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Abstract: Impervious land expansion is linked to ecosystem fragmentation and degradation, posing
threats to nature conservation and multiplying climate change impacts. This is particularly true
on the Mediterranean coast, where persistent urbanization is coupled with tourism development,
further intensifying coastal erosion, flood risk, heat stress and biodiversity loss, while decreasing
carbon sequestration. In this research, high-resolution imperviousness data were analyzed through
a geospatial methodology to detect patterns and processes in a heavily burdened Mediterranean
coastal area, namely Greece. The methodology was structured on a set of GIS tools, analyzing the
distribution of new impervious cover between 2006 and 2018, to evaluate pressures exerted on coastal
territories and on the environmental protection network. The results revealed relatively slow rates
of impervious land expansion at a nationwide scale, mostly attributed to the economic recession
period in Greece. However, certain locations exhibited continuing artificialization of land even
within Natura 2000 areas, while future pressures on coastal territories are expected to increase due
to the restarting of construction activity and the continuing dynamic of the mass tourism sector.
The conclusions imply that controlling for imperviousness is important in order to develop spatial
planning policies for climate resilience, which should be decisively enforced in the Mediterranean to
prevent a business-as-usual scenario.

Keywords: impervious land; coastal zone; climate resilience; climate change; spatial planning;
geospatial analysis; economic crisis; mass tourism development; Mediterranean region; Greece

1. Introduction

Based on current projections and estimations, coastal European areas will be con-
fronted with important threats and environmental challenges up to 2050, emanating from
land use changes [1] related to urbanization, tourism development, and agricultural inten-
sification. Due to intense land take, ecosystems and biodiversity will be heavily affected [2]
by deforestation, ecosystem fragmentation and degradation [3], with a loss of open habitats,
natural vegetation, and agricultural land [2]. Simultaneously, higher built-up pressure
can be related to overexploitation of natural resources [1]; air, water, and land pollution;
increasing vulnerability to coastal erosion [4]; and coastal inundation.

These threats are expected to further worsen due to climate change (CC) impacts [5],
with highly urbanized coastal areas usually coinciding with high-risk prone areas due to
significant population and infrastructure concentration in relation to hazard-amplifying
conditions [2]. Simultaneously, increased artificialization of land is limiting the amount of
carbon sinks and the ability of natural ecosystems to capture carbon dioxide; it is also related
to increased water demand and a loss of fertile soils due to poor land management [6,7].
This is in line with IPCC directives [8], where controlling urban sprawl is considered a
major element of climate change adaptation and a sustainable use of land.

The present paper handles key research questions regarding urban encroachment in
coastal areas, setting a target of exploring a characteristic case study from the Mediterranean
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context and providing links between the analysis of impervious land expansion and climate
change adaptation. In the EU-Mediterranean region, intense land use exploitation in
coastal areas is currently reported [9], heavily transforming the traditional Mediterranean
landscape and its spatial and ecological structure. Generally, it is accepted that in the coastal
Mediterranean zone, complex ecological and resource systems (in both the marine and land
seashore parts) coexist and interact with human communities and relevant socioeconomic
activities [10].

However, the restructuring of historically compactly built cities towards more dis-
persed periurban patterns [11,12] was further intensified by tourism and second housing
developments in coastal zones [13–15], with the Mediterranean region being characterized
as an exemplary case of a heavily burdened territory due to incoming tourist flows [16,17].
As a result, the dominant tourism development model unfolds as a land- and resource-
intensive activity, taking up space along the coastline to support a growing demand for
facilities and related infrastructure, posing pressure on natural resources, coastal com-
munities, and ecosystems. Moreover, due to long-term deficiencies in spatial planning,
urbanization in coastal Mediterranean areas is also linked to low-density/dispersed pat-
terns, with increasing CO2 emissions and energy demands, under a car-dependent model
of mobility that is prevailing in exurban and island areas [18].

Characteristic hotspots of coastal urban development related to mass tourism are
identified on the Adriatic coast of Italy [19], on the Cote d’Azur in France [20], in Costa
Blanca and Costal del Sol along the Spanish Mediterranean coast [21–24], in island states
like Malta [25] and Cyprus [26], and also in emerging tourism destinations along the Dal-
matian coast [27,28]. In Greece, signs of overtourism have already been identified [29–32],
especially affecting highly reputable destinations like the South Aegean islands, Ionian
Islands, and Crete, while intense coastalization is also affecting mainland coastal areas
like Chalkidiki and Pieria in the Central Macedonia region, Attica, and certain parts of the
Peloponnese [33], among other areas. This model of coastal urban development usually
coincides with areas of unique ecological value [34,35], and is related to a long-term tradi-
tion of a largely unplanned or poorly regulated characteristic of settlement expansion [11],
illegal construction [36,37], and an insufficient implementation of environmental protection
policies, prioritizing economic profit over sustainability concerns while generating local
and regional environmental conflicts [38].

The dramatic impact of these processes in coastal areas and ecosystems has been
largely reported in the literature [39–42], while it is estimated that in certain parts of the
coastline zone, and more notably in island territories, carrying capacity thresholds have
already been reached [32,43]. At the same time, according to current scenarios, the Mediter-
ranean Basin is a CC “hotspot” region with an increased number of multiple climatic
hazards, including coastal flooding, heat extremes and fire risk, the frequency and severity
of meteorological droughts, a decrease in precipitation and river flow, and increasing water
demand for agriculture [44]. Overall, it is assessed that the Mediterranean coastal region
currently lies at a critical standpoint, undergoing intensive socioeconomic and environmen-
tal changes [45], which, coupled with climate change risks and vulnerabilities, could result
in further environmental degradation and threats to sustainability achievements [46].

This comes at a time where the EU seems determined to put forward more strict and
concrete policies for nature preservation and protection and no-net-land-take policies [47,48],
such as those included in the Biodiversity Strategy for 2030 [7] as a core part of the European
Green Deal and the new Nature Restoration Law [49]. Coastal ecosystems in particular
are considered a major asset to combat climate change, providing benefits including storm
surge mitigation, protection against coastal erosion and floods, water filtration, and drought
protection, while also acting as carbon sinks and carbon storage systems. To this end, strategies
regarding climate resilience are marked by a considerable turn towards nature-based solutions
(NbSs), providing links and synergies between CC adaptation and biodiversity [50].

Impervious land expansion is defined as the covering of the soil surface with im-
permeable materials (i.e., any surface which water cannot infiltrate) because of urban
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development and infrastructure construction, resulting in the substitution of the original
natural/agricultural land cover or water surface with an artificial one [51]. According to
the literature, the amount of impervious surface in a landscape is an important indica-
tor [52] directly related to land take [47] and to the presence of residential, commercial,
industrial complexes including paved ways, roads [53], while the analysis and mapping of
impervious surface area is essential for improving urban environmental quality toward
ecological, livable, and sustainable goals [54]. Researchers like Torbick and Corbiere [55],
Zhou and Wang [56], Xian et al. [57], Ghazaryan et al. [58], and Li et al. [59], among others,
have used imperviousness data to evaluate urbanization processes, while, specifically in
the Mediterranean, relevant recent research includes the study of urbanization and peri-
urbanization processes [60–63], built-up pattern analysis [15,64], polycentricity [65], and
landscape conservation [66]. Imperviousness is directly related to a set of climate change
impacts [67–69], changing microclimate conditions [70] and determining the strength of the
urban heat island effect, while the sealing of the surface diminishes rainwater infiltration,
reduces aquifer recharge [71], and increases water runoff [53] and subsequent soil erosion
and flood risk [44].

In respect to vulnerability related to climate change, imperviousness can be regarded
as a better control parameter than built-up density. This is because not only buildings, but
also related structures and paved surfaces (like parking lots, pool areas, canopy roofs, sealed
parts of sport and recreation areas, etc.), have an environmental impact, altering the use of
land as well as climatic behavior at the local level. Therefore, these structures should be co-
estimated in the assessment of pressures exerted on natural, seminatural, and agricultural
areas and ecosystems; this is also the case for road structures that have been linked with
ecosystem fragmentation and habitat loss, even beyond their immediate physical footprint,
especially when they penetrate natural ecosystems or wilderness areas [72].

Based on the above remarks, we can deduce that the analysis and monitoring of
impervious land expansion can be a crucial control parameter, supporting climate-resilient
strategies for Mediterranean coastal zones at the national, regional, and local levels. This is
line with the European Environmental Agency, which states that reducing imperviousness
is an important factor for climate-resilient planning and is regarded as a “green” adaptation
tool [44], while also supporting EE initiatives for green infrastructure and resource effi-
ciency [73,74]. Our research hypothesis is that the continuing expansion of impervious land
is exacerbating CC-related pressures on coastal territories. Towards this direction, specific
methodologies and research studies are still needed, especially in the field of integrating a
spatial analysis and spatial planning perspective into climate resilience issues. This appears
to be crucial in the Mediterranean context, and more specifically, in Greece. Greece can be
regarded as a representative example in light of this research due to (a) the significance of
its extensive coastline zone including 6000 islands and islets, (b) the fact that coastal zones
(both land and marine ones) contain a dense network of ecosystems particularly vulnerable
to environmental and climatic pressures, and (c) the fact that climate change adaptation
is still in its infancy in the Greek context, especially in the field of land use planning and
environmental protection; this is related to severe problems in coping with increasing
challenges and vulnerabilities related to the built environment in the coastal zone.

Imperviousness is not yet incorporated as a control parameter in national and regional
CC adaptation plans, while consistent relevant studies taking advantage of high-resolution
spatial data are still sparse. To fill this gap, a GIS-enabled methodology was adopted,
combining imperviousness data from the imperviousness density high-resolution layer,
as provided by the Copernicus Land Monitoring Service, with spatial information related
to the network of protected areas, according to three subsequent zones near the coast:
the frontline zone, buffer zone, and transitional zone. The research aim is to provide
a full-scale assessment of new impervious cover in the period 2006–2018 (i.e., the time
period of imperviousness data availability), downscaling results to the regional and local
levels and providing considerable inputs for planners and decision makers regarding
climate resilience.
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This is particularly important as, currently, the country is emerging from the long-term
economic crisis of the 2009–2018 period, which was followed by the COVID-19 pandemic.
Our main hypothesis is that after a slowdown in impervious land expansion during the
years of the economic recession, a “rebound” must be expected, especially in coastal
locations, depending on large-scale investments in the tourism industry in combination
with emerging spatial and developmental practices and policies in Greece. Therefore,
the spatial analysis’s results are discussed in light of the general context regarding the
spatial and developmental repercussions of the crisis period in Greece and their impact
on coastal territories; this is a crucial viewpoint in order to properly assess the current
“state of the play” and to provide insights on future environmental pressures regarding
coastal territories.

The structure of the paper contains five sections. Section 2 describes the methodology
and data, including a brief presentation of the case study area and expected climate
change impacts. Section 3 presents the results regarding the estimation and evaluation of
impervious land expansion in the coastal zones at a regional and local level, while Section 4
puts forward a discussion relating the major research findings and results to the general
context of the economic crisis period and its spatial and developmental repercussions.
Finally, Section 5 highlights the conclusions and pathways for future research towards
climate-resilient planning in the coastal region.

2. Materials and Methods
2.1. Data and Methodological Considerations

Methodological issues regarding land use analysis in coastal zones can be important,
as the magnitude of changes related to urban expansion, as well the distributional char-
acteristics of the built-up patterns (e.g., compact, dispersed forms of development), are
largely dependent on the accuracy of the data used. Despite the current availability of
high-resolution data, many works regarding land use analysis within coastal zones are still
largely dependent on Corine Land Cover (CLC) data [1,21,75], where a minimum mapping
unit (MMU) of 25 hectares (ha) for areal phenomena and a minimum width of 100 m for
linear phenomena are used. However, using such a crude-resolution landcover zoning
approach can lead to a significant underestimation or overestimation of urban development,
depending on the pattern and geometry of development (i.e., compact/dispersed). This is
important as information regarding impervious areas might be “lost”, especially in exurban
areas. Specifically, CLC data cannot capture a large portion of low-density built-up areas
scattered within zones identified as agricultural seminatural/natural areas or wetlands.
Moreover, the 25 ha MMU and the condition that only changes when ≥5 ha is mapped
impede a sound comparison of changes between different versions of CLC [18].

To handle this problem, the EEA has recently released new sets of data (https://
land.copernicus.eu/en/products accessed on 24 September 2023) focusing on different
hotspots, i.e., areas that are prone to specific environmental challenges, with a spatial
resolution equivalent to the one of Urban Atlas (MMU 0.25–1 ha). These databases include
a subset of the Natura 2000 Network, Riparian Zones, and a database specifically targeted
to the coastal zone covering a 10 km wide buffer zone from the coastline (https://land.
copernicus.eu/local/coastal-zones accessed on 24 September 2023). However, the above-
mentioned Coastal Zones database is not yet validated, and relevant data have not yet been
incorporated in applied research. High-resolution national land cover databases have been
developed in several Mediterranean countries, such as the ISPRA database (Institute for
Environmental Protection and Research) in Rome, Italy, the BD TOPO®/RGE Geodatabase
in France [3], and SIOSE2005 and HR SIOSE2017 in Spain [76]. However, national data are
not comparable across different Mediterranean countries; this fact hampers a harmonized
analysis of the EU-Mediterranean zone, which is an important issue in order to handle
inter-regional environmental problems and better co-ordinate relevant policies.

In Greece, the classification of multitemporal satellite images has been extensively
used by individual studies to obtain high-resolution data regarding impervious areas [77],

https://land.copernicus.eu/en/products
https://land.copernicus.eu/en/products
https://land.copernicus.eu/local/coastal-zones
https://land.copernicus.eu/local/coastal-zones
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while in other cases, researchers have depended on the manual processing and digitization
of satellite images or orthophotograph interpretation [78], a process that can be time-
consuming. Moreover, land use analysis, as specified in the official technical specifications
of urban planning and regional planning studies in Greece [79,80], still largely depends
on aggregated Corine data, while the same holds for recently accomplished Regional
Adaptation Action Plans (RAAPs) and the currently developed Special Environmental
Studies (SEP) for the Natura 2000 network, this posing severe constraints in accurately
monitoring and evaluating urban patterns to support planning decisions.

2.2. The Imperviousness High-Resolution Dataset

The imperviousness dataset (IMP) is part of the Copernicus High-Resolution Layers,
provided on a pan-European scale and based on the processing of satellite data obtained
from the Copernicus Sentinel-1 and Sentinel-2 sensors, considering spatially detailed
Google Earth imagery as a supplementary data source for validation [81]. These layers
include specific land use/land cover products, such as on impervious surfaces, forests,
grasslands, water bodies, woody features, and wetness conditions [82]. The IMP dataset
captures the spatial distribution of artificially sealed areas. Sealed pixels are classified based
on the level of soil sealing (imperviousness (or sealing) degree, IMD), produced using a
semiautomated classification based on calibrated NDVI (Normalized Difference Vegetation
Index). Non-sealed areas are characterized by a value of IMD = 0%, while built-up areas
are characterized by IMD values in the range of 1–100%.

According to the technical specifications of the dataset [83], impervious surfaces include
a large set of structures like housing areas and isolated buildings, industrial/commercial
areas, traffic areas, roads, railways inside built-up areas, greenhouses, solar panel parks,
construction sites with discernible evolving built-up structures, sealed surfaces associated
with sport and recreation/tourist areas, and other paved surfaces. On the other hand, they do
not include mines, quarries, peat extraction areas, sand and sand pits, dump sites, natural and
cultivated vegetated areas, unvegetated or sparsely vegetated areas, arable land, vineyards,
fruit plantations, grass surfaces used for sports, green roofs, etc. The IMP dataset spans
through time covering the 2016–2018 period, at a spatial resolution of 20 m for the years
2006, 2009, 2012, and 2015 and 10 m for 2018, while aggregated rasters are also delivered at a
100 m × 100 m spatial resolution.

In this work, to assess pressure on coastal areas, the imperviousness change layers
were used, as delivered for 3-year periods (IMCC_06: 2006–2009, IMCC_09: 2009–2012,
IMCC_12: 2012–2015, and IMCC_15: 2015–2018) at a comparable resolution of 20 m. These
layers include a raster dataset mapping the percentage of sealing increase or decrease in the
period covered (IMC layer), and a classified change product (IMCC layer) that maps the
most relevant categories of sealing change, namely: (a) unchanged no sealing (class = 0),
(b) new cover (from unsealed to sealed, class = 1), (c) loss of cover (from sealed to unsealed,
class = 2), (d) unchanged sealed (class = 10), (e) increased sealing (class = 11), (f) decreased
sealing (class = 12). In the IMCC layer, a binary approach was used for sealed areas, as all
land with IMD ≥ 1% was considered as “sealed”. To handle the issue of varying sealing
values caused by the variance in input data quality for the processing of the historical layers,
differences below a dynamic threshold for sealing increase (set to 20%) were considered as
stable, as a lower threshold would cause false detected changes [83].

As already noted in the introductory part, imperviousness is an important control
parameter in the estimation of climate-related impacts in coastal areas. This is particularly
important in coastal areas where hotels, commercial spaces, and vacation houses usually
include extensive paved surfaces like parking lots, pool areas, marines, etc., which result in
an area many times larger being affected (Figure 1). However, building regulations usually
focus on permitted built-up surfaces and the volume of new construction, not accounting
for the accompanying environmental impact and land take of other artificial structures.
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Figure 1. Mapping of tourism development on Mykonos Island (Greece): the imperviousness dataset
(2018) captures the land take more accurately than the building footprint.

In order to apply the IMP dataset in the analysis of coastal areas, several methodolog-
ical considerations needed to be taken into account. First of all, as the spatial resolution
improved from 20 m to 10 m in the 2018 dataset, the identification of sealed areas became
more detailed, capturing more buildings and structures in low-density areas than previous
versions. This fact resolved several omissions and underestimations of sealed areas in
previous releases and does not correspond to “new cover”, meaning that newly identified
cells due to technical reasons are classified as “unchanged sealed” in the IMCC layers.
Therefore, in this work, we chose to use IMCC for the period of 2015–2018 as a reference,
combining this more accurate product with “new cover” cells identified in the previous
periods (2006–2009, 2009–2012, and 2012–2015).

Secondly, according to the imperviousness dataset methodology [83], not all the
elements in the list of impervious/nonimpervious data may be separated clearly with
automated classification methods. This was handled by the product developers with
the use of in situ information to enhance accuracy levels. However, inspection of data
in coastline zones revealed several misclassifications. For example, land attributed to
sand/beach areas or bare rocks was, in several cases, incorrectly identified as “highly-
sealed”, especially in areas where coastal settlements were developed (Figure 2). This can
be a disadvantage of using the IMP dataset to analyze coastal areas; however, applying
the change layers (IMC and IMCC) to examine new cover allowed minimizing the effect
classification inaccuracies could have on our results, as normally, the beach zone remains
stable through time.
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Figure 2. Incorrect classification in the eastern Attica zone (Greece), with the beach area classified as
highly sealed impervious area (sealing degree close to 100%).

Inspection of data also showed that narrow roads were captured as “sealed areas” only
if they were located between buildings. However, this also did not largely affect the current
research target, as the focus was placed on new roads that were constructed in relation to
residential, commercial, or tourism infrastructure and not on roads crossing between agri-
cultural parcels and natural land. On the other hand, critical transport infrastructure like
highways was included in the imperviousness database; therefore, in the present research,
we applied a control of how new highway construction might affect the research results.

2.3. Methodological Steps

The basic workflow of the methodology adopted in the research is presented in
Figure 3. The first step was to define the critical coastal zone. According to the literature,
this may vary depending on the research focus and also on the geographical characteristics
of the area examined [18]. In certain studies, the coastal zone is defined by a combination
of the distance-to-coast and elevation dimensions [84,85], while distance thresholds could
span from a belt zone of a few hundred meters [19] to a zone of several kilometers. For
example, in the pan-European study by Lavalle et al. [1], the geographical delimitation of
coastal zones was based on a 10 km buffer from the coastline, with an extra 2 km buffer
from coastal wetlands, salt marshes, and salines, so as to include all transitional waters
areas that were under the direct influence of maritime environments.

To construct a research-specific definition of the coastal zone, in this study, a combi-
nation of elevation and distance criteria was applied by taking into account the specific
particularities of coastal development and geomorphology in the case study area. A coastal
subzoning method was used, with the first zone including areas with high accessibility
to the shore (including the seashore and the beach) and secondary (transitional) zones
demarked towards the hinterland. A proximity raster calculating Euclidean distance to the
coastline was combined with the Digital Elevation Model (DEM) of Europe to produce a
25 m raster dataset with cell values defined as Ai = Di + 5 · Ei, where Ai is coastal acces-
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sibility, Di is the distance from the coast, and Ei is the terrain altitude of cell i. By setting
different threshold values for this raster, the following set of coastal subzones was defined:

• Frontline coastal zone: Ai ≤ 500 (direct accessibility to the sea, within what can be
perceived as “walking distance”—up to 500 m; the elevation is up to 100 m).

• Buffer coastal zone: 500 ≤ Ai ≤ 1000 (high accessibility to the sea, usually in continu-
ity with the frontline zone; this zone could include higher-elevation areas between
100 and 200 m).

• Transitional coastal zone: 1000 < Ai ≤ 2000 (lower accessibility to the sea; this zone
could include higher-elevation areas up to 200–400 m).

The specified zones were converted to vectors by considering polygon holes with a
relatively small area (≤10 ha) as an integral part of each zone (cartographic generalization
procedure). Areas with Ai > 2000 were considered as “hinterland” and left out of this study,
despite the fact that they can also be related to several coastal phenomena and influenced
by maritime climatic conditions. This choice was mostly based on evidence that, in Greece,
development in exurban areas is usually “squeezed” within a considerably narrow belt
from the coast [86] due to increasing demand for immediate access to the sea for tourism
and second housing development.
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The second step was the processing of imperviousness data. Map algebra meth-
ods were used to combine the IMCC datasets for different periods in order to produce
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a raster dataset identifying new impervious cover (class = 1) and unchanged sealed
land (class = 10) for the period of 2006–2018. The following condition was used: If
(IMCC_06 = 1 or IMCC_09 = 1 or IMCC_12 = 1, true: 1, false: IMCC_15). Loss of cover
(class = 2) and increased sealing (Class = 11) for the period of 2015–2018 were reclassified
as Class 0 (unsealed) and as Class 10 (unchanged sealed), respectively. Class 12 pixels
(decreased sealing) were not identified in the case study area. To evaluate impervious land
changes, two main indicators were specified, namely:

(a) NC (new cover) index: the number of cells in Class 1 with new cover divided by
the total zone area (Class 0 + Class 1 + Class 10).

(b) NCR (new cover rate) index: the number of cells in Class 1 with new cover divided
by the sealed areas in 2006 (Class 10 cells) and multiplied by 100.

The third step was to combine the produced IMCC 2006–2018 raster with data of the
protected network, i.e., Natura 2000 areas (obtained from the Copernicus Land Monitoring
Service, https://land.copernicus.eu/local/natura/n2k-20181 accessed on 24 September
2023), Natural Parks and Wildlife Sanctuaries (obtained from the Geodata Geoportal
of Greece, https://geodata.gov.gr accessed on 24 September 2023), and Important Bird
Areas [87]. Zonal statistics methods were used in order to quantify the raster cell values
per zone, while geoprocessing tools (intersection, spatial join, and dissolve) were applied
to process the vector files of the specified coastal zones at the national, regional, and local
levels. Geospatial analysis was processed using the Quantum GIS version 3.28.3 open
source software.

2.4. Case Study Area

Despite its relatively small size, Greece is the country with the most extensive coastline
in Europe, estimated to be close to 16 thousand km, including 6000 islands and islets
(112 of which are inhabited) and including the Aegean Archipelago, the Ionian Archipelago,
and the Libyan Archipelago (Figure 4). The coastal zone of Greece has been particularly
important since ancient times, with major port cities and a large share of economic activities
dependent on the sea, resulting in a dense network of archaeological spaces and coastal
monuments. According to data from the 2021 Census [88], the population in Greece
has reached 10,482,487 people (a 3.1% decrease with respect to 2011), with an important
concentration in the coastal region, where the population density is estimated to be about
three times higher than the density in hinterland zones [33].

The case study area includes the coastal zone of Greece, spanning through 12 out
of the 13 regions (Nuts 2), with the addition of the independent Monastic community of
Mount Athos. The South Aegean region (R9 on the map) contains the largest share of
the coastal zone as a percentage of its total area (44.7%), followed by the North Aegean
(31.6%, R5 on the map), Ionian Islands (37.5%, R13 on the map), Athos (30.9%, R3 on
the map) and the Attica region (22.6%, R10 on the map), Central Greece (8.8%, R7 on the
map), West Greece (8.3%, R8 on the map), and the Peloponnese (8.1%, R12 on the map);
the smallest percentages are in Thessaly (3.5%, R6 on the map), Epirus (3.5%, R4 on the
map), East Macedonia and Thrace (4.6%, R1 on the map), and Central Macedonia (5.1%, R2
on the map).

Population varies considerably among the different regions, with Attica and the
Central Macedonia region presenting the highest population densities, as they contain
the two major metropolitan centers of Greece (Athens and Thessaloniki, respectively).
Only the South Aegean region and Crete present population growth in the 2011–2021
period, with all the other regions characterized by population decline. Major coastal cities
include Thessaloniki, Piraeus (forming part of the Urban Agglomeration of Athens), Patras,
Volos, Kalamata, and Kavala in mainland Greece, with the addition of important island
cities like Herakleion, Chania, and Rethymno in Crete; Rodos, Kos, and Ermoupoli in the
South Aegean region; Kerkyra in the Ionian region; and Chios and Mytilene in the North
Aegean region.

https://land.copernicus.eu/local/natura/n2k-20181
https://geodata.gov.gr
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The case study area includes a dense network of protected areas: 29.3% of the total
coastal zone is part of the Natura 2000 Network (not counting the marine part of Natura
2000 areas), 25.3% is part of the Important Bird Areas’ (IBA) network, 8.0% belongs to
Wildlife Sanctuaries, and 11.4% in National Parks. As these areas usually overlap, a
combined analysis showed that about 40% of the total coastal zone of Greece lies within
protected areas. The largest share of the protected coastal zone was identified to be in
Athos (100%), Epirus (59% of regional coastal zone), the East Macedonia and Thrace region
(58.6%), and the South Aegean region (53.5%), while in the Ionian Islands, Attica, Central
Greece, and the Peloponnese, less than one third of the coastal zone is protected. The coastal
geomorphology is considerably diverse, including mainland and island parts, delta rivers,
low-elevation land, steep slopes, mountain cliffs, and gorges, in close proximity to the
seashore. According to the methodology adopted, high-slope and/or elevated areas close
to the coast (up to 300 m) were included in the analysis as they form an integral part of the
coastline zone; such areas are crucial for biodiversity, and are also usually perceived by real
estate and market forces as candidate land for second housing and tourism development
due to the views they offer towards the sea.

Scenarios reveal that Greece will be largely affected by climate change, with most of
the consequences characterized as negative [89]. The mean temperature is expected to
increase by over 2 ◦C and 2.5 ◦C for scenarios RCP 2.6 and 4.5, respectively, and by over
3 ◦C under scenario RCP 8.5. However, the increase in high temperatures is expected to be
lower in the coastal and insular zone than in the hinterland flatlands and semimountainous
or mountainous areas [89]. More periods of drought during the spring and summer are
expected in certain parts like Crete, the South Peloponnese, and the South Aegean [89],
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with an increase in days of extreme heatwaves and related fire risk [90]. This is a crucial
parameter, as drought is already severely affecting certain parts of these specific regions,
with increasing urbanization and mass tourism posing particular stress on local water
resources, exceeding the carrying capacity of places. Moreover, wildfires in coastal parts
of Greece have already led to deforestation and the loss of natural land and vegetation,
causing large-scale ecological disasters, characteristic examples being the recent forest
fires in islands like Chios (in 2016), Samos (in 2021), Evvoia (in 2021), and Rodos (in
2023). Coastal settlement formations that have been developed illegally are particularly
vulnerable to natural disasters, as proved by the recent wildfire in the settlement of Mati in
Attica (2018) with 104 lives lost, partly attributed to problematic urban planning and a lack
of evacuation options [91].

Decreased rainfall will mostly affect Crete, the Southeast Peloponnese, Central Greece,
and the coastal part of Thessaly [89], while according to Representative Concentration Path-
way (RCP) scenarios related to climate change, more specifically RCP 2.6 and 4.5 scenarios,
precipitation could increase in certain coastal parts of Northern Greece (Thessaloniki,
Chalkidiki, Thrace, and the North Aegean Islands), with a similar estimation for the coastal
zone of West Greece, Epirus, and the Ionian Islands. Soil moisture will decrease mostly
in the southern and western part of Greece, while under all scenarios, season length is
expected to increase in the hinterland’s mountainous areas, while it will remain relatively
stable in the insular and coastal territories. A major problem is the increasing frequency
and severity of “flash-floods” and Mediterranean cyclones leading to disasters in low-land
areas, like in the case of the “Ianos” cyclone hitting the Ionian Islands, the Peloponnese, and
West Greece in 2021, and the recent “Daniel” storm in September 2023, with unprecedented
volumes of water destroying settlements and infrastructure in Thessaly, including coastal
and hinterland areas.

Moreover, a large part of the Greek coastline presents high vulnerability to sea level
rise [92], which is estimated to be close to 4 mm/year in the Aegean for the 1992–2014
period, and with a worst-case scenario of a 102 cm rise between now and 2100 [93]. Erosion
data [94] show that about 30% of the Greek coastline was already affected by erosion in 2004.
By co-estimating parameters like areas of high ecological value and population living within
the area of influence of coastal erosion, high exposure was reported for the Attica region
and moderate exposure was reported for West Greece, Central Macedonia, and Thrace [94].
Local geological and geomorphological factors, including vertical ground motions, also
affect vulnerability to sea level rise and coastal erosion, rendering projections for the Greek
territory more complex. However, even in the more optimistic scenario, a large part of
coastal wetlands will be affected due to marine flooding and water salinization, and a
considerable loss of beach area can be expected, with impacts on coastal infrastructure.

As already noted in Section 1, the time span covered in this work coincides to a large
extent with the economic crisis period of 2009–2018, related to the public debt crisis of
the Greek state. Austerity measures imposed by the IMF, the European Union, and the
European Central Band as part of the bail-out program [95,96] plunged Greek society into
general poverty, especially for the low and middle socioeconomic classes, who experienced
a heavy loss of income and unprecedented unemployment [97]. Major effects of the crisis
included the collapse of the construction sector, the devaluation of land properties, and
a dramatic cut-down of public expenses, including expenses in the social welfare sector,
public sector, and relevant infrastructure [98]. Moreover, this period was marked by radical
changes regarding the general socioeconomic and political structure, which also affected
the spatial planning framework and related policies [99,100].

While metropolitan areas in Greece were severely affected, exhibiting increasing
spatial segregation, unemployment, and social exclusion [101], tourism locations and
particularly islands were more resistant [102]. Domestic tourism was particularly hit by
the crisis, yet international tourist arrivals in Greece increased from 15 million in 2010 to
31.3 million in 2019 [103]. This fact has been linked to the spread of Airbnb rentals in urban
and coastal territories. Airbnb had grown rapidly in Greece since 2012, reaching up to
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about 126,000 registrations in 2018 [104,105], with over half of them currently located in
the islands (a crude estimation based on Airdna platform data, https://www.airdna.co/
accessed on 24 September 2023). While the official tourism sector presented a relatively
slow growth rate, with a 13% increase in bed capacity in the 2010–2020 period [104], Airbnb
came to fill the “gap” in terms of supply and demand, mostly utilizing and upgrading
existing building stock, but also driving new construction in island and coastal territories.
Therefore, recent evidence shows that despite the spatial and developmental impacts of the
economic recession period, followed by the COVID-19 pandemic that has largely affected
incoming flows of visitors during 2019 and 2020, dynamic processes affecting coastal and
insular areas in Greece are still in place.

3. Results
3.1. Impervious Land Expansion at the Regional Scale

To analyze imperviousness changes in the 2006–2018 period, the methodology de-
scribed in Section 2 was used, based on the NC (new cover) and NCR (new cover rate)
indexes. Based on the obtained results, impervious land expansion (new cover) in the
coastal zone at a nationwide scale is 5228 ha, corresponding to a 5.8% increase in the
existing impervious surface compared to 2006 (i.e., 89,570 ha). Analysis based on the
three sequential coastline zones showed that 41% of new impervious cover was located
in the frontline zone, 23.6% in the buffer zone, and 34.4% in the transitional zone. The
most dynamic regions in terms of the NC index in the frontline zone were the two heavily
urbanized “metropolitan” regions (Attica and Central Macedonia) plus the island regions of
Crete, Ionian Islands, and the South Aegean, with the addition of the Peloponnese. Table 1
presents the obtained index scores for each region.

Table 1. Results per region and coastal subzone (frontline, buffer, and transitional).

Region
NC NCR % Impervious Land

Z1 * Z2 * Z3 * Z1 Z2 Z3 Z1 Z2 Z3

R1 East Macedonia and Thrace 0.5 0.2 0.1 4.1 3.7 2.7 11.8 6.6 5.0
R2 Central Macedonia 0.6 0.3 0.3 3.5 2.4 2.9 19.4 13.8 9.1
R3 Athos (Mon. community) 0.2 0.0 0.0 12.7 20.9 10.3 1.5 0.1 0.3
R4 Epirus 0.5 0.3 0.4 5.3 4.0 7.2 9.1 8.2 5.6
R5 North Aegean 0.3 0.2 0.1 6.1 6.8 7.8 6.0 2.7 1.9
R6 Thessaly 0.6 0.3 0.2 5.0 5.8 4.4 11.5 5.4 3.6
R7 Central Greece 0.6 0.3 0.3 6.1 6.9 11.2 10.9 4.9 3.2
R8 West Greece 0.6 0.6 0.5 4.9 7.1 9.4 12.8 9.2 6.3
R9 South Aegean 0.6 0.3 0.3 10.4 9.7 10.9 6.9 4.0 3.1
R10 Attica 1.2 0.6 0.5 4.0 2.5 3.1 30.9 24.3 17.1
R11 Crete 1.0 0.6 0.4 6.7 5.8 6.6 16.0 10.3 6.4
R12 Peloponnese 1.0 0.6 0.3 9.4 11.4 9.6 11.2 6.1 3.8
R13 Ionian Islands 0.7 0.3 0.2 5.1 4.1 5.4 15.2 7.9 4.8

GR Greece (mean) 0.7 0.4 0.3 5.9 5.4 6.2 12.5 7.7 5.3

* Z1: frontline, Z2: buffer, and Z3: transitional.

The NCR index in the frontline zone was considerably dynamic in the South Aegean
(10.4) and the Peloponnese (9.4), followed by Crete (6.7), North Aegean (6.1), and Central
Greece (6.1), while the NCR was considerably lower in the two “metropolitan” regions
(Attica and Central Macedonia), where new impervious cover was only a small percentage
of already developed land (3.3% and 3%, respectively); this fact is most probably attributed
to the economic crisis that particularly affected large urban centers. The NCR was par-
ticularly high in the South Aegean and the Peloponnese, not only in the frontline zone
but also in the buffer and the transitional zones; this fact is related to the considerable
expansion of development towards the hinterland, while in Central Greece, high NCR
values were reported in the transitional zone. The monastic community of Athos presented

https://www.airdna.co/
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high NCR scores (12.2); however, this is attributed to the very small imperviousness level it
presents (with only 0.43% of total land developed until 2018) and cannot be classified as
truly “dynamic”. As shown by the data presented in Table 1, 30.9% of the frontline zone in
Attica was covered by impervious areas in 2018, with this percentage reaching 19.4% in
Central Macedonia, 16% in Crete, and 15.2% in the Ionian Islands. With the exception of
Athos, in all regions, a gradual decrease in imperviousness was observed moving from the
frontline to the transitional zone, with this decrease being more rapid in Attica, Epirus, and
Central Macedonia.

A combined analysis of both indexes (Figure 5a) reveals that the Peloponnese and
West Greece were the regions with simultaneously high NC and NCR values (over the
national mean). The South Aegean and Central Greece regions presented high NCR values
(over the national mean) and NC values close to the national mean, while Crete presented
high NC values and NCR values close to the national mean. On the other hand, Thessaly
and East Macedonia and Thrace were the regions presenting the lowest rates of impervious
land expansion, in terms of both NC and NCR, in the coastal zone. When NC is plotted
against impervious area per region (2006), a linear relationship is observed (Figure 5b);
therefore, new cover is correlated to the overall level of development, with Attica, Central
Macedonia, and the Peloponnese more notably departing from this linear trend.
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In the period of 2006–2018, new highways influencing coastal areas included the A8
highway (Olympia Odos) crossing through the North Peloponnese (and part of the West
Greece region), the enlargement of the A1 highway around the Maliakos Gulf, the A5
highway (Ionia Odos) connecting the western part of Greece from south to north, the A9
highway in Northern Crete, and finally, the small coastal part of the A2 highway (Egnatia
Odos) and the Thessaloniki–Moudania highway in Central Macedonia. However, analysis
showed that highway construction only marginally affected the results. By controlling for a
buffer of 50 m on both sides of the national highway network, it was identified that new
cover related to highway construction was only 2.4% of new impervious cover during the
2006–2018 period, mostly affecting the Central Macedonia region (16% of new cover was
highway-related), West Greece (3.3%), Epirus (3.2%), and Crete (2.6%).
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3.2. Impervious Land Expansion at the Local Scale

Regional level data show that Greek coastal territories still posess a large amount of
undeveloped land. However, overall statistics might obscure pressures exerted in certain
areas, as impervious land is not distributed evenly. As certain coastal zones are still affected
to a considerable degree, local-scale analysis is critical in order to identify coastline sectors
where impervious land expansion is accelerating. Consequently, results are also analyzed
based on a division of coastline sectors according to local administrative boundaries, where
impervious land changes and relevant NC and NCR indexes are estimated and compared.
Local/municipal entity boundaries (i.e., the first-level division of municipalities in Greece)
are used, as they usually correspond to the geographical level of local spatial planning as
specified by general urban plans.

According to the sector analysis, the NC index during the 2006–2018 period (Figure 6)
revealed a marginal increase in impervious land expansion in most coastal territories of
Greece, with several notable exceptions. First of all, NC was higher than 1 (corresponding
to over 1% of coastal-land affected by new cover in the 2006–2018 period) in 81 out of the
480 local/municipal communities containing coastal areas. These include the following:
(a) Coastal urban areas in Athens, Thessaloniki, Chalkida, and Volos, with urban land
expansion attributed to industrial/commercial development and relative infrastructure,
including port facilities. (b) Highway-related development, mostly affecting municipalities
along the highway axes mentioned above. (c) Tourism development, which was the
dominant type of coastal land use conversion during the 2006–2018 period.
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More specifically, tourism-related artificial land expansion was recorded in island
parts like Thasos (eastern part), Limnos (western part), Skiathos, Paxoi, Zakynthos (western
part), Kerkyra (western part), Lefkada (northern part), Rodos (northern and southeastern
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part), Mykonos, Paros, Kos, Syros, and Santorini. In Crete, important impervious land
expansion was recorded in certain parts of the northern coast like Kolympari (Chania),
Chersonisos-Malia (Heraklion), and Elounta (Lasithi). All these are reputable mass tourism
destinations where, despite the economic crisis, new construction continues. Tourism-
related impervious land expansion was also reported in the Pylos area (attributed to the
construction of the Costa Navarino resort), and along the South Attica coast towards Cape
Sounio. Figure 7 presents the NCR distribution, and a characterization of coastal sectors
based on combined criteria: (a) “Intense coastal development”, i.e., areas with impervious
land in 2018 exceeding the national mean (≥7.8%), (b) “Coastal development & expansion”,
i.e., areas with existing development (impervious land exceeding half of the national mean,
≥3.9%) and the simultaneous condition of NC and NCR exceeding the national mean
(NC ≥ 0.43 and NCR ≥ 5.8), (c) “Expansion in less developed areas”, i.e., areas with NC
and NCR exceeding half of the national mean, and impervious land in 2018 less than half
the national mean (≤3.9%).
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An inspection of the corresponding maps showed that high rates of impervious
land expansion (NCR index) were recorded in most of the islands, and also in the South
Peloponnese, along the Corinthian Bay, the Maliakos Gulf, and on the Aetolia-Acarnania
coast (those last two areas were partly affected by road construction). As displayed in
Figure 7b, areas with high levels of existing coastal development with continuing expansion
were identified (a) in Aegean islands with mass tourism (Mykonos, Paros, Santorini,
Skiathos, and the northern part of Rodos and Lindos); (b) Ionian islands like Lefkada and
Paxoi and the central part of Kerkyra, with the addition of several parts of the Epirus coast
(close to the city of Preveza and in Parga-Syvota); (c) parts of Crete including the periurban
area of Chania, Agios Nikolaos–Elounda, and Ierapetra; (d) the urbanized corridor along
the Corinthian Bay, as well as touristic urban zones in Nafplion and Calamata in the
Peloponnese. On the other hand, the results confirm that the northern part of the Greek
coast, including the highly developed touristic zones of Pieria, Chalkidiki, and Kavala,
presents developmental stability.
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3.3. Impervious Land Expansion within Protected Areas

One of the most important issues regarding climate change adaptation is related to
impervious land expansion in less developed areas, coinciding in many cases with areas of
the protected natural network (or in close proximity to it). It is important to note that even
small percentages of imperviousness within protected areas can considerably affect the
ecosystem due to the multiple types of landscape fragmentation provoked by low-density
scattered development. The results show that impervious land expanded by 798 ha (or by
8.6%) in the period of 2006–2018 within coastal protected areas (Table 2). The protected
areas mostly affected by impervious land expansion during the 2006–2018 period were
identified in the South Aegean (NCRpr = 11.8), West Greece (NCRpr = 14.0), and Crete
(NCRpr = 13.6). Additionally, the results show that in Attica, the Ionian Islands, Epirus,
and West Greece, protected land is significantly affected by imperviousness, with 5.78%,
4.65%, 3.38%, and 3.13% of protected coastal land affected by 2018, respectively (with
2.14% being the mean value at the nationwide level). These imperviousness figures could
include old rural settlements, suburban sprawl, illegal second housing formations, tourism
development, and relative infrastructure, together creating a hybrid spatial pattern that
can be linked to considerable ecosystem degradation.

Table 2. Results regarding protected coastal network.

Region
Protected

Area
(km2)

% of
Coastal

Zone

Impervious
Expansion

(ha)
NCpr * NCRpr *

% of Protected
Land

Affected

R1 East Macedonia and Thrace 379 58.6 44.1 0.12 5.8 2.14
R2 Central Macedonia 270 28.3 0.0 0.12 0.1 2.21
R3 Athos (Mon. community) 102 99.8 5.2 0.05 12.2 0.48
R4 Epirus 193 59.9 34.6 0.18 5.6 3.41
R5 North Aegean 562 47.0 64.8 0.12 9.3 1.36
R6 Thessaly 213 38.6 30.8 0.14 7.4 2.10
R7 Central Greece 386 28.2 80.8 0.21 8.8 2.58
R8 West Greece 399 42.9 153.2 0.39 14.0 3.16
R9 South Aegean 1246 53.5 150.6 0.12 11.8 1.14

R10 Attica 185 21.6 46.8 0.25 4.6 5.78
R11 Crete 364 34.8 69.0 0.19 13.6 1.58
R12 Peloponnese 387 31.0 54.0 0.14 7.8 1.92
R13 Ionian Islands 247 29.1 69.1 0.28 6.4 4.65

GR Greece (mean) 4933 39.8 802.9 0.17 8.6 2.14

* NC and NCR indexes adjusted for areas within the protected network.

This issue is becoming more and more important in the islands of Greece, where
tourism-related development encroached on Natura 2000 and wildlife sanctuary areas in
the period of 2006–2018 under a highly dispersed spatial pattern scheme, radically altering
existing land cover, while rendering new infrastructure particularly vulnerable to CC
impacts. The results show that development can also be intense on land in close proximity
(up to 1–2 km) to the protected network. This is important as tourism facilities in many
cases chose to be located exactly at the border of protected areas; nevertheless, they still
considerably affect the ecosystem by altering water resources, biodiversity, microclimatic
conditions, etc. This is, for example, the case for the Agios Prokopios area on Naxos Island
(Figure 8), where scattered development surrounds protected wetlands within disaster-
prone (flood risk) low-elevation land close to the coast.
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4. Discussion

The research results confirm the hypothesis of a “moratorium” on coastal urban sprawl
in Greece during the period of 2006–2018, with low rates of impervious land expansion. At
an overall level, a 5.8% increase in impervious land was reported, with less than 0.5% of
previously undeveloped areas in the coastal zone affected by new construction. The highest
NC index values were reported for the frontline zone, corresponding to the areas with
immediate accessibility to the sea, while there was a gradual decrease in imperviousness in
the buffer and transitional zones.

At the regional level, the South Aegean, Crete, and the Peloponnese were the more
“dynamic” regions; downscaling results to a local level revealed continuing trends of imper-
vious land expansion in specific coastal sectors, especially those affected by tourism, while
other areas were affected by industrial/commercial sprawl as well as highway construction.
The results also show that in the 2006–2018 period, protected natural areas (comprising up
to 40% of land in the coastal zone) continued to be affected by impervious land expansion.
This is evaluated as an alarming fact: natural areas like wetlands, sand dunes, forests, and
scrub vegetation are abundant along the Greek coastline and play a crucial role in climate
change adaptation, acting as barriers to coastal erosion, preventing floods, and acting as
carbon sinks, while preserving biodiversity. Impervious land encroachment could consid-
erably degrade their ecosystemic role and render coastal areas particularly vulnerable to
climate change impacts.

Therefore, the results obtained in this work could inform national- and regional-level
policies regarding CC adaptation in many ways: First of all, they highlight areas of intense
development at the coastal front, where specific actions should be prioritized to handle
increasing environmental pressures and natural hazards. A characteristic example is the
urbanized corridor along Corinthian Bay, an area where impervious land expansion still
continued in the 2006–2018 period and which was identified as an area heavily affected
by coastal erosion, putting buildings and infrastructure in proximity to the sea in danger.
Secondly, the results identified natural areas where new development is encroaching, like
on highly touristic islands, in the absence of a strict framework handling climate-related
vulnerabilities. An example is the Lindos Municipality in Rodos, identified by the results
as a sector of coastal impervious expansion and coinciding with the area of a destructive
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forest wildfire which led to the large-scale evacuation of hotel resorts in July 2023. Similar
locations where impervious land expansion is simultaneously increasing vulnerabilities to
natural disasters (i.e., to flood and fire risk) and decreasing the ability of natural coastal
ecosystems to mitigate the effects of climate change were identified in many parts along
the case study area; therefore, providing specific planning solutions for these areas could
be an important expansion of this work.

It is important to note that the overall slowdown of impervious land expansion implied
by the results should be considered as a temporal effect related to the general socioeconomic
and political context of the examined period and the sociospatial manifestations of the
Greek crisis. Among the major impacts of the economic recession has been the sudden
interruption of the real estate boom that had peaked in Greece in the previous period,
with construction activity gradually collapsing after 2008. This was accompanied by the
devaluation of land properties; the inability of households to pay off home loans taken up
during the previous period due to the dramatic cut-down of wages, pensions, and public
expenses; and the bankruptcy of construction companies in the private sector.

The economic crisis period has also largely impacted spatial planning issues in Greece.
One of the first political actions of the economic crisis period was the legalization of millions
of illegal construction projects [106–108], mainly aiming to provide income for the state
budget. Illegal houses in Greece include structures along the shore, within forest land,
and/or natural areas. These are usually areas of spontaneous development, presenting
increasing vulnerability to natural disasters. Moreover, the studied period coincides with a
significant reform of the Greek Spatial Planning Framework [109], existing since the 2000s,
with the insertion of a new set of spatial planning tools largely imposed by the IMF and
EU partners [76] and adopted by successive Greek governments to accelerate projects,
making procedures more quick, flexible, and favorable to large-scale investments [110,111].
These tools include Special Spatial Plans for Strategic Investments (entitled ESXASE in
Greek, Law 3894/2010) [112], forming part of the newly defined Special Urban Plans (Law
4269/2014, Law 4447/2016, and Law 4759/2020) [113–115]. Spatial planning reform also
involves legislative instruments to capitalize on public land property [79] (Special Spatial
Development Plans for Public Property, entitled ESXADA in Greek, Law 3986/2011) [116],
with many of them targeted at high-value coastal territories. These new sets of spatial
planning tools, legislated during the crisis period, are currently being activated by the
mass tourism sector to obtain permission for a considerable number of future projects
within privileged locations on the coastal front (e.g., recent ESXADA projects in Afantou in
Rodos, Paliouri, and Ag. Ioannis in Chalkidiki, and Kassiopi in Kerkyra; ESXASE projects
in Kavousi, Elounda, Cavo Sidero, and Kissamos Bay in Crete, etc.).

At the same time, the restructuring of the real estate market has led to profit opportu-
nities for foreign speculators and investors buying off cheap land and property during the
economic crisis period [117]; this process is also driven by the golden visa policies initiated
in 2013 in Greece, and a growing global demand for high-quality vacation housing on the
Mediterranean coast [21]. Moreover, the spread of Airbnb in coastal and island territories,
coupled with steadily increasing international tourism arrivals, has been one of the most
important new facts during the crisis period; this trend is still rapidly accelerating. In
Greece, this can be further fueled by new legislation regarding complex tourism resorts
and mixed small-scale tourism resorts that allows the incorporation of private housing
formations under favorable building regulations. Such private vacation houses within
hotel zones can be rented, sold, or exploited by their owners in a flexible way, while taking
advantage of being located in privileged natural locations or even within Natura 2000 areas
at a minimum distance from the shoreline that has been exceptionally set to 30 m (from
50 m, which is normally permitted for tourism facilities).

In light of these remarks, we can deduce that as Greece enters the post-crisis period
(or more correctly, the post-memorandum period, as the effects of the crisis are still very
important for Greek society), a “rebound” of coastal urban sprawl might be expected.
Recent data show that construction activity is finally picking up after a downturn for over
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10 years, while after considerable fluctuations during the COVID-19 pandemic (2020–2021),
construction activity has been accelerating since 2022 (Figure 9). Especially in the case
of mass tourism destinations like the South Aegean, this increase has been impressive,
reaching precrisis figures. This “rebound”, combined with increasing demand for coastal
space and a lack of strict land use planning regulations prioritizing nature conservation, is
evaluated as an alarming issue, adding another challenge for climate adaptation strategies
that still remain in their infancy in Greece, with an effective mechanism to coordinate
the interconnections between spatial plans and climate change adaptation policies still
missing [118].
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5. Conclusions

In the Mediterranean, the rapid acceleration of urban sprawl is fueled by periurbaniza-
tion processes and mass tourism development, particularly concentrated in the coastal zone.
Continuing imperviousness expansion could lead to landscape fragmentation, increase the
urban heat island effect, reduce natural land and vegetation, accelerate coastal erosion, and
lead to the overexploitation of land and natural resources.

Regarding the effect of such processes on coastal territories, our work implies that
imperviousness is a better control parameter than built-up footprints as it also accounts for
road construction, parking lots, pools, and other related structures that affect ecosystems.
Reducing imperviousness can be considered as a “green” adaptation measure, directly
affecting how a territory will function in the case of a flashflood, a forest fire, coastal
erosion, and other impacts of climate change; therefore, strategies prioritizing biodiversity
preservation in coastal zones are needed. Towards this direction, it is of major importance
to utilize high-resolution spatial data to assess the impact development has already had on
coastal territories, to evaluate climate change threats, and to provide tools for monitoring
land cover changes.

Herein, geospatial methods were applied to examine the spatial outcome of the reces-
sion period in Greece in terms of imperviousness land expansion, and to assess the way it
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has affected development in coastal zones. The results provide a full-scale estimation of
recent impervious land expansion in Greece, which is able to inform and support national-
and regional-level spatial planning decisions and strategies.

The results reveal that, at an overall level, Greece still possesses a large percentage of
undeveloped land. This can be a valuable asset in order to combat climate change at its
frontline, i.e., the coastal zone. However, as the country emerges from the crisis period,
a notable “rebound” in the construction sector can be expected, which, coupled with the
continuing dynamic of the mass tourism sector, Airbnb expansion, and global real estate
interest in investing in coastal locations, is imposing particular stress on coastal and insular
territories, undermining recent national and regional efforts towards climate resilience.
This is in line with the persistent view of tourism as a “heavy industry” in Greece, related to
an unsustainable model of coastal tourism development, increasing social inequalities and
environmental vulnerabilities. In the absence of a coherent national-level spatial planning
framework guiding development in coastal areas, as well as enforcing directions for nature
preservation, it can be expected that an unsustainable business-as-usual scenario could take
place. This can be alarming, and could also mark a possible future expansion of this work,
placing particular focus on protected areas under stress, with the execution of in-depth case
study analyses to specifically evaluate climate change impacts and probable solution and
adaptation measures.

In conclusion, it is our strong belief that spatial planning and land use policies remain
an irreplaceable tool in preventing undesirable land use/land cover changes and securing
a climate-resilient future. The management of urban sprawl should be related to reduced
rates of land take, with this issue being particularly relevant to coastal zone management,
where coastal retreat policies with strict nature preservation should be enforced. Currently,
as important steps towards climate change adaptation policies are made on the European
and international scales, scientific inputs such as those provided by the present research
could be particularly relevant for properly handling spatial planning decisions, through a
climate resilience approach, to secure a sustainable pathway for the Mediterranean.
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