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Copernicus Satellite Data and DEM-derived Spatial Models Contribution to Map the Spatial
Impact of Extreme Weather Event: The Case in Assos (Kefalonia,2020)

A. Mourampetzis, A. Petani

Evangelos Dosiadis
Department of Geography, Harokopio University of Athens, Greece
Flood Hazard Assessment of the Aeson River Catchment, Central Macedonia, Greece
E. Dosiadis
Break
Chair: Efthimios Karymbalis
Konstantinos Lymperopoulos
Department of Geography, Harokopio University, Athens, Greece
Geospatial Technologies and Open Geomorphologic Data in the Service of Military Science
K. Lymperopoulos

HAlog FepoAuparog

EYAAT A.E., ASriva

Xpnon tn¢ Evawodnoiag tov Mopdotektovikol Asiktn SL-Index yia tov Mpoodloplopd MeydAwv
Tektovikwv Aopwv pe Epappoyr) otn NRoo Tvo (KukAadeq)

H. Fepolupdrog

Fewpyia Tapmovpakn

Tunuo rewypapiog Xapokomneto MavemiotnuLo

Fewpopdoloyikn Xaptoypddpnon twv AKtwv thg NotloavatoAtkng AaupEWTLKAG
I Tapmoupadkn
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18:45-19:00 EAtcaBet NikoAn
Tunua Frewypapioag, Xapokomneio MoveniotnuLo
Fewpopdoloyk) MeAétn twv AAAouBlakwv PUtsiwv Kot twv Avtiotolywv Aekovwv ATtoppong
Tou ‘Opoug OAuprmog pe tn Xpron 2.1.M.
E. NikOAn, EuBuptog KapUpumalng, Kwvotavtivog Toavakog

19:00-19:15 Vaios Avdis
Institute of Geology and Mineral Exploration of Greece
Faults, Joints, Uplift Mechanisms, and Geomorphology
V. Avdis
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Poster Presentations

Submarine Geomorphology of the Eastern Continental Platform of the Maltese Archipelago
Sofia Rossi, Carlotta Parenti, Mariacristina Prampolini, Paola Coratza, Mauro Soldati
Department of Chemical and Geological Sciences, University of Modena and Reggio Emilia, Italy

The Role of Posidonia Banquettes in Coastline Protection Against Erosion, through UAV
Technology and Granulometric Analysis: Preliminary Results from the Case of Schinias-Marathon
National Park, Attica, Greece

Dimitrios Vandarakis, Maria Salomidi, Vasilis Gerakaris, Yiannis Issaris, loannis Kourliaftis,Vassilis

Kapsimalis, loannis Panagiotopoulos, Chara Agaoglou
Institute of Oceanography, Hellenic Centre for Marine Research (HCMR)

Insular Coastal Erosion Detection And Mapping Using Geospatial Technologies: The Case Of
Rhodes Island (Greece)

loannis Gkougkoustamos

Harokopio University of Athens

Sedimentological and Geomorphological Study of Vravrona Beach, East Attica
Apostolia Komi, Alexandros Petropoulos, Niki Evelpidou, Serafim Poulos, Vasilios Kapsimalis
National and Kapodistrian University of Athens

Geomorphological Parameters for Planning

Hariklia D. Skilodimou, George D. Bathrellos
University of Patras, Department of Geology, Division of General, Marine Geology & Geodynamics

Awepevivnon tng Emdektikotnrag twv NotioavatoAikwv AKTwv Tou AvatoAitkoU KopvBiakou
(Hpaiov-Aéxauo KopivBiag) otoug Napaktioug Duaoikolg Kivduvoug

Xpnotog PodomouAog

Tunua Frewypapioag Xapokoneio MoveniotnuLo

MeAétn twv Aktwv Tou KOArou tou Apyootoliou Kat tTng Xepoovrioou tng MaAwkAg (v.
Kedalovid) os Zxéon pe toug NMapdaktiovg Kivduvoug

MoAu&evn Toupdon

Tunuo rewypaeiog Xapokomneto MavemiotnuLo

Ektipnon tg Emdektikotntag twv AKTwv TG Nioou Xiou otoug Mapdaktioug Kivduvoug pe thv
Xpnon Zrn

Ibyévela- PadanAia Kumpiou

ESviko kot Karobtotplako Maverniotiuto ASnvwy, Tunua Quotkng

Ektipnon NAnupupkot Kivdivou Askdavng Aoppong Meydalou Pépatog Padnivag (AvatoAki
Attikn, EAAaS ar)

Mapia Avépéou, AnunRtpLog-Bacilelog Mmatlakng, Kwvaotavtivog Toavakag, 2wtnplog KapaAng,
EuBUpuLog KapuumaAng

Tunuo rewypapiog Xapokomneto Mavemiotnuto

Tpwtotnta Meooyetakwv NOAswv Evavtt MAnUHuptkwv Qovopévwy Kal Znpaciag wg
Suveneieg tng KAtpatikng AAayrg: ABnva, Osooalovikn, NaroAn, BaAévOia
Katepiva Juvavn

Tunuo rewypapiog Xapokomneto MavemiotnuLo
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P11

P12

P13

P14

P15

P16

P17

P18

Ta§wvopunon twv MopdoAoyikwv Xapaktnplotikwv tov AvayAudou pe tn Xpron Texvikwv ZMM:
H Mepintwon tng Bopeiag EVPoLag, Zteped EAAGSa

KavéAAa BaAkdavou, EuBuulog KapupumoAng, Anunteng MNamavaotaciou, Xplotog XaAKLAG,
KaAAwomnn Fakn-NMoamavoaotaciov

Tunua Frewypapioag, Xapokomneio MoveniotnuLo

Edappoyn Hut-autopatonoinpévng Me0odou yia thv Avayvwpion Kot Xaptoypadnon Twv
Notapiwv AvaBaduidwv otn Bopela EuBola (Zteped EANGSa)

KavéAAa BaAkavou, EuBUuLog KapuumoAng, Anuntpng Mamavaotaciou, Xplotog XaAKLdg,
KaAAwomn Fakn-Noamavootaciov

Tunuo rewypagiog Xapokomneto Mavemiotnuo

Autopatonotnévn Avayvwpilon Znpeiwv Kappng os Yépoypadika Aiktua thg Boperag EUBolag
(Zreped EAAGS )

KavéAAa BaAkavou, EuBuutog KapuumoAng, Anuntpng Mamavaotaciou, Xplotog XaAKLdg,
KaAAwomn Fakn-Noamavootaciov

Tunuo rewypapiog Xapokomneto Mavemiotnto

Xwpki Katavoun twv ZnnAaiwv tng Kpntng
Eprivn Avtwviou, Dwtng AlBavag, XapikAeia Skuhodnpou, FewpyLog MmabpeAlog
Tunuoa rewloyiog kat lewneptBaAiovtog, ESVIKO kat KartoSiotplako Mavemniotiuio ASnvwv

Bpayoypadieg kat ortijAaia otnv EAAGS o
Afuntpa Kopatéa, Xapikhela Skuhodnuou, Fewpytog MnabpéAlog
Tunuo rewloyiog kat MewneptBaAiovrog, ESviko kat Kartobdiotplako Maverniotiuio ASnvwy

Delimiting the Potential Harbor of Poliochni Archaeological Site Using UAV and Bathymetry
Survey, Lemnos Island, Greece

Dimitrios Vandarakis, Konstantinos Vouvalidis, Vassilis Kapsimalis, loannis Panagiotopoulos
Institute of Oceanography, Hellenic Centre for Marine Research (HCMR), Anavyssos, Greece

NepiBarroviikég Kot IZnpatoloyikég MetaBoAég otnv Koltldda tou AvBspolvta Motapol
Zodia Aoavn, Iwona Hildebrandt-Radke, Kwvotavtivog BouBaAidng, Kwvotavtivog AApmavakng,
FewpyLog Zupildng

Touéac Quaikric kat MeptBaAdovtikng Mewypapiag, Tunua lewloyiag, AptototéAsto Mavemntotruto
Oeaocalovikng

Estimation of Recent Land Subsidence in the Evinos Delta (Western Greece) with the Application
of SBAS Interferometry Technique.

loannis Papadopoulos, Andreas Karavias, Issaak Parcharidis, Efthimios Karymbalis

Department of Geography, Harokopio University
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The Role of Geomorphology in Building a Landslide Risk Culture:
Romania, between Achievements and Perspectives

M. Micu*

(1) Institute of Geography, Romanian Academy, Dimitrie Racovita 12, Bucharest, Romania, mikkutu@yahoo.com

Throughout a vast literature enriched consistently during the last 10 years, landslides are
acknowledged worldwide as being among the most significant natural risks, expressed in terms of
economic, human and environmental damages or losses. Moreover, landslides not only act
independently, but very often interact (directly or indirectly) with highly dangerous phenomena
like earthquakes (as both co- and post-seismic processes) of floods (especially during flash floods)
in a framework known as multi-hazard, increasingly approached during the last decade. The
potential impact of multi-hazard risk may increase exponentially the economical damages as well
as the potential death toll, thus new approaches of risk management in this new framework being
constantly requested by local, national and even continental policy makers.

The development of a consistent risk culture might be considered as the key issue in building the
most efficient strategies of risk management and governance. Although a very strict, case-specific
definition doesn’t exist, landslide risk culture may be defined as the complexity of common values,
beliefs, knowledge, attitudes and understanding about landslide risk which is shared by a group of
actors/stakeholders (public or governmental bodies, private companies, non-profit/NGOs,
academics and general public) (after Institute of Risk Management, 2012). This culture of risk
implies all the proactive and reactive measures which, commonly-agreed upon, should be
evaluated, developed, implemented and constantly revised by the wide range of above-mentioned
actors. This approach is extremely complicated and highly complex; it is also time consuming,
since it requires a long-lasting common perception (expressed in attitude and behavior) of risk
levels, a good communication and a constantly-improved education.

Geomorphology plays a crucial role in developing a strong landslide risk culture. Not only that the
landslides are representing one of the most important processes studied by geomorphologists (in
terms of morphogenesis, morphodynamics, modeling of future distribution and quantification of
hazard and risk), but the systemic perception of the environment by the geomorphologists turns
them into key stakeholders. Such an example is represented by Romania, a country severely
affected by landslides (as recently described by Balteanu et al., 2020; Micu et al., 2017). Their wide
spectrum of processes and resulted forms, as well as the large areas across which their effects are
complexly-linked with fluvial (flash floods) or seismic (earthquakes) ones, raised during the last
decade the importance of performing state-of-the-art hazard studies at regional and national
scales for developing reliable risk estimations, evaluations or management strategies, in support
for a proper risk governance. This process was harnessed by the recent progresses achieved at the
level of the European Union; following the process of EU joining (2007), Romania started a long
and complex process of enhancing its capacities for disaster risk reduction, and landslides were
considered among the key risks at a national scale, as outlined by the Romanian National Reports
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delivered in the framework of HFA and SFDRR. Throughout a long, complicated and complex
stakeholder dialogues, the need for an intra-to-multi — disciplinarity breakdown was
acknowledged, and the need to promote transdisciplinarity (by allowing the actors the
opportunities to engage together from the beginning and develop common perspectives) was
foreseen. The implication of Romanian geomorphologists into this process was constant, and it
consisted out of: fostering a common language (acknowledging the existence of high
uncertainties, but reducing the focus on complex terminology like aleatory, epistemic, single,
accumulated uncertainties when explaining the robustness/prediction capacity of different hazard
models; encouraging transdisciplinary discussions with policy makers); tailoring the message
(emphasize on communicating only clear scientific aspects, confidently known); drawing a less
theoretical, more applied framework of evaluation (developing explanations which have a strong
social and political relevance during the scientific work and throughout the know-how
development); adapting the scientific content (outlining the relevance of the work for both locals
as well as policy-makers).

As a conclusion, the implication of geomorphologists proved to be a key component in the
initiation of developing of a landslide risk culture in Romania. Not only by drawing the attention
through numerous analytic and synthetic studies on the importance of landslide hazard in the
framework of disaster risk reduction, but moreover providing a local to regional and national
methodology for evaluating the past, present and future behavior of such processes, the
geomorphologists fostered numerous stakeholders to develop a constructive dialogue aiming at
developing the optimal proactive measures for risk prevention and preparedness and the most
suitable reactive actions for response and recovery. It is the purpose of this presentation to
provide an overview on how, where and when geomorphic experience and expertise may
influence the development of such a specific risk culture.
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Quantification of Mass Movements with Structure-from-Motion Techniques: The
Case of Myrtos beach in Cephalonia, after lanos Medicane (September 2020)

Emm. Vassilakis *, A. Konsolaki®, S.Petrakis %, E.Kotsi %, C. Fillis %, S.Lozios %, E.Lekkas *

(1) National and Kapodistrian University of Athens, Panepistimiopolis Zographou, Greece,
evasilak@geol.uoa.gr

Introduction

The area of Myrtos beach is an 800 m long popular Natura protected coastal area at the Northern
part of Cephalonia Island. The beach has relatively small width (average width 50 m) and it is
located under a rather steep slope, consisting of loose highly tectonised material, consisted of
cobbles and boulders. The area has suffered extended landslides, rockfalls and mudflows in the
past and specific marking has been placed along the beach for the protection of the visitors. It also
suffered severe damages during the Medicane “lanos” which affected the Greek territory on
September 2020. The area mostly affected by lanos was the lonian complex and more specifically
the island of Cephalonia. According to the nearest meteo-station, located on Ithaki island, the total
rainfall during the two-day event of 17-18/09/2020 reached 227.4 mm, whilst the average wind
speed for the same period was 21 km/h, with wind gusts of the order of 90 km/h (~10 Beauforts).

Methods

The use of Unmanned Aerial Systems (UASs) is a practical way of mappingrelatively small areas
and it has been proved to be optimal for landslides that often cover areas that range from less
than one square kilometer up to few square kilometers (Figure 1). High-resolution images acquired
by UASs may support the definition of not only the identification of the actual margins of the
studied landslide phenomenon but also the identification and mapping of the main
geomorphological features (Fiorucci et al., 2018; Karantanellis et al., 2019), either based on the
classic methodologies or by using more sophisticated and automated state-of-the-art techniques
(Karantanellis et al., 2020).

A sequence of a relatively low-cost UAS time series dataset can provide useful support for the
delineation of the earth’s surface structures and specifically for the study of gravitational
processes evolution (Niethammer et al., 2012; Liu et al., 2015). Furthermore, it is generally
accepted that landslide monitoring within the framework of multi-temporal UAS data acquisition
is a method that could produce accurate results after careful data collection and photogrammetric
processing (Turner et al., 2015).

An important barrier that needs to be overcome for creating a successive multi-temporal image
processing is to co-register the Structure-from-Motion (SfM) products very accurately, by using
several tactics such as establishing symmetrically distributed Ground Control Points (GCPs),
preferably at various elevations around the mass movement area (Vassilakis et al., 2020) or using
aerial Network Real Time Kinematics (NRTK) rover antenna, or even rely on Post Processing
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Kinematics procedures. These techniques, each one with its pros and cons, lead to the
determination of surface deformation features as well as the calculation of changes within the
prone area covered by a debris flow accompanied by several volumetric differences from the
multi-temporal Digital Surface Models (DSMs) (Rossi et al., 2018). In cases of active movements,
the latter allows the surface geomorphological elements related to a landslide to be tracked and
calculate the velocity of the displacement, not only on the horizontal but also on the vertical plane
(Niethammer et al., 2011).

By overlapping a DSM of the study area acquired after a specific event that has significantly
altered the surface morphology (e.g. flood, earthquake, mass movement) on top of a previously
acquired DSM, a new “DSM of Difference” is created, depicting the spatial alterations due to the
effects of the event on the study area’s morphology (Williams, 2012). Volumes of moved material
can be calculated, providing useful information for the researchers on the damage control and the
protection measures that should be obtained for further fortification of the affected area, in order
to prevent similar disaster in the future.

UAS Data Collection and Processing

The described work was performed by using exclusively the novel DJI Phantom 4 RTK, which, with
the onboard multi-frequency multi-constellation GNSS receiver, allowed the adoption of both
NRTK and PPK approaches for the data acquisition and processing. The area covered was about 1.2

km?.

The aim of multi-temporal UAS data collection and analysis is to create a series of DSMs along with
ortho-photo-mosaics, based on the SfM photogrammetric techniques (Westoby et al., 2012;
Granshaw, 2018), in order to quantify the surface topographic changes. Many aerial images
(nearly 600 scenes) have been acquired during several flights within the framework of two
campaigns, which were held before (July 18", 2020) and shortly after (October 6, 2020) the
disastrous lanos Medicane. The earlier survey was planned during a research project, whereas the
second survey was intentionally scheduled for acquiring comparable data, aiming to produce
micro-topography, through the above-mentioned photogrammetric approach at both time
periods, along with high-resolution orthorectified imagery.

The initial processing involves the alignment of the aerial images and creation of a sparse 3D point
cloud, followed by a regular mesh generation. We chose the NRTK approach for the first survey as
this is a quite accurate and less time-consuming data acquisition technique (Panagiotopoulou et
al., 2020). During this techniqgue we managed to succeed the high precision Direct Georeferencing
(DG), of the imagery captured by the UASs, which does not necessarily require GCPs, even though
we established 7 points for using them as check points after the photogrammetric procedure. The
on-board Global Navigation Satellite System (GNSS) receiver, antenna and an inertial
measurement unit (IMU) calculate the absolute camera positions and altitudes directly with high
accuracy measurements (Klingbeil et al., 2017; Grayson et al., 2018). The NRTK data acquisition
approach was also chosen for the post Medicane survey, even though connectivity problems led
to adopt the PPK approach during the processing, which was rather complicated in terms of
collecting and including GNSS permanent stations’ data within the procedure. The succeeded
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accuracy on both datasets was more than satisfactory, reaching horizontal and vertical errors less
than 0.08 meters, making the comparison very reliable.

Figure 1. The main geomorphic changes at the famous Myrtos beach, can be clearly seen by comparing the
orthoimages before (left) and after (right) the Medicanelanos disaster.

For both surveys, high quality dense point clouds, consisting of about 80,000,000 points each,
were generated through the processing of UAS imagery data.The information for each point of the
cloud includes values of reflectance at the visible (RGB) spectra along with X, Y, Z coordinates,
calculated after taking into account the high accuracy positions of the camera when shooting at
each point from different angles (Westoby et al., 2012). The procedure continued with meshing
the original images and generating a dense point cloud, therefore creating much finer topographic
details. Texturing was also applied to the resulted mesh in a later step, before generating the final
ortho-image as well as the DSM (Mancini et al., 2013).

Change Detection and Quantification

The comparison of the photogrammetry products showed that between July and October,
significant surface alteration has been taken place. According to the data from the
aforementioned meteo-station, no significant other weather phenomena took place during this 3-
month period, so we can certainly assume that the entire deformation observed is due to the
studied Medicane. Most of the prone area, which hosts the road that leads to the waterfront and
the beach area itself were covered by debris from upstream, revealing large mudflows and debris
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cones caused by the intense rainfall during the lanos weather event. The mass movement is
obvious at the ortho-photographs and in terms of quantification it can be delineated quite
effortless leading to a precise calculation of the area that has been covered with debris. The
approximation is of the order of few centimeters and it is rather accurate that a total area of
59,418.60 square meters has been altered after the storm and 40,678.20 square meters have been
covered with mud, at the central section of the area (Figure 1). Additionally, an area of 6,618.25
square meters located at the parking lot was covered with debris material, which is the estuary of
a relatively small river with SE-NW direction.

The comparison between the DSMs showed significant elevation changes and a total volume of
difference was calculated at 45,575.05 (+ 8,247.79) cubic meters, mainly at the central part of the
area of interest, where the elevation values at the point clouds were found rather altered either
positively (deposition) or negatively (erosion) (Figure 2). It was calculated that a volume of
15,318.73 (* 3,158.05) cubic meters were deposited at new locations within Myrtos beach and
30,256.33 (+5,089.74) cubic meters were removed from their original location before the lanos
storm.

Figure 2. A perspective pseudo-3D aspect view of the affected prone over the Myrtos beach. The color scale shows
the vertical changes as calculated with DoD techniques. Blue areas show elevation loss (erosion) and Red areas show
elevation gain (deposition), which in many locations reached the order of 5 meters.

Conclusions

We have scheduled an acquisition and processing sequence for generating DSMs with decimeter
resolution. The described UAS-based methodology introduces a quite simple but very convenient
way of combining datasets containing elevation information throughout a given time period, in
order to quantify the volume of mass movement through mudflows and consequently, the surface
alteration. Even though the UAS data collection proved to be quite challenging, in terms of both
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weather conditions and coverage of a quite large area, high quality results were obtained.
Additional difficulty comes from handling of large datasets and the requirements in terms of
computational resources to reduce processing time.

Finally, the accuracy in photogrammetric products extraction including the co-registration
between multi-temporal datasets proved to be very crucial in terms of accurate results in
calculating volume changes after the mudflows occurred during the three months interval
between the two campaigns.
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Soil Geomorphology Links between Geomorphology and Sustainability:
Study on Garpanchakot Hill Area, India

A. Sarkar’

(1) Department of Geography, Purash Kanpur Haridas Nandi College, arindam.srkrl @gmail.com

Introduction

Pathway between geomorphology and sustainable development is soil geomorphological
understanding. Soil geomorphology) stands as the study of the genetic relationship of soil and
landforms (Gerrard 1992). Potentiality of land can be evaluated through soil geomorphological
study. Scientific evolution of land is very important issue. Unprecedented growth of population
has created tremendous pressure on land alarming; the existing available lands are being
intensively utilized (Chatterjee and De, 2009). Soil geomorphology is a pioneer methodological
approach to soil inventory and it can give us geomorphic analysis of soil distribution pattern (Zinck,
2016). Change of elevation and slope factors has great significance in soil character and topo-
sequence. Unit wise soil geomorphological characterization of an area has great importance in
land use (LU) and land cover (LC) pattern. Here catena is very important because catena is
sequence of soil from top of hill to foot hill. Soil down a hill slope is rarely uniform. The factors of
forming the soil will differ from top to bottom and different soils will develop (Malloy, 1998). Soil
geomorphological model was first introduced by Darymple et al. in the year of 1968.
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Figure 1. Location of Garpanchakot hill, (a) Sample locations in the Garpanchakot hill, (b) Photograph of
Garpanchakot hill, (c) Southeastern face.
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Study is concentrated to identify soil geomorphological unit, unit wise land use land cover
evaluation and find out the potentiality of land towards sustainable development. Area of present
study Garpanchakot hill, located at North-Western boundary of Purulia district (Figure 1).

Data and Methodology

Pre-filed associated with preparation of research. 20 soil samples have been collected during field
survey. In post-field phase laboratory analysis, data evaluation and preparation of report are done.
Objective of laboratory analysis of sample was to find out pedagogical character.
Geomorphological parameter (elevation, slope) has been analyzed by the application of geo-
informatics techniques with the help of SRTM DEM. Samples have been collected by random
sampling method according to change of elevation measured by altimeter and GPS receiver. Two
geomorphological parameters (elevation and slope) and five soil parameters (Soil texture,
hygroscopic moisture, organic matter, pH, and salinity) are selected for the present study. Land
use and land cover map is prepared from Land sat 8 OLI_TIRS (date of acquisition: 04/04/2014,
29/04/2014, Path/Row: 140/44, 139/44) with the help of geo-informatics software. Present study
is conducted on unit wise describe geomorphology, soil, LULC and assess their sustainability
towards the local resource management.

Result and Discussion

Regional Geology and Soil Geomorphology

Garpanchakot hill is situated at eastern extending part of the Chhotanagpur plateau about four to
five thousand million old considered as. This formation is Panchet group of hills (Garpanchakot,
Gardhrubeswar, Jaychandi, Chandi etc.) are associated with denudation protecting hard sandstone
and conglomerate (Gondwana sedimentary rock). It is influenced by Damodar river system (Sarkar,
2019). This area has significant evidences of active to mature peneplanation process. Here
weathering works go on parallel to the surface (GSI, 2013; Dasgupta, 2015; Dolui et al., 2016).
Weathered blocks of granite and gneiss remains as balanced rock at the top of hill. Dense
vegetation at high elevated area leads of high rate of overland flow. Garpanchakot hill is formed
by continental upliftment due to the effect of endogenetic forces. Surface expression of this hill
area is produced by climo-genetic deep weathering process. This area is influenced by deep
chemical weathering and mechanical removal of the weathered materials. Overland flow, rain
splash erosion, rolling is the main erosional processes of this area which operating throughout the
year.

Maximum elevation (643.5 m) of Garpanchakot hill is located at South-Western top of the hill.
From peak area elevation decreases gently towards the West and South —West, but opposite of
the peak and in the right side of the peak (North-East to North-West) steep escarpment with
variant slope is located. This is formed due to suddenly decrease of elevation. Foothill area is
almost flat. Maximum rugged topography is formed in the Northern side of the hill area. Slope of
foothill pediment area varies between 16° to 41° in the escarpment side of the hill. Sandy loam is
dominating soil texture of this area. Foothill area is associated with clay dominated soil texture.
Clay is produced from weathering process, disintegration of rock and alteration minerals in the
higher elevated area and goes downward by overland flow and finally gets accumulated in the less
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sloped foothill pediment area. Soil of this area is dry in character. Soil organic matter (SOM) ranges
between 1 to 5 percent. Maximum percent of SOM is found in the scattered dry grass land and
forest because grass land and forest litter produces much biomass to the surface soil. Soil pH is
neutral in character but some time it ranges between slightly acidic to slightly alkaline.
Concentration of nitrate nitrogen is high, ammonical nitrogen is medium, phosphorus (P) and
potassium (K) is low.

Soil Geomorphological Units

Scientific explanation of soil geomorphology follows unit wise description of soil and
geomorphological parameters and their sustaining land use. Identification of soil geomorphic unit
is a cumulative interactive result of land, soil formation, geomorphic configuration and operation
of geomorphic processes over an area with long term sequence. Elevation and slope are genetic
factor of soil formation that is why soil character is dependent on elevation and slope. Water
action on surface soil with variation in slope plays dominating role in characterization of soil
geomorphic units. Soil character depends on the architecture of landform. Land use depends on
slope and soil character. Soil geomorphic unit is associated with complex and coherent
relationship between soil character and landscape system. In the present study three soil
geomorphic units has been identified based on unique segment of slope (Soil geomorphic Unit-I-
Free face slope, Soil geomorphic Unit-ll-Rectilinear slope, Soil geomorphic Unit-lll-Concave slope)
(Table 1).

Table 1. Nature and character of soil geomorphic unit.

Character Soil geornorphic Soil geo_morphic Soil geomorphic Unit-
Unit-I Unit-ll 1}
Topography Escarpment Medium Gentle
Slope segment Free face Rectilinear Concave
Texture Sandy loam, Sandy loam Loamy Fine Sand
Sandy clay loam Sandy clay loam
Hygroscopic moisture (%) Maximum Low Medium
Organic matter (%) High Medium High
pH Neutral Slightly alkaline Neutral
Salinity Low Medium Medium-High
Nitrate Nitrogen High High High
Ammonical Nitrogen Medium-Low Medium-Low Medium-Low
Phosphorous Low Low Medium
Potassium Low Low Low
LULC Moderate forest, Dense forest Agricultural land,Fallow

Scattered vegetation land, Water bodies

Nature and characteristics of soil geomorphic units is controlled by slope geometry, weathering
process, denudation chronology, weathering residuals, micro relief, water action, soil character
and vegetation. Land use and land cover pattern of this area is associated with character of soil
geomorphic units.
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Soil Geomorphic Unit-l1: Moderate forest is located between 200-250 m elevations. When slope
ranges between 10° and 15°. Moderate forest grows on sandy loam and sandy clay loam soil
texture. SOM ranges between 0.69 and2.99 percent. Soil pH varies in slightly acidic to neutral in
moderate forest area. Soil pH is neutral in character but soil salinity ranges between 53.5 and
138.6 um/cm. scattered vegetation is located in elevation between 200-250m and below 200m,
when slope remains less than 15°.Scattered vegetation develops on sandy loam soil texture. Here
SOM ranges between 1.39% and 1.8%. Percentage of HM in the soil is found maximum (0.84-
3.42%) in scattered vegetation area. Soil pH is neutral in character. Escarpment area is associated
with intensive surface erosion accelerated by gravity enhanced well drainage activity. Actually
weathering sequence and denudation chronology plays primary function for development of soil
catena. Soil can provide such information concerning evolution of landscape, soil development
takes time therefore a soil represents a standstill in geomorphological history (Gerrard, 1995).
Geological formation and rock composition of the Garpanchakot hill produces siliceous type of
parent material. Temperature-moisture (TM) ratio is also very important for land use planning.TM
ratio depends on slope and soil texture. Depth of soil in an escarpment area is less and immature
in nature. Soil catena of Garpanchakot hill area is developed from uniform parent material

Soil Geomorphic Unit-ll: Dense forest is located at elevation between 150-200m. Sandy loam is
the soil texture of dense forest area. In this region SOM ranges between 1.39 and 1.81% and HM
ranges between .84 and 3.42 percent. Soil HM of dense forest area ranges between 0.84 and
1.31percent. Soil salinity varies between 27.6-87.6 um/cm. Soil catena takes place in the hill slope
with sequential changes in elevation. Topography has great influence on chronological
development of surface soil. Surface run off can be controlled by differential slope segments. That
can affect percent of moisture content in surface and sub-surface soil. Soil of top of the hill differs
from escarpment area as well as foothill pediment area.

Soil Geomorphic Unit-lll: Agricultural land, fallow land, water bodies are located in the foothill
pediment area. Elevation of foothill pediment area is less than 200m. Gorund slope remains less
than 5° in foothill pediment area. Sandy loam and loamy fine sand are two major soil texture of
this region, when SOM ranges between 0.52 and 2.12%. HM of this area range between 0.62 and
2.11 %. Soil pH remains in range between ultra-acidic to neutral, when soil salinity remains
maximum (51.2-174.1 um/cm.). Foothill is considered as zone of accumulation of weathering
material. Depth of soil depends on amount and length of slope, that is why depth of the soil in
escarpment area is very thin and foothill pediment area is associated with thick soil profile.
Balance situation between erosion and weathering is present in foothill pediment area. Foothill
area of Garpanchakot is associated with thick alluvial deposition with rich of mineral. History of
topographic development of the area has great influence on soil catena and its character. Foothill
pediment area is associated with thick soil layer with rich of minerals. Foothill area is covered by
fertile alluvial deposition.

Conclusion: Goal of Sustainability in Soil Geomorphology Perspectives and Action
to Resilience

Sustainable use of land resource is prime concern because use of land is limited in the foothill
area. Scientific utilization of resource is essential for sustainable development of this area.
Introduction of appropriate land use planning, monitoring as well as weather forecasting is very
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important for development of this area. Conservation of resource depending on slope and soil
character of foothill pediment area. It can be suggested that terrace cultivation method is most
suitable. Step cultivation method is also applicable in this area. It can check soil erosion and
increase agricultural productivity in this area. Temperature-Moisture ratio depends on intensity
and duration of rainfall. Rainfall is also the main source of water for agriculture and natural
vegetation. So rain fall prediction is very important for this area. Conservation and monitoring of
water resource through rainwater harvesting needs proper implementation with scientific manner
with active participation of local people. Water treatment to protect water and enhance soil
quality, increase of soil moisture and valuable nutrients for plant growth into the soil of foothill
pediment area. Leguminous crops can be introduced for long-term solution. Stabilization of slope
by plantation is required. It can resist soil erosion, degradation of land and vegetation growth.
Depth and quality of soil can be ensured in this way. Some actions are required to resilience;
enhance land carbon sink by stopping deforestation and promote plantation in the forest area and
rotation of crop in the foothill area. Less tillage of agricultural land in the foothill area can store
more carbon into the surface soil. Another way to treatment soil for better sustainable use is
converting biomass to charcoal. It is better to left agricultural waste to the field for natural
decomposition process.

Acknowledgements:

My sincere thanks is due to Dr. Sunando Bandyopadhyay, Professor & Head, Department of Geography, University of
Calcutta for his guidance during field studies | am also grateful to Mr. Tarapada Ruidas, Mr. Sukumar Ruidas, Mr. Bipul
Singh inhabitants of locality for helping me during field. | am very thankful to my research guide Former Prof. Pannalal
Das, Department of Geography, University of Calcutta for his motivation and suggestions.

References

Chatterjee, S., De, N.K., 2009. Pedogeomorphological model and Land Evolution, Geomorphology of India (Prof.
Savindra Singh Felicitation Volume), Kale, V.S. and Sharma, H.S.(Eds.), Prayag Pustak Bhavan, Allahabad, 547-563.

Dasgupta, P. 2015. Rock characteristics and susceptibility to weathering: A study in the metamorphic terrain of
Ajodhya hill, West Bengal. Journal of Indian Geomorphology, 3, 27-47.

Dolui, G., Chatterjee, S., Das Chatterjee, N., 2016. Geophysical and geochemical alteration of rocks in granitic profiles
during intense weathering in southern Purulia district, West Bengal, India. Model. Earth Syst. Environ. 2, 132
https://doi.org/10.1007/s40808-016-0188-5

Dalrymple, J.B., Blong, R.J., Conacher, AJ., 1968. A hypothetical nine-unit land surface model. Zeitschrift fur
Geomorphologic, 12, 60-70.

Gerrard, J. 1992. Soil geomorphology. Springer, Netherlands.

Gerrard, J. 1995. Soil geomorphology, an integration of pedology and geomorphology. Chapman & Hall, London, 29-
50.

GSI, 2013. Geology and mineral resources of West Bengal. GSI Miscellaneous Publication, No.30, Part.1, West Bengal,
10-13.

Molloy, L., 1998. Soils in the New Zealand landscape: the living mantle. Lincoln: New Zealand Society of Soil Science,
146.

Sarkar, A., 2019. Soil Geomorphology of Garpanchkot Hill Area and Its Influence on Land Use and Land Cover. Journal
of Geoscience and Environment Protection, 7, 108-135.

Zinck, J.A., Metternicht, G., Bocco Verdinelli, G.H.R., Del Valle, H.F., 2016. An integration of geomorphology and
pedology for soil and landscape studies. Geopedology Springer.

25


https://doi.org/10.1007/s40808-016-0188-5

Proceedings of the Conference “The Role of Geomorphology in IAG

‘Geological Soclety of Greece
Hellenic Committee for

Coomarponligs A ok Soment Modern Society” of the Hellenic Committee for Geomorphology & 2V el
Environment of the Geological Society of Greece GEOMORPHOLOGY
C\ Athens, December 16, 2020 | Harokopio University GEOMORPHOLOGIE jy
Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021 AT
AlG

Long-term Detection of Soil Erosion Induced Spatio-temporal Changes Using the
Photogrammetric Processing of Historical Aerial Photographs

F. Domazetovi¢’, A. Siljeg *, I. Maric¢?

(1) University of Zadar, Department of Geography, Trg kneza Viseslava 9, 23000 Zadar, Croatia, fdomazeto@unizd.hr,
asiljeg@unizd.hr, imaricI@unizd.hr

Introduction

Due to specific climatic conditions and distinctive soil properties many parts of Mediterranean are
subject to intensive soil erosion (Garcia-Ruiz et al., 2013; Castillo and Gémez, 2016; Stark et al.,
2020), which causes gradual degradation of soil sediments and long-term geomorphological
landscape evolution (Conforti and Buttafuoco, 2017). Soil erosion is a dynamic process whose
intensity depends on a number of different predisposing factors (Dube et al., 2020) and varies
significantly both seasonally and annually (Vanmaercke et al., 2016). Long-term observations are
reducing the influence of such variations, thus allowing the more reliable and accurate insight into
soil erosion dynamics (Aucelli et al., 2016).

Main aim of this paper was long-term determination of soil erosion induced spatio-temporal
changes (STC), focused on monitoring of intensity and spatial coverage of soil erosion process
within a multi-year period. Consequently, second aim of this study was assessment of applicability
of existing historical aerial photographs (HAP) for detection of soil erosion induced STC. Detection
and quantification of STC was based on photogrammetric processing of available HAP and creation
of very-high resolution (VHR) digital surface models (DSMs) of chosen study area.
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Figure 1.Gullies within study area covering Santis peninsula (A) and recent traces of soil erosion documented within
study area (B).
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Historical aerial data was available for period of almost 60 years (1959 — 2018), thus serving as
perfect basis for long-term monitoring of STC. However, due to the complex and time-consuming
processing this study presents only preliminary results of STC detection and quantification, where
only changes in the period from 2014 to 2018 were analyzed.

Study area covers Santi$ peninsula (2.14 km?), located on the southeastern part of Pag Island
(Croatia) (Figure 1.A). SantiS peninsula was chosen due to the pronounced presence of various
erosion forms, especially distinctive gullies and gully headcuts. During the conducted fieldworks
recent traces of soil erosion (Figure 1.B) have been documented within all five gullies, located
within Santi$ peninsula.

Methods

Multi-temporal DSMs of Santi$ peninsula were created from available HAP collected within the
systematic aerophotogrammetric surveys, conducted by the State Geodetic Administration of the
Republic of Croatia periodically every few years (SGA, 2018). Photogrammetric processing of
available HAP and creation of multi-temporal VHR DSMs was carried for two image datasets (2014
& 2018), using the Agisoft Metashape 1.5.1 software. Image processing was adjusted to the
characteristics of acquired HAP (e.g. camera type; pixel size; focal length; etc.), as well as to the
guidelines given in similar published papers (James et al., 2019; Stark et al., 2020). Highest possible
spatial resolution of created DSMs was achieved as all processing steps were performed at
maximal settings (e.g. Align — Highest accuracy; Build Dense Cloud — Ultra High Quality; etc.). In
order to improve absolute positioning of created DSMs 13 ground control points (GCPs) were
added, from which eight were used as control points, and five as check points. Identical GCPs were
used for processing of both created DSMs (DSM_2014; DSM_2018). Additional 22 points collected
during the field work with Stonex S10 RTK-GPS were used for assessment of accuracy of created
multi-temporal DSMs.While accuracy of DSM_2014 was 0.36 m (Standard deviation (SD)),
accuracy of DSM_2018 was slightly better (SD = 0.31 m).

Detection and quantification of STC was based on differencing of created multi-temporal DSMs
and creation of digital elevation model of difference (DOD), which was performed by the
Geomorphic Change Detection 7 software add-on, within the ArcGIS 10.1 software. DOD was
created through differencing of DSM that represents initial surface (DSM_2014), from the DSM
that represents final surface (DSM_2018). Minimal level of detection threshold was determined
based on calculated accuracy (SD) of created multi-temporal DSMs. Detected STC covers both
erosion and accumulation, which has occurred within the studied period.

Results

Photogrammetric processing resulted with creation of two DSMs (DSM_2014 and DSM_2018) with
spatial resolution of 0.3 m, thus allowing creation of VHR DOD. According to created DOD in period
between 2014 and 2018. Soil erosion has mostly occurred within three larger gullies (gully Santis,
gully Stepenic¢asta and gully Zecja), with strong predominance of erosion over accumulation
(Figure 2.A & B). In two smaller gullies (gully Uska and gully Mala) no STC were detected within
studied period, as soil erosion intensity was probably below the fixed threshold for minimal level
of detection.

27



Ceolgi Proceedings of the Conference “The Role of Geomorphology in - |A

5 o Modern Society” of the Hellenic Committee for Geomorphology & o
Environment of the Geological Society of Greece

C\ Athens, December 16, 2020 | Harokopio University

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

GEOMORPHOLOGY
GEOMORPHOLOGIE

In total erosion was detected at significantly larger area (164.34 m? —97.28 % of all detected STC),
while accumulation was present within only one isolated and smaller area (4.59 m? - 2.72 % of all
detected STC) within gully Santis. This is further confirmed with detected volumetric STC, where in
total 201.28 m> of material was eroded, while only 5.01 m* was accumulated.

Spatial distribution of detected soil erosion is not uniform across whole study area, as most of the
erosion is concentrated within four gully headcuts (Figure 2.C). Gradual uphill regressionof gully
headcut is one of the most distinctive characteristics of all active gullies (Vanmaercke et al., 2016;
Hosseinalizadeh et al., 2019), which is why detected STC are confirming that at least three gullies
were active within studied period. However, spatial distribution and intensity of erosion within
largest gully (gully Santi$) significantly overcomes theerosion rates that were detected within
other two active gullies. Volumetric STC detected within two headcuts of gully Santi§ (GH-1
(76.03% - 153.03 m®) and GH-2 (9.86% - 19.84 m°)) are accounting for 85.89% of total detected
volumetric STC, while headcuts of other two gullies (GH-3 and GH4) together account for only
14.11% (28.4 m>). This possibly can be accounted to several important factors, such as: size of
gully Santi$ and characteristics of its two gully headcuts (GH-1 and GH-2); size and shape of its
watershed; higher density of hydrological network; etc.

Detected STC values are confirming that available HAP has great potential for long-term
monitoring of soil erosion induced STC. Thus within future research all available HAP should be
processed following the same methodology.
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Figure 2. Surface (A) and volumetric (B) indicators of total STC within Santis peninsula; distribution of detected soil
erosion within individual gully headcuts of Santis peninsula (C).
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Conclusion

In conclusion, this study demonstrated how available HAP can be successfully applied for creation
of VHR DSMs and long-term detection of soil erosion induced STC. Spatial resolution and accuracy
of such multi-temporal DSMs are allowing detection of areas affected by soil erosion, as well as
detailed quantification of aerial and volumetric STC. Within the analyzed period between 2014 and
2018 strong predominance of erosion over accumulation was recorded, where 201.28 m? of
material was eroded in total, while only 5.01 m® was accumulated. Most of the erosion occurred
within gully headcuts, thus confirming the gradual uphill regression of three active gullies. Within
two gullies (Mala and Uska) no STC haven’t been detected, as soil erosion intensity was probably
under the set detection threshold.

Beside long-term detection of soil erosion induced STC, available HAP has great potential for
various other geomorphological applications (e.g. river dynamics; volcanism; ice dynamics, etc.),
where temporal evolution of relief is subject of research.
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Introduction

Morphometric characteristics of drainage basin changes due to the influence of structural strains,
lithological differences, asymmetric gradient etc. which interrupts the geomorphic evolution
process is referred as geomorphometric anomaly (Keller and Pinter, 2002). The sub-Himalayan
tributary basins of Tistariver (Figure 1) are associated with active thrust zone where the rivers are
dynamics in nature.
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Figure 1. Location map of study area.
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This region have not produced any significant earthquake in the past but noted as significant
active tectonic zone (Ghosh and Sivakumar, 2018). The settlements are built and infrastructures
are developed in this active tectonic belt which needs to be protected from future earthquakes.
The main objective is to identify the geomorphometric anomaly and active tectonics vulnerability
towards existing settlements and associated infrastructures.

Methods

In the present study, the long and cross profiles of selected basins have been analyzed to identify
the disequilibrium and non-uniformity of the topography. Stream length gradient index (SLGI)
curve is prepared and integrated with geological formation for the identification of lithological
resistance anomaly. Further, Active tectonics evidences are recognized from satellite images and
field observation data. Finally, settlements and infrastructures are observed from satellite image
and field datawhich is associated with geomorphometric anomaly and active tectonics.

Results

The long profile of all the tributaries (Figure 2) shows breaks their slope along frontal surface and
it produces gentle concave gradient in lower reach of the stream at foothill region indicating base
level changes near mountain front (Altin, 2012). The frontal surface is associated with rejuvenated
topography where gradient is changed at knick point and deviation is observed along the
longitudinal profile of the river at all foothills basins. The presence of knick point in lower altitude
is the result of increasing in stream power due to the effect of structural geological features
(Figueroa and Knott, 2010). The changes in position of knick point indicates important
geomorphometric anomaly. The cross profile of Dharala, Lish and Gish River depicts alluvial
terraces indicating the presence of fractures and lineaments. The different level of terraces in
quaternary surface implies terrain uplift and rock deformation which suggests a significant
geomorphometric anomaly (Pathak et al., 2015).
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Figure 2. Long and cross profile analyses for the identification of geomorphometric anomaly.
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The significant peak in SLGI curve is observed in between Gorubathan and Matiali formation in
Upper chel basin. Also, the peak of SLGI curve is observed in between Phuentsholing and Matiali
formation in Dharala micro basin. In Gish river basin, higher SLGI peak is observed in between
Siwalik and Gorubathan formation while in Lishriver, it is observed in between Siwalik and Chalsha
(Figure 3). The significant peak in SLGI curve in alluvial soft sedimentary formation suggests
resistance anomaly due to lithological differences along the structural geological features (Keller
and Pinter, 2002).
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The different active tectonics evidences have been identified from satellite image such as
compressed meander in sub-Himalayan terrain, tilted surface in foothills zone, alluvial fan in
Quaternary piedmont zone and narrow linear valley in sub-Himalayan terrain followed by wider
channel in alluvial surface (Figure 4).
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Figure 3. Analysis of SLGI curve along the long profile for the identification of geomorphometric anomaly.
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Figure 4. Active tectonics evidences identified from Sentinel-2 satellite image.

The dense settlements in the study area are Oodlabari, Sevoke, Bagrakote, Malbazar etc. which
are located in the sub-Himalayan foothills region. These settlements are well connected with
transportation as well as railway network which are constructed along the main frontal thrust
zone. The associated infrastructures of these settlements are public and private buildings,
administrative office, hotels and lodges etc. which are most vulnerable during an earthquake
because it is not strong enough to resist high magnitude seismic activity.

It is recognized that the Sevoke and Oodlabari settlements are located at active fault zone and
associated with uplifted topography, alluvial terraces, tectonic tilt surface which are important
geomorphometric anomaly in the study area (Figure 5).
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Figure 5. Geomorphometric anomaly and active tectonics evidences associated with existing settlements and
infrastructures.

Conclusions

The present study analyzed various geomorphic profiles which depicts significant
geomorphometric anomaly and also identified active tectonics evidences in sub-Himalayan
tributary basin atLish, Gish, Dharala and upper chel region. The study infers that the settlements
and its associated infrastructures are located in sub-Himalayans foothills zonewhich are most
vulnerable for future earthquake as it is associated with active thrust, faults, tectonic features and
geomorphometric amolmaly. It is required to protect such settlements and infrastructures by
implementing seismic resistance structure for the future construction and re-modification of
existing structures by retrofitting techniques.

Acknowledgements

The authors are thankful to SRM Institute of Science and Technology for providing constant encouragement for doing
this research work. Authors are also thankful to Pilot Research on Selective Excellence programme in SRM Institute of
Science and Technology for providing all necessary facilities and financial support for doing this research work.

33



Geolgial sty f Greece Proceedings of the Conference “The Role of Geomorphology in IA

5 o Modern Society” of the Hellenic Committee for Geomorphology & ;
Environment of the Geological Society of Greece

C\ Athens, December 16, 2020 | Harokopio University

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

GEOMORPHOLOGY
GEOMORPHOLOGIE

References

Altin, T.B., 2012. Geomorphic Signatures of Active Tectonic in Drainage Basins in the Southern Bolkar Mountain,
Turkey. Joural of Indian Society Remote Sensing 40(2), 271-285.

Figueroa, A.M., Knott, J.R., 2010. Tectonic geomorphology of the southern Sierra Nevada Mountains (California):
Evidence for uplift and basin formation. Geomorphology, 123, 34-45.

Ghosh, S., Sivakumar, R., 2018. Assessment of morphometric parameters for the development of Relative Active
Tectonic Index and its significant for seismic hazard study: an integrated geoinformatic approach.
Environmental Earth Sciences, 77 (17), 600.

Ghosh, S., Sivakumar, R., 2019. Assessment of geomorphometric anomaly and its significance on seismotectonic

activity through geoinformatics. Journal of Earth System Science, 128(7), 178.

Keller, E.A., Pinter, N., 2002. Active Tectonics. Earthquakes, Uplift, and landscape. Prentice Hall, New Jersey.

Pathak, V., Pant, C.C., Darmwal, G.S., 2015. Geomorphological features of active tectonics and ongoing seismicity
of north-eastern Kumaun Himalaya, Uttarakhand, India. Journal of Earth System Sciences, 124(6), 1143-1157.

34



Proceedings of the Conference “The Role of Geomorphology in - '_ g

Hellenic Committee for

Geomrphology and Enviranment Modern Society” of the Hellenic Committee for Geomorphology &
Environment of the Geological Society of Greece GEOMORPHOLOGY
C\ Athens, December 16, 2020 | Harokopio University GEOMORPHOLOGIE

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

Active Tectonics Evaluationby Analyzing Morphometric Correlation and Drainage
Pattern in South Andaman Region, India

R. Sivakumar *?, S. Ghosh *

(1) Earthquake Research Cell, College of Engineering and Technology, Faculty of Engineering and Technology, SRM
Institute of Science and Technology, SRM Nagar, Kattankulathur, 603203 Kanchipuram, Chennai, TN, India,
snehasis@srmist.edu.in
(2) Department of Civil Engineering, College of Engineering and Technology, Faculty of Engineering and Technology,
SRM Institute of Science and Technology, SRM Nagar, Kattankulathur, 603203 Kanchipuram, Chennai, TN, India,
sivakumr@srmist.edu.in

Introduction

The movement of the rock masses along the active fault indicates Neotectonics (Kuk, 2000) which
is recognized by the morphometric correlation and drainage pattern analysis. The analysis helps to
identify the lithological characteristics of the sub-surface, structural behavior and landform
evolution stages which represent the active tectonics process (Sarma et al., 2015).
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Figure 1. Location map of study area.
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The Andaman region is seismically active and researchers have analyzed seismological
characteristics of this region in broad way by analyzing geophysical and seismotectonic analysis. In
the present study it has been attempted to study the active tectonics by morphometric
parameters at watershed level.

Methods

Initially, Topographical map, remote sensing data, earthquake epicenter data andseismotectonic
atlas have been acquired from different sources. Watersheds and streamlines have been extracted
using ASTER GDEM and rectified using satellite image and topographical map to delineate the
study area. Various morphometric parameters are analyzed and thematic databases have been
generated. The correlation has been made among the morphometric parameters to understand
the level of significance with reference to tectonic activity. The drainage pattern is also analyzed to
identify the structural disturbance in the study area due to seismotectonic activity. The integration
of this analysis depicts the active tectonic characteristics in the study area.

Results

The morphometric parameters such as Ruggedness index, Landscape roughness index,
Hypsometric integral and Local relief have been computed and thematic parameters have been
generated (Figure 2). The result shows that the central part around Jirkatang and Eastern coast of
Andaman island surrounding WrightMyo shows dissected topography with high and steep slopes
in youthful stage which indicates the region is mostly erosion potential and tectonically
asymmetric (Altin, 2012; Keller and Pinter, 2002; Mahmood and Gloaguen, 2012). Also analysis
suggests that the region is uplifted along the coastal side due to recent tectonic activity (Vijith and
Satheesh, 2006).
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Figure 2. Thematic database of morphometric parameters.
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The correlation analysis has been carried out between the morphotectonic parameters which
show good correlation between the parameters indicating significant neotectonic activity in the
region (Table 1; Figure 4). The significant relations are observed between Local relief with
ruggedness index 0.897 and landscape roughness index with hypsometric integral of 0.966. The
study represents that the region is dissected by numerous streams/drainages and created rugged
topographic surface which have been evaluated by neotectonic deformation in various geological
period.

Table 1. Correlation matrix of morphometric parameters.

. Ruggedness Landscape Hypsometric
Parameters Local Relief
Index Roughness Index Integral
Local Relief 1.000
Ruggedness Index 0.897 1.000
Landscape Roughness
-0.169 0.120 1.000

Index
Hypsometric Integral -0.153 0.109 0.966 1.000
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Figure 3. Correlation between morphometric parameters.

The drainage patterns have been analyzed to identify the structural evidences of neotectonic
activity (Figure 4). Trellis pattern is recognized in central part along the elongated basin region in
between parallel anticlinal ridge and parallel synclinal valley which is associated with 7 earthquake
epicenter where the magnitude varies between 3.9 5.0. The presence of this drainage pattern
indicates weak underlying structure, influence of folded sedimentary beds on drainage
development and compression due to thrustal movement (Agarwal and Garg, 2000; Singh, 2005).
Rectangular drainage pattern indicates the line of weakness along the faulted rock structures
(Agarwal and Garg, 2000) which includes in 4.8 — 5.0 magnitude earthquakes. Parallel drainage
pattern is observed in eastern part which is a newly emerged coastal plaincoinciding with 4 recent
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epicenter of the range between 4.2-4.4 along the Jarawaactive thrust. The pattern indicates the
presence of active tectono-structural features which control the drainage network (Agarwal and
Garg, 2000). Radial drainage pattern is recognized in southern part of the study region which is
associated with residual hills indicating tectonic upwarps along the active tectonic thrust (Agarwal
and Garg, 2000; Singh, 2005).

Figure 4. Drainage pattern analysis- Trellis, Rectangular, Parallel and Radial.

Conclusions

The present study analyzed the morphometric parameters to study the active tectonics influences
on drainage morphological changes. Further, drainage patterns are analyzed to understand the
underlying structural and lithological variation due to active tectonics. The study concludes that
the central part along the anticlinal ridge shows undulated dissected topography and eastern
coastal belt are uplifted due to recent tectonic activity and produces young geomorphic features.
Similarly, the drainage patterns are aligned as per the topographic characteristics and controlled
by the active structural features which indicate the region is tectonically active.
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Introduction

The Geopark concept established in Europe during the last decade of the 20" Century, aiming to
achieve the protection of the geological and geomorphological heritage sites through local
community involvement to their management, in the frame of a sustainable development
strategy.

Geopark activities have been part of the UNESCO work plan since 2001 and, since 2004; UNESCO
has offered ad-hoc support to Global Geoparks upon requests from individual Member States. The
Global Geoparks Network (GGN) established in 2004, under the umbrella of UNESCO, as an
international network of cooperation among Geoparks. In 2014 after one decade of successful
operation as a volunteer network the GGN gained legal personality and became the international
non-profit association of the Global Geoparks and the Global Geopark professionals.

In 2015 the 38™ UNESCO General Conference ratified the statutes of the new International
Geoscience and Geoparks Programme and the UNESCO Global Geoparks Operational Guidelines,
introducing the brand UNESCO Global Geopark as a label of excellence for areas that meet specific
criteria. The Geoparks quality control mechanism is the UNESCO Global Geoparks Council through
the evaluation and revalidation exercise. The GGN became officially the partner of UNESCO for the
operation of the UNESCO Global Geoparks programme. Thus the GGN is the operational and
coordination mechanism for the Geopark common activities, working to disseminate knowhow,
exchange best practice and built capacity to protect and manage geological heritage sites and
promote local sustainable development.

UNESCO Global Geoparks should manage their geological heritage, in connection with all other
aspects of that area’s natural and cultural heritage, to promote awareness of key issues facing
society in the context of the dynamic planet we all live on. In doing so, UNESCO Global Geoparks
adopt an holistic approach on territorial heritage and resources, becoming a true geographical
concept.

Today there are 161 UNESCO Global Geoparks in 44 countries (July 2020). According to the
Programme Operation Guidelines all UNESCO Global Geoparks should become members of the
Global Geoparks Network (GGN).

The GGN’s mission is to influence, encourage and assist local communities all over the world to
conserve the integrity and diversity of abiotic and biotic nature, to enhance tangible and intangible
cultural heritage, to explore and promote the links between natural and cultural heritage, to
ensure that any use of the territorial natural resources is equitable and sustainable, to enhance

40


mailto:nzour@aegean.gr

Geologlcal Saclety of Greece
Hellenic Committee for

Proceedings of the Conference “The Role of Geomorphology in - |A g

Geomrphology and Enviranment Modern Society” of the Hellenic Committee for Geomorphology &
Environment of the Geological Society of Greece GEOMORPHOLOGY
@ Athens, December 16, 2020 | Harokopio University GEOMORPHOLOGIE

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

local communities resilience in natural hazards and climate change, to promote environmental
education and geo-tourism activities and to support economic and cultural development of local
communities through the valorisation of their unique heritage and identity. The GGN develops,
advances, and disseminates strategies and methodologies on geodiversity protection and
management and other on disciplines related to geo-conservation, geo-tourism, geo-education as
well as on UNESCO Global Geoparks communication and promotion.

1IHI

United Nations . UNESCO
Educational, Scientificand « Global
Cultural Organization . Geoparks

Figure 1. The distribution of the 161 UNESCO Global Geoparks around the globe.

Geopark Networking

Networking played a very strong role in the creation, development and success of the Global
Geoparks since the establishment of the Global Geoparks Network in February 2004. Networking
among Global Geoparks is taking place at the national, regional and global level and seems to be
the main factor of their success worldwide. Networking among Global Geoparks is playing a crucial
role in facilitating the sharing of good practices among Geoparks, exchange of experiences on geo-
conservation, geotourism and geo-education, exchange of personnel, formation of joint initiatives
and projects, creation of common promotional tools, organization of common Geopark activities
such as the International Conference on UNESCO Global Geoparks, regional meetings, workshops,
capacity building courses, educational and promotional activities.

Regional Geoparks Networks include all the members of the GGN in each region. They promote
international co-operation in Geoparks building and management, supporting local communities
and fostering local development. The GGN includes the European Geoparks Network (since 2000)
the Asian-Psific Geoparks Network (since 2007), the Latin American and Caribbean Geoparks
Network (since 2017) and is working for the establishment of similar networks in other regions. In
2019 the African UNESCO Global Geoparks Network was founded in Moroco.
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Figure 2. Common Geopark activities: the 8" International Conference on UNESCO Global Geopark, the 41° European
Geoparks Network meeting and the Founding meeting of the African UNESCO Global Geoparks Network in 2019.

The GGN taking into account the need of coordination of Geopark activities at the national level
and the increasing number of UNESCO Global Geoparks, encourages the operation of a Geopark’s
national committee/forum including all the members of the GGN in each country.

Figure 3. The Chinese UNESCO Global Geoparks (41 UGGp), celebrating the Geoparks day in the world EXPO Beijing
September 2019. The Spanish national UNESCO Global Geoparks forum (12 UGGp) celebrating the publication of the
Spanish Geoparks Geotourism offer.

Working Groups have been authorised by the Executive Board to implement programmes and
activities, and to serve as a channel of communication between members of the GGN with similar
scientific and professional interests. Currently there are the following GGN Working Groups: on
Geo-Hazards, on Geoparks in Volcanic Areas, on Geological heritage assessment, on Tourism, on
Education, on Sustainable Development Goals, on Island Geoparks.

Geopark Activities

The GGN encourages the establishment of collaboration and exchange programmes between
Geoparks, the development of common research programmes between Geoparks and research
institutions and universities as well as the implementation of educational programmes for schools
and universities.

The GGN in partnership with UNESCO, organizes capacity building activities and provides
assistance to local authorities and communities around the globe to develop and promote the
Geopark concept world-wide. Geopark capacity building activities disseminate knowledge on
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UNESCO Global Geoparks building and management focusing on geographical areas with less
representation in the Network. Such activities include the annual International Courses on
UNESCO Global Geoparks in Lesvos and Beijing, Geopark workshops and seminars as well as
advisory missions in aspiring Geoparks. Capacity building activities are implemented in
collaboration with UNESCO, national authorities and universities as well as regional and national
Geopark networks.
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Figure 4. Educational field camp of the China University of Geosciences in Lesvos Geopark (Greece) and Multinational
high school students’ camp in the transnational Muskau Arch Geopark (Germany & Poland).
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Figure 5. International Courses on UNESCO Global Geoparks in Lesvos and Beijing and Geoparks mentorship and
knowledge exchange programme of the Great Rift valley aspiring geopark (Kenya) in Lesvos UNESCO Global Geopark.

The GGN promotes the development of geotourism in Geoparks as a form of sustainable tourism.
According to the definition agreed with stakeholders at the global level “Geotourism should be
defined as tourism which sustains and enhances the identity of a territory, taking into
consideration its geology, environment, culture, aesthetics, heritage and the well-being of its
residents” (Arouca, 2011). The GGN established a partnership with World Tourism Organization on
the International Year of sustainable tourism. The GGN coordinates the Geopark participation and
promotion in International Tourism Fairs such as (ITB Berlin, FITUR Madrd, ITB-Hong Kong, etc) to
promote Geoparks as sustainable tourism destinations and build new bonds with the international
tourism market.
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Figure 6. GGN stand in ITB Berlin in 2019 and in FITUR Madrid in 2020 for the collective promotion of Geoparks as
tourism destinations and the logo of the GGN as gold partner of the World Tourism Organization.

Geopark Communication Activities

The GGN is collaborating with specialists and investing towards a global marketing and
communication strategy on UNESCO Global Geoparks. The main goal of this strategy is to raise
profile and awareness on UNESCO Global Geoparks. Based on the results of this strategy several
promotional activities have been held.

The GGN is operating a variety of communication tools to disseminate information among its
members and to promote the Geopark concept and activities to the broad public. Communication
tools include the GGN websites and social media pages in Facebook and Weido, the GGN
Newsletter - published 4 times a year by the Chinese Geoparks Network, the GGN NewsFeed - the
internal communication tool among GGN members as well as the GGN map, the GGN Brochure,
the GGN leaflets, the GGN posters etc.

The GGN organizes campaigns for the celebration of international days such as Earth’s day,
Mountains day, Natural Disaster reduction day, Museum’s day, World Environmental day etc.

[ 'Vou A
.

UNESCO Global Geoparks [iii{ils!

Global Geoparks Network e
MOUNTAIN DAY ™

WEDNESDAY 22 April 2020 (RS P
meE ERS———— TUESDAY 13 OCTOBER 2020 .
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Figure7. Campaigns for the celebration of International days.
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Introduction

The locality of the Petrified Forest Park at "Bali Alonia" at the western peninsula of Lesvos island,
Greece, was known as “Kyria Apolithomeni” since the 18th century due to the large number of
fossilized tree trunks found in the area. The area was expropriated by the Greek State in 1966 in
order to protect and enhance the fossilized trees. The Petrified Forest of Lesvos is protected by
the Presidential Decree 443/1985 and the General Forest Legislation, by the 1/1996 Forest Police
Order of the Directorate of Forests of Lesvos and is governed by Rules of Operation.

The effective protection of the Lesvos Petrified Forest is priority in the context of compliance with
national and European legal commitments of Greece for the protection of the natural heritage
(L.1650/1986, L.3937/2011, L.855/1978 - Barcelona Treaty). This work has been assigned to the
Natural History Museum of the Lesvos Petrified Forest (Law 2260/1994). The Petrified Forest of
Lesvos is a globally recognized natural monument and the main element of geological heritage
international significance for the recognition of Lesvos Island as a UNESCO Global Geopark.

Several interventions have been done in the past in the Park for the protection of the fossilised
logs. In 1987 the area was fenced and protective measures for the individual fossils have been
taken. Since 1997, the Natural History Museum of the Lesvos Petrified Forest has carried out
systematic excavations in the area aiming to reveal the richness of the fossil flora. The aim of the
research, in addition to the undeniable scientific significance of the new findings that come to
light, is to give to the visitor of the Park a sense of the density and variety of trees that made up
the forest in the area during Lower Miocene. These fossilized tree trunks needed conservation
treatment.

Although at first glance the fossils look hard and resilient, in reality they are very fragile and are
endangered by a number of factors (called environmental parameters) that cause significant
mechanical and chemical damage. The environmental parameters are responsible for many of the
damages observed on fossils. Excess moisture causes the fossils to swell with the highest porosity
and the lowest hardness. Excessive drought causes cracking and pulverization (turning surfaces
into dust). Excessive heat and extreme cold cause the fossils to expand and contract, leading to
cracks. Rainwater enters the cracks and expands after forming ice crystals due to frost in winter,
causing additional mechanical damage. Over time, and under the influence of various corrosive
factors, is caused the gradual disintegration and loss of fossil material. In some fossil tree trunks,
due to moisture, oxides are formed, and pulverization of the surfaces is observed. The soluble
salts present in the soil, through the moisture, move inside the fossils. These salts tend to move to
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drier surfaces and form hard crusts, so strong that they can cause cracks or breakage. The fossils in
open air parks are - in addition - exposed to a number of biological factors. The plants often grow
on the fossils themselves, causing with their roots mechanical damage such as cracks and
fractures. Lichens, mosses and fungi attack the surface of fossils in the open, absorbing nutrients
from the fossil, causing erosion, destroying fossil surfaces and creating cracks and breaking into
small pieces. Unfortunately, the human factor is often a risk factor for fossils too. Unconscious
visitors in the past caused significant damage to the fossils, through vandalism by breaking and
stealing pieces.

The Park fossil sites protection infrastructures (protective fences, and shelters) after 25 years of
operation were aged and obsolete. Thus it was necessary their replacement and reconstruction
with a new approach permitting safe approach and better observation of the fossil trees.

The current project aims the conservation of the petrified trees, the enhancement of the fossil
sites and the documentation of the fossilized logs at the Petrified Forest Part at “Kyria
Apolithomeni”. The Park requires combined and at the same time targeted actions for both the
conservation of the individual and vulnerable fossilized trees that remain in situ and for the
protection and enhancement of the fossil sites.

Methods

The Petrified Forest Park at Kyria Apolithomeni (Bali Alonia) is located on the southern slope of a
hill that belongs to the Ordymnos Mountain. It covers a small drainage basin, of one of the
branches of the hydrographic network of the river Tsichliontas, which forms one of the most
extensive hydrographic networks of Western Lesvos.

Geologically the area of the park consists exclusively of Lower Miocene pyroclastic rocks and
includes: a. volcanic ash rich in angular pumice particles of various dimensions, b. mudflows
containing lava particles and c. layers of volcanic conglomerate containing large volcanic
cobblestones.

The successive horizons of eruptive materials are clearly visible in the area of the park along the
walking paths and at the locations of the excavation sections. An overview of the succession of the
pyroclastic formations can be observed from the entrance area gazing at the hillside south of the
park.

These formations were deposited in the area 20 million years ago due to successive volcanic
eruptions created by the main volcanic centers of Lesvos. These, inactive today, volcanoes are
located in the central part of the island. During the volcanic eruptions, huge amounts of volcanic
ash were released into the atmosphere and were transported away from the volcanic craters and
slowly sat on the surface of the earth creating layers of volcanic ash. For each volcanic eruption, a
different layer of volcanic ash was deposited in the park area. The layers of the mudflows were
created during the quiet periods that interspersed between the volcanic eruptions. The heavy
rains that followed the explosive volcanic activity, swept away the volcanic ash that had settled at
the highest points of the terrain, creating large mudflows that swept away volcanic rock fragments
as well as already fossilized logs that were cut off from their original position and can be seen
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laying horizontally inside the mudflow layers. Regarding the topography of the area, there are
slopes with a declination ranging from 0 - 30%. The soil layer of the area is thin (depth 0 - 20 cm).

The fossil trunks conservation methodology requires special knowledge, fine handling and
patience. Fossils present a range of foreign matter on their surfaces and in their interiors,
including dust, earth, pyroclastic material, contemporary vegetation, insects, lichens and other
microorganisms, clay deposits, salts and degradation products of the fossils themselves.
Mechanical cleaning and wet cleaning are followed by chemical cleaning.

The same fossil presents various areas of different porosity, hardness and chemical composition.
Each area is treated separately, based on the outcome of cleaning tests, to avoid dissolving part of
the fossil itself, creating cloudy effects on the surface, cracking and dissolving the most porous
specimens. Fossils are often found broken in number of pieces due to unstable temperature and
RH conditions, different rates of expansion and contraction within a fossil, salt movement towards
the warmer surfaces, living plant roots and careless visitors. Various concentrations of acrylic resin
are used as adhesives. Solutions are injected in surface cracks to prevent breakages.

Figure 1. Conservation work at two of the emblematic petrified trees of the Petrified Forest Park at “Kyria
Apolithomeni”.
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Figure 2. Conservation team during conservation work at the lying tree trunk at the Petrified Forest Park at Bali Alonia.

Concerning the consolidants and water-repellents, acrylic emulsions, are used for porous and
softer fossils. An ethyl silicate combined with a neutral catalyst, was used for pre-consolidation
and consolidation. Where degradation is too extensive, or where there are many cracks and holes,
a spray was used. They are used full strength, or diluted in white spirits, depending on the fossil
porosity.

Figure 3. Enhancement of the fossil site of the tallest standing petrified tree trunk, ancestor of a Sequoia tree.
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Results

The Petrified Forest Park at “Bali Alonia” underwent a major renovation through the
implementation of the geoconservation project. The majority of the fossils in the Park underwent
in situ conservation. In addition, the work concerned the mapping as well as the enhancement of
the fossil sites and the reconstruction of the protection measures. Conservation was carried out
on fifty (50) fossil sites throughout the Park, including the emblematic fossil tree trunks of
sequoias, the most popular exhibits of the Park. The identification and documentation work
concerns a total of one hundred and twenty (120) fossil logs. In parallel new fossil sites became
accessible to visitors and new fossil tree trunks were reconstructed from pieces found during the
works.

All fossil trees were documented, cleaned, and welded. Adhesion and aesthetic restoration was
applied were necessary and all fossils had a hydrophobicity treatment. In order to protect fossil
sites and to solve the severe problems they were facing, the protective infrastructure of the
excavation sites were redesigned in order to comply with the latest standards regarding the
exposition of natural sites. Therefore fences, protective walls, paths etc were reconstructed in
such a way to provide the in order not to abstract the visitor’s eye from the real exhibit which is
the fossil.

Conclusions

The fossil trees of the Petrified Forest Park at “Bali Alonia” after 25 years of the park operation
needed urgent protection and conservation mesaures; as such scale interventions have never
been implemented before. The conservation revealed the uniqueness of the Lesvos Petrified
Forest and delivered as result the durability of the fossils and the improved visitors’ experience.

The geo-conservation intervention at the Petrified Forest Park at “Bali Alonia” resulted to the
preservation and protection of the fossils of the historic location of the Lesvos Petrified Forest, to
the improvement of safety and accessibility of all fossil sites and to the encouragement of
activities contributing to the development of geotourism.
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Abstract

Located 5 km NW of the modern town of Phyle,on the southwestern slope of Mount Parnes, on
the east bank of the Gkoura Gorge, at an altitude of 663 m, Lychnospilia is mentioned by the
Greek dramatist Menander and by the Roman writer Aelianas a sanctuary dedicated to the
Nymphs by the inhabitants of the ancient deme of Phyle (Wickens, 1986).

Despite difficulties in accessibility, the cave constituted an attractive monument for travellers of
the 19 century who were interested in visiting important archaeological sites. It was excavated in
1900-1901 by A. Skias, archaeologist of the Archaeological Society of Athens. Ceramic fragments
found in its deposits indicate use of the caves in prehistoric times.

Inscriptions carved at the entrance of the cave and upon ceramic vessels, representations depicted
upon pottery, and the marble votive reliefs revealed during excavation confirm function of the
cave as a place of worship of Pan and the Nymphs at least since the 5th century BC. According to
the excavator’s report, more than two thousand lamps, which gave the cave its modern name
Lychnospilia, meaning Cave of Lamps, were found during excavation. Most of them are dated to
the 4™ century AD, indicating that the specific monument remained a prominent cult site after the
Roman period, until zealous supporters of Christianity removed, destroyed, and crushed all traces
of its previous use (Platonos-Yiota, 2004; Wickens, 1986).

Besides its archeological significance, the aforementioned cave presents an interesting
geomorphological evolution throughout the Quaternary period. It belongs to the solutional type of
caves (karst endogenic landform) owing its formation to the chemical dissolution by meteoric
water. It develops in the Upper Triassic — Lower Jurassic Limestones-Dolomites of the Pelagonian
Unit and hosts a variety of different speleothems such as stalactites, stalagmites, draperies,
flowstones and small rimstone pools. The total length of the cave is 96 m and the altitudinal range
between the entrance and the back of the cave is 10 m.

The neotectonic structure of Mount Parnes is complex and the area is under uplift since the
Pleistocene (Mariolakos and Fountoulis, 2002).lt comprises the active margin of the Parnes-
Kithaironas morphotectonic multi-block. There are two main groups of fault zones WNW-ESE and
NE-SW in the area (Mariolakos et al., 2001; Mariolakos and Fountoulis, 2002), whereas the Athens
1999 earthquake seismic fractures close to the cave had an average trend WNW-ESE with smaller
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ones along NW-SE to NNW-SSE (Mariolakos and Fountoulis, 2002). The fault which produced the
respective earthquake was trending WNW-ESE. At the western Parnes, the WNW-ESE tectonic
structures control the morphology of the drainage network, the areas of river incision, and the
morphology of the main karstic landforms (Mariolakos et al., 2001). Moreover, the Giannoula
stream and particularly, its main trunk, running past the cave entrance, at a lower level, bears a
NE-SW orientation (N029°) whereas all order tributaries forming the Giannoula drainage network
develop along NE-SW and secondarily WNW-ESE directions (Mariolakos et al., 2001). This is
attributed to the abrupt uplift of Mount Parnes at the NE part of this drainage basin (Mariolakos et
al., 2001).

We compared the speleomorphology of the cave with the prevailing tectonic pattern of the wider
area in order to shed light on its evolutionary history during the Quaternary. To accomplish this,
3D laser scanning and field work were employed. The 3D laser scanning produced a highly
accurate model of the cave throughout a dense point cloud resulting in a virtual visualization of its
speleomorphology (Figure 1). This point cloud is fully measurable, allowing measurements of the
underground morphotectonic features. The field work yielded the local tectonic pattern. Karstic as
well as tectonic features (joints, faults) were recorded, providing the prevailing tectonic directions
in the broader area of the Cave of Pan. The 3D model of the monument as well as the structural
data were combined in order to reveal the contribution of the tectonic activity to the
speleogenesis process. The interpretation was also complemented by observations and
measurements from the inner part of the cave, highlighting the different stages of its Quaternary
evolution.

Figure 1. Cross-section of the Cave of Panextracted from the 3D point cloud. The entrance of the cave lies towards the
west. The figure of the laser scanner operator can be discerned at the inner part of the cave.

The speleomorphology of the Cave of Pan trends WNW-ESE and coincides with the most recent
tectonic direction of the area, implying a structural control of neotectonics on the cave passages.
The location of the entrance, 17 m above the river bed, supports the common evolution of the
cave with the Giannoula stream. It is generally accepted that large cave passages have a tendency
to form at or near the level of the streams where they drain (Palmer, 2007). This is also valid for
the Cave of Pan. Its speleomorphology and mainly its development direction as well as its floor,
dip towards the stream. When the stream flow was at/close to the level of the cave entrance, the
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underground water draining from the eastern sector of the main trunk was dissolving the
limestone rock and forming the cave. Also, the paleo-water levels inside the cave suggest the
periodic accumulation of large quantities of water in the cave.
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Introduction

Geomorphological heritage sites that have been identified in UNESCO Global Geoparks are the
main tools that are used for educational purposes. UNESCO Global Geoparks are single, unified
geographical areas where sites and landscapes of international geological significance are
managed with a holistic concept of protection, education and sustainable development (UNESCO,
2016). Geoparks host a significant number of sites of geological and geomorphological interest,
which coexist with sites of archaeological, ecological, historical or cultural interest (UNESCO,
2016). These characteristics have a special role in the area and Geoparks through a bottom-up
approach are conserving and protecting these geoheritage sites, and at the same time are raising
awareness and are engaging local communities to adopt a sustainable approach in their area
through various educational and informative activities and programmes.

Education is at the core of the interest and operation of UNESCO Global Geoparks which are
considered as ideal destinations for educational activities (Zouros, 2004; McKeever and Zouros,
2005). A UNESCO Global Geopark uses its geological heritage, in connection with all other
elements of the area’s natural and cultural heritage, to enhance awareness and understanding of
key issues that modern society is facing, such as the sustainable use of Earth’s resources,
mitigating the effects of climate change and reducing the impact of natural disasters (UNESCO,
2016). Education in UNESCO Global Geoparks has been recognized as an important pillar for the
enhancement of the value of the Earth’s heritage and UNESCO Global Geoparks are working for
the empowered of local people and mainly young people and children with competences needed
to promote sustainable development. Research has highlighted that geosciences education for
sustainability is one of the backbones of geoparks’ action plans (Catana et al., 2020). Recently,
Geoparks have been asked to participate in the new UNESCO framework for Education for
Sustainable Development for 2030 (UNESCO, 2019).

Educating the school children and communities on the conservation challenges enhances their
ability to achieve long lasting and effective conservation and sustainability programmes (Norzaini
et al, 2010). Thus, education is crucial for the enhancement and conservation of
geomorphological heritage sites and at the same time empowers children with the necessary skills
for sustainable development.

Specific geosites that are characterized as educational are used for educational reasons.
Educational are the geosites with characteristics that have a special value for the educational
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community. They have special pedagogical value, as students can be educated there through
properly designed activities and can understand the values of the geoenvironment (Theodosiou et
al., 2006).

The geosites in Lesvos Island UNESCO Global Geopark have been assessed through various studies
and the geosites that can be used for educational reasons have been identified (Velitzelos et al.,
2002; Soulakellis et al., 2004; Valiakos and Zouros, 2007; Zouros et al., 2015; Valiakos and Zouros,
2018). Geomorphosites that have been documented in Lesvos are very important tools that are
used for educational reasons. Geomporhosites are the part of the Earth that we can directly
observed thus allow school students to combine what they can see and research on the landscape
with important global and local problems that focus on sustainability issues such as disaster risk
reduction, climate change, sustainable use of natural resources, loss of biodiversity etc.

This paper aims to highlight the role of educational programmes and activities implemented by
schools for the enhancement of the geomoprhological heritage sites from the sustainable
development point of view. For this purpose, the educational programs carried out in Lesvos
Island UNESCO Global Geopark and are implemented by the Natural History Museum of the Lesvos
Petrified Forest which is the management body of the Geopark are analysed. The educational
programmes of the Natural History Museum of the Lesvos Petrified Forest were selected due to its
long experience and activity in the field of education the last 20 years as well as its good practices
in educational programmes for schools and the design and implementation of educational
programmes utilizing the geosites. At this study are documented the geomorphological heritage
sites” and the Museum’s infrastructures, equipment and tools that are used for educational
purposes. Analysed are also the objectives of the educational activities and educational
programmes implemented using the geomoprhological heritage sites of Lesvos Island UNESCO
Global Geopark.

Methods

The methodology used for this paper consists of fieldwork and content analysis. The fieldwork was
carried out aiming to record and analyze the infrastructure, facilities, educational materials and
educational activities available for the teaching-learning process at each geomorphosite in the
field and at the Natural History Museum of the Lesvos Petrified Forest.

Various educational activities take place in the field at the Natural History Museum of the Lesvos
Petrified Forest bringing children in contact with the geomorphological and geological sites.

The second part of the research involved qualitative and interpretative analysis based on the
analysis of educational documents, materials and websites connected with educational
programmes that are implemented in Lesvos.

The research includes also analysis of the educational programmes utilizing geomorphosites in the
scope of promoting the main pillars of sustainable development. The importance and usefulness
of sustainable development relies on the increasing interest in three pillars of encompassing
economy, society and environment (UNESCO, 2005).

During the research we analysed 28 educational programmes from 3 different categories
according to the age of the children: 4-7, 8-12 and 13-18.
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Results

In the first part of the analysis we collected data regarding the number of educational
programmes that are utilizing geomorphological sites and are implemented on site in the field and
educational activities that are connected with geomorphological sites and are implemented in the
Museum (Figure 1).

Then we recorded the main educational activities of each educational programme, as well as the
facilities, equipment and materials that are used for educational purposes. Lesvos Island UNESCO
Global Geopark has various facilities that are used for the implementation of the educational
activities. At every geomorphological site there are information panels and educational routes.
Educational field guides, maps, educational books for teachers, activity books for children, digital
games, educational cards and games have been produced and are used during the educational
programmes and activities.

Figure 1. Number of educational programmes that utilize geomorphological heritage sites.

In the Museum, pupils have the opportunity to discover fossils and other exhibits and to use the
audio-visual interactive exhibits, the educational seismograph, various models of volcanoes and
other geological processes, animals, maps and educational games. In the museum’s media room
are projected various videos and audio presentations.

The processing of the results showed that the geomoprhosites that are used at most, for
educational purposes, are those that are part of specific educational routes, are located in the
open air parks (Figure 2), have facilities and educational materials and activities that can be used
by the children and teachers.
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Figure 2. School students participate in educational programme in the coastal area of Plaka Park.

The next part of the research involved qualitative and interpretative analysis based on the study of
documents, materials and websites connected with the educational programmes that are utilizing
geomorphological sites, aiming to find out how many educational programmes are dealing with
the main pillars of sustainable development. The three main pillars of sustainable development
are the environment, economy and society, while as proposed at the Thessaloniki International
Conference in 1997 the basis for all pillars of sustainable development should be education
(Skoullos, 2004). The processing of the results shows that educational programs utilizing
geomorphological sites in Lesvos fulfill the three main pillars of sustainable development (Figure
3).
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Figure 3. Number of educational programmes related to the sustainable development pillars.

The above results show that the educational programmes of Lesvos Island UNESCO Global
Geopark are supporting the main pillars of Sustainable Development and the geomorphological
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heritage sites are important tool to achieve this. This is an interesting result and an important
indication of the value of geomorphological sites used by educational programmes connected with
the dimensions of environment, society and economy.

Conclusions

Education is one of the backbones of Lesvos Island UNESCO Global Geopark. Its educational
programmes and activities contribute significantly to the successful enhancement of the
geomorphological heritage sites. Main factors in order to achieve this, is to have created
educational infrastructure, educational facilities and educational material, to have well organised
and planned educational activities and programs providing the necessary interpretation of the
geomorphological heritage sites and to have geoscientists to design and implement these.

Lesvos Island UNESCO Global Geopark promotes interdisciplinary educational activities
highlighting the relation between geomorphological heritage sites and environmental, social and
economical issues. Geomorphological knowledge is also a major tool for geoconservation and
empowers children with various skills to find new solutions to important local and global
problems.
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Introduction

Geomorphology is the scientific study of the origin and evolution of landforms and landscapes
created by physical, chemical or biological processes operating at or near the Earth's surface.
Geomorphological heritage includes the elements that provide the evidence to understand why
landscapes look the way they do, to understand landform history and dynamics and to predict
changes through a combination of field observations, physical experiments and numerical
modeling.

UNESCO Global Geoparks, the third site designation of UNESCO after the World Heritage Sites and
the Man and Biosphere Reserves, are single, unified geographical areas where sites and
landscapes of international geological significance are managed with a holistic concept of
protection, education and sustainable development. A UNESCO Global Geopark uses its geological
heritage, in connection with all other aspects of the area’s natural and cultural heritage, to
enhance awareness about global problems, while at the same it encourages sustainable
development through geotourism and rural activities, as long as the geological resources of the
area are protected.

Thus one of the main activities of the UNESCO Global Global Geoparks is to plan, implement and
organize educational programs for children of all ages. The educational activities aim to popularize
the history and evolution of our planet’s surface and they are designed to make the way that
geological and geomorphological processes act fully understood by people of all ages and
educational levels and abilities.

In Greece there are five areas recognized as UNESCO Global Geoparks: the Lesvos Island, the
Psiloritis area in Crete, the Chelmos-Vouraikos National Park in the Peloponnese, the Vikos-Aoos
National Park in Epirus and the Sitia Nature Park in Crete. There is also another one in Cyprus, the
Troodos. Networking is one of the core principles of Geoparks. The Hellenic UNESCO Global
Geoparks in collaboration with the UNESCO Global Geopark in Cyprus, organized a common
exhibition to present to the broad public the areas recognized as UNESCO Globals Geoparks in
Greece and Cyprus and to promote them as ideal destinations for recreation and environmental
education. This exhibition will be travelling in the main cities of Greece and Cyprus and in the
UNESCO Global Geoparks Museums and Information Centres giving the opportunity to the areas
recognized as UNESCO Global Geoparks to meet new audiences.
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The Exhibition “GAIA Memories”

The exhibition “GAIA Memories” presents the impressive geological and geomorphological
monuments of the UNESCO Global Geoparks of Greece and Cyprus in a comprehensive and
attractive way for the general public. The different events that sculptured the relief of our planet’s
surface written on rocks and fossils were presented through representative exhibition displays and
audiovisual presentations from each one of the participating Geoparks. The exhibition realizes an
exciting journey through time to the geological history of the region from the ocean of Tethys to
the Eastern Mediterranean presenting and explaining geological processes, volcanic eruptions,
strong earthquakes, fossilization of plants and animals, creation of rocks and mineral deposits, but
also the relation and interaction of the abiotic nature with the modern ecosystems and their
importance, value and beauty. Thus explaining the value of UNESCO Global Geoparks raised
awareness and respect for the protection of our natural heritage!

The exhibition includes nine units. The first one is dedicated to the presentation of the UNESCO
Global Geoparks and the wealth of their geological treasures, the Global Geoparks Network and its
networking activities. The second one is dedicated to the network of UNESCO Global Geoparks in
Greece and Cyprus. Then follow six units with the presentation of each one of the participating
UNESCO Global Geoparks.

NHIOX AEIBOX
NAFKOIMIO FEQMAPKO UNE

TnODeA
O UNESCO

Figure 1. Panel of the first and second exhibition units, one on the UNESCO Global Geoparks and another on their
representatives in Greece and Cyprus.

Lesvos Island UNESCO Global Geopark displays volcanic rocks and geosites related with the
famous Petrified Forest of Lesvos, a protected natural monument with impressive fossil trees and
mammals like the fossil of the Prodeinotherium of Gavathas, the oldest European mammal. The
fossils of the Petrified Forest of Lesvos represent the tropical Miocene forests of Aegis, the land
mass that created after the destruction of the ocean of Tethys and was later fragmented by recent
tectonism to give birth to the Aegean archipelago. Psiloritis UNESCO Global Geopark geodiversity
is represented by rocks and marine fossils of 250 million years. Psiloritis Mountain presents a big
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variety of geosites such as gorges, caves, impressive folds representing the compressional
processes that resulted the alpine mountain building, resent fault surfaces, sandy coasts that
interchange with cliffs and rock bays characteristic of the physiognomy of the Crete. Chelmos-
Vouraikos UNESCO Global Geopark in northwestern Peloponnese includes a variety of popular
geosites such as impressive gorge of Vouraikos, the beautiful Cave of Lakes, the springs of
Aroanios River, the Tsivlos and Doxa lakes, the mythical waters of Styx, providing links between
the geology with the mythology of the area.

Vikos-Aoos UNESCO Global Geopark in Epirus, northwestern Greece includes the wonderful gorges
of Vikos and Aoos rock towers, rivers, wonderful alpine lakes as well as stone bridges and
traditional villages. The area consists of deep sea sedimentary rocks, deposited in the Tethys
Ocean. Sitia UNESCO Global Geopark is located at the easternmost edge of Crete. Its unique
landscapes include uplifted paleo-shorelines, gorges, an extensive cave system and impressive rich
karst forms. Terrestrial and marine animal’s fossils represent the paleo-ecosystems of Eastern
Mediterranean. The dry climate of the area, created a mosaic of habitats and ecosystems, such as
the unique in the Mediterranean Palm Forest of Vai. Troodos Mountain UNESCO Global Geopark
represents the genesis of Cyprus, as a result of a series of complex geological processes, which
made the area a key locality for geoscientists around the world and contributed to a better
understanding of ocean evolution. Troodos Mountain represents the deepest layer of a piece of
oceanic crust, as well as the upper mantle of the earth, an ophiolite complex formed 90 million
years ago 8,000 meters below sea level. The final exhibition unit describes the educational,
geotourism and other sustainable development activities in UNESCO Global Geoparks in Greece
and Cyprus.

Well-designed exhibition panels and floor graphics, photographic and audiovisual displays present
the geological evolution of each Geopark and the tectonic and geomorphological processes that
created their spectacular landscapes and geosites (Figure 1). The exhibition presents unique fossils
of plants and animals, as the 8m long petrified tree trunk and many other tree branches and
imprints of leaves from the Miocene Lesvos Petrified Forest, stromatolites 250 million years from
the Psiloritis Mountain, Mesozoic fossilized sponges from Sitia Geopark, rocks and minerals from
Troodos Mountain in Cyprus, rocks and fossils of Chelmos—Vouraikos Geopark and rock
speciments from the Vikos—Aoos Geopark! It also presents volcanic rocks from the Tethyan
oceanic floor, calc-alcaline volcanic rocks from Miocene volcanic activity in NA Aegean and also
tectonic structures such as folded rocks and fault surface striations.

The exhibition produced by the Natural History Museum of the Lesvos Petrified Forest, the
management body of the Lesvos island UNESCO Global Geopark with the contribution of the
management bodies of the UNESCO Global Geoparks in Greece — Cyprus, the Institute of Geology
and Mining Exploration (IGME), the Geological Survey Department of Cyprus, the Troodos
Development Company, the Natural History Museum of Crete, the AKOMM Psiloritis Development
Agency S.A., the Municipality of Sitia and the Universities of the Aegean and Patras. The exhibition
realized with the support of the cooperation project “Geotourism Development in Insular
Geoparks”/GEO-IN which is financed by E.U. INTERREG Greece-Cyprus and national funds from
Greece and Cyprus.
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The first presentation of the “GAIA Memories” exhibition was at Eugenides Foundation, in Athens
(October 2018 — April 2019). Next station was Nicosia of Cyprus, in the «Peace» Hall of Nicosia
Municipality (May — June 2019). It was then moved to Crete and was presented in Sitia, in «Melina
Mercouri» Hall of the Multicenter of Sitia Municipality (July 2019), in Rethymno, in «Cultural
House» (August — September 2019), in Heraklion, in the Natural History Museum of Crete
(October 2019 —January 2020) and last station was Sigri of Lesvos, in the Natural History Museum
of the Lesvos Petrified Forest (January — March 2020).

Educational Activities

The educational activities were an integral part of the “GAIA Memories” exhibition and aim to
familiarize visitors of all ages with the geological and geomorphological heritage, protected and
managed within UNESCO Global Geoparks in Greece and Cyprus (Figure 2). The education visits of
school groups were introduced to the geological history and evolution of the Eastern
Mediterranean and especially on the processes related to the creation and the destruction of the
ocean of Tethys, laying in between Eurasian and African continents, as well as the geodynamic
processes and phenomena that followed and resulted to the current topography of the area. The
narration uses the highlights of the exhibition which include representative rock specimens and
fossils from all Geoparks. Special educational programs have been organized on the importance of
the geological heritage and its protection, on the fossil plants and animals, on the climate changes
in the geological record, on the geological time and the evolution of life, using a sophisticated
exhibit on geological time and life evolution, where figures of animals and plants are associated
with the relevant time period giving the opportunity to realize the evolution of life.

Visitors have the opportunity to become familiar with the new program of UNESCO the “UNESCO
Global Geoparks” and the areas around the globe included in this third site designation of UNESCO
as well as with the importance, the value and the significance of the geological heritage sites in
each one of the existing six Geoparks in Greece and Cyprus.

Figure 2. Views of the exhibition “GAIA memories”, during educational visits in Eugenides Foundation, Athens.
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Results

During its presentation at the Eugenides Foundation (October 2018 — April 2019), 41.000 visited
the exhibition “GAIA Memories”. 15,795 were students from 364 school units who participated in
educational programs (Table 1). 282 school units were public and 27 were private and also 232
were from Athens and broader area of Attica Prefecture, 111 from the rest of Greece, 8 from
Cyprus, 1 from Denmark, 1 from France, 1 from Panamas, 1 from Reunion Islands, and 2 from
Turkey.

The majority of the students who visited the exhibition were coming primary schools: 15
kindergartens, 180 primary schools, 104 gymnasium, (12-15 years old), 37 lyceum (15-18 years
old), 5 of High Schools were Music, 5 Tutorial, 1 Church School, 2 Second Chance Schools for
Adults and 5 Universities. In addition, 3 Laboratories of Special Vocational Education and Training
with autistic children (15-18 years old), 8 groups of the International Organization for Migration
(IOM) and the NGOs "Elix" and "European Expression" with unaccompanied immigrants (13-17
years old) as well as the Department of Adolescents of the Detoxification Unit “18 Over” (16-18
years old). After the visit in Athens exhibitions many school units arranged and organized a field
trip in the area of Geoparks.

Table 1. Total numbers of school units, students and public per month that visited the exhibition “GAIA Memories”.

October November December January February March April Total
School Units 26 76 63 30 57 54 58 364
Students 1,358 2,948 3,159 1,237 2,739 2,155 2,199 15,795
General Public 3,055 4,763 6,756 3,930 1,908 3,058 1,207 24,677
Total 4,413 7,711 9,915 5167 4,647 5213 3406 20472

Conclusions

Participants rate the exhibition as a useful educational tool to both children and adults on
Geoparks and Geoheritage that can be customized and stimulate interest!

e It gave stimuli for reflections and wishes for future collaborations with Geoparks!

e Visitors experience the beauty of the landscapes and the processes that transformed them over
time providing the background for the development of a variety of modern ecosystems.

e Its great contribution is the acquisition of knowledge from visitors of all ages, the enthusiasm of
young children, the sensitization of people working professionally in various fields

e The exhibition gave birth to new "Geoparkers"! The young children loved the geological
heritage of our planet and were educated in a first level contact to understand the geological
processes and recognize the role of earth landform to the human communities’ development.
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Introduction

Lemnos Island located in the north eastern Aegean Sea, represents an area rich with numerous
geological and geomorphological features, especially fossiliferous sites, volcanic geosites and
impressive erosional landforms in sedimentary formations which are excellent representatives of
this area’s geodiversity. Geosites are protected elements according to Green environmental
legislation (Law 1650/1986, Law 3937/2011) as they consist the main witnesses of the history of
the earth. However these geosites and their geotourism potential still remains fully unrevealed. In
this paper we present the work carried out aiming to identify, map and asses the various geosites
of Lemnos Island in order to select the most representative ones based mainly on their aesthetic
value as well as their geotourism potential. The research team on geological heritage and
geodiversity of the Department of Geography of the Aegean University and the Natural History
Museum of the Lesvos Petrified Forest started the a research effort to identify and map the
fossiliferous locations of fossil plants on Lemnos island in 2012. As a result the Lemnos Petrified
Forest declared a protected natural monument in 2013.

The research effort continued to identify and map the variety of Lemnos geosites. Following an
emerging global trend for geotourism our main goal was to link the individual geosites along
thematic geotrails with other elements and sites of ecological and cultural value. This strategy has
the potential to involve wider community interest, engagement, support and involvement in its
management.

This is supported by the North Aegean 2014-2020 Regional Operational Program - Action
“Creation-operation of digital applications for the promotion of geo-monuments of Lemnos”
implemented by the Museum of Natural History of the Petrified Forest of Lesvos in collaboration
with the Municipality of Lemnos, which concerns the promotion of geological monuments,
landscapes and places of ecological interest, with the aim of utilizing them for the development of
alternative forms of tourism.

The study area

The Island of Lemnos, is the 8™ in size Greek island with an extension of 476 km? and a shoreline of
310 km. The morphology of the island is smooth with low relief at the eastern side, while the
western part is hilly, with the pick Skopia (Vigla) in the north-west reaching 470 m.
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The island of Lemnos lies at the south margin of the North Aegean Trough, which is related with
the western extension of the North Anatolian Fault zone. This 1200 km long dextral strike-slip fault
and its strands that enter into the Aegean Sea facilitate the westward extrusion of the Anatolia
plate. Tectonic structures of Lemnos play a key role to our understanding of the recent
geodynamic evolution of the broader area and the active transtensional stress regime (Pavides et
al., 1990).

The geological structure of Lemnos Island is rather simple in comparison with the other islands of
north eastern Aegean. It consists of two main units; the lower consists of sedimentary deposits
with ages ranging from middle Eocene (Lutetian) to Early Oligocene overlain by Lower Miocene
volcanic rocks.

The lower sedimentary unit of Lemnos Island (Roussos et al., 1993; Innocenti et al., 1994), consists
of conglomerates, sandstones and claystones and has been characterized as deep water in origin.

Sandstone petrography indicates that the detritus is mainly composed by clasts of low-to-medium-
grade metamorphic and sedimentary rocks, deriving from Rhodope Massif and Circum-Rhodope
belt (Innocenti et al., 1994). Above them, during Early Oligocene, shelf deposits have been
conformably accumulated.

Relatively intense magmatism started in early Miocene with pyroclastic flows followed by the
emplacement of sills, lava flows and domes; three volcanic units, as well as a quartz-monzonite of
limited extent (Fakos intrusion), cover much of the southwestern part of the island. (Davis, 1959;
Fytikas et al., 1980; Innocenti et al., 1994). They include andesite, trachyandesite, trachyte, and
dacite, with porphyritic plagioclase and alkali feldspar set in a microlitic groundmass of plagioclase,
alkali feldspar, biotite, and quartz in variable proportions (Roussos et al., 1993).

Secondary phases include micas, calcite, quartz, and clay minerals. Radiometric dating of these
rocks yielded ages ranging from 21 to 18.2 Ma (Fytikas et al., 1984; Innocenti et al., 1994). The
Limnos igneous rocks represent the first products in the North Aegean area, where the volcanic
activity ceased in the middle Miocene.

The Miocene ends with the deposition of conglomerates, marls and marly sandstones. Localy
appear Pleistocene porous calcareous and locally oolitic limestones and Holocene alluvial, coastal
deposits and dunes are found.

Geosite Identification and Mapping

Field work carried out from 2013 to 2020 resulted to the identification of 150 geosites located all
over the island.

All geosites were classified to the following categories: a. fosiliferous sites, b. volcanic sites, c.
stratigraphic — tectonic sites, d. geomorphological (erosional, depositional). e. other sites of
interest.

The geosites were mapped using classical methodologies but in parallel the exploitation of
Unmanned Aerial Systems (UASs) has been incorporated offering the ability to generate accurate
high resolution 3D maps and models at several scales. The purpose of the produced maps was to
promote of the rich geological and geomorphological heritage of Lemnos Island and to
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communicate geo-scientific themes. Additionally, 3D geovisualizations has been created by taking
advantage of multimedia techniques and methods, such as augmented reality, 360 panorama and
ultra high resolution video.

The geological and geomorphological heritage sites were assessed using the methodology
proposed for the assessment of geomorphosites (Zouros, 2007; 2009). As a result the selection of
the 50 representative geological and geomorphological heritage sites was made. The 50 geosites
have been documented for their geoscientific significance. The information for these geosites is
taken from field work and literature (Roussos et al., 1993; Innocenti et al., 1994, Maravelis et al.,
2007; Chatzipetros et al., 2013). These geological and geomorphological heritage sites as well as
sites of ecological and cultural value form the basis for the creation of the interpretative
geotouristic map of Lemnos Island, presenting a balanced proportion of scientific and touristic
information.

The sites will be linked alond thematic “geo-tails” which will introduce the visitor to the main
geological and geomorphological processes that created the landscapes of Lesmnos.

Fiure 2. The volcanic dome of Evgatis and the Agios loanis tafoni structure.
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GELFIE TEQTONAN

Figure 4. Geotouristic map of Lemnos Island.

Conclusions

The geotouristic map of Lemnos will be used to promote of the rich geological and
geomorphological heritage of Lemnos Island and to communicate geo-scientific themes with non-
specialist public, providing the opportunity to understand fossils and fossilization processes,
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geomorphological and geological phenomena, formations and rocks as well as recent evolution
and current geodynamic processes.
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Geomorphology is highly related to education on natural hazards and disasters. The study of
earthquakes, landslides, floods etc., is crucial for vulnerability and risk assessments as well as
disaster risk reduction (DRR). Thus the incorporation of geomorphologists into the
national/regional/local groups of experts to establish adequate strategies of risk assessment and
management is highlyrecommended (Alcantara-Ayala, 2002). But for resilient society, education
on natural hazards and disasterson all educational levels is crucial. According to Dunbar (2007)
education on geomorphologic phenomena and processes and its outreach are important factors in
increasing public awareness on geological hazards and risks. Numerous initiative and campaigns,
especially UNISDR campaign “Disaster Risk Reduction Begins at School” 2006-2007, has also shown
the importance of DRR integration into formal education and community participation as a way of
creating a sustainable community (Shaw et al., 2011).

In Croatia, the education on natural hazards is partially integrated in the Geography curriculum,
trough the basic geomorphology related topics (volcanoes, earthquakes, landslides, drought,
floods). This study presents the results of the first systematic research on the education and
knowledge related to DRR in Croatia. In order to examine current state of knowledge and
awareness on natural hazards amongst general population and the contribution of
Geography/Geomorphology in the process of gaining basic knowledge on natural hazards, survey
was conducted among 1104 randomly selected respondents (general population). Survey
qguestions were focused on level of knowledge on hazards which are most relevant for Croatia;
flood and drought as their occurrence is high and damages and losses are major (Ministry of

Finance, 2019), and earthquake since Croatia is situated in a seismic active area (lvanci¢ et al.,
2018).

Questionnaire was produced in printed and digital form using the LimeSurvey. There were two-
type of questions, closed and open-ended. The latter gave the persons answering the question an
opportunity to answer appropriately and the surveyors to understand if the respondents
understood the topics truly. Five point Likert type scale (ranging from 1-strongly disagree to 5-
strongly agree) was used to examine the public's opinion on individual statements. Data were
analysed by descriptive statistics.
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Since the survey was conducted on National level, the representative number of respondents
needed to be determined. In order to gain reliable results (population sizes by margin of error at a
95%, Fowler, 1984; Schuman and Kalton, 1985) a standard formula was used considering the valid
rule: the larger the number of members of the population, the smaller proportion of that
population should be represented in the sample (Fowler, 1984; Cohen et al., 2011). According to
Krejcie and Morgan (1970) sample of 384 respondents (0,038%) needs a population sample of a
million members to make it representative, i.e., its reliability would be 95%. According to the
Census 2011, Croatia had 4 284 889 inhabitants (CBS 2011). Given that 1104 citizens were
surveyed, the share of the population participating in the survey was 0.026%. According to the CBS
(2011), there is 3 346 514 inhabitants at theage group 18 to 95. Since all the respondents were
part of that age group the share of population participating in the survey is 0.033%. Therefore, the
sample covered by this survey is considered to be reliable.

When selecting subjects for the representative sample, a modified snowball method (Goodman,
1961; Atkinson and Flint, 2004) was used, based on a targeted selection of the circle of people
who then extended the sample. A sample of snow-covered subjects of both sexes, ages from 18 to
95, of varying in degrees of education, was tested.

This paper analyses only a part of the results obtained considering questions based on the premise
that people are generally familiar with natural hazards but not the DRR and that Geography as
school subject, and consequently Geomorphology, has a significant role in natural hazard and DRR
education. In the first question respondents were asked to answer whether they have
encountered so far the term natural hazard. Analyses determined 96% of the respondents so far
encountered the term. This data is not surprising since recently there were great damage caused
by floods (eg. Eastern Croatia in 2014) and droughts (eg. Eastern and Southern Croatia in 2017)
(Ministry of Finance, 2019) and Croatian media reported on all the natural hazards. Respondents
that are not familiar with the term are mainly senior citizens.

However, when we analysed the role of Geography as a school subject in the process of gaining
knowledge on definition of natural hazards, the results are alarming. Namely, 5.3% of respondents
stated they gained some knowledge on natural hazards in primary schools and 5.7% chose
secondary school. Conversely, analyses of the significance of Geography as a school subject in
gaining basic knowledge on particular hazard; flood, earthquake and drought, most respondents
consider that the role of Geography is substantial (Table 1) regardless of age groups.

Table 1. The significance of the role of Geography (school subject) in gaining knowledge on flood, earthquake, and

drought.
Geomorphologic process  Very Low Low Neutral High Very High
Flood 82 224 337 264 197
Earthquake 50 122 253 366 313
Drought 93 220 308 279 204

Note: n=1104

The highest significance is related to the earthquakes (62%) while for drought and floods the
significance is alike (44% and 42 % respectively). Such result is in good concordance with the
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current curriculum (Ministry of Science, 2006; 2011; 2015; 2020) and formal textbox in use, where
earthquakes are only topic properly addressed while drought and flood are merely mentioned and
heavily depend on the teachers' willingness and ability to involve those topics in his or her
teaching.

Based on the respondent’s opinion it can be concluded that Geomorphology has substantial role in
present Croatian Geography curriculum which provides a fair amount of basic knowledge and
information about abovementioned hazards as natural processes but lacks the connection with
the aspect of hazards, disasters and preparedness, i.e. is not enough DRR related.
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Introduction

Past records of coastal evolution are the key to predict future modifications of littoral areas in the
context of global change and sea-level rise. With this scope, several proxies were used in the last
decades to reconstruct the evolution of the coastal landscape and its impact on settlements and
societies. During the Holocene (i.e. last 11.7 ka BP), major changes in the coastal landscape were
triggered by climatic modifications, and notably by the variability of sea-level rising rates. While
the late Holocene sea-level rise trends were widely investigated in recent years, far less attention
has been dedicated to the mid- to late Holocene paleo-landscape evolution.

In this period, significant changes in the postglacial rates of sea-level rise produced major coastal
changes that were only rarely explored with standard methodologies. The landscape modifications
and related variations in relative sea-level derive from the sum of global, regional and local
processes. All these spatial- and temporal-dependent processes are interweaved into a complex
response of sea-level changes. A multidisciplinary approach oriented to paleo-landscape
reconstructions at regional and local scale provides the opportunity to understand the role of
natural and anthropogenic forcing in the landscape evolution, as well as to discover the past
human adaptions to natural modifications of their environment.

The construction of harbours and more generally the coastal urbanization characterized the entire
history of humanity and represented key passages in the rising and evolution of many civilizations,
especially within the Mediterranean basin. Coastal landscapes were thus gradually transformed
under human influence and the study of such changes plays a fundamental role in the
comprehension of human occupation. As most of these ancient coastal settlements are today
submerged due to the relative sea-level rise occurring over the last millennia, the challenge of
coastal geoarchaeological research is to thoroughly study these submerged archaeological
structures. This cutting-edge information can shed a light on the impacts of past climate changes
on modern populations and the effects of surface processes at the social level. Moreover, as the
early Holocene sea-level indicators are widely underrepresented in the available Mediterranean
datasets, this project can furthermore contribute to identifying new constraints, which would
greatly enhance the modelling of past sea levels and help in the production of reliable future sea-
level rise scenarios.
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In the last years, the integration between geo-acoustic and remote sensing methods allowed high-
resolution mapping of wide coastal areas, seabed morphologies, and underwater archaeological
sites by combining remote and direct data from geological and archaeological samples. These
transdisciplinary studies constitute the modern approach to paleo-landscape and paleo sea-level
reconstructions, as acquiring a large amount of chronologically constrained data allows us to
understand the evolution of a landscape in a four-dimensional way as different 3D surfaces
changing with time. In the case of archaeological sites, such investigations also have a documental
value of cultural and natural heritage.

While on one hand high-resolution remote sensing and geo-acoustic techniques certainly provide
multiscale and multi-temporal datasets regarding landscape evolution over the last millennia, on
the other hand, these methods are used to evaluate the local vertical ground movements (VGMs)
that are the primary forcing factor in sea-level oscillations at medium-short term. In addition, the
recent miniaturization of geophysical instruments resulting from innovative technology enables
the use of small crafts carrying out measurements in very shallow water areas, which is a
significant development considering that these areas were often neglected due to technical
difficulties associated with larger older instruments. These modern marine systems, including
Unmanned Surface Vessels (USV), are revolutionizing our ability to map and monitor the shallow
marine environment. In the last few years, as reported in the literature, numerous specific crafts
were designed for surveying in shallow waters and equipped with several geophysical instruments
to reconstruct the seabed and sub-bottom morphology.

Neptune project aims to establish an active discussion on specific surveying protocols by using the
above-mentioned techniques for each bathymetric range, starting from the early Holocene
deepest environments, arriving up to the shallow water sectors where important testimonies of
the Greek-Roman settlements are present along the coasts of the entire Mediterranean basin. The
target is to obtain high-resolution data, which will allow the use of underwater landscapes as
witnesses of the effects of past natural processes and human impact on the former coastal zones.

Neptune-INQUA Project

Neptune project (http://dist.altervista.org/neptune) started March 30, 2020, in the framework of
INQUA CMP commission (https://www.inqua.org/commissions/cmp) activities for the purpose of
creating an interdisciplinary working group of young scientists aimed to develop multidisciplinary
technigues to analyse and reconstruct past landscapes, presently submerged due to the
postglacial sea-level rise. Special attention is paid to the technological content, considering that
the recent technological innovation applied to geo-acoustic and remote sensing methods opened
numerous new possibilities of high-resolution mapping of wide coastal areas, seabed
morphologies and underwater archaeological structures.

Neptune aims to supply a platform for cooperation of experts in coastal geomorphology and
geoarchaeology as well as experts in marine surveying in order to provide an optimal integration
among geological, archaeological and modelling methods. To counteract the global emergency of
COVID-19, the first meeting of this international community was held online and involved more
than 60 researchers from all over the world.
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Figure 1. Photo taken during the first Neptune online meeting, September 3, 2020.

The final purpose of this platform will be the establishment of interdisciplinary trans-
Mediterranean scientific collaborations, which will provide the foundations needed to reconstruct
a bigger and integrated picture on the evolution of submerged landscapes.

The NEPTUNE activities have a twofold purpose:

e A multidisciplinary approach to underwater paleo-landscape reconstruction by means of
innovative technologies integrated with well-established methods.

e An active discussion on the methodological protocols for optimal high-resolution surveying
suited to different bathymetric ranges, often corresponding to different time scales.

In the scientific framework of INQUA, Neptune points to enlarge the spectrum of their
collaborations to other disciplines, which will be able to tackle the main environmental problems
of the near future. Collaborations established in our project will result in presentations on
important regional and international meetings, as well as publications.

Neptune-Related Research in the Gulf of Naples (Italy)

So far, the geoarchaeological research along the coasts of Naples Gulf has been aimed at
reconstituting the Holocene evolution of this peculiar coastal sector and perfectly matches with
Neptune philosophy.

The geological and morphological characteristics of the Gulf makes this area one of the most
diversified coastal systems in Italy, with alternating high and low coastal sectors of tectonic,
volcano-tectonic and volcanic origin whose evolution was controlled by geodynamic, climate and
anthropogenic factors. The Gulf represent a unicum along the Mediterranean coasts due to the
presence of the two active volcanos of Campi Flegrei and Vesuvius, worldwide known for the
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vertical ground movements accompanying their activity since the Late Pleistocene. The interaction
between VGMs of volcano-tectonic origin and glacio-isostatic processes deeply controlled the

coastal dynamics and morphology of this sector, causing cliff erosion, barrier beach and lagoon
system migration, marine ingression, etc.

In addition, The Gulf of Naples is an example of the continued interaction between anthropogenic
and volcanic activities, considering that this area has been strongly inhabited since Greek times. In
fact, according to the Greek geographer Strabo, the beauty of the Gulf led the construction of
many villas and gardens along the whole coastal area during this period. The archaeological
remains of these structures, nowadays submerged or buried by the volcanic products of Vesuvius
and Campi Flegrei, were the key-strength of this research, aimed at reconstructing the Roman
landscape and studying the phenomena that have influenced its evolution.

A map of Late Holocene landscape
evolution of the Gulf of Naples (Italy)
inferred from geoarchaeological data

1:85.000

LAST GLAGIAL MAXIMUM COASTLINE
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HOLOCENE MAIN COASTAL CHANGES.
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Figure 2. Geoarchaeological map of the Gulf of Naples (Aucelli et al., 2017).

These sites were surveyed using robotic technologies designed and engineered in the Parthenope
University laboratories and equipped with geophysical and photogrammetric sensors, according to
a multi-modal mapping approach. Consequently, the geoarchaeological researches carried out in
very shallow water sectors of this Gulf are a perfect example of activities aimed at reconstructing
the natural and anthropogenic underwater landscape by elaborating a multiscale dataset. For this
reason, when the COVID-19 emergency will be over, a fest face-to-face meeting will be held in
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Naples, during which the results of the field activities will be discussed and a specific surveying
protocol will be defined.
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We present the research of algal rims and phreatic overgrowths on speleothems (POS) as
indicators of relative sea-level change along the Eastern Adriatic coast which will be conducted
within the project SEALevel (HRZZ-1P-2019-04-9445) funded by Croatian Science Foundation.

Lithophyllum byssoides, a fixed biological indicator is a coralline algae belonging to the order
Corallinales of the Phylum Rodhophyta, and is characterized by a hard thallus formed by
calcareous deposits contained within the cell walls (Rovere et al.,, 2015). Coralline algae are
widespread along the world’s rocky shores. Under favourable conditions, Lithophyllum byssoides
build reef like bioconstructions just above the biological mean sea-level which can be **C dated.
Rims of coralline algae have been largely used in the Mediterranean (Laborel, 1987) and have
proven to be a good proxy of past sea levels in microtidal environments (Laborel et al., 1994;
Laborel and Laborel — Faivre et al.,, 2013; Faivre et al., 2019a) because their living range is
constrained around sea level. It creates the highest biogenic build-up in the Mediterranean
(Rovere et al., 2015).

The study of Lithophyllum rims as sea-level markers along the eastern Adriatic coast has started
ten years ago with the aim of restraining the error bars and obtaining more accurate results.
Research conducted on the islands of Vis, Ravnik and Bisevo (Central Adriatic) (Faivre et al., 2013)
as well as along the coast of Istria (Northern Adriatic) (Faivre et al., 2019a) revealed algal rims as
possible high resolution relative sea-level marker. The accuracy of the marker has been much
improved with the knowledge of the Lithophyllum byssoides marine radiocarbon reservoir age
(MRE) (Faivre et al., 2019b). The MRE has been determined on algal samples of known age (ten
samples from the Mediterranean and one from the Atlantic) obtained from Museums collections
of the Natural History Museum (Museum National d’Histoire Naturelle) in Paris, Naturhistorisches
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Museum in Vienna and Universitat Hamburg, Biozentrum Klein Flottbek und Botanischer Garten in
Hamburg. Results of the studies of algal rims (Faivre et al., 2013; 2019a) show that large rims most
likely grew during near-stable sea-level conditions that occurred during relatively colder periods
over the past 2000 years. They also indicate that best-developed upper levels of the rims formed
during ~300 years of stabilization throughout the Little Ice Age period. Those periods of
stabilization could be directly related to the morphogenesis of tidal notches on the studied areas,
providing thus the possibility of firm relative sea-level reconstructions.

Croatia is abundant with submerged or partially submerged caves with brackish water (Suri¢ et al.,
2010b). Thus far, detailed reconstructions of the Pleistocene and Holocene relative the sea-level
changes along the eastern Adriatic, were done based on data obtained from U-Th dating and
stable isotope analyses of the submerged speleothems/biogenic encrustations (Suri¢, 2002; Suri¢
et al. 2004; 2005a; 2005b; 2009; 2010a). These studies encouraged detailed research of cave
sediments in order to reconstruct climatic conditions and paleoenvironmental changes during the
Quaternary (Loncar, 2012; Loncar et al., 2017; 2018; Suri¢ et al., 2017a; 2017b; 2018). Research
provided insight into environmental change recorded in stalagmites from the late Pleistocene (119
ka) to late Holocene (1.5 ka) (Lon&ar, 2012). Holocene is characterised by numerous 620 and §3C
fluctuations reflecting sudden changes in the environment (Loncar, 2012; Rudzka et al., 2012;
Loncar et al., 2017; 2018).

Recent diving explorations presumed POS to be deposited in eastern Adriatic coastal caves,
offering a new tool for studying relative sea-level changes. POS is a secondary depositional
structure (carbonate phreatic encrustation) which precipitates at the water table around pre-
existing vadose speleothems if favorable geochemical conditions are acquired. So far, it has been
used in sea-level research in only several locations in the world while most of the investigated
sites are located in Mallorca (Onac et al., 2012; Tuccimei et al., 2006; 2019; 2012; Vesica et al.,
2000).

Calcite sample collected from Sipun cave (Dubrovnik area) show pre-existing vadose stalactite (a
soda straw) around which we assumed POS precipitated, while some inner parts of the
speleothem are richer in Mg. Further analyses should confirm the phreatic overgrowth while U-Th
dating will give the age of its formation. Since the POS investigation is the first of that kind in the
Adriatic, information on their morphology, conditions and time of deposition, will contribute to a
better understanding of the POS as sea-level indicator and will allow comparison with results from
other parts of the Mediterranean basin.

We expect that new data from both markers will enable the development of longer and more
precise curves of relative sea-level change along the eastern Adriatic coast. Moreover, increasing
the number of sea-level index points obtained from different markers can contribute to the
understanding of the driving mechanisms: climate change, hydro- and glacio-isostatic adjustments,
and tectonics.
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Introduction

The mid-eastern Tyrrhenian coast (Figure 1) is the most complex volcano-tectonic sector in the
Mediterranean basin.
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Figure 1. Simplified geological map of the study area and the related investigated sectors: #1, Garigliano Plain; #2,
Volturno Plain; #3, CampiFlegrei; #4 and #5, Naples Coast; #6, Vesuvius and Sarno Plain; #7, Sorrento Peninsula and
Capri Island; #8, Sele Plain; #9, Cilento Coast.
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Here the vertical ground movements (VGMs) due to the interaction between extensive tectonic
processes and volcano-tectonic activities have a significant impact on both past and future sea-
level evolution.

The mid-Tyrrhenian coast represents the youngest basin of the Western Mediterranean (Milia et
al, 2013 and references therein) and, also, its most populated littoral region due to the presence
of two major cities (Naples and Salerno) and several touristic localities, as Sorrento and Amalfi
peninsula, Capri, Ischia. Here, the coastal density of population often exceeds 1000 /km? making
this area very vulnerable to the ongoing sea-level rise, because often exacerbated by negative
VGMs (Aucelli et al., 2017).

The main aim of this research is to define a high-resolution role of the VGMs on the Late
Quaternary (i.e., last 125ka) sea-level evolution along the mid-eastern Tyrrhenian coast,
considering that the study area was never included in the recent sea-level database compiled for
the Mediterranean area due to its intense volcano-tectonic activity.

Methods

A database of Holocene sea-level data was assembled coupling new data deriving from recent
marine surveys to previously available data which were standardized according to the recent
international guidelines for RSL studies (e.g. Shennan et al., 2015; Khan et al., 2019). This allowed
the production of a multi-proxy dataset composed of depositional, erosional, biological, and
archaeological sea-level markers in this very complex Mediterranean area. These data were
further compared with a number of geophysical predictions in order to disentangle the different
components, which influenced the sea-level evolution. Finally, we used GIS techniques to spatially
constrain the coastal sectors, which are more vulnerable to the coupled effects of future sea-level
rise and VGMs in the next decades.

The horizontal position of the collected RSLs data was evaluated by using both absolute and
relative dating techniques, archaeological dating and tephra interpretations.

Sea-Level Data

We produced a new suite of Sea-Level Index Point (SLIP, i.e., point that constrains the sea-level in
space and time, Shennan and Horton, 2002; Shennan et al., 2015, Rovere et al., 2016) using a wide
range of proxies and following the most recent scientific protocols (Hijma et al., 2015; Khan et al.,
2019). To be classified as SLIP, the following information must be available: (1) the location of the
indicator; (2) the age of the indicator; and (3) the elevation of the indicator, corrected for the
indicative meaning; (i.e. a known relationship between the indicator and a contemporaneous tidal
level, the Mean Sea Level (MSL) in our database, Shennan et al., 2015; Hijma et al., 2015). When
the abovementioned information was not completely available, the markers were used as limiting
points and divided into terrestrial limiting points (TLPs) and marine limiting points (MLPs) (Rovere
etal., 2016).

For the geological samples included in the database, we produced the SLIPs according to the
protocols recently developed for the Mediterranean (Vacchi et al., 2016, Rovere et al., 2016).
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For each dated sample, a SLIPn was produced according to the following equation (Shennan and
Horton, 2002):

SLIPn = An — RWLn

where An is the proxy altitude and RWLn is the reference water level of the proxy n (sensu
Shennan et al., 2015).
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Figure 2. Different typologies of sea-level markers included in the dataset. a: interpretation ofthe different deposits
forming along a beach profile; b: interpretation of the sluice gate of a fish tank in term of SLIP (Fc=0.2 m);
c: interpretation of the concrete change of a pila in term of SLIP (Fc=0.5 m).

In the case of archaeological maritime structuresrelated in different ways to the former mean sea-
level (Figure 2b and c) their functional clearance (Fc, the minimum elevation of the structure
above the MSL at the time of its construction) was taken into account (Figure 2b and c).

GIA Models

In order to determine the GIA-driven RSL changes, a suite of RSL curves was produced by using the
sea-level equation solver SELEN coupled to three ice-sheet models: ICE-5G (Peltier, 2004), ICE-6G
(Peltier et al., 2015) and ANICE (de Boer et al., 2013; 2014). The sea-level equation has been
solved for a total of 54 models, assuming three values of lithosphere thickness (60, 90, and 120
km) and considering 3 ranges of values for the lower and intermediate mantle viscosity (2-10, 0.5-

1, and 0.2-0.5 Pas).

The average vertical displacement suffered by each sea-level marker has been calculated through
the use of a Bayesian statistical approach by determining the differences between observed and
predicted RSL elevations, together with the calculation of the related uplift/subsidence rates.
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Results

The dataset analysed in this study is mainly composed of 63 SLIPs, 23 MLPs, and 38 TLPs, and the
area was divided into 9 homogeneous coastal sectors in term of geological behaviour.

Generally, the whole study area was dominated by prevailing subsidence with variable intensity,
although a substantial stability can be observed in the main plains of Garigliano and Sele rivers,
together with a low rate of subsidence characterizing the mouth of Volturno River, according to
recent interferometric data (Figure 3). In particular, in line with the GIA predictions, while the
Garigliano and Sele plains showed a continuous rising trend of the RSL, the Volturno coastal plain
was affected by a fast RSL rise followed by a period of stabilization in the rate.
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Figure 3. The studied sectors and the results in term of geological behavior (from dark to light green: subsiding rate;

yellow: stable area; from orange to dark red: uplifting rate).

On the other hand, the Campi Flegrei and Naples coast sectors were characterized by a Holocene
intense volcano-tectonic activity which respectively led to an alternation of subsidence and uplift
trends, and to a prevailing subsiding trend (Figure 3).
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Moreover, while the Sorrento peninsula is confirmed stable since the Late Pleistocene, the
Vesuvius and Sarno Plain sector demonstrate that the area was affected by a subsiding trend
(Figure 3), probably suddenly accelerated soon after the eruption in the year 79.

Conclusions

In view of the above, we can affirm that the mid-Tyrrhenian is an area in which is possible to
investigate with high-precision the impact of the volcano-tectonic on the of the RSL evolution, due
to the presence of both one of the most active Mediterranean volcanic districts and a robust
dataset, with a precision that goes far beyond the data accuracy characterizing other parts of the
globe.

Moreover, the comparison of the RSL measurements with different models allows us to better
evaluate and calculate for the study area the risk of flooding related to the ongoing sea-level rise
exacerbated by subsidence rates.
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Introduction

This study aims to reconstruct the coastal response of Procida Island to relative sea-level rise since
the mid-Holocene, by analysing the submerged features of the coast. Procida Island belongs to the
insular part of the Campi Flegrei (CF) volcanic area and owes its formation to several explosive
eruptions related to the CF volcanic activity started more than 60 ky BP (Aucelli et al., 2017). The
Campi Flegrei volcanic area represents one of the two main hazardous volcanic areas in the Gulf of
Naples (Southern lItaly), (Aucelli et al., 2018; 2019; 2020). In detail, the island is characterized by
steep cliffed coasts, articulated in a succession of headlands and small embayments (Pennetta et
al., 2018) and characterized by small and narrow pocket beaches such as Ciraccio - Ciracciello and
Chiaia. The cliffs are generally cut into pyroclastic deposits showing a height of 10 to 40m and an
inclination of over 40° and, in some cases; they are connected to narrow shore platforms sloping
slightly towards the sea. The presence of different orders of submerged paleo-shore platforms
suggests different phases of sea-level stand and related coastal response. Mapping these
platforms, together with the interpretation of archaeological and geomorphological markers
allowed defining the shoreline evolution of Procida Island during the last 6.5 ky.

Methods

The coastal sector of the study area was investigated by using a multi-techniques approach based
on direct and indirect methods. Several on-site investigations were integrated with the
geomorphological study of aerial photos. The 3D elaboration of the topo-bathymetric data,
concerning Procida coastal area, followed a specific procedure. The first step was the calculation
of an onshore-offshore DTM by interpolating the LIDAR (from the Ministry of Environment, 0 — 200
m MSL) and bathymetric data (from the CARG project, 0 — 20 m MSL), with a Topo to Raster
interpolator (1 x 1 m grid). The second step was the slope analysis of the abovementioned DTM in
order to classify the submerged area in sub-horizontal and steep slope sectors. By integrating the
abovementioned GIS analysis with data derived from direct surveys, several sub-horizontal
submerged surfaces (0-5% of slopes) were detected and interpreted as ancient shore platforms
(Mattei et al., 2018 and references therein). Consequently, the higher sloping sectors (slope >
20%) adjacent to the sub-horizontal surfaces were interpreted as related paleo-cliffs. Finally, the
mapped paleo-shore platforms were reclassified depending on their depth in three orders and,
subsequently, dated by means of archaeological evidence and our geomorphological
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interpretations. The last step was the morphometric analysis of these landforms to evaluate the
retreating rates of the sea cliffs and quantify the vertical displacements (VDs) that have affected
Procida costal sector in the last 6.5 ky. In this work, we used paleo-shore platforms as indicators
ancient sea-levels (Rovere et al., 2016). According to Kennedy (2015), the outer margin (i.e. the
termination point of the platform towards the sea) is the point where active erosion of the
bedrock ends. However, the most relevant feature useful for sea-level interpretations certainly is
the inner margin of the platform (Figure 1), considering that it is located at the same level of the
mean higher high water (MHHW - average of the higher high water height of each tidal day
observed over a Tidal Datum Epoch).

INNER MARGIN

MHHW -

i —

Figure 1. Sketch of a shore platform interpreted as sea-level index point (SLIP).

The Relative Sea Level (RSL) associated with this indicator is equal to:
RSL = E — MHHW

where E is the present elevation of the platform at issue with respect to the mean sea-level (MSL).

Results

The presence of three orders of submerged paleo-shore platforms highlights as many paleo sea-
level stands. The first-order platforms are positioned between -25 and -23 m MSL, cut in the
volcanic formation of Tufo di Solchiaro (Putignano and Schiattarella, 2010) emplaced during the
last most important eruptive phase of Procida (22 ky BP). Therefore, these platforms were
modelled after that date. In fact, by analyzing the eustatic sea-level curve relevant for the last 20
ky (Benjamin et al., 2017), the most favourable morphogenetic conditions for the formation of the
above-mentioned morphologies started about 6.5 ky BP when the decrease of the rate of sea-level
rise was compatible with platform formation and related sea cliff retreat (Figure 2).
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Figure 2. Location of the three orders of paleo-shore platforms.

Accordingly, the age of the first-order of paleo-shore platforms probably ranges between 6.5 ky BP
and 4.0 ky BP, when the formation of the second-order began. The RSL here calculated was
positioned at -23.2+1 m MSL. The second-order platforms are positioned between -20 and -11 m
MSL and dated to 4.0ky BP based on both coring data coming from the Genito Gulf, where
abundant fragments of archaeological finds were identified and chronologically constrained by
(Putignano et al., 2009), and several beachrocks detected between -13m and -11.8m MSL. The RSL
calculated was positioned at -11.24#1 m MSL. The third-order platforms, positioned between -10
and -4 mMSL, were dated by using a ring bollards detected at a depth of -4.5 m MSL and
beachrocks detected at a depth of -6,2 m MSL and dating between 2000 and 1000 years ago
(Putignano et al., 2014). The RSL calculated was positioned at -4.2+1 m MSL. Finally, through the
geomorphological analysis of the present-day submerged morphologies, the active shore
platforms dated from 1.0 ky and located along Procida coasts were detected and mapped.
Generally, the actual shore platforms are located above -3 m MSL and characterized by narrow
shape. In addition, the interpretation of the above-mentioned shore platforms as SLIPs allowed
the reconstruction of both the RSL variations and the VDs affecting the area during the last 6.5 ky
BP. In this regard, the comparison between the obtained RSLs and the Glacio-Hydro-Isostatic
adjustment (GIA) models available for the study area (Vacchi et al., 2019) demonstrates that
intermitting subsidence affected the area, leading to the submersion of the three orders paleo-
shore platforms here studied (Figure 3). Indeed, different subsidence rates of 0.005 m/yr, 0.005
m/yr, and 0.004 m/yr were calculated for the last 4.0 ky BP, 2.0 ky BP and 1.0 ky BP, respectively.

In order to reconstruct the geomorphological evolution of Procida Island since the Middle
Holocene, four morpho-evolutive scenarios were carried out, respectively related to 6.5-4.0 ky BP
(Figure 2A), 4.0-2.0 ky BP (Figure 2B) and 2.0-1.0 ky BP (Figure 2C). Moreover, through the
reconstruction of the ancient shoreline positions related to the inner margin of the three orders of
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platforms, the retreating rates (RR) of the Procida sea cliffs were evaluated, by using the
procedure explained in the Methods section.
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Figure 3. Comparison between the RSL data derived from the three orders of paleo-shore platforms and the GIA
prediction for the Gulf of Naples (after Vacchi et al., 2019).

In particular, three retreating rate values of 0.33 m/yr, 0.61 m/yr, and 0.30 m/yr were evaluated for the
time intervals ranging between 4.0/6.5 kyBP, 2.0/4.0 ky BP and 1.0/2.0 ky BP, respectively.
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Figure 4. Morpho-evolution of Procida coastal sector since the mid-Holocene.

Conclusions

In this research, the morpho-evolutive trends of the Procida coastal area since the mid-Holocene
were evaluated. For this purpose, three orders of submerged paleo-shore platforms were used as
morphological markers of ancient sea-level stands. The geomorphological interpretation of these
three orders of paleo-shore platforms, formed between 6.5 and 1.0 ky BP, provided the
reconstruction of as many ancient shorelines.

In addition, the cliff retreat rates over the last 6500 years along the Cirraccio-Cirracciello and
Chiaia sectors were evaluated. The precise mapping of these ancient platforms at various depths
allowed establishing that an overall subsidence has certainly contributed to the polyphasic
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Holocene coastal evolution of the island, which was characterized by three main phases of relative
sea-level stability (or strong decreasing in the rate of sea-level rise) that occurred during the last
6,5ky.

A volcano-tectonic origin, related to the activity of the Campi Flegrei volcanic area, can be
assumed as the main cause of this subsidence, even if the analysis of remote sensing data
demonstrates that the island is nowadays stable. The observed subsidence cannot be excluded
that was influenced by the eruptions occurred in the CF area in the same span, anyway this issue
needs further accurate evaluation.
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Introduction

Coastal regions above subduction zones are of great interest for studying the active tectonic
processes at convergent plate boundaries, especially if the presence of suitable geomorphic
markers allows the quantification of the deformation of the upper plate (e.g. Lajoie, 1986;
Marquardt et al., 2004; Pedoja et al., 2011).

Palaeoshoreline indicators such as beachrocks, marine notches, benches, marine terraces and
palaeostrandlines, which indicate the former shoreline positions, are among the geomorphic
markers commonly used to determine rates and patterns of long-term rock uplift rates and tilting
in tectonically active settings (Merritts and Bull, 1989; Mouslopoulou et al., 2015).

Marine terraces are uplifted palaeoplatforms of marine origin that formed in the coast as flat and
generally smooth surfaces that dip gently seaward. Their formation occurs in an overall regime of
tectonic uplift. A marine terrace typically consists of two distinct surfaces: an abrasion ramp
dipping gently seaward and an inland-bounding sea-cliff dipping seaward at the stable angle of
repose. The junction between the roughly flat paleoplatform and its internal palaeocliff is called
the palaeoshoreline angle (also called the inner edge of the platform) and it is here that a wave-
cut notch may be preserved (Burbank and Anderson, 2007). The palaeoshoreline angle represents
a marker that closely approximates the elevation of the local sea-level at the time of terrace
formation, typically in sea-level highstands (Lajoie, 1986; Scott and Pinter, 2003). Hence this
feature is an important palaeo-horizontal indicator that permits us to assess both tilting parallel to
the coast and spatial variations in vertical motions of the crust.

In Greece, marine terraces are exposed in the southern coasts of the Gulf of Corinth (the Corinth
Rift) as well as in several coastal regions along the emergent forearc of the Hellenic Subduction Zone
such as the southwestern Peloponnese and the islands of Cephalonia, Kythera, Crete, Karpathos and
Rhodes (Armijo et al., 1996; Gaki-Papanastassiou et al., 2009; 2011; Karymbalis et al., 2013).

The aim of this study is to identify and map the uplifted marine terraces along the east coast of
Messiniakos Gulf through Digital Elevation Model (DEM) analysis utilizing GIS techniques and
extensive fieldwork.
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Study Area

The study area is located on the western coast of Tenaro Peninsula (Messiniakos Gulf) in south-
central Peloponnese. It lies between Kitries, to the NW and cape Tenaro, to the SE Messiniakos
Gulf is an asymmetric NW-SE neotectonic structure maintained since late Miocene - early Pliocene
times (Papanikolaou et al., 1988). The western slopes of the Gulf dip gently eastwards, while the
eastern slopes are very steep, controlled by a NE-SW directed fault (Papoulia and Makris, 2004). It
is the direct continuation of the continental slope from the trench to the Hellenic island arc
(Peloponnesus, Crete, and Dodekannese). The study area is tectonically very active since it is
situated approximately 50 km E-NE of the Hellenic subduction zone where the African tectonic
plate is subducting beneath the Eurasian plate at a rate of ~36 mm a™ (Reilinger et al., 2006). The
Hellenic subduction zone is the largest, faster and most seismically active subduction zone in the
Mediterranean as revealed by earthquakes, seismic tomography and seismic reflection data (e.g.
Wortel and Spakman, 2000). Rates of crustal motion offshore the Peloponnese and the Island of
Crete, estimated from GPS measurements, are up to ~40 mm al Kahle et al., 2000). It is obvious
that the geodynamic processes in the study area are related to the active convergent plate
boundary hence the study area provides a first-order example of actively deforming continental
crust situated in the forearc of a subduction zone.

The Mesozoic basement of the peninsula consists of geological formations of the relative
autochthon geotectonic unit of Mani. The study area ismainly composed of crystalline platy
limestone of Upper Senonian to Upper Eocene age, while small outcrops of meta-metamorphosed
flysch formations occur at the southern part of the peninsula. Uplifted Pliocene marine sediments
consisting of loose to semi-loose or cohesive marls, calcareous marls, arenaceous marls, marly
clays and conglomerates overlie unconformably their basement at several sites of the area, filling
some of the valleys of the streams that flow into the bays of Limeni and Mezapos.

Methodology

The detailed mapping of the distinct marine terrace surfaces and their inner edges has been
carried out using both Geographic Information System (GIS) and field techniques (Tsanakas et al.,
2019). A GIS spatial geodatabase including various thematic layers (contour lines of 4 m, and 2 m
or even 1 m in gently sloping areas, elevation points, drainage network, geological formations and
faults) has been organized and implemented utilizing Esri ArcGIS 10. The main sources of these
data were detailed analogue topographic diagrams at 1:5,000 scale, obtained from the Hellenic
Military Geographical Service, the geological map of the study area, at 1:50,000 scale, published
by the Institute of Geology and Mineral Exploration of Greece, a 5m cell size DEM obtained from
National Cadastre& Mapping Agency S.A., and extensive fieldwork. The projection system was the
Hellenic Geodetic Reference System 1987 (HGRS‘87). GIS procedures produced secondary layers
which include a hill-shade map, a slope and anaspect map which were necessary in order to
delineate morphological discontinuities of slopes and the terrace surfaces. Additionally, the above-
mentioned derivatives along with Google Earth and UAV imagery were visually inspected and
interpreted in order to produce a preliminary morphographic sketch of the study area depicting
marine terraces’ surfaces and their inner edges (when possible). Extensive fieldwork was
imperative for the validation of the initial output (morphographic sketch) and the production of
the final output, the uplifted marine terraces’ map.
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The field survey focused on the spatial arrangement of the uplifted terraces and the accuracy of
the inner edge elevation at specific locations. Field control was necessary to correct and validate
marine terraces’ maps/sketches drawn from the DEM analysis and Google Earth - UAV imagery
interpretation. The entire study area was investigated verifying most of the uplifted marine
terraces identified during the previous phase. Furthermore, a handheld Topcon GMS-2 differential
global positioning system (DGPS), the accuracy of which is considered to be suitable for 1:5,000
scale field surveys, was used in order to mark waypoints for the precise location of the inner edges
that represent former shorelines. During the post-field survey mapping phase, the existing GIS
database was integrated with the GPS data and a comparison of field and remote sensing mapping
data took place in order to validate the initial map of the marine terraces sequence and proceed
to the production of the final maps. The final maps depict a series of relatively well-defined marine
terrace surfaces grouped according to the elevation range of their inner edges. The above-
described methodology allowed us to map the faults of the study area as well as other landforms
such as gorges and deeply incised valleys, alluvial cones etc.

Results and Conclusions

The application of the mapping techniques along with observations in the field led to the
identification of a sequence of thirteen uplifted marine terraces along the southeastern coast of
the Messiniakos Gulf, between Kitries and cape Tenaro, with the elevation of their inner edge
ranging between 3-612 m for the lowerand 397-464+2 m for the higher palaeoplatform. A map of
the marine terraces, numbered T1-T13 starting from the highest and oldest towards the youngest
and lowermost, is presented in Figure 1a. Most of them are characterized by well-preserved wave-
cut surfaces mainly carved on crystalline limestone. The lateral morphological continuity of the
marine terraces is interrupted due to the fluvial incision caused by the recent tectonic uplift.
Stream channel downcutting has led to the formation of deep V-shaped valleys and gorges that
dissect the marine terraces’ surfaces.

The lowest terrace (T13) is a clearly defined abrasion platform, at the base of a cliff, observed
along a significant part of the coastline of the study area. It is indicative of recent coastal uplift.
The flight of marine terraces implies tectonic uplift of the western part of the Tenaro Peninsula
during the Quaternary due to the proximity of the area to the active margin of the Hellenic
subduction zone. An additional cause of the tectonic uplift of the area is the activity of a normal
fault located offshore west of the peninsula, towards the subduction zone, having an N.NW-S.SE
direction and dipping to the west. The submarine neotectonic map of Messiniakos Gulf
(Papanikolaou et al., 1988) shows that this fault is in fact the prolongation of a major N-S oriented
fault on land, separating the neotectonic Plio-Quaternary sedimentary basin of Kalamata to the
west from the Alpine outcrops of Taygetos Mountain to the east. The submarine fault zone
consists of two branches: an upper one, of 12 km length, N-S oriented, and a lower one, running in
a NW-SE direction. Both branches strike parallel to the coastline and affect the landscape of the
western part of the Tenaro peninsula.
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Figure 1. a) Map of the uplifted marine terraces of the study area. b) Scatter plot of the inner edge elevation (in
meters) of each marine terrace surface outcrop along the coast of the study area. This diagram was useful in grouping
the surfaces according to the elevation ranges of their inner edge. c) Field view of the marine terraces at Limeni Bay,
towards the west.

The surfaces of the higher marine terraces (T1, T2, T3 and T5) are wider than those developed at
lower elevations, whereas a plot of the elevation of the inner edges of each terrace surface
outcrop shows clearly a lowering towards the south especially for the higher terraces (T1-T5)
(Figure 1b). This observation along with the fact that there are no marine terraces at the southern
part of the peninsula (between Cape Grosso and Cape Tenaro) indicates that the southern part of
the area is being subsiding. The same can be concluded from the absence of the lowermost
marine terraces T13 and T12 south of Cape Grosso. This finding is in agreement with the results of
the research of Kelletat et al. (1976) which point out a continuous uplift of more than 400 m
during the Quaternary in the northwestern part of the peninsula till Kardamili and a long-lasting
subsidence of its extreme southern part except of the Cape Grosso peninsula which rose to about
300 m during the period of Upper Quaternary. The tectonic subsidence of the southern part of the
peninsula is also evidenced by the presence of submerged ruins of the ancient town Kainipolis
(flourished at the 3 century B.C) near Kyparissos village. It is worth mentioning that along the
western coast of the Grosso peninsula, beaches corresponding to the previous interglacial period
(5e OIS) are not significantly uplifted, but are located just above sea-level covered by scree
deposits of the last glacial period. This observation implies that either the offshore fault is not
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active for the last 100.000 years or that it is connected with the subduction zone and with a
downward movement is affecting the area.

Future work includes dating of at least one of the uplifted palaeoplatforms in order to correlate
the marine terraces of in space and time and to estimate the long-term uplift rates along the
western coast of the Peninsula during the Quaternary.
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Introduction

Beachrocks are consolidated sedimentary formations and are composed of coastal sediments,
which are cemented through the precipitation of carbonates. The lithification takes place in the
intertidal zone and can include various sediments, such as sands and gravels of clastic and biogenic
origin. This study deals with the cements’ mineralogical and geochemical features of a beachrock
outcrop and its aim is the contribution for further understanding on the cementation process of
beachrocks. (e.g. Vieira and Ros, 2007; Vousdoukas et al., 2007; Karkani et al., 2017).

Study Area

The site of study is a beachrock outcrop at Peristeria area of Salamis Island which is located at the
southeast of the island, 13 km from the city of Salamis (Figure 1).

2r7MSE XTNE XUBE 2X7TNE
1

Figure 1. The red circled area indicates the beachrock slab; the lines indicate the morphological cross sections and
beachrock samples (code SalPer and PR).
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In the coastal area a stream that provides fresh water. The anthropogenic impact is highly evident
as there are a number of constructions (basketball court, small piers). The beach has an
orientation from East to West and its sediment is characterized as gravely sand. The beachrock
slab covers an area of 1.36 km? with a length 453 m and maximum width of 50 m (Figure 1). The
examined beachrock has a mean dip of 13.5° seawards.The beachrock mean height (from sea
level) is 50 cm and it continues at about 1.5 m below sea-level. The outcrop has no evidence of
vertical to shoreline (channels) erosion but a sea intrusion at its Eastern part. There the sea erodes
the beachrock from the landward part and Contributes to new sediment accumulation.

Methodology

The fieldwork detailed mapping of the beachrock slab was performed measuring width,
height/depth with respect of the sea level. Additionaly, 12 samples were collected derived by the
front and the end of the slabs and sediment bedding. Thin sections were prepared from the
beachrocks and samples were studied for their mineralogical and morphological features with a
petrographic polarized microscope and confirmed with Scanning Electron Microscope (SEM).
Additionally, bulk material was examined for the mineralogical and geochemical composition with
X-Ray diffraction (XRD) and Energy Dispersive X-ray Florescence Spectroscopy (XRF).

Results and Discussion

From the analysis of the beachrock samples, High Magnesium Calcite [(Ca,Mg)CO3] cement in
micritic form is most common (7% wt of MgO in samples) with microfossils. Sparitic formation of
cement indicated a well grown crystallization or cement precipitation in the meniscus of sediment
by mixing sea water and fresh ground water with higher influence by the marine phase. During the
polarized and scanning electron microscopy needles of aragonite have been also observed which
reveals a low energy coastal environment. Peristeria beachrock mineralogy is evenly distributed
between Mg-calcite, Quartz and Calcite. SEM and XRD analysis also revealed the participation of
clay minerals in the matrix cement in full accordance with the mineralogical results that showed
the presence of clay minerals in the beachrocks (Figure 2).
' R e P

ST Shell, Gal ~

Figure 2. a) Polarized microscopy, the samples are characterized by micritic and sparitic HMC cement that coat Quartz
and shell fragment. (b) SEM analysis, micritic cement coat Calcite and Quartz grains and matrix of HMC and fine
particles (e.g. clay minerals) cement, are observed.
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Conclusion

The Peristeria beachrock outcrop has a very compact and thick morphology with a variety of
sediment particles. An alternation in precipitation events seems to have taken place which
initiates with a mixed environment of sea water and fresh ground water, was later succeeded with
a period of saturation from sea water and lastly with a mixed sea/fresh water environment. The
prevalence of the sea water influence in the precipitation of the cement could be due to a sea-
level rise, for a time period, and then followed by a sea-level retreat.
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Introduction

Marine environment acoustic methods and devices are used to map the seafloor and to obtain
information used to investigate the seafloor and its features (Micallef, 2018). Data acquired with
single-beam echo-sounder are used to produce hydrographic maps. Side-Scan sonar backscatter
imaging, contrasted surfaces and pattern depiction, reveal topographic features, textural
differences and artifacts on the seabed (Blondel, 2009). High resolution chirp sub-bottom profiles
(seismic reflection data) provide insight about near-surface geological and geomorphological
features, as the reflection surfaces on seismic images may correspond to sediment sequences,
lithological boundaries or faults (Boggs, 2014; Crutchley and Kopp, 2015).

The scope of this work is the investigation of the seabed topography and texture and the upper
Quaternary stratigraphy of the northern (Livadi bay) and southern (Argostoli bay) parts of the
semi-enclosed shallow embayment of Argostoli Gulf, in Cephalonia Island. The island is located in
the lonia Sea, along the northwestern edge of the Hellenic Trench, which is a highly active seismo-
tectonic area, subjected to long-term uplift (Stiros et al., 1994, Karymbalis et al., 2013, Briole et al.,
2015). The surrounding geological formations at the Argostoli Gulf include mainly limestones,
alluvium and conglomerates, while the hydrographic network of the wider area is underdeveloped
(Hunter, 2013).

Methodology
The methodologies used in the framework of the present work include:

e Fieldwork: Bathymetric data were collected with 200-kHz single beam profiles. Subbottom
profiling data were collected with an Edgetech 216s chirp SBP (2-10 khz at 4Hz). Sidescan sonar
data were collected with a 430-470 kHz chirp system. An area of 3.04 km? and of 6.6 km? was
covered of Argostoli and Livadi bay respectively. Also 13 surface sediment samples were
collected from Argostoli and 16 from Livadi. Four more samples along the shoreline were
collected from Livadi area.

e Post - processing of the bathymetric data and the sonar images was conducted with the
combined use of Chesapeake Tech SonarWiz 7, Sonar Viewer, and Arcmap software.

e Laboratory analyses: Grain size analysis conducted with dry sieving method (coarse — grained
material) and laser multi-sizer (fine-grained material, <0.0625 mm). The statistical grain size
analysis and textural classification (according to Folk’s classification system) were calculated
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using the GRADISTAT program (Blott et al., 2001).

Results

Results on Sea bed texture: Inspection of the side scan sonar mosaics from Argostoli and Livadi
bay, led to the conclusion that high backscatter values indicate sloping surfaces facing towards the
towfish and topographic elevations, marine vegetation and fish schools, coarse sediments, rocks
and human structures. Low backscatter values, on the other hand, are indicative of a) sloping
surfaces facing away from the towfish and topographic depressions, fine-grained sediments,
shadows of high features. In Argostoli bay sediments of the seafloor and local topography are
highly disturbed by anthropogenic activities, reflected by the mixed high-low backscatter area
along the central portion of the bay (noted with question marks).
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Figure 1. Bathymetric map of Argostoli bay. Position of surface samples are indicated with yellow dots.

Results on Grain Size Analysis: Locations of the Argostoli bay samples are depicted in Figure 1.
Most deep samples (>12 m) are classified as silty to silty sandy. All the sediments are generally
poorly sorted. Textural classification and sorting values are considered to be reflective of the low
energy marine conditions within the bay. Locations of the Livadi bay samples are depicted in
Figure 2. Marine sediments are generally more fine-grained than coastal samples. Samples located
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in <3 m depth are well sorted, in contrast with those located in >3 m depth that are very poorly to
poorly sorted. These results suggest that the depositional environment along the north western
coastline is affected by typical coastal processes, while the inner part of the bay corresponds to
lower energy conditions.

.

Eeéend

et
Samples,

. Surface Samples

Coastiine

Depth (m)

[T .

N el Bk e B A R e s /)
N I I M T O PP AL
P ) NS

Figure 2. Bathymetric map of Livadi bay. Position of surface samples are indicated with yellow dots.

Results on Subbottom stratigraphy: In the subbottom profiles of Argostoli bay (Figure 3), the high
amplitude horizontal reflection surface R1 is interpreted to be the area’s base reflector and is
thought to represent an erosional palaeosurface, previously exposed to subaerial conditions. Unit
Ul onlaps R1 and is characterized by stratified layers, continuous, parallel reflectors. It is
interpreted to be a Holocene depositional sequence. Ul corresponds to generally stable and
homogenous conditions during sedimentation in the basin. On all seismic profiles of the area of
Livadi the main distinguishable feature is the presence of high amplitude reflection surfaces that
cause acoustic blanking, which is attributed to the presence of gas in the shallow sediments.
Acoustic windows allow the appearance of inner parallel, horizontal — sub-horizontal, continuous
reflectors of medium amplitude. In combination with the results of Hunter (2013) study, it is
deducted that these layers are part of the same sequence (U1) as the one identified in Argostoli
bay.
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Conclusions

Examined characteristics of the surface sediment samples reflect the low energy conditions that
characterize both areas. Sub bottom profiles revealed a main sedimentary sequence, laying on top
of the acoustic basement of the profiles, marking a time boundary for marine transgression in the
area. The configuration of the identifid sedimentary sequence corresponds to generally stable and
homogenous conditions during sedimentation in the basin.

AR3
W

Figure 3. Argostoli bay profile AR3 (length 1.14 km). Vertical and horizontal axes are in meter scale. Gas
accumulation, near NE, is circled, surfaces R1 and R1’ are noted with green color and high amplitude reflector R2 is
indicated with a purple line, representing high energy transported sediments. Blue dashed shade marks visible features
under R1 surface. They are indicative of erosional action. Holocene sedimentary sequence U1 is shaded in orange.
Black dashed line marks the point that differentiation in internal reflectors configuration of U1 unit occurs. Red dashed
line U1 thickness reaches a maximum of ~20 m. The anaglyph of Argostoli bay in combination with morphological
features of the R1 surface, to the NE, identified in the subbottom profiles (AR3, AR5 and AR5) indicate the presence of a
normal fault along the eastern side of the bay.

References

Blondel, P., 2009. The Handbook of Sidescan Sonar. Springer-Praxis.

Blott, S.J., Pye, K., 2001. GRADISTAT: a grain size distribution and statistics package for the analysis of unconsolidated
sediments. Earth Surface Processes and Landforms, 26(11), 1237-1248.

Boggs, S., 2014. Principles of Sedimentology and Stratigraphy. 5™ ed. Pearson.

Briole, P., Elias, P., Parcharidis, I., Bignami, C., Benekos, G., Samsonov, S., Kyriakopoulos, C., Stramondo, S., Chamot-
Rooke, N., Drakatou, M.L., Drakatos, G., 2015. The seismic sequence of January—February 2014 at Cephalonia
Island (Greece): constraints from SAR interferometry and GPS. Geophysical Supplements to the Monthly Notices of
the Royal Astronomical Society, 203(3), 1528-1540.

Folk, R.L., 1954. The distinction between grain size and mineral composition in sedimentary-rock nomenclature. The
Journal of Geology, 62(4), 344-359.

Hunter, K.L., 2013. Evaluating the geological, geomorphic and geophysical evidence for the re-location of Odysseus'
homeland,'Ancient Ithaca', Ph.D. Thesis, University of Edinburgh.

Karymbalis, E., Papanastassiou, D., Gaki-Papanastassiou, K., Tsanakas, K. and Maroukian, H., 2013. Geomorphological
study of Cephalonia Island, lonian Sea, western Greece. Journal of Maps, 9(1), pp.121-134.

Stiros, S.C., Pirazzoli, P.A., Laborel, J., Laborel-Deguen, F., 1994. The 1953 earthquake in Cephalonia (Western Hellenic
Arc): coastal uplift and halotectonic faulting. Geophysical Journal International, 117(3), 834-849.

Lambeck, K., Chappell, J., 2001. Sea level change through the last glacial cycle. Science, 292(5517), 679-686.

Micallef, A., Krastel, S., Savini, A., (2018) Submarine Geomorphology, Springer.

102



Proceedings of the Conference “The Role of Geomorphology in |A g

Hellenic Committee for

Geomorphology and Enviranment Modern Society” of the Hellenic Committee for Geomorphology & AL 5
Environment of the Geological Society of Greece GEOMORPHOLOGY
C\ Athens, December 16, 2020 | Harokopio University SEONOREHOLOG g

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

Is the Tsunami-Related Disappearance of the Ancient Helike a Reality or a Myth?
The Role of Geology

I. K. Koukouvelas ¥

(1) Department of Geology, University of Patras, 26500 Patras, Greece, iannis@upatras.gr

25 centuries ago an earthquake caused the destruction of ancient Helike in 373 BC. This is
reported by ancient Greek and Roman historians. The strong earthquake and an accompanying sea
wave(s) (tsunami) destroyed and submerged Helike according to these sources. Between 1950 and
1973 the famous archaeologist Marinatos made several attempts to bring to light Helike with
inconclusive results. Nevertheless, he considered a complex process including the effect of an
earthquake and a tsunami that demolished the city, in addition to the role of rivers in an active
geological environment later on. The role of the rivers considered as crucial for the burial of the
ancient capital city of the Achean Dodecapolis under fluvial deposits.

This work is a review of long work in the area and a new approach to the destruction of the
Ancient Helike. These results are based on the 20 years long geoarchaeological project which was
accompanied by archaeological excavations. This work evaluates the exact role of the earthquake
and the accompanying tsunami along with floods acting in the north Peloponnese. The results are
summarized as follows. The disaster of Helike appears to be related with a strong earthquake
followed by a destructive mudflow generated by breaching of a landslide-dammed lake in the hilly
area south of the ancient Helike. Further flooding of the city territories from the west strengthens
the hypothesis of heavy rain after the strong earthquake. The ancient city has been demolished
during a cascading series of disasters such as mudflows and floods from inland rather than from a
tsunami from the sea.
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From Traditional to Modern “Full Coverage” Geomorphological Mapping:
Advantages and Perspectives
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(1) School of Science and Technology, Geology Division, University of Camerino, Via Gentile Il da Varano 7, 62032
Camerino, Italy, margherita.bufalini@unicam.it, marco.materazzi@unicam.it, gilberto.pambianchi@unicam.it
(2) Earth and Environmental Sciences Department, University of Milano-Bicocca, Piazza dellaScienza 1, 20126 Milan,
Italy, mattia.deamicis@unimib.it

The present work aims to contribute to the modernization process of traditional geomorphological
maps, which is becoming an increasingly fundamental tool for the evaluation of the level of hazard
of natural processes (landslides, floods, etc.). The geomorphological maps are also present in
urban planning activities, for the management of environmental resources and landscape zoning;
they are also a preliminary analysis for land management projects and geological risk assessment.
Despite this, geomorphological maps have not always managed to assume the role of mandatory
and preparatory tool for any action and decision on the territory.

The “traditional” cartographic approach (symbols) is not fully suitable to provide a complete and
dimensionally correct representation of the complexity of the physical landscape (landforms
deposits and processes) at the various scales (Dramis et al., 2011). In the area of application, many
disciplines (engineering, hydrological-hydraulic, agronomic, ecological, etc.) require that a modern
geomorphological map is also oriented towards a "quantitative" and not only descriptive-
qualitative use of the forms of deposits and processes represented (Klimaszewski, 1982; 1990; Ten
Cate, 1990; Gustavsson et al., 2006; Dramis et al., 2011).

In this context, GIS tools are very effective for the management of spatial data sets needed for
geomorphological analysis, research and practical applications (Butler and Walsh, 1998).
Nevertheless, traditional geomorphological maps cannot be easily used within a GIS because they
have to be transformed into classified polygonal maps before digitization (van Westen et al., 2003;
Cantuni et al., 1987; de Graaff et al.,, 1987). If experience-based conversion rules could be
formulated, the information contained in these classic geomorphological maps must be converted
into functional GIS geomorphological databases, which can then form the basis for further GIS-
based analysis.

In this work, a methodology has been applied that has allowed to have a complete coverage of the
territory, according to the directive of the working group, formed by ISPRA and AIGEO (“Quaderno
13” - ISPRA, 2018). At the same time, a morphological analysis has been applied starting from
LIDAR and DTM data to define the limits of geomorphological units. This was necessary in the
absence of an official national BTU (Basic Topographic Units) map, which will be carried out by
ISPRA in the coming years.

The new geomorphological map model proposed here is placed in an intermediate position
between “traditional” geomorphological cartography, based essentially on field surveys, and semi-
automatic methods, based on the recognition of earth shapes by a DTM (Dramis et al., 2011; De
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Reu et al., 2013; Seif, 2014; Abdullah and Abdulrahman, 2019). This model is a hierarchical
multiple-scale type, where the entire topographic surface is represented in terms of forms and
their deposits. The term "hierarchical" means that all the geomorphological elements represented
are organized in terms of "nested entities" (polygons, lines and points) supported by a list of
attributes. Moving upwards to smaller scales, polygons can turn into lines or symbols; moving
downwards, symbols can turn into lines or polygons, lines can turn into polygons and polygons can
be divided into smaller characteristics. This is a typical “scale-dependent” rendering.

In a detailed geomorphological map, the highest level (level +1) is represented by the so-called
“BTU” (Basic Topographic Units), derived from medium-high resolution DTMs (pixel resolution
from 30m-SRTM and 1m-LiDAR). The BTUs, in this work, were determined using the GIS procedure
developed by Weiss (2001) (Figures 2a; b) and based on the semi-automatic classification of TPI
(Topographic Position Index, as defined by Gallant and Wilson, 2000). This procedure and its
algorithm, improved by Jenness (2006) in the ESRI-GIS environment, has been tested in many
environmental science fields (among others Tagil and Jenness, 2008; Liu et al., 2011; Clark et al.,
2012; De Reu et al., 2013, Seif, 2014). Thus, using a simple algorithm (whose tool and instructions
can be freely downloaded with the author's permission at
http://www.jennessent.com/arcview/tpi.htm), Jenness (2006) demonstrated that using two TPI
grids at different scales (with large and small neighborhoods) it is possible to classify the landscape
into ten morphological classes (Figure 2c).

a) Level +1 i
(BTUs) Oned sy

Mid-slope
drainage

Morcer  Colluvial

c) Level-1
Landslide

(Components) scarp

Figurel. Hierarchical levels and “full coverage” concept (from Bufalini et al., 2020, submitted).
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Through an iterative procedure, the TPI neighborhoods (small and large) have been varied to find
the best correspondence between the “landforms” obtained by the method and the real
morphologies visible on a DEM.

The method has been tested on three DTM with different details (SRTM-30m cell-size, TINITALY-
10m cell-size and LiDAR-1m cell-size), to verify also the presence of a possible relationship
between the neighborhoods and the pixel resolution.

TPI Values at 3 Different Scales

Large-Neighborhood Slope Position Classification

Landform Classification, using
Large and Small Neighborhood TPI

Flat Hilltop

Upland

Draipage

Figure 2. TPI (Topographic Position Index) semi-automatic landform classification. a) TPl at three different scales
(Jenness, 2006): A is very small scale it is kind of plain area; B is moderate scale is kind of small hill and C is very large
scale itis a kind of valley. b) Slope Position Classification. Weiss (2001) demonstrates one possible classification process
using both TPl and slope to generate a 6-category Slope Position grid. c) Landform Classification can be determined
using 2 TPI grids at different scales.

The most exhaustive results were obtained using the following combinations: SRTM (small
neighbourhood = 10m; large neighbourhood = 40m); TINITALY (small neighbourhood = 7m; large
neighbourhood = 45m) and LiDAR (small neighbourhood = 5m; large neighbourhood = 50m). It is
interesting to note that there is an almost linear relationship between the ranges (small and large
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neighborhoods) and the resolution of the DTM itself; an increase in resolution generally
corresponds to an increase in range.

The proposed methodology certainly offers considerable advantages over traditional cartography.

First of all, the use of a GIS system and a database of georeferenced attributes make this
cartographic tool extremely dynamic and able to store and update multiple types of information,
which can be subsequently filtered on request. Secondly, the subdivision into hierarchical levels
allows a more rational use of geomorphological processes and represented landforms; more detail
is fundamental for design purposes, while less detail is more functional to spatial planning studies
or hydro-geomorphological risk assessment. Finally, a “complete coverage” allows to have
topographical, geological, geomorphological information in every point of the map, regardless of
the scale of visualization.

Compared to a traditional cartography, as well as in reality, it is possible to find a “foundation”
(geological or simply morphological) in every geomorphological form. The limits of the method,
however, are essentially linked to two main aspects, both of which can be traced back to the
definition of BTUs.

In conclusion, a "full coverage" geomorphological map, as highlighted in this work, can represent
the synthesis between two models of cartography that the scientific and professional worlds have
so far adapted only to their needs. In particular, the hierarchical model proposed here allows to
reconcile the needs of those who require information of high detail and application type with
those who need to maintain canons and rules of an official cartography, structured on a national
scale.

In this regard, it should be noted that the advantages of this approach are undoubted: (i) the use
of a cartographic system structured and managed within a Geographic Information System (GIS)
that allows to work by hierarchical levels and nested entities, thus representing all the elements
constituting a typical geomorphological “form” (landslide, alluvial terrace, etc., (ii) The possibility
to collect a lot of information and to organize and visualize it in different details, depending on the
use and scale of representation, (iii) The possibility to have a “dynamic” cartography, suitable to
be continuously updated and implemented with new information.

While, the main problem is essentially related to the definition of BTUs; since a high-resolution
DTM (LiDAR) is often not available for the whole national territory, it becomes very difficult to
define this level within an official cartography.
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Introduction

Potential evapotranspiration is an important environmental monitoring tool, as it has a great
influence both on water resources and on agriculture and vegetation in general. The calculation of
potential evapotranspiration (ETO) in mountain environments is very important because the water
recharge is greater in these places, due to the magnitude of the atmospheric phenomena, but at
the same time it is much more complex to estimate the ETO, compared to other environments.
This happens because the formulas developed for the ETO calculation, are calibrated to be suitable
for the most common environments, it follows that under “extreme” environments they may be
less accurate. The method considered most reliable by the scientific literature is the simplified
Penman-Monteith (sPM) (Allen et al., 1998), which has also been chosen by FAO as reference, the
sPM is a simplified variant of the complete Penman-Monteith (PM). These equations require many
parameters that are not always available, especially in high mountain weather stations, so there is
a need for generalizations that give true results, using less data such as the Hargreaves-Samani
method (HS). The HS needs only temperature data (maximum, average and minimum) to be
estimated, however some studies carried out in mountain environments have highlighted a certain
inaccuracy of this method (Almorox et al., 2018). Other studies have shown an overestimation of
the HS method in mountain environments, in comparison with what observed with sPM (Yang et
al., 2013), while further studies have revealed a significant underestimation (Garcia et al., 2004).
On the basis of these considerations, it would be interesting to clarify the reliability of the ETO
calculation methods in a mountain environment. Therefore, the aim of this work is to assess
whether the sPM method is the most reliable method for estimating ETO on the mountain weather
stations of the central Apennines, central Italy, or whether other methods requiring less data can
be employed.

Methods

Climate data are crucial for the estimation of ETO in mountain environments, but sometimes they
are incomplete and of low quality, so that a very invasive validation process is required. Data from
weather stations, for the time span 2010-2020, were collected through the databases of the
“Multiple-Risk Functional Centre of the Civil Protection of the Marche Region”. In this context the
sPM method requires the sampling of some variables such as: solar radiation, humidity, mean
wind speed and mean, maximum and minimum temperature. These variables have been collected
from 2 mountain weather stations: Monte Bove (1917 m a.s.l.), Monte Prata (1813 m a.s.l.). The
data were organized to obtain daily values and an accurate quality control has been set up for
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each individual variable, in order to check its real realiability. Four levels of daily data analysis have
been established (Gentilucci et al., 2018; WMO, 2008):

1. Gross error checking - detection of impossible values in absolute terms and in relation to the
reference climatic zone.

2. Temporal consistency (Aguilar et al.,, 2003) - control of persistence and control of maximum
variability between continuous days.

3. Spatial consistency - control of the measured values based on the reciprocal variability between
neighbouring weather stations, 4 other weather stations (Camerino, Macerata, Pintura di
Bolognola, Tolentino) were used for this analysis.

4. Homogeneity test - in order to check if there is any inhomogeneity in the historical time series,
due to the lack of instrument calibration or to the weather station displacement.

The validation procedure highlights systematic errors detected for both weather stations, with
regard to the solar radiation parameter. The data collected showed a considerable overestimation,
after an appropriate comparison with the HELIOSAT (SARAH) satellite data:

e Monte Bove from 2010 to 2017 (period of availability HEOLISAT data) had an average daily
measured solar radiation of 15.2 MJ/m?, while the average measurement from the satellite was
12.4 MJ/m?.

e Monte Prata from 2010 to 2017 had an average daily measured solar radiation of 15.8 MJ/m?,
while that of HELIOSAT (SARAH) was 13.2 MJ/m?.

It follows that the data collected have been corrected, homogenizing them with HELIOSAT-SARAH
data. Then the ETO was calculated on the basis of the characteristic equations for each of the 3
chosen methods:

1. Complete Penman-Monteith (PM), ET, = A(R"_Ai);’ﬁ”r(e;r_j")/r“ (Jensen et al., 1990)

C
. ope . 0.408A(R,—G)+y—L— -
2. Simplified Penman-Monteith (sPM); ET, = ¢ ”A+},)(+1+TC+ZJ3;Z(BS ¢
duz

3. Hargreaves-Samani (HS); ETo = 0.0023 * 0.408 * R, * (Tmean daity + 17-8) * (Twmax daity — Tdaity )**°
(Hargreaves, 1994)

Therefore, while the differences are evident between HS method and the other two, as HS uses
almost exclusively the temperature parameter; instead the differences between PM and sPM
consist of an approximation of the vegetation coefficient for the simplified method. The use of the
standardized values for C, and Cg, valid only for the presence of a 12 cm grass cover is adopted by
the sPM equation, while the PM changes the parameters in relation to the effective ground cover
status. In the case of two mountain weather stations as Monte Bove and Monte Prata, located at
1917 and 1813 m, the vegetation cover is fundamental because, in fact they show a bare soil
throughout the year, detected calculating the NDVI index, from satellite images (SENTINEL and
LANDSAT).
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The daily ETO of the mountain weather stations (Monte Bove and Monte Prata) was initially
calculated using the sPM method. The parameters of the sPM method were calculated separately,
following a procedure consisting of several steps (Zotarelli et al.,, 2010), and they were
subsequently merged into the sPM equation (2). Subsequently, the same daily calculation of ETO
was carried out using the HS method and finally with the PM method after the appropriate
assessment of the actual vegetation cover. The results have been reported at annual level in the
table 1 for both weather stations.

Tablel. Annual ETO for Monte Bove (MB) and Monte Prata (MP), with the 3 different methods sPM, HS, PM.

ETO MB-sPM MB-HS MB-PM MP-sPM MP-HS MP-PM
2010 547.6 519.5 518.5 583.2 540.0 560.7
2011 664.1 5515 557.7 687.3 572.2 594.9
2012 680.3 578.7 572.0 747.0 604.3 608.4
2013 565.6 521.1 516.4 6154 5454 558.4
2014 497.8 503.8 4929 554.0 559.3 556.4
2015 651.8 5594 540.3 629.0 572.4 577.7
2016 613.7 570.0 5773 586.2 547.2 545.8
2017 713.6 642.5 649.8 717.6 618.9 620.7
2018 5341 5553 594.3 606.6 587.9 605.2
2019 650.1 562.2 614.0 679.5 589.7 634.5

Average 2010-2020 611.9 556.4 563.3 640.6 573.7 586.3

There is certainly a strong similarity in terms of annual average for the HS and PM methods, while
the sPM shows in most cases an overestimation. Moreover, Pearson's correlation coefficient
between HS and PM at a monthly level is very high; in fact it is 0.99 for both Monte Bove and
Monte Prata, while the value of the latter in relation to sPM never goes beyond 0.96. In order to
understand the belonging to the same population and therefore the similarity between the two
data distributions, the Wilcoxon signed-rank test was carried out, set with an a significance level
of 0.05 (Table 2). This type of non-parametric test was chosen, due to the non-normality of the
data, verified by Shapiro-Wilk test. Furthermore, the similarity of the monthly distribution, again in
pairs, was also tested by Kolmogorov-Smirnov's test (Table 2).

Table2. Monthly comparison of p-value obtained by Wilcoxon test and by Kolmogorov-Smirnov’s test from 2010 to
2020, between sPM — HS-PM, for Monte Bove (MB) and Monte Prata (MP).

Wilcoxon test sPM-HS HS-PM sPM-PM Kolmogorov-Smirnov sPM-HS HS-PM sPM-PM

p-value MB 0.0001 0.1203 0.0007 p-value MB 0.0635 0.0059 0.0001
p-value MP 0.0001 0.1706 0.0013 p-value MP 0.1223 0.0139 0.0005
o 0.05 0.05 0.05 o 0.05 0.05 0.05

The results showed a remarkable similarity for the monthly mean of HS and PM, while the sPM
method highlighted a strong overestimation compared with the other methods. On the other
hand, as far as data distribution is concerned, it is different for almost all methods, although there
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is a weak relationship between sPM and HS. The similarity of the distribution was also assessed by
averaging the values of individual months for all years (2010-2020), with the Kolmogorov-Smirnov
test, and this showed a better similarity between HS and sPM distributions (Figure 1).
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Figure 1. Two by two comparison of the cumulative distribution, between the different ETO calculation methods.

Conclusion

The in-depth comparison between the different methods has led to some evidence, first of all that
the HS and PM methods are much more similar to each other than the sPM. Obviously the PM
method is the most complete of all and certainly the most precise, taking into account many more
parameters of sPM including the different types of ground vegetation cover. The difference
between the PM and sPM method suggests that the latter is not very precise in a mountain
environment, also due to poor vegetation which results in lack of transpiration. Moreover, there is
an excellent annual correlation between PM and HS method, while at monthly level the HS is
much less correlated, although more similar to PM than sPM. It can be deduced that despite the
few parameters required, the HS method is more accurate for mountain weather stations in the
Apennines of central Italy, compared to sPM. So it follows that in spite of previous research
(Garcia et al., 2004; Yang et al., 2013), the Hargreaves-Samani method, in this particular
environment, is more reliable than the simplified Penman-Monteith method. It would be
interesting to extend this research to other mountain environments as well, in order to generalise
this observation, which could avoid particular calibrations of the Hargreaves method and make it
easier to calculate ETO, also in terms of data availability. In a context of water reserve
management, the assessment of water balance in areas close to the watershed is fundamental.
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Monthly Monitoring of Lake Smokovo Reservoir (Thessaly)
with the Use of Optical and SAR Copernicus Satellite Imagery

T. Falaras *

(1) Harokopio University, EleftheriouVenizelou 70, Athens, Greece, triantafyllos.falaras@gmail.com

Introduction

Inland waterbodies in the era of Climate Change are crucial to be monitored. Monitoring of inland
waterbodies can contribute, during a specified temporal basis, tounderstanding their changes and
the impact of the use of their waters but also of factors such as meteorological conditions and the
Climate Change. Especially in the cases of reservoirs that have been constructed to serve specific
purposes, as well as in other inland waterbodies, monitoring them is an important tool in the
management of their water leading to more effective and rational use. Satellite-based earth
observation data, as it is proven in many studies, constitute an important tool in inland waterbody
monitoring characterized by sufficient accuracy and reliability while the costs can be kept low
(Falaras et al., 2019). This study aims for the monitoring of Lake Smokovo reservoir in Thessaly
Greece, per month, for 12 months between 2017 and 2018, with the use of optical and SAR
imagery to find its fluctuations during a year but also to compare different imagery types. For this
purpose, Sentinel-1 SAR and Sentinel-2 optical imagery of the European Union’s Copernicus Earth
Observation Programme carried out by the European Space Agency (ESA) are utilized which are
open and freely available.

Study area

Regarding the area of study, Lake Smokovo reservoir is located in the Municipality of Sofades of
the Regional Unit of Karditsa in southwestern Thessaly. The construction started in 1985 with the
dam in Sofaditis River and it was completed in 2002 when the reservoir started to be filled with
water. It constitutes a multipurpose project for the water supply of a part of the Southwestern
Thessaly’s basin for irrigation, home use, and power production. Nowadays its water covers the
needs of irrigation for an agricultural area of ~100 km? out of the planned ~252 km?. Besides, the
lake’s waters are used for electricity production andthe Sofaditis river environmental flow
(Karavokyris et al., 2008; Tsiastas, 2016).

Methodology

Regarding the methodology, the processing performed at the open and freely available remote
sensing software ESA STEP SNAP version 7 while the measurements and the cartographic
representation of the results at the commercial GIS software ArcGIS version 10.4, utilizing in both
software graph processing chains and batch.

More specifically, a total of 24 optical Sentinel-2 L2A and L1C, and SAR Sentinel-1 GRD satellite
imagery (Figure 1) was used as presented in Table 1. The image selection was predominantly
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dependent on cloud-free optical image availability above the reservoir while SAR images were
then selected to be acquired with the minimum time difference between acquisitions to retain
temporal coherence. Also, the availability of cloud-free images had an impact on the 12-month
monitoring plan to study the whole of the 2018 year thus leading to consider the last 2017
months. This issue affected the monitoring of the Lake Karla reservoir (Falaras et al.,, 2019) in
eastern Thessaly in 2018 and this experience gained led to the above-mentioned
modificationbecause of similar weather conditions these months in both areas.

Table 1. Twelve-month monitoring 2017-2018.

Year Month Optical Imagery(Sentinel-2) SAR Imagery(Sentinel-1)
2017 November 10/11 12/11
December 10/12 12/12
January 19/1 17/1
February 28/2 28/2
March 15/3 12/3
April 9/4 11/4
2018 May 14/5 11/5
June 13/6 10/6
July 13/7 10/7
August 22/8 21/8
September 11/9 8/9
October 26/10 26/10

The methodology for the waterbody mapping with the use of optical imagery is based on the
application of the McFeeters (1996) Normalized Difference Water Index (NDW!I) spectral index.
This widely used waterbody mapping index uses the spectral bands of visible Green and Near
Infrared (NIR) (1) of the electromagnetic spectrum. It maximizes the water’s typical reflectance in
Green while minimizes it in NIR enabling the delineation of water due to the high reflectance of
land in NIR while its values ranging from -1 to 1 with positive ones corresponding to water
(McFeeters, 1996). The images, firstly have been resampled in 10 m resolution and clipped to the
area’s extent. The waterbody delineation and thus the creation of a binary image of water and
non-water areas was based on a dynamic threshold selection manually for each image’s NDWI so
as to maximize the accuracy of the derived lake’s area (Bioresita, 2019).

NDWI = (Green - NIR) / (Green + NIR)

Regarding the methodology followed for SAR imagery, the backscattering of a water surface is low
compared to other types of surfaces. For this reason, water surfaces in SAR images appear dark
because they behave like mirrors. The method is based on also dynamic threshold selection as well
as previously with the optical imagery. After the needed typical preprocessing sequence of the
SAR GRD images including the application of accurate orbits, subset, calibration, speckle filtering,
and geometric correction the water delineation was done in VV polarization. Finally, backscatter
values that separate the water and land the best which are usually in the valley of the backscatter
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histogram separating the water and non-water curves were selected (Zeng et al., 2017; Serco Italia
SPA, 2019).

Results

The results (Figure 2) show clearly the fluctuations of the Lake Smokovo reservoir for 12 months.
More specifically, during the period from November to April the lake’s area increases reaching the
maximum in April with 5.92 Km?and 5.72 Km?.

Lake's area during the 12 months (2017-2018) Optical and SAR
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Figure 2. Lake’s area during the 12 months (2017-2018) Optical and SAR.

Then with the begging of the irrigation season and the dry period, the area decreases rapidly in
summer reaching the lowest in September with 4.87 Km? and 4.60 Km?. Afterward, in October
another cycle of the lake’s area fluctuation starts. Comparing the results between optical and SAR
data, in this case, optical data attribute a larger area to the lake than SAR, they follow almost the
same trends during the year with an almost steady difference of an average of 0.28 Km?. The
biggest difference is observed in July with 0.35 Km? and the smallest in April with 0.20 Km?. From a
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spatial point of view, the results derived with optical imagery represent the lake’s geometry more
accurately than SAR.

Conclusions

An extensive inland waterbody monitoring during a year can help us understand effectively the
fluctuations of a reservoir especially when its water is used extensively. Lake Smokovo reservoir’s
changes during one year are a result of the precipitation through each season and the use of its
water for irrigation through the irrigation season when the water demand is high. Taking into
consideration a previous study (Falaras, 2020) about the Lake Smokovo reservoir changes on a
seasonal basis, the main fluctuations mechanisms of the lake can also be confirmed. Besides, slight
differences exist between the results derived from optical and SAR images. Although more
accurate results can be extracted from optical images, SAR images have the advantage of
providing images unaffected by local weather conditions. To this study’s extent, the availability of
cloud-free Sentinel-2 images played a major role in its monitoring and planning. In conclusion, as
this study also proves among others, remotely sensed earth observation data, and especially open
available of Copernicus programme, can constitute an important tool for the monitoring of inland
waterbodies providing accurate results with low cost.
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Introduction

Coastal flooding related to marine extreme events has severe socioeconomic impacts, so such an
event where there was a large precipitation, occurred in the northern coast of Crete during
November 2020 and it has been the main focus of this study. The increasing trend of the
occurrence of these events requires the mapping and monitoring of the areas. From satellite
observations in the optical part of the spectrum we can estimate the concentrations of different
constituents (pure water, chlorophyll, sediments, colored dissolved organic matter) provided we
know their effect on the spectral response of the water. Therefore, obtaining the information of
Total Suspended Matter (TSM) at high spatiotemporal resolution is necessary for understanding
water quality dynamics and identifying their driving forces, and further for managing and
protecting aquatic and coastal ecosystems (Wu et al., 2013). Since the launch of SeaWiFS in 1997,
ocean colour data from sensors on polar-orbiting platforms have become an established source of
information for monitoring of chlorophyll a and TSM in coastal waters (Stumpf, 2001). Sentinel-2
Multispectral Imager (MSI), a constellation of two satellites in sun-synchronous polar orbit, targets
land and coastal zone monitoring by providing high spatial (10—60 m) and temporal (2-5 days)
resolution images (Malenovsky, et al., 2012). The present contribution, reports on efforts towards
a metrology of mapping the TSM, which is one of the dominant water constituents in inland and
coastal waters and the area of interest is the Northern Coast of Crete. This study also aims at the
correlation of local geomorphology and also to monitor the changes in land use in the wider area,
which suffered after this natural disaster. In order to characterize the plume and survey a
maximum concentration gradients (pure water, chlorophyll, sediments, colored dissolved organic
matter) among this weather extreme event, we have used two images from Sentinel-2 1C. The
free Copernicus Sentinel-2 satellite data, the free Corine Land Cover 2018 (CLC, 2018) data and
DEM with 5 and 30 meters resolution, are exploited for the export of results. The processing was
executed in the free and open software SNAP offered by ESA (ESA, 2020) and for the export of the
final results the commercial ArcGIS software environment was used. These remote sensing tools
can be valuable instruments in the detection and tracking of extreme runoff events and
background concentration for monitoring the health and recovery of the Cretan Bay.

Materials and Methods

The data that were used are Sentinel-2 data, Corine Land Cover 2018 (CLC, 2018) and Digital
Elevation Models with 30 meters/pixel (ASTER) and 5 meters/pixel (Hellenic Cadastre) resolution.

118


mailto:gp219313@hua.gr
mailto:marianthy_glf@gmail.com

Proceedings of the Conference “The Role of Geomorphology in IAG
Modern Society” of the Hellenic Committee for Geomorphology & )
Environment of the Geological Society of Greece

C\ Athens, December 16, 2020 | Harokopio University

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

GEOMORPHOLOGY
GEOMORPHOLOGIE

Concerning, Sentinel-2 is a European wide-swath, high-resolution, optical multi-spectral imaging
mission. The full mission consists of the twin satellites flying in the same orbit but phased at 180°,
is designed to give a high revisit time of 5 days (ESA, 2019). Sentinel-2 data are available from the
open source of Copernicus Open Access Hub. Furthermore, the Corine Land Cover 2018 (CLC,
2018) data are provided by Copernicus Land Monitoring Service database which is coordinated by
the European Environment Agency (EEA) and produces land cover/land use (LC/LU) information.
As it was previously mentioned, two Level 1C images have been used after downloading them
from Open Access Sentinel Hub platform. They are mostly free of cloud, dated 23/08/2020 and
13/11/2020. The optical Multispectral Instrument (MSI), of Sentinel-2 twins satellites A & B, has 13
spectral bands (VIS, NIR, SWIR), providing appropriate data source to document Concentration of
Suspended Particulate Matter (CSPM) variations in coastal and inland waters (Hansen et al., 2017),
they are in sun synchronous orbit at 786 km mean altitude, 5 days of repeated cycle with the two
satellites and spatial resolution 10, 20 and 60 m/pixel (depending on the band) (Drusch, et al.,
2012). The level 1C product/image, is top-of-atmosphere in cartographic geometry about 600 MB
covering an area 100x100 km. The processing of the Sentinel-2 1C image could be divided in two
steps. The first one is the preprocessing including resembling (in this case 40 m/pixel) in order all
bands to have the same spatial resolution and the second step is the subset of the image over the
study area. The second one concerns application the Case 2 Regional Coast Color (C2RCC)
algorithm in order to detect the amount of sea water suspended matters. Initially developed by
Doerffer and Schiller (2007) for the MERIS sensor, and then it was improved through the ESA DUE
Coast Colour project (Brockmann et al., 2016). It is applicable to all past and current ocean color
sensors (such as Sentinel-3) as well as Sentinel-2. This task requires inversion of the sea water
leaving reflectance spectrum, measured at top-of-atmosphere by optical instrument carry by
specific satellite including Sentinel-2 MSI (Doerffer and Schiller, 2007; Brockmann et al., 2016). Sea
water color refers to the hue of the water caused by the presence of tiny plants that containing
the pigment chlorophyll, sediments and colored dissolved organic material. Then the final product
in B/W has been colored using a color a palette facilitating the knowledge content the units is
cubic gm™ which is unit of volume cubic gigametre. Finally, the data where exported in GeoTIFF
format and then imported into ArcGIS software, where the final maps as well as slope and Corine
Land Cover 2018 maps for the area of interest are produced.

Results

After the processing is carried out, the results (Figure 1) show that in the image before the event
(25/08/2020) the northern coast of Crete has lowest Total Suspended Matter Concentration (TSM)
(gm™) in comparison to the image after the event (13/11/2020). The TSM Concentration ranges
from 0 to 100 gm™ and in this case the highest value is 30 gm™. Before the event TSM
Concentration is higher close to the coastline and in lower dispersion, while on November high
values around 15-30 gm™ are evident far from the coasts. This reveals big difference between the
two dates and the change in Spatial Distribution of TSM after the event.

The analysis of the derived TSM before and after the disaster maps showed the influence of
hydrological factors on the TSM seasonal dynamics over two sub-regions of the Cretan Bay, the
west and east areas. The western side (Sisses Fodele) is more influenced by inflowing rivers and
water level fluctuations with a steeper or a more sturdy coastline with lower values (0.65 gm?),
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while the eastern area (Gournes, Gouves, Kato Gouves, Hersonisos) shows the highest values (15-
30 gm?3) and are probably less steep or more loose (Figure 2).
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Figure 1. Spatial Distribution of Total Suspended Matter after processing of the 1C initial images a) before
the event (25/08/2020) and b) after the event (13/11/2020).
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Figure 2. Map of Spatial Distribution of Total Suspended Matter after the event (13/11/2020) with DEM (ASTER) and
watercourses.

Discussion - Conclusions

As it is mentioned, Sentinel-2 MSI provides a revisit time of 5-day at the equator with the full
operations of the two satellites. Considering its capability, Sentinel 2 MSI should be an ideal free
data source for the operational flood hazard monitoring. The high quality SWIR bands of Sentinel 2
MSI also partially contributed to the successful TSM retrieval in this study, because they facilitate
the atmospheric correction over case-ll waters. Therefore, obtaining the information of TSM at
high spatiotemporal resolution is necessary for understanding water quality dynamics and
identifying their driving forces, and further for managing and protecting aquatic and coastal
ecosystems. It is important to state some issues we have face while working on this project. One
issue concerning DEM from the Hellenic Cadastre was the reprojection in order to apply
mosaicking and have the same reference system for all the data. To conclude, coastal waters of
Crete belong to case-ll waters. In water color remote sensing, case-ll waters are defined as waters
whose optical properties are significantly influenced by total suspended particulate matter,
phytoplankton, and colored dissolved organic matter. These waters provide various benefits to
society through commerce, aesthetics, tourism, recreation, and biodiversity conservation, which
are greatly affected by water quality and of course coastal flooding. A result of this population
pressure and its associated urban and agricultural land use/land cover, significant runoff of
sediments and nutrients has degraded the health of the complex Cretan Bay ecosystem. Both

121



e — Proceedings of the Conference “The Role of Geomorphology in |A
5 o Modern Society” of the Hellenic Committee for Geomorphology &
Environment of the Geological Society of Greece
C\ Athens, December 16, 2020 | Harokopio University
Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

GEOMORPHOLOGY
GEOMORPHOLOGIE

natural forces and anthropogenic activities may influence the distribution pattern of TSM. The
analysis of the derived TSM before and after the disaster maps showed the influence of
hydrological factors on the TSM seasonal dynamics over two sub-regions of the Cretan Bay, the
west and east areas. The west areas are influenced less than the eastern areas due differences in
geomorphology and land use/cover.
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Introduction

The current research conducts a study regarding the mapping of the spatial impact of extreme
weather event. Specifically, a rare Mediterranean cyclone, namely lanos, struck the Kefalonia
Island on September 18, 2020. The intensity of this extreme weather phenomenon was increased
due to warm sea surface temperature. lanos caused to the Kefalonia and specifically the Assos
region by high velocity of winds, torrential rain, debris flow, high waves at sea and huge
destruction of infrastructures. The present research will map the affected areas and the sediments
in the maritime area, at the region of Assos, with the use of Earth Observation Space Data.
Sentinel-2 level 2A/1C images were used to map the change detection at the surface and to find
the different constituents in the sea.

Many areas are vulnerable to extremes of normal climatic variability and climate change is likely to
increase the frequency and intensity of some extreme weather events and disasters (Van Aalst,
2006). In the past years, numerous natural disasters have destroyed communities around the
world (Montz et. al., 2017). In many cases, natural disasters are presented in the form of cyclone.
Cyclone lanos, also known as Medicane lanos, is a rare Mediterranean tropical cyclone. Medicanes
are hybrid systems having characteristics representative of both frontal extra-tropical systems and
tropical cyclones (Miglietta et al., 2011). The horizontal extent is generally confined to a few
hundred km while the intensity rarely exceeds category 1 of hurricane strength (Cavicchia et al.,,
2014; Miglietta and Rotunno, 2019). However, the intensity of storm increases due to warmer sea
surface temperatures. As a result, the storm takes more tropical appearances and characteristics,
increasing the wind speeds. This study examines spatial impact of lanos in the Assos area,
Kefalonia, 2020. The cyclone struck the region on September 18, 2020. Atmospheric pressure at
the center of lanos was approximately 1,000 hPa (Athens National Observatory, 2020). There are
considered as one of the most dangerous geo-hazards due to their high velocity of winds,
torrential rain, floods and mudflows, high waves at sea, huge destruction of infrastructures and
loss of human lives.

In particular, mapping the spatial distribution of extreme weather events can contribute to define
specific vulnerable zones. The development of real-time systems for such phenomena assessment
is an essential operational tool that will provide important information for a timely and precise
response (Kritikos and Davies, 2015; Kim et al., 2016). Earth Observation data have been used
towards this direction and have proved to be a useful tool due to their synoptic view capability
and multispectral property in the case of optical sensors (Youssef et al., 2016; Elkadiri, 20143;
2014b; Zhang et al., 2006; Crowley et al., 2003). In this study, the use of optical satellite data
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contributes to the study of the spatial effects of the phenomena from 2020. Copernicus ESA’s
(European Space Agency) Sentinel-2 Level 2A optical multispectral images and Level 1C images
were used. The data were used to map the affected land areas and the origin of sediments in the
maritime area of Assos. Moreover, with the use of SNAP v.8 application provided by ESA, the pre-
processing and the final processing was conducted for the data. At the final processing stage VIS
and NIR bands from two Sentinel-2 images were layer stacked and PCA were used. Consequently,
a Digital Elevation Model (DEM) 5m was used to derive the spatial models of the area (Basin,
Drainage Network, Slope etc) as well as to investigate the soil relief of the area and the paths of
debris flows.

Study Area

The island of Kefalonia is located in western Greece, in the lonian Sea. It covers a land of 781 km?

and the coordinates is 38°15'N 20°30°E (IGME, 2010). The island could be characterized as
mountainous in the major part of the land. Different karstic systems create a very interesting
hydrodynamic regime, with high capacity aquifers, spring discharges and water outflows in the sea
around it (Stefouli, 2013). Our study focuses on the effects of lanos cyclone to the city of Assos
located at the northern part of the island. The city is located at a steep beach front and the
surrounding area is characterized by high surface slopes and a long hydrographic network that
drains directly from the surrounding slopes into the city, as shown in Figure 1.

HAROKOPIO

UNIVERSITY
or
ATHENS

DEPARTMENT
OF
GEOGRAPHY

LEGEND
D Area of Interest

¢  Settlements
Hydrographic Network

DA&wsBasin
[ EBE
B 1525
[ J2s-3s
| ERE
s

~ 1
- -
vj

»
i A

Figure 1. Area and basin of interest, Assos city, Kefalonia Island.
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Data & Methodology

From satellite observations in the optical part of the spectrum we can estimate the concentrations
of different constituents (pure water, chlorophyll, sediments, colored dissolved organic matter)
provided we know their effect on the spectral response of the water. In this case an image
Sentinel-2 level 1C product free of cloud dated 20-9-2020 has been used after downloaded from
Open Access Sentinel Hub platform (https://scihub.copernicus.eu). The optical Multispectral
instrument (MSI), of Sentinel 2 twins satellites A & B, has 13 spectral bands (VIS, NIR, SWIR), in sun
synchronous orbit at 786 km mean altitude, 5 days of repeated cycle with the two satellites and
spatial resolution 10, 20 and 60 m/pixel (depending on the band). The level 1C product/image, is
top-of-atmosphere in cartographic geometry about 600 MB covering an area 100x100 km.

The processing of the Sentinel-2 1C image could be divided in two steps. The first one is the
preprocessing including resembling (in this case 40 m/pixel) in ordered all bands to have the same
spatial resolution and the second step is the subset of the image over the study area. The second
one concerns application the Case 2 Regional Coast Color (C2RCC) algorithm in order to detect the
amount of sea water suspended matters. Initially developed by Doerffer and Schiller (2007) for the
MERIS sensor, and then it was improved through the ESA DUE CoastColour project (Brockmann et
al.,, 2016). It is applicable to all past and current ocean color sensors (such as Sentinel-3) as well as
Sentinel-2. This task requires inversion of the sea water leaving reflectance spectrum, measured at
top-of-atmosphere by optical instrument carry by specific satellite including Sentinel 2 MSI
(Doerffer and Schiller, 2007; Brockmann et al., 2016). Sea water color refers to the hue of the
water caused by the presence of tiny plants that containing the pigment chlorophyll, sediments
and colored dissolved organic material. Then the final product in B/W has been colored using a
color a palette facilitating the knowledge content.

In addition, Sentinel-2 level 2A images (Bottom of Atmosphere product) free of cloud dated 10-09-
2020 & 20-09-2020 has been used to map the debris flows. At the final processing stage, VIS and
NIR bands from two Sentinel-2 images were layer stacked and PCA were used. Also, a DEM 5m was
used to produce the products of slope, aspect, hill shade and the drainage network of the region,
with all of the above combined we created the spatial model of the basin that drains directly in
our area of interest.

Results

The spatial impacts of the lanos event are showed in the 4t pca image. Specifically, the table from
PCA statistics shows that all the bands from the two different dates for Sentinel-2 2A contribute
with different sing to the 4™hpca image (Figure 2.)

As for the result of Sentinel-2 (Figure 3.), ocean color refers to the hue of the water caused by the
presence of tiny plants that containing the pigment chlorophyll, sediments, and colored dissolved
organic material. From satellite observations in the optical part of the spectrum we can estimate
the concentrations of different constituents (pure water, chlorophyll, sediments, colored dissolved
organic matter) provided we know their effect on the spectral response of the ocean water or sea
color.
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Figure 3. Concentrations of suspended matters in sea water in the vicinity of Assos city, Kefalonia.

Conclusions

e The major impact was at the shoreline and the main stream in the region of Assos

e The important contribution of the free satellite earth observation data of the Copernicus
program of the European Space Agency to the elaboration of research studies like the present

one.
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Introduction

Floods are a natural phenomenon occurring globally and may have both a beneficial and a
devastating impact on the environment. When they are involved in human activities, they usually
cause disasters in crops, structures and infrastructure, often leading to loss of human lives, but
also to various socio-economic problems directly or indirectly linked to them. The consequences of
these, especially in recent decades, are estimated to account for 40% of the damage caused by all
kinds of natural disasters combined (Kourgialas and Karatzas, 2017). The morphology of Greece, as
well as its geographical position in the transitional climatic zone of the Mediterranean basin, make
its climate diverse with many localities. At the same time, the drainage networks in the country,
which are usually small, are subject to great pressure from human activities and their
management is often incomplete or non-existent, both regionally and nationally. These factors, in
combination with climate change, have significantly increased the otherwise common occurrence
of flood phenomena associated with atmospheric disturbances (Tsanakas et al., 2016).

The present study attempts to highlight the areas of the Aeson river basin that have a particularly
high natural vulnerability to floods, taking advantage of the technological development that has
occured in recent decades in the field of geoinformatics. The methodology adopted for the
elaboration of the study is FIGUSED-S, in which seven (7) variables are taken into account and are
superimposed after being processed and given weights using the method of Analytical Hierarchy
Process (AHP), in order to produce thematic maps in which the high flood risk areas for each
variable are indicated. These factors are considered crucial, but not absolute, in determining flood-
prone areas and include flow accumulation, rainfall intensity, geology, land uses, slope, elevation
and distance from the drainage network (Kazakis et al., 2015).

Study Area

Aeson is an ephemeral river with a dendritic drainage network, located in the southern Central
Macedonia region. Its drainage basin covers an area of 645 km? and it’s crescent-like shaped,
spanning from the W-SW to the E. Its springs are located on the mountain slopes of Mt. Olympus,
Mt. Titaros and Pieria Mts. with a maximum elevation of 2918 m. After crossing the plain of
Katerini, the river discharges into the Thermaic Gulf, in the northern Aegean Sea. The average
annual precipitation in the area is approximately 650 mm and the months of its maximum
occurrence depends on the altitude, with low-lying areas receiving most of their rainfall during the
colder months, in contrast with the higher elevations where there is significant amount of rainfall
even during the summer. The downstream areas of the catchment have been characterized by a
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preliminary flood risk assessment conducted by the Ministry of Environment, as one of the 6 areas
of the country where flood-related incidents create the greatest disasters financial-wise. One
notable such incident being the widespread flood of 15-17 November 2017, when the
meteorological station of Dion recorded 419.4 mm of rain.

Methodology

The methodology used in the present study for the flood hazard assessment in the catchment area
of the Aeson River, as has been done in similar studies around the world, is that of FIGUSED-S
(Kazakis et al., 2015; Patrikaki et al., 2018). This is a model based on a quantitative indicator that
operates in a GIS environment and includes 7 parameters, the initial characters of which form the
name of the method. These parameters are the following: Flow Accumulation (F), Rainfall Intensity
(), Geology (G), Land Use (U), Slope (S), Elevation (E) and Distance from the drainage network (D).
The elevation, slope and flow accumulation values were produced by a 25m x 25m resolution
Digital Elevation Model obtained by the European Organization, Copernicus (EU-DEM). The
drainage network and in turn the distance from its beds were also extracted by the EU-DEM.
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Figure 1. The seven reclassified parameters of FIGUSED.
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The rainfall data was obtained by three meteorological stations of the National Observatory of
Athens, which were located inside or in close proximity to the studied river basin. Land use data
was acquired by CORINE land cover 2018, while the geological formations were derived from five
geological maps of the Institute of Geology and Mineral Exploration of Greece.

In order for the seven parameters to be comparable with each other, they were reclassified in a
single ordinal scale of five classes. The limits of the classes of each parameter were defined
proportionally to their properties. The spatial analysis of the study area was performed by
evaluating each cell for each of the seven parameters, where each cell was calibrated in 5 classes,
on a scale from 2 to 10. These parameters were processed and then exported into 7 thematic
maps (Figure 1) which were overlaid with weight values determined by the AHP, where the
variables of distance from the drainage network and flow accumulation were considered the most
significant, thus creating the Flood Hazard Map (FHI). The parameters’ values were then imposed
into a sensitivity analysis, creating a new and revised flood hazard map (FHIS).

Results and Conclusions

The results of the FHI index are presented in Figure 2a. Areas with very high and high susceptibility
to floods cover 8% and 17%, or a total of 25% of the study area respectively. These are
concentrated mostly in the central and eastern part of the basin, within short distance from
riverbeds and streams. The low and very low risk classes cover almost half of the catchment, as
they occupy 47% of the total area of the basin. These areas are located mainly in mountainous
areas and ridges, where the slopes are steep, as well as in lowland areas where the distances from
the beds of the drainage network are large.

The sensitivity analysis results of the FHIS index are shown in Figure 2b. The revised weights given
to each parameter have shifted their significance. Greater significance was appointed to the
elevation variable, which is followed by that of the distance from the beds of the drainage
network. Smaller significance was given to the geology factor, followed by that of rainfall intensity.
As a result, areas with a very high degree of flood hazard are concentrated almost entirely in the
lowland part of the catchment, reducing the risk of flooding the more the elevation increases. The
coverage rates of the classes remained almost stagnant, with the difference in relation to the FHI
index, however, being their area of concentration.

Areas that present a very high risk of flooding are concentrated downstream. Many settlements
are located in these areas, the most populous included, such as Katerini, Nea Ephesos and
Neokaisaria. Important public infrastructure at risk also includes the national road and railway
networks that cross the lower reaches of the drainage network. Areas of ecological and
environmental interest and protection are located in areas with very low risk and do not pose any
particular risk. Historical floods that have occurred in the past in the study area, are located within
the very high-risk zone downstream at a rate of about 70%, significantly confirming the predictions
of the model. Although this method helps for measures to be taken in order to prevent disasters
and loss of human lives, it is not enough for their absolute protection.
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Figure 2. Flood hazard maps of Aeson river basin: (a) FHI index and (b) FHIS index.

As the model of the methodology is static and the data used are based on both natural and
anthropogenic variables that constantly change over time, it is of great importance that regular
updates of the data are conducted in order for the model to be considered reliable and up to date.
Further analysis of the basin would further enhance the results already obtained. Quantitative and
hydrological analysis of the drainage network would be useful in the study of flow velocity, flood
wave motion, as well as flood passage. Finally, the development of measures for the management
of the river basin is considered very important, in order to carry out any necessary flood
protection works and to avoid illegal actions that make the surrounding areas more vulnerable.
However, it must be borne in mind that floods are a natural phenomenon and despite any human
efforts, they cannot be tamed.
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Introduction

Geomorphologic data of terrain are crucial parameters for many different fields of science. One of
them is military science, especially to the fields of operational tactics and military geography. The
terrain is one of the three pillars which affect the operational enviroment. Moreover terrain affect
to the second pillar, the weather, because is determined the regional climate.

In this study there is an example of how to collect and process the most important types of
geomorphologic and open data, to estimate the cross country mobility and how to create a
combines obstacle overlay.

Methodology

The combined obstacle overlay provides a way to estimate the avenues of approach in an
unknown terrain. To create this type of data it is necessary to combined obstacle data with cross -
country mobility data. There are several obstacles to vehicular movement such us, built-up areas
(land use), slope, soils and hydrology (geomorphology) or vegetation. With a quick look to the
data, the geomorphology is a very important factor for the ground mobility of the troops in the
field.

In the next table (Table 1) there is list of open social data and environmental data which we used
to create a database for the estimation of the mobility to the study area. In this case the study
area is the East Thrace which is the part of Turkey that is geographically a part of Southeast
Europe. A lot of data exported from the OpenStreetMap and all the Geomorphologic data are
downloaded from European Space Agency and the United States Geological Survey.

All the data from Table 1 was used to extract the physical obstacles of the military vehicles. First of
all water bodies and rivers are natural linear obstacles. Except OSM water data, we used
Copernicus Data, to estimate the permanent and temporary water and wet areas. This way
military officers can predict the difference on the ground mobility between summer and winter
season. Also this type of data can be combined with surface soil data or meteorological data for
more precise results. Wetness layer produce a probability map of a "go" or "no go" terrain.

The rivers layer also can be combined with the transportation data to determine the most
important bridges for the operation success. All bridges are located at the intersect points or road
and river network. The simultaneous analysis with other data saw the value of the bridge and the
need for protection.
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Table 1. Geomorphologic and other open data of study area.

Type Data Source Files
https://land.copernicus.eu/pan-
Landuse CORINElanduse 2018 european/corine-land- u2018 clc2018 v2020_20ul_fgdb
cover/clc2018
Roads gis_osm_roads_free_1.shp
Rfa\ilways OpenstreetMap Data https://download.geofabrik.de/ g?s_osm_railways_free_l.shp
Rivers europe/turkey.html gis_osm_water_a_free_1.shp
Water gis_osm_waterways_free_1.shp
Roads Main Roads https://de.1ta.humdata.org/datas tur_roads.shp
et/roads-in-turkey
n40_e026_1larc_v3.tif
n40_e027_1arc_v3.tif
n40_e028_1larc_v3.tif
n40_e029_1larc_v3.tif
DEM ZT;-t':gll Arc-Second https://earthexplorer.usgs.gov/ :ii::g;jjz:z::i::
n41l_e028_1larc_v3.tif
n41_e029 1larc_v3.tif
n42_e026_1larc_v3.tif
n42_e027_1arc_v3.tif
TCD_2018_010m_E59N22_03035_v020.tif
TCD_2018_010m_E59N21_03035_v020.tif
TCD_2018_010m_E58N22_03035_v020.tif
https://land.copernicus.eu/pan-  Tcp 2018 _010m_ES8N21_03035_v020.tif
Tree Cover Dencity european/high-resolution- TCD_2018_010m_E57N22_03035_v020.tif
Forest 2018 layers/forests/tree-cover- TCD_2018_010m_E57N21_03035_v020.tif
density/status-maps/tree- - - - - - )
cover-density-2018 TCD_2018_010m_E57N20_03035_v020.tif
TCD_2018_010m_E56N22_03035_v020.tif
TCD_2018_010m_E56N21_03035_v020.tif
TCD_2018_010m_E56N20_03035_v020.tif
Subnational https://data.humdata.org/datas
Boundaries Administrative et/turkey-administrative- tur_polbnda_adm1l.shp
Boundaries boundaries-levels-0-1-2
WAW_2018 010m_ES59N22_03035_v020.tif
WAW _2018_010m_E59N21_03035_v020.tif
WAW _2018_010m_E58N22_03035_v020.tif
https://land.copernicus.eu/pan- WAW_2018_010m_E58N21_03035_v020.if
Water Water & Wetness european/high-resolution- WAW_2018_010m_E57N22_03035_v020.tif
2018 layers/water-wetness/status- WAW_2018_010m_E57N21_03035_v020.tif

maps/water-wetness-2018

WAW_2018_010m_E57N20_03035_v020.tif
WAW_2018_010m_E56N22_03035_v020.tif
WAW_2018_010m_E56N21_03035_v020.tif
WAW_2018_010m_E56N20_03035_v020.tif
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Therefore the terrain slope can affect the speed and the direction of the troops. A ground with
slope value, more than 45 degrees can not be accusable by a lot of vehicles. In a wet terrain with
the same slope this number of vehicles has been decreased significantly. In this example we used
SRTM DEM to estimate the slope. There are other open source data like ASTER DEM which are
free to use.

Finally we used a combination of Corine Land Use Data and Copernicus forest density data to
estimate grounds with more obstacles. Also we identify urban areas because the operation in this
field needs a different type of study.

LAND USE

THEL
i

FOREST

TR
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Figure 1. The possess to create a combines obstacle overlay with open free data.

Results

The product of this procedure is a high resolution map with a combine’s obstacle overlay which
can help the intelligence officers. Same of this data are not appeared in a simple topographic
operational map. It is obvious that a carefully study of geomorphologic characteristics of the field
is needed to evaluate the mobility, the line of sight or the suitability of the terrain for many
different missions.

Conclusions

As a result from this study, the value of satellite data is important, for the mission planning, in the
operational field of a military conflict or to control center of a disaster relief mission. In future
studies, there is a need for automation and computerisation of production processes, for high
resolution open images like Sentinel data. Sentinel 1 images can export the soil moisture, flood
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area or ground coherence and Sentinel 2 can provide a true color basemap with many other
information from vegetation or natural disaster damages. The availability and the resent time of
sensing, of Sentinel image, are very important parameters to use theme in military operations the
next years.
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Figure 2. A high resolution map with combines obstacle overlay from open free data.
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Introduction

There is a lot of literature about Faults and Joints. Holmes (1965) defined the fault as a fracture
plane, along which the rocks have been relatively displaced. The vertical and horizontal
displacement can reach up to approximately 300 m and 16 km respectively. He considered that
joints are the cracks and fractures we see in cliffs and quarries. He claimed that these cracks and
fractures are normal to bedding if the rocks are horizontal.

Ramsay (1967) relates the formation of faults and joints with folding. The formation of “joints” is
related to the distribution of stress trajectories after the horizontal compression. Price (1966)
defined the faults as “planes of Fracture which exhibit obvious signs of differential movement of
the rock mass on either side of the rock mass”. The same author defined the joints as “cracks and
fractures in rock along which there has been extremely little or no movement”. He claimed that
they happen even in incompetent rocks (even during the sedimentation). He supported that the
formation of joints is related to other structures such as the folds which he considered as
simultaneous.

The Author’s Views

The faults and “joints” as they are displayed on geological maps are straight or quasi straight lines.
These have been observed on aerial photographs, satellite images and from a considerable
distance. A close up of a fault proves that the faults consist of several blocks. Each block is limited
by four of six vertical to sub-vertical faults of small or large scale displacement. Of course the
displacement can be seen only if there is a suitable marker horizon.

Figure 1. A road section near Chania (Greece) slightly tilting due to gravity.

The fault surfaces differ considerably in appearance and may be either the exposed scarps ranging
from barren or infilled with quartz, calcite or other mobile minerals. In addition, the exposed
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scarps range from fresh to weathered and eroded surfaces. (Sharp features to highly weathered
and eroded steps) (Avdis, 1991). It might be argued that some of the topographic steps are the
result of the rock sliding; however, it is sometimes possible to find crystal fibers or slickensides. In
road sections, quarries, mines and caves, of any direction in competent rocks we usually see
blocks of four faults. These faults occur in two sets perpendicular to each other. (Figure 1).

The Blocks together with the basis and the upper surface form primarily prisms (quadrangle or
hexagonal). The more homogeneous and brittle the rocks are the more perfect the prisms are. An
example from N. Ireland (Giant causeway, photo in Figure 2). We can see the perfect formation of
prisms (which will be called Tectonic Units - TU). | am aware that in the international geological
literature, it is accepted that the formation of these prisms is comparable to the mund cracks, and
they are the result of sudden freeze. In Figure 2 schematically the formation of the slope is
depicted (out of scale) more or less all of the displacements are not mappable but their additive
result is very important.

Figure 2. left: A photo from the Giant Causeway the TU display small to large displacementand the faults occur in two
sets perpendicular to each other, right: Schematic interpretation of the photo. The hatched surfaces display the fault-
planes the white quadrangle displays the upper surfaces of TU. The arrows indicate the sense of movement of the
faults. (Out of scale).

To my mind these two are not related since the munds do not display any displacement, they are
almost irregular and they are only surficial. On the other hand from empirical experience it is well
known that blacksmiths often immerse iridescent iron and they never break into pieces. In
competent rocks especially metamorphic rocks we have similar structures. In non-competent

rocks these TU are not perfect. However, for simplicity, they will be depicted as perfect TU (Figure
3).

Figure 3.
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It is worth noting, that from a distance we see lineaments of three kinds. These are mostly optical
illusions of three kinds: 1. The contact of hanging wall and the footwall of faults of the successive
blocks (these are mostly covered by breccia, soil, grass and vegetation in general). This lineament
has nothing to do with bedding. 2. The upper surface of the blocks could usually be eroded locally.
They are affected both by faults and the erosion. 3. A conspicuous layer in the successive blocks is
affected intensively by the numerous faults. In road (which more or less follow the contours)
sections, the displacements are very small and they are not mappable. In quarries and other
sections we can see considerable displacements. Anyway, their additive result is very important.
(1000 fault displacements of average 30 cm increase the thickness of a rock formation 300 m).

The rocks, of course, are locally folded but the folds were formed when the rocks were at depth
where their rheological behavior is ductile. The combination of the formation of domes and local
erosion look like folds and they are interpreted erroneously as folds. In addition in the sites, the
folds occurring there are not horizontal compression once the air and the water do not exercise
any forces on the slopes of the mountains. The rocks at depth form folds because two or more
tectonic plates are colliding. Then the rocks are folded but they need space. The only available
space is upwards where the rocks are brittle. The rocks above follow the formation of domes by
faulting (Avdis, 1991) (Figure 4). The vertical and sub vertical faults leave a trace on the surface
and they are called “Joints”. Therefore faults and joints are the same thing.

Are there any thrusts and strike-slip faults?

Once there are folds due to the horizontal compression, it is obvious that there are thrusts and
strike-slip faults in an area where the rocks behave in intermediate rheological conditions and
before uplift. After the uplift the rocks do not undergo any horizontal compression. These faults
are not easily distinguished once they leave only a trace similar to the trace of the normal faults.

Sometimes rotations of TU cause the formation of “pseudo thrusts” (Figure 4) due to the
formation and a component of gravity.

Figure 4.

The vertical to sub vertical faults are very frequent and they can be seen in any section of
competent rocks. These are the result of pushing upwards differentially due to folding thrusts etc.
at depth.The more homogeneous the rocks are, the more perfect is the formation of prismatic
units of four or six lateral planes.
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The two sets of faults result in the formation of domes (Figure 5) the orogeny is the formation of a
series of domes. The folds contribute less to the formation of domes.

Figure 5.

It is generally accepted that erosion is the main factor of the geomorphology. However, taking into
consideration the result of the displacement of numerous high-angle faults (joints) we come to the
conclusion that the mountains primarily form tectonic domes. Erosion locally or in general is
normally faster at the higher elevation. The rivers, the streams and the glaciers follow the tectonic
geomorphology. The lakes are at the tectonic grabens and not the collision of meteorites to the
earth.

Case Study: Chania Area, Greece

Tataris and Christodoulou (1969) mapped the sheet Alikianos (geological map at 1:50.000scale).
This include the studied area near the Samaria gorge around the Gigilos highland. They did not
consider the numerous vertical to sub vertical faults and they invoked five large scale
unconformities (photo in Figure 6).

Figure 6.
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A simple model of playing cards helps us to visualize the structure of the area, E-W. Unfortunately
for the geologists and geology the same structure holds for the N-S direction. Each card depicts
the section of a TU. A model of matches (Figure 6) takes into consideration both sets of faults each
piece of match depicts a TU.

Ill

On the other side of Gigilos we see several “steps”. These “steps” are not the result of erosion but
the result of the two sets of faults (photo in Figure 6). The Figure 6 indicates schematically the
movements of the TU.

Conclusions

The faults occur in two or more sets and the result of these faults is the formation of domes, that
is, highlands. The mountains consist of a series of domes. At the beginning we can see the upper
surface and repeatedly part of the fault plane.

The local erosion and the gradual erosion cause the occurrence of older rocks at higher elevation.
If we ignore these high-angle faults we have to invoke unconformities, thrusts and tectonic
nappes.

The rivers, the streams and the glaciers mainly follow the topography and less incise the rocks.

The vertical faults do not indicate either rifting or extension. Of course the non-vertical faults
suggest an extension but if examined, adjacent highlands may annihilate the overall extension.

Although the vertical to sub-vertical faults are the most frequent structures visible in the field,
they have been ignored as unimportant due to the small displacement they exhibit. These faults
are not the result of horizontal stresses but the result of compression upwards due to folding at
depth which in turn is the result of horizontal compression possibly due to movement of plates.
Applied Mathematics prove the formation of these faults (Avdis in preparation).
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Introduction

The goal of this study was to reconstruct the geomorphological evolution of the eastern
continental shelf of the Maltese archipelago through the analysis of the main submarine
landforms and the production of a synoptic geomorphological map of the area at a 1:50,000 scale.

The study area (Figure 1) is the continental shelf located NE of the Maltese archipelago (central
Mediterranean Sea). It was entirely emerged during the Last Glacial Maximum (LGM) and
successively submerged during the post-glacial sea-level rise (Figure 2) (Lambeck et al.,, 2011).
During the last glacial cycle, the sea-level reached its minimum, being approximately 130 m lower
than today.
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Figure 1. Location of the Maltese archipelago and its continental shelf.
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Figure 2. Maltese paleo-geography (115 kyr, 30 kyr, 20 kyr, present) (modified after Foglini et al., 2016).

Marine transgression has not significantly modified the currently submerged landforms, which are
still easily recognizable.

The research was carried out as part of the European Marine Observation and Data Network
(EMODnet), which aims to share information on the geology of the seabed of Europe. In particular,
the data used for geomorphological mapping were elaborated to contribute to the EMODnet
Geology portal, as part of Work Package 4 “Seafloor geology/geomorphology” and Work Package
8 “Submerged Landscapes”.

Methods

The spatial and chronological data regarding investigated area were organized in a GIS
environment; the map was produced by means of ESRI Arcgis 10.1 software, and the legend was
based on landform genesis.

Results

The Maltese submerged landscape shows structural, marine and coastal, fluvial, karst, gravity-
induced and man-made landforms.

The NE area of the Maltese archipelago includes a sub-planar continental shelf bounded by a
continental slope whose base is about -130 m deep. This escarpment is NW-SE oriented, parallel
to one of the fault systems characterizing the Maltese area and by which it seems to be controlled
(Micallef et al., 2013; 2019).

Other structural escarpments occur on the continental shelf and border the marine terraces; they
are mainly oriented NW-SE or ENE-WSW and, being parallel to the fault systems of the Maltese
islands, are interpreted as submarine evidence of these faults (Micallef et al., 2013; 2019). Some
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of them are in correspondence of ancient coastline deposits related to the sea-level oscillations.
Other structural landforms include outcrops of limestone plateaus, similar to those occurring on
land, that are bordered by structural scarps. A remarkable example is given by the Sikkail-Bajda
plateau, which is characterized by the superimposition of Upper Coralline Limestone Formation on
the Blue Clay Formation. Furthermore, this submerged plateau appears to have been affected by
karst processes that have formed a karst pavement on its surface and favored the development of
bedrock-collapse sinkholes (up to 250 m of diameter) and solution sinkholes.

The continental slope is characterized by different levels of marine terraces (Figure 3A), with NW-
SE orientation, which are interpreted as coastal paleo-platforms formed during the lowstand
phases of the sea-level (Micallef et al., 2013; Prampolini et al., 2017). Marine landforms include a
contourite deposit of fine elongated sediments SE-NW-oriented, located at a depth greater than -
130 m and modelled by bottom currents (Béranger et al., 2004). On the continental shelf, ripple
marks modelled by SE-NW oriented background currents occur offshore Mellieha and St. Paul’s
Bay.
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Figure 3. A) Marine terraces interpreted as coastal paleo-platforms; B) Channels of fluvial origin located at Marsalforn
Bay (Gozo).

Paleo-coastal platform limit
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Near shore and below the main escarpment, there are isolated gravity-induced block deposits that
can be referred to various types of landslides (lateral spread, block slide, rock fall). The Sikkail-
Bajda plateau is surrounded by blocks of large dimensions, which are interpreted as evidence of
lateral spreading. Other blocks located at the base of the continental slope have been interpreted
as the result of collapses and rock falls associated with coastal erosion. Different types of gravity-
induced landforms largely characterize the northeastern coast of Gozo, where limestones overlap
clayey terrains favoring the development of lateral spreading, which tend to evolve into block slide
that often continue below sea-level (Prampolini et al., 2018). Landslides are mainly controlled by
the presence of tectonic discontinuities and lithological structures and likely developed in a
subaerial environment, and then submerged during the post-glacial sea-level rise (Soldati et al.,
2018).

Other relevant landforms are the ENE-WSW oriented channels, which affect the shelf and indent
the continental escarpment. They are located in front of Marsalforn Bay (Gozo) (Figure 3B), facing
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the island of Comino and in the area between St. Paul’s Bay and St. Julian’s Bay (Malta). Upstream
of these channels, interpreted as paleo-riverbeds, there are flat areas interpreted as alluvial plains.
There are also numerous gullies, channels engraved in clayey slopes and developed in climatic
conditions wetter than the current ones.

Man-made landforms are concentrated offshore the capital Valletta. Near the port, dredging,
anchoring and material unloading activities have created curvilinear streaks that cross the seabed,
which is also characterized by the presence of wrecks sunk during the Second World War and now
used as scuba diving sites. On the seabed of Ramla Bay there are remains of historic defense walls,
built to protect the bay from possible enemy attacks from the sea.

Conclusions

The eastern Maltese continental shelf is characterized by landforms and deposits typically due to
subaerial processes, such as fluvial, coastal, karst and gravitational processes. The landforms
deriving from subaerial modeling are still easily recognizable thanks to the carbonate lithology that
characterizes the Maltese archipelago and the scarce contribution of terrigenous sediments due to
the semi-arid climate of the area. Thus, once submerged, the landscape was only partially
modified by erosion and sedimentation processes. The processes that shaped the landscape
during the lowstand phases of the sea-level are not currently active and the platform thus hosts
predominantly relict landforms.

The marine processes currently taking place on the NE continental shelf of the Maltese islands are
mainly attributable to SE-NW oriented bottom currents (Béranger et al., 2004), which led to the
formation of ripples and a drift current deposits.

The study made it possible to deepen the knowledge about the landforms of the Maltese
submarine landscape from the Last Glacial Maximum until today and to outline its
geomorphological evolution. This work also allowed representing data that previously had not
been summarized in a synoptic geomorphological map.
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Abstract

Coastal environments and in particular beaches are valuable natural assets, offering a wide array
of ecosystem services and economic benefits (Schlacher et al., 2008). At the same time, they are
rapidly evolving systems, driven by the continuous interaction of the topography and transport
processes with wind, wave and tidal forcing. When seeking to inform coastal management plans,
understanding and quantifying coastal morphodynamics is both crucial and challenging, as it
largely relies on the acquisition of high-resolution data on beach topographic changes (Casella et
al., 2020).

Inrecent vyears, the use of Unmanned Aerial Vehicles (UAVs) in physical geography,
geomorphology, coastal ecology, and similar fields, has significantly increased. In this study,UAV
technology with RTK-GPS is used to produce high-resolution mapping of beach morphological
characteristics, aiming to assess the impact of beach-cast Posidonia oceanic residues (Simeone et
al., 2013; 2012). When in large accumulations, these residues may form deposits known as
“banquettes” (Boudouresque and Jeudy De Grissac, 1983), which depending on local conditions
may vary from few centimeters to several meters thick (De Falco et al., 2003, Simeone and Baroli,
2008; Simeone and De Falco, 2012). In general, Posidonia oceanic sheds leaves year-round, but
most prominently in late summer and early autumn (Romero et al.,, 1992). However, the largest
amount of dead leaves deposition on the beaches is observed in autumn and winter, when
hydrodynamic action (i.e. highwind speeds and waves) causes the leaf litter to be cast ashore
(Vacchietal., 2017).

The principal aim of this research is to evaluate the relation between the banquettes and
sediments, as well as the banquettes’ significance in beach protection (De Falco et al., 2003). More
particularly, the distinctive goals are: a) to identify the differences in volume, shape and area
covered by the banquettes, and b) to analyze the relationship between banquette deposition and
morphological changes of the underlying sedimentary substrate of the beach.

The study area is located at the coastal plain of Marathon and particularly at Schinias, in the
northeast region of Attica Prefecture, with an orientation of NE to SW (Figure 1).
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The coastal area of Schinias, is characterized by smooth slope, relatively low wave energy and
sandy sediments. This area also features the estuarine lagoon draining channel, making the
sedimentary composition and sediments dynamics more complicated.

Due to the smoothness of the terrain (almost flat as it is a beachfront) the flights are horizontal
parallel to the ground at a certain height AGL (Above Ground Level) (Trajkovski et al., 2020). The
sensor of the UAV is pointed in 80 degrees (nadir). The images are taken in a specific overlap (80%
front, 80% side), in order to achieve very high resolution of 3D reconstruction of the relief, in order
to have as accurate measurements as possible, of the different concentrations of the banquettes
onshore. Pix4D capture (v.4.12.1) is used to make the flight plans. Through this software, the area
of interest, the flight paths (2D, 3D models etc.), the flight height, the front overlap and the side
overlap can be defined according to the resolution needed. Then the flight plan is uploaded to the
drone and it takes off automatically and completes the acquisition of the images following the
waypoints.
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Figure 1. (A) Location of the study area along with physiographic settings of the coastal plain on Marathon (after
Kourliaftis et al., 2019). The black rectangle indicates the selected test site. (B) The orthomosaic of the area resulted
from images of Mission 2 (September 2020).

The use of Ground Control Points (GCPs) to such a survey is fundamental, because they increase
the accuracy of the UAV imagery to centimeter level (2cm) (Fallati et al., 2020; Lu et al., 2020). At
least 5 GCPs were used for each mission, which are black and white targets with defined center,
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with exact dimensions of 25cm X 25cm. They also improve the results from the Structure from
Motion (SfM) interpretation of the photogrammetry process (Windle et al., 2019). Prior to the
flight, the GCPs were surveyed with RTK-GPS.

Sediment samples were collected during the photogrammetry missions (July 2020, September
2020). Samples were acquired along the shoreline segment where banquettes occur, in three
transects spaced approximately 50m apart. This allows a holistic approach to understanding the
relation between banquettes and sediment granulometry.The granulometric-sedimentological
analyses were conducted at the Bio-Geo-Chemical Laboratory (ISO 17025) of HCMR. The samples
were dried and sieved (sieves from 4 mm to <63 um). Results were interpreted statistically
through the Gradistat v. 8.0 (Blott et al.,, 2001), in order to define the quality and the quantity of
the distinctive sediment classes.

Results from Mission 1 (July 2020) and Mission 2 (September 2020) showed that the maximum
volume of the banquette depositson the beach is 692.57+8.3m> (Mission 2) with an outspread of
about 2617.43 m?, after four days of high-velocity eastern winds. The dominant sediment class is
"fine sand" with a percentage of over 60% indicating the low energy deposition environment, and
therefore the banquette’s protective trend against beach erosion.
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Introduction

The present study focuses on the detection and mapping of coastline changes of Rhodes Island
(Greece) utilizing remote sensing techniques. Coastline is the line defined by the intersection of
the sea surface with the land. This line does not remain stable but changes over time. These
changes involve both short periods of time, such as twenty-four hours, and larger time scales that
reach thousands of years (Karymbalis, 2010). Long-term monitoring of these changes is very
important for the investigation of their impact on coastal zones, businesses and nearby
settlements, as well as for assessing future changes and risks.

Remote sensing, the process of detecting and monitoring physical characteristics of an area by
measuring its reflected and emitted radiation at a distance, is a modern way of studying that
offers a wide range of applications and techniques with reliable, accurate and low cost results. This
study focuses on the mapping of the island’s coastline on a large time scale (years: 1990 to 2020)
and on a smaller time scale (years: 2016 to 2020), with the use of Normalized Difference Water
Index (McFeeters, 1996; 2013), and the calculation of the coastline displacement rates using the
USGS (United States Geological Survey) DSAS (Digital Shoreline Analysis System) tool.

Data

The monitoring and mapping of coastlines is executed in two parts. The first part is the pre-
processing of the data and the second part is the mapping of the coastlines for each year and the
calculation of their displacement rate. For the time scale 1990 - 2020, Landsat 5 and Landsat 8 TOA
(Top of Atmosphere) images were used from the Tier 1 collection. Tier 1 images are suitable for
time series analysis as they consist of well-characterized radiometry and are inter-calibrated
across the different Landsat instruments (Landsat Collection 1, USGS). For the time scale 2016 —
2020, Sentinel-2 Level 1-C optical images were used. Similarly, these images are geometrically and
radiometrically corrected and are suitable for time series analysis (Sentinel-2 MSI - Processing
Levels, ESA).

Pre-processing

A necessary first step for the pre-processing of Landsat images is to create a stack of spectral
bands, since Tier 1 bands are not combined into a single product. Then the pixel resolution of each
spectral band is resized from 30m to 10m, and then the NDWI (McFeeters, 1996; 2013) is
calculated.
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For the pre-processing of Sentinel-2 images, the first step is resampling, which is the conversion of
the resolution of all spectral bands into a common resolution, in this case 10 m. In addition, a
mosaic is created for every year as the island is covered by 3 images. This is followed by a subset
of the mosaics in the study area and calculation of the NDWI (McFeeters, 1996; 2013).

Table 1. Data.

Date Data Pixel resolution
16 /08 /1990 Landsat 5 Tier 1 30m
13/07 /1995 Landsat 5 Tier 1 30m
11/08 /2000 Landsat 5 Tier 1 30m
25 /08 /2005 Landsat 5 Tier 1 30m
06/07 /2010 Landsat 5 Tier 1 30m
05/08/2015 Landsat 8 Tier 1 30m
17 /07 /2020 Landsat 8 Tier 1 30m
23/08/ 2016 Sentinel-2 Level 1-C 10 m
08 /08 /2017 Sentinel-2 Level 1-C 10 m
14 /06 /2018 Sentinel-2 Level 1-C 10 m
23 /08 /2019 Sentinel-2 Level 1-C 10 m
22 /08 /2020 Sentinel-2 Level 1-C 10 m

Main processing

The results of the pre-processing are imported into a GIS software. For the NDWI of every image, a
threshold value is selected which creates a new image with two values corresponding to land and
sea. This is followed by their conversion to polygons (vector data) and consequently polylines. The
result is the mapping of the coastline for the selected years.

The coastline displacement rate is calculated using the USGS DSAS tool. After the coastlines are
imported, a reference baseline is defined which is placed on the land. The software generates
transects that are cast perpendicular to the reference baseline. These transects intersect with the
coastlines of the selected years. The points of intersection, as well as the dates of each coastline,
are used to calculate the displacement rate through Linear Regression.

Results

The results are the coastline displacement rates per year at the positions of the transects. Positive
values correspond to coastline accretion (in meters / year) while negative values correspond to
coastline erosion (in meters / year). The results are visualized on four maps. The first and second
maps are the 1990 - 2020 and 2016 - 2020 time scale measurements, classified based on their
standard deviation (sd = 0.58 and sd = 0.89 respectively). In the third and fourth maps only the
more reliable measurements of these periods are kept (coefficient of determination LR2 > 0.5) and
classified based on their standard deviation (sd = 1.07 and sd = 1.19 respectively).
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Figure 1. Coastline changes of Rhodes island for the periods 1990 — 2020 (Landsat 5 & 8 results) (left) and 2016 —2020
(Sentinel-2 results) (right).
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Figure 2. Reliable measurements of coastline changes of Rhodes island for the periods 1990 — 2020 (Landsat 5 & 8
results) (left) and 2016 — 2020 (Sentinel-2 results) (right).
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The differences in the deformation rates between the Landsat and Sentinel-2 measurements are a
result of three factors: the pixel resolution of each product, the NDWI threshold and the time
scale. Therefore field observations are necessary for the verification of these measurements. It is
notable that in both Landsat and Sentinel-2 results, there are several locations that have the same
type of deformation (accretion or erosion) and others that remain stable. This gives us a good
indication about the locations that are probably most prone to problems caused by erosion.
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Abstract

This study focuses on the sedimentological and morphological features of Vravrona Beach, East
Attica, in order to determine the seasonal changes in the textural group classification of the costal
sediments, as well as, changes in coastline position. Additionally, Vravrona Beach has been chosen
for the assessment of a potential coastal erosion, using the Coastal Vulnerability Index (CVI)
through GIS technology, since several incidents of erosion have been identified during the past
decades in the broader area of East Attica (Dimou et al., 2010).

For the composition of the beach profile in seasonal scale, cross sections were conducted along
the beach from landward to seaward until approximately 10 m from the coastline. Beach width as
well as the current coastline position for each season was measured with a differential GPS
(DGPS). The land use at the landward upper limits of the study area was also measured. Along
selected cross sections, sediment sampling was also conducted during January 2018 for the
composition of the winter profile of the study area and during September 2018 for the
composition of the summer profile of the study area.

Sedimentological analyses were based on grain size distribution for the analysis of unconsolidated
sediments by sieving and statistical parameters such as sorting, skewness, mean and kurtosis were
calculating using GRADISTAT v. 0.4 software in order to determine the sedimentological features
of the study area and the transport mechanism at the time of deposition. The textural group of the
samples was also determined by Folk and Ward (1957) classification.

The grain size analysis of the samples, collected between the upper limit of the beach and the
coastline during summer period, show that the majority of grains is described as slightly gravelly
sand and gravelly sand, but during the winter period the grains are between gravely sand and
sand. The samples collected from the coastline until approximately 10 m seaward are mainly
described as slightly gravelly sand and sandy gravel for both sampling seasons.

DGPS measurements of coastline position indicate changes that vary between 4.38 m to 7.41 m
with a maximum value at 8.27 m. In agreement to field observations, DGPS measurements
indicate an accumulation of sediments at the northern part of the beach during the winter period,
while during summer period there is an accumulation of sediments at the southern part of the
beach (Figure 1).
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Figure 1. Net shoreline movement. The green lines, vertical to the coastline, indicate an accretion of the coastline at
the north part of the beach about 5-8 m seawards. The red vertical lines indicate a retreat of the coastline at the
southern part about -9- -5 m landward.
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Introduction

During the last century, rural depopulation has been observed on a global scale, resulting in the
abandonment of villages and the significant reduction of certain rural activities (traditional crop,
farming among others). A constant movement of the population from rural to urban areas, which
are considered to provide more favourable economic and social conditions, has been recorded.

On the other hand, during the urban planning usually only economic and social parameters are
taken into account. As a result, urban areas are susceptible to natural disasters, which cause
extensive damages in them, because the cities or towns have been repeatedly located in
vulnerable areas.

In Greece, during the last 60 years, the rural depopulation phenomenon has been very intense.
More than the 52% of the national population is congregated in the two largest urban complexes
of the broader areas of Athens (the capital of Greece) and Thessaloniki. The six biggest cities-
towns of Greece host more than 70% of the total population.

In this study, for the protection of human environment,a unique approach of planning and
sustainable developmentis presented.The main aims of this study are (a) to demonstrate the
usage of natural hazard maps and other physical parameters in land use planning and mainly in
urban design, (b) to determinate the unsuitable areas for urban and industrial development and
(c) to identify suitable areas for the rural communities (villages with population less than 1,800
inhabitants) and agricultural development based on mainlyphysical geographical -
geomorphological factors and hazard maps.

Methods

For the suitability assessment concerning urban growth, rural communities, industrial
development, and agricultural development, we used a multi criteria model based on geological,
geomorphological and social-economic factors and natural hazard maps.

In this presentation, the AHP and GIS techniques were employed in the land-use decision-making
procedure. Usually the planners use social-economics parameters - factors in spatial planning. In
this presentation, it should be noted that the selection of factors is not exhaustive and only the
physic process parameters were selected, because of the aim of this work is to perform the usage
of physic geographical factors in planning.
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Specifically, the slope, the aspect, the elevation, the distance from streams, the lithology, the
landslide susceptibility, the earthquake intensity, the distance from flood events, the distance
from road network and distance from main towns are used as parameters (factors) for the urban
planning. On the other hand, the slope, the elevation, the distance from streams, the lithology, the
landslide susceptibility, the earthquake intensity, the distance from flood events, the distance
from road network and distance from main towns are used as parameters (factors) for the
estimation of industrial development.

For the estimation of rural communities development, the slope, the aspect, the elevation the
distance from high order drainage network, the distance from low order drainage network, the
lithology, the landslide susceptibility, the seismic intensity, the distance from flood events, the
erosion hazard assessment, the distance from national roads (highways), the distance from
provincial roads, the distance from villages and settlements are taken into account as parameters
(factors).

For the estimation of agricultural development, the slope, the aspect, the elevation the distance
from high order drainage network, the distance from low order drainage network, the lithology,
the water supply, the landslide susceptibility, the seismic intensity, the distance from flood events,
the erosion hazard assessment, the distance from national roads (highways), the distance from
provincial roads, the distance from rural roads, the distance from villages and settlements are
taken into accountas parameters (factors).

Results

By using the AHP and GIS techniques and the geomorphological parameters, we produced the
following suitability maps, the potential suitability map for urban growth (Figure 1), the potential
suitability map for industrial development (Figure 2), the potential suitability map for the
development of rural communities (Figure 3) and the potential suitability for agricultural
development (Figure 4).

H
21°40'0"E

: Seg k oS
t 5 o’
Meteora &*
B v

; :; 'K;I"ampakal; i

"L -« Y

/7771 Main towns

Cultural and natural world +, «
heritage monument and .
archaeological sites

. Suitability
.;;: B Very low
i e

L | Low

s

% ”'{.
%

g™ 0 5 10Km
. 214g0°E —

39°30°0"N
i1

| Moderate
[ High
- Very high

Figure 1. Potential suitability for urban growth.
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Conclusions

The geomorphological parameters are crucial, significant and necessary for the planning and
estimation wurban growth, rural development, industrial development and agricultural
development.

It is necessary to be taken into account, not only the economical and social conditions, but also the
physical and geomorphological factors.

The produced suitability maps are important and useful tools for planners and environmental
managers when selecting favorable locations for land use development.
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Using UAV and Bathymetry Survey, Lemnos Island, Greece
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Abstract

The Unmanned Aerial Vehicles (UAVs) have become increasingly utilized in archaeological
investigation. In combination with photogrammetric methodology, such systems have proved
remarkably useful in the rapid creation of high resolution Digital Surface Models (DSMs), Digital
Terrain Models (DTMs), and other aerial sensing data (Field et al., 2017; PAUL, 2018).

Inrecent vyears, the use of Unmanned Aerial Vehicles (UAVs) in physical geography,
geomorphology, archaeology, and similar fields, has significantly increased. In this study, UAV
technology with RTK-GPSis used to produce high-resolution mapping of beach morphological
characteristics, of Poliochni area in Lemnos Island. In addition, bathymetric survey was conducted
to enhance the accuracy and the correctness of the assumptions concerning the present research.
Poliochni is an archaeological settlement of the third millennium BC (5000 y BP). Its strategic
position made it commercial center of the NE Aegean at that period.

The principal aim of this research is to delimit the potential harbor of this significant archeological
site. More particularly, the distinctive goals are: a) to identify the morphological characteristics of
the coastal-marine region with very high resolution and accuracy and to consider the sea-level
variations during Upper Holocene (Lambeck and Purcell, 2005; Pavlopoulos et al., 2013) of the
broader area, in order to identify the exact position of the shoreline at around 5000 y BP.

The study area is located atthe coastal area of Poliochni in Lemnos Island, NE Aegean. The total
area surveyed was approximately 0,12 Km? in the terrestrial part of the coastal front and 0,41 Km?
in the marine part (Figure 1).

Poliochni is characterized by coastal cliffs, high wave energy and coarse sediments. The research
area also features two estuaries of the torrential hydrographic network, one in the Northern part
and the second in the Southern part.

To survey the whole region of interest multiple flights were conducted. They were horizontal
parallel to the ground at 100 m altitude AGL (Above Ground Level) (Trajkovski et al., 2020). The
sensor of the UAV (Zenmuse X5S) was pointed in 80 degrees (nadir). The images were taken in a
specific overlap (80% front, 80% side), in order to achieve very high resolution of 3D
reconstruction of the relief, in order to have as accurate measurements as possible. Pix4D capture
(v.4.12.1) was used to make the flight plans. Through this software, the area of interest, the flight
paths (2D, 3D models etc.), the flight height, the front overlap and the side overlap were defined
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according to the resolution needed. Then the flight plan was uploaded to the drone and it took off
automatically and completed the acquisition of the images following specific waypoints.
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Figure 1. (A) Location of the study area. The red rectangle indicates the study area. (B) The Orthomosaic of the
potential location of the harbor and the contour of -3.5 m delimiting the exact position(C) The DTM presenting the
altitude of the area and the contour of -3.5 m indicating the shoreline of 5000 y BP.

The use of Ground Control Points (GCPs) to such survey is fundamental, because they increase the
accuracy of the UAV imagery to centimeter level (2 cm) (Fallati et al., 2020; Lu and Chyi, 2020). At
least 4 GCPs were used for this flight, which are black and white targets with defined center, with
exact dimensions of 50 cm X 50 cm. They also improve the results from the Structure from Motion
(SfM) interpretation of the photogrammetry process (Windle et al., 2019). Prior to the flight, the
GCPs were surveyed with RTK-GPS. Afterwards, through Pix4 mapper v.4.5.6., the orthomosaic,
the DSM and the DTM were constructed, but first they had to be corrected from the vegetation,
the manmade structures and the errors from the data acquisition, in order to represent as
accurately as possible the natural environment. The coordinates from the RTK-GPS were inserted
and calculated, perfecting the accuracy of the georeference to cm-level (RMSE: 0.015 m). Then the
contour lines were extracted from the DTM with an elevation interval of 0.5 m, starting from the
shoreline (contour of 0 m). In addition the results were exported and interpreted with ArcGIS v.
10.7 in order to combine all the data into maps.

162



Proceedings of the Conference “The Role of Geomorphology in |A

Hellenic Committee for

Geomorphology and Enviranment Modern Society” of the Hellenic Committee for Geomorphology & AL 5
Environment of the Geological Society of Greece GEOMORPHOLOGY
C\ Athens, December 16, 2020 | Harokopio University SEONOREHOLOG g

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

The results from the research flight, and the bathymetric survey, combined with the sea-level
information, delimit an area of the potential location of the ancient harbor of Poliochni. In
particular, the most suitable location of the harbor is presented in the southern part of the study
area, where the alluvial plain of the torrent is observed. It is a low inclination area well protected
from the northern winds. Also combining the results of the UAV research, the bathymetric survey
and the sea-level data, which indicates that in 5000 y BP the sea-level was approximately -3.5 m
from its present position, the topographic reconstruction of that period showed an extended
embayment, making this area the most suitable anchorage and a safe shelter for the vessels.
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Estimation of Recent Land Subsidence in the Evinos Delta (Western Greece)
with the Application of SBAS Interferometry Technique
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Introduction

River deltas are important geomorphic and sedimentary environments, acting as major sinks for
fluvially derived sediments in the coastal zone. They have been and continue to be the heart of
economic development. Land subsidence is a common phenomenon in modern deltaic plains
because of compaction of sediments by consolidation of the dewatered material, compression of
the load of the subsequent overlain deposits, and groundwater or oil pumping (Stanley, 2005).

The interferometric Synthetic Aperture Radar (SAR) technique has been proven to be an effective
methodology for detecting and monitoring the ground deformation with millimeter accuracy
(Parcharidis et al., 2011).

This study deals with the estimation of subtle ground deformation at millimetric accuracy over the
deltaic plain of the Evinos River in western Greece and its spatio-temporal distribution for the
period between 2015 and 2020 through the method of Small Baseline Subset (SBAS)
Interferometry.

The Evinos River delta is located on the northern shore of the Gulf of Patras, Western Greece. It
covers an area of approximately 92 km? and belongs to the Messologi wetland, one of the most
significant ecosystems in Western Greece protected by the Ramsar Convention (Figure 1).

Figure 1. Location map of the Evinos River delta in West-Central Greece.
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Its development began during the Late Holocene with the relative stabilization of the sea-level rise
(Karymbalis, 1996; Maroukian and Karymbalis, 2004). According to Galloway’s (1975) proposed
delta classification it should be classified among those deltas affected by fluvial sediment supply
and wave activity. The city of Messologi is located at the northwestern part of the delta while the
part of the western deltaic plain is the ecologically important Klisova lagoon, which covers an area
of about 25 km?.

Methodology

In order to analyze the mobility of the Evinos River delta a radar interferometry technique has
been carried out. The interferometric method of Small Baseline Subset (SBAS) has been performed
using the SARscape software 5.3, which runs on the ENVI platform 5.3 whereas the visualization of
the results has been made with ArcGIS 10.4. For the purposes of this study, 100 Single Look
Complex (SLC) scenes in ascending orbits, VV polarization and operating C-band (track: 175, frame:
121-122) from Sentinel 1A satellite were used, covering the time period between August 2015 and

October 2020.
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Figure 2. Flow chart of the processing.
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Results and Conclusions

The results indicate that the area of Messologi can be characterized as a stable zone, since the
values of velocity are close to 0. This is one of the main reasons that the reference point has been
chosen in this area (Figure 3). The relative “stability” of the city can be attributed to the
dominance of artificial constructions since it is an urbanized area.

Negative values of velocity, indicative of subsidence, have been recorded at the southeastern part
of Louros, west of Akra Evinou (Figure 3). Louros is an elongated low-lying barrier feature, with
maximum elevation of about 50 cm, which separates Klissova lagoon from the Gulf of Patras. It is
obvious that due to the subsidence in the near future the lagoon will be totally connected to the
Gulf of Patras.

Another subsiding part of the deltaic plain is its southern part, on both sides of the lower reaches
of the Evinos River main channel (Figure 3). These areas correspond to paleo-distributaries as well
as to abandoned mouths of the river. A probable reason for this subsidence is the lack of river
sediment supply.

Positive velocity values are displayed along the main distributary channel of the Evinos River as
well as along the eastern shore of the Klisova Lagoon (Figure 3). The positive values along the main
channel are the result of the bedload sediment transport. The Evinos River has a braided channel
with “moving” coarse grained bars. As for the Klisova shore positive velocity values are the result
of artificial constructions along the road that connects Akra Evinou with Messologi.

Klisova Lagoon

Velocity (mmly)

| :Z) o T Gulf of Patras
0

-20

59 075 15 3 Kilometers]
I Y Y Y T |

@3, JorsGRlD, 83, 2o e

Figure 3. Linear component of ground deformation over Evinos delta broader area for the period 2015 — 2020.
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Figure 4 depicts time series plots of the surface displacement of two samples (points A and B
respectively) for the period between 2015 and 2020.

Future research could include the performance of further tests for more reliable results and the
investigation of the correlation among the rates of subsidence and the grain size of the delta plain
sediments from logs of boreholes that have been drilled in the study area.
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Figure 4. Time series plot based on the two samples (point A & B) of the Evinos River delta.
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To vnol tng Tivou oxnuatilel pia empnkn doun pe dtevBuvon BA-NA (pnkog 27 km, mAdtog ~ 12
km) kat kaAUTtTeTOL amno Tpelg KUpLeg AtBoAoyikég evotnteg (MeAldbwvng k.d., 1980):

(1) pa Avwtepn OdLoAttikn evotnta n onola dopeitol amd HeETaBAOITES, KUPLW G LETAYAPPOUG KaL
OEPTIEVTLIVITEG,

(2) wo Kotwrtepn evotnta, mou ovopadaletal emionc KuovooxloToAlBkr) evotnta, amoTteAOUEVN
Kuplwg amnod evaAAayEG LETAMNALTWY, LETANPALOTITWY KAl LETOAVOPAKIKWY TIETPWHATWY Kal

(3) éva ouvbeto mAoutwvio cwua aoBeotalkaAlkng cvotaong (MeAlldwvng k.a., 1980) tumou S,
Tou gudaviletaol 0TO AVATOALKO TUAMA TOU vnoloU pe éva NA-NA emipunkeg oxnua. To ypaviTiko
QUTO oW oxnuatilel mepldpepelakd Tou pLa evéladpépouoa AAW METPWHATWY PE UETOUOPPWON
enaong.

Ot Avwtepn kat n Katwtepn evotnta tng viicou katéypadav moAlU SLadopeTIKEG LETAUOPDLKEC
Lotopieg, onwg daivetal and ta metpoloylkd kal padioxpovoloyikd dedopéva toug. H Avwtepn
evotnTa £X€L UTIOOTEL peTapopdwon tuToubarrow (LP-HT) mepimou, yupw ota 70 Ma (Patzak et
al., 1994) evw n kotwtepn evotnta UTEOTN KABOALKO ToAupetapopdlopo. vPpnAng mieong-
XAUNANG Bepuokpaocio¢ Katd tnv omoila mopAxOnoov €KAOYLTIKEG KOl KUOVOOXLOTOALBLKEC
TIOPQAYEVEDELC e ouVBrKe 12-15 kbar kat 450-550 °C,nAwiac mepimou 45 Ma (Brocker et al.,
1993). AkoAouBnoe pla Seltepn petapopdiky ¢dacn ToOU E6WOE TPACLVOOXLOTOALOLKEG
TIOPAYEVETELC OPUKTWV e ouVBrKee 5-7 kbar kat 400-500 °C kat éhafe xwpa ota 25 £we 20 Ma
(Altherr et al., 1982; Brocker et al., 1993). Auto T0o LETAUOPPLKO YEYOVOC AVTLKATECTNOE OE LEYAAO
BaBuo tig mapayeveoelg g mpwtng pdaong. Av kat authi n avadpoun petapopdwon xapnAov
Babpou eival eupéwg Stadedopévn oe 0An tnv Katwtepn evotnta, afilel va onuelwBel otL Ta
Aeiava HP OSuatnpouvtal KaAUtepa OTO  VOTIOSUTIKO TUAMO TOU VNOloU Tapd OTo
BopeloavatoALkd TunRua, omou ondvia eival cuvtnpnuéva (Jolivet and Patriat, 1999). Autég oL U0
HETAUOPPLKEC PATELG EMNPEACTNKAV TEALKA Ao ypavitikn Steioduaon tnv mepiodo twv 19 éwg 14
Ma (Altherr et al., 1982).

H enadn petafl tng katwtepng (HP) kat avwtepng evotntag (LP) elval éva Tumiko pryua
arnokoAAnong (detachment fault) (Jolivet and Patriat, 1999).

EmunpooBeteg B€oelg epdaviong pnyHATWY amokOAANoNG mapoatnendnkav otnv Katwitepn
gvoTNTA TNC vrjoou, otnv meploxr Mavopupou (IxAuo 1 / Oféon 1) petafl oXLOTOALOKWVY Kol
UTIOKElPEVWY avBpakikwy oxnuotiopwv (Avigad and Garfunkel, 1989) tpladikng nAtkiog
(MeAbwvng k.a, 1980). OL mapatnpnoelg twv Brocker and Franz, (2005), pue Bacn MeTpoAOyLIKA Kot
padloxpovoloylka Sedopéva tng TEPLOXNG Tou lMAvoppou, €ivol amoAuta CUPBOTEC HE TNV
EpUNVELD OTL O UTIOKELMEVOG avBpOKIKOG opilloviag Twv UTEPKEipeVWY GUAATWV-XOAQ{ITWY,
QTOTEAEL QAVATIOOTIOOTO UEPOG TNG KATWTEPNG EVOTNTAG TNG VAAOOU, OTIWG E(XE OPXLKA TIPOTELVEL O
MeAldwvng k.a., (1980). AvaAoyn {wvn mapatnpndnke otn kopudoypauun nou Bpioketal 800 m
BA (ZxAua 2 / ©€on 2) ano to ouvolkiopo Yotépvia (Parra et al., 2002).

Ot FepoAuparocg k.d. (1994) Baolopévol O€ TEKTOVIKA Kol LETapopdIKA oTolxela xwpilouv tn viico
Trvo ota U0 pe pia {wvn amokOAANong Katd UAKOG TNG viioou (Ixnua 1).

Me tn HEAETN TNG AVIOOTPOTILAG HayvNTLKAG evaloBnoiag, ot Aubourg et al. (2000) npoodlopilouv
pla edpeAkuotiky {wvn MAAOTIKAG apapopdwong mou xwpilel tn vico Tivo oe dUo TUAUOTA
(ZxAua 1) avaAoya pe autn twv MepoAupdtog k.a. (1994).
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TNV epyaocia autrn €yLve mpoomnabsia epapUoyng otn vioo Tou popdotektovikoU Seiktn "Aelktng
Mnkoug-KAiong P€patog SL" (Stream Length — Gradient index) yiwa tnv kaAAitepn mpoogyylon
TETOWV PeEYAAWV {wVwv SLATUNONG OTOUC HETAUOPPWHEVOUC OXNUOTIONOUC, OMWC OUTEC
avadEpovTal Lo MAvw.
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Zxnua 2. Xaptng t¢ vijoou Trivou oTov 0moio QTeLKOVIJETAL ) TIPOTELVOUEV TEKTOVIKN aoUVEXELA (“NEa ACUVEXEL TNG
Thvou”), Baotouévn ekto¢ wv dAAwyv oto Aegiktn SL Index. Sto Xaptn @aivetal n moAU KaAr) CUGKETLON TNG ALOUVEXELAC
QUTNG UE TNV TOPOUCIA TWV CYNUATIOUWY TIOU QVAQPEPOVTAL WG “TAQUKO@AVITIKOL SXLoTOALGOL” Kot LUE TIG oo TNV
BLBAloypapia avapepOUeVEG dOUVEXELEG (“ACUVEXEIX MIEAETNG”, AGUVEXELQ TTOU CUUITITITEL LUE TO OPLO TNG
Aviootporniag Mayvntikng Evaitodnaoiag, onueia 1 kat 2 tou Xaptn oto Synua 1).

O &eiktng SL gival moAU evaicBntog oe aAAayEg TNG KALONG TNG KOITNG TWV PEUATWY KAl QUTH N
gvalobnola emTpEnel TNV ekTipnon TG oxéong Letafl mbavig TeEKTOVIKN ¢ SpaotnplotnTog, TG
OVOEKTIKOTNTAG TWV METPWHATWY Kol TNG Tomoypadiac. H xprion tou deiktn SL eival Sttt kabwg
ETUTPEMEL TOOO TN OUYKPLON UETOED SLOPOPETIKWV AEKAVWY AMOPPONG, OGO KAl TV avayvwplon
QVWHOAWVY TLHWV KATA UAKOG TNG 8Lag AEKAVNG, UE KOWVO OTOXO TNV avASEeLEn TOTLKA EVEPYWV
TEKTOVIKWV {wvwv oe pla meploxn. Etol o deiktng SL xpnolpomoleital ywa tnv avayvwplon
npoodaTnG TEKTOVIKN G SpaotnpLotntag Payxvovrag yla avwpaAda uPnAég TLUEG Tou (1) omaviotepa
XOUNAEG) OE OUYKEKPLUEVO TUTIO TTETPWHATWV.

H amotumwon Twv TWHwV Tou Agiktn SL Katd HAKOG eVOG PEUOTOG SLVEL ONUAVTLIKEG TTANPODOPLES
oe oxéon Me tnv allayn tng ABoloylag i tTNG TEKTOVLKNG, aAAA Sev €MLTPEMEL TNV AUECH
OUOXETLON TNG MANPodOopPLaG AUTAG UE AANEC YEWTOPAUETPOUC TOU EUPUTEPOU XWPOU EPEUVASG
HLOG TEPLOXNG. Mo To Adyo auTo yivetal mpoomdbela ta TeAevTaia XpOvia amo TNV EMLOTNOVLKN
KOLVOTNTA TIOU QOXOAELTAL E TO QVTIKELMEVO QUTO VA SNULOUPYCOUV E0TW NULOUTOMOTO XAPTEG
HE TN Katavopn tou Agiktn SL. O Hack (1973) mpotelve 800 SLadpopeTikég peBodoug SLaxwpLopou
yla Tov UTIOAOyLopO SL Katd pAKog evog dedopévou pepatog, AapPdavovtag umoyn eite tn
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Stadopa vPopétpou (dH) n ™ Stadopa pnkoug (dL) wg otabepég. Ol Keller and Pinter (2002)
TpOTeLvayV pia arAn pébodo yla tnv mapaywyn xaptn pe SL Tipég, Baolopévo oe tomoypadikol g
xapteg 1:50.000 £wg 1:250.000 kAipokag. Auth n pebBodoloyio Booiletal otig toeg Stadopeg
VP OUETPWY TWV LooU P WV ypoupuwY we dH, mapéXovtag HLo AKAVOVIOTN KOTOVOUN TwV TLHwv SL,
oTNV omola n MUKVOTNTA TWV CNUELWV NTAV LEYAAUTEPN KOVTA OTO AVWTEPA CNUELD TOU PEUATOG,
WG €K TOUTOU, OTAV Ol LooUYPEelC ypaUUEC BplokovTal og ULKPOTEPA SLACTAMATA N ULA LE TNV GAAN
(Troiani et al., 2014). Auto OpwG, Omwe amodelkvueTal amo tn Sk pag LeAETn &g emMIPEPEL KAULA
oAMoilwon ota owotd amoteAéopata tng MeBodoloyiag mou xpnowdomoleitat edw. Ta
QTMOTEAECUATA TNG YEWOTATLOTIKAG avaAuong Twv Troiani et al. (2014) eruPePfaiwoav otL:

1. onwg nmpoteivetal and Hack (1973), n xprnon twv otabepwv vPoueTplkwy dtadopwv eival
XPNOLLO UECO YL TO OWOTO UTIOAOYLOMO Tou SL amd tomoypadikols xapteg mou Baocilovral
otTLG ool P elg KaumUAEG, Kot

2. avilBETwg, pla otabepn T g mapapétpou dl, Ba dwoel kaAUtepa amoteAéopata, HLOVo
otav n xwpLKn katavour tou SL mpofAEnetal xwpLkd anod Gaussian dtadikacia maAvdépopnong
(BA. Pérez-Peia et al., 2009).

H edpappoyn tou Seiktn SL otn vrioo Trvo eival tdeatr), S10TL adevog pev to avayAudo tng viioou
elval Amo, adetépou ta mMeTpwpata eival mavw amd 95% (mAnv tou ypavitn) evmAoota
(incompetent), onote Sev UTELGEPXETAL N TTAPAUETPOG TG SLABPWONG TWV METPWUATWY TNG VOOV
otnv oAloilwon Ttwv amoteAeopdtwyv Tou Oeiktn SL, MOU €XOUV OXEOn ME TNV TEKTOVLKA TNG
TLEPLOXNAG.

Ztnv napovoa epyacia yla Tov utoAoylopo tou deiktn SL xpnotponoli®nke n péBodog tou Hack,
(1973):

SL=(AH/AL)L (Hack, 1973)

omou to mnAiko AH/AL sivat n KAlon TOU TUAUATOC OE CUYKEKPLUEVO ONMEIO KATA WAKOC TOU
motapou, AH eivatl n upopetplkny dtapopd avapeca oTa AKPO TOU TUNUATOG Kal AL TO HRKOC TOU
TUAMOTOC, EVW L TO HAKOC O TO KEVTIPO TOU TUNUATOC, £WE TO TILO HOKPLVO ONUElo oTa avavtn
TOU TtotapoL.

Ma tov umoAoylopo tou Aesiktn SL kal tnv xaptoypdadnon autol xpeldlovtal TEooepa cUVOAQ
6ebopévwy oe popdn vector: 1) Tomoypadiko YnoBabpo. Emléyovral tooUPeic ava 40 pétpa anod
xapteg tne NYz, kAipoakag 1:50.000, 2) Yépoypadiko Siktuo amd toug idloug mo mavw Xapteg, 3)
Xdpafn twv Aekavwv amopponc (3" kot oplopéveg 2" tAENC HE KAAA KATOVOUA OTO XWPO
gpyaoioc) pe Baon ta mo mAavw otolxeia kot 4) Xapofn Twv HEYLOTWY PEUATWY TWV TIOLO TTAVW
AEKOVWV QITOPPONG.

Mo Tov utoAoyLopo tou SL xpnotuomotndnke n nULAUTOpOTOG LEB0SOG Tou MepoAupadtou (2016).
Me tn pnéBodo autr mpoodlopioBnke n Tt tou Seiktn SL oe 557 onuela NG vioou, €yLve n
XAPAEN TWV YPOUUWY LOOKATAVOUNG AUTOU KAl N KATOLOKEUH TOU avaAoyou raster.

310 XWPOo TNG Katwtepng evotnTag €YLVe MPOooTAbela TG EVWong TWV HEYAAWV OVWHUAALWY TOU
Asiktn SL, AapBavovtag umoyn ta otolxela ekelva MOU cuVEEovTal PE TNV MOAPOUCLA HEYAAWV
{wvwv mapapopdwons, ePeAKUOTIKOU XaPOKTAPA.
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MNa tn xapaén tng “Néag Aouveéxelag tng Trivou” AndBnke emumAgov umoyn n UTapén f Un Kat n
B£0n TWV CXNUATIOMWY PE OPUKTA UPNAWY MILECEWVY, TIOU OVTLOTOLXOUV OTO YEWAOYLKO XAPTN TNG
VAOOU 0ToUG YAauKodpavitikoU¢ oxlotoAiBouc.

To amotéAeopa OQUTAG TNG €pyaocioc sival n dnuoupyia pla ypapung, n omoia Bswpeital otl
Xwpilel SUO TEKTOVIKEG EVOTNTEG, TIOU £XOUV UTIOOTEL TOV (510 TEKTOVOUETAUOPHLKO KUKAO, OAAQ e
TIOAU  SLOPOPETIKEG OUVONKEG UETAMOPDPWONG KOl TEKTOVIKAG. H ypappun autrh €xel oAU KaAn
OUOXETLON HE TN OOUVEXELOL TIOU OVOMACOME “priypo MEAETNG” KABWC KAl E TNV OLOUVEXELA TIOU
glvat 6plo TN aviootpomiag payvntikng evatcdnoiag (Ixnua 2).
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rewpopdoloykn Xaptroypadnon twv AKTwWV TG NoTtloavatoAkng AQUPEWTLKAG

I. Taurtoupdkn *

(1) Xapokoneto Maveniotruto, Tunua lewypapioag, EAsudepiov BeviléAou 70, ABnva, EAAada,
gtampouraki@gmail.com

Elcaywyn

H mapouoa epyacia £XeL 0OV QVTIKEILEVO HEAETNG TN YEWHOPdOAOYIA TWV VOTLAVATOALKWY OKTWV
Tou ANpou Aaupewtikng. H yewpopdoloyikn xaptoypadnon adopd OTOV EVIOTUOMO Kol TNV
QMOTUTIWON TWV YEWMOPPWY KAl TWV YXAPOKTNELOTLKWY TOUG Kal amoteAel pia onuaviki
peBodoloyia otn ywpopdoloyikn €peuva. O eVIOMIOMOG, N avaAuon KalL n omotumwon Twv
vewuopdwy, pmopouv va Owoouv mAnpodopieg oxetikd He TIC Puolkég Slepyaocieg Tou
Stapopdwvouv to yrvo avayAudo.

ZKOTIOG TNG Epyaoiag elval n avayvwpLlon Kat xaptoypddnon tTwv yewuopdwv mouv cuvbETouy To
avayludo twv aktwv TG NotloavatoAlkig AQUpPewTlkAG He tnv aflomoinon lewypadlkwy
Zuotnuatwyv MAnpodopiwv (MZ) kat tn xprAon twv Aoylopkwv ArcGIS(10.5) tng ESRI kot
CorelDRAW. H xaptoypdadnon €ywe oe kAipoka 1:50.000, kaBwg n kAipoka oaut BewpriBnke
KATAAANAN yla TNV OTELKOVLON TWV CNUAVILKOTEPWV YEWUOPDOAOYIKWY XOPAKTNPLOTIKWY KAl N
xaptoypadikn tpoBoAn mou xpnotluomnolnonke eivat to EAANVIKO Tewdattikd Zuotnua Avadopdg
(EFZA ’87). EmumA€ov ylo TOUC KUPLOTEPOUC QLyLXAOUG TNG TEPLOXNG €ywve ANUn Selypatwv
W{NUATOG QIO TNV OKTOYPOMUN KOl 0KOAOUONOE N KOKKOUETPLKN Toug avaluon (Enpn kookivion)
oto gpyacthplo Quoikng Mewypadiag tou Xapokomeiou Mavemniotnuiov pe okomod TNV amotuTwaon
ToU WNUaTtoAoylkol KaBeoTtwTtog Kata tnv nepiodo tng detypatoAnyiag.

H emiloyn tng voTLoavaAToAKNG AQUPEWTLKAG WG TEpLoXn MEAETNG €ylve SLOTL amoteAeital ano
TOAAOUC SLapopeTIKOUC YEWAOYIKOUC OXNUATIOMOUG Kol Yapaktnpiletal amd £€va oUvBeTo
avayAudo, He peyaAn TowkiAia yewpopdwy (dlaitepa mapdktiwv) téoo andbeong, 6000 Kol
SLaBpwonc. EmutAgéov n votia ATTIK omoTeAel TNV PeTABATIKI) YEWHOPPOAOYIKN evoTnTa HETAED
™N¢ Nrelpwtkng EAAadag kat twv KukAadwv (MauvAdmouAog, 1992). TéAog n mapadktia {wvn TG
TLEPLOXNG MEAETNG, TIOU amoteAel €éva Suvapka petaBaldopevo cuotnua, epdavilel peyaio
KOLVOVOLKO-OLKOVOULKO €dladEpov KaBwWG CUYKEVTWVEL TIOAAEG avBpwrtveg SpactnpLotnTES, TO0O
g€awtiag Tng alodnTIkAg, 600 Kal TNC XPNOTIKAG TNG alag.

AkohouBel n meplypadn tng pebBodoloyic mou edapuOOTNKE, N Mopouciacn Kal epunvela Twv
QTOTEAECUATWY KOL TO OCUMMEPAOUATA TOU Tpogékuav amd TNV YEWHOPPOAOYLKH Kal
W{NUOTOAOYLKN LEAETN.

rewypadikn Oéon Neproxn MeA€tng

H meploxn LeAETNG mepAapBAVEL TIG OKTEG TIOU €KTElVOVTAL Ao TN TEPLOXN) TOU ZOUVIOU €WG KOl
TOV OLKLOMO 2upi, Bopela tou Oppou Ayiou NikoAdou tou ARpou AaUupewTIKAG. Mo avaAuTika
nepAapBAavel Tig mepLoxEG Zouvio, Katw Zouvio, Katw Moosbwvia, Aalplo, ©@opko kat Zupt kal
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toug Oppoug Oopikou, NikoAdou, Matdoupopavdpou kot to ToupkoAipavo. O AQUo¢ AdUPEWTLKAG
avnkel otnv MNepldpépeta ATTIKAG Kot cuotadnke pe to Mpoypappa KaAAlkpatng. MponAbe amod tn
OUVEVWON TwV Tpolmapxovtwv SNuwv Aaupewtlkng, Kepoatéag kot tng kowotntag Ayiou
Kwvotavtivou. AuTika Kat votloduTiKA Bpexetat amod Tov Zapwviko KOATTO Kal VOTLA KoL OVOTOALKA
and to Awyaio Néhayoc. H éktaon tou Srjpou eivat ion mepimou pe 200 XAp?, améxet amd tnv
ABrva 55 YAU kot o MANBuopog Tou avépyetal os 25.102 katoikougoUpudwva Le Thv amoypadn
Tou 2011.

Me0BoboAoyia

Mo TNV MEAETN TWV OKTWV TNG VOTLOAVOTOALKNG AQUPEWTIKAG akoAouBnBbnke n péBodog tng
neplypadkng yewpopdoAoyikng avaluong. H péBodog tng meplypadlknG yewHopdoAOyLKAG
availuong Paoiletalr otnv ouAloyn OTOWELWV Kal TIANPOGOPLWV yla TIG YeEwUOpPdEC ToU
amelkovilouv T XOPAKTNPLOTIKA TOou duaolkol mepLBaAlovtog, AapBdavovtag umoyLlvy Toug
YeEwUopdOoAoylkoUG TapAYoOVIEG Kol TIG ouvOnkeg mou emnpedlouv Kal Slapopdwvouv To
oNUEPLVO avayAudo TG EPLOXNG LEAETNG.

Zta mAaiola tng meplypadlkng yewpopdoAoyikng avaluong HeAetnOnke n yewuopdoloyia twv
VOTLOOVOTOALKWY OKTWV TNG AQUPEWTLKAG, OKOTMEUOVIOC OTOV EVIOMIOUO, TPOcOLopLOUO,
xaptoypadlkr anotuwon Kal aVAAUGoN TwWV CNUAVTIKOTEP WV YEWHOPD WV TG TIEPLOXNAG.

H meploxn mou xaptoypadnOnke ektelvetal otnv {wvn nidpaong TnG KUMATLKAG EVEPYELAG LEXPL
Kat tnv wofabn twv 15 pétpwv mepimou. To OUVOALKO HAKOG TNG OKTOYPOMUAG TIOU
xaptoypadnOnke kal LeEAETNONKe avEépXeTal oE Tepimou 57 yAp..

Ma tnv yewpopdoloyikn xaptoypadnon akoAoudndnke n mapakdtw pebodoloyia:

e Emutéma €peuva yiwa tov mpoodloplopd, tnv kataypadn, tn AnPn dwroypadlwv Kal tn
xaptoypadlk amotuTTwon TwV TAPAKTIWY YEWUOPGWVY TTIOU AVATTTUCOOVTAL KATA UAKOG TNG
OKTOYPOHUUAG, LE OKOTO TOV TPOCSLOPLOUO TWV MOPAYyOVIWY Tou enédpacav otn Stapdpdpwaon
TOU Ttapaktiou mepLBaAlovtoc.

e AstypotoAnyio NUATWY arod Toug KUPLOUC alylaAoU ¢ TN TEPLOXNG KOl KOKKOLETPLKI ovaAuon
Twv SElyPATWV OTO £py0OTnplo wWote vo MPoodloploBel To WNUATOAOYIKO KABEOTWG TwV
QLYLOAWV TNE EPLOXNG Kal ol Slepyaoieg kot ouvOnKeg anodBeorg Touc.

Ma tnv neploxn HeAETNg dnuoupyndnke pla dndlakn Baon xwplkwyv dedopévwy oe mepBAaiAov
Juotnuatwy Mlrewypadikwv MAnpodoplwv éylve emioken otnv MEPLOXN HLE OKOMO TNV Kataypadn
KOl QITOTUTIWON TWV TTAPAKTIWY YEwHopdwv Kot T AnYn pwtoypadlwy Kot Selypdtwy WnUatog.
Ma tnv akplpn amotuMwon TwWV TTaPAKTIWY YEWHopPwV Xpnotponolndnke GPS (Global Positioning
System).

Ita mAaiola TNG Epyaociag, otn CUVEXELD, payatonol)Onke detypatoAnyia oe 7 alyltaloug tng
nieploxnc.fa tnv Katavonon Twv MapAKTLWY Kal OXL LOVO SLEpyacLWV OV €ival UTIEUBUVES yLa TO
OXNMOTIOUO OUYKEKPLUEVWY Yyewpopdwyv amatteitat n ARYn Sewypdtwv Wnuatog amd ta
nieptBaArlovta anobeong Kal N KOKKOMETPLKN Toug avaAuon (Kapuumaing, 2010).

KpiBnke okomipo, n AQPn twv Selypdtwy WRpatog va yivel and koboplopéveg BEoELS, Kal N
peTénelta enefepyaocia toug mpayuatonowBnke oto epyaoctnpo Quolkig lewypadiag tou
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Tunuotog Mewypadiag tou Xapokomeiou Mavemniotnuiov. H detypatoAnyia mpaypatonolndnke
KaTd tov pnva AsképPplo tou £touc 2019 kat n mAsoPndia Twv detypdtwv eAndOn oto onueio
Bpduong Tou KUUATOC £KTOGC amd SUO TEPUTTWOEL] KOTA TLG omole¢ eAndOn Selypa amo Tig
amoBéoelapupuwdwY BLVWV OTNn TTPWTN TEPLTTTWON KAl ard TNV KUUATLKI «OKLA» TOU TOUTTOAO TToU
napatnpnOnke otnv aktn, otn deUTepn mepimTwon.

Mo TNV KOKKOUETPLKN avAAUCN TWV WNUATWY €lval ONUOVTLKI N QVTUTPOCWIEUTIKY TTOCOTNTA TOU
kaBe &elyparog, kabBwg kot ol mpokaboplopéveg Béoslg ANPnG Toug. Itn MeplmTwon €vog
appwdoug UALKOU emapkng moootnta Bswpouvtatl ta 100 ypoupdpla Selypatog, EVw yla TILO
XOVOPOKOKKO UALKO ouvloTatal HeyaAltepn moootnta Selypatog. uvoAikd, eAndbnoav 20
Selypata amo 7 atytaAoUg KOTA KOG TWV AVOTOALKWY OKTWV TNG AQUPEWTLKAG.

Ta amoTeAECUOTA TNG KOKKOUETPNONG EMEEEPYAOTNKAV KOl OMOTUNMWONKavV oe Slaypoppota
0BpOLOTIKWY CUXVOTATWV yla TNV KAAUTEPN €pUNVEL TOUG Kal yla TNV KAAUTEPN TIOCOTIKN
TepLypodr TwV XOPaAKTNPLOTIKWY TWV KAUTIUAWY aUTWV €Xouv XpnolpomnotnBel katd to mapeAbov
arnd TOAAOUG EPEUVNTEC OPLOUEVEG OTATLOTIKEG mapduetpol (Folk&Ward, 1957). Autol ot
TIAPAETPOL PUTtopoUV va Swoouv evoeilelg yia ta meptBailovia anobeong twv meploxwv ANdng
Twv Selypdatwy kat adopolv to HEco HEyeBOG, TNV TafLlvOunon, TNV LOCUUETPLA KAl TNV KUPTWoN
TWV KOKKWV.

AnoteAéopata

IXETIKA ME TNV YEWHOPDOAOYLKN UEAETN, XopToypAdnon Kol EMLTOMIA €PEUVA TWV OKTWV TNG
NotloavatoAlkng AQUPEWTLKAG EVIOMIOTNKAV XEpoaieg yewpopdég StaBpwong, onwg eival ol
ETULPAVELEG LOOTIES WO NG KL TTAPAKTLEC YEWUOPPEC Baldoaotag StaBpwonc, amoBeong Kot ALOALKNG
anoBeong kal tpoodloplotnke n popdr Twv KALTUWV.

OL mapaktieg yewpopdég elvatl amotédeopa tng emibpaong OaAdoolwv Mapayoviwv Kal Tio
OUYKEKPLUEVA, OTN TEPLOXN MEAETNG OUVOVIWVTOL TIOPAKTIEG YEWUOPPEG TOoO BaAdoolag n
aloALKAC amoBeonc, 6oo Kal BaAdoolag dtafpwong, Omwe eival ot atylaloi,ot atytahol otov puxo
Twv KOAnwv(PocketBeaches), Yndidonayeic atytahol (Beachrocks),toumolo, mapdakIiol Kpnuvol,
TLOPAKTLOL TTAYKOL KOl TIAPAKTLEG O WOELG BIveC.

IXETIKA HE TNV emefepyacia Twv Selypdtwy WNUATOG, TO UEYEOOC TWV KOKKWV TOU LAUOTOG
aroteAel €voelen tng evépyelag tou mepPAAAovTog PeETaPOoPAC Kal armobeong Toug Kal omo ta
QMOTEAECUATA UTIOAOYLOMOU TNG TAPOHETPOU TOU HECOU Ypadlkol HEYEOOUG MPOKUTTEL OTL T
Selypota Twv WnUATwy amo toug 7 atyltalolg eival Kupilwg xovdpOKOoKKa, TTOAU XOVOPOKOKKA Kol
HLECOKOKKA. ETopévwe, otoug e€eTalOUEVOUG aLyLOAOUG, O KUPLOPXOC EVEPYELOKOC TIOPAYOVTOC
dalvetal va lvol 0 KUPOTIOHOG, EVW OL ALOALKEC Slepyacieg dalvetal OTL €lval TILO TIEPLOPLOUEVEC.

H meploxn tng NotloavatoAlkng AaupewTtikng gudavilel TOANOUG KOATIOUG, ULKPOU 1 MEYAAOU
mAAToug, oL omoiot tpododotolvtal and ta udpoypadikd Siktua mou ekPAaAAouv ekel. H
QVATTTUEN UKPWVY OLYLAAWY UE OMOAEG LOpDOAOYLKEG KALOELG SLASEXOVTAL TIC ATIOKPNIVEC QKTEG LIE
HeyaAn kAion.

Ta METpWUATA TNG TEPLOXNAG TIOU Kuplapxouv otn moapadktia {wvn elval ol acPfeotoAibol, ol
oxXLoTtOAlBoL Kal oL TetopToyevel( amoBEcoel. Ze TEPLOXEG UE OUOAEC LOpPOAOYLKEG KALOELG
KUpPLAPXOUV OL TIAPAKTLEG Kal aAAOUBLAKEG QMOBECELS, EVW OTLE TILO ATIOKPNIVEG, oL aoBeotoALlBol
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Kall oL oXLoTOALBoL. Tuvenwg n puon, To l60¢ Kal N AVOEKTIKOTNTA TWV YEWAOYLKWY OXNUATIOUWV
TIOU KATAARYOUV OTNV OKTOYPOUUA ELVOL L0l ONUAVTLKI TIOPAETPOC Yl TO €(60G TWV MOPAKTLWV
VEWHOPDWV Kl Ta LOPDOAOYLKA TOUG XOPAKTNPLOTIKA.

Tuunepacpata

H mepwoxn tng NotoavatoAlkng AQUPEWTIKAG Tapouclalel TOAU ONUAVILKO YEWAOYLKO,
HETAAAEUTIKO Kol TIAAOLOVIOAOYLKO evlladEpov. XapakTtnpilleTal wg TOMOG UEYAANG LOTOPLKNG Kal

HUVNMELOKAG onuaoiac.

H olokAnpwon tng meplypadlknG YEWHOPPOAOYLIKAG AVAAUONG Kol HEAETNG TWV OKIWV TNG
NotloavatoAknG AQUPEWTIKNG, KATEANEE OF CUUMEPACUATA OXETIKA ME TN Slapdpdwon Tng
vewpopdoloylag toug, HEXPL onuepa. Ta oupmepdocpata e€nxbnoav amd tnv umnaibpla
vEWUOPDOAOYIKN) UEAETN-QVAAUGCN KOL TNV KOKKOUETPLKA avaluon O&elypdtwv Wnuatog.
Kataokeudotnke 0 yewnopdoAoyLkog XApTnG TG EPLOXNG MEAETNG KOL LETA ATTO ETLTOTLA £PELVA
evioniotnkav mMapaKTLeG yewpopdEg, Omwe atyLtaAol, beachrocks, Biveg, kpnuvol kat toumnoAo (o€
OUVOALKO UNKOG OKTOYPAUUNG 57 XAW. tepimou).

EldIkOTEPQ, OXETIKA HE TN YEWHOPdOAOYLa TwV aKTWV TNG AQUPEWTLKAG, OWE TPOEKU P E amod Tov
YEWAOYLKO KOl TOV YEWUOPGDOAOYLKO XAPTN TIOU KOTOOKEUAOTNKAVY, Ol OKTEG OVOTTUCOOVTAL OE
OXNMOTIOMOUG OXLOTOABwY, oaoBeotoAlBwy, Mapudpwyv Kol amobeécewv TAPAKTIOG  Kal
aAAouBlakng mpoéleuong. OL oxnuatiopol oxlotoAlbwv kot ol acBeoctoAibBwv epdavifovral
KUPLWG OTLG POPELEG KAl VOTLEG OKTEG, EVW OTL( KEVIPLKEG KUpLapxoUV ol aAAouPLlakég Kot
TIOPAKTIEG AMOBECEIC.H KaTAVOUR TWV TETPWUATWY KAl TWV TILO XAAAPWV UALKWV £XOUV WG
anotéleopa tnv dtadopomnoinon Tou avayAUdou Twv akKTwv Tou oxnuoatilovtal o auTeg. Ita
TIOPAKTLA TUAMUATA TTOU aVOITTUCoOoVTaL OXNUATLOUOL oXLOTOALBwY, aoBecTOABWY Kol HapUApwWY,
To avayAudo xopaktnpiletal amod andoKpnUVeS MAAYLEG KAl KPNUVOUG LEYAANG N Leoalag KAlong.
AvtiBeta, ota THAMATA EKElVa, TTOU avamTUooovTal XaAapEG amoBEaelg, To avayAudo sudaviletal
TIO ATLO KOL TIAPOTNEOUVTOL O QUTO KUPLWG YeEWHOPDEG TapAKTIwY alylaAwv. Emiong, ot
TIOPAKTLOL KPNUVOL PE HECALEC KOl HEYAAEC KALOELG, TTOU Tapatnpouvtal, dSnAwvouv TNV TAon
MpogéAaong tN¢ BAalacoag Kal umoxwpenong Twv akTwv amd T BoAdooleg Slepyaoieg kot n
napouoia beachrocks og apketeg mapaktieg Ooelg, 1dlaitepa Ta uoBaAdaoaota, UTTOSELKVUOUV TNV
avodo tng otabung tng Oalaocoac kata tn dtapkela tou OAOKaALVouU.

IXETIKA LE TO QTOTEAECUATA TNG KOKKOLETPLKNG AVAAUONG, OO TA OMOTEAECUATA UTIOAOYLOLOU
TNG MAPAUETPOU TOU HEOOU ypadLlkoU HeYEBOUC MPOKUTTEL OTL Ta Selypota Twv WNUATWY oo
TOoUuG 7 awytaloug eival Kuplwg xovopokokKa, TToAU XOVOPOKOKKA Kol LECOKOKKO. EMopévwe, otn
OUYKEKPLUEVN TIEPLOXN UEAETNG, TO HEYAAO MEYEDOC TWV KOKKWV armoteAel Seiktn meptBaAlovtoc
HETAPOPAC Kol amoBeong oXeTLKA UPNANG EVEPYELAG.

Ano Ta QmOTEAEOUATA TNG ATMOKAELOTIKAG OTAOEPNG AMOKALONG, Ol TLUEG ot MAsloPndia Toug
Selyvouv kakn — dtwxn Taglvounon Twv KOKKWYV, EMOUEVWG Kol Kakr Sltaloyr Toug amnod ta péoa
HeTadopaAg Kal anobeaong, mou lval KUPLWE 0 KUHUATIOUOG KL TA TAPAKTLA PEVATAL.
Euxaplotieg

Oa nbsla va suyaplotiow Ttov K. KaplumoAn kabnynt tou Xapokomeiou Mavemiotnuiou, ylo TV TOAUTLUN
kaBobnynon kat umootnpLEn Tou, Kata t SLdpkeLa uAomoinong autng TN epyoaociac ota mAaiola oAokARpwaong Twv
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TLPOTTUXLAKWYV oTtoudwv pou oto Tunua rewypadiag tou Xapokomneiouv. Eniong tov k. Mmatldkn Kat Thv K. Avépgou
yla TNV TIpaypatonoinon Tng EMTomniag £peuvag kat tng SetypatoAniag otn meploxn LEAETNG KAl Tov K. Toavaka yla
TNV oAUTLUN BorBela tou.
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rewpopdoloykn MeAétn twv AAAouBLakwv Putdiwv
Kot Twv Avtiotoyywv Askavwv Antoppong tou Opoug OAvumnog pe tn Xpon Z.I.0.

E. NikdAn 1 E. Kapournaing ?, K. Toavdkac’

(1) Tunua rewypapiag, Xepokorneio MNaveniotiuto, EA. BeviléAou 70, KaAAOéa 17671, EAAdda,
elisavetnikoli@gmail.com, karymbalis@hua.gr, ktsanakas@hua.gr

Elocaywyn

Ta allouPBlokd putidio omoTteAOUV XOPOKTNPLOTIKEG YEWUOPPEC TOTAULOC amoBeong, Tou
oxnuatilovral oto onueio e€66ou TNG KUPLAG KolTNG EVOg LSpoypadLkoU SIKTUOU o EVOV OPELVO
oyko (Blair and McPherson, 1994; Norini et al., 2016). A6 tnv dekaetia tou 1960 apketol
EPEUVNTEG Xpnoldomoinoav Tmoootikd O&edopéva ywa va mpocblopicouv TG Olepyaoieg
Stapopdwong twv aAlouBlakwv putdiwv (Bull, 1962; Hooke, 1968) kal avamtuxbnkav apKeTa
EUTELPLKA HOVTEAQ TTOU BorBnoav otnv Katavonon Twv HobnUaATIKWY CXECEWV TTOU CUVOEOUV TLG
Aekaveg amoppong pe ta avtiotolya aAlouBlaka putidia (Bull, 1962; Hooke, 1968; Church and
Mark, 1980; Mills, 1982; Lecce, 1990; Viseras et al., 2003). Ztnv EAAada €xel ekmovnBel MARBo¢
TIAPOUOLWY HEAETWYV O TEPLOXEG OmMwG o EuPoikdg KoAmog (Valkanou et al.,, 2013) kot o
KopwBlakog KoAmog (Karymbalis, 2007; Karymbalis et al.,, 2010; Karymbalis and Gaki-
Papanastasiou, 2011; Karymbalis et al., 2018).

H mapouoa epyaocia €xel wg otdoxo TNV oplobEtnaon, xaptoypadnon Kol LopPoUETPLK avaAluaon
TWV AEKAVWV QTTOPPONG Kol TwV avtiotolwv aAAouBlakwv putdiwv Tou avatoAlkoU TUAMOTOC
tou Opoug OAuumog, pe KUPLo otoxo tn Slepelivnon Twv UETOED TOUC OXECEWV, EKTLLWVTOC EVal
MANBOC HOPDOUETPIKWY  TOPAUETPWY TIOU  TEPlYypAdouvV  Ta  YEWHOPGDOAOYLKA  TOUG
XOPOKTNPLOTIKA, 0€ TepLBAAAov Zuotnuatwyv Mewypadikwv MAnpodoplwv. EmumAéov, Baocel Twv
TIOLOTIKWYV TIOPATNPAOCEWV KOL TWV TIOOOTIKWY UETPHOEWYV, ETILXELPNONKE N KOTNyopLlomoinon Twv
aAAouBLokwy putdiwv oe SlakpLtég opadeg, wg nmpog tig Baoikég Stepyaoieg mou cuvéBaAav otov
OoXNUATLOUO Kot oth Slapopdwor Toug. AMIWTEPO OKOTIO TNG LEAETNG ATTOTEAECE O EVIOTLOUOG TWV
oAAouBLlokwv eKelvwv putdiwv mou dalvetal va eival 1o eMIPPENT 0 GALVOUEVA AKPALWV
dUOLKWV KTAOTPOPLKWV SLEPYACLWY, OTIWE KIVAICEWV UALKWV Aoyw Baputntac.

To 6pog OAuprmog BplokeToloto voTloduTiko akpo tng Kevtpikng Makedoviag kot oploBeteital amo
Tov Ogppaikd KOAmo ota oavatoAlkd, to opo¢ Occa ota votia Kol To 0po¢ Titapog ota
BopeloduTika (ZxAua 1). H meploxn HeAETNG epAOBAVEL TO CUVOAO TWV USPOYPAPLKWV SIKTU WV
Tou amootpayyilouv 1o BOPELo Kal avaToALko TUAA Tou OAUUIMoU Kot Ta avtiotolya aAAouBLakd
Toug putidia, kat Stakpivetal og TPelG LOpPOAOYLIKEG EVOTNTEG: TNV OPELVH, TNV NULOPELVI KaL TNV
nedvn-rapaktia. H opewvn evotnta tou OAUpmou pe upopetpa 300-2918 m mapouoLalel Evtovo
avayAudo pe peyaleg popdoloylkeég KALoelg kol amootpayyiletal and nmAnbog udpoypadikwy
Siktuwv mou SaBpwvouv To avBpakikd uToBabpo kat ekBallouv otov Oepuaikd KoAmo.H
nuwopewvr) evotnta(30-300 m) amotelel TI¢ unwpeleg Tou OAUUMOU KATA HUAKOG TWV OMOoiwv
avamntuooovtol Ta UTo peAETn, MAelotokavikng nAtkiag, aAAouBlakd puidia. 2to peyoAlTtepO
HEPOC TNG N evotnta autn epdavilel nmuotepeg HopdOAOyLKEG KALOELS oL omoile¢ wotoco
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au&AvovTal OTIC TIEPLOXEC TWV EVEPYWV KOLTWV Twv Pputdiwv Adoyw £vtovng katd Padoug
SlaBpwong. To medvo TUAUA AmOTEAEL TNV HOPPOAOYIK) CUVEXELD TWV PUTLSIWV PO Tov
OepUaikd KOATIO VW TO HEYQAUTEPO THAHO TNG MAPAKTLAG {wvnG KUPLOPXELTAL OO TTAPAKTLOUG
KpNUVOUG Tou €xouv SlapopdpwBel amo tn Baldocoia SiaBpwon tou «moda» Twv aAlouBLlakwv
putdiwv. Tooo oto MOPAKTLO-MESIVO, GCO KOL OTO NULOPEWVO TUAMA avamnmtluooeTal €va mARB6og
OLKLOHWV Kol AAAWV avBpwIoyevwy §pactnpLloTATWV.

Digital elevag‘ n map of the broader study area

=

Thermaikos
Gulf

2xnua 1. Ynpakd Movtédo ESapouc TG eUpUTEPNG TTEPLOXNIC UEAETNG.

Aedopéva kot MeBodoAoyia

AnapaitnTto otadlo autng tNg MEAETNG amotéAecs n Snuwoupyia plag Pndlakng Baong xwplkwy
6ebopévwy, Kal yla To okomo autod aflomolndnkav téoo avaloykd, 6co kot P nolakd dedopéva,
ota omnola Baociotnke n Yndlomoinon twv vudpoypadikwv SIKTUWY, N oplLOBETNON TWV AEKOVWV
amoppong Kat Twv aAAouflakwv puttdiwv Kal n €KTUNON TwV HLOPPOUETPLKWV TIAPOUETPWY,
XPNOLLOTIOLWVTAG TO AoYylopiko ArcGis 10.4 (ESRI). Ta &edopéva autd meplthapfavouv: a)
Tomnoypadikol¢ xapteg (kAlpakag 1:50.000, woobiaotaong 20 m, tng Mewypadikng Ymnpeoiag
ITpatou) Kal yewAoywkoUg Xapteg (kAipakag 1:50.000, tou Ivotitoutou [lewlAoylkwv Kal
MetaAAevtikwy Epeuvwy), B) Wnorako Movtélo ESdadoug (cell size 2 m) to omoio amoktnOnke

and to EAANVIkG KtnuatoAodylo kat y) Wnorakd Movtého ESadouc (cell size 30 m) ASTERGDEM
(v.3).

H emoyn Ttwv HOPpPOUETPIKWYV TOPAMETPWY TIOU EKTIUAONkav PBaolotnke otn 8lebvn
BBAloypadia, cUpudwva HE TNV OmMolo CUYKEKPLUEVA (eUyn TOPOUETPWY AeKOVWV-pUTLSiwY
ouoxetilovtatl MOAU LoXUPA LETAEL TOUG KL TTAPEXOUV CNUAVTIKEG TAnpodopieg yila Tig Slepyacieg
oxnuotopou twv putdiwv (Harvey, 1997). H Slepelivnon Twv OXECEWV UETAEY ETUAEYUEVWV
HOPPOUETPIKWY TIOPAUETPWY TwV  oAlouflakwyv putdiwv Kol TwWV AEKAVWV  OIMOPPONG
nipaypotonolnonke pe tn oxediaon AoyaplOuLkng KALLaKag Slaypapatwy SLaomopac, tn HeAETN
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TWV €ElOWOEWV TIOU TEPLYPAPOUV TI( OXECELG QUTEC KOL TOV UTIOAOYLOMO TOU OUVTEAEOTH
OUOXETLONG. TO CUVOAO TWV TTAPOUETPWY TIOU EKTLUAONKAV TtapatiBetol mapakatw:

o EpBadov Aekdvng amopponc (Ap): H emtinedn emubdvela tne Aekavng amopporic (km?).

e KAlon Aekavnc amoppong (Sp): Sp=eZL./Ap, O0Tou e=tcodlaotaon=20 m.

e Kopudn Aekavng amoppons (Cp): To péyLoto UPOUETPO TNG AEKAVNG amoppong (m).

o [epipeTrpog Aekavng amopponc (Py): To unkog tou udpokpitn tng Aekavng amoppong (km).

® JUVOALKO pNkoG KAadwv (Lc): To cUVOALKO koG OAwV Twv KAASwWV eVTOC TNG AEKAVNG AIOPPONG
(km).

e AvayAludo Aekavng amoppons (Rp): H upopetpikn Stadopd petafl tng Kopudng TNG AEKAVNG
anoppong Kot Tng kopudng tou allouBLakou puttdiou (m).

e AplBuog tpaxvtntag MELTON (M): M=Rp*A,-0.5.
o KukAwotnta Aekdvng amoppor|s (Cirp): Cirb=41Ap/Py’.
e Mukvotnta Aekavng amopporiS (Dy): Du= L/ Ap (km/km?).

® JUVOALKO UAKOG LooU P WV KOUMUAWY VTOG TNG Aekdvng armopponG (ZL¢): To CUVOALKO UAKOG TWV
ool Pwv KaApmUAwv ava 20 m evtog tng Aekdvng amoppong (km).

e EpBasdov puusiou (Ag): H eminedn emuddvela tou putdiov (km?).

o Kopudn putidiou (Aps): To uopetpo tng 6€ong Tng kopudn ¢ tou puttdiou (m).

e Mnkog putidiou (Lf): H opllévtia andotaon HeTaly Tou moda Kal Tng kopudng tou puttdiou (m).
e KAlon putdiou (S¢): H péon popdoloyikn kAion tng emtpavelag tou putdiou.

e KapmnuAotnta putdiov (Cr): Ci=a/b, 6mou a = n vopetpikn Stadopd petaly tou dfova Tou
PUTLSLOU KOl TOU KEVTPLKOU onpeiou Tng eVOelag YPOUUAC TTOU EVWVEL TNV Kopudr Tou putidiou
pe tov moda kat b = n upopetpikn dtadopd petay Tou Oda Tou puTLSiou Kal TOU KEVIPLKOU
onueiou.

AnoteAéopata

AvayvwpiloBnkav kot oploBetiBnkav oktw aAAouflakd putibla O0TO AVOTOALKO TUAMA TNG
TLEPLOXNG MEAELTNG, T oOmola avilotowndnkav HE OKTw AekAveg amoppons. Ta levyn Twv
HOPDOUETPIKWY TIOPAUETPWY, TWV ONMOLWV oL OXECELG MeEAeTABNKav sival a) to gufadov Twv
Aekavwv amopponc (Ap) kot to gupadov tou aMouBrakwv puttdiwv (Ag), B) to gupfadov twv
Aekavwv amoppong (Ap) kat n kAlon twv allouPlrokwv putdiwv (Sf) kat y) n kAlon Twv
aAAouBlakwv putdiwv (Sf) kat o AplBuog Tpaxvtntag Melton (M) twv Aekavwv amoppong. Ta
SaypAaupaTa CUCXETLONG MapoucLalovtal oTo IxAUa 2.

Ooov adopd tn oxéon UETALY TWV MOPAUETPWY TOU €UBadol TwV AEKavwy Omopporng Kol Tou
epPadol Twv oAAouBlakwv putdiwy, autr meptypddetat and tnv efiowon As = 4,7A,%** (1) kat o
OUVTEAEOTAG OUOXETLONG TIOU UTtoAoyiotnke elval icog pe +0,4. ZUVEMWG, TIPOKUTITEL OTL N
ouoyétion autn dev daivetal va eival Wolaitepa oxupn, yeyovog mou umopel va anodobel otov
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HULKPO aplOpo twv umod pelAétn putdiwv kal Askoavwv. AVTIBETWCE, blaitepa Loyupr apvntikn
OUOXETLON EVIOMIOTNKE UETAEY TWV TIOPAUETPWY TOU £UBASOU TwWV AEKOVWY OIOPPONE KAl TNC
KAlong twv putdiwy, kaBwg umoAoylotnke €vag CUVTEAEOTNAC OUOXETLONG Loo¢ He -0,92, evw n ev
Aoyw oxéon mepypddetal and tnv efiowon S¢ = 0,19A,%* (2). Efloou onuavIKAC LoXVOC
anodeixbnke kol n cuoxEtion METAU tNG KAlong tTwv putdiwv kat tou AplBuou Tpaxltntog
Melton, 6mw¢ auth Meplypddetol amd tnv efiowon S¢ = 0,18M>° (3), kaBWC 0 GUVTEAEOTAS
OUOXETLONG LooUTal ue +0,87.

Aappavovtag unon ta anoteAéopata thG HOPPOUETPIKNAG avaluong, ta aAloufBlokd putidia
KaTnyoplomolnOnkav og TPeLg SLaKPLTEG opadeg, OnMwe dailvetal otov XAptTn Tou IxAuatog 2. H
opada A meplAapfavel Ta putidla Twy onolwv n dnuioupyla odpeiletal kKupiwg otn Spdcn powv
Kopnuatwv (putibta 2 & 5) kat Slakpivovtal amd TNV OXETLKA MLKPr €KTtaon Kot TG uPnAEg
HOPPOAOYLKEG TOUG KALOELG, EVW OL OVTLOTOLXEG AEKAVEG QMOPPONG TOUG Xapoaktnpilovtal amnod
VPNAEC TIEG AplBuol Tpayxutntoag Melton. ftnv opdda B katatdoocovral ta putibia mou o
OXNMOTLOUOC Toug odelletal o €vav cuvOUAOUO POWV KOPNUATWY KoL TOTAULWY SLEPYOOLWY

(putidia 3, 4 & 7), kot téhog, otnv opada C avikouv ta putibia mou €xouv dtapopdpwbel kuplwg
aro tnv 6pAdon mMoTAuLwyY SLEpYACLWV.

MAP OF ALLUVIAL FANS DISTINGUISHED ACCORDING TO THE MAIN FORMATION PROCESSES

(a) Agypappa A, - A y = 4,7039x034 (B) Aidypappa A, - S,y =0,1931x043
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Zxnipe 2. (Aplotepa) Ataypapuato SIoIopas TwV TLUWVY TwV TTOPApETPwV: (o) Ap- Ay (B) Ap- Spkau (y) Sg—M. (Agéict)
Xaptnc ameikovians twv aAlouBlakwy puttdiwv tng mePLOXNG UEAETNG, OTW G AUTA KATNYOPLOTIOLTINKAV OTIC OUAOES
A, B kat C, aUupwva Ue TV Kupliapxn SLepyacio oxnUATIOUOU TOUG.
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Tuunepacpata

AapBavovtag umtoPn tn Slepelivnon TwV CUCXETIOEWV HETALY TWV LOPPOUETPLKWV TIOPAUETPWV
KOl TNV Katnyoplomoinon Twv aAlouflakwyv putidiwy, cupmepaivetal OTL Ta putidla Tou aviKouV
otnv opada B (3, 4 & 7) kat dlaitepa otnv opdada A (2 & 5), eival og peyaro Babuod emppemnn oTig
KLVNOELG UALKWV AOYw BaplTnTag, YEYOVOC TTOU EVOEXETOL VA EXEL KATAOTPODLKECG ETUTTTWOELG OTO
avBpwrtoyeVvec mepBAAAOV TOU AVOTTUCOETAL OTNV EMLPAVELA TOUG.
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Awepelivnon ¢ Emdektikotntog twv NotioavatoAikwv AKTwv Tou AVATOALKOU
KopwvOiakoU (Hpaiov-Aéxaio KopwBiag) otoug Napaktioug Duoikol Kwvduvoug

X. Pob6mouloc

(1) Xapokomeio Mavemniotruto,EA. BeviléAou 70,176 71, Adnva, EAAada, christos.rodop@gmail.com

Elcaywyn

OL TOpPAKTIEG TEPLOXEC amotelovoav avékaBev €vav dlaitepng onuaociag Xwpeo yla TIG
QVOPWITLVEG KOLVWVIECG, KOL CUYKEVIPWVOUV €va HEYAAO TTOOOOTO TOU TAYKOOMULOU TAnBucuou,
AOYW TWV HoVASIKWY GUOCLKWV KAl KOLVWVLKOOLKOVOULKWY XOPAKTNPLOTIKWY TTIOU CGUYKEVIPWVOUV.
Qot600 0 MAPAKTILOC XWPOG AVTLUETWITLIEL APKETA TTPOoPARUATA Kol SEXETAL ONUAVILKEG TILECELG,
T000 amd ¢uolkoug, 600 Kol armd avBpwrmoyevelq mapdyovieg. Asdopévou OTL amoTeAEl TN
petapatiky {wvn PeTalL xepoaiou kal BaAdoolou meplBaAlovtog, amelleital Kol emnpedletal
Aueoa amnod tnv avodo tng otdabung tng Bahaooag mou katd KUpLlo Adyo odeiletal oto dpalvouevo
NG KALMATIKAG aAAayng. To yeyovog auto, Kabwg Kal o oAoéva aufavouevog mMAnBuouog mou
TELVEL VA OUYKEVTPWVEL KOl oL pn LALkEG Ttpog To mepLBAAAov avBpwroyeveic mapeUPAoELS,
amoTteAOUV TIG Baotkég attieg yla tnv Stafpwon kkat tnv umofdadulon twv aktwv. H mapdktia
SlaBpwon mpokalel Snuloupyel mpoPAnuata téco of  TeEPLPAAAOVIIKO, OCO KOl Of
KOLVWVLKOOLKOVOULKO emtimedo.

JTOX0 TNG TMapoloas epyaciag amoteAel n ektipnon tNg MAPAKTIAC PUOLKAC KAl KOLVWVLKNAG
TPWTOTNTAC TWV VOTLOOVATOALKWY OKTWYV Tou AvatoAlkoU KopwvBlakol (Hpaiov-Aéxato Kopivbiag),
punkoug mepimou 30 XINOUETPWY, OTOUG TTAPAKTLOUG PUOLKOUC KLvOUVOUG TTou EMLPEPEL N AvodoC
NG otabung tng BdAacoag Aoyw TG KALLATIKACS aAAayng (Ixnua 1).

o

Zxnua 1. H meploxn ueA€tng, mnyn: Google Earth.
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Ma TNV eKTipnon ¢ PUOLKNE TPWTOTNTAC TWV OKTWV, £dpappdotnke o Asiktng Mapdktiag
Tpwtotntag (CVI) mou £xel mMPoTaBel yla TNV EKTIUNON TNE TPWTOTNTAC TWV aKTWV Twv H.M.A Kkat
tou Kavada, o omoiog €xel epapuooBel emiong kat otnv EAAada. Ocov adopd Tnv mapaktia
KOWVWVLKN TPWTOTNTO €POPUOOTNKE £VaC TIPOTEWVOUEVOC Asiktng Mapaktiag Kowwvikng
Tpwtotntag (CSoVl), o omolog amotelel Tpomonoinon autol mou edpdappocav ot Borruf et al.
(2005) pe okomo TOV UTOAOYLOMO TNC KOWWVLKNG TPWTOTNTOC TWV TOPAKTIWY TIEPLOXWV TWV
Hvwpévwy MoALTtelwyv tTng AUEPLKAG.

Me0BoboAoyia

O Aciktng Mapadktiag Tpwrtotntag (Coastal Vulnerability Index — CVI) amoteAel éva Suvapiko,
QTAO, OVTLKELUEVIKO KOl EUXPNOTO HABNUATIKO epYaAelo MPOCGSLOPLOUOU TNG TIAPAKTLAG PUOLKNG
TPWTOTNTOCG OTNV HAKPOXPOVIA UEAAOVTIKN) Avodo tng otabung tng BaAacoag, aAAd Kal OTLg
ednuepeg akpaieg petaBoAég Aoyw TG enMidpaong PeTEwpoAoykwv ocuvOnkwv (Aoukakng, 2005).
AlapopdwBnke apxkad amod toug Gorniz et al. (1994) kal ebappootnke otig H.M.A. Tuvektipud £EL
(6) yewloywkég kalL wkeavoypadlkéC Tapapétpoug mou emdpouv otn Slaupdpdwon Twv
HOPGdOAOYLKWV XAPAKTNPELOTIKWY TWV TopdkTiwv {wvwv. Ol mapduetpol ivat: (1) n mapaktia
vewAoyia kal yewpopdoAoyia, (2) n mapaktia kAion, (3) n oxetki Petafoldn) tng otabung tng
Bahaooag, (4) oL mpoéodateg UeTABOAEC TNG AKTOYPAUMNAG, (5) TO pEoO onuavtikd VYOG Twv
KUMATWV Kal (6) To HECO €UpOG TNG TMaAippolag. O HaBnUaTIKOG TUTTOG TTOU XPNOLOToLElTaL yia
TOV MPOCSLOPLOKO TNG GUGCLKAG TPWTOTNTAG TWV TIAPAKTLWY TIEPLOXWV ELvaLl N TETPAYWVLIKA pila
TOU YWOMEVOU TwV 6 petaBAntwy Statpolpevou pe to mARBoG Toug. Na kdbe pia mapdueTpo, Ta
ETUUEPOUG TUAHOTO TNG AKTOYPAUMNG KATNYOPLOTIOLOUVTOL OE TIEVIE KATNYOPLEC TPWTOTNTAG WG
€€NG: «MoAU xaunAn» pe Tl 1, «XapnAn» pe tun 2, «Méon» pe Tl 3, «YYPnAn» pe Tun 4, kot
«MoAb vPnAn» pe tun 5. Ta 6pla Babuovounong mou xpnolpomolnénkav, €ival autd mou
npotadnkav amd toug Pendleton et al. (2004), kot toug Karymbalis et al. (2012). O Asiktng
MNapaktiag Kowwvikng Tpwtotntag (CSoVI), amoteAel €vav gumelplkd TPOmo afloAoynong tng
KOLVWVLKAG TPWTOTNTAG TAPAKTLWY KOLWVWVLWV TIou £hapuooTnKe yiao mpwtn dopad amnd toug Borruf
et al. (2005) kat AaupBavet uvmoyn pla TANBWPO KOLVWVLKOOLKOVOULKWY OTOLXElwY, ToU
ennpedalouv TNV TPWTOTNTA TWV AVOPWNMWV KOl TWV KOWWVIWY OTOU TIOPAKTLOUG KLVOUVOUC.
KaBotL dev ntav ediktd va umoloylotouv OAeg, Aoyw NG EAAeldng eAelBepwv dedopévwv TG
EAANVIKAG 2TOTLOTIKAG ApXNC, TpaypatonolOnke tpomomnoinon tou Seiktn, EMAEYOVTOC KATIOLEG
ano TIC UETAPANTEG TOU apylkoU Oeiktn yla TG omoleg umrnpxouv dlabcowpa otowxela. Ot
puetapAntéc meplapfavouv: (1) To MOCOOTO TWV YUVOLKWY OTOV GUVOALKO MANnBuouod, (2) to
TTOO0O0TO TWV aAAoSamwv oTov cUVOALKO TANBuouo, (3) To MOCOOTO ATOUWV XWPILG amoAuThPLO
AuKeilou oTov cUVOALKO MANBuouo, (4) To MOCOOTO TWV aVEPYWV, (5) TO MOCOCTO TOU €pPyATIKOU
Suvaptkou, (6) oL xpnoslc yng. Ta otolyeia Twv mapanavw PetapfAntwy adopouv to £€tog 2011 Kat
ekTiundnkav oe enimedo KaAAwkpatikol Anpou. H Babuovounon twv TAPAKTLWVY TIEPLOXWY,
Tipaypatonolnonke €xovrag wg mapadoxrn nwe pe uPnAn TpwtotnTa Xapaktnpilovial oL TEPLOXES,
TWV omolwv ot HETAPANTEG UTOSEIKVUOUV XAMNAO KOLVWVIKOOLKOVOULKO emimedo. KaBotL n
Tieploxn HEAETNG mepAapPavel povo SUo ANRUouc, n OTATLOTIKY enefepyaoia, MpaypaTonol)nke
XPNOLUOTIOLWVTOG TG TIMEG OAWV TwV TAPAKTIWY ARuwv tng [elomovvrioou, wote Ta
anotéAeopata va sival aocdpaléotepa. H enetepyacia twv dedopévwy €ylve oto Microsoft Excel
edapudélovtag TNV AmAn KATAVOUH, XPNOLLOTIOLWVTOG TN UECN TLUA KOL TNV TUTILKA OIOKALON TWV
TIHWV. AdoU uTtoAoyloTnNKOV OL OTATLOTIKEG AUTEC TIAPAETPOL, KATOLOKEUAOTNKAV OL KAACELG TIOU
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OVTUTPOOWIIEUOUV TIC TIEVTE KATNYOPLEC TPWTOTNTAC OTLG omoieg §0OnKav ot TieEC amo 1 €wg 5
omnwc kat atov deiktn CVI.

AnoteAéopata

Emelta and TOV UTOAOYLOMO TWV EMIUEPOUC UETABANTWY TOU SELKTN TAPAKTLAC TPWTIOTNTAC,
oKoAoUONOs O UTOAOYLOMOC TOU O&elktn HE Tn XPNOeL tou AoylwopikoU ArcGis. O 8eiktng
UTIOAOYLOTNKE  XPNOLMOTIOLWVTAG TN HABnUATIKR OXEon UTIOAOYLOPOU TOU, WOTE va
npaypotonolnBel n ouvBeon Twv EeMUEPOUG eMUTESWV TIOU aPOPOUV TI( EUTTAEKOUEVES
TIAPOAUETPOUG. TN CUVEXELX TIPOEKUPE €va VEO eMinMedo UE TIG TLMEG TNG TTAPAKTLAG TPWTOTNTAG,
TIOU KaTnyoplomoonkav eniong o€ 5 KAAOELG. To TEAIKO QTMOTEAECHO ATOTUTIWVETAL OTOV XAPTN
(Zxnua 2) kat tov mivaka (Mivakag 1) mou akoAouBouv.
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Zxnua 2. Xaptoypapikn anotunwon tou Asiktn Mapaktiac Tpwtdtntog (CVI) kat twv uetaBAntwy tou.

Mivakac 1. BaGuovounon tne mapauétpou tou Aciktn Mapaktiog TpwtotnTac.

1,414215- 2,000001- 2,449491-

Aetkng CVI 2,000000 2,449490  4,242641 2ovoho
MAKog (%) 15 9,1 4,9 100
BaBuog Tpwtotntag XopunAn MétpLa YUnAn

(2) (3) (4)

Onwg daivetal, to peyOAUTEPO WUEPOG TNG akTtoypapung (43,9%) mapouotdlel «moAl uPnAn
TPWTOTNTA» KAl OKOAOUBEL TO TOCOOTO TNG AKTOYPAMUAG HE «TTOAD XounAn TpwtétnTta» (27,1%).
ITn OUVEXELD N Katnyopla UE TO Tpito peyaAutepo mooootd (15%) eival n katnyopila 2 tng
XAUNANG TpwtotnTag. TEAoG akoAouBouv oL KaTnyopileg « LETPLAG» Kal «UNAAG» TpWTOTNTAG UE
HLKpOTEpa toocoota (9,1% kat 4,9% avtiotowa). Ocov adopd TOV TPOTELVOUEVO TPOTIOTIOLNLEVO
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Asiktn Noapaktiag Kowwvikng Tpwrtotntag (CSoVI) £metta amd Tov UTIOAOYLOUO TWV ETLUEPOUG
petaBAnTwy Tou, akoAoUONoe 0 UTTOAOYLOUOC TOU LE TN XPrOEL TOU AoylopikoU ArcGis omwg €ylve
Kal yla tov Asiktn Noapaktiag Tpwtotntag (CVI). Npoékue éva véo emimedo pE TIC TIHEC TNC
TIOPAKTLAC KOLVWVLKAG TPWTOTNTAG, 0TOo omoio, ol fabuoloyieg tou Seiktn tafivoundnkav pe Baon
TIC TUTILKEC QMOKALOELC amd To péCO Opo Ot Tévte katnyopieg (Aappavovrtag tnv Tun 1 ywa
TLEPLOXEC TIOAU XAUNANG TPWTOTNTAC £WE TNV TN 5 yla auTtég pe oAU uPnAn tpwtotnta). To
TEALKO QTTOTEAECA QTTOTUTIWVETAL OTOV akOAouBo xaptn (ZxAua 3) kot mivaka (Mivakag 2).
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Zxnua 2. Xaptoypaeikn arotuniwon tou Asiktn Mapaktiag Kovwvikrg Tpwtdtntag (CSoVl) kat twv petaBAntwv tou.

Mivakac 2. BaGuovounon tne napauétpou tou Asiktn Mapaktiag Kotvwvikng TpwtotnTog.

AgiktngCSoVI 2 3 4 Zuvolo
Mrkog (%) 30,8 27,9 28,4 100
BaBudg TpwrdtnTog XaunAn MétpLa YdnAn

(2) (3) (4)

To peyaAUTEPO TUNUA TNG AKTOYPAUMNAG, UE TToo0oTo 30,8%, xapaktnplletal wg mepLoxn XoUNANG
TpwtotnTag. H katnyopia tnN¢ uPnAng Ttpwtotntag KatoAoapBdavel mocooto 28,4% 1NG
OKTOYPOHUAG, EVW aKOAOUBEL N Katnyopla TNC HETPLOC TPWTOTNTOC HE TTOCOOTO 27,9%. TEAoC oL
Katnyopileg oAU UPNANC Kot TIOAU XOUNANG TPWTOTNTAC, KATAAQUBAVOUV TO ULIKPOTEPA TTOCOOTA
ne 10,2% kat 2,7% avtiotoya.

Tupnepdaopata

Ze o,TL adopa tov deiktn CVI, CUVOALKA, TO 43,9% TNG OKTOYPAUMNG EKTIUAONKE WG AKTOYPAUUA
TOAU uPnAng tpwrtotntag kot 1o 4,9% wg VPNANG TPWTOTNTAG. ZUVENWG Tepimou To 50% Tou
OUVOALKOU HAKOUG TNG QKTOYPOUMNAG TNG TEPLOXNG MEAETNG, Xapaktnpiletal wg au&nuévng
duokAg TpwtotnTag. OL TEPLOXEC OL OMOoleg Yapaktnplotnkav TMEPLOCOTEPO TPWTEG, Elval n
QKTOYPOUUAG amd TNV KopwvBo wg to Aéxato, n mepLoxn tng Awwpuyag tou loBuou, kabwg kat n
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TOAN Tou Aoutpakiou. OL TEPLOXEC AUTEC, ouVOUATIOUV UIKPEC TIOPAKTLEG KALOELG Kal WLKPAG
QVOEKTIKOTNTOG YEWAOYLIKOUC OXNUATLOUOUG, EMIPPENELC otn SlaBpwon. IXETIKA PE Tov Oelktn
CSoVI, n enefepyacia Twv petaPAntwy £€6el€e mwg 1o 33,5% TNG AKTOYPOUUAC Xapaktnplletal wg
XAUNANG Kat oAU XopnAng Kat to 38,6% w¢ uPnARg kot oAU UPNAAC KOWWVLKAG TPWTOTNTAC.
ElOIKOTEPQ, N QKTOYPOAUMN TOU SLOKNTIKA avhKeL otov Anpo Aoutpakiou-Mepaxwpoc-Ayiwv
OeodwpwV EKTIUAONKE WC TILO TPWTH, CUYKEVIPWVOVTAC TO HUEYAAUTEPO TOCOOTO AUENUEVNG
KOLVWVLKNG TpWTOTNTAG.

Aappavovtag vnon ta amoteAéopata tou degiktn CVI, n mMpog HEAETN QKTOYPOUMN EKTLULATOL
OUVOALKA WG HETPLAG £wG UPNANRG TPWTOTNTAC, LE TO TTOCOOTO TNG AKTOYPOULNG TIOU EKTLUNONKE
w¢ UPNANG Kat TTOAU VPYNARG TPWTOTNTOG va avépXeTal Tiepimou oto 48%. Afilel va onuelwOel,
TIwe N VP NANG TPWTOTNTAG OLKTOYP AL aVTLOTOLKEL OTLG TLOAELG TNG KopivBou kal Tou AouTtpakiou,
TIOU amOTEAOUV ONUAVTIKA QoTIKA Kevipa tng MNepidepelakng Evotntag Kopvbiag. Ta moocootd
XOUNARG Ko TTOAU XOUNANG TpWTOTNTAG CUVOALKA Sev Umopouv va ayvonBouv (42%), wotdco ta
TUAMOTO OQUTA, OVTLOTOLXOUV O TIOAU QPOULOKOTOLKNUEVEG N MN KOTOLKNUEVEG TIEPLOXEG TIOU
evbexouévwg dev amnatteital mapéupfaon.

Ev katakAeidl, n mapoloa epyacia €ixe ocav KUPLO OKOTO TNV OVEUPECH TEPLOXWV, QUENUEVNG
Tapaktiag GUOLKAG KL KOWVWVIKAG TPWTOTNTAC, OE ULA AKTOYPAUU UAKOUG 30 XIALOUETPWY TWV
VOTLOOVATOALKWY aKTWV Tou AvatoAilkoU KoplvBlakoU kOATou, pe tnv edpappoyn Twv dektwy CVI
kat CSoVl. T Tov oKkomo autd, oaflomoBnkav yYewAoylkd, wKeavoypadlka Kol
KOLWWVLKOOLKOVOULKA &edopéva, ta omoia  Umopouv HEANOVTIKA va €UTTAOUTIOTOUV HE VEQ
OTOLXELO YLO TTEPLOCOTEPO aKPLBA amoteAéopata. H avayvwpLon Twy EPLOXWV TTIOU TTOPOUCLAlouV
v AN TpwWTOTNTA Elval £va Ao TA MPWTA KAL TILO CNUAVTLKA Brpata yia tTnv opdn Staxeiplon kat
Béomion €OVIKwWV TMOALTIKWY Tipootaciag TG mMapaKTag {wvng EvVavtl Twv GUOLKWY TIAPAKTLWY
KL&UVWV.
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Mel£tn twv Aktwv tou KOATtou tou ApyoctoAiou Kat thg Xepooviioou tng MaAkng
(v. Kedaloviad) og Zxéon pe toug Napaktioug Kwvduvoug

M. Touudon *

(1) Xapokometo Maveniotruto, EA. BevilEAou 70, KaAAtdéa, EAAaba, polixenitoumasi@gmail.com

Elcaywyn

H mapoloa epyacia MPAyUATEVETOL TOV UTTOAOYLOMO TNG TAPAKTLOC TPWTOTNTAG Tou SuTikol
TUAMATOC TG vijoou Kedbalovidg, péow tng xprnong Zuotnuatwy rewypadikwv MAnpodopwv. H
TiepLoxn MeAETNG mepAapBAVEL TOV KOATIO TOU APYOOTOALOU Kal T XEPOOVNGCO TG MaALKAG.

Ze ula mpoomadBela va ekTLUNOel N dUOLKN UTIABELA TWV OKTWVY TNG TIEPLOXNE OTOUG TTOPAKTLOUG
KLvOUVOUC Kal Kuplwg O€ autoUug Tou oxetilovtal Pe TNV KALMATIKR oAAayr), OMwG n
HokporpoBeoun avodog tng otabung tng 6dAaccag Kal n mpockalpn Avodog Kol 0 KUUOTLOUOG
TIOU TpOoKaAouvTal anod LOLATEPEG UETEWPOAOYIKEC OUVONKEG, ekTLUNONKE o0 Agiktng Mapaktiag
Tpwtotntag (CVI). Npokettal yia éva Seiktn/padnuatikd tumo o omoiog AapuPavel utodn Tou £EL
TIAPAUETPOUG TIOU OXETI{ovTaL UE TA PUOLKO-YEWYPADLKA XAPOKTNPLOTIKA Twv aktwv. O Seiktng
AUTOG OpXLKA €PAPUOOTNKE yLa TNV EKTIUNON TNG GUOLKNAG TPWTOTNTAG TWV aktwv Twv HMNA gvw
apyotepa aflomolnBnke yla TN UEAETN TWV OKTWV SLOPOpwWV XWPWV UETOEL TWV OMOLWV Kal TNG
EAAGSaG.

Me0BoboAoyia

Ma tn dSnuloupyla Twv XOPTWV YEWYPADIKNG KOATOVOLNE TWV EMLUEPOUC TIAPAUETPWVY AAAA KOl TOU
(6lou tou beiktn xpnotpomnowBnkav dedopéva, oe popdn shapefile, ta omola enefepydotnkav pe
TO AoyLopko ArcGIS (ékdoon 10.7). Mo tn ektipnon tou Selktn MapAKTLAG EMKLVOUVOTNTOC, ATOV
avaykoia n Katnyoplomoinon tng aKTOyPOUUNG OE TIEVTE KOTNYOPLEG EmKlvOuvOTNTOG Yol KAOE
£€vav amnod Toug mapayovieg Tou CVI.

O XAaptng yLo Tov mopayovta tng yewpopdoAoyiag Snuovpyndnke amd tnv ocuvouaoTikr HeEAETN
TOU XApTn yewpopdoloylag kot Tou Xaptn yewAoylag tTng rmeploxng LeAétng tov IFTME (lvotitouto
FrewAoykwv kot MetaAAeuTikwy Epguvwy).

O XApTNC yLol TOV TOPAYOVTA TNC OPAKTLOC KAlong dnuiloupyndnke Baocel Tou xaptn KAloswv, o
ornoliog Stapopdpwbnke pEow tou PndLakoL povtédou edadouc.

Oocov adopd tov XAptn Tou TapAyovia pubuol UEeTOPOAAG OKTOYPAMUNAG, TPOEKUYPE amod TN
oUYKPLON TNG TTOALAG OKTOYPAUUAG (akTtoypappur 1996) e tnv mio npoodatn aktoypapun (2017)
Tou vnoloU. OL TIHEG YLOL TOUG TTAPAYOVTEG TNG OXETIKNG UETABOANG TNG Baddoolag otadung, tou
HEOOU onuavtikol VP oUC KUATOC Kol TOU HECOU gUpoUG TtaAippotag, S60nkav BAacel avtioTolyng
BiBALoypadiag. Ot petaPAntég tou CVI AapBavouv akEPALEG TLUEG, OL OTTOLEG KU paivovTal amo 1o
éva (1) €wg to mévte (5). To 5 va avtiotolxel og oAU VP NAR TpwWTOTNTA KAl To 1 va xapaktnpilel
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TUAMOTO TNG AKTOYPAPUAC LE TTOAU XOUNAR TPWTOTNTA WG TIPOC TN CUYKEKPLUEVN TTOPAUETPO OTIWG
daivetal kat otov Mivaka 1.

Mivakag 1. Taévounon twv puetabAntwy tou C.V.I.

MoAv ukpn Muwpn MétpLa YynAn MoAv uPnA
Napdyovtoag TPWIOTNTA TPWIOTNTA TPWIOTNTA  TPWTIOTNTA  TPWTOTNTA
(1) 2) 3) (4) (5)
Mapaktiot Mscnq’ khong Xau’n)\m XoAkwoeLg Opaypoatikol
. TLAPAKTLOL TP AKTLOL , .
Bpaxwéelg , , atytalot, atytadot,
, Kkpnuvol Kpnuvol . .
, Kpnuvoli, . ) ekBoAka OpPWEELC
Fewpopdoloyia . OXNUATIOUWV XaAapwyv , ,
TEXVNTA , . ouoTAuata, atytohol,
, evoLapeong OXNLATLOMWY, ) .
BWPaKLOPEVEC , , AtpvoBaiao TOTA LA
, avToxng, oaAAouBLokeg ,
OKTEG , , o114 6€ATa
E00XEG nedladeg
Napaktia kAion (%) >12 12-9 9-6 6-3 <3
IXETKA LETAPBOAN TNG
Bahdootag otabung <18 1,8-25 2,5-3,0 3,0-34 >3,4
(mm/£tog)
MpogA A -0,5) — (-
poéhacn/unoxwpnon >1,5 1,5-0,5 05-(-05 0=l <(-1,5)
aktoypappung (m/£tog) 1,5)
Méoo U og kUparog (m) <0,3 0,3-0,6 0,6-0,9 0,9-1,2 >1,2
Méoo eUpog nalipporag (m) <0,2 0,2-0,4 0,4-0,6 0,6-0,8 >0,8

AnoteAéopata - ZUNMEPACLOTO

Onwc¢ dpaivetat kat and to IxAua 1, n puOLKN TPWTOTNTA ElvaL TTOAU PLKPH WG ML TO TTAElOTOV OTO
SUTIKO TUNRUA TNG XEPoovhoou TG MaALKAG, OTOU UTIAPXOUV KUPLWG BPoaxwAOELG OKTEC UEYAANG
pnopdoAoyLknc KAlong.

H ektipnon twv tpwv tou beiktn CVI, odnynoe otn dwamiotwon ott uPnAn emikivduvotnta
gudavilouv KUpLWG OL TIOPAKTLEG TIEPLOXEC OTO QVOTOALKO TUHAMO TNG XEpoovhoou TN MaAlkng,
OTOU UTTAPXOUV apUWAEELS atyladol ot omoiot gival pikpn ¢ popdoloyikng kKAlong kat eudlafpwrol,
Apa EMIPPETEIC OTNV KATAKALON amd pla evéexopevn avodo tng Baldaocolag otabung. Mikpo
TUAMO TWV AKTWV TNG TIEPLOXNE XAPOKTNPLIETOL WC UKPNG N LETPLAC ETTLKIVOUVOTNTAG.

Ao TO GUVOALKO UNKOG TNG UTO HEAETN akTtoypappng (120,36 km), ta 39,12 km xapaktnpilovratl
WG TTOAU ULKPNG TPWTOTNTAG OTOUG TAPAKTLOUG KvdUvoug, Ta 9,14 km w¢ HIKPAG TPWTOTNTOC Kal
ta 5,47 km wg pETplag Tpwtotntag. YYnAn tpwrtotnta xapaktnpilel ta 35,41 km tng cUVOALKAG
OKTOYPOMUNAG, Kot TTOAU uPnAnG Tpwtotntag ta 31,15 km. OL aktég Tou KOATIOU Tou ApyooTtoAiou
SlamotwOnke OtL dlatpéxouv MOAU peyaAUtepo Kivbuvo, o ox€on LE TIG OKTEG TOU SUTLKOU
TUAMATOC TNG XEPoovRoou tng MoALkAG.
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Zxnua 1. TeAikog xaptng CVI 0rmou n akpoypauun tne mEPLOXNC UEAETNG EXEL KATNYOPLOTIOLNUEL OE TTEVTE KATNYOPLEC
PUOLKIG TPWTOTNTAG OTOUC MAPAKTLOUG KLVSUVOUC.
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Elocaywyn

AvVTIKE(EVO TNG Ttapoloag MEAETNG €lval N eKTIUNON TNG EMIOEKTIKOTNTOG TWV OKTWV TNG VI OOU
Xiou otoug mapadktioug Kivduvoug ou oxetilovtal Ue tnv KAlaTky aAlayn edpapudlovtag tov
Asiktn Mapaktiag Tpwtotntag CVI (Coastal Vulnerability Index). H kAlpatiky aAAayn €Vteivel TIg
mapaktleg Slepyaocieg (pakpompdbeoun davodog otdbung Odlacocag kot avénon évraong Kot
ouxvotntag enelcodiwv mpookalpng avodou Adyw XopnAwv BAPOUETPLKWY) HE OIMOTEAECUA OL
TLAPAKTLEG TEPLOXEG TOOO TNG Eupwmng, 6oo kat tng EAAAdag va epdavilouv sumabela otoug
duoLkoug autoug Kvduvoug. Eyeipetal Aowmdv évag olyxpovog MPOoBANUATIONOC, OXETIKA UE TNV
Saxeiplon g mapaktiag {wvng Kal TNV EMOEKTLKOTNTO TWV AKTWV otnv dvodo tng Baldooiag
otadung, kKabwg éva oNUAVTIKO TTOCOOTO TOU TayKOOULoU MANBUGUOoU mou avépyetal o 23% el
KaL dpaotnplomoleital otnv mapaKTLa {wvn.

Me0BoboAoyia

Ma Toug oKoToUC TNG Epyaoiog EPAPUOOTNKE €VOG SELKTN TIOU TTOCOTLKOTIOLEL TNV EMLOEKTLKOTNTA
Twv aktwv otn SlaBpwon Adyw tn¢ avodou tng Baldacolag otabung. H katnyoplomoinon twv
OKTWV TNS Xlou avaAoya He TNV GUOLKH TOuC euTtABeLa elval KaBopLoTIKAG onuaoiag yia tnv opon
Staxelplon tng mapadktiog {wvng Tou vnolol. Ektiundnke o Seiktng mapaktiog tpwrtotntag CVI
(Coastal Vulnerability Index) mou mpwtot epappoocav ot Gornitz and White (1991). O ev Adyw
belktng, amoteAel évav paBnUATIKO TUTIO OTMOU CGUVEKTLMWVTAL £E€L TTapapeTpol: (1) n mapaktio
vewpopdoloyia, (2) n mapaktia kKAion, (3) N LOTOPLKA LETATOMLON TNC OKTOYPAUUAG, (4) N OXETKA
avodoc tng BaAaoolag otabung, (5) To péoco mMaAlppoikd UPOC Kal To (6) PEGO onUAVTIKO VYOG
KOpaToG. MNa KABe pla mapApeTpo N aktr Pabuovoundnke os MEVTE KATNYOPLEG EMIKLVOUVOTNTOC
(1: oAU xapnAn €wc 5: moAU P NAR). TeAKO otoxo amoteAel n Taglvopnon OAwvV Twv petaBAntwy
os pla eviaia kKAlpoka Babuovopnong tng mopAKTLOC EMIKIVOUVOTNTOC, £T0L WOTE Vo EKTIUNBEL N
T tou deiktn CVI oG KAOE EMPEPOUG TUNUA TNG AKTOYPOAUUNAC.

Mépav tnNG eKTIUNONG TNG TTAPAKTLAG ETMLKIVOUVOTNTA EMLXELPNONKE LA TIOLOTIKY aloAdyNnon Twv
XPNOEWV YNG OL OTOLEG KLVOUVEUOUV TIEPLOCOTEPO QMO HLO EVOEXOUEVN AVOSO TNG O0TABUNG TNG
Balaocoag. Extiundnkav oL xpnoelg yng mou kataAappavouv Tig uPnAng ki oAU uPnAng
TPWTOTNTOG QKTEC evw eAndBnoav umoyn kot dedopéva yla ta mapoAlokd evodoxeia tou
vNGoLoU, E OKOTIO VAL CUVEKTLUNBOUV KAl OL TOUPLOTIKEG UTIOSOUEG OL OTOLEG EVEEXOUEVWG TTANYOUV
anod tov ¢uolkd autd kivduvo. Ma ta gVpn TWHWV TWV KOTNYOPLWV ETLKIVEUVOTNTAS TNG KABE
TIAPAPETPOU, XpNoLUomoLBnkav ta eVpn TIHWV Tou €xouv ipotabel and toug Karymbalis et al.
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(2012) yua TIg eMNVIKEC OKTEG. AUTO KAVEL OUYKPIOWMO TO OTMOTEAEOUOTO ME QVAAOYEG
TPOOEyYyLoeLg Tou adopoUV AAAEC TTOPAKTLEC TIEPLOXEC TOU EAASLKOU XwpPou.

MNa tnv enefepyacia twv SeSopévwv Kal TNV TAPAYWYH TWV XOPTWV XPNOLUOTOoLROnke To
Aoylopiko Arcgis. Ta tnv e€aywyn tou teAkoU deiktn CVI, OAeg oL mapapeTpol taflvoundnkav os
pLa eviaia kKAtpoka kot Snpioupyndnke éva véo Field oto omoio umtoAoylotnke o TUMOg Tou Seiktn:

CTT = f[a-b-f-ﬁd-e-f)

Ytov Mivaka 1 ¢aivovral ot mnyég ar’ omou aviAndnkav ta dsdopéva yla ToV UTTIOAOYLOUO TwV
TAPAUETPWY Tou deiktn CVI Kal TNV mapaywyn Twv XopTwy.

Mivakac 1. MNnyeg deboucvwy yla ta Yeuatika enineda mou xpnotuornotndnkay.

OEMATIKA ENINEAA MHIEZ AEAOMENQN

IvotitoUto MewAoylkwy & MeTaAAEUTIKWVY
Epeguvwv (I.T.M.E.)

l'ewloyia-AtBoloyia

DEM (Wnodlokd Movtélo ESadoug) 5x5 m EBvikd KtnuatoAoylo & Xaptoypdadnong (E.K.XA)
Aktoypappr £toug 2009 EBvikd KtnuatoAoylo & Xaptoypddnong (E.K.XA)
Méoo onuavtiko UPog KUPOTOG Soukisian et al., 2007

looBaBeic KAUMTUAEG EAANVIKO Kévtpo BaAldoolwv epeuvwv (EA.KE.O.E)
XpAoEeLg yng Yrnoupyeio Aypotikig Avamtuéng (2008)
OpBodwrtoxdapteg 1996 r.y.z.

Ao ta dedopéva auta dSnuioupyndnke pia Pndlakn Baon xwplkwv dedopévwy yla To vnol oe
niepLBailov Zuotnuatwy Newypadikwv NAnpodopLwv.

AnoteAéopata - ZUMMEPACLOTO

JTOUG XApTeg tou IxNnuatog 1 daivovral ta TeEAKA AmoTteAéopata TNG KATnyoplomoinong twv
OKTWV TNG Xlou Og TMEVTE KATNYOPLEG PUOLKNC TPWTOTNTOG YLl KAOE TTOPAUETPO TIOU EUTAEKETAL
otov urtoAoyLlopo tou deiktn CVI. Itov Mivaka 2 meplhafdavovtal Ta [NRKn Kal To mocootd (%) Twv
OKTWV TOU vnoloL ava Katnyopia emikivduvotntag armo moAl xapunAn €wg moAv unAn.

Ta amoteAéoparta tng enefepyaciag Twv dedopévwy delxvouv OTL TO HEYOAUTEPO TTOCOOTO TNG
OKTOYPOHUAC TNG Xlou avrkeL otig U0 Lo XapnA£G KOTNYopLeg emLKvduvVOTNTAC Yol OAEC OXedOV
TIC TTOPAUETPOUC. A TNV TMOPAUETPO TNG TMAPAKTLOG YEwHopdoAoyiag HOALG to 12,76 % tng
OKTOYPOMUAG aviKeL ot SUo uPnAdtepeg Katnyopieg emkivdéuvotntag. MNa TNV MAPAUETPO TN
napaktiog kKAiong, to 15,8% Tou CUVOALKOU PAKOUG TNG AKTOYPAUUAG XapakTnpiletal wg uWNnAng
Kal TTOAU uPNARG emkvduvotntag. Q¢ mPog TNV oXeTKA LeTaBoAn tng BaAdoaoiag otabung oAo to
UNKOG TNG AKTOypauung xapoaktnpiletat amd moAU vPnAn emkwvduvotnta oe aviibeon e to
gUpo¢ TaAlppolaG, yla TO Omoio OAO TO UAKOG TNG OKTOYPOAUUNG OVNKEL OTNV Kotnyopia TOAU
XOunAng emkwvduvotntag. Ocov adopd TNV LOTOPLKN UETATOTLON TNG OKTOYPOUMNG To 0,4%
xopaktnpiletat wg vPnAng kat to 0,018% wg moAU uPnAng emkvduvotntag. TEAog yia Thv
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TIOPAETPO TOU HECOU ONUAVILKOU UYPoug KUPATOC, TOo 42% TOU HNKOUG TNG QKTOYPOUMNAC
XapaKTneileTol we XapunAng emkivéuvotntag eVvw To 58% we LETPLOG.

O umoAoylopog tou Acsiktn Mapaktiag Emkivéuvotntag, odnyel oto cupnépaocpa OtL To 15% tou
OUVOALKOU HAKOUG TNC QKTOYPAUMNG Xapaktnpiletol wg VPNANRg emikivduvotnTag Kal To 9% wg
TIOAU UPNANG. OL mopAPETPOL TToU daivetal OTL ennNPEAIOUV TO TEALKO QTTOTEAECUA OE CNUAVILKO
BaBuo eival n mapaktia yewpopdoloyia Kat n mapaktia popdoAoyikn kKAlon.

Sy RIE GIewK G
Cantral an-n 24'00°E

:’ k| ?
'g,

LR
p ,f

A\ Fx"\«i

0 15 30
e Kilometers

MpoBokikt ZloTnpa Zuvtetaypévwv EFZA 'S8T

Jxnua 1. Xaptoypaikn amelkovnaon tnNe KaHTnyopLomoinons Twv akTwy ¢ Xiou 0 KATNYOPLEC ETIKLVOUVOTNTAG YL TIG
&L mapauetpoug tou Aciktn Mapaktag Eemkivduvotntag (CVI) a) mapdktia yewuoppoloyia, b) mapaktia kAion, c)
puduoc uetaBolnc otadung Salacoag, d) LOTOpIKN UETATOTLON AKTOYPAUUNG e) UEGO ONUAVTIKO UYo¢ KUUATOG, f)

UEOO UpPOC MaAippolog.

Mivakac 2. Mnkn (ko Tooootad) Twv aktwV the V. Xiou avd katnyopia emKIvEUVOTNTAC OTOUC MOPAKTIOUG KIVEUVOUG.

Agiktng na;’)akuaq XapnAn  Métpla SOvolo
EMKIVO LVOTNTOG (2) (3)

Mrikog (%) 39

Mnkocg (km) 117,970 41 986 301 972
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To yeyovog auto, Sev KoOLOTA TO QMOTEAECUATA TNG TAPOUOCAC UEAETNG OUYKPLOLUO HE GAAEG
ETILOTNOVLKEG EPYACLEC TTOU XPNOLUOTIOLOUV Ta VPN TWWV TIOU OVTOTIOKPIVOVTOL OE TTAYKOGULO
eninedo.
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Exktipnon NAnppupkov Kwwdlvou Askavng Altoppor¢ Meyalouv Pépatog Padnivag
(AvatoAwkn Attikr), EAAGda)

M. Avépéou 1 A. B. Mrat¢aknc L, K. Toavakac?, 5. Kapadric?, E. KapoumaAnc?®

(1) Xapokomeio Maveniotruto ASnvag, EAeudepiov BeviléAou 70, KaAAtdéa, mandreou@hua.gr,
mpatzakis@gmail.com, ktsanakas@hua.gr, sotyk@yahoo.gr, karymbalis@hua.gr

Elocaywyn

Ot MANUUUPEG amoTeAOUV TO GUXVOTEPOC KAl TILO KATAOTPOdIKO PUOLKO Kivéuvo KaTéxovtag tnv
npwtn 0€on otnv mpokAnon UAWKWY UV Kot omwAswwv avBpwrnivwyv {wwv TayKoouiwg.
AVTUTPOOWTEVOUV TIEPLTIOU TO EVa TPITO TWV KATAOTPODIKWY CUUBAVIWY Adyw duckwv KvdUvwv
Kol €mnPEAlOVTAG ONUAVIIKA TI( OVATITUCOCOWEVEG TepLoXEC (Giannaros et al., 2020). H taxeia
aoTtikomoinon o€ cuvluaouo e TNV MAnBuouLakn avénon MPOKAAOUV OPVNTLKEG EMUTTWOELG OTO
duUoLKO TtepBAAAOV. H ekTiinon Tou TANUUUPLKOU KlvEUVou elval KaBopLoTLKA yLa TOV TLEPLOPLOO
TWV QPVNTIKWVY EMUTTWOEEWV TWV MANUUUPLKWY CUUBAVIWV Kal anapaitntn otov oxedlaoud Twv
XPNOEWV YNG OTLG TIEPLOXEG TTOU €lval emippemeig otov kivéuvo TG AN pOG.

H mapoloa epyacia amookomel otnv ektTipnon Kat xaptoypddnon Tou MANUUUPLKOU KlvdUVou oth
Aekavn amoppong tou Meydhou Pépatog Padrvag, piog meploxng Le Heyaho pubuo avamtuéng
0.OTLKOU TIOAEOSOULKOU LOTOU, WG LEPOC TNE EVPUTEPNG TTEPLOXNG TwV Meooyeiwv TnNG Av. ATTIKNG.
H peboboloyia mou edapuodotnke cuvduooe Mewypadikd Zuotiuata MNMAnpodoplwv (GIS) kat
AvoAuTikn lepapxiky Awadikaocioe AHP (Analytic Hierarchy Process) €&l mapayoviwv Tmou
BewpnBbnkav Kpiowol yla Tov mPoodLlopLlopd Tou KvEUvou MANUUUPOC.

H Aekavn amoppong tou M. PEupartog tng Padrvag Bpioketal otnv Av. ATTIKR Kol KatoAapBavel
erupavela nepimouv 116 t.xAW.. OploBeteital B-BA amnod to MevteAikd Opocg (pey. uP. 920 w.), A-NA
arno 1o Opog Yunttog (pey.uP.620u.) kot N-NA and Aodpwdelg e€apoelg péytotov vpopétpou 300
.. H kevtpikr koitn tou uSpoypadikol Siktvou eival 6" taénc kortd Strahler, éxel GUVOAIKSO UAKOG
25 xAW. kot okoAouBwvtog StevBuvon porg A.NA-A.BA, ekBalAel otic SUTIKEC OKTEG Tou N.
EuBoikol kOATou. To udpoypadikd SIKTUO eival KOAQ OVEMTUYUEVO BOPELO TNG KEVTPLKAG TOU
Koltng evw votia epdavilel TepLOPLOUEVN avamtuén mou Teplopiletal otnv Umapén HUKPOoU
aptOpol KAadwv 1™ kat 2" tdénc (Karymbalis et al., 2005). Mopdoloyikd n Aekdvn Hopel va
Xwplotel oe SU0 TeEPLOXEC: (o) oTOo BOPELO Kol VOTIOOUTIKO OPELVO TUNUA Tiou Sopeital amo
HETApOPpPWUEVA TIETpWHATA (OXLOTOALBOL Kal pappapa) Kal acBectoAlBoug Meoolwikng NALKLOC
TIOU QVAKOUV OTNV aUTOXOovn YEWTEKPOVIKA €votnta Tou AApUpomotduou kot (B) oto votlo
nedvo TuAua xapunAwv kAioewv mou dopeitat and Avw-Melokavikd KpokaAomayr Kot Alpvaioug
OXNMOTLOMOUG 18lag nAkkiag koBwg kot amd MAELOTOKALVLKEG XEPOOALEC KOL TIOTOHLOXEPOALES
anoBéoelg (Karymbalis et al., 2005). To KAlHa TNG TEPLOXNG UEAETNG ELVOL TUTILKO UTIOTPOTILKO
LECOYELOKO LE ETAOLA BPOoXOMTWON ToU Kupaivetal arnd 362 mm £€wg 473 mm otLg eKBOAEG TOU
TIOTAOU EVW N péon trjota Beppokpaocia tou agpa sivat 17.2 °C.
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H meploxn xopaktnpiletal amd évrova avéntikol¢ puBuoug aotikomoinong pe mAnBuopud mou
avepyeTaL otoug 88.000 KATOLKOUG Kal arto uPnAr EMLPPEMELN OTOV MANUUUPLKO Kivouvo Aoyw: (a)
TWV EKTETAUEVWY SLASOXIKWY TIUPKAYLWV TIOU ELXOV OOV QMOTEAECUO TNV QmOSUVAUWON TNG
6paong tTnG UETAMUPLKAG avayévvnong, (B) tou peydlou puBuol aotikomoinong mou eival
QTTOTEAECOUA TWV PUEYAAWY KATAOKEUOOTLIKWY EPYWV OTNV EVPUTEPN TIEPLOXN (V) TNC ATTOCTPAYYLONG
TwV OuPpLwv TNG Attikng 080U Katl tng Mepidepelakng YUNTToU otov KUpLo KAAS0 TnNg AeKAvVNG Kot
TNG EKTPOTIC TOU AVW pou Tou Modovidtn pe TEALKO amoSEKTN EMIONG TNV KEVIPLKN Koltn Tou M.
PEMATOC, HEOW TWV £PYWV QTOOTPAYYLONG TwV SU0 MOPAMAVW KATACKEUAOTIKWY E€pywV, (8) Twv
HLKPWV TOToYpadLKWY KALOEWV Kal (€) TNG QMOUcLag €pYWV UTTOSOUNG YLO TNV TTPOCTACLA Ao TLG
TMANUUUPEG (Giannaros et al.,, 2020; Karymbalis et al., 2005). I0pudwva HE TO LOTOPLKO
TANUUUPLKWY CUUBAVTIWVY yla tn Xpovikn Sldapkela 1988-2019 n péon ouxvotnta €kSNAwaong
TANUUUPWV glvat 1 MANUUUPLKG cupBav ava 2.7 €tn (Andreou et al., 2019).

Me0BoboAoyia

Mo TOV EVIOMIOUO TWV EMIPPEMWY OTOV MANUUUPLKO KivOuvo meploxwv TG AekAvng amoppong,
eAndOnoav umown kat ekTundnkav oL €Ag mapadyovteg: (a) popdoAoyikni kAion, (B) v ouetpo,
(v) améotaon amnd tig avolxtég (Puolkeg) Kal KAELOTEG (TexvnTtd KOAUUMEVEG) KOITEC TwV KAASWVY
3%, 4", 57 kauw 6™ td€ng (kata Strahler), (8) uSpo-ALBOAOYIKE XOPAKTNPLOTIKA TWV YEWAOYLKWV

OXNUATIOUWY KoL (€) XpAOELS yNG (Zxrpa 1).

O xaptng KAloewv tng Aekdvng mpoeku e amo Aemtopepeg Wnolakd Movtédo AvayAudou DEM
(5x5) kat ol TIHEG xwplotnkav og 5 kKAaoelg (Zxnua 1la). To udpoypadiko Siktuo PndlomotiOnke
and tomoypadikolg xapteg (1:50.000) tng I.Y.Z. kat ywa tnv amdéotacn amd toug KAASoug
oplotnkav {wveg ekaTepwBeV Twv Kottwv (ZxApa 1ly). O yewloylkdg xAptng tnG USPOAOYLKAG
Aekavng Snuoupynonke amo tpia puAAa yewAoylkwv xaptwy tou |.I.M.E (DUAAo Kndiowda, GuAlo
Kopwmi-NMAdka,DUANo Padnrva). Ot yewloyikol oxnuatiopol tTng Aekavng talvounbnkav os Tpeig
Katnyopileg avaloya He TNV udpo-ABoloyikn) toug ocuumepidpopda (Ixnua 18). AcBeotoAlbol,
papuopa, Pappiteg kot aAAouBLOKEG amOBECEL avKOUV OTNV Kotnyopla Twv Slomepatwv
OXNUATIOMWY, HAPYEG KAl KPOKOAOTAYN OTOUC NUUTEPATOUC EVW OL OXLOTOALBoL OTOouC
adlanépatouc. Mo Tov XAaptn XPAOEWV ynG avtAndnke mAnpodopia amod ta npoypappata Corine
CLC2000 kat CLC 2012. AnutoupynBnkav 5 KATnyopLleg TEPLOXWV avAaAoya e TN xpnon toug: (1)
TIUKVA OLOTLKOTIOLNMEVEG, (2) apald aoTIKOToLNUEVEG, (3) KAAALEPYNOLUEC eKTAOELS (4) apalng
BAGotnong kat (5) daotkeg ektaoelg (XxAua 1g).

OAot oL mapayovteg taflvoundnkav pe to epyoleio Reclassify (Spatial Analysis Toolbox, GIS) os
névte BaBuol¢ mocotikomoinong tou Kivduvou amod 0 €wg 4 (0: xapunAog Babuog, 4: moAlU uPnAog
BaBbuocg) (Mivakag 1). Epappdotnke n peBodog AHP kot yla Tov KABopLoPO TWV TEALKWVY Bapwv Twv
Tapayoviwv akoAouBnBnke n mpoaoéyylon twv Bathrellos et al. (2016) og 6 opn AEKAVN AMOPPONG
HE XOPAKTNPLOTIKA TOpOMOold HE TNV UMO MeAETn Aekdvn. la tnv enoAndeuvon twv
OTOTEEAEOUATWY, O TEAIKOC XAPTNG emIKvOUVOTNTAG TANUMUUPAG, OUYKPIONKe He Tov XAPTN
XWPLKNG KOTOAVOUNG TwV 0oBapWV MANUUUPLIKWY CUUBAVTIWY TTOU €XOUV KATA KalpoUC onUelwBel
otn Aekavn amoppong tou M. Péuatog. H emaAnBsuon €ylve pe TOV UTTOAOYLOUO TNG KATOAVOLNG
ouUXVOTNTOCG TWV CUMPBAVTWY MANUUUpOC yla kaBe Babud moootikomoinong tou Bactkol XAptn
H_basic (ZxAua 1ot).
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AnoteAéopata - Zulntnon

JUpudwva pe to xaptn H_basic (ZxAua 1ot), lwveg moAl udnAol kot uPnAol TANUUUPLKOU
KwvdUvou evtomilovtal KUPLwG eKATEPWOEV TWV KOLTWV TwV KAASwV peyaAng taéng, ota onueia
OUMPBOANG TOUG HE TNV KEVIPLKN KOLTN, KOTA UAKOG TNG KEVIPLKAG KOLTNG TOU TIOTAUOU KOl OTnV
EUPUTEPN TIEPLOXN TWV EKBOAWV TOU. ITO HEYAAUTEPO TTOCOOTO TOUG Xapaktnpilovral and xaunAo
UOETPO, KO MLIKPEC LopdoNoyikéS KAioeLg < 3°.
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Jxnua 1. Xapteg (a) kAioewv o€ poipeg, (8) avayAvpou (VoueTpa oc |.), (y) amootacnc armo Ti¢ KoiTeg TwV kKAddwv
ToU USpoypapikoU SIkTUoU, (8) ubpoAiTodoyiag TwV YEWAOYIKWVY CXNUATIOUWY, (€) XPOEWV yNng, (oT) MANUuUpLKOU
Kwvduvou H_basic, tn¢ Aekavng amoppori¢ tou M. PEéuatog Pagnrvag.

ITIG Tapanmavw {WVEC QVIKOUV EKTETOUEVEG TIEPLOXEG TOU SUTIKOU Kal VOTIOU TUAUATOC TNG
Aekavng. Elvat pavepod OTL N augnueévn TPWTOTNTA TWV CUYKEKPLUEVWV TIEPLOXWV OXETIlETAL ApECA
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HE TNV €viovn aotwkomoinon kot mAnBuoptaky avénon twv owkwopwv MaAAnvng, Epaka,
AvBoloag, Mataviog kot IMAtwy. Xto Bopelo TURUa mapatnpouvral eniong {wveg uPnlol Kat
oAU uPnAol kvdUvou oToug olklopoU ¢ Atwvn, KaAAttexviouTtoAng kot Ntpadt. Ta mocootd Twv
erpavelwyv oAu upnAou kat uPnAol KvSUvVou oTo GUVOAO TNG EKTACNG TNG AEKAVNG aVEPYXOVTAL
oe 22.89 % kot 13.59 % avtiotoxa (Mivakocg 2). Mo tnv emaAnBeuon Tng gykupoOTNTAC TOU
TIOPOYOLLEVOU XAPTN XPNOLUOTOLNONKE TO MANUUUPLKO LOTOPLKO TNG XPOVIKAG meplodou 1988-
2019. AapBavovtag urtodn T XWPLKA KATAVOUN TwWV MANUUUPpwWY Sdtamiotwnke otL 44 amnod ta 53
oupBavta Bpiokovtal eviog Twv {wvwv oAU udnAou kat uPnAol kwvduvou (Mivakag 2, IxHUa
lot).

Mivakac 2. Ot KAQOELG KoL 0L CUVTEAECTEC BapUTNTAC AVd TAPAUETPO.

MNapapetpog KAdan ZUVTEAECTIG MopdipeTpog T&En kKAGBou Khdion TuVTEAETTIG
AtrogToian 3ng TagNg 25 pétpa 4
KAion o€ poipeg <2 4 oTTO TN QUOIKKH 50 pétpa 3
16 3 Koitn (o pétpa) 100 pétpa 2
B 150 pétpa 1
7-12 2 =150 péTpa 0
13-20 1 4ng Tagng 50 pétpa 4
=20 0 100 pétpa 3
. 150 pétpa 2
YWopeTpo <50 4 200 pETpa 1
=200 pétpa 0
uétpa atré MXO 51-100 3 5n¢ TEENC 50 pétpa 4
101-200 2 ;gg WETpa g
pETpO
201-500 1 300 péTpa 1
>500 0 >300 pétpa 0
YdpohiBohoyia AdlaTTEpaTog 3 Bng TaEng 100 pétpa 4
oXnuanopod Huidiameparog 2 150 pérpa 3
. 200 petpd 2
YOpoTrepatog 1 300 péTpa 1
Kahuyn yng Mukviy aoTikr 4 =350 péTpa 0
Apair] aoTKN 3 AméoTaan 3ng TéENg 25 pétpa 4
KaANEpYEISC 2 E\l!(IBUJTIUp'E'Vr]g 50 péTpu 3
A 3 KON (oe eTpa) 100 pétpa 2
Apairj BAaoTtnon 1 200 péTpa 1
Adoikn ékTaon 0 =200 pétpo 0

Mivakac 2. Suxvotntag mnAnUUupkwy cupuBavrwy ava {wvn mAnuuupkoU kivéuvou tou xaptn H_basic.

NAnupupkog Kivéuvog ‘Exktaon t.xAp ‘Ektaon % Encsloodia Emewcdodia % Iuxvotnta

"~ NoAdXapnhég 1858 16.01 0 0.00 0.00

XapunAog 25.10 21.62 0 0.00 0.00
Méoog 30.06 25.90 9 16.98 0.66
YnAadg 26.57 22.89 20 37.74 1.65

15.77 13.59 24 45.28 3.33
ZUvoAo 116.08 100.00 53 100.00 1.00

H ocupdwvia HeTafy TNG OTATLOTIKAG AVAAUONG TNG CUXVOTNTOC TWV CUUPBAVIWY Kal TOU TEALKOU
XAapTn KwoUuvou MAnUUUpOg eival afloonuelwtn KaBwg UTTAPXEL AVAAOYLKN) OXECN OUXVOTNTAS -
BaBuol kwduvou (Mivakag 2). Tuykpivovtog Ta OMOTEAEOHATA HME QUTA TNG OPLOBETNONG
TANUUUPLKWY {wvwv PETA TNV edapuoyr udpaulikng mpooopoiwong (HEC-RAS) (Andreou et al.,
2019) katd PAKOG Twv TeAeuTiwv 4 YAU. TNG EVILKNAG KOLTNG TOU TOTAMOU Topatnpeital OtTL oL

199



Proceedings of the Conference “The Role of Geomorphology in |A

Hellenic Committee for

Geomorphology and Enviranment Modern Society” of the Hellenic Committee for Geomorphology & AL 5
Environment of the Geological Society of Greece GEOMORPHOLOGY
C\ Athens, December 16, 2020 | Harokopio University SEONOREHOLOG g

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

EKTAOELG TIOU TIPOEKU YAV amod tnv nmpocopoiwon Bplokovral evtog Twv meploxwv oAU uPnAou
kat upnAol kwvduvou tou xaptn H_basic. TENoOG, Ta AmMOTEAECUOTO TNG TOPOUCOC TIPOCEYYLONG
OUUPWVOUV LE TA ATOTEAECUATA TNC TTOOOTLKNG YEWUOPHOAOYLKAG avaAucong Tou uSpoypadlkou
Siktuou tou M. Pépartoc (Karymbalis et al., 2015). H avaluon tou Siktuou €6elée avwpaAieg otnv
Sladoxikn Kot TAEN OmOpPPOr) ME CUVEMELX TNV QUENUEVN ETUKIKVOUVOTNTA OGUYKEKPLUEVWV
TIEPLOXWV OTOV TANUUUPWKO kivduvo. Adopd kuplw¢ KAAdouc 4" tdénc mou ocupPBdAAouv
amnevBeiac otov kKUpLo KAGSo 6" TdEnc dmwe n ekdopTion tou pépatoc tou N. Boutld (4" tdénc)
OTNV KEVTPLKN Koltn Tou Kuplou kKAado otnv meploxn tng Padrvag. Autr n unobeon unootnpiletal
MANPWG amd To XAPTn KWwSUVOU TMANUUUPAG TNG MAPOUOoAC €pYAciag oTnv omoia n mepLoxn
OUMBOANG auTwV TwWV SU0 KAASWV avrkel o€ {wvn oAU udnAol Kwduvou.

Tupnepaopata

Amo to XApTN EKTIMNONG TOU TIANUUUPLKOU Kwvduvou daivetal mwe ot {wveg unAol Kal TOAU
uPnAol MANUUUPLKOU KvdUvou evtorilovtal Kupiwg oto vOTLo Kal SUTIKO TUAUA TNG AEKAvVNG
arnoppong kat KOAUTITouV erudavela mepimou 42 T.xAL. TIOU avilotolxel oto ~36% Tou GUVOALKOU
euBadou NG udpoAoylkig AekAvng. MPOKELTAL yLa TIEPLOXEG UE EVIOVN KOLVWVLKO-OLKOVOLLLKH KOl
OLKLOTIKA avamtuén. Z0udwva pe ta otowxeia tng EAZTAT. amd tnv amoypadry tou 2011 o
TANBUOPOC TNG EPLOXAG LEAETNG avEPXETAL oTouC 88.908 evw 0 puBUOS av€Enong tou MAnBuouou
Kata tn Oudpkela tng Oekaetiag 2001-2011 eivaw 3240 kdatoiwkot/étog. H mpotewvduevn
peBodoloyia eival blaitepa xproLlun yla tov oxedSlaopd Twv XpAoEwvV yng 6cov adopd tnv
npoPBAePn kaL mpoAnPn Tou Mpo-KataotpodLkol oTtadiou 0 ACTIKA AVATTTUCCOUEVEG IEPLOXEG. H
auvénuévn TPWTOTNTA TNG TMEPLOXNG OTov Kivbuvo tng mAnuuupog amodidetal kuplwg oe Suo
ONUAVTILKOUG TIAPAYOVTEC: (a) OTLC EKTETAPEVEC TTUPKAYLEC TTIOU €XOUV TTANREEL TO BOPELO TUAMA TNG
Aekdvng kot dSnulovpynoav TG mPoUToBECELG LETATPOTIG SACIKWY EKTACEWV OE OOTLKO LOTO, Kol
(B) otnv kataokeun peyaAwv Texvikwy €pywv (Attikr 060¢ - Mepidepetakn YUNTTOU) ou adevog
HeTETpedav Eva pEpa ePAUEPNC PONC OE CUVEXOUC PONG AOYW TNE AITOOTPAYYLONG TWV £PYWV KOl
TNG EKTPOTING TOU Avw pou tou MNodoviptn pe teAkd amodéktn Tov KUpLo KAado Tou M. PEéuatog
(amouoia €pywv umodounc) kot adetépou ouvéBalav otnv Aotk Kal MANnBuouLoKn €€apon
LETATPEMOVTOC KOAALEPYNOLUEG EKTACELG OE OLOTLKO LOTO XWPLC ToV KAtA@AANAo oxeSlaouo.
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Tpwtotnta Meooystakwv NoAswv Evavtt MANUUUPkWV DalvopEVWVY Kot
Znpaoiag w¢ Zuvéneleg tng KAtpatikig AAAayng: AGnva, Oscoalovikn, NamoAn,
BaAévOia

K. Zuvavn 1

(1) Xapokometo Maveniotruto, EA. Bevilédou 70, ABnva, EAAabda, synanil@hua.gr

Elcaywyn

Itnv Eupwnn, oL EMMTWOELS TNG KALLATIKAG aAAayng (KA) mAntTouv Tnv uyela Kal TNV geunuepia
TWV KOWWVLWWV Kol oxetilovral kupiwg He okpaia Koaplkd dawvopeva, He oAAayég ota
TEPLBOAAOVTIKA CUOTHAMATA KOL TG KOWVWVLKEG OUVONKEG, OTNV EVEPYELOKN {NTNON KAl TN XWPLKN
KOTAVOUN TWV OLKOVOULKWYV &paoctneloTATwy, OTNV KATAVOUN TwV KALLATIKA €gvaiocOntwv
aocBevelwv, KaBwC Kal ota enimeda TPWTOTNTAS TWV KOWVWVLKWY opddwv Kat meploxwv (EEA, 2012;
IPCC, 2013) Ol €MUTTWOELG TNG TOPATNPOUUEVNG Kal TPOPAENMOUEVNC KALLATIKAG oAAayng ota
avBpwriiva. kot ¢uolka cuotiupata otnv Eupwnn &ev katavépovtal efioou (EEA, 2013). H
ektipnon tou erumedou emikivbuvotntag anotelel utoBabpo kot polnoBeon yla TRV Aoknon
TIOALTIKWY METPLACHOU KoL TIPOCOPUOYAG. Na tov Adyo autd €xouv owkodounBeil pebodoloyieg
EKTIMNONG KOl XapTtoypddnong tng TpwIoTNTAG KOl Kat' e€méKTacn tng emkwvduvotntag (EEA,
2017). Me Bdaon tov mapoamavw mpoPAnUatiopo, n napovoa spyacia plodofel va amoteAéoel
pio ouykpLTik HMEAETN EKTIUNONG TOU QOTLKOU KWWOUVOU KABwWE Kol TNG TPWTOTNTAG EVAVIL TNG
KALLOTLKAG OAAQYNG, TECOAPWY UEYOAWV UECOYELOKWY TIOAEWVY, TNG ABrvacg, tng Osooalovikng,
¢ NamoAng kat tng BaAévOia. Itdxog TnG mapoloag Epyaoiag eival n amotumwaon Kot avaluon
TWV EMUMTWOEWV TNEG KALLATIKAC aAAayng Kol Twv GuoLKwY Palvopévwy ota omola emdpouv Kat
To KOOLOTOUV pn avekta, aidpvidia kat akpaio, aAAd kot n Sdwofabuion kat oclyKpLon Twv
TECOAPWY TIOAEWV WG TIPOG TN GUVOALKH TOUG TPWTOTNTA €VOVTL TNG KALMOTIKAG GAAQYAG HE TNV
alomoinon kat TN ouvBetikl Bewpnon Kat HeAETn Tou KwOUVOU TOU amellel Ta QOTIKA
OUYKPOTAUOTO UEAETNG.

MeAétn Twv Qawvopévwy

Me TOV OpO EMUTTWOELS TNG KALMATIKAG OAAAYAC OVOPEPOUAOTE OTIG TTOPATNPOUMEVEC ) TIG
nipoPBAenopeveg petaBoléc ota puolka Kot avBpwriva cuotiuata. H mAsloPpndia Twv puokwv
eTUKLVOUVOTATWY ToU odelhovtal otnv KALMATIK oAAayr) QVAKOUV OTnV Kathnyopio Twv
HUETEWPOAOYLKWY, USPOAOYLKWY Kol KALMOTIKWY. H ouxvotnta KoL n €vioon OoUuTwv Twv
ETUKLVOUVOTATWY KAl TWV aVTIoTOLXWV KvoUVWV ennpealovtal amno 1o péyebog tng aAAaync. MNa
napadelypa, n enudavion MANUUUPWY avapéveTal va auinbel akdopa meplocotepo Adyw NG
auénuévng ouxvotntag eudavions akpoiwv Kaplkwv ¢awvouévwy (Kaptding k.a., 2017). H
Tieploxn tTng Meooyeiou €xel MAPOUCLACEL LEYANEG KALLOTLKEG LETOPOAEG OTO TaPeABOV Kal €XEL
avayvwpLlotel wg éva amd ta onuavtikotepa “Hot Spots” otig peAAovtikeég mpoBAEYPELS yia TNV
oAlayn tou KAlpatog (Giorgi, 2006). OL MANUUUPEC OE QOTLKEG TIEPLOXEC TIPOKaAAouvtal armod
€VTOVEC Kal/N TMOPATETAUEVEG BPOXOTITWOELG TTOU KATAKAUIOUV TNV LKAVOTNTA TOU QTTOXETEVTIKOU
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OUOTNUATOG Kol o oavtiBeon pe aAAa €idn mMAnuUuUpwy, €lval AUECEC, YPNYOPEC KAl TOTILKA
EVIOTILOMEVEC. JuXVa cuppaivouv xwpic duvatotnta ykalpng mpoeldomoinong Kal o TEPLOXEC
miou Sev elval MpoPavwe EMLPPENELC 08 TMANUUUPEG, KaBlotwvtag SUoKoAN tnv mPoBAedn Kot Tov
XEPLOUO TNV KPLOWUN WPO KOl OmmoTEAOUV Ml OO TOUG KUPLOTEPEG EMILKLVOUVOTNTEG OTLG
OUYXPOVEG TIOAELG TTIOU OUXVA 08NYyoUV OE ONUAVTILKEG OLKOVOULKEG QTTWAELEG KOl KOTOOTPODLKEC
KOLVWVLKEG Kol TIEPLBAAAOVTIKEC eTUMTWOELS. H mBavotnta spdaviong alpvidiwv TANUUUpWY
aUEAVETOL OTIC OOTLKEC TIEPLOXEG AOYW TNC MEYAANG avoAoylag Twv TAAKOOTPpWIwV/Asiwv
ermudpavelwy, €vavil tou edadoug, mou meplopilouv tn Sleioduon vepol Kal aufdavouv Tnv
TIOoOTNTA KAl TNV TaxUTNTA PONG TOU VEPOU KOl AoKoUV UEYAAN TILECN OTOL UTIAPXOVTA CUCTAATA
anootpayyong (Climate Adapt, 2017). H &npaocia pewwvel tnv uypacia tou e€dddoug Kot
EMNPEALEL TA OLKOOUOTAKATA, TNV AVATTUEN TWV GUTWV, TIG POEG TWV MOTAUWVY Kol Tn Yewpyia. O
Kivbuvog &npavong tou edadoug (nA. n pelwon tng vypaoiag tou €d8ddoug), auvfdvetal ota
SuTkad NG TEPLOXNG tnG Meooyelou kat pelwvetal otnv Kevrpikr kat AvatoAwkr) Eupwnn. Ta
npotuma alaynig umodnAwvouv Tn OUVEXION Twv TAcEwv &Rpavong kat StaPfpoxng mou
napatnpouvtal o o0AOkANpn tnv Evpwnn ta teAevtaia 50 xpoévia (Soria, 2018).

H ToooTIKA €KTIUNON TWV EMMTWOEWY TNG aAAayng tou KA{pHOTOC €lval yevikd moAumAokn. H
afefaldtnta mou cuVOEETAL E TIG TIPOBOAEG TwWV OAAAYWV OTLG TTAPAETPOUG TIOU OXETI{ovTal UE
TO KAlpo, otig omoieg Baoiletal n avaluon TwV EMUMTTWOEWY, ATOTEAEL ONUAVILKO TIEPLOPLOUO,
onwg kat n SuokoAia otn Slapdpdwon NG oxeong MeTall TBavVWV SLAKUMAVOEWV TWV
KALLOATIKWY TIAPAYOVTWY KAl TWV EMUTTWOEWY TIOU TIPOKUTITOUV aAAQ Kol N TIOAUTIAOKOTNTA TWV
EMNPEAIOUEVWY OCUCTNUATWY Kal N €AAUTAG KOTOvONon TwV OLKOAOYLKWY SLEpYACLWV TIoU
EVEPYOTIOLOUVTOL LE TNV KALLATIKY aAAayn.

Me0BoboAoyia

ZTOX0G TNG TIOOOTLKNG KA LEAETNG, Elval O EVIOTIOMOG TNG ETUKLVOUVOTNTOC EVAVTL TWV AKPAlwY
Kalplkwv $patvopevwy mou epdavilovrotl 0o kat cuxvotepa e€attiag TnG KALMATIKAG aAAaync. Ta
OUOTNUATA TIOU HaG eVOLAPEPOUV Elval TO KOWWVIKO OUVOAO (KOWWVLKA TPWTOTNTA) KAl O
avBpwrog (atoptkny dtakwvduveuon). H MoAukpitnplakn AvaAuon (MKA) sival pla pebodoloyia
TIOU  ovamtuxbnke vy va  Xelplotel tnv  moAAamAn  Sidotacn Twv  PUOLKWV KOl
KOLVWVLKOOLKOVOULKWV PALVOUEVWY TIOU XOpaKTNPLi{ouV Ta XWPLKA Kol Tol pUCLKA CUOTIHATA, TIOU
KaAeiltal va cupBAaAeL otnv ektipnon MPoPANUATWY KoL AVayKwvV, LE oKomo tn Andn anopacewv
Kal tn xapaén moAtikwy. O KUPLOG OKOTIOC TN TMOAUKPLTNPLAKNG avaAluong eival n dnuloupyia
£VOC £pYaAElOU «TTOCOTIKOMOINGNG» TOU TIPOBAAATOC 1} Tou KvdUvou Kat tng StaBabuiong twy
avaykwv apEpBaonc.

ApXLKA ylveTal 0 MPooSLOPLOUOG TOU YEVLIKOU TIPOPANMATOC, KOOWC KoL TWV EMIUEPOUG OTOXWV Kol
n avaAuon Boaoiletal otnv e€ETaon KPLTNPLwY UE UETPNOLUEG TIEpLypadEC TTou oxetilovtal e To
YEVIKO TPOPANUa (XaAkiag, 2015). Ma TNV KOTAOKEUH TWV KPLTNPLWY TIPEMEL OL TIHEG OAWV TWV
HeTaBAnTwy mou Ta cuvBETouv va enavatafivounBoulv. H katnyoplomoinon mpemneL va akoAou Bl
eviaila KAlpaka yio KaBe petofAntr), TPOKELWWEVOU va €lval OUYKPIOWEG HETAEl TOUG Kal va
armodwoouv HLa TN ylo KABe KPLTAPLO. JUVEMWG, ylo KABe petafAnt emAéyetal n
KATNyopLlomoinar NG o€ TakTikg KAlpaka taglvopnong 4 katnyoplwv (O00eC Kal oL pog UEAETN
ETUAEYUEVEG TIOAELG) peE BAon tnv €vtaon Tou QALVOUEVOU TIOU QVILTPOCWITEVEL (XOAUNAOG
Kivbuvog = 2, peoaiog kivbuvog = 3, peydlog kivbuvog = 4, oAU peydlog kivbuvog = 5). Ta opLa
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TWV Katnyopwwv yla kabe petaPfAntr) kabopilovtal pe tnv péBodo tng Quokng Katavoung
(Natural Breaks) (Jenks, 1977), mou yapaktnpiletal yia tn Snuwoupyia SLakpLTwy KOTNyopLwv oL
ormnoleg epdpavilouv eocwtepikr ocuvoxn. Me Baon ta Prpata pag MKA akoAouBrnbnke n mapakATw
pebodoloyia:

Bripa 1°: eru\éxOnKov Ta OOTIKA CUYKPOTHHATO UE KPLTAPLO VO ELVOL LECOYELOKEC EUPWTTOIKES
TLOAELG, VO E(VOL TTOPAKTLECG KOL VOL £XOUV TIOPOLOLEC OXETIKA KOLVWVIKO-OLKOVOULKEG OUVONKEG.

BApa 2° mpoodlopiotnkav ta mpog peAétn dawdpeva, mou mpoékupe and tn BiBAloypadiki
QVOOKOTINON OTL eVIElvovTaLl amo TNV KALLATIK aAAayr): Ol adOTIKEG 1) KOl TIAPAKTLEG TIANUUU PES
kaL n Enpaota - ENAeldn dtaBecipudtTnTag LSATIVWY TTOPWV.

Bripa 3°: n napovoa HENETN ATOOKOMEL OTOV IPOOSLOPLOWO, OTO METPO TOU EPLIKTOU, TOU KVEUVOU
KOl TNG OTOMLKAG TPWTOTNTAG HECA OE £VOL KOLVWVLKOOLKOVOULKA UETABAAAOUEVO TAQLCLO, OTWG
autd Slapopdwvetal amd TNV EMidpacn TwWV EMUMTWOEWV TNG KALOTIKAG oAAayng. Etol
kaBoplotnkav HeTaBANTEG TOU CUVLOTOUV TTAPAYoVTeG €KBeaNG, EMKIVOLUVOTNTAG, TPWTOTNTACG Kl
LKOVOTNTAC QVILUETWILONG Yla TOo KABe dawvopevo HeEAETNG. Me yvwuova ta mopandavw,
akoAouBetl o Mivakag 1 6mou avaypddovtal oL CUVLOTWOEC PEAETNG LaG yla KABe dalvopevo Kal
yla kdBe mopdyovia TOU CUMMETEXEL OTOV UTIOAOYLOMO Tou KlvdUvou, kol cuvéBalav otov
UTTOAOYLOUO Tou KlvdUvou, cUudwva pe tnv e€lcwaon mou akoAouBel (Baolopévn otov Alexander
(2002):
EKOEXH x TPQTOTHTA x EINIKINAYNOTHTA
IKANOTHTA AIIOKPIXHX

Emeldn kabe pio amd auTéG TIC MAPAUETPOUC e€APTATAL QIO TIOLKIALO TTapayovTwy, TAEXONKav
6U0 pe Tpelg Mo koBoploTikol MAPAYOVIEC yla KABe pia amd autég, mou mapouotalovtal
OUVOTTLKA oTou¢ MNivakeg mou akoAouBouv.

= KINAYNOZX

Mivakac 1. MetaBAnTEG UEAETNC ava PAUVOUEVO UEAETNG KO OUVLOTWOA KLVSUVOU.

EmtAeypéveg peTaBAnTEG yla thv

EruAeypéveg PeTABANTEG VLA TIG OLOTLKEG Enpaocia & EMewpn SlaBeoLubTTO

MeAétn KwwSUvou

& MapAaKTLEG MANUHOPE X R
P § TANHHUPES vdatvwv mopwv
, , , MetoBoAr Bpoxdntwaong yia TG meplddoug
E E
(:lKWg‘)’VOmm tfota BpoxSrrwon 1979-2005 kot 2071-2100
azar Akpaia tiun Bpoxontwong (% tng etrolag) Etnolog aplBuodc wpwv nAtodavelag

% oteyavotntag eSadpoug Noodtnta nALakng axTvoBoAiag
. % Q.OTIKOU TtpaLaivou Etnola katd kepaArv katavalwan vepou
ExBeon (Exposure) % LOLOKTNTWVY KOTOWKLWY WG TIPOC TO GUVOAO % €UAAWTWY TTANBUOHLOKWY OpAdwV (> 5

™G Xwpag £TWV & < 75 €Twv)

. . , . A 5 AR 0 (
MoodtnTta AVTANoNG emipaveLokwy UOATWY vapevopevn petaBo me Beppokpaciac oe

TpwtotnTa HeANOVTIKA Ttepiodo
(Vulnerability) % LOVOMEALY VOKOKUPLAV 'Avr)\r]srn uSdTwv o hm?® & Aeiktne
EKUETAMEUONG LOATWY
% QTOMWV TIOU KAAUTITETOL OTTO TO CUUPWVO TwV SNUAPXWYV YLOL TNV KATOTIOAE UNON TNG
IkavOTNTA ATOKPLONG KApatikig aMayrig
(Coping Capacity) % evepyou TMAnBuo oL e Tprtofabuta ekmaibeuon

MéyeBog mAnBuopov
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Bipa 4°: Xpnotluomowwvtag Mol TakTiky KAlpoka toafvopnong, yivetal smavotaivopnon twv
HETABANTWY, TIPOKELUEVOU Va €lvol CUYKPIOLWEG HETAEU TOUC. Oewpwvtag OTL N emKvduvotnTa
HELWVETOL OTAV AUEAVEL N LKAWVOTNTA OIMOKPLONG, N KALHAKA yla TIC LETAPANTEC TTOU TN CUVLOTOUV
QaVTLOTPEDETAL Kal 2 AQBAVEL N XWPO LE TN HLKPOTEPN LKOWVOTNTA OITOKPLONG.

Mivakac 2. EvSekTIkO¢ mivakac enavataéivounuévou rapayovra. (Mnyn dedousvwv: Climate - Adapt, 2019).

ZUVOALKN) KatavaAworn vepol Katd KepaAnv

NoAeLg (£Tog Sedopévwv) m® avd dropo Eviaia TakTikn KA{paka Ta€lvopnong
ABrva (2004) 57.35 4
Oecoalovikn(2004) 59.22 5
NéroAn(2008) 56.32 3
BaAévOia(2011) 55.78 2

BAipa 5° H ouMoyr twv Sedouévwy Tou cuVIOTOUV TIC METAPANTEG EYLVE HE yvWHOvVA TO OTL
BpéBnkav Slabéoua aglomiota dedopéva (kupiwg amod tn Baon dedopévwy tou Climate Adapt kot
tn¢ Eurostat).

H pébodog ¢ ¢duOLKAG KOTAVOUAG TIOU EMIAEXONKE ylol TNV KOTNYOPLOTOiNoN TWV TIHWV Twv
petapAntwy, avedele T SladopomolioeLg ou epdavi{ouv oL XWPLKEG LovAdEeG peTtall Toug o€ KAOE
petapAntn. Katd tov urtoAoylopo tou kvduvou Kot cUpdwva e TNV €§lowon TTou XpnotLonotidnke to
€UPOG TLLWV TIoU pmtopel va AdBeL o deiktng mou mpoorabrioope vo uTtoAoylooupe eivat amo 4 €wg 62,5
KOlL ME BAON QUTEG TLG TLUEG Bal yivel TpooTtAdBela KATATOENG TWV TIEPLOX WV LEAETNG WG TTPOC TOV Kivouvo.

AnoteAéopata - ZUMMEPACHOTA

AkoAouBwvtag To TapAtAvVwW TIPOKUTITEL N TOEWVOUNON Tou emimedou KivEUVOU TIoU QVTLLETWI{ouV oL
TIEPLOXEC UEAETNG Yyl KABE pia ammd TG €MKWVOUVOTNTEG TIoU UEAEToaUE. Kotd autd Ttov Tpomo
UopoU e va ipoBou e og pia umtotuntwdn SLaBAaBULoN TIPOKEEVOU VOl EXOULLE L0l OXETLKA ELKOVA YL
TG LEAETWUEVEG TIEPLOXEG.

Amno to mapanavw ypadnua dtarmotwvoupe ot n ABriva Bpiloketal o peyaAUtepo Kivbuvo, o oxéon
mavta HE TIC 4 emAeyUEVEC TIOAELG MEAETNG Yol TG emikvduvotntec Tou  peAstndnkav. O
SLaBaBuLOUEVOC TTIVOIKOG QUTOTUTIWVEL Tr GUVOALKI) KOTATOEN TOU KIVOUVOU TWV TECOOP WV LEAETWUEVWV
TIOAEWV KL apopd armokAELOTIKA TN LETa€l Toug Stafabuion. Eival mpodaveg otL autod Sev TG kablota
TEPLOOOTEPO 1) Alyotepo aodoaleic, aAAA amoteAel (owg €va emumAéov HECO TIoU propel va AndOsl
uTOYN KATAL TOV OTPATNYLKO OXESLAOUO TwV TIOAEWV TIPOKEUEVOU Va ival og B£on va EMLTUXOUV TIO
OTOXEVUEVEC OPAOELC TPOCAPLOYNG KAL VO AUENCOUV TNV LKOWOTNTA OITOKPLONG EVOVIL OPLOUEVWV
dALVOUEVWY OTO LETPO TIAVTA TOU EDLKTOU.

H avénon tng Bepuokpaociog avapévetal vo odnynoel koL o Spapatikn avgnon tng KatavaAwaong
EVEPYELOG, VW Ba evIElVEL TNV ENUTTWON TMANUUUPWVY Kol Bal EMISEWVWOEL TNV OTLOODALPLKT) PUTIAVOT).
MapoAa autd oo pia cuvtopn BiBALoypadLKr) AVaoKONON - TIOU TIPONYABNKE - KAl GUVEKTINGN TWV
XOPOKTNPLOTIKWY KABE UEAETWHLEVNG TIEPLOXNG SLATLOTWONKAV KOl TIOLOTIKEG SLOLPOPOMOLIOELG UETAEY
TWV TOAEWV, TLG omoieg AdBape urtoyn pag otnv telkr) SLoBabpon Tou KvdUVou. ZUYKEKPULEVA YLOL TNV
TOAN ™G BaA€évOLa mPoKeEVOU va TNV KATOTAEOUUE WG TIPOC TNV ETUKIVOUVOTNTA TNG TANUUUP A,
AdBape unodn ot ival n poévn oOAN Tou SLoppEETAL Ao TOTAWL, EMOUEVWE EVEXEL VOV ETUTAEOV
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BaBuo TpwrdTNTOC 08 O)X€ON UE Th @ecoalovikn yla tnv onola Bprkape deiktn maparAnaoto. Etol otnv
TeAkn pag StaBabuion n @ecoalovikn elval AUTH UE TOV IKPOTEPO KivOuvo EvavtL TG MANUUUPOC.

ZUVOALKA SLaBABuLON KLYSUVOU yLd TG TIEPLOXES
HEANETNG, EVAVTL TWV PEAETWHUEVWV ETIKIVSUVOTHTWV
Znpaota koL EAAeLdn
LSATIVWY TTOPWV

ATtroTiunon kivduvou &vavTl TwV
ETIKIVOUVOTATWYVY TTOU EVTEiVOVTAlI
atd TNV KANIJATIKA aAAayn MOAN HEAETNG  MARupYpeC

BaAévbia(loTravia) E—— ABrva
NamoAn(Itaria) )
Oecoahovikn(EMGS0) E— ©eocoAovikn
Abriva (EANGD0) ey Nértohn
0 5 10 15

BaAévOia
=npacia & diabeaIudTNTA UBATIVWY TTOPWV

) ueoaiog uwnAog
MANPUOPES - Kivduvog Kivduvog -

Zxnua 1. Mpapnua amsikovionc tn¢ dtaBaduLong tou Kivduvou Evavtl TwV EMIKIVOSUVOTHTWVY TTOU MPOKUITTOUV W§
OUVETIEIEC TNG KALUATIKNG aAdayrc.

H ABrjva elva pia TtoAn mou TAATTETAL Ao KAUOWVEG, TOTUKEC TANUUUPESG KAl KAKH) TIOLOTNTOL TOU a€pa
KoL QTTOTEAEL Lo TTOAN ToU TtopaSOCLOKA KOTOOTIATAAGEL, KOKOUETOXEWIZETaL KOl Kakodlaxelpiletal
Toug Puokoug TnG opoue. Elval amapaitntn n aAAayry vootporiag wote oL apuodleg apxEG mou
Aappavouv arnoddcelg yio TV SLaXElpLon va UIMOPECOUV VAl KOTOVONOOUV, va umootnpifouv kat va
T(POAYOUV TLG TIPACLVEC, OAAA KoL TLG YOAATLEG TNG UTIOSOUEG. H TTOAN TpEmel va Slayelplotel koAUTepa
TOUG ULOTAUEVOU G XWPOU G Ttpaoivou aAAd Kal va Snuoupynoetl véouc. H atpodr] tpog Tétolou idoug
AUoeLg Ba uTtooTNPLEEL KO TNV KOLVWVIAL KOl TNV OLKOVOULOL TNG TTOANG.
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Tagwvopnon twv MopdoAoyikwv Xapaktnplotikwv tou AvayAUudou pe tn Xprion
Texvikwv ZMM: H Nepintwon tng Bopelag EVBolag, AvatoAkn Zteped EANaSa

K. BaAkavou *, E. KapUumnainc?, A. Nanavaotaciou ?, X. XaAkwdc L, K. rdaxn-Manavactaciou 3

(1) Tunua rewypapiag, Xepokoneio MNavertiotiuio, EA. BeviléAou 70, 17671, AGnva, EAMada, elnel@otenet.gr,
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Elocaywyn

H tafvounon twv popdOoAOYLKWY XOPOKTNPLOTIKWY Tou avayAUudou omotedel pla Baolkn
ETILOTNLLOVLKI) TIPOCEYYLON WLaitepa Xprioun TO00 yla TV avayvwplon, 600 Kal yla Ttn xaptoypadnon
TWV YEWHOPDWV HLAG TIEPLOXNG KABWC KOTnyoploTtolel To avayAudo o OLOKPLTEG KATNYOPLEG HE
Sladopetikd popdoloyikd xapaktnplotika (Strobl, 2008). Ta tedeutaia xpovia n oApatwdng e€EALEN
Twv 2uothuatwv lewypadikwv MAnpodoplwv (ZIM) emTpenel TNV Katnyoplomoinon autr Tou
avayAudou pe tnv edapuoyr NEL-QUTOUATONOLNUEVWY TEXVIKWY. H aflomoinon Twy TEQVIKWY autwv
TLAPEXEL TTPOOHETEG TANPOPOPLEG OXETIKA JLE TNV EMLPAVELAKH QTOPPON, TLG LOLOTNTES TWV YEWAOYIKWV
OXNUOTLOUWYV 1} AKOWN KaL TLG oUVORKeg euotabelag piag meploxng (Burrough et al., 2000).

H yewpopdopetpia, mou meptAapBAVEL TNV TTOCOTIKN UEAETN TWV YEWHOPDWVY XPNOLLOTIOLWVTAC Ta
pHoOnuatika kot TNV MANPodopLKr, amoteAel éva onUAvTKO gpyoAelo yla TNV Katavonon Kal tn
HEAETN Twv Slepyactwv ou dpouv otnv ynvn enidavela kat dtapopdwvouv to avayludo (Wilson
and Bishop, 2013). Av kat ouviBw¢ n cUVSEDN TWV YEWHOPPWVY HE TIG SLEPYAOLEC TIOU TLG OXNUATLOOV
glval eUKOAQ QVTIANTTTH) UTIAPYOUV TIEPUTTWOELG TIOU N TTOAUTIAOKOTNTA TNG Tomoypadiog KAVeL
SUokoAn tn diepevivnon tng oxéong autnG. H avaAuon tou avayAUdou CUVOEETOL OTEVA LLE TN XWPLKA
avaAuon Kol armoteel BOOLKO YVWOTLKO QVTLKEIUEVO TNG emiotAung Twv 2IM (Wilson and Deng, 2008).
Ta amoteAéopora tnNg avA@AUOoNG TNC YAWVNG €MLPAVELOG Kal TNG UEAETNG TwV YewUopdwv o€
ouvbuaopo pe aAa Sedopéva, OMwe N YyewAoyia, n PAdaotnon K.a., €ival dlaitepa XpAoLun yla to
oXe6L0.0O TOU XWPOU Kal Th XwpoBEtnon xprnoswv yne. Ta tedeutaia xpovia, n avaluon autr) yivetal
HEOW TOU UTOAoyLopoU HOPGHOUETPLKWY TIOPUUETPWY KOl SELKTWY, 0flomolwvtag AOYLOULKA KoL
povtéla rou Sayelpifovrat U OETPLKES KU plwg Anpodopleg (Pike et al., 2009).

Itnv mopouca epyaocia, emepeital n Taflvounon twv HopdOAOYIKWY XOPAKTNPLOTIKWY TOU
avayAUdou Tou Bopelou TUAKATOG TNG viioou EUBoLag (avatoAikn Zteped EANASQ), XpNOLLOMOLWVTAG
10 WndLakd Movtélo Edadouc (WME) tng meploxng Kat aflomoLwvtag TiG AEtoupyleg Twy XM Ye tnv
ebapuoyn Kat@nAwv oAyoplBuwy. H tafvopnon tng mMepLoxng wg mpog ta Hopdoloyikd
XOPOKTNPLOTIKA Tou avayAudou Tng UAomoleital Pe Tnv ektipnon tou Tomoypadikol &eiktn
evrorniopou (Topographic position index - Tpi) kal Twv KPLTNPLWV OV €xouv Tpotadel amo tov Weiss
(2001).
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MeBodoloyia

Lot TOU G OKOTTOU G TNG EPYAOLOG EYLVE APXLKA N €aywyr/AVTANGN TWV TOTOYPAPLKWY XOP OKTNPLOTIKWY
Tou avayAudou Kal otn CUVEXELD To avayAudo SlakplBnke o xwpLkeg ovrotnteg (Wilson and Bishop,
2013) ywa va okoAouBnosl O UTOAOYLOMOC Twv KUPLWV KOl OEUTEPEVLOUCWV TOTIOYPADIKWV
napapétpwy. OL KUpleg mopapetpol mpogkuPav ameubeiag amd ta upouetplkd dedopéva Tng
TLEPLOXNG Kal tepAapBAavouV TIC LETABANTEC Tou UPOUETPOU, TNG KALONG Kal TNG KapmuAotntog. Ot
SEUTEPEVOUOEC TOPAWETPOL, TIOU €ival 0 Tomoypadilkog Selktng Lypavong, o SelkTtng OPUNTIKOTNTAG
PEUATOC Kal O Tomoypadlkog Selktng evrtomiopou, mpoékuav omd ouvouaopoug Twv KUPLWV
TIAPAPETPWVY Kol amoTeAoUV Selkteg mou meplypddouv 1 xapaktnpi{ouv Tn XweLKn HetapAntotnta
OUYKEKPLUEVWYV Slepyactwy Tou Slapdpdwoav To avayAudo tng neploxng (Moore et al., 1991; Wilson
and Deng, 2008).

O &¢eiktng Tpi mpotdBnke ard tov Weiss (2001) kat oovtat Le tn Stadopd petafy Tou uPouéTtpou ot
€val KeAL KoL Tou HEoou UPOUETPOU HLag TIEPLOXNG Ttou TEPLBAAAEL TO KeAL auTod (N meploxn auth
opiletal amnod Tov EKACTOTE EPELVNTH OVA TIEPUTTWON) KOL EXEL ONUAVTIKO pOAO otV Talvounon tou
avayAudou. OL Betikég TYEG Tou Seiktn Selyvouv Twg To KeAl €xel UPOPETPO PeYaAUTEPO QO TN
YEToVIKr) Tou {wvn (CUVEMWCE OVILOTOLKEL O PaxN) EVw OL APVNTLKEG TWEG Selyvouv TwG To KeAL
Bploketal og xaunAdtepo U OUETPO (avtiotoel o kKoada). Tiuég tou deiktn kovtd oto pndév (0)
avtiotoyouv eite oe emninedeg meploxég (otav n KAlon elval kovtd oto Undév) elte o€ MeEPLOXES UE
otaBepn KAion (6tav n kAion oto kel eival onpavtika peyoAutepn amno to undev) (llia et al., 2013). O
eV AOyw &elktng mopéxel Evav arm\o tpomo yla tnv Taflvopunon tou avayAudou UG TepLoXng oE
HopdoAoyikég Tacelg (Jenness et al., 2013). Ma tov uTtOAOYLOULO Tou Tpi xpnowtomnoliBnke to WME pe
HEyeBOC keALoU 20x20 W Kal aglomolriBnke To Aoylopiko Twv Jenness et al. (2013). Metd amd moAAEG
EMAVOANTITLKEG TIPOOTIABELEG EUPEDNC TOU TAEOV KATAAANAOU peyEBoUC yeltoviag oplotnke KUKALKA
yetrovia pe aktiva 50 g kot 150 p.

O umoAoylopog tou ev Adyw Seiktn (Tpi) oe S1adopeg KAILAKEG, 08 CUVOUOOUO LE TNV EKTLUNON TNG
pnopdoAoykng KAlong, kaBlotd duvartr) TV avayvwpLon Kot Xaptoypadpnon yewHopdwv Omwe paxeg,
KONASEG HE TAQYLEG ATILOG LopPOAOYLKNG KALONG Kal KOWNASEC Ttou £xouv StapopdpwOel amd €vtovn
katd Babog SiaBpwon (papdyyia) (Jenness et al., 2013). H tafivopnon autn saptdrtol anod tnv
KA{paka urtoAoylopou n omnoia kaBopiletal ard to peyebog tou kehlou Tou WME Kol Tn yertovia Kot
£xel epappootel amod apketol ¢ epeuvnTteg, oe dladopeg kKAipakeg (Tagil and Jenness, 2008; llia et al.,
2013; Skentos and Anagnostopoulou, 2017).

To mpwto otadlo tng taflvounong ocuviotatal otov kKaboplopo tne “B€onc otnv KAtw”. Mo To oKkomo
OUTO XPNOLLOMoLloUVTaL oL TIHEG Tou Seiktn Tpi kat cuvdudlovtag SUo LELOTNTEC: TO TTIOCO AKPOALEG
elval oL Tipég Tou Selktn Kol N kKAlon os kABe keAl. Omwg elvat AoyLko, UPNAEG TIHEG Tou BeikTn
QVOUEVOVTOL OE KOPUDEG KOl PAXEC, XAUNAEG TUMEC OVOUEVOVTOL OTN HULOYAYYELD TWV KOWASwWVY
(6nAadn ot Kolteg) Kat TWEG Kovta oto undév (0) avapévovtal os eMiMedes eMPAVELEG N OE TIEPLOXEG
puéong kAlong. Ma tn Suakplon MEeTafy emimebwv emidpavELWV Kal TIEPLOXWV MEONG KAloNng
Xpnowomoteitat n T tng KAiong (Tagil and Jenness, 2008). ITIC TEPLOCOTEPEG €PAPLOYEG
XpnollomnoLleital n taflvopnon os téooeplg (4) katnyopieg (kolhada, emimedn empavela, Léan kAlon
KaL kopudn) r oe €€L (6) katnyopleg (koada, xapunAn KAion, eninedn meploxn, Héon KAion, Heyain
kAlon, paxn). Emu\éov kaBopiletal n A yla to katwdAl Toco tou Seiktn Tpi (yla Tnv avayvwpLon
Kopudwv kat kKoadwv), 6co kat TG KAlong (yta tov KaBoplopd petafy emimedwv mepLoXwy Kol
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TLEPLOXWV HEONC KALoNC) KaBwC emiong Kot 0 TUTIOC YELTOVIAC KaL N aktiva, eav €xeL eTAeyel KUKAOG, 1
av £xeL emheyel SladopeTIKO TOu KUKAOU OxNUo ol SLOTACELS TOU OXNUATOG auTou. Itnv mapoloa
gpyaoia xpnowomnotBnke To KAVOVIKOTTOLNUEVO U OUETPO TO OTIOL0 LooUTOL LE TO AOYO TNC TLLLNG TOU
Selktn Tpi mMpocg TNV TUTUKA OMOKALON TNC YEwwoviag Kal oL POVASEC OVILOTOoUV O “TUTILKNA
arokAon”. Tl KOVoVIKOTIOLNUEVOU UYPOUETPOU (on Pe Tn povada (1) onuaivel mwg To KeAl autd
elvatl pa turikn amokAwon v nAotepo amo to Héco U OUETpO TN yettoviag Tou (Jenness et al., 2013).
No onuelwBel mMwe o TUMOC Yeltoviag mou eMAEXTNKE oTnV mapoloa edappoyn elval KUKAOG UE
KEVTPO TO KeAl kal Stadopeg aktiveq. Me Baon oca meplypadnkav mopanavw, Kot epoéoov ta
katwdALa tou deiktn tonoypadikng B€ong akoAouBouv TIg Lovadeg autou, Ta Teheutala elval ioa e
peiov pio (-1) tumikr amokAlon kot Pe ouv pia (+1) Tturik ardkAlon To €AAXLOTO KAl UEYLOTO
avtiotoya (dnAadn £SD), evw Tto KatwdAL Tng KAlong eivat Loo pe §€ka (10) polpeg yLa tTnv taflvopnon
oe T€ooeplg (4) Tagelg evw yla TNV Taflvounon oe €& (6) tagelg xpnowomolnonkav enutAéov ta
katwdAia (-0,5) kat (+0,5) TuTtkr) ortokALon.

To teAkd otddlo tng taflvounong adopd otnv Katnyoplomoinon tou avayAudou wote va
evtomnLotoUV oL SLadopeTiKol Kal TeEpLocOTEPO cUVOETOL TUTIOL YewopdwV. Xpnolpomnolibnkav duo
kavaPBolL Tou Tomoypadikol &eiktn evtormopol (Ue aktiva yewrtoviog 50 p kat 150 W) ko
ocuvduaotnkav Ke TV KAlon. Mo tnv Taflvopnon xpnolonoldnkav To KpLtRpLo TTou €X0uV Potabsl
arno tov Weiss (2001) kat ta omoia dpaivovratl avaAutikd otov MNivaka 1, wote va evtoroBouv déka
(10) kotnyopleg yewpopdwv.

Mivakac 1. Taévounon yewuopewyv ue Baon tic tiués tou deiktn Tpi kat tnG kAlong yla 500 Stapopetika peyedn
yettoviag (mivakac tpormomnotnuévog aro Weiss (2001)).

KputipLa yia Tiég tou Sgiktn Tpi kow yia thv KAion

Muwpn aktiva yertoviag\50p  MeydAn aktiva yettoviag\150u

Qapadyyla, évtovn katd Babog StaBpwon kKAASwv

uSpoypadLkoy SIKTUOU Tpis-15D Tpis-15D

KAttveg péong kAiong, Likpou BaBoug KONGSEG Tpi<-1SD -1SD<Tpi<1SD
Opewn amootpayylon-riny&g vepou Tpi<-1SD Tpi=1SD

KoW\adeg poporg U -1SD<Tpi<1SD Tpi<-1SD
MebLdbeg -1SD<Tpi<1SD -1SD<Tpi<1SD kat kAion<10°
AVOLXTEG KALTUEG -1SD<Tpi<1SD -1SD<Tpi<1SD kat kAion >10°
MoAU uPnAég KALoELG KALTUWVY -1SD<Tip<1SD Tpi=1SD

TOTIKEG —UEUOVWHEVEC PAXES, AOdoL o€ KOINASEG Tpi=1SD Tpi<-1SD

Paxeg evoidpeong kKAiong, pikpoil Aodol o tedladeg Tpi=1SD -1SD<Tip<1SD
Kopudég Bouvwy, paxeg Tpi=1SD Tpi=1SD

AnoteAéopata - ZUNMEPACLOTO

O tonoypadtkdg delktng evromiopol yla aktiveg yerroviag 50 kot 150 W, kupaiveral and (-3,34) €wg
3,81 kat ano (-2,51) €wg 4,02 avriotoa, HE TIG XOUUNAEG TLILEG VO OVTLOTOLXOUV HOPGPOAOYIKA OF
KOWASEG Kat TIG UPNAEG BETIKEC TUYLEG TOU SELKTN VOL AVTLOTOLKOUV O€ KOPUDES Kall PAXEG.

Me Baon tnv tagvopnon oe téooepls (4) tagelg pe aktiva yettoviag 50 W, to 7,2% tnG TMEPLOXNG
HEAETNG Taflvopeital wg KOMAdeG, To 29,7% wg TeploxEg Nritag popdoloyiknig kKAiong, to 56,1% wg
TIEPLOXEG amotopng KAiong kot to 7,0% tagvoueital wg paxes ZUVENWG N ULon oxebov €Ktaon Tou
Bopelou tuRuatog tng EVPolag xapaktnpiletal and anotopeg PopdoAoykes KALOELS. H avtiotoyn
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tafivounon oe €€l (6) tatelg xwpilel tTnv meploxn wg €€nG: 7,2% kol\adec, 18,8% MOAU xapnA£g
HopPOAOYIKEG KALOELG, 17,2% nrieg KALOELS, 36,2% amotopeg KALoeLg, 13,6% moAU peydAeg KALOELC Kal
7,0% payec.

TNV enopevn GAaon EYLVe n TeALKN TaELVONGCN TWV LOPPOAOYLKWY XOPAKTNPLOTIKWY Tou avayAudou.
YTV mepLoxn HEAETNG amavtwvtol oktw (8) armod tig d€ka (10) taéelg mou mephappavel n uébodoc. H
XWPLKI KOTOVOUN TwV HopdOAOYLKWY QUTWY XOPAKTNPLOTIKWY daivetal oto IxAua 1. Avadoplkd pe
TO TOOOOTO TNG £EKTAONG, TIOU KOTaAapBAavel KAOe TAEn uMtOAOYLOTNKE WG TO PEYOAUTEPO TUNKA TNG
TIEPLOXNG MEAETNG (49.6%) xapaktnplletol wG aVOLKTEG KALTUEG evw TO 25.6% TNG TEPLOXNC
katoAapBavetal ano nmedweg ektaocelg. OAn n umoloutn TepLloxn HUEAETNG HOPAlETAL UE HLKPQ
TooooTA anod 2.9% €wg 5.6% oTLG UTIOAOUTEG KOTNYOPLEG TOU Mivaka 1, EKTOG TWV KATNYOPLWY OPELVA
QTIOOTPAYYLON KOL TOTLKEG PAXEC TIOU OEV EVIOTILOTNKAV OTNV TEPLOXN UEAETNG KATA TV &V Adyw
Tafvounon.

AkoAoUBwg evtomiotnkayv oL oX€0ELG LETAEY TWV TAEWVOUNUEVWY LOPDOAOYLKWY XAPAKTNPLOTIKWY TOU
avayAUdou Kkal Twv Tapapetpwy emdaveiag, Sndadn twv Pnddwtwv apyxeiwv kAiong, Seiktn
Uypavong, OPUNTLKOTNTAG PEUATWY, KOUTTUAGTNTACS Kl U OUETPOU, LECW OTATLOTLKAG AvAAUONG ava
{wveg. Omwe NTOV AVOUEVOLEVO OL LKPOTEPEG KALOELG evtomilovral otig eSLASEC VW OL LEYAAUTEPEG
TWWEG TOOO TOU TOoToypadLIKOU Selktng Uypavong, 000 KAl TOU OElKTn OpUNTIKOTNTOC PEUATWY,
napatnpouvral ota papdyyla Kot ot KOAdes. TENo¢ o€ OTL adopd TNV KaurmuAdtnta KABeta otn
S1evBuvon TNG LEYLOTNG KALONG, OL LKPOTEPEG OPVNTLKEG TNG TYULEG evtomiovtal ota ¢apdyyLa KoL TLG
KOWASOEG, eV N LEYOAUTEPN TLULN TIAPOTNPELTOL OTLG KOPUDEG TWV OPEWV. ZUVETWG, OL HUKPEG TULES
KOUTTUAOTNTAC OVILOTOLXOUV OE ULKPEG TLUEG Tomoypadlkol SeIKTn €VIOMIOUOU yLO ULKPI OKTLVaG
YElToviag, EVw oL LEYAAEG TUEC QVTLOTOLXOUV O€ PEYAAEC TIUEG Tou Seiktn Tpi TOCO UIKPNC, 00O Kal
HEYAANG aKTivag yeltoviag.

TéNog SlepeuvnOnKkav oL oxEoELG HETAED TWV TAEWVOUNUEVWY HLOPPOAOYLKWY XOPOKTNPLOTIKWY TOU
avayAUdou Kal TwV YEWAOYIKWY OXNUOTIOpWY. Ta amoteAéopora £5el€av mwG otnv Kotnyopio
KOWASEG eMIKpaToUV oL 0AAOU BLOKEC TIPOOYWOELG KOl OL EUSLAPBPWTOL YEWAOYLKOL OXNUOTLOWOL, OTNV
Katnyoplo KAITUEG péong KAlong emikpatolv ol avOektikol oAA amavtwvroal Kol gudlaBpwrol
oxnuoatiopol, otig Koladeg popdng U avtiotowel n peyoAUTEPN TOLKIALO YEWAOYIKWY OXNUOTLOUWY
Kot ot medbladeg katoAappavovtol Kupiwg omd eudlafpwrtoug OXNUATIOMOUC OaAAG Kal armo
oMouBLlakEC amoBEoelg Kal avOektikoug oxnuotlopous. Ooov adopd TG KAtUeC, To 50% Twv
QVOLXTWV KALITUWV QVOITTUCOETOL O QVOEKTLKA TIETPWHOTA EVW OL UTIOAOLTTEG TOO0 o€ U dLAPBpwra,
000 Kall o€ PETPLOC avOekTIKOTNTAC TETpWiLoTa. Ot oAU uPnA£c KA ioeLg KATUwV £xouv avartuyOel o
QVOEKTLKOUC OXNUOTLOUOUG Kal TEAOC OL PAXEC eVOLAUEONG KALONG KOl OL PAXEG QTTOVTWVTOL TOOO OF
gublaBpwrtouc, 000 Kal Ot HEYAANG avOEeKTIKOTNTAC OXNUOTLOMOUC. To 69% TwV TEPLOXWV TIOU
KatoAapuBavovtotl ard GUAAITEC Kal oOXLOTOAOBoUG popdoAoyLlKa xapaktnellovtal omd OVOLKTEC
KALTUEG evw MOvVo To 10% autwv Xapaktnpiletal and medladeg. Ol MeSIVEG EKTAOELG EVIOMIOTNKOY
Kuplwg o meploxég mou katoAapPavovral ard eudlafpwtous oxnUATIORoUE. Ao T MOPOAVW
yivetar davepn n enibpacn mou €xel n ABoAoyia otn SLopdpPwon Twv XoPOKTNPELOTIKWY TOU
avayAudou.

H edappoyn TwV TEXVIKWY TIOU TEPLYPAdNKAV 081 yNoaV OTOV EVIOMLOMO, LUE NUL-OUTOLOTOTOLNLEVO
TPOTIO, OUYKEKPLUEVWY HOPPOAOYIKWY XOPOKTNPLOTIKWY Tou avayAudou. Eival mpodavég oOtL n
pebBoboloyia auth armoteAel Eva apxLko otadLo yla tn YewpopdoAoyLkr xaptoypadnaon Tng mePLOXAG.
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H epunvela tng yewypadikng KATOVOUNG TWV YEWHOPPOAOYIKWY XOPOKTNPLOTIKWY OTNV TIEPLOXN OE
ouvbuoopd pe TNV epyooia mediou pmopel va odnynoeL O ONUAVIIKA CUMMEPACUOTA YLA TLG
Slepyaoieg SlapopPpwaong tou avayAudpou Kol ToV EVIOTILOUO TIEPLOXWV TIOU KUpLApXEL n emidpaon tng
POadaTNC TEKTOVLKNE Spactnplotntag.
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Elocaywyn

OL notauleg avaBabuideg, aAAouPLakég N TETPWOELG, ATIOTEAOUV ONUAVILKEG YEWUOPDEG, TTOU
avamTUoooVTOL KATA HAKOG TWV KOTwV Twv udpoypadikwv SIKTUWV, KAl TIAPEXOUV CNUAVTLKECG
TANPodOpPLEC yLa TIG YEWUOPPOAOYIKEC, TEKTOVLKEG KOl USPOAOYLKEG SLEPYAOLEG EVTOG TWV AEKOVWV
aroppong (Bull, 2007). O oxnUATIONOG TOUG €lval N OMOKPLON TOU TIOTOUOU TOCO OE METABOAES
Tou Baowkol emutédou Tou odeihovtal o€ AAAAYEG TwV KALLOTOAOYIKWY ouVONKwv /Kol otov
TEKTOVIOMO, 600 Kol 0 LETAPBOAEG TNG TTOTAULAG TTOPOXNG KAL OTEPEOTIAPOXNG EEALTIOG KALLATLKWY
oAAaywv.

MopdoAoyikd amoteAovvtal amnod pia eninedn enipavela oploBeTnuévn amo ta “tolywpata” - Tig
KALTUEG - TNG KOWAASOC Kal armo €va amoTopnG KALoNG HETWITO TPOG TNV MAEUPA TNG KoitnG Tou
motapou. Ot oAAouPlokég avoaPabuideg avtiotolyouv o€ KUKAOUC ToTAplag omoBeong Kot
SlaBpwonc. H eykataleypévn apyikn nediada pével oav évag emnimedog maykog - avofabuida -
kat Slakpivetal amo tnv véa (katwtepn avaPfadbuida) pe éva amokpnuvo pétwno (Summerfield,
1991). Ot SL00TACELG, N YEWHETPLO KAl 0 aplOpog Twv avaBabuidwy katd HAKog evog MOTOOU
TIOLKIAEL onpavtikd. MmopoUv va elvol HEUOVWUEVEG 1 ava evyn, ekatépwBev TNG Koltng, N va
elval moAAEG kal og StadopeTikad VPN amod Tov MUBuéva NG Koltng.

Ta tedevtaia xpovia, sival eupéwg Stabéowpa vPnAng avaluvong Wnolaka Movtéha EdSadouc
(WME) ta omola &ivouv tnv eukalplo AviAnong mANPodoplwv ToU XPNOLUEVUOUV OTnV
OTITLKOTIOLNGN KoL OTNV aVAAUGCN TWV YEWUOPPOAOYIKWY XOPAKTNPLOTIKWY Tou avayAudou. H
enefepyooia autwv twv WME oénynoe otnv avamntuén dtadpopwv pebodwv avayvwplong Kot
xaptoypddnong twv avaBaduidwv. Ot péBodol aUTEG elval APKETA OLKOVOULKEG KOl YPHYOPEG Kal
UTOpPOUV VO QTOTEAECOUV TO QPXLKO OTASLO MLaG “MPOKATAPKTIKNG” xaptoypddnong Twv
TIOTAULWY avaBabuidwy mpLv TNV AEMTOUEPT EMLTOMLO £PEVVA TTOU TTAVTA Bewpeltal amapaitntn.

Mo ToV apyko EVIOMIOMO TwV TOTOUWY avaBabuibwv €xouv XpnolpomolnBel yeWUETPLKEG
nipooeyyloelg onwe yla mapadetypa auti twv Demoulin et al. (2007), ot onoilol cuvévacav thv
TOTILKNA KALON Kol TO UPOUETPO KAOE KEALOU O OX€on e To UPOUETPO TNG Koltng. H avaykn Opwg
xaptoypadnong twv avaBabuibwv oce suputepn KAlpoka odAynoe otnv MepALTEPW OvATTTUEN
OXETLKWV peBodoloylwv. Metalt dAAwv (my. Finnegan and Balco, 2013; Clubb et al., 2017), oL
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Stout and Belmon (2014) avémtuav M nul-outopaTomolnpévn HEBoSo Yaptoypdadnong
avaBaBuidwyv kal mpooxwaolyevwv Tedladwyv, Tou AELTOUPYEL HECW €VOG KwdLKa python i péow
pLag epyalelodnkng (TerEx) ota mAaiola Twv AETOUPYLWV TOU AoyloptkoU ArcGlS, pe otdxo tov
EVIOTILOUO E€MIMedwV EMIPOVELWV TIOU EVOEXETAL VA OVTLOTOLXOUV Of ETLPAVELEC TOTAULWY
avaBaBuidwv. H pébodoc Baoiletal os eva Asmtopepéc WME, oto Yndlomotnpévo udpoypadiko
Siktuo kal oe Sladopeg MAPAUETPOUG OMWG TO UEYEOBOC TOU £0TLOKOU TapaBUpou, TO TOTILKO
avayAudo, n eEAAXLOTN €KTAON KoL N LEYLOTN amooToon ano tnv Koitn. To epyaleio auto, LETA TNV
“xelpokivntn” &16pbwon twv emidpavelwy, TOU PBEATIWVEL TNV aKPIBELD TWV AMOTEAECUATWY,
umoAoyileL Tnv €ktaon tng emdpaveLag Twv avaBaduidwy kat To VPG Toug MAVW ard TNV TOTAULA
Koitn.

Itnv mapoloa gpyacia emixelpeital n epapuoyn TG NUL-AUTOUATONOLNUEVNG HEBOSOU Twv Stout
and Belmon (2014), aflomolwwvtag tnv texvoloyia twv Zuotnuatwv Mewypadikwv MAnpodoplwv
(zrm), ywa t™ xaptoypddpnon motduiwv avoPabuibdwv mou €xouv avamtuxBel katd MAKOG
KEVTPLKWY Koltwv ubpoypadikwv Slktuwv tou Popelou TUAUATOG TG vAocou EuPolag otnv
avatoAlkn Zteped EAAGSQ.

Me0BoboAoyia

MNa tnv epapuoyn tng pebddou xpnotpomno)Onke to Aentopepeg WME pe péyebog keAlou 5x5
(E.K.XA. A.E., Copyright ©2012, National Cadastre and Mapping agency S.A.), to udpoypadiko
SIKTUO TNG TEPLOXNG VW ATAV avaykaia n puBJLoN KPIoWWY TLWV/KOTWHALL OPLOUEVWVY ATTAWY
TIOPAUETPWV TIOU OXETLTOVTOL LE TO TIAPOYOLEVO OTOTEAETUAL.

210 MPWTO otadlo xpnotluomnolnonke n epyalelodnkn TerEx yla va mpokUPEeL Evag apxLKOg XApTNG
HE TIG Béoelg epdaviong enimedwv Tomoypadlkd EKTACEWY TANGLIOV TWV MOTAULWY KOLTWV. XTO
oTtadlo auTO €yvav TeEPLooOTEPEG oo 20 SOKLUES SLAPOPETIKWV TLLWV TWV TIAPOUETPWY LE OKOTIO
TOOO TOV EMAVATIPOCOLOPLOUO TwV BEcewv pe peyaAUTePN akpiPfela, 600 Kal Tov KABoPLoOPO TwV
BEATIOTWY TIHWV TWV TIOPAUETPWY yLa TO KaAUtepo Suvatd xoptoypadikd amotédeopa. Ol
TIOPALETPOL AUTEG OxeTi{ovTal HE TO LEYyeDOG TOu goTlakol mapabupou, TNV EAAXLOTN EKTAON TNG
EMLPAVELOG, TNV ATOOTACH OO TNV KOL(TN, TO TOTIKO avayAudo kabwc Kal pe UeToPANTEG TTOU
adopouv tnv e€opdluvorn. TeAka amo to cuvéuacopd tou WME pe to “Klvnto otlako moapabupo”
epPadol ioou pe 64 p? evtomiotnkav ol eninedec emubdvelec pe £ktaon peyoAUtepn amd 5.000
1%, oe andotaon £wc 1.500 p artd TNV Koltn Kat pe Tomkd avayAudo pkpdtepo armd 0,75 W

AKOAOUBWG oL EMLPAVELEC TTOU TIPOEKU P AV LLE TOV TTAPATIAVW TPOTIO TPOTIOTIOLONKAV XELPOKiVNTA.
Adalpédnkav ta TMOAUywva TIoOU avtlotolyoUv oe Spopouc, aAlouBlaka putidia, ALUVEG Kal
eMLPAVELEG amOBEONG eVW TA EVATTOUELVOVTO TIOAUYWVO EMOVACXESLAOTNKAV UE TN XPHON TOU
oKLoopévou avayAudou, Tou xaptn avayAudou, aspodwrtoypadlwy, Tou Xaptn unofadpou tou
Arcmap, elkovwv Google Earth Pro, epyaociag mediou kal pe TN LEAETN TWV TOMOYPADIKWY TOUWV
TIOU OXESLAOTNKAV EYKAPOLA OTLG KEVIPLKEG Kolteg Twv Slktuwv. Me tn Xxprion tou delTepou
BrAuatog tou epyaleiouv TerEx, amod TG “emefepyacuéveg” B€oelg epdavions twv avapadbuidwv
TIPOEKUPE O TEALKOG XAPTNG ToU Tep\apBAvVEL eMUTAEOV TANPODOPLEG XPNOLUES YL TIEPALTEPW
HEAETN, OMwG To VP OC OTO OMOL0 AVATUCCOVTOL TAVW Ao ToV MUBUEVA TNG Koltng kaBwg Kal N
€Ktaon TNG emLdAveLAG TOUG.

Ta amoteAéopata TnG mapandavw pebodoloyiag kat Kuplwg N xwplkh Katavoun Twv avaBaduidwv
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Kall To UPOCg OUTWV TTAVW OO TNV KoiTn, CUYKPLBNKav Ye amoTteEAEéoUATA MAPOUOLWY LEAETWY TIOU
£€xouv dnpootevBel yia tnv meploxn LEAETNG evw emumA€ov emaAnBelTnkayv pe gpyoaocia nmediou ot
ETUAEYUEVEC TIEPLOXEC LOLaTEPOU eVOLaDEPOVTOC.

AnoteAéopata - ZUNMEPACLOTO

Ao tn xpnon tng epyalelodnkng TerEx, mpoékuPe £€vag xAptng Tomikou oavayAudou, Ta
TUnuatomnonuéva udpoypadika Siktua ota omnolia evtomniotnkav avapfabuideg kat Evag xaptng pe
TO TTOAUYWVA TTOU TTANPOUV TA KPLTIPLO TTIOU 0ploBnKav KAl TIOU aVTLOTOLXOUV O€ TILOAVEG TIOTAULEG
avaPBaBbuideg kai/i oe mpooxwolyeveilc mediadec. Katd to mpwrto otadlo g avaluong
evroniotnkav evweéa (9) uvdpoypadika Siktua mou xapaktnpilovtal amd tnv UTApPEn OXETIKA
EKTETOUEVWY ETUMESWV EMLPAVELWY EKATEPWOEV TWV KEVIPLKWY TOUG KOltwv. Meta Tov
EMAVATIPOCSLOPLOUO Kot Tn S0pbwon Twv TMOAUYWVWV TIOU EVOEXETOL VO OVILOTOLXOUV OF
TIOTAULEG avaPBadbuideg Baoel tng mpoavadepOeioag pebodohoyiag mpoékue 0 TEALKOG XAPTNG
Tou ZxnAuatog 1. Itov XAaptn auto daivetal Mw¢ n Kupla gudavion MOTAULWY avaBabuidwy
neplopiletal ota Siktua tou =npomotapou (lotwaia), tou NnAéa (Kexplég), Tou Meoodmiou
(Waxva), tou Knpéa (Mpokomt) kot evog Avwvupou pepatog (avatoAlkd tng meploxng Meuki).
EmumAéov autwv, €VTOMIOTNKOV KATIOLEG MEUOVWHEVEG eudavicel mbavwyv avaBabuidwv oe
OXETLKA HeyOAUTEPQ U OUETPA.
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Jxnua 1. Motauieg avaBaduideg mou eVTomiotnkay otnV MEPLOXN) UEAETNG LUE TNV EQAPUOYH TNG NiL-
QUTOUATOTOINUEVNG UeTOb0U.

AVOAUTIKG, N €KTAoN TwV EMLGOVELWV Twv ovoBaduiSwy Kupaivetal and 5.127 éwg 72.882 p? otov
Znponodtapo, anod 7.376 éwc 83.349 p® otov motapd NnAéa, amd 5.476 éwg 481.057 u® otov
notapd Meoodmio, and 5.928 ¢wg 34.191 p? otov motapd Knpéa kot and 5.712 éwg 26.703 p? oto
Avwvupo pgpa. Ta UPn Toug MAVW amo To eNiMedo TN Koiltng Kupaivovtat amno 1,2 éwg 6,9 Y otov
TIOTOUO =npomotapo, anod 1 €wg 2,5 u otov motapd NnAéa, amod 1,3 €éwg 9,4 Y OTOV TOTOMO
Meooarmo, amnod 1,6 €wg 4,9 w otov motapd Knpéa kat anod 1,5 éwg 3,5 B oto AVWVULO pEUOL.
Avadopikd pe ta andAuta vPpoueTpa Twv avaPadbuidwy, auvtd kupaivovtatl anod 31,8 €wg 96,3 u
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oToV Znpomnotapo, and 49 éwg 94,4 u otov nmotapd NnAéa, amno 17,4 €wg 49,2 YU oTOV TOTAUO
Meaoaoario, ano 47,4 €wg 68,6 1 otov otapo Knpéa kot ano 17,5 €éwg 55,7 1 oto AVWVURO pEUO.
H mio ektetapévn avaBoabuiba evromiletar mAnoiov twv ekBoAwv Ttou Meoodrmiou Omou
mapatnpeouvtal Kol oL XounAotepeg ugopetpikd avoPabuideg svw ta yapnAotepa UYn
avaBaBuidwyv amavtwvtotl oto NnAfa. Ot avaBabuideg mou epdavilovrol LEUOVWHUEVES, KUPLWG
oto udpoypadikd OSiktuo Tou Meooarmiou, evromilovtal &vtog tng {wvng HaAlavdpLopoU
davepwvovtag apyn katd Baboc StaBpwon Kal MAEUPLKN LETAVACTEVGN TNG Koltng. EKTOC amo Tig
avoBabuidec mou evromniotnkav og Peyala VP OUETPQ, oL uTtoAouneg Taflvoundnkav os d€ka (10)
Kkatnyopieg e faon to VP og Toug MAVW Ao TNV Koitn.

Mepovwuéveg avaBabuideg o peyaha v POUETpa Kot o€ peyaha LY amd tnv Koltn evtomnilovral
SuTKA TG KOG og uPpouetpa mepimou 897 W Kat 864 W Kol Ba umopoloav va GUCKETLOTOUV WE
nelpateia Siktvou. Opoiwg kat NA kat N tng lotwaiag og vpopetpa 222 p, 479 p kot 367 W, 363 1
avtiotowya, kabwg kat BA twv PoBLwv og uPpopetpo 309 Y. Me tnv TEKTOVLKN dpaotnplotnta otnv
mepLoxn kat pe dawvopeva melpateiag Ba pmopouvoe emiong va ouvdéstal n Tapoucia
avaBabuidbwv oe vpopetpa 215 p kot 172 p petafd twv meploxwv Ay. Avwa Kot Kexplég.
MNpokelpévou va emiBeBaiwbel n cuoxétion twv avaBabuibwv avtwv pe davopeva MelpATELOG
aratteital mepaltépw OSlepelivnon, €PEUVNTLKA TIPOCEYyLon UEYOAUTEPNG KALHaKOC KaBwg Kol
epyaotia nediou.

Ta anoteAéopata tng eGAPUOYNG TNG NUL-OQUTOUATOTIONUEVNG LEBGSOU YeVIKA oUPWVOUV UE TN
xoptoypdadnon twv avaBabuidwv tng EVPolag and tov Genre (1999). Mpénel va onuelwBeL OTL N
KA{paka poogyylong eival StadopeTikn autrg Tou Genre cuvenwg n emaAnBsuong adopd Kupiwg
TIC KEVTPLKEG KOITEC Twv SIKTUWV TOU avayvwplotnkav avaPaBuidec kKal OXL CUYKEKPLUEVA
XOPOKTNPLOTIKA TWV EUPAVICEWV OMWE EKTAON Kol UPOUETpO. EMUITAEOV yLo OpPLOUEVO TIOTAULO
€ylve xoptoypadnon pe epyaocia mediov amd tnv omoia emiPeBaiwdnkav oL BEoelg Kal T
U OUETPA TWV XOpPTOYPADNUEVWY LE TNV NUL-AUTOUATOTOLNUEVN HEBOSO emidavelwy (IxAua 2).
Y€ OUYKEKPLUEVEC OE£0ELC TWV KEVIPLKWV KOLTWV OAAwvV udpoypadlkwv SIKTUWV OnMwG TOou
Znpomnotapou Kot Tou NnA€a, €ylvav AETMTOUEPELC EYKAPOLEG TIPOC TNV KOLTN TOMOYPAPLKEC TOUEG,
ol omnoleg mapouvaotalovral oto IxNUa 3. ITIG TOUEC AUTEG Ttapatnpouvtal avapabuidec tooco ava
{evyn, 000 KOl UEPOVWHEVEG. N Ta CUYKEKPLUEVA TTOTAML, €XEl avadepBel and toug Asovtapn
Kal FkoupveéAAo, (1991) n Umapén TpLwV TouAaylotov avaBabuidwyv os UPn petaty 1,5 kat 7.

MNapa tnv npoonadBela emaAnBevong Twv AnMoteAeopdTwy tTnS peBodoloyilag mou akoAouBnOnke,
Ba mpénel va oavodepBel Mwe amalteital AEMTOUEPAC OMOTUMWON OTO TEedlo OAwvV Twv
avaBaBbuidbwv mou evromiotnkav. EmutAéov n xpovoAoynon twv avaBabuibwv autwv oe
ouvlUOOUO UE LNUATOAOYLKEG TTOPATNPAOELS TOU UALKOU TOUuG Ba EMETPEME TNV OVATIAPACTACN
TOU MPOPIA TWV MOTAUWY O TIOANLOTEPEG EMOXEG VW Oa £€81ve MOAUTLUEG TANPOPOPLEC yLa TOUG
KUKAOUG TipOoxwonG-Slafpwaong, yla TNV TEKTOVLKN dpactnplotnta otnv MEPLOXN KAl yla TNV
QmOKPLON TWV MOTAUWY OTLG LETABOAEG TWV KALLOTLKWY oUVONKWV.
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Zxnua 3. EVOEIKTIKEC TOTTOYPAPIKES TOUEG EYKAPOLA OTIC KEVIPIKEC KOITEG TWV USPOYPaPIKWY SIKTUWV ZNPOomoTauou
kat NnAéa omou avantuooovtal moTauLeG avaBaduideg.
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d.papan@noa.gr
(3) Toueag rewypapiac - KAyuarodoyiacg, Tunua lrewoyioc kat NewmeptBaAlovrog, ESviko kat Karobtotplako
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Elocaywyn

Eva onUavtikd yewUopdOAOYLKO XAPOKTNELOTIKO Twv Ubpoypadlkwy SLKTUWV €lval Ta onueia
kKapdng. MpokKeltal ylo onuela KOTA MAKOG TNG Koltng evog motapou OmMou mMapatnpeital Lo
arotoun aAAayn otnv KAion tng koitng avavtn kat katdavin avtwv (Whipple and Tucker, 1999). Ta
onuela kauPng eival petafl Twv XOPAKTNPLOTIKWY YEWHOopdwVY TOU amoteAolv evdellelg
npoéodatng tektovikng dpaotnplotntag (Leeder et al., 1991; Gaki-Papanastassiou et al., 2007;
Burbank and Anderson, 2008). Ie TEKTOVIKA EVEPYEG TEPLOXEG, TA onuela kaupng elval to
QmoTEAECUA TNG QmMOKpLong Tou udpoypadikol Siktuou otn SpaCcTNPELOTNTA TWV TOTILKWV
PNYUATWVY. YIIAPXOUV TIEPUTTWOELG OTIOU Ta onuela kapuPng oxetilovral pe aAlayn otn AtBoAoyia
(emadn petafd yewAOYlKWV OXNUATIOMWYV HE OladOopeTIK AVOEKTIKOTNTA OTNV TTOTAULO
SLaBpwon) Katd PAKOG TG Koltng.

Juxva n yewpopdoAoyikn €peuva Kal n LopPOPETPLKN AVAAUON HLOG TIEPLOXNAC TIEPLAAUBAVEL TOV
EVIOTLOUO Twv onpueiwv kaudpne (Crosby and Whipple, 2006; Wobus et al., 2006), n avalitnon
TWV OTOLWV MPOUTIOOETEL TNV KATAOKEUN TWV EMIUNKWV TIPOGIA TwV KOLTwV Twv USpoypadlkwy
Siktuwv Tou eival pla Stadkaoia xpovoPopa. Ta tedevtaia xpovia €xouv avamtuxBel pébodol
KOl €pYaAEla TIOU EMITAXUVOUV TNV QVvAAUGCN yla TNV QVOyvweLon Twv onueiwv kauyns. Ta
epyaleia autd xpnotpomnotolv 1o Wnolako Moviélo ESadouc (WME) kal pPELwVOUV TO XPOVO EVW
napaAAnAa avéavouv tnv okpifela Kot TN AEMTOUEPELX TOU amoteAéopatog (. Hayakawa and
Ogushi, 2009; Schwanghart and Scherler, 2014; Queiroz et al., 2015; Demoulin, et al., 2017; Mudd
etal., 2019).

TNV mopoloa Epyacia ETMLYELPELTAL N AVAYVWPELON TWV CNUEIWV KapuPng ota udpoypadikd Siktua
Tou Popelou TUAUHATOG TNG vAoou EURolag (avatoAwkn Zteped EAAASQ) Hpe T XprAon Ing
epyalelobnkng “Knickpoint finder” (Queiroz et al., 2015) mou Aettoupyel HEOW €VOG KWLKAL
python 1 wg enéxtaon otnv mAatdopua ArcGIS kat emttayVvel TIG avaAUoelg SleukoAUvovtag T
Sle€aywyn LopPOTEKTOVLKWY KOl VEOTEKTOVLKWV LLEAETWV.

Me0BoboAoyia

To epyaleio mou xpnollomolibnke yla ToV €VIOTILOMO TwV onueiwv KapPng Katd PAKOG Twv
KoLTwv Twv udpoypadikwv SKTOWV TNG meploxns HeAéTng Baoiletal ot pebodoug twv Hack
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(1973) kai Etchebehere et al. (2004) kot ouvdualel to WME (pe péyebog keAol 25x25 p yla tnv
mapovoa epapuoyr) Kol OpLoUEVECG pUBULOELS OTwG N Loodldotaaon (lon pe 20U yla TV mapovoa
epapuoyn).

MNa kabe onueio mou evtomiotnke, umoloyiotnke to RDEs (mapdywyog tou &eiktn Hack (SL)-
Selktng KAlong-pnkoug pepotog Tou amoteAel pia €vdelln NG evépyelag pong oe €va
OUYKEKPLUEVO TUAUA TNG Koltng) Kat To RDEt (mou adopd oTo GUVOALKO MAKOC EVOG TOTOUOU Kol
Aappavel utoYn tn CUVOALKH KALON METALY TOU AVWTEPOU CNUELOU TNG KOLTNG Kol TwV eKBOAWV).
TeAkOG OTOXOG ATaV N oUYKPLON TWV TLHWV Twv RDEs kat RDEt wote va ¢avel mota TUARATA TNG
koltng epdavilovv avwualieg otnv kAion. YmoAoyiotnke o Adyog RDEs/RDEt mou ¢avepwvel To
BaBuo avwpaliag otnv KAlon NG Koitng tou motapol mou avoaAvetal. Otav o Adyog sivat > 2
Bewpeital mwg uTapyel avwpaAia otnv KALon TNG MOTAULAG KOLTNG. ZUYKEKPLUEVA OTAV KU HALVETAL
petafy 2 kat 10 n avwpadio avutr Oswpeitat 2™ tdéng evw otav sivat > 10 (6tav dnAadr to RDEs
givat touhdyotov 10 popécg peyolutepo amd to RDEL) n avwpaAia Oswpeitat 1M tdéng.

META TOV EVIOMIOUO TWV ONUELWV KApuPNng, Snuloupynbnke o XAPTNG XWPLKAG TOUG KATAVOUNG, UE
TN Xxpnon tng ueboddou ektipnong mukvotntag nupnva (Kernel density). TEAOG n XWPLKN KATOVOUN
TWV onUelwv KApP NG ouykplBnke He Ta YEWAOYLKA, YEWLOPPOAOYLKA KAl CELOULIKA Sedopéva TNG
TLEPLOXNG YLa TNV avalAtnon evOEXOUEVNG CUOXETLONG LETAEY TWV onpelwv KAUPNG e ALOOAOYLKEC
oAAQyEG, priypata, EMIKEVIPA CELOUWYV Kol GAAEG avwlaAieg Tou udpoypadikol diktuou (Queiroz
et al., 2015; Moussi et al., 2018).

AnoteAéopata - ZUMMEPACHOTA

Edapudlovtag tnv avwtépw pebodoloyia otnv meploxn HEAETNG eviomioTtnkav oUVOALKA 2.486
onueta kapdng (Zxnua 1) pe moikiAia oto Babuo avwpoAiag (amod 2,0 éwg 69,09). Asdouévou otL
evtoniotnke €vag MoAl peyaAog aplBuodg onpeiwy, aflohoynOnkav povo ta 139 onueia ta onoia
QVTLOTOLXOUV O€ avwUaAleg mpwtng taéng (RDEs/RDEt>10) (ZxAuna 1).
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Zxnua 1. Znueia kaupng mou EVIOMIOTNKAY TNV TIEPLOXN UEAETN LUE TNV EQAPLUOYY AUTOUATONMOLNUEVNG ueBobdou.
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Meta Tov evtomiopd Twv onueiwv kappng, emxelpndnke n avalntnon mBovwy CNUAVIKWY
OUOXETIOEWV TWV ONUEIWV OUTWV HE Ta GUOLKA XOPAKTNPLOTIKA Tou avayAUudou Tmou Umopel va
odellovtol O€ TOTMIKEG TOTOYPAPIKEC QVWUOAAIEG N O TEKTOVIKN Tapapopdwon. ApxLka
ETXELPNONKE N oUYKPLON KE TO ALBOAOYLKO XAPTN TNC TIEPLOXNAG.
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Zxnua 2. Xaptne mUKvOTNTOG ONUELWVY KGUPNG KAL ETILKEVTPWY TWV KUPLWV CELCUWV TNE TTEPLOXNS (paivovtatl uovo to
enikevrpa mou Bpiokovtal eVTOC TNG EPLOXNSC UEAETNG).

AlamiotwOnke mwg ta 40 amd ta 139 onueia kapdng Nrav AtBoloyikd kabwg odeilovral oe
oAAay£Eg TNG AtBoAoyilag Twv YEWAOYLIKWY CXNUATIOMWY OO TOUG Omoloug SLEpYOVTOL Ol KOLTEG.
Ao tn oUyKplon TOU XAPTN TWV CNUELWV KAUYPNG HE TOV XAPTN TWV PNYHATWV TNG TEPLOXNG,
davnke mwe ta 39 and auTA NTAV TEKTOVIKAG TPOEAEUONC KABWC aVILOTOLYOUCOV OE ONUELX TOUAG
¢ koltng amd phydata. Ta umolouta 60 onueia kapdng ouvafloloyndnkav He TIG
OWTOYPOUUWOELG TNG TIEPLOXNG LEAETNC TTOU TIPOEKU PV Ao TOUC XAPTEC OKLAOUEVOU avayAUdou
Kal SlamotwOnke OtL entd (7) VEEG YPAUUWOELC TEUVOUV TaA TIPOGIA MOTOUWY KAl EVOEXOUEVWC
OVTLOTOLYOUV O prydata. Ta umolouta onpeia eivatl mbavo va €xouv “petatomioBel” amd tnv
opxLKN Toug B€on pe tn Stepyaoia tng onmtobodpopoloag StaBpwonc.

‘Eva. dAAO cupmEépaocpa mou Umopel va e€oxBel amd tn HEAETN TwV ONUEIWV KApY NG sival mwg
edpooov auta dev oxetilovrtal pe tnv AlBoloyia, oxetilovral pe Tov KUKAO SLtaBpwong. AloteAouv
6nAadn onuela mou opilouv SU0 SladopeTIkeEG PAoeLg EEALENC TNG TTEPLOXNC OTIWC ATTOTUTIWVETOL
arno tn dtadpopeTikn KALoN TNG KOLTNG avavTn Kal KOTAvTn autwyv. H tdon sival n adopoiwon tng
HeTtaBoAng autng tng kAlong, dnAadn oxupn SLaBpwon kat ekBabuveon mMAvw amo To CnUELD TNG
KapPng wote to onuelo aAlayng tng kKAlong va petakvnBel avavtn kat otadlaka va efadaviotel
wOoTe TeEAKA va emitev)Bel éva e€looppomnuévo enipunkeg mpodiA koltng.

‘ETOL O OPLOMEVEG TIEPLTTWOELG, OTWG yLa Tapadelypa o uSpoypadikd Siktuo NG pnélyevoug
{wvng Aipduog (NA tng meploxng Adapoapn) evromilovtal onuelo KAUPELG KOL KOTAVIN OQUTWV
dapayyla, evw o AAAEG TEPUTTWOELG, OMWG yla mapddelypa ota udpoypadikd Siktua mou
anootpayyilouv to avuoupevo TEpaxog tng pnélyevou Lwvng TeAéBplou, ta onuela Kauyng
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GEOMORPHOLOGY
GEOMORPHOLOGIE

Bpiokovtal og xapunAd vPopeTpa Kol Adyw veotntag dev €xeL apXLOEL AKOUN N TPOC TA AVAVTN
LETATOMLON TOUC LEow TNG omloBodpopoloag StaBpwonc. Eniong otnv pnéyevn {wvn Aipdpuocg ta
onuela kapyPng dailvetatl va avtlotolyouv oTo 0pLlo UETOED TNC AVOAYEVVNUEVNG TIEPLOXNG KOL TNG
TLEPLOXNG ToU SlavUel To otadlo wpluotnTag. Eival xapaktnplotiko OTL MAvw oo To OpLo AUTO
spudavitovral emipaveleg emunmedwong. TENOG EMIONUOLVETAL N MEYAAN CUYKEVTPWON OCNUELWV
kapdng (Ixnuoata 1 kot 2) ota diktua mou amootpayyilouv To avepXOUEVO TEUOXOG TOU VOTLOU
TuAuotog TG pnélyevoug Twvng MNpokomiou MnAlou, KABWC Kol OTO QVEPXOMEVO TEUOXOG TNC
pnéyevoug Lwvng Kexpuwv, otn pnélyevn {wvn TeAEBpLOu Kol OTO OPELWVO TUAUA TNG AEKAVNG TOU
Meooamniou. H mapoucia autwv Twv onuelwv KAUPng amoteAel EVOELEn TNG EvePyoOTNTAC TWV €V
Aoyw pnéyevwv {wvwv. EKTOG TNG CUOXETLONG METALY TNG TTUKVOTNTOG ELGAVIONG ONUELWV KAUY NG
HE TA EVEPYA PNYMOTO TNG TEPLOXAG, dlamiotwOnke avaloyn OETIK CUCXETLON LLE TA ETKEVIPA
TWV o€lopwV. H cuoy£€tion auth daivetal oTov Xaptn Tou Ixnuatog 2.

ErunmA€ov oxedlaotnKay eVOELKTIKA OL ETILUAKELG TOUEG TWV KOLTWV TwV USpoypadLlkwy SIKTUWV 0T
otevn meploxn eUdaviong oplopévwy onpeiwv kapdpng, dvo amod tig onoieg amelkovilovtal oto
Ixnua 3(a). To XaunAOtepo UYPOMETPIKA ONUELD KAUPNG Ttou TuARuato¢ tou Siktuou No38
odeiletal otnv Toun tng Koltng amod tn pnéyevn {wvn TeAéBplou, evw ekeivo Tou PBploketal oe
peyaAutepo vopetpo odeiletal oe ABoloyikn enadn. To onueio kauPng oto diktuo Nol75
ouvdéetal pe Tov aykwva oUAANYNG Tou €xeL eviomiotel oto (6lo onuelo kot odeilel T
Snuloupyia Tou otnv évtovn SLaBpwon KatAvin AOyw TnG auénong Tng mapoxng amod tn cUAANYN
TOU VYeLTovikou Oiktuou. MoAAG amd ta onuela kapudng mou mpoodlopiotnkav HE TV
outopoatomnolnuévn uEBodo miotomnowOnkav pe epyacia nediov (ZxApa 3(B)) evw enumAéov yla ta
onueioe pe 1" tdéng avwpolia éywve Aemrtopepric mopatipnon ewkovwv Google Earth omou
SlamotwOnke Mwg TouAdylotov oL “yvwotol” eMoKEPLUOL KATAPPAKTEG TNG TEPLOXAG HEAETNG
ouykataAéyovral LeTafl TwV CNUELWV KA NG TTOU EVTOTLOTNKAV.

O auToUATOTOLNUEVOG TIPOOSLOPLOUOC TWV ONUELWY KApY NG BonBAsL ONUOVTIKA OTOV apXLKO TOUC
EVTOTILOUO TIPOKELUEVOU va SLEUKOAUVOEL n epyaoia medlou. H avaluon mou mpaypatonolionke
ermBeBalwvel mMwe ta onuela KAUYPNG TNG TEPLOXNG MEAETNG OTNV TIAELOVOTNTA TOUG £XOUV
TEKTOVLKN TIPOEAEUON KOl €AEyXOVTOL QMO TO VEOTEKTOVIKO KABeOoTwC evw oxetilovtal PE TN
OELOULKN SpaoTtnplotnta. YIApXouVv OUwC Kol onUela mou oxetilovral pe aAlayEg otn AtBoAoyia.

A _ S
No38 350 No175

Yy ouetpo (p)
w
8
Ydépetpo (1)
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Anéotaon Katd puikog Tuipartog uspoy. Sikroou (u) Anéotacn Katd pikog TpApatog udpoy. Siktbou (p) (a)

Zxnua 3. (o) EVOELKTIKEC ETTLUNKELG TOUEG OE ETUAEYUEVA TUNUATA TWV KOLTWV USPOYPAPIKWV SIKTUWV OTa omola
evrortiotnkav onueio kappng (No38 kat No175) kot () Qwroypapio onueiov kauyng mouv opeiletal oe AvdoAoyika
aitia (meptoyn Epta Bopeia wv Kadevwv). Ot §€0eig Twv tplwv SIKTUWYV @aivovtal oto Sxnuoa 1.
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Xwpwn Katavopun twv InnAaiwv tng Kpntng
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Elcaywyn

H Kpntn elvat to peyaAltepo vnol tng EANadag pe éktaon 8.303 tetp. XAW. To HUAKOG TOU vnoLoU
¢dtavel ta 260 AW, evw TO MAATOC TOU Kupaivetal amd 60 €wg 12 yAW. OL aktég Tng elvat
TIOAUOXLOELG EVW TO CUVOALKO TOUG WAKOG TOUG elval peyaAutepo amo 1.000 xAp.

To vnol Pploketal oto e€€wteplkd TUAUA TOU €AANVIKOU TtoO¢ou, otn lwvn umoBublong tng
Adpikavikng otnv Eupaotatiki mAdka. H tomoypadia tng Kpntng, €attiag tng B€ong tng oto
YEWTEKTOVIKO KaBeotwg Tou Alyaiou, xapaktnpiletal kupilwg amnod éva opewvo avayAudo, To omnoio
urtodnAwveL mpoodatn kat ypriyopn avupwon (Meulenkamp et al., 1988; Kokinou et al., 2013). To
opewoO avayAudo meplhapfdvel uPnAolg opelvolg Oykoug onwg: ta Agukd Opn ota Sutikd
TUAMA TNG UE HEYLOTO UPOUETPO 2.453 W, OTO KEVTPLKO TUAHA Tov WnAopeitn ou ¢rtavel Ta 2.456
K. Kot TN Aiktn pe vpopetpo 2.148 W, evw ota avatoAkd ekteivovtal ta Opn tng Zntelag, Ue
v oueTpo 1.476 Y. Ta uPnAd 6pn TMAALOLWVOUV XapNAOTEPOL OPELVOL OYKOL.

H KpAtn elvat amd 1§ meploxég otnv EAAGSa mou mapoucotdlouv éEvtova ¢alvopeva
KapoTtikomoinong. Ot EMIKPATOUOEG YEWAOYIKEG Kol KALLATIKEG CUVONKEC EVUVOOUV TNV AVATTUEN
KapOTLKWV popdwv. H évtovn popdoloyia tou vnolov eivat Apeco cuvdedepnévn He TNV eUdAvIoN
ETULPAVELOKWV KOL UTIOYELWV KAPOTLKWY HOPpdWV. 2TO VROl UTIAPXOUV TIEPLTTOU eKATO dpapayyla Eva
£K TWV OTIOLWV €lval To pnuLopévo papayyt TnG Zapaplag, moAyeg, SoAiveg kat Atpvodolives. Ocov
adopd TG eVOOKAPOTIKEC popdEG meploodTepa amo 4.500 omnAata kot ontnAatofdapabpa €xouv
xaptoypadnBet oe oAokAnpn tnv Kpntn. Afilet va onuelwBel mw¢ ta tpia Babitepa
onnAatoBapaBpa mou £xouv efepeuvnBOel, Bpiokovtal oto vnot (MmopvoBag, 1999; Macouldg,
2001; Kokinou et al., 2015).

H omnAaoAoyikr Kot olkoAoyikn onpacio moAAwv ortnAaiwv tng Kpntng ivat tepaotia. MepLoxEg
mou ¢hofevouv peyaho aplBuod omnlaiwy, WOAVIKEG yla 600U¢ aoxolouvtal Pe omnAatoAoyia,
glval n meploxn Tou 6poug ItpolumouAa oto HpakAelo, Ta MNewnapka Inteloag kot Wnlopeitn Kat
0 MeA1dovL ota Asuka Opn (MNetpoyeilou, 1984; ASauomnouAog, 1993).

IKOTMOC TNG Mmoapouoag gpyaciag sival n kataypadn kat n peAétn onmnAaiwv otnv Kpntn. Ta
omnAawo Tou  Kataypadnkav elonxbnoav oe Pacn OSedopévVwV KAl OTN  CUVEXELQ
TIPAYUOTOMOLNONKE N OTATLOTIKN enefepyacia Twv dedopévwy. MeAETAONKE N XWPELKA KATAVOUN
Twv onnAaiwv og kABe mepLdepeLaKr) EVOTNTA TOU vNOLOU, N TIUKVOTNTA TOUG KAl CUCXETLOTAKAV
Ta omnAata pe To VP OUETPO oTo omoio epdavilovral.
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MeBodoloyia

210 TMAQLOLO TNG MOPOUCOC UEAETNG, OPXLKA TIPAYUATOMOLNONKE N GUAAOYN TwV OTNAQLWV TTOU
Bpiokovtal otnv Kpntn. H oulloynl twv &edopévwv Paclotnke o0& OXETIKEG KaTtaypodE
OTINAOULOAOYLKWY ETALPLWY, OPLOUEVWY TAELSLWTIKWY LOTOTOMWY KOl OE ETMLOTNLOVIKEG EPYOOLEG
(Netpoxeilou, 1984; Adapomoulog, 1993; MmopvoBag, 1999). Itn cuvéxela dnuloupyndnke pLa
Baon debopévwy otnv omola evowpotwOnkav mAnpodopieg Omwe n yewypadikr 6€on tou Kabe
onnAaiou, n mepldpepelakn evoTnTa oTNV OMola AVAKEL, O TUTOG TOU, N TMPOCRACLUOTNTA ToU, N
umapén VLAATOC, To UYPOUETPO TOU, TO LAKOG TOU Kat To BABog tou. H Baon dedouévwy eLonyxdn oe
éva Fewypadikd Zvotnua MAnpodoplwv Kal To AOYLOULKO TO Onolo xpnoldomnolBnke eival to
ArcGIS 10.3. Zto mAaiolo tng mapoloag epyaciag avaluBnke n XwPLKA KATavoun Twv onnAaiwv
otnv KpAtn ava mepldepelakr) evotnta Kot HEAETAONKE N MUKVOTNTA Toug avda 100 Tetp. YAU.
Eniong SlepeuvnBnke n Katavour Twv onnAaiwv oe oxéon e To UPOUETPO OTO omoio Bpiokovtal.
H emhoyn tng HEAETNG TWV CUYKEKPLUEVWY OTOLXELWV BaoiotnKe oTo YeYovog OTL TIEPLEXOUV TLG
TIAEOV OAOKANPWHEVEC TTANPOOPLEG.

AnoteAéopata

O OUVOALKOG aplBUOC Twv omnAaiwv Tou kataypddnkav otn Baon dedopévwy sivar 170. Zto
Ixnua 1 mapouotdletaol N XwpPLKA Katavoun tTwv omnAaiwv mou peAetnOnkav otnv Kpntn, ot
KUPLOTEPEC TOAELG, TO USpoypadlko Kal To 081kd Siktuo Tou vnolol KaBwE Kal N KOTAVOUH TwV
vpouetpwv oe autd. Onwg Siakpivetal oto IxAUa 1 ol PEYOAUTEPEG XWPLKEG CUYKEVIPWOELG
onnAaiwv mapatnpouvtal oTo SUTIKO KAl 0TO KEVTPLKO TUAUA TOU vnolou.
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Zxnua 1. Xaptne tng Kpntne ue ta onndaia mou UeAeTidnkayv, to udpoypa@Lko Kot To 06iko SikTuo Tou vnotoU kadwe
KalL N Katovoun Twv UYOUETPWYV ToU.

222



Proceedings of the Conference “The Role of Geomorphology in - '_ :

Hellenic Committee for

Geomrphology and Enviranment Modern Society” of the Hellenic Committee for Geomorphology &
Environment of the Geological Society of Greece GEOMORPHOLOGY
C\ Athens, December 16, 2020 | Harokopio University GEOMORPHOLOGIE

Bulletin of the Geological Society of Greece, Sp. Pub. 8, 2021

To anmoteAéopata TNG OTATLOTIKA G enefepyaoiag Twv S€SOUEVWY E TNV KATAVOUN TWV OTthAdiwv
oe KaBe vouo tng Kpntng divovral oto IxNnua 2. H mepiudpepeloKky EVOTNTO TTOU CUYKEVTIPWVEL TO
TIEPLOCOTEPA ATIO T KATAYEYPAUUEVO OTNAALO KAl O TOC0OTO 32% &elval 0 VOUOC Xaviwv.
AkoAouBoUv o vouocg HpakAewou kat AaoclBiou, evw 0 ULIKPOTEPOC OPLOUOC TWV KATAYEYPAUUEVWV
onnAaiwv dtamiotwOnke oto voud PeBUvoU.

mXaviwy ®WPEOBupvo mAaoBiov m HpakAeiov

Zxnpa 2. H katavoun twv ontnAaiwv avd mepLpepeLokr EVOTNTA.

Ztov Mivaka 1 mapouoialovtal oL vopoi tng Kpntng, n €ktaon toug, To MARBog Twv onnAaiwv ot
KABe voud Kol n MuKvoTNTA Twv omnAaiwv ava 100 tetp. XAU. Ztov vouo Xaviwv Bploketal to
peyaAutepo mARBog Twv onnAaiwv. H ukvoTNTa TOUG OE AUTH TNV MEPLOEPELAKI) EVOTNTA ELVaL N
peyaAutepn kot ton pe 2,3 omAAata ava 100 tetp. xAU. Ot uTOAOLEG TTEPLDEPELAKEG EVOTNTEG
napouaotalouv tnv (dla mukvotnta nepimou, ton pe 2 omnAata ava 100 TeTp. XAU.

Mivakac 1. H éktaon twv vouwv tne Kpntng, to mAndo¢ twv onnAaiwv o kG vouo kat n mUkvOTNTA TV onnAaiwv
ava 100 tetp. AU

Nukvotnta TwV oitnAaiwv

Nopadg Ektaon (Km?) NARBo¢ onnAaiiwv avé 100 Km?
Xaviwv 2376 54 2,3
PeBupvou 1494 30 2
NaoBiou 1827 35 1,9
HpakAeilou 2641 51 1,9

Ito Ixnua 3 &ivetal n katavourn twv onnAaiwv oe oxéon pe to UPOpETpo Tou PBpiokovtal. Ta
neploootepa onnAata epdavilovial oe UPOUETPO UIKPOTEPO Twv 100 pétpwy. To MARBOG Twv
onnAaiwv pikpaivel 6co auvfdavel to upopetpo. levikotepa, n mMAsoPndio tTwv omniaiwv
QVANMTUOOETOL O UYOUETPO MIKPOTEPO Twv 700 pETpwv. To WIKpOTEpO TANBOG omnAaiwv
napatnpeital o vPopetpa peyalltepa amno 900 pétpa.
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ZUMREpOAOHLOTO

H enefepyaocia twv Sedbopévwv €6elle OTL n mepldepelakr) €vOTNTA TIOU OCUYKEVIPWVEL TA
TLEPLOCOTEPA OTIO TA KATOYEYPAUEVA oA aLa elval o vopog Xaviwy. H mukvotnta tTwv onnAaiwv
ota Xavid eivat ton pe 2,3 onnAata ava 100 tetp. AU, Ta mepLocOTEPQ OTHANLO OTTOVTWVTAL O
U OUETPO UIKPOTEPO TwV 700 pétpwv. To MANRBOC twv omnAaiwv pikpaivel 600 aufavel to
v ouetpo.
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Elcaywyn

Ot Bpayoypadieg eivat n Lwypadikn ontnhaiov dnAasdr) KOAALTEXVLKEG AVOTOPOOTACELS KAl OXESLA
nou PBplokovtal otnv emipavela Twv GUOLKWY TOLXWHATWY Twv omnAaiwv. OL Bpaxoypadieg
ouVLOTOUV TNV MPpWTN ekdAAWON TEXVNG TWV TTPOIioTopLKWVY avOpwriwy. MpOKeLTaL yLa TTOVAPXOLES
amnelkovioelg, kuplwg eldwv tng mavidag, mov unnpxav otnv ekaotote meploxn. Mapouaotalovral
potifa kat popdeg anod ehadla, {apkadia, Pikpd {wa, AUKOUG, AAEMOVUSEC, TOOKAALX KAl CKUAOUG.
Zuyvad, dltakpivetal to puAo Touc. Ztnv Bepatoloyia katatdooovtal eniong avOpwrveg dLyoUpeg,
OKNVEG Kuvnylol Kal OmAa, kuplwg tofa kal dopata. OAeC oL amelkovioelg eival oupBOALKEC.
Exdpalouv Tig avttANPelg Tou mpoloTtoplkou avBpwrou yla To HUCTAPLO TNG {WAG Kal Tou
Bavdtou, kabwg kat TNV aywvia tng enBiwong (KapaduAid, 2019).

OL Bpaxoypadieg xpovohoyouvtal otnv npoiotopikr €moxn. H akplBng xpovoloyikr) tomoBétnon,
Sev elval edikt Aoyw EAAeLNC ypamTwy mNywv Kot otabepng xpovoAoyikng Baong. Qotdoo, os
€val EVPUTEPO EVVOLOAOYLKO TTAQOLO, N TipoioTopLky emoxn apxilel amd ta 2.5 Ma Kal TeAelwVEL
ota 600 m.X. OL maAalotepeg Ppaxoypadileg mou eival YWwoTEG EwG OAUEPQ, €lval ota ImAAaia
Chauvet otnv FaAAia kot xpovoAoyouvtat 32.500 xpovia niptv ano onuepa (Cigna, 2005).

Ta omnAata, xpnoipevav otov avBpwmno w¢ acdaln kataduyla KL apyoTEPA WC OLKLOUOL.
AmoteAovoav Xwpoug eUPeoNC GUOLIKWY TOPWV, LATPLKNG TeplBaAPng aAAd Kal BpnoKEUTIKWY
TeEAETOUPYLWV. AtoTeEAoU oV aELOTILOTEG TTNYEG VEPOU EVW OPUKTA Kal dpylhol eopuoooviav TOoo
yla kaBnuepvr, 600 Kol yla TEAETOUPYLKN xpnon (Stevanovi¢, 2015) Ta omnAata, amotéAsecav
kataduyla kal tou Homo Sapiens kot ATOV OL KUPLOL OLKIOUOL TWV aVOpWIWY KATA TNV OVWTEPN
MNoAatoABikn mepiodo (Cigna, 2005).

Ytnv EAAGSa, €xouv avakaludpOel Bpaxoypadiec os dtadopec meploxeg omwe oto MNayyaio 6pog,
otnv AAotpatn Zeppwv, oto onnAalo Metpadwvwy XaAkidikng, otoug Dhinmoug KaBalag, oto
Fovikod 'EBpou, ota Metpwtd Podomng, otnv Apidaia MéAAaC, otn XaAKLOLKA Kol oTtn XEPOOVNCOo
Tou ABw, otn Alpvn Xewapitida OAwpvag, otnv Kprtn, otn Mavn, otnv EuBola, otn Nago, otn
MnAo, otn ®oAéyavdpo, otnv Képo KukAadwv, otn Nnoupa Ahovvricou, otn ©4co K.a.. Qotooo, oL
TIANPOGOPLEG YLl OPKETEG ATIO TIG TIEPLOXECG AUTEG elval eAAunels. OL Bpaxoypadieg, evromilovral
TO00 0g omNAaLa, 600 Kal oTo UTaLBPOo, o€ HEYAAEG eLDAVELEG BpaxwVv. H nALkia TOUG, EKTLHATOL
KQTA TIOAAOUG €PEUVNTEC KOl ETMLOTAMOVEG, 0 ekatovtadeg xAladeg £€tn (MouAlavog, 2011). Ou
maAalotepeg, eival ot Bpayoypadieg oto Mayyaio Opog, otn Makedovia. Opwg, n akplPig
XPOVOAOYNON Twv Xopoyudtwv eivat dUokoAn, kabBwg Oev €xel mpayuatomolnBel n amAn
kataypadn toug. Mvetal yevikd ekto OTL oL malalotepeg Ppaxoypadieg avayovtal oto 3.000
1.X., TNV OYLun enoxn tou XaAkou (Ataktidng, 2006).
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JKOTOG TNG TMapoloag epyaciag elval va KataypAPeL Kol VO TTOPOUCLOOEL TI KUPLOTEPEG
Bpaxoypadiec mou €xouv evromioBel otov EAAadIkO xwpo. EmutAéov yivetal pia mpoonabsia va
ouoxetlobel n Bepatoloyia Toug kabwg n AtBoAoyia otnv omoila avantuooovTaL.

MeBodoloyia

H pneBodoloyia tng mapovoag epyaciag mepthapfavetl tn cuAloyr) SeSoUéVwy, KAl TN OTATLOTIKN
enefepyaciao TOUG. ZUYKEKPLUEVA, yla Tn Slefaywyn tng moapouoag MEAETNG, XPNOLLOmoLnOnkav
BiBAoypadika Sedopéva kat pehetnOnkav ol Bpaxoypadieg o evvéa omnlaia tou EAAadikou
XWPOU Kal Ot TEVTIE Yewypadlkég B€oelg oto Umalbpo. Eylve oTATIOTKN enegepyacia Twv
6edopévwy, amd Ta omola SnuioupynBnkav OVOAUTIKOL KOl OUYKEVIPWTLKOL TIVOKEG
amoteAeopdTwy Kat ypadnuata. Me tov TpOmo autd avalletal n oxéon tng Bepatoloyiog Twv
Bpaxoypadlwv ota omnAata kot oto UTaBpo, aAAd kat n oxéon toug He tnv AlBoloyia Tng
TiepLOXNG ou eudavilovtal.

AnoteAéopata

OL Bpoayxoypadiec otnv EAAGSa, Sitakpivovtoal o€ Suo HEYAAEG KATNYOPLEG OE €KELVEC TOU
evtonifovtal o€ omAAALO KOL OE €KELVEG TTOU UMAPYXOUV oTo UTalBpo. Itnv mapolvoa epyaocia
e€etalovtal ol Bpayoypadieg mou evromilovtal ota mMapakAtw omnAata: AALOTPATNG OTLG ZEPPEC
(ZxAua 1), NetpoAwvwv otn XaAkdikn, Katappaktwv otnv Edecoa, Apako¢ otnv Kaotopla,
Kaotplag, ota lwavviva, Apol, KaAapdkt kot Amndnua otn Mavn kabwg kal oto omnAato
YkopSaAakia, otnv Kpntn.

Jxnua 1. Bpayoypapia oto onnAaio AAtotpatng (mnyn: ZnnAatodoyia 2.X.0. KaBdaAac, 2018).

Eniong e€etaotnkav oL Bpaxoypadieg mou evtomiotnkav oto UTALBPO OTIG MEPLOXEG: [OVIKO oToV
‘EBpo, Nayyaio Opog otnv avatoAikn Makedovia (Zxnua 2), Oinnoug otnv Kapdala, Ztpodilag
otnv Avépo kat Kopdn T Apwviou otn Nago. H nAwkia twv Bpaxoypadlwyv, KAAUTTEL €va €VpUTATO
daopa anod Toug MPOLoTOPLKOUG HEXPL TOUG HECALWVLKOUG XpOVouC. Xto Movikd ERpou paAlota,
evromnilovtal Bpaxoypadieg He KUKALKA 1} NULKUKALKA OXALOTA TTOU TIOPATEUTTOUV OTOV HALO KAl TN
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ZeAnvn, He mubavn nAkia 1.100-900 rt.X. H maAawotepn o nAwkia Bpayxoypadia, Tomobeteital oto
3.000 m.X. (Ataktiéng, 2006) kat evromiletal oto Mayyaio Opoc (IxAua 2), LE TN XOPAKTNPLOTIKA
OUITELKOVLOT TWV QLOTEPLOUWV Kal Tou «Mavapyxatou ZwdLlakou ».

2xnua 2. Bpayoypapio oto Mayyaio Opog, Mavapyaios Zwbiakocg (mnyr: Boyiatlrc, 1996).

H Bepatoloyia twv Bpaxoypadlwv molkiAAeL. 2Tl B€oelg mou e€etdoTnkav mapatnpouvTal
dlyolpeg avBpwrnwv kat {wwv O apuovioe [ O OKNVEG Kuvnywou. Evromilovtal akoun,
adpnpnuéva xopayuata Kol ypopulkd cUUBOAQ TTOU QVTLOTOLXOUV OTa MPpWTa onuadia ypadng
(Nivakag 1). Onwg npokuTtel amod tov MNivaka 1 ta cUpPoAa amoteAolv TNV MAEOV cuVNOLOUEVN
Bepatoloyia og mooootd nepimou 60%, evw n Alyotepo cuxVEG Bepatoloyieg eivat Ta {wa Kabwg
ta {wa kat ot avBpwrol. Ot nALkieg Toug, mpoadlopilovtal oTnV TPOICTOPLKN EMOXN, XWPLE OUWG Vol
UTtApXoUV cadelg XpOVOAOYNOELG.

Mivakag 1. OguaroAoyia Bpaxoypapiwy ora orhiaia.

Osepatoloyia NARGo¢ Moocoota (%)

Zwa Kot oUPBoAa 2 22,22
Zwa 1 11,11
J0pBoAa 5 55,56
zt)gplt(;im 1 1111
SUvoho 9 100,00

310 UTaBpo, oL Bpaxoypadieg Ppilokovtal EKTEOELUEVEG OTIG ATHOODALPIKEG CUVONKEG Kol OTn
S6paon twv efwyevwv mapayoviwyv. Evromilovtal xapayuéva os pdpuapa, avBpwrot kat Beol,
{wa, OmMAa KOl YPOHMLKA OXESLO HE XAPOKTINPLOTIKEG OTELPEG Kal Moldvépouc. e auth TNV
Katnyopia, oL o ouxvég Bepatoloyieg mou evtonilovral, oe MOCOOTO ou Pptavel To 60%, elval
Hopdég Lwwv, avBpwriwy, cupBoAa kat 6mAa (Mivakag 2).
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JUVOALKQ, peEAeTwvTaG TN Bepatoloyia kot Twv Suo katnyoplwv, epdavilovrat popdeg avOpwnwy
kat {wwv oto 50% twv Bpaxoypadlwy, Ta cUpPoAa amavtouy oto 40%, evw Ta OmAa evtomnilovral

HOALG oTo 10% Twv BpaxoypadLwv.

lMivakag 2. OguaroAoyia Bpaxoypagiwv oo Uraifpo.

Oepatoloyia

NARGo¢ Moocoota (%)

Zwa, avbpwrol, cUUBoAa
Zwa, avBpwrol, cUuPoAa,
omAa
Zwa, avBpwrol, cUuPoAa,
mAola

SUvolo

1 20,00
3 60,00
1 20,00
5 100,00

Ta omAAala mou HeAETABnKav, avhAKouv o€
XOPAKTNPLOTLKO, TIG MEYAAEG aVOPOKLKEG

VEWTEKTOVLKEG EVOTNTEG, ME PAOCLKO KOO TOUG
akohouBiegc. Ta omAAata ToU  evromilovtal

Bpaxoypadieg, eudavitovtal oe Wnuatoyevr Kol HETAUOPIWUEVA TETPWHUATA HE avaloyla
nepinou 1:3. AnavtoUv Kupiwg oe acBeotoAlBoug, Solopiteg kat pappapa. H mietoPnodia toug
OVATITUOOETAL KUPLWG 08 LApUAPA KAL OE TTOCOOTO Mepimou 56% (Zxnua 3).

H ABoAoyia twv Bpaxoypadlwv mou evtomiotnkav oto UnalBpo nmapouaotdletal oto Ixnua 4. H
ouvTputtikn MAsloPndia auTAg TNG KATNYyopPLaG Kot 0 TTooooTo 60% £X0UV XAPAXTEL OE LApUOPA.

s Mappapa, Solopiteg

= Mappapa = AcBsotoliBol

Jxnua 3. H AtdoAoyia twv Bpaxoypapiwv ota ortnaia.
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s Mapuapa s Mdapuapa, SoAopiteg

Zxnua 4. H AtdoAoyia twv Bpaxoypapiwy oto unatdpo.

ZuVoALKaA, Bp€Bnke 6TL 86,71% twv Bpoayoypadlwy €xouv xapaxBel oe pappapa, evw to 13,29% oe
aoBeotoABouc. To yeyovog auto e€nyeital, kaBwg T000 Ta omAaLlo 000 KOl OL OPELVOL OYKOL TTOU
€xouv peAeTtnOel, avamtlooOVIOL OE KOPOTIKEG TIEPLOXEG ONMOU EMIKPOTOUV T aVOPOKLKA
neTpwpata. Emopévwe ot Bpoayxoypadieg, mou evronilovtal téco ota omniAola, 600 Kol OTo
UTtalBpo otov eAAadLKO XWwpPo, amoteAouv adLlaevoTeC LAPTUPLEG YLA TOUC YNYEVEIC KATOIKOUG
Kol moSELKVUOUV T SLOXPOVLKI OXEON TOU avOPWIOU HE TO KOPOT.

Tuunepacparta

MeAetwvtag tn Bepatoloyia Twv Bpaxoypadlwv epdavitovrtal popdéc avBpwnwy Kal {wwv oTo
50% Ttwv Bpaxoypadlwy, ta cUPBoAa amavtouv oto 40%, evw ta OmAa evtomilovtal HOALG oTo
10% twv Bpaxoypadwwv. Ta amoteAéopata £6elav OtL 10 87% Twv PBpaxoypadlwv €xouv
xapoxBel og papuapa, evw to 13% oc aocBfeotoABoug. Ot Bpaxoypadieg, mou evromilovtol oTov
eAaSIKO XwWpPOo amodelkvlouV TN SLoPOVLKI) OXECTN TOU avOPWIOU HE TO KOPOT.
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NepBarroviikég kot ITnpatoAoyikég MetaBoAég otnv Kotlada tou AvBspouvta
MNotapou

2. Aoavn 1 I. Hildebrandt-Radke %, K. BouBaAibne %, K. AAurtavdxnc ?, . Supiénc?>

(1) Touéag Quatkng kat MeptBaArovrikng Mwypapiag, Tunua Fewloyiog, AptototéAsio Mavemniatruto OsooaAovikng,
541 24 Osooaldovikn, doanisofia@geo.auth.gr, vouval@geo.auth.gr, albanaki@geo.auth.gr
(2) Department of Quaternary Geology and Palaeogeography, Faculty of Geographical and Geological Sciences, Adam
Mickiewicz University in Poznan, Krygowskiego Str. 10, 61-680 Poznar, Poland, hilde@amu.edu.pl
(3) Toueag rewAoyiag, Tunua lrewloyiag, AptototéAsio Maveniotnuio Osooadovikng, 541 24 Osooaldovikn,
syrides@geo.auth.gr

Elocaywyn

H kol\ada tou AvBepolvta Bploketal otnv avatoAlkr) TAEUPA TOu KOATIOU Tou @gpuaikol, otnv
Bopela EAAGSa. H kolddada ovopdotnke £€tol AOyw Ttou motapol AvBepouvta o omolog péeL ano
AvaToALKA TtPOC Ta AUTIKA Kal €xel uAKoG 40 XA, MoAAEG TaAalomepLBAAAOVTLKEG EPEVVEC yLaL TNV
neploxn tng Meooyeiou €xouv emikevipwBel otig mMepPBAAAOVTIKEG KOl KALUATLKEG OAAQYEC TOU
OAokaivou, xpnotpomnotlwvtag kKupiwg dedopéva anod tnv Odlacoa, Aipveg, AluvoBdAaocoeg, SeAta
kal ortiAata, pe dtadopeg pebodoloyieg. (e.g., Vott, 2004; Vouvalidis et al., 2005; Evelpidou et al.,
2010; Vouvalidis et al., 2010; Fletcher and Zielhofer, 2013; Triantaphyllou et al., 2016; Avramidis et
al., 2017; Colonese et al., 2018; Koukousioura et al., 2019; Roberts et al., 2019). Qotdc0, MOAU
ALyOTEpPEC PEAETEG ETUIKEVTPWVOVTAL 0 S€SOUEVA TIOTOUWY TIOU OMOKOAUTITOUV TEPLBOANOVTLKEG
oAAayéc. Alddopol epeuvntéG umootnpilouv OTL OL TOTAWPLEG OmMOOECEL UmOpoUV va
xpnotgornotnfolv yla TNV OVAKATAOKEUN TOAXLOTEPWY Olepyaciwv amobeong HEOW Twv
wotAtwv Twv Wnuatwv. O Zielhofer (2008) umootnpilel 6tL mapoAo mou ta dedopéva mou
TiPOEp)ovTal amo motapta Sev sival oadeic kKALpatoAoyikol SEIKTEG, OMWE AUTA ao TAYoUG N TNV
Baloooa, wotoco Ba pmopoucov Vo KATaypAYouv OTTOTEAECUATIKA TIG YEWUOPPOAOYLKEC
aVTLOpAOELG O€ KALLATOAOYLKEC OAAQYEG.

Mo cuykekpLéva, To SeSOUEVA TTIOU TIPOEPYOVTAL OO TIOTAULO OUGCLAOTIKA QVTLITPOCWITEUOUV [La
OAOKANPN A€KAVN amMOPPONG KAl UIMOPoUV £T0L v TIPOOPEPOUV LA YEVLKOTEPN ELKOVO TWV
nieplBoAlovtikwy Slepyaoctwv tnNg TEPLOXNG. H avaluon Tou pPeyEBOUG TwWV KOKKWV EXEL
XPNOLHOmoLNOel ekTeEVWE 0 TIAAALOTIEPLBOAAOVTLKEC LEAETEG YLOL VO QVIXVEUCEL TNV TIPOEAEUON
Sladopwv Wnuatwy, onwcg avadépouv ot Opreanu et al. (2007), Mycielska-Dowgiatto and
Ludwikowska-Kedzia (2011). H xprion KOKKOMETPLKWV ovoAUoswv kabiota duvatr tn cuAloyn
TANpodopLwy OXL Hovo yla mepLBaldovta anobeong aAAd Kol yla TNV eVEPYELA Kal TN ¢Uaon Tou
pHéoou petacdopacg. Akoun, ocupdwva pe tov Benito et al, (2015) pmopoUv va evtomiotouv
HETABOAEG HeTAEL TteEPLOSWV UPNANG KAl XOUNANG amopPOoNnG LECW WNUOATOAOYLIKWY SESOUEVWV.

H moapouoa UENETN EMUKEVIPWVETAL OE TOTAULEG aKoAouBieg Wnuatwy Baboug mavw amnd 20 .
mou 6ev €xouv pehetnBel éwg Twpa otnv Kolada Tou AvBepolVTA. TUYKEKPLUEVA, YIVETAL N
OUOYXETION METOEU Twv TOTAPLWY Olepyaotwv Kal twv ¢acewv amobeong tTwv WnUATWY
XPNOLLLOTIOLWVTOG TNV KOKKOMETPLKA QVAAUGON TIPOKELUEVOU VA YiVOUV UTTOBECELG OXETIKA LE TLG
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eMIKpaTovoeg TepLBaANOVTIKEG ouvOnkeg tou A. MAslotokatlvou kot OAokaivou. H avaAuon twv
wnuatoyevwy oamoBéoswv kat n Slaipeon toug oe lwvec umopouv va BonBrijcouv otov
TPOodLOPLOUO Tou Wnuatoyevol g meplBAAAOVTOC Kal oTnV KAAUTEPN Katavonon Twv SLepyaoLwv
Katd tn SlapkeLa TG WNUATOYEVEDNC.

MeBodoloyia

ITG epyaoieg mediou mou ekmovhOnkav, TMepAappavovtal MAPOATNPHOEL O OXECON ME TNV
vewpopdoloyia tng meploxng kabwe kat TNV otpwpatoypadia. Me tn Bonbela Aoylopikov G.1.S
€YLVE XPNON Kol €pUNVEla LOTOPLKWY, YEWAOYIKWY XOPTWV Kot S0pUdOPLKWV ELKOVWV Mo TO
Google Earth yia tnv eaywyn mAnpodoplwv OXETIKA HE TN yewpopdoAoyikn €E€EALEN Kal Ta
XOPAKTNPLOTIKA TNG TEPLOXNAG UEAETNG. ARPONKaAV GUVOALKA OKTW TIUPMNVEC YEWTPNOEWV Kal O
kKaBévag dwtoypadnbnke kal meplypadnke oto medio wg mpog¢ tn AlBoloyia Kol TO Xpwua
(Munsell Soil Color Chart).

MpayuatorotnOnke Wnuatohoylky avaluon ywa 631 OSelypata amd &S00 TUPRVEG, ToU
ETUAEXONKAV WG OL TILO AVILMTPOOWTEUTIKOL. To oUVOAO TwV OELYHATWY KOOKLVIOTNKE ylo Ta
KAQOMOTO TWV KOKKWY > 2 mm LE UL OELPA KOOKIVWVY ava ULod phi (d). Ta mo Aemtokokka Lépn
avaAuBnkav xpnolpomnolwwvtag to Malvern Master Sizer Hydro 2000, YETA TNV amopakpuvon tng
0pYaVLKNG UANG pe H,0, (10%) (Trautmann et al., 2000a; b).

Ta otatloTikA otolxela umoAoyiotnkav pe 1o Aoylopiko Gradistat (Blott and Pye, 2001),
xpnotpomnowwvtag tnv uebodo twv Folk kat Ward (1957). YrmoAoyiotnkav n péon SLAUETPOG TWV
KOKKWV (M), n Ao&otnta (Sk)), n tafvounon (o)) kal n kuptwon (K.|), KaL oL KATavouEG peyEBoug
KOKKWV €KPPACTNKAV O SLaypAUUATA WG 0OPOLOTIKEG KAUTIUAEG Kal KAUMUAEG ouyvotntag. H
oUYKPLOT TOUG XPNOLUOTIOLRONKE yla TNV avamopdotoon twyv diepyaciwv anobeong (Mycielska-
Dowgiatto and Ludwikowska-Kedzia, 2011). 2tn ouvéxela, epapudotnke n uEBodog loss-on-ignition
(L.O.1) yia ToV UTOAOYLOPO TOU TTOCOOTOU TNG OPYAVLKAG UANG KOL TOU TOCOOTOU avOpoKLKOU
aoBeotiou. SUpPwva pe TNV oUYKEKPLUEVN peBodoloyia, n kavon npaypatonoleitatl otoug 550°C
yla 4 wpec Kat otoucg 950°C yia 2 wpeg (Dean, 1974; Heiri et al., 2001). Ta amoteAéopato oU
TIPOEKU YAV OTTO TNV OVAAUGCT TWV TILO AEMTOKOKK WV L{NUATWV KOL TO AMOTEAECHOTA TNV AVAAUGNG
pe tnv péBodo L.O.1 emefepydotnkav MEPALTEPW XPNOLUOTIOLWVTAG TO TAKETO Aoyloptkou TILIA
(Grimm, 1993). Etol, oploTnKav oL OTPWHATOYPADLKEG {WVEC.

ErmumAéov, dnuioupyndnkav AoyoplBuika Siaypappata CM cupdwva pe tn pEBodo Passega
(1957; 1964). Ta onueila mou aviumpoowrievouv kaBe Selypa oto diaypappa CM, Sivouv
nmAnpodopieg yla to meptBaidov tng petadopdg Kal tng anobeong. H padloxpovoloynon UE TNV
1éBodo *C - A.M.S. mpaypatonotidnke ya Séka Selypata and toug muprveg E2-1 kot TP1-1. Ta
Selypata Babuovoundnkav xpnowtomnowwvtag to OxCalonlinev. 4.3 (Bronk Ramsey, 2009a; Bronk
Ramsey and Lee, 2013) kat tnv kaumuAn IntCal 13 (Reimer et al., 2013).

AnoteAéopata - ZUMMEPACHOTA

H AlBootpwpuatoypadia Twv nmupnvwyv E2-1 kat TP1-1 (Mivakag 1) Baoiletal oTtnv KOKKOUETPLKN
avaAuon Kal TNV HOKPOOKOTIKA Tieplypadn Twv Wnuatwv. Etol, ol mupnveg E2-1 kot TP1-1
aroteAoUvTal anmod enTA Kol oKTtw AlBoAoyikég {wveg avtiotowxa. OL meplBaAlovTikEG PAOELS
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npoodloplotnkav pe TNV Bondela Twv WNUATOAOYIKWY SEIKTWV Kal TwV SLoypapATwyY, VW N
nALKia - mepiodog anod tnv padloxpovoAoynon.

Mivakac 1. MeptBaAAOVTIKEC (PATEIC KOL XPOVOTTPWUATOYPAPIKI TTEPLYPAPN TWV {wVwV, YeWTPHOEIS E2-1 kouTP1-1.

. 8o . Ba&O , . L
Fewtpnon s Zw avog HAwia (**CyrBP)/ Nepiodog NepBarroviikég paoelg
(cm asl) (cm)
+1100 - 7 0-305 Late Holocene Overbank-pool & overbank
+795 current
47954620 6 305-480  Late Holocene (2910 £30) O verpank-pool & overbank
current
+620—+490 5 480-610 Late Holocene Overbank-pool
TP1-1 +490 —+190 4 610-910 Late Holocene (3630 + 35) Overbank current
+190—80 3 910-1180 Middle Holocene Overbank current
-80—280 2 1180-1380 Early Holocene River channel
280—-960 1b  1380-2060 Late Pleistocene River channel-thalweg & overbank
current
-960—1300 1a 2060-2400 Late Pleistocene Overbank-pool
+800—+650 7 0-150 Late Holocene Overbank-pool
+650—+250 6 150-550 Late Holocene River channel & overbank current
+250—400 5 550-1200 Late Holocene (2930 + 30) Overbank-pool
-400—825 4 1200-1625 Early Holocene (9020 £50)  Overbank-pool
. Ri h I-thal k
E2-1 851100 3 1625-1900  Late Pleistocene iver channel-thalweg & overban
current
-1100— Late Pleistocene (26760 *
2 1 -21 k- I
1350 900-2150 190) Overbank-poo
-1350— . .
1595 1 2150-2400 Late Pleistocene River channel & overbank current

1. Ano ta MopanmAvw ONMOTEAECUATA, CUMMEPAlveTal OtL n moAatoneptBarlovtiky €EEALEN TNC
TEPLOXNG LEAETNG Oa umopouoe va ekPpacTEL HOVO WG HLAL YEVLKN TAoT. AUTO cupBaivel ylatt
uTtapxeL eriBeBatlwpévo oTtpwpatoypadlkd KEVO oTnv WNUATOYEVESH KATA T HeTABaon amo
to MAelotokavo mpog to OAOKawvo utodnAwvovtag evtovn dtaBpwon, evw n EAAelPn vAkou
amayopeVEeL TN AeMToUEP padloxpovoloynon o€ OA0 TO UAKOC TwV TUpVwv. NapoAa auta, ot
napaAAnAec meptBaroviikég Siepyaoieg eival Slaitepa cadeic.

2. H wWnuatoloyikn avaAuon Sev €delée otolyeia yia tnv umapén BaAdoaolou meptBaiiovtog, apa
n otadlakn avodog tng Bahacoag katd to OAoOKalvo dev €PTOoE MOTE G€ AUTO TO GNEELD TNG
Kolhadag. H olykplon petafy twv dUo mMupnvwv amokaAuPe onuaviikeég Sladopeg petafl
TouG. Apxlkd, oL amoBéoelg tou mupnva TP1-1 amoteholvral Kupiwg amod UALKA Tou
peTadEpovtal amo TG BOpeleg MAayYLEG TNG KoAadag, eldika katd to A. MAELOTOKALVO £WG TO
M. OA6kawvo. Ta mo adpokokka UALKA tTwv {wvwv 1a, 1b, 2 kat 3 emPBefalwvouv TV €viovn
mpooxwon Tmou ouvéBalve katd Tto [MAelotokawvo kaBwg kot tnv uvyPnAn udpoloyikn
Spaotnplotnta otig apxeg tou OAokaivou. H evépyela petadopdg tote ATOV OXETIKA LPNANR
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KaBWC UTIAPXOUV Kol UALKA TIOU HETadEpOvTaL amd To cUOTNUO TwV aAAouBlakwy putdiwy.
Qotooo, Katda to A. OAOKALVO, UTIAPXEL pLat oMoy oTo TEPLBAANOV LE TNV TTOPOUCLA EVTOVWV
TIANUULUPLKWV TIESLWV.

3. O rnupnvoc E2-1 amoteAeital amd akoAouBieg MANPWONC TNG KEVTIPLKAG KOWAASAC e eVOANQYEC
WNUATWY TIOU TIPOEPXOVTAL EVTOG KOl EKTOC TNC TOTAULOC KOILTNG KOl KATIOL TIANRUUPLKA
nedla. JUVOMTIKA, N Wnuatoyéveon tou OAoKOVOU QTOTEAE(TOL OO TILO AEMTOKOKKOL UALKQ
€VW oL {WVEG TWV TLo adPOKOKKWV LINUATWY SNAWVOUV TNV Mopouaia UALKWY POcYXwaong Tou
ouvéBatve kata to MAglotokatvo anod tn Stafpwon Tng AEKAVNG AopPOnG.

4. Meta amo 3500 cal. B.P. kot ot uo yewtpnoelg emnpealovial amo tov mbavo oxXnUOTIoNO
evog bay-head 6éAta, pe mapoucia WNUATWY HEYEOBOUG AUUOU TIOTAULOG TIPOEAEUONG Kall
EKTETOUEVA TIANUUUPLKA TtedAL.

Euxaplotieg

Euxaplotoupe thv Ap Mapia Nammad, SteuBuvrpla tng Epopeiag Apxatotitwy tng Nepip£pelag Osooalovikng KoL Thv
"EFNATIA OAOX A.E" mou evékplvav tnv mpocPacn, tnv mopakolouBnon kol pag mapsixyav OAa ta amapaitnta
Seiyparta kat dedopéva Twv YyewTpAoewv. H Wnuatohoytkr) avaAuon éylve oto Laboratory ofSedimentology, Institute
of Geoecology and Geoinformatics at the Adam Mickiewicz University in Poznan, MoAwvia. H xpnuatodotnon ywo tv
padloxpovoloynon Anddnke amd to EBvikG Kévipo Emiotnpwv MoAwviag. H avaluon tng padloxpovoldynong
npayuatonoldnke oto Poznan Radiocarbon Laboratory, MoAwvia.
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