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Mining activity and island landscape issues: evidence from
Cyclades islands, Greece
Evangelia-Theodora Derdemezi , Georgios Tsilimigkas and Thanasis Kizos

Department of Geography, University of the Aegean, Mytilene, Greece

ABSTRACT
This paper maps the visual impact of mining activities on terrestrial
and marine landscapes of the Cyclades islands, Greece, an island
complex in the Aegean Sea of particular natural and cultural
heritage. In the nineteenth and twentieth centuries, mining
activities developed on the islands, many of which are
abandoned today. Some of the remaining inactive mines and
accompanying structures have been registered as monuments
and part of the national industrial heritage. The remaining active
mining units conflict for land with the main economic activity
today, tourism. The visual impact of the mining units is calculated
and mapped, resulting in viewshed analysis which quantifies the
impact of mining units on terrestrial and marine landscapes, with
emphasis on nominated traditional settlements and mention of
non-traditional ones. The quantitative results have shown that
the landscape study needs to be incorporated in terrestrial and
marine spatial planning.
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1. Introduction

1.1. Landscape management and protection

1.1.1. Land-use conflicts and landscapes
The definition of the landscape is a complex and multidimensional issue (Kizos et al.
2010). This is highlighted in the definition of the landscape adopted by the European
Landscape Convention (ELC): ‘… landscape is an 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). Perception comes out as an important factor of this definition
and different observers can perceive it visually, acoustically, olfactorily, etc. It also brings
forward the dynamic nature of the landscape from natural processes and human activi-
ties, and consists of both tangible and intangible features (ICOMOS 2008; Kizos et al.
2010: Marcucci 2000). This complex character of the landscape presents challenges for
its study (Reed et al. 2020).

Another very important issue that stems from the ELC is that mention of ‘landscape’
does not concern only outstanding landscapes but also ‘ordinary’ ones. All landscapes
organically evolve with the socio-spatial system within which they have developed
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(Fowler 2002); they are also subject to change. If these changes are managed under sus-
tainable development strategies, the landscape could maintain its identity (ICOMOS
2014), but often human-induced changes exert intense pressure on it, often leading to
its degradation (Antrop 2005).

The Mediterranean region has undergone significant land use and consequently land-
scape changes many times over its long interaction with human societies (Falcucci,
Maiorano, and Boitani 2007; Geri, Amici, and Rocchini 2010; Serra, Pons, and Saurí
2008). In recent years, some of the most important changes are related to the abandon-
ment of land management in mountainous areas with a consequent increase in forest
areas and the increase of activities in plains as well as the intense population concen-
tration and tourism development in coastal zones (Falcucci, Maiorano, and Boitani
2007; Parcerisas et al. 2012; Plieninger et al. 2016). These changes have exerted intense
pressure, especially on coastal landscapes which are areas of rapid development and com-
petition of many different land uses. Landscape changes can be studied with many
different approaches, on different scales demonstrating the complex and multidimen-
sional landscape character (Bürgi et al. 2017). These new spatial pressures, sometimes
combined with inadequate spatial planning for the landscape, have led to loss or degra-
dation of the cultural landscape, such as rural structures, industrial heritage structures
etc. and, therefore, to the loss of place identity (ICOMOS 2008).

The landscapes of islands are more fragile due to the special characteristics of their
socioecological systems. They are characterized by small size (and population) and
limited space, resulting in relatively limited natural resources as well as by geographical
fragmentation and discontinuity, which brings isolation and peripherality (Spilanis,
Kizos, and Paraskevi 2012). These limitations make landscape impacts of large-scale
activities on islands very important. Islands’ natural and cultural environment, combined
with the interaction of the coastal and marine zones, make them attractive for tourist
activities. The tourism sector is dominant in employment on islands in the last
decades, constituting a monoculture in some of them and replacing primary and second-
ary productive sectors (Tsilimigkas and Kizos 2014). Other uses that are still found on
them such as mining, aquaculture, renewable energy etc., conflict – often with high inten-
sity – with tourism, especially when they are located in coastal or marine spaces (Tsili-
migkas and Rempis 2018; Vlami et al. 2020). But even if spatially some of these
incompatible land uses are not in close proximity, they can interact visually (Tsilimigkas,
Rempis, and Derdemezi 2020).

1.1.2. Landscape management
The first acknowledgement of the importance of landscape was in 1972 in the ‘Conven-
tion concerning the protection of the world cultural and natural heritage’ (UNESCO
1972), where the landscape was perceived as a ‘work’ of man and nature. The concept
of landscape protection has been extended to a holistic perception that applies to all
types of landscapes, exemplified in the European Landscape Convention (Council of
Europe 2000) that has attempted to resolve conceptual issues of landscape and to estab-
lish a common European strategic framework, while establishing the need for landscape
protection and management. In Greece, the European Landscape Convention has been
adopted by Law 3827/2010 (OGG 2010). Despite the time lag, it has been the most impor-
tant step towards integrated landscape protection and management replacing the many
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and fragmentary references to landscape in various laws that mainly concerned land-
scapes of outstanding natural or cultural value.

For coastal areas and the coastal landscape, the Barcelona Convention on the protection
of the marine environment and the coastal region of the Mediterranean has been con-
sidered as an important step towards its sustainable management (United Nations 1995),
signed by twenty-one Mediterranean countries and the European Union (EU). An impor-
tant protocol for the landscape is the Integrated Coastal Zone Management (ICZM) in the
Mediterranean (OJEU 2009) with the objective to ensure a balance between socio-economic
development and environmental and landscape sustainability through spatial planning.

Efforts for integrated marine space management started in 2007, when the EU adopted
the Integrated Marine Policy (IMP) (CEC 2007). In 2008, the European Parliament and
Council (EP&C) adopted the Directive 2008/56/ EC on Marine Strategy (MS) (EP&C
2008). In 2013, the EP&C adopted the Proposal for a Directive 2013/133 that established
an integrated framework for Marine Spatial Planning (MSP) and Integrated Coastal Zone
Management (ICZM) (EP&C 2013). In 2014, the Directive 2014/89/EU ‘establishing a
framework for marine spatial planning’ of the EP&C developed principal guidelines
for a common framework for MSP. Its implementation in Greece was Law 4546/2018
(OGG 2018a). The way in which the protection and management of the marine land-
scape will be integrated as an issue in the marine plans is yet to be documented.

1.2. Mining activity on islands

1.2.1. Mining activity and economic, social and environmental issues
The Cyclades are an island complex of the Aegean Sea, consisting of 24 inhabited islands
and numerous uninhabited islets (total area 2581.5 km²), part of the South Aegean region
(Figure 1). Most of the islands are characterized by fragmented and hilly terrain. From a
geological point of view, the volcanic arc that crosses part of the islands has created rich
subsoil and geothermal energy (Kougioumoutzis and Tiniakou 2015; Valsami-Jones et al.
2005). This subsoil has been known and exploited since antiquity, with visible remnants.
In the modern era, the first systematic mining research and exploitation in Greece dates
back to the middle of the nineteenth century and has been intensified since 1860. Law
‘On mines’ of 1861 contributed to this with provisions for mines and quarries (OGG
1861); under that Law, the ownership of the land was separated from mining property
(Fragkiskos 2009). At the time, the Cycladic islands were mining centres and in many
cases, the mining sites coincided with those of the ancient ones, but many new ones
were created too. Today, mining activities continue on several islands, with the highest
intensity on Milos from which large quantities of perlite and bentonite are mined
every year, putting Greece among the top pearlite and bentonite producers globally
(Mavrommatis and Menegaki 2017), whereas very good quality marble is mined on
Naxos, Paros and Tinos (Belavillas and Papastefanaki 2009).

The permanent population of the Cyclades is roughly 100,000 people (ELSTAT 2011).
Although in the past, the primary and secondary sectors were very important economi-
cally on the islands, today tourism has taken over (Kizos, Tsilimigkas, and Karampela
2017; Sakellariou et al. 2016). From the nineteenth until the middle of the twentieth
century, the sector of mining activity flourished. In most cases, the exploitation lasted
a short period of time due to either poor mineral materials or to the unregulated
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mining and the inappropriate organization of production, replaced by tourism develop-
ment after the 1970s, eventually leading to land-use conflicts between mining activities
and tourism development. A typical example is the gradual ban of mining of Theraic
earth from the side of the caldera of Santorini, which began in the 1970s, and the
mining units were gradually being closed down until the 1980s. On the islands, an exten-
sive network of traditional settlements is found, characterized and protected by Presiden-
tial Degrees (PD) 595/D/1978 (OGG 1978) and PD 504/D/1988 (OGG 1988).

1.2.2. Mining activity and land-use synergies and conflicts
Although mining has economic benefits, its activities also exert environmental pressures
(EC 2010; Goudouva et al. 2018) and cause social conflicts (Rivera 2020). It is today an
important sector of the Greek economy since domestic resources are used in productive
activities such as energy production, cement industry and constructions and mineral
raw materials are also exported (FEIR 2016; MEECC 2019). Mining is an activity with a
strong spatial footprint (Tsilimigkas and Derdemezi 2020a). Small-scale activities that
characterize islands often make large-scale mining interventions incompatible with land-
scape continuity (Tsilimigkas and Derdemezi 2017). Today, the most important activity
on islands is tourism (Prokopiou et al. 2018), which is directly related to the quality of
their landscapes. The close proximity of the two productive activities, i.e. tourism and
mining, even visual contact, creates conflicts in economic activities and land use. A
typical example is that of Milos where the conflict of tourism –mining is strongly expressed
by stakeholders (Lichrou and O’malley 2006). On the one hand, mining, combined with
any lack of rehabilitation of the abandoned mines, leads to gradual landscape degradation

Figure 1. Location map for Cyclades islands. Source: Authors’ analysis.
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(Mavrommatis and Menegaki 2017), whereas, on the other hand, mass tourism can also
have a negative impact on the natural and cultural landscape of the islands, mainly
through unregulated built-up area expansion (Tsilimigkas and Derdemezi 2020b).

The mining units in which, after the end of their operation, no rehabilitation effort is
made, remain in the landscape as deep scars with negative environmental and cultural
impact (Coratza, Vandelli, and Soldati 2018). Following proper study and integral
spatial planning, the abandoned mines could have many different reuses depending on
their position and the particular characteristics of the area (Coratza, Vandelli, and
Soldati 2018), such as restoration and conservation of natural environment (Charvalas
et al. 2021; Fadda, Fiori, and Matzuzzi 2010), agricultural development (Dal Sasso, Otto-
lino, and Caliadro 2012), residential and industrial development, recreation facilities
(Kaliampakos and Mavrikos 2006). Several scientific reports recognize mining sites and
their support structures as part of industrial heritage and geoheritage (Conlin and
Jolliffe 2011; Hvizdák et al. 2012; Mateos, Durán, and Robledo 2011; Matos et al. 2012).
Thus, via proper protection and management of inactive mining units, geotourism and
industrial tourism could be developed (Kaliampakos and Mavrikos 2006; Margiotta and
Sanso 2017; Nita and Myga-Piątek 2014).

Geotourism is a branch of tourism that specifically focuses on geology and landscape.
The geotourism presupposes the tourists’ informing about the geoheritage and the ways
of protection and management of the landscape, contributing to the sustainability of the
place (Dowlling 2013; Dowlling and Newsome 2018). As with any form of tourism, in
order for geotourism to develop successfully and to contribute to geoheritage and sus-
tainability of the place, it ought to be developed through integrated planning
(Newsome and Dowling 2018). Due to its significance, geotourism is growing fast world-
wide and especially in coastal areas (Rutherfold, Newsome, and Kobryn 2015). The
coastal areas of the Mediterranean, Italy, Malta and Greece, have geological and geomor-
phological features of great interest. The particular landscapes suffer the pressure of big-
scale human activities and mass tourism. However, these areas have particular potential
for geotourism development, which could lead to awareness into geoheritage and, more
broadly, in environmental and landscape issues for both the public and the policymakers,
thereby promoting sustainable tourism (Cappadonia et al. 2018; Coratza et al. 2016;
Coratza et al. 2019; Selmi et al. 2019; Zouros 2007).

Concerning Greece and specifically the Cyclades islands in Aegean Sea, the most
important monuments of the nineteenth- and early twentieth-century’s mining activity
are located on the islands of Serifos, Milos and Naxos. Both the aerial emery transport
system of Naxos, nominated as the historic site (OGG 1989), and the smallest scales rem-
nants, which are scattered on most Cyclades islands, create a network that illustrates
industrial history. Nevertheless, industrial heritage requires special management and
protection, so that the cultural landscape can cope with pressures from new activities
and structures, such as the opening of roads, unregulated built-up expansion or even
failure in their reuse (Belavillas and Papastefanaki 2009). Integrated industrial heritage
management of the islands does not exist, leading to the ruin of the structures due to
the lack of any maintenance. An extreme example is the island of Sifnos, where
mining are an uncontrolled waste disposal site (UWDS) [‘Choros Anexelegktis Diathesis
Apovliton’, in Greek]. Synergies could be established between industrial heritage and
tourism, provided that industrial heritage will be managed within integrated spatial
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planning and promotional actions, with an aim to develop alternative forms of tourism,
such as geotourism and cultural and industrial tourism.

1.3. The institutional framework of mining activities in Greece

In Greece, the legislation that covers minerals and mining activities are divided into those
related to mineral metals, regulated by the Legislative Decree (LD) 210/1973 (OGG 1973)
‘On the Mining Code’, with the amendment of Law 274/1976 (OGG 1976) ‘On amend-
ment of mining code’, and, second, into those that are related to the mineral stones which
are regulated by Law 1428/1984 (OGG 1984) ‘Exploitation of aggregate quarries and
other provisions’ and the amendment of Law 2125/1993 (OGG 1993) ‘Amendment,
replacement and supplementation of provisions of Law 1428/1984 “Exploitation of
aggregate quarries and other provisions”’. These were amended by Law 4512/2018
(OGG 2018b) ‘Regulations for the implementation of the structural reforms of the econ-
omic adjustment program and other provisions’.

Law 4512/2018 takes into consideration the relationship between mining activities with
other land uses, and sets criteria for the establishment of mining units, determining the
minimum distances from residential areas, Renewable Energy Sources (RES), Business
Parks, agricultural and aquaculture areas. On islands, where good quality mineral materials
that could contribute positively to the local economy are located, the determined distance
from residential areas is modified as appropriate. With regard to the relationship between
mining activities and landscape issues, there is an indirect reference to the obligation for
rehabilitation of abandoned mining units in Article 55 (OGG 2018b).

The overall approach of this new National Policy aims to implement practices that
reduce the negative effects of mining activities on human health and the natural environ-
ment and to strengthen national and local economy. It also recognizes the importance of
ensuring synergies between mining activities and other sectoral policies, where possible
(Tzeferis 2013).

In this paper, the visual impact of the mining units in the Cyclades is mapped with a
viewshed analysis to quantify the impact of mining units on terrestrial and coastal/
marine landscapes. The visual impacts on settlements are also mapped with special
emphasis on nominated traditional settlements of the islands. Through this analysis,
the paper aims to demonstrate, on the one hand, the pressure of the active mining
units in the vulnerable landscape of islands, and on the other hand, the positive effect
that the inactive mining units could have – as a part of cultural and industrial heritage
– if they had proper protection and management. The inabilities of Greek spatial plan-
ning and the need for improvement are acknowledged. Likewise, the integration of land-
scape issues and issues with a particularly intense spatial footprint, such as mining
activity, in country’s spatial planning are highlighted.

2. Material and methods

2.1. Method

2.1.1. Visibility analysis
We use viewshed analysis, which is a quantitative method of calculating visibility in each
landscape. It is considered a particularly suitable method for studies concerning the
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impact of mining units and structures on the landscape (Matias and Panagopoulos 2005;
Mavrommatis and Menegaki 2017; Menegaki and Kaliampakos 2012; Mouflis et al.
2008). Typically, the location of observers and terrain are required. Here, the targets
are mining units and structures, while observers do not have a specific position, but
they can potentially be in each pixel of the terrestrial and marine space, thus observers
and targets were reversed so that the method could be applied, considering that if the
observer sees the target, the target could see the observer, too. The mining units and
structures are digitalized as polygons, but, as the viewshed analysis requires points,
only one point had to be selected from each polygon, the highest point of which was
selected according to the contours of the terrain.

The terrain and the coordinates of observers determine the visibility result, but there
are also some main variables affecting the visibility map that have to be defined, which
are: (i) the observers’ height is defined as 1 m, taking into account that the highest
point of the polygon that identifies it has already been used; (ii) the targets’ height
that is defined as 1.75 m that is considered as the average human height, (iii) the
maximum visibility radius that is defined as the maximum human eye viability, which
depends on many factors such as the size of the structure, the colour, the contrast
with the surrounding environment and the clarity of the atmosphere (Bishop 2002).
The climatic conditions on Cyclades offer a clear atmosphere that allows visibility over
long distances. Even in this case, there are very few people who can see a structure in
the landscape that is 10 km away; most people can see structures up to 5–7 km away.
The active mining units are large trenches in the landscape, which are accompanied
by structures such as buildings, facilities, roads, etc., and which create an even more
intense spatial footprint, both disrupting the landscape continuity and causing intense
visual impact (Photo 1(i,ii)). Based on this, the maximum visibility radius was set at 8
km, considering that at this distance, the human eye can see the landscape, but
without being able to discern details (Menegaki and Kaliampakos 2012). Inactive
mining units are of smaller size, and the structure has been subjected to attrition and
is not as distinct in the landscape as those that are active today (Photo 1(iii,iv)). Based
on this, the visibility radius was set at 5 km.

2.1.2. Criteria for categorizing mining units based on their visual impact on the
landscape
In this study, it has been considered that not all the active mining units exert the same
pressure on the landscape, and it was deemed appropriate to be categorized based on
specific criteria (Table 1). The inactive mining units were excluded from this classifi-
cation, as the remaining structures were considered that they do not exert any visual
pressure on the landscape; on the contrary, they are considered as part of the industrial
heritage.

2.1.3. Viewshed analysis for each mining category
According to the aforementioned criteria, the mining units were categorized in four cat-
egories based on their visual impact on the landscape (Table 2).

For each of the four categories of mining units and for the mining units that are con-
sidered industrial heritage (Table 2), viewshed analysis was applied and the terrestrial and
marine areas of islands that have a view of them were determined quantitatively. In order
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for the marine area to be determined, a maximum radius of visibility of the human eye
was taken into consideration, which for the present study was considered to be 8 km.
Thus, a buffer zone of 8 km was created from the coastline to the sea. The understudy
marine area occupies 13,729 km². In order for the visual impact of the Cyclades residen-
tial area to be determined, which concerns both traditional and non-traditional settle-
ments, overlay mapping was applied between the map of viewshed analysis and the
map that contains the official delineation of Cyclades settlements. In the case of areas
either in terrestrial or in marine space that have visibility in more than one category
of Table 2, it is considered that the category with the most intense visual impact prevails,
whereas in the case of areas that have visibility both in one of the categories (i), (ii), (iii) or
(iv) and the category (v) (Table 2) is considered as a separate category.

2.2. Scale

In this study, the data that have been used are of vector or raster structure, and the coor-
dinate reference system is taken from the Greek Geodetic Reference System 1987 –

Photo 1. Examples of mining activity in Cyclades islands. (i) Active mining unit of aggregate products
in Sifnos island. Terrestrial shooting location, (ii) active mining unit of industrial minerals in Kimolos
island. Marine shooting location, (iii) Ruins of the loading ladder and the administration buildings of
the inactive mining unit of ores products in Sifnos island. Terrestrial shooting location, (iv) Ruins of the
loading ladder of the inactive mining unit of ores products in Milos island. Marine shooting location.
Source: Authors’ file.
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GGRS87. Both the delineation of settlements and that of mining units have been con-
structed in scale 1:5000, with base map the orthophoto maps that were provided by
the National Cadastre and Mapping Agency (NCMA 2020). This is a typical spatial plan-
ning scale that serves the research questions of this study. Concerning the terrain, the
European Union Digital Elevation Model version 1.1 (EU DEM v1.1) has been used
(EEA 2016), which has 25 m resolution and has been altered to 20 m resolution by
resampling process and has been projected again from the coordinate reference system
Lambert Azimuthal Equal-Area (LAEA) to the GGRS87.

2.3. Data

The delineation of official settlements was not available in digital format, and it was
considered necessary to construct them in order for the impact on the visibility of

Table 1. Criteria for categorizing mining units based on visual impact on the landscape.
Criteria Description

Mining unit size The larger the footprint of the mining units in the landscape, the more intense the pressure is
exerted. The mining units were separated based on the area that they occupy. The area of the
polygons of mining units was calculated; the mining units that occupy area 100,000 m² or more
are 25

Mine support
structures

This criterion concerns the facilities and support buildings that are within the mining unit as well
the infrastructure, mainly roads, which only serve the mining unit and usually cover a
significant altitude difference, thus creating embankments that disrupt the landscape
continuity. In order for them to be located, the Google Earth was used with the auxiliary tools of
Photos layer and Street View, where they were available. It was found that there are 38 mining
units accompanied by support structures

Sea proximity This criterion is about the proximity of the mining units to the sea. The proximity was determined
by a buffer zone of 350 m from the coastline (OGG 2009). The coastal area is a very fragile zone,
with various highly competitive land uses, and is of particular importance for tourism. It was
found that 9 mining units are located to sea proximity

Source: Authors’ analysis

Table 2. Categories of mining units based on their visual impact on the landscape.
Categories Description

(i) Very mild Mining units that are included in this category have the mildest impact on the landscape since they
have small size; they haven’t extensive support structures and they aren’t in sea proximity
according to the criteria of Table 1. In this category, 11 mining units are included

(ii) Mild Mining units that are included in this category have quite mild impact on the landscape since they
meet only one of the criteria of Table 1. In this category, 14 mining units are included, most of
them occupy big areas compared to the small islands’ size or they have extensive support
structures according to Table 1

(iii) Intense Mining units that are included in this category have intense impact on the landscape since they
meet two of the criteria of Table 1. In this category, 17 mining units are included, most of them
have both big size and extensive support structures. Some of them, although they have small
size, they are in sea proximity which exerts pressure on the landscape too, according to Table 1

(iv) Very intense Mining units that are included in this category have the most intense impact on the landscape
since they meet all the criteria of Table 1. In this category, 8 mining units are included that have
both big size and extensive support structures, but they are also in sea proximity

(v) Industrial
heritage

The mining sector that was developed in the nineteenth and twentieth centuries created a
network of mining structures that left indelible footprints in the landscape. They are part of the
industrial heritage of the Cyclades and the whole country and, although there has not been the
necessary care and management, they give a special value to the landscape. In the study area,
there have been located 32 inactive mining units and structures

Source: Authors’ analysis.
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mining units in the terrestrial and marine landscape, especially that of the landscape
view from the settlements, to be quantified. The OGGs that contain the diagrams of
the official delineation were obtained in a hard-copy (the only disposable), and they
were geo-referred to GGRS87 with base map the orthophoto maps that were pro-
vided by the National Cadastre and Mapping Agency (NCMA 2020). When the deli-
neation of the settlements were digitized (Figure 2), it became clear that the
delineation of the official settlements does not correspond to the compact built-up
area. The settlements were grouped into traditional and non-traditional settlements
(OGG 1978, 1988). However, there are nominated traditional settlements without
official settlement’s delineation; in this case, the delineation was digitized based on
the compact built-up area of the traditional settlement. On Cyclades, there are 221
settlements with official delineation, of which 107 are nominated traditional settle-
ments, while 61 traditional settlements were not officially delineated. Thus, the
total understudy settlements are 282, 62.9 km² in total, of which 168 are traditional
settlements, which are of 36 km², and 114 are non-traditional settlements, which are
of 26.9 km².

The active mining units were retrieved from the geoportal LATOMET of the General
Directorate of Mineral Raw Materials of MEE as shape file and they were completed
according to the interactive map of LATOMET (MEE 2018, 2020) (Figure 3). According
to geoportal LATOMET, there are 50 active mining units on Cyclades, whereas the inac-
tive mining units and remaining structures were located and digitized based on the infor-
mation acquired from the bookMines in the Aegean Sea, industrial archaeology in Greece
(Belavillas and Papastefanaki 2009), which describes and shows images of mines in the
wider area in the nineteenth and the twentieth century. There were no coordinates of
the location of mines but only reference to nearby villages and place names. Thirty-
two (32) inactive mines were located and digitized with base map the orthophoto
maps that were provided by the NCMA. The digitalization is about inactive mines and
remaining structures that were detected via Google Earth.

3. Results

3.1. The visual impact of mining activities on the landscape of Cyclades

The application of viewshed analysis (Figure 4, Table 3) for the visual impact of mining
units on the terrestrial and marine area of the islands show that 15.2% of the total terres-
trial area has visibility of some of the categories of active mining units (Table 2). More
specifically, 33.1 km², that is, 1.3% of the total area has visibility of mining units with
very mild visual impact; 86.3 km², that is, 3.3% of the area has visibility of mining
units with mild visual impact; 185.4 km², that is 7.2% of the total area (the highest per-
centage of all categories) has visibility of mining units with the intense visual impact. It is
obvious that an important part of the terrestrial landscape of the islands is affected by
intense visual impact from mining units. 74.1 km², that is, 2.9% of the terrestrial area
has very visibility of mining units with intense visual impact. As far as the inactive
mining units and structures are concerned, 67.3 km², that is, 2.6% of the terrestrial
area has visibility of them. Here, visibility of industrial heritage is considered to assign
special value to the landscape. In the next category (vi in Table 3), areas that have
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Figure 2. Built-up areas and the delineation of official settlements. Source: Authors’ analysis.

Figure 3. Active mining units. Source: Authors’ analysis.
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visibility of both active and inactive mining units or structures are included, typically
areas where mining continues, for example, on North Tinos. This category occupies
12.6 km², or 0.5% of the total terrestrial area.

Figure 4. Terrestrial and marine visibility of mining units. Source: Authors’ analysis.
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Out of the total marine area studied in this paper, 8.9% of the total marine area has
visibility to some of the categories of active mining units (Table 2). The percentage is
lower compared to the terrestrial area, a fact that is justified because most of mining
units are not located in coastal areas, but rather, in several cases, are located in mountai-
nous hilly areas where the terrain does not permit the visibility. More specifically,
279.9 km², that is, 2% of marine area has visibility to mining units with very mild
visual impact; 193.4 km², that is, 1.4% of the area has visibility of mining units with
mild visual impact; 209.9 km², that is, 1.5% of the area has visibility of mining units
with intense visual impact; 435.2 km², that is, 3.17% of the area has visibility of
mining units with very intense visual impact (which is the highest percentage of all cat-
egories). This is considered as intense pressure on the valuable marine landscape, which
could lead to land-use conflicts with marine uses, for example, the daily cruises around
the island could affect negatively by this kind of visibility. Regarding the inactive mining
units and structures, 319.7 km², that is, 2.3% of the marine area has visibility to them.
Unlike the previous case, the visibility of marine areas to industrial heritage could lead
to synergies with uses, such as the daily cruises, which can add as an extra attraction
of the route. 108.3 km², that is, 0.8% of the marine area has visibility of both some of
the active and inactive mining unit category or structure.

3.2. The visual impact of mining activity on the settlements of the Cyclades

The application of viewshed analysis for the settlements of the Cyclades (Figure 5,
Table 4) have been calculated separately for traditional and non-traditional settlements:
23.1% of the total area of settlements has visibility to some of the categories of active
mining units (Table 2); 24% of the area that is inside of the delineation of non-traditional
settlements has visibility to some of the categories of active mining units. It is a big per-
centage that shows that even if the distance of the location of mining units is taken into
consideration, the issues of visibility and the landscape haven’t been taken into account.
Up to 1.2% of the area of non-traditional settlements has visibility to mining units with
very mild visual impact, 5.4% has visibility of mining units with mild visual impact;
13.3% has visibility of mining units with intense visual impact; 3.4% of the area has
visibility of mining units with very intense visual impact; Concerning the inactive
mining units and structures, 2.9% of the area of non-traditional settlements has

Table 3. Terrestrial and marine visibility of mining units.

Categoriesa Terrestrial area Marine area

km² %b km² %c

(i) 33.1 1.3 279.9 2
(ii) 86.3 3.3 193.4 1.4
(iii) 185.4 7.2 209.9 1.5
(iv) 74.1 2.9 435.2 3.17
(v) 67.3 2.6 319.7 2.3
(vi)d 12.6 0.5 108.3 0.8
aCategories correspond to table 2.
bPercentage of the total terrestrial area of the islands and islets.
cPercentage of the total marine area (8 km from the coastline).
dVisibility of both active and inactive mining units.
Source: Authors’ analysis.
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visibility to them. If the visual industrial heritage is managed, it could both give extra
value to the landscape of the settlements and be a visitor attraction. 0.7% of the area
has visibility of both some of the categories of active and inactive mining unit cat-
egory or structure.

Figure 5. Visibility to mining activities of the settlements. Source: Authors’ analysis.
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The visibility from inside traditional settlements to some of the categories of active
mining units is 22.5% of the area. There is also considered as a high percentage,
especially considering that the degradation of the landscape of the traditional settle-
ments is even more crucial. 0.8 km², that is, 2.3% of the area of traditional settlements
has visibility of mining units with very mild visual impact; 2.7 km², that is, 7.4% of the
area has visibility of mining units with mild visual impact; 4.1 km², that is, 11.4% of
the area has visibility of mining units with intense visual impact,; 0.3 km², that is,
0.8% of the area has visibility of mining units with very intense visual impact; con-
cerning the inactive mining units and structures, 2.2 km², that is, 6.1% of the area
of traditional settlements has visibility to them. 0.2 km², that is, 0.6% of the area
has visibility of both some of the categories of active and inactive mining unit cat-
egory or structures.

4. Conclusions

The economy of the islands is based on the tourism sector. In recent years, it has become
evident that mass tourism has been putting pressure on the socio-spatial systems of the
islands, and there has been an effort to shift to alternative forms of tourism (Kapsaki,
Panagiotopoulou, and Stratigea 2015; Sdrali and Chazapi 2007). Α prerequisite for sus-
tainable tourism development is the protection and sustainable management of the
natural and cultural environment of the islands. Thus, the cultural heritage has to be pro-
tected and highlighted as a tourism attraction. At the same time, particular attention
should be paid to the new located activities with intense spatial footprint, such as
energy and communication networks, mining units, road opening etc., since they
could have irreversible negative impact on the local landscape that lead to land-use
conflicts and reduce its attractiveness (CEMAT 2000).

In this paper, the industrial heritage, linked with mining activity on the Cyclades, is
acknowledged as a part of their cultural landscape. Nevertheless, the fact that many
areas of terrestrial and marine spaces of the islands as well as settlements have visibility
of mining units or structures can be considered as a landscape asset, too. With appropri-
ate planning and management, this visibility could lead to land-use synergies and to give
extra value to traditional settlements. On many islands, mining continues – although the

Table 4. Visibility to mining activities of the settlements.

Categoriesa

Delineation of inside
non-traditional
settlements

Inside traditional
settlements Total

km² %b km² %c km² %d

(i) 0.3 1.2 0.8 2.3 1.1 1.9
(ii) 1.4 5.4 2.7 7.4 4.1 6.5
(iii) 3.6 13.3 4.1 11.4 7.7 12.2
(iv) 0.9 3.4 0.3 0.8 1.2 1.9
(v) 0.8 2.9 2.2 6.1 3 4.7
(vi) 0.2 0.7 0.2 0.6 0.4 0.6
aCategories correspond to table 2.
bPercentage of the total area of settlements that are not nominated as traditional.
cPercentage of the total area of settlements that are nominated as traditional.
dPercentage of the total area of all the under study settlements.
Source: Authors’ analysis.
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active mining units are bigger, with different techniques of production, and causes
intense pressure on the landscape leading to land-use conflict with the main sector
that is tourism.

Basic requirement for land-use conflicts being avoided is the integrated spatial
planning whereby the proper protection and management of the landscape will be
attempted. In Greece, this has yet to be achieved, since before Law 3827/2010
(OGG 2010), the institutional framework was characterized by pluralism, since
many Laws used to refer the landscape without having achieved an integrated man-
agement. The incorporation of a specific section of the landscape assessment into
the revised ‘Regional Frameworks on Spatial Planning and Sustainable Development’
(RFSPSD) (‘Perifereiaka plaisia Chorotaxikou Schediasmou kai Aeiforou Anaptyxis’, in
Greek), which are one for each of the 12 regions (NUTS2) is a concrete step towards
the adoption of the European Landscape Convention within the spatial planning
framework.

The landscape should be incorporated in the directions of national spatial planning
level and subsequently, the directions to be specified in the local level. The integration
of the Marine Spatial Planning in the terrestrial spatial planning would help to har-
monize the goals and directions between them. However, this will not happen and
so the terrestrial and marine frameworks will be different. The Marine Spatial frame-
works are also important to take into consideration the marine and coastal landscape
at the national, regional and local level. The method that has been applied in the
present study could be a useful tool for the quantitative assessment of the landscape,
and could give feedback for the terrestrial and marine spatial planning primarily at the
regional and local level.

The Special Spatial Framework for Mineral Raw Materials, which is in the process of
drafting the study, deal with a sector with intense spatial footprint whose impact on the
landscape has extensively been presented quantitatively in this study. The results lead to
the conclusion that the integration of the landscape in Special Spatial Framework for
Mineral Raw Materials is mandatory. More specifically, the mining sector on the
island could lead to the irreversible impact on the fragile terrestrial and marine landscape
that is a key resource for sustainable development of the islands.

We consider that the viewshed analysis results demonstrate that the management of
the landscape needs to be incorporated in terrestrial and marine spatial planning fra-
meworks at various application scales, as a specific section, which will also assist the
assessment of the real impacts of large-scale investments and big projects, such as
mining.
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