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Summary: The aim of this paper is twofold, methodological and empirical. From the
methodological point of view it aims at contributing to the debate about composite indi-
cators, from the empirical one it assesses the relative sustainability of the Italian regions.
Instead of building a single composite indicator (score) for each region, we calculate
many composite indices by combining different weighting systems and rules of normal-
ization and aggregation. In this way, we get a distribution function of the ranks (and a
plausible rank range) for each country. Such an approach represents a good compromise
between the need of synthesising the information provided by many variables and the
need to avoid the loss of relevant information that occurs when several indicators are
aggregated into a single composite index.
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1. Introduction

With the notion of sustainable development, the Brundtland report (WCDE 1987)
asserted the importance of a healthy natural environment for the economy and the so-
ciety. In principle, environmental goals have been given the same dignity of economic
and social ones and the need of a compromise among these three spheres started to be
affirmed. Since then, environmental policies have been implemented or invoked in the
name of sustainability and our collective imaginary associates sustainability to natural
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environmenfprotection. This is potentially harmful sincewe still tendto separatehe

environmentasphergrom theeconomicne,with theconsequencehatwe aretempted
to careafterthe naturalenvironmenbnly whenthe economicconditionsaregood,that
is, to acceptthe interpretationof the environmenil quality as a luxury good. Why
shouldwe allocateresourcego environmentaljuality in the presenceof sucha deep
economiccrisis?

The answerto this questioncomesactually from economics since sustainability
underpinsone of the main economicnotions,i.e., the notion of income. Accordingto
Hicks, for instance,

the purpose of income calculations in practical affairs is to give people an indication
of the amount which they can consume without impoverishing themselves. Remembering
that the practical purpose of income is to serve as a guide for prudent conduct, I think it
is fairly clear that this is what the central meaning must be. (Hicks, 1939, 172, Chapter.
14)

Natural environments a crucial asset,both for productionand welfare. Hence,
we shouldconsidethow muchof it we canconsumewithoutimpoverishingourselves.
Since,technically, GDPis merelyan indicatorof the size of the marketandthe public
sector,our myopicfocusonit inducesus toclassifyas incomevhatactuallyis depreci-
ation of animportantcomponenbdf our capital,thatis, the naturalone. In otherwords,
we cannofforgetthe stronglinks amonghe severakphere®of sustainabilitywhich has
ageneracharacteandcannotfurtherremainconfinedto the environmentatlimension.

As emphasisetly theinstitutionalisteconomisK.W. Kapp,preventingenvironmen-
tal degradations a matterof sustainabilitysincean unregulatedompetitiveeconomy,
via extra-markephysicalflows(i.e. externalities)threatertheeconomigrocessits so-
cial reproductionandhencethe continuedguarante®f humanwell-beingandsurvival
(Kapp1976,p. 91; seealsoKapp1977,p. 205).

An operationablefinition of sustainabilityrequiresscienceto play a majorrole that
is not limited to discoverthe technicaltrade-offsamongdifferent optionsbut alsoto
understanavhetherandhowagivensituationcanbesustaineavertime. In otherwords,
sciencehasto indicatethe domainwithin which societycanchoosejnvolving looking
for absolutahresholdvaluesthatshouldnotbetrespassedOf coursethe complexityof
therealworld makessucha taskattainableat the costof largeuncertaintieandalong
time.

Sustainability,however,is not merely a technicalproblem, since,as Allen et al.
(2002)highlighted we needto choosewnhatto sustainfor whom,howlong,andatwhat
price. To answerthosequestionswe needcompromiseamongthe conflicting goals
of the differentstakeholders (see,g.,Munda2005,2009). Ethicsis the third pillar of
sustainability]imiting thefield within which stakeholdersanconflict.

As statedby Kapp, well in advancebeforethe term sustainabilitypecamepopular,
theinterplayof sciencestakeholders anéthicsis neededseeluzzati2009,2010).In
ourview, this is crucialin makingtheoreticallysoundto assessustainabilityin relative
terms,by benchmarkingprovidedthatthe frameworkusedto benchmarks widely ac-



Measuring the sustainability performances of the Italian regions 101

cepted Acceptanceés anindicationof anagreemenamongsciencesociety,andethics.
Of course statingthatonecountryis moresustainablé¢hananothemdoes noimply that
it is sustainablegvenif it ranksfirst. Benchmarkingloesnotlift theburdenof checking
for absolutesustainability.

Theempiricalaim of this papelis comparinghesustainabilityof theltalianregions.
Thebenchmarkindgrameworkwe usedis the Sustainabl®evelopmenttrategy(SDS)
of the EU adoptedby the EuropeanCouncilin June2006. SDSis an ambitiouspro-
gramme(reaffirmedandreviewedin 2009)aimingto continuouslyimprovethe quality
of life andwell-beingfor presentandfuture generationsby linking economicdevelop-
ment, protectionof the environmentndsocialjustice (EuropearCommission2011,p.
11). Sincemeasuringrogresgowardssustainabilityis anintegralpartof SDS,Eurostat
has builta setof sustainablelevelopmenindicators(SDIs)that,since2007 ,arethe ba-
sisfor the EUROSTAT biennialmonitoringreportof the SDS.Hencethe SDSprovides
atheoreticabgreedrameworkandawide reliabledatabase.

Themethodologicahim of this paperis contributingto the debateaboutcomposite
indicatorswithin the issueof rank building. Rankbuilding canbe easily seenasthe
socialchoiceproblemof aggregatingndividual preferenceto a socialordering.The
debatenthisissuedateshackatleastto theendof the18thcenturythatis, to theBorda-
Condorcetcontroversy(seee.g. Brian, 2008, Kemeny1959). After KennethArrows
impossibilitytheorem pnecansafelyaffirm thatno methodfor establishinga complete
orderis perfect.Suchimpossibilityis consistenwith the everydayife difficulty thatwe
experiencevhenassessinglternativesespeciallywhentheyhavea multifacetechature.

At thesametime, in orderto evaluatgandchoose)we needto synthesis¢heavail-
ableinformation.For this reasorcompositandicatorshavebecomencreasinglypopu-
lar, bothattheinstitutionallevel andin policy debatgseee.g.,Paruoloetal.,2013).

Themethodologicahim of this paperis to showthatit is possibleto usecomposite
indicatorswithout giving a too simplistic view of the phenomenominderinquiry. For
this purposesimilarly to SaisanaandMunda(2008),Floridi etal. (2011),Luzzatiand
Gucciardi(2013and2015),ourapproacthingeson sensitivityanalysis.Insteadf using
a single compositeindex to build the ranking, we calculatemany compositesandthe
involvedrankings.Hencewe computethe frequencydistributionof the differentranks
displayedby eachRegionin orderto infer a plausiblerankrangefor it.

2. Methodology

Indicators
We used almostthe same indicators used by Luzzati and Gucciardi (2013) and

! The indicators were selected mainly in terms of their availability, both across time
and at the regional level. Nonetheless, we had to slightly modify the original dataset due
to changes in data availability. We also excluded a variable indicating the percentage of
cars with standard euro 4 and 5. Actually it is not univocal the meaning of high lev-
els in standards since they might simply tell that private car use is very high, involving
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Floridi etal. (2011),thatis, 65 variablesgroupedaccordingto the themesof the Sus-
tainableDevelopmentStrategyof the EuropeanUnion. Their numberin eachof the
eigh? themess asfollows: 12 in Socio-economicevelopment4 in Climate change
andenergy6 in Sustainabléransports11in Sustainableonsumptiorandproduction,
4 in Naturalresources10 in Public health,15 in Socialinclusion,3 in Demographic
change.

The correlationmatrix showedhigh correlationamong some indicatorswithin the
socio-economiclomain,the socialinclusiontheme,andalsoacrossthosetwo themes? It
hasto be stressedhowever,that redundancyinvolved by high correlationis not an
issuehere,sinceit merelycaninvolve assigningnoreweightto anissuewhich canbe
theoreticallysound?

As statedabove jnsteadof building a singlecompositéndicator,we moveddirectly
to sensitivityanalysisand built manycompositedy usingdifferentnormalisationand
aggregatiomules.

Normalization

As afirst step,inverseindicators,for which highervaluesinvolve poorerperfor-
mancehavebeeninearlytransformednto directindicatorsaccordingo therulemax+min
- regionalvalue,thatis by assigninghe highestvalueto the bestregionandthe lowest
to theworse.We couldthennormalisethe indicators.To this purposewne usedfive dif-
ferentmethods (Nardet al., 2008),namely,Z-score Bordacount,Min-Max, Distance
from theleaderandDistancefrom themean(Seetablel).

Aggregation

We thenaggregatedhe normalisedndicatorsso asto obtainseveralcompositen-
dicators.To this purposewe usedthreedifferentaggregatiomules(seetable2), namely
thearithmeticmean thegeometrianeanandthe concavemean.

The concaverule, suggestedby Casadioet al., (2004), is a weighted arithmetic
meanof a transformationof the normalizedindicators? This rule is a kind of com-
promisebetweenthe linear and the geometricaggregatiorsince the lower the regional
performancesthe strongerthe punishmenftfor unbalancederformanceswhile as per-
formancesncreasgheaggregatiolecomeslmostlinear.

Thesedifferentrulesimply different degreeof compensabilityamongindicators.

Compensabilityis maximumunderthe linear (arithmetic)aggregatiorand minimum

a frequent car substitution ratehe indicatorsncludedin our analysis are availab# http://
dse.ec.unipi.itlizzati/documenti/indicatosustainabilityLuzzati. html

2 Dueto the scarcityof indicatorswith a cleartheoreticalrelevancethe themesGlobal part-
nershipandGoodgovernancdavebeenexcluded. -

% In particular.Occupatiorrate, Femaleoccupationrate and Net income per capitashowed
very strongcorrelation(|r| > 0.9) amongthemandwith someothervariables.

4 Nonethelessye checkedheconsequencesf excludingthethreeabovementionedrariables
gettingno relevantdifferencesn theresults.

5 parameters k and h determine the concavity of the indicator transformation.
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Table 1. Normalization rules.

Name Rule Range
R7T-1
Borda Count L4=1-— (0;1]
xiq —%q . . .
Z-score L= ——— 95% of the distributione [—1;1]
g
g _ ] q
Min-max P mm(,m ) [0:1]
max(x?) — min(x?)
q
Distance from the leader 1,7 = L [0;1]
max(qx‘?)
Distance from the average L9 = af;fq >0
where

I;7 is the normalised indicator for variable g and Region i, R is the ratike averages
the standard deviation, min and max respectively the minimum and the maximum value,
of the indicator g across Regions.

Table 2. Aggregation rules.

Name Rule
Linear (arithmetic): ClLi=Y,_,%w'*
Geometric Cl; =1, (1:2)"

Concave ClL =Y “wy(Ii* — hexp(—kI)




104 T. Luzzati, B. Cheli and S. Arcuri

under the geometric one, whereas by using the concave mean the degree of compens-
ability gets higher as the performance improves.

Weighting

Aggregation requires a weighting system. Since sustainable development should
result from a balance of all the considered dimensions, we gave equal weight to each
macro-theme (EWT) and weighted the indicators accordingly. In particular, any indi-
cator in the i-th macro-theme (i=1, , 8) was given a weight equdl/te;, wheren;
represents the number of indicators belonging to the i-th theme.

Since some aggregation rules cannot be used with some normalizatidh,rbies
combining normalization and aggregation rules we ended up with 11 different composite
indicators, which we refer to as basic EWT(see also column B of table 3).

An important topic in weighting is that poor performances in some indicators could
arise because they involve issues that are not among the goals of the regional policy
or because of some peculiarities (i.e. geographical and historical features) that cannot
be easily modified. The benefit-of-the doubt (BOD) approach (see Melyn and Moesen,
1991) takes this into account. In our work we used a similar, but algorithmically simpler,
scheme. We built 20 optimistic weighting systems by iteratively excluding for each of
the 20 regions its worst 6 indicators. Thus, we ended up with 21 weighting systems, the
basic EWT and the 20 optimistic ones.

Sensitivity analysis

Having many possible indicators, we ran five experiments for which we calculated
the frequency distribution of the ranks of each region and its median value. In the first
experiment we included only the 11 basic EWT composites. This experimentis labelled
as B. The other experiments included all the 21 weighting systems. Experiments L,
G and C used respectively the linear, the geometric and the concave aggregation rules.
This allows us to explore the effects of reducing the compensability among indicators.
Finally, experiment A used all possible rankings. Table 3 describes the experiments we
ran.

3. Results

For the sake of synthesis, we show here only the frequency distribution of the ranks
for each region resulting from the two polar cases, experiments B and A (Table 4 and 5).
Each cell reports the rounded percentage frequency of each rank; the darker the colour
the higher the frequency. Regions are ordered according to the median values, indicated
on the right of their names. For instance, in table 4 Piemonte ranks 3rd in 27% of the
rankings, 9th in 9%, 5th in 18% and so on, while its median rank is 5.

As expected, the higher the number of indicators, the higher the dispersion of each
frequency distribution. For instance, Umbria ranges from the 11th to the 14th position

8 For instance, the geometric aggregation cannot be used when normalization involves zero
values, as in the case of min-max rule.
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Table 3. Number of composite indicators for each experiment

Aggregation Normalization ~ BBasic | Linerar G Geom. CConc. AAll
Linear Z-Score 1 21 21
Min-Max 1 21 21
Borda Count 1 21 21
Dist.from leader 1 21 21
Dist. from average 1 21 21
Geometric Borda Count 1 21 21
Dist.from leader 1 21 21
Dist. from average 1 21 21
Concave Mean Z-Score 1 21 21
Min-Max 1 21 21
Dist from leader 1 21 21
Total Composite I ndicators 11 105 63 63 231

if indicators arel1 andranges fronthe2ndto the 17thif indicatorsare231. However,
themedianranksdo notchangemuch.

Table6, then,reportsthe medianranksobtainedby eachregionin eachof the five
experimentandtheinvolvedrankrange By comparingcolumnsL, C andG we cansee
theeffectsof differentcompensabilittamongindicatorsinvolvedby thedifferentaggre-
gationmethodsasmentionedabove.Forinstancefor regionswhoseperformanceare
highly variableacrossthemese.g. Valle d’Aostaand Lombardia(seetable 7), linear
aggregatiorgivesbetterrankingsthanthe concaveandthe geometricones(seedotted
andhighlightedcells inTable6).

Theissueis now to synthesis¢he resultsof this analysisandto drawsomeconclu-
sions. Sinceno perfectmethodto build rankings existandany methodis intrinsically
arbitrary,whatwe suggeshereis focusingon therangeof the medianrankings.Thisis
reportedn boldin table6, atthe 7th column,in grey. In our opinion,therangeis what
shouldbe communicatedin afirst instanceto the generalpublic a politicians. Thisis
thefirst stepto communicatehe intrinsic uncertaintyof therank.

Of coursearankingis neededf onewantsto compareourresultswith therankings
basedon otherindicators. In orderto do so, we neededo providean actualranking,
thatis, to choosea further aggregatiorrule for combiningthe resultsof the different
experiments. The ranking we proposeis reportedin the column in italic, labelled
"sust rank", which is obtained by ranking regions according to their averagé
median. The same ranking is obtained, in this case, by pairwise comparison
(Condorcet-like)f the medians.

Thelasttwo columnsof Table 6 reportthe comparisorof our rankingwith there-
gional rankingsbasedrespectivelyon GDP p.c. and the Gini index. A glanceat the
figures in the Table 6 shows that a positive correlabetween our sustainabilitank-

 Inthis case, the arithmetic and geometric means give the same ranking.
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Table 4. Frequency distribution (%) of ranks and median of experiment "Basic"

Table 5. Frequency distribution (%) of ranks and median of experiment "All"
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Table 6. Median ranks, plausible ranking ranges, and comparison with per capita GDP and Gini
index

ing and each one of the other two rankings exists, but it is far from being very strong.
This impression is confirmed by the Spearmans rank correlation coefficients that are
respectively 0.71 and 0.47.

In order to make our analysis more complete, we did several further checks inves-
tigations. In particular, we compared our results with the ones that one would get by
using single composites. We found that none of the eleven basic EWT composites gives
the same ranking as our sustainability ranking. This means that no single composite is
able to reproduce our sustainability ranking. Table 7 compares our rank range with two
popular composite, built by linearly aggregating indicators that have been normalized
respectively by the Z-score and the distance from the leader rules. Moreover, the last
column of the table displays the ranking obtained by combining the distance from the
leader normalization rule with the concave mean aggregation. Such a ranking comes
out to be the closest to our ranking in terms of sum of squared deviation. Next to each
ranking, emoticons and thick help visualising whether the ranking produced by a single
composite falls within, above, or below our range.

The general public and the policy-makers should now be made aware of the reasons
behind the ranking. This requires zooming in, that is, exploring the performance of
each regions in each theme. To the purpose of this paper, it is enough to highlight that
each region, even those in the top part of the ranking, has mixed performances across
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Table 7. A comparison between our ranges and ranking of single composite

themes. This is shown by Table 8, which reports the rankings in each theme for each
Region. Since our purpose is just to show the variability of individual performances
across themes, we report here only the rankings obtained by combining the distance
from the leader normalisation and concave aggregation rules, which, as we said above,
produces the closest results to our ranking. As mentioned before, we can see that the
variability across themes of some regions are much higher than others.

4. Concluding remarks

The approach followed here is intended to be a compromise between the need of syn-
thesis when considering many variables and the loss of relevant information occurring
when many indicators are aggregated into a single composite measure. An issue with
composite indicators is related to their strong communicative power that can be dispro-
portionate as compared to their reliability, which is generally low, since such indices
(and the resulting rankings) are strongly affected both by the choice of the component
indicators and by the method to construct them.

For this reason, we did not build a single composite and we started directly from
sensitivity analysis. In conclusion, we believe that the resulting interval of plausible
ranks of any Region is able to communicate the uncertainty involved in the assessment
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Table 8. Rankings across themes (according to “Dist. from leader & Concave” composite)
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of multifaceted phenomena. Moreover, a robustness approach, by strongly reducing the
impact of any single indicator, also mitigates the problem of choosing the appropriate
indicators for building the composite.

Finally, it has to be emphasised that the exercise presented in this paper should not be
regarded as an amusing divertissement but as a basis and stimulus for regional analysis
and policies.
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