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Maria Rita Sebastiani*

DIMENSION REDUCTION

FOR MEASURING THE
MULTIDIMENSIONAL
DEMOGRAPHIC CONVERGENCE
OF THE EUROPEAN UNION
POPULATIONS

Summary: The European Union (EU) was founded in 1957 in order to prevent
new wars in the Continent. Over time, many institutions and instruments have
been introduced for defining and implementing common policies concerning eco-
nomics, society and politics. All these innovations have contributed to generating
the “European people”, beyond the single national peoples, with common institu-
tions and cultural heritage. In fact, each people is also a population, describable
in terms of demographic structure as well as in terms of natural and migratory
dynamics. Therefore, it is reasonable to ask if, over time, all the national popula-
tions of the EU tend to converge towards a European population, with a common
demographic profile. Here, a statistical method is proposed for measuring the de-
mographic convergence of the populations of the EU towards a common pattern.

Keyword: demographic convergence, European populations, multiple variability.

1. Introduction

The European Union (EU) — originally the European Economic
Community — was founded in 1957 in order to prevent new wars
in the Continent. It started as a Customs Union, with the aim of
subsequently creating a Common Market for the free circulation
of goods, services, people and capitals. Over time, new institu-

* Dipartimento Memotef — Sapienza — Universita di Roma.
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tions and instruments have been introduced for defining and im-
plementing common policies concerning economics, society and
politics. All these innovations have contributed to generating the
“European people”, beyond the single national peoples, with com-
mon institutions and cultural heritage. In fact, each people is also
a population, describable in terms of demographic structure as
well as in terms of natural and migratory dynamics.

Therefore, it is reasonable to ask if, over time, all the nation-
al populations of the EU tend to converge towards a “European
population”, with a common demographic profile. The existence
of a European population implies that some common demograph-
ic policies could be proposed for dealing with specific problems
(such as, for instance, the decline in fertility, the increasingly ag-
ing population) that can affect the welfare state.

The aim of this paper is to introduce a statistical method for
measuring the demographic convergence of the EU’s populations
towards a common pattern in a multidimensional perspective
that is considering several variables together at one time. De-
mographic convergence is a key point of both the First and the
Second Demographic Transition theories (FDT and, respectively,
SDT). In particular, the FDT theory discusses the decline in birth
and mortality rates of the developed populations, which over time
would tend towards a steady state with zero growth and a growth
in aging (Thompson, 1929; Landry, 1934; Notestein, 1945). The
SDT theory is relatively recent and includes other variables (Les-
thaeghe, Surkyn, 2004; Van De Kaa, 1987, 2003). It has been
introduced for explaining the sharp decline in fertility under the
replacement rate, observed in all the populations of industrialized
countries (Europe, North America, Australia, New Zealand and
Japan), in conjunction with a great transformation in the pro-
cesses of family’ formation and duration, and the non-occurrence
of a stationary population. Compared to the FDT theory, the SDT
also studies the role of survival and of international migration in
the process of a population’s growth, as well as the implications
of aging, of immigration and of the weakness of family structures
for the welfare state systems.

Many researchers have already empirically tested demographic
convergence using some statistical indices of variability (o-con-
vergence approach; see, for instance Dorius, 2008; Neumayer,
2004; Sebastiani, 2010). If the variability is low, it means that
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the populations are similar to each other and therefore conver-
gence is achieved. Conversely, if the variability is high, the popu-
lations are different from each other and therefore convergence is
not attained. Specifically, in Sebastiani (2010) an absolute index
of variability and the corresponding normalized one (represent-
ed respectively by s; and s;,,,,,) have been proposed, since they
are considered the most adequate indices when the variable is a
demographic rate (for instance, crude birth rate or crude death
rate). However, almost all of the cited studies have only focused
on a one-dimensional perspective, testing separately the conver-
gence of one variable at a time. In fact, each population is charac-
terized by all the different demographic phenomena, so it could be
interesting to measure the convergence considering all the vari-
ables together. Indeed, populations that are similar to each other
with respect to some variables (for instance, in terms of mortal-
ity), could differ with respect to others (for instance, in terms of
births), indicating that they are in different stages of transition.
Let us consider a set of k variables each observed on n popula-
tions. Recently, some statistical indices were introduced for mea-
suring the multiple variability of the n individual k-variate pro-
files with respect to the average k-variate profile (M.R. Sebastiani,
2014). In particular, because both the FDT and SDT theories con-
cern the changes of births and deaths over time, and the conse-
quent changes of the age structure, the crude birth rates, crude
death rates, infant mortality rates and aging index were consid-
ered (represented respectively by CBR, CDR, IMR, Al). Since CBR,
CDR, IMR and Al are statistical rates, the covariance matrix S
was appropriately defined. Specifically, the variance had the ex-
pression of s;, whereas the covariance was defined similarly to s;.
Moreover, since the rates can differ from each other with respect
to their magnitude as well as with respect to their degree of vari-
ability, it seemed adequate to consider the correlation matrix R
derived from S too. For measuring the variability of the n k-dimen-
sional populations, the trace and the determinant of § and also
the determinant of R were proposed as absolute indices of mul-
tiple variability (by symbols, tr(S), det(S) and det(R)). Specifically,
tr(S) measures the distance of the n populations from the average
profile, if the variables are independent of each other; both det(S)
and det(R) measure the volume of the k-dimensional space where
the n populations are represented, and are more appropriate than

57



tr(S) when the variables are correlated to each other. Afterwards,
with the aim of evaluating how high the degree of convergence is,
a linear normalization procedure was applied to each absolute
index of multiple variability, after determining for each of them
both the minimum and maximum values. So the corresponding
normalized indices were obtained, each with values comprised be-
tween O and 1. Specifically, values near to O mean that there is
no variability and therefore demographic convergence is achieved.
Conversely, values near to 1 indicate that variability is maximum
and therefore the individual profiles diverge from each other and
from the common one. The normalized indices were applied for
measuring the convergence of the populations of the EU. How-
ever, that procedure has revealed some drawbacks. Firstly, CBR
and CDR might not be the most appropriate variables for study-
ing reproduction and survival, since they are influenced by the
age structure of the population. Moreover, if the variables were
correlated to each other, det(S) and det(R) could take low values
with k increasing, making it difficult to understand if the indices
of multiple variability take low values due to convergence or to
correlation among variables.

Here, some statistical developments have been introduced with
the aim to overcome these drawbacks. Firstly, in addition to CBR,
CDR, IMR and AlI, for measuring reproduction and the surviv-
al of populations have been also used the total fertility rate and
the life expectancy at birth by gender (represented respectively
by TFR; LEM, for males; LEF, for females). In fact, TFR, LEM and
LEF do not depend on the age structure of populations as instead
happens with CBR and CDR. However, in general CBR and CDR
have been used too, because they could give information on re-
production and survival when data on TFR, LEM and LEF are
not yet available. Secondly, the well known statistical technique
of the principal component analysis (pca) has been applied to
the original dataset in order to define new uncorrelated variables
(the principal component variables or pcus (Mardia et al., 1979)),
on which to measure the multidimensional demographic conver-
gence by means of the normalized indices of multiple variability.
By doing this, it can be ensured that the indices will take small
values if and only if variability is low, indicating that convergence
is achieved. Six different frameworks of the EU have been consid-
ered, according to the successive expansions (specifically, with 6,
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10, 12, 15, 25 and 27 members) and the six corresponding groups
of national populations (represented by the symbols EU6, EU10,
EU12, EU15, EU25 and EU27). The multiple variability has been
measured within each group over time: a decreasing trend means
progressive demographic convergence, whereas stationarity or
an increasing trend indicate respectively delays or reversals in
the convergence. By comparing the values and trends that a nor-
malized index assumes within the different groups, the most and
the least converging groups can be identified and, moreover, the
time when lags eventually occur among the processes of conver-
gence of the different groups. Although the proposed method is
described with reference to data on the populations of the EU, it
can of course be applied more generally to other groups of popu-
lations with suitable modifications.

The paper is organized as follows: in Section 2, the data are
presented and in Section 3, is described the proposed methodol-
ogy. Specifically, the matrix of the k variables observed on the n
populations, the covariance matrix $ and the correlation matrix
R are defined. Afterwards, it is explained how to use the pca and
the pcus for testing demographic convergence. In Section 4, are
discussed the results obtained by applying the normalized indi-
ces of multiple variability for measuring the convergence of the
EU’s populations. Finally, Section 5 contains some concluding
remarks.

2. Data

For each of the EU’s 27 populations the yearly series of CBR,
TFR, CDR, LEM, LEF, IMR and Al have been taken, for all the
years from 1989 to 2010! (source: Eurostat). Each yearly series
describes an individual demographic profile. For each variable,
the individual profiles of populations belonging to the first four
groups (that comprise the Northern, Western and Southern pop-
ulations) are quite similar to each other. Conversely, the profiles
of the Eastern populations and those of the island populations
(those of Malta and Cyprus), often differ from each other as well
as when compared with those of the other European populations.

! Source EUROSTAT: http://epp.eurostat.ec.europa.eu/portal/page/portal/
population/data/main_tables.
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In particular, in the case of CDR, Al, LEM and LEF, the differenc-
es among profiles that occurred during the 1990s are due to a
worsening in living conditions after the fall of the Berlin Wall and
the collapse of the Communist regimes. Instead, in the case of
CBR and TFR, the differences among profiles depend on the fact
that in the Eastern and in the island populations fertility declines
later than in the Northern and Western ones, just as the SDT the-
ory states. However, it is very likely that in general the individual
profiles of the Eastern and of the island populations are going to
become similar to those of the other European populations.

For each variable, the six European common profiles have been
determined, one for each group. Specifically, in the case of CBR,
CDR, IMR and Al, for every year the number of the demographic
occurrences in the group (namely, births, deaths or number of el-
derly people) has been divided by the overall reference population.
Instead, in the case of TFR, LEM and LEF, for every year the val-
ue corresponding to the overall population of the group has been
approximated by averaging the values that the variable takes over
the n populations of the group. For each variable, except for TFR,
the six common profiles tend to be adjacent or even to overlap each
other. The common profiles of CBR, CDR and IMR tend to decrease
(specifically, CBR from 11.6-12.5 per 1,000 to about 10.1-10.8 per
1,000; CDR from 10.2-10.4 per 1,000 to 9.3-9.7 per 1,000; IMR
from 7.7-10.7 per 1,000 to 3.5-4 per 1,000). Instead, the common
profiles of LEM, LEF and Al increase considerably (respectively,
LEM from 70.6-72.6 to 75.6-78.3; LEF from 77.5-79.3 to 81.9-
83.7; Al from 69-81.2 per 100 to 111.7-123 per 100). The common
profiles of TFR calculated for EU6, EU10, EU12 and EU15 tend to
increase slightly from 1.53-1.62 to 1.68-1.7, due to rising fertility
in the populations of Western and Northern Europe. Instead, the
common profiles of TFR calculated for EU25 and EU27 tend to de-
crease from 1.77-1.79 to about 1.6, in cause of declining fertility in
the Eastern populations and in Malta and Cyprus.

In Sebastiani (2010), the results obtained by applying s; ., to
CBR, CDR, IMR and Al for testing the one-dimensional conver-
gence of the EU’s populations had been showed. These popula-
tions converge towards a common pattern, which is typical of a
“mature” population with low natural increase and a high aging
rate. Indeed, for each variable and within each group, variability
is always low; moreover, for CDR and IMR, it decreases over time.
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Conversely, in the case of CBR and Al (but also for TFR, LEM,
LEF), it has risen slightly over the last few years, meaning that
some weak reversals in convergence have occurred. Specifically,
for CBR and TFR this is probably due to the relatively high in-
crease of births in some very large populations (for instance, in
the French population because of the effect of some demographic
policies as well as of the higher fertility of immigrant women).
Instead, in the case of LEM, LEF, and Al the progressive rise in
variability is due to an abrupt worsening of the living conditions
of some Eastern populations (specifically, in the Baltic States, Ro-
mania and Bulgaria) compared to the other populations.

3. Methodology

Let us use a general notation. Let §= {1,...,h,...,n} and
V= {1,...,j,...,k} be two sets of labels representing, respectively, n
populations belonging to the same group and k variables (where n
and k are fixed integer numbers). Specifically, here n = 6, 10, 12,
15, 25, 27 according to the group considered and k= 7.

Let Y = fhj}e M, . be the matrix of the k variables observed in
the n populations. Specifically, since CBR, CDR, IMR and Al are
statistical rates, we have: y,; = x,,/p,, where x,; and p, represent,
respectively, the number of the demographic events (for instance,
births, deaths or elderly people) and the reference population for
x,- Let Y =1y, 1€ M, , be the average matrix of the variables, where
Y, =Y; is the mean of the n values y,. In particular, for CBR,
CDR, IMR and Al, it has been defined:

n n
Z Vi P Z Xy
h=1 _ b=l

- n n
Z Py Z Py
h=l1 h=l1

usual arithmetic mean’s formula.

Vi

, Whereas for the other variables y; has the

Let S ={sl.j}e M, . be the covariance matrix. For each variable
that is a statistical rate, since its mean is the weighted average
of the n rates y,, it could be appropriate take the variance and
the covariance as weighted averages as well. Specifically, for the
variance it has been defined:
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e if jis CBR, CDR, IMR or Al:

Sji =Zn:(yhj_3_’j)2 nphj (1)

h=1

h=1
where s; is the same index already introduced in Sebastiani
(2010);
e if jis TFR, LEM or LEF:
n ( _ )2
Y =V,
_ h=l
Si = -, )

For the covariance, it has been defined:

e if {and jare CBR, CDR, IMR or Al (i # j):

n

Sy :Z(yhi_yi)(yhj_yj) —nphi —nphi ; (3)
" me th./
h=1 h=1

e if iand j are TFR, LEM or LEF (i #j):

Zn:(yhi _)_/i)(yhj _yj)
S A— ; )

e if iis TFR, LEM or LEF and jis CBR, CDR, IMR or Al:

n

Sy :Z(yhi _yi)(yhj _yj) -

h=1

(9)

where s; is the same index already introduced in Sebastiani
(2014).

Let Rz{ry }e M, , be the correlation matrix; obviously, it is:

S ..
_ y
ry =

SiiS jj
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The pca has been applied to the matrix (Y—Y) in order to
obtain g4 pcus (gs < k), which are uncorrelated to each other, and
are to be used for testing demographic convergence. Specifically,
the covariance matrix S* = {S,*}E H, . of the pcus has been con-
sidered and the multiple variability of the pcus has been summa-
rized by means of tr(S%) and det(S"). Remembering that the j'th pcv
is the eigenvector corresponding to the jth greatest eigenvalue of

. . * .
S (symbols Slj,) and, moreover, that its variance s, is equal to
ds qs

sAy (7 =1, ..., q), we have: t;(S*): 2 sAy and det(S*)=H sAy -
J=1 =1
Since the original variables show different degrees of magni-
tude and scale and, moreover, are expressed by means of dif-
ferent units of measure, it is appropriate to believe that apply-
ing the pca to the standardized matrix ((Y-Y too, where

1 1 1
Vs s s
case, the pcus are the eigenvectors of the matrix R and the vari-
ance sjj of the j'th pcv (j' =1, ..., g < k) is equal to the j'th greatest
eigenvalue of R (symbol , 4 ). Considering the covariance matrix
S = {Sl*]*}e H, ,. of the g, pcus, det(S”) has been taken as abso-

qR
lute index of multiple variability. Thus we have: det(SH)z H R ﬂj, .
j=1

D =diag , is an appropriate procedure. In this

With the aim of evaluating how high the degree of convergence
is, a linear normalization procedure has been applied to each
absolute index of multiple variability, after determining for each
of them both the minimum and maximum values. So the cor-
responding normalized indices tr(S),,,,., det(S),,. and det(S™), ...
have been obtained, all with values comprised between O and 1.
In order to determine numerically the values of all the indices
(absolute and normalized), an algorithm in R language (R Devel-
opment Core Team, 2012) has been implemented. In particular,
since the matrices S and R are positively or semi-positively de-

fined, we have:
qs
oy

s =

A, < maxls,) = 0<u(s),, =

I
= = Zmax(s )
v
=

0 <tr(S")= <1 (6)
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qr .
OSdet(s**)zﬁR/l.,s(iJ = 0<det(s”),,, =<1 (8

b ' Ir norm ( k J q
qr

where max(s;) represents the maximum value of s; (j = 1, ..., k).

4. Measuring the multidimensional demographic conver-
gence of the EU’s populations

For each group of populations and for each year between 1989
and 2010, the matrices 8 and R have been constructed, t1(S"),,,.,
det(S’),,,. and det(S™), ., have been calculated and the pattern of
these indices over time has been studied. The choice of g4 and g,
namely the number of pcus to be extracted respectively from S
and from R, is crucial. In both cases, it has been decided to con-
sider the eigenvectors corresponding to the highest eigenvalues
of S8 (or of R), so they allowed us to account for at least 75 per
100 of the total variance of the matrix (Y—?) (or of the matrix
((Y —Y)D), as it is the case).

Tables 1 and 2 show, separately for each group of populations,
the summary statistics (calculated over the period 1989-2010) of
the percentage of the total variance extracted respectively from
the matrices (Y—?) and ((Y—?)D) In terms of the reduction
of dimensionality, apparently the pca performs better for (Y —?)
than for ((Y—?)D). Indeed, for each group of populations and
for each year, by applying the pca to the first matrix it was neces-
sary to keep only 1 or 2 pcus for explaining at least 75 per 100 of
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the total variance of the original variables. In particular, the per-
centage values obtained for the groups EU25 and EU27 are signif-
icantly higher than those obtained for the other groups. Instead,
by applying the pca to the matrix ((Y—Y)D), for each group of
populations and for each year, it was necessary to keep 2 or 3
pcus in order to reach the threshold value of 75 per 100; the per-
centage values obtained for the first four groups are significantly
higher than those obtained for EU25 and EU27. Moreover, for
each group of populations and for each year, the percentage of to-
tal variance explained by applying the pca to the matrix (Y - Y)is
almost always greater than the percentage of variance explained
by applying the pca to the matrix ((Y—Y)D); this fact is particu-
larly evident in case of the groups EU25 and EU27.

Tab. 1 - Percentage of the total variance extracted from the matrix

(Y-Y) according to the group of populations (summary statistics for
the period 1989-2010).

Summary
statistics EU6 EUIO0 EUI2 EU15 EU25 EU27
Minimum 75.27 75.05 75.53 75.21 95.82 95.10
Maximum 96.24 96.98 94.67 94.89 97.94 97.48
Mean 86.88 81.79 81.05 83.78 96.78 96.32
Median 88.35 80.75 80.55 80.88 96.78 96.44

Source: elaborations on EUROSTAT data.

Tab. 2 - Percentage of the total variance extracted from the matrix
((Y-Y)D) according to the group of populations (summary statistics
for the period 1989-2010).

Summary EU6 EUIO EUI2 EUI5 EU25 EU27
statistics

Minimum 79.05 75.03 76.26 75.10 75.15 75.61
Maximum 91.58 90.57 91.25 87.24 89.53 89.74
Mean 84.69 82.13 82.65 83.38 80.70 81.00
Median 85.03 80.40 84.12 84.43 80.15 80.93

Source: elaborations on EUROSTAT data.

Figures 1 and 2 show, respectively, the pattern of t1(S%),,,, and
of det(S"),,,, over time, according to the group of populations con-

sidered. The results indicate that European populations converge
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towards a common pattern: indeed, for each EU-group, the values
of both the indices are always very near to zero (on average, about
1-2 per 1,000 for the first four groups and about 20 per 1,000 for
EU25 and EU27). Moreover, in all groups, on average both the
indices decrease over time (on average, the (compound) variation
is between -3 per 100 and -2 per 100). In particular, the values
obtained by calculating det(S’),,,, are almost identical to those ob-
tained by means of t(S),,,,.- This is due to the fact that the g4 pcvs
are independent of each other and, as a consequence, tr{S") and
det(S’) are equivalent, and so it is for the corresponding normal-
ized indices too. Even if the values of the normalized indices are
negligible, it can observed that variability within EU25 and within
EU27 is slightly higher than within the other groups. Moreover,
it increases slightly up to 1994, whereas in the first four groups
it is stationary during all period. This is due to fact that EU25
and EU27 also comprise the populations of Eastern Europe and
those of the Mediterranean islands, which are at a younger stage
of demographic transition than the other populations of the first
four groups that instead have already experienced the SDT. In
aim to highlight the difference among the populations of the first
four groups and the other populations belonging to the EU, for
each variable has been calculated the (mean) Euclidean distance
among the common profile of EU15 and the individual profiles of

Fig. 1 - tr(S"),,,, according to the group of populations.
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the other populations that belong respectively to the groups EU25
and EU27 (Fig. 3 (a), (b), (c)). For CDR and LEM, the distance is
increasing over time in cause of the worsening in living conditions
in some Eastern populations (namely, in Romania, Bulgaria and
the Baltic States), that has caused a considerable rise in mor-
tality and a reduction of the life expectancy at birth above all for
males. For LEF, the distance is quite stable over time. Instead,
for all the other variables the distance is decreasing in spite of
some fluctuations. In particular, for TFR the distance has begun
to reduce considerably since the 90s, due to the sharp fall in both
the Cypriot and Maltese populations and also in some Eastern
ones (namely, those of Poland, Romania and Slovakia). However,
from 1994 to about 2004-2006 the distance is slightly increased,
because of the rising TFR for common profile of EU15, in contrast
with the continuous decline in the other populations of EU25 and
EU27.

Figure 4 shows the pattern of det(S"),,,,, over time. The results
differ markedly from those obtained by means of the other two
indices. Indeed, in all the groups of populations, variability is
quite different from zero (on average, values are equal, respec-
tively, to about 0.5 for EU10, EU12 and EU15, and to 0.6 for
EU6, EU25 and EU27). This means that the individual profiles
often differ notably from the common profile and also from each
Fig. 2 - det(S"),,,,, according to the group of populations.
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other, and therefore there is no demographic convergence. The
most heterogeneous groups are EU25 and EU27 (as already ob-
served by means of both trS"),,, and det(S,,,,), and also EU6.
The higher variability within EU6 than within EU10, EU12 and
EU15, probably depends on the fact that the differences between
the German and Italian populations (more elderly people and
with lowest fertility) with respect to the other populations of
the first four EU—groups, are much more evident in the smaller
group (namely, EU6) than in the larger ones. The six curves that
represent det(S™),,,., show different trends from each other, indi-
cating that there are evident discrepancies and lags between the
processes of convergence of the groups. In fact, for the first four
groups, the curves display several reversals and delays; more-
over, variability seems to be stationary or at the most slightly de-
creasing over time (on average, the (compound) variation is com-
prised between —1.4 per 100 and -0.4 per 100). Instead, within
EU25 and EU27, variability is constantly increasing (on average,
the (compound) variation is equal to 2 per 100 for EU25 and to
1.7 per 100 for EU27), indicating that demographic convergence
is still far away.

Fig. 4 det(S™),,, according to the group of populations.
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5. Concluding remarks

In this paper, a statistical method is proposed for testing the
demographic convergence of the EU’s populations towards a com-
mon pattern. Compared to the most traditional studies existing
in the literature, which measure the demographic convergence of
one variable at a time, a multidimensional perspective is adopted
that consider all variables together at one time, thus aiming to go
further and integrate the partial results obtained by the one-di-
mensional studies. This is part of the progress made with respect
to the traditional methods. Another novelty compared to the tradi-
tional methods is that here it is proposed to use some normalized
indices of multiple variability, which only take values comprised
between O and 1. By applying them, a precise assessment can be
made as to whether or not demographic convergence is achieved
and, moreover, how high the degree of the similarity is among the
individual profiles. The method has been implemented for testing
the convergence of the populations of the EU from 1989 to 2010,
considering six different groups of populations corresponding to
the successive expansions of the EU.

The results obtained by means of tr(S"), ,, and det(S"),,,,,, show
that European populations converge towards a common pattern
and, moreover, that within EU25 and EU27 the convergence is
weaker and slower than within the other groups. In fact, EU25
and EU27 also comprise the populations of Eastern Europe and
those of the Mediterranean islands, which are in a younger stage
of demographic transition than the other populations.

More interesting are the results obtained by applying det(S™),,..-
Indeed, variability is relatively high in all groups of populations,
indicating that the individual profiles often differ notably from
the common profile and also from each other, and therefore there
is no demographic convergence. The most heterogeneous groups
are EU25, EU27 and EU6. Moreover, the six curves that repre-
sent det(S"),,,. show that there are evident discrepancies and lags
between the convergence processes of the groups. In particular,
whereas within the first four groups variability is almost station-
ary or at the most slightly decreasing over time, within EU25 and
EU27 it is constantly increasing, indicating that demographic
convergence is still far away.

Obviously, in general the results can vary according to the
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number of pcus to be extracted. In the literature, there are many
criteria for determining this number. Here, it has been decided
to apply the criterion of the variance explained: for each group
of populations and for each year, have been kept enough pcus to
explain a significant percentage of the total variance of the orig-
inal (eventually standardized) variables. Since here the goal in
applying pca is the parsimony (namely, to explain variance with
as few uncorrelated factors as possible), an appropriate threshold
value for this percentage can be 75 per 100. In terms of reducing
dimension, the results are satisfactory. For each group, it was
always necessary to extract a few pcvs (1 or 2, in the case of the
original data matrix; 2 or 3, in the case of the standardized vari-
ables) to explain significant percentages of the total variance (the
median — over time — of the percentage of the variance explained
is greater than 80 per 100). However, the proposed methodology
has been applied again, thus increasing the threshold value for
the percentage of the variance to be explained. For instance, at
the 90 per 100 level, it was necessary to keep more pcus, as could
be expected (from 2 to 4). Moreover, in terms of the normalized
indices of multiple variability, the results obtained by means of
tr(S") ... and det(S"),,,, were quite analogous to those obtained
when the percentage of the total variance was fixed at 75 per
100. Instead, the results obtained by applying det(S"),,,, were
quite unstable over time: the six curves that represent this in-
dex showed several jumps, corresponding to the year when the
number of pcus extracted increases. This probably depends on
the fact that, by using more pcvs, some sources of spurious
variability have been introduced, that disturb the pattern of the
normalized index.

Future work will be concerned with some applied developments
in order to be able to include other demographic variables too, such
as, for instance, those considered in the SDT theory (namely, the
migration rate, marriage rate, etcetera). Moreover, taking into ac-
count the differences among the stages of demographic transition
of the European populations by geographical area (distinguishing
among Western, Central, Eastern and Southern Europe), some ad-
equate normalized variability indices will be introduced, that are
based on the decomposition of the total variance. Finally, the dis-
tributional properties of all the indices proposed will be studied, so
that they can also be used for statistical inference.
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Riassunto: L’'Unione Europea (EU) é stata fondata nel 1957 allo scopo di pre-
venire I'insorgere di nuove guerre nel Continente. Nel tempo, sono state intro-
dotte molte istituzioni e strumenti con l'obiettivo di definire ed implementare
politiche comuni di natura economica, sociale e politica. Tutte queste innova-
zioni hanno contribuito a generare il “popolo europeo”, al di la dei singoli popoli
nazionali, con istituzioni e tradizioni culturali comuni. In realta, ogni popolo &
al tempo stesso una popolazione descrivibile in termini di struttura demografica
e di dinamiche naturali e migratorie. Di conseguenza, € lecito chiedersi se nel
tempo tutte le popolazioni nazionali dell’EU tendano a convergere verso una “po-
polazione europea” con un profilo demografico comune.

Résumé: L'Union Européenne (UE) a été fondée en 1957 afin d’éviter '’émer-
gence de nouvelles guerres sur le continent. Au fil du temps, de nombreuses
institutions ont été introduites dans le but de définir et de mettre en ceuvre des
politiques communes économiques, sociales et politiques. Toutes ces innova-
tions ont contribué a créer le “peuple européen”, au-dela des peuples nationales
individuelles, avec des traditions et des institutions culturelles communes. En
fait, chaque peuple est a la fois une population définible en termes de structure
démographique et des dynamiques naturel et migratoire. Par conséquent, on
peut se demander si dans le temps toutes les populations nationales de I'UE
ont tendance a converger vers une “population européenne” avec un profil dé-
mographique commune. Dans cet article, je propose une méthode statistique
pour mesurer la convergence des populations européennes vers une population
commune.
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