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Diversification in Urban Functions as a Measure of Metropolitan

Complexity

Abstract

Newly emerging relationships between form and functions reveal the increasingly complex nature
of metropolitan regions. The present study investigates spatial diversification in settlement forms
and socioeconomic functions in metropolitan Attica (the administrative region including Athens,
the capital of Greece), with the aim to implement a holistic framework assessing urban complexity
in contemporary cities. Taken as key components of urban complexity, morphological and
functional diversity have been analyzed using multi-domain indicators that describe settlement
characteristics (land-use, soil sealing, building use, vertical profile of buildings, building age,
construction materials) and socioeconomic functions (economic base, working classes, education
levels, population age structure, composition of non-native population by citizenship, distribution
of personal incomes), thus providing a comprehensive description of local-scale diversification in
urban structures. A correlation analysis was used to verify the spatial coherency between
individual dimensions of urban diversification. Analysis of global and local Moran’s spatial
autocorrelation indexes reveals specific gradients of urban diversification that discriminate
morphological attributes from socioeconomic functions. Municipalities were profiled on the base
of Pielou’s evenness indexes for each urban dimension: a factor analysis indicates latent patterns
characterizing areas with high and low diversification in metropolitan functions. Urban and rural
municipalities were respectively characterized as the most and less diversified in the study area,
with peri-urban municipalities ranking in-between, evidencing a diversification gradient
correlated with the distance from downtown Athens. A multidimensional analysis of the most
relevant dimensions of metropolitan complexity proved to be a promising tool for monitoring
urban gradients, polycentric development and (latent) socioeconomic transformations in
contemporary cities.

Key words: Social mix, Economic structure, Spatial inequalities, Evenness, Mediterranean city.

1. Introduction
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With metropolitan growth progressively more oriented toward residential decentralization, spatial
rebalancing and functional polycentrism, an intense debate on the emerging relationships between
urban forms and functions has consolidated in recent years (Markusen and Schrock, 2006; Burger
and Meijers, 2012; Hirt, 2012; Kroll and Kabisch, 2012). While cities constitute an unsurpassed
engine of growth for neighbouring regions, urban development follows distinctive paths reflecting
sometimes place-specific transformations (Meijers and Burger, 2010). diversity in forms and
functions is intimately related with metropolitan development, where diverse and internally-
diversified cities develop and consolidate (Talen, 2006).

Socioeconomic functions are generally oriented along the urban gradient, as inner cities and the
surrounding urban centres concentrate most of activities, promoting a higher diversification of
metropolitan structures (Parr, 2004; O'Donoghue and Townshend, 2005, Zambon et al., 2018).
Spatial features of urban expansion, such as infilling, edge-expansion or leapfrogging, have been
extensively studied in literature to identify specific drivers (topological, socioeconomic, or related
to place-specific factors such as accessibility) and consequences in terms of compactness or sprawl
of the resulting urban forms (Mustafa et al., 2018). This spatial pattern may have different
declinations in specific contexts: urban districts with diverging ranks in the urban hierarchy may
assume a comparable structure and, conversely, areas with similar size and population density
may have divergent structures, hosting a different composition of economic activities and social
functions (O'Donoghue, 1999). Moreover, functional changes in metropolitan hierarchies occur
through complex trajectories of growth, since urban expansion no longer occurs through physical
addition of peripheral development units at the most basic scale, stimulating a progressively more
polycentric and decentralized growth (Duranton and Puga, 2000; Ottaviano and Peri, 2006;
Zambon et al., 2017).

In these regards, settlement expansion around sub-centres have altered metropolitan structures
traditionally oriented along urban gradients, influencing the spatial dimension of urban
diversification (Turok and Bailey, 2004; Parr, 2008; Pili et al., 2017). Exurban development has
demonstrated to create a sort of 'metropolitan continuum', with medium-density settlements
embedded into a fragmented landscape, with spatially-varying implications for processes of
change at the base of urban complexity (Torrens, 2008; Vasanen, 2012; Salvati, 2013, 2014; Serra et
al., 2014; Kasanko et al., 2006; Hahs and McDonnell, 2006; Serra et al., 2014; Salvati and Carlucci,
2016; Di Feliciantonio and Salvati, 2015). With changes in the spatial organization of metropolitan

regions driven by dispersed urbanization, the analysis of metropolitan continuums based on
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diversification indexes is a challenging task in regional science, planning and geography
(Ellerman, 2005; Dahly and Adair, 2007; Munafo et al., 2013; Salvati et al.,, 2016a). By identifying
socioeconomic transformations along urban gradients, approaches based on a multidimensional
analysis of diversification in key metropolitan functions demonstrated suitable to distinguish inner
cores and suburban areas, providing policy-oriented classifications of urban and rural districts
(Colantoni et al., 2015; Comer and Greene, 2015; Cuadrado-Ciuraneta et al., 2017; Duvernoy et al.,
2018).

Contributing to the inherent complexity of contemporary cities, functional diversification and
urban entropy are taken as relevant traits of metropolitan growth in Europe (Batty and Longley,
1994; Page et al.,, 2001; Cabral et al., 2013; Kazemzadeh-Zow et al., 2017). On average, European
cities reveal a greater mix and integration of socioeconomic functions than Northern American
towns (e.g. Carlucci et al., 2017). Particularly European Mediterranean cities are examples of urban
diversification and spatial entropy in their constituent elements, sharing common characters while
reflecting distinctive history, socioeconomic development and settlement models (Beriatos and
Gospodini, 2004; Grekousis et al., 2013; Di Feliciantonio and Salvati, 2015; Zitti et al., 2015). Among
the main forces shaping urban transformations in Mediterranean Europe, economic polarization
and social segregation became particularly relevant in metropolitan expansion and regional
disparities (Malheiros, 2002; Maloutas, 2007; De Rosa and Salvati, 2016; Rontos et al., 2016).
Additionally, Mediterranean cities have often expanded in a partly unregulated manner resulting
in disordered urban mosaics that reflect a fragmented economic base (Maloutas, 1993; Stanley,
2012; Colantoni et al., 2016; Salvati, 2016). Long-term development processes have frequently
reflected heterogeneous and self-organized metropolitan systems characterized by economic
disparities, social isolation, settlement scattering, and a fractal morphology (Carlucci et al., 2017).
By this way, Mediterranean cities have represented key examples of socioeconomic
transformations leading to morphologically-dispersed and functionally-discontinuous cities (Pili et
al., 2017).

By contributing to a better comprehension of urban complexity, the present work implements an
original framework to the analysis of complex metropolitan systems based on the use of multi-
domain indicators and spatial statistics. The proposed approach sheds light on the spatial pattern
of diversification in multiple urban functions and morphological attributes illustrating economic,
social and environmental aspects at both local and regional scale in the Athens' metropolitan

region (Greece). Athens is considered a representative case of Mediterranean cities moving from a
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mostly informal expansion to planned development toward urban sustainability and a more
balanced spatial structure. The complex (and, for some aspects, still unclear) relationship between
socioeconomic functions and urban morphology in Athens, as in many other Mediterranean cities
(Di Feliciantonio and Salvati, 2015), justifies a multivariate analysis of urban diversification in such
territorial context, under the hypothesis that metropolitan complexity reflects the increasing

diversification in economic, environmental and social dimensions along urban gradients.

2. Methodology

2.1. Study area

The Athens Metropolitan Region (AMR) mostly coincided with the boundaries of the
administrative region of Attica, Greece. Up to 2011, the AMR was divided in 4 prefectures (Athens,
Piraeus, East Attica and West Attica) and administered by 114 municipalities extending 3,000 km?,
with population density > 1200 inhabitants/km? (2011). With the so called ‘Kallikratis” law, a new
local administrative regime was adopted in Greece since 2012, reducing the number of
municipalities in the study area to nearly 60. Since statistical data referring to 2010 or 2011 were
used as the main information source, the spatial structure adopted in this study refers to the
administrative division (the so called ‘Kapodistrias’ structure) in law at that time. The AMR
includes dense urban and hyper-compact districts such as downtown Athens and Piraeus,
suburban municipalities bordering the strictly urban area and rural municipalities with
moderately-low accessibility and a marginal role in the regional economic system. The urban core
is traditionally associated with the ‘Greater Athens area’, a district with compact urban fabric
extending 430 km? and administered by 58 municipalities (‘Kapodistrias” structure), hosting most

of the population (85% in 2011) and the economic activities of the AMR.

2.2. Logical framework

Taken as basic components of metropolitan complexity, 12 dimensions of urban diversification
were considered including morphological aspects (land-use, soil sealing, building use, vertical
profile of buildings, building age, construction materials) and socioeconomic functions (economic

base, working classes, education levels, population age structure, composition of non-native
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population by citizenship, distribution of personal incomes). To allow a coherent analysis of local-
scale patterns of urban diversification, municipalities were adopted as the elementary analysis’
domain in this study. Being easily derived from statistical data sources at the municipal scale, such
dimensions are intended to provide a comprehensive description of metropolitan complexity in

the Mediterranean region and, possibly, in other socioeconomic contexts worldwide.

2.2.1. Morphological attributes

Six variables organized in different classes were computed at the spatial scale of municipalities: 1)
land-use (hereafter land’); 2) soil sealing profile ('soil'); 3) building use (‘use'); 4) vertical profile of
buildings ('vert'); 5) building age ('buil’); 6) construction materials (‘'mat'). Landscape composition
(percent class area in total municipal area) was derived from a high-resolution land-use map (1:
10,000 scale) referring to 2012 and disseminated through the European Urban Atlas (UA) initiative
on behalf of the Global Monitoring for Environment and Security (GMES) framework adopting a
nomenclature system composed of 20 classes (built-up areas: code 1, cropland: code 2, and forests:
code 3).

A soil sealing profile for each municipality was derived from a 100 m-grid land imperviousness
map referring to 2012 and disseminated by Land Copernicus initiative in collaboration with the
European Environment Agency (2011). This considers all pavement structures (roads, sidewalks,
driveways and parking lots) that are covered by impenetrable materials such as asphalt, concrete,
brick, stone and rooftops with continuous degree of land imperviousness ranging from 0% to
100%. Classification accuracy of built-up and non-built-up areas was higher than 85% per hectare,
with omission and commission errors kept below 15% (European Environment Agency, 2011). A
soil sealing profile for each municipality of the study area was determined by computing percent
area in total municipal area of 22 classes with different land imperviousness intensity (0%, 1-5%, 6-
10%, ..., 91-95%, 96-99%, 100%). For both land-use and soil sealing variables, calculations were
implemented using the “Tabulate areas’ tool provided with ArcGIS software (ESRI Inc., Redwoods,
USA) after the overlap between the land imperviousness map and a municipal boundary shapefile.
The other 4 variables assessing settlement characteristics were derived from the national census of
buildings carried out by Greek Statistical Authority (ELSTAT) aggregating elementary data (2011)
at municipal scale. Building types were classified using 18 categories distinguishing residential

from industrial, commercial and service use and the percent share of each building class in total
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municipal building stock was calculated accordingly. Building age was determined using 10
classes assessing construction time period and computing the percent share of buildings by age
class in total building stock. Vertical profile of buildings was assessed considering 6 classes that
distinguish buildings according to their number of floors and calculating the percent share of
buildings by height class in total building stock. Finally, buildings were classified according to the
dominant construction material using 6 material types and calculating the percent share of

buildings by construction material in total building stock.

2.2.2. Socioeconomic functions

Six variables organized in different classes were computed at municipal scale: 1) economic base
(hereafter 'econ'); 2) working class composition (‘work’); 3) educational level of active population
(‘'educ’); 4) population age structure (‘pop'); 5) composition of non-native resident population by
citizenship ('fore'); 6) distribution of personal incomes ('inc'). The economic base was assessed
considering the number of enterprises in the national business register (referring to 2010) based on
a classification of activities composed of 15 sectors and compatible with the NACE-Rev2
nomenclature, calculating the percent share of enterprises by sector in total registered enterprises
at municipal scale. Working class composition was studied referring to a classification of workers
composed of 24 categories that distinguish different professional positions according to the
national census of population and households held in 2011 in Greece. Based on these data, percent
share of workers by professional position in total workers was calculated for each municipality of
the study area. Education of active population was assessed referring to a nomenclature system
with 13 education levels adopted by Greek population census (2011); percent share of active
population by education level in total active population was calculated for each municipality.
Population structure was investigated using census data that aggregate resident population into 7
age classes and computing percent share of population by age class in total resident population.
Composition of non-native population by citizenship was analyzed aggregating resident
population in 7 classes (including the most frequent nationalities in the study area and a residual
class) based on census data (2011) and computing the percent share of each class in total resident
population. Finally, distribution of personal incomes across population was investigated
considering elementary data from individual tax declarations (provided by the Hellenic Ministry

of Finance and referring to 2014), aggregating resident inhabitants into 10 income classes.
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2.3. Indexes of urban diversification

Twelve indicators of urban diversification, one for each variable described in section 2.2, were
calculated using Pielou’s evenness index (J). This index has been extensively used to identify
diversity-based functions, providing a comprehensive reading of pertinent aspects of urban
growth and change (see references in Zambon et al., 2017). Based on a Shannon diversity function
(the so called H" Shannon index grounded on information theory), Pielou’s ] index is an entropy
index standardized to the level of diversification in a given spatial domain (Salvati et al., 2016a),
quantifying local-scale diversity and heterogeneity for each variable selected in this study.
Ranging from 0 (complete homogeneity) to 1 (the highest heterogeneity according to the level of
local-scale diversification), Pielou’s ] index was calculated as follows:
J =H’/Hmax
where H' is the Shannon diversity index calculated as:
H' = }=m pi¥In(pi)

where pi is the proportion of observations falling in the i-th class on the total number of
observations for each urban dimension. Hmax is the logarithm of the number of classes with at least

one observation.

2.4. Statistical analysis

A multi-step approach was implemented in this study with the following objectives: (i) to assess
the spatial structure of each dimension of urban diversification, (ii) to identify pair-wise
relationships between dimensions of urban diversification, (iii) to characterize the latent interplay
between morphological and functional dimensions, (iv) to cluster municipalities on the base of
their diversification profile and, finally, (v) to relate the identified diversification profiles to
contextual attributes assessing the metropolitan gradient. These objectives were addressed using
an exploratory approach integrating spatial statistics (global and local Moran’s I spatial
autocorrelation indexes) with descriptive analysis/mapping (objective i), parametric and non-
parametric correlations (objective ii), a principal component analysis outlining latent relationships

among variables (objective iii), hierarchical clustering (objective iv) and a final correlation analysis
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(objective v) resuming the latent relationship between local-scale diversification in urban functions

and background variables characterizing urban gradients.

2.4.1. Spatial autocorrelation analysis

Global and local Moran’s Indexes have proven to be a powerful tool in urban studies (see, among
others, Tsai, 2005; Riguelle et al., 2007; Thomas et al., 2012; Salvati et al., 2016b).

Thus, a global Moran's spatial autocorrelation index (z-score) computed on 8 bandwidths (from 5
km to 40 km) was run separately for each dimension of urban diversification using municipalities
as the elementary analysis” domain. Local Moran's coefficients of spatial autocorrelation were also
calculated and tested for significance. The Moran's scatterplot was used to classify municipalities
in the HH (High-High), LL (Low-Low), HL (High-Low) or LH (Low-High) type of spatial
autocorrelation regime. HH and LL regimes indicate spatial clustering while HL and LH regimes
indicate local heterogeneity associated to a spatial divide reflecting a (more or less steep) gradient

in the studied variable.

2.4.2. Inferential analysis

A pair-wise correlation analysis using both parametric (Pearson linear product moment) and non-
parametric (Spearman rank) coefficients was used to verify the spatial coherency between
individual dimensions of urban diversification, testing for significance at p < 0.05 after Bonferroni's
correlation for multiple correlations. A comparison of parametric and non-parametric techniques
based on the absolute difference between correlation coefficients (i) may indicate linear (or more
complex) forms of the relationship between the studied variables and (ii) allows a coherent
analysis of variables displaying a relevant deviation from normality. Coherency in sign and
intensity of both parametric and non-parametric coefficients reflects a linear correlation between
dimensions of urban diversification. Divergence in sign and intensity of correlation coefficients

indicates more complex relationships among urban dimensions.

2.4.3. Multivariate exploratory analysis
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A Principal Component Analysis was run on a data matrix composed of 12 columns (Pielou's ]
index for each urban dimension) and 114 rows (municipalities) with the aim to extract few
(independent) components of urban diversification and to identify the related spatial patterns. A
hierarchical clustering using Euclidean distances and Ward’s agglomeration rule was carried out
separately on urban dimensions and municipalities with the aim to visualize similarities in the
spatial distribution of individual components of urban diversification and homogeneous groups of
municipalities based on spatially-consistent patterns of urban diversification. A non-parametric
(Spearman) correlation analysis was finally run to identify pair-wise relationships between
individual dimensions of urban diversification and contextual indicators (density, elevation,
proximity to the sea, distance from 4 urban centres - Athens, Piraeus, Maroussi, Markopoulo
Messoghias - and municipal surface area), testing for significance at p < 0.05 after Bonferroni’s

correction for multiple comparisons.

3. Results

3.1. Assessing dimensions of urban diversification

The statistical distribution of individual Pielou's ] evenness indexes was presented in Table 1. On
average, the highest evenness indexes (> 0.7) were found for economic structure, working class
structure, educational levels, vertical profile of buildings, building construction age, population
age structure and personal income distribution. The central district corresponding with the Greater
Athens’ area emerged for a high diversification in specific morphological attributes (land-use, soil
sealing profile, vertical profile of buildings and, to a lesser extent, building use) and socioeconomic
dimensions (composition of non-native population by citizenship, distribution of personal
income). A reverse diversification pattern was observed for specific morphological dimensions
(building age, construction materials) and socioeconomic functions (educational levels).
Heterogeneous spatial patterns - with no specific divides between urban and rural districts - were
observed for diversification in economic structure, working class composition and population age

structure, evidencing few sub-centres with medium-high socioeconomic diversification.

3.2. Spatial analysis
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Using 8 bandwidths ranging from 5 km to 40 km, global Moran's coefficients of spatial
autocorrelation showed inherent differences for the dimensions considered in this study (Table 2).
Spatially-correlated structures (significance tested at p < 0.05) were observed at all bandwidths for
6 out of 12 dimensions (5 morphological attributes and 1 socioeconomic function). Two dimensions
(building age and distribution of personal incomes) had a spatially-correlated structure for 7 out of
8 bandwidths. Two dimensions (diversification in working class composition and in educational
levels) were spatially-correlated at bandwidths > 15 km. Finally, two dimensions (diversification in
economic base and in population age structure) have no significant autocorrelation coefficients,
indicating spatial heterogeneity with no specific patterns either at local and regional scale.

Local Moran's coefficients of spatial autocorrelation for each municipality of the study area
(SM.Figure 1) evidence similar spatial clusters for the following dimensions of urban
diversification: land-use, building use, economic base, educational levels, composition of non-
native population by citizenship and distribution of personal income. Municipalities in north-
eastern Athens' fringe belong to a high-low cluster indicating a significant gradient dividing urban
and rural districts. Municipalities classified as high-high clusters were concentrated in both central
areas and peri-urban districts for 5 dimensions (population age structure, building age, vertical
profile of buildings, soil sealing profile and land-use composition), indicating a spatial structure

more oriented toward a metropolitan continuum.

3.3. Correlation analysis

Results of a pair-wise correlation analysis based on parametric (Pearson) and non-parametric
(Spearman) coefficients are illustrated in Table 3. Significant pair-wise coefficients mainly reflect
linear relationships among urban dimensions (similar correlation coefficients for both Pearson and
Spearman analysis); more specifically, diversification in land-use and soil sealing profiles have
similar correlation profiles, being negatively associated with diversification in building materials
(and in population age structure, only for soil sealing profile) and positively associated with
diversification in (i) vertical use of buildings, (ii) distribution of personal incomes and (iii)
composition of non-native population by citizenship. Diversification of local-scale economic base
was correlated positively with working class composition and building age, possibly indicating a
higher economic diversification in consolidated urban settlements than in more recently developed

districts. Diversity in working class composition increased linearly with diversity in personal
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incomes. Diversification in educational levels was correlated positively with diversification in
building age and in personal income distribution within the population residing in each
municipality. Diversification in buildings' vertical profile was negatively correlated with
diversification in building materials and positively correlated with diversification in personal
income distribution and in the composition of non-native population by citizenship. Finally,
diversification in building materials was negatively correlated with diversification in the
composition of personal incomes and non-native population by citizenship.

For some significant pair-wise correlations, the absolute difference between Pearson and Spearman
coefficients was particularly high, evidencing a non-linear relationship between (i) educational
levels and working class composition and (ii) distribution of personal income and diversification
in construction materials. A non-linear correlation was also observed between diversification in the
composition of non-native population by citizenship and working class composition (a significant

Spearman coefficient together with a non-significant Pearson coefficient).

3.4. Summarizing spatial patterns of urban diversification

Principal Component Analysis (PCA) extracted 4 relevant components (eigenvalue > 1) explaining
72.9% of total matrix variance. A PCA biplot illustrates the joint distribution of urban dimensions
and municipalities in the Athens' metropolitan regions based on component loadings and scores
on the selected components (SM.Figure 2). Component 1 (34.3%) identifies a traditional urban
gradient opposing spatial patterns of diversification in building materials (negative loadings) to
diversification in land-use, soil sealing profile, building's vertical profile, composition of non-
native population by citizenship and distribution of personal income (positive loadings). The
highest scores on component 1 indicates urban municipalities belonging to the Greater Athens'
area, while the lowest scores characterized the remaining municipalities of the study area (Figure
1). Component 2 (17.2%) illustrates a gradient distinguishing municipalities with high and low
diversification in economic base, building age, educational levels and composition of working
classes. Apart from few exceptions, municipalities north, east and south of Athens received
medium-high scores, while municipalities west of Athens had medium-low scores. Taken together,
component 2 represents a gradient distinguishing wealth districts from economically-
disadvantaged areas, resembling the traditional east-to-west social differentiation in Athens.

Component 3 (13.0%) identifies a gradient discriminating the spatial patterns of three socio-



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

demographic dimensions (positive loadings: educational levels; negative loadings: working class
composition and population age structure). Western Attica and specific districts of eastern Attica
(experiencing dispersed urban expansion in the last decades) received the highest scores on this
component. Component 4 (8.4%) was mainly associated with diversification in vertical profile of

buildings, with the highest scores associated to central municipalities in the Greater Athens area.

3.5. Cluster analysis

A hierarchical clustering of municipalities based on the Pielou’s ] index of diversification in 12
analysis' dimensions identifies two groups of municipalities: urban districts and peri-urban/rural
areas (Figure 2). Cluster analysis (SM.Figure 3) also grouped morphological attributes (e.g. land-
use, soil sealing profile, vertical profile of buildings, settlement characteristics) and socioeconomic
functions (e.g. working class composition, population age structure, distribution of personal

incomes) on the base of similarities in their spatial distribution over the study area.

3.6. Local-scale diversification in urban dimensions and metropolitan gradients

Significant pair-wise Spearman correlation coefficients between each dimension of urban
diversification and selected territorial attributes are reported in Table 4. Eight dimensions (all
morphological attributes and two socioeconomic functions) were significantly correlated with
variables oriented along the urban gradient (population density or distance from the most relevant
urban nodes in the Athens' region) or indirectly associated with them (municipal area).
Diversification in working class composition decreased with the distance from Markopoulo
Messoghias, a central place in Messoghia district. Diversification in local-scale economic base,
education levels and population age structure were not correlated with any contextual variable,

indicating a spatial structure more influenced by place-specific factors than regional gradients.

4. Discussion

Considering the ties between settlement morphology and socioeconomic attributes, metropolitan

complexity depends on a strong diversification in urban functions (Van Oort et al., 2015). In these

regards, our study introduced a multivariate concept of metropolitan complexity based on a multi-
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domain analysis of indicators assessing morphological and socioeconomic dimensions of urban
diversity. To verify the spatial coherency of diversified urban functions, a multi-criteria spatial
analysis was adopted controlling for place-specific background variables. Indicators' systems have
been often proposed as more reliable and stable tools compared to individual variables (Salvati et
al., 2016a). Since relevant and updated variables characterizing metropolitan continuums or
discriminating urban from rural districts are still limited at both continental and country scale (e.g.
Hahs and McDonnell, 2006; Hoyler et al., 2008; Youn et al., 2016), our study proposes spatial
diversification in urban functions as a new indicator of metropolitan complexity. This approach
may contribute to multi-domain information systems classifying urban, suburban and rural
typologies of settlements in various regional contexts (Comer and Greene, 2015; Venerandi et al.,
2017; Zambon et al., 2017).

Results of our study have identified urban and rural municipalities in Athens respectively as the
most and less diversified, with suburban areas ranking in-between. Empirical results also
demonstrate that local-scale morphological diversity is correlated with socioeconomic diversity in
a non-linear manner. A correlation analysis with external variables oriented along the urban
gradient indicates a different metropolitan structure characterizing each dimension of urban
complexity. Territorial disparities result from the interaction among mixed social classes and self-
governing micro-entities living in fragmented and heterogeneous 'island' settlements, outlining
class segregation and economic inequalities at the spatial scale of neighbourhoods (Maloutas,
1993). In these regards, patterns of urban diversification in Athens reflect a divided spatial model,
making this city a thought-provoking case with functional and morphological traits that
exemplifies recent expansion of Mediterranean cities (Maloutas, 2007; Souliotis, 2013; Di
Feliciantonio and Salvati, 2015).

Under the assumption that interplays between forms and functions contribute to urban
diversification, the present study sheds light on present (and, possibly, future) challenges
concerning the interplay between form and functions in southern Europe (Carlucci et al., 2017). For
instance, economic polarization and social segregation should be considered and managed
together, distinguishing local-scale heterogeneity from more general patterns characterizing
regional-scale configurations (Rontos et al., 2016). In these regards, employment diversification has
traditionally benefited from local economies (O’'Donoghue, 1999; Ejermo, 2005; Ellerman, 2005).
Employment has shifted from agriculture and industry towards a service- and information-based

economy, defining new spatial patterns of specialization and diversification associated with inter-
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sectoral employment changes (O'Donoghue and Townshend, 2005). Measuring the intrinsic
diversity of economic activities in cities sheds more light on local development patterns and
suggests optimal (or suboptimal) structures that promote economic expansion and more
integrated urban systems (Youn et al., 2016).

A better understanding of socioeconomic transformations contributing to urban diversification
requires (i) a more integrated analysis of major challenges including social disparities,
demographic transformations, economic resilience and environmental change (Duranton and Puga
2000; Desrochers, 2001; Wood and Dovey, 2015; Youn et al., 2016) and (ii) suitable planning
measures recognizing that local-scale spatial structures may impact economic growth, social equity
and sustainable urban development (Beriatos and Gospodini, 2004; Colantoni et al., 2016; Pili al.,
2017). New lifestyle, gentrification, economic polarization and industrial proliferation are some of
the main themes that regional policies and spatial planning should take care of (Smets and Salman,
2008), considering that housing quality, residential satisfaction, neighbourhood-based social
interactions and residential attitudes towards social mix are negatively influenced by uncertain
policy goals at the pertinent spatial level (Kleinhans, 2004).

Although diversification patterns are increasingly heterogeneous and difficult to dealt with
integrally (e.g. Hirt, 2016), links among urban form and functions can be managed adapting land
zoning targets to newly emerging metropolitan functions (Talen 2006; Vandermotten et al., 2008;
Hirt 2012). While national policies targeting urban development have sometimes encouraged
social mix and housing diversification in neighbourhoods under renewal and/or regeneration
(O'Donoghue, 1999), a contemporary theory of difference should reinforce traditional
interpretations of urban diversity and their connection with different political and economic
contexts (Desrochers, 2001; Duranton and Puga, 2001; Ellerman, 2005;Kleinhans, 2004; Tochterman,
2012). Planning strategies adapting to an increased diversification of urban functions and measures
promoting local development and metropolitan identity are particularly suitable for managing

urban complexity.

5. Conclusions

Diversification in urban functions may effectively reflects a new metropolitan geography better

than more classical indicators of urban growth. In this regard, evenness indexes allowed

discrimination of metropolitan contexts with different settlement forms and socioeconomic
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dynamics, contributing to classify urban, suburban and rural areas. A multivariate spatial analysis
based on diversification indexes proved to be a reliable tool to investigate local-scale urban
complexity, identifying the latent relationship between the constituent dimensions, and may
integrate decision support systems for diachronic analysis of urban expansion. The increasing
impact of recent urbanization processes on metropolitan regions definitely requires a comparative
and diachronic evaluation of the intimate relationship between land-use heterogeneity and
socioeconomic diversification, considering together results from spatial statistics, mapping,
inferential techniques and multivariate models. Innovative approaches that investigate linear and
non-linear relationships among urban dimensions should be refined with analysis aimed at
providing planners, policy-makers, economic actors and other stakeholders with an advanced

knowledge to manage the increasing complexity of contemporary cities.
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