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Abstract

This paper focuses on the recently built Portuguese Well-being Index (WBI) covering the 2005-2013 period.
Firstly we aimed for a deeper understanding of various aspects of well-being evolution in the last nine years
using a multivariate statistical analysis of 79 indicators considered in such period.
Then we approached one of the main issues usually pointed out about index construction: the use of weights
for the computation of composite indexes. Using a simulation, we discussed the possible resilience of changing
the weights attributed to each of the ten domains used in the construction of this index of well-being.
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1. Introduction
This paper is based upon the last results of the study developed by Statistics Portugal concerning the charac-
terization of well-being. This study uses a hierarchical approach to the subject (Maggino & Zumbo (2012)),
starting with the identification of the main dimensions of well-being, structured by a set of ten domains
which attempt to explain two main perspectives of well-being: material conditions of life and quality of life.
The construction of the index took into account international recommendations about measurement of eco-
nomic performance and social progress (Stiglitz, Sen, Fitoussi, & others (2009)) and two main documents,
Beyond GDP (Commission (2009)) and How’s Life? (OECD, 2011; 2013). Statistics Portugal releases yearly
since 2013 data about the evolution of each domain beginning in 2004. Additionally, it releases indexes sum-
marizing the evolution of Material living conditions and Quality of life and also a global Well-being index.
This global index allows us to obtain a unidimensional representation of a multidimensional construct of the
Portuguese well-being.
The complexity of the relationships between the chosen indicators and the methodological choices we made
for the construction of the index justifies a closer approach to this study. First of all we propose an ex-
ploratory statistical analysis of the complete set of 79 indicators used in our study for the period 2005-2013,
previously transformed in index numbers related to the basis year 2004. Such analysis enabled us to have a
deeper understanding of the main factors explaining the global evolution of the well-being index in Portugal
in the last decade, namely some contrasts between the first years and last years after 2008 international crisis.
Then, independently of the decision we made in this study of attributing equal weights to each domain, this
paper presents a simulation study where we can observe the influence of the distribution of well-being in-
dexes when we consider a random sample of hypothetical weights on an integer scale from 1 to 6, modeled by
an adaptive transformation function which aims to smooth the relative importance attributed to each domain.

2. Methods
The construction of the single composite index named Portuguese Index of Well-being is based on a selection of
79 headline indicators, theoretically supported by a previous identification of the main dimensions considered
by experts to be most relevant for the characterization of well-being in Portugal from an individual or
collective point of view (http://www.ine.pt). These dimensions were organized in ten domains characterizing
two main perspectives of well-being: Material conditions of life (P1) and Quality of life (P2) (see Table 1 ).
Apart from the construction of synthetic indicators for each perspective and each domain, we present on a
yearly basis a Portuguese well-being index summarizing the performance of the above mentioned ten domains
under study. Raw data for each domain has been transformed into comparable index values using 2004 (100)



Table 1: Well-being index domains by perspective

P1 P2

1. Economic well-being (EW) 4. Health (H)
2. Economic vulnerability (V) 5. Work-life balance (WL)
3. Labor and earning (L) 6. Education (Ed)

7. Social relations and well-being (R)
8. Civic participation and governance (P)
9. Personal security (PS)
10. Environment (E)

as baseline. This transformation was done in such a way that positive percentage changes indicate some
improvement in well-being, while negative percentage changes indicate deterioration. The mean of the per-
centage change rate of the indicators in each domain was used to summarize its performance. Same steps
were taken to build perspective indexes and the global index. The first ones are means of domain indexes in
each perspective and the global index is a mean of all domain indexes.
The choice of weights for each indicator or domain is a crucial and polemic question which explains the fact
that some international institutions do not consider a single composite indicator but just a measure of perfor-
mance at domain level, sometimes being up to the user the initiative to choose weights for each domain and
obtaining a well-being index according to such choice. Our option was to give same weights to each domain
considering that we do not have a really strong argument to give different weights to each domain. When
we consider equal weights we are not saying that we have a rationale for such option, we are just stating
that at this point we do not have enough knowledge to define a specific weight for each domain. It will be
considered in this paper a simulation study which generalize in some sense the so-called Your Better Life
Index presented some years ago by OECD, in order to analyze the sensitivity of the Portuguese well-being
index when we generate a random sample of weights attributed to each domain.

3. Principal Component Analysis and Cluster Analysis
We used here data from the Well-being index for Portugal (WBI) by domain in the period 2004-2013. As
there are 10 domains (D) the source data is a 10×10 matrix. The indexes have basis 100 in 2004. The Table
2 shows the official published results of the WBI by domain (see legend in Table 2).

Table 2: WBI by domain (2004-2013)

D I2004 I2005 I2006 I2007 I2008 I2009 I2010 I2011 I2012 I2013

1 100 101.9 103.5 105.7 105.5 109.0 109.1 106.3 104.2 103.3
2 100 100.5 98.9 91.5 90.9 89.9 93.4 86.1 81.1 78.8
3 100 94.9 95.1 93.3 92.0 89.7 83.0 75.8 70.9 66.8
4 100 107.3 111.6 113.6 118.0 118.7 127.5 124.9 125.4 126.6
5 100 102.4 106.0 109.3 109.1 109.9 110.8 112.2 111.5 109.2
6 100 112.3 114.6 122.3 131.1 134.3 138.5 157.3 160.0 158.4
7 100 99.6 99.3 96.4 93.5 96.0 98.5 98.2 97.7 96.9
8 100 103.9 105.3 101.6 99.6 95.6 91.1 93.6 96.4 97.5
9 100 108.4 104.0 109.2 101.4 103.4 102.8 107.4 102.4 108.2
10 100 102.1 107.5 104.3 113.5 114.8 120.5 124.4 125.5 126.0

The final well-being index (WBI) for each year is the non-weighted arithmetic mean of the indexes of each
domain (see Table 3).
The index covers the period 2004-13. Results for 2013 are preliminary and the index is updated and released
on an annual basis. The well-being index decreased in 2012 and a persistence of this slowdown was estimated
for 2013. Of the 10 domains integrating the WBI, education, health and environment are the well-being
components with the best performance in the period under review. Conversely, labor and earnings, and



Table 3: Well-being Index (2004-2013)

I2004 I2005 I2006 I2007 I2008 I2009 I2010 I2011 I2012 I2013

100 103.3 104.6 104.7 105.5 106.1 107.5 108.6 107.5 107.2

economic vulnerability are the domains with the worst performance.
The two composite indexes, material living conditions and quality of life, had opposite developments, the
former following a downward trend, which became sharper from 2010 to 2013, and the latter following an
upward trend, although quite attenuated after 2011.
A main feature of any national well-being project is to be able to identify the critical factors of an overall
well-being understanding really the best performer indicators over time, in each domain. Complementarily
we expect that the release of well-being data could give important assignments for policy making and for a
more informed society prepared to participate and to scrutiny public policies.
This is a reason why we present a multivariate statistical study where objects are our indicators and variables
are years from 2005 to 2012. A principal component analysis and a cluster analysis using euclidean distances
between objects and using the Ward method for aggregation, gave us an appealing picture about profiles
of indicators, identifying some distinctive behaviors along 2004-2008 and 2008-2012 periods. One aim is to
obtain a résumé concerning the behavior of such indicators, finding different profiles covering such period
and specific trajectories before and after the world financial crisis of 2008.
A normalized Principal Component analysis reveals that we can explain about 92% of total inertia taking
just two principal components. The first axis is a “size factor” and the first principal component explaining
around 75% of inertia is positively correlated with all the years and strongly correlated with years 2006 until
2012. This means that coordinates of projected objects on the first axis explain the degree of variation of
index numbers associated to each indicator. On the right axis the PCA method locates indicators with a
positive variation, and those with negative variation on the left axis. Close to the origin it can be found
indicators with a quite specific behavior, not explained by the two first principal axis or with values close to
the mean value of variable (years) under study.
We identify in Table 4 two groups that mostly contributed to the first axis.

Table 4: Main contributions to the first axis (descending order)

Negative evolution Positive evolution

24 - Underemployment rate of part-time workers 54 - Patents submitted to the European Patents Or-
ganization

12 - Rate of exclusion from the labor market 53 - Scientific papers published
21 - Graduate unemployment rate (tertiary educa-
tion)

37 - Population evaluating positively the sate of
health services
33 - Standardized death rate by diseases of respiratory
system
52 - Graduations in ISCED 6 (PhD)
48 - Life long learning
41 - Index of conciliation of work and family respon-
sibilities

The projection of the vectors representing domains, as supplementary objects on the first axis confirms the
preliminary analysis previously presented concerning the behavior of perspectives and domains from 2005
to 2012. The analysis of the second axis explains about 17% of total inertia. In fact the second principal
component is positively correlated with year 2005, 2006 and 2007 and negatively correlated with years 2009,
2010, 2011 and 2012, opposing indicators presenting better indexes after 2008 to other indicators particularly
affected by world and national financial crisis. We summarize in Table 5 such results identifying two opposite
groups that mostly contribute to the second axis.
From the results of principal component analysis, we obtained a hierarchical cluster using euclidean distance
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Figure 1: Principal Component Analysis

and Ward method for aggregation (see Figure 2).
Observing the dendrogram we can identify five clusters of indicators. These clusters are represented by box
plots showing average annual variations of index numbers for periods 2004-2008, 2008-2012 and 2004-2012.
Cluster 3 represents indicators that had a negative change and also a quite distinct behavior before and after
2008. These indicators belong mainly to the labor domain. In contrast, cluster 5 showed positive changes in
the period (mostly education and research indicators). Cluster 1 (scattered by different domains, but mainly
from economic well-being domain) is almost constant. Cluster 2 and 4 had small changes in the period,
respectively positive and negative variations.

4. Simulation of indexes with unequal domain weights
When someone assigns different weights to the index domains this is usually a result of two considerations:
on one hand it may be considered that the domains have unequal importance and so it is desirable to ascribe
them to ranks; on the other hand unequal weights are also a result of a reasoning that leads to admit that the
importance of a domain may be valued as the double of another one. This means that using unequal weights
it is possible for example to state that the domain of health has the double of the importance of education.
It should be interesting to achieve a way to preserve a ranking of the domains without incurring the sec-
ondary effect of large distortions in the computation of the final index given the imputation of over-sized
weight ratios. The rationale underlying this solution is to avoid that the weights attributed to some domain



Table 5: Main contributions to the second axis

Better evolution after crisis Worse evolution after crisis

54 - Patents submitted to the European Patents Or-
ganization

48 - Life long learning
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Figure 2: Cluster analysis

become much larger than the weights in any other domain.
A simple solution to this problem would take the form of a smooth function mapping the original weights
(wd) belonging to the domain W , imputed by a user/users into new smoothed weights (w′

d). Our approach
is a linear transformation of the type w′

d = α + βwd, where α ≥ 0 and 0 < β < 1. In the particular case of
α = 0 and β = 1 there is no transformation, since w′

d = wd; similarly, if β = 0 and α 6= 0 then w′
d = α, which

is the case of equal weights.
In accordance with this view we have recalculated the WBI index using unequal weights. We attributed
weights to each domain index resulting from a random sample with replacement of integer numbers between
1 and 6 (in a way similar to the subjective weights used by OECD in Better Life Index. However we did
not use the population composed by the complete combinations of weights of dimension 610. We extracted a
random sample of size 5000 from that population.
As a result of the application of this linear transformation, for example with α = 1 and β = 0.1 any weight
of the domain W as wd ∈ {1, 2, 3, 4, 5, 6} is mapped into w′

d ∈ {1.1, 1.2, 1.3, 1.4, 1.5, 1.6}. This method keeps
the rank, and the distances between weights are homothetic to the original distances. However, the ratios
between them are smaller as it was required. In our simulation we vary the value of β between 0 (equal
weights) and 1 and we computed the general well-being index for each year between 2004 and 2013. For each
year we computed some descriptive statistics such as the minimum, maximum, mean and P05, P50 and P95
percentiles. In Figure 3 we can see a graph representing the percentiles 5% and 95% for several values of β
and also the reference values of the observed index. We may observe that for values of β near 0.1 or 0.2 the
use of unequal weights subjected to a linear transformation, the simulated index results are not far from the
observed index. In the Table 6 we observe that for the year 2013 – when the distance between P5 and P95 is
larger – for β = 0.1 or β = 0.2 the interpercentiles range of the simulated WBIs is between 3.3 and 5.7. We
want to stress that we are presenting some simulated indexes that are more distant from the observed index,
since we are addressing the 10% cases further away from the average.

http://www.oecdbetterlifeindex.org
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Figure 3: WBI observed vs P05 and P95 of simulations of WBI

Table 6: P5 and P95 for simulated WBI for β = 0.1 and β = 0.2

Percentile β 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

5 0.2 100 102.8 103.9 103.7 104.0 104.5 105.6 106.0 104.7 104.3
95 0.2 100 103.9 105.2 105.8 106.9 107.7 109.4 111.2 110.3 110.0
5 0.1 100 103.0 104.2 104.1 104.6 105.2 106.3 107.1 105.8 105.5

95 0.1 100 103.7 105.0 105.4 106.3 107.1 108.7 110.1 109.2 108.9

5. Conclusions
The recent availability of data about well-being in Portugal gives an opportunity to deepen the understanding
of this multifaceted construct and disentangle the complexity of the interrelationships between the empirical
indicators used in its construction using tools provided from multivariate analysis.
If we apply small β values of the smooth function to a set of unequal weights, the results obtained from the
computation of the index are not far from the reference result of the index computed with equal weights.
Additionally, the direction of the evolution of the series is held. Results are resilient to the change of weights.
This result has the virtue of allowing the user to differentiate the importance of the various components of
the index without overdoing their relative value. It should be interesting to explore the effect of smoothed
unequal weights on the multidimensional behavior of indicators and domains, testing the robustness of Prin-
cipal Component and Cluster Analysis on simulated well-being data.
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