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Abstract: Using nonparametric, exploratory statistics, the spatial structure of the city’s vertical pro-
file was investigated at the municipal scale in Athens’ metropolitan region (Greece), evaluating
changes over a sufficiently long time interval (1983-2019) that encompasses different phases of the
urban cycle in Greece. Assuming the vertical profile of cities as an honest indicator of urban form,
the study was aimed to test the intensity and spatial direction of the (supposed) change in settlement
models toward sprawl. Transitioning slowly from a dense to a more dispersed settlement structure,
Athens’ dynamics revealed a quite representative model for cities expanding significantly but re-
maining substantially compact and dense, while responding similarly to different (external) eco-
nomic stimuli. Nonparametric correlation between the average (vertical) profile of each municipal-
ity and the distance from downtown Athens revealed a substantially stable mono-centric structure
over time, with small changes over time still responding to factors dependent on the urban gradient.
The inherent shift towards “horizontal” urban expansion was relatively modest and characteristic
of few periurban contexts. The empirical results of this study can be envisaged as a practical tool of
regional planning, allowing continuous monitoring of urban sprawl and land take in complex sys-
tems under rapid socioeconomic changes.

Keywords: regional studies; urban sustainability; metropolization; compact cities; regional plan-
ning

1. Introduction

A city is a complex entity, which contains diverse ecosystems influenced by social,
economic, environmental, and cultural factors among others, therefore, finding the correct
indicators is thus an important topic [1]. Scholars have developed different evaluation
indicators, indexes and models assessing sustainable development, fundamentally ap-
plied to urbanism management, regional geography, ecological planning, housing and
social policy [2—4]. Neess [5] stated that urban planning and Sustainable Development
should not be focused solely on means-ends rationality, paying attention in turn to the
consensus among stakeholder’s circles and enhancing the “alliance-building” among
those groups who can help the minimum “equity and environmental values of a sustain-
able development”.

After World War II, Mediterranean landscapes reflected similar changes across re-
gions, mainly, moving from diffused and fragmented human settlements to more dense
ones [6,7]. Some authors proposed the terms “dispersed”, “compact” or “mono-centric”
cities referring to these new contexts, which, following specific patterns, they were not
studied that deeply to date [8-13]. Dieleman and Wagener [14] defined compact cities as
a growing concern about the development of cities, based on the deconcentration of urban
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territory use in the form of urban sprawl. These authors also consider some “unintentional
consequences” of this process such as city center decline, increased reliance on the use of
private automobiles, and the loss of open space. On the other hand, other scholars such as
Neuman [15] remarked that considering the urban space in terms of form is neither nec-
essary nor sufficient to achieve the goals ascribed to the compact city. All in all, nowadays,
it could be possible to present a consensus among scholars to distinguish in these urban
changes two different socioeconomic manifestations along with the territory [16,17]: (i)
urban agglomeration or congestion (population density) and (ii) vertical city profile
(higher buildings). Growing in both population density and vertical profile is proof of
urbanization (the effectiveness of scale and agglomeration factors), in turn showing neg-
ative consequences such as congestion, air pollution, the decline in life quality, higher
land/housing prices and social deprivation, among others [18-20]. For instance, Asian big
metropolitan regions are experiencing this process [21]. In these super-populated areas,
we can highlight some terms and methods easily applicable to the Mediterranean belt. For
example, Chen et al. [22] stated that densification and vertical growth can be estimated
using the term “city breathability”, which is widely used in ideal urban models. Yang et
al. [23] insisted that new techniques such as mobile phone signals should be good indica-
tors to measure this process within a new context reflecting the “smart cities” ideology,
although it still supposes a big challenge for urban scholars.

In southern Europe, especially in Greece during the 1990s, Leontidou [24-26] stated
in different investigations that the informal action of the private agents together with a
substantial ineffectiveness of the national planning systems has generated a drastic mod-
ification of numerous Greek urban regions influencing the core cities and its compactness
and hyper-density. Nowadays, Greece continues to be affected by the global recession and
austerity measures, which shows clear impacts on its most important urban areas: Thes-
saloniki and Athens [27]. Some authors expressed that this situation also remarks other
biophysical issues related to the compaction and vertical growth, among them, the lack of
availability of suitable space for edification [28] and the variability of the topographical
conditions [29]. Accordingly, Giannakourou [30] observed two opposite directions in
these urban landscapes: a polycentric development and others affected by planning de-
regulation. Arapoglou and Sayas [31] noted new gender and ethnic divisions in the occu-
pational structure at the intraurban scale and migratory flows reflecting diversified occu-
pational trajectories among women, which contribute to shaping the socioeconomic pro-
file of the destination areas.

However, a reduced number of specific indicators have been selected and used to
profile the different phases of this Mediterranean urban expansion in this country. To
date, and especially in Greece, this empirical evidence is scarce and needs confirmation
with further studies using long time series data and available statistical indicators charac-
terized by a high spatial resolution [32]. It is key to understand these recent dynamics and
collect valuable data to demonstrate which patterns follow urban diffusion and compact-
ness, reflected in an increase in the vertical profile. This could derive from comparative
and holistic analyses of several indicators describing the city’s form, demographic trends,
socioeconomic characters, and land-use variables [33-35].

Therefore, the main goal of this research was to assess the annual changes in the ver-
tical profile of the metropolitan region of Athens over a sufficiently long time interval
(1983-2019) encompassing different phases of its urban cycle. We consider this area be-
cause it can be considered as a representative laboratory to evaluate urban dynamics in
the Mediterranean due to (i) available data and (ii) previous research works to be com-
pared. In this study, shifting toward a more horizontal city profile was considered less
sustainable in terms of land consumption. We hypothesize that taking dense settlements
as land-saving morphologies, long-term changes in the vertical profile of Athens” munic-
ipalities may indirectly reflect the inherent transition toward socioeconomic processes of
metropolitan growth with high pressure on nonurban land.
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2. Materials and Methods
2.1. Study Area

We studied an area coinciding with the Athens metropolitan region (nearly 3000 km?)
following the definition of the European Urban Atlas on behalf of the Global Monitoring
and Environmental Surveillance (GMES) Copernicus Land initiative (e.g., [30,31]). This
area (Figure 1) mostly corresponds with the mainland area of the administrative region of
Attica in Central Greece [36]. The investigated area was administered by 115 municipali-
ties and local communities; a total of 58 municipalities formed the Greater Athens area
that represents the consolidated urban area of the Greek capital.

Figure 1. Localization maps of Athens in Europe (above-left) and its physical contexts (above-right
and below). Sources: Maps modified from Freepik, freeworldmaps.net and Maphill.

Between 1951 and 2011 resident population increased from 1.5 to 3.8 million people,
reaching a density above 1200 inhabitants/km? in Attica [28]. A drastic increase in building
density —forming mainly dense, “vertical” settlements —accompanied this intense urban-
ization wave and candidates Athens as one of the best examples of “intrinsically compact”
Mediterranean cities [6,37,38]. In more recent decades, a substantial decoupling between
population (stable or slightly decreasing) and building stock (increasing at a slower pace
than before) was observed, outlining the consolidation of sprawl processes in some parts
of the metropolitan region [39].

2.2. Data Sources and Elementary Variables

Aggregated data from building permits (including new constructions only) released
between 1983 and 2019 by each statutory municipality in the study area were considered
in this study. Considering the whole time series released, a total of 37 observations (i.e.,
years) is regarded as a sufficient representation of recent urban phases in Athens, encom-
passing sequential economic downturns, from expansion to the recession. Municipal-level
data including the average number of floor for each authorized (new building) construc-
tion were published annually by the Greek Statistical Authority (ELSTAT; [40]). The av-
erage number of floors in newly issued building permits by year and municipality was
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used as the dependent variable in this study. The spatial distribution of the average num-
ber of floors in newly authorized buildings was analyzed at the same geographical level,
assuming municipalities as the appropriate scale for a detailed analysis of the vertical pro-
file of settlements in Athens and using a map of municipal boundaries provided by EL-
STAT cartographical service.

Contextual variables derived from official statistics and maps were also made avail-
able for spatial analysis in this study (e.g., [35-37,41]). These variables were classified as
topographic (n = 6 variables) or territorial (1 = 6 variables) and were adopted as predictors
of basic urbanization processes in the area. Topographic variables included linear dis-
tances (km) from individual poles of growth such as (i) downtown Athens, (ii) Piraeus,
(iii) the new central business district gravitating on the Olympic Stadium in Maroussi
(Northern Athens), (iv) the “E. Venizelos” international airports in the municipalities of
Spata and Markopoulo belonging to the suburban district of Messoghia, Eastern Attica,
(v) the industrial pole of Thriasio mostly gravitating on the municipality of Aspropyrgos
(Western Attica), and (vi) the rural district of Oropos (Northern Attica). As other previous
studies confirmed in the past, they can provide a comprehensive evaluation of climate
and soil quality, among others, composing some basic variables in a summary score index
to observe if there are any kinds of environmental or social limitations or promotion in
one specific area [42—44]. The main reason to use linear distance is to consider influencing
travel distances to work, the distance of residence from the urban cores and provision of
public transport [45]. Territorial variables include (i) average municipal elevation (m), (ii)
minimum distance from the sea coastline (km), (iii) economically disadvantaged munici-
palities (a dummy classifying local communities as affluent or depressed based on Salvati
and Serra [46], (iv) municipal size (km?), (v) soil quality index, and (vi) climate quality
index both calculated following the Environmentally Sensitive Area approach. The main
reason to include these territorial variables is that they allow to be used as a monitoring
framework to assess land sensitivity to degradation and desertification risk.

2.3. Data Analysis

Trends over time in the dependent variable (average number of floors per building
permit) were summarized at three spatial levels in the study area moving radio-centrically
from the inner city to the periphery (downtown Athens, Greater Athens area with the
exclusion of downtown Athens and the Athens metropolitan region with the exclusion of
the Greater Athens area). The (evolving) spatial structure of the vertical profile of settle-
ments in Athens (based on building permits data) was investigated at each year between
1983 and 2019 assessing the pairwise correlation of the average number of floors per build-
ing in each municipality of the study area with each of the 12 predictors illustrated above
(Section 2.2). A nonparametric Spearman cograduation analysis was adopted here to iden-
tify both linear and nonlinear correlations testing for significant coefficients at p < 0.05
after Bonferroni’s correction for multiple comparisons [44,47,48]. This analysis provided
a rectangular matrix (12 x 37) of correlation coefficients by predictor (columns) and year
(rows) that were further analyzed through the spectral decomposition of principal com-
ponents, the so-called principal component analysis (PCA) [49]. This multivariate, explor-
atory analysis was run with the specific aim at delineating the latent relationships between
contextual predictors of the vertical profile of buildings and the economic/urban cycle in
Athens, distinguishing (i) a period of economic stability or less intense downturns (both
expansions and stagnations) between the early 1980s and the mid-1990s, from a phase of
(ii) intense economic growth (mid-1990s to late-2000s, the so-called “gold decade” culmi-
nated with the 2004 Olympic Games in Athens) and (iii) a drastic recession afterwards.
Components with eigenvalue >1 were extracted and analyzed further, computing variable
loadings and case scores [50-52]. Component loadings (indicating the degree of associa-
tion between each predictor and the respective component) were tabulated and classified
as highly significant (bold) or moderately significant (italics) according to the loading’s
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value (bold: loadings > 10.651; italics: 10.4| <loadings < 10.651). The geometrical distribu-
tion of loadings and scores on the most representative components was finally illustrated
using a biplot [43,46,53], a typical result of the PCA delineating similarities among cases,
among variables and the two sets of variables and cases together. The position of each
variable and case in the components’ space was represented by individual dots in the bip-
lot. Close points indicate similar statistical behavior leading to a comparable spatial pat-
tern characterizing the studied variables. Years were classified in a few homogeneous
groups based on the biplot representation.

3. Results and Discussion
3.1. Descriptive Statistics

In Figure 2, a total of 430 km? of the study area can be observed. Additionally, the
total number of building permits released between 1983 and 2019 in the study area is il-
lustrated in Figure 3. Two poles of growth were located in the Greater Athens correspond-
ing to individual municipalities [54]: downtown Athens, the core of the Greek capital and
Piraeus, the main harbor of Greece and one of the largest in the Eastern Mediterranean.
While the metropolitan region consists mainly of mountain chains bordering the Greater
Athens, some flat areas are located in Attica: the Messoghia plain, the Marathon plain,
and the Thriasio plain [46]. After a long history of demographic stability or slow increase,
Athens experienced massive population growth since the early 1920s [41]. After World
War II, urban settlements expanded further responding to a huge increase of resident pop-
ulation driven by an intense exodus from rural and marginal areas all over the country
[42]. Compact expansion of settlements was continuously observed in the 1950s, 1960s,
and 1970s. In these decades, the population grew at a rate of 2-3% per year determining
settlement concentration and urban congestion [43]. In addition, it is worth highlighting
the explicit and implicit impacts of town planning regulations in redirecting future pro-
cesses of building permits, which also require further clarification. In this regard, analysis
of building permits may intrinsically incorporate the double effect of town planning reg-
ulations (since permits’ release strongly depends on them) and socioeconomic forces
[55,56].
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Figure 2. Vertical profile of buildings (five height classes, m) in the study area (map derived from Global Monitoring and
Environmental Surveillance (GMES) Copernicus Land module) and aerial photographs of selected urban and periurban
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districts (courtesy of Google Earth); numbers indicate the position of six geographical poles mentioned in Section 2.2 (1:
downtown Athens; 2: Piraeus; 3: Maroussi; 4: Messoghia; 5: Thriasio; 6: Oropos).

Permits
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20000
10000

0
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1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 20152017 2019

Figure 3. Total number of building permits issues released for the study area per year.

The long-term evolution of the vertical profile in the Athens metropolitan region is
illustrated in Figure 4 by dividing the whole study area into three radio-centric districts
(downtown Athens, corresponding with the respective municipality encompassing a total
area of 40 km? the Greater Athens area, corresponding with the urban conurbation
around downtown Athens, extending almost 400 km? the entire region, with the exclu-
sion of the Greater Athens area, covering nearly 2600 km? and including mostly rural dis-
tricts with low-density settlements and isolated houses, and few urban subcenters; Figure
5). A common trend toward an increase in the vertical profile of the city was observed,
although with different intensities, in all spatial partitions, from the early 1980s up to the
end of the economic expansion in the mid-2000s, corresponding with the end of the “gold
decade” culminated in the 2004 Olympic Games. Being more evident in downtown Ath-
ens, this trend reverted substantially and quite rapidly at the end of the 2000s, in corre-
spondence with the great recession in Greece [27] and also due to town planning regula-
tions. Gkartzios [57] pointed out the possible phenomenon of counter-urbanization move-
ments during those times of economic crisis, considering key a centrifugal methodological
model for understanding principally the role of family and housing availability. In this
way, Souliotis [58] recovered the concept of “embeddedness” in a combination of statisti-
cal and ethnographic analysis to attribute as main reasons of these obtained results the
cultural economy in relation with social stratification and urban policy dynamics during
the affiliation of Greece to the EC/EU.



Sustainability 2021, 13, 3365 7 of 15

O Downtown Athens [ Greater Athens [ Rest of Atfica

a1
L I e e e |

N

N

Average number of floors
—_ W

0 iR i n n it n nitin n oL o ORGBlo DY VI o DRREe L)y

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Figure 4. Trend over time in the average number of floors (by building permit) in selected spatial domains of the study
area.
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Figure 5. Three radio-centric districts of Athens considered for this research.

On average, permits released in the early 1980s allowed the construction of mostly
low-rise buildings in both downtown Athens (34 floors), Greater Athens (2-3 floors) and
the rest of the metropolitan region (2 floors). Conversely, permits released in the mid-
2000s allowed construction of taller buildings on average (dlowntown Athens: more than
5 floors, Greater Athens (3—4 floors), the remaining part of the metropolitan region (3
floors). The average number of floors in building permits issued annually revealed to be
a particularly sensitive variable to economic downturns, being immediately affected by
crisis and showing a relatively rapid recovery afterwards, especially in urban and peri-
urban districts. This responds to an epoch highly influenced by urban movements in Ath-
ens historically developed through informal forms of collective organizing in response to
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weak welfare [59]. Leontidou [24,26], confirmed by Arampatzi and Nicholls [60], re-
marked that spontaneous popular squats could be found during the coming years after
the post-war period until the Olympic Games period influenced by the absence of housing
provision and gradually assumed control over social reproduction issues in the city.

Especially, it is worth highlighting that a similar trend toward an increase in the ver-
tical profile of the core city was registered, although with diverse intensities, in all spatial
partitions, from the early 1980s up to the end of the economic expansion in the mid-2000s
[24,61,62]. This corresponded with the end of the most intense urbanization wave, in cor-
respondence with the last economic expansion of the early 2000s. This was significant in
downtown Athens, where the trend reverted substantially and quite rapidly at the end of
the 2000s, in correspondence with the great recession in Greece [57,60]. In the first years
of the 2010s, when the recession exerted the more intense negative impact on the construc-
tion industry in Greece, the average number of floors issued in building permits ap-
proached 2 floors in all spatial partitions. However, the average number of floors in build-
ing permits increased again rapidly in 2019, reaching 5 floors in downtown Athens and
3—4 floors in Greater Athens. The great recession was acting as the most impactful break-
point in the studied time series since the early 1980s, testifying the relevance of sequential
waves of economic expansion and recession not only for construction industry and real
estate markets but also for more general attributes of urban landscapes [33]. In these re-
gards, the evolving vertical profile of cities is considered one of the most characteristic
traits of metropolitan landscapes [63-65].

3.2. Correlation Analysis

Figures 6 and 7 report the results of a nonparametric correlation analysis based on
Spearman coefficients and delineate the intimate relationship between the vertical profile
of Athens (based on the average number of floors in the building permits released annu-
ally by competent authorities, i.e., municipalities) and selected topographic and territorial
variables characterizing urban expansion in the study area. Basically, the average number
of floors decreased significantly with the linear distance from downtown Athens and Pi-
raeus (the biggest urban poles in the area), with negative (and highly significant) Spear-
man coefficients ranging between —0.7 and 0.8 during a relatively long time span from
1983 to 2010. Although remaining statistically significant, the intensity of pairwise corre-
lations between the variable’s pairs mentioned above declined substantially in the 2010s,
approaching coefficients that range between 0.4 and -0.6. These results suggest how the
recession impacted not only on the volume stock but also on the spatial structure of build-
ing permits with specific characteristics (e.g., the concentration of low-rise buildings in
central and semicentral districts), contributing to the increased geographical heterogene-
ity in the vertical profile of Athens in more recent times [16,66]. This coincides with other
studies developed in Asian cities with rapid and nonplanned urban expansions affected
by different growth development and recession periods [67,68]. Correlations between the
average number of floors and linear distances from three subcentral locations (Maroussi
Olympic Stadium in the northern periphery of Athens, the “E. Venizelos” international
airport in Messoghia district and the industrial area of Thriasio based in the municipality
of Aspropyrgos) were negative as well, although with less intense coefficients over the
whole time period and with a further decline since 2010. For the 2010s, nonsignificant
coefficients were occasionally observed for the distances from the international airport
and the industrial pole. Finally, correlation coefficients with the distance from Oropos’
rural pole were systematically low and statistically insignificant.
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Figure 7. Nonparametric Spearman rank correlation coefficients between selected territorial variables and the average
number of floors per building permit (n = 115 municipal domains, rs > 10.33| are significant at p < 0.001 after Bonferroni’s
correction for multiple comparisons).

Figure 7 illustrates a couple of pairwise running correlations over time between the
dependent variable (average number of floors in building permits) and selected territorial
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variables at the municipal scale in the study area. Medium-intensity, statistically signifi-
cant correlations were found with an average elevation of municipalities and municipal
size (negative coefficients). In both cases, coefficients decreased in the last decade, indi-
cating a less homogeneous spatial structure of building permits as far as the vertical pro-
file of newly authorized settlements is concerned [33,46]. Distance from the sea coastline,
the economic status of municipalities (affluent vs. disadvantaged communities), soil qual-
ity and climate quality were weakly correlated with the average number of floors in build-
ing permits, displaying systematically insignificant coefficients from the statistical point
of view. This remarks the complex understanding of the urban sprawl, horizontal or ver-
tically, where biophysical factors in some occasions do not play a key role (e.g., [59-62]).

3.3. Multivariate Analysis

A principal component analysis (PCA) was carried out on a data matrix composed
of the pairwise correlation coefficients with the dependent variable (average number of
floors per building permit) by predictor (columns) and year (rows). Results are illustrated
in Table 1 and Figure 8. Four significant components were extracted, explaining together
87% of the total matrix variance. Component 1 accounted for the largest amount of ex-
plained variance (51%) and clearly describes the urban—rural gradient in Athens (based
on the linear distance from downtown Athens and Piraeus) and the elevation gradient.
This component was also associated positively with the distance from the new Athens
business district (gravitating on Maroussi Olympic Stadium) while being negatively asso-
ciated with the distance from Oropos’ rural pole. Economically disadvantaged local com-
munities and municipal size are other predictors positively associated with this compo-
nent, which coincide with other investigations about urban sprawl [69-72]. Component 2
explained 18% of the total variance attributing positive loadings to the distance from the
international airport and proximity to the sea coastline. While less intense, significant
loadings were recorded also for the distance from Maroussi (positive coefficient) and eco-
nomically disadvantaged municipalities (negative coefficient). This coincides with the re-
search conducted by Sheard [73] who demonstrated how airports influence economic
growth in US metropolitan areas. This author in another investigation also pointed out
the positive impact on the employment share of tradable services, which are able to affect
local employment [74]. Additionally, the main finding is that airport size has a positive
effect on local employment, which also is reported in Athens [75,76]. Component 3, ex-
plaining nearly 10% of the total variance, discriminates the possible impact of soil quality
(positive loading) and climate quality (negative loading) indexes in the evolving vertical
profile of buildings in Athens. The impact of soil quality increased linearly with distance
from Oropos’ rural pole and with the minimum distance from the sea coastline. Soil qual-
ity is a clear indicator of urban and rural processes. High-quality soils used to correspond
to nonurban soils such as forests or mountain area far from the coast [77-79]. On the con-
trary, degraded ones used to coincide with cultivated and abandoned areas, which in met-
ropolitan regions are located in the periurban areas, also placed non-close to the sea. This
was also confirmed in other Mediterranean countries such as Italy [80] or mega-cities such
as New York [81]. Component 4, explaining about 9% of the total variance, was finally
extracted delineating a residual, latent spatial gradient from low to high climate/soil qual-
ity. Urban growth has implications for the likelihood of climate change and for the social
costs that climate change will impose on the world’s quality of life because it affects green-
house gas production and local temperatures [82,83]. Some authors found that densifica-
tion and compactness of the core cites can generate heat islands, which can be a factor to
motivate decentralization because of the vertical growth of the cities [84-86]; however, it
is difficult to find a clear justification between vertical growth using climate quality as key
factor.
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Table 1. Results of a principal component analysis investigating changes over time in the temporal
structure of nonparametric Spearman coefficients in the study area (bold and italic, respectively,
indicate highly significant and moderately significant loadings to each selected principal compo-

Component 2

nent, PC).
Descriptor PC1 PC2 PC3 PC4
Distance from downtown Athens 0.96
Distance from Piraeus harbor 0.98
Distance from Maroussi Olympic Stadium 0.67 0.60
Distance from the International Airport 0.75
Distance from Thriasio industrial district 0.94
Distance from Oropos rural pole -0.79 0.50
Economically disadvantaged municipalities 0.76 -0.40
Average elevation 0.81
Minimum distance from the sea coast 0.72 0.47
Municipal area 0.87
Soil quality index 0.51 0.66
Climate quality index -0.41 0.66
Explained variance (%) 51.2 17.6 9.5 8.7
2012
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Component 1

Figure 8. Biplot of principal component analysis investigating changes over time in the temporal structure of nonparamet-
ric Spearman coefficients (Table 1) in the study area.

Considering only the first two components (Figure 8) and plotting cases (years) and
variables (topographic and territorial predictors), the PCA biplot classifies years in three
main groups according to the economic cycle: (i) years from 1983 to 1998 (with the excep-
tion for 1993) associated with the lower left quadrant of the biplot (negative scores on both
components); (ii) years from 1999 to 2010 associated with the higher left quadrant of the
biplot (negative scores on Component 1 and positive scores on Component 2); (iii) years
from 2011 to 2019 associated with the right quadrants (positive scores on Component 1)
with a particularly heterogeneous pattern. Results of the PCA remark the peculiarity of
the construction industry, building activity, and real estate local markets in the last dec-
ade, is primarily influenced by economic dynamics typical of a recessionary stage in
Greece.
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4. Conclusions

The main practical implications of this research were to indirectly estimate the spatial
direction and intensity of urban expansion in Athens” metropolitan region, allowing in-
ference on the underlying role of urban-demographic cycles and economic downturns at
both regional and local scale. Our results suggest that a transition from a strictly dense to
a more dispersed settlement structure can be observed in the major parts of Athens” met-
ropolitan region. However, such a transition is relatively slow and not particularly intense
over time, being in turn relatively homogeneously distributed over space. This model de-
picts a quite representative model for cities expanding significantly but remaining sub-
stantially compact while responding similarly to different (external) economic stimuli. A
similar trend toward an increase in the vertical profile of the core city was registered, alt-
hough with diverse intensities, in all spatial partitions, from the early 1980s up to the end
of the economic expansion in the mid-2000s. This corresponded with the end of the most
intense urbanization wave, in correspondence with the last economic expansion of the
early 2000s. This was significant in downtown Athens, where the trend reverted substan-
tially and quite rapidly at the end of the 2000s, in correspondence with the great recession
in Greece. The results related to the nonparametric correlation between the average (ver-
tical) profile by the municipality and the distance from downtown Athens revealed a sub-
stantially stable mono-centric structure, with small changes over time still depending on
key factors related to the urban gradient. It can be finally stated that the inherent shift
towards “horizontal” urban expansion was relatively modest and characteristic of few
periurban contexts.

The intrinsic role of social forces should be more extensively investigated in further
research to delineate future transitions toward a different settlement model for Mediter-
ranean cities. As a matter of fact, the main limitation of this study is the use of a unique
indicator for the investigation of relatively complex spatial dynamics. Despite the reliabil-
ity and robustness of the vertical profile indicator, a comprehensive description of settle-
ment models may require the use of other multiple socioeconomic predictors. Our study
finally suggests the importance of a practical tool of regional planning able to continue
monitoring sprawl, considering complex systems under rapid socioeconomic change. Ex-
plicit and implicit impacts of town planning regulations in redirecting future processes of
urban also require further clarification. In this regard, analysis of building permits may
intrinsically incorporate the double effect of town planning regulations (since permits’
release strongly depends on them) and socioeconomic forces.
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