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Abstract: Metropolitan decline in southern Europe was documented in few cases, being less inten-
sively investigated than in other regions of the continent. Likely for the first time in recent history,
the aftermath of the 2007 recession was a time period associated with economic and demographic
decline in Mediterranean Europe. However, the impacts and consequences of the great crisis were
occasionally verified and quantified, both in strictly urban contexts and in the surrounding rural
areas. By exploiting official statistics, our study delineates sequential stages of demographic growth
and decline in a large metropolitan region (Athens, Greece) as a response to economic expansion
and stagnation. Having important implications for the extent and spatial direction of metropolitan
cycles, the Athens’ case—taken as an example of urban cycles in Mediterranean Europe—indicates a
possibly new dimension of urban shrinkage, with spatially varying population growth and decline
along a geographical gradient of income and wealth. Heterogeneous dynamics led to a leapfrog
urban expansion decoupled from agglomeration and scale, the factors most likely shaping long-term
metropolitan expansion in advanced economies. Demographic decline in urban contexts was associ-
ated with multidimensional socioeconomic processes resulting in spatially complex demographic
outcomes that require appropriate, and possibly more specific, regulation policies. By shedding
further light on recession-driven metropolitan decline in advanced economies, the present study
contributes to re-thinking short-term development mechanisms and medium-term demographic
scenarios in Mediterranean Europe.

Keywords: shrinkage; migration; economic cycles; official statistics; southern Europe

1. Introduction

Urbanization and suburbanization stages were (and still are) regarded as the main
engine of metropolitan expansion and decline for most agglomerations in the world [1–3].
The inherent limitations of economic theories and empirical frameworks identifying and
profiling metropolitan cycles [4] justify a novel investigation of (regional) demographic
patterns and processes that integrates multi-disciplinary perspectives—going beyond the
quantitative analysis of economic dynamics and approaching the social complexity of local
communities more tightly [5–8]. Taken as the primary factor at the base of urban growth [9],
population dynamics in Europe have been increasingly analyzed along the ‘metropolitan
continuum’ [10], and are being interpreted as the result of economic attractiveness and local
development in contemporary regions [11–13]. However, recent demographic scenarios
open up a reflection on the intimate processes of metropolitan growth and change [14],
moving from exquisitely economic mechanisms of settlement expansion to mixed drivers
oriented toward social specificities and territorial heterogeneity [15–17].

Recession accompanied the decline of agglomeration economies, sometimes leading to
counter-urbanization [18–20]. As an indirect result of counter-urbanization, the population
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increased in peripheral areas [21], suggesting how demographic patterns were progres-
sively decoupled from agglomeration dynamics and scale economies [22]. In a post-crisis
context, a refined investigation of the negative impacts of recession on local socioeconomic
structures may shed further light on present and future population dynamics [23–25]. The
notion of ‘urban shrinkage’ was associated with areas that undergo depopulation for a
variety of complex processes, all of which require different responses and plans [26–28].
Although recent studies were increasingly focused on a refined comprehension of the role
of population aging, economic stagnation, and intentional (e.g., policy-driven) shrinkage to
improve quality of life [29], industrial decline remains a key factor of demographic contrac-
tion in metropolitan regions [30–32]. In these regards, the Great Recession was assumed
as a powerful driver of shrinkage [33]—although relatively few studies were devoted to
quantify the prolonged effect of a global economic crisis at the local level [34–36].

Urban shrinkage is a particularly heterogeneous issue in advanced economies [37].
Following a continuous expansion of dense and dispersed settlements as a result of popula-
tion growth and the spread of activities across suburban districts, cities—and especially
large cities—in some European countries started declining as far as demography and
wealth are concerned [38–40]. Taken as a typical outcome of suburbanization—driving
people that resided downtown to move to suburbs with the aim of finding better envi-
ronmental and housing conditions—core cities were initially involved in such dynamics.
More recently, suburbs were involved in processes that reflect an incipient ‘counterur-
banization’ (i.e., people coming back to rural settlements), or, more frequently, a particu-
larly unfavorable development path at the regional scale (e.g., [41]). Based on a general-
ized growth/shrinkage index for metropolitan areas released by OECD regional statistics,
Table 1 shows the evolution of growing (or declining) metropolitan areas in selected Euro-
pean countries, evaluating the last two decades (2001–2011 and 2011–2021) separately.

Table 1. The evolution of the OECD growth/shrinkage index for metropolitan areas in European countries.

Country
Shrinking Average Index

Cities (%) 2001–2021 2001–2011 2011–2021

Belgium 0 0.12 0.07 0.05
Switzerland 0 0.19 0.07 0.12
Estonia 0 0.15 0.05 0.10
Finland 0 0.20 0.10 0.11
Croatia 0 0.03 0.04 −0.01
Ireland 0 0.29 0.17 0.12
Luxembourg 0 0.45 0.17 0.28
Malta 0 0.33 0.06 0.27
Norway 0 0.32 0.16 0.16
Sweden 0 0.28 0.11 0.17
Slovakia 0 0.13 0.00 0.13
United Kingdom 2 0.12 0.06 0.06
Turkey 5 0.32 0.15 0.16
Netherlands 6 0.09 0.04 0.05
Czech Republic 25 0.08 0.04 0.04
Denmark 37 0.02 −0.02 0.04
Poland 45 −0.01 −0.01 0.00
Bulgaria 50 0.00 0.01 −0.01
Greece 50 −0.02 0.04 −0.06
Portugal 50 0.02 0.03 −0.01
Romania 75 −0.08 −0.04 −0.04
Hungary 80 −0.06 −0.02 −0.04
Latvia 100 −0.11 −0.09 −0.02
Lithuania 100 −0.12 −0.08 −0.04

Considering a total of 231 metropolitan areas in 24 European countries, nearly half
of the countries (11 out of 24) in the sample had no shrinking cities and a significantly
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positive average index of metropolitan growth over both 2001–2011 and 2011–2021. These
countries were representative of all European macro-regions, with the predominance of
western and central Europe. A small (<50%) percentage of shrinking cities was observed in
another six countries (the United Kingdom, Turkey, the Netherlands and Czech Republic,
Denmark, and Poland). Percentages around 50% (and systematically negative (average)
values of the OECD index) were observed in seven countries with a peripheral location
in Europe (Greece and Portugal in southern Europe; Hungary, Romania, and Bulgaria in
eastern Europe; and Latvia and Lithuania in northeastern Europe). Urban shrinkage in such
contexts reflects economic decline in countries already disadvantaged and less dynamic
than the European core, thanks to a marginal location in the Union, low accessibility
because of a lack of infrastructures, and decelerated wealth accumulation driven by regional
and local factors [42–44]. Interestingly, this empirical exercise demonstrates how urban
shrinkage—originally observed in some economically backward contexts of eastern Europe,
following the long transition from socialist regimes to market-oriented models—spread
in other socioeconomic contexts both toward the north (Baltic countries) and the south
(Mediterranean countries).

In southern Europe, urban decline was particularly infrequent up to ten years ago,
since a marked demographic dynamism (e.g., positive natural balance and intense im-
migration flows) was characteristic of most cities in this region [45–47]. A progressive
mismatch between population growth, demographic dynamics, household structure, and
settlement preferences makes an understanding of the mechanisms governing metropolitan
development (and causing urban shrinkage) a particularly hard task in Mediterranean
Europe [48–50]. This important socioeconomic process requires a more precise definition
of both the demographic phenomena at the base of recent shrinkage and the socioeco-
nomic, territorial, and policy implications at large [51–53] With this perspective in mind,
studies providing an operational example of the integrated use of multiple data sources
for a more comprehensive scrutiny of complex socioeconomic issues seem to be timely
and appropriate. Thanks to an ever growing information base because of improvements
in official statistics and digital (public) data sources (including the ‘open data’ initiatives
strongly promoted by the INSPIRE directive at the European level), the present study shows
the potentiality of integrating multiple official statistics for the continuous assessment of
metropolitan growth—assumed as a complex phenomenon evolving rapidly over time in
less predictable directions than observed in the past.

More specifically, our study reviews and scrutinizes, in a comparative perspective, the
official statistics derivable from both public authorities of Greece (e.g., ELSTAT) and, more
generally, the European Union (e.g., Eurostat), demonstrating that a careful integration of
multiple data sources may provide an enhanced description of urban change, metropolitan
growth, and the consequent demographic trends vis à vis socioeconomic transformations.
We intended our approach as eminently descriptive and exploratory and, despite being
quite simplified, our perspective seems to be—to the best of our knowledge—one of the
first contributions to the current literature documenting urban change and demographic
trends before, during, and after the great crisis, with a tentative exploration of the impact of
more recent shocks, namely the COVID-19 pandemic in 2020–2021. The selection of the case
study (metropolitan Athens, Greece) is fully justified in light of this rationale: Athens was
one of the cities more impacted by the 2007 crisis in the European panorama, possibly more
than similar socioeconomic contexts in Mediterranean Europe, and surely more than several
other cities in Portugal, Spain, or Italy [14,45,54]. While the descriptive and exploratory
nature of our study still represents an original contribution to urban studies, applied
demography, and regional science, investigating the latest trends in metropolitan decline
referring to such a context—considering Athens as a paradigmatic and representative case—
may provide further insight toward a comprehensive understanding of the mechanisms at
the base of urban shrinkage in Mediterranean Europe [55,56].

Making an extensive use of official statistics, our study aims at evidencing similarities
and differences with other peripheral countries in Europe and, more generally, in other
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advanced economies outside Europe [57–59]. A secondary objective of this study is to
demonstrate the validity of a descriptive approach based on multiple official statistics and
thematic indicators that allows a practical investigation of short-term dynamics typically
observed in the study area. Going beyond the traditional assumption of the city life cycle
(e.g., [14]), our study re-visits the main development stages of a representative metropolitan
region in southern Europe, offering an alternative interpretation of population growth
as a competition process among local districts. In other words, we assume that such
districts indirectly compete to attract (or push out) populations on the basis of their intrinsic
endowments (accessibility, services, the local job market, amenities), namely their ‘territorial
capital’ [60]. Such dynamics reflect broader trends at the regional and country scale. When
comparing long-term and short-term population dynamics over a metropolitan cycle,
Greece—and its capital region, Attica—are also exemplificative of traditional societies
with a polarized economy in central and peripheral districts [23,61,62] and diversified
(e.g., socially permeable) urban areas.

2. Materials and Methods
2.1. Study Area

The investigated area coincides with the geographical region of Attica, Central Greece
(nearly 3800 km2), corresponding with the NUTS-2 level of the European Nomenclature
of Territorial Statistical Units. Occupying a strategic position in the middle of the Aegean
Sea, the area has an undulated terrain that alternates between coastal and inland plains
(the largest is the ‘Lekanopedio Attikis’, hosting Athens) and mountain ranges (Parnitha,
Pendeli, Imitos) frequently exceeding 1000 m of elevation. Attica is administered by
8 regional units (‘Periferiaki Enotites’) according to the ‘Kallikratis’ reform of local authori-
ties (central, western, northern, and southern Athens, western and eastern Attica, Piraeus,
and the surrounding islands in the Argosaronic Gulf), that reflect the most recent structure
of regional administration in force over a large part of the study period (Figure 1). Most of
the local authorities (n = 59), corresponding with the municipal level of governance [63],
gravitated toward metropolitan Athens, as delineated in the Urban Atlas initiative of
the European Environment Agency [54]. The area (encompassing mainland Attica and
the neighboring island of Salamina, few kilometers far from the sea coast of Piraeus and
Perama) displays an economic base integrating traditional and advanced services with
public administration [64], although manufacturing, tourism, and construction industries
were (and still are) important sectors for local development [23,65,66].
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Figure 1. A composite map illustrating basic characteristics of the study area (the administrative
region of Attica and metropolitan Athens). The left maps delineate the position of the study area
in Greece (upper left) and the regional units’ partition of the study area (lower left) drawn from
Greek Statistical Authority (ELSTAT) shapefiles. The spatial distribution of population density
(inhabitants/km2) across municipalities in metropolitan Athens was finally illustrated on the right-
hand side at the beginning (1991: (central map)) and the end (2021: (right map)) of the study period.
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Similarly to other Mediterranean cities (Barcelona, Naples, Palermo, Thessaloniki
and, in part, Rome, Istanbul, and Valencia), Athens’ expansion was basically radio-centric,
shifting to moderate settlement dispersion in recent decades [45]. In the 1950s and the
1960s, metropolitan regions in Greece—and mostly Athens—attracted intense immigration
flows from rural districts [67]. While internal migration fueled urban expansion in the
1970s [68], migration flows in the 1980s were directed mostly to peri-urban areas ([13]),
leading to stagnant population growth in core cities [69]. Following a relatively short
wave of economic expansion encompassing the late 1990s and the early 2000s, Greece has
undergone a political and social crisis since 2007 [70], with rising unemployment and urban
poverty, austerity urbanism, reduced public spending, and consequent cuts in primary
services [54].

2.2. Official Statistics

We elaborated on official statistics from multiple sources (Table 2) with the aim at
providing a refined analysis of demographic and urban dynamics in Attica [14]. The use
of statistical data from multiple sources brings with it some limitations and difficulties
of standardization because of heterogeneous time series and divergent spatial defini-
tions [41,45,66]. Population trends were investigated considering the municipal results of
the General Censuses of Population and Household held in Greece (1991, 2001, 2011, 2021)
by the National Statistical Service (ESYE, now ELSTAT) and short-term data (2000–2020)
from population registers by regional unit (NUTS-3 level) released annually by the Greek
Statistical Authority (ELSTAT). Population density and selected indicators of population
age structure (2014 and 2020) were derived from population censuses (the former aggregate)
and from the annual estimation of resident population (the latter aggregate) based on the
aggregate information collected in the national demographic register at the same spatial
scale [64]. The unemployment rate was finally derived from OECD regional statistics up-
dating and reorganized regional time series originally collected in the Labor Force Survey
carried out annually (ELSTAT) on a regional basis in Greece.

Table 2. A list of official statistics adopted in this study.

Issue Survey Spatial Domain Timetable

Population dynamics EUROSTAT demo. statistics Regional units (NUTS-3) 1991–2020
Total population ELSTAT household census LAU-1 Municipalities 1991–2021
Demographic indicators EUROSTAT demo. statistics Regional units (NUTS-3) 2014–2021
Per-capita declared income Hellenic Ministry of Finance LAU-1 Municipalities 2011
Townsend index of poverty Hellenic Ministry of Finance LAU-1 Municipalities 2011
Unemployment rate OECD regional statistics Macro-regions (NUTS-1) 2000–2020

Statistical analysis of population growth (annual percent rates by decade: 1991–2001,
2001–2011, 2011–2021) made use of descriptive techniques and visualization of the spatial
distribution of relevant variables through mapping. Population growth rates were also
correlated pair-wise with a number of independent variables, including (i) population
density (inhabitants/km2) at the beginning of each study decade (i.e., 1991, 2001, 2011,
labelled as ‘Dens’); (ii) urban condition (a proxy delineating municipalities that belong
to the Greater Athens’ area (‘1’) as opposed to municipalities located in the surrounding
(peri-urban and rural) territories); (iii) distance from downtown Athens (km); (iv) per-
capita income (Euros) from fiscal declarations; (v) a composite index of Poverty sensu
Townsend (mixing personal income data with housing variables derived from population
and household census); and (vi) municipal surface area (km2), a proxy controlling for
the importance of administrative size [23]. Parametric (Pearson) and non-parametric
(Spearman and Kendall) coefficients were used in this analysis testing for significance
(against H0: no correlation) at p < 0.05 or p < 0.001 after Bonferroni’s correction for multiple
comparisons [47]. A principal component analysis (PCA) was finally run on the complete
data matrix (including all the variables described above. The analysis decomposed the
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basic signals of population growth in few independent components associated with specific
predictors assumed as relevant (direct or indirect) drivers of urban expansion [3].

3. Results

Based on national censuses, the population followed an inverse U-shape trend in
the study area between 1991 and 2021. The total population increased between 1991 and
2001 (moving from 3,562,233 inhabitants to 3,858,454 inhabitants) and then decreased
slightly in 2011 (3,793,066 inhabitants) and 2021 (3,759,669 inhabitants). Downtown Athens’
population (comprising the core city) declined more rapidly (a total of 816,556 inhabitants
in 1991; 789,166 inhabitants in 2001; 664,046 inhabitants in 2011; and 637,798 inhabitants
in 2021) and accounted for a decreasing share in the total population (from 23% in 1991
to 17% in 2021). Considering continuous (annual) data from demographic registers at the
prefectural level (NUTS-3), the percent share of district population in total population (study
area) transformed slightly during the last 20 years, evidencing how the whole metropolitan
region loses population in the last decade after a decade of substantial stability (or weak
decline). The (annual) percent rate of change over time in the share of district population in
the total Greek population was also calculated and is illustrated in Figure 2.
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Figure 2. (Left) Percent share of district population in total population of Attica by regional unit,
2000–2020; (Right) evolution over time of demographic ratios illustrating the incidence of population
residing in selected districts in total area.

The percent share of Attica in the total Greek population was relatively constant in the
2000s (from 35.9% in 2000 to 36.1% in 2010), and decreased in the following decade (34.9%
in 2020). The share of central Athens’ district in Attica’s population has, in turn, reduced
from 30.7% in 2000 to 24.5% in 2017, before a slight recovery (24.6% in 2020). A stable
population in the 2000s and a moderate decline in the 2010s was also observed in the Piraeus’
regional unit, which represents a significant part of the urban area. Different dynamics
have been observed in the regional units forming the Greater Athens’ area. In northern
Athens, the population increased and decreased with the same intensity, respectively, in
the first and second decades. Similar dynamics were observed in western Athens, with a
peak recorded in 2010. In southern Athens, the population grew slowly until 2008, with a
more marked decline starting in 2009. The demographic weight of the areas outside the
Greater Athens’ conurbation (i.e., the regional units of eastern Attica and western Attica)
has undergone a slow but continuous increase (from 13.5% in 2000 to 20.1% in 2020). These
data highlight heterogeneous population dynamics. Compared with the relative stability
of Attica’s primacy in Greece, a more intense demographic shrinkage was observed in the
Greater Athens’ area, with early signs of recovery since 2018 in central Athens. Piraeus, an
industrial district in rapid conversion toward residence, commerce, and tourism since the
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1950s, experienced a modest population reduction, following a much more intense decline
in the earlier decades.

Socio-demographic dynamics in the study area were summarized with the contribu-
tion of distinctive indicators: mean population age and old dependency index showed a
continuous increase over time between 1990 and 2020, delineating demographic aging—
recognized as one of the most relevant (contextual) factors at the base of metropolitan
shrinkage (Figure 3). Regional dynamics in Attica finely resembled those observed for
Greece as a whole. More specifically, Attica resulted as a region with a younger age profile
than the country as a whole. However, regional differences reduced substantially over the
study period. The unemployment rate showed in turn a particularly definite dynamics
separating economic expansion (up to 2008) and recession (2008 onwards). Average un-
employment rates in these periods were, respectively, 9% and 21%, with slight differences
between Attica and Greece as a whole. A rising unemployment rate was a powerful sig-
nal of the reduced economic attractiveness, possibly leading to long-term demographic
decline because of persistent job shortages and urban poverty, at least for some categories
of workers (e.g., working poor). Taken together, population aging and unemployment are
considered as candidate factors at the base of urban shrinkage in contemporary Athens
and displayed particularly intense effects in the most recent decade.

A more complete outlook of demographic dynamics in the study area was provided,
moving toward the local scale and producing a detailed analysis of the annual rate of
population change (%) derived from the national censuses of households (Figure 4). The
spatial distribution of the annual population growth rate highlights important changes
in the socioeconomic context characteristic of metropolitan Athens. In the first decade
(1991–2001), a polarized population growth between urban and rural areas was observed,
with a demographic decline evident in the former and a very intense growth observed in the
latter. This spatial pattern was further consolidated in the following decade (2001–2011),
with a thorough expansion of demographic declining dynamics in central areas and a
moderate stability of the growing areas at the fringe of compact settlements. On the contrary,
the subsequent period (2011–2021) showed a drastic spatial change, with population growth
concentrated in the municipalities east of Athens and a decline that radiates from central to
peripheral areas west of the capital city. Based on earlier studies, this work assumes the
east–west gradient in the metropolitan area of Athens as an axis of wealth-poverty which
is, among other things, rather stable on both urban (Greater Athens) and metropolitan
(Attica) scales.

A more complete graphical representation of local population dynamics in the study
area is provided in Figure 5, classifying municipalities (distinguished with an official,
four-digit label in use at ELSTAT and assigned uniquely to each administrative entity) on
the basis of demographic growth rates (positive or negative) at two sequential decades,
comparing pair-wise the 1991–2001 with the 2001–2011 data series (panel ‘a’), and the
2001–2011 with the 2011–2021 data series (panel ‘b’). The spatial distribution of municipal-
ities within metropolitan Athens (e.g., the specific location of each administrative entity
along the center-periphery gradient) can be evaluated considering the first two digits of the
municipal code associated with each dot in the scatterplot. These two digits are uniquely
associated with a Greek prefecture, as illustrated in Figure 1 (lower left); the first two digits
from ‘45’ to ‘52’ correspond to prefectures (NUTS-3 level of the European classification of
Territorial Statistical Units) belonging to the administrative region of Attica (NUTS-2 level).
More specifically, ‘45’ corresponds with central Athens’ prefecture, ‘46’ with northern
Athens’ prefecture, ‘47’ with western Athens’ prefecture, ‘48’ with southern Athens’ prefec-
ture, ‘49’ with eastern Attica’s prefecture, ‘50’ with western Attica’s prefecture, ‘51’ with
Piraeus’ prefecture and, finally, ‘52’ with the islands of the Argosaronic Gulf of the Aegean
Sea belonging to a unique prefecture gravitating on Piraeus node. Prefectures ‘45’, ‘46’,
‘47’, ’48’, and ‘51’ included municipalities belonging to the Greater Athens’ conurbation, a
compact, dense, and spatially continuous settlement area most tightly gravitating toward
Athens’ and Piraeus’ urban nodes. Prefectures ‘49’, ‘50’, and ‘52’ include municipalities out-
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side the Greater Athens’ area and thus are considered peripheral as far as their geographical
location is concerned.
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Figure 4. The spatial distribution of (annual) population growth rate (%) in (left) 1991–2001, (middle)
2001–2011, and (right) 2011–2021 in metropolitan Athens considering municipal boundaries (n = 59)
enforced in the law in 2021 with ‘Kallikratis’ reform (Source: ELSTAT population censuses).

Based on the results of this analysis, municipalities were classified within one of the
four quadrants of the scatterplot, indicating, respectively, positive–positive (quadrant I),
negative–positive (quadrant II), negative–negative (quadrant III), and positive–negative
population dynamics over time. The number of municipalities with fully declining pop-
ulations (quadrant III), mainly located in central districts (namely prefectures coded ‘45’,
‘46’, ‘47’, or ‘51’, see above), increased between the first observation time (1991–2011) and
the second one (2001–2021). The same dynamics were recorded for municipalities with
population recovery after a long decline (quadrant II, comparing the first with the second
observation time). Quadrant I includes municipalities in peripheral locations within the
Greater Athens’ conurbation and, even more frequently, municipalities from rural places in
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Attica (prefectures with codes ‘49’, ‘50’, or ‘52’). In both observation times, a positive—and
basically linear—relationship between population growth rates at the municipal scale, in
both the first and the second decade, was observed (1991–2001 vs. 2001–2011: Pearson
linear moment-product correlation coefficient: r = 0.68; Spearman non-parametric rank
correlation coefficient: rs = 0.79; both n = 59, p < 0.001). However, the intensity of this
relationship declined substantially in the second observation time, indicating a high spatial
heterogeneity in population dynamics especially in the last decade, in line with earlier
results (2001–2011 vs. 2011–2021: Pearson linear moment-product correlation coefficient:
r = 0.58; Spearman non-parametric rank correlation coefficient: rs = 0.51; both n = 59,
p < 0.01).
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Figure 5. The relationship between (annual) population growth rate (%) in (a) 1991–2001 and
2001–2011 and in (b) 2001–2011 and 2011–2021 (Source: ELSTAT population censuses).

Starting from this preliminary analysis, we profiled municipalities on the basis of
positive or negative growth rates by decade, as reported in Table 3. We delineated six
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classes of municipalities with distinctive population dynamics (e.g., the ‘−/−/−’ label
indicates a municipality experiencing a continuous population decline over the three
investigated decades; the ‘+/−/−’ label instead defines a municipality with population
increase in 1991–2001 that underwent a subsequent demographic decline in both 2001–
2011 and 2011–2021). The two extreme municipal classes (continuous population increase
and continuous population decline) accounted for the majority of population residing in
metropolitan Athens (nearly 60% in both 1991 and 2021). Municipalities with permanent
demographic decline—mainly located in central districts—lost nearly 10% of their resident
population in metropolitan Athens (passing from 41% in 1991 to 32% in 2021).

Table 3. Population distribution (percent share in total population) by municipal type in metropolitan
Athens, 1991–2021.

Type 1991 2001 2011 2021

−/−/− 40.8 36.6 32.6 31.8
+/−/− 23.2 22.8 22.2 21.7
−/−/+ 2.4 2.2 2.1 2.2
+/+/− 8.2 8.8 9.4 9.3
+/−/+ 6.5 6.8 6.6 6.8
+/+/+ 18.8 22.9 27.1 28.2

Conversely, municipalities with permanent demographic expansion—mainly located
in peripheral districts—acquired nearly 10% of their resident population (passing from
19% in 1991 to 28% in 2021). A sequence of positive and negative expansion stages
(i.e., ‘+/−/−’ or ‘+/+/−’) reflecting an incipient decline after growth (possibly associated
with late suburbanization and early counter-urbanization) was observed in municipalities of
the Greater Athens’ basin with (mostly) stable population. A sequence of negative and pos-
itive expansion stages (i.e., ‘−/−/+’), reflecting population recovery after a (more or less)
long decline, was an infrequent trend involving municipalities that concentrated around
2% of the total population in metropolitan Athens. These municipalities—heterogeneously
located across the study area—may represent local communities showing signals for early
re-urbanization that should be confirmed along a broader time interval. Finally, a relatively
heterogeneous profile (i.e., ‘+/−/+’) delineating more complex demographic dynamics,
included both urban and suburban municipalities that concentrated nearly 6–7% of the
total population in metropolitan Athens, being rather stable over time.

Results of correlation analysis (Figure 4) and municipal profiling (see Table 3) docu-
ment the relative stability of the spatial distribution of population growth (and the related
socioeconomic impulse) in the long-term development path of metropolitan Athens. An
additional investigation based on (parametric and non-parametric) correlation statistics
provides a broader interpretation of the influence socioeconomic/territorial contexts and
local background conditions have on population growth rates (Table 4). Correlation pat-
terns were rather distinctive when comparing results for 1991–2001 and for 2001–2011
with those for 2011–2021. In both decades (1991–2001 and 2001–2011), population growth
rates were higher in the Greater Athens’ area than in the rest of Attica, but the same rate
was negatively associated with urban concentration (there were similar results for the
percent rate of adjacent buildings—indicating the dominance of compact settlements—and
population density).

Interestingly, the distance from downtown Athens—especially during the 1990s—was
less positively correlated with population growth rates than other variables of economic
agglomeration. Modest differences were found between parametric and non-parametric
correlation coefficients, suggesting the existence of linear or quasi-linear relationships
between the relevant variables under investigation. On the contrary, per-capita income and
the poverty index were less intensively correlated (respectively, with positive and negative
coefficient sign) with population growth rates in both decades. Taken as a control variable,
municipal area was uncorrelated (or weakly correlated) with population growth rates.
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All in all, these results indicate a mechanism of urban expansion mostly oriented toward
agglomeration economies and suburbanization stimuli. The highest growth rates were
observed in semi-urban or suburban contexts within the consolidated urban agglomeration
(Greater Athens), but not in central municipalities surrounding the inner city. In line
with earlier evidence, the geography of population growth changed in the most recent
decade (2011–2021) since pair-wise correlations with per-capita income and the poverty
index were more intense than the correlations with variables indicating agglomeration
forces (distance from downtown Athens, compact settlements, population density, and
urban municipalities).

Table 4. Results of a correlation analysis between annual population growth rates (%) and selected
socioeconomic attributes of municipalities in metropolitan Athens (n = 59; bold indicates significant
coefficients at p < 0.05 after Bonferroni’s correction for multiple comparisons).

Variable
Pearson Linear Spearman Non-Parametric Kendall Co-Graduation

1991–2001 2001–2011 2011–2021 1991–2001 2001–2011 2011–2021 1991–2001 2001–2011 2011–2021

Greater Athens 0.54 0.69 0.36 0.51 0.65 0.34 0.42 0.54 0.28
P.C. income 0.47 0.39 0.62 0.49 0.40 0.65 0.40 0.33 0.54
Poverty index −0.46 −0.48 −0.54 −0.52 −0.55 −0.55 −0.41 −0.42 −0.40
Munic. area 0.17 0.30 0.04 0.41 0.56 0.20 0.28 0.39 0.13
Dist. downtown 0.41 0.52 0.25 0.66 0.74 0.42 0.50 0.54 0.30
Comp. settlem. −0.68 −0.79 −0.46 −0.66 −0.80 −0.48 −0.47 −0.61 −0.33
Pop. density −0.56 −0.64 −0.41 −0.63 −0.73 −0.38 −0.46 −0.53 −0.27

A principal component analysis (PCA) was finally developed to confirm the results
obtained from the bivariate statistical analysis presented above. The analysis extracted
two basic components that explain, respectively, 58.3% and 19.3% of the overall variance
deriving from 11 input variables. The biplot representing the position of both variables
(loadings, blue labels) and cases (municipalities, black dots) in the scatterplot projecting
principal components one and two is illustrated in Figure 6. The extracted axes decomposed
Athens’ expansion into widely differentiated processes. Population growth rates (at all
investigated time intervals: 1991–2001 (‘9101%’), 2001–2011 (‘0111%’), and 2011–2021
(‘1121%’)) were associated with quadrant II. In particular, population growth in the last
decade (2011–2021) was moderately associated with the spatial distribution of per-capita
income (‘Income’) as opposed to the Townsend poverty index (‘Poverty’). The rate of
population growth in the previous two decades (1991–2001 and 2001–2011) was opposed to
the level of population density—a variable oriented toward the negative values of Axis
1 (‘Dens91’, ‘Dens01’, ‘Dens11’)—and settlement compactness (‘Adjacent’). The distance
from the inner city (‘Distance’), municipal surface area (‘Land’), and the urban dimension
(i.e., municipalities belonging to the Greater Athens’ area, labelled with ‘Urban’) were
clustered within Quadrant I, highlighting a dimension of growth weakly associated with
population dynamics—especially with the most recent ones—and thus confirming the
results of bivariate correlations.
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Figure 6. A biplot illustrating the main results of a principal component analysis decomposing
population dynamics in differentiated processes of metropolitan growth in Athens, 1991–2021; in
labels, years and time periods were abbreviated (1991: ‘91’, 2001: ‘01’, 2011: ‘11’, 2021: ‘21’.

4. Discussion

Recent metropolitan dynamics require a holistic governance managing the intrinsic
relationship between location factors, land-use, spatial planning, and socio-demographic
trends [63,71,72]. As a result of economic change, demographic dynamics have had an
influential effect on the evolution of inner cities, suburbs and rural areas, de-concentrating,
re-densifying and, in some ways, diversifying those districts e.g., [60,73,74]. Giving value
to all the possible official statistics available from the public authorities of Greece and,
more generally, the European Union (e.g., Eurostat), our study demonstrates that a refined
integration of statistical data from multiple information sources may provide an enhanced
description of a given phenomenon, in this case urban change, metropolitan growth, and
the related demographic trends vis à vis socioeconomic transformations. While commit-
ted to a multivariate exploratory data analysis—without searching for a direct causality
between demography and economic aspects—this approach is, to our knowledge, one
of the first in the current literature trying to document urban growth and decline via
demographic changes and the possible association with the background socioeconomic
context (e.g., wealth and income/poverty conditions) before, during and after the great
crisis, considering broader dynamics encompassing the last three decades.

A comprehensive scrutiny of official statistics indicates that population growth in
metropolitan Athens has been observed for centuries (the first comparable observation avail-
able is for 1848) in three geographical partitions (downtown Athens, Greater Athens’ area,
Attica region), evidencing an extraordinary stability in long-term population trends [22],
and in turn delineating shorter cycles of demographic accelerations and decelerations [75].
Population growth was particularly intense after World War I, and the highest population
density in downtown Athens (more than 15,000 inhabitants/km2) was recorded relatively
late in the city history, i.e., in the early 1970s [68–70]. In the following decade, subur-
banization has leveraged the expansion of sparse settlements along the coastal rim and
in accessible flat districts at considerable distances from Athens [76]. Rural areas with
sparse settlements, especially in the Thriasio (western Attica), Messoghia (eastern Attica),
and oropos (Northern Attica) districts, showed traditional landscapes and settlements
undergoing intense socioeconomic transformations in recent decades [66]. After uninter-
rupted expansion [77], the total population started declining—for the first time in recent
history—in the 1980s (downtown Athens), in the 2000s (Greater Athens’ area), and in the
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2010s (Attica). In the last half century, population density in Attica expanded from less
than 500 inhabitants/km2 (1951) to more than 1000 inhabitants/km2 (2021), broadening
the divide in Greater Athens and the surrounding (non-urban) districts [78]. Empirical
results of independent studies confirm how, for the first time in the contemporary history of
Athens [14], several indicators of urban growth assumed negative values at all geographical
partitions in the last decade (2011–2021), delineating a process of urban decline [54].

These findings plastically document the intrinsic evolution of Athens toward a spa-
tially segregated development path at the local scale associated with a generalized demo-
graphic decline at the regional scale [67,79,80]. Irrespective of their location within the
metropolitan region, affluent municipalities—both in urban contexts and in suburban/rural
areas—attracted populations and consolidated a long-term settlement growth [81–83]. Eco-
nomically disadvantaged municipalities have lost population (e.g., moving toward affluent
communities or outside the study area), as a result of a continuous decline in quality of
life [13], a reduced economic attractiveness [74], increased poverty [45], severe material
deprivation conditions [66], and a generalized degradation of settlements (territory, envi-
ronment, infrastructure, education, and job opportunities). Spatially variegated patterns of
metropolitan shrinkage—consolidating rapidly in the study area—should be investigated
further in a comparative perspective, e.g., in other cities of Mediterranean Europe and, for
generalization, in other European urban agglomerations [84], evidencing the peculiarity or
the increasing diffusion of local processes of demographic shrinkage in a broader context
of economic decline [85–87]. Likely for the first time in southern Europe, the recent socio-
demographic patterns observed in Athens may document a spatially segregated population
growth based on a richness–poverty gradient [88]. Local communities increasingly compete
for attracting populations [89]. In this perspective, wealthier communities were assumed
to provide high-quality services and a satisfactory economic environment, possibly at-
tracting continuous population flows [65]. Such trends have progressively replaced the
most traditional patterns of settlement and population expansion based on accessibility,
agglomeration, and scale economies—rarely coinciding with the mechanisms of wealth
accumulation at the local scale [63].

By providing an informative base for urban studies in shrinking cities, our work stim-
ulates the implementation of more effective policies that strengthen local competitiveness
and sustainability, being applicable to similar socioeconomic and territorial contexts [23]. If
regulating long-term demographic dynamics (e.g., population aging, fertility decline) is
particularly difficult from a purely local perspective [90], unemployment reduction and the
containment of poverty gaps appear as indispensable policy targets on a regional scale [91],
together with a more coordinated development strategy for inner cities [92]. Early, al-
though weak, signs of a demographic recovery in Athens, as in other Mediterranean cities,
testify how ‘crisis-driven’ shrinkage processes can be managed through multi-target and
multi-scalar policies [93]. These policies should valorize the implicit advantages of the new
(post-crisis) socioeconomic context, e.g., exploiting opportunities derived from the collapse
of land and house prices [20].

From a technical perspective, our work documents the importance of demographic
and socioeconomic indicators in the analysis of urban shrinkage, with reference to both
local dynamics and latent trends on a regional and national scale [3]. From this perspective,
indicators that can be disaggregated at particularly fine territorial levels and are available
along a sufficiently long and representative historical series encompassing an entire ur-
ban cycle are particularly appreciated [94]. Moreover, the practical availability of these
aggregates should be increased, even in advanced countries with a long tradition of official
statistics [4]. In many cases, even today, population censuses represent the only reliable
source, updated every 10 years, when describing latent socio-demographic dynamics at
a municipal (or district) scale [47]. A ten-year updating period (typical of (traditional)
census waves—at least in Europe), however, does not seem to be completely compatible
with the research needs for specific economic and social phenomena that are articulated in
space over a medium-short time span (e.g., [95]), thus requiring administrative information
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sources, potentially updated on annual scales but possibly biased because of systematic
and non-systematic factors that are not completely controlled—as in a formal census or
sampling survey of a national statistical system.

The case study analyzed in our work exemplifies such context and provides some
relevant insight to official statistics. Spatially explicit analysis in this study was restricted
to the use of data and indicators uniquely derived from population censuses. In Greece,
population censuses run every 10 years, making it hard to decompose inter-census trends
(e.g., delineating short-term tendencies in specific years—or couples of years—in the
studied decade) without additional, non-census, data sources [96]. In the case of Greece,
inter-census data sources, namely population registers or population sampling surveys, are
partial, or released at a very aggregated spatial level, especially as far as total population
and population dynamics are concerned. More specifically, municipal data, which is the
spatial unit of interest in our study, were released only in correspondence with decadal
population censuses. So, based on this timing, the use of census data, the most relevant
data source for the country and the most accurate for spatial analysis, forced us to consider
decadal periods that went between 1991 and 2001, between 2001 and 2011, and between
2011 and 2021. When possible, we also used other data sources released annually at
prefectural (NUTS-3) or regional (NUTS-2) levels, and which are not decomposable further
toward lower geographical levels [97]. Based on this timing, we were forced to consider, in
the last census decade (2011–2021), some effects of the COVID-19 pandemic in metropolitan
Athens’ population and urban dynamics.

Since this paper operationalizes urban growth through total population growth—that
aggregates together the individual trends in fertility, mortality, and (internal/international)
migration—preliminary evidence suggests how the COVID-19 pandemic has strongly im-
pacted short-term demographic trends [98], but the aggregate effect over longer times could
be not more intense than the impact of the great economic crisis ten years before. Compared
with economic dynamics, demographic dynamics displayed a sort of intrinsic stability that
characterized their long-term trend, even with important, short-term perturbations [96].
In our case, when pandemics can exert a strong negative impact on mortality rates in the
short-term, fertility rates may experience a less evident (and delayed) decrease than the
increase in mortality rates. In both cases, these impacts can be (more or less) temporary.
Some very recent statistics in Europe demonstrate the recovery in fertility rates in 2021, and
especially in 2022. The pandemic’s impact on total population growth was demonstrated to
go in exactly the same direction as the indirect impacts exerted by the 2007 crisis [99]; this
is especially evident in urban areas. In other words, this means that total population may
progressively reduce in metropolitan regions because of a progressive shrinkage indirectly
driven by the 2007 crisis first and the 2020 pandemic later on. So, it is particularly urgent
to jointly consider the impact of both perturbations in order to have a stronger idea of the
future demographic trends in urban areas [97]. In other words, taking account of the last
data releases, urban demographic trends, moving toward an increased ‘shrinkage’ and
spatial heterogeneity because of the 2007 crisis were reinforced by the COVID-19 pandemic.
Arguments such as the persistence of the COVID-19 pandemic’s impacts, and the final out-
comes of both crises in population growth rates, clearly deserve further investigation and
analysis, when more data and longer time series will be released [98]. From this perspective,
integrating census data at a very disaggregate spatial scale with annual data from registers
and surveys released on more aggregate spatial units provides the necessary clarification of
latent demographic processes consolidated in recent years (e.g., [99]). This allows isolating
the impact of the pandemic years on demographic trends from the long-term background
trends due to economic downturns.

A final issue of this study that merits an explicit comment is the use of aggregate
population definition (namely, total population) as a proxy of urban growth or decline
instead of a deeper analysis of the individual components of the population balance, namely
natural population growth (i.e., the difference between birth rates and death rates) and
migration rates. This choice is motivated with the fact that we are interested in a regional
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demography analysis with outcomes of interest for urban studies and regional studies. Total
population growth rates are widely investigated in this perspective, and they constitute,
e.g., the topical knowledge for the comprehensive theory of city life cycle, interpreting
the metropolitan cycle on the basis of total demographic dynamics [14,28,87]. As clarified
above, the only available source of information in Greece is the demographic census with
decadal releases for the study of total population dynamics at a quite disaggregated spatial
scale (i.e., municipalities). For 2021, population census data were released in a very partial
way, because census operations were still on-going. Despite the intrinsic data limitations,
decomposing total population growth in natural balance and migratory components can
provide an enriched description of urban dynamics. However, the decomposition of total
population growth in natural balance and migration components is rather difficult from
traditional censuses, and it is better clarified using data from population registers, that for
Greece are available at a rather aggregate spatial and conceptual level. The outcomes of
this study, and the relevance of the issue at stake, justify a strong technical effort improving
official statistics in the country, with a better data integration and information matching
among censuses, administrative registers, and public sampling surveys sources.

5. Conclusions

Our study documents how a conceptual integration of multiple data sources con-
tributed to overcome (or, at least, reduce) the limitation of individual statistical sources,
providing a more comprehensive framework for analysis of complex and latent phenomena,
such as urban dynamics (growth and shrinkage) based on population trends. Far from
having exclusively negative impacts on economic performances and social trends, recent
demographic dynamics seem to have more complex implications for metropolitan transfor-
mations at large [100], possibly representing a natural process of urban de-concentration in
hyper-compact contexts [55,86,101]. This process, although intrinsic to urban shrinkage,
gives some unexpected opportunities for sustainable, integrated, and spatially balanced
post-crisis development [56]. For instance, how much the actual pandemic crisis can affect
urban shrinkage in post-crisis Mediterranean contexts is a subject of extensive debate [102].
Moreover, opportunities for urban–rural re-balance inherent in a more intense phase of
(smart-working driven) counter-urbanization (e.g., [103]), may stimulate coordinated ac-
tions fueling spatial cohesion, fighting poverty, and containing the unwanted consequences
of social segregation [104]. Measures promoting local development and city planning could
benefit from a tight integration with policies containing urban poverty and orienting spatial
transformations toward social cohesion [105]. This framework finally allows an honest
interpretation of complex processes of metropolitan shrinkage [106], proposing realistic
solutions to a finely tuned city growth with present (and future) population dynamics.
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