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Abstract
Mono-centric regions have experienced a progressive transformation towards polycentric 
structures. Transition to discontinuous and dispersed spatial configurations was particularly 
evident in formerly compact and dense European cities, as a result of increasingly com-
plex commuting patterns. Under the hypothesis that central locations have a balanced rate 
of resident population to internal workers and attract workers from neighbouring places, 
a multivariate analysis of commuting patterns may reveal latent transformations of com-
pact, mono-centric cities towards polycentrism and settlement scattering. A more compre-
hensive understanding of the intimate nature and implications of urban transitions taking 
place in the last decades in Athens (Greece), a representative metropolitan region in south-
ern Europe, was carried out using census data analyzed through a framework integrating 
descriptive statistics and mapping, multivariate exploratory data analysis, non-parametric 
inference and regression models. The analytical framework was proposed with the aim to 
assess commuting patterns vis à vis urban hierarchy in a context of (more or less) de-cen-
tralized growth. Empirical results for the study area indicate the persistence of a bi-centric 
spatial structure gravitating on the central cities of Athens and Piraeus, with early forma-
tion of employment sub-centres and local-scale alterations of the mono-centric scheme as 
a result of discontinuous urban expansion. Exurban development was associated with the 
formation of self-contained sub-centres with an increasing proportion of workers in total 
resident population.
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1  Introduction

Experiencing a long transition toward more dispersed territorial configurations, contem-
porary cities in Europe have underwent intense socioeconomic transformations altering 
spatial distribution and density of economic functions (Leontidou et al. 2007; Páez 2007; 
Angel et  al. 2011; Salvati and Gargiulo Morelli 2014). Abandoning compact and dense 
urban growth and mono-centric spatial organizations, European regions have becoming 
increasingly polycentric, thanks to exurban development, depolarization of central cit-
ies, businesses delocalization, planning deregulation, infrastructural development and 
increased access to private mobility (Beriatos and Gospodini 2004; Burgel 2004; Catalàn 
et al. 2008; Arapoglou and Sayas 2009; Ceccarelli et al. 2014). In this regard, settlement 
scattering and discontinuous city expansion led to multiple challenges for metropolitan 
regions and urban societies (Haase et al. 2010; Hayek et al. 2011; Pojani and Stead 2015; 
Cuadrado-Ciuraneta et  al. 2017). Especially dense and mono-centric Mediterranean cit-
ies—likely the most compact and land-saving urban agglomerations in Europe—have 
underwent a (more or less) evident transition towards urban polycentrism and discontinu-
ous low-density morphologies up to the early 1980s (Nuissl and Rink 2005; Paul and Tonts 
2005; Balta and Eke 2011; Colantoni et al. 2016; Duvernoy et al. 2018).

Given the intimate relationship between urban form and socioeconomic functions, 
understanding causes and consequences of exurban development on metropolitan trans-
formations is a priority of regional planning and decision-making (Giannakourou 2005; 
Schneider and Woodcock 2008; Terando et  al. 2014; Zambon et  al. 2018). Controlling 
discontinuous urban expansion in the light of sustainable development of metropolitan 
regions—intended as a challenging priority in the political agenda at various governance 
scale—requires a comprehensive understanding of spatial dynamics in morphology and 
functions of rapidly-evolving metropolitan regions (Catalàn et al. 2008; Pérez 2010; Chori-
anopoulos et al. 2014; Colantoni et al. 2015).

As a complex and multifaceted phenomenon, exurban development requires a place-
specific analysis based on the integrated assessment of multiple dimensions of urban 
growth and change (Angel et al. 2011; Salvati et al. 2013; Barrington-Leigh and Millard-
Ball 2015; Carlucci et  al. 2017). Analysis of commuting patterns is a key dimension in 
urban studies, and may produce valuable indicators identifying sequential urbanization-
suburbanization cycles (Lee 2010). Under the hypothesis that discontinuous and low-den-
sity urban forms hint at a greater private vehicle use, decreased accessibility and longer 
average transport distances (Newman and Kenworthy 1989; Anderson et  al. 1996; New-
man and Kenworthy 1999; Horner 2002; Low et al. 2005; Mattingly and Morrissey 2014), 
commuting has been object of several studies concerning North American and European 
cities (e.g. Stead 2001; Giuliano and Narayan 2003; Garcia Palomares 2010). Low-density 
settlements and discontinuous spatial distribution of resident population in metropolitan 
areas have contributed to the increasing vehicle miles travelled per head (Stead 2001; Tra-
visi et al. 2010; Zhao 2010), influencing travel distances and provision of public transport 
(Zagorianakos 2004; Garcia Palomares 2010; Haghshenas and Vaziri 2012). Besides, pri-
vate cars became a prerequisite for living among dispersed residential areas and commer-
cial and office places (Bhatta 2010), causing private vehicle dependency and consequent 
pollution, health hazards and fossil fuel consumption (Frumkin 2002).

Recent studies have addressed the relationship between spatial systems and commut-
ing patterns (Aguilera 2005; Cervero and Day 2008; Kim and Choe 2011). Examining the 
travelling characteristics along recently developed areas allows identification of specific 
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patterns and processes of urban growth (Sultana and Weber 2014). In these regards, earlier 
studies have evidenced how commuting patterns depend on key variables related to (1) 
urban form (i.e. settlement size, degree of mixed land-use, building density); and (2) fac-
tors indirectly connected with the structure of urban systems, such as availability and qual-
ity of transport infrastructure, disposable income, density of economic activities and domi-
nant lifestyles (Stead 2001; Nicolas et al. 2003; Pacione 2005; Milakis et al. 2008; Travisi 
et al. 2010). The latter variables are intrinsically bound within exurban development and, 
for this reason, the analysis of mobility’s evolution in metropolitan regions provides rel-
evant suggestions on the nature of urban transformations (Newman and Kenworthy 1999; 
Giuliano and Narayan 2003; Nicolas et al. 2003; Cervero and Day 2008; Kim and Choe 
2011).

While consensus exists on the importance of measuring and understanding urban sprawl 
dynamics, methodologies and indicators needed to accomplish these goals have been (and 
still are) debated extensively (e.g. Pili et  al. 2017; Di Feliciantonio et  al. 2018). In fact, 
urban sprawl is a complex phenomenon that requires multivariate assessment of relevant 
socioeconomic dimensions rather than looking at individual variables, such as demo-
graphic density and population redistribution over space. This phenomenon requires a 
place-specific analysis (Cho et al. 2015; Rontos et al. 2016; Duvernoy et al. 2018). Analy-
sis of commuting patterns is a valuable base of knowledge for assessment of sequential 
cycles of urbanization-suburbanization, mainly because vehicle miles travelled per capita 
are strongly influenced by economic structures and the spatial distribution of population 
(Di Feliciantonio and Salvati 2015). More specifically, the distance of residence from the 
urban core, together with settlement size, land-use mix and building density are relevant 
variables influencing commuting patterns (Stead 2001). Because these variables are inher-
ently bound within the concept of urban sprawl, analyzing the evolution of transportation 
schemes provides useful indications on the nature of the urban transition taking place 
(Giuliano and Narayan 2003; Nicolas et al. 2003; Cervero and Day 2008; Kim and Choe 
2011). Investigating exurban development in light of changing commuting patterns is also 
particularly convenient for analyzing the impact of low-density development on the sus-
tainability of urban systems (Lee 2010). In this view, sustainable transportation is a fun-
damental pillar of sustainable cities, mainly because the transport sector accounts for more 
than 20% of global CO2 emissions and nearly 60% of global oil consumption (International 
Energy Agency 2012).

In addition to the intrinsic relationship with urban (and exurban) development, changes 
in commuting patterns over time reveal other key issues for metropolitan transformations. 
Level and quality of urban mobility (congestion, average travel-time, vehicle miles per-cap-
ita) and the availability of public transport additionally impact the socioeconomic sphere 
(Mayeres et al. 1996; Stead 2001; Mattingly and Morrissey 2014). A polycentric distribu-
tion of employment and people may shorten travelling distances as the latter locate within 
or close to employment sub-centres (Aguilera 2005). A comparative analysis of urban sus-
tainability for compact and dispersed forms allows identification of (apparent and latent) 
linkages between land-use patterns and individual mobility (Giuliano and Narayan 2003). 
Higher vehicle miles travelled per-capita are mainly related to urban contexts characterized 
by medium–low settlement densities, dispersed population and spatially-polarized distribu-
tion of jobs (Stead 2001; Travisi et al. 2010; Zhao 2010).

Based on these premises, this paper proposes a novel approach grounded on indica-
tors and exploratory statistics with the aim to investigate (apparent and latent) spatial pat-
terns characterizing the local-scale commuting regime in the Athens’ metropolitan region. 
Athens was taken as a representative example of southern European cities experiencing a 
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progressive shift from compact and spatially-continuous urbanization to more dispersed 
patterns scattered over a larger region (Chorianopoulos et al. 2010; Polyzos and Minetos 
2013; Salvati 2013, 2016). Our study illustrates an original framework integrating mul-
tivariate statistical techniques (principal component analysis, multidimensional scaling, 
principal coordinate analysis, hierarchical clustering) and producing a comprehensive 
knowledge of urban spatial structures based on commuting patterns.

2 � Methodology

2.1 � The study area

The relationship between urban growth and local-scale commuting patterns was inves-
tigated in the Athens’ metropolitan area, a region belonging to the administrative unit 
of Attica, one of the most relevant historical districts of Greece, extending more than 
3000 km2 of land (Fig. 1). The area overlaps the boundaries of the Athens’ Urban Atlas 
region identified by Eurostat and European Environment Agency for statistical reporting of 
city statistics (Zambon et al. 2017). At national level, Attica was subdivided in more than 
100 municipalities classified as “core” (the inner cities of Athens and Piraeus), “agglom-
eration” and “ring” sub-districts, according to population density (Gargiulo Morelli et al. 
2014). The study area includes three coastal plains (Messoghia, Marathon, Thriasio) out-
side the greater Athens’ area, and relevant mainland reliefs including Parnitha, Pendeli, 
Imitos and Egaleo mountains (Zitti et al. 2015).

The recent Athens’ development was the outcome of a series of political circumstances, 
as influenced by refugees’ migration from Turkey, World War II and the following civil 
war (Leontidou 1990). These events have significantly transformed the Athens spatial con-
figuration resulting in a unique urban system with Piraeus since the 1940s (Milakis et al. 
2008). Since the 1950s, a rapid development occurred in Athens, transforming from an 
industrial-based productive organization to a tertiary-centred economy, including finance, 
banking, insurance and real estate (Couch et al. 2007). Until the 1980s, urbanization pro-
cesses involved the greater Athens’ area and more scattered urban nodes along the sea 
coast. Since the early 1990s, peripheral areas located North-East and North-West of Ath-
ens, have undergone extensive exurban development and real estate speculation (Delladet-
sima 2006; Chorianopoulos et al. 2010; Colantoni et al. 2016). The 2004 Olympic Games 
have attracted internal and international investments (Salvati and Serra 2016), stimulat-
ing development of new infrastructures, despite a negative increase of the Greek public 
debt (Chorianopoulos et  al. 2014). An intense development interested some municipali-
ties North East of Athens (Maroussi, Kifissià, Pendeli) where some Olympic installations 
(including the Olympic stadium) were located, stimulating a more dispersed urban growth 
(Arapoglou and Sayas 2009). More recently, the 2007 recession reduced building activi-
ties by more than 50% over 5  years (Salvati 2016), shaping urban development towards 
dispersed settlements, enhancing the role of discontinuous settlements in the Athens’ met-
ropolitan landscape (Rontos et al. 2016).

2.2 � Data and variables

This study makes use of census data released by Greek National Statistical Service 
(ELSTAT) for 1991, 2001 and 2011, quantifying commuting flows for specific partitions 
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of the study area. Elementary data on commuting flows aggregated at the spatial scale of 
municipalities were derived from the 2001 population and household census; this kind of 
data was not available in the last population census (2011). Data include the number of 
people working (1) in the same municipality where they live and (2) in another municipal-
ity, indicating separately the name of the municipalities where they live and work. Flows 

Fig. 1   Basic characteristics of the study area: elevation (upper left), municipal boundaries (upper right), 
urban footprint (middle left), roads (brown) and railway network (black), (lower left) location of industrial 
and service settlements, (lower right) business density (per km2)
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from/to Greek municipalities outside the Athens’ metropolitan region were aggregated in 
a single class labelled as ‘external flows’ and considered a separate spatial unit in the sub-
sequent analysis. Based on these information, a square matrix indicating the amount of 
residents in a given i-th municipality working in the same municipality or commuting to 
another municipality (in the total number of residents in a given i-th municipality) was 
finally prepared and analysed as follows.

2.3 � An exploratory analysis of commuting patterns

The approach proposed in this paper integrates parametric and non-parametric statistical 
techniques (e.g. principal component analysis, principal coordinate analysis, multidimen-
sional scaling, hierarchical clustering) in a multi-step analysis’ procedure mixing linear and 
non-linear frameworks, with the final aims (1) to characterize spatial patterns of commut-
ing in the study area, (2) to identify latent distributional patterns of economic functions in 
inner cities, central business districts and sub-centres and, finally, (3) to infer changes in 
the metropolitan hierarchy of urban centres in the study area.

2.3.1 � Principal component analysis

A principal component analysis (PCA) was run on commuting flows’ matrix with the 
aim to identify urban centres and employment sub-centres based on spatial convergence 
between residence’s location and commuting patterns. The number of relevant components 
was selected based on a screen-plot; components with eigenvalues > |2| were extracted and 
analyzed. A biplot representing component loadings and scores on the same factorial plane 
was used to identify spatial patterns of convergence (or divergence) between residence 
and commuting flows. Under the assumption that central place locations are characterized 
by a high proportion of internal workers and a high attractiveness of workers residing in 
neighbouring districts, this plot may discriminate central places along components, defined 
as municipalities with a similar value and sign of both loadings and scores on the same 
component. Municipalities with a divergent position of loadings and scores in the factorial 
plane were considered locations with a lower rank in the Attica’s metropolitan hierarchy.

The number of components extracted by the PCA according with a parsimony criterion 
is generally low compared with the high number of input variables (corresponding to all 
municipalities in the study area plus a unique spatial unit aggregating the commuting flows 
from/to other Greek municipalities outside the study area, labelled as ‘external flows’ in 
Sect. 2.2). As a consequence of the high number of input variables, the selected compo-
nents may explain a relatively low variance in the data matrix, identifying linear relation-
ships among variables and highlighting relevant (but possibly partial) spatial patterns in the 
data matrix. Additional analysis’ steps included statistical techniques exploring non-linear 
relationships among variables, as described in the following sections.

2.3.2 � Principal coordinates analysis

Taken as an alternative approach to factor analysis, Principal Coordinates Analysis (PCoA) 
is a metric multidimensional scaling procedure analyzing an input data matrix quantify-
ing dissimilarities between pairs of units and producing a coordinate matrix as output 
whose configuration minimizes a loss function. Classical scaling procedures assume that 
units’ coordinates are derived by eigenvalue decomposition of a proximity matrix derived 
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adopting Euclidean distances among units. A summary plot of PCoA illustrating the posi-
tion of each spatial unit along the first two axes (coordinate 1 and coordinate 2) was used 
to identify spatial polarities in commuting patterns, distinguishing central place locations 
(with a considerable rate of internal workers and attracting working from—more or less 
close—locations) from peripheral locations characterized by a moderate-low rate of inter-
nal workers.

2.3.3 � Multidimensional scaling

Considered an alternative approach to factor analysis, a non-metric Multi-Dimensional 
Scaling (MDS) was run on the commuting flows’ matrix with the aim to detect meaning-
ful spatial dimensions explaining multivariate similarities or dissimilarities (distances) 
between the investigated spatial units (i.e. municipalities). Contrary to a metric MDS, 
such as the PCoA, non-metric MDS identifies (1) a non-parametric monotonic relation-
ship between dissimilarities in the data matrix and the Euclidean distances between spatial 
units, and the location of each unit in the resulting geometrical space; coordinates of each 
spatial unit were found minimizing a representative quantity (the so called ‘stress’), taken 
as a quality measure of data representation in the multivariate plane.

In this study, MDS was used to order municipalities in a two-dimensional space with the 
final aim to reproduce the observed (geometrical) distances based on a measure of similar-
ity in commuting flows among spatial units. By producing a multivariate configuration that 
best approximates the observed distances, convergent spatial units in the MDS plane are 
considered urban nodes with similar demographic characteristics and socioeconomic func-
tions, representing central places or employment sub-centres. As a result, the identification 
of unique or multiple sub-centres contributes to define mono-centric or polycentric metro-
politan spatial structures.

2.3.4 � Hierarchical clustering

A one-way Hierarchical Clustering (HC) was run on the same data matrix by use of Euclid-
ean distances and Ward’s agglomeration rule. Cluster analysis organizes spatial units in a 
hierarchical sequence through a dendrogram, relating variables with a similar spatial pat-
tern in homogeneous groups. In this study, HC was used to define and profile areas of 
influence of the urban centres and sub-centres identified by PCA, PCoA and MDS (see 
Sects.  2.3.1–2.3.3), i.e. outlining municipalities that show coherent commuting patterns 
gravitating on the same central place.

2.4 � A summary analysis of commuting patterns in Athens

A specific set of thematic indicators mixing original variables and results derived from pre-
vious analysis was prepared with the aim at providing a comprehensive overview of com-
muting patterns in the study area, inferring latent spatial structures and relevant informa-
tion to discriminate mono-centric from polycentric expansion. A total of 8 indicators was 
calculated quantifying the concentration of total workers and the density of internal work-
ers in any municipality (being representative of central business districts and employment 
sub-centres), spatial diversification of commuting flows as a measure of urban centrality, 
and convergence between geometrical and geographic metrics computing distances among 
municipalities based on commuting flows’, all intended as proxies of urban hierarchy. 
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Indicators were calculated at the municipal scale as follows: (a) the ratio of total workers 
in a given i-th municipality (residents + commuters) to the number of residents declaring 
to work (irrespective of the place of work), hereafter ‘Work-to-Res’ (b) the ratio of inter-
nal workers (i.e. working in the same municipality where they live) in the total number 
of residents declaring to work, irrespective of the place of work (‘self-containment’); (c) 
Shannon diversity (‘DiverH’) and (d) Pielou evenness (‘EquitJ’) in commuting flows (both 
indexes were calculated on the proportion of residents working in the same municipality 
or commuting to another municipality according to the data matrix described above); (e)-
(h) four concordance indexes calculating, for each municipality, a Pearson linear correla-
tion coefficient between a given geometric representation of distance among municipalities 
(based on the analysis of commuting flows) and linear distance over space (four distance 
metrics were considered here: ‘Euclidean’, ‘Manhattan’, ‘Geographical’ and a non-para-
metric ‘Rho’ measure of similarity/dissimilarity in commuting flows). Physical distances 
among municipalities were calculated using the spatial coordinates of the municipal ‘cen-
troid’ determined with ArcGIS 10 package (ESRI Inc., Redwoods, USA) according to the 
relative function that computes the centre of gravity of each municipality. The Shannon H’ 
index was calculated for each municipality as follows:

where pi is the relative proportion of people working in each i-th municipality and resid-
ing in a j-th municipality (with both i = j and i ≠ j). For each municipality, the J index was 
derived from the Shannon index applied to the proportion of people working in a given i-th 
municipality and residing in a j-th municipality (with both i = j and i ≠ j) according to the 
formula:

where Hmax is the natural logarithm of the number of considered classes. Shannon index 
ranges from 0 (low diversity) to infinity (high diversity in working place destinations), 
while Pielou’s index ranges between 0 (low evenness) and 1 (high evenness in working 
place destinations). High H’ values characterize employment centres and sub-centres 
attracting workers from a large number of neighbouring locations. High J values indicate 
municipalities with a spatially-balanced gravitation structure, i.e. with an equal distribution 
of workers residing in neighbouring places. Maps were used to illustrate the distribution of 
the 8 indicators of commuting structure in the study area.

A summary PCA was finally run on the data matrix constituted of the 8 indicators at 
each municipal location with the objective to provide a summary evaluation of mono-cen-
tric versus polycentric urban structures based on commuting patterns in Attica.

3 � Results

3.1 � Descriptive and inferential statistics

Population living and working in the same municipality as a proportion of total resident 
population was rather variable in the study area between 1991 and 2011, with a peak 
observed in 2001 (49.5%). Athens’ prefecture concentrated a slightly lower proportion of 
self-contained population (Table 1), being higher in peripheral districts of Eastern Attica, 
Western Attica and Piraeus (including Salamina island). The highest and the lowest self-
containment rates were respectively observed in Western Attica in 2001 (64.3%) and in 

H = −�pi,j ln
(

pi
)

J = H�∕Hmax
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Athens in 2011 (35.2%). The spatial organization of the Athens’ metropolitan region was 
inferred from a linear analysis regressing population density and distance from downtown 
Athens over a relatively long time period using municipal scale data. Results of this analy-
sis (Table 2) indicate a progressive strengthening of a mono-centric model up to the early 
1980s with the highest slopes—indicating a pronounced urban gradient – being associated 
with the highest intercepts—indicating population concentration in central municipalities 
of Athens and Piraeus. In the following decades, the mono-centric model was less effec-
tive to explain the spatial structure of Athens, evidencing a moderate decline in both urban 
slope and Athens’ (demographic and economic) centrality in the Greek metropolitan sys-
tem (Fig. 2).

3.2 � A preliminary analysis of commuting patterns in Athens

Under the hypothesis that a progressive convergence between loadings (place of residence) 
and scores (place of work) indicates a high rate of commuters’ self-containment, a PCA 
biplot (Fig. 3) was used to identify spatial alignment between places of residence and work 
in the study area. The analysis contributes to identify employment sub-centres with busi-
ness districts attracting workers from neighbouring locations. The quadrants of the facto-
rial plane (PC1 vs. PC2) classify municipalities that show convergence between residence 
and working places in four gravitational fields respectively centred on: (1) the municipal-
ity of Athens (code A101, upper right quadrant; see “Appendix” for code’s list), (2) the 
municipality of Piraeus (code A401, upper left quadrant), (3) the municipalities of Kifissia, 
Maroussi, Chalandri and Aghia Paraskevì, an emerging business district forming the core 
of the Olympic ‘cluster’ (codes A108, A123, A143 and A103, lower right quadrant) and, 

Table 1   Percentage of residents 
living and working in the same 
municipality by prefecture and 
year, Athens’ metropolitan 
region, 1991–2011

a Including the island of Salamina and excluding the remaining islands 
of the region

Prefecture 1991 2001 2011

Athens 39.4 48.2 35.2
Eastern Attica 43.1 53.1 36.5
Western Attica 49.8 64.3 51.3
Piraeusa 43.0 50.2 37.7
Athens’ metropol. region 40.5 49.5 36.2

Table 2   Relationship between 
population density (log) and 
distance from downtown Athens 
(log) by year (standard errors in 
brackets)

Year Intercept Coefficient Adj-R2 Durbin test

1920 2.77 (0.21) − 1.06 (0.18) 0.22 1.90
1940 4.51 (0.20) − 2.03 (0.17) 0.55 1.99
1960 5.52 (0.16) − 2.64 (0.14) 0.75 2.03
1970 5.85 (0.16) − 2.80 (0.13) 0.79 2.02
1980 5.92 (0.15) − 2.72 (0.13) 0.79 1.99
1990 5.84 (0.14) − 2.54 (0.12) 0.79 1.85
2000 5.76 (0.14) − 2.39 (0.12) 0.78 1.75
2010 5.76 (0.14) − 2.36 (0.12) 0.77 1.71
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finally, (4) the municipalities of Elefsina, Aspropyrgos and Mandra, situated in the Thria-
sio plain, west of Athens, and hosting a consolidated industrial centre (codes A301 and 
A307, lower left quadrant). The remaining municipalities in the study area were ordered 
according with gravitation intensity to each of the four urban centres illustrated above. 
Municipalities with compact and dense settlements situated in the Greater Athens’ area 

Self containment (% of workers residing and 
working in the same municipality)

Gravitation on Athens' municipality (% of workers 
commuting on Athens)

Gravitation on Piraeus' municipality (% of 
workers commuting on Piraeus from mainland 

and the surrounding island of Salamina)

Gravitation on Maroussi's municipality (% of 
workers commuting on Maroussi and the new 

business district)

Gravitation on Aspropyrgos' municipality (% of 
workers commuting on Thriasio industrial 

district)

Gravitation on Kifissia's municipality (% of 
workers commuting on Kifissia mainly from 

northern A�ica)

Fig. 2   Gravitation patterns around selected urban poles
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were gravitating on downtown Athens. Commuting flows of residents in coastal and island 
municipalities of south-western Attica were gravitating on Piraeus, because of high acces-
sibility by sea. Population residing in western Attica municipalities and other fringe areas 
north and east of Athens gravitated on Thriasio municipalities, thanks to the infrastructural 
development promoted by 2004 Olympics—e.g. the Attiki highway and the new national 
motorways, connecting western Attica with both northern and eastern Attica. Municipali-
ties in the northern side of Attica and those placed in the rapidly-expanding Messoghia dis-
trict—surrounding the new Athens’ International Airport—gravitated on the Olympic dis-
trict. Infrastructural development, and especially a new underground line and the improved 
suburban train network have consolidated these commuting patterns.

3.3 � Identifying spatial polarities and urban poles

A plot based on a metric Multidimensional Scaling (PCoA) identified urban centres with 
the highest attractiveness for workers residing in neighbouring municipalities along axis 1 
(Fig. 4). Axis 2 identified a spatial gradient distinguishing central municipalities (mainly 
placed in the Athens’ conurbation and gravitating on Athens, Piraeus or Thriasio employ-
ment centres) from rural municipalities in peripheral locations, e.g. Lavrio (A214), Aghios 
Kostantinos (A261), Koropi (A213) and Keratea (A212), all situated in south-eastern 
Attica 30-40 km far away from Athens.

3.4 � A non‑metric analysis of gravitational fields

Non-metric MDS was used to classify central and peripheral municipalities in the Attica 
region based on the four gravitational areas (Athens, Piraeus, Maroussi Olympic dis-
tricts, Thriasio industrial district) identified in Sects. 3.1 and 3.2 (Fig. 5). Municipalities 
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Fig. 3   Biplot of a principal component analysis analyzing commuting patterns in Attica (codes indicate 
individual municipalities in the study area, see list in “Appendix”); gravitation fields are outlined with the 
related central location (Piraeus, Athens, Thriasio and the Olympic district)
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clustering close to 0 along both MDS axes are considered urban centres with a moderate 
gravitation on one of the four central locations. Municipalities clustered far away from the 
centre of the MDS axes are considered peripheral locations gravitating on one of the four 
central places, according to the quadrant they are located in. Peripheral locations include 
island municipalities with workers commuting mainly with Athens and Piraeus, coastal 
municipalities situated 30-40 km away from Athens with workers commuting preferentially 
with the new Olympic Central Business District and inland municipalities west of Athens 
with workers commuting primarily with Thriasio industrial locations.

3.5 � Profiling latent spatial structures of commuting patterns

A cluster analysis was run on the data matrix reporting commuting flows within- and 
between-municipalities in the study area (Fig. 6). Attica municipalities were discriminated 
in two groups, evidencing municipalities with working population gravitating on Ath-
ens and the new Olympic business district on the one side, and on Piraeus and Thriasio 
industrial district on the other side. Results based on similarities in commuting patterns 
across the study area, outline that two distinct functional areas can be detected in the region 
(respectively centred on Athens and Piraeus), with formation (or consolidation) of two 
related employment sub-centres (Olympic district and Thriasio district). These results con-
firm the prevalent di-centric spatial structure of the study area, based on (1) the traditional 
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Fig. 4   Scatterplot of a principal coordinates analysis illustrating the position of individual municipalities in 
the study area based on commuting patterns
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Athens-Piraeus di-pole and (2) emergent sub-centres attracting commuting flows from 
neighbouring municipalities.

3.6 � An indicator‑based analysis of Athens’ metropolitan configuration

Selected indicators summarizing results from earlier analysis of commuting flows in the 
study area were calculated and illustrated through maps (Fig. 7). Indicators provide a multi-
dimensional overview on spatial patterns of workers commuting within and between munici-
palities in Attica, outlining structural characteristics of the metropolitan region. The ratio 
of total workers in a given i-th municipality (including resident workers and commuters) to 
the number of residents declaring to work (irrespective of the place of work) shows a rather 
fragmented spatial distribution with higher values observed in (1) central municipalities of 
Athens, Piraeus and the neighbouring urban municipalities, (2) municipalities east of Athens 
(Messoghia district close to the Athens’ International Airport) and (3) municipalities east of 
Athens in Thriasio, Megara and Salamina districts. The ratio of internal workers (i.e. work-
ing in the same municipality they live) in the total number of residents declaring to work 
(irrespective of the place of work) outlines a gradient from urban central locations and rural, 
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peripheral municipalities (both characterized by high values of the indicators) to peri-urban 
and economically-dynamic municipalities in the north-eastern fringe of Athens. Diversifica-
tion in the spatial profile of commuting flows at the municipal scale was evaluated using H’ 
diversity and J evenness indexes. These variables identify a consolidated urban–rural gradient 
with the highest values associated to urban municipalities and the lowest values recorded in 
peripheral locations. Indexes of spatial concordance in commuting flow patterns in Attica evi-
dence the urban footprint of greater Athens, attributing the highest values to central munici-
palities around Athens and the new business district. Central locations of Piraeus and Thriasio 
district showed less intense commuting patterns compared with Athens’ municipality.

The PCA run on the spatial distribution of the abovementioned indicators outlines spa-
tial similarities in commuting flows over the study area (Fig. 8). Component 1 extracted 
48.7% of the total variance and was associated with distance metrics (‘Euclidean’, ‘Man-
hattan’ and ‘Geographical’, positive loadings; ‘Rho’, negative loadings); component 2 
extracted 25.8% of the total variance and was associated to the ratio of total workers in 
a given i-th municipality (including resident workers and commuters) to the number of 
residents declaring to work irrespective of the place of work (‘Work-to-Res’). Diversity 
metrics received high loadings on both components. The PCA biplot is a meaningful tool 
to discriminate municipalities in central locations and peripheral places, highlighting the 
functional hierarchy of urban centres in Attica.

4 � Discussion

The most recent urban transitions observed in Mediterranean Europe have altered the 
consolidated and historical bonds between mono-centric forms and spatially-polarized 
economic functions (Andreotti et al. 2001; Allen et al. 2004; Páez 2007; Arbaci 2008; 
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(a) (b) 

(c) (d)

(e) (f)

(g) (h)

Fig. 7   Spatial distribution of selected commuting indicators in the study area (see Sect.  2.4). (a) Total 
workers to residential workers (i), (b) Self-containing rate of commuting workers, (c) Spatial diversity (H’) 
of commuting flows, (d) Spatial evenness (J) of commuting flows, (e) Manhattan distances in commuting 
flows, (f) Euclidean distances in commuting flows, (g) Geographical distances in commuting flows, (h) Rho 
distances in commuting flows
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Salvati and Gargiulo Morelli 2014). Although compact growth was the most traditional 
spatial trend in such contexts, several Mediterranean cities experienced urban sprawl 
in the last decades (Salvati and Carlucci 2016) with relevant socioeconomic and envi-
ronmental consequences (King et  al. 1997; Salvati 2013; Artmann 2014). Mitigating 
the negative effects of dispersed urban expansion requires implementation of a sustain-
able development strategy, focusing on a better comprehension of the nature and con-
sequences of urban transitions (Burchell et al. 2005; Hall and Pain 2006; Couch et al. 
2007; Bhatta 2010; Kazemzadeh-Zow et al. 2017).

An integrated approach is essential to identify the multifaceted spatial relationships 
among land-use in metropolitan areas (Guillain and Le Gallo 2010; Díaz-Pacheco and 
García-Palomares 2014; De Rosa and Salvati 2016). Considering both morphological 
and socioeconomic indicators, a consistent exploration of similarities and divergences 
concerning the spatial development of contemporary cities can be achieved (Salvati 
et al. 2016). Based on this statement, the present work focused on the Athens’ region, an 
emblematic urban case owing to the intrinsic nature and implications of its urban transi-
tion on structural and historical traits (Leontidou 1990; King et al. 1997; Burgel 2004). 
By exploring the main characteristics of the Athens’ metropolitan structure from com-
muting data, our analysis contributes to the debate on sustainability of compact versus 
dispersed forms. Being grounded on compact urban settlements, characterized by a high 
degree of social mixité and land-use heterogeneity, the city of Athens presents a mono-
centric structure, with a growing distance from the inner city, producing an increase in 
private mobility, especially in suburban areas (Milakis et al. 2008). Commuting rate in 
rural areas resulted to be low since local labour force was employed locally in agriculture 
and the tourism sector (e.g. Gakenheimer 1999). However, low- and intermediate-den-
sity areas in North-Eastern Attica were characterized by intense commuting. In this area, 
infrastructure-driven sprawl intensified in recent years (e.g. Stead 2001). Employment 
sub-centres (resident population > 10,000) emerged as a response to the infrastructural 
development driven by the 2004 Olympic Games, featuring a particularly high concen-
tration of workers commuting from the surrounding municipalities.
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Fig. 8   PCA biplot run on selected indicators assessing commuting patterns as a proxy of metropolitan spa-
tial structure
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Integrating multiple statistical techniques allowed a comprehensive knowledge of urban 
spatial structures based on commuting patterns. The latter can describe the progressive 
shift in local urbanization patterns in AMR, from compact and spatially-continuous forms 
to more dispersed settlements scattered over a larger region. Spatial convergence between 
places of residence and work can be identified in the AMR. A high rate of commuters’ self-
containment identifies employment centres with business districts that attract workers from 
adjacent places.

Different municipal profiles emerged considering the convergence between residence 
and workplaces based on their gravitation intensity. First, the municipality of Athens 
attracted working population from the surrounding compact and dense settlements (Del-
ladetsima 2006). Second, the municipality of Piraeus attracted commuting flows from 
coastal and island municipalities in south-western Attica due to the high accessibility by 
sea (Rontos et  al. 2016). Third, the municipalities of Kifissia, Maroussi, Chalandri and 
Aghia Paraskevì (forming a new business district in Attica and the core of the Olympic 
‘cluster’), attracted working population residing in the northern side of the Athens’ urban 
agglomeration and those living in the rapidly-expanding Messoghia district, e.g. surround-
ing the new Athens’ International Airport. The self-containment rate of municipalities 
located around the main Olympic pole was generally low (Arapoglou and Sayas 2009). 
Fourth, industrial municipalities of Elefsina and Mandra involved western municipalities 
which are peri-urban and economically-dynamic north-eastern fringe areas gravitated on 
Thriasio municipalities (Chorianopoulos et al. 2010). This background is the result from 
the infrastructural development driven by 2004 Olympics, mainly the Attica highway and 
the new national motorways, connecting western Attica with northern and eastern Attica.

In brief, urban centres attracted workers residing in neighbouring municipali-
ties. According to distinctive characteristics of commuting flows (spatial direction and 
intensity), our analysis allows identification of central districts and rural municipali-
ties in peripheral locations. Two functional areas are detected in the region (Athens and 
Piraeus), with formation of two related employment sub-centres (Olympic district and 
Thriasio district). A prevalent di-centric spatial structure, grounded in the traditional 
Athens-Piraeus di-pole and in emerging sub-centres, attracted commuting flows from 
neighbouring municipalities. Municipalities in central locations and peripheral places 
highlighted the functional hierarchy of urban centres in Attica (Rontos et al. 2016).

The evolution of commuting patterns contributed to shed light on urban sprawl and 
recent population dynamics in the AMR. Even though the self-containment rate of munici-
palities has generally consolidated throughout the AMR, systematically higher commut-
ing rates were observed in the urban ring and in the prefecture of Eastern Attica. In fact, 
the presence of economic activities linked with agriculture and tourism sectors offered job 
employment to the working residents living in these areas (Giannopoulos 1977; Zagoriana-
kos 2004; Milakis et al. 2008).

The recent urban expansion in the form of low-density development was a substantial 
obstacle to the achievement of sustainable transportation (Lee 2010; Gargiulo Morelli et al. 
2014; Pojani and Stead 2015). Contrary to planned urbanization processes, exurban devel-
opment in the Mediterranean region often appeared in informal ways (Zambon et al. 2017). 
Urban planning can play a crucial role in the attempt to mitigate the environmental, social 
and economic impacts of increasing commuting (Nicolas et  al. 2003). Land-use policies 
should prevent out-of-plan low-density settlements, while promoting the consolidation of 
polycentric sub-centres (Zambon et al. 2018). These sub-centres can reproduce the tradi-
tional compact mono-centric model, resulting in self-contained, mixed service-residential 
settlements (Zhao 2010). Moreover, an accessible and well-connected public transport 
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network at the regional level would limit private transportation, which is considered less 
environmentally efficient and socially equitable (Kim and Choe 2011). Spatial inequality 
depends on both the geographical scale and mobility, which results in social segregation 
(Rothwell and Massey 2015; Wei 2015; Ewing et al. 2016). Considering together residen-
tial mobility and commuting, patterns of social segregation in metropolitan regions can 
be examined more comprehensively (Maloutas 2004, 2007). For instance, low-income 
residents settling in urban municipalities have restricted transportation mobility (Chapple 
2001; Ong and Miller 2005; Grengs 2010). In these regards, planners and policy makers 
may adopt a comprehensive strategy aimed at improving social mobility and increasing 
housing and work accessibility at affordable costs (Ewing et al. 2016).

Projects improving transport networks were implemented in Attica (e.g. new under-
ground lines, suburban railways and the Athens’ ring road), shaping a multi-nucleated 
territorial asset, particularly evident in the case of eastern Attica (Colantoni et al. 2016). 
However, development of many suburban centres has been still negatively influenced by 
infrastructural lacks (Pili et  al. 2017). Empirical results of our study revealed that an 
unsustainable commuting profile was found primarily in low-density settlements, espe-
cially in North-Eastern Attica, where major infrastructure development took place only 
for the 2004 Olympic Games (Delladetsima 2006; Milakis et al. 2008; Chorianopoulos 
et al. 2010).

5 � Conclusions

Considering together urban growth and commuting spatial patterns constitutes a knowl-
edge base to implement appropriate land-use policies as tools for sustainable urban devel-
opment. In the study area factors including (1) the concentration of industrial activities in 
few urban poles, (2) the development of infrastructural networks including the Olympic 
venues, (3) the consolidation of mixed population/employment sub-centres and, finally, (4) 
the relatively low cost of land suggest that recently transformed areas are candidate tar-
gets for integrated sustainable commuting strategies. Such a strategy contributes to design 
more efficient policies promoting public transportation, together with the conservation of 
traditional rural villages characterized by self-contained settlements and moderately high 
quality of life.

Appendix

See Table 3.
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Table 3   List of municipalities in the study area and the related statistical codes

Code Municipality Code Municipality

A101 ΔΗΜΟΣ ΑΘΗΝΑΙΩΝ A215 ΔΗΜΟΣ ΜΑΡΑΘΩΝΟΣ
A102 ΔΗΜΟΣ ΑΓΙΑΣ ΒΑΡΒΑΡΑΣ A216 ΔΗΜΟΣ ΜΑΡΚΟΠΟΥΛΟΥ ΜΕΣΟΓΑΙΑΣ
A103 ΔΗΜΟΣ ΑΓΙΑΣ ΠΑΡΑΣΚΕΥΗΣ A217 ΔΗΜΟΣ ΝΕΑΣ ΜΑΚΡΗΣ
A104 ΔΗΜΟΣ ΑΓΙΟΥ ΔΗΜΗΤΡΙΟΥ A218 ΔΗΜΟΣ ΠΑΙΑΝΙΑΣ
A105 ΔΗΜΟΣ ΑΓΙΩΝ ΑΝΑΡΓΥΡΩΝ A219 ΔΗΜΟΣ ΡΑΦΗΝΑΣ
A106 ΔΗΜΟΣ ΑΙΓΑΛΕΩ A220 ΔΗΜΟΣ ΣΠΑΤΩΝ-ΛΟΥΤΣΑΣ
A107 ΔΗΜΟΣ ΑΛΙΜΟΥ A261 ΚΟΙΝΟΤΗΤΑ ΑΓΙΟΥ ΚΩΝΣΤΑΝΤΙΝΟΥ
A108 ΔΗΜΟΣ ΑΜΑΡΟΥΣΙΟΥ A262 ΚΟΙΝΟΤΗΤΑ ΑΝΑΒΥΣΣΟΥ
A109 ΔΗΜΟΣ ΑΡΓΥΡΟΥΠΟΛΗΣ A263 ΚΟΙΝΟΤΗΤΑ ΑΝΘΟΥΣΑΣ
A110 ΔΗΜΟΣ ΒΡΙΛΗΣΣΙΩΝ A264 ΚΟΙΝΟΤΗΤΑ ΑΝΟΙΞΕΩΣ
A111 ΔΗΜΟΣ ΒΥΡΩΝΟΣ A265 ΚΟΙΝΟΤΗΤΑ ΑΦΙΔΝΩΝ
A112 ΔΗΜΟΣ ΓΑΛΑΤΣΙΟΥ A266 ΚΟΙΝΟΤΗΤΑ ΒΑΡΝΑΒΑ
A113 ΔΗΜΟΣ ΓΛΥΦΑΔΑΣ A267 ΚΟΙΝΟΤΗΤΑ ΓΡΑΜΜΑΤΙΚΟΥ
A114 ΔΗΜΟΣ ΔΑΦΝΗΣ A268 ΚΟΙΝΟΤΗΤΑ ΔΙΟΝΥΣΟΥ
A115 ΔΗΜΟΣ ΕΛΛΗΝΙΚΟΥ A269 ΚΟΙΝΟΤΗΤΑ ΔΡΟΣΙΑΣ
A116 ΔΗΜΟΣ ΖΩΓΡΑΦΟΥ A270 ΚΟΙΝΟΤΗΤΑ ΘΡΑΚΟΜΑΚΕΔΟΝΩΝ
A117 ΔΗΜΟΣ ΗΛΙΟΥΠΟΛΗΣ A271 ΚΟΙΝΟΤΗΤΑ ΚΑΛΑΜΟΥ
A118 ΔΗΜΟΣ ΗΡΑΚΛΕΙΟΥ A272 ΚΟΙΝΟΤΗΤΑ ΚΑΠΑΝΔΡΙΤΙΟΥ
A119 ΔΗΜΟΣ ΙΛΙΟΥ (ΝΕΩΝ ΛΙΟΣΙΩΝ) A273 ΚΟΙΝΟΤΗΤΑ ΚΟΥΒΑΡΑ
A120 ΔΗΜΟΣ ΚΑΙΣΑΡΙΑΝΗΣ A274 ΚΟΙΝΟΤΗΤΑ ΚΡΥΟΝΕΡΙΟΥ
A121 ΔΗΜΟΣ ΚΑΛΛΙΘΕΑΣ A275 ΚΟΙΝΟΤΗΤΑ ΜΑΛΑΚΑΣΗΣ
A122 ΔΗΜΟΣ ΚΑΜΑΤΕΡΟΥ A276 ΚΟΙΝΟΤΗΤΑ ΜΑΡΚΟΠΟΥΛΟΥ ΩΡΩΠΟΥ
A123 ΔΗΜΟΣ ΚΗΦΙΣΙΑΣ A277 ΚΟΙΝΟΤΗΤΑ ΝΕΩΝ ΠΑΛΑΤΙΩΝ
A124 ΔΗΜΟΣ ΛΥΚΟΒΡΥΣΕΩΣ A278 ΚΟΙΝΟΤΗΤΑ ΠΑΛΑΙΑΣ ΦΩΚΑΙΑΣ
A125 ΔΗΜΟΣ ΜΕΛΙΣΣΙΩΝ A279 ΚΟΙΝΟΤΗΤΑ ΠΙΚΕΡΜΙΟΥ
A126 ΔΗΜΟΣ ΜΕΤΑΜΟΡΦΩΣΕΩΣ A280 ΚΟΙΝΟΤΗΤΑ ΠΟΛΥΔΕΝΔΡΙΟΥ
A127 ΔΗΜΟΣ ΜΟΣΧΑΤΟΥ A281 ΚΟΙΝΟΤΗΤΑ ΡΟΔΟΠΟΛΕΩΣ
A128 ΔΗΜΟΣ ΝΕΑΣ ΕΡΥΘΡΑΙΑΣ A282 ΚΟΙΝΟΤΗΤΑ ΣΑΡΩΝΙΔΟΣ
A129 ΔΗΜΟΣ ΝΕΑΣ ΙΩΝΙΑΣ A283 ΚΟΙΝΟΤΗΤΑ ΣΚΑΛΑΣ ΩΡΩΠΟΥ
A130 ΔΗΜΟΣ ΝΕΑΣ ΣΜΥΡΝΗΣ A284 ΚΟΙΝΟΤΗΤΑ ΣΤΑΜΑΤΑΣ
A131 ΔΗΜΟΣ ΝΕΑΣ ΦΙΛΑΔΕΛΦΕΙΑΣ A285 ΚΟΙΝΟΤΗΤΑ ΣΥΚΑΜΙΝΟΥ
A132 ΔΗΜΟΣ ΝΕΑΣ ΧΑΛΚΗΔΟΝΟΣ A286 ΚΟΙΝΟΤΗΤΑ ΩΡΩΠΟΥ
A133 ΔΗΜΟΣ ΝΕΟΥ ΨΥΧΙΚΟΥ A301 ΔΗΜΟΣ ΕΛΕΥΣΙΝΟΣ
A134 ΔΗΜΟΣ ΠΑΛΑΙΟΥ ΦΑΛΗΡΟΥ A302 ΔΗΜΟΣ ΑΝΩ ΛΙΟΣΙΩΝ
A135 ΔΗΜΟΣ ΠΑΠΑΓΟΥ A303 ΔΗΜΟΣ ΑΣΠΡΟΠΥΡΓΟΥ
A136 ΔΗΜΟΣ ΠΕΡΙΣΤΕΡΙΟΥ A304 ΔΗΜΟΣ ΒΙΛΙΩΝ
A137 ΔΗΜΟΣ ΠΕΤΡΟΥΠΟΛΗΣ A305 ΔΗΜΟΣ ΕΡΥΘΡΩΝ
A138 ΔΗΜΟΣ ΠΕΥΚΗΣ A306 ΔΗΜΟΣ ΖΕΦΥΡΙΟΥ
A139 ΔΗΜΟΣ ΤΑΥΡΟΥ A307 ΔΗΜΟΣ ΜΑΝΔΡΑΣ
A140 ΔΗΜΟΣ ΥΜΗΤΤΟΥ A308 ΔΗΜΟΣ ΜΕΓΑΡΕΩΝ
A141 ΔΗΜΟΣ ΦΙΛΟΘΕΗΣ A309 ΔΗΜΟΣ ΝΕΑΣ ΠΕΡΑΜΟΥ
A142 ΔΗΜΟΣ ΧΑΙΔΑΡΙΟΥ A310 ΔΗΜΟΣ ΦΥΛΗΣ
A143 ΔΗΜΟΣ ΧΑΛΑΝΔΡΙΟΥ A361 ΚΟΙΝΟΤΗΤΑ ΜΑΓΟΥΛΑΣ
A144 ΔΗΜΟΣ ΧΟΛΑΡΓΟΥ A362 ΚΟΙΝΟΤΗΤΑ ΟΙΝΟΗΣ
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