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“Coastal and Maritime Planning Developments in the Greek Context”

Guest Editors
Anastasia Stratigea and Efthimios Bakogiannis
National Technical University of Athens (NTUA)
School of Rural and Surveying Engineering
Dept. of Geography and Regional Planning

Editorial part I

The present Special Issue of the Regional Science Inquiry Journal is a collection of five
papers, presented at the 2" Euro-Mediterranean Conference and Exhibition 2017 on “Smart,
Inclusive and Resilient Small and Medium-sized Cities and Island Communities in the
Mediterranean: Exploring Current Research Paths and Experience-based Evidence”
(Heraklion-Crete, September 28-29).

This Conference was part of an effort to establish and promote long lasting cooperation
among communities, research institutions and academia, industry and policy makers that has
started in 2014 and has led to the development of a virtual network, namely the Smart Cities
Mediterranean Cluster. The scope of this cooperation is to promote smart and sustainable
pathways that are adjusted to the peculiarities of small and medium-sized cities and
communities as well as insular regions in the Mediterranean; and support them to cope with
the key challenges and risks such communities are nowadays confronted with.

The focus of the Special Issue is on “Coastal and Maritime Planning Developments in the
Greek Context”. The glue among the following selected papers is their specific interest in
coastal and marine environments, seeking to promote sustainability objectives in either the
coastal or the marine environment or even both. Moreover, these reflect works that focus on
different coastal and marine-related case studies of the Greek territory, representing pieces of
work of an emerging planning interest and a field of a challenging planning activity, of
multidisciplinary and interdisciplinary nature, which is expected to be of great importance in
the near future in a country like Greece. The reason for that lies in the specific attributes of
this country, disposing a shoreline of 13.676 km length and an extensive coastal zone area as
well as a number of open seas and hundreds of insular communities floating in these seas.
Moreover, the whole Greek territory, but also the Mediterranean as a whole, is considered as a
hotspot area in terms of sea rise, biodiversity loss, urbanization, migration, etc.

Along these lines, in the following is provided a short description of the scope and focus of
each of these papers as well as people contributing to their accomplishment.

In the first paper, Apostolos Lagarias and John Sayas explore urban sprawl trend in
coastal environments as a critical issue for reaching urban sustainability objectives. This trend
cross-cuts the European territory in general and the Mediterranean in particular. Indeed, urban
sprawl seems to be a rapidly evolving phenomenon in the Mediterranean region due to the
intense tourism development and coastalization, with severe impacts on agricultural and
natural landloss. The evolution of urban sprawl in the Mediterranean was studied by means of
14 coastal medium-sized cities in Spain, Italy, Greece, Mediterranean France and Malta, in an
effort to explore and analyze different typologies of urban form and structure. Based on recent
data from European databases, soil sealing degree profiles were estimated and the distribution
of different urban land uses was analyzed for 2006, using a set of spatial metrics. Urban
growth between 1990 and 2014 is estimated based on data from the Global Human Settlement
Layer (GHSL). Results reveal important differences between the 14 cities in terms of urban
form and structure. Geomorphology, different levels of population growth and tourism
development, differences in the historical and socioeconomic context can, among others,
justify this differentiation.

In the second paper, Margarita Angelidou, Christina Balla, Anna Manousaridou, Stylianos
Marmeloudis and Dimitrios Nalmpantis deal with a quite important planning objective in
contemporary urban unstable environments, the one of urban resilience. As a case study, the
western coastal front of Thessaloniki is considered, a medium-sized and partially developed
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city in northern Greece, seeking to investigate whether this area features elements of
resilience and what opportunities can be harnessed towards this end. In doing so, they shed
light on the concept of resilience through literature research; and identify four primary
principles of resilience-driven development. These are: (i) existence of resilience-focused
spatial planning attributes (redundancy, modularity, buffering, connectivity, existence of
legally binding land-use or zoning plans); (ii) presence of a highly adaptive urban spatial
management mix, (iii) reflectiveness and ability to learn from past experience and resilience
challenges; and (iv) civic engagement, largely facilitated by means of smart city applications.
Principles of resilience-driven development are used for identifying whether these are realized
in the study area through the currently applicable urban, regional, transportation and
environmental planning and management frameworks. As a result, the authors highlight
specific aspects of resilience that call for urgent attention and make suggestions regarding
policy integration concerns.

In the third paper, Efthimios Bakogiannis, Avgi Vassi, Georgia Christodoulopoulou and
Maria Siti attempt to illuminate the integrated view through which planning interventions in
coastal areas should be perceived, by establishing links between the terrestrial and marine part
for serving sustainability objectives and increasing the added value of these interventions.The
focus is on a coastal port city, the city of Piraeus, one of the biggest ports in the
Mediterranean Sea. Port activities and related pressures emerging from the marine part, but
also car-based mobility pattern of the city (terrestrial part), are testing resilience of the
specific urban environment and, among others, its transport infrastructure. Speaking of
passenger port traffic, although Piraeus has advantageous geographical position, a lot of
important archaeological sites and a beautiful shoreline, thousands of passengers use the city
as a transport corridor for reaching Athens area. In shifting, in a sustainable way, this
transportation burden to opportunity, reinforcing traditional economic activities related to the
maritime economy and taking advantage of the new cruise terminal planned in Piraeus, a re-
orientation of the city’s image is adopted, rendering it a coastal and maritime tourism
destination. This will be facilitated by launching a Bike Sharing System (BSS) as a mean but
also an excellent tourist attraction, along with the city’s other advantages. Along these lines,
this paper deals with BSS as a smart tool that directly benefits the local economy. It
elaborates on emerging strengths and challenges with respect to BSS, gathering evidence-
based knowledge from European BSS and using it in Piraeus case study, in order to embed it
in the BSS planning effort and increase its impact by offering a more sustainable urban
mobility pattern for citizens and visitors.

In the fourth paper, Eleni Gkadolou, Mavra Stithou and Vassiliki Vassilopoulou bring to
the forefront the issue of the steadily increasing interest and related demand for sea space by
different sectors, which results in increasing complexity and raises important issues with
regards to conflict management and assessment of cumulative impacts of related activities on
marine ecosystems. At the core of this work lays the sustainable management of maritime and
coastal areas, as reflected in the new institutional structures promoted by the European Union
(Marine Strategy Framework Directive — MSFD and Maritime Spatial Planning — MSP).
Having as a geographical focus the Aegean Sea (Greece), the goal is to identify areas, which
would be mostly benefited by spatial planning. Conflicts between existing uses are discussed
along with the cumulative impacts of these uses on a key priority habitat, the seagrass
Posidonia oceanica that provides important services to human well-being. Then the study
links impacts with the value of a key service provided by seagrasses, carbon sequestration.
Finally, it discusses the potential of such a joint analysis to support prioritization of areas or
stressors of concern. In this context, limitations and challenges arising due to the inherent
complexity of the involved factors and parameters are acknowledged.

In the fifth paper, Nikoleta Panagou, Athina Kokkali and Anastasia Stratigea argue that
marine/coastal spatial planning, delineating spatial distribution of uses in marine/coastal
environments should, when planning at the local level, be integrated into terrestrial planning
in order development priorities and visions of the terrestrial part to be properly
accommodated in the marine/coastal planning and vice versa. Towards this end, as a first step
they gather experience from European Marine Spatial Planning studies conducted at macro-
regions with regards to methodological approaches as well as stakeholders’ engagement
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contexts adopted. This experience was used for streamlining an integrated participatory
methodological approach, enabling the concurrent confrontation of territorial and
maritime/coastal planning issues and policy making. Along these lines, well established
planning tools (MICMAC and MACTOR models) that are capable of handling the issue of
integration of land and marine environments into one system as well as the integration of
views, interests, stakes etc. of terrestrial and maritime stakeholders were tested in a specific
insular case study example, the Zakynthos Island, Greece. Use of such tools can provide
valuable information as to the: alternative future development paths of each single case study
concerned and respective demand for terrestrial and coastal/marine uses, thus depicting
potential conflicts or supporting synergies’ creation; power structures of stakeholders and the
way they perceive planning objectives (convergence — divergence). This information can lead
to knowledgeable handling of subsequent steps of the integrated planning process,
strengthening validity and robustness of the planning exercise as a whole and leading to more
informed policy decisions.

Anastasia Stratigea, Professor, Dr. Efthimios Bakogiannis, Senior Researcher, Dr.
National Technical University of Athens National Technical University of Athens
stratige(@central.ntua.gr ebako@mail.ntua.gr
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Editorial part I1

The present issue of RSI Journal includes a number of scientific papers related to regional
policy issues which are expected to interest a wide range of scholars and policy-makers on an
academic, methodological or practical level.

More specifically, this issue includes the following reviewed papers:

6" Changes in the number of visitors’ overnight stays in hotel accommodations and
campsites in the thirteen administrative regions of Greece: A shift share analysis approach
(By Georgios Xanthos and Nikolaos Rodousakis). This paper aims to divide the percentage
change of the number of overnight stays that took place in hotel and campsite
accommodations in the thirteen Greek administrative regions between the years 2003 and
2015 into separate components, by applying the shift share method. Arrivals and overnight
stays’ data for domestic and international visitors were used for the division of the percentage
change of the total number of overnight stays.

7" A Note on Schumpeterian Competition in the Creative Class and Innovation Policy (By
Amitrajeet A. Batabyal and Seung Jick Yoo).This article study innovation policy in a region in
which the members of the creative class engage in Schumpeterian competition and thereby
extend aspects of the recent analysis in Batabyal and Yoo (2017). Using the language of these
researchers, the creative class is broadly composed of existing and candidate entrepreneurs.

8" A Measurement Issue Regarding the Link between a Region’s Creative Infrastructure
and its Income (By Amitrajeet A. Batabyal and Seung Jick Yoo). This paper studies the
creative capital. The creative capital possessed by the members of the creative class in region
is either acquired through education or present innately in these members. Therefore, the

E
creative infrastructure {CL} in the region is the sum of a part {GI! ) representing creative

I
capital obtained through education and a second part (GI!) denoting creative capital present
innately in the creative class members. A researcher wishes to estimate the true relationship

between the region’s log income per creative class member () and its creative

infrastructure

9" Opportunities and limitations of regional authorities’ use of public administration tools
for economic development (By Galina Yakovievna Belyakova and Tatyana Nikolaevna
Vorobyeve). This article outlines the authors' understanding of the formulation of the regional
economic policy. Within the framework of the research, the authors examine regional
authorities' willingness to successfully implement the strategic goals of economic
development. The methodological basis of the systematic, logical, and comparative analysis
allows examining the opportunities and limitations of regional authorities' influence on the
development of the regional economy. The article highlights the need for improving the
existing instruments of public administration (state regulation) that can contribute to the
development of the economy. In this regard, the authors emphasize the problem of defining
sectoral and consolidated registers of public authorities' regulatory competencies involved in
the constituent entities of the Russian Federation, and the formation of the state regulatory
policy. The practical significance of the article is related to the possibility of using the
research results to enhance regional authorities' capabilities to influence the development of
the economy.

10" Investment in Innovation and Education: An Efficiency Benchmarking Analysis in
Europe (By Kokkinou Aikaterini, Korres George and Dionysopoulou Panagiota). Sustainable
development is a key concept within the Innovation and Education Investment policy of the
European Union. As technical efficiency enhancement becomes an increasingly important
issue within Europe and worldwide, policy planning should draw attention towards a wide
range of production ideas, component technologies and complementary socio-economic
capabilities. Within this framework, it is rather difficult for any single economy to incorporate
and take advantage of the relevant technological advances in economy, as well as the
underlying conditions in innovation and education investments. This means that the actions of
policy planning involve the targeted development of specialized knowledge assets, which are
integrated from a wider range of investment areas. This paper analyses, through a
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benchmarking approach, investment in innovation and education in Europe, creating a
spectrum of policy implications.

11™ Illegal constructions in the post-memorandum Greece. Changes and constants in a
chronic phenomenon (By Nikolaos Yoyas). The paper gives a brief description and enhances
the debate on illegal constructions and urban planning in the Greece. More specific, during
the last decade, that followed the issue of five consecutive laws regarding their integration in
the country’s official urban planning in the period 2009-2017, has led to a short-lived race of
declaring and legitimizing illegal, constructions on behalf of the hundreds of thousands of
popular owners. This institutional reform becomes, increasingly, significant in combination
with the contemporary fiscal reform and the relevant tax burdening of realty owners. The
timeless popular investment shelter of building ownership, for the first time after WWII, loses
its immunity and becomes an unbearable tax weight, transforming popular illegal
constructions into the national tool for transforming the country’s real-estate map.

12" The macroeconomic impact of regional minimum wages: A cross-province data
evidence from Indonesia (By Khairul Amri). The main purpose of this study is to determine
the causality relationship between economic growth, regional minimum wages (RMWs),
unemployment rate and labor force participation rate (LFP). Using cross-section data set of 27
provinces from Indonesia for the period of 2003-2015, data analyzed using panel co-
integration test, panel vector error correction model, and Granger causality test. Panel co-
integration test indicates that there is a long-run relationship between the variables. In the
long-run, LFP positively related to the economic growth, and negatively related to RMWs.
The unemployment is positively related to both the economic growth and RMWs. In the
short-run, RMWg has a significant and positive effect on economic growth. The
unemployment and LFP have a negative and significant effect on RMWs. LFP has a negative
and significant effect on unemployment and RMWs has a positive and significant effect on
LFP. Furthermore, economic growth has a negative and significant effect on LFP. The result
of Granger causality test points out that there is a bidirectional causality relationship between
economic growth and RMWs and between RMWs and LFP. In addition, unemployment rate
causes RMWs, and LFP causes unemployment

Finally, the Journal wants to thank each one and all of the contributors and we strongly
wish that this issue will provide a pathway for further academic and scientific dialogue.

On behalf of the Editorial Board
Dr. Christos D. Genitsaropoulos
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Abstract

Urban sprawl processes taking place in European cities constitute an important problem
opposing sustainable growth and environmental protection. This is particularly evident in the
Mediterranean, where intense tourism development and coastalization continuously impose
urban land pressures on agricultural areas and natural land. In the present study a set of 14
coastal medium-sized cities of Spain, Italy, Greece, Mediterranean France and Malta is used
to explore recent urban sprawl trends and to analyze different typologies of urban form and
structure. Based on recent data from European databases (Urban Atlas, Corine Land Cover
and the Imperviousness-Soil Sealing Degree dataset), soil sealing degree profiles are
estimated and the distribution of different urban land uses is analyzed for year 2006 using a
set of spatial metrics. Urban growth between 1990 and 2014 is estimated based on data from
the Global Human Settlement Layer (GHSL). Results reveal important differences between
the cities in terms of urban form and structure. Geomorphology, different levels of population
growth and tourism development, differences in the historical and socioeconomic context
constitute among others, the reasons for this differentiation.

Keywords: Urban sprawl, Urban form, Coastalization, Medium-sized cities, Soil sealing,
Land use

JEL classification: R110, R140

1. Introduction

Recent urbanization taking place along the coastal areas of the Mediterranean usually in
the form of low dense urban expansion and sprawl, constitute an important issue changing
radically the traditional compact structure of Mediterranean cities. It is certain that the distinct
political, social and cultural history of Mediterranean cities plays an important role in the way
urban growth has taken place. The Mediterranean has been an area of intense urbanization
since the antiquity, but it is only recently that such extensive urban land pressures and sprawl
are observed (Catalan et al. 2008).

Coastalization, periurbanization and mass tourism development are three important
processes reshaping the form of Mediterranean cities. Coastalization is a term referring to the
concentration of population and economic activities in the coastal areas, leading to a
densification of urban development along the coast but also extending many kilometers to the
inland. As Membrado (2015) point outs by examining a 10-km-deep coastal strip, the
Mediterranean coast of Spain is mainly occupied by urban sprawl. Coastalization is also
related to mass tourism development in the Mediterranean, which accounted for 58 million
arrivals in 1970, growing to 314 million arrivals in 2014 and according to Plan Bleu
projections show that this trend is expected to grow up to even 500 million in 2030 (Fosse &
Le Tellier, 2017).

In the same time urban population continues to grow. In 1960 the urban population
represented 57% of the whole EU-Mediterranean population, whereas in 2010 around 76%
(Horizon 2020 Mediterranean report). What is more important is that the way population is
distributed around the cities is changing and important periurbanization trends are observed.
Urban areas spread along agricultural and natural land, increasing human pressure on the
natural environment, creating more need for infrastructure. The traditional compact structure
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of cities is gradually changing with central areas presenting population loses and people
moving to suburban areas with urban land expanding in agricultural and natural areas, posing
important pressures on the vulnerable ecosystem of the Mediterranean as a whole. If we also
take into account issues like water pollution, forest fires, earthquakes, floods, environmental
degradation and climate change, all of which are directly related to urban development, we
clearly understand the importance of the issue.

Although a lot of work is already published on these issues (Munoz, 2003; Sayas, 2006;
Catalan et al., 2008; Garcia-Palomares, 2010; Chorianopoulos et al., 2010; Salvati et al.,
2013; Salvati & Morelli, 2014, Salvati & De Rosa, 2014; Vaz and Nijkamp, 2014, Tombolini
et al. 2015 etc.) the need for a more thorough analysis of urban sprawl in the Mediterranean is
urgent. The recent economic crisis has importantly affected all Southern European countries
since 2008 and the previous growth-wave seems to slow down. However, the need to evaluate
recent changes and to target policies aiming to control this sprawling process remains
important. During the past three decades the problem of sprawl has become evident in the
case of Mediterranean cities, and along with coastalization, tourism development and new
infrastructure taking place in periurban areas, poses a threat to the Mediterranean ecosystem,
consuming important land resources and causing environmental degradation. Planning policy
facilitated this dynamic, as regional administrations did not implement regional land planning
instruments leading to urban expansion without coordinated planning (Valdunciel, 2014).
Recently, the policy implications and strategies put in effect in Mediterranean cities (Paul &
Tonts, 2005; Archibugi, 2006; Salvati, 2013) promote polycentric structure and sprawl
containment; however, it is debatable whether this target has been reached.

Recent databases monitoring urban land changes and providing high resolution data on
urban form and structure, make possible the calculation of metrics and indices evaluating
urban land pressures and sprawl in a better way. In the context of this paper we focus on a set
of 14 medium-sized cities located along the coast of Mediterranean, in Greece, Italy, Malta,
Spain and Mediterranean France (Cote d'Azur area). The choice of using cities located only
on the EU part of the Northern Mediterranean Coast (and not in Turkey, South Mediterranean
countries etc.) was based on the fact that these cities share a more or less common model of
urban development in spatial and socioeconomic terms. Moreover, recent comparable data on
land use distribution are available for these cities as they are included in the European
database of Urban Atlas. Medium-sized cities constitute an important part of the European
urban system as a whole and given some conditions could present certain potential in terms of
their efficiency, growth, productivity and could adapt successful urban development strategies
more easily than large urban agglomerations. On the other hand medium-sized cities could be
more vulnerable in terms of economic competition resource management and efficient
response to rapid changes.

The need to quantify and evaluate changes in urban patterns is urgent in order to establish
a more sustainable way of urban growth. Using a set of methods and based on recent data
from European databases (Urban Atlas, Corine Land Cover and the high resolution
Imperviousness-Soil Sealing Degree Raster dataset) we aim to explore recent urban sprawl
trends and to analyze different typologies of urban form and structure. Soil sealing degree
profiles are analyzed in order to identify low density development and to compare its share
against denser, compactly developed arcas. The distribution of different urban land use
categories in each city is also discussed, and a set of spatial metrics is used to analyze their
geometrical and distributional characteristics. Spatial metrics have been used extensively to
describe the aggregation, dispersion and proximity patterns of the different land uses in an
urban area. Estimations are based on discrete areas characterized by a specific land use
(patches). Applications on the use of metrics for urban analysis include Herold et al. (2002),
Weng (2007), Ramachandra et al. (2012), Schwarz (2010), Aguilera et al, 2009, Prastacos et
al. (2017) among others. Finally, based on recently released the Global Human Settlement
Layer (GHSL, Paresi et al., 2015) and specifically the GHSL built-up grid, urban growth
trends are estimated for the period 1975-2014 and are compared with population growth.

The paper is organized into five sections. First the general context of urban sprawl in the
Mediterranean is presented and the basic processes driving urban changes are outlined
(section 2). In a next section (section 3) the data and methods used are presented, while in
section 4, the case study areas and the results are presented. In a fifth section, results are
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discussed, the differences between the cities are identified and explained, and a summary of
the conclusions is presented.

2. Urban sprawl in the Mediterranean: the general context

The term ‘urban sprawl’ refers to a form of low density and usually discontinuous and
uncoordinated development expanding at agricultural areas at a rate that by far outreaches
population growth. During the past decades, urban sprawl in the Mediterranean changes the
traditional compact character of cities, with new structures scattered in periurban areas in the
form of low density development, usually expanding in an uncoordinated way. High losses of
agricultural land, suburbanization, massive new transport infrastructure (Catalan et al, 2008)
as well as relocation of commercial and industrial facilities in periurban areas, are some of
processes taking place.

Although Mediterranean cities continue to attract more people, central city areas in many
cases present a decrease in population as people move from the congested centers towards the
periphery of the city in newly developed housing. In Madrid and Barcelona, population
located in the central areas decreases during the period 1981-2001 and then a re-urbanization
process is observed, while in the meantime the total population of the larger urban zone
(LUZ) as a whole grows by 37% and 19.5% respectively (in the case of Madrid this
corresponds to over 1.7 million people). Population in the central municipality of Athens
decreased by 14% between 1991 and 2011, while total population of LUZ area increased by
8.7%. In almost all major Italian cities, central population decreases gradually since the ‘80s
(in Milan, Naples and Turin the decrease rate is over 20%). These data clearly show the
ongoing suburbanization process.

Figure 1: Population changes in cites of Greece and Italy and Spain (past 2 decades)
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However, the case of medium-sized cities is different, as central city areas (especially in
Greece and Spain) retain or even increase their population. Figure 2 presents rates of
population change compared between the central city areas and the LUZ areas (1991-2001
period for Spain, Italy and Greece, 1982-1999 period for France) for a selection of medium to
large cities (Cities over 1 million are excluded). The Italian cities form a distinct group as
they present population decrease in the central city area accompanied by a stability or slight
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increase of population in the LUZ area. Most of the Greek and Spanish cities on the other
hand (except for Kavala and Bilbao) present considerable increase of population both in the
center and the LUZ area. In the case of Greek cities population growth in the central area is
generally more important than in the LUZ area, while in the case of Spanish cities the growth
rates are almost equally balanced. In the case of the Mediterranean French cities, only
Montpellier presents considerable increase in the central city area, while LUZ population
grows by at least 10% in all cities.

The suburbanization process has been accompanied by a spectacular expansion of urban
land. This can be shown by figure 2, where urban growth data for a sample of cities are
estimated from the Global Human Settlement Layer (GHSL, period 1975-2014). The most
important growth rate is observed in Valletta where the percentage of urban land increases
from 11.6% of the total LUZ area in 1975 to 37.3% in 2014. On the overall, data show that
most urban areas in Spain, Italy, Malta and Southern France double their size in a period of 30
years. The only exception appears to be the case of Greece, where urban land growth appears
to be more modest. It becomes clear that as this expansion takes in most cases the form of low
density periurban development, the urban land pressures imposed on the agricultural land and
the natural areas are very important.

Figure 2: Urban land expansion in selected Mediterranean cities between 1975-2014, % of built-
up land inside the LUZ area
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Numerous studies have been trying to analyze recent urban changes in the Mediterranean
in a quantitative way, while the hypothesis of a “hybrid’ type of process leading to a transition
from compact to more dispersed growth and a sharp divide between the compact central areas
and the sprawling hinterland has been stated (Diaz-Pacheco, 2014). Studying a set of 15
European cities, Kasanko et al. (2006) find out that cities of South Europe form a
distinguishable group, with research findings confirming that Southern European cities have
started to experience rapid urban expansion but that they remain very compact in comparison
to other European cities. Tomobolini et al. (2015) comparing three major Mediterranean cities
(Athens, Rome and Barcelona) identify different patterns of urban expansion, as Athens
appears to be more compact and Rome more dispersed, with Barcelona being an intermediate
situation with a polynucleated structure. Vaz and Nijkamp (2014) examining the regional
dynamics in the region of Venice in Italy, and connecting them to recent land use changes,
find out that inter-regional pulls work as urban sprawl attractor.

According to Membrado (2015) recent economic growth in Spain was mainly based on the
construction sector, leading to the Spanish housing bubble 1997-2007 with local developers
constructing thousands of single-family homes. A similar case is identified in Greece, where
lack of planning regulations protecting periurban land promoted a low dense uncoordinated
form of development. The general model of periurban growth in Greece is characterized as
unplanned and in certain cases illegal expansion in areas outside of the city plan, based on
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self-financed housing, with limited public expenditure for urban infrastructure (Kourliouros,
1997). This process led to a rapid increase of housing prices, which collapsed gradually since
2006 and mainly after 2008 as a result of the global financial crisis. House prices in Greece
decreased heavily during the past 10 years and construction activity practically collapsed
(decreasing from almost 26 million sqm. of constructed space in 2005 to 1,3 million in 2015).

In general, the Mediterranean case of sprawl is characterized by important particularities
and is recognized to be considerably different from the US model or Northern-European type
of sprawl (Leontidou, 1990). Tombolini et al. (2015) mention that inner districts in
Mediterranean cities have retained high population density and in most cases there is a
marked urban-rural divide. Dura-Guimera (2003) identifies certain particularities of the
Mediterranean cities such as the fact that recent sprawl took place in the context of the
postindustrial and globalization era, the role of migration from the Third World countries and
the presence of tourism as a major factor of urban and suburban growth. Immigrants usually
occupy central locations in the city as natives move out towards the suburbs and this
procedure has an important effect in housing prices, also leading to an important re-
distribution of social classes across space (Arapoglou & Sayas, 2009). Catalan et al. (2008)
point out the role of medium-sized cities located close to large urban centers and the way they
can absorb the negative effects of dispersion and lead to polycentric structure. This can
mostly be seen Spain and Italy, but in Greece a network of former agricultural settlement also
exists and usually acts as a nucleus of new development.

Despite the ‘idiosyncratic’ character of Mediterranean sprawl (Sayas, 2006), it has been
recognized as an important problem and certain planning policies have been introduced in all
countries and also on the European level. Paul & Tonts (2005) analyzing policies applied in
Barcelona to contain sprawl, mention that while numerous territorial strategies and plans have
attempted to guide development in the rural-urban fringe of Barcelona, their success has
generally been limited. In Spain the so-called ‘tsunami’ of urbanization (Diaz-Pacheco, 2014)
has taken in most cases the form of large scale development in a more organized and planned
manner, with new suburban areas designed in the form small towns located in the periphery
of large cities, along with clearly defined industrial and commercial zones. Diaz-Pacheco
(2014) mentions that this process was related to a legislative framework which facilitated the
entry of vast quantities of land onto the market and permitting municipal administrations to
find a method of financing and economic reactivation that made possible the sale of great
quantities of land.

In Greece, the lack of a regulatory framework controlling urban land expansion in the
periurban areas, has led to a totally different form of growth based on unplanned,
discontinuous and usually illegally built housing in areas outside the city plan. In the
meantime commercial uses started relocating from central cities towards the periphery usually
in the form of malls, radically changing the periurban landscape. This process was
accompanied by new transport infrastructure, which in the case of Athens was further
reinforced by the organization of the Olympic games in 2004. It was not until very recently
that urban planning in peripheral communities of Greek cities has been at stake, defining
zones for the expansion of existing periurban settlements and regulating land uses in order to
protect vulnerable ecosystems and natural areas, as well as to protect highly productive
agricultural land.

3. Data and Methodology

3.1. Data

Land use data for this study come from Corine Land Cover (CLC) and Urban Atlas (UA).
Corine Land Cover provides land use data for a wide temporal range starting from 1990, and
included 44 land use categories organized in 5 broader categories of Artificial surfaces,
Agricultural areas, Forest and semi-natural arecas, Wetlands and Water bodies. A spatial
resolution of 100x100m is used for urban areas and 250 x 250m for agricultural areas, while
the minimum mapping unit is 25ha for areal phenomena and 100m for linear features. The
low spatial resolution in relation to the fact that urban fabric areas are divided into only 2
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categories depicting continuous built-up areas and discontinuous built-up areas, makes the use
of CLC data problematic in the analysis of urban sprawl.

UA was created by the Environmental European Agency (EEA) starting from 2006
(temporal reference 2005-2007) and recently updated for 2012. Minimum mapping unit is
0,25ha for artificial areas and lha for non-artificial areas. UA 2006 covers all cities with a
population over 100,000 (305 cities) in 27 European countries, while the list has been
extended for 2012 (temporal reference 2011-2013), covering all cities with a population over
50,000. Twenty different land use types are distinguished and urban fabric areas are classified
into five categories based on land cover density as expressed by the soil sealing degree.

The Imperviousness-Soil Sealing Degree dataset is also used in this study (EEA, 2011).
This is a raster dataset produced in the frame of GMES precursor activities and Geoland2, and
are distributed by EEA in the framework of the Copernicus land monitoring service, covering
both urban and agricultural areas in 39 countries. The data are updated every three years and
already available for 2006, 2009 and 2012 at a resolution of 20m or 100m. Soil sealing degree
ranges from 0-100, 0 representing a cell that is completely unsealed, and 100 representing a
cell fully built-up or covered with artificial structures.

Table 1. Spatial datasets used in the study

Database Data Data type Spatial Coverage Dates Information
source / resolution available
projection
Corine EEA Raster, 100m, all Europe 1990, 44 land use
Land Shape file MMU= & Turkey 2000, categories
Cover (ETRS89, 25 ha 2006, 2012
(CLO) LAEA)
Urban EEA Shape file MMU= 27 EU 2006,2012 20 land use
Atlas (UA) (ETRSS89, 0.25 ha countries / categories
LAEA) (artificial cities over (26 for
structures) 100,000 2012)
(2006) and
50,000
(2012)

Impervious EEA Raster 20m /100m 39 2006, Impervious-
ness-Soil (ETRS89, countries  2009,2012  ness degree
Sealing LAEA) (28 EU (0-100)

Degree plusl1
(ISSD) more)
Global Joint Raster 20m all earth 1975, Built-up
Human Research (Spherical  (approxi- 1990, areas (0 =no
Settlement Centre Mercator, mately) 2000,2014  built-up 1 =
Layer (JRC) EPSG:385 built-up)
(GHSL) 7)

To examine changes in built-up areas, the Global Human Settlement Layer (GHSL) as
provided by the Joint Research Centre (JRC) is used. This is a raster dataset projected in
Spherical Mercator (EPSG:3857) approximately at a resolution of 20m, covering the whole
world. Data are reproduced for years 1975, 1990, 2000, 2014 depicting built-up areas.
Information about all the land use/land cover datasets used in the study is presented in Table
1. Population data came from the City Population database (https://www.citypopulation.de/)
where temporal data are available and data are collected come from national census data. Two
levels are distinguished: City population (usually referring to the central municipality), and a
larger zone corresponding to urban agglomeration/province or LUZ area, depending on data
availability. For the Greek cities, population data come from the National Statistical Service.

3.2. Methods

Several methods are used to analyze different typologies of urban form and structure in the
case study cities. Using the UA data, the distribution of different urban land use categories are
estimated for 2006, and spatial metrics are used to quantify their geometrical/distributional
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characteristics and their mixture. Using the ISSD data, soil sealing degree profiles are
estimated for year 2006. Urban growth is estimated based on data from the Global Human
Settlement Layer (GHSL) in the period 1975-2014.

Soil sealing describes the covering of soil through urban development. The soil sealing
(imperviousness) profiles for each area are estimated for year 2006. The original soil sealing
raster of 20m resolution was resampled at 60m (mean value of the 3x3 original cells). In this
way, the map represents better the scale of the urban block rather than the scale of individual
buildings/structures. Areas with zero soil sealing are excluded and the soil sealing degree
(S.D.) is categorized to 10 categories (S.D. 1-10, S.D. 11-20 etc). The sprawling type of
development could best be identified by using a threshold of 30% regarding the sealing
degree.

Using the Urban Atlas data we estimate the distribution of different land uses and also a
set of spatial metrics describing their distributional and geometrical characteristics. From the
original 20 classes of the UA dataset only the urban fabric classes were used, plus the
industrial/commercial/public buildings class and the urban areas/sports and leisure facilities
(Table 2). All other land use classes were treated as background so as not to distort the results.
Using a specific methodology, individual patches of each land use type were identified by
reclassifying the local road network the dominant neighboring land use (Prastacos et al.,
2017; Lagarias & Sayas, 2017). According to this rule, roads with a width larger 20m still
separate neighboring land uses, while in all other cases the division of nearby blocks of the
same land use imposed by the local road network is eliminated. The FRAGSTATS software
was used McGarigal et al., (2012) for the estimation of the following spatial metrics:

»  Patch Density (PD): the number of patches divided by the total area.

*  Mean Patch Size (MPS): the mean size (area) of the patches.

*  Fuclidean Nearest-Neighbor Distance (ENN): the mean distance to the nearest
neighboring patch of the same class, calculated as the shortest edge-to-edge distance.

* Interspersion and Juxtaposition Index (LJI): A measure of the distribution of
adjacencies among unique patch types. The range is 0-100, approaching 100 when all patch
types are equally adjacent to all other patch types.

Table 2. Basic land use classes in UA and as used in the current analysis

UA Class Land Use Class (spatial metrics)
11100 Continuous Urban Fabric (S.D. > Class 1: Dense Urban Fabric
80%)

11210 Discontinuous Dense Urban Fabric | Class 2: Medium Dense Urban Fabric
(50% < S.D. < 80%)

11220 Discontinuous Medium Density Class 3. Low to Medium Dense
Urban Fabric (30% < S.D. < 50%) Urban Fabric

11230 Discontinuous Low Density Urban
Fabric (10% < S.D. < 30%)
11240 Discontinuous Very Low Density Class 4: Low Dense Urban Fabric
Urban Fabric (S.D. < 10%)
11300 Isolated structures

12100 Industrial, commercial, public Class 5: Industrial, Commercial &
military, private and transport units Public
14100 Green urban areas Class 6: Green/Sport Areas

14200 Sports and leisure facilities

4. Case study and results

4.1. Case study areas

14 cities are compared in this study, located in coastal arcas of Greece, Italy, Spain and
Mediterranean France (figure 3). Medium-size cities were selected with population ranging
from a minimum of 70,000 to a maximum of 850,000 people (population size referring to the
LUZ area). Some basic information about the cities are presented in Table 2, and the land use
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maps based on UA 2006 data are presented in Figure 4. Data show that selected cities present
important rates of growth in terms of population and urban land. According to data from the
GHSL database, urban land increased by 36.6% in Valletta in a period of just 25 years, while
in all cities, growth rates are over 9%. In the same period, population growth is important and
especially in the case of Spanish cities it exceeds 20%. Population growth is modest (less than
10%) only in the Italian cities and in Kavala in Greece. Population density is high in most
cases but shows important variation. Greek cities present similar densities ranging from 58-84
people/ha, while in the case of Malaga, Toulon and Bari, densities exceed 100 people/ha and
the insular communities of Cagliari and Palma di Mallorca present the lowest densities (< 50
people/ha). This difference observed in densities could be a result of the way LUZ areas are
defined. In Table 1 we used the LUZ areas as defined initially in Urban Audit, so that the
population and land use data correspond exactly to the same spatial reference. However, in
the land use analysis that follows in the next section (as well as in the maps of figure 3) we
preferred to use the LUZ areas as revised with the release of UA 2012
(http://land.copernicus.eu/local/urban-atlas/urban-atlas-2012).

Figure 3: Map of Mediterranean basin, indicating the location of the 14 cities of the case study
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Table 2. Basic data about the 14 cities
Popula-  Popula- Total % % Urban % Popula-
tion' tion area Artifi- growth tion
Density (LUZ) cial 1990- Growth*

CITIES 2 area 2014°
Patra (Gr) 233,909 84.0 50,750 10.7 14.0 11.9
Heraklion (Gr) 206,909 60.8 60,440 10.2 11.6 259
Volos (Gr) 139,051 68.6 30,460 13.9 9.2 13.3
Kavala (Gr) 75,073 68.1 44,189 7.1 24.6 0.4
Kalamata (Gr) 72,258 58.2 35,158 6.2 23.9 12.4
Malaga (Sp) 850,556 125.9 152,185 16.7 22.8 22.7

Palma de

Mallorca (Sp) 680,516 48.2 201,843 12.1 19.2 50.6
Alicante (Sp) 464,061 87.1 35,581 21.9 18.3 38.5
Nice (Fr) 847,750 65.9 104,973 44.2 9.9 13.9
Toulon (Fr) 547,844 107.5 309,704 37.9 12.4 12.5
Bari (It) 577,283 204.3 75,526 5.9 24.1 3.7
Cagliari (It) 467,788 36.1 16,054 9.0 19.5 2.8
Pescara I) 231,545 62.4 167,028 11.2 12.1 8.7
Valletta (Mt) 381,675 98.0 24,677 35.7 36.6 10.6

1. Most recent data from Eurostat, on the LUZ level as defined in Urban Audit.
2. Estimated by dividing total LUZ population to urban fabric land as presented in UA 2006
3. Estimated through the GHSL database
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4. Population changes estimated between the last censuses for each Country (1991-2011 for Greece,
Italy and Spain, 1982-1999 for France, 1995-2011 for Malta) through www.citypopulation.de (on the
level of urban agglomeration, province or LUZ area).

Figure 4: Land use maps of the cities in the case study
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Geomorphology plays an important role in shaping urban form. In the Mediterranean
rugged topography and sloping landscapes reduce the availability of buildable land,
promoting urban growth mainly along the sea coasts or in the main lowland (Tombolini et al.,
2015). In Nice, the LUZ area covers a vast mountainous hinterland mainly covered up by
forests, a fact that constrains urban growth mainly along the coast and the Valley of Paillon
River; while a similar case is observed in Toulon. In Malaga a large plain opens up towards
the west and this is reflected in the form of the city which expands mainly towards this
direction. A similar asymmetrical development is observed in Palma de Mallorca towards the
east, while in Alicante (located in the touristic areca of Costa Blanca) urban growth towards
the hinterland is not bounded by any physical barrier. In Greece, LUZ areas are considerably
smaller and in the case of Volos, Patras and Kavala, development is bounded between the sea
and the mountains, resulting to more compact structure. In Heraklion and Kalamata urban
land expands more freely towards the hinterland. Finally, in Valletta the whole island is
covered by the LUZ area, and the urban areas occupy almost all the northern coast and
expand towards the central part of the island, leaving only the southern coast undeveloped.

4.2. Results

4.2.1. Soil sealing degree profiles — Urban fabric densities

Based on the ISSD dataset for 2006, the soil sealing degree profiles were estimated. Figure
5 presents the graphs for the 14 cities. Data show that Nice, Cagliari, Palma de Mallorca and
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Kalamata are the most sprawling cities, with soil sealing degree profiles asymmetrical to the
left. Low density development (as identified by S.D. < 30) is over 52% in Kalamata, 47% in
Nice, 45% in Cagliari 43% in Palma de Mallorca. On the other side lie Volos and Valletta
which appear to be the most compact cities as their profiles are asymmetrical to the right.
High density development (S.D. > 70) is maximized for Volos (42)% and Valletta (41%),
followed by Malaga (35%), Bari (34%), Alicante (32%) and Kavala (31%). Cities like
Heraklion and Bari form a more symmetrical, U-shaped curve presenting a balance between
high and low density development, while in Toulon the distribution is more equal between the
different sealing degree categories with medium density covering an important part of the
city, and the curve forming a local peak at the range S.D. 50-80.

Figure 5: Soil sealing degree profiles for the 14 cities (2006, ISSD dataset)
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4.2.2. Land use patterns

The distribution of different land use categories shows that UF ranges from 40% to 65%
for all cites except for Alicante and Bari where it falls beneath 40% (Figure 6). In Bari this is
mainly due to high concentration of industrial/commercial land uses which cover almost all
the southwestern part of the city, while in Alicante there are important areas covered by
green/sport areas (and also touristic/leisure facilities) on the western sector. In Toulon, Nice,
Palma de Mallorca, the urban land is mainly residential (urban fabric land), and percentages
of industrial/commercial are relatively low while in cities like Volos, Bari, Cagliari and
Alicante the percentage of industrial/commercial uses exceeds 20%. Volos, Kavala, Valletta
an Pescara appear to be the more compact cities as class 1 (high density urban fabric)
accounts for 12-16% of total artificial land.

The estimation of a set of spatial metrics (PD, MPS, ENN, LJI) for the different land use
categories (class level) as well as the landscape as a whole (mean value for all classes), helps
us quantify the geometrical/distributional characteristics of land use patches as well as their
mixture. In Valletta, Pescara, Palma de Mallorca, Bari, Alicante and Toulon, the overall
density of urban patches (PD) is higher (Figure 7), and this is an index of more intense
development within the LUZ area. We observe that PD4 is the highest in most cases, showing
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that patches of class 4 (low density development) are more numerous. On the other hand, the
abundance of patches of class 1 and 2 (medium/high density urban fabric) is lower. This is a
result of the fact that built-up areas of class 1 and 2 are usually more clustered together
forming larger patches.

Figure 6: Land Use distribution (% of total artificial land)
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Source: Elaboration on data from UA database, 2006 (classes defined as in Table 2)

This can be seen from the Mean Patch Size graph (Figure 8), where the MPSI is in most
cities the highest. An exception is observed in the case of Toulon and Nice, where MPS is
maximized for class 2, a fact that shows that areas of medium density form larger patches. For
classes 3 and 4 representing low dense development and sprawl, the MPS are relatively high
in Nice, Heraklion, Alicante, Kavala and Toulon. This shows that low density areas are more
clustered together at least on the local level. Industrial/commercial areas appear to form larger
spatial entities in the case of Alicante and all French and Italian cities, along with Valletta.
Large scale tourism development is also considered in class 6 and this probably justifies the
high values for MPS6 in Alicante, Malaga and Palma de Mallorca, where tourism
development along with parks and sport facilities forms continuous zones along the coast.

Figure 7: Patch density
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Figure 8: Mean Patch Size

Considering the ENN metrics (Figure 9), important information is obtained regarding the
distribution of urban patches across space. ENN values as a mean are higher in the case of
Greek cities, (especially Heraklion and Kavala) and also in Cagliari. In most cities the patches
of the same type are more closely located to each other belong to classes 3 and 4. This is a
result to a homogeneous dispersion of low densities areas across space, leading to smaller
nearest-neighbor distances. Medium and high density areas are usually located in central areas
of the city and in the core areas of periurban settlements. Industrial/commercial facilities are
more dispersed in the case of Palma de Mallorca, Valletta, Cagliari and almost all Greek
cities, and this shows that organized zones for such uses have not been planned effectively.

Figure 9: Patch distances
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Regarding patch mixture, LJI landscape values show that on the overall the Spanish cities
along with Patras and Kalamata are characterized by the highest land use mixture (Figure 10).
Different land uses are more separated in Nice, Volos, Heraklion, Valletta and Pescara.
Patches of classes 5 and 6 are more clustered together presenting low mixture with the other
land use classes. This is particularly evident in Palma de Mallorca, Alicante, Patra, Kalamata,
Cagliari and Valletta. Urban fabric classes are more intermixed, with classes 2 and 3
presenting the lowest mixture with other land use classes, and class 1 the highest.

Figure 10: Patch adjacencies/mixture
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4.2.3. Urban growth trends

According to CLC data, the rate of urban land growth in the period 1990-2012
(considering only urban fabric and industrial/commercial areas) is the highest in the case of
Alicante (95%), Palma and Malaga (49%) while for the Greek and Italian cities the rates
range from 8-30%. However, as CLC does not depict in detail low density areas with
scattered development, and also usually ignores infill in already developed areas, these data
are not considered very accountable. Therefore, urban growth trends were evaluated in two
different ways: a) by considering the GHSL data for a period covering the past three decades
(1975-2004) and showing the long-term trends of urban expansion in the case study areas b)
by considering the more recent changes in the period 2006-2012 based on UA data, referring
to differing land use categories and distinguishing between high density, medium density and
low density areas.

GHSL data are presented in Figure 11. Valletta presents the most impressive growth in
terms of urban land growing from 11.6% to 37.3%. This means that more than one third of
the total island area is covered by artificial structures). Pescara also presents rapid
urbanization trends with urban land expanding at a rate of 53% in the period 1975-1990 and
then dropping to the level of 10% and 8%. Generally for most cities the growth-wave seems
to gradually slow down, after the first period, however in certain cases (Kalamata, Bari,
Alicante, Palma de Mallorca, Valletta) the rates of growth continue to be important (over 12%
in the period 2000-2014). Patras and Kalamata appear to be the cities with the most rapid
urban expansion in Greece, while in Spain the same holds for Alicante and in Italy for Bari.
Heraklion, Volos and Toulon are the three cities with the lowest rates of growth, less than
45% in the period 1975-2014.



28 Lagarias A., Sayas J., Regional Science Inquiry, Vol. X, (3), 2018, pp. 15-32

Recent changes in period 2006-2012 can be examined by taking into account the UA data
(Table 4). The increase of artificial area in the period 2006-2012 ranges from 0.6% in
Alicante to 12% in Kavala (in the case of Kavala, this corresponds to only 137 ha of new
urban land, mainly attributed to industrial/commercial areas and construction sites). Urban
fabric grows by less than 10% in all cities except for Patras, Malaga and Pescara.

Figure 11: Urban land growth in the period 1975-2014
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In Volos and Valletta the rate of growth drops to less than 2% for artificial area and urban
fabric land. While for Volos this could be expected due to the very compact structure of the
city and the economic crisis that affected all Greek cities since 2008, for Valletta this fact
shows that after decades of rapid growth, a saturation point has been reached. Industrial and
commercial areas continue to grow at a rate of more than 15% in cities like Cagliari, Palma de
Mallorca and Patras. This fact shows that the expansion of such facilities in the periurban
areas remains an important procedure related to urban growth.

Table 4. Land use changes 2006-2012 (UA data)
% %

% artifi- % % high medium low %
CHANGES cial area  urban dense dense dense indust./co-
fabric  (class 1+2) mmer.
Patra (Gr) 11.2 15.3 3.7 2.8 48.3 16.1
Heraklion (Gr) 2.1 3.7 1.1 0.4 10.5 4.4
Volos (Gr) 1.4 0.5 0.1 0.1 1.4 2.5
Kavala (Gr) 12.0 9.8 1.7 2.6 19.9 5.0
Kalamata (Gr) 54 1.7 0.9 2.9 3.2 11.3
Malaga (Sp) 11.4 12.4 10.8 5.0 17.5 11.0
Palma de

Mallorca (Sp) 8.0 9.5 1.9 1.2 15.2 18.0
Alicante (Sp) 0.6 5.1 2.8 3.0 15.1 5.0
Nice (Fr) 5.1 8.0 21.8 121.8 -20.0 4.5
Toulon (Fr) 2.8 4.3 41.2 66.2 -15.0 5.5
Bari (It) 4.3 4.1 1.7 22 10.8 11.2
Cagliari (It) 4.5 4.8 0.5 4.0 22.9 17.1
Pescara (It) 10.5 11.2 0.9 3.4 27.1 13.0

Valletta (Mt) 1.8 1.5 4.0 12,5 2.5 1.5
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Figure 12. Changes in ha per-urban-fabric-type for the period of 2006-2012 (Data based on UA).
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Figure 12 shows the changes in urban fabric land distinguishing between different
categories of built-up densities (Classes 1,2 were combined to account for ‘Compact’ areas,
Class 3 accounts for Medium density areas, and Class 4 accounts for ‘Sprawl’). Areas
characterized by low density, sprawling development continue to grow at a high rate, while
only in the French cities and partly in Malaga important newly developed compact areas
appear. In most cities urban fabric expansion takes the form of low dense development which
grows by 48.3% in Patra, 20% in Kavala, 17.5% in Malaga, 15% in Palma de Mallorca and
Alicante, 23% in Cagliari and 27% in Pescara. The case of French cities is different since
there is a densification of urban areas, with low dense areas decreasing and high and medium
dense areas increasing in Nice and Toulon, as a total of 1367 ha in Toulon (20% of low
density areas) and 2434 in Nice (15% of low density areas) change category from low dense
development to medium or high dense development. This densification is important since it
shows an intensification process, increasing compactness.

5. Discussion and Conclusions

Results reveal important similarities as well as certain differences between the case study
cities. Geomorphology, different levels of population growth and tourism development,
differences in the historical and socioeconomic context as well as the different urban planning
policies applied, constitute among others, the reasons for this differentiation.

In the case of Spanish cities, population growth remains important since the ‘90s, while in
Italy it is more modest. In Heraklion, Volos, Patras, Palma de Mallorca and Alicante
population growth is more important than urban land growth. Therefore, the urban expansion
is up to a certain degree justified by need to provide space and infrastructure for a growing
population. In Palma new development had to provide space for almost 200,000 new
residents, while in Alicante for about 135,000, as in both cities population was growing at a
rate of at least 2% per year since the ‘90s. During the same period the urban land expanded
only by 0.7% per year. A similar situation is presented in Heraklion, Patras and Volos, where
population growth is more important than urban land expansion.

Valletta and Pescara present a relatively compact structure, with an important percentage
of high density areas, but they are also expanding at a high rate. Low density development
although small as a percentage, appears to be fragmented and discontinuous as identified by
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the relevant spatial metrics. High density development is also important in Volos, Malaga,
Bari, Alicante and Kavala. On the other hand, Palma, Nice, Cagliari, and Kalamata appear to
be the most sprawling cities, with high percentages of low density development. Bari appears
to be the city with the highest share of industrial/commercial uses most of them located in the
south-western sector of the city but also dispersed in the wider area. In Alicante, Malaga and
Palma de Mallorca, tourism development along with parks and sport facilities forms
continuous zones along the coast.

The two French cities present a different typology with large clusters of medium density
areas and important percentages of low density development. Moreover, a process of
densification and infill has been identified for the most recent period. Low levels of land use
intermixture and the formation of homogeneous large urban clusters are also characteristics of
Nice and Toulon. Greek cities are characterized by compact central areas and periurban
development taking place discontinuously, in most cases being organized around existing
periurban settlements. Urban growth rates are in most cases lower than the other cities of the
case study. Kalamata is a small city affected by tourism development along the coast, and is
characterized by low density development and sprawl. On the other hand is Volos, a compact
city with a considerable slowdown in terms of urban expansion. In Spanish cities high
population growth is related to important urban land expansion. Spatial metrics show that the
Spanish cities are characterized by the highest land use mixture.

Generally, for most cities the growth-wave seems to gradually slow down, after the first
period, however in certain cases (Kalamata, Bari, Alicante, Palma de Mallorca and Valletta)
the rates of growth continue to be important. However, urban sprawl remains an important
process reshaping the form of Mediterranean cities. During the period of 2006-2012, the
largest share of urban growth takes the form of low density development which in certain
cities is highly fragmented and dispersed.

To highlight our general conclusions, we could note that using high resolution land-use
data, the monitoring of urban changes and the evaluation of recent urban sprawl trends is
made possible. As the growth-wave seems to gradually slow down during the past years, it
appears to be the right time to evaluate the new emerging form of Mediterranean cities and to
target policies for the future, in order to contain sprawl and to promote a more compact and
sustainable way of urban growth.
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Abstract

This paper presents a part of ongoing research into the resilience potential of the western
coastal front of Thessaloniki, a medium sized city in northern Greece. It aims to assess
whether and to what extent the western coastal front of Thessaloniki, Greece, currently a
partially developed area, features elements of resilience and what opportunities can be
harnessed to this end. We set out by describing the concept of “urban resilience’ drawing upon
recently published literature. As primary principles of resilience-driven development, we
identify (i) the existence of resilience-focused spatial planning attributes (redundancy,
modularity, buffering, connectivity, existence of legally binding land-use or zoning plans) (ii)
the presence of a highly adaptive urban spatial management mix, (iii) reflectiveness and the
ability to learn from past experience and resilience challenges and (iv) civic engagement,
largely facilitated by means of smart city applications. We then shift our focus to the
characteristics of the study area. In order to investigate the extent to which the identified from
the literature factors affecting urban resilience apply in this area, a profiling of the study area
is made, followed by an in-depth analysis of whether and how the identified principles of
resilience-driven development are realized through the current urban, regional, transportation
and environmental planning and management frameworks applicable to the area. We close
with highlighting specific aspects of resilience that call for urgent attention and by making
comments and recommendations regarding policy integration needs.

Keywords: Urban, Regional, Transport, Environment, Planning, Management

JEL classification: R00, R1, R4, R5, R11, R14, R19, R40, R49, R52, R58

1. Introduction

In recent years, urban, regional, transportation and environmental planning, design and
management professionals and policy makers have been realising increasingly that ad hoc
planning and management are counter-conducive to safety in urban environments. In reality,
no risk can be completely avoided only by means of mitigation. In this context, the
conception of ‘resilience’ seeks to promote the capability of urban systems to adapt and
innovate on an ongoing basis, enabling them to withstand shocks and stresses. Altogether,
planning for spatial resilience introduces a more sustainable and flexible development
paradigm (Lu & Stead, 2013).
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Unfortunately, the challenges associated with urban resilience render Greece and Greek
cities ideal study cases about how urban resilience can be jeopardised in the face of shocks
and stresses. Greece underwent major structural changes in recent decades due to extensive
de-industrialization. The Greek debt and immigrant crises of 2009 and 2015 respectively
posed transformative challenges on the previously existing urban sociotechnical systems of
Greek cities. The above were complimented by other, less severe stressors and disasters,
appearing mostly as a result of poor infrastructure maintenance and lack of urban renewal
initiatives due to domestic financing deficits.

Accounting for this situation, this paper presents part of ongoing research into the
resilience potential of the western coastal front of Thessaloniki, a medium sized city in
northern Greece. In doing so, this paper aims to introduce a multilevel approach to assessing
the prospects for urban resilience, and further assess whether and to what extent the existing
spatial planning provisions for the western coastal front of Thessaloniki, Greece, conform
with the principles of resilience-focused development. This paper focuses specifically on the
theme of urban resilience as a holistic approach to development. We acknowledge the
intricate dimensions of resilience that span economy, society and the environment; however,
in this paper we address these dimensions through the integrated lens of urban resilience.

The structure of this paper is as follows: Section 2 presents the major literature regarding
spatial planning factors affecting resilience in urban areas. Section 3 introduces an urban
resilience assessment framework and presents the research methodology used in this piece of
research. Section 4 presents the results of the conducted research. Section 5 features the
conclusions and recommendations rising from the performed analysis.

2. A literature review of the spatial planning and management factors affecting
resilience in urban areas

2.1. The notion of resilience in urban areas

As a notion, resilience has been used for decades in the fields of physics and psychology.
Broadly speaking, it is used to describe the ability of a system to revert to a condition of
equilibrium after a shock or stress. It was first introduced in ecology science by Holling
(1973) to describe the ability of ecological systems to absorb changes and re-structure toward
a new equilibrium state.

Soon after that, the idea of resilience penetrated policy making for development and
started appearing in national and local development policy agendas (Evans, 2011; Martin-
Breen & Anderies, 2011). In recent years, strategic frameworks of urban resilience have been
created by major organisastions, such as the Organisation for Economic Co-operation and
Development (OECD, 2016), the European Commission (EC) (Lechner, 2015) and the
Rockfeller Foundation in association with ARUP (The Rockfeller Foundation and ARUP,
2015). Today, resilience propositions and frameworks can be found in a very broad variety of
development related areas, spanning economy, environment, and society.

Nevetheless, resilience is considered to be a highly contested and ambiguous term. The
bibliometric analysis by Meerow et al. (2016) found 25 different definitions of ‘urban
resilience’. Other research by Desouza and Flanery (2013) and Beilin, Reichelt, & Sysak
(2013) also notices difficulties of definition, as well as challenges in the setting of strategic
objectives (e.g. ‘to what must cities be resilient?’). Moreover, there is a tendency to interpret
urban resilience according to the expertise of the involved professionals (Stumpp, 2013).

A commonly used definition of urban resilience is the one of OECD (2016), popular due to
its completeness and comprehensibility: ‘Resilient cities are those able to absorb, adapt,
transform and prepare for past and future shocks and stresses in order to ensure sustainable
development, well-being and inclusive growth’. The emphasis of this approach is on the
different capabilities of resilient cities (prepare, absorb, adapt, transform), the different types
of challenges to urban resilience (shocks, chronic stresses) and the relevance of a range of
factors (economic, social, environmental, institutional) that affect urban resilience positively
or negatively. Threats facing urban resilience can either refer to sudden shocks, or stressful
conditions which accumulate over time, posing chronic pressures on urban systems (Lechner,
2015; Martin-Breen & Anderies, 2011).
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The meaning of resilience may differ across cities, just like cities are unique themselves.
Despite the existence of several methodologies, enhancement of resilience in a city
framework should be regarded as an ongoing process that calls for calibration depending on
the specific internal and external features of each city. Hence, urban resilience strategies
should focus on continuously optimizing the combination and utilisation of measures and
urban resources under a systems’ approach (Desouza & Flanery, 2013; Martin-Breen &
Anderies, 2011).

2.2. Resilience oriented spatial planning and design

The resilience literature puts forward a series of spatial planning and design attributes that
are conducive to urban resilience. These include redundancy, modularity, buffering,
connectivity and the existence of legally binding land-use or zoning plans. Specifically,
redundancy refers to the availability of reserve resources in times of crisis. It enhances the
capacity of urban systems to accommodate increased demand for a specific service in periods
of pressure or crisis (Ahern, 2010, 2011; Desouza and Flanery, 2013; Eraydin and Tasan-Kok,
2013; Godschalk, 2004; OECD, 2016; Wardekker, de Jong, Knoop, & van der Sluijs, 2010;
Wilkinson, 2011). It is a very important resilience attribute, in the sense that it enhances the
ability of urban systems to resist shocks and stresses and faciliates rapid recovery (The
Rockfeller Foundation and ARUP, 2015). Modularity is a planning and design related
attribute of resilience in urban systems which enhances compartmentalisation and
autonomisation and compliments redundancy (Ahern, 2010, 2011; Desouza & Flanery, 2013;
Eraydin & Tasan-Kok, 2013; Godschalk, 2004; Lechner, 2015; Wardekker et al., 2010;
Wilkinson, 2011). Through modularity, risks are spread across different geographical areas,
urban systems and time zones, which can be better controlled through distributed control and
decision making points (Ahern, 2011; Martin-Breen & Anderies, 2011). Complimentary to
the previous, the next identified planning and management related attribute of resilience in
urban systems is buffering (Desouza & Flanery, 2013; Fleischhauer, 2008; Wardekker et al.,
2010; Wilkinson, 2011). The practice of buffering refers to the provisioning of land use-free
zones or zones where a very limited range of land uses is allowed. These areas are intended to
act as ‘buffers’ to a potential spreading of a stress or crisis, preventing transmission to
adjancent urbanised areas, and/or provide a ‘quick way out’ or gathering points as a response
to crisis situations (Fleischhauer, 2008). Modularity and buffering do not necessarily point to
loss of connectivity, however. In fact, connectivity is one more of the planning related
attributes of resilience in urban systems identified through this excersise (Ahern, 2010, 2011;
Cumming, 2011; Desouza & Flanery, 2013; Eraydin and Tasan-Kok, 2013; Godschalk, 2004;
Wilkinson, 2011). It is important because it allows for help and coordination networks to be
developed and become active and it creates new opportunities for self-organization (Desouza
& Flanery, 2013; Wilkinson, 2011). Moreover, connectivity allows for the development of
linkages between seemingly different layers of urban systems — for example citizen services
and urban transportation systems. Finally, legally binding land-use or zoning plans are one
more planning tool that can be used in spatial planning for resilience (Fleischhauer, 2008).
Application examples can be found in inhabited areas in high risk of becoming affected by
industrial accidents and settlements in proximity to highly protected natural ecosystems.

2.3. Highly adaptive urban spatial management mix

In recent years, planners increasingly came to understand that ad hoc planning and
management cannot fully guarantee urban safety. Ability to adapt is possibly the most
important precondition for urban resilience in this regard: a resilient system should be able to
adapt dynamically in the face of change, even if this means that it will function in a different
way (Lechner, 2015). Urban systems become more resilient when they are allowed to
restructure, develop and innovate, while they are more exposed to stressors when they are
static, inflexible and conservative (Fernandes & Chamusca, 2014). This adaptation can be
thought of as cyclic, taking place across so-called ‘adaptive cycles’, referring to a continuous
transition between states of growth and exploitation, conservation, collapse or release, and
renewal and reorganisation (Carpenter, Walker, Anderies, & Abel, 2001; Holling, 2001).
Recoursefulness, in the sense of being able to use the resources available at any time to
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restore service functionality, enforces the adaptation capability of urban sytems (OECD,
2016; The Rockfeller Foundation and ARUP, 2015). The same is valid for the capability to
innovate, which allows new ways of thinking to emerge (Walker & Salt, 2012). The
significance of adaptive planning for resilience can be better understood if we consider the
fact that urban identity and urban landscapes themselves are not static. Instead, they develop
at different paces, on different scales, and in different directions (Beilin et al., 2013; Collier et
al., 2013; Evans, 2011; Kafkalas, Vitopoulou, Gemenetzi, Giannakou, & Tasopoulou, 2015;
Martin-Breen & Anderies, 2011; OECD, 2016). Altogether, the presence of a highly adaptive
urban spatial management mix implies that there is a need for integration of the multi-level
(urban, regional) and multi-sectoral (transport, environment) planning aspects for resilience.

2.4. Reflectiveness and ability to learn from past experience and resilience
challenges

Reflectiveness, in the sense of being able to learn from past experience and adapt
standards and behaviour accordingly is one of the major characteristics of sustainability
(Ahern, 2010, 2011; Desouza & Flanery, 2013; Eraydin & Tasan-Kok, 2013; Evans, 2011;
Godschalk, 2004; OECD, 2016; The Rockfeller Foundation and ARUP, 2015; Wilkinson,
2011). In planning for resilience, planners and planning authorities should be able to discern
the processes and events that pose risks to the social and environmental metabolism of the
city (Ahern, 2011). Many of the intractable challenges of resilience in urban environments are
rooted in the ways that cities have developed in the past, in ageing infrastructure and
geopolitical conditions (Collier et al., 2013). It is thus essential to make proper use of
experiential knowledge when strategising for urban resilience (Folke, 2006; Wilkinson, 2011)
and use strategic foresight to increase the level of preparedness in the face of unexpected
events (Desouza & Flanery, 2013; Wardekker et al., 2010; Wilkinson, 2011).

2.5. Civic engagement and collaborative planning

Urban resilience requires the capability of a city and its inhabitants to learn continuously
and adapt to changing circumstances (Collier et al., 2013; Newman et al., 2009). Emphasis is
also given to the enhancement of broad scale collaboration and knowledge exchange toward
enhancing resilience in urban systems (Kafkalas et al., 2015; Martin-Breen & Anderies, 2011;
OECD, 2016; The Rockfeller Foundation and ARUP, 2015; United Nations Office for
Disaster Risk Reduction, 2012, 2015). In recent years it has been realised increasingly that
economic resilience is closely tied to social resilience (Fischer, 2015; OECD, 2016; Stigson,
2015; The Rockfeller Foundation and ARUP, 2015; United Nations Office for Disaster Risk
Reduction, 2012) and that public participation advances the creation of alliances between
stakeholders, an element that is crucial for urban resilience (Desouza & Flanery, 2013;
Godschalk, 2004; United Nations Office for Disaster Risk Reduction, 2012; 2015). Moreover,
knowledge coming from non-experts, citizens and their communities carries high added value
in the urban management mix (Angelidou & Psaltoglou, 2017; Collier et al., 2013) —citizens
and their communities can act as tacit and localised knowledge transmitters and co-developers
of identity, culture and conscience, while maintaining increased levels of flexibility and
adaptivity (Beilin et al., 2013; Cumming, 2011; Giovannini, 2015; Lechner, 2015). An
inclusive approach toward urban resilience enforces frequent and tight information feedback
loops, allowing the urban system to normalise disturbances and become more stable (Walker
& Salt, 2012; Wardekker et al., 2010). It also drives the emergence of innovative and more
participatory business models in funding for resilience (The World Bank, 2015; United
Nations Office for Disaster Risk Reduction, 2015). Social inclusion and participation has
inherent implications for spatial planning, with positive or negative effects on accessibility to
public infrastructure, ghettoization, and decline in urban areas. The role of advanced
technology is especially important with regards to urban flexibility, as smart city solutions
and applications can monitor urban functions on a real time basis (Angelidou, 2017; 2015;
2014). Data can then be used in urban systems to adjust their behaviour accordingly (The
Rockfeller Foundation and ARUP, 2015).
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2.6. An integrated framework for urban and environmental planning and design for
resilience

From the above analysis we infer that in the context of resilience, urban areas should be
seen as integrated socio-ecological systems (Evans, 2011). An integrated spatial planning for
resilience framework accounts for a series of principles as featured in Figure 1.

Figure 1: Dimensions of an integrated resilience spatial planning in urban areas.
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This framework accounts for the identified factors affecting urban resilience, as they
emerged from the analysed literature. More specifically, as the four major factors affecting
resilience in urban areas, we identify (i) resilience oriented spatial planning, (ii) a highly
adaptive spatial management mix, (iii) reflectiveness and the ability to learn from past
experience and resilience challenges and finally (iv) civic engagement and collaborative
planning. In the following section we explain how this analysis of the literature was used to
assess the current prospects for urban resilience though a multilevel approach in a use case in
northern Greece.

3. Research methodology

As mentioned, this paper presents an effort to perform a holistic assessment of the
resilience potential of the western coastal front of Thessaloniki, Greece. The city of
Thessaloniki spans more than two thousand years of history since its official inauguration,
while only during the past 100 years it has undergone an incredibly large number of events
that threatened its resilience, including a citywide fire in 1917, world and civil wars,
international migration and abrupt population exchanges in the first half of the 20" century, a
seven year dictatorship (1967-1974), extensive and largely uncontrolled deindustrialisation
and urbanisation during the second half of the 20" century. The city was also acutely affected
by the European debt crisis beginning in 2009. Today Thessaloniki suffers from limited
economic and cultural dynamism, decay of the local entrepreneurial ecosystem, and loss of a
large fraction of its intellectual capital (Labrianidis, 2011). Although this situation is in full
progress in Thessaloniki and most Greek cities, many of the above mentioned resilience
threats of the past were tackled successfully. Compared to other Greek cities, Thessaloniki
presents an ideal case study for resilience assessment at many levels. The city has for decades
been compelled to operate within a highly centralised and complex governance system. In
addition, the potential to become an economic hub in the Balkan area is far from being
realised (Labrianidis, 2011; Williams, Vorley, & Ketikidis, 2013).

The specific area of the western coastal front of Thessaloniki, currently only partially
developed, was selected for a number of reasons: (i) it is part of the so-called coastal front of
the Broader Thessaloniki Area, with a coastal length of approximately 50km, that for decades
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has been attracting discussion regarding its high fragmentation and underexploited potential
in social and economic terms and (ii) the western part of the Broader Thessaloniki Area hosts
major transport and energy infrastructures of supra-local importance and is an areca well
known for its conflicting land uses.

Our approach to the assessment of the resilience of the western coastal front of
Thessaloniki is methodologically featured in Figure 2:

Figure 2: Research methodology followed in this research (source: authors’ elaboration)
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More particularly, Step 1. ‘Identification of factors affecting resilience in urban areas’ was
performed through the literature review of section 2 of this paper. In this step we identified
four factors affecting urban resilience, namely:

e Resilience oriented spatial planning

e Adaptive urban spatial management mix

e Reflectiveness, ability to learn from past experience
e Civic engagement and collaborative planning

In Step 2, ‘Profiling of study area’, we collected and analysed twenty spatial planning and
management documents with reference to the study area, covering a period from 1975 up to
today and focusing on different administrative levels (international, national, regional,
municipal) and topics (urban planning, regional planning, transport planning, environmental
management, resilience management). They are presented in the following Table 1 with their
spatial level of reference (Municipal Unit, Municipal, Metropolitan, Prefectural, Regional,
National, European, Global):

Table 1. Spatial planning and management documents examined and spatial level of reference

Spatial planning and management documents Spatial level
General Urban Plan of the Municipal Unit of Echedoros, Municipality of Municipal
Delta (2011) unit
General Urban Plan of the Municipal Unit of Chalastra, Municipality of Municipal
Delta (2010) unit
General Urban Plan of the Municipal Unit of Menemeni, Municipality of Municipal
Ampelokipoi-Menemeni (2016) unit
Municipality of Delta, Operational Programme 2014-2019, Phase 1: Municipal
Strategic Planning (Municipality of Delta, 2015)

Municipality of Delta, Operational Programme 2012-2014, Phase 1: Municipal

Strategic Planning (Municipality of Delta, 2012)
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Spatial planning and management documents Spatial level
Municipality of Ampelokipoi-Menemeni, Operational Programme 2014- Municipal
2019, Phase 1: Strategic Planning (Municipality of Ampelokipoi-

Menemeni, 2015)

Municipality of Ampelokipoi-Menemeni, Operational Programme 2011- Municipal
2014, Phase 1: Strategic Planning (Municipality of Ampelokipoi-

Menemeni, 2015)

Resilient Thessaloniki Strategy (Municipality of Thessaloniki, 2017) Metropolitan
Action Plan for the Western Coastal Front of Thessaloniki (Region of Metropolitan
Central Macedonia, 2016)

Study for the pollution of Thermaikos Gulf and Immediate Mitigation Metropolitan
Proposals (in Greek) (Fytianos, 2008)

Unified Transport and Infrastructure Master Plan for the Broader Metropolitan
Thessaloniki Region until 2020 (Greek Ministry of Transport, 2010)

Sustainable Urban Mobility Plan for the Metropolitan Region of Metropolitan
Thessaloniki (Thessaloniki’s Integrated Transport Authority, 2013)

New regulatory plan of the Prefecture of Thessaloniki -under Prefectural

development- (Greek Ministry of Environment and Energy, 2011)

Regional Framework for Spatial Planning and Sustainable Development of =~ Regional
Central Macedonia (Greek Ministry of Environment and Energy, 2004a;

2013)

Regional Operational Program of Central Macedonia (Greek Ministry of Regional
Economy and Development, 2014a)

Regional Innovation Strategy for Smart Specialisation of Central Regional
Macedonia (Greek ministry of Economy and Development, 2014b)

Seismic Risks Map for Greece (Greek Ministry of Environment and National
Energy, 2004b)

Natura 2000 network of protected areas (European Commission, 2006) European
EU Floods Directive (2007/60/EC) (European Commission, 2007) European
Ramsar Convention (Ramsar Convention Secretariat, 1971) Global

Source: authors’ elaboration

Some of the above studies were accessed online, while others were acquired through their
owning authorities. We also scanned thoroughly the websites of the Municipality of Delta
(2017) and Ampelokipoi-Menemeni (2017) for any relevant information.

In Step 3, ‘Gauging of factors that affect resilience in urban areas against existing spatial
planning framework affecting the study area’, we arranged the study area spatial planning
framework elements identified in Step 2 regarding the factors affecting urban resilience
identified in Step 1. A table was created (Appendix, Table 3), gauging the above studies
against the identified major resilience principles, using the model as seen in Table 2:

Table 2. Model table created to support the analysis of the research findings

Dimensions affecting urban resilience (from literature)

. Adaptive  Reflectiveness, Civie
Resilience . . engagement
. . spatial ability to learn
oriented spatial and
. management from past .
planning . . collaborative
mix experience .
planning
Study/Regulation  ........ ... ...
1
Study/Regulation  ........ ... L.
2

Source: authors’ elaboration

Finally, in Step 4, ‘Drawing of conclusions about the resilience potential of the study
area’, we performed a critical reflection on the findings of the research performed and
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considered future research implications, both for the study area and in general. The outcomes
of this step are featured in section 5 of this paper.

4. Findings

4.1. Profile

The study area is located in Greece and more specifically the western part of the city of
Thessaloniki. It refers to the western coastal front of Thessaloniki, starting from the end of the
city’s commercial and touristic harbour at the edge of Thessaloniki’s Central Business District
(CBD) and ends at river Loudia’s delta, west and outside the city core, as seen in Figure 3.
One part of the study area belongs to the Municipality of Delta (about 46,000 residents based
on the 2011 Census of the Greek Statistical Authority) and another smaller part belongs to the
municipality of Ampelokipoi-Menemeni (about 90,000 residents based on the 2011 Census of
the Greek Statistical Authority). Both municipalities are considered peri-urban to the core
city.

Figure 3: The boundaries of study area

Source: authors’ elaboration from Google Maps

The study area hosts multiple and highly conflicting land uses. Specifically, it hosts dense
and sprawled urban agglomerations; it is located close to important, supra-local urban
infrastructures for education, mobility and energy production, while it also includes major
protected wetlands and natural environments. In recent years, this area has attracted major
interest from policy makers, spatial planners and other urban stakeholders due to its
underdeveloped potential and high stakes resulting from land use conflicts, which could cause
potentially detrimental effects to the entire Thessaloniki region (Region of Central
Macedonia, 2016).

In terms of inhabited environment, the study area includes the settlement of Kalochori,
belonging to the Municipality of Delta, counting 4.672 permanent residents (based on the
2011 Census of the Greek Statistical Authority). Kalochori was created as a refugee
settlement in 1922, when refugees arrived here from western and northern Thrace. The urban
plan of Kalochori, as seen in Figure 4, is characterized by uniformity based on a modular,
rectangular grid — the so-called ‘Hippodamian plan’. There is one main entrance and main
exit from the settlement, but evidently entrance and exit can take place through many,
uncontrolled secondary roads. The settlement is crossed by two major roads with an increased
concentration of commercial uses. The most striking observation regarding the settlement of
Kalochori is the extended sprawl of industrial and related commercial uses outside but very
close to the settlement boundaries. The settlement is also situated close to the Industrial Area
of Kalochori.
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Source: authors’ elaboration from Google Maps

The broader area is host to other large industrial facilities and activities of the secondary
sector, as well. The largest facilities which are located in the study area are the facilities of
Hellenic Petroleum S. A. in Kalochori, the TITAN cement industry jetty, the musculatures in
Axios’s and Loudias’s deltas, the Wastewater Treatment Plant of Thessaloniki in Sindos area,
the livestock units and the tannery of Gallikos river.

In addition, the site includes very significant supra local infrastructure networks. It is
bounded by PATHE (Patras — Athina — Thessaloniki — Euzoni motorway), and contains a
complex local network of secondary road systems. Moreover, it is crossed by the city’s supra
local commercial and passenger rail network. The area includes a water supply network and a
separate drainage network. Finally, the energy network in the study area is significant. It
includes low and medium pressure gas pipelines, as well as a crude oil pipeline across the
north-eastern boundaries of the study area (Municipality of Delta, Municipality of
Ampelokipoi-Menemeni).

In terms of natural environment, the area includes a large number of rivers (Loudias,
Gallikos, Axios and Dendropotamos) which have their delta in the study area, wetlands, areas
belonging to the NATURA - Ramsar 2000 program, as well as a rich marine environment
(Kalochori’s lagoon, sand dunes, salt mines, Thermaikos sea).

4.2. Resilience oriented spatial planning

With regards to the first characteristic of spatial planning for resilience, ‘resilience
oriented spatial planning’, the analysis (Appendix, Table 3), shows that spatial planning on
the municipal level, referring to urban planning in the Greek spatial planning system,
incorporates some significant elements of resilience -although not all of them. Specifically,
modularity is achieved through the designation of urban unities and neighbourhoods, as
foreseen by the national urban planning framework. Strict land use restrictions are imposed on
high risk areas, and buffering zones free of use between urbanized settlements and industrial
areas are planned. Emphasis is also given to increasing supra-local connectivity by means of
transport infrastructure. No special provision to secure redundancy of urban and rural
resources is made. The economic and operational management programmes of municipalities’
concerned lack a focus on enforcing spatial planning for resilience other than promoting a
certain degree of modularity through economic diversification across commercial areas and
highlighting local characteristics as comparative advantage.

On the metropolitan level, the Resilient Thessaloniki Strategy (Municipality of
Thessaloniki, 2017) identifies key issues related to spatial structure as critical for resilience in
the area, including: (i) the role of public and open spaces as places that foster interaction,
collaboration and inclusivity; (ii) the importance of neighbourhood based economic
diversification; (iii) the need to develop a robust polycentric governance system; and (iv) the
need to enhance connectivity by means of sustainable, transit oriented development and smart
urban logistics across the metropolitan area.

Advancing to the regional level, the distance between resilience and spatial planning
appears to increase. Directions on this level become strategic and planned and less associated
to space. Polycentric governance and the designation of environmentally protected zones and
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areas for the organization of productive and entrepreneurial activities are the foremost space
management-related attributes. Economic diversification, compact urbanization and
connectivity are seen as drivers of cohesion, development and competitiveness. Two
noteworthy observations are that policies at this level provision urban regeneration
programmes in specific areas and introduce integrated environmental and crisis management
frameworks. Nevertheless, the granularity of measures at this level is low and disassociated
with space.

Environmental management frameworks appear to focus on the regulation of natural
ecosystems and environmentally protected areas rather than address anthropogenic effects on
the natural environment. This observation is alarming, considering that environmental
problems due to the existence of dense or sprawled productive activities and dense transport
infrastructure have been in the forefront of interest of the local citizens and the local press for
decades.

On the transportation planning level, connectivity is a major objective of the Unified
Transport and Infrastructure Master Plan (Greek Ministry of Transport, 2010), especially
regarding the road network. Redundancy and buffering are achieved through internal and
external ring roads and connecting roads between them and the national road network.
Regarding fixed route transportation systems, a planned light rail line seems to offer poor
redundancy. The same goes for organized parking places and multimodal transport stations.
Modularity is achieved by splitting the city’s transportation masterplan into smaller
transportation projects that can function autonomously.

4.3. Adaptive spatial management mix

An alarming observation emerges regarding the adaptation capabilities enhanced through
the analysed spatial and environmental plans and regulations with an effect in the area
(Appendix, Table 3): almost none of these plans includes provisions for improving the
adaptive capabilities of local systems.

Resilient Thessaloniki’s Strategy (Municipality of Thessaloniki, 2017) mentions the need
to establish monitoring systems for local governance and environmental resilience, as a basis
for continuously adapting the city’s approach to resilience. No specific indicators and
monitoring mechanisms are highlighted. On the other hand, regional and metropolitan
transport management is by nature geared towards adaptivity attributes. The Unified
Transport and Infrastructure Master Plan for the Broader Thessaloniki Region until 2020
(Greek Ministry of Transport, 2010) seeks, among others, to create a variety of available
transportation modes and increased import/export options. The Sustainable Urban Mobility
Plan for the Metropolitan Region of Thessaloniki (Thessaloniki’s Integrated Transport
Authority, 2013) introduces a periodic procedure of stakeholder engagement and recalibration
of the approach toward sustainable mobility.

With regards to the existence of an adaptive spatial urban management mix, we discern
that adaptivity is mostly present in transport management frameworks which by nature are
geared toward multimodality and offer a variety of transportation options. Yet, with regards to
transport management there is little room for flexibility and innovation in times of crisis.
Spatial and environmental planning frameworks fail to introduce the capability to adapt,
innovate and reconfigure in the face of resilience threats. There is also lack of an integrated
approach to land, marine and inland waters’ environment, despite the fact that the study area
is a coastal urban region, additionally hosting protected wetlands and natural environments as
well as a number of rivers and their deltas.

4.4. Reflectiveness, ability to learn from past experience

In terms of the third urban resilience-enforcing factor that emerged from the literature, the
ability to reflect on and learn from past experience, the results of the analysis are mixed
(Appendix, Table 3).

Specifically, experiential knowledge is largely neglected on the municipal planning level.
The included municipalities General Urban Plans and Operational Programmes do not
account for experiential knowledge.



Angelidou M., Balla C., Manousaridou A., Marmeloudis S., Nalmpantis D., 43
Regional Science Inquiry, Vol. X, (3), 2018, pp. 33-45

The only exception is the Operational Programme of the Municipality of Ampelokipoi-
Menemeni until 2019 (Municipality of Ampelokipoi-Menemeni, 2015), whereby specific
earlier pressures on society, demography and quality of life have been taken into account in
the design of the current programme.

The “Resilient Thessaloniki Strategy” (Municipality of Thessaloniki, 2017) acknowledges
past resilience challenges that were overcome in the city, as proof for its inherent resilience
capability. However, the strategy does not explicitly identify the mechanisms that were
activated to overcome those challenges.

On the regional planning level, the plans that were analysed adopt a general approach with
regards to reflectiveness and past experience. This approach translates into natural, historical
and cultural heritage resources as assets that need to be managed in order to increase
economic competitiveness in the area. Nevertheless, the element of identifying past
challenges in the region, how they were overcome, and what helpful ‘lessons’ can be deduced
for today, is absent.

Environmental management regulations emphasize the need to establish databases and
environmental monitoring systems that will allow more informed environmental risk
assessment and actions that are more responsive to the challenges and needs of the local
physical environment.

On the transportation planning level, the situation appears to contribute to the leveraging
past experience. The need to achieve consensus and high degrees of integration is stressed, in
contrast to previous practices. Moreover, the Sustainable Urban Mobility Plan for the
Metropolitan Region of Thessaloniki (Thessaloniki’s Integrated Transport Authority, 2013)
adopts a continuous approach to assessing sustainable urban mobility through the examination
of previous experiences and each step taken.

As a general inference, one can argue that reflectiveness and the ability to learn from past
experience in the policy and planning framework for the western coastal front area of
Thessaloniki are utilized in a fragmented and theoretical way. In addition, they are focused on
monitoring current events rather than closely examining past events and their implications for
today’s practices.

4.5. Civic engagement and collaborative planning

Advancing to the last urban resilience element identified, referring to urban stakeholder
empowerment through equal representation, co-design and collaboration, as well the
encouragement the development of help and support networks and the role that digital tools
can play, the situation appears to be more promising, although there is lot of room for
improvement (Appendix, Table 3).

More specifically, on the municipal planning and management level, collaboration with
citizens is either completely ignored or sparsely and vaguely mentioned. Emphasis is rather
placed on institutional stakeholders (local social and economic institutions, administrative
entities, educational institutions, international networks) as potential collaborators.

The Resilient Thessaloniki Strategy (Municipality of Thessaloniki, 2017) is exemplary in
regard to civic engagement and collaborative planning. The strategy envisions Thessaloniki as
a place for vibrant multi-stakeholder representation, civic innovation and inclusivity. Co-
creation and urban stakeholder engagement, as well as the establishment of collaboration
networks among them, are major pillars of the strategy. Open urban data and technology tools
are seen as catalytic forces behind the development of robust approaches to sustainability.

On the regional planning level, civic engagement is mostly enacted through national law
requirements for public consultation. The approaches analysed target mainly institutional
stakeholders, who are expected to participate in the development and implementation of civil
protection and security plans and communicate them to their constituencies. Digital growth is
envisioned as a major intervention axis, to be realized by increasing open data availability,
systems interoperability, smart city applications and services’ availability and finally, by
enhancing the digital skills and accessibility of the population. However, civil society is seen
as the end node of the information line, primarily seen as the end consumer of policies, rather
than a co-creator. Altogether, programmes and actions to promote social inclusion, economic
competitiveness and environmental protection appear loosely connected to digital growth.
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Across the entire environmental management level, the need to establish robust
environmental monitoring systems using digital tools is stressed but there is no provision for
civic engagement and broad scale collaboration to mitigate resilience threats.

On the transportation planning level, an ‘open to all’ approach is provisioned, which is
again mainly addressed to institutional stakeholders, rather than citizens.

Altogether, it can be argued that engagement and collaborative planning for urban
resilience takes place mainly in consort with institutional stakeholders. Although this
observation can be justified on the regional governance level (the basic role of regional
authorities is to deliver and customize national policy directions to the lower tiers of
government), it is especially surprising and alarming for municipal governance as
municipalities represent the foremost level of urban governance on which citizens are
expected to engage in public dialogue, communicate local knowledge and organize in mutual
help networks and communities. In addition, the opportunities and capabilities rising from
‘smart’ growth and digital tools are largely underexploited.

5. Conclusions

In this paper, we analysed the resilience potential of the western coastal front of
Thessaloniki by identifying the constituting elements of urban resilience and investigating
whether and how these elements have been incorporated in the spatial planning framework
(urban, regional, transportation, environmental) as it applies to the area. Our findings show
that specific aspects of urban resilience-oriented spatial planning, including modularity, land
use restrictions, buffering and connectivity, are relatively well incorporated in current
provisions. However, redundancy —possibly the most important characteristic- is consistently
neglected across all spatial planning scales. The lack of redundancy in all current planning
and management frameworks reduces the ability of the area to withstand shocks and stresses
and accommodate increased demand in a time of crisis. We also made an alarming
observation that almost none of the analysed spatial and environmental plans and regulations
that apply to the area enforces the adaptive capabilities of local systems. This weakness
deprives local citizens, institutions, and systems, of the ability to innovate, use their resources
differently and pursue alternative routes for organization in times of crisis. Moreover, despite
the availability of a wealth of past experiences, learning from past resilience challenges is also
neglected in the current spatial planning and management framework. This deprives the
western coastal front of Thessaloniki of the opportunity to be better prepared and employ
relevant solutions to become more resilient. Finally, participatory governance is realized only
partially, focusing on institutional stakeholders rather than citizens, and leverages only
sparsely the opportunities arising from digital social innovation tools.

Unfortunately, the cycle of non-resilience tends to be magnified in times when resilience is
needed the most. In times when resilience is impeded by factors such as lack of funding
required for implementing development projects, lack of awareness and reflectiveness and a
general state of disorganisation, the need to break out of the non-resilience cycle appears to be
the most pressing. The lack of financing for urban development projects is especially
problematic, as it hinders the creation of proof of concept, i.e. implemented projects that
could influence thinking about urban development and drive citizens and their communities to
become agents of change.

Another important observation has to do with the systemic transfer of resilience (or non-
resilience) across urban systems: poor environmental management poses threats to public
services’ resilience, poor transport management generates social resilience threats, and so on.
It is impossible to create a resilient system in a place where other, non-resilient systems exist.
All the above raise questions about what decisions need to made and what actions need to be
pursued in order to escape the non-resilience cycle. In all cases, it is clear that a systemic
approach is required to improve urban resilience and that urban resilience is closely tied to all
social, economic and environmental aspects.

A major observation to make is that there are large disparities and a high degree of
fragmentation among the different scales of governance and planning frameworks (local,
metropolitan, regional, national, international). An integrated approach to resilience is lacking
in each scale, let alone across them. Metropolitan governance in Thessaloniki appears to be
the most important missing link that would allow the transfer of regionally imposed, strategic
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and tactical resilience principles to the local (urban) operational level. Many of the challenges
encountered in the area, such as environmental pollution and sprawl of light industrial
activities, surpass municipal boundaries and are issues that call for attention from higher level
jurisdictions. An integrated management of environmentally sensitive and highly productive
areas beyond municipal boundaries, which would be normally imposed on the metropolitan
level, is missing. As a result, municipalities are left to struggle in their own capacity with
resilience threatening factors.

Moreover, urban, regional, transportation and environmental planning appear to address
different aspects of resilience. Specifically, transport management frameworks mainly address
resilience from the standpoint of connectivity. Regional development frameworks address
resilience as an issue of local economic diversification and organization of economic
activities in zones. Urban and municipal plans address resilience through the designation of
urban unities and neighbourhoods (modularity), controlling land use in high risk areas and
introducing buffering zones. These buffering zones, however, cannot be considered generous
by any means. The lack of common understanding and consequently the adoption of a
common approach about urban resilience hinders the constitution of a unified, integrated
approach that would allow for coordinated mitigation of resilience threats. This would be
especially important for the area studied, which combines significant land, marine and inland
waters’ environments.

A final question is related to the enforcement and the implementation of the framework
analysed in this paper. The provision of a spatial planning framework enforcing urban
resilience is only the first step to enhance resilience. Next, however, this framework needs to
be designed and implemented in order to adopt a complete approach to resilience. Moreover,
this approach should allow for room for constant recalibration to reflect recent developments
and current opinions. All of the above point to the conclusion that a shift in thinking for
spatial planning and the provision of institutional regulations are required in order to enhance
the resilience potential of the western coastal front of Thessaloniki.
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Table 3. Research findings

Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning
t mix past
experience
General Urban - modularity no provision no experiential no specific
Plan of the through urban in this area knowledge provision for civic
Municipal Unit of unities accounted for engagement and
Echedoros, - strict land use broad scale
Municipality of restrictions in collaboration apart
Delta (2011): designated areas from minimum
Municipal unit; - buffering law requirements
Urban planning zones between for public
urbanized consultation

settlements and
industrial areas

- supra-local
connectivity
through major
transport
infrastructure
- N0 measures

for redundancy
General Urban

- modularity
Plan of the through urban
Municipal Unit of unities
Chalastra, - strict land use
Municipality of restrictions in
Delta (2010): designated areas
Municipal unit; - designation of
Urban planning as Special

Protection Areas
- supra-local
connectivity

through major
transport
infrastructure
- N0 measures
for redundancy

no provision

no experiential
in this area

knowledge
accounted for

no specific
provision for civic
engagement and
broad scale
collaboration apart
from minimum
law requirements
for public
consultation
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Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning

t mix past
experience
General Urban - modularity no provision no experiential no specific
Plan of the through urban in this area knowledge provision for civic
Municipal Unit of unities accounted for engagement and
Menemeni, - strict land use broad scale
Municipality of restrictions in collaboration apart
Ampelokipoi- designated areas from minimum
Menemeni (2016): - designation of law requirements
Municipal unit; as Special for public
Protection Areas consultation

Urban planning

- supra-local

connectivity
through major
transport
infrastructure
- N0 measures
for redundancy
Municipality of identical to identical to identical to identical to
Delta, Operational previous previous previous previous
Programme 2014- programming  programming programming programming
2019 (Municipality  period (2012- period period period
of Delta, 2015): 2014)
Municipal,
Operational
planning
Municipality of - modularity no provision no experiential collaboration with
Delta, Operational through in this area knowledge citizens sparsely
Programme 2012- economic accounted for. and vaguely
2014 (Municipality ~ diversification Data collection mentioned.
of Delta, 2012): - land use about local Institutional
Municipal; restrictions in circumstances stakeholders as
Operational rural areas and citizen potential
planning - buffer zones needs, for collaborators.
- supra local more informed
connectivity policy
- N0 measures interventions.
for redundancy
Municipality of - reorganization  no provision earlier collaboration with
Ampelokipoi- of land uses in this area  pressures have  stakeholders such
Menemeni, - building been taken as elected bodies,
Operational restrictions for into account in officials, local
Programme 2014-  rationalization the design, actors and
2019 (Municipality ~ of residential such as the community
of Ampelokipoi — development reduction of groups.
Menemeni, 2015): and gradual household size
Municipal, consolidation of and the visual
Operational saturated barrier effect
planning regions
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Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning
t mix past
experience
Municipality of no provisionin  no provision no - potential
Ampelokipoi- this area in this area experimental development of
Menemeni, knowledge co-operation with
Operational accounted for  institutional actors
Programme 2011- - no citizen
2014 (Municipality participation
of Ampelokipoi —
Menemeni, 2015):
Municipal;
Operational
planning
Resilient - no spatial -no - current - Thessaloniki as a
Thessaloniki planning adaptation resilience place for vibrant
Strategy measures capability threatening multi-stakeholder
(Municipality of foreseen enhancement challenges representation,
Thessaloniki, - key issues - data driven identified in civic innovation
2017): related to spatial ~ monitoring the way that and inclusivity
Metropolitan; structure systems the city has - co-creation,
Planning for identified as (governance  developedup  urban stakeholder
resilience critical for & to today. engagement,
resilience: (i) environment) - identifies establishment of
the role of for past resilience collaboration
public and open  calibration of challenges that networks
spaces as places the city’s were - open urban data
that foster approach overcome but and technology
collaboration does not tools as catalytic
and inclusivity, explicitly forces behind the
(i1) the investigate the  development of
importance of resilience robust approaches
neighbourhood mechanisms to sustainability
based economic put in action
diversification,

(ii1) the need to
develop a robust
polycentric
governance
system and (iv)
the need to
enhance
connectivity by
means of
sustainable,
transit oriented
development
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Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning
t mix past
experience
Action Plan for the - land use no provision  -preservation no provision in
Western Coastal control in this area of historical this area
Front of - organization of and cultural
Thessaloniki productive and assets
(Region of Central  entrepreneurial - other than the
Macedonia, 2016): activities in above, no
Metropolitan; designated areas experiential
Regional planning - protection of knowledge

Study for the
pollution of
Thermaikos Gulf
and Immediate
Mitigation
Proposals (in
Greek) (Fytianos,
2008):
Metropolitan;
Environmental
management

environmentally
sensitive areas
- upgrading and
integration of
urban
infrastructure,
especially for
improving
protection
against
environmental
threats
- classification
and assessment
of
environmental
load from
productive
activities
- delimitation of
sensitive river
basin districts
and
development of
alternative crops
and irrigation
- development
of breeding
ground for
unification of
the free-keeping
of animals

no provision
in this area

accounted for

creation of
database to
collect
information
about polluted
sites
(municipal
waste,
industrial
waste water,
agricultural
and animal
waste, etc.) of
the water
recipients that
end up in the
Thermaikos
Gulf

there is no specific
provision for civic
engagement and
broad scale
collaboration
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Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning
t mix past
experience
Unified Transport - redundancy - optimized -theneedto - the “Masterplan”
and Infrastructure ~ achieved by an  transportatio have a is proposed to be
Master Plan for the internal and n systems for  consensus on  open to the public
Broader external ring- lower the future and the institutions
Thessaloniki road and transportatio  transportation  of the city and to
Region until 2020 connecting n costs, more planning is be adapted
(Greek Ministry of  roads between  imports/expo  underlined, in  accordingly, while
Transport, 2010): them and the rts options,  contrast to the it should be
Metropolitan; national road and variety previous implemented by
Transportation network. of available  practices in the the Public
planning Planned light transportatio city Transport
rail line, parking n modes. Authority of
places and Thessaloniki
multimodal which is a
transport representative
stations offer public legal
poor redundancy authority.
- modularity by
splitting
masterplan into
smaller
transportation

projects that can
be constructed
and function
autonomously
- buffering
through an
extended
network of
connecting
roads with the
national road
network and a
bridge that
connects the
area with the
eastern part of
Thessaloniki
metropolitan
area that
bypasses the
city
- connectivity is
a major
objective of the
masterplan
especially
regarding the
road network
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Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning
t mix past
experience
Sustainable Urban - planned light  no provision - examination - SUMPs include
Mobility Plan for  rail line from the  in this area of previous by nature a cyclic
the Metropolitan central bus and existing procedure of
Region of station to the experience and stakeholder
Thessaloniki rest fixed route every further  engagement in co-
(Thessaloniki’s system network, step taken design for
Integrated offers sustainable urban
Transport connectivity, mobility
Authority, 2013):  and modularity,
Metropolitan; but seems to be
Transportation poor in terms of
planning redundancy and
buffering.
New regulatory - coordination - plan should -the area’s - improvement of
plan of the with national, be updated natural, information and
Prefecture of regional and every 5 years  historical and ~ documentation of
Thessaloniki - local policies to reflect cultural institutional
under - interregional recent heritage stakeholders about
development- connectivity changes should be protection and
(Greek Ministry of - improvement - no other preserved, security threats
Environment and of polycentric specific accessible to and policies
Energy, 2011): structure of mention to the whole of - collaboration of
Prefectural, space, adaptation society and institutional
Regional planning  diversification and leveraged for  stakeholders in the
of local restructuring  international development of
production capability promotion and civil protection
- land use enhancement  local tourism plans
control and measures development. - web facilitated
protection of - other than the  access of citizens
natural above, no to information
ecosystems and experiential about the
agricultural knowledge mitigation of
areas accounted for  resilience threats
- compact urban - data collection
development and development
- organization of of environmental
industrial and biodiversity
activities in monitoring system
predesignated
areas
- specialized
protection
programmes and
interventions
where needed.
- integrated

management of
maritime zone
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Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning
t mix past
experience
Regional - modularity no provision no experiential no specific
Framework for through urban in this area knowledge provision for civic
Spatial Planning unities accounted for engagement and
and Sustainable - strict land use broad scale
Development of restrictions in collaboration apart
Central Macedonia designated areas from minimum
(Greek Ministry of - designation of law requirements
Environment and Special for public
Energy, 2004a; Protection Areas consultation
2013): Regional; - supra-local
Regional planning connectivity
through major
transport
infrastructure
- N0 measures
for redundancy
Regional - connectivity ~ no provision no experiential - actions and
Operational and polytropic in this area knowledge works to promote
Program of Central sustainable accounted for social inclusion,
Macedonia (Greek mobility but not connected
Ministry of - protection of to innovation or
Economy and natural technology
Development, environment, - different stream
2014a): Regional; integrated of actions related
Regional planning  management of to accessibility
maritime areas, and uptake of
adaptation to information
climate change technology
and crisis applications
management
- cultural
heritage
resources as
touristic assets
Regional - spatial no provision no experiential - innovation is in
Innovation planning should  in this area knowledge the heart of the
Strategy for Smart  be re-oriented accounted for strategy
Specialisation of toward - developed in
Central Macedonia sustainable consultation with
(Greek ministry of development institutional and
Economy and - no other business
Development, provision in this stakeholders
2014b): Regional; area (without civil
Regional planning sector)
- digital growth

envisioned as
major intervention
axis. Citizens seen
as consumers,
rather than co-
creators
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Study/Regulation: Resilience Adaptive Reflectiveness Civic engagement
Planning level; oriented spatial spatial , ability to and collaborative
Sector planning managemen learn from planning
t mix past
experience
Seismic Risks Map  no provisionin  no provision no experiential no provision in
for Greece (Greek this area in this area knowledge this area
Ministry of accounted for

Environment and
Energy, 2004b):
National; Planning

for resilience
Natura 2000 - strict land use  no provision no experiential there is no specific
network of restrictions in in this area knowledge provision for civic
protected areas designated areas accounted for engagement and
(European - modularity broad scale
Commission, through collaboration
2006): European; designation of
Environmental physical features
management - buffering
zones
EU Floods - thinly no provision - Member - Member States
Directive populated or in this area States should shall encourage
(2007/60/EC) unpopulated not take active involvement
(European areas or areas measures of interested
Commission, with limited which increase parties in the
2007): European;  economic assets the risk of production, review
Environmental or ecological flooding in and updating of
management value are other Member flood risk
considered as States management plans
not significant - a preliminary
for flood risk, flood risk
hazard maps and assessment
flood risk maps shall be
-appropriate undertaken to
settling of all provide an
industries in assessment of
predefined potential risks
zones with
modern
antifouling
equipment
Ramsar - strict land use ~ no provision factors there is no specific
Convention restrictions in in this area affecting the  provision for civic
(Ramsar designated areas site’s engagement and
Convention - modularity ecological broad scale
Secretariat, 1971) : through character, collaboration
Global; designation of including
Environmental physical features changes in
management land use and
development
projects

Source: authors’ elaboration of data included in the mentioned studies and regulations
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Abstract

Piraeus is the fourth largest municipality in Greece and a port city. Piracus port is one of
the biggest in the Mediterranean, serving thousands of passengers, who use the city as a
transport corridor to reach Athens. On the other hand, the harbor gives a sense of liveliness in
the city, further reinforced by the advantageous geographical position, important
archaeological sites and a beautiful shoreline. New perspectives are also opening up for the
city due to the development of a new cruise terminal. Among the crucial challenges faced by
Piraeus city is the strong car-dependency. In order to cope with this issue and related impacts,
but also to reinforce traditional economic activities related to the maritime economy, the
municipality has decided to re-orient its planning efforts, visioning Piraeus as a sustainable
coastal and maritime tourism destination. As part of this planning goal, the promotion of
cycling has been decided, by launching a Bike Sharing System (BSS), being perceived as an
excellent tourist attraction along with other advantages this can bring. The paper deals with
BSS planning as a smart policy that will directly benefit the local economy. It elaborates on
those factors that show how and why changes occur in a city due to a BSS, how and why it is
successful or not and what are its benefits but also main challenges. It also gathers knowledge
from European BSS in order to embed it in Piraecus’ BSS planning effort for improving
citizens and visitors’ sustainable mobility pattern in Piracus.

Keywords: Port city, Bike Sharing Systems, sustainable mobility, sharing economy,
Piraeus

JEL classification: R42

1. Introduction

Considering the serious threats that affect the city environment such as climate change,
accidents, traffic saturation, pollution, noise and the extended takeover of public spaces by
cars, the municipality of Piraeus visions to promote sustainable mobility policy choices and
solutions, following successful experiences gained by many cities in Europe that have shift
towards cycling and walking.

In 2004, OECD, in its report on National Policies to Promote Cycling, stated that “Cycling
is increasingly recognized as a clean, sustainable mode of transport and an essential part of an
inter-modal plan for sustainable urban travel.” Today, almost 15 years later, it is widely
recognized that bicycle is the solution to urban problems, such as traffic congestion, high cost
of living, land use consumption and also environmental and health issues. Elliot Fishman
(2013) indicates that a common response to the contemporary urban policy, seeking to
overcome challenges presented by car dependence, is to replace car journeys with bicycles’
ones.
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Bicycle Sharing Systems (BSS), as part of wider urban mobility management strategies,
are critical components of current policies and practices to address these challenges. The key
objective of BSS systems is to provide free or low-cost access to bicycles for short distance
trips in urban areas as an alternative option to private car use, therefore reducing air pollution,
noise levels and traffic congestion. Bike sharing is also linked to motorised public transport
either as an alternative transport mode or as a short distance (‘last mile’) solution, connecting
commuters to public transport hubs. In this context, a ‘bicycle sharing system’, ‘bike sharing
system’ or ‘bike sharing scheme’, can be defined as any fully automated, self-service network
of bicycles that is available to individuals on a short-term basis as a means to short distance
transportation in urban areas. Bike Sharing Systems can be classified according to financing
models followed (public, private, or public-private partnership), ownership, operator and
operational model, scale and range.

Urban transport advisor Midgley (2011) has noted that “bike sharing has experienced the
fastest growth of any transport mode in the history of planet.” The introduction of a BSS has
profound impacts on “creating a larger cycling population, increasing transit use, decreasing
greenhouse gases, and improving public health”, as reported by DeMaio (2009). Bike sharing
gains popularity as it offers both an alternative transportation option and a mean to increase
bicycle use by integrating cycling into the transportation system. The main principle of bike
sharing is to offer a short-term access to bicycles on an as-needed basis, removing the burden
of costs and responsibilities relating to bike ownership. Shaheen et al. (2010) described the
benefits of bike sharing, such as flexible mobility, reductions of gas emission, health of
population related to physical activity, reduced congestion and fuel use, financial savings at
the individual level and support for multimodal transport connections.

Piraeus is a typical Greek city. The main urban characteristics of Piraeus are high density
housing and narrow roads, which are disproportionate to the heights of buildings in terms of
building height to street width ratio. Building stock counts several decades now, which
implies that no underground parking spaces are available, leading to excessive on road
parking. Due to this fact, cars can move in a narrower corridor. In fact, car speeds are low,
however this does not mean that streets are welcoming and movement of pedestrian and
cyclist is safe. In fact, exactly the opposite is the case in the city. Sidewalks are too narrow
and full of obstacles, forcing pedestrians to walk on the street. There is absolutely no
provision for cyclists. The above-mentioned characteristics and the absence of green elements
turn streets into traps for pollution and noise, the well defined in the literature “street canyon
effect”. The structure and environment of the city as a whole is hardly attractive to walk or
even stand on the street. Walking and cycling are not a viable option; hence residents are
strongly depended on their car or motorcycle. The effects of this dependency are well known
in terms of quality of life and urban operations.

The Municipality of Piraeus participated in the CycleCities project in order to integrate
cycling in urban mobility policies. Bike sharing schemes or systems lie at the core of urban
mobility management strategies; and the integration of such system in the Piraeus’ cycling
plan was considered necessary. This research focuses on studying existing BSS case studies in
the European context; and using these experiences for planning a new BSS system for the city
of Piracus along the lines of the CycleCities project.

2. Methodology

This research was accomplished in two distinct stages (Fig. 1). Both stages were carried
out under the umbrella of CycleCities Project, an INTERREG IVC funded project. The first
stage intended to gather evidence on BSS effectiveness and impact on urban mobility
management. The second stage concerned the state of Greek Bike Sharing Systems (BSS)
with a special focus on the case of Piraeus municipality.

Stage 1 included 3 steps. The first step was to make a preliminary desk research, literature
review and brief analysis of the state of the art of the European urban bike sharing systems.
Then a review of several public datasets (e.g. OBIS project, EPOMM database) currently
available on bike sharing systems in Europe (types of systems installed, numbers of bicycles
and registered users, costs and financing) took place. Based on the previous steps, the BSS
cases to be surveyed were identified and comparatively analysed. An online survey
questionnaire was developed so as to gather views, opinions and experiences on effectiveness
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and user satisfaction in relation to Bike Sharing Systems, using as a basis on the BSS cases
identified through review of available data. Finally, the pilot testing and fine-tuning of the
questionnaire took place, while accompanying survey material was structured (e.g. guidelines,
invitation texts). The survey lasted for 6 weeks. The questionnaire led to the collection of
additional, up-to-date evidence and provided more in-depth insights into the effectiveness,
value-for-money and overall impact of current bike sharing schemes and systems in European
cities, as voiced by those directly involved in planning, deploying and operating BSSs. After
the consolidation of related answers, a comparative analysis of the survey data was carried
out.

Figure 1: Methodological Framework
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The sample was analyzed using the SPSS two-step clustering method and the hierarchical
cluster analysis in order to identify groups of similar BSS, with high distinction to other
groups.

While steps 1 and 2 of the research aimed at establishing an overview of the current
situation and the facts and figures of European BSSs, the questionnaire-based survey (step 3)
focused on exploring specific aspects of bike sharing schemes, related to their effectiveness,
associated costs and value-for-money as well as their overall impact.

Stage 2 elaborated on bike sharing systems in the context. At first, Greek cities were
researched according to CycleCities questionnaire in order results obtained from them to be
integrated in the overall European results. Afterwards, a detailed research on Piraeus
municipality took place. All previous studies (transport studies, urban planning studies,
architectural reform studies, etc.) were gathered in order to understand the previous/existing
visions and goals for the city.
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A consultation process followed the above step, aimed at gathering the local authorities’,
stakeholders’ and residents’ points of view, in order these to be taken into account in the
planning procedure. Public involvement in the planning policies for sustainable mobility is a
highly demanding task. Surveys have shown that the reaction of citizens in attempts to
enhance participation in the planning procedure is quite similar in most countries. It requires
honest intention from the planning organization, acting as the initiator; and effective
incorporation views gathered in the final planning outcome, in order for the procedure to be
meaningful (Stratigea, 2015). To motivate local population and achieve wide participation for
consultation purposes implies the provision of certain incentives. Moreover, a comfortable
and friendly environment has to be established, within which citizens should feel that they
take part in a planning process that aims at improving the quality of their lives.

The preparation of the consultation process includes the following actions:

e Recording of the “social stakeholders” of Piraeus. Interviews / meetings
with the "social stakeholders" of Piraeus were recorded.

e Making interviews / meetings with the local authority, the Department of
Planning and Development of the municipality and citizens. The type of
semi-structured interview was selected, which is a flexible, open, minimum
standardized approach and allows for in depth conversation. The
conversation focused on the issues of mobility in the city of Piraeus. An
interview guide was written that included the three following main issues
to be addressed: (a) the way residents travel and the means they use both
within Piraeus and in their inter-municipal travels; (b) their participation in
urban planning decisions or any suggestions on how citizen participation
could be enhanced in such decisions; and (c) the problems of the city, how
they perceive the development of the city in general and in relation to their
trips in particular.

e Exploring views and wishes of the residents of Piraeus via a questionnaire
in relation to travelling in the city and the prospect of sustainable mobility
policies.

3. .Findings

3.1. First stage of research

Starting point of the research was an overview of the current situation of BSS by reviewing
the literature and previous surveys/ projects like the OBIS project (2011). A lot of researchers
have focused on different aspects of bike sharing systems and their work should be noted as
highly important. Matrai et al. (2016) and Fishman et al (2013) make a holistic literature
review on this subject. Shaheen et al. (2010) highlight the systems’ generation and evolution
over time. Ricci (2015) dealt with the identification and critical interpretation of the available
data on BSS. Fishman et al. (2014 and 2012) focused on the facilitators or the barriers of bike
systems. Midgley (2011) and Shaheen et al. (2012) developed datasets about different system
characteristics. DeMaio (2009) focused on analysing the business model of public bike sharing
systems.

In the next stage of the research, a survey questionnaire was conducted, leading to the
collection of additional, up-to-date evidence and providing more in-depth insights into the
effectiveness, value-for-money and overall impact of current bike sharing schemes and systems
in European cities, as voiced by those directly involved in planning, deploying and operating
BSSs. Data were collected through the collaboration networks of the CycleCities project
partners. It was focused on specific aspects of BSS, relating to their effectiveness, associated
costs, value-for-money and their overall impact.

3.1.1. Responses’ overview
The majority of cities (40%), which participated in the survey, were medium-sized cities.
Regarding the respondent’s involvement in BSS’s deployment, this revealed that most
participants were involved in the process ofplanning/designing a BSS, followed by those who
worked in systems’ daily operation, performance and maintenance.
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The analysis regarding the BSSs’ user groups revealed that the primary group of BSS users
is commuters to work/school, followed by tourists and people on their leisure time.

Concerning the costs and economic results of the BSS, it was revealed that the main source
of revenue are primarily the user’s fare and advertisements, followed by the income earned
from contracts with the local authorities as well as any grants/donations that may occur. Also,
the repair/ replacement costs due to damages, vandalism and theft were not as important as
some might believe. Compared to the overall operating cost, it was less than 10% for the great
majority of the European BSSs. In case of negative economic results, the city administrator or
the private operator covers the deficits, depending on who has deployed the system and the
type of signed contract in case of private operators.

In the majority of cases, the most important benefits that followed the deployment of BSS
systems were the increased bike use (“cycling uptake occurred”) and the improvements in
citizens’ health. The most frequent territorial and other policy measures implemented, in
combination with the deployment of the BSS, were cycle routes, awareness raising campaigns
and partnerships of BSS with public transport sector.

3.1.2. Correlation analysis

The correlation analysis indicated the relationship between variables. It was used to
understand whether the relationship is positive or negative, but also identify the strength of
this relationship.

There was no relation identified between the proportion of municipality area covered by
the BSS and other factors. This lack of correlation appears as it might be beneficial to have a
large system that covers the whole municipality, but it is contradictory to the basic design
principle, which requires a high density of stations, a fact that is not feasible if the network of
stations is expanded in the outskirts of a city.

The average duration of each trip is highly correlated to the relation of revenues and
expenses. In all systems with average trip duration up to 30 minutes, expenses exceed
revenues. The BSSs that have profits are allocated within the 60-120 min class on trip
duration. This is due to the fact that pricing schemes, with a limit of 30 minutes free of
charge, are encouraging for short-time use of the public bikes. But this correlation also reveals
that users accept to pay if they need a public bike for more than the free time provided.

Highly correlated were found to be the primary user group and the level of public
consultation through polls and voting. Adequate public consultation of this kind is only found
for the commuter-oriented BSS. High correlation is found for different kinds of public
consultation as: public meetings, polls and voting and public information centers. If
involvement in public consultation is planned, these three participation modes are sufficient
when used together. In other cases, all three are considered somewhat insufficient.

An important correlation occurs between the source of the total revenue and the public
opinion. Systems registered as totally financed by advertisement are rated with highest score
for the public opinion. This might be due to the fact that advertising companies present a
professional image of the BSS.

Furthermore, the effect of increasing tourism as major benefit is strongly correlated with
the average economic result of the BSS. For systems with a positive revenue-expense ratio,
the effect on tourism is assessed very high and vice versa. The major benefits of the increase
in bike use are directly correlated to the benefits of reducing traffic congestion, improving
citizens’ health and reducing CO, emissions / improving the urban environment.

High investment costs as a major challenge of the BSS, is significantly correlated to the
need for additional funding to improve the system. The importance of additional funding is
also correlated to the assessment of public consultation, especially through information
centers. Systems that emerge after adequate or sufficient public consultation feature a high
importance of additional funding. Lower prices for users, as a critical measure to increase the
system’s value for the city, is highly correlated to the positive assessment of the impact of
BSS on local development as well as to the need for setting up initiatives for engaging local
communities in decision-making and combined actions, involving other transport modes.

The overall impact of the systems, based on the results of the survey, is summarized in
Figure 2.
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Figure 2: Diagram of the impact of BSS
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3.2. Case study: Piraeus

3.2.1. Current situation and existing plans and studies

Piraeus is an historical industrial city. It has very high residential densities and activities
and a severe problem of illegal parking that creates traffic jams all day long in various spatial
entities. The Piraeus area is characterized by great diversity in its geographical characteristics.
It includes areas with steep slopes, but almost flat areas where the bike could move
comfortably and serve both residents and visitors from other regions.

Piraeus advantages are the liveliness of the harbor with thousands passages every day as
well as the diversity of the shoreline and the landscape in general. It has important
archaeological sites and an advantageous geographical position in the center of historic sites,
as the islands of the Saronic Gulf, Sounio, ancient Corinth, Epidaurus, Mycenae, etc.

The lack of adequate transport infrastructure and the limited surface resulted in a dramatic
increase in density. The classical buildings with one or two stores were sacrificed in order to
have block of flats. The existing density is not consistent with the presence of the large
number of cars. Piraeus is a lively city and at the same time tends to be paralyzed by
congestion on the road network.

The Municipality of Piraeus has become an autonomous commercial and business center.
A large part of the population works within the borders of the municipality. There is also an
important proportion of the population that works outside the municipality, mainly within the
Athens Metropolitan Area (public and private employees, freelancers and entrepreneurs) but
also in other areas (industry, etc.). Within the center, but also in the overall municipal
territory, there are many supra-regional businesses and services, which increase the traffic
congestion, with all the relevant consequences this can cause. The city has a number of
important supralocal roads. Thousands of vehicles pass daily throughout the city and
determine its functioning and dynamics.

The municipality has implemented traffic regulations (turned two-way roads to one way)
due to the expected deployment of the tram and metro. On certain roads were reclamations,
aiming at improving conditions for pedestrians or at separating circulation of buses (which
move contra flow) from car traffic. While in general, the implementation of one-way roads
used to be considered as a good practice in traffic planning for "fine tuning" car flows, a
number of problems have arisen in the city of Piraeus.
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A severe problem is the increased car speed that now exists on roads without traffic lights,
such as the coastal road, which prevent and discourage residents and visitors from crossing it,
and therefore degrades the value of the sea front. Also, the illegal parking on central streets
constitutes a problem, reducing their capacity and therefore their functionality. Finally, an
important problem is the total lack of law enforcement and therefore political support, which
could have regulated and prevented situations as the above described.

The lack of parking policies, the emergence of private parking areas that attract more and
more cars, combined with the inadequate public transport (at a distance from current needs of
the city) create an intolerable situation due to heavy car traffic and on-street parking density
that degrades the quality of the urban landscape and quality of life.

Consequence of all the above is the deterioration of the city’s image as a coherent urban
and social landscape (A4). Additionally, the social inequality is one of the biggest obstacles
that Piraeus should overcome in the 21st century.

Previous studies and plans for Piracus were studied. The aim was to search for those
elements that could be used, either in the phase of the analysis or in the phase of the planning
process for setting up a strategy for sustainable mobility. The metropolitan plans for the wider
area were taken into account, as Piraeus could not remain unaffected by them. Most of the
studies and plans were based on the use of car. For example, in 2002, a traffic study was
drafted in order to solve traffic problems in the municipality. Proposals emerging from this
study aimed at optimizing the flow of cars along the main roads, by increasing the traffic
lanes and the green phase of traffic lights in the junctions.

In 2008, the newly elected municipal authority set new objectives for the city, a vision that
was targeting to: improve the quality of life, decrease spatial inequalities, improve sustainable
accessibility, enhance sustainable mobility, showcase the history-culture and promote the city
as a tourist destination. In the light of these objecitves, decided crucial aspect was to cope
with mobility inefficiencies aand make a turn towards more sustainable mobility patterns in
the city. The first attempts made were rather inadequate. In 2008, the Municipality of Piraeus,
in cooperation with Attiko Metro, has launched 6 projects for the rehabilitation, restructuring
and development of urban transport of the greater Piracus area (extensions of lines,
underground lines, parking facilities), in order links to be established to the rest of the Attica
Region. In 2012, the project of converting an inactive railway section to bicycle and
pedestrian routes was considered highly insufficient by some and totally useless by others.
The reconstruction, planting and aesthetic upgrading of the route are of no value, since the
pedestrian-bike path will be cut off from the urban environment and disconnected from public
spaces and public transport.

In 2011, the municipality joined the CycleCities consortium, inspired by the sustainable
mobility targets set: increase the percentage of cycling in the city, improve accessibility in
particular land uses, plan for cycling network, attract private investments on cycling, decrease
accidents, engage stakeholders in the planning process, raise the citizens’ awareness. The
opportunity seen via CycleCities was to integrate cycling in urban mobility policies, using the
European experience. One of the policy directions serving sustainable mobility concerns in
Piraeus municipality, already identified from the beginning of the project, was the deployment
of a BSS, as this was proven to be extremely efficient in terms of adopting bicycle as means
of transport in cities without any urban cycling culture (case of London and Paris). The results
of the first stage of research were absolutely encouraging towards the adoption of such a
system within the framework of “Piracus’ Cycling Implementation Plan”, which was the main
expected outcome of the project. As BSSs directly increase bike use and public transport use,
it was proven (by the first stage of the research) that it improves the image of the city, boosts
the local economy and improves accessibility. It also indirectly reduces car use, resulting in
reduced congestion, noise, pollution, accident risk, land consumption and expenses.

These results were almost identical to the targets set by the municipal authority for the
city. In this way, BSS has emerged as the ideal “tool” for achieving these goals.

3.2.2. Consultation process
As mentioned above, in the context of the interviews / meetings, the social stakeholders’
groups of Piraeus were identified. More specifically the groups that were identified to take
part in the meetings or share their views through interview-based one-to-one discussions,
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included: municipal social services such as parents' associations in schools, local associations
and partnerships which act in Piraeus, other unions or partnerships that engage citizens
(churches, orphanages), local media (news websites, newspapers, radio, bloggers) and local
political parties.

Based on the type of stakeholders identified, interviews were performed. The involvement
of citizens offered valuable information and highlighted critical issues, which were taken into
account in the planning process and further explored in the second phase of public
participation.

Among others, the main conclusions drawn from the interviews were: a) there was strong
support for the creation of cycle routes mainly on one way roads, along the beach and along
the harbor: and b) citizens were reluctant to use the bike for safety reasons, practicality or
health (due to traffic conditions, inadequate cycling skills, difficulty to find safe parking near
the house, knee problem, rise of the crime during night time). There was a preference towards
bike, mainly for local traveling and leisure in the coastal roads but not at the metropolitan
level. The transportation from / to and within the city center, emanating from the
neighborhoods, are done by foot or by car. Piracus is a dense area, with relatively small
distances and the center can be reached by foot from the surrounding neighborhoods.
Consequently, there was strong support for measures in favor of the pedestrian; and it was
generally desirable to restrict the use of cars in the center. Moreover, the bus service in
Piracus was not adequate due to the lack of reliability and speed of service.

There was strong interest in quality of life issues (security, cleaning, pedestrian traffic, use
of open spaces, highlighting of archaeological sites-monuments). Moreover, rise of crime and
lack of security in certain areas, made walking and public transport a less attractive option in
the evening.

Regarding the planning procedure and public participation, there was contact between the
municipality and the citizens, but promises were not realized. Some people believed that the
involvement of citizens eventually will make planning worse. It was feared that the
involvement of citizens is affected by personal interests and that people were trying to
“promote” themselves or their interests through participation and not to improve planning.
There was a feeling that the environment of the city was shaped by personal choices of
powerful groups and not only by the municipality.

Finally, there is a strong sense that Piraecus must regain its identity, a core element of
which is the port. The port should be reorganized in order the cruise industry and tourist
services to be developed.

The findings of the interviews were reinforced by a larger sample, using a standardized
questionnaire. The views of residents on critical issues related to the desires and intentions as
well as their experience of the city were explored. The questionnaire focused on specific
interventions and traffic scenarios in the city, which respondents were asked to evaluate,
stating their agreement or disagreement with them. Evaluation of the scenarios were used for
the design of various interventions in the city. The scenarios included in the questionnaire
reflect real dilemmas of planners.

The findings regarding bike attractiveness were very optimistic, but regarding bike sharing
systems, the feelings of the residents were mixed. This is justified by the fact that there is no
experience of a successful system in the wider metropolitan area of Athens, but also in
Greece.

4. Planning for Bike Sharing System

The creation of a network of BSS stations was divided into four phases. In order to select
the location of the stations, the following data were used: population density, strong poles of
attractions, Piraeus’ public transportation network, the proposed bicycle network, a BSS study
made by the municipality of Athens for installing public bicycle system, the European
average prices for bicycle numbers/ no., residents & visitors, cover / housing density, distance
between stations, bike prices, costs, etc, origin and destination study made by OASA in 2006.
According to this study, 24.72% of commuters live in the Municipality, while 20.6% use cars
and 29.8% use public transport. This means that some short trips in the Municipality can
potentially be replaced by bikes and public transport. It should be noted that for the choice of
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location of stations, easily accessible -on foot or by means of transport- public spaces were
preferred, provided that they do not disturb the coverage area.

The first phase is a pilot design for a network of bike sharing stations. Residents and
visitors of Piraeus prefer the construction of cycling infrastructure on the beach (which meets
the highest percentage of the municipality recreational uses). For this reason, the first bike
rental stations will be placed along the coastal road. Additionally, an important issue for both
residents and visitors of the municipality is to establish links of this the infrastructure with
the existing public transport. So, they are placed in Metro and Tram stations. Twelve stations
with twenty bikes on each station were proposed, following the European average ratio
‘bicycles / residents and visitors’ as well as the findings from a similar study in Athens. The
proposed stations will be installed in the locations shown in Figure 3a and Figure 3b.

Figure 3a: Position of the first 12 stations (Phase 1)
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The distance between the stations is small, so a user of the system can easily and quickly
go from one station to another, but even if he/she wants to approach them on foot, this is
feasible. All stations were chosen to be in proximity with major poles of attraction and in
direct contact with the proposed bicycle network of Piracus.

The second phase will complement the first one. Links will be established to and from rail
and tram network. There will be placed additional stations to serve the tourists’ demand,
arriving at the two ports of Piraeus (piers cruise and passenger ships). An attempt is made to
exploit the existing infrastructure of Piraeus; and the one to be launched in the near future. In
this way, additional areas will be served. Finally, the service of the central region and the
coastal cycling network is enhanced. Ten more stations with 20 bikes per station were
proposed. The proposed stations will be installed in the locations depicted in Figure 4a and
Figure 4b.
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Figure 3b: Bike sharing stations — 1st phase, proposed cycling network, public transport and
major poles of attraction in Piraeus Municipality
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The distance between stations (in the first and second phase) is small, and the users can

easily switch from one station to another. All new stations were chosen to be nearby and have
direct contact with the proposed bicycle network.

Figure 4a: Bike sharing stations — 1st and 2nd phase, proposed cycling network, public transport
(and the new lines) and major poles of attraction in the Municipality.

P,
Al AU S

,
- /0
%- l I’x.,_‘__,\/);r i . f{/

LEGEND:
METRO LINE 1 { OVERGROUND TRAIN)
SUBURBAN RAILWAY

PRINCIPAL POLES OF ATTRACTION

PROPOSED CYCLE NETWORK

PROPOSED BIKE SHARING STATIONS

‘ 7 H’.ai'a "S BORDER
Source: own elaboration




Bakogiannis E., Vassi A., Christodoulopoulou G., Siti M., Regional Science Inquiry, Vol. X, (3), 2018, pp. 57-70 67

Figure 4b: Position of the first 22 stations (Phase 1 + Phase 2)
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The third phase attempts to cover areas, which designate high population density, in order
for the inhabitants to gain better access to rail and neighborhoods centers. Furthermore, in
order to enhance the trips at the neighborhood scale, areas with commercial activities of a
smaller scale than the one in the center of Piracus were selected to be served. Finally,
additional stations were selected, to be established in the central regions and close to powerful
poles, as demand is expected to be high. Eighteen stations with 20 bikes in each were
proposed. The proposed stations will be installed in the locations shown in Figure 5a and
Figure 5b.

Figure Sa: position of the first 40 stations (Phase 1 + Phase 2 + Phase 3)
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Figure Sb: Bike sharing stations — 1st, 2nd and 3rd phase, proposed cycling network and
population density in the Municipality
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The distances between stations are reduced, so bicycle use can be facilitated by people
who are not familiar with it. All stations are located near the proposed bicycle network, and

they are selected to be placed in public places (eg squares, parks).
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In the fourth phase, the stations were selected in a way that the maximum distance
between two stations to be 250m (the buffer zone of 250m from each station was selected as it
is easy to travel the distance by bike). Therefore, buffer zones, influence zones of 250m
around the stations of the previous phases, were created. Those areas not covered by these
zones are the locations of 40 new stations of the fourth stage.

The criteria for the establishment of the new stations were: a) the location of the new
stations, which have to be near proposed bicycle network; b) the selected locations for the
stations should be in proximity to land uses, such as schools, sports facilities and shops; and
nearby roads served by public transport (buses) (among the whole network of stations, only
three stations are not in direct contact with the proposed bicycle network, but in a range of
250m.); and c) the central area of Piraeus (shopping center, and trade and recreation center)
will be enriched with extra stations for shared bicycles, as in this area the demand is expected
to be more intense. Forty more stations were proposed (Figure 6a and 6b).

Figure 6b: Bike sharing stations in the Municipality of Piraeus (1st, 2nd, 3rd, and 4th Phases)
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The final outcome is shown in the map of Figure 6b. The Municipality will have
constructed 80 bike sharing rental stations, with 1600 shared bicycles. This image is a
proposal for the distant future, in another society, where the bike is fully incorporated into the
daily life of residents and visitors of the area.

5. Conclusions

Following experiences gained in other European cities, Piraeus BSS is expected to act as a
complement to public transport, especially in the light of the new metro and tram lines. It will
replace short journeys that are currently made by car. This is expected to improve travel
conditions (both for pedestrians and motorized transport) in the central areas but also near the
public transport stations. Furthermore, the problem of parking in the center of Piracus, which
today is one of the most important problems throughout the Municipality, will be dealt with.
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Although it requires a great deal of funding, the implementation of a bicycle sharing
system, will bring immediate benefits not only to the company that will operate it, but also to
the Municipality, provided that its implementation is properly done. The city will be more
attractive and easy to visit. Thus the visitors, who are now crossing Piraeus and heading to
Athens, will remain to the city.

The implementation of the BSS will take place gradually in order to initially attract the
visitors of the city and then the residents of Piraeus, so as to use it for their daily journeys.
Initially the system is expected to serve city visitors in order to reach the major poles of
attractions in this city. In this phase, residents are expected to understand the operation and
usefulness of the system. Over time, they will integrate it into their everyday lives, replacing
motorized vehicles.

A very important component for the success of the public bicycle system is the
maintenance of the infrastructure in order for the system to be reliable. The municipality
should pay attention in order to prevent vandalism and also to repair immediately possible
damages. In addition to the bicycle infrastructure, bicycle applications should be developed to
inform the public for the location of the stations, the number of bicycles available and the cost
of using them. Moreover, applications and / or maps can be developed to present the city,
attractions and possible “activities to do” so that the visitor can easily explore the city.
Different routes within the city can be proposed (routes of archaeological interest or
recreation). The difficulties or interest of each route should be stated, as well as alternatives to
tackle those difficulties should be mentioned. Concerning the success of the system, there
must be continued political support in order to persuade residents to use it. The deployment of
such systems should be accompanied by citizen awareness campaigns and motivation for the
use of bicycles.

It should be highlighted that in many cities, in Greece and abroad, Municipal Authorities
decided to deploy BSSs without implementing other measures or infrastructures for the bike.
The deployment of such systems contributes to the modern image of a city. It also helps
municipalities to establish links with the younger generation, which is familiar with the use of
the internet. Through the internet, availability of bikes in every station can be searched; and
potential users can communicate with each other and get informed about interesting sites and
preferred routes.

This system is a challenge and a dilemma for Piraeus, since no other measures regarding
bicycles are implemented. Piracus aspires to follow the example of the 1,286 cities
worldwide, which have already installed more than 3,420,000 public bicycles. This attempt is
undertaken in order for the municipality to strengthen its economy related to cycling tourism,
so as to compete with the other southern European cities (Spanish, Italian and French), where
the largest number of BSS is deployed (132 cities in Spain, 104 in Italy etc.). The deployment
of a bike sharing system can bring direct kind of profits in the city of Piraeus, as it can
improve its image, strengthen economic activities, raise the number of visitors’, as well as
reduce pollution, noise and energy consumption levels. The benefits to the city's social
environment are also not negligible: health, safety, socialization, liveliness of public spaces.

All these show that Piraeus' public electronic bicycles are not a luxury but a high-
performance investment, which is even more efficient when accompanied by cycle paths, low
traffic streets and enhanced public transport.
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Abstract

In the last decades the interaction between marine users is becoming more complex as
there are growing needs of different sectors competing for the limited sea space. EU has
adopted new institutional structures such as the Marine Strategy Framework Directive
(MSFD) and the Maritime Spatial Planning (MSP) Directive promoting the sustainable
management of marine and coastal areas. A key aim of these structures in line with “Blue
Growth” objectives is the sustainable use of maritime space following an ecosystem-based
approach. This study explores interactions among existing human activities in the Aegean Sea
(Greece) so as to identify areas which would be mostly benefited by spatial planning.
Conlflicts between existing uses are discussed along with the cumulative impacts of these uses
on a key priority habitat, the seagrass Posidonia oceanica that provides important services to
human well-being. Then the study links impacts with the value of a key service provided by
seagrasses, carbon sequestration. Finally, it discusses the potential of such a joint analysis to
support prioritization of areas or stressors of concern. In this context, limitations and
challenges arising due to the inherent complexity of the involved factors and parameters are
acknowledged.

Keywords: cumulative impact assessment, ecosystem services, Posidonia oceanica,
carbon stock provision, maritime spatial planning

JEL classification:

1. Introduction

The demand for sea space is rising rapidly because of different and mostly competitive
human uses (aquaculture, fishing, transportation, oil and gas exploration, wind parks etc.); it
is more prominent in multi-use coastal areas, where various social and economic factors
interplay adding to the complexity of adopting a sharing understanding of existing conflicts
and finding resolutions. The major environmental and social management challenges that we
face today are the result of cumulative impacts from a large number of activities that although
individually may be insignificant, synergistically they may have regional or even global
repercussions (IFC, 2013). Understanding how coastal/marine space is used, and how human
pressures interact with natural drivers of change ultimately affecting marine ecosystems is a
priority for effective management (Guarnieri et al., 2016).

Indeed, escalating impacts of human activities on the marine environment imperil the
delivery of important ecosystem services (ES) (Salomidi et al., 2012) and hence of goods and
benefits contributing to human welfare. These range from the provision of fish and
aggregates, to regulation of the planet’s climate and protection of our coastlines, offering a
setting for recreation, cultural and spiritual experiences (Mace et al., 2011; Liquete et al.,
2013; Hattam et al., 2015). Marine ecosystems today contribute with services that can be
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valued at more than 2,5 trillion USD annually to the global economy (Global Opportunity
Explorer, 2017, accessible at:
http://www.globalopportunityexplorer.org/markets/regenerative-ocean-economy-accessed
06/12/2017), whilst the livelihoods of over 3 billion people worldwide depend upon services
from marine and coastal biodiversity. Hence, the collection of information regarding the
distribution and intensity of stressors on marine ecosystems, and particularly conservation
priority ones, is a prerequisite to ensure the adoption of suitable measures for collective
pressures to be kept within levels compatible with the preservation or restoration of Good
Environmental Status (GES) sensu the Marine Strategy Framework Directive (MSFD) (EC,
2008). The latter implies that human pressures should not exceed the capacity of the marine
ecosystem to withstand human-induced changes, whilst enabling the sustainable use of the
marine environment now and in the future (MSFD Article 1(3)) (Crise et al., 2015).

A key ecosystem component for the Mediterranean is the endemic seagrass, Posidonia
oceanica, extending from the coastline down to 40-45 m depth, being a priority habitat for
conservation under the Habitats Directive (Council Dir 92/43/CEE) (Diaz-Almela and Duarte,
2008). It is used to develop biotic indices for the purposes of the EU Water Framework
Directive (WFD) (EC, 2000) monitoring, and has been suggested as a useful tool for the
MSFD monitoring (Panayotidis et al., 2015). Posidonia meadows provide, among other
services, an essential habitat contributing to food provision and opportunities for recreational
fishing (Jackson et al.,, 2015), leaves are used as material, it contributes to wastewater
treatment (Lamb et al., 2017), protection from coastal erosion, carbon sequestration (Duarte,
2000). Indeed, the outstanding role of P. oceanica as a carbon sink in the Balearic Islands,
with an accumulation five times higher than the average recorded for the whole region, has
been also confirmed recently (Serrano et al., 2014). In addition, Posidonia meadows
contribute indirectly through fish production to local traditional fisheries communities by
sustaining livelihoods (Vlachopoulou et al., 2013) through the creation of revenue,
employment, food security, especially where alternative employment and income resources
are limited. On a global scale, seagrasses undoubtedly provide many ecosystem services that
benefit human needs directly or indirectly (Nordlund et al., 2016); they are usually assigned
an annual economic value between €12.000 and €16.000 per hectare, while estimates may
reach €25.000 per hectare in seagrass beds in Florida, taking into account profits from fishing
only (OCEANA, 2010).

However, intensive coastal anthropogenic pressures, contribute to the ecological
degradation of this major benefit provider. A recent study in Greek waters has shown that the
main human activities/uses affecting seagrass meadows status were small and medium scale
fisheries, land-based activities (agriculture, industry, urbanization), aquaculture and coastal
defence infrastructures (Brodersen et al., 2017). Furthermore, declining of the meadows at
alarming rates (34% in the last 50 years) has been documented and was mainly ascribed to
cumulative effects of multiple local stressors (Telesca et al., 2015).

Although there are gaps and challenges for treating uncertainty in cumulative impact
assessments, with most efforts lacking standardization of processes when conducting
assessments (Stelzenmiiller et al., 2011), they remain one of the few comprehensive
quantitative tools to measure how humans are affecting natural systems. Hence, they have
helped identify which areas and ecosystem types are relatively pristine or heavily impacted,
where hotspots of biodiversity and impacts overlap, and which stressors dominate human
impact. In this way, biodiversity conservation, threat mitigation and spatial planning decision
processes can be informed (Halpern et al., 2013) and improved (Fernandez et al., 2017),
especially in the light of the European Directive on maritime spatial planning (MSP) (EC,
2014).

In the present study, cumulative impact assessment was used to explore the impact of
human activities on Posidonia oceanica meadows in the Aegean Sea (Greece) and relate it to a
key ecosystem service that of carbon stock provision. The ultimate aim was to investigate the
potential of such a joint analysis to derive a more informed spatial management plan that
would thus more effectively sustain delivery of ecosystem services (Arkema et al., 2015).
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2. Material and methods

2.1. Study area

Aegean Sea is located in East Mediterranean Sea, it covers 213.168 km?” (Figure 1) where a
number of conservation priority habitats such as Posidonia oceanica meadows, coralligenous
formations, as well as essential fish habitats such as nursery grounds for target commercial
species exist. In Figure 1 the distribution of Posidonia oceanica is presented. At the same
time, the Aegean Sea is an area with various human uses such as tourism, transportation,
fishing, aquaculture (Figure 2).

Figure 1: Study area and Posidonia oceanica meadows
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Source: Topouzelis et al. (2018)






