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Abstract
This paper discusses issues about the coastal and the insular landscape integration in the Greek spatial planning framework. Case
study area is the region of the South Aegean, where the proliferation of wind turbines is one of the principal factors of landscape
change. The methodological approach adopted is mainly quantitative and is based on viewshed analysis. This paper is also
demonstrates that zones with varying impact on landscape can be identified. It also emerges that the spatial planning framework
in Greece promotes an ad hoc project-led instead of a plan-based approach to coastal and insular landscape management.
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Introduction

Landscape is both a physical space and its representation
(Tuan 1979; Lefebvre 1991). It is not only a natural phenom-
enon shaped by physical structures (topography, geology, cli-
mate etc.) but also a social construction, since it projects the
society on an area determined by material, spiritual, ideolog-
ical and symbolic dimensions (Tuan 1979; Meinig 1979;
Crumley and Marquardt 1990). It incorporates the historical
development and acts as a reserve of common experience and
memory defining the distinctive identity of a place (Antrop
2005; Kizos 2014), known as the Bspirit^ of place (ICOMOS
2008). Every landscape constitutes a cultural scene and a way
of representation and symbolism of the environment through
images (Terkenli 2005).

Therefore, when new developments threaten landscapes, it
is not only the material landscape, but also the immaterial
aspects of it that are affected (Terkenli 2001; Stephenson
2008). This complex spatio-temporal system of tangible and
intangible - human-induced practices and natural processes
embodies change as an inherent process in landscape (Bürgi
et al. 2004; Stewart et al. 2004; Kizos and Vlachos 2012).

As such, landscape embeds some of the major challenges
facing our society, providing an area for synergies between
bottom-up and top-down approaches (E.S.F. 2010). The com-
plex and dynamic character of landscape has made conspicu-
ous the need for transdisciplinary and multileveled studies
(Crumley and Marquardt 1990; Terkenli 2001; Tress and
Tress 2001; Soini 2001; Stephenson 2008; Antrop 2015). It
has also made evident to policy makers that traditional ap-
proaches to landscape as a purely ecological or scenic entity
are ineffective. It is clear that an integrated landscape approach
has come to the forefront of both academic and policy interest
(Kizos 2014; Garcia-Martin et al. 2017).

This interest is reflectedmost prominently in the ratification of
the European Landscape Convention (ELC) by most of the
member states. Defined by the ELC, landscape is Ban area, as
perceived by people, whose character is the result of the action
and interaction of natural and/or human factors^ (Council of
Europe 2000). This definition highlights a paradigm shift, ac-
knowledging at the same time the importance of every type of
landscape Bin areas of outstanding beauty as well as everyday
areas^ and introducing a Bdemocratic^ process for landscape
assessment that is open to public participation of the civil society.
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However, despite the Convention’s contribution to raising the
awareness of landscapes among policymakers, scientists and
stakeholders, its non-binding character has undermined any sub-
stantial impact on the operational levels of landscape planning
and policy (Plieninger et al. 2015).

In Greece, the belated ratification of the ELC in 2010 (Law
3827/2010) - in light of a missing landscape policy and no
efficient planning framework - has further debilitated efforts to
adopt an integrated landscape approach. Within the context of
a generally Bloose^ spatial planning system driven by ad hoc
procedures, spatial transformations continue to lead to signif-
icant degradation of many landscapes (Karidis 1996;
Economou 2004; Tsilimigkas and Kizos 2014). In the coastal
and marine realm, Marine Spatial Planning (MSP) is the most
commonly endorsed management regime advocated for sus-
tainable use of the seas. However, the concerns for social and
distributive impacts of MSP (Flannery et al. 2016), and, in the
case of Greece, for the complexities of its adoption, have been
complicating any particular contribution to an integrated ap-
proach to coastal landscape. Urbanization, urban sprawl in
rural areas, coastalization, abandonment and intensification
of agriculture are considered to be the direct driving forces
that reflect the most important changes in Greek landscapes
(Kizos and Vlachos 2012; Kizos 2014; Chorianopoulos et al.
2014; Tsilimigkas et al. 2015, 2016).

Landscape change is more than conspicuous in coastal
zones which attract a large number of people and productive
activities. This intensive concentration of population and the
excessive exploitation of natural resources puts high pressure
on coastal ecosystems, exacerbates phenomena of coastal ero-
sion (Jude et al. 2015; Jones et al. 2014), affects social cohe-
sion and creates problems of congested space that quite often
lead to social conflict (Thompson 2007; E.S.F. 2010;
Tsilimigkas et al. 2016).

The last decade has witnessed the emergence of entirely
new forms of coastal and marine uses that transform in many
cases entire coastal landscapes and seascapes (Moore et al.
2017). The proliferation and location of wind turbines in
coastal and marine areas generates intense public debate and
subtle negotiations at the moment (Devine-Wright 2005; Batel
and Devine-Wright 2015). Public opposition is based on a
combination of environmental concerns but the loudest voices
are of those who argue for the detrimental impacts of the wind
turbines on landscapes, coastal landscapes and seascapes
(Bishop and Miller 2007; Bishop 2002).

This paper seeks to contribute to the discussion about the
integration of landscape into the spatial planning in light of the
missing landscape policy in the Greek reality so far. It focuses
particularly on the coastal region of the South Aegean where
we consider that the proliferation of wind-power landscapes is
among the main drivers of landscape change that significantly
alter small-scale and fragile Aegean landscapes. The approach

adopted here is quantitative and mainly based on viewshed
analysis implemented through GIS. However, the aim is not
to quantitatively analyze coastal landscape, since its complex
and multi-dimensional character would require a far more
elaborated and trans-disciplinary approach. Instead, we are
interested in providing some initial identification of the extend
and scale of coastal landscape change, and suggest that even a
basic approach to landscape has yet to be considered in the
Greek spatial planning framework, which has neglected land-
scape as a spatial unit of policy concern for so long.

Spatial planning framework and landscape
policy

The consolidation of the contemporary Greek planning sys-
tem can be traced back in the ‘90s, when a number of intense
spatial, economic and social problems made evident the need
for a new generation of laws (Serraos et al. 2005). Spatial
issues were often more intense in coastal zones and on islands
due to the population concentration and localisation of eco-
nomic activities (Kiousopoulos 2008; Karampela et al. 2014;
Tsilimigkas et al. 2016).

The Greek spatial planning system takes place at three
levels: the national, the regional and the local within the
framework of Law 2742/1999 (OGG 1999) and Law 2508/
1997 (OGG 1997). These laws are partly in use today, since
they have been amended by Law 4269/2014 (OGG 2014) and,
subsequently, by Law 4447/2016 (OGG2016). The latter ones
are still very recent to produce any significant changes in the
planning system. Therefore, they are mentioned here in order
to delineate the spatial planning framework in Greece. It is not
within the purpose of this paper to provide any critical analysis
of them. Instead, we provide a brief description of the plan-
ning framework in order to present how the issue of coastal
landscape is approached within the spatial planning
framework.

Law 2742/1999 provides two types of spatial plans at the
national level. The General Spatial Planning and Sustainable
Development Framework (GFSP&SD) [BGeniko Plaisio
Chorotaxikou Schediasmou kai Aeiforou Anaptyxis^, in
Greek], (OGG 2008a), elaborates the guidelines for the orga-
nisation, management and development of the national terri-
tory in compliance with the European spatial policies. The
second type of planning tools consists of spatial or sectoral
directions. The sectoral spatial plans, namely the Special
Frameworks for Spatial Planning and Sustainable
Development (SFSP&SD) [BEidiko Plaisio Chorotaxikou
Schediasmou kai Aeiforou Anaptyxis^, in Greek], have been
institutionalized for tourism (OGG 2009b), industry (OGG
2009a), renewable energy resources (OGG 2008b) and aqua-
culture (OGG 2011). The SFSP&SD for coastal zones and
islands (MEPPPW 2003) is a typical example of framework
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with spatial directions that have not been institutionalized de-
spite the significant efforts made in the early 2000s. These
plans intended to specify the general guidelines, set by the
GFSP&SD, on the spatial structure of main sectoral economic
activities, networks and the infrastructure as well as on spatial
particularities, such as coasts, islands, mountainous areas, en-
vironmental protection and critical environmental, develop-
mental and social problem zones (Serraos et al. 2005).

At the regional level, Law 2742/1999 provides Regional
Frameworks for Spatial Planning and Sustainable Development
(RFSP&SD) [BPerifereiako Plaisio Chorotaxikou Schediasmou
kai Aeiforou Anaptyxis^, in Greek] for the twelve regions of
Greece, excluding the region of Attica. These frameworks must
comply with the upper level planning, meaning the GFSP&SD
and the SFSP&SD, through specification of their priorities and
provision of guidelines on lower level planning.

According to the provisions of Law 2508/1997, at the
Local Administrative Unit level 2 (LAU2), the General
Urban Plan (GUP) [BGeniko Poleodomiko Schedio^, in
Greek] and the Open City Spatial and Housing Organization
Plan (OCSHOP) [BSchedio Chorikis kai Oikistikis Organosis
Anoichtis Polis^, in Greek] are the first step to local planning
and provide guidelines on spatial organization and
development.

As far as Law 4269/2014 (OGG 2014) is concerned, which
was subsequently replaced by Law 4447/2016 (OGG 2016), it
is to alleviate the hierarchical structure of current spatial plan-
ning. Despite the fact that the detailed analysis of changes in
the institutional framework goes beyond the purpose of the
paper, we consider it important to focus on some key points.

Firstly, the GFSP&SD is incorporated into a general docu-
ment of guidelines and principles, namely the National Spatial
Strategy [BEthniki Choriki Stratigiki^, in Greek].
Furthermore, the new planning system distinguishes between
strategic planning and regulatory planning. Strategic planning
is implemented through the Special Spatial Frameworks
(SSF), [BEidika Chorotaxika Plaisia^, in Greek] at the national
level and the Regional Spatial Frameworks (RSF)
[BPerifereiaka Chorotaxika Plaisia^, in Greek] at the regional
level. Regulatory planning is implemented through the Local
Spatial Plans (LSP) [BTopika Chorika Schedia^, in Greek] and
the Special Spatial Plans (SSP) [BEidika Chorika Schedia^, in
Greek]. Finally, the RSF acquire a regulatory character to-
wards the lower level planning in relation to the regulation
of land uses (OGG 2016).

Issues of the coastal landscape within the planning system
have only been incorporated in a fragmentary manner at the
regional level. At the national level, with the exception of the
SFSP&SD for renewable energy sources (OGG 2008b), the
other strategic plans - that is, the GFSP&SD and the
SFSP&SD for tourism (OGG 2009b), industry (OGG
2009a), and aquaculture (OGG 2011) - approach the coastal
landscape in a rather vague way without any further

specifications. On the contrary, the SFSP&SD for renewable
energy sources elaborates on some methodological landscape
issues and defines specific criteria for the integration of wind
turbines and solar panels into landscape (Gourgiotis and
Tsilimigkas 2016). At the local level, none of the plans of
Law 2508/1997 has currently incorporated landscape.

At the regional level, the institutionalized RFSP&SD did
not offer specific provisions for landscape. However, the
guidelines on the amendment revision of the RFSP&SD
(MEECC 2010) aim to identify landscapes of particular sig-
nificance in every region. This significant delay in institution-
alizing the latter is due to issues related to the administrative
inability to support the process and the complexity of the task
in the particularly unfavorable social, economic and political
crisis that Greece have been going through the last years.

It was anticipated that after their institutionalization, the
revised regional plans would: (a) define general policies and
guidelines for the protection, promotion and sustainable de-
velopment of landscape covering the whole territory of the
region; (b) identify BLandscape Zones^ (LZ) concerning only
outstanding or degraded landscapes. LZ are recognized and
delineated based on the distinctive character of an area, after a
set of natural and anthropogenic variables has been taken into
consideration. Such a zone is typically defined either by a
focal ecosystem (e.g. a river, a lake, a drainage basin etc.) or
by the particular cultural identity that makes a landscape dis-
tinctive. Each of these LZ includes a further classification into:
i) Landscapes of International Value; ii) Landscapes of
National Value; iii) Landscapes of Regional Value; iv)
Particularly Degraded Landscapes. This classification is based
on a predefined set of criteria, the subjective judgment of the
contractor of the study, the regional council and the consent of
the local authority; and (c) define quality objectives for each of
the LZ ensuring that new developments will comply with the
aim of achieving the quality objectives. It is questionable if
there will be any revised RFSP&SD under the provisions of
Law 2742/1999. However, the landscape dimension will be
incorporated into the RSF at the regional level again, accord-
ing to the provisions of Law 4447/2016.

Although this step has been cited as a positive one towards
the direction of a horizontal integration of landscape into the
spatial planning system, many caveats are expected to emerge
by the end of this process (Tsilimigkas and Kizos 2014). At
the same time, the expert-based approach adopted reproduces
a top-down procedure that fails to incorporate everyday land-
scapes and the public participation as proposed by the ELC
(Council of Europe 2000).

Overview of the south AEGEAN region

The South Aegean region comprises of the Cyclades and
Dodecanese islands and covers a marine area extending from
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the coasts of Attica to the south coasts of Turkey (Fig. 1). At
the administrative level, it consists of 13 Provinces and 34
municipalities. The population amounts at 366.795 residents
(ELSTAT 2011), which constitutes 3.35% of the total popula-
tion of the country. During the last decade the population has
significantly raised (21.18%), whereas at the national level
there has been a decreasing tendency. Its economy is heavily
based on tourism, and this is more than evident given that 21%
of the total touristic accommodations of Greece are located in
the South Aegean (ΜΕΕCC 2015).

One of the main geographic characteristics of this region is
the great number of islands −79 islands, of which 55 are
inhabited (ELSTAT 2011). The total area of the islands covers
5.313 km2 (4% of the total area of Greece), of which 28% is
characterized as mountainous areas, 43% as semi-
mountainous and 29% as flat areas (ΜΕΕCC 2015). The ex-
tensive length of the coasts along with the fragmented geog-
raphy of the islands shape coastal landscapes with unique
diversity and fragile ecosystems. The Aegean landscape dem-
onstrates important biophysical diversity, complex geomor-
phology and an insular geography that has historically ren-
dered the Aegean Sea a space of communications, trade and
intercultural exchange. Nevertheless, there are some features
that can be considered as drawbacks, such the isolation from
the mainland, the enclosure by water, limited resources and
the intensive human presence which has shaped these land-
scapes for a long time (Terkenli 2001; Terkenli 2005;
Kiousopoulos 2008; Karampela et al. 2014).

Coastal landscapes of the Aegean have for long represented
the typical landscape for Greek island tourism, comprising of
the triad Bsea, sun and sand^. These coastal landscapes now

have to accommodate new controversial types of land use, for
example, the proximity between the protected areas NATURA
2000 with the wind parks on the island of Rhodes (Fig. 2).
Greece has committed to a renewable energy target of 20% by
2020 focusing particularly on wind farms.Within this context,
the high wind power potential of the Aegean substantially
expands the available portfolio of available renewables
(Kaldellis and Kavadias 2004; Dimitropoulos and Kontoleon
2009). The magnitude of this potential is depicted in the
planned expansion of wind turbines in the near future. More
specifically, there are currently 116 functional wind turbines
installed in the region, but this number is expected to raise
substantially with 776 new wind turbines having been granted
permission for production, which is the first stage of the in-
stallation and operation process. Thus, over-concentration of
population and activities, on the one hand, and the emergent
wind-power landscapes, on the other hand, have led to
contested coastal landscapes with various socio-economic
and environmental problems. Therefore, the question is, can
the Greek spatial planning incorporate these challenges given
the inefficiency of the landscape policy integration as
discussed in the previous section? (Table 1).

Data

The working scale in this study is fixed at 1:100.000. Therefore,
the spatial resolution of the dataset – that is, the dimension of the
cell size representing the area covered on the ground - is set at
100 m. The working scale is considered (a) appropriate for the
nature of the research question; (b) an appropriate scale for

Fig. 1 Location map of the South Aegean Region. Source: © 2017 Tsilimigkas, Pafi & Gourgiotis
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regional planning and (c) compatible with the data available. The
datasets used in this paper are free and comprise of:

(a) The locations and geometric characteristics (tower height
and rotor diameter) of the wind turbines obtained from
the geoportal of the Regulatory Authority of Energy
(RAE 2017). These data are available at a point vector
format, and have been digitized on a topographical map
at scale 1:50.000 (RAE 2017).

(b) The digital elevation model of Greece was obtained from
the NASA Shuttle Radar Topography Mission (SRTM)
at 90 m original spatial resolution which was resampled
at 100 m. The caveat of the original dataset produced by
NASA is that it contains voids in areas covered by water
bodies or snow due to inherent characteristics of the sat-
ellite. For this reason we used the rectified version
(Version 4) provided by the CGIAR-Consortium for
Spatial Information (CGIAR-CSI) which applies

Fig. 2 The island of Rhodes.
Source: © 2017 Tsilimigkas, Pafi
& Gourgiotis

Table 1 Wind turbine
characteristics South Aegean Greece

Currently installed Granted permission
for production
(to be installed)

Currently installed

Number of turbines 116 776 1.969

Total capacity (MW) 95 2.013 2.494

Average capacity (MW) 0,8 2,6 1,3

Average Tower height (m) 50 84 62

Average Rotor diameter (m) 46 79 59

Regulatory Authority for Energy 2007
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methods of interpolation to enhance the original dataset
(CGIAR-CSI 2017).

(c) The disaggregated population grid for the year 2011 in
100 m spatial resolution provided by the European
Commission, Joint Research Center (JRC). This spatial
raster dataset depicts the distribution and density of res-
idential population, expressed as the number of people
per cell. Resident population from censuses for the year
2011 provided by Eurostat were disaggregated from
source zones to grid cells, informed by land use and land
cover from Corine Land Cover and by the distribution
and density of built-up as mapped in the European
Settlement Map 2016 layer (Freire et al. 2016).

Methods

Mapping of visual impacts typically relies on a combination of
GIS and viewshed analysis-based methods (Daniel 2001;
Bishop and Miller 2007; Tsoutsos et al. 2006; Tsoutsos et al.
2009). Viewshed analysis has been widely employed in a in a
range of diverse studies, such as determining visual impact of
quarries (Mouflis et al. 2008), evaluating the impact of urban
sprawl on archaeological sites (Wheatley and Gillings 1999)
and assessing the impact of various infrastructures (unregulated
buildings, landfills etc.), being considered to negatively affect
insular landscapes (Tsilimigkas and Derdemezi 2017). As
shown in the literature, viewshed analysis has been applied to
quantify the impact of aquaculture (Falconer et al. 2013) and,
most prominently, the impact of on-shore and off-shore wind
turbines on landscape (Möller 2006; Möller 2010; Depellegrin
et al. 2014). Accordingly, a number of good practice guides has
been developed, particularly in the UK, in an effort to system-
atize themethodology and provide evidence to support planning
and decision making (Hill et al. 2001; NIEL 2008; NE 2012;
SNH 2012; SNH 2014; SNH 2017).

Viewshed analysis determines the visibility of pixels across
a surface from selected viewpoints. The visibility of each cell
centre is determined by comparing the altitude angle with the
cell centre and with the local horizon. The local horizon is
computed by considering the intervening terrain between the
point of observation and the current cell centre. If the point lies
above the local horizon, it is considered visible (O'Sullivan
and Turner 2001). The area over which a development can
theoretically be seen is known as Zone of Theoretical
Visibility (ZTV). The ZTV usually presents a ‘bare ground’
scenario - that is, a landscape without screening structures or
vegetation (Hill et al. 2001; SNH 2017).

Despite the wide adoption of this method, determining the
visual impact through viewshed analysis imposes several lim-
itations. It is heavily influenced by factors such as (a) slope
and aspect of the terrain; (b) the distance between the object

(target) and the observer; (c) the atmospheric conditions and
the luminance of the atmosphere (Nutsford et al. 2015); and
(d) the physical properties of the human eye (Shang and
Bishop 2000). Although several researchers have explored
the influence of these dimensions on visibility, there is still
ambiguity as to the exact thresholds to be used in viewshed
analysis. For example, Bishop and Miller (2007) and Bishop
(2002) have tested a combination of distance cut-offs (4, 8 and
12 km.) and atmospheric conditions to determine the visual
impact of wind turbines. They argue that the contrast in col-
ours is as important a predictor of visual impact as is the
distance. Interestingly, the more the distance between the ob-
server and the target increases the more important contrast
tends to become. However, these results significantly vary
when it comes to offshore wind turbines, where, due to their
size and their contrast with the sky, their visual impact can
extend to 30 km (Bishop 2002; SNH 2012; SNH 2014).

The methodology adopted here is developed at three
stages. The first stage involves the identification of the
Zones of Theoretical Visibility (ZTV), meaning the zones
with visual contact with wind turbines. This layer is produced
using viewshed analysis and is presented in a binary format
(visibility-no visibility). To understand this approach, we can
imagine a headlight illuminating portions of a landscape. As
the headlight revolves around a viewer’s position in the illu-
minated areas, connected sites can be visually identified.
Shadowed areas identify locations that cannot be seen by the
viewer, and the result is a viewshed map (Tsilimigkas and
Derdemezi 2017). A typical viewshed map requires entities
that act as ‘targets’ and entities that act as ‘observers’. The
observers are those entities we are interested in as to how they
determine what they see. Here, we are interested in the visual
contact of the whole area of the islands with wind turbines.
Therefore, ‘observers’ and ‘targets’ are reversed with the ra-
tionale that if an observer can see a wind turbine, then the
wind turbine can also Bsee^ the observer. This reversion al-
lows the results to be presented in a continuous grid with
geographic coverage of the whole territory of the region.

To calculate the ZTV, we set the wind turbines as ‘ob-
servers’, with an offset of 50 m each, which is the average
height of the tower of a wind turbine in the South Aegean
region. Another critical parameter, apart from the height of
the observer, is the radius around which this object can Bsee^
or be seen. Since there is no global threshold established for
this parameter, we use empirical evidence as adopted by the
guidelines on good practice (NE 2012; SNH 2012; SNH
2014). For heights of turbines up to 50 m, it is less possible
to identify the tower at distances over 10 km. However, blade
movement can be detected up to 15 km in clear conditions, or
where there is a strong contrast between the rotors and the sky.
In the same train of thought, visibility of a 51–70 m, turbine
cannot extend beyond 20 km, while the maximum distance
threshold is set to 35 km for turbines exceeding the height of
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100 m (usually the size of an offshore wind turbine) (SNH
2017). Given the average tower height of 50 m in the case
study, we adopt a 10 km radius to delimit visibility, acknowl-
edging that this distance can extend slightly further under
specific conditions.

Subsequently, we set all the pixels of the region as ‘targets’,
using as elevation model the SRTM Digital Elevation Model.
The target’s offset is set at 2 m instead of 1.5 m which is often
the case for a viewer on the ground as relating to the average
viewer’s eyes (or a camera). The rationale behind this selec-
tion is related to the error of vertical dimension inherent in the
Digital Elevation Model (usually 1.5–2 m) (SNH 2017).
Therefore, we use the maximum of 2 m as the viewer height
to mitigate this caveat. As for the rest of the parameters of the
viewshed analysis, we use a 360 degrees viewing angle, since
we are interested in panoramic views, and we also include the
refraction coefficient for light and the height correction for the
earth’s curvature as recommended by the SNH (2017).

The second stage includes the classification of the ZTV in
Zones of Visual Impact (ZVI), acknowledging that a ZTV
alone is not able to convey the nature or magnitude of visual
impacts. For example, whether visibility will result in positive
or negative effects and whether these will be significant or not
requires a different approach. Typically, the impact assessment
stage is a professional and methodical process by which a
proposed development is assessed based on a Landscape
Character Assessment (LCA) and enhanced with field re-
search and uses surveys to capture individuals’ perceptions.
However, for the purposes of this study, we adopt a simplistic
approach hypothesizing that distance is the main parameter
that determines the significance of the visual impact.

Within this context, we use the thresholds proposed by
Bishop and Miller (2007) to determine three landscape zones,
namely the immediate zone (less than 4 km), the intermediate
zone (4–8 km) and the distant zone (more than 8 km)
(Diagram 1). Another issue to be addressed here is the point
fromwhich these distances are calculated.While the viewshed
analysis uses the locations of the individual wind turbine as
input, the definition of landscape zones does not require the
individual turbine but rather the clusters of the turbines that

shape entire wind-power landscapes. This topic has not been
adequately addressed in the literature.

Therefore, we used the definition adopted in the Ministerial
Decision no. 13310 (MD 2017) on how to proceed and issue
permissions for the installation and operation of power stations
with the use of Renewable Energy Resources [BDiadikasia
ekdosis adeion egkatastasis kai leitourgias stathmon paragogis
ilektrikis energeias me chrisi ananeosimon pigon energeias^, in
Greek]. In this decision, the clusters of wind turbines and the
installation space allocated to them, defined as Bwind parks^,
are delineated by the outer line which includes the circles
whose centre is the locations of the towers of the turbines and
a radius equal to 3.5D, where D is the diameter of the rotor
(MD 2017). Consequently, we use the average diameter of the
rotor which is 46 m (RAE 2017) multiplied by 3.5 which
equals to a radius of 161 m. In this way we define wind turbine
clusters out of which the landscape zones are calculated
(Diagram 2). Finally, we overlay the ZTVwith landscape zones
to obtain the ZVI as follows: a) the ZTV that overlap with the
immediate landscape zones are multiplied by 3 and in a cate-
gorical scale they are characterized as Zones of High Visual
Impact; b) the ZTV that overlap with the intermediate land-
scape zones are multiplied by 2 and in a categorical scale they
are characterized as Zones ofMediumVisual Impact; and c) the
ZTV that overlap with the distant landscape zones are multi-
plied by 1 and in a categorical scale they are characterized as
Zones of Low Visual Impact.

The third stage includes the calculation of areas and popu-
lations per island that are exposed to potential visual impacts.
Calculating the areas is quite straightforward. For the affected
population we use the disaggregated layer provided by the JRC
which we overlay with the ZVI using zonal statistics functions.
For each of the ZVI the values of the pixels of the ESM that fall
within it are summarized to obtain the total density which is
then translated into absolute population numbers.

Despite the growing use of viewshed analysis as a method
to determine the impact of specific developments on land-
scape, it still remains insufficient to understand the complex
and multidimensional character of landscape (Ervin and
Steinitz 2003; Kizos 2008; Tsilimigkas and Kizos 2014). In

Diagram 1 Depiction of the ZTV
and landscape zones. Source: ©
2017 Tsilimigkas, Pafi &
Gourgiotis
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such data-driven models which adopt the concept of a
Cartesian space, the immaterial dimensions of landscape are
particularly neglected. Therefore, we acknowledge that
viewshed analysis in itself cannot capture the complexity of
landscape or become a solid basis to inform landscape policy
and planning. However, what is adopted here as the first level
of understanding is the magnitude of the impact of such in-
stallations on the Aegean islands and, therefore, as a way to
open the discussion about wind-power landscapes in general.
Finally, we attempt to highlight the inefficiency of the Greek
spatial planning to incorporate any valuable tools to guide
decision making on landscape issues.

Results

The viewshed analysis results only concern the 14 islands with
installed wind turbines in the South Aegean region. Figure 3
depicts the Zones of Theoretical Visibility (ZTV), the Zones of
Visual Impact (ZVI) and the distribution of population in them
on the island of Rhodes. Although the ZTVexpands also at the
marine space, the calculation of the ZVI only concerns the
terrestrial space where there is population data.

At the regional level, areas with visual contact with wind
turbines cover 27% of the total area of the region. The popu-
lation exposed to visual contact with wind-power landscapes
represents 18% of the total population of the region (Table 2).
A breakdown of these values at the island level can be seen in
Table 3, where the coastal areas with visual contact to wind
turbines (ZTV) and the population located within these areas
are presented. The average area with visual contact to wind-
power coastal landscapes is 103,85 km2, while the average
population exposed amounts to 4.600 inhabitants. Rhodes,
Kos and Syros are the three islands which are mostly affected
as regards visual contact to wind-power landscapes.
Particularly, Siros-Ermoupoli has the highest population

affected while the corresponding ZTV is significantly smaller
in comparison with Kos and Rodos (Diagram 3).

The classification of the ZTV area into Zones of Visual
Impacts (ZVI) and the calculation of the population within
these zones (Table 4) indicate that almost half of the total
population that is exposed to visual contact with wind turbines
is located into zones of high visual impact. Syros, again, dem-
onstrates a particularity since 84% of the affected population
is located within the zone of high visual impact, indicating the
proximity of the wind turbines to densely inhabited areas. This
could be a rough indicator of an inappropriate siting of wind-
turbines in the island of Syros.

Such indicators could be useful during the decision-making
process so that the visual impact on coastal landscapes and
people is eliminated by optimising the installation of the wind
turbines. It could substantially enhance the current ad hoc
project-led permission process towards a more strategical
plan-based one. Such zones, provided that the analysis takes
place at working scape of 1:20.000, could be utilised at the
local level of planning in order to guide investments to partic-
ular areas with small visual impact. However, the current spa-
tial planning framework lacks the capability of incorporating
such findings due to the absence of an overarching landscape
policy.

Discussion

Landscape has been recognized in Law as a heritage asset since
1950 (OGG 1950). However, few policies and projects have
been implemented landscape management and protection since
then (Tsilimigkas andKizos 2014). The ratification of the ELC in
the national legislation (Law 3827/2010) is the first step for an
integrated and coherent Landscape Policy which will embody
four key principles interwoven with the complex system of in-
terrelations and interactions of landscape. These key principles
presented below are based on: (a) the European Landscape
Convention (Council of Europe 2000); (b) the Guidelines on
the Implementation of the European Landscape Convention
(Committee of Ministers 2008), which set out a series of theoret-
ical, methodological and practical guidelines for the implemen-
tation of the ELC at the national level; (c) the ratification of the
ELC as transposed to the Greek legislation through Law 3827/
2010; and (d) a number of landscape approaches of good practice
at the international level.

1. The delineation of the spatial area of landscape studymust
incorporate both, the principle of topological continuity
and the Bdemocratization^ of landscape protection. The
ELC focuses on territory interpretation as a whole without
distinguishing between the urban, peri-urban, rural and
natural, or between those landscapes regarded as out-
standing. Instead, it includes the everyday and degraded

Diagram 2 Schematic depiction of wind turbine clusters. Source: © 2017
Tsilimigkas, Pafi & Gourgiotis
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landscapes and covers land, sea and inland waters
(Council of Europe 2000). The concept of landscape in
the convention diverts from the one that sees landscape as
an Basset^ (heritage concept of landscape) and is typically
focused exclusively on the Boutstanding^ landscapes.
This new concept confronts the theme of the quality of
the surroundings where people live, which are required
for individual and social well-being (understood in the
physical, physiological and psychological sense). It also
stresses the importance of landscape as a resource condu-
cive to economic activity (Committee of Ministers 2008).
Therefore, the physical-geographical and socio-economic
dimensions of landscape in space and time must be artic-
ulated through specific and comprehensive priorities both
in spatial, sectoral and in development policies.

2. The multi-faceted and dynamic character of landscape
means that landscape changes in time, and so does the
relative data. The effective confrontation of the multidi-
mensionality of landscape can only be achieved through

inter- and trans-disciplinary studies. In this sense, the
landscape policy must inherently adopt mechanisms for
adaptation, monitoring and evaluation. The composition
of a Landscape Observatory seems to be an indicated
solution towards this direction (Tsilimigkas and Kizos
2014). A good example is the Landscape Observatory of
Catalonia, where they put together an advisory body to
produce landscape studies, prepare proposals, raise the
awareness of the society and systematically monitor
drivers of change (annual reports on the state of land-
scape, monitoring of changes etc.) (Landscape
Observatory 2014).

3. A major issue about landscape management is the selection
of proper authorities and the administration level for the
implementation of the policy, ensuring that each of these
authorities has distinct responsibilities within their field of
competence. Co-ordination of the actions for an effective
implementation of the strategy must be held by a proper
authority responsible for the overarching cooperation and

Fig. 3 Rhodes island (a) Zones of Theoretical Visibility (ZTV); (b) Population density and Zones of Visual Impacts (ZVI). Source: © 2017 Tsilimigkas,
Pafi & Gourgiotis

Table 2 Regional visibility to
wind-power landscapes Area (km2) % of area Population exposed % of population exposed

No visibility 3859,57 73% 302.390 82%

Visibility (ZTV) 1453,91 27% 64.405 18%

Total 5313,48 100% 366.795 100%

© 2017 Tsilimigkas, Pafi & Gourgiotis

Coastal landscape and the Greek spatial planning: evidence from windpower in the South Aegean islands 1137

Author's personal copy



the complementarity of the policies. Landscape policy must
build on a transparent national data framework which will
provide the structure for on-going collection of landscape-
related data from multi-disciplinary fields. Such a database
must provide mechanisms for updating and collating new
data, in compliance with the principles of adaptive manage-
ment (EP&C 2007).

4. In order for the landscape framework to be accepted by the
public and legitimized, democratic participation of the local
community is the key element (Council of Europe 2000).
Implementing and monitoring landscape policies should be
preceded and accompanied by procedures of participation of
members of the public and other relevant stakeholders,
aiming to enable them to play an active role in formulating,

Table 4 Areas and population per
Zone of Visual Impact (ZVI) Low visual impact Medium visual impact High visual impact

Island name Area
(km2) Population

Area
(km2) Population

Area
(km2) Population

Rhodes 114,5 12.53 315,9 9.452 177,4 1.440

Kos 25,2 125 81,4 7.511 78,0 5.305

Naxos & Mikres
Kiklades

13,1 138 80,1 1.905 68,7 2.394

Milos 17,6 58 36,3 3.591 16,9 0

Paros 11,0 90 29,8 2.991 21,3 867

Syros 0,8 0 18,7 2.495 39,9 12.961

Ios 0,0 0 10,3 77 38,9 1.582

Karpathos 2,7 0 7,9 0 37,0 629

Mikonos 0,1 8 16,7 1.459 30,8 1.081

Kythnos 2,0 0 11,6 4 31,0 911

Andros 0,0 0 5,7 12 38,7 208

Leros 0,3 0 9,5 2.056 20,6 2.365

Tinos 0,0 0 11,9 34 15,9 171

Patmos 0,5 0 5,8 1.014 9,2 218

Regional totals 187,9 1.671 641,7 32.601 624,3 30.133

© 2017 Tsilimigkas, Pafi & Gourgiotis

Table 3 Areas and population per island exposed to visual contact with wind-power landscapes

Island name ZTVarea (km2) % of total
ZTVarea

Population
exposed

% of total population
exposed

Rhodes 602.8 42% 12.145 19%

Kos 182.6 13% 12.941 20%

Naxos & Mikres Kiklades 161.8 11% 4.437 7%

Milos 70,8 5% 3.649 6%

Paros 62,1 4% 3.948 6%

Syros 59,4 4% 15.456 24%

Ios 49,3 3% 1.659 3%

Karpathos 47,6 3% 629 1%

Mikonos 47,6 3% 2.548 4%

Kythnos 44,7 3% 915 1%

Andros 44,4 3% 220 0%

Leros 30,4 2% 4.420 7%

Tinos 27,8 2% 206 0%

Patmos 15,6 1% 1.232 2%

Total: 1453,9 100% 64.405 100%

© 2017 Tsilimigkas, Pafi & Gourgiotis
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implementing and monitoring landscape quality objectives
(Committee of Ministers 2008). Participatory processes are
typically encountered at medium and lower scales of plan-
ning and to a lesser degree at the national level, where com-
plex organizational andmanagerial issues arise. Therefore, at
the larger scale a framework of consultationmust be ensured
between governmental bodies of deconcentrated and
decentralized administration bodies in order to mediate con-
flicting objectives of different policies. Synergies must occur
whenever possible.

The aforementioned principles must be horizontally imple-
mented in both strategic and physical spatial planning as a
distinctive landscape policy covering all levels and scales of
coastal and insular areas. At the national scale this framework
should be formed as a strategy to set long-term objectives and
actions with regard to landscape, covering as whole coastal
and insular areas from a perspective that covers both the ter-
restrial and marine space. The definition of landscape objec-
tives will provide a framework for guiding future investments
in a plan-based instead of a project-led approach, as has been
the casemostly for coastal and insular areas for years. In doing
so, it must ensure compatibility with: (a) national strategic
policies as elaborated in the GFSP&SD (OGG 2008a); (b)
the SFSP&SD for renewable energy sources (OGG 2008b),
for tourism (OGG 2009b), industry (OGG 2009a), and aqua-
culture (OGG 2011); (c) regional spatial strategies as imple-
mented by the RFSP&SD for the twelve regions of the coun-
try; (d) the economic programming as elaborated in the na-
tional development and regional operational plans Partnership
Agreement for the Development Framework 2014–2020; (e)
national sectoral policies as implemented by the special frame-
works (industry, energy, transportation etc.); and (f) ratified
European and international conventions.

Following completion of the national data framework as
discussed above, a national typology of landscape could be
prepared using the data base in order to identify, characterize

and map the Greek landscape and provide the data and qual-
itative information required to evaluate its current position and
underpin effective spatial planning. This typology can sub-
stantially complement the overarching strategic landscape
policy and help overcome the piece-meal approach of the
sectoral plans. A first step towards this direction was proposed
by Tsilimigkas and Kizos (2014) who defined a national ty-
pology for Greek landscapes crossing a set of spatial criteria
(land cover, coastal character, elevation and slopes). The re-
sults of any adopted national typology must be tested and
evaluated through a number of case studies (Tsilimigkas
et al. 2016).

At the local scales, the objectives of the coastal and the
insular landscape set by the upper levels of planning must be
specialized and implemented through the regulatory plans
produced primarily by Law 2508/1997, or as amended by
the most recent Law 4447/2016 (OGG 2016). These plans
include: (a) Master Plans [BRythmistika Schedia^, in Greek]
for Athens and Thessaloniki; (b) Master Plans [BRythmistika
Schedia^, in Greek] provided for other cities; (c) General
Urban Plans [BGeniko Poleodomiko Schedio^, in Greek]
and the Open City Spatial and Housing Organization Plan
[BSchedio Chorikis kai Oikistikis Organosis Anoichtis
Polis^, in Greek]; (d) Environmental Impact Studies
[BEidikes Perivallontikes Meletes^, in Greek]; (e) the Urban
Development Control Zone [BZones Oikistikou Elenchou^, in
Greek]; and (f) other City/town Plans or other Land Use plans
at the lowest level of planning.

Subsequently, regulatory guidelines on the formation of
local typologies of landscape, known broadly as Landscape
Character Assessment methodologies, can be prepared at the
local level following godd practice guidelines (SNH 2012). In
limited cases, Landscape Character Assessment tools have
expanded to incorporate Seascape Character Assessment and
Historic Character Assessment studies in an effort to comply
with the principle of landscape as a whole; see, for example,
the County Donegal Landscape Character Assessment in

Diagram 3 Scatter plot of the
islands. Source: © 2017
Tsilimigkas, Pafi & Gourgiotis
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Ireland, part of the HERICOAST project (Donegal City
Council 2017).

To conclude, effective protection, planning and manage-
ment of landscape depend on an integrated, multi-leveled,
coherent and consistent in time landscape policy. When being
acknowledged landscape in law and in the spatial planning
framework through the revision of regional plans
(RFSP&SD), it constitutes a significant step towards this di-
rection. However, many challenges have yet to be addressed
both at the conceptual and methodological level. These chal-
lenges become even more critical considering the deficiency
of the Greek spatial planning to effectively tackle a number of
socio-spatial problems having occurred in the country the last
decades. Furthermore, the proposed horizontal implementa-
tion of a landscape policy in the spatial planning system con-
stitutes for Greece a new approach, an approach that has been
of limited experience even at the international level.
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