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Abstract

The northAegean island Samothraki shows alarmingreparatory research andpem dialogue (Fischer
signs of inadequate grazing. Obtaining profound ari(owalski et al. 2011), the idea of SUSAKI a
comprehensive insights in land cover dynamics and itsansdisciplinary collaboration of different scientists and
spatial patterns are crucial to assure a sustainable futurengtitutions with members of the local communitwas
final |y become a me mb e-of- gradually sth&red! @it & wider §taup of inhabitants and the
Biosphere Programme. Therefore, earth observation d&iaal authories (Sustainable&Samothraki, 2016)

was analysed and discussed in context of the specific Iog%lmothraki has applied to become a UNESCO Biosphere
grazing regime. Time series of ecosystem pmperti‘?{seserve proposing an, alternative oisi of local

( NDVI ,) re V eal that tyfeanbd Sdelvea}orp])meﬁt?rom e rt])o({tomcpo. V& hBI i Sotsoprh er
separated in two periods. Between 12802, vast areas

L . . e future combines the concern for the environment with the
indicate decreasing vegetation cover, pointing out

hotspots of land cover degradation. After that (200 Cel(;dn cern of sustainable [ive
2015), most areas show recovering vegetation properties.

First dynamics run parallel thi a tremendous increase ofCurrently the application is pending. Nevertheless, the
livestock numbers. Second dynamics can rather §@mmunity councihas committed to follow operational
explained by declining animal numbers and changes pians in the direction of sustainability. SUSAKI wants to

daily grazing management. Today, absent Iandscaﬁ'@e comprehensive scientific guidance, supporting local
preservation efforts prevent sufficient pastur@itiatives and administrative units in their decision

productivity, decisive for abalanced as well as making processes. Findings on see@logical redtions

worthwhile land use. are key to help Samothraki ds
j - . ] to working out an alternative development model.
Sustainability transition of Samothraki SUSAKI 6s open framework inv

Like a pea in-midst the northernAegean Sea and resources from all sides (e.g. via citizen science
Samothraki harbours outstanding natural treasures. T;P]rgjects & workshops (CiSijjFischerKowalski et al,

isle enables unique ecological diversity, mainly becauggll)
of its rich waer resources and its heterogeneouBo plan a promising future for following generations and
landscape. to avert danger igliernatonal and e i

In the Mediterranean region pristine woodlands are rarcelfltural heritage, several potentially destructive pathways

especially on islands. T H'%"'{%ter_? !n paatr”‘”& ﬂng_omg rﬁsgarcp%ct'vw(go@ S st
courses and around the natural crystaér pools, typical be tz.;lk.en Into accou@.g. |scheKo'waIsk| et ?IT 201L;

old plane woodsRlatanus orientalis are settled. Far up Petr!d!set al, 2013; FischeKowalski and Petridis, 2016;

the hills of the centred Saosassif (1611m NN), last Petridis, 2016 and many more)

ancient oak populationgQ(ercus petraea& Quercus So far one can point out four main problems thaiatiere

pubescengsare still persistingBiel and Tan, 2014) Samothraki Island:
SuSakii A research effort to guide the island T Uncontrolled water extraction (pressure on estuaries)
towards a sustainable future 7 High dependence on imports (waste accumulation and
. . mismanagement) . Y~
Despite the wild charact § rToooc?ﬁnce%?rhteed tolirist sleaasor% &)Urdennor?inlfjrgst?ué{&eg °d

been inhabited since prehistoric times and is home ;to
about 2800 people today. After several years of

Overgrazing and loss of soils (erosion)



The CiSiSUSAKI-projects try to continuously present grazingpased land use systemie addresshie
investigate and tackle these challenges. From a natfw#owing research questions: What land  cover
conservation perspective, there is hardly any doubt thategories currently occur on Samothraki Island and how
overgrazing is the most serious issue to address. are they spatially distributed? What dynamic
spatiotemporal patterns of vegetation propertiesroedu

on Samothraki since the miB80ies? What is the
Grazing is the domiant land use on the island. More thaorrelation between specific spatiotemporal clusters of
half of the total area is rangelaffelichs, 2014)Only the  vegetation properties, predefined land cover types and
southwestern sedimentary plainand moderate hills areas currently indicating signs of overgrazing? Which
enable good conditions for cultivating wheat, olives dand use patterns that occurred sif®84 can be derived
grapes(FischerKowalski et al, 2011) The remaining from this?

areas are mainly unfenced rangeland, used for spatiall . L

extensive but quantitatively intensive livestock breeding=@rth - & Field Observation i

As a result, Mediterranean magehdifferent types of An embedded Remote Sensingpproach
phrygana and other vegetation formations resulting from i . .
grazing pressure dominate most areas of the e As Medlt.erranean land cover dynamics are. basically
and Tan, 20149)A Nat ur al vegetat Ihnléelgl W'tct] ncha@%smog tthﬁ rlagq( pse regine.g.

. . . Aranzabalet al, 2008 Roderet al, 2008; Plieninger,
occurs only in areas inaccessible to sheep and goats, €.

. SF naich and Kizos, 2011 is decisive toanalyseany
sheer ock and steep ravines. In general, the natural plan i ) ) ,
nd cover dynamics on the island in a broader social

o . . [
communities are at various levels of degradation due &
text. In the end, one ne

RN c
heav razi nag)o ebd. , . ) . . X )
y 9 ) ( PP complexity of socioeconomic and environmental drivers.

During the second half of the last century, many Greek

islands passed through substantial land use transitioﬁ(s),handle and scrutinise such aspects, a special multiple

followed by land cover changes that have often led f;l(pproach should help to imge our understanding

various degradation procesdesg. Hosteret al, 2002; concerning the aftermaths of highly dynamic grazing
Kizos, Plieninger and Schaich 2013)I}1 thé activities. In line with the concegts oci al i si ng t

Mediterranean Basjnintense grazing is a widespreaaando,p I xel .(Gl.aosghegaattau 199‘_3)““'3 study ,
phenomenon that can trigger severe patterns of Sgﬂmblngs (a) quantitative assessments with (b) qualitative
erosion. Al so Samothraklem(?%ddmgl'ocal pastor al system
experienced intensification processes leading {a) Uses earth observation data in different wayse
unsustainable land use patterns linked to inadequatarent stateof land cover (LC) and the former central

livestock managenm¢ (Fuchs, 2014)and triggering underlying dynamics were evaluated via remote sensing

Grazing as the key environmental pressure

erosion (Fig.1). (RS). RSapproaches on different scales have already
Today it seems that t he tneld st? adﬁsccfnges Ld pamss; ﬁf Medlterraneanm h ¢

! _ sysi’e
decoupled from its natural basis: A much too high numbga}ngelanc(sz-Delgadoe al, 2002,Hosqertet an 2002,

of undernourished and underutilized animals exploit aned_g' Hostert, Roder and Hill, 2003; Hill, Hostert and

degrade the rangelands and endanger the entire-socigocr: 2004; Rodest al, 2008; Stelimest al, 2010 ...

ecological equilibrim of Samothraki(Fetzel et al, Lasanta and Vicenierrano, 2012)The applied RS

submitted. This wasdemonstrated by a recent majord escribes Samothrakios sha

weather event(Sep. 2017) that triggered several vegetation propet i e s and ma pesplict oday

landslidesdemolished buildings and covered large partléc' categories.

of the main town with rocks and debriSustainable (b) Is based on grourduth assessments and the
Samothraki, 2016) comparison with socieconomic data. In consequence,

. . . . the RSresults and observed trends are interpreted within
Reliable information on livestock numbers are rare an )
e local process framewo(k.g. Lasanta and Vicente

estimate®f nourishment compositiamcertan (Fetzelet ; 2012and ultimatelyv relate their findi o th
al., submitted Fuchs, 2014)which makes it difficult to  S¢'1an0» 2012and ultimately relate their findings to the

link degradation processes and spatial impacts to epapkground of the Ic.>.cal grazmg regar(Ho§tertet al,
02; e.g. Hostert, Roder and Hill, 2003; Hill, Hostert and

census data. In consequence, the main aim of this stud}ﬁl_,s B
. s o ) oder, 2004; Udelhoven and Stellmes, 2007; Rétal,
to provide clarification and substantial information or)

land cover dynamics, as well as to obtain data on tl%go& Lasanta and Vicergerano, 2012)



Fig.1: Compilation of various erosion processes

coveron a smalscale level(Hostert, Réder and Hill,
2003; Hill et al, 2008; Lasanta and Vicer8errano,
2012)

Mapping discrete and continuous land cover
information from space

All RS-analyses are based on LANDSA¥atasets (L5
Y ( RS-based monitoring approaches for grazaifpcted

™, L7 ETM+ & L8 OLI), the longestunning land dt t basi iaregeret al
undertaking of earth observation satellites, providing frag geiands need to meet basic prerequigReseret al,

high-resolution data (30x30mjUSGS (United States 2008)t0ne IS t_o aptply _a sw?abl:: md'(;af[to; fotr grazmlg
Geologtal Survey) 2016) impact, especiyl to investigate related temporal

dynamics. For this, the Normalised Differential
The further analyses of LANDSAdata are based on twovegetation Index (NDVI) was chosen as a proper spectral
coremethods; (a) Spatially discrete land coveyegetation index for the TS. The NDVI is a widely used
classifications and (b) a tiveeries analysis of vegetation index, also for studies of sematural
continuousfield data on biophysical ecosystem propertiegnvironmers in the Mediterranean BasiCalvao and
(NDVI). The available oprrsource dataset was reviewedpalmeirim, 2004; Durante, Oyonarte and Valladares,
adequate data selected and-precessed. Atmospheric 2009; Helmaret al, 2015 and many othergyloreover
corrections imply TOA as well as DarObject the NDVI is commonly described as being a valid

Subtraction (DOSZH¥orrection (Congedo, 2015)The indicator to detect overgrazing on Mediterranean pastures
latter is suggested for vegetatinmiexbased analyses or (Papadavict al, 2013)

rather common land cover classificatiof®onget al,

2001) Further on, feasibility and availabilibf time courses was

checked. In general, the agt design of the applied TS
(a) Discrete land cover classification analysis follows a relatively simple targamiented

Unified LANDSAT 7 ETM+ imagery data of 2014 (Day Processing framework by just using one easent per
Of-Year 188) and 2015 (DOY 143) were used for ¥€&" This should enable an easy continuation of the
supervised L@lassification. This multemporal vegetation sensite time series (e.g. for future monitoring
detection enhances the sensibility of tassification, PUPOSES of various stakeholders). Therefore, one must be
because it covers summer as well as spring data. By usfipecially careful conceming the seasonal NDhadient

QGIS and its SemhutomaticClassificationPlugin  ©f t’he observed regiosprir]g (Maselli, 2004, p. 201;
(SCP) (Congedo, 2015) MaximumLikelihood Chéretet al, 2006; e.g. Chéret and Denux, 2Q1N)d-

classifications delivered a final vegetatiorap showing June to MidJuly (DOY 177- DOY 192) emerged e
nine discrete L@ypes. best choice ofime-period, because of (a) sufficient data

availability (corsistent weather) and (b) the suitable
(b) Timeseries analysis of ecosystem properties vegetation period. During this period, vegetation reaches
One main aim is to obtain spatiotemporal informatioh t s -@i p @ &Dkiante, Oyonarte and Valladares,
about dynamics of ecostem properties on Samothraki’zoog) intra.annual NDVidynamics stagnate and inter
covering a 36year period (1982015). Time series (TS) annual deviations are minimiséelg. Estelet al, 2015)
of LANDSAT footprints and trend statistics have alreadp0 June/Julys e e ms t o be ame tawpee o
been used to scrutinise gradual alterations in vegetation



period providing already less precipitation andypes, signs and indicators of degradation dynamics. In
simultaneously not yet much drought stress. total, 600 gedagged photographs were taken. In addition,

Dependent on the selected time course, cloud maski full-day boattrip around the island allowed to verify LC

was executed. Satellimalibrated NDVIvalues were aI%ng the Wh_OIte c_(l)_;lstllne. _nTh'S provided tanothe_rdzgo
calculated for a total of 16 dapmints. Linear reference points. €se -sfie assessments provide

interpolation of NDVidata gaps (due to clouds) improveoqual"[a_‘t've IMpressions a.nd reference information,
the data set. especially of alleged degrading land. At areithe latter,

| turned my attention to erosion patterns that are not
The conducted clustering methodology also allows dgetectable via remote sensing (Fig.1). A photographic
straightforward implementation of ¥&halysis, to group compilation of almost all L&hangehotspots helps to

pixels showing similar increase or decrease patterns #ase interpretation of the aggregated rersetesing
NDVI over time. This spatiotemporal clustering wagesults.

executed inR, using a Euclidian distance algorithm_ . ) ! . :
(Kmeans). The number of- cDIunl?% ttheet}mseof é'eeld\rm?rk\’/ g]ss!ghti'rntg Frrlle go%ale i s
of-s g u agrasliendof several iterations wiliclusters. grazing regime and common grazing management

Based on the indestevelopment of the resulting Clusterspractices were enriched via informal conversations with
a manual trendategorisation (TC) differs betweenlocals as well as with other researchers who are involved

clusters showi ng average dyng]mle%UsSAK}%r%eﬁt' inegati ve

hot s pot s odynanfics. Rd2itonal descriptve S g mot hr aki 6 s changing

statistics like absolute NDMlifferences helped to ) _
interpret the outcomes. Results offer (a) discrete, (b) continuous land cover

_ . _ information and (c) its fusion.
Finally, bothi discrete and continuotisEO-results were

merged. Their spatial intersection was evaluated {8)Land cover classes (2014)

deduce fluctuations in local land use history. Samothraki is characterised by a divel&® typical for

the seminatural Mediterranean landscaffég.3). Only

6.5 % are used for agricutal purposes. Seropen
Qualitative onrsite references and other ancillary dat@rassland (27.8%), with only few trees persisting, is the
were obtained duri fgiverS magkihdmthbnic¥se. 1tH “VBRRItributed but mainly
2016 (Sustainablesanothraki, 2016) fi Gr oumuwt dyQinresent as the vague zone of transition from thick

assessments are needed to verify the semamatically — shrypberies to areas covered by open grasses, invemme
detected LGypes, their corresponding training areagrming a vegetal belt on medium altitude (Fig.2: left,

(ROIs), and to document areas that show high dynamiggqdie to upper right section). Shrubland (20.1%),
of NDVI (esp. negative hotspots). primarily dense matorral & garrigue, occurs all over the
By foot, validation poits were set all over the island,island. In the southern part, this includes olive plantations
documented with a GP&mera. Continuous GPS or rather pseudmacchie.On the northern and eastern
photographs kept records of all vegetation, focusing @topes of the Mt.Saos, woodland and macchie (13.6%)

Verifying land cover from the ground

B0 . R o WP & A7k R 3
Fig.2: Dense carpet of Sarcopoterium spinosum on the smooth ridges west of Lakkoma (left) and bracken at the supposed t
mountainous terrain above Therma (right) (Soureew.orbitlab.gr/beta/samothraki)



b I
Xiropotamos™ " ;

LC-classes

Samothraki (2014)

I 1- Arable land

I 2 - Woodland and Macchie
I 3 - Shrubland

__| 4-Grassland (incl. semi-open phrygana, garrigue...)
| 5-Scattered grass and other little vegetation

| 6- Aegean phrygana

e : 2.5 5km
I 7 - Bracken fields [
I 3 - Bare soil Multitemporal LC-classification
9 - Water bodies via Semi-automatic Classification-Plugin in QGIS

Fig.3: Discrete land cover classes on Samothraki 2014 (verified by gnauihdssessments 2016)

dominate. Single patches can also be found in tla rocky terrains. It appears mainly around the lower
northwestern part (e.g. around Chora). Apart from thaamooth shaped foothills of the pasture farreged
there are small riparian vegetation stretches alonglages Alonia, Xiropotamos, Profitis llias and Lakkoma.
perennial stream and intermittent creeks (e.g. aroundHere intensified livestock breeding is concentrating
Ano Meria). Except for a few spots in the lowlands, opeffig.2: right,front section). West of Chora it is strongly
landscapes (scattered grass, 13.3%) appear almegiresented too. Aegean phrygana can also be found on
exclusively in mountainous terrain, between the barrerlleged farmland, indicating cropland abandonment. The
peaks and the serapen grassland belt. 6% of Samottiraklatter patterns occur primarily along the northwestern
show no land cover (bare soil). coast, as well as around Alonia and southwest of

Two LC-types deserve special consideration. At a cIos?e(r'rOpOtamOé'

l ook, this islandds vege t(BTrendcategpriastotebosystenkpropestiesdl®34s t h a
vast areas are dominated by -types caused by bush2015)
encroachment and weed invasion. Both can be Imkedﬁ%e TSclustering

results in 21 NDWjradients
specific former land use patter(idadjigeorgiou, 2011, b

clusters). Their indexed meaevelopment (Fig.4, left
e.g. Kizos, Plieninger @ahSchaich, 2013)(1) Bracken i . %g)e sts splite ipn . (tgh A )i i
fields (Pteridium aquiliuy ~ a p pear only intd two pﬁage%; a)'PgriodalplgB%OSZ and b) Period 2:

more humid northeastern half. Most of it occurs in remo%032015 The TSanalysis shows that during the first

areas on high altitudes, so around woodland borders and_ .. _.. . . .
) . ) } Investigation period vasareas indicate a substantial
on highaltitudes above the tree line (Fig.2:

rlght)'d wnturn trend of the vegetation state (e.g. hotspots of

Lowland.pastures (e.g. between Therma and Ano Mer.|§1 gzing). Since 20Q3nost parts of the island experienced
are also infested by closed cover patches of this undesire

d (2 & tori ) hich ch ori a’slightly increasing land covekccording tothe NDVI-
weed. (2) @rcopoterium spinosupwhich characterises developmentin P1 and P2five trend categories (TCs)

and domlngtes thg typical Aegea.m phrygana, oceurs fr%?ere derived This two-phased trendategorisation
low to medium altitudes but nat imountainous areas or

1 The low share of bracken and Aegean phrygana in these data shouldalbtin some lowland areas, bracken pogale can also overlap with
be mi sinterpreted. The i sl and b sAegeam gheygasa or ey bracken and under st or e
spinosum is not included in such a classical remote sensing assessment at
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Two-phased Trend-categories of NDVI-TS

(P1: 1984 - 2002 | P2: 2003 - 2015)
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Fig.4: Index developmen(i=1984/85)of single cluster meanourses 1982015 (lef), share of T-8ategories (leftand trend
categorised NDMheancourses of single clusters 198@15 ¢ight; coloured boxes indicate TC and show cluster number)

highlightsdynamics of single clustem different NDV}

TCs ismapped irFig.5.

s |

opes

of

Saos

and

al

lowlands. This dark green marked category ocaurs

trends in a range of 0.5 to 0.7 that indicatm@derate

increag since 2003 (T&t).
correspond with this trend category of vegetation sta}e

27.7%

of total

area

hotspot category consists of four clusters that are stacked
levels andclusters(red coloured that deviate fromthe on different NDVHevels, all with a severe indadecrease
general coursgFig.4, right).Finally, the spatial extent of from 1984 to 2002.

The mapping of clustered NDMime series (Fig.5)
TCs in detail Pdterns of stable development (38} are highlights the following finegativehotspots (HS,) of
mainly clusters with NDWMmeangradients between 0.7 severely changing L@roperties (TEL):

and 0.9. They are situated in the area of the northeastH

Mt .
w

S

Along a%n?taroun_d thFr\ seale&i road connecting Chora
i hnT%erma, Z‘in theldwlaRdS Setvéen Fgalleo\facﬁisr and
Therma, (3)at thefoothill slopes east of Therma, (#e

0 S ;
12.5% of Samothraki. Light green areas include NDVInearby upper catchment of Fonias river, i northern

slope of Kantaratika next to Ano Meria, @gas south of

Ano Meria, (7)around cape Kipos, (8)ast areas east of
he Vat os 6, (9) further mpstneeonubettveen

improvement. Yellow areas designate anbaguously Giali and Vatos river(10) on the southwestern slopes

vectored development, ranging from 0.3 to 0.5 in NDV:!lround Profitis llias.In addition, all southern

(TC-3). Until 2002, these areas show a minimal decreas

Vi

and since 2003 a relatively strong increase of NDVI.
Such time series patterns make up 34.8% of tie) Triangulation outcomes Spatial intersection and
investigated area. Areas marked asange indicate Syntheses:

noteworthy but relatively insignificant ND¥Mluctuations Synthesis products of L:@nd trend categories show that

since 1984. They consist of almost bare soil or less Vegeéﬁleciﬁc LGtypes

riparian

e . .
€getation generally shows a worrying development.

intersect with particular

NDVI

covered zones with NDWalues between 0:25 and  gyeyelopmentsand in turn areas wita certain NDVH

make up 15.5% of the overall area. Finally, red colourgfhnq are today covered by specific-tasses (Fig.6).
patches indiate areas of degrading tgatterns.

This

n



Fig.5: Trend categories of land cover pattern dynamics and hotspots (HSn) of vegetation degradation on Samoth&ki3984

TC1
TC-2
TC-3
TG4
1G5
TC0*

I Arable land* < 2 48 | 20 42 | 8 3 1 0

I Woodland & Macchie 1 2 1] a 0 1] 23| u - i] 0
I Shrubland 8 18 4 5 10 6 - ] <) o 1
H Semi-open grasslands 13 ' 13 | 24 - 20 | 20 0 1 0 1
H Scattered grass & other little veg. 13| 20 BN . 27 3 | 1 0 0 1} 0
H Aegean phrygana n|n 10| 6 . 16 B | 6 1] 1] 0 5
I Bracken fields 582 1 0 2| 0 . 5 . 13 0 0
HI Bare soil 4| 2 = 3 | 1 a l 1} 0 | 0 4 | 26
H Water bodies* 1] 1] 28 1 1 0 1] ‘ 0 i 0 74| 32
a) 0 D 100 % ...share of LCC (2014) showingparticularNDVI-trend (TC)

b) o W 100 % ...share of TC covered by this specificLCCin 2014

* highly anthrop. or noise affected (excluded for interpretation)

Fig.6: Intersection of NDVTrend categorie§TC) 198£2015and L&lasse014



