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Abstract 

 

Ongoing urbanization and population growth affect physical, ecological and socio-

economic processes within and beyond urban areas. In this context, the physical spatial 

structure of cities serves as a basis for understanding urban areas in their entirety in 

order to achieve a sustainable urban growth. This PhD thesis deals with the problem of 

urban expansion and green space fragmentation. The well-being of urban citizens 

appears to be closely linked to a balanced growth of urban areas and to the availability 

of green spaces. Given the current trend of urbanization, the availability of Urban Green 

Areas (UGAs) is an important indicator of environmental quality. The main objectives 

are: (I) providing an understanding of socioeconomic drivers shaping urban growth 

(m2/inhabitant) in the European urban context; (II) developing a methodology 

identifying the elements sensitive to urbanization (urban sprawl) to improve the 

sustainability of urban development; (III) locating lands, that, if converted into 

connected elements, would enhance the connectivity of the existing Green 

Infrastructures (GIs); (IV) defining an index of priorities for increasing the GI territory; 

(V) assessing the distance between urban settlements and the closest Urban green areas 

(UGAs) access point. For the first time in the literature, a methodology combining the 

analysis of the distance to UGAs with the assessment of accesses point and UGAs 

usability has been proposed. The series of steps (III) to (VI) is applied on the 

municipality of Rome (Italy) as a case study. 

 

Key words: urbanization, ecological connectivity, urban green areas, ecosystem 

services, accessibility. 
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Sintesi 

 

Questa tesi affronta il problema dell'espansione urbana e della frammentazione dello 

spazio verde. Il benessere dei cittadini urbani sembra essere strettamente legato a una 

crescita equilibrata delle aree urbane e alla disponibilità di spazi verdi. Data la tendenza 

attuale dell'urbanizzazione, la disponibilità di aree verdi urbane (UGAs) è un importante 

indicatore della qualità ambientale. Gli obiettivi principali sono: (I) fornire una 

comprensione dei driver socioeconomici che modellano la crescita urbana (m2/abitante) 

nel contesto urbano europeo; (II) sviluppo della metodologia che identifica gli elementi 

sensibili all'urbanizzazione (espansione urbana incontrollata) per migliorare la 

sostenibilità dello sviluppo urbano; (III) localizzare le terre, che, se convertite in 

elementi connessi, migliorerebbero la connettività delle infrastrutture verdi (GI) 

esistenti; (IV) definire un indice di priorità per aumentare il territorio delle GI; (V) 

valutare la distanza tra insediamenti urbani e il punto di accesso della UGA più vicino. 

Per la prima volta in letteratura, è stata proposta una una metodologia combinata della 

distanza alle UGAs con la valutazione del punto di accesso e della fruibilità delle 

UGAs. La serie di passaggi (da III) a (VI) è applicata al comune di Roma (Italia) come 

caso di studio. 

 

Parole chiave: urbanizzazione, connettività ecologica, aree verdi urbane, servizi 

ecosistemici, accessibilità. 
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1. Introduction 

In the last century, a continuous increase of population and urban areas was observed 

worldwide (Pacione, 2009). More than half of the world's population (54%) currently 

lives in urban areas (United Nations 2014) and this proportion is expected to grow to 

66% by 2050. A comparable trend is expected for Europe, with 73% of its population 

actually residing in urban areas, likely overcoming 80% by 2050 (United Nations 2014).  

Therefore, urbanization is one of the most relevant factors causing landscape changes, 

affecting ecosystem health and human well-being for the generations to come (Antrop 

2004). The many-sided economy-environment relations observed in dynamic socio-

ecological systems contribute to social problems, determining an increased vulnerability 

of places and people (Pacione 2009). Urbanization-driven land-use changes in 

wealthiest countries usually determine a progressive reduction of agricultural land and a 

consequent moderate expansion of natural land including forests (EEA 2006; EEA 

2011; Haase et al. 2014; Paulsen 2014; Breuste et al. 2015). Compact and dispersed 

expansion of urban settlements represent the two most commonly observed paths of 

urbanization. 

Compact urban growth is associated with settlement concentration and a medium-high 

level of population density, while dispersed urban growth occurs when people tend to 

move to suburban areas with a consequent decline in the population living in core cities 

(Zitti et al. 2015). 

In last decades several cities in Europe have undergone a very fast transition from the 

traditional ‘compact growth’ model to more ‘dispersed’ ones, characterized by huge 

expansions of the built-up areas around the core (Schneider and Woodcock, 2008; 

Salvati et al., 2012, 2016; Duvernoy et al., 2018). The rapid and uncontrolled scattering 

of urban settlements is defined as “urban sprawl” (EEA, 2006). Urban sprawl increased 
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rapidly (by 1.7% per year between 2006 and 2009, see EEA, 2016) and is expected to 

continue throughout all European countries. 

Many studies show that urban sprawl has long-lasting detrimental effects on 

environmental, economic and social functions (Ewing et al., 2008; Johnson, 2001; 

Doygun, 2009; Barbero-Sierra et al., 2013; Wilson and Chakraborty, 2013; Sallustio et 

al., 2015; EEA, 2016). For topographical and economic reasons, agricultural land 

represents the most widespread, cheap and suitable land cover type for building in 

Europe (Kasanko et al. 2006; EEA, 2006; Frondoni et al., 2011). Land taken by urban 

and other artificial land development was therefore formerly occupied, to a large extent, 

by agricultural land (Camagni et al. 2002; Quatrini et al. 2015). It was demonstrated that 

the conversion of productive farmland with fertile soil into urbanized areas, especially 

with low-density settlements, may lead to inefficient land allocation (Frenkel 2004). The 

efficiency in the use of land is a representative concept adhering to the sustainable 

development paradigm. This trends of urban sprawl in many parts of Europe contradict 

the goals of sustainable development established in the 2030 Agenda for Sustainable 

Development of the United Nations (2014) and more recently in the Urban Agenda for 

the European Commission, (2016). Thus, sustainability will become an increasingly 

more critical issue as sprawl advances (Haber, 2007; Pili et al., 2017).  

There is a great interest in devising meaningful measures for urban sprawl. For this 

purpose, the measures “urban density”, “land use efficiency”, “per capita land use 

consumption”, etc  have been used (e.g., Pendall, 1999; Masek et al., 2000 and Barbosa 

et al. 2015). Land use efficiency is operatively linked to the ratio of developed land to 

resident inhabitants and can be assessed using the ratio between built-up area and 

resident inhabitants (Zitti et al. 2015). Being sprawl defined as dispersed and possibly 

inefficient urban growth, several indicators that examine the critical impact of 
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urbanization on land resources have been developed (Hasse and Lathrop 2003). Despite 

new and more complex indexes have been recently introduced (Luck and Wu 2002; 

Solon 2009), the amount of built-up area per-capita has been demonstrated to be a 

particularly suited indicator for diachronic studies of urbanization-driven land 

consumption at both local and regional scales (e.g. Quatrini et al. 2015). A thorough 

analysis of land-use efficiency should focus on regional (administrative regions, 

economic districts, etc) and, especially, local scales (e.g. municipalities), since these 

administrative units have the authority to allocate land to the most efficient uses, 

screening alternative choices for long-term environmental sustainability and residents’ 

well-being (Giannakourou 2005; Hoymann 2011). In this perspective Nature-Based 

Solutions (NBS) are crucial elements to support the growing interest in providing 

sustainable urban design and planning (European Commission 2015). NBS encompass a 

wide range of interventions to bring more, and more diverse, natural features and 

processes into cities and landscapes. Specifically, NBS has an important role to play in 

sustainable urbanization, by supporting the implementation and optimization of green 

and grey infrastructures (European Commission 2015; Sanesi et al. 2016). 

The Green Infrastructure (GI) approach applies key principles of landscape ecology to 

urban environments, specifically: a multi-scale approach with explicit attention to 

pattern-process relationships, and an emphasis on connectivity (Ahern, 2007; Jim 2013; 

Marchetti et al. 2015). The GI-driven method is based on the primary concept that an 

interconnected network of green features enhances a city’s resilience (e.g. climate 

mitigation, run-off, and flood peak reduction) and brings added benefits (Dige 2011). 

Green space elements should, ideally, be designed and linked to form a system that 

includes ecologically important ‘hubs’ as well as key landscape linkages whilst 

functioning as an integrated whole (Walmsley 2006). Morphological Spatial Pattern 
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Analysis (MSPA) allows to classify elements of the GI into its key components; in 

particular ‘hubs’ (core areas), and ‘links’ (bridges) (Soille and Vogt 2009). MSPA 

provides the tools to classify structural connecting elements of the GI and examine their 

connectivity at any spatial scale (Vogt et al. 2007; Soille and Vogt 2009). MSPA has 

been used in different parts of the world for assessing GI at national and regional scale 

(Ostapowicz et al. 2008; Wickham et al. 2010; Clerici and Vogt 2013). Nevertheless, 

only a few studies have been developed at urban scale (Barbati et al. 2013; Chang et al. 

2014; Ramos-Gonzales 2014; Kang and Kim 2015).  

The ecological connectivity provided by urban green areas (UGAs) (such as parks, 

riparian areas, and other green spaces) is fundamental in maintaining vital ecological 

processes and ecosystem services as well as making a necessary contribution to the 

social dimension of sustainable urbanization (Andersson 2006; Madureira et al. 2011; 

Saura et al. 2011; Pirnat and Hladnik, 2016). In this perspective, UGAs around newly 

built-up areas can be considered an essential natural capital in the urban context. 

Creating a balance between urban development and the availability of UGAs is an 

environmental challenge which impacts on the quality of the lives of the inhabitants and 

on the economic performance of cities (Kabisch and Haase, 2014). 

Accessible and usable UGAs are important indicators of the environmental quality of 

urban areas. In particular, given the current urbanization trend, the availability of UGAs 

accessible from new residential settlements is an important issue to be considered in the 

sustainable governance, management, and design of metropolitan areas. In order to 

evaluate the accessibility to UGAs, a crucial aspect is the presence of access points 

(actual accesses) along the perimeter which enable users to enter green spaces. The 

results of an analysis of accessibility to UGAs may highlight the effects of urban 

expansion in terms of sustainability, linking spatial distribution of accessible and usable 
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UGAs with new residential settlements, and underlining the role of UGAs as nature 

based solution for contrasting urban sprawl (Lafortezza et al., 2013, Fan et al., 2017a). 

The approach can help urban planners and managers to set action priorities at local 

scale.  

Finally, the goals of this thesis closely linked to one of the targets of United Nations 

Sustainable Development Goal 111: "By 2030, provide universal access to safe, 

inclusive and accessible, green and public spaces, in particular for women and children, 

older persons and persons with disabilities. 

 

                                                           
1 Goal 11: "Make cities and human settlements inclusive, safe, resilient and sustainable"; see: 
http://www.un.org/sustainabledevelopment/cities/ for the full list of targets related to this goal. 
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2. State-of-the-art 

2.1. Urbanization, connectivity and fragmentation 

This chapter reviews and discusses the literature on landscape ecology applications in 

landscape planning with an emphasis on sustainability in urban environments. The 

section begins with urbanization as an issue and explains how it leads to fragmentation 

and the loss of connectivity. After giving a brief overview of issues related to 

fragmentation, it steps on to the relationship between Urbanization and sustainability.  

Urbanization can be defined as a dynamic process, where the land is mainly modified 

with an extension of the urbanised area and/or increased population (Niemelä, 1999; 

Dawson et al., 2014). Although different social processes are regarded as the main 

drivers of urbanization (i.e., population growth and employment opportunities),  the 

process of urbanization itself affects social, economic and political life (Macionis et al., 

2004; Dawson et al., 2014). 

In general, Urbanization is thought to have adverse effects on the nature, biodiversity, 

the quality of life of people as well as the functioning of local and global ecosystems 

(Alberti, 2005). Since the built-up areas cover a large proportion of the land surface in 

urban environments, they are generally thought to be more disturbed and degraded 

compared to rural areas (Pickett et al., 2001; Alberti, 2005). On the other hand, it has 

been reported that urbanization may also provide favourable conditions for biodiversity 

as it creates and supports a variety of species because of the diversity of habitats 

included in urban environments (Gilbert 1989; Niemelä 1999; Andersson 2006). This is 

a typical example of the work undertaken by Gaston et al. (2005) who demonstrated that 

domestic gardens in Sheffield contain a large amount of biodiversity. Moreover, Savard 

et al. (2000) drew the attention to some other benefits of urban ecosystems to people, 

species and the other aspects of biodiversity (e.g., population structure and genetic 
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diversity). This is evident in the case of the cultivation of rare plants in urban areas, 

which may attract species that are dependent on those plants. However, changes in the 

existing land uses/covers and fragmentation have assumed to be the most important 

environmental issues associated with the process of urbanization (Saunders et al., 1991; 

Bennett, 1998; Turner et al., 2001; Bennett, 2003). The term fragmentation reflects both 

a status and process. As a status, fragmentation can be defined as the degree of isolation 

of previously connected landscape components (Franklin et al., 2002 and Bennett et al., 

2010). As a process, it implies a dynamic process of structural and functional changes in 

a landscape where a continuous habitat type is split into separated patches with different 

sizes, shapes and functions (Forman, 1995; Lindenmayeret al., 2006; Selman, 2006). 

Bennett (2003) synthesize the major effects of fragmentation under structural changes in 

the landscapes and adverse effects on wildlife. With regard to its effects on landscape 

structure, fragmentation causes the loss and/or degradation of valuable habitats with an 

increasing isolation – or in other words the loss of connectivity (Lindenmayeret al., 

2006; Bennett, 1998; Bennett, 2003; Farina, 1998; With, 2002; Hilty et al., 2006).  

Therefore, the maintenance of connectivity has been regarded as a worldwide concern to 

mitigate the detrimental effects of fragmentation as well as the conservation of the 

nature and biodiversity. 

 

2.2. Urbanization and sustainability 

Antrop (2006) said that the relationship between urbanization and sustainability largely 

depends on their dynamic interactions and interdependencies with environmental, 

societal and economic processes. In urban areas, natural habitats and biodiversity have 

been subjected to intense human disturbances, and so urban environments and their 

surroundings have been the focus of conservation efforts (Gill et al., 2007). In 
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conjunction with the increased concerns for nature and biodiversity, several authors (Du 

Pisani, 2006; Kuhlman and Farrington, 2010 among others)  have raised the question of 

sustainability as a central issue in urban areas. The theme of sustainability in urban areas 

has become a response to the growing concern for the quality of the natural environment 

as well as the social and economic life in the early nineteenth century.  

With regard to sustainability in landscapes, it is claimed that a generally accepted 

definition of landscape sustainability is lacking or it is generally defined in different 

contexts (Wu, 2013; Selman; 2008). While some researchers used the Brundtland 

Report as the source of definition with an 

emphasis on the maintenance of ecological integrity and basic human needs (Forman, 

1995 and Turner at al., 2013), some highlighted the importance of natural capital and 

ecosystem services (Haines-Young, 2000 and Potschin et al., 2006), while others 

considered the localisation and self-regenerative capacity as the essential property of 

sustainability in landscapes (Selman, 2007). 

Selman (2008) claims that environmental sustainability stems from landscape ecology 

as a response to the fragmentation of landscapes with an emphasis on the importance of 

landscape multi-functionality, ecosystem services and/or resilience. As some authors 

have said (Termorshuizen, 2007; Selman, 2008; Musacchio, 2009;  Wu, 2013, among 

others) first of all, a sustainable landscape should maintain and improve landscape 

connectivity to facilitate species’ life cycles as well as sustaining healthy and viable 

populations through a biodiverse network of habitats. 

The scattered growth of cities often involves moving away from urban sustainability 

goals. Urban sprawl affects essential environmental, economic and social functions the 

importance of which is often underestimated (EEA, 2016). In order to control urban 

sprawl and provide more sustainable cities, as stated by Ozus et al. (2011) and Raymond 
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et. (2017), UGAs are widely known as frameworks for implementing NBSs. Corona et 

al. (2014a) said that the policy and the urban planning processes should take decisions 

“evidence-based”.  

Against this background, UGAs are Green Infrastructure elements, as pointed out by 

Lafortezza et al. (2013) and Fan et al. (2017), known as a framework for preserving and 

increasing environmental values in urbanized contexts supporting a wide range of 

ecosystem services benefiting the health and well-being of people as well as meeting the 

different needs of people.  

 

2.3. Accessibility to UGAs in urban context 

The analysis of UGAs by agreed sustainable indicators is one of the first steps to 

support urban sustainable planning (Gupta et al., 2012, 2016; Kabisch et al., 2016; 

Sanesi et al., 2016). The accessibility of UGAs for residents at European and 

international level is one of the most debated indicators on making cities more 

equitable, resilient and sustainable. Consequently, this has been the focus of planning 

and research over recent decades (Baycan-Levent and Nijkamp, 2009; Kabisch et al., 

2016). For example, a number of studies have shown that good accessibility to UGAs 

results in the better physical and psychological health of city dwellers from a long-term 

perspective (EEA, 2010; Hartig et al., 2014). However, accessibility is a broad and 

flexible concept than can be defined according to the particular field of interest. 

Clarifying its definition is an important prerequisite for further analysis aimed at 

supporting urban planning options regarding UGAs. According to the definition 

reported by La Rosa (2014), accessibility means the ability to approach something and 

denotes an intrinsic spatial feature related to the possibility for city dwellers to reach a 

particular place. Distance, therefore, is a major aspect in relation to UGA accessibility 
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indicators (Ekkel and de Vries, 2017). The frequency of visits to UGAs declines with 

increasing distance (Coombes et al., 2010) and proximity is an important determinant of 

use (Kaczynski et al., 2014). A distance which is not far from the living environment 

and which is manageable for all population groups is classified in various planning 

disciplines as ‘within walking distance’ (Grunewald et al., 2017). The definition of 

threshold values is usually based on literature which considers distance from the 

residential environment and minimum area sizes (European Commission, 2001; 

Handley et al., 2003; Barbosa et al., 2007; Grunewald et al., 2017; Poleman, 2016; 

Richter et al., 2016). Several methods are available to estimate the accessibility to a 

UGA based on “walking distance” (Higgs et al., 2012; La Rosa, 2014). A recent 

approach is to measure the nearest neighbor, for example, the distance to the closest 

UGA using the distance along a road network in a Global Information System (GIS) 

environment (Comber et al., 2008; Coombes et al., 2010; Gupta et al., 2016; Kabisch et 

al., 2016). This approach obtains accurate results, although it requires more data and 

analysis (La Rosa, 2014). In the last decade, network analysis of urban green spaces has 

been applied at a city scale or at a hierarchical level to investigate relations between 

accessibility to UGAs and health benefits (Coombes et al., 2010), or in relation to the 

distribution of ethnic and religious trends (Barbosa et al., 2007; Comber et al., 2008). 

To date, only a few studies have assessed UGA accessibility in the context of rapid land 

transformation and urban sprawl (Fan et al., 2017c). In order to evaluate the 

accessibility to UGAs, a crucial aspect is the presence of access points (actual accesses) 

along the perimeter which enable users to enter green spaces. In fact, UGAs may be 

publicly available or not, fenced or not, or restricted to specific social groups (Low, 

2013). Furthermore, in order to improve the knowledge on the “usability” of green 

areas, their amenities (i.e. benches), trails, playgrounds and pathways within them 
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should be taken into account. These facilities promote the more comprehensive 

enjoyment of UGAs (Sanesi and Chiarello, 2006; Ottoni et al., 2016; O’Brien et al., 

2017; Terkenli et al., 2017). Nevertheless, no information is usually available about 

their actual access and usability. To the best of my knowledge, this is the first time that 

an analysis of distance to UGAs has been combined with the assessment of access 

points (“actual accessibility”) and “usability”, using a new methodological approach 

based on Urban Atlas (UA), a free European geographical dataset (Urban Atlas 2012).  
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3. Aims and Structure 

The following research objectives and questions are addressed in this study (Table 1): 

Table 1: Research objectives and research questions of the study 

 
       Research Objectives 

 
                   Research Questions 

 
 
(I) To provide new knowledge about 
socioeconomic drivers shaping urban 
growth (m2/inhabitant) in the 
European urban context; 

 
- Is the urban gradient a relevant factor that shaping 
ecological processes and ecosystem services in 
European regions? 
- Which are the relevant socioeconomic gradients that 
may influence land consumption? 
Which is the socio-economic profile of European cities 
with high efficiency in land use? 

 
(II) To develop a methodology 
identifying the elements sensitive to 
urbanization (urban sprawl) to 
improve the sustainability of urban 
development; 

 
 
- Where are the most sensitive areas of GI to be 
preserved from urban encroachment? 

(III) To locate lands, that, if 
converted into connected elements, 
would enhance the connectivity of the 
existing GIs and to define an index of 
priorities for increasing the GI 
territory; 

- How can be identified arable lands in the vacant 
border territories that, if converted into connected 
elements, would enrich the connectivity? 
- How can be defined an index of priorities for 
increasing the GI territory by NBSs? 

(IV) To assess the distance between 
urban settlements and the closest 
Urban green areas (UGAs) access 
point. 

- Is it possible to provide a more comprehensive 
definition of accessibility and usability of UGA? 

- What factors should be taken into account when 
planning new settlements to favour the use of UGAs? 
 

 

In accordance with the research objectives and questions formulated in the previous 

section, the framework of this study comprises three working steps.  

The first working step (§5. Multidimensional analysis of lan-use efficiency) of the study 

comprises to verify the hypothesis that “land use efficiency” varies along cities 

depending on a diverse set of socioeconomic and territorial drivers. To address this 

issue, this study proposes an exploratory data analysis of urban land-use efficiency over 

417 metropolitan regions located in five European areas (Atlantic, Northern, Central, 
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Eastern, and Southern regions). The analysis aims at disentangling the role of 

socioeconomic context on land-use efficiency patterns observed across European 

metropolitan regions by applying a multi-step statistical strategy incorporating a general 

linear model and multivariate exploratory techniques applied to a wide set of 

morphological and functional indicators. This approach allows to identify the factors 

underpinning local development in different urban types.  

In the scope of the second working step (§6. Urban ecosystem conservation and 

enhancement of the Green Infrastructure), was be proposed a methodology to locate 

environmentally sensitive areas of a city’s GI and to provide a prioritized investment 

strategy for its growth. A new methodology for analysing the GI at city level is used, 

making the most out of the combined use of UA resources and MSPA techniques. This 

approach has been applied to the GI of Rome’s municipality in Italy as a case study. In 

the case of Rome, the dynamics of urban development are similar to that for many cities 

worldwide. The model of Rome’s urban sprawl is similar to other Italian and European 

cities (Salvati 2013). 

In the third working step (§7. Accessibility and usability of the urban green areas), 

accessibility and usability are analysed of UGAs in the municipality of Rome, a semi-

compact city evolving towards a more dispersed and polycentric urban form (Frondoni 

et al., 2011; Salvati et al., 2012). In particular, the aim at assessing accessibility to 

UGAs from both old and new residential settlements. 

4. Data collection 

Land-use datasets and thematic indicators are crucial to explore landscape change 

drivers (Salvati et al., 2016). For instance, socioeconomic, political and cultural factors 

influence land-use decisions, especially when focusing on definite peri-urban landscape 
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structures (Pinto-Correia and Kristensen, 2013, Hennig et al., 2015). Social indicators 

can be related to any given local context influencing metropolitan structures and 

organization (Moos and Mendez, 2015). Under the hypothesis that the progressive shift 

to capitalism and market economies has widened population and income disparities in 

metropolitan regions, demographic and economic indicators (e.g. assessing population 

concentration and income distribution) have been especially considered when 

investigating social forces underlying landscape changes (Paulsen, 2014, Hennig et al., 

2015, Zitti et al., 2015). In order to empirically assess urban sprawl in Europe, several 

data sources have been used. Statistical geo-referenced data were combined with raster 

and vector geospatial data, in a process that uses the database Urban Audit as a starting 

point, and complements it with spatial information on land-use and land-cover provided 

by the UA data sets. 

4.2. Land use and land cover data 

The land use/land cover data are obtained from the European Urban Atlas (UA) project 

(http://www.eea.europa.eu/data-and-maps/data/urban-atlas). The UA study region 

encompasses the Large Urban Zones (LUZ) as defined by Urban Audit program. The 

Urban Atlas project was undertaken by the European Environment Agency (EEA) and 

all the cities with more than 100.000 and 50.000 inhabitants were mapped for the 

reference years 2006 and 2012, respectively. It is part of the Global Monitoring for 

Environment and Security (GMES)/Copernicus land monitoring service program and is 

distributed free of costs in vector/polygon format over the Internet by the EEA (EEA 

2010a). The Urban Atlas nomenclature for all classes is shown in Table 2. Urban Atlas 

maps are scaled 1:10,000 with 0.25 ha Minimum Mapping Unit (MMU) for Urban 

classes and 1 ha for Rural classes. UA legend was designed to be comparable with the 

Corine Land Cover nomenclature system. The nomenclature of the Urban Atlas 
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“Continuous” and “Discontinuous Urban Fabric” classes (see Table 2) is based on the 

CORINE land cover classes “Continuous Urban Fabric > 80%” and “Discontinuous 

Urban Fabric 30-80%”. Nevertheless, some refinements were made. While the class 

“Discontinuous Urban Fabric >80%” was retained, the class “Discontinuous Urban 

Fabric 30-80%” was subdivided into two classes. Additionally, two further classes were 

added to the Urban Atlas classification scheme, namely “Discontinuous Urban Fabric 

10-30%” and “Discontinuous Urban Fabric <10%” (Prastacos et al., 2012).  

The production of the Urban Atlas datasets has been carried out mainly on the basis of 

high-resolution (2.5m) satellite images (e.g. Spot 5, Quickbird, Formosat-2, Kompsat-2 

and ALOS Data) in combination with topographic, land use and ancillary maps (EEA 

2010b: 2; Stathakis and Tsilimigkas, 2013). The degree of sealing of the 

“Discontinuous” and “Continuous Urban Fabric” classes was derived using a soil 

sealing layer (EEA, 2010b). This layer provides a quantitative measure of the area 

covered by buildings, streets and other artificial objects. The production process of the 

Urban Atlas datasets involved a mix of classification and image-interpretation 

(Prastacos et al., 2012) following uniform standards which are described in a specific 

mapping guide (EEA, 2010b). Thus, the Urban Atlas datasets are permitting comparison 

of land use/land cover between the participating European cities (EEA, 2010a). 
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Table 2: Urban Atlas nomenclature 

Class 
Code 

 
Nomenclature 

2006 

Nomenclature 
2012 

Usage 

11100 
Continuous Urban Fabric 
(Sealing Degree > 80%) 

 Residential 
 

11210 
Discontinuous Dense Urban Fabric 
(Sealing Degree 50 - 80%) 

 Residential 

11220 
Discontinuous Medium Density Urban 
Fabric (Sealing Degree 30 -50%) 

 Residential 

11230 
Discontinuous Low Density Urban Fabric 
(Sealing Degree 10 - 30%) 

 Residential 

11240 
Discontinuous Very Low Density Urban 
Fabric (Sealing Degree < 10%) 

 Residential 

11300 
Isolated structures  Non-residential 

12100 
Industrial, commercial, public, military 
and private units 

 Non-residential 

12210 
Fast transit roads and associated land   

12220 
Other roads and associated land   

12230 
Railways and associated land   

12300 
Port Areas  Non-residential 

12400 
Airports   

13100 
Mineral extraction and dump sites   

13300 
Construction Sites  Non-residential 

13400 
Land without current use   

14100 
Green urban Areas  Artificial non-agricultural 

vegetated areas 

14200 
Sports and leisure facilities   

20000 
Agricultural areas, semi-natural areas and 
wetlands 

 Agricultural areas 

21000 
 Arable land 

(annual crops) 
 

22000 
 Permanent crops  

23000 
 Pastures  

24000 
 Complex and 

mixed cultivation 
 

25000 
 Orchards  

30000 
Forests  Natural and (semi-)natural 

areas 

40000 
Water  Natural and (semi-)natural 

areas 
 

Table 2: Urban Atlas nomenclature 
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In order to ensure a high quality of the Urban Atlas datasets, the production process 

further included a three-step validation. This comprised a project intern quality 

assessment, independent experts as well as a technical review by the European Topic 

Centre on Land Use and Spatial Information (Prastacos et al., 2012). UA database is a 

valuable source with which to analyse environmental quality indicators for the largest 

European cities. This geodatabase is filling a gap in the data about landscape structure 

and land-use in a large sample of metropolitan regions in Europe. 

4.1. Socio-economics data 

The Urban Audit database is a project coordinated by EUROSTAT that aims to provide 

a wide range of indicators (around 300) and variables of several socio-economic, 

environmental, and other aspects for a sample of the main European cities that 

represents the population distribution. The project ultimate goal is to contribute towards 

the improvement of the quality of urban life: it supports the exchange of experience 

among European cities; it helps to identify best practices; it facilitates benchmarking at 

the European level and provides information on the dynamics within the cities and with 

their surroundings. 

The spatial dimension of the cities is defined at three different scales: the core city, 

which encompasses the administrative boundary of the city; the Larger Urban Zone 

(LUZ), which is an approximation of the functional urban region centred around the 

core; and the Sub-City District level (SCD), a subdivision of the LUZ (Eurostat, 2004). 

Since urban sprawl is a phenomenon that particularly affects the fringe of the cities and 

spreads over the whole urban region, the main unit of analysis in first part of this thesis 

will be the LUZ. It has been used the boundaries of the LUZs provided by the Urban 

Audit project in order to delineate the efficiency of land use, while the core city 
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definitions is used to identify the key components of the GI and the accessibility to 

UGAs. 

Urban Audit is clearly not perfect but represents the main effort to compile data as 

comparable as possible across different countries within Europe and, although it does 

not include all the cities, to date it is the best available dataset in that direction. 2014, 

2011, 2008, 2004 and 2001 are the reference years for the main data collection.  
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5. Multidimensional analysis of land-use efficiency  

 5.1. Methodology 

 5.1.2. Study area 

A total of 417 cities from 27 European Countries has been investigated (see Figure 1). 

The investigated cities have been classified into five main European regions following 

the indications provided by Hall and Hay (1980): (1) North and Atlantic Europe (79 

cities); (2) Western Europe (84 cities); (3) Central Europe (82 cities); (4) Eastern (117 

cities) and (5) Southern Europe (55 cities). Cities boundaries are based on the European 

Urban Areas statistical classification (http://www.urbanaudit.org/) and correspond to the 

Large Urban Zones (LUZ) of the Urban Audit program, and consist of cities and their 

commuting zones. The LUZ is an attempt to find a harmonised delineation of 

metropolitan areas in Europe, intended as an area from which a significant share of the 

residents commute into the city (Eurostat 2004). European LUZs were considered the 

elementary spatial unit in the first part of work. This choice is motivated with the fact 

that earlier studies have successfully explored sprawl patterns and processes at the LUZ 

level (e.g. Salvati et al., 2016). Such spatial unit usually includes suburbs and a 

considerable part of neighboring rural areas where sprawl have manifested in the last 

two-three decades (Oueslati et al., 2015, Pili et al., 2017, Zambon et al., 2017). 
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Figure 1: The spatial distribution of the cities investigated 

 

5.1.2. Assessing per-capita built-up area 

Land-use efficiency was calculated by the proxy variable per-capita built up area (ratio 

of built-up areas to resident population) for each LUZ in the sample set of 417 cities for 

the reference year 2012. Built-up area for each LUZ was devised from the UA classes 

related to residential areas (considering all UA urban classes with code '1.x' accept the 

'1.410x' class which includes urban parks and gardens with mainly pervious land). 

Resident population was derived from the Eurostat Urban Audit database for the year 

2011. The spatial domain chosen in the present study allows comparison with external 

data sources, including statistical datasets derived from official sources. The data 

collected were checked for internal and external consistency following the approach 

proposed by Salvati et al. (2013). 

5.1.3. Landscape and socioeconomic indicators 

A set of 54 indicators describing biophysical and socioeconomic conditions were 

collected for each European LUZ included in this study. Indicators (listed in Table 3) 

were classified in two research domains: (i) socio-economic and territorial factors and 
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(ii) land-use composition and landscape structural attributes. Indicators were derived 

from statistical data at the LUZ scale for each studied city. Socioeconomic and 

territorial indicators were obtained respectively from the Urban Audit database and the 

UA maps. Variables describing landscape structure were calculated using patch analysis 

toolkit for ArcMap version 10 (ESRI) on the basis of UA maps for the year 2012. 
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Table 3: List of variables (italics indicate the dependent variable; independent variables were classified by research theme) 

  

Acronym Name Measure unit Data source               Year 

pc built-up Per-capita built-up area m2 Inhabitant-1 Eurostat 2011 

Socioeconomic and territorial indicators 
Pop dens Population density Inhabitants/km2 Eurostat             2011 
Mun size Municipal surface area km2 Eurostat 2011 
Area Large urban zone area km2 Urban Atlas 2012 
Capital Country capital city Yes/No (1/0) Urban Atlas 2012 
Airport Presence of an airport Yes/No (1/0) Urban Atlas 2012 
Port Presence of a harbor Yes/No (1/0) Urban Atlas 2012 

Northern European Region    
Central European Region    
Southern European Region    
Atlantic European Region    
Western European Region    
Eastern European Region    
Inc%(00-07) Increase of per-capita disposable income % Eurostat 2000-2007 
Inc%(08-14) Increase of per-capita disposable income % Eurostat 2008-2014 
pc income Per-capita disposable income Euros Eurostat 2000 

Landscape structure 
SDI Shannons Diversity Index  Urban Atlas 2012 
SEI Shannons Eveness Index  Urban Atlas 2012 
AWMSI Area Weighted Mean Shape Index  Urban Atlas 2012 
MSI Mean Shape Index m/ha Urban Atlas 2012 
MPAR Mean Perimeter-Area Ratio m/ha Urban Atlas 2012 
MPFD Mean Patch Fractal Dimension m/ha Urban Atlas 2012 
AWMPFD Area Weighted Mean Patch Fractal Dimension  Urban Atlas 2012 
ED Edge density m/ha Urban Atlas 2012 
MPE Mean Patch Edge m/patch Urban Atlas 2012 
MPS Mean Patch Size m/patch Urban Atlas 2012 
MedPS Median Patch size m/patch Urban Atlas 2012 
PSCoV Patch Size Coefficient of Variance  Urban Atlas 2012 

Land-use composition 
1110 Continuous Urban Fabric (Sealed Land > 80%) % in total land Urban Atlas 2012 
1121 Discontinuous Dense Urban Fabric (SL: 50% - 80%) % in total land Urban Atlas 2012 
1122 Discontinuous Medium Density Urban Fabric (SL: 

30% - 50%) % in total land Urban Atlas 2012 
1123 Discontinuous Low Density Urban Fabric (SL: 10% - 

30%) % in total land Urban Atlas 2012 
1124 Discontinuous Very Low Density Urban Fabric (SL: < 

10%) % in total land Urban Atlas 2012 
1130 Isolated built-up structures % in total land Urban Atlas 2012 
1210 Industrial, commercial, public, military and private 

units % in total land Urban Atlas 2012 
1221 Fast transit roads and associated land % in total land Urban Atlas 2012 
1222 Other roads and associated land % in total land Urban Atlas 2012 
1223 Railways and associated land % in total land Urban Atlas 2012 
1230 Port areas % in total land Urban Atlas 2012 
1240 Airports % in total land Urban Atlas 2012 
1310 Mineral extraction and dump sites % in total land Urban Atlas 2012 
1330 Construction sites % in total land Urban Atlas 2012 
1340 Land without current use % in total land Urban Atlas 2012 
1410 Green urban areas % in total land Urban Atlas 2012 
1420 Sports and leisure facilities % in total land Urban Atlas 2012 
2100 Arable land (annual crops) % in total land Urban Atlas 2012 
2200 Permanent crops % in total land Urban Atlas 2012 
2300 Pastures % in total land Urban Atlas 2012 
2400 Complex and mixed cultivation pattern % in total land Urban Atlas 2012 
3100 Forests % in total land Urban Atlas 2012 
3200 Herbaceous vegetation association % in total land Urban Atlas 2012 
3300 Open spaces with little or no vegetations % in total land Urban Atlas 2012 
4000  Wetlands % in total land Urban Atlas 2012 

5000 Water bodies % in total land Urban Atlas 2012 
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5.1.4. Statistical analysis 

A data mining strategy incorporating Principal Component Analysis (PCA), step-wise 

multiple regression and non-hierarchical clustering was run on the full sample of cities 

(n = 417). The multivariate techniques considered here were aimed at (i) analysing the 

spatial distribution of land use efficiency using descriptive statistics; (ii) exploring land-

use efficiency along relevant geographic gradients using principal component analysis; 

(iii) investigating spatial convergence in land-use efficiency using regression models; 

(iv) profiling municipalities for urban land-use efficiency using non-hierarchical 

clustering. The indicators considered in each statistical analysis are listed in Table 1. To 

explore multiple spatial relationships among response indicators, a PCA was run on a 

data matrix including values of all response indicators for each of the 417 cities. The 

PCA aimed at classifying municipalities into a few homogeneous groups according to 

the latent spatial patterns of per-capita built-up area. This analysis allows also to explore 

spatial variability of land-use efficiency along relevant geographic and socioeconomic 

gradients. Components with eigenvalue > 2 and component loadings > |0.45| were 

considered in the analysis (Salvati et al. 2013). 

A multiple regression model was performed to explain spatial variability of per-capita 

built-up area based on 36 predictors (see section 2.4). A forward step-wise multiple 

regression analysis was run using per-capita built-up area as the dependent variable to 

identify response indicators most associated with the level of land-use efficiency. 

Predictors were included in the model when the p-level associated to the respective 

Fisher-Snedecor test was lower than 0.01.  

A non-hierarchical clustering (using the k-means computation strategy) was run on the 

variable matrix with the aim to profile municipalities based on their urban land-use 

efficiency. Following the criterion of parsimony, the analysis was carried out for a set of 
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solutions (cluster numbers). The most efficient cluster partition was identified using 

pseudo F statistic and the Cubic Clustering Criterion as diagnostic statistics (Duran and 

Odell 1974; Salvati and Zitti 2009). Based on cluster membership, each k-means group 

of municipalities was profiled using the average values of contextual indicators 

considered in the analysis. To allow comparison among different research dimensions, 

indicators were standardized using (z) scores computing (positive or negative) 

deviations from the indicator's average. Per-capita built-up area was considered as a 

supplementary variable and significant differences in the average value of this variable 

by cluster were evaluated using a Kruskal-Wallis analysis of variance testing at p < 

0.05. 

5.2. Results 

5.2.1. Principal Component Analysis 

PCA analysis allowed to identify the main gradients associated to land use efficiency in 

the 417 selected cities. The PCA extracted 6 components explaining together more than 

50% of the total variance (Table 4).  

The first component (PC1) is correlated to a large number of background indicators and 

explains 24.3% of the total variance. Indicators linked to territorial characteristics and 

economic activities including population density, landscape diversity and patch 

fragmentation, continuous (1110) and discontinuous (1121, 1122) urban fabric, presence 

of ports and airports are positively correlated to this component. Agricultural and forest 

land are negatively correlated to PC1. Taken together, these results suggest that 

component 1 represents a sort of urban-rural gradient common to all European regions, 

also highlighting that dense cities are well-differenced from less dense ones, since 

population density received a highly positive loading (0.91). Cities where population 
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density is higher are also smaller in terms of municipal area, with the variable assessing 

LUZ surface area being negatively correlated to this axis. 

Table 4: Principal Component Analysis loadings (see Table 3 for acronyms; only loadings > |0.45| were reported) 

Variable PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 
Central     -0.50  
Southern  -0.63     
Atlantic  0.54     
Western   -0.46    
Eastern   0.72    
Pop dens 0.91      
pc built-up -0.66  -0.48    
Mun size  -0.45     
Area(log) -0.67      
Inc%(00-07)   0.78    
Inc%(08-14)  0.55     
pc income   -0.75    
SDI 0.86      
SEI 0.89      
AWMSI    -0.62  0.47 
MSI  0.74     
MPFD  0.54  -0.45   
AWMPFD 0.59      
ED 0.93      
MPE -0.66 0.53     
MPS -0.81      
MedPS  0.55     
1110 0.45      
1121 0.73      
1122 0.69 0.47     
1123 0.48      
1130   -0.45    
1210 0.85      
1221 0.49      
1222 0.93      
1223 0.56   0.49   
1330 0.45      
1340 0.53      
1410 0.73      
1420 0.74 0.51     
2100 -0.45     -0.61 
2300     0.53  
3100 -0.47     0.49 
3200  -0.49  -0.45   
Explained variance (%) 24.3 9.3 7.4 5.2 4.5 4.2 
       

Component 2 (PC2) explains 9.3% of the total variance and shows a clear geographic 

gradient, being associated negatively with ‘Southern’ cities in Europe and positively 

with ‘Atlantic’ cities. Cities belonging to Mediterranean Europe are therefore located in 

the negative part of this axis and are characterised by low total surface area. The cities 

belonging to Atlantic Europe are grouped in the positive side of this axis and are 
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characterized by greater values of the shape index (MSI), the fractal index (MPFD), the 

perimeter index (MPE) and the median land (MedPS). Atlantic cities are also 

characterized by a very high percentage of discontinuous medium-density urban fabric 

(1122). Between 2008 and 2014, Atlantic cities also show an increase of per-capita 

available income compared with the rest of Europe. 

The third component (PC3) explains 7.4% of the total variance highlighting a 

geographical gradient that separates Eastern from Western Europe: a negative loading (-

0.46) was attributed to the indicator identifying Western European cities, the reverse 

being observed for Eastern European cities (0.72). Western European cities are 

characterized by higher values of per-capita built-up area. Income growth between 2000 

and 2007 was higher in the cities of Eastern Europe than in the rest of Europe. Despite 

economic expansion, Eastern cities had the lowest level of per capita available income 

in Europe at the beginning of the study period (2000). Concerning landscape structural 

variables, isolated built up structures (1130) are more frequent in Western cities. 

PC4 explains 5.2% of the total variance. This component is positively correlated to 

fractal indexes of landscape parcels (AWMPFD and MPFD). PC4 suggests how cities 

characterized by a less fragmented landscape structure are those with more network 

infrastructures and with a high proportion of herbaceous vegetation. PC5 (4.5% of the 

total variance) highlights that the cities of central Europe have a low proportion of 

pastures within their boundaries. The last considered component (PC6) explains 4.2% of 

the total variance and identifies a cropland-forest gradient; cities characterized by high 

percentage of cropland are located along the negative side of the axis while those cities 

with a good proportion of forests are grouped in the positive side of the axis. Finally, 

cities with larger urban woodlands are characterized by a high fractal index. 
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5.2.2. Multiple regression model 

Results for the regression models developed separately for the whole sample (n = 417) 

and for each European region are reported in Table 5. The regressive model for all 

surveyed European cities has a highly significant (p < 0.0001) adjusted R² (0.73). 

Models' results indicate that per-capita built-up area increases in Western cities when 

metropolitan landscape is characterized by large median patches (MedPS), with highly 

dispersed urban settlements (1130), cities with an airport and cities situated in Northern 

Europe. Per-capita built-up area decreases in the cities with predominance of compact 

residential settlements (1110), industrial settlements (1210) and high landscape 

heterogeneity (SEI). The model also shows a negative association between per-capita 

built-up area and per-capita available income or rate of income growth in the period 

2000-2007. ‘Atlantic’ and ‘Southern’ Europe cities are negatively associated to per-

capita built-up area. The models developed for the different European regions are highly 

significant (p < 0.0001), being the adjusted R² always higher than 0.7, except for the 

model representing Southern European cities, with an adjusted R² rounding 0.64. The 

model developed for the ‘Atlantic’ cities includes only three covariates. Per-capita built-

up area in this European region increases with mean patch size (MPS) and the 

proportion of isolated built-up structures (1130) in total landscape. The wealthiest cities 

(i.e. with the highest per-capita available income) totalized systematically low values of 

per-capita built-up area. 
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Table 5: Step-wise multiple regression analysis results 

Variable Beta Err.Std. t(403) p-level   
Total sample: Adj-R²= 0.73; F(13,403)=86.3; p<0.0001; D.W.=1.59  
1210 -0.109 0.043 -2.5 0.0127  
1110 -0.273 0.034 -7.9 0.0000  
Western 0.160 0.032 5.0 0.0000  
MedPS 0.278 0.034 8.2 0.0000  
1130 0.256 0.030 8.4 0.0000  
SEI -0.266 0.043 -6.2 0.0000  
Northern 0.122 0.027 4.4 0.0000  
Atlantic -0.195 0.034 -5.7 0.0000  
1310 0.121 0.027 4.5 0.0000  
Inc%(00-07) -0.285 0.048 -5.9 0.0000  
Airport 0.122 0.028 4.4 0.0000  
pc income -0.176 0.050 -3.5 0.0005  
Southern -0.113 0.032 -3.5 0.0006  
Atlantic Europe: Adj-R²=0.77; F(3,65)=75.6; p<0.0001; D.W.=1.99  
MPS 0.683 0.061 11.3 0.0000  
1130 0.388 0.061 6.4 0.0000  
pc income -0.146 0.059 -2.5 0.0153  
Eastern Europe: Adj-R²=0.72; F(10,106)=30.9; p<0.0001; D.W.=1.64  
1110 -0.365 0.065 -5.7 0.0000  
Inc%(00-07) -0.409 0.066 -6.2 0.0000  
Area(log) 0.185 0.068 2.7 0.0075  
PSCoV -0.158 0.054 -2.9 0.0046  
Mun size -0.203 0.054 -3.8 0.0003  
1221 -0.190 0.056 -3.4 0.0009  
4000 0.178 0.053 3.4 0.0010  
1420 -0.189 0.059 -3.2 0.0018  
1310 0.124 0.051 2.4 0.0169  
Airport 0.126 0.058 2.2 0.0306   
Central Europe: Adj-R²=0.80; 
F(9,72)=36.2; p<0.0001; D.W.=2.04 

    
 

1310 0.289 0.054 5.4 0.0000  
1130 0.254 0.060 4.2 0.0001  
MPE 0.360 0.082 4.4 0.0000  
1221 -0.248 0.073 -3.4 0.0010  
pc income -0.173 0.061 -2.9 0.0056  
SDI -0.265 0.085 -3.1 0.0028  
1124 0.172 0.058 2.9 0.0044  
1122 -0.176 0.072 -2.4 0.0169  
PSCoV -0.115 0.057 -2.0 0.0478  
Western Europe: Adj-R²=0.86; 
F(11,72)=48.6; p<0.0001; D.W.=2.02 

    
 

1410 -0.185 0.077 -2.4 0.0187  
pc income -0.114 0.047 -2.4 0.0183  
1420 -0.385 0.070 -5.5 0.0000  
MPFD -0,186 0,056 -3,3 0,0015  
MPS 0.591 0.112 5.3 0.0000  
1340 0.210 0.053 4.0 0.0002  
1223 -0.293 0.062 -4.7 0.0000  
1230 0,148 0,048 3,0 0,0033  
PSCoV -0.138 0.050 -2.8 0.0069  
AWMPFD 0.188 0.083 2.3 0.0268  
MPAR -0.121 0.058 -2.1 0.0409  
Southern Europe: Adj-R²=0.64; 
F(5,49)=19.9; p<0.0001; D.W.=1.75 

    
 

1110 -0.500 0.091 -5.5 0.0000  
MedPS 0.292 0.107 2.7 0.0090  
1130 0.273 0.093 2.9 0.0051  
1223 -0.204 0.087 -2.3 0.0231  
Port -0.220 0.098 -2.2 0.0291  
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In ‘Eastern’ European cities per-capita built-up area is positively associated to large 

cities (with high ‘Area(log)’) and the presence of at least an international airport. 

However, per-capita built-up area in this region is negatively associated with the 

proportion of continuous urban fabric (1110), income growth between 2000 and 2007 

(inc 00-07%), variability in patch size (PSCoV) and municipal size (Mun size). Based 

on this model, be can also evidence that the lower the level of per-capita built-up area 

the greater is the presence of sport and leisure facilities. In ‘Central’ Europe, per-capita 

built-up area is positively associated with the presence of isolated settlements and 

fragmentation of landscape patches. In this region, the wealthiest cities show the lowest 

value of per-capita built-up area, in turn negatively associated with landscape diversity 

(high values of SDI and PSCoV). Average size (MPS) and fractal dimension of 

landscape patches (AWMPFD) determine high values of per capita built up areas while 

fractal index (MPFD), variability in patch size (PSCoV) and patch perimeter-to-area 

ratio are associated with a decrease in the dependent variable.  

Results for the ‘Western’ cities highlight how in this part of Europe per-capita built-up 

area is negatively associated with per-capita available income, the presence of urban 

green areas, leisure facilities, and network infrastructures. As observed earlier, the 

greater is the mean size of patches, the lowest is land-use efficiency. In ‘Southern’ 

Europe, the dependent variable increases when the landscape is less fragmented (high 

MedPS) and with isolated built up structures (1130). Conversely, per-capita built-up 

area decreases in compact cities (1110) with network infrastructures (1223) and port 

areas. 

5.2.3. K-means clustering 
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Non-hierarchical clustering classified the selected European cities into 4 homogeneous 

groups (Table 6). Cluster size ranges from 38 cities (cluster 1) to 126 cities (cluster 4). 

Cluster membership for each city is reported in Figure 2. 

Table 6: Results of non-hierarchical k-clustering: standardized scores per variable and group (bold indicates 
standardized scores with significant deviations from a null model) 

Variable Cl1 Cl2 Cl3 Cl4 

# cities 38 81 172 126 
Pop dens 1.65 0.91 -0.20 -0.81 
Mun size -0.95 0.17 -0.20 0.45 
Area(log) -1.48 -0.63 0.33 0.40 
Capital -0.06 0.25 -0.11 0.01 
Airport -0.73 -0.22 0.22 0.06 
Port 0.06 0.57 0.00 -0.38 
Inc%(00-07) -0.33 -0.19 -0.40 0.77 
Inc%(08-14) 0.45 -0.67 0.05 0.23 
pc income 0.44 0.26 0.45 -0.92 
SDI 1.52 0.97 -0.19 -0.82 
SEI 1.68 0.91 -0.21 -0.81 
AWMSI -0.03 -0.10 -0.26 0.42 
MSI 0.49 -0.92 -0.01 0.46 
MPAR 0.87 -0.10 0.01 -0.22 
MPFD 1.13 -0.24 -0.09 -0.07 
AWMPFD 1.03 0.63 -0.09 -0.59 
ED 1.63 0.97 -0.12 -0.95 
MPE -0.30 -1.19 -0.08 0.97 
MPS -0.95 -0.95 -0.19 1.15 
MedPS 0.11 -1.01 0.03 0.57 
PSCoV -0.71 -0.20 -0.17 0.58 
1110 0.28 1.00 -0.34 -0.26 
1121 2.09 0.33 -0.24 -0.51 
1122 2.26 0.02 -0.16 -0.48 
1123 0.85 0.50 -0.05 -0.51 
1124 -0.23 0.53 0.01 -0.29 
1130 -0.54 0.60 0.21 -0.51 
1210 2.20 0.61 -0.30 -0.65 
1221 0.47 0.88 -0.09 -0.58 
1222 1.86 0.87 -0.21 -0.83 
1223 1.56 0.33 -0.23 -0.38 
1230 0.64 0.40 -0.16 -0.23 
1240 0.76 0.05 -0.09 -0.14 
1310 0.18 0.17 -0.11 -0.02 
1330 0.57 0.61 -0.20 -0.30 
1340 1.05 0.58 -0.24 -0.37 
1410 2.34 0.24 -0.26 -0.51 
1420 2.34 0.11 -0.15 -0.58 
2100 -0.81 -0.43 0.02 0.50 
2200 -0.26 0.54 -0.08 -0.15 
2300 -0.25 -0.11 0.30 -0.26 
2400 -0.12 0.29 -0.11 -0.01 
3100 -0.79 -0.57 0.13 0.44 
3200 -0.26 0.65 -0.17 -0.11 
3300 -0.08 0.55 -0.12 -0.16 
4000 -0.02 0.08 -0.04 0.00 
5000 0.14 0.20 -0.14 0.01 
pc built-up* -1.12 -0.74 0.28 0.44 
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Figure 2: The spatial distribution of selected indicators 

 

K-means clustering identified a gradient of land-use efficiency for the studied cities 

with highly significant differences in per-capita built-up area among clusters (Hk,w = 

53.1, nobs = 417, ngroups = 4, p = 0.002). This gradient was oriented from Cluster 1, 

representing the most efficient cities in the use of land, to Cluster 4, indicating cities 

with less efficiency in the use of land. Cluster 1 includes dense cities with average 

population density 1.65 times higher than the sample mean and a LUZ surface area 1.48 
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times lower than the sample mean. These European cities have also a heterogeneous 

landscape: Shannon diversity and evenness index (SDI and SEI) are 1.52 and 1.68 

points above average, respectively. Concerning land-use composition, cities belonging 

to this cluster are characterized by discontinuous low- and medium- density urban 

fabric, presence of infrastructures (railways and roads), green urban areas, sport and 

leisure facilities and land without current use. Cluster 1 is dominated by English cities, 

with 26 out of 38 cities in this cluster located in the United Kingdom. The remaining 

cities are located in West Germany, Lithuania, Netherlands and, with only one city, 

Latvia and (Northern) Italy. The 81 cities belonging to Cluster 2 show average and 

median landscape patch size significantly lower than the reference value of the entire 

sample. More than half of the cities in Cluster 2 are situated in Mediterranean countries 

(Italy, Spain, Greece, Portugal and Malta). Cluster 3 includes 172 European cities, with 

absence of characteristic variables. This cluster may depict average conditions for land-

use efficiency in European metropolitan regions. Finally, the 126 cities constituting 

Cluster 4 have higher mean patch edge (MPE) in respect with the other three clusters, 

with cities mainly located in Eastern Europe and particularly in East Germany, 

Romania, Bulgaria and Czech Republic. 

 

6. Urban ecosystems conservation and enhancement of the Green Infrastructure 

 6.1. Methodology 

 6.1.1. Study area 

The Rome’s municipality (Figure 3) has a surface area of about 129,000 ha consisting 

mainly of uplands and lowlands. This land forms part of 15 neighbourhoods, which 

form an integrated system of administrative units of Rome Municipality under statute 

No.11/2013 
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(https://www.comune.roma.it/PCR/resources/cms/documents/delib_N_11_del_11_03_2

013.pdf). 

 

Figure 3: Administrative units of Rome’s municipality within LUZ. Coordinate system in WGS84 UTM 33N 

 

Although urban areas occupy a significant portion of the municipal territory, the 

majority of the surface area is cultivated land, pasture, and forest. 

According to Salvati et al. (2016), the spatial extent of built-up areas is quadrupled 

between 1949 and 2008 from 6.5% to 27.5% in the municipality of Rome and its larger 

urban zone. In the specific case of Rome, the sprawl of built-up areas has been aided by 

the presence of heterogeneous agricultural areas, characterized by a land mosaic of 

cultivations, scattered houses, and areas of natural vegetation. Today, however, land-

take is controlled in protected territories within of Rome municipality which cover 

around 32% of Rome municipal area. This territory is some 40,600 ha and includes a 

diversified and complex heritage of green spaces; agricultural land, parks, historical 
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monumental complex, public gardens and urban green areas. 

6.1.2. Selection of land use data 

The UA 2012 dataset for Rome was locally validated with the map of the natural and 

semi-natural environments for the Lazio region (Chirici et al. 2014). This regional map 

is based on the Corine Land Cover (CLC) nomenclature system as the UA map 

(Maricchiolo et al. 2005). The Lazio map also overlaps in time with UA map. However, 

the Map of the natural and semi-natural environments for the Lazio region has higher 

thematic and spatial accuracy for rural classes than the UA map, with an MMU equal to 

5000 m2 and overall thematic accuracy of at least 85%. Because of this disparity we 

compared the two maps and selected only the rural land mapped on the UA map with 

the same CLC code as the Lazio map of the natural and semi-natural environments for 

mapping Rome’s green infrastructure (see §6.1.3); similarly, areas mapped as arable 

land by the regional map, but classified differently by the UA map were reclassified as 

arable land. Overall, the area covered by our analysis is smaller than the original LUZ of 

Rome as it is limited to city’s administrative boundaries (Figure 3). 

Finally, we used the UA change 2006-2012 layer. This was derived from the 2006 and 

2012 UA data products and maps the land use/cover changes which occurred between 

these two dates. We identified rural to urban changes to locate areas affected by land 

take in Rome’s municipality during the period. Land use/cover change MMU is 0.1 ha. 

6.1.2. Morphological analysis spatial patterns and components 

Morphological image processing techniques were introduced almost four decades ago 

with the purpose of analysing the shape and form of objects (Soille 2003). The 

methodology relies on the use of the free software toolbox Graphical User Interface for 

the Description of Image Objects and their Shapes (GUIDOS) 
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(http://forest.jrc.ec.europa.eu/download/software/guidos), which implements MSPA. 

MSPA allowed us to segment a raster binary map into seven different and mutually 

exclusive green infrastructure elements (Soille and Vogt 2009): (i) ‘core’, (ii) ‘islet’, 

(iii) ‘bridge’, (iv) ‘loop’, (v) ‘branch’, (vi) ‘edge’ and (vii) ‘perforation’. The process is 

based on user-defined rules for outlining connectivity and edge width (Soille and Vogt 

2009). Connectivity can be set to either four (cardinal directions only) or eight 

neighbors (pixel corner and border pixel). 

MSPA can be applied to identify hubs and links from a single land cover/land use map 

by creating structure from the spatial relationships between land cover features 

(Wickham et al. 2010). Component analysis converts the MSPA elements into 

connected and isolated core areas. MSPA and component analysis were applied to map 

and classify GI elements for the municipality of Rome. 

6.1.3. Current GI and elements sensitive to urban encroachment 

The following UA classes were selected as focal land use/cover elements for GI 

mapping: “urban green areas” (1.4.1), “pastures” (2.3), “forests” (3.1), “herbaceous 

vegetation associations” (3.2), “open spaces with little or no vegetation” (3.3), 

“wetland” (4) and “water” (5). They are recognized as potential components of the GI 

(Landscape Institute 2009; Karhu 2011). To run MSPA, the resulting GI map using a 10 

m pixel size was rasterized. All the other land cover classes were assigned to the 

background. The default 8-neighbourhood rule and set edge width values equal to 10 m, 

20 m, and 40 m, which are integer multiples of the pixel resolution, was applied. MSPA 

classes were subsequently gathered in components. Component analysis then provided 

the number of core areas and the overall size of the network of connected core areas and 

isolated core areas. Results from GUIDOS analysis and other auxiliary variables (GI 

territory outside protected areas and land take 2006- 2012) have been taken into account 
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to characterize the GI coverage and level of protection across different neighborhoods in 

the city. In order to locate the most sensitive areas of GI to be preserved from urban 

encroachment, recent land take patches, as mapped by UA change 2006-2012, were 

used to locate zones under recent urban expansion at city level. A buffer of 300 m 

around 2006-2012 land take patches was delineated. The buffer width was defined in 

accordance with “European Common Indicators, ECI Indicator 4 – Availability of 

public open areas and services”, one of the urban sustainability indicators recognized at 

European level (Tarzia 2003). Green spaces within this distance are regarded accessible 

to citizens. On this basis, it was assumed that city development strategies should 

prioritize conservation strategies of the current GI around sensitive elements located 

within the 300 m buffer and located outside the borders of protected areas. This 

basically translates into city development strategies able to control urban sprawl into the 

vacant territories covered by arable land bordering sensitive elements. Based on the area 

in hectares of the current GI in the buffer, the administrative units were divided into 3 

levels of priority (low, medium, high) according to quantiles. 

6.1.4. Scenario of GI expansion and prioritizing intervention action across 

administrative units 

Arable land class (class 2.1), formulated from the validated UA 2012 allowed us to 

identify potential target areas for the enhancement of the current GI. Arable lands within 

the 300 m buffer from land take were regarded as more susceptible to future urban 

encroachment. Accordingly, these border areas were selected and added to the current 

GI territory to simulate an expanded GI scenario. The resulting map was processed by 

GUIDOS MSPA and component analysis performed as described in section 6.1.2. 

It is unrealistic to believe that urban sprawl can be stopped by the conversion of all 

vacant arable land into GI elements. However, city development strategies can prioritize 
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investments in the neighborhoods where NBSs for the expansion of current GI are most 

needed. To this end, administrative units were classified according to an index based on 

four variables (protected areas, agricultural area in the buffer and outside protected 

areas, isolated components, land take) so as to establish priorities of action: the higher 

value of the index, the higher the priority of intervention. According to the budget 

allocation process (BAP) (Nardo et al. 2005; Tomao et al. 2015), five experts were 

asked to allocate a budget of one hundred points to the four selected variables (based on 

their experience and their subjective judgment). The choice of weights reflects the 

importance assigned to each component of the index. Once the responses of selected 

experts were collected, the weights applied to each variable were calculated as the 

average ‘budgets’. The sum of ‘average’ weights is 100. The absolute value of index of 

each administrative unit is the sum of products between variables and weights. The 

index is the normalized with the min-max method. Based on the index value the 

administrative units were divided into 3 levels of priority (low, medium, high) 

according to quantiles. 

6.2. Results 

6.2.1. Current GI and land take in Rome Municipality 

The territory of Rome's municipal GI, as mapped on the validated UA, covered a 

surface of nearly 23,000 ha in 2012, corresponding to about 18% of the municipality  

(Figure 4). According to the UA 2006-2012 change layer, land use/ land cover change 

amounts to about 3,000 ha in Rome’s municipality. Over 50% of this is land take, i.e. 

change from “rural/natural” classes to artificial surface. In particular, mapped land take 

amounted to 1,767 ha (857 polygons) corresponding to 1.4% of the city area. Land take 

occurred mainly outside of protected areas (94%). 
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Figure 4: GI in the Rome’s municipality according to UA 2012 
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6.2.2. Current GI connectivity 

The MSPA was used to classify green areas within the municipal boundaries as 

structural classes of GI depending on their size and shape. The structural pattern is 

affected by the edge width used in the analysis and so three different edge width values 

(10 m, 20 m, 40 m) were compared to assess the size and the number of GI elements. 

Table 7 shows the structural component analysis based on the MSPA results. In terms of 

percentage of pixel compared to foreground, different MSPA analysis highlight that 

core areas decreased 17 % with 20 m edge and 32% with 40 m edge with respect to core 

areas with 10 m edge. 

Table 7: MSPA class proportion for different edge widths values of GI. Total is the amount of foreground in the map 

 
Class 

 
Edge width= 10 m 

 
Edge width= 20 m 

 
Edge width= 40 m 

% % % 
Core 73,76 56,21 41,25 
Islet 0,98 3,16 9,09 
Perforation 0,49 0,33 0,33 
Edge 20,88 28,5 29,16 
Loop 0,14 0,45 1,4 
Bridge 1,01 4,38 8,12 
Branch 2,75 6,98 10,65 
Total 100 100 100 

 

The effect of the edge width plays an important role with links. Elements classified as 

bridges range from 1% for 10 m edge to nearly 8% for 40 m edge, whereas branches 

increase as much as fourfold compared with those analysed with edge equal to 10 m. 

Generally, link areas coincide to linear elements of the landscape such as rivers or minor 

channels including riparian zones and narrow woodlots. The link areas was more 

affected to edge influence than core areas. According to the results, link areas was 

classified as core areas when edge width is not too different from their width. 

Otherwise, as the edge with increases, linear elements take on a role of connectors 

(bridges) or thicker branches. A 10 m edge was applied for component analysis to take 
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into account the role of linear elements as core areas. In this case the structural pattern 

of the GI better reflects the potential of the core areas. In terms of surface area, 

connected components cover about 15,900 ha, nearly to 90% of the total covered by 

components (Table 8), nevertheless, their number is less than 50% of the total. The 

average size of the connected core areas is about 16 ha. 

Table 8: Core areas and network summary statistics of GI 

 
    Component 

 
Edge width= 10 m 

number ha 

Connected core areas 996 15.900 

Isolated core areas 1.241 1.817 

Total 2.237 17.717 

 

On the contrary, the number of isolated core areas corresponds to 55% of the number of 

components but they cover only 10% of the total component area. The average size of 

isolated cores is 1.5 ha. 

6.2.3. GI elements sensitive to urban encroachment: conservation priority 

Over half of the current GI area is included within the boundaries of a protected area 

(13,300 ha), whereas the 42% (10,700 ha) occupies lands without any legal restriction to 

land take. Sensitive elements in the GI cover about 1,900 ha, equal to 1.5% of total 

surface of the municipality and 8% of the current GI. These elements are non-uniformly 

distributed throughout the 15 administrative units of the municipality, as shown in 

Figure 5. Most of the vulnerable areas, which are 150 ha to 390 ha in size, are in just 

five administrative units (6, 9, 11, 12, 14) on the periphery of Rome. Close to the city 

center, almost completely covered by built-up areas, the number and size of sensitive 

areas that could still be preserved are substantially smaller. 
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Figure 5: Conservation priority in the current GI 
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6.2.4. Scenario of GI expansion 

Arable lands vulnerable to land take cover a surface of 9,734 ha. If all these agricultural 

areas were converted into elements of the network, the GI would rise to 32,800 ha. In 

simulation scenario, core areas territory increase by 2% (about 7,900 ha), while the area 

covered by bridges and branches remains stable (Table 9). 

 

Table 9: Comparison MSPA classes in current and simulated scenario of GI expansion. Edge width = 10 m 

Class Current GI Simulated scenario GI  
% ha % ha 

Core 73,76 17.127 75,94 25.037 

Islet 0,98 196 0,56 161 

Perforation 0,49 112 0,75 247 

Edge 20,88 4.814 19,75 6.466 

Loop 0,14 32 0,16 51 

Bridge 1,01 267 0,79 262 

Branch 2,75 561 2,05 585 

Total 100 23.109 100 32.809 

 

According to component analysis, spatial connectivity would also increase (Table 10). 

Connected components are larger than those in the current GI and their average size 

ranges up to 23 ha. Overall, the surface of connected core areas increases by about 

7,345 ha, compared to the current network. 

 

Table 10: Simulated core areas and network summary statistics for edge width equal to 10 m 

Component  Edge width= 10 m 

number ha 

Connected core areas   1.017 23.335 

Isolated core areas 1.230 2.498 

Total 2.247 25.833 
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6.2.5. Prioritizing intervention for the enhancement of the GI 

The BAP approach resulted in the following ‘average’ weights assigned to the four 

selected variables; 10 (SD=5.0) for protected areas, 41 (SD=5.5) for agricultural areas in 

the buffer and outside protected areas, 22 (SD=7.6) for isolated components, and 27 

(SD=5.7) for land take. Figure 6 shows the variation of the normalized index value 

across the administrative units of Rome’s Municipality. 

Administrative units in the core of the city show the lowest index values (less than 

0.45), while units 3, 8, 9, 10, 11 fall in the highest index classes (greater than 0.65). For 

administrative units with the highest indicator values the creation of useful elements to 

improve the structural connectivity of the network and to limit land take is a priority. 

Figure 7 shows an example of the selection of vulnerable arable lands around land take. 

 

Figure 6: Priority index for GI enhancement 
 
 
 



49  

 
Figure 7: Selection of vulnerable arable lands around land take in an administrative unit with high priority of GI 

enhancement 

  



7. Accessibility and usability of the urban green areas

 7.1. Methodology 

 7.1.1. Selection of land use data

For the analysis conducted in the third step of this thesis, all artificial surfaces with 

residential use (code 1.1) were extracted from the UA dataset available for the year 

2012. Land cover change from 2006 to 2012 was used to identify land take: all the

residential settlements that in 2006 were encoded as natural surfaces (codes 2 and 3) 

were selected (see Figure 8). Land take from 2006 to 2012 has been related to the UGAs 

distribution.  

 

 

Figure 8: Land use/land cover data obtained from Urban Atlas
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For the analysis conducted in the third step of this thesis, all artificial surfaces with 

residential use (code 1.1) were extracted from the UA dataset available for the year 

2012. Land cover change from 2006 to 2012 was used to identify land take: all the new 

residential settlements that in 2006 were encoded as natural surfaces (codes 2 and 3) 

were selected (see Figure 8). Land take from 2006 to 2012 has been related to the UGAs 
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The UGAs were selected according to the UA definition (code 1.4.1). The total surface 

area covered by UGAs in the municipality of Rome is about 3,550 hectares (UGA 

average area = 3.2 ha, CV = 290%). All UGAs with an area below 0.5 ha were excluded 

from the analyses. Indeed, several definitions of accessibility identified a minimum 

threshold of 5,000 m2 for the inclusion of UGAs in the accessibility indicator (see 

ISPRA, 2010). A summary of the main statistics of the selected UGAs (n=932) for each 

administrative unit is given in Table 11.  

Table 11: The main features of the UGA system within each Rome administrative unit 

 
Administrative unit 

UGAs 
(no.) 

Total surface of 
UGAs (ha) 

Mean surface of 
UGAs (ha) 

 
1 64 227,2 3,5 

2 94 193,9 2,1 

3 18 63,5 3,5 

4 19 217,8 11,5 

5 43 126,9 3,0 

6 31 262,9 8,5 

7 78 305,7 3,9 

8 89 397,2 4,5 

9 66 226,6 3,4 

10 90 307,9 3,4 

11 56 192,3 3,4 

12 39 119,7 3,1 

13 34 80,5 2,4 

14 79 289,7 3,7 

15 132 433,8 3,3 

 

In the urban core, i.e. the administrative units 1 and 2, no residential settlements were 

established from 2006 to 2012. Indeed, they have been characterized by a continuous 

urban fabric since 2006, according to UA classification. For this reason, administrative 

units 1 and 2 were excluded from the analysis regarding accessibility to UGAs from 

new settlements. The main statistics of land converted to residential land uses in the 

study area are reported in Table 12. 
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Table 12: Statistics of land converted to residential land uses due to the establishment of new residential settlements 

 
Administrative unit 

New residential 
settlements  

(no.) 

New residential 
settlements  

(ha) 
1 - - 

2 - - 

3 14 14,2 

4 9 8,0 

5 2 1,7 

6 57 63,4 

7 15 10,1 

8 1 0,6 

9 36 62,6 

10 17 20,1 

11 14 13,2 

12 13 17,9 

13 17 15,6 

14 33 40,3 

15 28 22,1 

 

7.1.2. Population data 

The population living in the urban settlements under consideration was assessed using 

Eurostat’s 2011 GeoStat population grid (European Commission, 2016). The dataset 

contains the count of persons at their usual place of residence per km² for the reference 

year 2011 on the date of the Census. Each cell of the grid covers 1 km2. Only inhabited 

grid cells are present in the dataset. The population living in each UA residential 

polygon was obtained by intersecting the UA layer with the population grid in a GIS 

environment. The population of the 1-km2-cell associated to each UA urban patch was 

then weighted for the area of the UA polygon. To give a more precise result, the total 

area of each urban polygon was previously multiplied by the percentage of urban fabric 

actually present in the polygon (see Table 13). When UA polygons intersected with 

several cells of the population grid, the population of each portion was summed. In the 

case of the UA polygon falling outside the grid, the population estimates were obtained 

by multiplying the area of the polygon by the average population density of the city. 
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Table 13: Percentage of urban fabric in UA urban patches 

 
UA legend item 
 

 
% 

 

Continuous urban fabric (S.L. : > 80%) 0,9 

Discontinuous dense urban fabric (S.L. : 50% -  80%) 0,65 

Discontinuous medium density urban fabric (S.L. : 30% - 50%) 0,4 

Discontinuous low density urban fabric (S.L. : 10% - 30%) 0,2 

Discontinuous very low density urban fabric (S.L. : < 10%) 0,05 

Isolated structures 0,01 

 

 7.1.3. Road network 

The road network was extracted from Open Street Map (OSM). The OSM project was 

aimed at creating a free and editable world map (Ramm et al., 2011). Volunteers, 

amateurs and professionals act as sensors and collect geographic data (Flanagin and 

Metzger, 2008). All collected data are stored according to the OSM data model: linear 

features are represented by “Ways” and point features by “Nodes”. A classification of 

road typology (e.g. primary roads, secondary roads, motorways, etc.) is also provided. 

This source layer has been successfully used to perform spatial network analysis by 

several authors (e.g., Gil, 2015; Cooper, 2017). 

 7.1.4. Identification of access points to UGAs 

As a first phase of the proposed methodology (see Figure 9), the actual accessibility to 

UGAs was evaluated by identifying the access points to the UGAs using digital 

orthophotos and GEarthView plugin of QGis. GEarthView displays QGis view and 

features with attributes (selected layer) into Google Earth and, therefore, enables the 

associated Google Street view photographs to be visualized (Figure 9).  



Figure 9: Example of the access point (right) and no access 

 

UGAs with permanent physical constraints and barriers (fences, walls) limiting user 

access were excluded from the network analysis. To minimize classification errors, the 

same visual interpreter carried out the entire classification b

accesses to each UGA. 

Figure 9: Example of the access point (right) and no access point (left) at UGAs

UGAs with permanent physical constraints and barriers (fences, walls) limiting user 

access were excluded from the network analysis. To minimize classification errors, the 

same visual interpreter carried out the entire classification by checking all potential 

Figure 10: Methodological workflow 
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point (left) at UGAs 

UGAs with permanent physical constraints and barriers (fences, walls) limiting user 

access were excluded from the network analysis. To minimize classification errors, the 

y checking all potential 
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 7.1.5. UGA accessibility 

In order to identify accessible UGAs, the threshold of 15 min’ walking distance 

established by Urban Audit was considered (ISPRA, 2010). Considering the average 

speed of pedestrians of 4 km/h, 1 km is the distance that can be covered on foot in 15 

min (Stanners and Bourdeau, 1995). According to this definition, the residential 

settlements with accessible UGAs in their surroundings were identified. This analysis 

was performed on (i) the 2012 residential settlements already present in 2006 and (ii) 

the new residential settlements established during the 2006–2012 period. Spatial 

analysis techniques use network data (usually linear, such as routes and paths) to 

calculate the distance between points or nodes. In the case of study, OSM road layers 

were network data, whereas access points to UGAs and residential settlements were the 

nodes. Following the above-mentioned definition of accessibility, all the roads off-limits 

to pedestrians was excluded. (motorways, motorway links, trunks, trunk links, raceways 

and railways). Then, network analysis identified the shortest routes between UGAs and 

residential settlements by using the “New Closest Facility” algorithm. The algorithm 

calculates the distance between the centroid of urban settlements and access points of 

the closest UGA (see Figure 10). 
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Figure 11: The network analysis identified the shortest routes between UGAs and residential settlements 
 

7.1.6. UGA usability 

The presence of facilities able to support people’s activities were used as a proxy of 

usability of UGAs (Van Herzele and Wiedemann, 2003). The considered facilities are 

those related to the degree of internal usability by visitors, such as footpaths, and those 

which invite a longer stay, including street lights, benches, toilets, children’s play 

equipment, pools, picnic equipment, sports facilities, cycle tracks and dog walking areas 

(Van Herzele and Wiedemann, 2003; Sanesi and Chiarello, 2006). The 

presence/absence of facilities was checked by visual interpretation using the digital 

orthophotos and GEarthView plugin of QGis within each UGA (see Figure 11). In order 

to minimize classification errors, the same visual interpreter carried out the entire 

classification process. 



Figure 12: The presence of facilities in two Roma's UGAs
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Mapping access points to UGAs evaluated actual accessibility. Overall, 1649 access 
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Figure 12 illustrates the percentage of old and new settlements with accessible UGAs in 

their surroundings within adminis
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Mapping access points to UGAs evaluated actual accessibility. Overall, 1649 access 

points was detected. The number of access points per UGA is 2.8, on average (SD=1.9). 

No access points were found in 354 out of the 932 UGAs selected for the case study. 

Figure 12 illustrates the percentage of old and new settlements with accessible UGAs in 

their surroundings within administrative units. 
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Mapping access points to UGAs evaluated actual accessibility. Overall, 1649 access 
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In old settlements, 15,359 routes are calculated by the network analysis, in new ones 

246 are available. In old settlements, the average length of routes to UGAs is 1837m 

(SD=2467) and around 57% of the routes (8710) resulted shorter than the accessibility 

threshold (1 km). In new settlements, the average length of routes to UGAs is 3218m 

(SD=3051). Only 25% of the routes (61) is shorter than 1 km. At local scale, the 

administrative units 1 and 5 showed a percentage of old settlements with accessible 

UGAs greater than 95%. Conversely, the lowest percentages were detected in the 

administrative units 14 and 15 (28% and 21% respectively). The administrative units 6, 

7, 12, 13, 14 and 15 include 63% of the new settlements but, at the same time, the 

percentage of accessibility to UGAs is lower than 20%. The highest percentages of new 

residential settlements with accessible UGAs in their surroundings was found in the 

administrative units 5 and 8 (100%). However, only 3 new residential settlements were 

established between 2006 and 2012 therein. Around one third of the routes shorter than 

1 km (18) are located in the administrative unit 9, where they represent 50% of the total. 

Comparing the results in new and old settlements, this thesis highlights that new 

residential areas are characterized by a lower level of accessibility to UGAs. Exceptions 

are the administrative units 5, 8 where only 2 and 1 routes were calculated, respectively) 

and 9.  

By using the intersection between Eurostat population grid and Urban Atlas residential 

settlements, how many city dwellers can benefit from accessible UGAs was assessed. 

(Figure 13). The share of population that can gain access to UGAs within 15 min’ walk 

from old settlements is greater than 80% in administrative units 1, 2, 3, 4, 5, 8. As seen 

above, the lowest figures are found in the more peripheral administrative units: only 

48% and 40% of city dwellers can use accessible UGAs in the administrative units 11 

and 15, respectively. When considering only the new settlements, the results show that 
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in some administrative units most inhabitants cannot benefit from accessible UGAs. 

Indeed, the share of population is lower than 20% in the administrative units 11 and 13, 

and lower than 5% in the units 6, 7 and 12. 100% of people living in the three new 

urban areas of the administrative units 5 and 8 can benefit from accessible UGAs. 

 

Figure 14: Share of population that can benefit from accessible UGAs from new (A) and old (B) residential 
settlements in the 15 administrative units of the Rome municipality 

 

7.2.2. Usability of accessible UGAs 

The results of the usability analysis for accessible UGAs are reported in Table 13. The 

total number of accessible UGAs amounts to 500 from old residential settlements and 

only 39 from new ones. As regards UGAs accessible from the old residential 

settlements, about 72% have facilities able to support user activities. In the 

administrative unit 12, all accessible UGAs showed at least one facility (100% 

usability), while in administrative units 1, 2, 5 and 6 the percentage of UGAs’ usability 
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was higher than 80%, which can be therefore considered as the best in terms of usability 

in the case of study. On the contrary, the lowest levels of usability were found in 

administrative units 8 and 13, where the percentage of UGAs without facilities was 

around 40%. Overall, the percentage of usability of UGAs accessible from new 

residential settlements exceeds 69%. 100% usability was found in the administrative 

units 5, 12, 14 and 15. The rate of UGAs’ usability in the administrative units 8 and 13 

was 0%, where only three accessible UGAs appeared from the network analysis. 

Table 14: Usability statistics for the accessible UGAs in each administrative unit 

  
Old residential settlements 

 

 
New residential settlements 

 
Administrativ

e units 
Accessible UGAs 

(no.) 
Usability of UGAs 

(no.) 
Accessible UGAs 

(no.) 
Usability of UGAs 

(no.) 
1 34 31   

2 38 32   

3 41 31 7 6 

4 57 37 3 2 

5 35 30 1 1 

6 27 24 7 6 

7 21 15 - - 

8 39 26 1 - 

9 82 49 7 4 

10 64 42 5 3 

11 8 6 2 1 

12 4 4 1 1 

13 15 9 2 - 

14 14 10 1 1 

15 21 16 2 2 

tot 500 362 39 27 

 

8. Discussion 

8.1. Multidimensional analysis of land-use efficiency 

Policy implementation in different socioeconomic contexts requires practical measures 

which support adaptive management and effective local governance (Thomas et al. 

2012). In this regard, there is a great interest in devising meaningful measures for urban 

containment, as a response to soil consumption and land degradation in peri-urban areas 
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based on the analysis of land-use efficiency applied to vastly different territorial 

contexts (Pendall 1999; Masek et al. 2000; Sutton 2003; Barbosa et al. 2015; Salvati et 

al. 2016). In this line of thinking, per-capita built-up area was extensively used as a 

proxy of land-use efficiency at metropolitan scale (Zitti et al. 2015), with the final goal 

to identify typologies of cities characterized by distinct patterns of land consumption. 

Description of urban spatial structures and factors underlying different values of land-

use efficiency under spatially-varying developmental conditions is fundamental to 

define suitable policies for any given socioeconomic context. In this regard, can be 

considered that since it is often difficult to distinguish population change in a given 

jurisdiction as either the cause or effect of urban development, population density 

cannot be regarded as the most relevant indicator of land-use efficiency. In most cases, 

an increasing number of activities, including housing, commerce and advanced services 

would be important indicators of urban sprawl as population growth, possibly reflecting 

economic opportunities as the major driver of land transformation (Lambin et al. 2001; 

Ji et al. 2006) Results of the analysis presented in this study have coherently described 

the urban gradient in European regions as a relevant factor shaping ecological processes 

and ecosystem services (e.g. Schwoertzig et al. 2016; Baró et al. 2017). This study 

offers a practical contribution in the characterization of the socioeconomic profile of 

cities with substantial differences in land use efficiency, by identifying relevant 

socioeconomic gradients that may influence land consumption and, accordingly urban 

containment strategies. According to the empirical evidences presented in this paper 

cities with less efficient land-use (i.e. higher values of per-capita built up areas), are 

characterized by distinctive features including: (i) large municipal (administrative) size 

(possibly indicating higher land available for building), (ii) landscape fragmentation 

(especially affecting cropland and peri-urban forests), (iii) low per-capita available 
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income. Such patterns have been repeatedly observed also in other world regions. For 

example, recent studies have demonstrated that forest loss and cropland fragmentation 

in rapidly-evolving areas are largely influenced by socioeconomic changes and human 

demands (Gong et al. 2013; Lambin and Meyfroidt 2010; Liu et al. 2016; Van Den 

Hoek et al. 2014). 

Geographical gradients in land-use efficiency between Mediterranean and Atlantic or 

Western and Eastern countries have been also identified. A low level of land-use 

efficiency is typical of areas with low-density residential settlements especially in 

Western and Atlantic Europe. In Eastern European cities, dispersed urban expansion 

was tightly controlled since housing shortage led local authorities to favour high-density 

social housing developments at the expense of low-density private dwellings (Power 

2013). While experiencing an evident increase in per-capita available income between 

2000 and 2007 (Kornai 2006), Eastern cities maintained levels of personal income still 

lower than the rest of Europe (Couch et al. 2008), coupled with intermediate levels of 

land-use efficiency, possibly due to the legacy of urban containment policies typical of 

the socialist period (Parysek 2006). 

Regression models identified the best descriptors of land-use efficiency in European 

regions. Per-capita available income was negatively associated with per capita built-up 

area in Western, Atlantic and Central Europe. This (apparently counterintuitive) result 

implies that, European cities with higher income may feature a lower level of land 

consumption compared with more disadvantaged metropolitan regions. Even in regions 

with substantially low levels of per-capita income, such as Eastern Europe, annual 

growth of income levels during economic expansion proved to be associated with land-

use efficiency. These findings suggest that economic development may promote urban 

containment, possibly via effective urban planning (Bart 2010). According to models' 
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findings, urban and peri-urban green areas constitute an effective boundary against 

urban expansion especially around large cities in Western Europe. While landscape 

diversity demonstrated to have a positive influence on socio-ecological system's 

resilience (e.g. Abson et al. 2013), in the case of study diversity in the composition of 

urban (and peri-urban) landscapes was associated with high land-use efficiency, as 

shown by regression outcomes for the whole of Europe and specifically, for central 

Europe. Conversely, high mean patch size (reflecting homogeneous landscape 

structures) were associated with low values of land-use efficiency in European cities. As 

expected, sprawling cities (i.e. with high percentage of discontinuous low-density urban 

fabric in total landscape) showed lower levels of land-use efficiency than compact or 

semi-dense cities. Based on these results, it seems clear that strategies that redirect 

urban expansion towards self-contained development featuring compact urban 

morphologies, should be based on the promotion of semi-dense, continuous settlements 

(Hofstad 2012). These policies could be more effective in wealthy and spatially-

accessible socioeconomic contexts characterized by a mixed urban landscape and a 

diversified natural landscape surrounding central cities.  

Clusters analysis allowed identifying a gradient of land-use efficiency for the 417 cities, 

from Cluster 1, representing the most efficient cities in the use of land, to Cluster 4, 

indicating with less efficiency. The 38 cities classified within Cluster 1, are located in 

the Atlantic region, particularly in the United Kingdom. Cities in Cluster 4, concentrate 

mainly in Eastern Europe, showed an opposite overall profile, that can be explained by 

past urban development strategies. Indeed, European cities had very diverse histories of 

urban development, especially since World War II, with the iron curtain separating 

capitalist and communist urban development and the economic transition after the early 

1990s. In this regard, the sharp divide between Eastern and Western Germany (cities 



64  

belonging to Cluster 4, and to Clusters 2 or 3, respectively) is particularly interesting. 

After the fall of the Iron Curtain, the cities became independent self-ruling entities, and 

had to adapt quickly to the new democratic and market economy structures (Tölle 2010; 

Kubeš 2013). However, the processes that followed the collapse of the communist 

command economy and the entering of those cities into the system of a globalising 

economy led in most cases to a severe recession going far beyond strictly economic 

questions, possibly resulting in peculiar spatial structures affecting land-use efficiency 

(Tosics 2005; Parysek 2006; Stanilov 2007). 

 

8.2. Urban ecosystems conservation and enhancement of the Green Infrastructure 

Land use/land cover change mapping is essential in the evaluation of the extent, 

dimensions, consequences, and causes of landscape transformations, and is a vital aid to 

the prediction of future trends and to support sustainable urban planning (Houet et al. 

2010; Koschke et al. 2012; Haase et al. 2014). The territory of built-up areas, as 

delineated by UA 2012, amounts to 47,400 ha within Rome’s Municipality boundaries, 

about 37% of the Municipality “city-board”. On the other hand, the GI territory extends 

over the 18% of the city-board space. The use of variable edge width size in the analysis 

of the structural connections within current the GI, highlights that core areas increase 

from 41% with 40 m edge width to 73% using 10 m edge width. Therefore, linear 

elements play a strategic role in the backbone of the current GI, as hinted in other 

studies (Barbati et al. 2013; Salvati et al. 2016). Component analysis also reveals a large 

number of small isolated core areas. These areas often correspond to small isolated 

green elements within the center of the city next to the continuous urban fabric. These 

results reflect the simplification and fragmentation of the urban landscape brought about 

by urban expansion in Rome (Salvati et al. 2016). The creation of a system of protected 
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areas in the 1980’s has contributed to the preservation of green areas in Rome’s 

Municipality (Gasparella et al. 2017). At the administrative unit level the largest 

protected area corresponds to the most extended tracts of the existing GI. However, 

study findings also show that about the 42% of the territory of current GI is located 

outside protected areas. This may constitute a threat for the preservation of local tracts 

of Rome’s GI, considering that the actual rate of land take amounts to 1.4% of the 

municipality’s area in only 6 years. If land take were to remain at current levels built-up 

areas would reach 45% of the municipality by 2050. Therefore, adopting an ecological 

approach to future urban planning will become increasingly more crucial in maintaining 

the long term sustainability of the existing GI and preserving its environmental and 

social benefits. In fact, the ecological value of a green network is better than those of the 

sum of the green spaces individually. A network of hubs and links can provide 

connectivity of natural elements (Wu and Hobbs 2002), help counteract uncontrolled 

urban development better than individual green spaces, and enhance biodiversity by 

preserving the links between different ecosystems (Bierwagen 2007; Uy and Nakagoshi 

2008). From this perspective, the proposed methodology supports the development of a 

smart spatial planning strategy by controlling land take by promoting local actions for 

the conservation and expansion of the current GI territory. Its major contribution lies in 

the use of a straightforward approach to map the GI and surrounding agricultural land 

vulnerable to land take at the scale of the city that is directly translatable into 

information that supports local strategies for the control of urban encroachment in the 

city-board space. From findings in this study highlight the following observations and 

recommendations for city development strategies: 

i) Recognizing that built-up areas currently occupy more territory on the city-board than 

the current GI; the selection of GI elements both within the buffer as well as outside the 
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protected areas allows us to rank administrative units by conservation priority. The 

largest areas of sensitive elements in the GI are located in those administrative units 

where land take is also favored by the fewer protected areas. Conservation strategies 

here should focus on legal/spatial planning measures to conserve arable land in the 

border territories between sensitive elements and existing built-up areas as much as 

possible; 

ii) Identifying areas where MSPA, applied to potential scenarios that involve conversion 

of selected arable areas into GI elements, confirms beneficial effects both in terms of 

structure and of connectivity. These strategically-placed “white” stones would enhance 

the structural connectivity measured both in terms of number and in area. In ecological 

terms, a greater value is recognized to arise from the larger areas (Simberloff 1997; 

Zipperer 2005); 

iii) Recognizing that although final decisions about the future urban landscape pattern 

much depends on land use regulations and on the goals and objectives of landowners, a 

scoring approach to prioritize actions is useful in identifying neighborhoods of the 

municipality where investments in NBSs to convert agricultural land into elements of 

GI are most compelling. The creation of new GI elements close to the newly urbanized 

areas also improves the accessibility for citizens to green spaces right where urban 

development is more intensive (Tarzia 2003). 

8.3. Accessibility and usability of urban green areas 

Urban sprawl affects essential environmental, economic and social functions the 

importance of which is often underestimated (EEA, 2016). Scattered growth of cities 

often involves moving away from urban sustainability goals. 

In order to control urban sprawl and provide more sustainable cities, UGAs are widely 

known as frameworks for implementing NBSs (Ozus et al., 2011; Raymond et., 2017). 
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On the other hand, policy and planning processes should take decisions that are 

“evidence-based” (Corona, 2014). For this purpose, indicators based on the total area of 

UGAs (e.g. m2 of UGAs/number of inhabitants) are often used to assess urban 

sustainability and to support planning actions. However, such indicators might show 

only a biased UGA availability for city dwellers. In this perspective, indicators such as 

accessibility and usability of the UGAs may offer additional information to support the 

decision-making processes, especially to improve new residential settlement planning 

and make green areas more attractive (Neuvonen et al., 2007; Žlender and Ward 

Thompson., 2017; Fan et al. 2017c). In recent years, forward-looking cities have already 

considered accessibility in planning UGA networks (Barbosa et al., 2007; Fan et al., 

2017b; 2017c; Grunewald et al., 2017). For example, Grunewald et al. (2017) proposed 

the indicator “Accessibility of green spaces” for the assessment of recreation-related 

ecosystem services in Germany: the German environmental authorities have accepted 

this indicator to address the goals of increasing the amount of UGAs and other green 

infrastructure elements near residential settlements. Although several methodological 

approaches were applied and compared in various contexts to evaluate the accessibility 

of UGAs (Barbosa et al., 2007; Oh and Jeong, 2007; Gupta et al., 2016), there is a 

knowledge gap regarding their actual accessibility and usability. This study suggested a 

more comprehensive definition of accessibility and usability. It was referred to actual 

accessibility and usability in order to give a more comprehensive description of UGA 

availability. In this regard, facilities are considered as fundamental elements supporting 

people’s activities and experiences in green spaces (Van Herzele and Wiedemann, 2003; 

Schipperijn et al., 2010). A large number of UGAs, points of access and facilities for 

pedestrians increase the visits to green areas (Grahn and Stigsdotter, 2003; Neuvonen et 

al., 2007; Sugiyama et al., 2010; Koohsari et al., 2013). Therefore, they are positively 
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related to the well-being of city dwellers and to the provision of both psychological and 

physical benefits deriving from contact with nature (Carrus et al., 2015). However, the 

distance to travel is considered the main limitation in using UGAs, particularly in urban 

peripheral areas where rapid land transformation takes place (Fan et al., 2017b), so that 

this factor should be considered in planning new settlements. In order to consider all 

these elements, a straightforward, practically feasible and replicable approach was 

developed that assesses and integrates actual accessibility and usability by using free 

datasets available at European scale (Urban Atlas, Open street map). 

In Rome, only 57% of residential settlements have accessible UGAs in their 

surroundings, but the percentage is much lower (25%) if it considers those established 

between 2006 and 2012. This evidence also holds good at administrative unit scale. 

Overall, two-thirds of the administrative units have more than 50% of the new 

settlements with UGAs farther than 1 km, although lower percentages (<20%) were 

recorded in many units (i.e. 6, 7, 12, 13, 14, 15), especially where most settlements were 

established between 2006-2012. Similarly, the share of population that cannot benefit 

from accessible UGAs is lower in the new settlements, notably in the more peripheral 

administrative units. The administrative units (i.e. 5 and 8) showing the best results in 

terms of UGA proximity to new settlements (100% of accessibility) are characterized by 

the lowest level of land take. The low accessibility and usability from new settlements 

point out that Rome is still far from sustainability with regard to urban development and 

planning. Furthermore, it is worth to say that UGAs can be considered effective tools to 

limit land take. 

 

9. Conclusions and Future Perspectives 
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The dataset used takes the Urban Atlas project as a starting point and complements it 

with other statistical information sources. This combination gives us the best possible 

data currently available. As an exploratory analysis of efficiency in the use of land in 

metropolitan Europe assessed by per-capita built up areas, first step of this thesis may 

be regarded as an exercise to infer interesting questions and suggest new hypotheses and 

developments. For example, in future studies, land-use efficiency may be measured by 

the share of sealed land, instead of the urban land use, per inhabitant. However, this 

study provides robust evidences that across Europe less efficient land use in urban 

environments is associated to large municipal size, landscape fragmentation and low 

per-capita available income. 

Since several authors agree that environmental planning and policy must be evidence-

based (Corona 2016), the methodological framework proposed in the step 2 and 3 of the 

thesis supports the integration of new elements in the GI of Rome, facilitates the 

adoption of NBSs, and proceeds toward the EU target of no net land uptake by 2050 

(United Nations 2014). From this perspective, the study findings should be considered 

in the selection or creation of future urban development planning tools, such as the 

Masterplan of the ecological network of Rome’s Municipality. 

In fact, the results obtained by this study may help to increase and improve quantity and 

quality GI elements such as the UGAs, driving, e.g., planning priorities. Combining 

accessibility and usability with territorial information systems (i.e. network analysis 

within Global Information System, GIS), especially referring to new residential 

settlements, can be an effective tool both to preserve and monitor UGA networks and/or 

to identify urban areas as new UGAs (Van Hezerle, 2001; Van Hezerle and Wiedemann, 

2003; Ruangrit and Sokhi, 2004; Fan et al., 2017b). In this regard, new UGAs may be 

realized on the so-called “land without current use” (code 1.3.4 of the UA dataset) or by 
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due to land abandonment and forest recolonization (Barbati et al., 2013; Cimini et al., 

2013; Ferrari et al., 2017; Tomao et al., 2017a). Of course the methodology here 

proposed can be further improved. For example, in the case of accessibility assessment 

other means of transportation to reach urban green spaces (public transportation, biking 

or driving), several forms of access or specific population subsets (e.g. children) may be 

considered for further applications of the assessment approach here proposed at 

European scale. Additionally, by means of free and constantly updated European 

datasets, UGA changes over time could be relevant topics to investigate. 

The monitoring of urban growth, land-use efficiency, GI elements connectivity and 

availability proved to be a suitable information tool for national and regional planning 

to set effective priorities and targets. Land-use efficiency, e.g., increased in contexts 

with high diversity in urban landscapes. Less efficient land use in urban environments is 

associated with large municipal size and landscape fragmentation. Consequently, it is 

very important to conserve and enhance the functional connection for biodiversity and 

people in an increasingly fragmented urban environment 
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