ACTIONS FOR THE .
CONSERVATION OF Action A.4
COASTAL DUNES Deliverable A.4.1
WITH JUNIPERUS
spp. IN CRETE AND
THE SOUTH AEGEAN
(GREECE)

LIFEO7NAT/GR/000296

Junicoast .~
%""ﬁ""‘“—" MAPPING HISTORICAL
LAND COVER CHANGES
OF HABITAT 2250* IN CRETE

o
NATURA 2000

Prepared by MAICh:

CIHEAM Mr. Panagiotis Nyktas

MAI CHANIA

International Centre for
Advanced Mediterranean
Agronomic Studies
Mediterranean Agronomic
Institute of Chania

National and Kapodistrian
University of Athens (NKUA)
Department of Botany, Faculty

of Biology

Decentralized Administration
of Crete
Forest Directorate of Chania
Forest Directorate of Lasithi
Regional Development Fund

of Crete CHANIA—AUGUST 2013



Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete” 2

LIFEO7NAT/GR/000296

“Actions for the conservation of coastal dunes with Juniperus spp. in

Crete and the South Aegean (Greece)”

- JUNICOAST -

Action A.4: Habitat mapping

Deliverable A.4.1: Mapping historical land cover changes of habitat 2250* in Crete

Responsible beneficiary: Mediterranean Agronomic Institute of Chania (MAICh)

Prepared by: Panagiotis Nyktas

Chania August 2013



Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete” 3

Table of Contents

1. =1 Y o LU 4
2. INTRODUCTION ....ciiiieeiiiiiiiiiiiieesiiiiiiiieinesssisssiinssssssssssssismssssssssssssssssssssssssssssssssssssssssssssnnes 6
3. MATERIALS AND METHODS ......coioeiiieiiintiinieieeiseesesesssstsssssssssss s ssesessesssssssssssssssesensess 8
3.1 DATA ACQUISITION AND PRE-PROCESSING .....eeuveeueieneereereereeresresssesseesieesseesseenseenessneesseenseesesssesnessnesnees 9
3.2 GEOGRAPHIC INFORMATION AND OBJECT-BASED IMAGE ANALYSIS ...ceviiurireiiiriieiiieeeeirieeseireeesnneessneeesas 10
3.3 SNAPSHOTS OF SATELLITE IMAGES AND AIR-PHOTOGRAPHS......cuverteeruterteeeeetesuresseenseeteeseseesnsesaeesseessesnes 13
4. RESULTS ...ceiiitiitiite i ee s st s s s e s s s st s s s s s ae s s e s at s e as s s ss e s a e s nae s natssnnsasanns 16
5 REFERENCES........utiiiiiiieeiineiineeieesseesssesssssssssesssssesessesessessssssssssessssesessesessessssssssssessnes 18
6 Y 19

TABLE OF FIGURES AND TABLES
Figure 1. Work flow diagram used for mapping vegetation cover changes in each study site. ............... 8
Figure 2. Object-oriented image analysis: the generic procedure (source: eCognition users manual). 11

Figure 3. Schematic diagram of Composition of Homogeneity Criterion for segmentation and

delineation of homogeneous landscape units in Definiens eCognition software. ........ccccccvvvevevieeeennnen. 12
Table 1. Changes in vegetation cover in 2250* priority habitat Sites.........ccccceeeviviiiiiiieeecciee e, 13
MAPS
Map 1. Vegetation cover changes map of Lavrakas .........ccccouviiiiiiieiiiiii e 17
Map 2. Vegetation cover changes map of Agios [0aNNis. .........c.uuiiiiiiiiiciiiiieee e e 18
Map 3. Vegetation cover changes map of Kedrodasos (Elafonisi). .......ccceeveveiecieeivcieeecceee e, 19
Map 4. Vegetation cover changes map of East ChIySi. .....ccccuviiiciieeiiiiie e 20
Map 5. Vegetation cover changes map of West ChIySi ...o.cooociiiiiie e 21

Map 6. Vegetation cover changes map of Falasarna.......cccooooiiiiiieiieccciiiieee e 22



Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete” 4

1. NepiAnyn

JKOTIOG TNG Tapouoag UEAETNG lval n Slepelivnon TwV LOTOPIKWVY OAAQywV
otnV KAAuyn tNG yng and BAAOTNON OTLG TTEPLOXEG TOU OLKOTOTIOU TMPOTEPALOTNTAG
TWV TAPAKTIWY apoBwvwv pe €idn apkelBwv (*2250). H extipnon twv aAlaywv
OUTWV OTO XPOVO HE XPNoNn VEWXWPLKwY Oedouévwv TPoodEPEL TIOAUTLUEG
mAnpodopieg ya TNV afloAdynon TnG KATAoTAoNG Twv €EL TIEPLOXWV UTIO UEAETN
(téooeplg meploxEg Tou diktuou MUon 2000). ErmutAéov, n LEAETN auTr KATASEIKVUEL
Kal Katoaypdadel mbaveg avBpwrmoyeveic TECEL 1 duoIkéG Slepyacieq OmMwg n
duowkn Stadoxn kot €EEAEN TWV OLKOCUOTNUATWYV. Mépa amd TNV OLWKOAOYIKN TOU
onuaoia, n umapén mMUKVAG BAACTNONG OTOU TTAPAKTLOUG OLKOTOTIOUG OIMOTEAEL TTOAU
ONUAVTLKO TIOPAYOVTO TPOOTACag Kal avOEKTIKOTNTOG TWV TOPAKTLWY OUOBVWV
amno tn StaBpwon katl TNV urtoBaduLon Toug. Ta AMOTEAECUA TNG TAPOUCAG HEAETNG
ouvelodépouv otnv olvraén Twv mpodlaypadwv yla TNV AMOKATACTACH TOoU
olKoTOmou (Apdon A.8) kal TNV ebpappoyr TwV NMPOTEVOUEVWY Spdcswv dlatipnong
OMw¢G TNV evduvapwon tou MANBUCUOU Kal TNV ATMoKATACTOOoNn TNG XAWPLOLKAG
ouvBeonc tou otkotomou (Apaoelg C.3 kat C.4).

2to mAaiolo autd avamtuxdnke pla pebodoloyia yla TNV EKTIPNON TWV
oMaywv otnv Kaludn tng PAACTNONG OTIG TIEPLOXEG UEAETNG TOU TIPOYPAUMOTOC
Junicoast. Ta otdadla tng xaptoypadlkAg LEAETNG UTHPEOV TTAVOUOLOTUTIO YLOL OAEG
TIC TIEPLOXEG Kal NTav Ta €€AG: (a) ouAloyn Kot ekTipnon Twv deSopévwy mou nTav
SwaBéowa, (B) emefepyacio koL petatpomég tng Hopdng twv Sedopévwy, (v)
ovAAuon TwV EKOVWY, Taflvopnon tng Kaludng yng kot twv aAllaywv kot (6)
EKTIUNON TwWV oAAAyWV KOl TIOPOUCLOON TWV OMOTEAECUATWY Of XAPTEC. QC
6ebopéva xpnowpomoibnkav aspodwrtoypadie¢ twv €twv 1945 kat 1965 kat
dopudopikéc lkovec LvPNANG eukpivelag tou €£tou¢ 2007. H avaluon Kot
mapouciaon TwV OMOTEAECUATWY O XAPTEG €YVE HE TN XpAon mAatdopuag
avtikelpevootpadolc avaluong swkovwyv (Object Based Image Analysis) kat
Zuotnuatwy MNewypadwkwv NAnpodopwv (GIS).

Ta amoteAéopata tng oUYKPLONG TNG KAAUYNG yNnG OTLG £EL TTEPLOXECG UEAETNG
Selyvouv 6tL To 80% TOU CUVOAOU TNG €KTAONG TOUG eV €xel aldgel. H éktaon mou

KaAUmteTal ano BAdotnon mapouctalel avénon amo 957 (42%) oe 1177 (52%)
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oTpEupata. OAeG OL TEPLOXEG TIOU MEAETAONKAV TOPOUCLA{oUV £0TW KOL OPLAKN
avénon tng BAdotnong. H avénon auth ocuvictatal otnv avénon TG KOUNG Twv
SEVIpWV KOl TwV BApvwy evw amd TOUuG XAPTEC Tou Tapdxdnkav, TMANV HLAG
e€aipeong, 6ev daivetal va €xouv kataotpadel cuotadeg Sévipwy 1 Bapvwy. OL
ONUAVTLIKOTEPECG OAAOYEC TapoucLalovtal otnv Teploxr tou AaBpakad tng fravdou. O
AaPpakdg mopouolalel tnv mo mukvr PBAdotnon (65%) to 2007 kou €xeL TNV
pueyaAutepn avénon amd to 1945. H avénon auth ektipdtol ota 150 otpéppata
(~15%) n omoia amotelel ta 2/3 ™G avgnong mMou UETPRONKE yla T0 CUVOAO TWV
TEPLOXWV MEAETNG (220 otpépparta). H avénon autr mMopaATnPELTAL OTO ECWTEPLKO
TUAUA TOU OLKOTOTIOU OTIC TIEPLOXEG TOU TOAALOTEPA KaAAlEpyouvtav. Av Kal O
NaBpakdc mapouotalel tumikp ¢uolky avayévvnon tn¢ BAdotnon Aoyw
eyKataAelpng twv KaAllepyelwy, mapatnpnoelg oto nedio €6elav OtL n avénon

outh adopd KUPLWE TNV avénon Twv TEVKWV Kol AlyOTEPO TWV apKeLBWV (KESpwV).



Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete” 6

2. Introduction

Vegetation plays a major role in coastal dune formation and development
(Carter, 1995). Coastal sand dunes are typically formed through the trapping of sand
by dune vegetation. The type of vegetation that grows on coastal dunes has special
adaptation characteristics that allow the vegetation to establish, grow and trap sand
in the harsh conditions of coastal areas. The coastal environment is typically harsh
for plant growth; for plants to be successfully established, they must have special
adaptation characteristics that allow them to survive such a harsh environment.

Interaction between wind and vegetation is a key process for dune
development (Ranwell, 1972) and differences in plant cover induce different
morphological patterns in coastal dunes (Short and Hesp, 1982). Coastal dunes have
been extensively altered over time by human processes, causing extensive ecological
and geomorphological changes. Traditional dune-based activities include agriculture,
afforestation, grazing of sheep and goats, sand extraction and recreation. At the
present time, other factors have caused even more severe impacts on coastal dunes
such as the development of touristic resorts, urbanisation, the spread of industrial
zones and urban areas, sea ports and marinas (Mayer, 1995).

Assessment of temporal changes of vegetation cover in a spatial explicit
manner offers crucial information for the assessment of the state of the seven
Cretan study areas (four Natura 2000 network sites). Furthermore, it gives a good
indication of anthropogenic pressures and/or natural processes such as natural
succession and advancement taking place in habitat 2250*. In addition to its
ecological importance, dense vegetation cover in coastal habitats is the most
important indicator of resilience and protection of sand dunes from erosion and land
degradation. Moreover, in the course of the project, it has been suggested by the
scientific committee’ that knowledge of the changes in the vegetation cover over the
past decades is a very important element for habitat conservation and management
and that land cover changes of the habitat over time should be determined when

setting restoration and management priorities. Therefore, it was suggested that an

1 1 and 2™ scientific committee meetings held in Chania on 26-27/2/09 and 21/10/10.



Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete” 7

investigation of the historical land cover changes should be included within action A4
“habitat mapping” as a preparatory action. Additionally, during personal contacts
with local people, it was often mentioned that some decades ago, study sites in
Crete “used to be closed forest”.

The aim of this study was to investigate the historical changes in the vegetation
cover of the Cretan sites of coastal dunes with Juniperus spp. (2250*) priority
habitat. The study was a part of the Junicoast project commissioned by the EC under

the LIFE+ programme.
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3. Materials and methods

For the purpose of the present study, a methodology was developed to assess
vegetation cover changes in all Junicoast Cretan study sites. The work carried out is
identical for all sites and consists of (a) data review and assessment, (b) image pre-
processing, (c) image analysis and vegetation cover change detection, (d) assessment

of changes and presentation of results in maps. The work-flow diagram is presented

1945 orthorectified
air photos

in Figure 1.

Topographic maps f
/ 1:5,000 1968 air photos
A

Digital
Elevation
Model

4

Are 1945 data
available and of good
quality for the site?

Orthorectification
of 1968 air photos

Ground
Control
Points

Fine-tune 2007 Ikonos
georeferencing satelitte images

Deliniation of area
under investigation

OBIA:
1. Segmentation
2. Classification

GIS:
1. Air photo interpretation
2. Calculations
3. Map construction

Figure 1. Work flow diagram used for mapping vegetation cover changes in each study site

(OBIA: Object-Based Image Analysis, GIS: Geographic Information System)
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3.1 Data acquisition and pre-processing

Due to the nature of the study, the first step that would also determine its
feasibility was the review of available data. Since historical maps of such kind do not
exist, the only potentially valuable data were air photographs. The Hellenic Military
Geographic Service (HMGS) provides sets of orthorectified air photos dated back as
early as 1945 at a scale of approximately 1:45,000. Larger scale air photographs were
also acquired and are available from the campaign of years 1967-8 (1:15,000).

Although the oldest possible dataset is desirable, its quality is not good for
some of the areas under study. Coastal sand dunes have higher reflectance than
other terrestrial surfaces due to the bright sandy substrate, leading to overexposure
of the camera’s film on bright day acquisitions. Another difference between the
datasets is that the 1967-8 air photographs are not orthorectified i.e not
geometrically corrected to account for the effects of the camera, flight and
topography. Consequently, as seen in the upper part of the work flow diagram of
Figure 1, the quality of 1945 dataset was firstly evaluated and when found not to be
suitable; the later air photographs were used.

The software that was used for orthorectification was Leica Photogrammetry
Suite (LPS) embedded in ERDAS Imagine 11. Pre-processing of 1967-8 dataset
required some information about the camera (focal length) and a Digital Elevation
Model of the earth’s surface. Flight information during acquisition (e.g. flight height
and coordinates) is another input, but in this case, all these information had been
removed from the air photo prints after acquisition by the HMGS for national
security reasons.

Several Ground Control Points (GCPs) were collected on the ground using
Differential Global Navigation Satellite System (GNSS) receivers providing sub-
centimetre accuracy. When possible, additional GCPs were identified from
topographic maps and contemporary satellite images. The digital Elevation Model
used was created by on-screen digitising of all 4m and in some areas 2m contour
lines, from scanned topographic maps of scale 1:5,000 purchased by the HMGS.
Interpolation of contour lines was performed using the Topo to Raster tool that is

embedded in ArcGIS 10 platform. The Topo to Raster and Topo to Raster by File tools
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use an interpolation technique specifically designed to create a surface that more
closely represents a natural drainage surface and better preserve both ridgelines and
stream networks from input contour data. The algorithm used is based on that of
ANUDEM, developed by Hutchinson et al. (1988, 1989, 1996, 2000, 2011) at the
Australian National University.

The contemporary vegetation cover was mapped using IKONOS satellite images
from the year 2007. Images consisted of 4 multispectral bands, three in the optical
spectral region and one Near Infra Red (NIR) band. All four bands were pan-
sharpened to 1m resolution using the 1m panchromatic band. lkonos images were
also used as a base for a more accurate georeferencing of the orthorectified air
photographs, using features that have not changed over decades (e.g. boulders). In
this way, changes in tree stands or shrubs were not misidentified due to small
displacements between images. All IKONOS images acquired were of good quality
with the exception of the north-east part of Gavdos Island that was shadowed by
clouds at the time of image acquisition. As a consequence the vegetation cover of
Sarakiniko could not be mapped with acceptable accuracy and was omitted from
analysis.

A final preparatory step before image analysis was to re-assess and refine the
borders of the study areas. Although the extent of the habitat in each of the sites
had been delineated earlier in action A4 of the Junicoast project, the present study
took into account the possibility that the habitat might have had a different (larger)

extent in historical times.

3.2 Geographic Information and Object-Based Image Analysis

Object-Based Image Analysis (OBIA) is a sub-discipline of Geographic
Information Science that has gained popularity over the last decade. It is devoted to
partitioning remote sensing (RS) imagery or other Geographic Information (Gl) into
meaningful image-objects, and assessing their characteristics through spatial,
spectral and temporal analysis (Blaschke et al., 2008). The use and applications of
OBIA has increased exponentially over the last decades as an alternative to

traditional pixel-based image classification. At its most fundamental level, OBIA
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requires image segmentation, attribution, classification and the ability to query and
link individual objects (e.g. segments) in space and time (Figure 2). The software that

was used to implement OBIA was Definiens eCognition 8.7.

Segmentation

MNetwork of Structures
of Interast

Image data

proper shape

proper classification

Classification

Figure 2. Object-oriented image analysis: the generic procedure (source: eCognition users

manual).

What essentially makes OBIA and eCognition object-oriented classification a
favourable method is that image analysis and classification is done in successive
reversible steps. In each step, new classes are created from yet unclassified objects
or nested within previously created classes using spatial characteristics of the objects
in addition to their reflectance values (e.g. shape, size, “relation to neighbouring”
objects).

For the coastal dune sites under investigation, eCognition was used to create
segments from high spatial resolution IKONOS images, together with the historical
air photographs. Weighting was set to be equal between all lkonos bands and air
photographs. After several trial and error tests the images were segmented using a
scale factor ranging between 10 and 50 depending on the extent of the site, shape
importance factor of 0.2 and compactness of 0.8 (Figure 3).

In the classification process the nearest neighbour method was chosen, based

on manually chosen samples. Although image segments were common, classification
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was done separately for historical air photographs and lkonos images. Due to the
nature of black and white air photographs, different vegetation types could not be
distinguished in a semi-automated procedure with acceptable accuracy. Therefore, it

was decided to differentiate only two classes namely vegetated and non-vegetated

land cover.
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|g = t & valus, the larger the resulting image
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Figure 3. Schematic diagram of Composition of Homogeneity Criterion for
segmentation and delineation of homogeneous landscape units in Definiens

eCognition software.

Classification results were subsequently imported into GIS (ArcGIS 10) in the
form of vector polygons. Further corrections were made in the attribute table using
visual image interpretation from field observations and air photo interpretation. The
historical and contemporary classification results were merged in ArcGIS to detect
changes. Final estimates of these changes were calculated and changes were
presented in maps. The legend of changes detected had four classes: (a)
unvegetated areas that continued to be open, (b) unvegetated areas that appear
vegetated in contemporary images, (c) vegetated areas that maintained their cover
and (d) vegetated areas that lost their vegetation cover. For all maps produced the

Hellenic Geodetic Reference Projection System (EGSA'87) was used.
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3.3 Snapshots of satellite images and air-photographs

Kedrodasos (Elafonisi): Ikonos image (left) and 1968 air photograph (right).
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A g
G 3 .

Falasarna Ikonos image (left) and 1945 air photograph (right).

East Chrysi site: Ikonos image (left) and 1968 air photograph (right).
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West Chrysi site: Ikonos image (top) and 1968 air photograph (bottom).
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4. Results

Estimates of vegetation cover changes in the coastal sand dunes with Juniperus
spp. priority habitat (2250*) in Crete showed that overall 80% of land cover did not
change. Vegetated land shows an overall increase in all habitats from 95.7 ha (42%)
to 117.7 ha (52%). Out of all sites under investigation, open areas that remained
open account for the 43% of the total 227 hectares. Vegetation cover was
maintained in 37%, it declined in 5% and increased in 15% of the total area.

Changes per site (Table 1) show in all areas that, the increase of vegetation
cover, was at least marginally greater than areas of decline. The most significant
changes can be seen in Lavrakas. It is the most densely vegetated site with 65%
cover in 2007. Vegetation cover has increased overall by 15 ha (~15%). This accounts
for more than 2/3 of vegetation increase in all sites (22 ha in total). Chrysi island sites
are 2" and 3™ in vegetation increase with 2.43 and 2.13 ha (West and East sites

respectively).

Table 1. Changes in vegetation cover in 2250* priority habitat sites.

Area (ha)
Vegetation Cover . . .
Change Lavrakas Ag. loannis Falassarna Kedrodasos Chrysi East Chrysi West
1945-2007 1945-2007 1968-2007 1968-2007 1968-2007 1968-2007

Maintained open
areas

Vegetation
decline
Vegetation
increase
Maintained veg.
cover

Total

30.11 (31%)
4.05 (4%)
19.10 (20%)

43.99 (45%)

97.25

14.57 (63%)
1.15 (5%)
2.97 (13%)

4.48 (19%)

23.17

2.122 (77%)
0.145 (5%)
0.333 (12%)

0.158 (6%)

2.758

5.267 (51%)
1.044 (10%)
1.365 (13%)

2.606 (26%)

10.282

18.8 (49%)  26.97 (49%)
2.74 (7%) 2.5 (4%)
4.87 (13%)  4.936 (9%)
12.14 (31%)  20.7 (38%)

38.55 55.106

Visual interpretation of resulting maps of each site (Maps 1-6) shows that the

observed increase in vegetation cover in all sites, except Lavrakas, is mainly due to
canopy increase. Decrease of vegetation cover is mapped mainly because of changes
in shape or displacement of canopy in the contemporary images e.g. changes in
shrub and tree architecture. Increase of diameter of canopy is most prominent in

Agios loannis and East Chrysi sites. Nevertheless, with the exception of one stand in
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Agios loannis (south-central part), no big trees or stands have entirely disappeared
over the last decades.

In Lavrakas, the significant increase in natural vegetation is found in the inland
side of the habitat in areas that used to be arable land and around the two main
streams crossing the habitat. Although Lavrakas shows typical signs of natural
regeneration due to land abandonment, natural vegetation increase (by the riverside

in particular), to some extent, is attributed to pine trees rather than Junipers.
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6. MAPS
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Land cover changes map of Agios loannis-Gavdos 2250* habitat (1945-2007)
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Map 2. Vegetation cover changes map of Agios loannis.
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Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete

Land cover changes map of Kedrodasos-Elafonisi 2250* habitat (1968-2007)
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Map 3. Vegetation cover changes map of Kedrodasos (Elafonisi).
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Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete

Land cover changes map of east Chrysi island 2250* habitat (1968-2007)
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Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete

Land cover changes map of west Chrysi island 2250* habitat (1968-2007)
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Deliverable A.4.1 “ Mapping historical land cover changes of habitat 2250* in Crete
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Land cover changes map of east Falasarna 2250* habitat (1968-2007)
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Map 6. Vegetation cover changes map of Falasarna.
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