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Abstract
This paper uses recent multidimensional well-being measurements to examine multidimen-
sional well-being and inequality across the European regions in 2000 and 2014 with the 
use of eleven well-being indicators from the OECD Better Life Index. We use generalized 
mean aggregation method with alternative parameters to allow different substitutability 
and complementarity levels between well-being dimensions, which range between perfect 
substitutability and some degree of complementarity between the dimensions, to examine 
well-being and inequality across the European regions. Accounting for the interactions 
between the well-being dimensions matters for the multidimensional well-being and ine-
quality across the European regions. The results show that the multidimensional well-being 
across the European regions are relatively lower when the dimensions are more seen as 
complements compared to the case when they are considered to be perfect substitutes. Fur-
thermore, there is also a higher degree of multidimensional inequality across the European 
regions when the dimensions are considered to have some complementarity. Changes in 
well-being dimensions between 2000 and 2014 indicates that multidimensional well-being 
improved and inequality decreased in the personal and community well-being categories, 
but remained unchanged in material well-being category across the European regions irre-
spective of interaction levels between well-being dimensions. Policy implications of these 
multidimensional well-being indices are also evaluated by using these indices to determine 
the eligible regions for the European Union structural funds where the number eligible 
regions shows some variation depending on whether the dimensions are perfect substitutes 
or more of complements.
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1 Introduction

It has been widely accepted that well-being is a multidimensional phenomenon (Fleurbaey 
and Blanchet 2013) which requires consideration of many dimensions of well-being. For 
instance, the European Commission’s “Going beyond GDP” initiative1 and Stiglitz et al. 
(2009) point out that the well-being progress should be examined by considering well-
being indicators that are beyond standard of living and should include dimensions of well-
being such as health, education, political voice and governance, environmental factors, 
among other dimensions.

Until recently, the analysis of the multidimensional well-being has been at country level. 
For instance, the most commonly known composite index measuring multidimensional 
well-being is the United Nations’ Development Programme (UNDP)’s Human Develop-
ment Index (HDI), which offers countries’ average achievement in income, education and 
health dimensions (Malik 2013). Environmental Sustainability Index (ESI), on the other 
hand, aggregates various dimensions of well-being and sustainability (Esty et  al. 2005) 
by using the weighted average achievements across different set of dimensions. Finally, 
OECD’s Better Life Index (BLI) offers multidimensional well-being index by aggregating 
achievements in 11 indicators through preferences of individuals on different well-being 
indicators (Durand 2015).2 Only very recently, the OECD has proposed a computation 
of the BLI at a regional level thanks to the availability of well-being macro-level data at 
regional level for OECD countries (OECD 2014) enabling one to construct regional well-
being indices, which is the aim of this paper.

Above-mentioned composite indices provide a more holistic measure of well-being by 
including more dimensions into measuring social progress. However, most of the compos-
ite indices aggregated through weighted averages where each dimension is given a relative 
weight suggesting its intrinsic importance (Alkire and Santos 2014). However, one of the 
characteristics of weighted average aggregation that is overlooked by public and policy-
makers is that this aggregation method assumes perfect substitution between well-being 
dimensions [see Decancq and Lugo (2013) for a detailed discussion on this issue]. This 
has been something that has been taken into account by the new aggregation method of 
the HDI, a geometric mean, where the intention of the UNDP is to make sure that the poor 
performances in some dimensions are reflected in the HDI since unbalanced achievements 
across the well-being dimensions are reflected in the composite HDI scores. For instance, 
Zambrano (2014) examines the normative properties of geometric mean aggregation and 
suggests that the geometric mean aggregation of the HDI penalizes both low and uneven 
achievements across all dimensions of human development, whereas the old formulation 
is not sensitive to such uneven development. This is something that is also in the lines 
with the Cobb–Douglas utility (production) function since education and health dimen-
sions are considered to be part of the production function where achievements in educa-
tion and health complement each other to lead different levels of income per capita across 

1 See http://ec.europ a.eu/envir onmen t/beyon d_gdp/backg round _en.html for details.
2 The choice of weights is still based on individual preferences and can be considered as paternalistic (see 
Decancq et al. 2015). Alternative well-being measures based on equivalent incomes use a flexible specifica-
tion where individual preferences determine the curvature of the iso-well-being curves [see e.g., Fleurbaey 
and Blanchet (2013) for an extensive survey and Decancq and Schokkaert (2016) for an application with 
European data, for instance].

http://ec.europa.eu/environment/beyond_gdp/background_en.html
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countries.3 In this respect, we use generalized mean aggregation method, which is general 
enough to take into account the normative judgments of individuals and policymakers with 
respect to the weight allocation across well-being dimensions and also the interaction lev-
els between the well-being dimensions [see e.g., Decancq (2017) for a recent implemen-
tation of the generalized mean aggregation method to obtain distribution-sensitive well-
being scores for the OECD countries].

Taking into account interactions between well-being dimensions (i.e., whether well-
being dimensions are substitutes or complements) are particularly important since this 
would give different signals to regions to improve their multidimensional well-being. For 
instance, if the multidimensional well-being index obtained with arithmetic mean aggrega-
tion (i.e., dimensions are perfect substitutes), policymaker in a given region can choose to 
improve “easy” dimensions to improve overall well-being, which can then lead to unbal-
anced composition of development. For instance, if the dimensions are considered to be 
perfect substitutes, an improvement in any dimension would be sufficient to improve over-
all index outcome and policymakers could choose to improve the dimensions that are less 
costly (or relatively easier to manipulate). Whereas, if two dimensions are more seen as 
complements, then a policymaker should prioritize balanced improvement in both dimen-
sions since the uneven achievements across all dimensions would not improve the well-
being as much as the balanced ones. Hence, identifying and taking into account these inter-
actions are important since different interaction levels across well-being dimensions would 
prioritise different policies to improve the aggregate well-being outcomes. In this respect, 
it is important to understand the priorities set by the policymakers in Europe to determine 
the levels of interaction across the well-being dimensions when constructing a regional 
well-being index for the European regions.

One of the first objectives of the European Union (EU) since its establishment has been 
to decrease the income disparities across its regions by allocating funds to regions that 
have gross domestic product (GDP) per inhabitant less than 75% of the EU average, which 
is found to be an effective way of decreasing the income disparities across regions (see 
e.g., Bosker 2009; Becker et al. 2013). Recent policy documents on the regional develop-
ment also consider the inclusion of social and environmental dimensions beyond GDP per 
capita when determining the allocation of EU structural funds (European Committee of the 
Regions 2011) suggesting the relevance of multidimensional well-being in policymaking. 
Furthermore, European Commission (EC)’s goals set for 2020 aim to promote “a balanced 
and sustainable pattern of territorial development” by increasing employment, investment 
in R&D and tertiary degrees, and decreasing emissions and the poverty across the regions 
(European Commission 2010). Hence, EC clearly suggests that their aim is to promote 
balanced achievements across various well-being dimensions and regions, which gives an 
indication to consider the dimensions more of complements. Hence, in this paper, we offer 
a generalized mean aggregation method that provides an aggregation method that is flex-
ible enough to take into account different degrees of complementarity between the well-
being dimensions. In other words, given the priority of balanced and sustainable pattern of 
territorial development, we prioritize even achievements across well-being dimensions (or 
penalize uneven achievements across well-being dimensions) by allowing dimensions not 
to be perfect substitutes (or allowing dimensions to be complementary). Although we offer 
an aggregation where the dimensions are seen more of complements, we also compute 

3 See for example Glaeser et al. (2004) for education’s importance in economic growth, and Behrman and 
Rosenzweig (2004) for health’s effect on economic growth.
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well-being indices where the dimensions are considered as perfect substitutes to compare 
the outcomes obtained with different approaches.

Overall, contributions of this paper are threefold. Firstly, this paper offers multidimen-
sional well-being and inequality measures for European regions which goes beyond the 
GDP per capita comparisons by integrating more dimensions into analysis.4 Secondly, we 
propose an aggregation methodology that is flexible enough to capture the interactions 
between the well-being dimensions.5 In particular, we consider that the well-being dimen-
sions to be seen more of complements which enables one to capture how balanced the 
achievements across the dimensions are. Thirdly, we assess the potential policy implica-
tions of these indices by determining the eligible regions for the EU structural funds if 
these indices are used as eligibility criteria rather than the GDP per capita.

The remainder of the paper is organized as follows. The next section, we introduce well-
being dimensions and categories that are used in the construction of regional well-being 
index. We also offer generalized mean aggregation methodology which allows different 
degree of substitution and complementary across well-being dimensions. Section  3 pre-
sents the multidimensional well-being and inequality measures, ranking analysis, and over-
time changes in multidimensional well-being and inequality between 2000 and 2014 for the 
European regions. Section 4 provides analysis on how normative preferences could lead to 
distinctive policy outcomes when EU structural funds are allocated based on the composite 
well-being indices. Finally, Sect. 5 concludes.

2  Construction of Multidimensional Well‑Being Index

Constructing a multidimensional well-being index is a non-trivial task. In general, it 
requires the definition of the concept to be measured, selection of the indicators, normali-
zation of the indicators, and the choice of the aggregation method [see OECD (2008) for 
detailed steps on the construction of composite indicators].

In general, there are two conceptual measurement models: formative or reflective (see 
e.g., Coltman et al. 2008; Diamantopoulos et al. 2008). In general, reflective measurement 
model’s causality is from the concept to the indicators where the opposite direction of cau-
sality (from the indicators to the concept) is the case for the formative measurement model. 
Since the objective of this paper is to measure regional well-being, and that the well-being 
depends on the indicators and not vice versa, this paper follows the formative measure-
ment model (see e.g., Mazziotta and Pareto (2016, 2018) for further discussion on the dif-
ference between reflective and formative models when measuring well-being). In the next 
sub-sections, we will offer the well-being dimensions and categories chosen to measure 
well-being, normalization and aggregation methods to obtain composite well-being indices 
for the European regions.

4 Majority of the regional inequality across the European regions are based on income per capita (see e.g., 
Hoffmeister 2009; Fredriksen 2012; Doran and Jordan 2013) where we offer a multidimensional inequality 
measures for the European regions in this paper.
5 Even though multidimensional well-being (or poverty) in Europe is evaluated (see e.g., Bárcena-Martín 
et al. 2014; Binelli et  al. 2015), these composite measures allow perfect substitution between the dimen-
sions, but did not consider the complementarity between the well-being dimensions (i.e., sensitivity of pol-
icy makers to the evenness of achievements across well-being dimensions), which we take into account in 
this paper.
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2.1  Well‑Being Dimensions and Categories

We use the nine dimensions considered in the OECD regional well-being index (OECD 
2016) and compiled them into three categories of well-being (i.e., material, personal and 
community) to track the progress in three general categories of well-being in the regions of 
Europe.

Table 1 offers the dimensions and categories of well-being and indicators used in each 
dimension, and the details of how each indicator is measured. Material well-being category 
consists of achievements of the regions in income (measured by the average household dis-
posable income per capita), jobs (measured by the employment and unemployment rates), 
and housing (number of rooms available per person) dimensions. Personal well-being cat-
egory consists of education (measured by the share of the labor force with at least second-
ary education), health (measured by the life expectancy and mortality rates), and access 
to services (which measures the share of households with broadband access) dimensions. 
Finally, community well-being category includes the civic engagement (measured by voter 
turnout), environmental quality (measured by air pollution levels) and safety (measured by 
homicide rates) dimensions. For potential policy implications of the proposed index, we 
only consider achievements of European regions in these dimensions in 2000 and 2014.6

2.2  Normalization Procedure

Since the indicators are measured in different units, we need to normalize the indicators 
prior to the aggregation. There are numerous methods of normalization such as standardi-
zation (or z-scores), rescaling (or min–max), and distance to reference points, and one can 
choose a specific normalization procedure depending on the problem at hand [see OECD 
(2008) for further discussion on the benefits and disadvantages of various normalization 
procedures]. In this paper, we follow the OECD approach to normalize the indicators in 
order to have comparisons across space and time. To avoid the effects of large outliers 
in each indicator, indicators are censored in the lower and upper limits (i.e., 4th and 96th 
percentile of the distribution).7 Then min–max formula is used to normalize all indicators 
between 0 and 1:

where zt
ij
 and Xt

ij
 are normalized and actual outcomes in region i for a given indicator j at a 

given time t, respectively. max(Xj) and min(Xj) represent the maximum and minimum value 

zt
ij
=

[

Xt
ij
−min

(

Xj

)

max
(

Xj

)

−min
(

Xj

)

]

6 We consider the regions of 24 OECD countries that are located in Europe. 21 of these countries are part 
of the EU and 3 of them are not part of the EU (Iceland, Norway, and Switzerland). We do not include 
regions of seven countries that are part of the EU (Bulgaria, Croatia, Cyprus, Latvia, Lithuania, Malta, 
Romania) since they are not OECD member and hence we do not have any data for these regions. 2000 and 
2014 reference points were made by the OECD for comparison reasons; however, closest available data is 
used for year 2000 and 2014. See Table 3 of OECD (2016) for further details.
7 Note that OECD uses 10th and 90th percentiles of the homicide data as lower and upper limits to avoid 
low and high clusters of the data.
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for a given indicator j during the period of the comparison.8 It should be noted that the 
higher normalized values represent higher welfare levels.9 Once the indicators are normal-
ized, we then have normalized scores in nine dimensions.10

Table 2 presents the Spearman and Kendall rank correlation matrices for the nine well-
being dimensions across the European regions where the first and second rows between 
pairs of dimensions represent the Spearman and Kendall rank correlation coefficients 
between pairs of dimensions, respectively. Even though most of the well-being dimensions 
are positively correlated, some well-being dimensions are either negatively correlated with 
each other or some of them have no significant rank correlation coefficients. If all well-
being dimensions were highly and positively correlated, any index constructed from these 
well-being dimensions would hardly provide additional information or would have been 
redundant [see e.g., McGillivray (2005), Cahill (2005), Berenger and Verdier-Chouchane 
(2007), Permanyer (2011), Foster et al. (2013) among many others that examine the redun-
dancy of composite indices based on correlation analysis]. Hence, the existence of nega-
tive and insignificant correlation coefficients (and in some cases low positive correlation 
coefficients) between well-being dimensions is reassuring to construct multidimensional 
well-being indices as the index would provide additional set of information. In the next 
subsection, we propose the generalized mean aggregation methodology, which we use to 
obtain multidimensional well-being indices.

2.3  Aggregation Method

As discussed before, we offer a generalized mean aggregation method which is flexible 
enough to take into account various value judgments of the decision maker (individuals 
and/or policymakers): a weighting vector for the dimensions and a parameter that express 
the degree of substitution (complementarity) between the dimensions. To capture the 
degree of substitution (complementarity) between the well-being dimensions, normalized 
achievement levels can be aggregated by taking a generalized weighted mean of order β to 
obtain a multidimensional well-being index as follows:

where wj is the weight attached to well-being dimension j, zt
ij
 is the normalized achieve-

ment level of a region i in dimension j at time t. The parameter β is the main parameter of 

WIt
i
=

(

d
∑

j=1

wj ×

(

zt
ij

)�

)

1

�

8 As any normalization procedure, the one adapted by the OECD have some defects such as the rigidity 
of a method that considers a range [0, 1] or the problem of variability assigned to elementary indicators 
[see e.g., OECD (2008), Mazziotta and Pareto (2017) for further discussion on this issue]. However, we 
adapt the same normalization procedure as the contribution of this paper is to examine the effect of different 
parameter choices in aggregation procedure on the composite scores and rankings.
9 For indicators where lower value correspond to higher welfare such as the homicide rate, air pollution, 
mortality rate and unemployment rate, normalized values are subtracted from one.
10 If a dimension has more than one indicator, we obtain the normalized achievement level in that dimen-
sion by averaging the achievements in indicators used under that dimension.
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interest in this paper which captures the value judgment of the decision maker with respect 
to the degree of substitution (complementarity) between the dimensions.11

Clearly, when β = 1, the aggregation pins down to arithmetic mean aggregation where 
there is a perfect substitutability between the dimensions. In this case, a lower achievement 
in one dimension can be compensated by the higher achievement in another dimension. In 
this case, the regions can concentrate on some dimensions which can be easily manipu-
lated (or less costly to achieve) to increase their regional well-being given the compensa-
tion across dimensions, which might lead to unbalanced achievement across the well-being 
dimensions. For instance, one of the criticisms of the arithmetic mean aggregation of the 
dimensions of the HDI was that perfect substitutability between dimensions led to uneven 
achievements where some research papers suggested a lower degree of substitutability (or 
some level of complementarity) between dimensions [e.g. Herrero et al. (2010) suggested 
the use of geometric mean to aggregate the dimensions of the HDI].12

Another popular use with the above case is obtained when β is set to 0 where the aggre-
gation function becomes a geometric mean. This is referred as the Cobb–Douglas util-
ity function (see the recent use of this aggregation by the UNDP’s HDI).13 In this case, 
trade-offs across the well-being dimensions depend on both relative weights and level of 
achievements across well-being dimensions. A percentage decrease in one dimension can 
be compensated by the percent increase in other dimensions. In this case, the aggregation 
would penalize regions with unbalanced achievements in the well-being dimensions, hence 
reflecting some degree of complementarity  between the dimensions rather than perfect 
substitutability.14

Beyond these two special cases, when parameter β decreases, this makes it increasing 
difficult to compensate a decrease in one dimension by an increase in another. In particular, 
when β is set to −∞ , multidimensional well-being of a region is determined by the worst 
outcome across all dimensions of well-being. In other words, change in any other dimen-
sion which is not the worst achieved dimension does not affect the composite well-being 
outcome. For the case when β is set to −∞ , a region that wants to improve the compos-
ite well-being is implied to focus on the dimension in which the achievement level is the 
worst one. This choice clearly favors a case requiring regions to promote perfectly balanced 
achievements between the well-being dimensions.

In the evaluation of complex multidimensional well-being (sustainability) regional 
(country) performances, the choice of various parameters in the aggregation procedure 
conveys the preferences of decision makers (e.g., policymakers and the general public). 
Given the complexity of aggregation procedure for the decision makers, there is a stream 
of literature that elicit decision makers’ preferences through questionnaire to obtain nec-
essary parameters for the aggregation to increase the acceptability and applicability of 
these aggregation methods in policy-making [see e.g., Guh et  al. (2008) for discussion 

11 See Decancq and Lugo (2013) for the list of papers using this method to obtain multidimensional well-
being index.
12 Similarly, Ravallion (1997, 2012) calculated the implicit trade-offs between the dimensions of the HDI 
and found that the valuation of some the dimensions are way higher than the economic returns or cost of 
improving the dimension.
13 For the formal axioms of the generalized mean aggregation (or some form of generalized mean aggre-
gation), we refer the interested readers to Chakravarty (2003), Herrero et al. (2010), Chakravarty (2011), 
Zambrano (2014, 2017).
14 See for example Herrero et al. (2010) and Klugman et al. (2011) for the detailed comparison of arithme-
tic and geometric mean aggregation of the dimensions of the HDI.
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generalized mean aggregation]. For the derivation of questionnaires to obtain decision-
maker preferences on interactions between the well-being (sustainability) indicators, inter-
ested readers are referred to Meyer and Ponthiere (2011), Garmendia and Gamboa (2012), 
Rowley et al. (2012), Carraro et al. (2013), Merad et al. (2013), Pinar et al. (2014), Bertin 
et al. (2018) among many others. In this paper, we obtain overall regional well-being out-
comes in three categories (i.e., material, personal and community) by allowing different 
degrees of complementarity (substitution) between well-being dimensions by choosing 
specific β parameters while keeping the weights between the dimensions equal. There is an 
extensive literature concerning the effects of choice of weights on both the ranking and 
composite achievement levels (see e.g., Chowdhury and Squire 2006; Cherchye et al. 2008; 
Permanyer 2011; Foster et al. 2013; Pinar et al. 2013, 2015, 2017; Tofallis 2013; Athanas-
soglou 2015). However, in this paper, our main focus is to allow different degrees of substi-
tutability (complementarity) between the dimensions when obtaining composite well-being 
indices and to examine whether this normative preference has any effect on the composite 
scores and allocation of resources across the European regions. Hence, when obtaining the 
overall, material, personal and community multidimensional well-being index, we keep the 
allocation of the weights between the dimensions equal.15 For instance, the BLI allows its 
users to choose relative weight allocation across well-being dimensions in its interactive 
web application, however, this feature does not allow individuals to reflect their preferences 
on whether they consider the well-being dimensions as substitutes and/or complements of 
each other.16 In this paper, we will examine the effect of this choice on the multidimen-
sional well-being achievements of the European regions and also examine how this choice 
affects the multidimensional inequality across the European regions in the next section.

3  Multidimensional Well‑Being Indices and Inequality

To obtain overall multidimensional well-being outcomes and multidimensional well-being 
outcomes for each category (i.e., material, personal, and community) for 213 regions of 
Europe,17 we use three β parameters: 1 (i.e., arithmetic mean aggregation), 0 (i.e., geomet-
ric mean aggregation),18 and − 1 (an aggregation that allows higher degree of complemen-
tarity between the dimensions).19 In this section, we concentrate on the composite achieve-
ment levels in different categories and overall multidimensional  well-being in 2014, but 
we will also analyze the over-time improvements in composite well-being outcomes and 
changes in the multidimensional inequality in the next sub-sections.

15 We allocate weights of 1/9 to each dimension when obtaining overall well-being index, and allocate 1/3 
weight to dimensions that belong to the material, personal and community categories when obtaining multi-
dimensional well-being indices in each category, respectively.
16 See http://www.oecdb etter lifei ndex.org for the interactive web application of the BLI.
17 See Table 1 of supplementary material for the full list of European regions.
18 For instance, the new aggregation method of the HDI (i.e., geometric mean) provides a middle ground 
between perfect substitution and complementarity between dimensions, which is characterized by some 
level of both complementarity and substitutability, and is well-suited for capability approach [see e.g., for 
Klugman et al. (2011) for further discussion on this].
19 One can also allow higher degree of complementarity between dimensions by allowing β parameter to 
be less than − 1 if that person is more concerned about the balanced nature of achievements between the 
dimensions.

http://www.oecdbetterlifeindex.org
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Table 3 provides descriptive statistics on the welfare dimensions and composite well-
being indices in 2014.20 Average achievement levels of the European regions in jobs, 
civic engagement and environment dimensions are lower than that of income dimension, 
yet the average achievement levels in housing, education, health, access to services and 
safety dimensions are higher than that of income dimension. On the other hand, when we 
look at the inequality measures (i.e., coefficient of variation and Gini coefficients), regional 
inequality in income dimension is relatively larger than in any other well-being dimen-
sions.21 When we move to the descriptive statistics of the composite scores obtained in 
2014 with the use of different set of β parameters, we observe clear patterns in average 
achievement levels and inequality measures. While the average composite scores in overall, 
material, personal and community well-being categories increase with the increase in the 
β parameter, multidimensional inequality measures across the European regions decrease 
with the increase in the parameter of β.22 In other words, if decision makers (individuals 
and/or policymakers) consider the well-being dimensions as complements of each other 
at some degree or prefer and prioritize rounded achievements between well-being dimen-
sions (i.e., the cases when � = 0 and � = −1 ), composite achievement scores are lower 
compared to the case when the dimensions are considered perfect substitutes of each other 
(i.e., the case when � = 1 ). This is an expected outcome since complementarity at some 
degree between the dimensions leads to relatively lower composite scores for the regions 
that have unrounded achievements between  the well-being dimensions.23 On the other 
hand, when decision makers allow perfect substitution between the dimensions (i.e., the 
case when � = 1 ), multidimensional inequality measures are the lowest compared to ine-
quality measures in other individual dimensions. For instance, multidimensional inequality 
in material, personal and community categories (i.e., Gini coefficients are 0.189, 0.068, 
and 0.126, respectively) are lower than the inequality in the dimensions that are used to 
obtain composite scores in these categories. The reason why we observe a higher degree of 
multidimensional inequality across European regions when the dimensions are considered 
as complements of each other at some degree is that the composite achievement scores in 
the regions that have balanced achievements between the dimensions and the composite 
scores in regions with unbalanced achievements between the dimensions diverge from each 
other.24 

24 For instance, consider two regions with the same population that have achievements scores in three 
dimensions as follows: region A = (0.5, 0.5, 0.5) and Region B = (0.4, 0.5, 0.6). The composite achieve-
ments with � = −1, 0 and 1 for region A and B are (0.5, 0.5, 0.5) and (0.4865, 0.4932, 0.5), respectively. 
Achievement with the perfect substitution between the dimensions leads to the same composite achieve-
ment (i.e., 0.5) with no inequality. When the degree of complementarity between the dimensions increases 
(i.e., when � parameter decreases), composite achievement of region B decreases, which leads to higher 
inequality between two regions.

20 Note that both the achievement levels and inequality measures refer to normalized well-being dimen-
sions.
21 All inequality measures presented in the paper are population weighted measures where we use the 
regions’ populations in 2000 and 2014 to obtain population weighted coefficient of variation and Gini coef-
ficients.
22 Assessment of well-being and inequality in different well-being categories (i.e., community, personal, 
material, and overall well-being) can be considered as influence analysis (see e.g., Mazziotta and Pareto 
2017) to examine robustness of composite indices and inequality measures when some well-being dimen-
sions are excluded from the analysis.
23 Note that we conducted our analysis with alternative β parameters ranging between − 20 and + 20 where 
we observed a similar pattern in multidimensional well-being achievements and inequality; hence we do not 
present the results to preserve space but these results are available upon request from author.
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Overall, above comparisons show that policymaker’s valuation of well-being dimen-
sions (i.e., whether they consider dimensions as perfect substitutes or some degree of 
complements, or whether they prioritize balanced achievements between the dimensions 
or not) leads to extremely different levels of achievement and inequality in the European 
regions, which may alter the policy interventions that are based on composite indices. In 
the next section, we will examine whether normative preferences on well-being dimen-
sions (whether dimensions are considered as complements or substitutes) have any effect 
on decision making when composite indices are used as a criteria to allocate the EU struc-
tural funds. However, before the evaluation of the policy implications of these indices, we 
first examine the multidimensional well-being and inequality in the European countries and 
assess the within- and cross-country variation in multidimensional well-being scores and 
inequality.

3.1  Multidimensional Well‑Being and Inequality in European Countries

In this subsection, we examine the average achievements in income, overall, material, 
personal, and community composite well-being outcomes among European countries in 
2014. We also look at within- and cross-country multidimensional well-being inequality 
in the European regions. Table 4 summarizes the average achievement levels of European 
countries in income, overall, material, personal, and community composite well-being out-
comes (with different � parameters), and within- and cross-country inequality in income 

Table 3  Well-being achievements and inequality among European regions

Dimensions/composite indices Mean Median Coefficient of 
variation

Gini coefficient

Income 0.656 0.731 0.422 0.236
Jobs 0.635 0.689 0.414 0.227
Housing 0.695 0.769 0.386 0.207
Education 0.711 0.779 0.319 0.170
Health 0.796 0.831 0.232 0.124
Access to services 0.834 0.829 0.134 0.076
Civic engagement 0.604 0.624 0.411 0.230
Environment 0.590 0.583 0.361 0.202
Safety 0.766 0.847 0.297 0.152
Overall well-being (β = − 1) 0.563 0.706 0.493 0.259
Overall well-being (β = 0) 0.627 0.728 0.342 0.180
Overall well-being (β = 1) 0.698 0.747 0.192 0.104
Material well-being (β = − 1) 0.606 0.704 0.472 0.259
Material well-being (β = 0) 0.627 0.712 0.426 0.234
Material well-being (β = 1) 0.662 0.721 0.339 0.189
Personal well-being (β = − 1) 0.733 0.786 0.225 0.112
Personal well-being (β = 0) 0.755 0.791 0.184 0.091
Personal well-being (β = 1) 0.780 0.797 0.126 0.068
Community well-being (β = − 1) 0.566 0.635 0.419 0.222
Community well-being (β = 0) 0.596 0.656 0.368 0.193
Community well-being (β = 1) 0.653 0.682 0.231 0.126
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dimension and composite indices in 2014. This table is quite heavy to follow but let us 
provide the details of the general patterns of achievements and inequality measures across 
the European countries. We can see that the within-country income inequality is small in 
relatively rich countries and large for the relatively poor countries suggesting a negative 
correlation between average income of a country and within-country income inequality 
(see Fig. 1 which plots the average income and within-country income inequality in the 
European countries).25 Similar pattern is observed in overall, material, and community 
well-being when well-being dimensions are considered to be complements at some degree 
(i.e., cases when � ≤ 0 ). Countries that have a composite achievement level of 0.5–0.6 or 
above (below) have relatively low (high) levels of within-country inequality in overall, 
material and community well-being indices. With the exception of Portugal, both within- 
and cross-country inequality levels in personal well-being are relatively lower compared to 
other multidimensional well-being categories suggesting relatively balanced achievements 
between the education, health and access to services dimensions.26 Finally, when � param-
eter is decreased from 0 to − 1 (i.e., higher degree of complementarity between the dimen-
sions), we observe that within- and cross-country inequality increases and the increase in 
within-country inequality is relatively higher for the countries that have lower multidimen-
sional well-being scores.27  

When well-being dimensions are considered to be perfect substitutes (i.e., when β = 1), 
by definition, overall, material, personal, and community well-being increases (or at most 
remains unchanged) compared to the cases when β ≤ 0. In particular, increases in the aver-
age achievement levels in each multidimensional well-being category are relatively higher 
for the set of countries that have unbalanced achievements between the dimensions (i.e., set 
of countries that have multidimensional achievement levels in each category that are less 
than 0.5–0.6 when β = 0). For instance, when β parameter is increased to 1 from 0 (i.e., when 
well-being dimensions are aggregated with arithmetic mean rather than geometric mean), 
overall well-being scores of Estonia, Greece, Slovak Republic, Portugal, Poland, and Italy 
increased by 0.36, 0.27, 0.26, 0.20, 0.16, and 0.14, respectively. On the other hand, there 
have been limited increments in the multidimensional well-being scores of the regions that 
belong to countries that are relatively wealthier and have balanced achievements between 
the dimensions when β parameter is increased from 0 to 1.28 Finally, there is smaller within-
country inequality when there is perfect substitution between the dimensions, which then 
leads to a smaller cross-country inequality in multidimensional well-being categories.29

Overall, there are distinctive differences in multidimensional well-being scores, and 
within- and cross-country inequality measures when dimensions are considered to be 

25 The correlation coefficient between average income and within-country income inequality (i.e., Gini 
coefficients for income distribution within the country) is − 0.79.
26 See Figure 1 of supplementary material which plots the average overall, material, personal, and commu-
nity well-being and within-country inequality with respective multidimensional well-being category when 
� = 0).
27 There are two expectations to this general trend. Overall well-being inequality in Estonia and material 
well-being inequality in Slovak Republic is higher when � = 0 than that of when � = −1.
28 For instance, multidimensional well-being achievements in each category increased at most by 0.06 in 
Norway, Sweden, Germany, Finland, Iceland, the UK, Denmark, Austria, Netherlands, France, Ireland, and 
Belgium when � parameter is increased from 0 to 1.
29 See Figure 2 of supplementary material that plots the average overall, material, personal and community 
well-being in countries and within-country inequality in each respective multidimensional well-being when 
β = 1.
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Table 4  Income and multidimensional well-being (inequality) across the European countries in 2014

Country Income Overall 
(β = − 1)

Overall 
(β = 0)

Overall 
(β = 1)

Material 
(β = − 1)

Material 
(β = 0)

Material 
(β = 1)

Av Gini Av Gini Av Gini Av Gini Av Gini Av Gini Av Gini

Austria 0.95 0.02 0.74 0.04 0.76 0.03 0.78 0.03 0.81 0.04 0.82 0.04 0.83 0.04
Belgium 0.71 0.06 0.64 0.07 0.69 0.06 0.73 0.04 0.72 0.10 0.74 0.08 0.77 0.06
Czech Rep. 0.23 0.20 0.39 0.17 0.46 0.12 0.54 0.05 0.35 0.10 0.41 0.08 0.47 0.07
Denmark 0.57 0.02 0.76 0.01 0.77 0.01 0.78 0.01 0.69 0.01 0.70 0.01 0.71 0.01
Estonia 0.06 0.53 0.00 0.06 0.17 0.16 0.53 0.06 0.11 0.51 0.17 0.41 0.37 0.07
Finland 0.63 0.08 0.77 0.03 0.78 0.02 0.79 0.02 0.69 0.04 0.69 0.04 0.70 0.04
France 0.80 0.07 0.73 0.05 0.74 0.04 0.76 0.04 0.67 0.05 0.68 0.04 0.69 0.04
Germany 0.92 0.06 0.78 0.02 0.80 0.02 0.81 0.02 0.91 0.04 0.92 0.04 0.92 0.04
Greece 0.15 0.53 0.01 0.80 0.16 0.14 0.43 0.06 0.09 0.47 0.13 0.41 0.23 0.14
Hungary 0.09 0.44 0.24 0.27 0.36 0.12 0.46 0.06 0.14 0.33 0.19 0.23 0.28 0.13
Iceland 0.51 0.00 0.75 0.02 0.78 0.01 0.81 0.01 0.62 0.00 0.64 0.00 0.67 0.00
Ireland 0.71 0.04 0.70 0.02 0.72 0.02 0.73 0.01 0.69 0.02 0.71 0.01 0.72 0.01
Italy 0.65 0.19 0.38 0.40 0.51 0.21 0.65 0.09 0.51 0.25 0.54 0.21 0.58 0.17
Netherlands 0.58 0.07 0.73 0.03 0.75 0.02 0.76 0.01 0.73 0.03 0.74 0.03 0.75 0.02
Norway 0.88 0.05 0.87 0.01 0.87 0.01 0.88 0.01 0.89 0.01 0.89 0.01 0.89 0.01
Poland 0.21 0.23 0.19 0.42 0.30 0.22 0.46 0.05 0.14 0.37 0.18 0.33 0.28 0.15
Portugal 0.40 0.10 0.11 0.44 0.33 0.16 0.53 0.03 0.51 0.06 0.53 0.06 0.56 0.07
Slovak Rep. 0.24 0.38 0.04 0.87 0.20 0.18 0.45 0.05 0.21 0.15 0.25 0.18 0.29 0.20
Slovenia 0.35 0.05 0.42 0.07 0.49 0.04 0.55 0.03 0.43 0.03 0.44 0.03 0.46 0.03
Spain 0.54 0.19 0.44 0.31 0.54 0.18 0.66 0.06 0.34 0.36 0.40 0.30 0.51 0.14
Sweden 0.71 0.08 0.81 0.01 0.82 0.01 0.83 0.01 0.71 0.02 0.72 0.03 0.73 0.03
Switzerland 0.81 0.07 0.37 0.13 0.60 0.03 0.72 0.02 0.74 0.04 0.76 0.04 0.78 0.04
UK 0.80 0.10 0.76 0.03 0.77 0.03 0.78 0.03 0.82 0.04 0.82 0.04 0.83 0.04
Cross-country 0.66 0.20 0.56 0.23 0.63 0.16 0.70 0.09 0.61 0.24 0.63 0.21 0.66 0.17

Country Personal 
(β = − 1)

Personal 
(β = 0)

Personal 
(β = 1)

Community 
(β = − 1)

Community 
(β = 0)

Community 
(β = 1)

Av Gini Av Gini Av Gini Av Gini Av Gini Av Gini

Austria 0.82 0.01 0.82 0.01 0.82 0.01 0.63 0.08 0.67 0.06 0.70 0.05
Belgium 0.79 0.04 0.79 0.04 0.79 0.04 0.51 0.06 0.56 0.05 0.63 0.03
Czech Rep. 0.70 0.06 0.73 0.05 0.76 0.04 0.33 0.21 0.35 0.20 0.40 0.10
Denmark 0.75 0.02 0.76 0.02 0.77 0.02 0.85 0.04 0.86 0.03 0.87 0.03
Estonia 0.65 0.10 0.70 0.08 0.74 0.06 0.07 0.87 0.12 0.59 0.47 0.10
Finland 0.87 0.01 0.87 0.01 0.88 0.01 0.76 0.03 0.78 0.02 0.81 0.01
France 0.82 0.03 0.83 0.03 0.83 0.03 0.72 0.09 0.74 0.08 0.75 0.07
Germany 0.84 0.02 0.85 0.02 0.85 0.01 0.63 0.02 0.65 0.02 0.67 0.03
Greece 0.66 0.08 0.67 0.07 0.69 0.06 0.12 0.68 0.14 0.54 0.38 0.06
Hungary 0.48 0.13 0.56 0.09 0.64 0.06 0.44 0.05 0.45 0.05 0.47 0.06
Iceland 0.75 0.06 0.78 0.04 0.81 0.03 0.95 0.01 0.95 0.01 0.95 0.01
Ireland 0.79 0.02 0.79 0.02 0.79 0.02 0.63 0.02 0.66 0.02 0.69 0.01
Italy 0.65 0.07 0.68 0.06 0.71 0.05 0.44 0.40 0.49 0.33 0.66 0.10
Netherlands 0.80 0.02 0.81 0.01 0.83 0.01 0.67 0.06 0.69 0.05 0.71 0.05
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perfect substitutes (i.e., β = 1) or have some degree of complementarity between them (i.e., 
� ≤ 0) . In this subsection, we analyzed the average achievement scores and within- and 
cross-country inequality in different multidimensional well-being categories. In the next 
subsection, we analyze the sensitivity of composite scores and rankings to the choice of β 
parameters.

3.2  Regional Composite Well‑Being Scores and Rankings

In this subsection, we analyze composite well-being scores and rankings of European 
regions in each well-being category when different β parameters are used in the aggrega-
tion procedure. In particular, we will examine how sensitive composite scores and rank-
ings are to the choice of β parameter (i.e., how composite scores and rankings vary when 
dimensions are considered to be perfect substitutes or complements).

Av and Gini represent the average achievement and within-country Gini coefficient in a given country 
(given in row) for a given measure of well-being (given in column), respectively. The last row represents the 
average achievement and cross-country Gini coefficient in a given measure of well-being

Table 4  (continued)

Country Personal 
(β = − 1)

Personal 
(β = 0)

Personal 
(β = 1)

Community 
(β = − 1)

Community 
(β = 0)

Community 
(β = 1)

Av Gini Av Gini Av Gini Av Gini Av Gini Av Gini

Norway 0.85 0.03 0.85 0.03 0.86 0.03 0.87 0.03 0.87 0.03 0.88 0.03
Poland 0.64 0.06 0.68 0.05 0.72 0.03 0.23 0.28 0.28 0.20 0.37 0.11
Portugal 0.06 0.59 0.17 0.32 0.45 0.05 0.40 0.20 0.48 0.14 0.59 0.07
Slovak Rep. 0.59 0.04 0.65 0.03 0.71 0.02 0.03 0.88 0.06 0.46 0.35 0.03
Slovenia 0.80 0.04 0.80 0.04 0.81 0.03 0.28 0.11 0.33 0.05 0.38 0.00
Spain 0.56 0.15 0.63 0.11 0.69 0.07 0.73 0.04 0.75 0.04 0.77 0.03
Sweden 0.87 0.02 0.87 0.02 0.87 0.02 0.89 0.03 0.89 0.03 0.90 0.03
Switzerland 0.90 0.02 0.90 0.02 0.90 0.02 0.19 0.20 0.32 0.09 0.49 0.03
UK 0.83 0.04 0.83 0.04 0.84 0.04 0.65 0.04 0.67 0.04 0.69 0.04
Cross-country 0.73 0.10 0.75 0.08 0.78 0.05 0.57 0.18 0.60 0.16 0.65 0.11

Fig. 1  The association between average income and within-country income inequality
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First of all, we examine the rank correlation coefficients when multidimensional well-
being composite indices are obtained with different β parameters in 2014.30 We find that 
the composite well-being index rankings are positively and significantly correlated with 
each other even though we allow the dimensions to be perfect complements or comple-
mentary at some degree. In the lines with the literature that analyzed the redundancy of 
composite indices, one might argue that the composite well-being indices obtained with 
alternative β parameters are redundant and an index with a single β parameter would be 
sufficient to rank regions since the rankings are positively and significantly correlated with 
each other. However, we argue that even though rankings are highly and positively cor-
related with each other when different β parameters are used, they convey distinctively 
different outcomes for two reasons. First, rankings obtained with different β parameters 
can be very similar, but they produce very different multidimensional well-being scores, 
within- and cross-country inequality measures. For instance, depending on whether well-
being dimensions are considered to be perfect substitutes or complements at some degree, 
composite well-being scores and inequality measures do vary dramatically (see Table  4 
for average multidimensional well-being scores in different categories, and within- and 
cross-country inequality measures with different β parameters). When well-being dimen-
sions are considered as perfect substitutes (complements at some degree), there is a lower 
(higher) within- and cross-country inequality and higher (lower) multidimensional well-
being across the European regions. As some of the most important goals and policy deci-
sions of the EU are based on tracking the multidimensional well-being (e.g., the European 
Commission’s “Going beyond GDP” initiative) and decreasing regional inequality (e.g., 
the main objective of the EU structural funds is to reduce the income inequality), compos-
ite indices that are obtained with different β parameters gives distinctively different signals 
to policymakers.

The plots in Fig. 2 compare overall, material, personal and community well-being scores 
obtained when the sub-dimensions are considered as perfect substitutes (i.e., when β = 1 or 
arithmetic mean of dimensions) with the composite well-being scores obtained when the 
sub-dimensions are considered as complements at some degree (i.e., when β = − 1). This 
figure clearly shows that there is a major variation in composite scores achieved by the 
most European regions when different β parameters are used. It can be seen in this figure 
that regions that achieved a higher composite score (i.e., high performers) are located close 
to the 45-line degree which suggests that their composite scores in different well-being 
categories are less sensitive to the choice of β parameter. These regions have relatively 
balanced achievements across the sub-dimensions. On the other hand, composite scores 
of regions with unbalanced achievements across the sub-dimensions are more sensitive to 
the choice of β parameter and these regions are the ones that are located far away from the 
45-line degree. For instance, Table 5 presents some regions whose composite scores are 
extremely sensitive to the choice of β parameter and that these regions would have had very 
different overall, personal, material, and community well-being scores when the dimen-
sions are considered as perfect substitutes (β = 1) or complements at some degree (β = − 1). 
The variation in composite scores for these regions are quite high when β increased from 
− 1 to + 1. For instance, overall well-being score of Lombardy would have been 0.692 
lower if one were consider dimensions to be complements at some degree (i.e., β = − 1) 
rather than them being perfect substitutes (i.e., β = 1). Most of these regions that see major 

30 The lowest correlation coefficient between composite indices obtained with alternative β parameters is 
0.84.
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changes in their composite well-being scores when two different β parameters used are 
located at the southern Europe (e.g., regions of Italy, Spain, Greece, and Portugal) and 
eastern Europe (e.g., regions of Estonia, Czech Republic, and Hungary). Common charac-
teristic of these regions is that they have relatively unbalanced performances in sub-dimen-
sions. In one hand (when β = 1), relatively poor performances in some sub-dimensions are 
compensated by good performances in other sub-dimensions and on the other hand (when 
β = − 1), poor performances in some sub-dimensions are reflected in lower composite well-
being scores.31  

We furthermore show that there are major rank reversals when different β parameters 
are used to obtain composite scores even though the rankings obtained with different β 
parameters are positively and significantly correlated with each other.32 The plots in Fig. 3 
compare overall, material, personal and community composite well-being ranks in 2014 
when β is set to − 1 and + 1. This figure reveals that the high performing regions are less 
sensitive to the choice of β parameter as they are located near the 45-line degree. On the 
other hand, rankings of some regions are extremely sensitive to the choice of β parameter 
as they are far off from the 45-line degree. For instance, some regions are ranked higher 
when sub-dimensions are considered as complements (i.e., plots that are located at the 
upper left of the 45-line degree) and some others are ranked in relatively higher positions if 
one were to consider sub-dimensions as substitutes of each other (i.e., plots that are located 
at the lower right of the 45-line degree). Table 6 provides some of the regions that would 
experience major rank reversals in composite well-being indices when β = 1 and β = − 1 
are used to obtain composite well-being indices. Panel A (B) of Table 6 represents some 
set of regions that would have been ranked in higher positions when sub-dimensions are 
considered to be complements at some degree (perfect substitutes) compared to the case 
when the dimensions are considered as perfect substitutes (complement at some degree). 
For instance, Zurich and Åland rank at the 88th and 39th positions based on their overall 
well-being achievement when the dimensions are considered to be perfect substitutes (i.e., 
when β = 1), whereas, these two regions would have been ranked at the 155th and 102nd 
positions when dimensions are more seen as complements (i.e., β = − 1), respectively. The 
reason why these regions rank in lower positions when β = − 1 is used to obtain overall 
well-being index is that their achievements in civic engagement dimension are relatively 
low. On the other hand, East Macedonia of Greece ranks at the 177th (213th) position 
when β = − 1 (β = 1) is used to obtain overall well-being score. Even though East Macedo-
nia region of Greece have low achievements in some well-being dimensions, neither of 
its achievements in well-being dimensions are at the lowest possible levels allowing this 
region to achieve relatively higher position when dimensions are considered to be comple-
ments. Most of the regions that East Macedonia region of Greece surpass when the dimen-
sions have some complementarity are the ones that have the lowest achievement score in 
one or more dimensions moving them to lower ranking positions when dimensions are 
considered as complements. Similar patterns are observed for the remaining set of regions 

31 See Table 2 of supplementary material for the detailed overall, material, personal, and community well-
being composite indices and absolute change in composite scores when different β parameters are used to 
obtain the composite indices.
32 See Table  3 of supplementary material for the detailed rankings of European regions based on their 
achievements in overall, material, personal and community well-being composite indices when different β 
parameters are used to obtain the composite indices.



48 M. Pinar 

1 3

that moved to higher positions when dimensions are seen more of complements compared 
to the case where they are considered to be perfect substitutes. 

Overall, even though the rankings are positively and significantly correlated with each 
other, there are also major differences between two rankings when the dimensions are 
more seen as substitutes or complements, respectively (i.e., β = 1 and β = − 1, respectively). 
Regions that have relatively balanced (unbalanced) achievements between the dimensions 
move to higher rankings when dimensions are considered to be complementary (perfect 
substitutes).

3.3  Over‑Time Changes in Multidimensional Well‑Being and Inequality

In the previous sections, we analyzed the multidimensional well-being and inequality 
across the European regions depending on the β parameter choice and in this subsection, 
we will examine the well-being improvements and changes in inequality measures between 
2000 and 2014.33 Table 7 offers average achievement and inequality measures in income 
dimension and composite indices in 2000 and 2014 when different β parameters are used 
to aggregate dimensions. Panel A of Table 7 offers the average achievement in income and 
composite well-being outcomes and multidimensional inequality (i.e., Gini measures) in 
2000 and 2014 for 103 regions that have overlapping information for all well-being dimen-
sions in both years. Whereas, Panel B of Table 7 offers the same information for different 
number of regions where we have information for all dimensions that are used each respec-
tive composite well-being category, respectively.
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Fig. 2  Scatter plots of overall, material, personal and community composite well-being scores in 2014 
when β = − 1 and β = + 1

33 It should be noted that we only used the regions that have overlapping information for the dimensions 
used for each multidimensional well-being category to examine the changes in multidimensional well-being 
and inequality.
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Since both panels of Table offer roughly similar outcomes, we discuss the results from 
the panel A of Table  7. Irrespective of the β measure, average overall well-being index 
increased and multidimensional inequality across the European regions are decreased 
between 2000 and 2014. However, the increase in average overall well-being index is 
relatively higher when dimensions are considered to have some degree of complementa-
rity compared to the case when dimensions are perfect substitutes (e.g., average overall 
well-being index increased by 0.206, 0.202, and 0.165 between 2000 and 2014 when β is 
set to be − 1, 0, and 1, respectively). This suggests that the improvements in well-being 
dimensions across the European regions between 2000 and 2014 were towards rounded 
achievements across well-being dimensions. Similarly, Gini coefficients in 2014 were 
smaller than the ones in 2000 suggesting that the inequality in overall well-being across 
European regions declined between 2000 and 2014. Similarly, decrease in Gini coefficient 
is relatively higher when dimensions are considered to have some complementarity (i.e., 
� ≤ 0) . When we move to composite well-being categories, average achievement and ine-
quality levels in material well-being across the European regions roughly remained to be 
the same irrespective of the β parameter choice.34 The composite well-being category in 
which European regions experienced the largest improvement during the period is personal 
well-being one. Average achievement in this category roughly doubled between 2000 and 
2014, and there is distinctive decrease in inequality measures when well-being dimensions 
are considered to have some degree of complementarity (i.e., Gini coefficients dropped 
from 0.423 and 0.377 to 0.165 and 0.130 when β is set to − 1 and 0, respectively). This 
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Fig. 3  Scatter plots of overall, material, personal and community composite well-being ranks in 2014 when 
β = − 1 and β = + 1

34 To be precise, there is a small increase in material well-being category (this increase ranges between 
0.025 and 0.038 depending β parameter choice), but this increase is minimal considering the comparison 
period (i.e., between 2000 and 2014). Similarly, there is also a slight increase in inequality measures when 
dimensions are treated as complements.
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suggests that well-being improvements in this category across the European regions were 
towards rounded achievements across the well-being dimensions in this category (i.e., 
health, education, access to services). Community well-being index also improved between 
2000 and 2014, and these improvements were roughly similar irrespective of the β param-
eter choice (i.e., average improvements in community composite index were 0.143, 0.137, 
and 0.128 when β is equal to − 1, 0, and 1, respectively). Finally, average achievement in 
income dimension increased from 0.488 to 0.582 and the Gini coefficient dropped from 
0.308 to 0.276 between 2000 and 2014, respectively. Comparing income dimension with 
other composite well-being indices, we observe that improvements in overall, personal and 

Table 7  Average achievement in 
composite well-being outcomes 
and inequality measures in 2000 
and 2014

Mean columns represent the average achievement scores in respective 
well-being index and income dimension. Gini coefficients measure the 
inequality in these well-being categories and income dimension

β = − 1 β = 0 β = 1 No regions

Mean Gini Mean Gini Mean Gini

Panel A Composite well-being and inequality measures for 103 
regions

Overall
 2014 0.527 0.296 0.597 0.204 0.679 0.111 103
 2000 0.321 0.437 0.396 0.309 0.514 0.145 103

Material
 2014 0.548 0.295 0.575 0.262 0.624 0.197 103
 2010 0.523 0.279 0.547 0.253 0.586 0.202 103

Personal
 2014 0.681 0.165 0.713 0.130 0.753 0.087 103
 2010 0.307 0.423 0.331 0.377 0.423 0.182 103

Community
 2014 0.587 0.198 0.611 0.181 0.660 0.126 103
 2010 0.443 0.284 0.474 0.250 0.533 0.177 103

Income
 2014 0.582 0.276 103
 2010 0.488 0.308 103

Panel B Composite well-being and inequality for different number 
of regions

Overall
 2014 0.658 0.219 0.677 0.198 0.707 0.161 145
 2010 0.587 0.209 0.605 0.192 0.631 0.162 145

Personal
 2014 0.721 0.124 0.745 0.101 0.774 0.073 159
 2010 0.322 0.375 0.354 0.326 0.439 0.167 159

Community
 2014 0.553 0.255 0.584 0.221 0.649 0.141 197
 2010 0.383 0.384 0.414 0.347 0.505 0.223 197

Income
 2014 0.689 0.205 183
 2010 0.608 0.236 183
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community well-being categories between 2000 and 2014 were higher than the improve-
ment in the income dimension over the same period irrespective of the β parameter choice. 
Similarly, decreases in overall, personal, and community well-being inequality were rela-
tively higher than the decrease in income inequality between 2000 and 2014. On the other 
hand, achievements in material well-being (which also includes income dimension) is 
higher than income dimension when well-being dimensions are considered to be perfect 
substitutes (i.e., β = 1). Overall, given the changes in composite well-being categories and 
income dimension, we can suggest that multidimensional well-being improvements were 
relatively higher compared to the improvements in income dimension, which also led to a 
lower degree of multidimensional inequality across the European regions.

To analyze the effects of β parameter choice on the changes in the regional well-being 
outcomes, Panels A, B, and C of Table 8 offer achievements of some regions in well-being 
dimensions in material, personal, community categories, and composite well-being out-
comes with different β parameters in 2000 and 2014, respectively. Each panel consists of 
two regions that experienced changes in well-being outcomes that were towards balanced 
(uneven) composition of development across the well-being dimensions.35 Furthermore, 
to assess whether the changes in well-being achievements between 2000 and 2014 were 
towards balanced (uneven) composition of development across the well-being dimensions, 
we obtain a “deviation” measure which calculates the level of evenness of achievements 
across well-being categories.36 The lower (higher) this score, the more rounded (unbal-
anced) the achievements across the well-being dimensions in each category are.

Panel A of Table  8 offers two regions that experienced changes in income, jobs and 
housing dimensions that were towards balanced (unbalanced) achievements across the 
well-being dimensions in material well-being category. Standard of living and job condi-
tions (income and jobs dimensions) in Vienna deteriorated between 2000 and 2014 but the 
region experienced major improvement in housing, which led to a more rounded composi-
tion of development in this category (e.g., “deviation” measure dropped from 1.23 to 0.61 
between 2000 and 2014). Even though the aggregate improvement across the three dimen-
sions is limited (i.e., aggregate change in achievements in the three dimensions was 0.015), 
achievements across the dimensions were more rounded in 2014 than in 2000, which can 
also be seen by looking at the changes in composite scores when β = 0 and β = − 1 are used 
in the aggregation (i.e., composite index outcomes for Vienna increased by 0.042 and 0.083 
when respective β parameters are used). Similar case is observed for Saxony-Anhalt region 
of Germany. This region experienced improvements in all dimensions, however, the major 
improvement had been in the dimension that was the least achieved one in 2000 (i.e., jobs 
dimension). Improvements in this region were towards rounded achievements across the 
three dimensions, which are also reflected in the composite score improvements when β = 0 
and β = − 1 are used in aggregation since the changes in composite scores are higher than 
the change in the index that is obtained with arithmetic mean. On the other hand, over-time 
improvements in central Estonia and Wallonia region of Belgium were towards unrounded 

35 In this comparison, we only report some regions for illustrative reasons; however, detailed comparisons 
for all regions are available from author upon request.
36 This measure is obtained by sum of absolute deviation across the well-being dimensions in a given well-
being category. In particular, since each well-being category has three well-being dimensions, this meas-
ure is obtained by |achievement in dimension 1 − achievement in dimension 2| + |achievement in dimension 
1 − achievement in dimension 3| + |achievement in dimension 2 − achievement in dimension 3|. “Deviation” 
measure would be zero if achievements across the three well-being dimensions are equal, suggesting that 
the achievements in well-being dimensions are fully rounded.
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achievements across the three dimensions. Wallonia region experienced a deterioration in 
jobs dimension (which was the least achieved dimension in 2000) and an improvement in 
housing dimension (which was the most achieved dimension in 2000), which led to a diver-
gence in achievements across the well-being dimensions (i.e., deviation measure increased 
by 0.56 between 2000 and 2014). Whereas, even though there had been an improvement 
in all dimensions in the central Estonia, the major increase was observed in jobs dimen-
sion (which was the highest achieved dimension in 2000). Even though, equally-weighted 
index (i.e., when β = 1) does not differentiate whether the improvements were towards even 
(unbalanced) composition of development across the three dimensions, improvements in 
composite scores are relatively lower when dimensions allowed to have some degree of 
complementarity (i.e., when composite indices are obtained with β = 0 and β = − 1). Panels 
B and C of Table 8 also offer two regions that experienced changes in well-being dimen-
sions in personal and community well-being categories that were towards rounded (unbal-
anced) achievements across the three dimensions, respectively (see respective panels in 
Table 8 for the details).

Overall, in this section, we showed that the over-time improvements in composite scores 
are different when dimensions are considered to be complementary at some degree when 
the over-time changes in achievement levels in dimensions are towards balanced (or unbal-
anced) composition of development across the dimensions or not. Even (uneven) composi-
tion of the development across the dimensions are reflected in the composite indices that 
are obtained with β ≤ 0 by having relatively higher (lower) changes in composite well-being 
scores than the changes in the composite index obtained with arithmetic mean. This feature 
of aggregation is particularly important since the choice of β parameter for aggregation 
(i.e., whether policymakers are sensitive to the even composition of development across 
the dimensions or not) would lead to different approaches by the regional policymakers 
to improve regional composite well-being outcomes. For instance, if a composite index is 
obtained with the arithmetic mean aggregation method (i.e., when β is set to be 1), regional 
policymakers can choose to improve any dimension they wish irrespective of whether 
this dimension is the least or most achieved dimension. In this case, regions may choose 
to improve “easy” dimensions (i.e., well-being dimensions that are relatively easier to 
improve or less costly to manipulate) since any aggregate improvement in these dimensions 
would be reflected similarly in the composite score irrespective of whether this dimen-
sion is the least or most achieved one. However, if aggregation procedure prioritizes bal-
anced composition of development or penalizes uneven composition of development (i.e., 
the cases when β ≤ 0), regions would prioritize improvements in dimensions in which their 
achievements are relatively weak since this would lead to a higher improvement in their 
composite scores (see the cases in Table 8). Therefore, if the aim is to promote balanced 
composition of development across well-being dimensions, policymakers should integrate 
this feature in their aggregation procedure to give the right signals to the policymakers.

4  EU Structural Fund Allocations with Composite Well‑Being Indices

In this section, we evaluate how the EU structural funds would have been distributed if 
one were to use the composite indices as a criteria to determine the eligible regions rather 
than the GDP per capita criteria. Before our analysis, let us offer a brief discussion on what 
the EU structural funds are and how they are distributed. Under the convergence objective 
of the European Commission, regions are allocated EU structural funds if their GDP per 
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capita in purchasing power parties (PPP) is lower than the 75% of the EU average (Euro-
pean Parliament and Council of the European Union 2013). The idea behind this objective 
is to improve the standard of living in the eligible regions so that they can catch up with 
other regions’ standard of living. Recent papers found that this is an effective allocation of 
funds to eliminate income disparities across the EU regions (see e.g., Bosker 2009; Becker 
et al. 2013). Even though GDP per capita might be a reasonable benchmark, it lacks to cap-
ture the well-being in a more holistic way and there are EU policy documents which also 
consider the inclusion of additional dimensions beyond GDP per capita when determining 
the allocation of EU structural funds (European Committee of the Regions 2011). Hence, 
in this section we examine how the composite indices obtained with different β param-
eters would allocate the regional funding if one were to use them to determine the eligible 
regions. In other words, if the European Commission were to use composite indices to 
choose regions that are eligible for the EU structural funds, would the composite indices 
that are obtained with different β parameters allocate funds different than GDP per capita 
criteria?

To be consistent with the EU structural fund allocation, we only consider 197 regions 
that are part of the EU for this evaluation.37 Table 9 offers the EU average achievement 
levels in income dimension, and overall, material, personal and community well-being 
composite indices that are obtained with different β parameters, and the threshold achieve-
ment levels for each case to determine the eligible regions for the EU structural funds (i.e., 
regions would be eligible for the EU structural funds if their achievement is below the 75% 
of the average score in each respective criteria).

Given these thresholds in each respective criteria, Table  10 summarizes the set of 
regions that are eligible to the EU structural funds in 2014 with the income dimension, and 
composite indices that are obtained with different β parameters (see Table 12 in Appendix 
for the list of regions that are eligible for the EU structural funds when income and dif-
ferent composite indices are used as criteria to determine the eligible regions). 77 regions 
with a total population of 129.7 million are eligible to the EU structural funds if income 
dimension is used as a criteria, more than the number of eligible regions when the compos-
ite indices are used as a criteria (irrespective of the β parameter choice). On the other hand, 
if overall well-being index is used as a criteria to determine the eligible regions, 51, 65, 
and 70 regions are eligible for the funds when β parameters are set to 1, 0 and − 1, respec-
tively. The reason why less number of regions is eligible for the funds when the dimensions 
are perfect substitutes is that the perfect substitution between the dimensions (i.e., when 
composite index is obtained with β = 1) produces a more equal distribution of composite 
achievements across the regions (i.e., see Table 4 for the within- and cross-country multi-
dimensional well-being inequality when different β parameters are used to obtain compos-
ite indices). Whereas, when some complementarity between dimensions are allowed (i.e., 
β ≤ 0), there are 15 and 19 more regions eligible for the EU structural funds compared to 
the case when dimensions are perfect substitutes (i.e., β = 1). The difference in the num-
ber of eligible regions when different β parameters are used to obtain composite indices 

37 For EU structural fund allocation, we only consider the regions from the countries that are part of the 
EU and exclude the regions from our analysis that are not part of the EU (i.e., regions of Iceland, Norway, 
and Switzerland). One should also note that we do not have any data for regional well-being dimensions 
for the regions of seven countries, which are part of the EU (Bulgaria, Croatia, Cyprus, Latvia, Lithuania, 
Malta, and Romania). Hence, this analysis should be seen as an illustrative example on how β parameter 
choice in the aggregation procedure could have an effect on policy decisions.
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highlights the importance of β parameter choice for the EU regional policy if they were to 
use composite indices to allocate the EU structural funds.

When we move to the sub-composite indices (i.e., material, personal and community 
composite indices), the number of eligible regions with the material well-being does not 
differ much from those funded with income dimension irrespective of the β parameter. This 
outcome was expected since the income dimension not only belongs to the material well-
being category but also it is significantly and positively correlated with other dimensions 
in the material well-being category (i.e., jobs and housing dimensions). Yet, the number of 
eligible regions with material well-being slightly differs from those funded with income 
dimension. For instance, 10 regions that are eligible for the funds with income dimension 
would not have been eligible for the funds if the material well-being composite index is 
used to determine eligible regions (see the row in Table  10 that gives the details about 
the number of regions that are eligible for the funds with income dimension but not with 
the composite index). On the other hand, the number of eligible regions with the personal 
well-being criteria would be the least since both within- and cross-country multidimen-
sional inequality is the lowest in this category compared to any other composite well-being 
(see Table 4 for the details). Yet, the number of eligible regions with the personal well-
being category differs when composite well-being is obtained with different β parameters. 
For instance, there would be only 11 regions eligible for the funds when composite index 
obtained with β = 1 and this number increases to 31 when composite index is obtained with 
β = − 1 highlighting the importance of the choice of β parameter when composite indices 
are used to determine eligible regions. Finally, there are relatively less number of regions 
that are eligible for funding when community well-being index is used as a criteria com-
pared to income dimension. Similar trend of having more regions eligible for the funds can 
be seen when the dimensions are seen more complements compared to the case when they 
are perfect substitutes.

Table 10 also demonstrates that the eligible regions that are identified with the compos-
ite indices show some similarity and differences from the ones identified with the income 
criteria. In one hand, most of the eligible regions that are identified with the composite 
index criteria are also identified to be eligible regions with the income criteria. In other 
words, the number of regions that are eligible for funds with the composite index (these 
number are given at the first row of Table 10) is roughly similar to the number of regions 
that are eligible for the funds with both income dimension and composite index criteria 
(see the third row of Table 10 for the details). In the light of the above case, one can sug-
gest that identification of eligible regions for the EU structural funds with income dimen-
sion is closely associated with the identification of composite indices. However, there are 
also distinctive differences between the identified regions when composite indices and 
income dimension are used as criteria. For instance, there are at least 14, 10, 50, and 25 
regions that would have been eligible for the funds if income dimension is used for funding 
criteria but these regions would not have been eligible for the funds when overall, material, 
personal and community well-being composite indices are used as criteria (see the seventh 
row of Table 10 for the detailed set of differences). This is due to the fact that the European 
regions have relatively equal distributions of achievements in other well-being dimensions 
compared to the income dimension (see Table  3 for the inequality across the European 
regions in different well-being dimensions) and an index obtained with the combination of 
these well-being dimensions identifies less number of regions eligible for the EU structural 
funds if used as a criteria.

Up to now, we used a threshold values that are relative to the average achievement level 
of a given criteria to identify the eligible regions for the EU structural funds (i.e., 75% of 
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the EU average) since the aim of this fund is to eliminate inequality across the European 
regions. However, if the aim was to target the most deprived regions, absolute achieve-
ment scores would have been more suitable measures for identifying eligible regions. The 
concept is similar to the relative and absolute measures of poverty [see e.g., Foster (1998), 
Duclos and Gregoire (2002), Notten and de Neubourg (2011) for detailed discussion] 
where the former is based on the percentage of a median or mean of a group of population 
(e.g., 75% of the mean GDP per capita or the 60% of the median income), whereas the lat-
ter considers a threshold of well-being that is need to sustain basic human needs (e.g., the 
extreme poverty threshold of $1.25 a day). Even though both relative and absolute well-
being groups could be the same, there might be some regions that are eligible for funds 
with the relative measure but not eligible with absolute well-being measures or vice versa, 
which depends on the average achievement level, absolute threshold level and how  the 
well-being is distributed. To provide a complete picture of how well-being outcomes are 
distributed in each composite well-being and income dimension, we carry out our analysis 
by looking at the eligible regions when we use the absolute achievement scores as thresh-
old to determine the eligible number of regions and total population that would benefit 
from these funds.

Table 11 lists the number of regions and total population that would be eligible for funds 
when different absolute normalized achievement scores with 0.1 increments are used as 
threshold for determining the eligible regions.38 The importance of the β parameter choice is 
more evident with the use of absolute scores as thresholds to determine eligible regions. For 
instance, if policy makers choose to allocate funds to the most deprived regions by setting 
the threshold to 0.3, there would be 50 regions that would be eligible for the funds based on 

Table 9  EU average in income dimension and composite indices, and the thresholds for the EU structural 
funds eligibility

Dimension/Index Beta parameter EU average Threshold levels 
(75% of the EU 
average)

Income dimension 0.651 0.488
Overall well-being − 1 0.563 0.422

0 0.625 0.469
1 0.696 0.522

Material well-being − 1 0.600 0.450
0 0.622 0.466
1 0.657 0.493

Personal well-being − 1 0.729 0.546
0 0.751 0.563
1 0.777 0.583

Community well-being − 1 0.570 0.427
0 0.597 0.448
1 0.653 0.490

38 Since the highest achievable score in income and respective composite indices is 1, we use 0.7 as the 
highest threshold to determine the eligible regions for the funds and consider that the regions that have 
achievement above 0.7 are relatively well-off regions.
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the achievements in income dimension. On the other hand, there would be 57 and 40 regions 
that would be eligible for funds based on the overall well-being achievements when β is set 
to − 1 and 0, respectively. However, if the dimensions are treated as perfect substitutes, no 
regions would be qualified for the funds given the 0.3 threshold. Similar trend is seen when 
absolute achievement levels in material, personal, and community well-being indices are 
used to determine eligible regions. Furthermore, for all different absolute well-being thresh-
olds, there is always more regions that are eligible for the EU structural funds when we look 
at the achievements in income dimension compared to the achievements in composite indi-
ces when the well-being dimensions are perfect substitutes (i.e., when β = 1).39 On the other 
hand, when dimensions are more seen as complements (i.e., when β ≤ 0), there are cases 
where higher number of regions are eligible for funds when we consider the achievements 
in composite index compared to the one in income dimension. For instance, when β = − 1, 
more regions are eligible for the funds if one consider the achievements in overall well-
being index as criteria compared to the achievements in income dimension at all threshold 
levels up to 0.4. For threshold of 0.5, similar number of regions is qualified for the funds, 
but the affected population is higher with the composite index criteria. For threshold of 0.6, 
more regions are qualified for the funds with income dimension criteria but higher number 
of people will be affected if the funds are distributed based on composite index criteria (i.e., 
regions that are eligible with the overall well-being index criteria are relatively more popu-
lated). Finally, if one were to use threshold of 0.7, total population that would benefit from 
these funds and the number of eligible regions are higher with income criteria.

Overall, not only there is a distinctive difference between the number of eligible regions 
based on the achievements in composite indices and income dimension at different abso-
lute thresholds, but also there are considerable differences in the number of eligible regions 
based on the choice of β parameter when achievements in composite index are used to 
distribute the funds. Finally, we should also note that the identification of the threshold 
is also an important criteria when distributing the regional funds. For instance, when we 
use relative thresholds, there were clearly less number of regions that were eligible for the 
funds with the composite index criteria compared to the income criteria. However, when 
we examine the distribution of the achievements in composite scores and income dimen-
sion, we have seen that there are more eligible regions for funds based on the achievements 
in income dimension than the eligible regions based on the composite well-being index 
outcomes, or vice versa depending on the absolute well-being threshold. Hence, the poli-
cymakers should also consider the robustness of the allocation of funds based on different 
thresholds since distribution of funds might alter based on two different criteria.

5  Conclusions

It has been well-accepted that the societal progress should be measured by considering 
achievements in many well-being dimensions. Furthermore, policymakers emphasized 
the need for a balanced and sustainable pattern of regional development across well-being 
dimensions and regions (which is emphasized by the EU policy papers and 2020 goals to 

39 The identified regions obviously differ with composite indices compared to the income dimension, 
which are available upon request from the author, yet with income dimension criteria, there are more 
regions eligible for the funds compared to the eligible regions with the composite index obtained with arith-
metic mean.
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achieve a balanced and sustainable pattern of territorial development, and adaptation of the 
geometric mean aggregation of the dimensions of the HDI by the UNDP). In this paper, 
we take into account these two requirements for measuring multidimensional well-being 
measurement. We not only aggregate various well-being dimensions to  measure the EU 
regional well-being to go beyond single measure of well-being but also we use generalized 
mean aggregation procedure to measure whether the well-being achievements in regions 
have balanced composition of development or not by allowing the dimensions to be more 
seen as complements.

Our results show that the multidimensional well-being across the European regions are 
relatively lower when the dimensions are more seen as complements compared to the case 
when they are considered to be perfect substitutes. Furthermore, there is also a higher mul-
tidimensional inequality across the European regions when the dimensions are considered 
to have some complementarity. Both within- and cross-country multidimensional inequal-
ity levels are higher when the dimensions are more seen as complementary due to the fact 
that regions have unbalanced achievements across the well-being dimensions. In particular, 
we observe that the Europe consists two clusters of regions that have different composition 
of development. In one hand, the eastern and southern EU regions (e.g., regions of Esto-
nia, Greece, Slovak Republic, Portugal, Poland, and Italy) have unbalanced composition 
of development (i.e., achievements across the dimensions are unevenly distributed) where 
their multidimensional well-being and inequality scores vary dramatically when the dimen-
sions are seen more of complements or perfect substitutes. On the other hand, the western 
and northern regions of Europe (e.g., regions of Norway, Sweden, Germany, Finland, Ice-
land, the UK, Denmark, Austria, Netherlands, France, Ireland, and Belgium) have balanced 
achievements across the dimensions of well-being, which leads to high multidimensional 
well-being scores and low multidimensional inequality within these countries irrespective 
of the interaction levels between the dimensions. We also examined the over-time changes 
in the multidimensional well-being in the European regions between 2000 and 2014, and 
found that multidimensional well-being improved and inequality decreased in personal and 
community categories but remained unchanged in material well-being category across the 
European regions between 2000 and 2014 irrespective of interaction levels between well-
being dimensions.

We also examine the redundancy of composite indices that are obtained with differ-
ent interactions between the dimensions. Even though these multidimensional well-being 
indices that are obtained with alternative interactions between the dimensions are highly 
and positively correlated, these indices with alternative interactions convey different mul-
tidimensional well-being and inequality outcomes, which then can lead to different policy 
implications. Furthermore, there is also a good range of rank reversals when different inter-
action levels between the dimensions (i.e., perfect substitution or more of a complementa-
rity between the dimensions) are allowed.

We also examine some of the EU policy implications of the different interaction levels 
between the dimensions (i.e., the choice of the β parameter in the generalized mean aggre-
gation). In particular, we discuss whether the use of multidimensional well-being indices 
would have any effect on the choice of eligible regions for the EU structural funds. We find 
that the number of regions that are eligible for the funds differs depending on the interac-
tion levels between the dimensions. If the dimensions are more seen as perfect substitutes 
(i.e., if the dimensions are aggregated through standard arithmetic mean aggregation pro-
cedure), there is always a less number of regions is eligible for the funds since this aggre-
gation procedure produces a more equal distribution of composite achievements across 
the European regions. Whereas, if the dimensions are more seen as complements, there 
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is higher number of regions eligible for the funds since the unbalanced composition of 
development (i.e., unbalanced achievements between the dimensions) are reflected in the 
composite outcomes, which leads to higher multidimensional inequality across the Euro-
pean regions. In particular, the inequality between the eastern and southern regions of the 
Europe and western and northern regions arises when the dimensions are more seen as 
complements. Hence, the choice of interaction levels between the dimensions has major 
EU policy implications.

In this paper, we aggregate the dimensions with a generalized mean aggregation proce-
dure that is flexible enough to allow different levels of interaction between the dimensions. 
Since the ‘true’ interactions between the well-being dimensions are not known, interactions 
between the dimensions will be based on the choices of public and policymakers, which 
depend on their perceptions of well-being and policy targets. For instance, policymakers 
can determine set of well-being dimensions that are more seen as substitutes and therefore 
use arithmetic mean aggregation to obtain index outcomes. On the other hand, they can 
also cluster set of dimensions in which they prefer to obtain rounded achievements across 
the well-being dimensions (in this case, well-being dimensions are more seen as comple-
ments) and allow a different degree of complementarity by choosing a suitable β param-
eter to use in the generalized mean aggregation procedure. If the policymakers are more 
(less) sensitive about the balanced composition of development between the well-being 
dimensions, their preferences can be reflected in the aggregation procedure by increasing 
(decreasing) the degree of complementarity with the change in β parameter.
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