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on geomorphological and oceanographical parameters:
the case of Argolikos Gulf, Peloponnese, Greece*
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ABSTRACT: The present investigation concerns the classification of the coast of the Argolikos Gulf according to its vulnerability to an anticipated
future sea-level rise, using the Coastal Vulnerability Index (CVI) and utilizing GIS technology. This index allows the following six physical variables:
geomorphology, coastal slope, relative sea-level rise rate, shoreline erosion or accretion rate, mean tidal range and mean wave height, to be related
in a semi-quantitative manner. Each variable is ranked on the basis of its potential contribution to physical changes on the coast as sea-level rises.
The variable of geomorphology expresses the relative erodibility of various coastal landforms and was derived from detailed field geomorphologi-
cal mapping. Shoreline erosion or accretion rates were obtained from interpretation of aerial photos taken at various years concerning the last 50 years.
The regional slope of the coastal zone was calculated using the Digital Elevation Model (DEM) of the area derived from topographic diagrams at the
scale of 1:5,000. Mean tidal range for the study area is derived from available onshore tide gauge measurements and published information. Mean
significant wave height is obtained from POSEIDON program. Following the division of the coastline in sections, with a length of 10 m, the coastal
vulnerability index (CVI) is calculated for each section, as the square root of the values of the ranked variables divided by their total number involved.
According to the produced CVI values (ranging between 0.53 and 7.56), the most vulnerable coastal regions (of high and very high risk) were found
to be mainly along the eastern (Koilada bay, Iria, Kalithea, Tolo) and northern (Argive plain) coast, while the least vulnerable sections belong to the
rocky cliffs along the western shore of the Gulf. The former are related to low-lying coastal formations consisting of highly erodible lithology, while
the latter is associated with less erodible lithologies.

Key-words: Coastal Vulnerability Index (CVI), coastal geomorphology, sea-level rise, Argolikos Gulf, Greece.

MEPIAHYH: Xxondg g mopovoas epyaciog eivat 1 Ta&vounon Tev akTd@v Tov Apyolkol KOATOL MG TPOG THV TPOTOTNTA TOVG GTNV OVALEVO-
pevn (peddovtikn) avodo g Bordcaotag otadung epoppolovtag tov Agiktn Ioapdktiog Tpotoéttog pe ) xprion Lvompdtov IN'eoypapkov [TAn-
pogoptdv (XI'TI). O deiktng avtdg emitpénel ) cuvektipmon €61 TapapéTpov pe NU-tocotikd Tpdmo. Ot TapAPETPOL AVTEG EivaLl 1) TOPAKTLOL
YEOUOPPOAOYiO, 1) TAPAKTIO. LOPPOAOYIKY KALGN, 0 pLOUOS peTAfOANG TG OYETIKNG oTddung OdAaccag, o puOUdg Tpoéhaong 1 vVITOYMOPNONG TG
OKTOYPOAUUNG, TO HEGO EVPOG TAAIpPOLAG KL TO HEGO VYOG kKupatoc. Kabe mapdpetpog katnyoplomomdnke pe faon tn Suvntikn GUVEIGQOPE GTIG
PLOIKES HeTaBorég ™G aktng Kabdg 1 Bokdooia otddun avoydvetat. H mapdpetpog g yeopopeoroylog el var KAVEL e TNV 0VOEKTIKOTNTO OTN
SPpmon TV SEPoPOV TOPUKTIOV YEMUOPPOV TOV OVATTUGCOVTOL KOTA UHKOG TG akToypappnc. Ta dedopéva yia ) yeopopporoyio Tposkuyay
oo T Aemtopept| vaifpla YEoHOpPOAOYIKT xapToypdpnon oe kiipaka 1:5.000. Ot puOpol Tpoéhaomng 1| VITOYMPNONG TG CKTOYPOLUNG TPOEKVLY AV
076 TN GLYKPLTIKY| TTOPATHPNOT] AEPOPMOTOYPUPLOV KOL SOPLPOPIKADV EIKOVMOV SLUPOPETIKDV ETOV AYNG TOL KAADTTOVV TN ¥POVIKN TEPI0d0 TV TE-
Aevtaiov 50 etov. H popporoyky khion g mopdaxtiag {dvng vroloyictnke ypnoonotdvtag o Pnetaxd Movtého Eddpoug mov kataokevdotnke
Y10 TV TEPLOYT OO TOMOYPAPIKA Starypdppato kAipakag 1:5.000. Qg péco £0pog TEAIPPOLAS Y10 TO GVVOAO TMV AKTMV TOV KOATOL Y¥pnoiomomdnkoy
UETPNOELS TOAPPOLOYPAPEOV KoLl SNUOGIEVUEVE GTOLYELD TNG EVPVTEPNG TTEPLOYNG. TO HEGO oNpavTikd Hyog KOPOTOG eKTOnKe 0o dedopéva TOv
nmpoypappotog POSEIDON. H aktoypappr tov kOAmov dwapébnke og tufjpata pikovg 10 pétpmv kot yuo kébe tunipo ektipundnke n tipn tov Agi-
ktn Hopdxtiag Tpotdmtag og 1 teTpay@vikh pilo TOL YWVOUEVOL TV TOV TOV E5L LETARANTOV Tpog Tov optid 6 Tov £ivol To GUVOAO TOV Ta-
papéTpOV oL EAMEONGav VITOYN. Ot Tipég Tov deikTn mov ekTUNONKOY Yo TV Teployn Kupaivovtat amd 0,53 £mg 7,56 pe TG TEPIEGOTEPO TPMTESG
TEPLOYEG (TTOAD LYNAOD Kot VYNAOD KvdVVOV) va evtomilovtat oTig dutikés (Oppog Kotkadac, Tpia, KoAiiBéa, Tord) ko Tig fopeteg (Apyorikd nedio)
OKTEG TOV KOATIOV. AVTifeTa 01 SUTIKEG AKTEG TOL KOATOV, KupImg ovTéG IOV Katodapfdvovtat and mapdktiong Bpayddels Kpnvougs, eivat Aydtepo
gvaAmTeS pe eCaipeon Tig meployEg APadt, Tupdg kat Actpoc. Ot tp@Tég mepiloyég eivat ekeives Tov eppaviCovy HKp| LOPPOAOYIKT KAIGT TOV omo-
tehobvTaL amd VAAPPMOTOVG YEMAOYIKOVG GYNLUOTIOHOVS VG 01 AMyOTEPO TPMOTEG AVTEG TOL GLVIcTOVTAL OO avOEKTIKEG ot dpdon TV Buldociov
Sepyacidv Mboroyieg.

AEEEIG-KAEIONA: JETKTNC TPWTOTNTAS OKTDYV, TOPAKTLL YEWUOPPOLOYIa, aviywan ataluns Odlacoag, Apyotikos Kolmog, ElAddo.

INTRODUCTION rise. The IPCC (2007) report predicts temperature rise of 1.1—

6.4 °C by the year 2100; this is a wider range than the 1.4-5.8
A natural hazard that is expected to affect coastal areas in the °C increase given in the 2001 report. However the 2007 re-
near future is the anticipated coastline retreat due to sea-level port suggests that the best estimate for temperature rise is

* Extignon tpetoTtnTos 0KTOV 0¢ TPOog TV Gvodo g 0oAdooiog 6tddung Bacioiévn 6e YE®UOPPOAOYIKES KoL OKEOVOYPUPIKES TAPOUETPOLS: 1| TTEPITTOON
0V Apyohtko¥ kOATOV, TTehondvvncog, EAALGS
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Fig. 1. Past and projected global average sea level trend, according to
IPCC (2007; SRES A1B scenario).

1.8-4 °C. This will cause an increase in global eustatic mean
sea-level of 18-58 cm while an additional 10 to 20 cm is pos-
sible if the recent rapid melting of polar ice sheets continues
(Fig. 1). The previous IPCC report (2001) gave a much wider
range for sea-level rise (8-88 cm). Thus sea-level rise will
have the largest sustained impact on coastal evolution at the
societally important decadal time scale.

One of the most important applied problems in coastal
geomorphology today is the physical response of the coast-
line to sea-level rise (GAKI-PAPANASTASSIOU et al., 1997;
KARYMBALIS & GAKI-PAPANASTASSIOU, 2008). The rate and
extend of coastal erosion is expected to intensify as a result
of increased sea-level rise but erosion trends are not easily
predicted because of the interplay between various factors
including the sediment budget and nearshore hydrodynam-
ics along with climatic variables (GORNITZ, 1991). The pre-
diction of future coastal evolution is not straightforward.
Thus, there is no a standard methodology and sometimes
even the appropriate data required to make such a prediction,
which are the subject of scientific debate between researchers
of the coastal zone. Various approaches have been proposed
in order to predict the evolution of the coastal zone under the
influence of the anticipated sea-level rise each of one has its
shortcomings or could not be applicable in certain occasions.
The most important among these methodologies include the
extrapolation of historical data (concerning mainly the shift-
ing of the shoreline), the application of static inundation mod-
els or simple geometric models like the Bruun Rule (1962),
application of sediment dynamics models and probabilistic
simulation based on parameterized physical forcing variables
(THIELER & HAMMAR-KLOSE, 1999). Although a viable to-
tally quantitative prediction of the coastal response to the sea-
level rise is not available, the relative vulnerability of
different coastal environments to sea-level rise may be quan-
tified taking into account information on coastal geomor-
phology, rate of sea level rise, shoreline shifting and other
related factors.

The aim of this study is the classification of the coastal

zone of the Argolikos Gulf with respect to its vulnerability to
the anticipated future sea-level rise. For this purpose the
Coastal Vulnerability Index (CVI) proposed by THIELER &
HaMMAR-KLOSE (1999) was applied, on the basis of field
data, existing topographic and geo-environmental informa-
tion and utilizing GIS technology. This approach constitutes
a relatively simple and objective way to quantify vulnerabil-
ity of the Argolikos Gulf coastline. Furthermore, this method
has already been applied for the coasts of Porto Heli and
Ermioni (SENI, 2007), at the scale of the Aegean coast
(ALEXANDRAKIS et al., 2008) as well as for the W/NW coast
of Attica (CHATZIELEFTHERIOU ef al., 2010). Such identifica-
tion will be useful for coastal management and could find
immediate application to many strategies regarding coastal
development in both short and long term time scales.

STUDY AREA

The Argolikos Gulf and the Argive plain, located in the Pelo-
ponnese (Southern Greece), is a fault-bounded tectonic de-
pression of Plio-Pleistocene age. It has an elongated shape
of NW-SE direction with 75 km long and 30 km wide, end-
ing at the SE towards the Aegean Sea, reaching a maximum
depth of 800 m (Fig. 2). An approximately 8-10 km wide
shelf occupies the northern gulf, ending in a shelf break be-
tween 95 m and 100 m, from where the bottom descends
steeply up to a depth of 150 m where it meets a more gentle
seafloor (VAN ANDEL ef al., 1990, 1993). Its northern terres-
trial part is occupied by the Argive plain. This neotectonic
basin separates the mainland of Peloponnese from the Argo-
lis peninsula, which during the Pliocene to early Pleistocene
continued to the NW forming a channel linking the southern
Aegean Sea with Korinthiakos Gulf and isolating the Argo-
lis peninsula from the mainland of Peloponnese to the west.
The western shelf is extremely narrow (a few tens or hun-
dreds of meters). Along the eastern margin the shelf is better
developed (0.41 km). To the north, the shelf is wide (3-5 km)
because of the progradation of the discharging rivers (PA-
PANIKOLAOU et al., 1988).

The Argive plain is bordered mainly by a mountainous
massif of Mesozoic limestones, flysch and ophiolites and
Late Mesozoic-Eocene flysch, the edges of which are flanked
by Plio-Pleistocene lacustrine marls and terigenous con-
glomerates. NW-SE striking faults mark the eastern margin
of the plain, while faults of similar orientation, along with
NE-SW and E-W striking faults, occur within the adjacent
mountain massif. Drainage networks have been influenced
by tectonism, with several main channels following fault
lines (DUFAURE, 1975; GAKI-PAPANASTASSIOU, 1991). The Ar-
give plain has been built by rivers draining the surrounding
ranges with Xerias and Inachos, descending from the Arca-
dian mountains, being the major streams. The investigated
shoreline (including the islands) has a total length of 247.21
km (automatically measured after the digitization of the
coastline from 1:5,000 topographic diagrams) and lies be-
tween cape Sambatikis and cape Hinitsa. It is an area char-
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Fig. 2. Location map and subaqueous morphology of the Argolikos Gulf, Peloponnesus.

acterized by various coastal geomorphological features (Fig.
2). The present morphology of the coast is not only the result
of tectonic factors but also the nature of rocks, the fluviotor-
rential deposition and the erosive intensity of sea waves
(KARYMBALIS & SENI, 2005). The coastal geomorphology of
the Argolikos Gulf is the result of the interaction between
marine processes and sediment supply of the ephemeral tor-
rents during the last 5,000 years after the stabilization of the
sea-level rise (POULOS et al., 2009). The western shore is al-
most linear with a NNW-SSE direction, composed mostly of
limestones with steep slopes locally broken by some pocket
beaches corresponding to the mouths of torrents running

through deep valleys. The eastern side is characterized by an
indented coastline with steep cliffs and extensive sandy
beaches, corresponding to the inlets of large bays, while there
are some small islands. The most low-lying part of the gulf
is the northern one, where the Argive plain is located (GAKI-
PAPANASTASSIOU et al., 2005).

Argolikos Gulf has been selected as a case study area for
the application of the Coastal Vulnerability Index mainly due
to the variability of its coastal landforms and the prevailing
land uses.
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DATA COLLECTION AND METHODOLOGY

The Coastal Vulnerability Index (CVI) presented here was
proposed by HAMMAR-KLOSE & THIELER (2001) that modi-
fied the initial index produced by GORNITZ et al. (1994). A
similar formula named as sensitivity index was applied by
SHAW et al. (1998). The CVlI is calculated as the square root
of the product of six variables, ranked from 1 to 5 according
to Table 1, and divided by their total number (equation 1):

VI = fa-b-c-6d-e-f 0

where, a: geomorphology, b: coastal slope, c¢: rate of relative
sea-level rise, d: rate of shoreline erosion / accretion, e: mean
tide range, and f: mean significant wave height.

Data concerning the geomorphology variable were de-
rived from detailed (at the scale of 1:5,000) field geomor-
phological mapping along the study coastline carried out
during the summer of 2008. Since the type of the coast and
coastal landforms (erosional or depositional) are in close re-
lation to the coastal lithology, during the field mapping qual-
itative observations about the relative erodibility of the
geological formations developed along the coastline were
also collected. Additionally, geological formations along the
shoreline were identified using geological maps of the Insti-
tute of Geology and Mineral Exploration of Greece (IGME)
at the scale of 1:50,000.

The regional slope of the coastal zone was calculated
using the Digital Elevation Model (DEM) of the area created
from topographic diagrams at the scale of 1:5,000 with 4 m
contour interval (1 m for the low lying coastal plains) ob-
tained from the Hellenic Military Geographical Service. In
order to estimate the gradient of the subaerial coastal zone
the slope of each grid cell with 10X10 m size was calculated

by defining elevation extremes.

Although relative sea-level change is the combination of
both the global eustatic sea-level rise as well as local isosta-
tic and/or tectonic land movements, for this study this vari-
able includes only the eustatism component since no
historical records of the recent time relative sea-level change
were available for the Argolikos Gulf.

Shoreline erosion or accretion rates were derived using
remote sensing data. Two satellite images LANDSAT 7 ETM
covering the area for the years of 1987 and 2000, respec-
tively. For some locations along the coastline, aerial photo-
graphs of 1945 (at the scale of 1:45,000) obtained from the
Hellenic Military Geographical Service, were used. The ref-
erence image for the geometric correction of the aerial pho-
tographs was the 2000 LANDSAT satellite image. The
mosaic data were manipulated in a GIS and three different
coverages were created by digitizing the shorelines of the two
different periods. These were overlapped in order to detect
shoreline changes during the period 1945-2000.

Tidal range was deduced from published information
(e.g. TsmvpLis, 1994; TsimpLIS & BLACKMAN, 1997).

Mean significant wave height is used as an indicator of
the incoming wave energy. The mean annual values of sig-
nificant wave height have been abstracted from the Wave and
Wind Atlas of the Hellenic Seas (SOUKISIAN et al., 2007),
which is based on offshore measurements for the period
1999-2007 (POSEIDON program). In addition, the antici-
pated increased level of wave energy associated with storm
surge, in the case of southerly waves has been estimated
using available data from the Piracus sea level (tidal) gauge.

Each variable for each coastal segment has been ranked
from 1 (very low) to 5 (very high) vulnerability, according to
the values provided by THIELER & HAMMAR-KLOSE (1999)
and presented in Table 1. Subsequently the CVI value for
each coastal segnment was calculated using equation 1. In
order to have a preliminary assessment of the impacts of the

TABLE 1
Ranges for vulnerability ranking of the six variables used in equation 1 (after THIELER & HAMMAR-KLOSE, 1999).

Categories
VARIABLES I 5 3 7 5
Rocky. | Medium cliffs, | | ... Cobble b]i:g;:;
Geomorphology cliffed indented alluvial lai’ns beaches, beaches’
coasts coasts P Lagoons deltas ’
Shoreline Erosion (-) /
+ + —(+ - —(+ - —(- -
Aceretion (+) Rate (m/yr) * > (+2.0) (+1.0) = (+2.0) | (-1.0) = (+1.0) | (-2.0)—(-1.0) < (-2.0)
Coastal Slope (%) > 12 12-9 9-6 6-3 <3
Relative Sea-Level <18 1.8-2.5 25-3.0 3.0-3.4 >34
Change (mm/yr)
Mean Wave Height (im) <0.55 0.55-0.8 0.85-1.05 1.05-1.25 > 1.25
Mean Tide Range (im) > 6.0 4.0 -6.0 2.0-4.0 1.0-2.0 < 1.0
CVI Very Low Low Moderate Iligh Very Iligh

(*) Positive values (+) indicate accretion while negative values (-) indicate crosion.
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TABLE 2
Coastline length and corresponding percentages of the thirteen land
use categories along the coastline of the Argolikos Gulf (data obtained
from CORINNE, 2000).

Length Percentage

LAND USE TYPES (km) (%)
Principally agricultural land, with areas of natural

vegetation 38.84 15.71
Salt marshes 9.06 3.67
Complex cultivation patterns 42.83 17.33
Sclerophyllous vegetation 75.63 30.60
Fruit trees and berry plantations 6.91 2.79
Sport and leisure facilities 1.84 0.74
Discontinuous urban fabric 13.69 5.54
Natural grassland 26.42 10.69
Olive groves 3.96 1.60
Coniferous forest 17.22 6.97
Transitional woodland-scrub 8.61 3.48
Construction sites 1.46 0.59
Beaches, dunes, sands 0.70 0.28
Total 24717 100.00

anticipated sea-level rise on the socio-economic activities
along the investigated shoreline, land-uses along the coastal
zone below the 20 m elevation were defined utilizing the rel-
evant map of the CORINE 2000 land cover Program and
were checked in detail, during the field mapping (Table 2).
Thirteen land use categories were recognized, which include
sandy beach zones (including also dunes), complex cultiva-
tion patterns, coniferous forest, construction (or man-made)
sites, discontinuous urban fabric, fruit trees and berry or-
chards, land primarily occupied by agriculture, natural grass-
land, olive groves, salt marshes, sclerophyllous vegetation,
sport and leisure facilities, and transitional woodland-scrub.
Land uses were compared with the high vulnerable areas with
the higher CVI values.

Data management has incorporated the development of a
spatial database, utilizing GIS technology, for the Argolikos
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Fig.3. Map of vulnerability classification of the Argolikos Gulf coastline, according to the variable of geomorphology.



114 Kalliopi Gaki-Papanastassiou, Efthimios Karymbalis, Serafim E. Poulos, Archonto Seni & Chrysanthi Zouva

Photo 1. Low-lying marshy area between Iria and Kantia (for locations
see Fig. 2).

Photo 3. Eroding beach in the area of Tolo (for location see Fig. 2).

Gulf derived from detailed analogue topographic and geo-
logic maps of various scales, satellite images, land use maps
and field observations. These maps were georeferenced to
the Greek map projection system, EGSA87. A fundamental
contribution element of GIS is data integration, which in-

cludes a common geographical reference system (EGSA87
for this study), common spatial and temporal coverage and
similar scale and quality of data. Thus, for each CVI variable
a polyline layer was created, while each variable forms a fea-
ture class (coverage), which can be displayed graphically. In-
dividual feature classes can be superposed, and areas with a
common set of attributes can be identified. Data for each of
the six variables were added to the shoreline attribute table
and for each section of the coastline a CVI value was calcu-
lated using the above mentioned formula. For the estimation
of the coastal slope, a buffer zone of 15 m has been created
and the mean slope value for this strip has been calculated.

RESULTS AND DISCUSSION
The CVI variables

The geomorphology, as a non-numerical variable, expresses
the relative response of different types of coastal landforms
to sea level rise. It is ranked qualitatively according to the
relative resistance of the coastal landforms and rocks to ma-
rine erosion. The main coastal landforms at the study area
(from very high to very low vulnerability) were coastal
marshes, sandy to gravelly beaches, developed especially
where the main channels of the drainage networks meet the
sea, sand dunes and rocky cliffs (Fig. 3; Photos 1 & 2). Ma-
rine cliffs represent the dominant landform along the Argo-
likos Gulf occupying a total length of 160.1 km, which
corresponds to 64.7% of the total coastline, followed by cob-
ble beaches (38.8 km which is 15.7 % of the coastline) and
beaches (25.6 km — 10.3 %). Swamps occupy 4.1 % of the
shore (10.1 km) while sand dunes form 1.3 % (9.5 km) (Fig.
4a). Lithological formations range in terms of their erodibil-
ity from non cohesive sediments to hard rocks, such as lime-
stones and dolomites. About 35.2 % of the coast is underlain
by unconsolidated sediments, the remaining being limestones
and dolomites (43.7 %) and clastic formations (21.0 %).
Among the considered variables, relief expressed by the
coastal slope is the main indicator of inundation risk while
the other variables of the database are associated with erodi-
bility risk. The determination of regional coastal slope iden-
tifies the relative vulnerability of inundation and the potential
rapidity of shoreline retreat. Low sloping coastal regions
should retreat faster than steeper ones. Regions with coastal
slopes lower than 3 % were characterized as of very high vul-
nerability, while coastal cliffs with slopes higher than 12 %
were of very low vulnerability (Table 1). The 48.4 % of the
coastal zone mainly at the northern (Argive plain) and the
eastern part of the gulf is low lying and is characterized as
highly vulnerable to inundation (Fig. 4b). Low lying beaches
are developed mainly along the apron of coastal alluvial fans
of the ephemeral streams that empty into the gulf. A large
percentage (80%) of the western coast is of low vulnerabil-
ity area due to the presence of steep rocky cliffs. Astros Bay,
Tyros and Livadi are the only low lying (classified as highly
vulnerable) coastal plains of the western shore (Fig. 5).
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Relative sea-level change is considered to have the same
value along the Argolikos coastline. Due to the lack of recent
sea-level measurements, this variable took the value of 1.8
mm/yr (low vulnerability — class 2 in Table 1), which is the
mean eustatic global sea-level rise rate for the time period
between 1850 and 1950 (IPCC, 2007).

According to Table 1, coastline change rates in Argolikos
Gulf incorporate from accretion greater than +2 m/yr (very
low vulnerability) to retreat greater than -2 m/yr (very high
vulnerability). Approximately 137.2 km, which corresponds
to 55.5 % of the Gulf’s coastline, is relatively stable (shore-
line displacement within +1 m/yr), while 18.4% of the coast-
line is eroding; the latter includes a 2.2 % that is characterized
by a mean retreat rate >2 m/yr (Fig. 4c). Field coastal geo-
morphological mapping has verified that erosion is the main
process along the broader area of Tolo, Kantia, Iria (Photos
3, 4, 5) and Koilada bay, while accretion takes place at the
mouths of the ephemeral streams due to increased sediment
supply (especially during the rainy period of the year).

A microtidal coastline is essentially always near high tide
and, therefore, being always at the greatest risk of inunda-
tion and/or erosion during storms (THIELER & HAMMAR-
KLOSE, 1999). The Argolikos Gulf as part of the Aegean Sea
is a microtidal region with tidal (astronomical) range <15 cm,
according to TsiMPLIS (1994). As such, the tidal variable is
ranked according to GORNITZ ef al. (1994) with the value 5
(highly vulnerable).

Wave heights are proportional to the square root of wave
energy, which is a measure of the capacity for erosion. The
wave climate is dominated by offshore significant wave
heights <0.4 m (SOUKISIAN ef al., 2007), according to the out-
put of the wave model (POSEIDON program), which has
been calibrated with the use of offshore field measurements
from the Aegean Sea for a nine years period (1999-2007).
Hence, most of the Argolikos coastline length has been char-
acterized of very low vulnerability (rank 1) with the excep-
tion of the low lying and semi-enclosed stretches of its
coastline (i.e. Nafplion Bay, Koilada Bay), where wave en-
ergy is higher; these areas have been ranked as low vulnera-
ble (rank 2) (Fig. 7). The aforementioned increased wave
energy is induced by meteorological forcing associated with
southerly blowing winds that may cause a storm surge in the
order of 0.5-1 m, as it is suggested by temporary sea level
variation in the adjacent Saronikos Gulf (HELLENIC Navy Hy-
DROGRAPHIC SERVICE, 2005; Piraeus harbour).

The CVI values

The calculated CVI values along the coastline of Argolikos
gulf range between 0.54 and 7.56. The median value of the
index for the study area is 3.47 while the standard deviation
is 1.83. The geographical distribution of Argolikos Gulf coast
vulnerability to the potential sea-level rise is presented
schematically in Figure 8. The classification method was nat-
ural breaks with five classes.

Values below 1.69 are assigned to the very low vulnera-

bility category. A large part of the gulf coastline having a
length of 115.1 km (46.6 %) is classified as having very low
vulnerability (Fig. 4d). This category represents steep rela-
tively stable coasts composed of hard rocks (limestones and
dolomites). CVI values above 5.35 are classified as having
very high vulnerability. Nearly 9.8 km, corresponding to
3.4% of the total coastline, belongs to this category. Low
lying areas like those of Libadi, Doroufi, Tyros, Astros, Ar-
give plain, Karathonas, Tolo, Drepano, Kantia, Iria and the
southern shore of Koilada bay are characterized by very high
vulnerability, mainly due to low regional slope, the sensitiv-

Photo 4. Eroding beach in the area of Kantia (for location see Fig. 2).

Photo 5. Coastline erosion near Iria (for location see Fig. 2).
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ity of the coastal landforms and the highly erodible lithology.
Finally, 14.5 % of the shoreline is classified as having highly
vulnerability, 9.1% as moderately vulnerable and 9.6 % as of
low vulnerability.

In terms of the socio-economical implications related to
the anticipated sea-level rise, most of the coastal urban areas
(cities and settlements as well as tourism activities and facil-
ities) of the Gulf are concentrated in the above mentioned
high and very high vulnerable coastal segments. Thus, a
length of 2.05 km along the coastline (7.71 % of the high and
very high vulnerable coast) is characterized by the presence
of human activities (Tables 2 & 3). Additionally, a signifi-

cant length of the high and very high vulnerability coastal
zone is associated with agricultural land of economic signif-
icance. Thus, some 10.84 km, corresponding to 86.17 % of the
total very high vulnerable coastline, hosts agriculture activi-
ties (complex cultivation patterns and fruit trees); similarly,
these agricultural types extend for 24.33 km, representing the
52.62 %, of the high vulnerable coast (Table 3).

CONCLUSIONS

In this study the relative vulnerability of the Argolikos Gulf
coast to changes due to future rise in sea-level is estimated
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with the calculation of the Coastal Vulnerability Index (CVI).
CVI values along the shoreline vary between 0.53 and 7.56.
The vulnerability of the coast to sea-level rise is spatially non
uniform because of variations in some of the incorporated
variables. Thus, the variables introducing the greatest vari-
ability to the CVI values are those of geomorphology, shore-
line accretion and/or erosion and regional coastal slope.
Among the other three factors significant wave high shows a
small variation, while tidal range and relative sea-level
change have the same values for the entire Gulf.

According to the criteria of coastal vulnerability, as de-
fined in this study, the sections of coast with the highest CVI

ratings include low gradient coasts underlain by unconsoli-
dated sediments, such as the aprons of coastal alluvial fans
and cones and pocket beaches. These areas will be most sus-
ceptible to both permanent inundation and erosion. Highly
vulnerable regions (CVI >3.8) are the coastal zone of the Ar-
give plain to the north, beaches along the Iria, Tolo, Kalithea
and Porto Heli and the southern shore of Koilada Bay to the
east. Very low and moderate vulnerability presents most of
the steep rocky western coast with the exception of beaches
along the Astros, Livadi and Tyros Bays; the latter are char-
acterized as very high vulnerable. A significant length of the
high and very high vulnerability coastal zone (35.16 km) is
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occupied by economically significant agricultural land while
7.71% of the vulnerable coast hosts urban areas.

Moreover, the development of a spatial GIS database to
accommodate and interrelate the variables involved in the
calculation of the CVI values (including relief morphology
such as elevation data and coastal slopes, coastal landforms,
geomorphology, relative sea-level changes, shoreline erosion
or accretion, tidal range and wave heights) could be renewed
and expanded further in order to incorporate new available
data (e.g. storm surge), including new variables (e.g. sedi-
ment budget), in the future for better results of the CVI. Be-
sides, the coupling of geomorphological observations and

Kalliopi Gaki-Papanastassiou, Efthimios Karymbalis, Serafim E. Poulos, Archonto Seni & Chrysanthi Zouva

oceanographical parameters utilizing GIS techniques allows
eventual integration with socio-economic data sets concern-
ing the study area, which is a very useful planning tool for
policy makers and coastal zone managers in defining parts
of the coastline, which are most likely to be threatened by
sea-level rise.
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TABLE 3
Coastline length and corresponding percentages of the thirteen land use types, in relation to the five CVI categories.
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Vulnerability

Very low Low Moderate High Very high
Land use types (km) (%) (km) (%) (km) (%) (km) (%) (km) (%)
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Fruit trees and berry plantations 0.04 0.03 0.82 2.18 1.24 5.01 3.96 8.57 0.84 5.92
Sport and leisure facilities 0.91 0.73 0.56 1.49 0.13 0.53 0.20 0.43 0.04 0.28
Discontinuous urban fabric 2.51 2.02 6.78 18.05 2.66 | 10.75 1.11 2.40 0.63 4.45
Natural grassland 20.76 16.69 1.81 4.82 0.33 1.33 3.52 7.62 0.00 0.00
Olive groves 1.37 1.10 1.35 3.59 0.88 3.56 0.36 0.78 0.00 0.00
Coniferous forest 10.90 8.76 547 | 14.56 0.41 1.66 0.44 0.95 0.00 0.00
Transitional woodland-scrub 4.73 3.80 217 5.78 1.23 4.97 0.48 1.04 0.00 0.00
Construction sites 1.06 0.85 0.21 0.56 0.12 0.49 0.07 0.15 0.00 0.00
Sandy beaches (includind also
dunes) 0.40 0.32 0.3 0.80 0.00 0.00 0.00 0.00 0.00 0.00
Total 124.39 100 | 37.56 100 24.74 100 | 46.22 100 | 14.26 100
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