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Abstract:

Notwithstanding the numerous applications of fuzzy logic in several fields of economics, it is surprising that,
to the best of our knowledge, so very few applications have been made in modelling approximations of
subjective economic variables, such as confidence, satisfaction or even expectations, by objective ones,
such as unemployment, output or inflation. This gap in the literature is accompanied by a lack on the
availability of data concerning those subjective variables. Given that one of the main concerns of fuzzy
logic is to capture approximate rather than exact forms of reasoning, and this also characterises many
economic situations, such as in fact forming intrinsically subjective measures of confidence, this logic can
and should indeed be used to understand how some of those subjective measures can be approximated by
objective ones. This task is accomplished in the paper by the use of data on consumer confidence and on
the unemployment rate for the pre-enlargement fifteen European Union member states. The results
indicate the clear importance of unemployment on confidence, which is a result that should be taken into
account when analysing policy-making that, from a naive and/or easy viewpoint, considers confidence as a

relevant variable but ignores unemployment.
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1. INTRODUCTION AND MOTIVATION

As is well-known, since the seminal paper of Zade®65), fuzzy logic has undergone a tremendous
growth, both in theoretical and applied fields. Fam being a surprise, despite the delay, a cenahlde
number of applications of fuzzy logic in diverselfis of economics have been made; see, for instance
Bagnoli and Smith (1998) on real estate valuatioBDraeseke and Giles (1999) on underground economy
or Landajo (2000) on forecasting. The diversity the nature of these applications is indeed a
characteristic that indicates the richness of fupgyc. As fuzzy logic allows ‘intermediate’ valués be
defined between conventional or crisp evaluatitkesyles/no, or true/false, the vagueness or subjectivity
of concepts which it is believed characterise hutteught is, thus, (more) easily taken into account
Hence, some other applications of fuzzy logic whiake into account this characteristic of human

reasoning have also been made. See, for instarest, Alid Linster (2003) on game theory.

Notwithstanding the above mentioned applicationgmgthat one of the main concerns of fuzzy logic i

to capture approximate rather than exact formsa$oning, and this also characterises many economic
situations, such as forming intrinsically subjeetimeasures of confidence, well-being, satisfacttm,

it is surprising that, to the best of our knowledge very few applications of fuzzy logic have beesde

in modelling approximations of (thosg)bjective economic variables bgbjective ones, such as inflation,

unemployment or outpdt.

Due to incomplete information, economic agents rbaycharacterised by a certain level of confidence
given a vague perception of the economic situattbich, indeed, is generally measured by a reasenabl
amount of objective measures. As clearly pointedimisantero and Westerlund (1996), confidence is a
concept which cannot be defined precisely. Thismadhat, when looking at the economic situatiorrev

if all the information provided by those objectiveeasures could be fully exploited, agents may Isiie
their judgements on subjective criteria suchhagh’ or ‘large’, ‘normal’ or ‘mean’ and ‘low’ or ‘small’
values for those objective variables. If this ie tase, a fuzzy logic approach rather than a ongpis
(much) more appropriate. In fact, if one assumas dlgents do not possess the ability to acquitainre
and process all the information needed to makep aliscisions as, for example, to sharply classify
observed unemployment rates as high, normal or &owl, base their level of confidence on that, then
fuzzy logic is a natural way of dealing with thigd of situation in which the source of imprecisisrthe
absence of crisp or rigid defined criteria of classmberships due to states of incomplete or imperfe

knowledge.

! In fact, to the best of our knowledge, the onlydgtin this field is Caleiro (2003).



In terms of the availability of data concerning eomic aggregates, a simple comparison between
objective measures and subjective ones immediakelws an overwhelming amount of data for objective
aggregates, such as output, inflation or unemployyrend a disappointing lack of data for subjective

aggregates, such as satisfaction, well-being, ¢apens or confidence.

Eventually more essential than the lack of dataudrjective variables is indeed the importance tthege
variables exert on other (objective) macroeconoamgregates. In these matters, the influence of
confidence on the business cycle is a well-knowlabdished fact; see, for instance, Matsusaka and
Sbordone (1995) or Santero and Westrlund (1996 Ehropean Commission (EC) itself clearly
recognises the importance of the economic climatéhe understanding of the, say, European business
cycle. See European Commission (2000). Linked with recognition is the fact that business surveys,
conducted by the Directorate General for Economit Binancial Affairs of the EC, in order to obtain
information about the economic sentiment or thesaamer confidence, have become, in the EC’s own

words “an indispensable tool for monitoring the letion of the EU™

Given the indisputable importance of consumer dmmice, one should then scrutinise the factorsatfeat
relevant for this subjective variable. Our thesighat unemployment cannot be discarded from tlye ke
elements explaining confidence. Therefore, besm@ssidering inflation as a target variable, which
indeed is being controlled at the European levethgyEuropean Central Bank, it may be the case that

unemployment should also be explicitly considergdrmother target variable.

The objectives of the paper are thus, on the omel ha show how an objective measure, such as the
unemployment rate, can be used to understand dfeetiory registered by a subjective measure, sach a
the consumer confidence indicator and, on the ofleexd to verify how theetrospective use of the
objective measure can, in fact, lead to an approximatioa sibjective measure which is intrinsically
prospective, as it is the case with confident@o put it clearer we hypothesise that, from a yulrmjic
perspective, the unemployment rate is a proxy lajain the econometrics sense, of confidence. To

achieve those objectives, data on consumer cordfedemd on the unemployment rate for the pre-

2 Despite this fact, the European Commission (DireteoiGeneral for Economic and Financial Affairs) iedle
conducts regular harmonised business and consuuargeys that produce data on the economic sentiment,
consumer confidencegtc. Another source of data on subjective phenomeamety happiness, is the World
Database of Happiness. See http://www2.eur.nl/ése@rch/happiness/index.htm.

% See http://europa.eu.int/comm/economy_financedatdis/businessandconsumersurveys_en.htm.

* In fact, as acknowledged by the European Commis§d®03), “the consumer confidence indicator is the
arithmetic average of the balances (in percentageq) of the answers to the questions on the @i@situation of
households, the general economic situation, ungmpat expectations (with inverted signs) and sasjialy over

the next 12 months.” [italics added].



enlargement fifteen European Union member statdk bei considered. The achievement of these
objectives should indicate that ignoring the unemplent trajectory, when attaining high(er) levefs o

confidence is a policy objective, as it indeed stimes happens, is likely to lead to failure.

That being said, it may be illuminating to starttwa general picture of the situation. In graphteains,

the situation can be visualised as follows.
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Figure 1: Confidence and unemployment in the EU-15

As figure 1 shows, there seems to exist an overadirse relationship between the values assumeheby
consumer confidence indicator and those assumdtidoyinemployment rate, although, in certain sub-
periods, this cannot be verifi@dConcerning the unemployment rate, a general deereas observed,
after and before periods of moderate increasesteaeconsumer confidence increased most of the time
until the beginning of 2001, initiating then a gealalecrease. Hence, at first sight it may be cmrsd
difficult to obtain values based on the unemploymeaie that approximate those registered by the
consumer confidence indicator. As it will becomeatllater on, that may be the case from a, saygnai

point of view, but certainly not the case with fuzagic.

The rest of the paper has the following struct@ection 2 analyses the fuzzy logic process fronckvhi
the consumer confidence indicator, as a subjectigasure, can be related with the unemployment rate,
as an objective measure. As a control exerciseioge@ presents the results when, instead of

unemployment, inflation is used. Section 4 concude

®> The source of the data, which is monthly and cotre¥speriod 1993M01 to 2004M04, is the Eurostat.
® The value of the contemporaneous correlation agefft for the two series, being -0.48, confirms it.



2. THE FUZZY LOGIC PROCESS

We start with a brief presentation of the fuzzyidogpproach that will be used throughout the paper.

ConsiderU to be a universal set anA being a subset dfJ in the classical sense, that AU .
Following the logic of crisp sets, the degree tachtan element otJ belongs toA is either 0 or 1. In

other words, the characteristic function &f, 4, :U - {0,1} being defined asuA(x) =1 for XxUA,

and ,uA(x) =0 for xO A, thus discriminates respectively between membedsreon-members of the

crisp set. The generalisation to a fuzzy set isearlag relaxing the strict separation between element
belonging or not teA, allowing the degree of belonging/membership ke tanore than these two values,
typically by allowing any value in the closed intak [0,1]. See, for instance, Zimmermann (1991) or
Chen (1996).

The values then assigned by the membership funofi@enfuzzy set to the elements in the universal se
indicate the membership grade or degree of adhereiheach element in the set. Larger (smaller)aslu
naturally indicate higher (lower) membership gradksyrees, or consistency between an element of the
set and the full characteristics that the set dessf Hence, using fuzzy logic, one can deal with
reasoning like: ‘the observed value for the unemplent rate, say 5%, can be considered high, nasmal

low with some degrees of membership’.

In terms of fuzzy logic, ‘high’, ‘normal’ or ‘low’values (for the variable under question) can be
considered to be subjective categories, as econagants often evaluate those concepts differemly.
what follows, it will be assumed that consumers these kinds of subjective categories to ‘constract
approximate indicator of their confidence, therefassuming an approximate or qualitative reasoming.
general, this corresponds to the assumption ohferance mechanism based ibthen decision rules
described as follows. The linguistic variables tignemployment’, ‘normal unemployment’ and ‘low
unemployment’ constitute the so-called antecedesttor, sayX, in the universe of discourse of
unemployment, sayy. A fuzzy algorithm relating those linguistic vaslas with consumer confidence, as
a fuzzy variable, is then constructed on the bakistatements oif-then decision rules such as: ‘if the
observed value for the unemployment rate is consittiéow with a higher degree of membership then

consumer confidence also rises’.

" Although many authors defend that membership dsfthe degree of adherence rather than the pritiatiian
event, some others consider that the membershigtittnmay be considered akin to a subjective priibab
distribution. See, for instance, Chang and Stgll@r7).



To sum up, the structure of the fuzzy system thiktoe used can be presented as follows:

1. Fuzzification: Transformation of quantitative data the unemployment rate (crisp inputs) into

qualitative categories, that is linguistic termsisas ‘high’, ‘normal’ or ‘low’ (fuzzified inputs);

2. Inference: Construction of fuzzy rules from the nbemship functions of inputs-antecedents and

outputs-consequences, followed by the determinatidnzzy output linguistic terms;

3. Defuzzification: Transformation of the previous taive/linguistic terms back into real
numbers,i.e. the translation of fuzzy to crisp output(s), iretbase the ‘low’ unemployment
category, which will constitute an approximation ttte values of the consumer confidence

indicator.

2.1. FUZZIFICATION

Let us assume that consumer confidence is relatbdunemployment and that the unemployment rate

can be characterised by three qualitative categ@sigbjective terms) according to:
‘unemployment rateld {low, normal, high}.

The translation of the unemployment rates, measoredhe real axis, into those categories will be
achieved through the use of membership functiosecated with the fuzzy sets of ‘low’, ‘normal’ and
‘high’ values. In our case, these functions wereiveéd from the empirical distributions of the
unemployment rates for the EU 15 member statethéoperiod 1993M01-2004M04. See figure 1.

Concerning the choice of the shape for the membefsinction, the gaussian curve type will be used
because it is consistent with the data and it do¢€xclude data from coming from all — ‘low’, ‘moal’,
‘high’ — possible distributions, as might happen, an ‘ad-hoc’ way, with trapezoidal/triangular

membership functions.

As pointed out in Evans and Honkapohja (1999)pfeihg Sargent’s (1993) suggestion, one possibility
of substituting fully ‘rational’ agents by agentsssessing bounded rationality is by considering tha
agents’ memory is also bounded. In a sense, tlggestion was followed in the determination of the

normalised membership values given that they wktaimed using a rolling window with a fixed length.

To put it more formally, we start by computing avimy average:



(1)

and a moving standard deviation

(2)

wherew is the length of the rolling windofv.

Given our choice for the type of membership functiee. a normal density function:

o)=L X’{‘(X{Tﬂ)j @

the non-normalised membership values for the uneynpént rate associated with the categories ‘low’,

‘normal’ and ‘high’ were determined as

f(u,d -ko,,0,) - low (4)
f(u.,0,0,) - normal (5)
f(u,, +ka ,0,) - high (6)

wheref is defined as in (3). Plainly, the separation leetwthe average position for the three categofies o
unemployment, given by (4), (5) and (6), is madspprtional, through the parameterto the dispersion
of the data.

2.2. INFERENCE

For making an inference, it will be assumed that behaviour of consumers can be approximated by

simple if-then’ decision rules as follows:

If udU thenzOZ,

whereU andZ are fuzzy sets andlandz are real numbers.

8 This means that, for each new observation on tleenpfoyment rate, consumer forget the oldest irr thnémnds.
The length of the window can thus be associated thighnumber of observations that consumers kedpein
memory. Consequently, throughout the period undetysis, the mean and the standard deviation, iictwhare
based the membership values, will vary.



As we are using only one objective measure, tlagestissumes a particularly simple form. Given that
consumer confidence is plausibly related, in areisg way, with the unemployment rate, we simply
consider that the only category to be considerédesiow’ one? In other words, in this stage consumers

transform the qualitative factors of unemploymextés into their confidence.
2.3. DEFUZZIFICATION

The use of fuzzy rules during the inference stagelyced fuzzy outputs, which have to be translated
back into crisp outputs. In our case, this meaas$ tiie inference output must be defuzzified intal re
numbers which will constitute the approximate cdefice indicator. As the most plausible
approximation, we simply consider the values asslibyethe normalised degrees of membershipness of

the ‘low’ category for unemployment.

We also consider that consumers, when forming ttaifidence at anoment t, go through a fuzzification
process applied to the unemployment rates obsehnedg the lastv months (including the present one),
i.e. fromt—w + 1 untilt, for t 2w covering all the period under analysis. The noisad membership
values for the ‘low’, ‘normal’ and ‘high’ values ofhe unemployment rates were then obtained
considering, for a grid of values @f, the value ok leading to the maximum correlation between the

consumer confidence indicator and the ‘low’ norsedi membership value for unemployment.

Following the procedure described above, a windewof 16 months and a value kf= 1.66, were
determined as the best parameterisation, leadiagctwrelation coefficient of 0.74. The followinigdre
thus plots the original series of the consumeridentce indicator and the normalised membershipegalu

associated with the ‘low’ category for unemploymtmtw = 16 anck = 1.66.

° Given that symmetry was considered in determitirgmembership values, the ‘high’ category is & gumnirror
image of the ‘low’ one.
1% The normalised membership values were obtained (n{5) and (6) in order that they add up to 1.
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Figure 2: The subjective measur e versusits approximation

Despite the inherent subjectivity, a comment ongrevious figure would possible state that theiffita
qualitative way, is a fair one, at least in thessgethat, in the most part of the period, the tenigsn

presented by both variables are not in clear désagent.

That being said, a natural question that may asise/hat if consumers, when forming their confidenc
level, possess decaying memory, in the sense ofggless importance to observations far away irefim

A straightforward way to accommodate the effectdexfaying memory is to consider that, in montent

the membership values are filtered by linear dewpjactorsp; , fort —w + 1<j <t, such thatp, = 1,

.., Piow = 0. Given the length of the window this can be achitly considering:

pj :w_ (7)

The use of factors given by (7) increases the tadios coefficient to 0.867 whereas the optimalseaior

k becomes 0.717. The figure corresponding to thée tathe following:
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Figure 3: Thelinear decaying memory case

A simple comparison between figures 2 and 3 showslea improvement on the approximation, leading
us to admit that, indeed, not to every observationrunemployment is given the same importance by
consumers when forming their confidence.

Plainly, the decaying factors (7), given the implimearity, are subject to criticisms. In fact,naore

plausible way to consider decays in memory is byitithg exponentially decaying factors as follows:
p; =explu(j -t)), (8)

fort —w + 1<j <t, whereu relates to the degree of memory loss. The usedabifs given by (8),
revealed an optimal value qf = 0.104 wherea& = 0.682. As expected, this diminishment on the
importance of more distant observations of unempleyt led to an increase on the correlation coeffici

between the two series, whose value is 0.872. iglesf corresponding to this case is the following:
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Figure 4: The exponential decaying memory case

Clearly, in both previous cases we imposed a pdaticcase for the decay in memory. Despite the fine
approximations already achieved, possible improvésare to be expected if, in a free way, the facto
p; are determined without imposing a specific formtHis sense, the exercise was repeated imposing th
only restriction thapyy+1 < prw+2 < ... < Pr1 < P For this case, the optimal values were determiodze
k=0.787 andy, = p, = 0.200,ps = ps = ... =p1s = p1s = 0.295 andoss = 2.02, leading to a correlation

coefficient of 0.884. Figure 5 shows the results.
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Figure 5: The almost free decaying memory case

Despite the flexibility used in the determinatiditlee factors on the previous case, one may siiikler
that imposing a decaying memory may not be the basé as, indeed, given the periodicity on the
unemployment rate, consumers may worse remembegn@imons that are not necessarily at the

beginning of the window. The previous case seem#dicate that the current observation of the



unemployment is the most important but it may be ¢hse that others less important can occur at the

middle of the period.

That being said, the last exercise that was peddroonsisted on the determination of the optimhles
for k andp; without imposing any restriction. The results thadre obtained were&k = 0.717 andy, =
0.0648,p, = 0.0045,p, = 0.1071,ps = 0.1898,ps = 0.4173,p10 = 0.1588,p16 = 0.7982, all the othep;
being zero. Obviously this case leads to the hgstoximation, conducting to a correlation coeffitdief

0.893. The figure corresponding to this case idalewing:
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Figure 6: The free decaying memory case

Figure 6 shows what, in our opinion, can be conmsde good fit between the two series leading us to
admit that, in fact, the level of confidence is munore related to unemployment than is apparest; se
figure 1. In the case of no (or even weak) relatimiween unemployment and confidence we can
certainly admit that the optimization exercisesparticular in all the previous cases but alsohis tast

case, could indeed lead to a fair approximatiorindupart(s) of the period under analysis but would

visibly fail during the rest of the period.

3. ISCONFIDENCE ALSO RELATED TO INFLATION?

A control exercise on the previous results candréopmed by using another objective variable indtefa
unemployment. A natural choice for this other Jalgais inflation given the clear importance of this
variable at the EU macro-policy level. Followingthrocedures above described, the results fordee f
decaying memory when monthly inflation is considieneere:k = 0.25 andp; = 35649,p; = 2.0185p13 =
3.3108, all the othgy, being zero. The figure corresponding to this é¢aslee following:
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Figure 7. Thefree decaying memory case

The correlation coefficient between the two sebiesg as low as 0.04 clearly indicates what th&ipues
figure clearly shows,e. from our perspective by noteworthy figures, thmlation cannot be related with

confidence as much unemployment is.

4. CONCLUSION AND DISCUSSION

As a general conclusion, we would like to highlighgt, in our opinion, it is clearly possible to
approximate the trajectory of a subjective meassteh as the consumer confidence, by only one
objective measure, such as the unemployment ratethis sense, the paper reveals the apparent
importance that unemployment has, as it should ,have confidence. Moreover, it illustrates that

retrospectiveness may be used in order to undergtarspectiveness.

Given that, at least at an aggregate level, confidds much more related to unemployment than is
apparent, this should be taken into account indégign of the EU economic policies. Paying more
attention to unemployment at a European level nmaeed impose that each of the member states
performs this task. If so, a natural way to endcin work is to proceed with the same kind of analgs a

disaggregated level, that is for each of the EU berstates.

If indeed confidence is not undissociable from upkEyment, an understanding of this link between
these two economic measures may be of crucial itapoe, for instance, to economic policies designed
to increase perceived well-being or satisfaction thg inevitable use of objective aggregates. In

particular, these issues seem to be of crucial itapoe for an incumbent which, due to re-electioals,



wants the electorate to feel particular confiddrthe day of the electiort$.In fact, a casual observation
on the reality may point out that re-elections temtle associated with peaks on consumer confideuice
it also indicates that, in what gives respect tofidence, probably more important than tlkeel is the

direction assumed by the unemployment rate, just as fuzgig lwould prescribe. We also would like to

consider these matters in future research.
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