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The effects of climate change are numerous and diverse, often interlinked, causing severe
impacts on the economic and physical environment of the affected areas. Freshwater
shortage and sea level rise are highlighted as the priority risks of climate change in
Mediterranean coastal region. This study seeks to illustrate at a local level the impact that
sea level rise may generate on the coastal communities of Cyclades Islands in Greece.
After developing three different scenarios of sea level rise by 0.3, 0.6 and 1 m in tandem
with the use of Geographic Information System (GIS) as a mapping tool the percentage
of inundated area at different islands was illustrated and the respective economic cost was
calculated. Results revealed that in the most possible case scenario of sea level rise by 0.6 m
the total land loss value for the whole Cyclades complex reaches almost 4 billion € (~ 2.22
of National GDP) with Naxos island being the most vulnerable. Further research needs to
take into consideration additional factors related to the impact assessment of sea level rise
in Cyclades in order to produce more robust results.
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Introduction
Over the recent decades CO2 emissions have considerably
increased due to the intense use of fossil fuels in industry resulting to
global warming and global climate changes. The latest Reports of the
World Meteorological Organization (WMO) and the United Nations
Programme for the Environment (UNEP) indicate that between 1980
and 2005 the world ambient temperature had increased between 1 and
1.5°C.1 One of the most critical issues arisen from the ongoing global
warming is the expected sea level rise and thus focus has been put on
the future sea level trends which inextricably affect coastal areas and
islands. Global climate changes are expected to cause sea level rise
and this way result in floods, coastal erosion, inundation of wetlands
and other important coastal formations as well as other ecological
and environmental losses with important economic results.2,3 The
impact of climate change will also interact and multiply the negative
effects of existing coastal stressors reducing the resiliency of the
coastal systems from all points of view such as social, economic and
environmental.2,4
Actual measurements have shown that during the 20thcentury,
the sea level has risen about 0.17±0.05m5 based on IPCC reports.
However, IPCC committee has not yet include in their models for
forecasting sea level rise, the polar ice melting process due to the
global increase in sea and air temperatures. Researchers6,7 proposed
a significant acceleration of sea level rise in the 20thcentury and
estimated a sea level rise from 2.0 to 3.4 meters between 1990 and
2100 if the acceleration remains constant by including ice melting
as a factor in their calculations. The implications of such a seal level
rise scenario are enormous as nearly quarter of the world’s population
lives at elevations below 100 m from mean sea level and within 100
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km from coasts.8,9 At the same time, these areas concentrate most of
the human economic activities.10 The expected inundation of sea will
probably disrupt the physical processes as well as the socio-economic
systems along the coasts. Targeting to assist policy makers and general
public in understanding the risks and expected results of sea level rise,
both global and local studies are required to allow a holistic approach
to the management of the issue.11
The assessment of the vulnerability of coastal resources to the
impacts of sea level rise is delineated into both natural (natural system
vulnerability) and socio-economic environment (socio-economic
system vulnerability). The prerequisite of the socioeconomic
vulnerability analysis relies on the efficient knowledge about natural
response system to sea level rise.12 Adaptation to these phenomena
is mainly translated into cost assessment rather than cost-benefit
assessment (CBA) as decision makers are not for supporting
“inaction” but making optimal actions that would ensure the safety of
the area at risk.13 The rates of sea level change in Mediterranean are
a controversial issue. Carillo et al.14 stated that the characteristics of
Mediterranean Sea as a semi-closed basin connected to the Atlantic
Ocean only through the Strait of Gibraltar allow for differing from
the global sea level trends. Applying statistical techniques on satellite
data15 estimated an increase of sea level trend about 0.63 mm year-1 for
the period 1993-2000 using tide gauge data whereas in another study
by16 identified an increase at a rate of 1.2-1.5 mm year-1 before 1960
and a decrease at a rate of -1.3 mm/year between 1960 and 1998. As12
reported in Adriatic and Aegean Seas the raise of average temperature
will be greater than in Levantine basin raising the elevation rate in the
eastern part of Mediterranean basin at rate of +5 and +15 mm/year
compared to less than +5 mm/year in the western part. The Aegean
Sea is considered to be the most exposed area of the Mediterranean
Sea to sea level rise due to high water temperatures.17 The impacts
of sea level rise will be particularly strong on the majority of the
Mediterranean coastal areas as they housed 36% 18 of the EU coastal
regions population in 2009 with a trend to increase by 1.4% in 202519
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causing floods land loss salinization of groundwater and destruction
of built property and infrastructure.20 Given the large and growing
concentration of population and economic activity in the coastal zone
as well as the importance of coastal ecosystems the potential impacts
of sea-level change have evoked widespread concern for more than
two decades.21-23
The present study focuses on Paros and Naxos Islands (belonging
to the Cyclades Archipelago Greece). The main aim of this study
was to assess and visualize the percentage of the inundation area
after developing three different scenarios of sea level rise in the
study area using GIS as a tool. The assessment will be elaborated
after depicting the hotspots (areas of high risk in terms of social
touristic and infrastructure value) and estimating the economic loss
for each different scenario. Recent scenarios for 210024,25 and sealevel measurements12 suggest an acceleration in sea-level rise. This
enhances the importance of a new simulation of the impact of rising
sea level on the shoreline position. Our objective was to quantify the
role of sea-level rise in the shoreline retreat and evaluate this retreat in
terms of future sea-level rise.

Materials and methods
Study area
Cyclades is a complex of islands located in the central Aegean
Sea (Greece) and belongs to the South Aegean Region. The group
consists of more than 150 islands from which 24 are inhabited (Figure
1). The population of Cyclades has increased from 94005 in 1991 to
112615 in 2001 and 117987 in 2011 (Hellenic National Statistical
Survey annual reports) and the total surface is approximately 2528
km². The natural environment of Cyclades is very rich as it hosts a
great variety of ecosystems which although they have limited size
they host significant ecological features and protected areas that are
included in the NATURA 2000 Network. The main human activities
taken place in Cyclades are agriculture mining fishing small-scaleindustry and tourism. Tourism has long played an important role in the
economic development of Cyclades characterizing them as one of the
most significant tourism destinations in Greece.

Figure 1 Map of the study area (with red the islands of Paros and Naxos).

Naxos Island is the largest island in Cyclades with an area of 429
km² and a population 18200 and a density of 42 inhabitants/km².
Paros Island is also one of the largest islands of the Cyclades complex
with an area of 196.3 km² a population of 605826 and a density of 70
inhabitants/km². Both islands have significant mountainous terrain of
724-1000 m but also extensive coastal plains with beautiful beaches
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with clear waters suitable for swimming and other water-related
activities. This combination makes these islands (also others in the
region of Cyclades) as a very attractive tourism destination.

Data analysis
The analysis involves a two-step procedure. Initially we employed
GIS software to superimpose critical elements directly impacted by
sea level rise including surface elevations in relation to mean sea
level and urban areas polygons adjacent to sea. Data were provided
by the Hellenic Military Geographical Service and after applying
interpolation techniques (Topo to Raster) elevation datasets were
converted from polyline to raster format with a user-defined pixel
size to 5 m. Three different scenarios of sea level rise were developed
illustrating the inundated areas after a sea level rise of 0.3 m (scenario
1), 0.6 m (scenario 2) and 1 m (Scenario 3) respectively. Basic
statistics were computed for model results to determine total land
area inundated at each different case. Geological formations were not
taken into consideration as they will be considered at a future study.
At the second phase of the analysis we estimated the economic impact
resulting from sea level rise at each different scenario on islands. We
calculated the economic loss according to the economic value of land
and services at risk as they were been provided by Ministry of Finance
and Economics Tables of land value. It is difficult to take account
of the “sea-level rise” parameter in quantifying shoreline evolution.27
The most widespread method to achieve this aim is based on the Bruun
rule.28 The methodology used herein was not based on the classical
Bruun rule but the principle of active flooding which combines the
relative sea level rise with the slope of the beach profile.

Results and discussion
A more complete understanding of the risks posed by climate
change and the benefits of avoiding damages to coastal areas requires
quantification and valuation of potential impacts. This is justified by
the fact that there have been so far numerous approaches to estimate
sea level rise levels. For example IPCC committee in their 2001
report estimate a sea level rise between 20 and 70 cm by 2100 while
in the 2007 report they project a sea level rise by only 18-59 cm in the
same period. At the same time, Rahmstoff et al.29 consider the IPCC
estimates too conservative since they do not include in their model,
the effect of the ice melting due to sea and air temperature increase,
on the sea level rise process.30
In all cases, any information on the sea level rise estimates
is valuable and can serve multiple purposes. First, valuation and
incorporation of potential climate change impacts on coastal
communities and ecosystems will help inform the design of climate
change policy. Representation of these impacts in policy discussions
may help reduce or minimize future costs, inform decisions to balance
investments in mitigation and adaptation, and identify conditions that
lead to the most dangerous and costly impacts. Second, land use
planners responsible for protecting coastal development and natural
systems will increasingly rely on information regarding resources and
decisions that are most vulnerable or sensitive to climate change. In
response to rising sea levels, coastal planners and homeowners are
likely to protect their property by elevating structures, constructing
seawalls, nourishing beaches, and using other methods. Such an
investment in protecting shorelines will likely impose substantial
costs on property owners, local municipalities, and state and federal
programs. Modeling tools designed to estimate the value of resources
at risk and the costs associated with protecting land from these impacts
can help managers make decisions that promote sustainability,
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reduce overall costs, and improve coastal resiliency. While effective
adaptation to the impacts of climate change can greatly reduce the
eventual costs, it requires careful advance planning.31
The GIS approach is suitable for such purposes for two main
reasons. First, a GIS-based approach is fast and can provide
information within a very short time period. Second, a GIS system
enables the mapping and visualization of the information and
modeling results. At the same time, it provides access to numerous
developed software add-ons for data analysis (statistics, biostatistics
and spatial analysis) which are available for almost all GIS software
in the market and which can provide more analytical information
from the raw data (raster or vector). However the main limitation to
our approach is the type of existent official elevation data from the
Geographic Agency of the Greek Military. The Agency can provide
elevation data for all Greek territory at minimum 4 m intervals. This
combined with the fact that the sea level rise estimates range between
30 cm and 100 cm, indicates that the digital elevation model which
will be the basis of the analysis of the effects of sea level rise needs
to be created by interpolation and therefore, a mathematical bias is
entered in the results.
The basic results on land loss due to sea level rise are summarised
in Table 1. Sea-level change is one of the observed consequences of
global warming and future sea-level rise is inevitable in a warming
world with the rates and geographical patterns of this rise remaining
uncertain.5 Within coastal zones these climate-related changes can be
expected to have a range of impacts. Rising sea levels will increase the
flood-risk and erosion along the coast but may also impact freshwater
availability or result in an accelerated loss of coastal eco-systems. A
key element in assessing these issues is the development of sea-level
rise scenarios (or plausible futures). Climate experts emphasize the
importance of adapting to these potential effects of climate change
by developing and implementing coastal protection and adaptation
strategies. Coastal environment managers are increasingly concerned
by the current rise in sea level and its possible acceleration during
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the 21st century in relation to climate warming.24,25 This phenomenon
coincides with an unprecedented socio-economic development of
the coastal fringe. In coming decades on-going global warming will
augment the probability of climate change. This may trigger alteration
in sea level rise magnitude and rate as well as increase the impact of
enhancing factors as shown in on-going global sea level rise as well as
instances in sudden sea level rise situations over recent years. Human
use of the coast increased dramatically in the last century and it seems
that this trend will continue in the future.32
The most affected urban areas are located in the island of Naxos
where land inundation ranges between 750and 1100 thousand m² with
a respective cost between 890 million € and 1.34 billion €. Paros is the
second most inundated island among the Cyclades region (Table 2).
Coastal population growth in many low-lying areas has led to
the conversion of natural coastal landscapes to land for agricultural
aquaculture industrial and residential uses.33 The attractiveness of the
coast has resulted in rapid expansion of economic activity but has also
degraded coastal ecosystems. Floods pose serious threats to coastal
areas around the world; they cause great financial losses in property
and infrastructure and affect many millions of people.32,34,35
Table 3 indicates that the island of Naxos have the highest
economic loss from the inundation of non-urban areas due to sea level
rise. Paros (with Antiparos) is located in the centre of Cyclades Island
complex with 13715 and 1215 inhabitants in 2011. Both islands are
among the most affected regions by sea level rise as the total economic
loss ranges from 330 million € (best case scenario) to 750 million €
(worst case scenario). Paros and Antiparos are highly visited islands
with Antiparos to be a low-lying small island attracting high-income
tourists and expensive tourism investments during the last years in
contrast with Paros which is a traditional tourism destination mainly
attracting mass tourism. Antiparos will lose 2.1% of the total island
area after applying the second sea level rise scenario of 0.6 m while
Paros is less affected with 0.8% land loss (Figure 2).

Table 1 Land loss per island and per scenario of sea level rise
Island
Naxos
Paros(with Antiparos)

Total lostarea (m2)
0.3m
0.6m
3755518
4573025
1540388
2457148

1m
5531851
3501314

Percentage of islandarea (%)
0.3m
0.6m
0.87
1.06
0.94
1.49

1m
1.28
2.12

Table 2 Area and corresponding economic value of the losses for Naxos and Paros islands due to inundation of urban areas

Naxos
Paros(with Antiparos)

Lost urban area (m2)
0.3m
0.6m
751104
914605
308078
491430

Value (€)
0.3m
892588985€
322763659€

1m
1106370
700263

0.6m
1086889144€
514856049€

1m
1341777155€
733644328€

Table 3 Area and corresponding economic value of the losses for Naxos and Paros islands due to inundation of non-urban area

Naxos
Paros(with Antiparos)

Lost non-urban-area (m2)
0.3m
0.6m
3004414
3658420
1232310
1965718

1m
4425481
2801051

Naxos is a large island with 20837 (2011) inhabitants with imposing
mountainous volumes and strong winds. The topography of the island
is a representative example of the Aegean topography characterized
by hills and mountains covered by bushes and very limited flat fields.
It is considered as the most fertile island of Cyclades. Naxos is the
most vulnerable island relative to the others; since it risks losing a
higher percentage of land (1.06%) for sea level rise of 0.60 m (Figure

Value (€)
0.3m
16515867 €
7080363 €

0.6m
20111066 €
11294232 €

1m
24327753 €
16093720 €

3). Moreover it faces the most severe economic cost as for the most
possible scenario of sea level rise 0.6 m the economic cost accounts
for 1.1 billion€. Based on the above measurements Klidos is the most
hazardous urban area as 15.54% of the land is inundated. The western
part of Naxos is susceptible to future sea level rise and especially the
southern part of Naxos capital.
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