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Summary: The aim of this paper is twofold, methodological and empirid=rom the
methodological point of view it aims at contributing to thebéte about composite indi-
cators, from the empirical one it assesses the relativaisagtility of the Italian regions.
Instead of building a single composite indicator (scor&)dach region, we calculate
many composite indices by combining different weightingteyns and rules of normal-
ization and aggregation. In this way, we get a distributiomction of the ranks (and a
plausible rank range) for each country. Such an approachsepts a good compromise
between the need of synthesising the information providechany variables and the
need to avoid the loss of relevant information that occursmwseveral indicators are
aggregated into a single composite index.
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1. Introduction

With the notion of sustainable development, the Brundtleepbrt (WCDE 1987)
asserted the importance of a healthy natural environmenh&economy and the so-
ciety. In principle, environmental goals have been givengame dignity of economic
and social ones and the need of a compromise among thesesfiirexes started to be
affirmed. Since then, environmental policies have beenemphted or invoked in the
name of sustainability and our collective imaginary asstes sustainability to natural
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environment protection. This is potentially harmful singe still tend to separate the

environmental sphere from the economic one, with the caressee that we are tempted
to care after the natural environment only when the econaonidlitions are good, that

is, to accept the interpretation of the environment qualéty luxury good. Why should

we allocate resources to environmental quality in the presef such a deep economic
crisis?

The answer to this question comes actually from econominsg sustainability
underpins one of the main economic notions, i.e., the natfdncome. According to
Hicks, for instance,

the purpose of income cal culationsin practical affairsisto give people anindication
of the amount which they can consume without impoverishing themselves. Remembering
that the practical purpose of incomeisto serve as a guide for prudent conduct, | think it
isfairly clear that thisis what the central meaning must be. (Hicks, 1939, 172, Chapter.
14)

Natural environment is a crucial asset, both for productiod welfare. Hence,
we should consider how much of it we can consume without iregeliing ourselves.
Since, technically, GDP is merely an indicator of the sizéhef market and the public
sector, our myopic focus on it induces us to classify as ireaat actually is depreci-
ation of an important component of our capital, that is, tagiral one. In other words,
we cannot forget the strong links among the several sphémsstainability, which has
a general character and cannot further remain confined terthisonmental dimension.

As emphasised by the institutionalist economist K.W. Kggpyenting environmen-
tal degradation is a matter of sustainability since an wnetgd competitive economy,
via extra-market physical flows (i.e. externalities), #iemn the economic process, its so-
cial reproduction, and hence the continued guarantee ohumell-being and survival
(Kapp 1976, p. 91; see also Kapp 1977, p. 205).

An operational definition of sustainability requires s@ero play a major role that
is not limited to discover the technical trade-offs amonffiedént options but also to
understand whether and how a given situation can be sudtaiee time. In other words,
science has to indicate the domain within which society daose, involving looking
for absolute threshold values that should not be trespa&demburse, the complexity of
the real world makes such a task attainable at the cost of lamgertainties and a long
time.

Sustainability, however, is not merely a technical problaince, as Allen et al.
(2002) highlighted, we need to choose what to sustain, famwhow long, and at what
price. To answer those questions, we need compromises athergpnflicting goals
of the different stakeholders (see, e.g., Munda 2005, 20B%iics is the third pillar of
sustainability, limiting the field within which stakeholdecan conflict.

As stated by Kapp, well in advance before the term sustdihhabecame popular,
the interplay of science, stakeholders and ethics is nefsged_uzzati 2009, 2010). In
our view, this is crucial in making theoretically sound te@ss sustainability in relative
terms, by benchmarking, provided that the framework usdetwhmark is widely ac-
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cepted. Acceptance is an indication of an agreement amasrycss society, and ethics.
Of course, stating that one country is more sustainableahather does not imply that
it is sustainable, even if it ranks first. Benchmarking doadift the burden of checking

for absolute sustainability.

The empirical aim of this paper is comparing the sustaiitsuf the Italian regions.
The benchmarking framework we used is the Sustainable Denednt Strategy (SDS)
of the EU adopted by the European Council in June 2006. SD8 @naitious pro-
gramme (reaffirmed and reviewed in 2009) aiming to contislyoimprove the quality
of life and well-being for present and future generationslitking economic develop-
ment, protection of the environment and social justicerdgaan Commission 2011, p.
11). Since measuring progress towards sustainability istegral part of SDS, Eurostat
has built a set of sustainable development indicators (&bad, since 2007, are the ba-
sis for the EUROSTAT biennial monitoring report of the SD®nide the SDS provides
a theoretical agreed framework and a wide reliable database

The methodological aim of this paper is contributing to tebate about composite
indicators within the issue of rank building. Rank buildiogn be easily seen as the
social choice problem of aggregating individual prefeesmiaito a social ordering. The
debate on this issue dates back at least to the end of theditirg, that is, to the Borda-
Condorcet controversy (see e.g. Brian, 2008, Kemeny 1988r Kenneth Arrows
impossibility theorem, one can safely affirm that no methmdettablishing a complete
order is perfect. Such impossibility is consistent with éweryday life difficulty that we
experience when assessing alternatives, especially wbgmave a multifaceted nature.

At the same time, in order to evaluate (and choose), we negghtbesise the avail-
able information. For this reason composite indicatorghzcome increasingly popu-
lar, both at the institutional level and in policy debate(s®g., Paruolo et al., 2013).

The methodological aim of this paper is to show that it is pmego use composite
indicators without giving a too simplistic view of the phenenon under inquiry. For
this purpose, similarly to Saisana and Munda (2008), Fleti@él. (2011), Luzzati and
Gucciardi (2013 and 2015), our approach hinges on sengitimalysis. Instead of using
a single composite index to build the ranking, we calculamyncomposites and the
involved rankings. Hence we compute the frequency digiobwof the different ranks
displayed by each Region in order to infer a plausible ranigegor 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 abdity, both across time
and at the regional level. Nonetheless, we had to slightlylifpathe original dataset due
to changes in data availability. We also excluded a variabticating the percentage of
cars with standard euro 4 and 5. Actually it is not univocat timeaning of high lev-
els in standards since they might simply tell that private ese is very high, involving
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Floridi et al. (2011), that is, 65 variables grouped acangdb the themes of the Sus-
tainable Development Strategy of the European Union. Time@mber in each of the
eight themes is as follows: 12 in Socio-economic development, @limate change
and energy, 6 in Sustainable transports, 11 in Sustainabksuenption and production,
4 in Natural resources, 10 in Public health, 15 in Socialusidn, 3 in Demographic
change.

The correlation matrix showed high correlation among sonaécators within the
socioeconomic domain, the social inclusion theme, andadsoss those two them@s.
It has to be stressed, however, that redundancy involvedddy dorrelation is not an
issue here, since it merely can involve assigning more véméan issue, which can be
theoretically sound.

As stated above, instead of building a single compositeatdr, we moved directly
to sensitivity analysis and built many composites by usitfifgietnt normalisation and
aggregation rules.

Normalization

As a first step, inverse indicators, for which higher valuaglve poorer perfor-
mance, have been linearly transformed into direct indisatocording to the rule max+min
- regional value, that is by assigning the highest value éddist region and the lowest
to the worse. We could then normalise the indicators. Toghipose we used five dif-
ferent methods (Nardo et al., 2008), namely, Z-score, Boodmt, Min-Max, Distance
from the leader and Distance from the mean (See table 1).

Aggregation

We then aggregated the normalised indicators so as to ai#aeral composite in-
dicators. To this purpose we used three different aggregaties (see table 2), namely
the arithmetic mean, the geometric mean and the concave. mean

wherel;? is the normalised indicator for variable g and Region i, wweght, h
and k parameters.

The concave rule, suggested by Casadio et al., (2004), isighted arithmetic
mean of a transformation of the normalized indicafor$his rule is a kind of com-
promise between the linear and the geometric aggregatice she lower the regional
performances, the stronger the punishment for unbalaneddrmances, while as per-
formances increase the aggregation becomes almost linear.

These different rules imply different degrees of compeitisalamong indicators.
Compensability is maximum under the linear (arithmeticyragation and minimum

a frequent car substitution rate. The indicators includedour analysis are available at
http://dse.ec.unipi.iilllzzati/documenti/indicatorsustainabilityLuzzati.htmI

2 Due to the scarcity of indicators with a clear theoreticévance, the themes Global part-
nership and Good governance have been excluded.

% In particular .Occupation rate, Female occupation rateNeidincome per capita showed
very strong correlation{| > 0.9) among them and with some other variables.

4 Nonetheless, we checked the consequences of excludirty #eeabove mentioned variables
getting no relevant differences in the results.

> parameters k and h determine the concavity of the indiceanstormation.
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Table 1. Normalization rules.

Name Rule Range
R7T-1
Borda Count L4=1- (0;1]
l’iq 7’%(1 . . .
Z-score L1 = —— 95% of the distributiore [—1;1]
U-Z
q _ H q
Min-max 9= —= mm(.x ) [0:1]
max(x?) — min(z?)
q
Distance from the leader L1 = S [0;1]
max(qmq)
Distance from the average LY = a;fq >0
where

1,7 is the normalised indicator for variable q and Region i, Riesrankz the averager
the standard deviation, min and max respectively the mimrand the maximum value,
of the indicator g across Regions.

Table 2. Aggregation rules.

Name Rule
Linear (arithmetic): CLi=Y, ,%w*
Geometric CI; = 1,,°(I2)"

Concave ClL =Y “wy(Li* — hexp(—kI“)
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under the geometric one, whereas by using the concave meategree of compens-
ability gets higher as the performance improves.

Weighting

Aggregation requires a weighting system. Since sustagndéVelopment should
result from a balance of all the considered dimensions, we ggual weight to each
macro-theme (EWT) and weighted the indicators accordinglyparticular, any indi-
cator in the i-th macro-theme (i=1, , 8) was given a weightatdo 1/n;, wheren;
represents the number of indicators belonging to the i¢imih

Since some aggregation rules cannot be used with some ripatia rule$ , by
combining normalization and aggregation rules we endeditipM different composite
indicators, which we refer to as basic EWT(see also columhtBlde 3).

An important topic in weighting is that poor performancesame indicators could
arise because they involve issues that are not among the gb#ie regional policy
or because of some peculiarities (i.e. geographical artdridal features) that cannot
be easily modified. The benefit-of-the doubt (BOD) approaete (Melyn and Moesen,
1991) takes this into account. In our work we used a similaralyorithmically simpler,
scheme. We built 20 optimistic weighting systems by it@edyi excluding for each of
the 20 regions its worst 6 indicators. Thus, we ended up witiv@ighting systems, the
basic EWT and the 20 optimistic ones.

Sensitivity analysis

Having many possible indicators, we ran five experimentsvioich we calculated
the frequency distribution of the ranks of each region asdniedian value. In the first
experiment we included only the 11 basic EWT compositess €kperiment is labelled
as B. The other experiments included all the 21 weightingesys. Experiments L,
G and C used respectively the linear, the geometric and thease aggregation rules.
This allows us to explore the effects of reducing the comakitisy among indicators.
Finally, experiment A used all possible rankings. Table Sctibes the experiments we
ran.

3. Reaults

For the sake of synthesis, we show here only the frequentijtdison of the ranks
for each region resulting from the two polar cases, expertmB and A (Table 4 and 5).
Each cell reports the rounded percentage frequency of eadh the darker the colour
the higher the frequency. Regions are ordered accordifgtmedian values, indicated
on the right of their names. For instance, in table 4 Piemoané&s 3rd in 27% of the
rankings, 9th in 9%, 5th in 18% and so on, while its median iiarkk

As expected, the higher the number of indicators, the higteedispersion of each
frequency distribution. For instance, Umbria ranges fram11th to the 14th position

% For instance, the geometric aggregation cannot be used ndvemalization involves zero
values, as in the case of min-max rule.
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Table 3. Number of composite indicatorsfor each experiment

Aggregation Normalization BBasic LLinerar GGeom. CConc. AAl
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 are 11 and ranges from the 2nd to the 17th ifdattirs are 231. However,
the median ranks do not change much.

Table 6, then, reports the median ranks obtained by eacbrrégieach of the five
experiments and the involved rank range. By comparing cofiim C and G we can see
the effects of different compensability among indicatok®ived by the different aggre-
gation methods, as mentioned above. For instance, formegihose performances are
highly variable across themes, e.g. Valle d’Aosta and Lauliba(see table 7), linear
aggregation gives better rankings than the concave andethmefric ones (see dotted
and highlighted cells in Table 6).

The issue is now to synthesise the results of this analysisadraw some conclu-
sions. Since no perfect method to build rankings exists aydh@ethod is intrinsically
arbitrary, what we suggest here is focusing on the rangeeafixdian rankings. This is
reported in bold in table 6, at the 7th column, in grey. In opinn, the range is what
should be communicated, in a first instance, to the genefdiga politicians. This is
the first step to communicate the intrinsic uncertainty efridnk.

Of course, a ranking is needed if one wants to compare oultsesgith the rankings
based on other indicators. In order to do so, we needed tade@n actual ranking,
that is, to choose a further aggregation rule for combinfrggresults of the different
experiments. The ranking we propose is reported in the columitalic, labelled sust
rank, which is obtained by ranking regions according tortheeragé median. The
same ranking is obtained, in this case, by pairwise compa(€ondorcet-like) of the
medians.

The last two columns of Table 6 report the comparison of ookirgg with the re-
gional rankings based respectively on GDP p.c. and the Gdex. A glance at the
figures in the Table shows that a positive correlation betm@e sustainability rank-

" In this case, the arithmetic and geometric means give the sanking.
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Region M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Trent. A.A. 1 9 100
Toscana 2 18| 918 100
Lazio 3| of27|18|18]18] 9 100 |
Liguria 4 9| 936 o of1s 9 100
V.d'Aosta 5 91818 9|18 18 9 1&07‘}
Piemonte 5 27| 9|18 [36| 9 100
Marche 7 9|18 27|27| 9 9 100
Abruzzo 7 27(27| 9| 9|27 100
EmiliaRor 9 o| o 8N 36 100!
Frinli VG 10 9l27|27] 18] o 9 100
Lombardia 11 9 9|27 18] 9f 9 18 100
Umbria 12 92718 1607‘}
Veneto 13 9 36136 9| 9 loo
Sardegna 15 9 36 | 27 | 18 9 100
Molise 15 18|18 |27 o |27 100
Campania 15 27| 9| 9| 9|18|27 100
Calabria 17 9 27 18 100
Basilicata 17 o|27] 18|36 9100
Sicilia 19 9 9 100
Puglia 20 18 2N 100
Region M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
TrentA.A. 1 11 2| 3] 3|1 100 -
Toscana 3 s 20 | 10 100
Lazio 3]0 1815(15( 6| 3 o oo 100
Liguria 5| 3| 6|17 24| 17| 9| 8| 5| 2| 4| 2| 1| 1 1 100
Piemonte 5| || 5|21 18 19 22 11| o | 100
V.dAosta 7| 5|12 4| 9| 7| 6|11| 7| 8| 5|10 5| 2 31 3| 2 100
Abruzzo 7 1| 2| 3| 62316 |11 |mfaz| 6| 2| 1 100
Marche 8| 1| 1| 2| 5| 9|13|16]23|13| 7| 6| 3| 1 100::
Emilia Rom 9 2| s(m (220260 19| 10| 1| 1] 1 100
Lombardia 9 1| 2| 3[7(10/10{10| 810 7| 8| 6| 3| 9| 3| 1| 1 100
Friuli VG. 10 2 2| s|13|23| 15| 16| 9| 5| 2| 2 2 100
Veneto 12 1 30 8|11 [B288 23| 14| 5| 3| 2| 2 100
Umbria 13 1 2 1| 2] 1| 9|15 18258 16| 4| 3| 2 100
Campania 14 12| 1| 3| s|m|13f20] 7[18] 12| 4 100
Sardegna 15 1 2| 2[10[19 20| 7| 4 100
Molise 15 1 [ 6| 5|18l 20 23 16| o 100
Basilicata 17 1| 3| 4| 8|16 [M2008260 3| 7 100
Calabria 17 1 1| 3] 3| 2| 3111223 8| 1 100
Sicilia 19 316 Y 13 100
Puglia 20 1| 218 100
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. Median Rank. | '  GDppe.  Gini

Region! B_ L C G A  Range : "k
Trentino A.A. | | 1 1 1 1 1 1 2 4
'l‘oscanai 2 4 2 2 3 2-4 2 8 9
Lazio} 3 2 3 5 3 25 3 6 17
Picmontc§ 5 6 4 3 5 3-6 4 9 14
Liguriai 4 4 6 5 5 4-6 5 10 10
Vallcd'Aoslai 5 4 g 7 4-10 6 13 1
Abmmi Sy S oo , N ,
Marcheé 7 9 6 7 8 6-9 8 1 6
Emilia Romagnai 9 8 9 10 9 8-10 9 4 8
FriuliVGiulia§ 10 11 9 9 10 9-11 10 7 5
Lombardiai 118 12 13 9 8-13 11 3 11
Umbria} 12 13 13 11 13 11-13 12 5 2
Veneto: 13 13 12 13 12 12-13 13 12 3
Campania§ 15 14 14 17 14 1417 14 20 18
Sardegnaé 15 16 15 14 15 14-16 15 15 12
Molise! 15 16 15 14 15  14-16 15 14 13
Basilicalai 17 18 17 16 17 16-18 17 16 19
Calabria§ 17 16 18 18 17  16-18 18 19 15
Sicilia§ 19 19 19 19 19 19 19 18 20
Puglia. 20 20 20 20 20 20 20 17 16

ing and each one of the other two rankings exists, but it i$réan being very strong.
This impression is confirmed by the Spearmans rank coroelatoefficients that are
respectively 0.71 and 0.47.

In order to make our analysis more complete, we did severtiidtchecks inves-
tigations. In particular, we compared our results with the®that one would get by
using single composites. We found that none of the eleveic BAST composites gives
the same ranking as our sustainability ranking. This melaaisno single composite is
able to reproduce our sustainability ranking. Table 7 capaur rank range with two
popular composite, built by linearly aggregating indicatthat have been normalized
respectively by the Z-score and the distance from the leades. Moreover, the last
column of the table displays the ranking obtained by conmigjrihe distance from the
leader normalization rule with the concave mean aggregat®uch a ranking comes
out to be the closest to our ranking in terms of sum of squaesthtion. Next to each
ranking, emoticons and thick help visualising whether #reking produced by a single
composite falls within, above, or below our range.

The general public and the policy-makers should now be madeesof the reasons
behind the ranking. This requires zooming in, that is, esiptpthe performance of
each regions in each theme. To the purpose of this papelfitdagh to highlight that
each region, even those in the top part of the ranking, hasdperformances across
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Region qu Z-gcore & Dist. frO}n leader  Dist. from leader
ranking Linear & Linear & Concave
Trentino A.A. 1 1 v 1 Vv 1 v
Toscana  2-4 5 ® 4 Vv 2 v
Lazio 2-5 2 vV 3 v 6 ®
Piemonte 3-6 6 Y 6 v 5 Vv
Liguria  4-6 4 v 2 ©© 3 0O
Valle d'Aosta  4-10 3 © 5 v 4 v
Abruzzo 6-9 9 v 8§ Vv 7 v
Marche 6-9 7 v 7 Vv 8§ v
Emilia Romagna  8-10 w v 9 Vv 9 v
Friuli V Giulia 9-11 11 v 0 v 10 v
Lombardia  8-13 g v 1 v 12 v
Umbria  11-13 14 ® 13 v 1 v
Veneto  12-13 13 v 14 ® 13 v
Campania  14-17 2 ©© 12 ©© 16 v
Sardegna  14-16 15 v 16 v 15 v
Molise  14-16 7 ® 15 v 14 v
Basilicata  16-18 18 ® 18 ® 17 v
Calabria  16-18 16 v 17 v 18 v
Sicilia 19 9 v 19 v 9 v
Puglia 20 20 v 20 vV 20 v

themes. This is shown by Table 8, which reports the rankingsach theme for each
Region. Since our purpose is just to show the variabilitynafividual performances
across themes, we report here only the rankings obtainesimpining the distance
from the leader normalisation and concave aggregatios rulkich, as we said above,
produces the closest results to our ranking. As mentionéatdyewe can see that the
variability across themes of some regions are much higlaer tthers.

4. Concluding remarks

The approach followed here is intended to be a compromisedesithe need of syn-
thesis when considering many variables and the loss ofaetéaformation occurring
when many indicators are aggregated into a single compogtesure. An issue with
composite indicators is related to their strong commuiiegtower that can be dispro-
portionate as compared to their reliability, which is getigrlow, since such indices
(and the resulting rankings) are strongly affected bothheydhoice of the component
indicators and by the method to construct them.

For this reason, we did not build a single composite and weestalirectly from
sensitivity analysis. In conclusion, we believe that theutéing interval of plausible
ranks of any Region is able to communicate the uncertainghed in the assessment
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Socio-  Climate Natural Demogr

Econ Ch. & Cons.  resourc  Public Soc. .
devel.  Energy Transp. & Prod. es health  Inclus. change
Abruzzo 12 7 11 3 5 15 13 9
Basilicata 16 3 14 7 13 11 16 18
Calabria 20 1 6 9 15 12 17 20
Campania 14 5 2 2 7 20 20 17
Emilia-Rom. 1 19 19 10 14 9 2 3
Friuli V. G. 3 17 12 14 10 16 3 10
Lazio 9 10 3 12 16 5 11 1
Liguria 8 16 1 18 1 14 9 12
Lombardia 2 15 20 16 20 2 5 4
Marche 10 12 15 4 12 8 8 13
Molise 19 6 4 20 3 4 14 14
Piemonte 4 11 10 5 11 10 6 7
Puglia 17 18 5 17 19 13 18 19
Sardegna 15 14 9 11 6 6 15 15
Sicilia 18 9 8 19 18 18 19 16

Toscana 7 8 16 6 4 7 4

Trentino A. A. 6 2 7 1 9 17 1 2
Umbria 11 20 13 13 8 3 10 8
V. d'Aosta 13 4 17 8 2 1 12 6

Veneto 5 13 18 15 17 19 7 11
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of multifaceted phenomena. Moreover, a robustness apiprbgstrongly reducing the
impact of any single indicator, also mitigates the probldmtwosing the appropriate
indicators for building the composite.

Finally, it has to be emphasised that the exercise presentieid paper should not be
regarded as an amusing divertissement but as a basis andustifor regional analysis
and policies.
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