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Abstract: Demographic structures have undergone important transformations driven by
economic cycles because of population movements and spatially-variable patterns of
fertility and mortality. Understanding the latent relationship between changes over time in
population structure and sequential waves of expansion and recession is a relevant issue
in economic demography. In this regard, the recent history of southern European
countries, and especially of Greece, is representative of consecutive economic expansions
and recessions. The present study aims at investigating relevant modifications in
population structure across Greek regions between 1988 and 2016 using a multi-temporal
factor analysis. Being characterized by a relatively young population with traditional family
structures, out-migration and moderate immigration up to the late 1980s, Greek
demography shifted towards ageing, mononuclear families and a rising immigration rate
during the early 2000s economic expansion, with an overall increase of resident
population. The subsequent 2007 recession has represented a turning point in Greek
demography, consolidating changes in traditional family structures, while stimulating outmigration to northern and western European countries and reducing immigration from
developing countries. A diachronic analysis of population structures at sub-national scale
indicates a substantial heterogeneity of demographic processes across Greek regions.
Metropolitan areas and highly accessible coastal and flat districts including islands
experienced rapid population dynamics, while peripheral rural regions underwent a
moderate population ageing. Taken together, these processes had a short-term, synergic
impact on Greek demographic structure determining a rapid increase in the median
population age with possibly negative consequences for the ability of the country's
economy to recover from crisis.
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Introduction
Long-term development of European countries is the result of a complex interplay between
socioeconomic transformations and the underlying demographic trends (Van Nimwegen 2013),
at least since the XIXth century (Khan 2008). The so-called demographic transition (DT) has
occurred in the 18th century, with a shift from high fertility and mortality rates (and overall
young populations), to declining demographic rates and population ageing (Lee 2003), signing
"a pathway to change" in the modern industrial societies and economies (Lee and Reher 2011).
Lifespan became longer with joint declines in mortality and fertility, and spatially-varying
population growth rates (Lee 2003, Blue and Espenshade 2011, Howell et al. 2016). Earlier
studies have attempted to ascertain the linkage between demographic dynamics and major
economic episodes (Khan 2008, Goldstein et al. 2013), as well as direction and intensity of the
causal relationship between socio-demographic and economic changes (Reher 2011).
Following Walford and Kurek (2016), DTs reflect a socioeconomic development affecting urban
configurations, shaping socio-spatial gradients and altering the distribution of economic
functions at the metropolitan scale (Chorianopoulos et al. 2010, 2014, Salvati and Sabbi 2014).
Social interactions and their effects on population structure and dynamics have been

61

Luca SALVATI

considered in recent studies addressing fertility decline in both advanced and emerging
countries (Watkins 1990, Bongaarts and Watkins 1996, Montgomery and Casterline 1996,
Behrman et al. 2002).
After a peak of urban concentration around the 1970s – corresponding to the end of the First
Demographic Transition – a new demographic wave, defined as the Second Demographic
Transition (SDT), has occurred, together with social transformations and demographic
redistribution processes at regional scale (Alperovich 1983, Lesthaeghe and van de Kaa 1986,
van de Kaa 1987). The SDT gave rise to greater heterogeneity in population dynamics,
individual choices about marrying or cohabiting, time of child-bearing, households’ size and a
widespread population ageing (Billari and Kohler 2004, Haase et al. 2010, Kreyenfeld et al.
2012). Based on SDT outcomes, a new territorial structure, from cities to suburban centres
(Bourne 1996, Liu 2005, Kulu et al. 2009), has progressively established in the European
countries (Lesthaeghe and Neidert 2006, Caldwell and Schindlmayr 2003, Coleman 2006,
2008, Kalmijn and van Tubergen 2006, Sobotka and Toulemon 2008, Goldstein et al. 2009,
Rontos 2007, 2010).
The SDT has interested Southern Europe later than western, central and northern European
countries (Council of Europe 2001), with negative rates of population growth prevailing in the
region, reaching the minimum level in Greece during the 1990s (Van Nimwegen 2013). Effects
of SDT on urban population resulted in the slow transition from compact forms to more
polycentric and spatially-balanced settlements (Rontos 2010, Kabisch and Haase 2011, Salvati
et al. 2015). Internal and foreign migration plays a major role on demographic changes (Plane
1993, Johnson et al. 2005, Van Criekingen 2010, Blangiardo and Rimoldi 2013, van Bavel and
Reher 2013, Taulbut and Robinson 2015). In Greece, internal migration flows were directed to
the main urban areas (Athens and, at a lesser pace, Salonika) since the 1950s; conversely, a
strong internal migration occurred toward peripheral and rural areas over the last decades, in
parallel with a stagnant population growth in central cities, emphasizing new settlement models
(Boyle et al. 1998, Sayas 2006, Kasimis 2008, Morelli et al. 2014, Rontos et al. 2016).
Recession is considered a process altering spatio-temporal demographic dynamics, affecting
fertility rates (Cherlin et al. 2013, Goldstein et al. 2013, Salvati and Carlucci 2017). Under
recession, pro-cyclical fertility trends are explained with economic uncertainty (Hofmann and
Hohmeyer 2013), unemployment (Adserà 2004, Vignoli et al. 2012, Tragaki and Bagavos 2014,
Cazzola et al. 2016), and forces that influence fertility indirectly such as marriage
postponement (Goldstein et al. 2013) or declining marriage rates (Kohler et al. 2002, Billari and
Kohler 2004, Kreyenfeld et al. 2012, Lee and Painter 2013). In this regard, the average age of
women at marriage and childbearing in Greece, as in other Mediterranean countries, has
exceeded the 30 years (Rontos 2007, 2010), in line with what was observed in Western,
Central and Northern Europe.
Across Europe, demographic developments contingent on economic pressures are designing a
framework of demographic ageing and urban shrinkage, with decreasing growth rates of the
working age population, less compensated by migratory flows. These dynamics are prefiguring
a risk for regional competitiveness and territorial cohesion due to the inherent spatial variability
in the fertility and mortality rates (Rees et al. 2012). Although the country’s response to
recession depends on specific social, cultural, political and institutional decisions – such as the
existence of specific policies to support families and the employment status (Goldstein et al.
2009, Bacci 2012) – the most recent crisis has altered the recovery potential of southern
European regions (Bongaarts and Sobotka 2012), because of cuts in public spending which
produced a negative influence on social policies (Van Nimwegen 2013).
In Europe, Greece is one of the countries most affected by the recent crisis (Goldstein et al.
2013, Goldstein and Kluge 2016). During the pre-crisis period, especially after the Olympic
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Games (2004), the birth rate and wealth have increased coherently because of the better living
conditions (Santow and Bracher 2001, Sobotka et al. 2011), and the contribution of foreign
young women that come as immigrants during the 1990s (Lianos 2001, Rovolis and Tragaki
2006, Maloutas 2007, Goldstein et al. 2009). Unemployment rates have increased rapidly
during the last recession, while the gross domestic product dropped significantly (Grigoriadis
and Salvati 2015). On the purely demographic side, the trend of rising births in the pre-crisis
period (from 100 643 in 1999 to 118 302 in 2008) experienced a drastic reversal, with births
decreasing by nearly 15% between 2008 and 2012 (Horton 2009, Vrachnis et al. 2014). If
current fertility oscillations are related to socioeconomic conditions largely variable over space
(Martín-García 2013), the need for social and family policies may influence the actual situation
of the (future) parents (McDonald 2006, Gauthier 2007). Current research indicated that the
role of the state supporting decisions such as marriage or childbearing is of statistical
significance in contemporary Greece (Rontos 2007).
Based on these premises, the present study aims to investigate the Greek demographic
changes testing for short-term recessional impact on regional demographic structures. Greece
is regarded as a paradigmatic case for studying the impact of economic crisis on population
dynamics, deriving from migration, suburbanization, and long-term socioeconomic
transformations. Featuring intermediate conditions between advanced and emerging countries
(Carlucci et al. 2017), the Greek context may provide insights on demographic studies
contributing to policy analysis (Salvati and Morelli 2014). In the face of a gloomy prospective
scenario of shrinking active population and increasing territorial disparities, European countries
are increasingly required to develop effective policy aiming to foster regional demographic
resilience to the on-going economic crisis.
Methodology
Study area
This study investigates the population structure and the related demographic variables in 13
Greek administrative regions ('periferias') corresponding to the NUTS-2 level of the European
Union Territorial Statistical classification adopted by Eurostat. Among these regions, two of
them can be considered as 'metropolitan', with urban settlements prevailing on rural areas
(Attica and Central Macedonia, respectively hosting Athens and Salonika, the largest cities in
Greece, concentrating together nearly 50% of the country's population); two regions can be
regarded as mixed 'urban-rural' areas (Thessalia and Kriti, hosting large cities such as Larissa,
Volos, Iraklio and Chanià); three as 'tourism-oriented' coastal areas including islands (Ionia
Nissia, Notio Aegeo, Vorio Aegeo); two as rural-accessible areas (Peloponnisos and Sterea
Ellada hosting head towns such as Patras and Lamia); and the last four as rural, peripheral
regions (Ipeiros, Dytiki Ellada, Dytiki Makedonia, Anatoliki Makedonia-Traki).
Demographic data
Data were derived from the national population register held by the Hellenic Statistical Authority
(ELSTAT). Long-term demographic trajectories were assessed using homogeneous time series
at regional scale available since 1988 and considering the age population structure (7 classes:
0-14, 15-19, 20-24, 25-29, 30-44, 45-64, 65+ years; total and by sex), citizenship (native
Greeks, European Union, extra-European) and marital status (single, married, divorced and
widowers). Thus, a total of 21 indicators were computed: (i-vii) percent share of population by
age class in total population ('0-14%', '15-19%', '20-24%', '25-29%', '30-44%', '45-64%',
'65+%'), (viii) elderly index ('Eld'), (ix) male-to-female ratio ('MtoF'), (x-xvi) male-to-female ratio
by age class ('MtoF0-14', 'MtoF15-19', 'MtoF20-24', 'MtoF25-29', 'MtoF30-44', 'MtoF45-64',
'MtoF65+'), (xvii-xviii) percentages of (non-Greek) European Union citizens ('EU%') and nonEuropean citizens ('Abroad') in total population, (xix-xx) percentage of single ('Single') and
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married ('Married') people in total population and, finally, (xxi) percentage of regional population
in total country population. Percentages of native Greeks and divorced people (or widowers) in
total population were not included in the statistical analysis to avoid multicollinearity.
Statistical analysis
A preliminary outlook of long-term population trends in Greece was derived from a descriptive
analysis of the indicators described in section 2.2 by year. This analytical framework was
enriched with a spatio-temporal analysis of population growth rates in the 13 Greek
administrative regions using 4-years time windows partitioning the study period into 7
homogeneous intervals (1988-1992, 1992-1996, 1996-2000, 2000-2004, 2004-2008, 20082012, 2012-2016). A Principal Component Analysis (PCA) was run on the data matrix
mentioned above with the aim to extract the two most relevant axes and plotting indicators’
loadings and regions’ scores (years from 1988 to 2016). PCA enables a meaningful data
exploration by summarizing large tables of statistical data into few latent (and understandable)
dimensions based on a restricted number of key variables, obtaining a comprehensive outlook
of the main demographic patterns observed over time and space in Greece (Salvati and
Carlucci 2017). A hierarchical clustering was finally run on the whole data matrix (standardized
data) using Euclidean distances and the Ward's agglomeration rule for two distinct years (1988
and 2016) representing the beginning and the end of the study period. The cluster analysis
ordered data in a hierarchical sequence through a dendrogram, identifying regions with
homogeneous demographic characteristics (Pili et al. 2017).
Analysis of long-term demographic trajectories in Greek regions
A Multiway Factor Analysis (MFA) was finally applied to the 21 demographic indicators
observed at each time point (1988, 1992, 1996, 2000, 2004, 2008, 2012, 2016) for every
administrative region with the aim to identify specific demographic trajectories at the regional
level in Greece. The multiway data analysis, a generalization of the PCA, identifies complex
structures in higher-order datasets, where data have three or more dimensions (Kroonenberg
2008). The MFA constitutes of four distinct steps: (i) comparing (and analyzing the relationship
between) data sets over time; (ii) combining them into a common multivariate structure called
‘compromise’, (iii) analysing the 'compromise' data matrix to reveal the common structure
between the observations and, finally, (iv) projecting each of the original data sets into the
compromise to analyze communalities and discrepancies (Coppi and Bolasco 1988). Absolute
eigenvalues >1 define relevant factors, i.e. factors extracting a proportion of variance not less
than the original variables (Zambon et al. 2018). By linking variables with coherent spatiotemporal patterns represented by the few factors that explain a large proportion of variance, the
MFA provides an indirect measure of redundancy among demographic indicators. Based on a
joint analysis of changes in all dimensions considered (21 indicators, 13 administrative regions,
8 points in time), the MFA allows evaluating if the position of each variable (or region) is stable
or variable over time by projecting them into a biplot illustrating the same multivariate factor
plane.
Results
Spatio-temporal changes in the structure of Greek population
Following a continuous population increase up to 2009 (11.061 million inhabitants) and a
subsequent decline by nearly 300 thousand inhabitants along the last 7 years, the
demographic structure in Greece changed during the study period resulting in a progressively
elder population (Table 1). The mean population age for the whole of Greece increased from
36.8 years in 1988 to 41.9 in 2016. The share of children aged 0-14 years in the total
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population declined from 20.4% (1988) to 14.6% (2016) and the reverse pattern was observed
for the population aged 65+ years (from 13.8% in 1988 to 21.1%). Male-to-female ratio
increased moderately over time between 1988 (92.9) to 2000 (96.4), decreasing slowly in the
most recent time period to 94.8 in 2016. Non-Greek inhabitants increased progressively during
the study period amounting to 5.2% of the total population in 2016. Inhabitants born in a
European Union country (excluding Greece) increased from 0.1% in 1988 to 1.3% in 20092012, declining slowly to 0.9% in 2016. The same temporal pattern, although with higher
percent values, was observed for inhabitants born in a non-European country, increasing from
0.5% in 1988 to 6.4% in 2012, and subsequently decreasing to 4.3% in 2016 as a
consequence of economic crisis. The analysis of marital status in Greece indicates a
continuous decline in the number of married people since 1997 (when the highest value of the
available time series was observed: 53.7%), reaching the lowest values in 2015 and 2016
(49%). Singles showed a less defined temporal patterns, with relatively similar values observed
at the beginning and the end of the study period (38.7% in 1988 and 39.2% in 2016) and the
highest figure recorded in 2003 (40.2%). A PCA biplot was used to summarize the most
relevant changes in the Greek population structure of the 1988-2016 period (Fig. 1).
Components 1 and 2 (60.9% and 21.5% of total variance) aggregate demographic indicators
with similar temporal patterns, distinguishing three time intervals along component 1: (i) years
between 1988 and 1997 (clustered along the negative side of component 1 associated to a
relatively young demographic structure, (ii) a transitional period constituted by three years
(1998, 1999 and 2000) characterized by the highest incidence of population aged 20-24 and
(iii) a more recent, heterogeneous time interval including the years from 2001 to 2016,
separated in two groups along component 2: (a) the years from 2001 to 2008, associated to a
population structure characterized by the dominance of working age classes (25-64 years) and
migrants from extra-European countries and (b) the years from 2009 to 2016, outlining a
process of population ageing, with reduced migration rates possibly driven by the 2007-2008
recession.

Fig. 1 – The Principal Component Analysis biplot illustrating
the evolution of population structure in Greece, 1988-2016
(see Table 1 for time series indicators)

65

Luca SALVATI

Table 1
Trends over time in population structure of Greece, selected years (1988-2016)

Year

Populati
on
(1000
inh.)

1988
1992
1996
2000
2004
2008
2012
2016

9 739
9 943
10 254
10 472
10 925
11 059
10 967
10 783

Elderly
index

0-14

Age structure (% class, yrs.)
152025304519
24
29
44
64

36.8
38.4
39.4
39.0
39.6
40.3
41.1
41.9

20.4
17.4
15.9
15.6
15.0
14.7
14.8
14.6

7.2
7.3
7.1
7.0
5.8
5.4
5.2
5.0

6.3
6.6
6.3
6.9
6.9
5.8
5.1
4.9

6.5
6.2
6.8
7.5
7.5
7.3
6.4
5.6

20.3
20.1
20.5
22.1
22.6
23.0
22.7
21.7

25.6
26.5
25.5
24.1
24.0
25.0
25.9
27.2

65+

Male
to
Fem.
ratio

13.8
15.8
17.8
16.8
18.2
18.7
20.0
21.1

92.9
94.0
92.7
96.4
95.9
95.6
94.9
94.8

Citizenship (%)
EU

Abroad

0.1
0.2
0.1
0.2
0.6
1.2
1.3
0.9

0.5
0.9
1.2
2.6
4.6
5.3
5.7
4.3

Marital
status (%)
Sin- Margle
ried
38.7
37.6
37.0
39.6
38.6
40.0
39.8
39.2

53.2
53.7
53.6
51.6
51.9
50.4
49.7
49.3

Population growth in Greek regions
Greek regions presented different demographic structures resulting in spatially-heterogeneous
rates of population growth during the study period (Table 2). Four regions totalized a negative
rate of population growth in the first time period (1988-1992). Results for time intervals until
2008 have identified a period of demographic stability, with moderate (and spatiallyhomogeneous) changes in the regional population structures. Starting from 2008, the number
of Greek regions totalizing a negative population growth increased to 6 in 2008-2012 and to 13
out of 13 in 2012-2016. Consequently, the population grew in the whole of Greece from 1988 to
2009, declining moderately in the following period. Population decline was likely the most
relevant demographic change along the crisis' period, affecting (more or less) markedly the
Greek regional population structure.
Annual population growth rate (%) in Greek administrative regions
by 4-year time interval, 1988-2016
Year
Anat. MakedoniaThraki

1988-1992

1992-1996

1996-2000

2000-2004

2004-2008

Table 2

2008-2012

2012-2016

0.15

0.72

0.45

0.74

0.21

0.40

-0.43

Attiki

1.66

0.06

0.00

0.40

0.33

-0.54

-0.63

Dytiki Ellada

-1.00

-0.71

4.59

0.11

-0.11

-0.65

-0.32

Dytiki Makedonia

1.21

3.10

-0.60

0.32

-0.19

-0.37

-0.59

Ionia Nissia

-0.06

-0.62

3.50

-0.12

0.32

0.13

-0.33

Ipeiros

-2.11

1.46

3.60

1.09

0.14

-0.01

-0.41

Kentriki Makedonia

0.57

1.97

0.24

1.01

0.44

-0.28

-0.25

Kriti

-0.51

3.29

3.50

1.35

0.81

0.30

-0.02

Notio Aigaio

1.27

0.80

3.15

3.03

0.94

1.20

-0.47

Peloponnisos

0.76

1.12

1.52

-1.33

0.19

0.08

-0.23

Sterea Ellada

-1.24

0.90

3.55

0.18

0.25

0.24

-0.26

Thessalia

-0.63

0.95

0.98

0.69

0.16

-0.28

-0.31

Voreio Aigaio

-2.12

-0.37

1.65

0.61

-0.18

0.72

-0.71

Components 1 and 2 (74.3% and 13.7% of total variance) aggregate demographic indicators
with similar time patterns (Fig. 2), distinguishing 5 time intervals along both components: (i)
years between 1988 and 1991 (clustered along the negative side of components 1 and 2),
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negatively associated to urban regions, such as Attica and central Macedonia (respectively
with Athens and Salonika as head cities), and to some rural regions including Peloponnese
and western Macedonia; (ii) years between 1993 and 1997, connected with the previous
cluster by an intermediate point representing year 1992 and clustered along the negative and
positive sides respectively of components 1 and 2; (iii) years between 1998 and 2000,
clustering along the positive and negative sides respectively of components 1 and 2 and being
associated with rural regions such as western Greece, central Greece and northern Aegean
Islands; (iv) years between 2001 and 2010, clustered along the negative side of both
components 1 and 2 and strongly correlated with tourism-specialized regions such as Crete
and southern Aegean Islands, and finally (v) years between 2012 and 2016, connected to the
previous group by an intermediate year 2012, and clustered along the positive and negative
sides respectively of components 1 and 2. Taken together, component 1 represents the
varying intensity of population growth over time and component 2 indicates the regional
differentiation in population structures across Greece, separating the high-density areas (such
as Attica and central Macedonia) from the low-density areas such as western Greece and
northern Aegean Islands.
1995
2,4

1997

Dytiki_Makedonia

1996
1994

Attiki

1993

1,6

Kentriki_Makedonia
0,8
Peloponnisos
2008
2007
2009
2010
20052006
2004
2003
2011
22002
Anatoliki_Makedonia-Thraki
Thessalia
2001

Component 2

Kriti
Notio_Aigaio
-6

1992
-5

-4

-3

-2

-1

1

-0,8

1991

2000
1999
1998

Ipeiros
Ionia_Nissia
Sterea_Ellada 2016

2014 2013

2012

2015

Dytiki_Ellada

-1,6

1990

Voreio_Aigaio
-2,4

1989

1988

-3,2

-4,0
Component 1

Fig. 2 – Principal Component Analysis biplot illustrating population growth
in Greece, 1988-2016
(see Table 2 for time series indicators)

Hierarchical clustering of population structure in Greek regions
Fig. 3 illustrates the results of a cluster analysis assessing similarities among Greek regions in
terms of population structure at the beginning (1988) and the end (2016) of the study period.
The 1988 dendrogram separated urban regions (Attica and central Macedonia) from tourismspecialized regions (Thessalia, Ionian Islands, and Northern Aegean Islands), accessible rural
regions (Crete, western Macedonia and Sterea Ellada) and more peripheral rural regions
(Ipiros, Eastern Macedonia and Trace, western Greece, southern Aegean Islands and
Peloponnese). The 2016 dendrogram indicates a different spatial configuration evidencing a
subtle geographical gradient distinguishing highly-populated regions from more remote and
rural regions. Regions with medium-high population density clustered together (central
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Fig. 3 – Results of a Multiway Factor Analysis applied to population structure indicators
in Greek regions (1988-2016) by 4-years’ time interval
(selected variable's trajectories in each plot)
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Macedonia, Crete, Thessalia, southern Aegean Islands and western Macedonia); however,
Attica was grouped with northern Aegean Islands in another cluster. The discrimination in accessible and remote rural regions was less evident in 2016 than in 1988, evidencing only some
dynamic areas of the country (Peloponnese, Ionian Islands, Ipiros) and some remote districts
(central Greece, Eastern Macedonia and Trace, western Greece).
Multiway Factor Analysis
MFA extracted 4 significant components explaining 68.7% of the total matrix variance (Table
3). Factor 1 (30.3%) represented a typical ageing gradient opposing elder population segments
and married people (positive loadings) to young population segments (negative loadings) in
turn associated with non-EU citizens, singles and higher values of the regional population size.
This indicates that regions with the highest absolute population (Attica, central Macedonia,
Crete, Thessalia) are those with the youngest and most dynamic population structure. Factor 1
loading structure was relatively stable over time opposing young and old population classes in
more recent years, too. In 2016, the male-to-female ratio of the population class 45-64 years
was associated positively with component 1, being higher in regions experiencing more rapid
ageing processes. Factor 2 (17.4%) opposed regions with a population structure dominated by
young population segments from those dominated by population segments in working ages.
The structure of factor loadings changed over time, illustrating a geographical gradient
associated with the migrant population and the male-to-female ratio for age class 65+ years
(negative score) and the absolute population size (positive score). Factor 3 (13.1%) was
relatively depolarized in 1988 (attributing positive loadings only to the young population
segment), being relatively more structured in 2016 and separating a working age population
class between 45 and 64 years (positive loadings) from students and young workers (from 15
to 24 years, receiving negative loadings). Non-Greek native citizens (both from other European

Fig. 4 – Hierarchical clustering (Euclidean distances, Ward's agglomeration rule)
assessing similarity in regional population structures in Greece
(dendogram : 1988)
69

Luca SALVATI

Fig. 4 – Hierarchical clustering (Euclidean distances, Ward's agglomeration rule)
assessing similarity in regional population structures in Greece
(dendogram : 2016)
countries and from extra-European countries) were positively associated with the working age
population class (positive loadings). Finally, Factor 4 (7.9%) illustrated a latent gradient
characterized by spatio-temporal changes in male-to-female ratios by age class. Regional
trajectories resulting from MFA (Fig. 4) confirm the insights on the evolving demographic
structures provided by the previous analysis, highlighting the comparative advantages of urban
regions (Attica, central Macedonia) first (1988-1997) and of tourism-specialized regions (Crete
and southern Aegean Islands), especially during the crisis (2010-2016).
Discussion
Demographic indicators are suitable tools to identify and characterize spatial and temporal
mechanisms behind the intrinsic linkages between population processes and economic
dynamics (Watkins 1990, Chelli and Rosti 2002, Sobotka et al. 2011, Costa 2013, Matthews
and Parker 2013, Van Nimwegen 2013). A spatio-temporal analysis of demographic patterns
allowed a comprehensive characterization of short and long-term socioeconomic dynamics
across the urban-rural gradient in Greece. Our results show a complex geography of
demographic dynamics reflective of the multiple relationships between population distribution,
socio-spatial structure and economic determinants. Urban areas with an economic structure
centred on traditional and advanced services were characterized by anticipated (and possibly
accelerated) demographic dynamics than rural areas with an economic structure centred on
agriculture and traditional industrial sectors (e.g. manufacturing, construction). For example,
dynamics leading to population aging were usually more rapid in metropolitan regions (Attica,
central Macedonia) than in neighbouring rural regions. A mixed demographic pattern was
characteristic of coastal and highly accessible rural regions with an economic base oriented
toward tourism, commerce and construction. The impact of economic expansion and recession
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on demographic dynamics was different in these three regional typologies, suggesting the role
of different territorial, social, institutional and cultural factors.
Table 3
Variable's loadings of a Multiway Factor Analysis run on demographic indicators in
Greek regions, selected years (bold indicates loadings >0.5)
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More specifically, the empirical results of our study evidenced a strong demographic variability
over time and space, demonstrating that during economic expansions, population increased
especially in metropolitan regions, in line with new residential migration processes (Arapoglou
2006, Arapoglou and Sayas 2009). As illustrated by hierarchical clustering, evidences for a
second demographic transition in Greece were reflective of (more or less rapid)
transformations in social life, urban/rural structures (e.g. land prices, local labour markets,
population density, industrial concentration), a progressive decline in fertility rate and
modifications in the structure of the 'traditional' family (Buzar et al. 2007, Gavalas et al. 2014),
with a pivotal role played by suburbanization (Delladetsima 2006, Kroll and Kabisch 2012,
Cuadrado-Ciuraneta et al. 2017).
The final outcomes of the Multiway Factor Analysis indicate that short- and medium-term
demographic dynamics were largely sensitive to economic conditions in Greece, as observed
elsewhere in Europe (Sobotka et al. 2011, Walford and Kurek 2016). In this regards, the 2007
recession has catalyzed a strong interest on issues regarding economic instability and
population/family changes (Kreyenfeld et al. 2012, Neels et al. 2013). Despite a recovery in
fertility rates related to declining unemployment rates during the pre-crisis period (Remoundou
et al. 2016), all the European countries have witnessed a reduced fertility rate since 2008
(Walford and Kurek 2016). For instance, as stated by Goldstein et al. (2013), the positive trend
in Greek fertility rate has stopped in 2009, when the Greek economy started to falter. The
economic crisis has mainly affected the most vulnerable social classes (Gkartios 2013, Gkartios and Scott 2015). In this sense, negative economic conditions have adversely affected the
formation of new households (Sobotka et al. 2011, Goldstein et al. 2013, Walford and Kurek
2016). Birth rates declined in economically-disadvantaged districts, including some urban
zones, while increasing in wealthy and more accessible areas of the country. This outcome
exacerbated a latent polarization in the economically advanced and deprived areas (Salvati et
al. 2016).
The contribution of our research findings to the existing knowledge lies in the identification of a
close relationship between demography and economic cycles in Greece, which can be better
understood through a spatio-temporal analysis of population dynamics along the urban-rural
gradient (Kroll and Kabisch 2012, Serra et al. 2014, Di Feliciantonio and Salvati 2015). Greek
demographic changes in recent time periods exposed regional population structures to a
significant impact of economic recession. As one of the most affected European countries by
the 2007 recession, population dynamics can influence and, in turn, be affected by other social
processes, including migration, suburbanization and economic transformations based e.g. on
technological advancements and globalization (Rontos et al. 2016). By evidencing transitional
conditions typical of Mediterranean countries (Golini et al. 2014), the Greek case provides
insights on demographic studies and policy analysis. A comprehensive knowledge of the most
recent spatial demographic trends may help designing better development and social policies
adapting to economic restrictions, decrease of personal incomes and cuts in public spending
(Dijkstra et al. 2015).
In face of a gloomy scenario of shrinking active population and growing territorial disparities,
European countries are increasingly required to develop effective policies aiming to foster
regional resilience to the on-going economic crisis. A spatial and temporal analysis through
population statistics ensures the comparison of areas with different demographic patterns in
the same country over a long-time interval (Kabisch and Haase 2011). Using a multivariate
approach focused on vital statistics, the present study illustrated recent socioeconomic
transformations in a southern European country under recession (Zambon et al. 2017, 2018),
indicating how migration, economic crisis and the underlying demographic transition have
shaped the current demographic profile of Greek regions. In this regard, demographic
indicators allow a joint analysis of spatial, population and settlement structures at regional
scale.
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Implementation of effective socioeconomic policies is moulded by an incomplete understanding
of the interplay between demographic factors, social forces and drivers of local development.
Taken together, the results of our study contribute to design scale-dependent policies reducing
social inequalities and contrasting demographic and economic polarizations. In this regard,
multiple factors at the base of population growth and demographic change in local districts
need specific monitoring efforts based on place-specific indicators and geographic information
systems supporting decision-making, planning measures and developmental policies. In
particular, understanding local-scale fertility and demographic trends, in both direction and
intensity, seems to be an essential information base to design and implement policy measures
stimulating a post-crisis recovery of local contexts affected by important demographic
imbalances or in a condition of economic marginality. Policies addressing local-scale social
issues and economic dimensions (e.g. oriented along the urban-rural gradient) are also
particularly effective in poverty alleviation and socio-spatial rebalancing.
Conclusions
The present study illustrates an original methodology evidencing socio-demographic
transformations associated with economic cycles, population movements and varying fertility
and mortality patterns in a representative country of Southern Europe. Understanding the
intrinsic relationship between demographic change and economic cycles requires further
research comparing the impact of economic cycles, policy decisions and social evolution on
local-scale demographic structures across countries and regions. Our study finally emphasizes
the need to integrate different issues together (e.g. economic geography, territorial planning,
urban-rural problems), offering a multi-disciplinary vision of socioeconomic contexts rapidly
evolving over time.
Although qualified information about population dynamics contribute to understanding
multi-faceted dimensions of regional demographic patterns under different economic cycles,
further research is required to increase the reliability of the proposed operational framework,
technical accuracy and standardization, allowing comparability among empirical studies and
applicability in other research contexts or territorial conditions. Formulation of new indicators
evaluating the impact of short-term recessionary shocks on the population dynamics at various
spatial scales appears as a relevant issue for future methodological research in the field of
official statistics and regional demography. Moreover, approaches based on exploratory data
analyses may present some weaknesses when applied to complex socioeconomic
phenomena. Although multi-dimensional techniques help identifying apparent (and latent)
factors reflective of the inherent complexity of socioeconomic local systems, limitations to this
approach depend on the fact that ordination and similarity analysis as well as correlation
patterns do not necessarily imply causative processes.
In this regard, time series frameworks (based on both deterministic and stochastic approaches)
can provide additional evidences that reveal changes in long-term structures of demographic
indicators. More specifically, regionalized time series approaches may identify and characterize
spatial patterns in the population dynamics specifically influenced by endogenous and/or
exogenous forces. Spatial econometric procedures can also identify significant relationships
between demographic patterns and socioeconomic factors characterizing the background
regional context rapidly transforming under economic cycles. Qualitative techniques such as
Delphi methods, focus groups, in-depth interviews to stakeholders and key experts may refine
knowledge on complex demographic systems derived from the use of strictly quantitative
approaches. A qualitative approach based on one or more case studies is especially suited to
shed more light on short-term demographic dynamics (e.g. driven by a persistent economic
stagnation), complementing a basic knowledge of long-term dynamics derived from a
quantitative analysis of statistical indicators covering large areas, from administrative regions
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up to the whole of countries. The reliability of approaches integrating quantitative and qualitative procedures can be finally verified comparing the results obtained at different spatial scales,
from regional (e.g. prefectures) to local (e.g. municipal) levels.
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