
=[29 + P Pl) 4 £) 4 plo)] (5)
SP = [o(”), pl(a)] MP, =[2), 2] we, =[P, Pl)]
Let us now consider the membership function of yusiQ = SpP (+)MP (+)WP :

Hq (X) = Hsp (+)mp, (+ P, (Xi ) = |—(:Uspa (U) U e, (V) U thye,, (k)) (6)
X=u+v+k
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(0),(00) is maximum (minimum) of fuzzy numbers by max-méaneolution.

To compute the intervals of confidence for eactellevthe triangular shapes will be described by
functions of o as follows:

From (3), g=_2%& __2%4

L4 L4
and g=—2% , 27,
,-4 4,77

Hence, the interval of confidence at lewabk given by

P, = Ji o)

_ _ (7)
_| %274 5,74
=l =—=qg+7z,- a+z
{ 2 TTATTS }
From (4), 4= &, __2h
P,-P, P-P
and a:isz,&
P,-P, B-P
Therefore
WE, =6, b{"]
_ _ (8)
2 2

3, =MP, (WA, = [aff) +b{7) af? b

~ ~ _ _ 9)
g e
From
a:Ea).'_ (a):(ZZ_Zl)Z(PS_PZ)a+Zi+P2
a£a>+b§a>:_(ZZ—A);(%—PZ)U+ZZ+%
We obtain
ﬂJ(X): (10)
0 X <z,+P,
2 ~ 2(z, + P,)
(22_21)+ (Ps_Pz)x (22_21)+ (Ps_Pz) 2t Pes X< za P
-2 + 2(22 + Ps) +P. o< x< + P
(22_21)+ (Pz_Pz)X (22_21)+ (Ps_Pz) ‘e » = XS % ?
0 X1z, + P,
From (4), a=0
and g=_—% . B
R-z R-z

116



FuroEconomica
Issue 1(24)/2010 ISSN: 1582-8859

Thereforesp, =|0, ~(R, -z )a+P,] (11)
Adding (9) and (10) yields

Q, ZSPH(‘F) MPn(+)WPn ={(22_21);(%_PZ)a+z1+PZ,—(ZZ_21);(P3_PZ)a+Pl+22+P3} (12)

Cia) +(a1+bl)(a) - (Zz _Zl);(PS _P2)0’+21+P2

From
¢m4%+myﬂ:JQ-QF(%;%FQG?TJH+H+Q+%
We obtain
Ho(x )= (13)
0 x<0
1 0<x<z +7,+P,
-2 AR +2+R)
P, <X<P,+2,+P
O R R M R ) o) E
0 X 2P, +2,+P,

We propose to retain like degree of deprivationanfy householdi,i =1,...,n its degree of

membership in the fuzzy set of the poor and wendeéin underlying individual poverty function by
attribute j, j =1,...,mas follows:

£ (x)=[ug(x)])?: 21 (14)

The parametep defines the concavity of the underlying individpalverty function and it is related
to the extreme poverty aversion parameter involaeoster, Greer, and Thorbecke’s (1984) poverty
measure.

In practice, it seems or reasonable to use théditmaadl values 1 and 2 for the unidimensional aspec
a higher dimensionality — 3 is sometimes used inuhidimensional context to get a measure that is
more sensitive to transfers involving the pooresimbers of the population —f@r. As noted in

Atkinson (2003) “there is not necessarily any reasochange our views about the valuggadimply
because we have moved to a higher dimensionality.”

By aggregating all these values we obtain a callechdex referring to the overall population which
is given by:
1
H(:u!Q):_Zsznigfj(Xi) (15)
n-= i0Q
where 4, is the characteristic function ofp (12). Then, we adopt (15) as the definition of
H (,u, Q) for a fuzzy Q by interpreting,, (x)as the degree of membership of a househoit .

H () represents the “fuzzy proportion” of the poor adowg to the total per capita expendituxe. In

any case, it must be said that this index mustbeanterpreted as the Head Count Ratio of the poor,
but simply as the average degree of poverty irstireeyed population.
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The measure H() complies with Extended strong focus, MonotonicitiRestricted strong
monotonicity, Restricted continuity, Non-decreasiegs in poverty domain, Subgroup consistency,
Anonymity and Population invariance. It can be shaWwat this measure satisfies the transfer and
transfer sensitivity axioms. It is also continuarsd even decomposable. It can be adapted equally
well to any other multidimensional framework foretlanalysis of well-being and poverty. The
membership’s functions will have to be regardethia case as deprivation indicators.

4 Empirical illustration

In this section, we suggest the application of t{sac3) to evaluate strong, medium and weak
poverties of different regions in Tunisia, alsodompare poverty in rural versus urban regions,
according to the activity of the household -chiefdd-winner, and according to the educational level

As stated in the introduction, the information ugsdsupplied from the household survey data
conducted by the INS in 1990 involving 7734 housdfiolhe sampling scheme and the results of the
survey are explained in INS (1990). The survey agisavides the demographic characteristics of
households. In order to take into account the iiffegeographical and socio-economic charactegistic

of the regions in Tunisia, we split the countrysirlifferent homogenous regicfn:three of which are
urban areas.
We retained three indicators of deprivation:

- The economic area (Great Tunis (GT), urban litt¢kal), rural littoral (LR), urban interior
(IV), and rural interior (IR))

- The activity of the household chief (Inactive (Farm labourer (FL), Farmer (F), Non-
agricultural worker (NW), Independent agriculturglA), Employer and ManagetEM),
Others (O))

- The educational level of the household chief @te (IL), Primary (PE), Secondary 1st cycle
(S1), Secondary 2-cycles (S2), Academics (A)). Waally calculated the intervdlz; - Z,]
and then the poverty fuzzy index per economic aveeypatiorand educational level.

2 To make use of the characteristics of differeniaeg in Tunisia, we separated the households aitgptd their location
with respect to 5 different homogenous regions.idiaris traditionally subdivided into three naturagions: North, Center
and South. This decomposition is motivated by theggaphical characteristics of the country. Howgfrem an economic
point of views, it is more appropriate to divideriisia into three parts: The Greater Tunis and tamdigenous sets namely
the Littoral and the Interior. The Greater Tunisaarwhich involves almost 25% of the total popolatiis characterised by
very special administrative, social and economapprties. The Tunisian Littoral (Bizerte, Cap-Bon, 8aBfax and Gabes)
have known since the independence an economic aoidl prosperity. This coastal fringe extendingnirdlorth to South
contains, together with the Greater Tunis area,efgential of the tourist, industrial and urbarivégt of the economy.
Despite a certain economic progress, the Intedggion has several acute social and economic prabbemch distinguish it
from the other two regions. If one compares the gapita expenditure (during 1990), one sees thatdhbdivision is
justified. In addition to this regional decompasitj it is necessary to take into account the rurbén distinction. We also
aggregated the rural part of the Greater Tunisthadittoral. Two reasons support this aggregatiarst, the size of the rural
Greater Tunis is very small, only 167 households setond, the rural of Greater Tunis and thoshefést of the littoral are
very similar and can be lumped together to fornombgenous spatial set. This leads us to five hommgeregions, namely
the urban Greater Tunis, the urban Littoral, tHeaorinterior, the rural Littoral and rural Interior
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4.1 Theregional fuzzy poverty

The estimated intervals for the 5 regions of Tanaie presented in the first column of Tabldvie
notethat, in 1990, for theGreat Tunis; for example, any household whose annual experditu
lower than 263DT is considered poor and its degreenembership to the fuzzy sub-set "Strong
Privation" is very high. On the other hand, any $ehold whose annual total expenditure exceeds
277DT is considered as non-poor. Its degree of neeshiip of fuzzy subset "Weak Privation" is high.

The poverty lines estimated are lower in the pdaeggons (Interior Urban and Rural, Littoral Rural

Table 1 Strong, medium and weak fuzzy poverties by are@1L9

z [Zi’ 22] g tusp(xi ) Hyp (Xi ) :uWP(Xi ) Hai (Xi )
Great Tunis 270 [263-277 | 0.25 0.057 0.131 0.099 0,099
Urban littoral 243 [235-25]1 | 0.15 0.048 0.108 0.114 0,108
Urban interior 202 [193-21]1 | 0.20 0.099 0.063 0.029 0,063
Rural littoral 162 [157 - 167 | 0.22 0.092 0.059 0.027 0,059
Rural interior 159 [151 - 167 | 0.10 0.139 0.039 0.019 0,039
Fuzzy poverty 1 0.074 0.078 0.055 0.070

,usp(xi ) »Mye (Xi ),,uWF, (Xi ) Gy indicates the average membership function of tlspeetive fuzzy subsets “Strong

Privation”, “Medium Privation” and “Weak Privation”and the weight of region R; = 005

However, what attracts our attention is the diffieee between the urban and rural lines. The
urban/rural ratio in the littoral region is equal 1.5. On the other hand, the ratio urban/rurahin
Interior is equal to 1.27. Indeed, the urban latdras seen a rapid economic development compared t
the interior which has led to an increase in liviogsts and which explains why the urban/rural
difference in the littoral region should be gredbtem the one in the interior region.

To compute the sum of the interval of confidencleala, we shall use (3) to obtain Table 2.

Table2

LU GT LR [V} IR IR LR [V} LU  GT

1 1
)

0.139 1 0.131 1
0.099 1 1 0.108 1 1
0.092 1 1 1 0.C63 1 1 1
0.C57 1 1 1 1 0.059 1 1 1 1
0.048 1 1 1 1 1 0.C39 1 1 1 1 1

0.(48 | 0.057 | 0092 | 0.099 | 0.139 0.C39 | 0.059 | 0.63 | 0.108 | 0.131

*)

® We grouped Greater Tunis and Littoral urban togethecompute the consumer’s basket because theaiasp samples
were relatively small. We however considered déferunit values and therefore poverty lines fortthe regions.
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IR LR U GT LU

1

0.12¢ 1
0.097 1 1
0.01¢ 1 1 1
0.017 1 1 1 1
0.00¢ 1 1 1 1 1

0.00¢ 0.C17 0.01¢ 0.097 0.12¢

It is worth emphasising that we could have comptksdsum given in Table 2 by using (6). Using
these computations, we obtain the following setgqfations:

po(@GT )= (0.057 C 0.131 )C (0.099 C 0.131 )= 0.099

po(u )= (0.048 0 0.208 )0 (0.114 0 0.108 )= 0.108
#o(R) =(0.139 00.039 )OO (0.019 0 0.039 )= 0.039
#o(@u ) =(0.990 0 0.063 )O (0.029 [ 0.063 )= 0.063
o (LR ) = (0.139 0 0.039 )0 (0.019 0 0.039 )= 0.039

By examining third column of Table 1, one first r@nks that strong poverty in Tunisia during the year
1990 is mainly a phenomenon that affects more sévéne rural areas than the urban ones. In each
region the rural poverty index exceeds that ofuH®gan one. We can observe conspicuotisy the
ratio of the rural over the urban in the interiegion amountso 140%. Moreover, it reaches the peak
of 192% for the littoral region. Medium poverty affeatather the areas of the Great Tunis and the
littoral urban area.

The results show that total fuzzy poverty is ab@07 and that the areas “urban littoral” and “Great
Tunis” present on average living condition that diferent from the others and better than the
national average.

4.2

Based on Table 3 our survey reveals plainly thaigw average scale, the Tunisian farm labourers and
non-agricultural workers are affected by stronggrou On the other hand, independent agricultural
workmen are affectedy medium poverty. By taking into account thesecomtes, we can note that
any structural Tunisian socio-economic policy tduee poverty must include a reform aiming at
helping this socio-professional category.

Fuzzy poverty by activity of the household chief

Table3 Strong, medium and weak fuzzy poverties distribaecbrding to the occupation (1990)

[4-2)] G ,USP(Xi ) Hyp (Xi ) :UWP(Xi ) Haj (Xi )
Inactive [167 - 175] 0.094 0.060 0.045 0.025 6.04
Farm labourers [156 - 168] 0.180 0.110 0.068 38.0 0.068
Farmers [178 - 188] 0.059 0.090 0.053 0.029 3.05
Nonagricultural Worker [152 - 166] 0.457 0.120 .o 0.023 0.072
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Independent Agricultural| [179 - 188]| 0.118 0.080 0.042 0.027 0.042
Employers and Managers [325 - 349] | 0.015 0.005 0.010 0.052 0.010
Others [185-195] 0.077 0.040 0.064 0.075 0.064
Fuzzy poverty 1 0.096 0.062 0.031 0.062

,USP(Xi),,U,V,P (Xi ),,LIWP(Xi), G indicates the average membership function of trepeetive fuzzy subsets
“Strong Privation”, “Medium Privation” and “Weak Pivation” and the weight by professiapz 005

To compute the sum of the interval of confidencleala , we shall use (3) to obtain Table 4.

Table4
EM (o] 1A F FL NwW +) EM 1A F (o] FL NW
1 1
012 L 0.072 1
o 1 1 0.068 1 1
009 L 1 1 0.064 1 1 1
0.08 ! 1 ! 1 0.053 1 1 1 1
0.06 1 1 ! 1 1 0.045 1 1 1 1 1
0.04 L 1 1 1 ! L 0.042 1 1 1 1 1 1
0.005 1 1 1 1 1 1 1 0.010 T T T T T T T
0.005 0.04 0.06 0.08 0.0 013 032 0.010 0.042 0.045 0.053 0.064 0.0613 0.072
*+)
NW | 1A F FL EM (0]

1

0.075 1

0.052 1 1

0.038 1 1 1

0.023 1 1 1 1

0.025 1 1 1 1 1

0.027 1 1 1 1 1 1

0.029 1 1 1 1 1 1 1

0.075 0.052 0.038 0.023 0.025 0.02Y 0.029

Note that we could have computed the sum givenaiole 4 by using (6). Using these computations,
we obtain the following set of equations:
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#o () = (0060 00.045 )01 (0.045 D 0.025 )= 0.045
#o(FL) = (0120 D o0.068 )0 (0.068 0 0.038 )= 0.068
#o(F) = (0090 0o0.053)0 (0.053 00.029 )= 0.053
#o (N ) = (0.220 00.072 )0 (0.072 0 0.023 )= 0.072
#o (@A) = (0o.080 00.042 )0 (0.042 D0.027 )= 0.042

#o (EM ) = (0.052 00.020 )0 (0.00 0 0.005)= 0.010

#o(©)  =(0.040 0o0.064 )0 (0.064 U 0.075 )= 0.064

4.3 Fuzzy poverty by educational level

According to the educational level of the chiefdate winner of the household, poverty is more
significant among the illiterate and those havingrianary education level. Non agricultural workers
and farm labourerare affected by medium poverty. The intensity ofgrty is low at the households
whose head is university-degree-holder (Table 5).

Table5 Strong, medium and weak fuzzy poverties accordirifpé¢ educational level (1990)

[2,-2,] | & :uSP(Xi ) Hvp (Xi ) :uWP(Xi ) Ha (Xi )
llliterate [152-164]| 0.464 0.113 0.055 0.003 550
Primary education [179-193] 0.344 0.071 0.121 0086. 0.071
Secondary 1st cycle [185-195] 0.10 0.046 0.097 | 0.009 0.046
Secondary 2er cycles [265-277]| 0.071 0.032 0.043 0.033 0.033
Academic [325-339] 0.021| 0.005 0.008 0.022 0.008
Fuzzy poverty 1 0.083 0.079 0.007 0.057

,LISP(Xi ) » My (Xi ),,UWP(Xi ) (), indicates the average membership function of tepeetive fuzzy subsets “Strong

Privation”, “Medium Privation” and “Weak Privation”and the weight by education levgk o005

Eventually, if the targeting is carried out accaglio the educational level of the chief-bread winn

of the household, this reveals that we must fottention on the illiterate category. As this fringke

the population occupies the greatest contributiotheé measurement of poverty, we can conclude that
targeting this group can involve a noticeable impraent of the welfare of the poor population.

To compute the sum of the confidence -intervataela , we shall use (3) to obtain Table 6.
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Table6
A s2 s1 PE IL A S2 IL Sl PE
1 *) 1
0.113 1 0.121 1
0.c71 1 1 0.097 1 1
0.C46 1 1 1 0.055 1 1 1
0.C32 1 1 1 1 0.043 1 1 1 1
005 | 1 1 1 1 1 00C8 | 1 1 1 1 1
0.0(5 | 0.c32 | 0.46 | 0.c71 | 0.113 0.08 | 0.C43 | 0.C55 | 0.C97 0.121
-
IL PE s1 A S2
1
0.033 1
0.C22 1 1
0.009 1 1 1
0.065 1 1 1 1
003 | 1 1 1 1 1
0.03 | 0.05 | 0.0(9 | 0.22 | 0.C33

We notice that we could have computed the sum giveable 6 by using (6). Using these
computations, we obtain the following set of equiadt

uo(L) =1(0.113 £ 0.055 )C (0.055 C 0.003 )= 0.055
to(PE ) =(0.072 0Do0.121 )0 (0.121 0 0.005 )= 0.072
Uo(S1) = (0.046 T 0.097 )0 (0.097 0 0.009 )= 0.046
Uo(S2) = (0.032 00.043 )OO (0.043 0 0.033 )= 0.033
4o (A) = (0.006 00.008 )T (0.008 00 0.022 )= 0.008

5 Conclusions

When poverty is viewed as a matter of degree intraeh to the conventional poor/non-poor
dichotomy, that is, as a fuzzy state, two additiaaspects are introduced into the analy&)sThe
choice of membership functions i.e. quantitativecsfication of individuals' or households' degreés
poverty and deprivatior(ii) And the choice of rules for the manipulation of ttesulting fuzzy sets,
rules defining their complements, intersectionsparand aggregation. Specifically, for longitudinal
analysis of poverty using the fuzzy set approadhneed joint membership functions covering more
than one time period, which have to be constructedhe basis of the series of cross-sectional
membership functions over those time periods. Paiger has a measure of monetary deprivation
using the fuzzy set approach.
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In fact, procedures for combining fuzzy measuresmultiple dimensions were applied in the
literature. We have proposed a general rule forctrestruction of fuzzy set intersections, thatos,
the construction of a total poverty measure frosequence of different individual measures under
fuzzy conceptualization. This general rule is meanbe applicable to any sequence of “poor” and
“non-poor” sets. On the basis of the results ole@jra fuzzy unidimensional poverty measure is
constructed. Isatisfies many desirable properties.

Numerical results of these procedures applied tasmes of unidimensional poverty and deprivation
and to combinations of such measures. The redudtsed that in 1990 strong poverty in Tunisia was
clearly a rural phenomenon and this contradictsfitdings of governmental institutions. In 1990,
Medium poverty affects rather the areas of the tGFeais and Coastal Urban. This is true even if we
adopt the fuzzy approach which makes it possiblbrémk up poverty into several levels. We also
noted that strong poverty affects more severelyititerior regions, the farm labourers, the non-
agricultural and the illiterate people.
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