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ABSTRACT

This study concentrates, on the first part, on the construction of a flood susceptibility
map, of the study area, by combining vulnerability elements, using the Analytical
Hierarchy Process/ AHP (Saaty, 1980). After processing of a digital elevation model
(DEM), important secondary data were extracted, such as the slope map, the flow
direction and the flow accumulation. Together with additional thematic information
(e.g. geological maps, land cover etc.), these led to the final four major factors for
creating the flood susceptibility map, i.e. the Topographic wetness index, Lithology,
Roughness - Land cover and Vegetation cover index (NDVI). These factors were co-
evaluated, in order to produce the final map, which categorizes the area into zones of
higher to lower flood susceptibility, in GIS environment.

The second part of the thesis detects and examines the changes of the coastlines in
Kassandra peninsula, using remote sensing and GIS. Kassandra peninsula comprises a
very energetic and diversified coast. The study focused on the analysis of the coastal
dynamics and the spatio-temporal changes of coastal morphology for the years 1977,
1985, 2007 and 2011, using the digital shoreline analysis system (DSAS) extension.
This part’s main goal is to estimate whether there is erosion or accretion and the size
of it. One of the purposes of this thesis is to implement this new methodology in the
Department of Geology AUTH, therefore it has been decided to use parts of the guide
(Digital Shoreline Analysis System (DSAS) version 4.0— An ArcGIS extension for
calculating shoreline change: U.S. Geological Survey Open-File Report 2008-1278.
Available online at http://woodshole.er.usgs.gov/project-pages/DSAS in agreement
with Robert Thieler, Ph.D. from U.S. Geological Survey Coastal and Marine Geology

Program, in order to guide future users in a more helpful way.

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.



NEPIAHWYH

H pedémm ovt emkevipodveror, o©T0 TPOTO UEPOS, OTINV  KOTAOKELT YOPTN
TANUUVPIKNG  EMOEKTIKOTNTOG, TNG MEPOYNG MEAETNG, ovvovalovtag oTtoyeio
TPOTOTNTOC, KOl YpNolonowwvtag v Awdikacio Avoivtikng lepapyiog / AHP
(Saaty, 1980). Me v enefepyocio TV KATAAANA®V SEO0UEVOV GE GUVOVLOGHO LLE
npdcletec Oepatikég mAnpoopies (). YE®AOYIKOUS YAPTES, KAALYM YNG KAT),
vmoAoyiomnkav ot T1écoepl Pacwkol mapdyoviec ywoo T Onpovpyic tov xhpTn
TANUUVPIKNG  EMOEKTIKOTNTAG, ONANOT O TOMOYPOPIKOG OeikTng vypaciag, 1
MBoAroyia, n tpaydtTa Ko o deiktng eutokdivyng (NDVI). Avtoi or mapdyovreg
ovv-a&loAoyovvtal, TPoKEWEVOL va. mapoayfel o  TEAKOG yApTNG, O 0moiog
KATNYOoPlomolel TV mepoyn o€ (OVEG amd LYNAOTEPT GE YOUNAOTEPT) EMOEKTIKOTNTO

OTNV ELPAVICT) TANUUVPOV.

To devtepo PéPOC NG dTpiPrig evromilel Ko eEeTAleL TIG AAAAYEC TOV OKTOV TNG
yepooviocov Kaoodvdpag, pe m ypnon mieniokommong kot tov GIS. H Kaceavipa
wepAapPavel o TOAD OSLVOWIKY Kol TOWKIAOUopeN aktoypouun. H peAém
EMKEVIPOONKE GTNV AVAALOT TOV TAPAKTIOV peTafoAdv yia ta €tn 1977, 1985, 2007
kot to 2011, ¥pNnoWomoIdVTOS TO GUGTNUA YNOLIKNG OVAALONG OKTOYPOUUU®OV
(DSAS). O kvpoc otdog avtoh TOL TUNUATOC ivar va ektundel av vrdpyet
dwappwon M andBeon, kabmg emiong o pvOUdS Ko o péyeddc Toug. ‘Evag amd tovg
OKOTIOVG OTNG NG €pyaciag €lval n €poapuoyn avtng g véag pebodoroyiog oto
Tunuo I'ewioylog tov AIIO, ©¢ €k TOLTOL, £YElL AMOPUGIOTEL VO YPTCLOTOOVV
tunuata tov odnyov (Digital Shoreline Analysis System (DSAS) e cuppovia pe tov
Robert Thieler, Ph.D. a6 to US Geological Survey Coastal and Marine Geology

Program, pe okomd va KaBodnynoet Toug LEAAOVTIKEG TOVG XPTOTEC.
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INTRODUCTION

Floods are natural phenomena as well as an integral part of the water cycle. The
majority of them are the result of climatic conditions, but floods are also affected by
the geology and geomorphology of the area, by topography and hydrology, by the
water permeability of the soil and the vegetation cover, as well as by all kinds of
human activities and structures. However, from the moment that human lives are at
risk and significant economic impact is recorded, this natural phenomenon becomes
a natural disaster. Flood management is now a key issue at regional and local level

around the world, affecting human lives and activities .

The majority of floods are unlikely to be fully predicted, but it is feasible to reduce
their risks through appropriate management plans and constructions. This study was
carried out due to the repeated catastrophic floods that have occurred in Kassandra
peninsula, Halkidiki, Greece and more specifically in the area of Fourka, causing
numerous damages. The main purpose of this study is to evaluate the contribution of
remote sensing technology and Geographic Information Systems (GIS) in assessing

the susceptibility of this region to flood events.

Kassandra is facing “anthropogenic” floods; human interventions on streams, the beds
of which have been trampled to build houses and hotels or have been converted into
roads, are causing flooding after every heavy rainfall. The streams crossing
settlements and areas with high touristic development have been intensively modified

by humans, as the pressure for real estate development land is growing.

In particular, several areas in Kassandra are facing a high risk of extensive flood
occurrence, since fires happened in the past and flood protection infrastructure has
been seriously damaged.. Such examples are the catastrophic fires in August 2006,
which destroyed 60 % of the forested area of Kassandra and the dramatic floods that

followed in September 2007.

The assessment of cliffs and rocky coasts, beach dynamics and coastal processes is
fundamental for a monitoring of littoral areas (Trenhaile, 1987, 1997; Carter, 1988;
Woodroffe, 2003; Green and King, 2003; Fookes et al. , 2007; Bird, 2008). As coastal

14
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populations continue to grow and community infra- structures are threatened by
erosion, there has been an increase in demand for accurate information regarding cliff
retreat or shoreline movement. Thus, one of the more important aspects of coastal
management and planning programs that merits further investigation is shoreline
dynamics (Crous et al. , 2004; Hapke and Reid, 2007; Hapke et al. , 2009; Morton and
Miller, 2005; Morton et al. , 2004; Rogers et al. , 2008, 2010).

15
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1. ENVIRONMENT OF THE STUDY AREA

1.1 CHAPTER’S CONTENTS

This chapter is devoted to a detailed description of the environment of the study area,
starting with basic geographic data, meteorological data, land cover, vegetation,
geology, geomorphology and hydrology of the study area. Initially, there are some
general data and then the particular data on the area of interest.

1.2 GENERAL INFORMATION

The Halkidiki prefecture is one of the 51 prefectures of Greece. It is one of the
prefectures of the geographical region of Macedonia, which belongs to the Authority
of the region Central Macedonia (www.ypes.gr ). The county of Halkidiki borders the
prefecture of Thessaloniki to the North - Northwest and Mount Athos to the south-
east, while the rest of it is surrounded by the Aegean Sea. The county of Halkidiki
extends to 2.918km?. 729 km? are lowlands (25%), the 1,464 km? hilly (50%) and the
725 km? mountainous area (25%). The vegetation covers 1.450km? that is 50% of its

total extension.

Halkidiki has varied terrain. The northeast and central Halkidiki is mountainous (Mt
Cholomontas 1165m, Mt Athos 2033m). The western part of the county, which is also
our study area, is hilly with mild relief, formed by smooth undulating surfaces,

separated from each other by seasonal streams and torrents.

Halkidiki is geographically located between parallels N.G.P. 39° 50 'and 40° 45' and
between the meridians E.G.M. 22th 45 and 24th 30 . (Syrides, 1990)

The Halkidiki prefecture geographically consists of the peninsula of Halkidiki with
the characteristic shape of the three peninsulas ('legs of Halkidiki), except the

easternmost peninsula of Mount Athos, which is administratively independent.

Halkidiki consists of a main body (the north part) which is separated, to the south, into

three elongated and parallel to each other peninsulas, Kassandra, Sithonia, Athos

16
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(Mount Athos) (South part). To the north the basin of Mygdonia separates it from the
main terrestrial trunk of Macedonia. (Syrides, 1990)

The peninsulas show main mountainous morphology with a dense network of deep
narrow valleys. The coastline on the west Halkidiki and Kassandra peninsula rise
steeply with obvious strong coastal erosion. Between them stretch out low sandy
beaches with pleasing landscapes of high touristic value. The coasts of N.E. Halkidiki
and Sithonia peninsula are steep, and are composed of crystalline rocks and granites.
(Veranis, 1994)

1.3 CLIMATIC-WEATHER FEATURES

Generally, the study area’s climate is characterized as a transition between the
continental climate of Central Europe and the Mediterranean climate (Katafioti,
2008). From Table 1 with the climatological data presented below, it emerges that the
average climate of the study area is characterized by relatively mild summer

temperatures of around 25 ° C and cold winter temperatures close to 10 ° C.

The assessment of climate characteristics made use of data from the meteorological

station of Kassandria:

17
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Table 1 Climatological Reports for the year 2014

(source: http://penteli.meteo.gr/stations/kassandreia/NOAAPRYR.TXT )

ANNUAL CLIMATOLOGICAL SUMMARY 2014

NAME: kassandreia CITY: STATE :

ELEV: 29 m LAT: 40° 06' 00™ N LONG: 23° 24' Q0" E

TEMPERATURE (°C),

HEAT BASE 18.3, COOL BASE 18.3
DEP. HEAT COOL

MEAN MEAN FROM DEG DEG MAX
MAX MIN MIN

YR MO MAX MIN MEAN NORM DAYS DAYS HI DATE LOW DATE >=32
<=0 <=0 <=-18

14 1 14.0 6.2 10.1 0.0 256 0 19.3 20 2.0 27 0
14 2 14.1 6.9 10.5 0.0 219 0 19.7 10 3.6 26 0
14 3 16.7 6.7 11.8 0.0 204 3 23.8 18 2.9 13 0
14 4 19.0 9.7 14.5 0.0 120 5 23.4 15 4.4 12 0
14 5 24.8 12.7 18.9 0.0 50 69 30.9 28 8.3 8 0
14 6 29.2 17.5 23.4 0.0 8 160 37.0 26 12.9 3 4
14 7 30.9 19.9 25.6 0.0 0 227 34.1 10 16.5 5 7
14 8 32.0 20.7 26.3 0.0 0 248 35.3 13 17.9 20 17
14 9 25.7 16.7 21.2 0.0 15 100 29.2 1 11.6 24 0
14 10 20.9 12.6 16.8 0.0 80 33 28.6 17 7.9 24 0
14 11 1e6.1 10.6 13.5 0.0 146 0 19.6 19 4.8 25 0
14 12 13.5 6.6 10.1 0.0 257 0 17.9 6 -1.7 30 0

21.5 12.3 16.9 0.0 1354 846 37.0 JUN -1.7 DEC 28

18
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PRECIPITATION (mm)

DEP. MAX DAYS OF RAIN

FROM OBS. OVER

YR MO TOTAL NORM DAY DATE .2 2 20

14 1 4e6.7 0.0 13.6 28 21 5 0
14 2 21.8 0.0 8.8 23 11 3 0
14 3 71.4 0.0 39.6 3 12 5 1
14 4 28.4 0.0 7.8 18 14 5 0
14 5 17.6 0.0 8.4 29 8 3 0
14 6 60.0 0.0 13.8 3 8 5 0
14 7 47.¢6 0.0 42.2 15 3 2 1
14 8 37.6 0.0 23.2 7 4 4 1
14 9 78.2 0.0 28.0 2 15 6 1
14 10 112.8 0.0 42.2 24 16 7 2
14 11 91.8 0.0 41.0 9 16 5 2
14 12 144.8 0.0 67.0 8 20 8 2

758.8 0.0 67.0 DEC 148 58 10

19
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WIND SPEED (km/hr)

14 1 4.9 45.1 21 ENE

14 2 5.8 45.1 4 ENE
14 3 5.9 54.7 20 E
14 4 5.6 48.3 10 E
14 5 5.9 64.4 14 E

14 ¢ 5.4 78.9 19 ENE

14 7 5.5 69.2 15 ENE

14 8 4.9 49.9 17 ENE

14 9 4.2 53.1 7 ENE

14 10 6.0 64.4 24 ENE

14 11 4.8 75.6 13 E

14 12 6.8 64.4 21 NW

According to Figure 1 in the region of the West part of Kassandra, mainly strong

Northwest winds prevail.

20
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Figure 2 Fourka area, where we can see the direction if the wind blowing from North West.
(Google earth picture 14/09/2013).
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1.4 CORINE LAND COVER 2000

The land cover of the study area is given by the CORINE LAND COVER 2000. This
program, using common methodology, provides the first standardized study on land
cover for the year 2000 and the changes which have occurred during the decades that
followed since the conducting of the first program CORINE LAND COVER in the
late ‘90s. According to the program, land uses found in the study area are the
following:

» 112: Artificial surfaces / Urban fabric / Discontinuous urban fabric

 121: Artificial surfaces / Industrial, commercial and transport units / Industrial or
commercial units

 142: Artificial surfaces / Artificial, non-agricultural vegetated areas / Sport and
leisure facilities

» 211: Agricultural areas / Arable land / Non-irrigated arable land.
« 223: Agricultural areas / Permanent crops / olive groves

 242: Agricultural areas / Heterogeneous agricultural areas / Complex cultivation
patterns

« 243: Agricultural areas / Heterogeneous agricultural areas / Land principally
occupied by agriculture, with significant areas of natural vegetation

» 312: Forest and semi natural areas / Forest / Coniferous forest
» 313: Forest and semi natural areas / Forest / Mixed Forest

« 321: Forest and semi natural areas / Scrub and/or herbaceous vegetation
associations / Natural grasslands

« 323: Forest and semi natural areas / Scrub and/or herbaceous vegetation
associations / Sclerophyllous vegetation

« 324: Forest and semi natural areas / Scrub and/or herbaceous vegetation
associations / Transitional woodland-shrub

» 421: Wetlands / Marine wetlands / Salt marshes

22
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Figure 3 Land cover map of the study area (by CLC 2000 / for an explanation of the codes see.

above).
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Table 2 Type of land use covering the study area and the area it occupies.

Land Cover
Codes Label Level 3 Area (km?) | Percentage (%)
112 Discontinuous urban fabric
6,6 1,73
121 Industrial or commercial units
0,39 0,09
142 Sport and leisure facilities
3,04 0,86
211 Non-irrigated arable land
98,76 28,19
223 Olive groves
48,58 13,81
242 Complex cultivation patterns
12,66 3,45
243 Land principally occupied by agriculture, with
significant areas of natural vegetation 65,17 18,70
312 Coniferous forest
42,13 12,08
313 Mixed forest
34,93 9,78
321 Natural grasslands
0,36 0,09
323 Sclerophyllous vegetation
23,10 6,62
324 Transitional woodland-shrub
12,23 3,45
421 Salt marshes
1,02 0,29
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1.5 GEOMORPHOLOGY OF THE STUDY AREA

As characteristically stated by Verstappen (1977), the form of the relief is the main

point of interest in almost every interpretation of remote sensing images, because this

IS what constitutes the "face of the Earth", as seen from above (Mouratidis, 2010).

According to Dikau (1989), the relief can be classified into 4 categories according to

the altitudes: flat, hilly, semi-mountainous and mountainous.

Table 3 Classification of the relief according to altitude from sea level (Dikau, 1989).

Altitude (m) Classification
<150 Lowlands
150-600 Hilly areas
600-900 Semi-mountainous areas
>900 Mountainous areas

The map of Altitudes was constructed, according to the classification of Dikau, 1989,

based on the digital elevation model (DEM), with the help of the program ArcGIS 9.3.

Table 4 Terrain Classification of the study area by Dikau, 1989.

Topography Area (km?) Percentage (%)

Lowlands (<150m) 297 84,38

Hilly Areas (150-327m) 55 15,63
25
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Altidude Classification Map
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Figure 4 Altitude classification map by Dikau.

1.6 GEOLOGY OF THE STUDY AREA

1.6.1 GEOTECTONIC VIEW OF THE STUDY AREA

From a geotectonic view Halkidiki is placed between the Greek mainland (Rodopi
and Serbomacedonian Masses) and the internal Ellinides. (Moudrakis, 1985). Three

geotectonic zones of the Greek site meet in the area of Halkidiki:
1. Serbomacedonian mass in the eastern part

2. Perirodopiki zone in the central part

3. The subzone of Paionia in the western part

The study area belongs to the geotectonic zone of Paionia, which consists of the
easternmost of the three zones where the zone formerly known as the Axios zone was
divided. (Mercier 1966, Moudrakis 1985, Syridis 1990).
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Figure 5 Sketch of geotectonic structure of central Macedonia. PL: Pelagonian zone, AL: sub
Almopia, PA: sub Paiko, PE: sub Paeonia (the AL, PA and PE are the Axios zone). CR:
Perirodopiki zone, SM: Serbomacedonian mass, RH: Mass Rodopi.

The Axios zone has NNW-SSE direction. It starts from the area of Skopje, crosses the
Thermaikos Gulf and the islands of the N. Sporades and then turns east to Asia Minor.
A key feature of the Axios zone is the presence of ophiolites as this specific zone
consists the inner ophiolithic strip of Greek site (IRO). The view that the Axios zone
became part of the ocean of Tethys in the Greek area was based on this. Of course
along with ophiolites we also meet the accompanying deep sea sediments (Mesozoic).

The Axios zone is divided into three sections, from east to west:
1. Section of Paionia
2. Section of Paiko and

3. Section of Almopia.
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Paleogeographicaly, the Section of Paiko was a shallow water platform between
trenches (deep sea), between the Sections of Paeonia and Almopia. The basic criterion
(certainly not the only one) for this distinction is the existence of a thick neritic
limestone series in the Section of Paiko, contrary to clay-chertic sediments
(sedimentation of deep sea) occurring in the Paeonia and Almopia Sections.

oce I8

#0eC
R =

Figure 6 Geological map of municipality of Halkidiki (IGME, 1999)

1. Lake, land and recent deposits: clays, sands, conglomerates, red clay,
loam, side scree, scree cones and coastal deposits (Pleistocene-Holocene).

2. Lacustrine and terrestrial deposits: conglomerates, sands, loam, red soil,
margaikoi limestones and clays (down-Pliocene).

3. Granites: granites, granodiorites and monzonites (Jurassic - Tertiary).

4. Carbonate rocks: limestones and marbles (Triassic - Jurassic).

5. Metaklastika rocks: shales, sandstones, quartzites, phyllites, intersections,
ammouches loam and hornstones (Triassic - Jurassic).

6. Prasinopetromata: spilites gabbros, peridotites, dunites, Olivenite,
pyroxenites, chloritikoi schists and amphibolites (Palaiozoiko- Triassic).

7. Gnefsioschistolithoi: gneisses, schists, migmatites and amphibolites
(Paleozoic - Triassic).

8. Views and deposits Pb -Zn

9. Views and deposits Fe - Cu

10. Views and deposits Mn
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11. Views and deposits Cr

12. Mines
In brief, in the Paeonia Section, we come across various rocks such as shales,
mudstones, sandstones, dolerites, limestones, marbles, conglomerates etc. Also
tectonically the Paeonia zone is characterized by flaky tectonic scales of the Tertiary.
Obviously not all scales are visible as many of these are covered by Quaternary
sediments. The section of Paiko is generally characterized by metamorphic rocks and
faults of NW and NE direction. Finally the Almopia zone is formed of ophiolites and
deep sea sediments from Upper Cretaceous sediments and from pre-ophiolite
metamorphic rocks. The contact area of Almopia with the Section of Paiko is tectonic
with reversed faults of NW-SE direction; Furthermore the Zone of Almopia rides

westward the Pelagonian zone (Moudrakis, 1985).

1.6.3 QUATERNARY SEDIMENTS

At the low relief part of the W. Halkidiki and Kassandra peninsula the Pre-Neogene
background is covered in a thick layer of younger, mainly loose sediments. It consists
of terrestrial-fluvial, fluvial-deltaic, lake-deltaic, lacustrine and terrestrial deposits
formed during the development of the trench of the wider area of Axios - Thermaikos
(Psilovikos al, 1988).

These deposits include a wide variety of lithological types, such as conglomerates,
terra rossa, sands, sandstones, clays, marls, marly limestones, biogenic limestone and
travertines. The sedimentary layers are shown slightly inclined towards the NNW in

the Kassandra peninsula and control greatly the recent morphology (Syrides 1990).

1.7 HYDROLOGY OF THE STUDY AREA

The total amount of surface water streams (rivers, streams, etc.) connected together in
a specific way and draining one basin is defined as drainage network (Sotiriades,
1984, Nikolaidou, 2009).
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The drainage network of the region, that is all the streams draining in the basins,
consists' of streams up to the 5th order, according to the classification method of
Strahler (Strahler, 1952).

At W. Halkidiki and Kassandra peninsula the existence of a thick sediment cover
allowed the development of a drainage network with branches extremely elongated
and parallel to each other. At Kassandra the entire northern part drains to the west;
Meanwhile the eastwards runoff is almost nonexistent, and as a result the eastern
shores play the role of the watershed. On the contrary, in the southern part the
watershed is located in the axis of the peninsula and the drainage network consists of
parallel valleys developed evenly on both sides of the watershed. (Syrides 1990).
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Figure 7 Drainage network of Kassandra peninsula according to Strahler.

The region of West Halkidiki and the part of North Kassandra display mature, old
relief, with little morphological gradient 2-5° / S-SW and elongated open “U” shaped

valleys. These valleys are either dry or flowed by small torrents, to which this great
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widening_cannot be attributed. The terrain is probably inherited by the former cycle
progression as evidenced by the sudden termination of the old morphological surface
on the shores of the tectonic and coastal erosion (Marinos et al. 1970, Syrides, 1990).
Thus almost the entire length of the W. coast’s coastal terraces and hanging dry
valleys were formed, alternating with small coastal plains. These areas were formed
by filling older valleys’ mouths. Also clear characteristics of renewal of the valleys
and the beginning of a new cycle of erosion are distinguished by creating new valleys
within the old ones and the erosion of the loose sediments (Psilovikos, 1988).
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PART A’
2. FLOOD SUSCEPTIBILITY MODEL

2.1 INTRODUCTION

The science of remote sensing in combination with Geographic Information Systems
has introduced new methods in the management of natural ecosystems. The
possibility of longitudinal monitoring of the Earth's surface quickly and at a relatively
low cost, allows the recording of changes that occur in the natural environment and

thus facilitates treatment or anticipation of potential problems.

The purpose of the study is to evaluate the contribution of Remote Sensing and GIS
technologies flood management in the study area, by the construction of flood

susceptibility maps.

2.2. NATURAL DISASTERS

According to UNDRO (United Nations Disaster Relief Organization), a destruction
can be defined, mostly quantitatively, as: "An event, set in space and time, during
which a community faces a serious hazard and its members face such losses that the
social structure is ruptured and the completion of all or most of its basic functions is
hindered "(Lekkas, 2000, Pappa, 2012).

A natural disaster can cause loss of life or property damage (U.S. Billion-Dollar
Weather and Climate Disasters), and typically leaves some economic damage in its
wake, the severity of which depends on the affected population's resilience, or ability
to recover (Bankoff et al. 2003). An adverse event will not rise to the level of a
disaster if it occurs in an area without vulnerable population (Luis Flores Ballesteros,
2008; Alexander, 2002; Wisner, 2004).
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2.2.1. FLOODS

Flood is the overflow of water onto lands that are normally dry and is the most
commonly experienced natural hazard (Keller and Blodgett, 2006 ). The EU directive
defines a flood as ground which normally is not covered from water being covered
from water (Directive 2007/60/EC Chapter 1 Article 2). Floods were always thought
of as the hazard influencing the most people and bringing on greater economic
pressures than any other. This happens because they are the most common hazard,
given the extensive geographical diaspora of the fluvial systems on the surface of the
earth. This has also been proved by Parker (2000), who cites facts that render floods
as the most common starting points for disasters, during the second half of the
twentieth century. In the current paper we deal with fluvial floods, therefore a
(fluvial) flood is the situation during which the discharge of a river's water body (or
part of it) cannot be achieved through its normal river bed, and as a result the water
body overflows the latter and spreads to the neighboring soils (Strahler, 2003; Lekkas
2000). Most fluvial floods are a result of (i) the total amount and rainfall distribution,
(ii) the rock's permeability (iii) the topography. Some floods are the result of the
melting of ice and snow during the spring or, in rare occasions, the destruction of a
dam. Finally, the use of land in small drainage catchment, could influence the flood

phenomenon significantly (Lekkas, 2000).

2.2.2. TYPES OF FLOODS

In general, there are two kinds of floods:

e Upstream floods/ flash floods: upstream floods occur at the highest parts of
drainage and are generally the result of intense rainfalls of small duration over
a relatively small area. Although floods can be mostly intense over this area,
they are not, generally, caused by the greater streams to which they connect.
Because upstream floods occur without warning, are the most dangerous for

humans (Jha et al. 2012). Greece mostly suffers from flash floods.
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o Downstream floods: Downstream floods cover a wider area. Usually, they are
the result of long duration storms that permeate the ground and have increased
runoff flow (Lekkas, 1996).

2.3. FLOOD SUSCEPTIBILITY

Susceptibility is more commonly obtained indirectly by measuring those intrinsic
properties which are believed to govern the occurrence of an event.
Geomorphological mapping techniques may be used here, since depiction of
landforms and associated processes may permit the experienced researcher to estimate
susceptibility (Hansen, 1984; Boardman et al., 2003). The technique is both rapid and
cost effective and was particularly popular in the 1970s and 1980s (Brunsden et al.,
1975, Kienholz et al., 1983; Boardman et al., 2003). Heuristic approaches may also be
used. Here, a priori knowledge is used to rank and/or weight those factors which
influence susceptibility. However, this approach entails a high degree of subjectivity,
particularly with respect to each factor’s assumed a priori importance (Gupta and

Joshi, 1989; Boardman et al., 2003).

According to Boardman, 2013 flood susceptibility is an important step in calculating
hazard mapping and risk assessment. Where on one hand hazard maps include the
extend of flooding for a given flood recurrence interval, and other fundamental
hydraulic information such as flood depth, velocity and frequency of inundation
(Wolman, 1971; Alcantara et al. 2010). While on the other hand, risk maps express
the indicative number of the inhabitants and the type of economic activity of the area
potentially affected, information about the transported sediments and other significant
sources of pollution (Directive 2007/60/EC).

34

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.



2.4. REMOTE SENSING AND GIS IN ASSESSMENT OF FLOOD
SUSCEPTIBILITY

A GIS can be used to construct a map of susceptibility to flooding, which indicates
the areas where flood is most likely to occur. GIS functions and database management
systems allow for the storing, recall, management and combination of various
thematic data layers which has been recorded for a specific area. These data may be
derived from Remote Sensing from various thematic maps, ground gauges and
observations but also from historical records. These varied data layers can be
combined, exploited and applied to the prevention of flood events, to their prediction
and to the effect of their impact. (Tholey et al., 1997; Nikolaidou, 2009). The effective
management of emergency situations demands the merging of disaster management
plans, historical records and real time information. The information must be relayed
and understood as soon as possible. The combination of GIS technology and special
Remote Sensing sensors enables immediate reactions providing the personnel with the
most exact information whenever needed, giving the professional crisis managers the
ability to gather a great amount of information relevant to the area in crisis and, after
analysis, use this information in an efficient and clever way (Nikolaidou, 2009; Risk-
EOS Geo)

2.5. MATERIAL AND METHODOLOGY

2.5.1 AVAILABLE DATA

For the purposes of the current study the following software was used:
e ArcGIS (Arcinfo 9,3 edition), with its subprograms (ArcMap, ArcCatalog,
ArcToolbox) and extensions such as Spatial Analyst™
e ENVI™ 4.7+IDL 4.7 (Evaluation license )

e Microsoft Office™ (Access, Word, Excel, Power-point)
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In the current master thesis the ASTER (Global Digital Elevation Model,G-DEM)
was used, pixel size about 30m x 30 m. Then, out of the digital elevation model of the
study area came the contours, the drainage network, the flow direction map, the flow
accumulation map, the shaded relief map, the slope angle map and the slope aspect
map. Out of the geological map (Kassandra sheet I.G.M.E.) the lithological
formations of the study area were digitized. Finally the topographic wetness index
was calculated with the aid of the Raster Calculator. All the above data were
integrated in a GIS with the aid of ArcMap. The digital processing of the Landsat
satellite image followed and the NDVI (Normalized Difference Vegetation Index)
routine was followed with the aid of the Remote Sensing software ENVI. Thus the
data layer of vegetation was derived for the study area and integrated into GIS.

The aforementioned data layers were properly combined and various thematic maps
were compiled. From the factors mentioned above, the following levels of information

were produced:

e map depicting moisture distribution, based on the topography
e map depicting the permeability of the geological formations
e surface roughness map

e vegetation map

Ratings were assigned to the above levels, based on their importance to the
occurrence of flooding. These rating were calculated with the help of the “Analytic
Hierarchy Process” (Saaty, 1980) (From Domakinis, 2005). Subsequently, these levels
were combined and co-evaluated for the classification of the region into zones
according to susceptibility to floods. The factors that affect flooding, as well as the

information derived from them, are presented henceforth.
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2.5.2 DIGITAL ELEVATION MODEL

The most common and widespread way of depicting earth's relied is the Digital
Elevation Model/ DEM. The representation of earth's relief with numerical positions
and elevation of specific ground points (digital data) which are properly used for the
creation of a mathematical function (model) that satisfactorily expresses the
continuous ground relief is the definition of the Digital Elevation model (DEM)
(Soulakelis, 1994; Aleksaki, 2003; Nikolaidou, 2009). The relief is depicted by a
network of equidistant points and each of them has a specific value that corresponds
to the elevation. For the calculation of the elevation between two known points, the
interpolation method is used, that the elevation is calculated according to the
elevations of the neighboring points. This method is judged to be much more effective
than the one in which the elevation is calculated without interference and is
considered equal to the elevation of the nearest point. (Badellas, et al.. 1996; ESRI
2001; Fourniadis, 2002; Nikolaidou, 2009).
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Figure 8 Digital elevation model of the study area
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2.5.3 SLOPE MAP

A parameter that can be derived from further analysis of digital elevation models for

further analysis, is the slope of the terrain, which is the most widely distributed known

topographic size element and very important for each every geomorphological

research study..

By taking into account the classification of slopes of the terrain suggested by Demek

(1972),

which was then adopted by the Commission Geomorphological Survey and

Mapping (Commission on Geomorphological Survey and Mapping) of the

International Geographical Union (IGU - International Geographical Union), the

slopes of the area were classified into 6 main categories:

02/16/2016

Slope 0 ° - 2 ° (0% - 3.5%): Level to slightly inclined relief (floods fields,
planation surfaces, terraces). Beginning of cap type erosion. Absence of
problems in human activities (transport, construction, agriculture, forestry).
Slope 2 ° - 5 ° (3.5% - 8.7%): Slightly inclined relief (foot valleys, dune
slopes). Erosion of cap type and beginning of rill type erosion. In vegetated
areas soil creep phenomena are observed. Measures must be taken to protect
soils in cultivated areas. Slight difficulty in vehicle’s movement, habitation
and operation of industries. Cultivation upon the contours is suggested.

Slope 5 ° - 15 ° (8.7% - 26.8%): Strongly inclined relief (slopes of valleys,
tectonic terraces). Mass movements, strong cap and rill type erosion, intense
erosive processes in areas of reduced vegetation cover, but they begin in areas
of intense vegetation. Potential landslides and soil creep phenomena. In 15 °
(26.8%) is the critical angle for the formation of the whole soil surface.
Significant difficulties in road construction and vehicle movement.
Cultivation is impossible without the use of terraces. Difficulties in the use of
agricultural machinery.

Slope 15 ° - 35 ° (26.8% - 70%): Craggy (15°-25°) to extremely craggy (250-
350) relief (slopes that belong to valleys of middle mountains). Intense
denudation processes of any kind, soil creep, mudflows, very intense rill and

linear erosion in both bare and vegetated areas (forests). Movement is
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possible only by the use of vehicles that move on tracks. Cultivation is not
feasible, logging is difficult. Area of forests and pastures.

Slope 35 °© - 55 ° (70% - 135%): Steep relief (steep slopes of high mountain
valleys, slopes of hogback formations, limestone canyon slopes). Very thin,
discontinuous layer of soil, intense denudation of bedrock, strong exposure to
factors of erosion and gravity. Impossible to access. Area of forests, logging
exploitation limit.

Slope > 55 ° (> 135%): Vertical relief (vertical slopes in areas of sandstone
and limestone mountains). Lack of soil. Denudation of exposed rocks,
collapse of rocks. Economic exploitation is impossible. Climbing. Danger of
downstream rockfalls. (Nikolaidou, 2009).

The slope map of the study area resulted from the processing of digital elevation

models (DEM) using the software ArcGIS (Spatial Analyst extension), and the
classification of IGU (Demek, 1972):

Table 5. Spatial distribution of the slopes of the study area after Demek (1972)

Slope in Degrees Area (km?) Percentage (%)
0-2 57 16,23
2-5 95 27,06
5-15 160 45,57
15-35 39 11,11
>35 0,1 0,03
39
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Figure 9 Slope map of Kassandra, Halkidiki (slope classification after Demek, 1972)

2.5.4 FLOW DIRECTION

The "downstream™ flow (flow direction) in each pixel of DEM depends on the
elevation of this point relative to its neighbors. The possible directions are eight,
namely E, SE, S, SW, W, NW, N and NE. (Nikolaidou, 2009).

Flow Direction calculates the direction of flow for a given matrix. The water that is
stored in each cell will flow to the neighboring cells with lower altitude. In this
context, using the Hydrology Modeling tools of ArcGIS and the digital elevation

model of the study area, the flow direction was calculated for each pixel.
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Figure 10 Flow direction map of the study area

2.5.5 FLOW ACCUMULATION

The accumulation of flow is the quantity of water, which will move to each pixel from
its neighbors and will eventually be accumulated in it. The calculation of the total flux
that is concentrated in each pixel is possible, based on the flow direction of the

neighboring points.

The Flow Accumulation function computes the flow accumulation grid (flow
accumulation grid) which includes the accumulated number of cells above the cell, for
each cell of a given grid. From the Flow Accumulation Grid, opening the Properties
panel and selecting the Source, one can observe how many cells there are in the grid,
the size of the cell, which is the maximum flow accumulation in any cell number and

what calculate the drainage area (Maidment and Robayo, 2002).
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Figure 11 Flow accumulation map of the study area

2.5.6 TOPOGRAPHY - TOPOGRAPHIC MOISTURE INDEX
(TOPOGRAPHIC WETNESS INDEX).

Topography is one of the most important factors controlling the spatial variation of
hydrological conditions. (Burt and Butcher, 1985; Seibert et al., 1997; Rodhe and
Seibert, 1999; Zinko et al., 2005) (from Serensen, Zinko, and Seibert, 2006)

The topographic moisture index (Topographic Wetness Index / TWI) is a simple
mathematical parameterization of potential soil moisture applied in many studies. The
index is calculated based on slopes and therefore depends on the digital terrain data.
(Haas, 2010).

42

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.



TWI has been developed by Beven & Kirkby (1979) and is defined by:

TWI =1In (a/ tanb)

where a is the local upslope contributing area (m?) from flow accumulation raster and
b local slope angle. In order to convert slope angle from degrees to radians the

following equation was used: Radians = (degrees x (][ [/180))

The topographic moisture index (topographic wetness index) or index of moisture
(wetness index) or topographic index, is the most widespread second derivative of
digital elevation models (DEM) and it is used to describe the effect of topography on

the distribution of soil moisture in an area.

The calculation of the location content indicator is based on the idea of water moving
along slopes and its concentration on the base of the slopes. The greater the extent of
the local catchment area and the smaller the slope angle, the higher the index value
and the moister the soil can be expected to be (Beven and Kirkby, 1979, Quinn et al.,
1991). The study of topographic index’s spatial distribution in relation with various
landforms, helped the classification and interpretation of its values. The ridges are
characterized by low values, while the lower parts of the slopes, particularly the
concave regions and bases of the valleys present high values (Rodhe and Seibert,
1999) (From Paraschou 2005).

On the map below (Figure 12), the distribution of topographic moisture index in the
study area can be seen. Three categories of index values (low, medium, high) were
defined, for each of which the area and the percentage of the total area were

calculated.

The gradation that is given in each category corresponds to its susceptibility.
Increased values of the index indicate the topographic region as more susceptible to

flooding (rating 3) and low values of the index indicate an area of low susceptibility to
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flooding events (rating 1). According to the TWI map 1.42% of the study area belongs
to high-values of the index, 17% belongs to moderate values and the remaining 81%

belongs to low values.

Table 6 Percentage out of the total area for each wetness index category in the study

area
Wetness Index Area (km?) Percentage (%)

Low 286 81,48

Medium 60 17,09

High 5 1,42
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Figure 12 Topographic wetness index map of the area
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2.5.7 LITHOLOGY - ROCK PERMEABILITY

Beyond the topography of a region, an important factor which affects the outflow and
thus floods the runoff, is the lithology of this region. Each rock has its corresponding
permeability which depends on its composition. The permeability (or hydraulic
conductivity) is a property of the rock and is connected with the ease or difficulty of
moving water into the mass. A measure of permeability is the permeability coefficient
or the coefficient of Darcy. This factor has units m / sec, cm / sec, 1 meinzer, 1 darcy.
In Europe, m / sec are commonly used (The SI Metric System of Units and SPE
Metric Standard) .

The permeability coefficient depends on the pore size of the soil material and
therefore it is not the material’s property but varies according to the degree of
concentration. For example, sand has a much higher permeability when it is dry and
undisturbed rather than condensed with very dense structure. It seems therefore that
the permeability coefficient depends on the type of soil material and its relative
density.A rock with large permeability coefficient has relatively little resistance to the
flow of water through it and may allow high speed infiltration. The exact opposite
happens with a rock that has little permeability, i.e. has low permeability. The latter
shows relatively large resistance to the flow of water through it and may allow really
low speed flow filtration. So there are rocks more or less permeable, but it should be
noted that completely impervious rocks, i.e. rocks that have zero permeability
coefficient (k = 0) seem not to exist (Soulios, 1996). Yet, completely conventionally
and arbitrarily, rocks are divided into three categories according to their permeability
(this categorization is universally accepted and was adopted for practical reasons)
(Soulios, 1996):

e Permeable rocks (high permeability) k > 10° m/ sec
e semi permeable rocks (moderate permeability) 10°> k> 107 m/ sec

e impervious rocks (low permeability) k < 10" m/ sec

The gradation given to its category of permeability corresponds to its riskiness. So
gradation 1 corresponds to permeable rocks, gradation 2 to semi permeable and

gradation no 3 to impervious rocks. It is a notable fact, as derived from the
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abovementioned maps and Table 8, which in the whole of the study mainly low
permeability rocks prevail over the other two categories. Permeability coefficients for

most common rocks are given in the following table:

Table 7 Permeability coefficients after Soulios, 1996.

FORMATIONS PERMEABILITY COEFFICIENT
k (m/sec)
CLAY 10°-10™°
CLAY OR MUD 10° - 107
SANDCLAY 10“-10°
FINE GRAINED SAND 107 - 10™
MEDIUM GRAINED SAND 107 - 107
COARSE GRAINED SAND 10" - 10°
GRAVEL 10° - 10"
SANDS-GRAVEL 107 - 10°
SANDS-GRAVEL-CLAY 107 - 10™
MARLS 10° - 107
FLYSCH 10° - 10°
SANDSTONE 10° - 10®
CONGLOMERATES MOLASSES 10” - 10®
LIMESTONE-MARBLE 107 -107
SCHISTS VARIOUS 10° - 107
OPHIOLITES 10 - 10°
GNEISSES-METAMORPHIC 10° - 107
GRANITES 10” - 10”
VOLCANIC ROCKS 10° - 107
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Figure 14 Lithological permeability map of the area
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Table 8 Percentage distribution of rock permeability in the study area

Lithological Permeability Area (km?) Percentage (%)
Low /3 58 16,9
Medium/ 2 249 72,59
High / 1 36 10,51

Thus, according to the permeability map, about 35% of the region is covered by
permeable rocks, while the rest is made up of impermeable and semi permeable.

2.5.8 ROUGHNESS - LAND COVER

The land cover in the study area is given by the program CORINE LAND COVER
2000. It is based on the Strickler rate (Strickler coefficient) (e-EcoRisk, 2004), which
gives a roughness value in each land cover code of the CORINE LAND COVER
2000.

Small roughness in an area (large coefficient Strickler) favors movement of water
downstream which makes it more dangerous. Conversely, as the degree of roughness
is increased (decreased value by Strickler), so does the resistance encountered by the

water in motion with a consequent reduction in its velocity and hence it’s hazardous.

In this specific study area, roughness values were defined as follows: 0.12, 4, 5, 6, 7,
8, and 10. The value 0.12 corresponds to high surface roughness and the more the

numbers increase the less roughness gets.

48

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.




Table 9 Roughness values in each land cover code of the study area

Land
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Figure 15 Land cover map based on Corine 2000
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Table 10 Correlation of Srickler with Corine codes and the area they cover.

Strickler Corine Land ] Area Percentage
o Corine Label Level 3 )
Coefficient | Cover Codes (km?) (%)
0,12 421 Salt marshes 1,02 0,03
4 142 Sport and leisure facilities 3,04 0,97
Discontinuous urban fabric,
Industrial or commercial units,
112,121, 223, _
5 Olive groves, 132,65 38,01
312, 313,
Coniferous forest,
Mixed forest

6 242 Complex cultivation patterns 12,66 3,62

Land principally occupied by

agriculture, with significant areas of
natural vegetation,
7 243, 323, 324 100,49 28,79
Sclerophyllous vegetation,

Transitional woodland-shrub
8 211 Non-irrigated arable land 98,76 28,29
10 321 Natural grasslands 0,36 0,10
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2.5.9 VEGETATION INDEX (NDVI)

Bibliographically, there are several vegetation indices and many tasks related to their
use, but the basic idea is, that the ratio of near infrared to red is usually high in the
case of healthy vegetation. This means that in case of illness or lack of vegetation, a
decrease of reflectance in the near infrared reflectance and an increase in red occurs
(Syllaios, 2000).

A well-known index is the normalized difference vegetation index (Normalized
Difference Vegetation Index - NDVI). This index was used in this study and was
calculated by the equation:

NIR - R
NIR+ R

NDVI =

where NI.R (Near Infrared) is the spectral band of the near infrared and R (Red) the
red spectral band . The satellite image which was used in the present work, is a
LANDSAT 7, (acquisition date 24-08-2000). By using ENVI software the above
index takes the form (Syllaios, 2000) (from Fourniadis . A., 2002):

NDVI = ((TM+4) — (TM+3)) / ((TM+4) + (TM+3))

The NDVI values range theoretically from -1 to 1, as derived from the mathematical
equation above. Values above zero indicate the presence of green vegetation
(chlorophyll) or bare soil (values close to zero), while values below zero indicate the
complete absence of vegetation and the presence of water, snow, ice and clouds.
(Dalezios, 2002; Tsiro, 2006).
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Table 11 Indicative values of NDVI index in different land cover types (Dalezios, 2002).

Type of Land Cover

NDVI (scale from -1 to 1)

NDVI (scale from 0 to 255)

Thick Vegetation

0.500<=NDVI<=1

210<=NDVI<=255

Medium Vegetation

0.140<=NDVI<0.500

118<=NDVI1<210

Scarce Vegetation

0.090<=NDVI<0.140

105<=NDVI<118

Bare ground

0.025<=NDVI1<0.090

88<=NDVI<105

Clouds 0.002<=NDVI1<0.025 83<=NDVI1<88
Ice and snow -0.046<=NDVI1<0.002 70<=NDVI1<83
Water -1<=NDVI<-0.046 0<=NDVI<70

Therefore, the image areas with high NDVI (light gray color) are those covered by

vegetation, due to the high reflectance of vegetation in the near infrared and low in

red. Instead, the image areas with low NDVI values (dark gray colors) are those

where the absence of vegetation in observed, such as over residential areas, airports or

bare soil (erosion areas)

For best visual results, the different shades of gray can be replaced with different

colors. This method is called “false color display” (pseudocolour display). With the

software ENVI, the above technique is applied to the original image NDVI (Figure

16).
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Figure 16 False color display (pseudocolour display) of the original image NDVI, with
software ENVI. The classification of the NDVI value reflects the extent of vegetation.
Low price NDVI (light green) involves sparse vegetation and high price NDVI (dark

green) represents strong presence of vegetation.
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Figure 17 Normalized Difference Vegetation Index of the study area..

Having created the vegetation map of the study area, the following four categories of

vegetation are discerned:

e Very Sparse (0 -100)

e Sparse vegetation (101-160)

e Medium vegetation (161-210)
e Dense vegetation (211-255).

The results are given in Table 12. Finally, the areas corresponding to the above
categories were calculated, as well as their percentage with respect to the entire
region. Each vegetation class was given a rating, with respect to its influence on flood

occurrence.

54

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.



Table 12 Percentage distribution of vegetation in the study area

Distribution of Vegetation Area (km?) Percentage (%)
Very Sparse 39 12,26
Sparse 140 44,03
Medium 96 30,19
Dence 43 13,52

The lack of vegetation favors movement of the water downstream, after the water fails
to be retained by the root system of plants, resulting in more rapid flow and thus
becoming more dangerous. Conversely, where we have dense vegetation, water meets
greater resistance to its movement as it is held in the root zone of plants, thereby

reducing its speed and therefore becoming less dangerous.

2.5.10 FLOOD SUSCEPTIBILITY MAP

Each spatial component of vulnerability can be mapped under the condition that there
is sufficient information on its distribution. Thus, when performing a risk assessment
on natural risks for a large area, the results can be expressed in the form of hazard
maps. So through mapping, the variation in the intensity of a risk is depicted from one
location to another and an attempt is made for quantification based on the victims and
the damage brought about. Therefore, the creation of hazard maps aims to estimate the
likelihood and severity of future relative risk events in order to assess, mitigate or

prevent any losses.

Despite these advantages, however, the hazard maps have some disadvantages since
they are very general and represent a static view of reality, so that they must be

renewed periodically, whenever relevant new data are available. Reliability, strength
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and flexibility of mapping can be increased with the use of Geographic Information
Systems (GIS).

To create a flood susceptibility map in the study area, initially, it is necessary to
identify the factors that will be included as important and relevant to that event. The
factors are not subject to a quantitative restriction. In order to select and integrate
them into the model, it is necessary to have documented scientific knowledge of their
adverse effect on the phenomenon and the existence of relevant data for the area to
which the model is applied (Moyssiadou 2010).

In the case of flooding in the study area, the flood susceptibility map was produced
after co-evaluation of the parameters of the topographic wetness index, the rock’s
permeability, the land cover roughness and the vegetation. The co-evaluation was
determined after the percentages with which each factor affects the flood event in the
region. The “weights” for each factor were calculated separately.

For the calculation of "weights" for each factor the method of "Analytic Hierarchy
Process» (Analytical Hierarchy Process / AHP) is used, a methodology of multivariate
modeling (multi attribute modeling) which was developed and initially implemented
by Saaty (1980). In this method, all possible pairings between the factors are formed
and then a numerical value from 1 to 7 is given to each factor, depending on how
important the factor is considered in relation to another. The value of 1 indicates that a
factor is as important as another; while the value of 7 indicates that the factor is much
more important than another. Fractional values indicate that a factor is less
meaningful than another. These values are chosen arbitrarily from the researcher,
however, there should be subject to some restrictions which are defined by the logical

relationship between the parameters, such as:

e knowledge of natural processes
e reasons for the appearance of the phenomenon

e previews experience

Also the values corresponding to each factor should not have much difference
between them. The following tables record the conversion of preference factors into

numerical values.
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Table 13 Importance of factors and conversion in numeric value

Importance of factors Value
Very High Importance 7
High Importance 5
Medium Importance 3
Low Importance 1

In the Table 14 are shown all possible pairings among the factors which were given a

numerical value from 1 to 7, depending on how important it is believed to be in

relation to another.

Table 14 Pair wise comparison of factors affecting the flood occurrence

Topographic Lithogical
Land Roughness NDVI
wetness Index Permeability
Topographic
1 3 6 7
wetness Index
Lithogical
1/3 1 3 4
Permeability
Land Roughness 1/6 1/3 1 2
NDVI 17 1/4 1/2 1
TOTAL 1,643 4,583 10,5 14
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Using the table above, the method of arithmetic average (arithmetic mean method)

was applied, in order to calculate the weights of the factors as follows:

topographic wetness index — w1l = 0,584

lithological permeability — w2 = 0,248

land cover roughness

vegetation index

— w3 =0,103
— w4 =0,065

In the Table 15 the results of the comparison are available.

Table 15 Calculation of weights (weights) for each factor by the arithmetic mean method

Topographic Lithogical Land
NDVI Average
wetness Index Permeability Roughness
Topographic
1/1,643=0,609 3/4,583=0,655 6/10,5=0,571 | 7/14=0,5 0,584
wetness Index
Lithogical
0,203 0,218 0,286 0,286 0,248
Permeability
Land
0,101 0,073 0,095 0,143 0,103
Roughness
NDVI 0,087 0,055 0,048 0,071 0,065
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Then the classifications provided under each factor are multiplied by the analogous

weight,-and summed together to produce the final susceptibility map. Thus, the final

value M for each pixel in the area of study is given by:

M= wiX1+ W2X2 + waXs + waXxd+

Where X1, X2, X3, X4 are ratings for each factor (Esmali A, and Ahmadi H, 2003;
Domakinis, 2005; Nikolaidou, 2009).

Based on the above methodology and using the ArcGIS 9.3 software and more

particularly the Raster Calculator tool, the flood susceptibility map was created.

The susceptibility map classifies the area into 7 categories, which divide the areas in

more or less susceptible to flooding as shown in the table below:

Table 16 Distribution of flood susceptibility in Kassandra

Susceptibility Area (km?) Percentage (%)
Very Low 2 0,64
Low 107 34,19
Low - Medium 104 33,23
Medium 74 23,64
Medium - High 20 6,39
High 5 1,60
Very High 1 0,32
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The susceptibility map was constructed using the method presented in detail above,
yet contains subjective judgments, and this is because, of the factors taken into
account but also because of the relevance of these which were selected empirically,

because there is no specific methodology for this purpose.
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Figure 18 Flood susceptibility map of the area
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The map shows that: in general, areas with high rates of susceptibility are scattered
mainly in the western part of the study area.

2.6 CONCLUSIONS AND DISCUSSION

The purpose of this study was an attempt to evaluate the contribution of Remote
Sensing and GIS in assessing the vulnerability of an area to flooding by constructing
susceptibility maps.

This resulted in the following conclusions:

* According to the data of corine land cover 2000, the land cover map of the study
area was created. From the map, it seems that about 70% of the study area consists of

farmland, while 12% consists of forests.

» The map heights according to the classification after Dikau, 1989, show that the
extent of the study area is divided into two types of terrain. Lowlands (84.38%), and
hilly terrain (15.63%).

 Regarding the drainage network in the study area, according to the classification by
Strahler, it consists of branches up to the 5th grade, but mainly the network reaches

3rd class.

* The slope map, following the classification of the IGU (Demek, 1972), showed that
in the study area slopes range from 0° to43 ° degrees. Areas with slopes of 5° to 15°
degrees cover 45.57% of the total of the study area. Areas with slopes between 2° and
5° degrees account for 27.06%, while the slopes from 0° to 2° degrees cover 16.23%
of the total area. Finally, slopes from 15° to 35° cover only 11%. At this point it
should be mentioned that the slopes in the settlements where there were floods range

from 0° to2 ° (slightly sloping terrain).

* From the Topographic moisture indicator, which shows the distribution of moisture
based on the topography of the region, it appears that 81.48% of the region has low

index values, while 17.09% has moderate values and only a small percentage of order
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of 1.42% gives high values. Increased wetness index shows that the region is more
prone.to floods and reduced-price index shows reduced susceptibility to flood events.

* From the lithological permeability map, it turns out that 35.61% of the area consists
of high permeability rocks, the 32.19% of moderate permeability and also 32.19%

from permeable rock.

* According to the map of land cover roughness, roughness values, which are based
on the Strickler’s rate, and prevail in the region, are the “5” with 38.01% percentage,
the “8” with 28.29% and the “7” with 28.79%. The value of "5" corresponds to high
surface roughness. The more the numbers increase the less the degree of roughness

gets.

» From the digital processing and analysis of the satellite image Landsat-7 the
"Normalized Difference Vegetation Index» (NDVI) was derived. The picture was
given four classifications of vegetation (absence, sparse, moderate, and dense) and
was incorporated into a GIS environment, where the vegetation map of the area was
created. In the study it is noted that the highest percentage corresponds to sparse
vegetation with 44,03%, moderate vegetation has a percentage 30.19%, dense
vegetation has a percentage of 13.52% and spars vegetation is found in 12,26% of the
study area. This connects to the fact that the lack of vegetation favors movement of
the water downstream, after the water is not retained by the root system of the plants,

leading to flow at a higher speed and thus increases the risk for flooding.

» From the co-evaluation of the parameters of the topographic wetness index, the
permeability of the rock, the roughness of land cover and the vegetation cover the
final flood susceptibility map was constructed, classifying the area into 7 categories.
These categories show which areas are more or less vulnerable to flood. According to

the final map the largest portion of the study area corresponds to:

e Low susceptibility areas which occupy 107km? or 34.19% of the total area and
appear extensively on the S and NE part of the peninsula.

e Medium-Low susceptibility zones covering 104km? or 33.23% of the total,
and appearing on the SE and NW.

e Areas with high susceptibility reach only 1.6%, and are located along the main

branches of the drainage system throughout the peninsula. In these areas there
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is_a. large residential development combined with low slopes and sparse
vegetation, where major floods have occurred in the past (W and SW). This
outlines the necessity for further quantification of the urban fabric in these

areas, in order to develop a flood protection plan for affected areas.
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PART B’
3. CONTEMPORARY COASTLINE CHANGES

3.1 INTODUCTION

The coastline is one of the most important linear features on the earth’s surface, which
display a dynamic nature. The coastal zone and its environmental management require
information about coastlines and their changes. This chapter examines the coastline
change detection with a method that combines the use of satellite images and GIS.
More specifically it uses Landsat images of the last 43 years and the DSAS toolbar
through ArcMap. The purpose of this is to locate which coastal parts suffer from

erosion and in what magnitude, and in which deposition is identified.

3.2 DEFINITIONS OF GEOMORPHOLOGICAL TERMS OF THE
COASTAL ZONE

Beach: The area of accumulated sand, stone or gravel deposited along a shore by the
action of waves and tides. Beaches usually slope gently towards the body of water
they border and have a concave shape. They extend landward from the low water line
to the point where there is a distinct change in material (as in a line of vegetation) or

in land features (as in a cliff) (The American Heritage, 2002.)

Cliffs: Steep slope of earth materials, that is nearly vertical and may be over hanging.
Erosional cliffs form along shorelines where the most extensive erosion takes place at

the base of the slope. (Encyclopedia Britannica, 2008.)

Cliffs are common coastal features. They are formed by a combination of erosion and
weathering, weathering working on the upper parts of the cliff and erosion wearing

away the base of the cliff.
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3.3. COASTAL CLIFF EROSION MODEL

The current cliff coast can be divided into three types (Figure 19):

* Type 1: Where sufficient coastal zone has been formed of 15-20m and erosion from
the waves has stopped. In this type, the front of the cliff is not vertical, and is

covered by vegetation.

» Type 2: Where small coastal zone has been formed (3-7m wide) and the normal
waves do not affect the shoulder. Erosion of the cliff occurs only in cases of strong

storm.
* Type 3: Where the sea undermines the cliff without forming beaches.

The relatively small energy situation of coasts causes slow-rhythm coastal transport.
The erosion of the cliffs does not follow constant rates and the coast passes
periodically from categories 1 and 2. When it is in category 1, the under digging of
the cliff causes collapses and accumulation of material in the form of boulders at the
base of the cliff. The waves are eroding these materials, evacuate the aluminous
material and sand is added to the coast creating beach. The coast switches to category
2. Then the cliff has the smallest degree of erosion, because it is protected from the
waves. Progressively the sand is removed by the waves and the system moves to
category 1 again. The transition from one category to another is a process that takes
time, more than a decade. The quantity of the remaining sand from the erosion has
great diversity because the eroded formations have local variations and side
transitions (Sirides, 1990). So it is possible for a capable deposition of sand to shape
in some place and create a category 3 coast. The coast is relatively stable but
gradually loses its balance with the rise of sea level and switches in the previous

categories.
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Category 1

Wide beach.

Category 2

MNarrow beach

Category 3

Absence of beach

Figure 19 CIiff coast model with the 3 categories. (Albanakis, 2004)

This process within the Holocene, since the infiltration of the sea 8000 years ago
(Chronis, 1986; Albanakis, 2004), is likely to erode the coastal cliffs and press the
coast to recede several hundred meters. The annual rates of erosion today are of
0.1mly.

3.4 DATA AND METHODOLOGY

3.4.1 AVAILABLE DATA
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Landsat. images are an important tool in remote sensing. Their resolutions of some
meters,-as well as their easy and costless access, render them suitable for the follow-
up and the study of changes in an area. (Sabyasachi & Amit, 2011; Tucker, et. al
2004; Ding, et al, 2007).

The acquisition of the images for the study area was made with the earth explorer
www.earthexplorer.usgs.gov and their further process includes the software Arc Map
from ESRI, ENVI from ITT and the DSAS toolbar which is an ArcMap extension.

For the definition of coastline changes, of the study area of Kassandra peninsula,
Landsat multispectral images of the following dates were used: Landsat MSS of 16"
of July 1977, Landsat 5TM of 19" of May 1985, 19" of July 2007 and 2™ of October
2011.

The first step is to extract images of the study area. Further through the process of the
Landsat images, the NDWI (Normalized Difference Water Index) and NDVI
(Normalized Difference Vegetation Index) are calculated. The final step is the
calculation and the estimation of the coastal changes of the study area through the use
of the DSAS (Digital Shoreline Analysis System) toolbar, which is an ArcMap

extension.

3.4.2 NDWI

The Landsat images were obtained through USGS’s site, www.earthexlorer.usgs.gov.

After you have created a personal account, you locate the area of interest which is
obtained either through coordinates or through map searching, defining at the same
time the specific dates of interest. After that you choose the satellite and finally, out of
the results that come up for the study area we defined, the corresponding dates of
interest and the chosen satellite we make the final choice of the images that interest

us.
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http://www.earthexlorer.usgs.gov/
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[ earthexplorer.

USGS Home
" Contact USGS
science for a changing world o A Search USGS

EarthExplorer Page Expires In 1:55:53 C

Home 3 New System Messages

ECEIUIEG G R Data Sets

1. Enter Search Criteria

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), andfor choose a date range.

LULE SRl PathiRow | Feature

Login Register L) Feedback Help

Search Criteria Summary (Show) Clear Criteria

0° 03 44" N, 023° 08’ 18" E) Options Overlays prnc | Aopupopog

[ Snow | Clea

Predefined Area

DegreeMinuteiSecond  [BEINEY

1. Lat 40° 12' 21" N, Lon: 023° 14' 24" E 2 4
2. Lat: 40° 13' 14" N, Lon: 023° 25'46" E /R
3. Lat: 39° 58'41" N, Lon: 023° 46' 52" E R
4. Lat 39° 51'40" N, Lon: 023° 48' 16" E 2
5. Lat: 39° 51' 59" N, Lon: 023° 17' 02" E /R

Figure 20 Earth Explorer site www.earthexplorer.usgs.gov .

The NDWI is calculated for the images that have been chosen according to
(McFeeters 1996):

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

Every Landsat image consists of certain spectral zones.

e The Landsat 2 MSS consists of 4 spectral zones where the green

corresponds to the 2" spectral zone and the near infrared to the 4™ zone
(NIR).

e The Landsat 5 TM consists of 7 spectral zones where the Green

corresponds to the 2™ zone and the NIR (Near Infrared) to the 4™ zone.

This index is designed to (1) maximize reflectance of water by using green

wavelengths; (2) minimize the low reflectance of NIR by water features; and (3) take
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advantage of the high reflectance of NIR by vegetation and soil features. As a result,
water -features have positive values and thus are enhanced, while vegetation and soil
usually have zero or negative values and therefore are suppressed (McFeeters 1996,
Hangiu, 2006). The calculation of the NDWI is achieved with the LOC-Water wizard
though the ENVI software.

pj & Ny 4.8 > E@]

—InputFile

Select Input Fils

Input File: <Mone Selected:

OWVERWIEW

The SPEAR LOC - ‘iater tool streamlines spectral procsssing for

Subset: Whole Image

mapping open and obscured waterway lines of communication (LOCs]

using multispectral data — Output Rootharne

ﬂ Select Dutput Root Mame,
INPUT FILE

DOutput Root Hame: <Mone Selected:>

Specity the input fils. which should be & multispectral file in U P

any format readable by ENYI

Ta optianally pracess anly 3 patian of the scene, select

subset

OUTPUT ROOTNAME
By default, autput files are saved to the same directary and use
the same roatname as the input fils, minus any estension, Dutput

files are appended with a unique suffix indicating processing results.

Figure 21 Loc — Water wizard through ENVI software in order to create an NDWI
image of the area of interest.
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Figure 22 NDW!I image of Kassandra peninsula for the year 1977.

In the central part of the peninsula is an area affected by fire (Figure 22), very close to
the date of the image, therefore the reflectance in all bands including the infrared part
of the spectral, is very low. (The reflectance of the water in the infrared is also very
low, therefore this area is expected to be classified as water and has to be corrected

manually.)

In the next phase of the process of the images, the Auto Threshold command through
Arc Map is applied, on the NDWI processed image. This command separates the

image into two parts, in land and sea.
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Figure 23 Path for auto threshold’s tool in Arc Map 9.3 environment

Figure 24 Image result after Kittler’s threshold for the year 1977.
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Recent bush and forest fires are classified by the algorithm (NDWI) as water and have

to be corrected manually (Figure 24).

Further the command «raster to polygon» is applied on the achieve which comes out,

so as a polyline to be created between land and water.

Figure 25 Image result after «raster to polygon» convert of the year 1977.

Finally the study area is chosen through the command “clip” of the Arc Map, so as to

obtain the final coastline in which we are interested.

72

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.



Figure 26 Final polygon of the coastline of Kassandra peninsula of the year 1977.

The same procedure is followed for the all of the dates.

Figure 27 NDWI of Kassandra peninsula of the year 1985.
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Figure 28 NDWI of Kassandra peninsula of the year 2007.

Figure 29 NDWI of Kassandra peninsula of the year 2011.
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Figure 30 Image result after Otsu’s threshold of the year 1985.

Figure 31 Image result after Otsu’s threshold of the year 2007.

75

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.



Figure 32 Image result after Otsu’s threshold of the year 2011.
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Legend

I coastiine 2011
- coastline 1977

Figure 33 Coastlines of 1977 and 2011 of the study area.
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3.4.3 NDVI

The physical NDVI values are between -0.1 and 0.92, where higher values indicate
denser and healthier (higher green density) vegetation. NDVI values of 0.1 and below,
for instance, typically correspond to areas with little to no vegetation (rocks, ice, and
desert). Moderate values (around 0.2 and 0.3) correspond to shrub and grasslands and
high values (0.5 and above) typically correspond to dense vegetation like rainforests.
In the legend of the image viewer, the NDVI is not given as physical value, but as a
qualitative indicator.

Table 17 NDVI density and physical values

Vegetation health & density Physical NDVI value
Very Dense 0.72 till 0.92
Dense 0.421ill 0.72
Normal 0.22 till 0.42
Sparse 0.12 till 0.22
Very Sparse -0.10till 0.12

In order to calculate the normalized difference vegetation index (NDVI) we worked
on ENVI software for each Landsat image for the years 1977, 1985, 2007, 2011.
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Figure 34 Working on Envi software with MSS Landsat image of 1977
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Figure 35 Calculating NDVI with ENVI software
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NDVI 1977
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NDVI 1985
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Value
High : 0,681818
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Figure 39 NDVI index of the years 2007 and 2011.
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Table 18 Overview table of the area in km® occupied by each NDVI range for the years 1977, 1985, 2007, 2011.

GRIDCODE |- NDVI Range Area km?1977 | Areakm?1985 | Areakm?2007 | Area km?2011
1 Very Sparse -0,10till 0,12 0,092132 6,661311 41,359086 54,668846
2 Sparse 0,12 till 0,22 12,68349 24,715557 85,61066 54,081847
3 Normal 0,22 till 0,42 191,509789 222,424884 159,321001 157,263958
4 Dense 0,42 till 0,72 115,85913 65,564342 33,369995 53,633313
84
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3.4.4 DSAS (Digital Shoreline Analysis System)

The Digital Shoreline Analysis System (DSAS) is a freely available software
application that works within the Environmental Systems Research Institute (ESRI)
Geographic Information System (ArcGIS) software. DSAS computes rate-of-change
statistics for a time series of shoreline vector data. Version 4.3 was released in April
2012 and is only compatible with ArcGIS v.10.

On this thesis, we will make a brief reference on the software and the necessary
inputs. For more details, you can download the DSAS manual from the official site

http://woodshole.er.usgs.gov/project-pages/DSAS/.

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D2ds 0 o b~ | 1125000 v EGE B e w7 2 i Layer .

RAM@ 35 «» -0/ x1@ SIRA SR, @Y Tt el e 7] &A@ AL

Table Of Contents 1 x ) “ @

Eleo8 = o
g
o
a

= layers
= [ transects_fourka
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= Coastlines77_11
— «all other values>
DATE.
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[@e| 2« b
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Figure 40 DSAS toolbar in Arc Map 10 environment.
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3.4.4.1 DSAS TOOLBAR

This section provides a quick reference and explanation for each button on the DSAS
toolbar interface.

Table 19 Explanation table for each button on the DSAS toolbar interface.(Himmelstoss,
E.A. 2009)

Set/Edit default parameters specifies file names

D5AS Toolbar
& { Transect Lager,| ~ & X B A| | forthe baseline and shoreline inputs and other settings,

such as transect spacing

pSAS Toolbar 5 Cast transects generates a new (or overwrites an
@&F & Transect La_l,ler:| j o .X ﬂ -3

existing) transect feature class based on the user-

specified default parameters.

DSAS Toolbar 5] The drop-down menu lists all recognized transect
@&F & Transect La_l,ler:| j o .X ﬂ -3

files added to the active ArcMap project.

psasToolbar ________________________________® Calculate statistics launches a dialog box
@&F & Transect La_l,ler:| j o .X ﬂ -3

populated with a selectable list of change-rate statistics

to be calculated.

psAsToolbar & Clip transects to SCE launches a dialog box
@&F & Transect La_l,ler:| j o .X ﬂ -3

providing users with the option to generate a copy of
the specified transect file that is clipped to the shoreline
change envelope (SCE) or the maximum distance

between all shorelines

DSAS Toolbar 5 Launches the DSAS help feature.
f 1‘({_ Transect La_l,ler:| ﬂ o }; n A
DSAS Toolbar ® About DSAS provides information about the
& " Transect Lajer| =l 2 X 8 2| | software, including the version number.
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3.4.4.2 REQUIRED INPUTS

This section describes the data requirements, including file format and field attributes
that are necessary for DSAS to properly recognize and compute rate-of-change
statistics. It includes instruction on how to produce the required files and field

elements.

Geodatabase

All DSAS input data must be managed within a personal geodatabase, which also

serves as the storage location for the program-generated transect feature class and

related statistical output tables.

3 ArcCatalog - Arclnfo - D:\DSAS
File Edit Wiew Go Tools Window Help

&gy x| @

EEE e @O\ w

Location:  [DAD5AS ~|
Siylesheet:
! [ Folder
® oo || Contents ]Prewew] Metadata | 5 File Geodatabase
+ @ [} iy - | Type Q Personal Geodatabase
= @ i) [ Coastines Folder
+-20 Berofotn 7 Dsas Geodatabase-gisi0 Personal Geodatabase < Laver,
+1.[] AsterDem GDSAS Geodatabase-gis Personal Geodatabase Q Group Layer
+-(_] Change Detection [ baseline_East Shapefile
+-{_7 classification ENVI ) haseline_fourka shapefile 0 shapefile...
+-[_7 clezooo [ baseline_Sauth Shapefile
{23 D5AS mbase\ine_West Shapefile
-] EU_DEM B Coastlines77-11 Shapefile B 1um Festure Class...
+ (1] Final Flood [ Transects_East Shapefile @ Toolbox
+-{1 FOTO [ Transects_Fourka Shapefile Copy  Chrl+C [ Arclnfo Warkspace
-0 mov mTransects_South Shapefile JEASE Tabl
£ (] Wowt B Transects_West Shapefile B i
+- (1 pictures ¥ Delete INFO table.,.
+ D RECHCLER . Renarne F2 ﬁ Coverage. ..
+-(Z] System Yalume Information ~
+ @ Thumbs.db x Refresh @a Address Locator, ..
o Gl B ) . vecumert
+ @ ;|\ Geodata
+ % H:l &\ Search...
+ I,
+-[% Database Connections Fropetties. ..
+ ﬁH Database Servers
+ @ GIS Servers
¥ @ Interoperability Connections
+ g Search Results

Creates a new Personal Geodatabase

Figure 41 Creating a new personal geodatabase in Arc Catalog. (Himmelstoss, E.A.
2009)
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Shorelines

All shoreline data must reside in a single feature class within a personal geodatabase.
If the shorelines are collected as shapefiles, they must be appended to a single file and
then imported into a geodatabase within ArcCatalog. DSAS also requires that the
feature class be in meter units in a projected coordinate system and meet the attribute

field requirements.

Field name Data type
OBJECTID Object ID Auto-generated
SHAPE Geometry Auto-generated
SHAPE Length Double Auto-generated
DATE Text User-created Length =10 or
- Length =22

UNCERTAINTY Any numeric field User- created

DATE This field is required but not name-specific (meaning you can use something other

than “Date_" as the field name). A length of 10 15 used for shoreline change
spanming days, months or vears, and dates are set up as mm/ddvyvy. In the
sample data provided, the default when month and day are unknown is July 1
(07/01).

A length of 22 15 used for shoreline data spanning different hours within the same
dav and will have dates set up as mm/dd/yyvy hhrmmess (using either 24-hour
time or AM/PM).

UNCERTAINTY | This field is required but not name-specific (meaning you can use something other
than “Uncertainty™ as the field name). The calculated rates of change provided by
DSAS are only as reliable as the measurement and sampling errors that the user
must account for when compiling each shoreline position (Anders and Byvrnes,
1991 ; Crowell and others, 1991; Thieler and Danforth, 1924; and Moore, 2000).
Different measurement uncertainties can be provided for each shoreline segment.
The uncertainty value should ideally account both for positional uncertainties
associated with natural influences over the shoreline position (wind, waves, tides)
and measurement uncertainties (for example, digitization or global-positioning-
system errors). For any shoreline vectors assigned a value of zero or mull, DSAS
will use the value specified by the user in the Set Default parameters window

(des

Figure 42 Shoreline attribute field requirements. (Himmelstoss, E.A. 2009)
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Baseline

DSAS uses a measurement baseline method (Leatherman and Clow, 1983) to
calculate rate-of-change statistics for a time series of shorelines. The baseline is
constructed by the user and serves as the starting point for all transects cast by the
DSAS application. The transects intersect each shoreline at the measurement points
used to calculate shoreline-change rates.

Field name Data type

OBJECTID Object ID Auto-generated Required

SHAPE (alizs: Shape) Geometry Auto-generated Fequired

SHAPE Length Double

{(ahas: Shape_Leng)

Auto-generated Fequired

D

Long Integer

User-created

Required

Group

Long Integer

User-created

Optional

OFFshore

Short Integer

User-created

Optional

CastDir

Short Integer

User-created

Optional

ID

This field is required by DSAS and the name is specific. DSAS uses this value to
determine the ordering sequence of transects when the baseline feature class confains
multiple segments. If vou create this attribute field prior to drawing baseline segments,
the ID value defaults to zero. You must edit the attribute table and designate a unique
ID) value for each segment of the baseline. DSAS will not cast transects along baseline
segments where the ID value is zero.

Group

This optional field can be used for data-management purposes to aggregate transects on
the basis of physical variations alongshore (for example, tidal inlets. change in coastal
tvpe, or hard stabilization features). Providing a group value will not affect any of the
change statistics provided within DSAS. but if used. a group field will be added to the
transect feature class to facilitate later sorting and analysis of the data.

OFFshore

This field is required if a combination of onshore and offshore baselines is used. The
name of this fleld is specific, meaning that the field nmst be called OFFshore and is
case-sensitive. A value of “07 indicates that the baseline segment is onshore or
landward of the input shorelines. A value of 17 indicates that the baseline is offshore
or seaward of the input shorelines.

CastDir

This field is required in conjunction with OFFshore. The name of this field is specific.
meaning the field must be called CastDir, and case sensitive. A value of “07 will result
m transects being cast to the left of the baselmneon the basis of the segment flow (flow
from the start vertex of the line segment to the last vertex that the ends line segment).
Similarly, a value of 1 will result in transects being cast towards the night of the baseline
on the basis of the flow direction (fig. 14).

Figure 43 Baseline attribute field requirements (Himmelstoss, E.A. 2009)
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3.4.4.3 DSAS Workflow

Once the required geodatabase and input-feature classes have been created or
imported from shapefiles and all necessary feature classes have been added and

properly attributed, the DSAS Application can be used within ArcMap to establish
transect locations and calculate change statistics.

INPUT Step 1. SET DEFAULT PARAMETERS
| Persona!l Geodatabase > ® Transect settings
- Shoreline calculation settings
J-rl baseline - Metadata settings
- Log file output options
"‘-rl shoredines
Step 2. CAST TRANSECTS
== | shorefines_uncertainty ) Tran;ect storage geodatabase
(optional table) - Casting methed
- Simple
- Smoothed (and smoothing distance)
OUTPUT - Flip baseline crientation
I  Personal Geodatabase €« - Transect metadata file created
ﬂ transects Step 3. EDIT (optional)
- Modify baseline (enforce topology with transects)
Transect Layer | :]

- Direct edit of individual transects

Step 4. CALCULATE CHANGE STATISTICS
7 . Choose existing transect layer

Traneact Layer | -l
- Select statistics to calculate

- Specify confidence interval

- Shoreline intersection threshold

PROCESS
BEGINS

- DSAS validates all user selections

- Checks for transect edits or modifications
OUTPUT - Checks for DSAS 3.x transects

- Checks for all required fields
ArTATRTARATOSY When validation is successful T

| )| Personal Geodatabase s

E ratns, yyyymmdd_bhmmes - Measurement Iocation; created
- External module XML input table created
TIP: Switch to the “Scurce” tab T EXTERNAL MODULES &
to view output table of statistical . v
results in ArcMap project. - External modules called based on user’s selections

- External results returned (XML)
- DSAS imports results to a new table with timestamp
- Process step added to transect metadata file

Figure 44 Diagram illustrating the steps necessary to establish transect locations and
compute change-rate statistics by using the DSAS application. (Himmelstoss, E.A. 2009)
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Set-Default. Parameters window

Begin the transect-generation process by selecting your preferred default settings in
the Set Default Parameters window. This window can be accessed from the DSAS
toolbar and contains three tabs: (1) Cast Transect Settings, (2) Shoreline Calculation

Settings, and (3) Metadata Settings.
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Log File Output
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[Be| @ ¢ b
702942.802 4440406.01 Meters

Figure 45 Screenshot showing the DSAS Set Default Parameters window and the Cast

Transect Settings tab.

The Shoreline Calculation Settings tab is one of the three components of the default
parameters. These settings specify the attribute fields containing the date and

shoreline uncertainty values. The available options are described below.
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Figure 46 Screenshot showing the DSAS Set Default Parameters window and the

Shoreline Calculation Settings tab.
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Figure 47 Screenshot showing the DSAS Set Default Parameters dialog box and the
Metadata Settings tab.
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Cast Transects
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Figure 48 Screenshot showing the DSAS Cast Transects window.
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Field name

Data type

Field purpose

OBJECTID
(aliases: object identifier,
OID, or FID)

Object ID

The object identification field is automatically
created and maintained by AreGIS. It establishes
a unigque ID for each row in the attribute table.
This number is used by DSAS to relate all
shoreline-change result tables with the transects.
Depending on the way in which your file was
created, the field name may be called OID or FID.

SHAPE (alizs: Shape)

Geometry

The geometry field is automatically created and
maintained by ArcGIS. It provides a definition of
the feature type (point, line, polygon).

BaselineID

Long Integer

Walues in this field are assigned by DSAS to
identify the baseline segment used to generate the
measurement transect. Baseline segments
assigned an ID = 0 are ignored by DSAS and no
transects will be cast along those line segments.
See section 5.3.2 for more information.

Group

Long Integer

Walues in this field assigned by DSAS are based
on input by user for grouping transects. Groups
are assigned by DSAS by using the following
logic: if a user selects a baseline-group field as
input, then DSAS will use the group ID provided
by the user for assigning to output transects; if
user does not select a baseline-group field as
input, then DSAS will assign all transects a group
value of zero. This field is used to aggregate
shoreline data and the resulting measurement
locations established by the transects into groups.
Please refer to the baseline field requirements in
section 5.3.2 for more information.

TransOrder

Long Integer

Assigned by DSAS on the basis of transect order
along the baseline or baselines. This field
provides the user with a method to sort transect
data from the start of the baseline segment with
an ID=1 and increment sequentially to the end of
the final baseline segment (fig. 23).

Proctime

Text

DSAS automatically records the date and time
each transect was processed.

Autogen

Text

Indicates whether or not a fransect was
automatically created by DSAS (1= transect was
auto-generated by DSAS; O=transect was added
by user).

StartX

Double

Used by DSAS to record the X coordinate of the
beginning of the transect.

Starty

Double

Used by DSAS to record the Y coordinate of the
beginning of the transect.

EndX

Double

Used by DSAS to record the X coordinate of the
end of the fransect.

EndY

Double

Used by DSAS to record the Y coordinate of the
end of the transect.

Azimuth

Double

Used to record the azimuith of the transect
measured in degrees cloclowise from north.

Figure 49 The attribute fields generated for the transect feature class by DSAS
(Himmelstoss, E.A. 2009)
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Figure 50 Transects at the area of Fourka in Kassandra peninsula, created with DSAS

in ArcMap 10 environment.
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Figure 51 Transects of the west and east part of Kassandra peninsula.
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Figure 52 Transects created with DSAS for the south part of Kassandra peninsula.
3.4.4.3 Calculating Change Statistics
Once the transect feature class has been created and all updates or modifications have
been made, the data can be used to compute change statistics.
Map = L s
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Figure 53 Screenshot of the Calculate Change Statistics window.
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Figure 54Table with the SCE results after the calculation, for the area of Fourka in

Kassandra peninsula.

Clipping transects to the Shoreline Change Envelope (SCE)

This is a stand-alone option on the DSAS toolbar which can be performed any time
after change statistics have been run. The clipping process will create a copy of the

specified transect file, cropped to the greatest extent between shorelines.
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Figure 55 Screenshot of the Clip to Shoreline Change Envelope window with example of

required parameters, at the area of Fourka in Kassandra.
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Figure 56 Example of the biggest rate of shoreline change envelope (sce) in Fourka are.
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3.4.4 .4 Statistics

Each method used to calculate shoreline rates of change is based on measured
differences between shoreline positions through time. The reported rates are
expressed as meters of change along transects per year. When the user-selected rate-
change calculations have finished processing, DSAS merges the individual module
calculations, and the output is made available as a table in ArcMap.

Table 20 Table of the standardized field headings provided by the DSAS for change

calculations
SCE Shoreline Change Envelope
NSM Net Shoreline Movement
EPR End Point Rate
LRR Linear Regression Rate

Shoreline Change Envelope (SCE)

The shoreline change envelope reports a distance, not a rate. The SCE is the distance
between the shoreline farthest from and closest to the baseline at each transects. This
represents the total change in shoreline movement for all available shoreline positions
and is not related to their dates.
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Figure 57 In the example above, the shoreline change envelope is the distance between
the 2005 and 1963 shorelines of 86.59 meters; this distance is not associated with the age

of the shorelines. (DSAS 4.0 Installation Instructions and User Guide ) (Himmelstoss,
E.A. 2009)

Net Shoreline Movement (NSM)

The net shoreline movement reports a distance, not a rate. The NSM is associated
with the dates of only two shorelines. It reports the distance between the oldest and

youngest shorelines for each transect. This represents the total distance between the
oldest and youngest shorelines.
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Figure 58 In the example above, the net shoreline movement is the distance of 76.03 meters
between the most recent shoreline from 2005 and the oldest shoreline from 1936. (DSAS 4.0
Installation Instructions and User Guide ) (Himmelstoss, E.A. 2009)
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End_Paint.Rate (EPR)

The end point rate is calculated by dividing the distance of shoreline movement by the
time elapsed between the oldest and the most recent shoreline. The major advantages
of the EPR are the ease of computation and minimal requirement of only two
shoreline dates. The major disadvantage is that in cases where more data are
available, the additional information is ignored. Changes in sign (for example,

accretion to erosion), magnitude, or cyclical trends may be missed (Crowell and
others, 1997; Dolan and others, 1991).
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Figure 59 In the example above, the end point rate of 1.09 meters per year is the
distance between the 2005 and 1936 shorelines (76.03 meters) divided by the span of
time elapsed between the two shoreline positions (69.82 years). All other shoreline data
are ignored in this computation. (Himmelstoss, E.A. 2009)

Linear Regression (LRR)

A linear regression rate-of-change statistic can be determined by fitting a least-
squares regression line to all shoreline points for a particular transect. The regression
line is placed so that the sum of the squared residuals (determined by squaring the

offset distance of each data point from the regression line and adding the squared
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residuals together) is minimized. The linear regression rate is the slope of the line.
The method of linear regression includes these features: (1) All the data are used,
regardless of changes in trend or accuracy, (2) The method is purely computational,
(3) The calculation is based on accepted statistical concepts, and (4) The method is
easy to employ (Dolan and others, 1991). However, the linear regression method is
susceptible to outlier effects and also tends to underestimate the rate of change
relative to other statistics, such as EPR (Dolan, and others, 1991; Genz and others,
2007). In conjunction with the linear regression rate, the standard error of the estimate
(LSE), the standard error of the slope with user-selected confidence interval (LCI),
and the R-squared value (LR2) are reported.
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Figure 60 In the example above, the linear regression rate was determined by plotting
the shoreline positions with respect to time and calculating the linear regression
equation of y = 1.34x — 2587.4. The slope of the equation describing the line is the rate
(1.34mlyr). (Himmelstoss, E.A. 2009)
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3.5. RESULTS

Table 21 Table of results of the DSAS change calculations for the area of Fourka in

Kassandra peninsula.

NSM EPR
SCE
_ ; LRR LR2
Distance NSM/time
Greater )
Transect Id et between between Linear Squared
older and older and regression linear
between all _
) youngest youngest rate regression
shorelines
shorelines shorelines
1 42,98 20,27 0,59 0,47 0,15
2 81,82 51,48 1,5 0,97 0,21
3 50,06 50,06 1,46 1,19 0,79
4 47,44 47,44 1,39 1,05 0,78
5 44,25 32,56 0,95 1,1 0,82
6 24,07 10 0,29 0,51 0,58
7 25,53 -5,64 -0,16 0,04 0
8 16,69 -14,15 -0,41 -0,21 0,23
9 19,42 -19,42 -0,57 -0,37 0,45
10 25,4 -2,83 -0,08 0,28 0,2
11 44,17 -19,21 -0,56 -0,01 0
12 43,33 1,15 0,03 0,57 0,26
13 54,09 11,64 0,34 0,79 0,29
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Table 22 Table of results of the DSAS change calculations for the east part of Kassandra

peninsula.
NSM EPR
SCE
LR2
Distance NSM/time LRR
Greater
Transect Id et between between . Squared
older and older and ) linear
between all regression rate )
] youngest youngest regression
shorelines
shorelines shorelines
1 15,79 -15,79 -0,46 -0,39 0,86
2 88,39 83,85 2,45 1,83 0,49
3 85,65 63,75 1,86 1,11 0,25
4 74,33 54,71 1,6 0,93 0,24
5 89,93 77,69 2,27 1,7 0,43
6 34,38 21,37 0,62 0,41 0,21
7 51,06 51,06 1,49 1,06 0,56
8 96,35 96,35 2,82 2,46 0,84
9 21,27 6,61 0,19 0,4 0,5
10 14,91 -14,91 -0,44 -0,31 0,55
12 25,13 -20,39 -0,6 -0,54 0,68
13 19,61 19,61 0,57 0,43 0,55
14 41,75 32,36 0,95 0,83 0,57
15 56,26 40,58 1,19 1,21 0,73
16 62,22 62,22 1,82 1,07 0,38
17 69,49 63,12 1,84 1,42 0,5
18 112,38 104,24 3,05 2,37 0,55
19 77,09 70,68 2,07 1,22 0,34
20 115,57 100,86 2,95 1,96 0,38
21 85,43 85,43 2,5 1,74 0,57
23 99,34 99,34 2,9 2,06 0,51
24 90,49 69,15 2,02 1,72 0,51
25 76,93 76,93 2,25 1,76 0,64
26 69,51 60,73 1,78 1,48 0,61
27 89,16 89,16 2,61 1,93 0,53
28 80,1 61,12 1,79 1,16 0,3
29 80,22 63,71 1,86 1,12 0,28
30 46,41 32,34 0,95 0,58 0,23
31 101,2 101,2 2,96 2,36 0,85
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32 46,8 46,8 1,37 1,16 0,9
33 65,3 50,97 1,49 1,37 0,65
34 92,1 80,34 2,35 2,13 0,75
35 123,85 123,85 3,62 2,72 0,57
36 148,07 130,2 3,81 2,91 0,47
37 46,63 46,63 1,36 0,99 0,72
38 54,96 38,15 1,12 0,62 0,2
39 18,79 -4,75 -0,14 0,16 0,09
40 82,71 82,71 2,42 1,89 0,65
41 114,57 114,57 3,35 2,52 0,55
42 69,44 67,56 1,97 1,53 0,58
43 68,19 68,19 1,99 1,6 0,75
44 66,75 66,75 1,95 1,57 0,71
45 17,39 15,71 0,46 0,55 0,92
46 22,03 15,09 0,44 0,6 0,82
47 21,03 3,33 0,1 0,33 0,3
48 14,66 6,76 0,2 0,32 0,6
49 47,05 47,05 1,38 1,33 0,95
50 19,25 17,67 0,52 0,62 0,93
51 39,3 38,82 1,13 1,11 0,95
52 32,44 32,44 0,95 0,82 0,93
53 26,63 26,44 0,77 0,81 0,99
54 36,32 36,32 1,06 0,95 0,91
55 30,77 27,53 0,8 0,79 0,89
56 45,58 45,58 1,33 1,17 0,86
57 40,57 38,59 1,13 1,08 0,91
58 44,3 44,3 1,29 1,18 0,93
59 60,19 60,19 1,76 1,42 0,69
60 26,33 24,64 0,72 0,75 0,97
61 49,52 49,52 1,45 1,26 0,84
62 31,09 30,35 0,89 0,86 0,94
63 6,95 1,64 0,05 -0,02 0,02
64 78,75 63,42 1,85 1,77 0,75
65 104,06 88,14 2,58 2,04 0,5
66 58,64 53 1,55 1,42 0,81
67 26,34 26,34 0,77 0,79 1

68 65,77 61,83 1,81 1,62 0,8
69 44,28 41,59 1,22 1,2 0,93
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Table 23 Table of results of the DSAS change calculations for the south part of
Kassandra peninsula.

SCE NSM EPR
LRR LR2
Greater | Distance | NSM/time
Transect Id distance | between | between Linear Squared
between | older and | older and | regression linear
all youngest | youngest rate regression
shorelines | shorelines | shorelines

1 40,84 -5,94 -0,17 -0,45 0,17
2 29,03 4,68 0,14 0,11 0,02
3 27,64 -1,34 -0,04 -0,38 0,26
4 47,64 13,71 0,4 -0,14 0,01
5 67,45 51,54 1,51 0,92 0,27
6 21,93 -10,18 -0,3 -0,43 0,56
7 40,46 -0,56 -0,02 -0,23 0,04
8 42,51 10,26 0,3 0,13 0,01
9 53,78 5,39 0,16 -0,46 0,09
10 112,78 88 2,57 1,59 0,29
11 133,99 92,02 2,69 1,46 0,19
12 30,47 22,63 0,66 0,4 0,25
13 12,79 -7,74 -0,23 -0,11 0,11
14 39,02 38,62 1,13 0,92 0,68
15 110,03 93,47 2,73 1,43 0,24

16 107,84 59,84 1,75 0,85 0,1
17 34,26 -10,15 -0,3 -0,08 0,01
18 48,86 17,62 0,52 0,09 0,01
19 13,18 -13,03 -0,38 -0,36 0,88
20 30,68 -30,68 -0,9 -0,65 0,61
21 35,04 31,85 0,93 0,67 0,44
22 79,25 68,11 1,99 1,34 0,38
23 68,61 53,54 1,56 1,09 0,34
24 21,67 -21,42 -0,63 -0,7 0,98
25 33,76 24,29 0,71 0,41 0,22
26 44,2 36,34 1,06 0,89 0,55

27 43,85 32,74 0,96 0,65 0,3
28 68,44 62,26 1,82 1,24 0,42
29 88,81 61,71 1,8 0,97 0,19

30 70 58,59 1,71 1,27 0,4
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31 48,42 35,07 1,03 0,69 0,29
32 64,46 41,13 1,2 0,76 0,2
33 13,12 -9,96 -0,29 -0,19 0,25
34 71,17 42,76 1,25 0,57 0,1
35 16,93 1,23 0,04 -0,18 0,14
36 30,94 -1,18 -0,03 -0,17 0,04
37 62,32 62,32 1,82 1,18 0,51
38 70,13 33,59 0,98 0,27 0,02
39 34,2 -12,59 -0,37 -0,47 0,31
40 113,49 92,39 2,7 1,87 0,36
41 79,13 55,54 1,62 1,11 0,27
42 126,04 88,01 2,57 1,67 0,25
43 127,87 76,34 2,23 1,37 0,17
44 61,32 31,52 0,92 0,41 0,07
45 40,92 18,44 0,54 0,19 0,03
46 64,76 28,22 0,82 0,5 0,08
47 84,52 28,95 0,85 0,52 0,05
48 79,8 69,19 2,02 1,33 0,37
49 73,45 72,91 2,13 1,6 0,54
50 129,67 123,14 3,6 2,79 0,56
51 143,98 118,99 3,48 2,33 0,35
52 158,67 110,29 3,22 2,02 0,24
53 605,5 -2,98 -0,09 7,25 0,16
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Table 24 Table of results of the DSAS change calculations for the western part of
Kassandra peninsula.

SCE NSM EPR
LRR LR2
Greater | Distance | NSM/time
Transect 1d distance | between between Linear Squared
between | older and | older and | regression linear
all youngest | youngest rate regression
shorelines | shorelines | shorelines

1 2,21 128,91 75,71 0,99 0,1
2 1,04 37,23 35,65 0,9 0,76
3 2,32 79,43 79,43 2,1 0,89
4 1,29 46,55 44,11 1,27 0,94
5 0,13 15,68 4,6 0,29 0,45
6 2,17 76,72 74,35 1,75 0,64
7 2,84 97,18 97,18 1,87 0,52
8 2,3 91,15 78,66 1,84 0,52
9 1,36 59,82 46,45 1,12 0,48

10 3,51 120,2 120,2 2,56 0,6
11 1,79 71,24 61,24 1,91 0,94

12 -0,22 42,97 -7,55 0,38 0,1
13 1,44 49,52 49,14 1,21 0,75
14 0,25 11,63 8,51 0,28 0,86
15 0,91 39,69 30,97 0,81 0,61
16 0,57 24,06 19,49 0,63 0,92
17 2 68,52 68,52 1,93 0,99
18 4,12 148,44 141,04 3,59 0,76
20 2,02 83,07 69,09 2,01 0,84
21 1,52 52,6 51,94 1,54 0,98
22 1,21 55,66 41,48 0,71 0,25
23 1,87 86,99 63,82 1,1 0,24
24 1,72 81,52 58,87 1 0,23

25 1,64 84,25 55,99 0,97 0,2
26 1,31 79,17 44,82 0,64 0,11

27 1,93 83,8 66,18 1,22 0,3
28 1,16 55,08 39,72 0,64 0,21
29 1,74 62,71 59,66 1,22 0,46
30 2,29 78,37 78,37 1,98 0,84
31 1,57 53,59 53,59 1,43 0,89
32 0,76 28,88 25,9 0,63 0,62
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33 1,45 49,48 49,48 0,8 0,34
34 1,9 70,4 64,86 1,41 0,47
35 0,91 44,78 31 0,18 0,02
36 0,96 52,05 32,99 0,62 0,21
37 1,2 59,82 41,18 0,82 0,27
38 1,29 44,2 44,2 1,14 0,84
39 0,36 24,45 12,28 0,47 0,6
40 0,55 19,57 18,81 0,48 0,79
41 0,56 39,61 19,13 0,16 0,03
42 2,04 73,67 69,81 1,46 0,47
43 0,93 51,68 31,94 0,75 0,27
44 1,37 61 46,76 0,85 0,28
45 1,6 67,08 54,7 1,26 0,45
46 1,65 56,31 56,31 1,27 0,79
47 0,8 45,72 27,37 1,18 0,8
48 0,39 32,08 13,28 0,68 0,57
49 0,28 27,29 9,66 0,45 0,43
50 -0,47 17,95 -16,12 -0,51 0,96
51 0,23 11,83 7,97 0,32 0,85
52 0,45 16,89 15,29 0,33 0,45
53 -0,09 31,04 -3,06 0,33 0,16
54 -0,05 37,27 -1,82 0,29 0,08
55 -4 182,55 -136,93 -2,65 0,3
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3.5.1 SUMMARY OF RESULTS

The results given in the above tables were divided into three categories in order for

conclusions to be drawn.

e 1st Category: Correlation Coefficient R? > 0.5 and Net Shoreline Movement
(NSM) > +20m

e 2nd Category: Correlation Coefficient R? >0.5 and Net Shoreline Movement
(NSM) < -20m

e 3rd Category: Correlation Coefficient R* < 0.5 and Net Shoreline Movement
(NSM) >20m

Values that do not fall under one of the aforementioned categories are not taken into

account.
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3.5.1.1 AREAS OF HIGH CORRELATION (R2>0.5)
These areas present high correlation and the movements are either positive (erosion)
or negative (deposition) and they all are above 20 m.

EROSION

Table 25 WEST KASSANDRA

NSM
_ LRR LR2
Distance
Transect Id between older Linear Squared linear
and youngest | regression rate regression
shorelines

2 35,65 0,9 0,76
3 79,43 2,1 0,89
4 44,11 1,27 0,94
6 74,35 1,75 0,64
7 97,18 1,87 0,52
8 78,66 1,84 0,52
10 120,2 2,56 0,6
11 61,24 1,91 0,94
13 49,14 1,21 0,75
15 30,97 0,81 0,61
16 19,49 0,63 0,92
17 68,52 1,93 0,99
18 141,04 3,59 0,76
20 69,09 2,01 0,84
21 51,94 1,54 0,98
30 78,37 1,98 0,84
31 53,59 1,43 0,89
32 25,9 0,63 0,62
38 44,2 1,14 0,84
46 56,31 1,27 0,79
47 27,37 1,18 0,8
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Table 26 FOURKA AREA

02/16/2016

NSM

Distance
between older

LRR

Linear

LR2

Squared linear

and youngest | regression rate regression
Transect Id * shorelines
3 50,06 1,19 0,79
4 47,44 1,05 0,78
5 32,56 1,1 0,82
6 10 0,51 0,58
Table 27 SOUTH KASSANDRA
NSM
_ LRR LR2
Distance
between older Linear Squared linear
and youngest regression rate regression
Transect Id * shorelines
14 38,62 0,92 0,68
26 36,34 0,89 0,55
37 62,32 1,18 0,51
49 72,91 1,6 0,54
50 123,14 2,79 0,56
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Table 28 EAST KASSANDRA

NSM
_ LRR LR2
Distance
between older Linear Squared linear
and youngest regression rate regression
Transect Id * shorelines

7 51,06 1,06 0,56
8 96,35 2,46 0,84
13 19,61 0,43 0,55
14 32,36 0,83 0,57
15 40,58 1,21 0,73
17 63,12 1,42 0,5
18 104,24 2,37 0,55
21 85,43 1,74 0,57
23 99,34 2,06 0,51
24 69,15 1,72 0,51
25 76,93 1,76 0,64
26 60,73 1,48 0,61
27 89,16 1,93 0,53
31 101,2 2,36 0,85
32 46,8 1,16 0,9
33 50,97 1,37 0,65
34 80,34 2,13 0,75
35 123,85 2,72 0,57
37 46,63 0,99 0,72
40 82,71 1,89 0,65
41 114,57 2,52 0,55
42 67,56 1,53 0,58
43 68,19 1,6 0,75
44 66,75 1,57 0,71
49 47,05 1,33 0,95
51 38,82 1,11 0,95
52 32,44 0,82 0,93
53 26,44 0,81 0,99
54 36,32 0,95 0,91
55 27,53 0,79 0,89
56 45,58 1,17 0,86
57 38,59 1,08 0,91
58 44,3 1,18 0,93
59 60,19 1,42 0,69
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60 24,64 0,75 0,97
61 49,52 1,26 0,84
62 30,35 0,86 0,94
64 63,42 1,77 0,75
65 88,14 2,04 0,5
66 53 1,42 0,81
67 26,34 0,79 1

68 61,83 1,62 0,8
69 41,59 1,2 0,93

Figure 61 Areas with erosion in Kassandra peninsula.
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DEPOSITION

Table 29 SOUTH KASSANDRA

NSM
LRR LR2
Distance T 5 .
inear uare
Transect Id * between older ) q

regression linear

and youngest )

) rate regression
shorelines
-30,68 -0,65 0,61
-21,42 -0,7 0,98
Table 30 EAST KASSANDRA
NSM
LRR LR2
Distance . . .
inear uare
Transectld * between older _ q

regression linear

and youngest _

) rate regression
shorelines
-20,39 -0,54 0,68
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Figure 62 Coasts with deposition on Kassandra peninsula.

3.4.1.2 AREAS OF LOW CORRELATION AND HIGH DISPLACEMENT
(R2<0.5, NSM>20m)

These areas present displacements above 20m. but very low correlation. In this case
we are not dealing with a steady process of deposition or erosion but with alternating

processes.

Having observed these areas we reach the conclusion that we are dealing with Clift

coasts, where due to seasonal variation a coast cannot be formed.
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Table 31 WEST KASSANDRA

NSM
_ LRR LR2
Distance
between older Linear Squared linear
and youngest regression rate regression
Transect Id * shorelines
1 75,71 0,99 0,1
9 46,45 1,12 0,48
22 41,48 0,71 0,25
23 63,82 1,1 0,24
24 58,87 1 0,23
25 55,99 0,97 0,2
26 44,82 0,64 0,11
27 66,18 1,22 0,3
28 39,72 0,64 0,21
29 59,66 1,22 0,46
33 49,48 0,8 0,34
34 64,86 1,41 0,47
35 31 0,18 0,02
36 32,99 0,62 0,21
37 41,18 0,82 0,27
41 19,13 0,16 0,03
42 69,81 1,46 0,47
43 31,94 0,75 0,27
44 46,76 0,85 0,28
45 54,7 1,26 0,45
55 -136,93 -2,65 0,3
Table 32 FOURKA AREA
NSM
_ LRR LR2
Distance
between older Linear Squared linear
and youngest regression rate regression
Transect Id * shorelines
1 20,27 0,47 0,15
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2 51,48 0,97 0,21
9 -19,42 -0,37 0,45

11 -19,21 -0,01 0

Table 33 SOUTH KASSANDRA
NSM
_ LRR LR2
Distance
between older Linear Squared linear
and youngest regression rate regression
Transect Id * shorelines

5 51,54 0,92 0,27
10 88 1,59 0,29
11 92,02 1,46 0,19
12 22,63 0,4 0,25
15 93,47 1,43 0,24
16 59,84 0,85 0,1
21 31,85 0,67 0,44
22 68,11 1,34 0,38
23 53,54 1,09 0,34
25 24,29 0,41 0,22
27 32,74 0,65 0,3
28 62,26 1,24 0,42
29 61,71 0,97 0,19
30 58,59 1,27 0,4
31 35,07 0,69 0,29
32 41,13 0,76 0,2
34 42,76 0,57 0,1
38 33,59 0,27 0,02
40 92,39 1,87 0,36
41 55,54 1,11 0,27
42 88,01 1,67 0,25
43 76,34 1,37 0,17
44 31,52 0,41 0,07
46 28,22 0,5 0,08
47 28,95 0,52 0,05
48 69,19 1,33 0,37
51 118,99 2,33 0,35
52 110,29 2,02 0,24
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Table 34 EAST KASSANDRA

02/16/2016

NSM
_ LRR LR2
Distance
between older Linear Squared linear
and youngest regression rate regression
Transect Id * shorelines
2 83,85 1,83 0,49
3 63,75 1,11 0,25
4 54,71 0,93 0,24
5 77,69 1,7 0,43
6 21,37 0,41 0,21
16 62,22 1,07 0,38
19 70,68 1,22 0,34
20 100,86 1,96 0,38
28 61,12 1,16 0,3
29 63,71 1,12 0,28
30 32,34 0,58 0,23
36 130,2 2,91 0,47
38 38,15 0,62 0,2

Figure 63 Cliff coasts on Kassandra peninsula.
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3.6. CONCLUSIONS AND DISCUSSION

Based on the research of the current study that involved satellite image analysis, from

1977 to 2011 according to Digital Shoreline Analysis System, in the area of

Kassandra Halkidiki were located areas where:

1. There is continuous deposition during the study's time frame.

2. Continuous erosion.

3. Also areas where there is no apparent correlation but there is high

alternation in the rates of deposition and erosion.

To go into further detail for the three types of coasts that were found:

1.

02/16/2016

3 areas of continuous deposition where found, in 3 piscatorial refuges (N.

Fokea, N. Skioni, Loutra), with deposition located by the groyne. In these

areas (100% of the cases), the deposition occurs due to coastal works for

protection and redevelopment of the coastal area. (see Appendix 2).

Continuous erosion was found in 25 regions of the West coast which

corresponds to 1region/km, 43 regions in the East coast which

correspond to 1.2 regions/km and 5 regions in the South coast which

correspond in 0.2 regions/km (1 area/5 km).

a.

In the West Coast there is an increase of the residential zone in the
downstreams of the drainage basins, as well as near riverbeds of
the drainage network, a fact that decreases the input of material
from the upstreams. In the region of Fourka in particular one
observes the greatest displacement. Along with the erosion at the
coastal area there occurs a reduction of the NDVI along the road
hubs as a result of residential development as well as an increase of
the NDVI (at the south east part of the basin) with an increase of
vegetation, as a result of forestation. The result is less material
transported to the coastline by the torrents (see Appendix I1)

In the East Coast, the great coastal residential development
combined with the small extent of the drainage basins, leads to

phenomena of coastal erosion.
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c. The South Part is where the areas with least erosion is observed,
the human intervention is the least and, as a result, there is the least
possible effect in the conditions of solid matter transportation. It
was observed that 100% of the cases of great variation in the
coastal system (alternating deposition-erosion) are cliff coasts
(high coasts with terraces). (Figure 19)

It would be interesting to correlate human activity, mainly in the form of expanded
residential activity related to resorts, with the phenomenon of erosion in the study
area. This was not feasible in the present study as the available satellite images were
of too low spatial resolution to allow the extraction of reliable results on the matter.
To underline the importance of further study let us comment that the Municipality of
Kassandra has 18.000 residents while during the summer months 400.000 seasonal

residents relocate there.

121

02/16/2016 Wnoeiakn BiBAI0BAKN @edppaaTog - Tunua MewAoyiag - A.MN.O.



APPENDIX |

Figure 65 Flooding in Siviri, Kassandra, in 2007(URL2)
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ANOKOMMENH H KAZZANAPA

Figure 66Flooding in Sani, Kassandra, in 2010 (URL3)

1

il

Figure 67 Flooding in Siviri, Kassandra, in 2007 (URL4) (URLD5)
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Figure 68 Flooding in Skioni, Kassandra, 2007 (URL6)

Figure 69 Flooding in Skioni, Kassandra, 2007 (URLY7)
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APPENDIX 11

WEST PART OF KASSANDRA

CLIFF COASTS

CIiff coasts of the western part of Kassandra peninsula, starting from the North to the
South.
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https://www.google.gr/maps/@40.15887,23.321357,3a,75y,90t/data=!3m5!1e2!3m3!1s34328743!2e1!3e10
https://www.google.gr/maps/@40.15887,23.321357,3a,75y,90t/data=!3m5!1e2!3m3!1s34328743!2e1!3e10
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https://www.google.gr/maps/@40.157541,23.320831,3a,75y,90t/data=!3m5!1e2!3m3!1s47999240!2e1!3e10
https://www.google.gr/maps/@40.157541,23.320831,3a,75y,90t/data=!3m5!1e2!3m3!1s47999240!2e1!3e10
https://www.google.gr/maps/@40.167706,23.323814,3a,75y,90t/data=!3m5!1e2!3m3!1s107987980!2e1!3e10
https://www.google.gr/maps/@40.167706,23.323814,3a,75y,90t/data=!3m5!1e2!3m3!1s107987980!2e1!3e10

(

Back to Map

Figure 74
(
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https://www.google.gr/maps/@40.157451,23.320766,3a,75y,90t/data=!3m5!1e2!3m3!1s48005119!2e1!3e10
https://www.google.gr/maps/@40.157451,23.320766,3a,75y,90t/data=!3m5!1e2!3m3!1s48005119!2e1!3e10
https://www.google.gr/maps/@40.080895,23.31213,3a,75y,90t/data=!3m5!1e2!3m3!1s13212385!2e1!3e10
https://www.google.gr/maps/@40.080895,23.31213,3a,75y,90t/data=!3m5!1e2!3m3!1s13212385!2e1!3e10

Back to Map

Figure 75
(

Kassandra, Chalcidique, GR

Back to Map

Figure 76
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https://www.google.gr/maps/@40.077677,23.317966,3a,75y,90t/data=!3m5!1e2!3m3!1s13201710!2e1!3e10
https://www.google.gr/maps/@40.077677,23.317966,3a,75y,90t/data=!3m5!1e2!3m3!1s13201710!2e1!3e10
https://www.google.gr/maps/@40.0787778,23.316575,3a,75y,90t/data=!3m5!1e2!3m3!1s-EnT73I9pv0w%2FU5x_D3FZIVI%2FAAAAAAAAHLg%2FINYPaGTZG4k!2e4!3e12
https://www.google.gr/maps/@40.0787778,23.316575,3a,75y,90t/data=!3m5!1e2!3m3!1s-EnT73I9pv0w%2FU5x_D3FZIVI%2FAAAAAAAAHLg%2FINYPaGTZG4k!2e4!3e12
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https://www.google.gr/maps/@40.07725,23.318546,3a,75y,90t/data=!3m5!1e2!3m3!1s20067777!2e1!3e10
https://www.google.gr/maps/@40.07725,23.318546,3a,75y,90t/data=!3m5!1e2!3m3!1s20067777!2e1!3e10

SOUTH PART OF KASSANDRA

CLIFF COASTS

CIliff coasts of the south part of Kassandra peninsula, starting from the West to the
East.

Figure 78
(
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ndra to Mendi walk

Figure 79
(

Figure 80
(
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Figure 81
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Figure 82
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AOYTPA, AT'lA NMAPAZKEYH

Figure 83
(

Spa Center, Loutra

Figure 84
(
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COASTS WITH DEPOSITION
(South part of the peninsula with direction from West to East.)
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Figure 86 Small marina at Nea Skioni. (Google Earth)

© 2015 Google
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Figure 87 Groyne at Loutra beach (Google Earth)
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EAST PART OF KASSANDRA

CLIFF COASTS

CIiff coasts of the eastern part of Kassandra peninsula, starting from the North to the
South.

Néa Fokaia, Néa Fokaia, Chalkidikis, Greece

4’ Vojtech Dvorak

Photo
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Figure 88 (
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KOKKINA BPAXIA - RED CLIFF

Figure 91
(
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COASTS WITH DEPOSITION
(East part of the peninsula with direction from North to South.)
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Figure 93 Beach of Nees Fokes with groynes and wavecrushers. (Google Earth)
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Figure 94 NDVI with 3 major basins of Kassandra for the year 1977 and 1985
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Figure 95 NDVI and 3 major basins of Kassandra for the years 2007 and 2011
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