
1.1 Introduction
Economic development and population growth determined intense urban expansion over the last century (Kasanko et al., 2006; Turok and Mykhnenko, 2007; Schneider and Woodcock, 2008). Land take in wealthier countries has

resulted in extensive urbanization and most metropolitan areas face growing problems associated with urban sprawl (Zhang, 2000; Antrop, 2004; Angel et al., 2011; Nijkamp and Kourtit, 2013). Theories predicting urban growth and the spatial

patterning of cities consider economic performance and the social structure as relevant drivers of change but offer sometimes oversimplified explanations for the differential expansion of cities (Turner, 2005). The relationship between urban

functions, regional development and territorial/landscape characteristics, is usually less studies (Camagni et al., 2002; Alphan, 2003; Anthony, 2004; Grekousis and Mountrakis, 2015).

To interpret the inherent complexity of contemporary urban models, Couch et al. (2007) highlighted the urgent need to integrate research over '‘patterns'’ and '‘processes'’ of urban expansion. Land-use transformations are expression of

change in the contemporary city (Sinclair, 1967) and involve processes depending on the socioeconomic context, the planning framework and place-specific factors (Turner et al., 2007). Changes in urban patterns (e.g. from compact to
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dispersed expansion) are clearly linked to rapidly-evolving socioeconomic processes (Longhi and Musolesi, 2007; Scott and Kühn, 2012; Sarzynski et al., 2014).

The rate of developed land in different urban counties is influenced by multiple factors including land tenure, zoning directives and housing price (Kivell, 1993; Irwin and Bockstael, 2004; Christopoulou et al., 2007). However, the rate and

spatial distribution of newly-developed land is also influenced by territorial factors such as land availability, soil quality, topography and other exogenous variables (Magliocca et al., 2015). The analysis of non-economic drivers of land

development proved to be particularly important when assessing dispersed forms of urban expansion (Salvati et al., 2012).

Approaches investigating urban growth from a multi-dimensional perspective require an in-depth understanding of the aspects associated with urbanization and influencing type and extent of new settlements (Saunders, 2003; Deal and

Schunk, 2004; Delattre et al., 2015). While land-use changes in metropolitan regions have been documented for vastly different socioeconomic contexts (Paul and Tonts, 2005; Catalán et al., 2008; Terzi and Bolen, 2009; Chorianopoulos et al.,

2010), the land take indicators proposed up to now proved to be quite simple and conservative (Salvati, 2014). Hasse and Lathrop (2003) proposed a set of measures including density of new urbanization, loss of prime farmland, natural wetlands

and core forest habitats, and the increase of impervious surface area. Jaeger et al. (2010) introduced metrics assessing the spatial configuration of land taken by urbanization. Salvati (2014) pointed out that "“the relationship observed between

the composition of land take areas (considered as a measure of land consumption) and the composition of the original landscape (considered as a measure of land availability) was poorly investigated over time (...…) and till now it was not

considered a candidate indicator of land take"”.

Since the analysis of spatial patterns and processes of urban expansion provides a major contribution to sustainable land management in peri-urban districts, further investigation is required to develop a comprehensive indicator-based

framework assessing land take (Laidley, 2015). In this view, investigating how the spatial arrangement of different land-use classes impacts urban expansion is a crucial issue in regional studies (Turner et al., 2007). As a matter of fact,

urbanization reflects the spreading of urban settlements from a local epicentreepicenter to cover large areas, with expansion rates enhanced (or contained) by factors such as the spatial distribution of (non-urban) land-use classes across the

landscape (Coisnon et al., 2014a). If classes have the same probability to be developed, urban expansion would occur randomly. However, previous studies (Fekade, 2000; Doygun, 2009; Coisnon et al., 2014b) indicate that the probability of

being converted to urban uses varies according to the socioeconomic context, planning directives and place-specific factors, in turn influencing the spatial pattern of urbanization.

Land take indicators may benefit from conceptual frameworks derived from the ecological theory (Alldredge et al., 1998); at the same time, operational approaches based on indicators of '‘selective'’ land take may contribute to the

identification of local contexts where urban containment strategies are more (or less) effective (Hasse and Lathrop, 2003). These indicators provide an informative basis to design more focused measures e.g. against sprawl (Alphan, 2003;

Christopoulou et al., 2007; Terzi and Bolen, 2009). '‘Selective'’ land take occurs when land resources are used disproportionately to their availability (Salvati et al., 2014). Selectivity in land take can be investigated referring to approaches and

methodologies originally designed to study resource selection by natural predators (Lauria, 1982; Bond and Keeley, 2005; Nunes et al., 2005; Bajocco and Ricotta, 2008). Expanding urban areas are regarded as '‘predators'’ and (non-urban) land

is intended as a '‘prey'’; different city profiles can be drawn according to their '‘predation'’ mode. Cities can be defined as '‘generalist'’ predators if the probability of land conversion is equal (or similar) for all (non-urban) classes in the landscape or

as '‘selective'’ predators if land take for a given class is higher (preferred) or lower (avoided) than expected by a random null model.

Based on original definitions for urban growth and land take derived from the ecological science, the present study illustrates an operational framework based on indicators and a statistical inference procedure to investigate selective

land take at the local scale in Europe (Kasanko et al., 2006). As one of the most intensively used continents on the globe, up to 80% share of land in Europe is currently used for settlement, infrastructure and production systems (Antrop, 2004).

Based on a pan-European dataset (the Corine Land Cover map), the annual rate of land take was estimated as higher as 1000  km2 between 2000 and 2006 (European Environment Agency, 2006). Classes with the highest contribution to uptake

by urban and other artificial land development were arable land and permanent crop (45.9%), pastures and mosaic farmland (30.5%), forests and transitional woodland-shrub (14.2%), natural grassland, heath land and sclerophyllous vegetation

(7.6%). Housing, services and recreation made up a third of the overall increase in urban and other artificial area. The second largest area (29%) was taken by construction sites. Land take for industrial and commercial sites covered 16% of the

whole newly developed land.

As a contribution to the long-term assessment of land-use changes in European metropolitan regions, our approach was used to analyseanalyze the recent expansion of a large Mediterranean city (Salvati, 2013). A multi-step statistical

procedure was developed with to aim to identify non-urban land-use classes converted to urban use proportionally more than their availability in the landscape. The computation approach was based on four steps: (i) exploratory spatial data

analysis, (ii) development of new indicators of land take, (iii) analysis of the role of the socioeconomic local context shaping land take processes, and (iv) statistical inference on '‘selective'’ land take. This approach expands the framework

originally proposed by Salvati (2014) which introduced the ratio of land take to the proportion of land available as an indicator of land consumption.

We studied urbanization-driven land take processes for three classes of non-urban land-use (cropland, sparsely vegetated areas, natural land) in the Athens' metropolitan region (Greece) over twenty years (1987‐–2007). The impact of

socioeconomic factors and planning directives on land take was evaluated at the municipal scale through the use of contextual indicators providing insights in recent urbanization patterns and sprawl trends. Athens is an emblematic case for the

study of land take processes in rapidly-expanding and planning-deregulated urban contexts, in both developed and emerging countries. Landscape transformations and changes in the urban form observed in the Athens' metropolitan region can

be generalized to other cities in southern Europe: the study area underwent multiple waves of growth in the last two decades with both compact and discontinuous settlements expanding considerably into agricultural and natural land

(Chorianopoulos et al., 2010). While urban containment measures have been rarely implemented, planning deregulation has contributed to the development of informal settlements (Salvati and Ferrara, 2013).
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2.2 Methodology
2.1.2.1 Study area

Our study investigates a major part of the administrative region of Attica encompassing the metropolitan area of Athens, the capital of Greece, and includes Salamina and Aigina, the closest islands to Attica mainland (Figure. 1). Since 2011, when the

national reform of local authorities (the so called '‘Kallikratis'’ law) was enforced in law, the study area is administered by 60 municipalities with 40 municipalities belonging to the Athens urban area (which includes the most dense urban centrescenters of the

region) and 20 suburban municipalities (with a population density usually below 1000  inhabitants/km2). Attica land is undulated due to the presence of four mountains bordering Athens (Parnitha, Pendeli, Imitos and Egaleo). Three flat districts (Thriasio,

Messoghia, Marathona) situated outside the Athens' urban area are considered important sprawl poles hosting (planned or informal) residential settlements and industrial districts (Chorianopoulos et al., 2010). Despite recent suburbanization, population in the

Athens' urban area is still growing and indicates the persistence of a mono-centric spatial structure (Grekousis et al., 2013). Attica's economy is service-oriented and centredcentered on constructions, commerce, tourism and the public sector (Delladetsima, 2006).

Services accounted for 72% and 87% of the regional value added in 1988 and 2007 (Salvati and Ferrara, 2013). The importance of advanced services in finance, banking, insurance and real estate was rising in the last decade (Arapoglou and Sayas, 2009).

Industrial activities, and especially manufacture, have experienced a progressive decline concentrating in few poles around Piraeus, and in delocalized places of Messoghia, Thriasio and northern Attica (Oropos, Avlon). The 2004 Olympic Games have had a

major impact on the development of the city, attracting investments and creating new infrastructure (Chorianopoulos et al., 2010). The public debt resulting from major infrastructural works carried out during the Olympic decade was an important cause of the crisis

of the Greek economy since 2008 (Salvati and Di Feliciantonio, 2014).

2.1.1.2.1.1 Urban growth, land-use and regional planning in Athens

Many studies demonstrated the limited effectiveness of urban and regional planning in the Athens' metropolitan region. As a general rule, authorities applied the approved master plans only partially. Leontidou (1990) has represented the growth of the

city since the early 1950s as an addiction of different expansion waves ‐ — mainly informal and tolerated by local and central authorities. The informal expansion of the city was primarily observed during the 1960s and the 1970s and was fuelled by the uneven

growth of the resident population reinforced by massive immigration from rural areas (Arapoglou and Sayas, 2009). A more subtle wave of urban expansion was observed in the 1980s and 1990s because Athens sprawled outside the territory of the old city (the

lowland hosting the first urban nucleus of Athens extending 430  km2). New settlements, mainly unplanned, were developed along the coastal zones and in more internal districts, even in mountainous areas with relatively high slopes (Delladetsima, 2006). The

time period encompassing 2000s was characterized by a huge urban expansion due to public investments and the economic growth driven by the 2004 Olympic Games (Chorianopoulos et al., 2010). Informal settlements were developed in some rural places,

possibly far from the central city, contributing to determine a sprawled pattern of urban expansion in the metropolitan region (Salvati and Ferrara, 2013). Informal buildings include second-home expansion in remote areas with natural amenities - especially

forests. In this case, wildfires were set intentionally with the objective to clean up and '‘prepare'’ land for future development (Briassoulis, 1992). The number of wildfires, especially on fringe land, maintained high during the 1990s and the 2000s and it was only

moderately reduced in the last years. The progressive destruction of Attica's landscape due to dispersed urbanization was described by Economidou (1993). Seismic areas were sometimes developed and vulnerable lands to erosion and flooding were commonly

converted to residential, commercial and industrial uses (Mavrakis et al., 2015). In most cases, protected areas were designed in a relatively recent time. A national cadastre of land destroyed by wildfires was completed only in 2010, after the 2007 and 2009

mega-fires which destroyed the large part of the woodlands surrounding the Athens' urban areas (Salvati and Ferrara, 2013).

2.2.2.2 Land-use maps
The present study analyzed two comparable 1:25,000 land-use maps covering the study area at two points in time (1987 and 2007). Maps were derived from elaboration of two compatible Landsat TM satellite images processed according to Gitas et al.

(2004). For each land-use class, an object-based classification was developed based on fuzzy logic and the determination of the so-called membership functions. Seven classes were considered: (i) artificial surfaces (AR), (ii) forests (W), (iii) shrubland (SH), (iv)

Figure 1.Fig. 1 Maps of the study area illustrating topography (1: elevation <  300  m; 2: 300  <  elevation <  800  m; 3: elevation >  800  m; left) and municipal boundaries (right) with the names of relevant centers in Attica (the insert map indicates the position of Attica region (black) in Greece).
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schlerophylloussclerophyllous vegetation (SC), (v) sparse vegetation (SPA), (vi) cropland (A) and (vii) other classes including water bodies and rocky areas (O). The distribution of water bodies and rocky areas was confirmed by spatial overlay with the 2006

Corine Land Cover map. Additional details on land classification were provided by Gitas et al. (2004). A basic category representing '‘natural areas'’ (NAT) was determined pooling together classes (ii), (iii) and (iv). A land-use change (1987‐–2007) map was also

prepared by spatial overlap of the 1987 and 2007 shapefiles using ArcGIS 9.3 (Esri Inc., Redwoods, USA). Descriptive statistics and maps were produced by elaboration of the shapefiles described above.

2.3.2.3 Statistical analysis
The data analysis framework implemented in the present study is based on four steps: (i) an exploratory analysis of changes over time (1987‐–2007) in the spatial distribution of non-urban land, (ii) an empirical analysis of the spatial relationship between

the amounts of non-urban land (1987) and of land converted to urban use (1987‐–2007), (iii) a multivariate analysis investigating the importance of the local socioeconomic context in land take processes, and (iv) an inferential procedure assessing selective land

take at the local scale.

2.3.1.2.3.1 Exploring changes over time (1987‐–2007) in the spatial distribution of non-urban land

The proportion of class area in the total non-urban land (cumulating the six classes mentioned above from W to O was calculated at the scale of municipalities separately for 1987 and 2007 producing six indicators which assess landscape composition

and provide a gross estimate of land take during the investigated time period. Indicators were expressed in relative terms (i.e. ranging from 0 to 1). A Principal Component Analysis (PCA) based on the correlation matrix was run with the aim to explore the

composition of (non-urban) landscape by comparing the spatial distribution of the six classes in two groups of municipalities ('‘urban'’ and '‘suburban'’, see Section 2.1). Components with eigenvalue >  1 were regarded as significant and the Keiser-Meyer-Olkin

measure of sampling adequacy ‐ — which tests whether the partial correlations among variables are small ‐ — and Bartlett’'s test of sphericity, which tests whether the correlation matrix is an identity matrix ‐ — were used to assess the overall quality of the PCA.

Land-use classes and municipalities were mapped within the same factorial plane using component loadings and scores. Entities placed close each other indicate spatial association, while entities placed far each other indicate spatial segregation (Salvati and

Sabbi, 2011).

2.3.2.2.3.2 Exploring the spatial relationship between the amounts of non-urban land (1987) and of land converted to urban use (1987‐–2007)

In this study, the 1987 (non-urban) landscape was considered as the '‘stock'’ variable and class transformations towards urban use observed between 1987 and 2007 as '‘flow'’ variables. For each municipality of the study area, the amount of land

theoretically available for building at the beginning of the study period (1987) was determined by cumulating the surface area of cropland, sparse vegetation and natural land. The estimate of land available for building can be adapted to different operational

definitions, e.g. areas below a given elevation threshold (Saiz, 2010). Shares of (i) land theoretically available for building and of (ii) land converted to urban use between 1987 and 2007 in the municipal surface area were also calculated. A scatterplot was

prepared to illustrate the relationship between these two variables in each municipality of the study area (n  =  60). For each class, the relationship between the percentage of non-urban land (1987) and the percentage of land converted to urban use between

1987 and 2007 was investigated at the scale of municipalities using a non-parametric Spearman rank correlation analysis testing for significant pair-wise coefficients at p  <  0.05 after Bonferroni's correction for multiple comparisons.

2.3.3.2.3.3 Exploring the role of local contexts in land take processes

The ratio of the amount of land converted to urban use between 1987 and 2007 to the amount of land theoretically available for building at the beginning of the study period (1987) was computed at the scale of municipalities separately for the whole

landscape and for three basic classes (cropland, sparse vegetation, natural land). These four indicators (landscape-level and class-level) provide a preliminary assessment of land take (Salvati, 2014). The values of each land take indicator at the municipal scale

were correlated pair-wise to 26 socioeconomic variables using non-parametric Spearman coefficients. The objective of this analysis is to investigate the relationship between the local context and land take processes. The variables selected in this study (see list

in Table 1) assess relevant aspects of the local context in the field of demography (7 indicators), land-use (4 indicators), living conditions (4 indicators), settlements (6 indicators) and regional planning (5 indicators). All variables were derived from official statistics

disseminated at the municipal scale or at a more detailed spatial resolution and then aggregated at the scale of municipalities. Significant correlations were tested using Spearman non-parametric coefficients at p  <  0.01 after Bonferroni's correction for multiple

comparisons.

Table 1.Table 1 List of the context variables considered in the present study.

Acronym Variable Theme Source

DEN Population density 2001 (inhabitants/km2) Demography/
Territory

Census of population (ELSTAT)

VAR Annual population growth rate 2001‐–2011 (%)

RAT Ratio of present to resident population (2001) |

SUP Municipal surface area (km2) | Territorial statistics (ELSTAT)
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DIS Distance from the inner city of Athens (km) | |

ELE Mean elevation (m) | |

SEA Proximity to the sea (0: coastal municipality, 1: inland munic.) | |

URB Built-up area 2010 (%) Land-use Elaboration on Urban Atlas map

ROA Road surface area 2010 (%) | |

IND Industrial and commercial sites 2010 (%) | |

RES Residential buildings 2000 (%) | Census of buildings (ELSTAT)

INC Per-capita income 2001 (euros) Living conditions Prodromidis (2014)

PAR Rate of participation to the job market (2001) Census of households (ELSTAT)

CL1 Highest rank jobs 2001 (%) | Salvati and Di Feliciantonio (2014)

CL9 Lowest rank jobs 2001 (%) | |

ADJ Adjacent buildings 2000 (%) |Settlement |

COM Compact urban fabric 2010 (%) | Elaboration on Urban Atlas map

HIR Discontinuous high-density urban fabric 2010 (%) | |

MER Discontinuous medium-density urban fabric 2010 (%) | |

LOR Discontinuous low-density urban fabric 2010 (%) | |

VLR Discontinuous very low density urban fabric 2010 (%) | |

EVE Pielou's evenness index of landscape diversity (1987) Planning/
Landscape

Elaboration on land-use map
Athens Spatial Planning Organization (ORSA)

OUT Out-of-planning land (%)

YEA Approval year of Municipal Master Plan (1985  =  0) |

REV Master Plan revision/improvement (dummy: 0 = No, 1 = Yes) | |

LAN Land under environmental protection (%) | |

2.3.4.2.3.4 Testing for '‘selective'’ land take

A simplified and flexible procedure based on statistical testing was proposed to assess '‘selective'’ land take at both landscape and class (cropland, sparse vegetation, natural land) level using municipalities as the elementary analysis' domain. Statistical

inference was used to verify if (i) the observed amount of land take for each class is coherent with the null hypothesis of '‘equal land take'’ at the municipal scale ('‘landscape'’ level) and if (ii) the amount of land converted to urban use during 1987‐–2007 for each

class is proportional to the amount of the total class area at the beginning of the study period (1987) ('‘class'’ level). The procedure can be adapted to different land-use nomenclature systems and generalized to different spatial units (administrative,

socioeconomic and biophysical spatial domains, e.g. regions, prefectures, local labourlabor markets, large urban zones, industrial or agricultural-homogeneous districts, elevation zones).

If a city acts as a generalist predator, it was hypothesized that the proportion of land converted to urban use for each class resembles the proportion of land converted to urban use at the landscape scale. Positive (or negative) deviations from this pattern

may indicate selective (or counter-selective) land take (Salvati, 2014). Based on these premises, the share of land converted to urban use for each class between 1987 and 2007 to the respective class area observed for 1987 was considered a random variable

indicating the probability of conversion to urban use.

As far as the '‘landscape'’ level is concerned, an independence chi-square test was run on the observed and expected values of land take for the three classes (cropland, sparse vegetation, natural land) under the null hypothesis of equal consumption

rate at the municipal scale. Null hypothesis was rejected at p  <  0.01 after Yates' correction for continuity. The expected value of land take was determined as the amount of land converted to urban use pooling together cropland, sparse vegetation and natural

land for each municipality in the study area.
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As far as the '‘class'’ level is concerned, a standardized z-score was calculated by computing the absolute difference between the frequency of conversion to urban use for each class and the frequency of conversion to urban use observed for the whole

landscape under the null hypothesis that non-selective land take occurs when the two probabilities converge. The z-score was calculated as follows:

where pc,i is the ratio of the amount of land converted to urban use between 1987 and 2007 to the total amount of land in 1987 for the c-th class and the i-th municipality, pc is the ratio of the amount of land converted to urban use between 1987 and 2007

to the total amount of land in 1987 for the c-th class at the study area level and n is the number of elementary analysis units. In general, the elementary analysis unit can be set up according to different criteria related to the characteristics of source data. In the

present case, n is the number of municipalities with land classified at the c-th class in 1987. Under the central limit theorem (i.e. for enough large sample sizes), z ~ N(0,1) and the null hypothesis of non-selective land take can be rejected with a defined confidence

by computation on the percentiles of the z distribution. In the present case, the null hypothesis was rejected at p  <  0.01 (two-tailed test). Positive (or negative) z-scores indicate selective (or counter-selective) land take.

3.3 Results
3.1.3.1 Descriptive statistics

Built-up areas in Athens extended 13.2% of the regional surface area in 1987 and increased to 18.1% in 2007 (Table 2). Cropland was the most stable (non-urban) class covering 33% and 35% of the study area respectively in 1987 and 2007 and

displaying the highest rate of conversion to urban use. Sparsely vegetated areas decreased from 30% to 25% over the study period with 66% of stable class area and an intermediate rate of conversion to urban use. Natural land showed the largest decrease in

class area, the lowest percentage of stable class area and the lowest rate of conversion to urban use. The three classes forming natural areas (forests, shrubland, sclerophyllous vegetation) showed a distinct spatial pattern with declining class area of forests and

shrubland and with sclerophyllous vegetation expanding into natural and agricultural land.

Table 2.Table 2 Land-use changes in Attica during the study period (left chart: 1987; right chart: 2007).

Class 1987 2007 Annual change (%) Stable class area (%) Developed land (%)

Urban area 13.2 18.1 1.85 94.6 ‐–
Cropland 33.3 34.6 0.19 81.1 3.5

Sparse vegetation 29.7 25.5 ‐− 0.82 66.3 1.6

Natural areas 23.7 21.6 ‐− 0.49 59.2 0.4

Using percent class area, changes over time in the composition of non-urban land were mapped in Figure. 2. Maps illustrate a process of polarization in the use of land along the urban gradient with specific classes prevailing in the landscape at a given

distance from the central city. In 1987 cropland was the dominant use of non-urban land in some fringe municipalities east of Athens (Messoghia district) becoming the most relevant use of land in northern and eastern Attica in 2007 (Oropos, Marathona, Keratea

and Lavrio districts). Sparse vegetation showed a more stable spatial distribution along the study period, being the most representative use of land in fringe municipalities in 1987 and expanding slightly in 2007, especially in Salamina and Aigina islands. Natural

land was distributed rather homogeneously across the study region at the beginning of the study period and declined rapidly in the subsequent twenty years, becoming quite scarce in the majority of Attica municipalities and concentrating in upland and

mountainous areas.
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3.2.3.2 Exploring changes over time (1987‐–2007) in the spatial distribution of non-urban land
The PCA run on the six indicators assessing the percent cover of non-urban land classes for 1987 and 2007 identified two components explaining together 52.5% of the total variance (respectively 27.3% and 25.2%). The biplot illustrating loadings and

scores along the two principal components (Figure. 3) indicated distinct spatial patterns for cropland, sparse vegetation and natural land. Loadings of cropland and sparse vegetation were associated to component 1 with different signs (respectively positive and

negative). Classes forming natural land were positively associated to component 2. Component 2 discriminated urban from suburban municipalities better than Component 1, with the percentage of natural land being the most important variable at larger

distances from Athens.

Figure 2.Fig. 2 The proportion of non-urban class area in the total non-urban land at the scale of municipalities in the study area by year.
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3.3.3.3 Exploring the spatial relationship between the amounts of non-urban land (1987) and of land converted to urban use (1987‐–2007)
The relationship between the amount of land theoretically available to building in 1987 and the share of land developed between 1987 and 2007 in the total municipal surface area was illustrated in Figure. 4. The scatterplot classifies municipalities into

homogeneous groups based on the percentages of land (i) theoretically available to building and (ii) converted to urban use. Three groups were identified: (i) strictly urban municipalities and two classes of suburban municipalities respectively under (ii) low

speculative pressure (with medium-high land availability and low rate of conversion to urban use) and (iii) high speculative pressure (medium‐–low land availability and medium-high conversion rate). While suburban municipalities classified under high

speculative pressure concentrated on Athens fringe, municipalities classified under low speculative pressure were situated in remote areas of northern and eastern Attica.

Spearman non-parametric rank tests were run for each land-use class with the aim to identify significant correlations between land theoretically available to building (1987) and the rate of land conversion to urban use (1987‐–2007). Land take increases

with the proportion of cropland and sparsely vegetated areas in the landscape (respectively rs  =  0.88 and 0.65, both p  <  0.01). By contrast, the three classes forming '‘natural land'’ showed a homogeneous correlation profile with lower and non-significant

Spearman coefficients (shrubland: rs  =  0.49; sclerophyllous vegetation: rs  =  0.41; forests: rs  =  0.36). This result indicates that the amount of natural land taken by urbanization was less affected by the proportion of forests, shrubland and sclerophyllous

vegetation in the landscape.

3.4.3.4 Exploring the role of local contexts in land take processes
The amount of land converted to urban use (1987‐–2007) to the amount of land theoretically available to urbanization (1987) was computed separately for the whole landscape and for three basic classes (cropland, sparse vegetation, natural land) and

Figure 3.Fig. 3 Principal Component Analysis biplot illustrating the spatial relationship between non-urban land-use classes for 1987 and 2007 (dot and cross indicates respectively urban and suburban municipalities; see Section 2.3.1 for definitions).

Figure 4.Fig. 4 The relationship between the percentage of non-urban land in 1987 and the percentage of land converted to urban uses between 1987 and 2007.

elsevier_STOTEN_18841



mapped at the municipal scale (Figure. 5). The percentage of non-urban land in the 1987 landscape increased with the distance from Athens (rs  =  0.79, p  <  0.01, n  =  60) and decreased with population density (rs  =  0.91, p  <  0.01, n  =  60). The index of land

take (landscape level) increased in fringe municipalities around Athens and decreased with the distance from the central city being correlated positively with the percentage of high-density, discontinuous residential settlements in the landscape (Table 3).

Table 3.Table 3 Spearman non-parametric coefficients between land take indicators and context variables (significant coefficients at p  <  0.05 after Bonferroni's correction for multiple comparison; acronym's list in Table 1).

Figure 5.Fig. 5 Land take indicators for Attica.
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Variable Land take index

Landscape Cropland Sparse vegetation Natural land

DEN 0.69

DIS ‐− 0.65

VAR 0.62

RAT ‐− 0.56 0.53

SUP ‐− 0.66

URB ‐− 0.56

SEA ‐− 0.67 0.63

PAR 0.54

HIR 0.44 0.45

ROA 0.54

The highest values of the land take index for cropland were observed in fringe municipalities north of Athens (Oropos district). The land take index was correlated positively with population density and growth, participation rate and road density. Negative

correlations were observed with the distance from Athens and from the coastline, the ratio of present-to-resident population, the municipal size and the percentage of urban areas in the total municipal surface area. The highest values of the land take index for

sparse vegetation were observed for some urban municipalities and fringe municipalities in both northern and eastern Attica (Oropos and Messoghia districts). Sparsely vegetated land take increased with the percentage of high-density residential settlements.

Finally, the highest values of the land take index for natural areas were observed in eastern Attica (Nea Makri) and in some fringe municipalities south of Athens (Vari district) increasing with the distance from the coastline and the ratio of present-to-resident

population.

3.5.3.5 Testing for '‘selective'’ land take
Selective land take was verified for each spatial unit and land-use class (Figure. 5) using the test statistics illustrated in Section 2.3.4. Out of 60 municipalities, selective land take was found in 17 municipalities concentrated in the northern fringe of Athens

(Ano Liosia, Pendeli and Vari districts) and extending 18% of the study area. A different number of municipalities was considered for assessing selective land take by class depending on the presence of the respective land-use class in the 1987 landscape

(cropland was observed in 36 municipalities, sparse vegetation in 58 municipalities and natural land in 46 municipalities). Urbanization-driven selective consumption of cropland was observed in 16 municipalities out of 36 (15% of the total investigated area)

concentrated in the northern fringe of Athens (Pendeli and part of the Parnitha districts). Selective sparse vegetation land take was observed in 16 municipalities out of 58 (6% of the total investigated area) situated in the northern and southern fringe of Athens

(Pendeli and Vari districts). Selective natural land take was observed in 6 municipalities out of 46 (3% of the total investigated area) being sparse across the Athens' fringe (e.g. Nea Makri, Vari).

4.4 Discussion
The present study illustrates a simplified and flexible procedure quantifying urbanization-driven land take over a given time interval. By considering expanding cities as '‘generalist'’ or '‘selective'’ land predators, our approach integrates

exploratory spatial analysis, non-parametric correlations, multivariate and inferential statistics to assess land availability to building, changes in landscape composition and the relationship between these two variables. The indicators of land take

proposed in this study can be generalized to different socioeconomic contexts and territorial conditions. Spatial trends in land take indicators suggest that urbanization-driven land consumption increases in the study area showing heterogeneous

spatial patterns for three basic uses of land (cropland, sparse vegetation and natural land) with different economic and environmental values.

As a general rule, open areas with sparse vegetation, often bordering the consolidated urban areas, represent the largest stock of land for building (Balta and Eke, 2011). Most of the undeveloped land in urban spaces is represented by

this class - showing little natural value and limited capacity for reconversion to non-urban productive uses, such as agriculture. These areas are rarely protected and are more frequently considered as building, sometimes with some constraints

in terms of size and structure of settlements (Magliocca et al., 2015). Agricultural areas are generally classified under moderate building restrictions. Cropland are is urbanized occasionally although they it can accommodate more frequently rural

buildings and service infrastructure for farms (Scott and Kühn, 2012). In many cases, these infrastructures have represented the first elements of a more organized settlement that has gradually expanded consuming arable land (Coisnon et al.,

2014a). Natural land requires specific protection regimes for the socio-environmental services that these areas can provide cities (Kivell, 1993). The level of protection of natural areas around cities is variable but generally the construction of

buildings is prohibited or restricted, especially in national (or regional) parks or where there are landscape or hydro-geological constraints (Irwin and Bockstael, 2004).
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With landscape transformations reflecting the deregulated urban expansion which took place in Greece after the accession to the European Union, the subsequent economic growth and, finally, the 2004 Olympic games, distinct

selective land take patterns were observed at the regional and local scale in the Athens' metropolitan region (Chorianopoulos et al., 2010). Based on our results, selective land take for agricultural areas and sparse vegetation was observed in 16

municipalities (out of 60) covering nearly 18% of the study area. These municipalities are situated on Athens' fringe at a distance from the inner city ranging between 5 and 15  km. Real estate speculation is considered one of the most effective

drivers influencing land take in such context (Salvati et al., 2012). Natural land is consumed proportionally to the availability in the landscape; selective land take was observed in sparse municipalities at higher distances (>  20  km) from the

central city.

In line with previous studies carried out in the Mediterranean region (Paul and Tonts, 2005; Catalán et al., 2008; Moliní and Salgado, 2012; Salvati and Gargiulo Morelli, 2014), the socioeconomic context has been proved to influence

land take processes in Athens. The probability of selective land take increases with the percent cover of medium-high density settlements in each municipality. This is a particularly interesting result since compact settlements are generally

associated to land-saving (and possibly more sustainable) urbanization processes (Deal and Schunk, 2004; Bogart, 2006; Kasanko et al., 2006; Schneider and Woodcock, 2008). Based on these evidence, land-saving strategies can orient

compact and medium-density urbanization towards partly developed areas by converting low-quality fringe land (e.g. sparse vegetation, pastures, abandoned non-vegetated sites) already fragmented by urban expansion (Razin and Rosentraub,

2000).

In Athens, selective consumption of agricultural land was observed more frequently in fringe municipalities with growing population. Cropland ‐ — especially where extensive farming with moderate returns on land is practiced ‐ — is the

preferred use of land to building in municipalities with intense house demand. Results are in line with previous evidence from the analysis of pan-European land-use maps (European Environment Agency, 2006) that identified agricultural land as

the primary '‘victim'’ of either compact and dispersed urban expansion, suggesting that the methodology implemented here can be generalized to vastly different socio-environmental contexts. Measures designed for the protection of peri-urban

agriculture are particularly needed in deregulated Mediterranean contexts (Antrop, 2004).

The development of natural land reflects more heterogeneous patterns of urban expansion (Christopoulou et al., 2007). Natural areas were converted to urban uses mainly in municipalities situated along the sea coast and where the

present (e.g. seasonal) population is greater than the resident population, prefiguring an amenity-driven sprawl model based on second-home expansion (Arapoglou and Sayas, 2009). In these areas, natural land (mainly forests and shrubland)

was often developed after (intentional) wildfire occurrence (Briassoulis, 1992).

Sparse vegetation may represent the intermediate step in the conversion from natural to urban land (Alphan, 2003). As a general rule, these areas, characterized by limited natural value and close to pre-existing settlements, were

consumed proportionally more than the availability in the landscape (Salvati, 2013). In Athens, sparsely vegetated areas were developed mainly in municipalities with discontinuous (medium‐–high density) residential settlements irrespective of

the distance from the central city. The transformation of natural land into urban areas proceeded through multiple conversion steps from natural land to cropland (driven by agricultural intensification in the 1960s and 1970s), from cropland to

sparse vegetation (due to cropland abandonment in the late 1980s and 1990s) and from sparse vegetation to discontinuous settlements in the late 1990s and 2000s. Taken as an indirect evidence of this model, fallow land increased significantly

from 1971 to 2000 in Attica, passing from less than 300  km2 to nearly 360  km2 (Salvati and Ferrara, 2013). Results of the correlation analysis investigating the spatial relationship between the amounts of land available to building in 1987 and of

land converted to urban use between 1987 and 2007 confirm what was illustrated above.

Correlation analysis also outlines the limited effectiveness of urban planning in determining patterns of '‘selective'’ or '‘generalist'’ land take. These findings are in line with previous studies documenting the pervasiveness of informal

settlements and planning deregulation, suggesting that other factors ‐ — e.g. social, economic,  and territorial ‐ — have influenced the processes of urban expansion in a much more relevant way (Fekade, 2000). At the same time, the

effectiveness of measures designed to the protection of natural land (forests, pastures, wetlands) should be further investigated using diachronic land-use mapping (Catalán et al., 2008; Chorianopoulos et al., 2010; Salvati, 2013). Improved

conceptual and operational frameworks are needed to adapt land take indicators to the large information base provided by extensive land-use mapping at the global scale (Bogart, 2006).

Taken together, our results suggest how the analysis of patterns and processes of urban sprawl will benefit from comparative studies carried out in metropolitan areas characterized by a different degree of planning deregulation (Salvati,

2014). Spatio-temporal trends in the land take indicators proposed here provide a base to evaluate informal urban expansion (Oueslati et al., 2015). Their contribution to urban growth monitoring and to the design of policies for the containment of

urban sprawl is relevant and deserves further investigation.

5.5 Conclusions
The transformation of the regional economy and the emergence of new urban forms featuring settlement dispersion, social fragmentation and economic polarization suggest that urban dynamics will inevitable drive the use of land

towards impressive changes. In this sense, peri-urban areas are exemplificative of the land cover changes and landscape rearrangement observed along the urban‐–rural gradient because of the dynamic human pressure they experience.

Indicators of land take coupled with statistical frameworks assessing landscape selectivity for urbanization are promising tools when analyzing the interaction between the probability of land conversion, landscape attributes (e.g. patchiness,

patch size and shape) and socioeconomic factors (e.g. land tenure, price and level of environmental protection). By fixing specific land take thresholds (e.g. intended as a policy target), our methodology can represent a base to monitoring over
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time the differential land consumption by class of land-use and to evaluate the effectiveness of land management/conservation measures.

Our results definitely outline the importance of an integrated analysis of socioeconomic, functional and morphological aspects of urban development at both the regional and the local scale. In this sense, the municipality proved to be an

enough detailed spatial domain for quantitative analysis. Further investigation can address the objective of a complete integration of intra-municipal data on settlement patterns as a support to sustainable planning measures and urban design.

Providing valuable insights into the mutual interactions between landscape structure and urbanization may contribute to the understanding of complex processes of growth and change in contemporary cities. The conservation of natural areas

intermixed with cultivated land along urban fringes contributes to the development of green infrastructures preserving important ecosystem services and securing rural traditions and local food systems.
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Highlights

• We investigated land take processes driven by urbanization at the municipal scale in Athens' region.

• We used socioeconomic indicators to assess how the local context may influence land take.

• Urban expansion into fringe land consumes primarily cropland and sparse vegetation.

• Urban planning seems to have no direct impact on selective land take.
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