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U radu je analiziran geomorfoloski sustav koji ¢ine jaruga i Zalo Zogon na otoku
Hvaru s ciljem diferenciranja prirodnih i antropogenih procesa koji utje¢u na pro-
mjene Zala. Primjenom metoda ponovljene fotografije, orto-foto snimaka i teren-
skog kartiranja ustanovljeno je da se u razdoblju od 60-ih godina 20. stolje¢a do
danas povrsina zala Zogon smanjila za oko 50 %. Smanjenje Zala moze se povezati
s recentnim antropogenim djelatnostima na Sirem podrudju istraZivanja, osobito
viSestrukim nasipavanjem korita jaruge prilikom gradnje te manjim promjenama
u koritenju zemljiSta i prirodnom regeneracijom vegetacije $to uzrokuje smanje-
nje dohrane Zzala. S druge strane, preokret u evoluciji Zala u promatranom razdo-
blju, koje je po definiciji akumulacijski reljefni oblik, iz akumulacijskog ili stanja
ravnoteze u stanje dominantne erozije mozemo povezati s recentnim klimatskim
promjenama i izdizanjem relativne morske razine.

K1juCNE RIECE: Zalo, jaruga, obalna geomorfologija, promjene zemljisnog po-
krova, promjene kori$tenja zemljiSta, klimatske promjene, vinogradarstvo, Sveta

Nedjelja

The geomorphological system composed of a torrent and a beach on the Island
of Hvar was analysed with the aim to define natural and anthropogenic proc-
esses which influence changes in beach morphology. Using repeat photography
method, ortho-photo images and field mapping it was found that between the 60s
of the last century and the present, the Zogon beach reduced in size by approxi-
mately 50%. The reduction of the beach size can be related to the recent anthro-
pological activities in the wider study area particularly due to multiply filling of
the torrent bed during construction works and minor land use changes, as well as
due to natural reforestation which all cause a decrease in the supply of material to
the beach. On the other hand, the reversal of the beach evolution in the observed
period, which is, by definition the accumulative relief form, from the accumula-
tive state or state of balance, to dominant erosion, can be associated with recent
climate change and relative sea level rise.

KEey worDs: beach, torrent, coastal geomorphology, land cover changes, climate
changes, viticulture, Sveta Nedjelja
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UvOD

Recentne klimatske promjene veliki su problem
danasnjice te su stoga i Cesta istrazivacka tema.
Najbolje se uocavaju na podru¢jima koje covjek
dobro poznaje ili na podru¢jima za koja postoje
vizualni zapisi iz prijasnjih godina kao sto su fo-
tografije, videosnimke, slike krajolika i sl. Brojne
promjene vidljive su danas duZ isto¢ne obale Ja-
drana npr.: otapanje leda u planinskim speleolos-
kim objektima (Ledenica u Stirovadi) (Bocié 1
DR., 2012.), podizanje razine mora (FAIVRE I DR,,
2013.; Favre, Burorac, u tisku), poplave kao
posljedica oborinskih ekstrema (ABDULAJ I DR,
2014.; Gajié-Capka, CINDRICG, 2014.) ucestala
jaruzenja (FAIVRE 1 DR, 2011.), ¢esta olujna nevre-
mena i olujni uspori (MEPUGORAC I DR., 2015),
aktiviranje klizi$ta (FAIVRE 1 DR, 2013.; MIHALIC T
DR., 2017.) i mnoge druge.

Promjene se najprije i najlakse mogu primije-
titi duz obale, gdje se kopneni i marinski okolisi
ispreple¢u. Stoga su obale danas klju¢na geografska
podrudja, jer leze na sulelju klimatskih promjena
(KANIEWSKI I DR., 2016.). Obala je dinamicni ge-
omorfologki sustav koji povezuje procese u moru
i na kopnu. Procesi na kopnu iako izvan obalne
zone mogu znacajno utjecati na razumijevanje pro-
mjena na obali. Jedan od najdinami¢nijih obalnih
reljefnih oblika su zala. Naime, samo 20 % svjet-
skih Zala pokazuje danas relativnu stabilnost, dok
je ostalih 80 % u stalnim promjenama. Tendenci-
ja vedine danasnjih Zzala, njih 70 % je erozija, dok
samo 10 % svjetskih Zala raste (Birp, 2008.).

Zala su vrlo atraktivne zone s turisticke tocke gle-
dista. Posljednjih godina za njima je sve ve¢a potra-
znja zbog razvoja kupali$nog turizma te su antropo-
gene intervencije na njima sve ces¢e. Upravo stoga
razumijevanje geomorfoloskih promjena na obali
postaje jos vaznije za daljnje upravljanje obalnim re-
sursima na odrziv na¢in (WooDpROFFE, 2002.).

Zala su akumulacijska sedimentna tijela duz
obale koja ¢ine sedimenti razli¢ite velic¢ine, u ras-
ponu od vrlo finog pijeska, sljunka, valutica do
ponekad i gromada (Birp, 2008.). Isto¢na obala
Jadrana uglavnom je stjenovita, 90 % obale obli-
kovano je u karbonatima, a samo oko 6 % u eo-
censkom flisu (P1xeLy, Juraci¢, 2013.). Stoga je

i ve¢ina zala oblikovana u karbonatima. Iako po-
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INTRODUCTION

Recent climate changes are an important issue
today and therefore also a frequent research topic.
They are best observed in areas which people know
well, or in areas where there are visual records from
previous years such as photographs, footages, land-
scape pictures etc. Numerous changes can be ob-
served today along the eastern Adriatic coast e.g.
ice melting in mountainous speleological objects
(Ledenica in Stirovada, Bo¢ié et AL., 2012), sea
level rise (FAIVRE ET AL., 2013; Farvre, BuTorac,
in press), floods as a result of precipitation extremes
(ABDULAJ ET AL., 2014; Gajié-Carka, CINDRIG,
2014), frequent gullying (FAIvRE ET AL., 2011),
frequent storms and storm surges (MEPUGORAC ET
AL., 2015), activation of landslides (FAIVRE ET AL.,
2013; MIHALIC ET AL., 2017) and many others.

Changes can be first and best observed along
the coast, where land and marine environment in-
tertwine. Therefore, the coasts are key geographi-
cal areas today, as they lie at the of climate change
(KaNIEWSKI ET AL., 2016). The coast represents a
dynamic geomorphological system that connects
processes in the sea with those on land. Onshore
processes, although outside the coastal zone, can
have a significant impact on understanding coast-
al changes. One of the most dynamic coastal re-
lief forms is a beach. Namely, only 20% of global
beaches show relative stability today, while the other
80% are in constant change. The tendency of most
of today’s beaches is erosion (70%), while only 10%
of world beaches are growing (Birp, 2008).

Beaches represent very attractive zones from a
tourist point of view. There has been an increasing
demand for them in recent years due to the devel-
opment of bathing tourism. So, anthropogenic in-
terventions on the beaches are becoming more and
more frequent. Consequently, the understanding of
geomorphological changes on the coast is becoming
even more important for sustainable management
of coastal resources (WoODROEEE, 2002).

A beach is a shore accumulation of generally
loose, unconsolidated sediment, ranging in size
from very fine sand up to pebbles, cobbles and
occasionally boulders (Birp, 2008). The eastern
Adriatic coast is mostly rocky, 90% of its shores are
formed in carbonates and around 6% in Eocene
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stoje razliciti geomorfoloski tipovi zala (vidi npr.
PikeLry, Juracié, 2013.; MARRINER I DR., 2014.;
Ruzi¢ 1 bR, 2014.) velik broj zala duz isto¢ne oba-
le Jadrana formiran je u proluvijalnom materijalu
derazijskih dolina i jaruga (Juraci¢ 1 pr., 2009.;
FarvrRe 1 DR, 2011.; Ruzi¢ 1 DR, 2011.). Povreme-
ni tokovi donose materijal iz drenaznog bazena te
oblikuju plavine u kojima se na kontaktu s morem
formiraju zala. Stoga su kao i u ve¢ini slucajeva u
umjerenim $irinama, zala isto¢nog Jadrana formi-
rana ponajprije u sedimentu terigenog podrijetla
(P1razzour, 1993.). Tako morfoloske znacajke zala
duz isto¢ne obale Jadrana znacajno ovise o donosu
materijala s kopna (kao posljedica trosenja, jaru-
zenja, spiranja, uruéavanja, osipavanja) i utjecaju
mora na taj istaloZeni materijal. Polozaj i orijenta-
cija Zala u odnosu na dominantni smjer valova kao
i morfologija obale na kojem se Zalo nalazi imaju
iznimnu vaznost u definiranju morfodinamickih
obiljezja pojedinih Zala. No vrlo vazan ¢imbenik
morfologije Zala je i dinamika jaruZenja, koja su
sve intenzivnija i sve ucestalija pojava i time danas
uvelike utje¢u na morfologiju mnogih Zzala (npr.
FArvre 1 DR, 2011.).

Geomorfoloske promjene zala isto¢nog Jadrana
u razli¢itim prostornim i vremenskim mjerilima
sve su Ce$¢a istrazivacka tema (npr. RajCic 1 DR,
2010.; BENaCIDR., 2010.; FAlvREIDR., 2011.; RU-
71¢ 1 DR, 2011.; PIKEL] 1 DR., 2014.; PIKEL] I DR.,
2015.; LoNCAR I DR, 2016.; RuZi¢ 1 DR., 2017.).
Ovakva istrazivanja omogucuju pracenje recentnih
geomorfoloskih promjena na Zalima i njihove po-
vezanosti s antropogenim djelatnostima.

Zbog specifi¢nih geomorfoloskih obiljezja, zala
je pozeljno proucavati zasebno u krupnom mjerilu
(P1xELy, Juraci¢, 2013.). Tako je predmet istrazi-
vanja ovoga rada zalo Zogon u Svetoj Nedjelji na
otoku Hvaru. Zalo Zogon nastalo je s jedne strane
procesima jaruzenja te s druge strane, unazadnom
(regresivnom) erozijom kvartarnih breca u kojima
je zalo i oblikovano. U radu ¢e se analizirati vise
desetljetne promjene zala od 60-ih godina 20. sto-
lje¢a do danas. Provest ¢e se geomorfoloska pro-
¢jena promjene zala u razdoblju od oko $ezdeset
godina primjenom metode ponovljene fotografije
koriste¢i geografski informacijski sustav (GIS),
kartiranje uz pomo¢ GPS-a, te georeferenciranih
orto-foto snimaka iz 1968. i 2011. godine. Raz-

flysch (Pixery, Juracié, 2013). Consequently,
most of the beaches were formed in carbonate ma-
terial. Even if there are different kind of beaches
along the eastern Adriatic coast (see e.g. PIKEL],
JuracCié, 2013; MARRINER ET AL., 2014; RuZi¢ T
AL., 2014), a large number of beaches is formed in
proluvial material of small valleys and gullies (ra-
vines) (JURACIC ET AL., 2009; FAIVRE ET AL., 2011;
Ruzi¢ ET AL., 2011). The occasional streams bring
the material out of the drainage basin and create
fans in which the beaches are formed in the con-
tact with the sea. Therefore, as usual in temperate
zones, the beach material is primarily composed of
sediments of terrigenous origin (P1RAZZOLI, 1993).
Thus, morphological properties of beaches along
the eastern Adriatic coast relay on the supply of
terrigenous material as a result of weathering, gul-
lying, slope-wash erosion, rockfall and rockslide,
and on the impact of the sea on that material. The
position and orientation of beaches in relation to
the dominant wave direction as well as the mor-
phology of the shoreline are of utmost importance
in defining morphodynamic characteristics of a
particular beach. However, a very important fac-
tor of beach morphology is also the dynamics of
gullying, which is becoming more and more in-
tense and more frequent, and thus greatly affects
the morphology of many beaches (e.g. FAIVRE ET
AL., 2011).

Geomorphological changes of beaches along
the eastern Adriatic coast on different spatial and
temporal scales is a research topic which rises a lot
of interest today (e.g. Raj¢i¢ et L., 2010; Benac
ET AL., 2010; Farvre ET AL., 2011; RuZI¢ ET AL.,
2011; Pixery ET AL., 2014; PikeL) ET AL., 2015;
LONCAR ET AL., 2016; RuzI¢ ET AL., 2017). Such
surveys enable the observation of recent geomor-
phological changes of beaches and their associa-
tion with anthropogenic activities.

Due to their specific geomorphologic character-
istics, it is preferable to study each beach separately
and on a small scale (PikEL), JuracCi¢, 2013). This
research focuses on the Zogon beach at Sveta Ned-
jelja on the Island of Hvar. Zogon beach was created
by the processes of gullying, on one hand and, on the
other hand, by the regressive erosion of Quaternary
breccia in which the beach was shaped. In this pa-
per, decadal changes of the beach morphology from
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motrit ¢e se i antropogeni utjecaji, odnosno nacini
na koje ljudske djelatnosti utje¢u na zalo (promje-
ne u koriStenju zemljiSta i gradevinski zahvati).
Nepostojanje to¢nih zapisa inZenjerskih radova
Cesto otezava odvajanje prirodnih procesa od an-

tropogenih utjecaja.

PODRUCJE ISTRAZIVANJA

Hyvar je najduzi hrvatski otok s duljinom od 67,8
km, éetvrti po velicini s povrsinom od 297,4 km?

(DurLanc¢i¢ LEDER 1 DR., 2004.). Zapadni dio

the 1960s in the last century dill the present days
were analysed. The geomorphological assessment of
beach morphological change was conducted for the
period of about 60 years based on the method of
repeat photography using Geographic Information
System (GIS), GPS mapping, and georeferenced
ortho-photos from 1968 and 2011. Anthropogenic
impacts, that is the ways in which human activity
affects the beach (changes in land use and construc-
tion works) will be considered. The lack of accurate
records on engineering works makes the separation
between natural processes and anthropogenic influ-
ences rather difficult.

AR A W

BRAC
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SLIKA 1. Podrudje istrazivanja (a); Sire podrucje jaruge (b); terase s vinovom lozom i korito jaruge (c); Zalo Zogon (die).
F1GURE 1 Research area (a); larger area of the gully (b); terraces with vineyards and gully bed (c); Zogon beach (d & ¢).
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otoka doseze Sirinu od 10 km dok je isto¢ni dio
sirok samo 2,5 km. Obala je duga 254,2 km, a ko-
eficijent razvedenosti iznosi 4,14 te je poslije Du-
gog otoka najrazvedeniji hrvatski otok (BogNag,
1990.). Otok Hvar pripada skupini srednjodalma-
tinskih otoka. Otoci srednjodalmatinske otocne
skupine specifi¢ni su po svojem pruzanju u smjeru
zapad — istok. Taj smjer je najistaknutiji kod otoka
Hyvara te cijela skupina otoka nosi naziv ,hvarska“
(RoGLrié, 1977.). Maksimalne dubine mora oko
otoka Hvara dosezu 87 m u hvarskom kanalu na
sjeveru i 63 m na jugu u kor¢ulanskom kanalu.
Zalo Zogon nalazi se na juznoj obali otoka, u pod-
nozju najviseg vrha otoka Hvara (Sv. Nikola — 628
m) u mjestu Sveta Nedjelja (SL. 1.).

GEOLOSKA I GEOMORFOLOSKA
OBILJEZJA

Otok Hvar izgraden je ponajprije od stijena na-
stalih taloZenjem u plitkom moru kao dio nekadas-
nje mezozojske karbonatne platforme (MARINCIC,
1995.; VLaHOVIC 1 DR, 2005.). Opéenito, otok
predstavlja veliku prebacenu antiklinalu izgradenu
od karbonatnih stijena kredne starosti, navucenih
na juznom dijelu otoka, na srednje eocenske dubo-
komorske pjescenjake i lapore (SI. 2) (MARINCIC,
MajcEN, 1976.).

Najstariji izdanci pripadaju donjoj kredi i oni se
nalaze na zapadnom dijelu otoka, na podru¢ju Pi-
tava, Vrisnika, Sviraca, Selca i Velog Grablja. To su
smedesivi dobro uslojeni dolomiti s rijetkim pro-
slojcima i tanjim le¢ama vapnenca, te dobro uslo-
jeni vapnenci debljine od oko 200 m (HERAK 1 DR,
1976; Borovi¢ 1 DR., 1977).

Gornjokredne naslage predstavljene su svijetlosi-
vim, slabo uslojenim dolomitima, debljine slojeva
od oko 1 m. Na svijetlosive dolomite nastavljaju se
dobrouslojeni smedesivi vapnenci. Na perifernim
dijelovima krila osnovne oto¢ne antiforme nalaze
se i dobro uslojeni i gromadasti rudistni vapnen-
ci debljine oko 600 m. To su svijetlosmedi i bijeli
vapnenci s tankim le¢ama dolomita (HERAK 1 DR,,
1976.).

Sedimenti iz razdoblja paleogena istalozeni su
na okr$enoj krednoj stijenskoj podlozi s mjesti-

mi¢nim naslagama boksita. Nalazimo ih samo na

RESEARCH AREA

Hvar is the longest Croatian island with a length
of 67.8 km, and the fourth in size with a surface
of 297.4 km? (DupLANCIC LEDER ET AL., 2004).
The western part of the island reaches the width of
10 km while the eastern part is only 2,5 km wide.
The coastline is 254.2 km long with the indenta-
tion coeflicient of 4.14. Following the Island of
Dugi otok it is the most indented island of Croatia
(BogNar, 1990). The Island of Hvar belongs to
the group of Central Dalmatian islands specific by
its west-east spreading direction. As this spreading
direction is most prominent on Island of Hvar, the
whole group of islands is named “Island of Hvar
group” (RogLi¢, 1977). The maximum sea depth
around the Island of Hvar reaches 87 m in the
Hvar Channel in the north and 63 m in the south
in the Korcula Channel. Zogon beach is located on
the southern coast of the island, at the foot of the
highest peak of Island of Hvar (Sv. Nikola - 628 m)
in Sveta Nedjelja (Fig. 1).

GEOLOGICAL AND
GEOMORPHOLOGICAL
PROPERTIES

Island of Hvar is composed mainly of rocks that
were created by deposition in the shallow sea as
part of the former Mesozoic carbonate platform
(MARINCIC, 1995; VLAHOVIC, ET AL., 2005). Gen-
erally, the island represents a large overturned an-
ticline composed of Cretaceous rocks thrust along
the southernmost part of the island over the Mid-
dle Eocene deep-water sandstones and marls (Fig.
2) (MARINCIC, MAJCEN, 1976).

The oldest outcrops belong to the lower Creta-
ceous and they are located in the western part of
the island, in the area of Pitve, Vrisnik, Svirce, Selce
and Velo Grablje. Those are brownish well-layered
dolomites with scarce interlayers and thin lenses of
limestone as well as well-layered limestones around
200 m thick (HErak ET AL., 1976; Borovi¢ ET
AL., 1977).

The upper Cretaceous deposits are represented
with light grey, low-layered dolomite (layer thick-
ness of about 1 m). On light grey dolomite, the
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podru¢ju izmedu Hvara i Milne, Zara¢a, oko Za-
vale te uz obalu Svete Nedjelje. Paleogenske nasla-
ge ¢ine foraminiferski vapnenci, prijelazni lapori te
dubokomorski pjes¢enjaci i lapori (PavELIC 1 DR,
2011.). Paleogenski flis od velike je vaznosti za sta-
novni$tvo otoka jer je dobra poljoprivredna osnova
(plodno tlo) (RogLi¢, 1977.).

Kvartarni sedimenti nalaze se na sjevernoj padi-
ni otoka (SI. 2.) u podru¢ju Starigradskog polja,
Vrbanja, Jelse i Vrboske, te na juznoj strani na po-
drudju Zavale i Svete Nedjelje (MaRKOVIC-MAR-
JANOVIC, 1976.; MARINCIC, MAJCEN, 1976.; Bo-

well-layered brownish limestones continue. On
the peripheral parts of the limbs of the main is-
land anti-form there are also layered bulky rudis-
tic limestones about 600 m thick. Those are light
brown and white limestones with thin dolomite
lenses (HERAK ET AL., 19706).

Palacogene sediments are deposited above the
karstified surface of Cretaceous rocks with some
pockets of bauxite. They can be found only in the
area between Hvar and Milna, Zarace, around Zav-
ala and near the coast of Sveta Nedjelja. Palacogene

deposits are composed of foraminiferal limestones,

d | Eq
Zalo Zogon

|o 4km|

°| Aluvij / Quaternary
uvial deposits /

Deluvij / Quaternary
| deluvial deposits /

Lapori s tprosl<)]t>|ma
foraminiferskih vapnenaca
" | Eocene marls /

n Foraminiferski vapnenci
/ Foraminiferal marls /

=5 Uslojeni i gromadasti
vapnenci - senon
/ Senonian limestones /

E’ Vapnenci - turon

/ Turonian limestones /
Dolomiti s proslojcima i
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Cretaceous limestones /
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Cretaceous dolomites /

Kartografija : 1. Renduli¢ 2017.
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/ Eatl:)n or IIarger I9ssure
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getemgunedg/

Celo ljuske : utvrdeno i
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Es

SLIKA 2. Geoloska karta dijela otoka Hvara (Izvor: Marinéié, Majcen, 1976.)
F1GURE 2 Segment of the Island of Hvar geological map (Source: Marinéié, Majcen, 1976.)

GNAR, 1990.).

Koluvijalne naslage predstavljene su siparisnim
bre¢ama, a uglavnom su rasprostranjene na juznoj
padini Hvara u okolici Svete Nedjelje i Zavale. Na
Hvaru se razlikuju tri ,,generacije® sipara: 1. crveni
sipari oblikovani od vapnenaca i dolomita poveza-
ni crvenicom, 2. sipari oblikovani od nezaobljenih
vapnenaca i dolomita povezani lesnim materijalom
te 3. najmladi sipari smjesteni na najvi$im i najstr-
mijim dijelovima Hvara (MaRKOVI¢-MARjANOVIC,
1976.).

U okviru kvartarnih sedimenata takoder su zastu-
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transitional marls and deep-water sandstones and
marls (PAVELIC ET AL., 2011). Palacogene flysch
is of great importance for island population as it
constitutes a good agricultural base (fertile soil)
(RogLié, 1977).

Quaternary deposits can be found on the north-
ern side of the island (Fig. 2.) on the area of the
polje of Stari grad, Vrbanj, Jelsa and Vrboska, and
on the southern side on the area of Zavala and Sveta
Nedjelja (MARINCIC, MAJCEN, 1976; MARKOVIC-
MarjaNovié, 1976; BogNar, 1990).

Colluvial deposits are represented with slope



S. Faivre, M. Miéunovié 22 /2 (2017) 165-192

pljeni eolski (PavELIC 1 DR., 2011.) te proluvijalnii  breccia which is mainly present on the southern
aluvijalni sedimenti (BoGgNAR, 1990.). Proluvijalne  slope of Island of Hvar near Sveta Nedjelja and
plavine nalazimo osobito na podru¢ju izmedu Sve- ~ Zavala. On the Island of Hvar three generations
te Nedjelje i Zavale u ¢ijem su materijalu oblikova-  of talus breccia can be distinguished: 1) red scree
na 7ala, dok su aluvijalni sedimenti najzastupljeniji ~ cones breccia formed of limestone and dolomite
u Starigradskom polju te na podrudju Jelse i Pitava  consolidated by terra rossa, 2) scree cones brec-
(BoGgNAR, 1990.). cia formed of not rounded limestones and dolo-
Hvar je izduzenog i asimetri¢nog oblika, na isto-  mite consolidated with loess material, and the 3)
ku jednostavan, a prema zapadu postaje visi, $iri i~ youngest scree cones breccia located on the highest
slozeniji (RoGLI¢, 1977.). Juina strana otoka jestr-  and steepest parts of Island of Hvar (Markovi¢-
mija i jednostavnija, dok je sjeverna strana slozeni- ~ MarjaNovIC, 1976).
ja i ras¢lanjenija (S1. 3). Na njoj se istice Starigrad- Quaternary sediments also includes aeolian
sko polje smjesteno izmedu glavnog hrpta Hvarai  (PAVELIC ET AL., 2011), alluvial and proluvial sedi-
poluotoka Kabla. Polje je djelomi¢no potopljeno  ments (BoGNAR, 1990). Proluvial fans are found
(RogLi¢, 1977.) i danas je na tom mjestu duboko  especially in the area between Sv. Nedjelja and Za-
uvuceni Starigradski zaljev. Danasnji izgled relje-  vala, in whose material, beaches have been shaped,
fa dokazuje snaznu strukturnu predispoziciju kao  while alluvial sediments are most common in the
i dugotrajan utjecaj egzogenih sila na oblikovanje  Starigradsko polje and in the area of Jelsa and Pitve
reljefa, a litoloska obiljezja dodatno utjecu na dife-  (BogNar, 1990).
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SLIKA 3. Poprecni topografski profil Starigradsko polje — vrh Sv. Nikola — 2alo Zogon
F1GURE 3 Transversal topographic profile polje of Stari Grad — St. Nikola peak — Zogon beach
rencijaciju aktualnih reljefnih oblika. Hvar is of elongated and asymmetrical shape,
Najvise visine od preko 500 m nalaze se u sre-  whose eastern part is simple while it becomes
disnjem dijelu otoka gdje je smjesten najvisi vch  higher, wider and more complex toward the west
(Sv. Nikola). Grebenom se otok moze podijelitina ~ (Rogrié, 1977). The southern side of the island
juznu i sjevernu stranu. Na Hvaru je zastupljeno  is steeper and simpler, while the northern side is
svih Sest kategorija nagiba (BogNaR, 1990.). Naj-  more complex and segmented (Fig. 3). Polje of Stari
vedi nagibi nalaze se podno hrpta te na klifovima  Grad is well distinguished and is located between
uz more (< 55°), a najmanji se javljaju u Starigrad-  the major ridge of Hvar and Kabal peninsula. The
skom polju i zaravnjenim dijelovima pobrda Rudi-  polje is today partly submerged (Rogrié, 1977)
ne — Kabal (> 2°) uz izuzetak strmijih primorskih  and the well indented bay of Starigrad is formed.

padina na Kablu (5 — 12°) (M1c¢unovié, 2017.). Recent relief forms testify on strong structural pre-

Na otoku dominira krski i fluviokrski reljef, a  disposition as well as the long-lasting exogenous
oblik otoka i veliki nagibi pogodovali su aktivira-  forces which influence relief development. Litho-
nju brojnih geomorfoloskih procesa. Fluviodenu-  logical properties additionally influence different
dacijski i akumulacijski procesi isti¢u se na sjever-  evolution of actual relief forms.
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noj strani otoka u blizini Jelse i Dola. Vezani su za
aktivnost povremenih tokova (bujica) koji oblikuju
derazijske doline. Padinski procesi karakteristi¢ni
su za sve padine na otoku, no njihov intenzitet ve¢i
je na strmijim padinama gdje uglavnom sudjeluju
dolomiti koji su mehanicki trosniji od vapnenaca.
Procesi koji se najéesce javljaju su osipanje, urusa-
vanje, spiranje i jaruzenje iz kojih nastaju primar-
no sipari i plavine. Jaruzenje je najintenzivnije na
juznoj strani otoka. U okolici te isto¢no od mjesta
Zavala nalazi se i najve¢i broj jaruga njih ¢ak 9 —
10 na km?* (BoGNAR, 1990.). Na sutoku jaruga u
more oblikovane su proluvijalne plavine. Na isto¢-
nom dijelu otoka javljaju se $krape i pli¢e ponikve
(BoGNAR, 1990.) te speleoloski objekti. Fluviokrski
reljef zastupljen je u obliku zaravni i brojnih suhih
dolina na sjevernoj padini otoka (MARKOVIC-MAR-
jANOVIC, 1976.; BogNAR, 1990.).

Na juznoj obali Hvara isti¢u se strukturno pre-
disponirani klifovi najizrazeniji zapadno od grada
Hvara i Svete Nedjelje. Abrazijski utjecaj na klifove
je mali s obzirom na to da im je baza u dubokom
moru te je utjecaj valova neznatan. Ujedno treba
istaknuti da je danasnja obala Jadrana relativno
mlada (BENAC, JurRaCIC, 1998.; FArvRe, FOUACHE,
2003.; Suric, 2009.).

Gledajuéi otok u ¢jelini, najrasprostranjenije su
stjenovite niske obale oblikovane u monoklinalnim
i horizontalno polozenim slojevima. Niske obale
oblikovane u klasti¢nim sedimentima znatno su rje-
de zastupljene (BoGNAR, 1990.) i predstavljaju izni-
mno mali dio ukupne duljine obale otoka Hvara.

Jaruga na podrudju istrazivanja oblikovana je u
dolomitima kredne starosti dok je samo Zalo Zo-
gon oblikovano u kvartarnim bre¢ama na kontak-
tu s eocenskim laporima duz éela ljuske (SL. 2.).
Materijal hranjenja zala je terigenog podrijetla, to
su kvartarne brece i buji¢ni, to jest proluvijalni ma-
terijal. Budu¢i da je zalo juzne ekspozicije, izlozeno

je valovima iz juznog kvadranta (S. 1.1 7.).
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The highest elevations above 500 m are located
in the central part of the island where the high-
est peak (St. Nikola) is located. The island can be
divided into the southern and northern side along
the major ridge. All six categories of slope incli-
nation are present on Island of Hvar (BogNag,
1990).The highest slopes are found at the foot of
the ridge and on the sea cliffs (< 55°), while the
smallest appear in the polje of Starigrad and the
levelled area of the hilly part Rudine - Kabal (> 2°)
with the exception of the steeper slopes of Kabal
(5-12°) (M1¢unovié, 2017).

Karstic and fluviokarstic forms dominate on the
island. The shape of the island and steep slopes fa-
voured the activation of numerous geomorphologi-
cal processes. Fluvio-denudational and accumula-
tion processes are prominent on the northern side
of the island near Jelsa and Dol. They are related to
the occasional flows which form small valleys. Slope
processes are widespread but their intensity is much
more important on steep slopes formed mainly in
dolomites which are mechanically more suscepti-
ble to weathering than limestones. The most com-
monly occurring processes are rockslide, rockfall,
slope-wash erosion and gullying, which primarily
form scree cones and fans. Gullying is most intense
on the southern side of the island. In the vicinity of
Zavala there is the largest number of gullies, even
9-10 on km? (BogNAR, 1990). On the confluence
of gullies with the sea proluvial fans are formed. In
the eastern part of the island karrens are widespread.
Shallow dolines (BogNAR, 1990) and speleological
objects can be also found. Fluviokarst relief is repre-
sented with erosional plains and numerous dray val-
leys on the northern slope of the island (Markovic-
Marjanovié, 1976; BogNaRr, 1990).

On the southern shores of Island of Hvar, westward
from Hvar town and Sv. Nedjelja, structurally predis-
posed cliffs are the most prominent features. As those
are plunging cliffs, the influence of waves is negligi-
ble. At the same time it should be noted that today’s
Adriatic coast is relatively young (BENAC, JURACIC,
1998; Farvre, FouacHE, 2003; Suric, 2009).

Looking at the island as a whole, low sloping
rocky coasts formed in monoclinal and horizontal
layers are the most widespread. The low sloping
shores formed in clastic sediments are significantly
less present (BoGNAR, 1990) and represent an ex-
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KLIMATSKA OBILJEZJA
OTOKA HVARA

Meteoroloska postaja Hvar biljezi podatke od
1858. godine te je jedna od najstarijih meteoro-
loskih postaja u Hrvatskoj (Maxkjani¢, VOLARIC,
1977.). Podaci su kontinuirani od 1867. uz kratku
stanku za vrijeme Prvoga i Drugoga svjetskog rata.
Postaja se nalazi na juznoj obali otoka (43°10° N
116°27’ E) u gradu Hvaru, a udaljena je samo 15
km od podrudja istrazivanja.

Zahvaljujudi svojem geografskom polozaju, kao i
ostali srednjodalmatinski otoci, Hvar ima sredoze-
mnu klimu, to¢nije prema Kopenovoj klasifikaciji
klimu masline — Csa (ZaNINOVIC I DR., 2008.) §to
je vidljivo na klimadijagramu (SL 4.). Specifi¢nost
klime masline su suha razdoblja u toplom dijelu
godine, gdje najsusi mjesec ima manje od 40 mm
padalina. Takoder, klimu obiljezavaju vruca i izra-
zito vedra ljeta, te blage, kiSovite i vjetrovite zime
(ZaNiNovIC 1 DR, 2008.).

S obzirom na reljef i njegovu izduzenost na

tremely small part of the total length of the coast
of Island of Hvar.

The gully at the studied area is formed in dolo-
mites of the Cretaceous period while the Zogon
beach is formed in Quaternary breccia at the con-
tact with Eocene marls along the thrust front (Fig.
2). The nourishment material of the beach is of
terrigenous origin, those are Quaternary breccia
and torrential proluvial material. As the beach is of
southern exposure it is exposed to waves from the
southern quadrant (Figs. 1 and 7).

CLIMATIC PROPERTIES OF THE
ISLAND OF HVAR

Meteorological station Hvar has been recording
data since 1858 and is one of the oldest meteoro-
logical stations in Croatia (MAKJANIC, VOLARIC,
1977). The data have been continuous since 1867
with a short break during the First and Second
World War. The station is located on the southern
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SLIkA 4. Klimadijagram za Hvar (1867. — 2015.) (Izvor: DHMZ)
Ficure 4 Climatic diagram for the meteorological station Hvar (1867 — 2015) (Source: Croatian Meteorological and

Hydrological Service — CMHS)
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otoku postoje mikroklimatske razlike. Najizra-
zenije su razlike izmedu sredista i obale te isto¢-
nog i zapadnog dijela otoka. Otok Hvar cesto je
nazivan i ,suncani Hvar®, jer biljezi najveéi broj
suncanih sati u Hrvatskoj. Dugogodisnji prosjek
(1952. — 2015.) insolacije iznosi 2735,8 h/god,
dok npr. godi$nji ekstrem iz 2003. godine dose-
ze vrijednost od 3054,3 h/god (DHMZ). Prema
podacima DHMZ-a, najveca insolacija karakteri-
sti¢na je za srpanj ¢iji dugogodis$nji prosjek iznosi
369,7 h. Najmanja insolacija, s obzirom na du-
ljinu trajanja dana te pove¢anu naoblaku karak-
teristi¢na je za prosinac, ¢iji prosjek iznosi 117,2
h (DHM?Z).

Na godi$nji hod temperature utjece insolacija,
geografski polozaj, udaljenost od mora i vjetar. Iz
klimadijagrama, koji pokazuje prosje¢nu tempera-
turu zraka (1867. — 2015.) za sto Cetrdeset osam
godina, vidljivo je kako je srednja temperatura
zraka najhladnijeg mjeseca, sije¢nja, 8,7 °C, dok je
srednja temperatura najtoplijeg mjeseca, srpnja, 25
°C. Najvedi utjecaj na temperaturu zraka ima ma-
ritimnost. Zime su blage, ljeta nisu izrazito vruca,
a amplituda temperature je manja nego na konti-
nentalnom podrudju.

Zahvaljuju¢i podacima DHMZ-a meteoroloske

shore of the island (43° 10’ N and 16° 27’ E) in
the town of Hvar and is only 15 km away from the
research area.

According to its geographic position, as well as
other Central Dalmatian islands, Hvar has a Medi-
terranean climate, according to Kopen’s classifica-
tion — the Olive Climate — Csa (ZANINOVIC ET AL.,
2008) what is visible on the climatic diagram (Fig.
4). The specificity of the olive climate is a dry pe-
riod in the warm part of the year, where the dri-
est month has below 40 mm precipitation. Also,
this climate type is characterized by hot and very
clear summers, and mild, rainy and windy winters
(ZANINOVIC ET AL., 2008).

According to the elongation of the island and its
relief properties there are microclimate differences.
The most prominent are the differences between
the centre and the coast of the eastern and west-
ern parts of the island. The Island of Hvar is often
called the “sunny Hvar” because it records the larg-
est number of sunny hours in Croatia.

The long-term average (1952 — 2015) of insola-
tion is 2735.8 h/year, while for example the annual
extreme of 2003 reaches 3054.3 h/year (CMHSY).
According to CMHS data, the largest insolation

is characteristic for July, whose long-term average
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SLIKA 5. Progjecna godisnja temperatura zraka za razdoblje 1867. — 2015. za postaju Hvar. Podaci po godinama
prikazani su punom, a linearni trend iscrtkanom linijom (Izvor: DHMZ)

FiGURE 5 Average annual air temperature for the period 1867 — 2015, Hvar meteorological station. The yearly data are
shown in full line while the linear trend is drawn in dotted line (Source: CMHS)
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postaje Hvar, iz grafa temperature zraka (Sl 5.)
vidljiv je trend porasta temperature za otprilike
1 °C. Porast temperature zraka upucuje na zagri-
javanje $to dovodi do razli¢itih promjena poput
npr. poveéanja ekstrema padalina (PATARCIC 1 DR.
2014.) i opéenito sve e$¢e pojave ekstremnih do-
gadaja razlic¢itih vrsta.

U skladu s klimom masline, godisnji hod padali-
na ima istaknuti maksimum u studenom i prosin-
cu (oko 102 mm) te minimum ljeti, u srpnju (22,6
mm) kada je temperatura zraka najvisa. Prema
podacima DHMZ-a (1867. — 2015.), prosje¢na
ukupna godisnja kolic¢ina padalina na postaji Hvar
iznosi 755 mm.

Koli¢ina padalina raste od puéine prema kopnu
te ovisi o reljefu. Znatne su razlike izmedu kolici-
ne padalina na zapadnom i isto¢nom dijelu oto-
ka. Zapadni dio otvoren je prema pudini, dok je
isto¢ni dio pod utjecajem velikog planinskog ma-
siva Biokova, $to utjece na porast koli¢ine padalina
idud¢i od zapada prema istoku. Na krajnjem istoku
prosje¢na ukupna koli¢ina padalina iznosila je npr.
za 1974. godinu ¢ak 1110 mm (Makjanié, Vora-
rRi1¢, 1977.).

Od vjetrova prevladavaju jugo, bura i maestral.
Bura se javlja cijele godine, ali je najizrazenija zimi
i najviSe utjece na sjevernu stranu otoka, dok je
juzna obala zasti¢ena. Vjetrovi iz jugoisto¢nog kva-
dranta (najvise jugo) dominantno utje¢u na juznu

stranu otoka. Jugo dominira u hladnoj polovici go-

WNW ENE
w E
WSwW ESE
m jak vjetar
strong wind
B umjeren vjetar
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SLIKA 6. Ruza vjetrova za postaju Hvar u razdoblju od
1867. do 2015. godine (Izvor: DHMZ)

F1GURE 6 Wind rose for Hvar meteorological station for
the period 1867- 2015 (Source: CMHS)

is 369.7 h. The slightest insolation, given the du-
ration of the day and the increase in cloudiness,
is characteristic for December, whose average
amounts to 117.2 hours (CMHS).

The annual temperature is influenced by insola-
tion, geographical position, distance from the sea
and the wind. From the climatic diagram, which
shows the average air temperature (1867 - 2015)
for a period of 148 years, it can be seen that the
mean air temperature in the coldest month of Jan-
uary is 8.7 °C, while the mean temperature of the
hottest month, July, amounts to 25 °C.

The graph of air temperature (Fig. 5) reveals a
trend of rising temperature for about 1 °C dur-
ing the period of measurement. The increase in
air temperature indicates warming, which results
in different changes such as increasing rainfall ex-
tremes (PATARCIC ET AL., 2014) and generally more
frequent occurrences of different extreme events.

According to the climate of olive, the annual rain-
fall has a peak in November and December (about
102 mm) and a minimum in summer, in July (22.6
mm) when the air temperature is highest. According
to CMHS data (1867 - 2015), the average annual
total rainfall at the Hvar station is 755 mm.

The amount of rainfall increases from the open sea
to the land and depends on relief properties. There
are also significant differences between precipita-
tion amounts on the western and eastern part of the
island. The western part is open towards the open
sea, while the eastern part is under the influence of
the mountain Biokovo, which affects the increase in
rainfall from the west to the east. At the eastern end,
the average total rainfall was, for example, in 1974,
up to 1110 mm (Makjani¢, VoLArIC, 1977).

On the study area sirocco, bora and mistral wind
predominate. Bora occurs throughout the year,
but is most prevalent in winter and mostly affects
the northern side of the island. Winds from the
southeast quadrant (mostly south) dominate at the
opposing side of the island. Sirocco dominates in
the cold part of the year. In the summer, a mistral
appears which brings freshness and alleviates the
summer heat.

The main wind blowing directions are modified
by relief (Peljesac, Kor¢ula, Sé¢edro, Pakleni otoci).
The influence of the sirocco is different on the
western and eastern part along the southern side
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SLIKA 7. Prosjeina godisnja temperatura mora na mjernoj postayi Huvar 1964. — 2015. godine i linearni trend (Izvor: DHMZ)
F1cUrE 7 Average annual sea temperature at the Hoar station 1964-2015 and linear trend (Source: CMHS)

dine. Ljeti se javlja maestral koji donosi svjezinu i
ublazava ljetnu vruéinu.

Smjerovi puhanja glavnih vjetrova modificira-
ni su reljefom (Peljesac, Korcula, Séedro, Pakleni
otoci). Utjecaj juga na zapadni i isto¢ni dio juz-
ne strane otoka je razli¢it. Jugo ima znatno ma-
nji utjecaj na isto¢nom dijelu juzne strane otoka
za razliku od zapadnog dijela koji mu je izravno
izlozen. U otvorenom moru privjetrista su duga
te su valovi vedi. Visina najviSega izmjerenog vala
za vrijeme juga na podrudju Srednjeg Jadrana
iznosila je 8,4 m (Peljar za male brodove I dio,
2002.).

Prema podacima postaje Hvar, izradena je ruza
vjetrova od pocetka mjerenja do danas (1867. —
2015.), iz koje je vidljivo kako su najucestaliji i
najjaci vjetrovi iz jugoisto¢nog kvadranta (SI. 6.),
dok su sjeveroisto¢ni te sjeverozapadni i zapadni
vjetrovi ne$to manje izrazeni. Vidljiv je takoder
znacajan utjecaj sjevernog vjetra karakteristican za
otvoreno more. Ce$di je i ja¢i zimi nego ljeti (PEN-
ZAR I DR,, 2001.).

Prema podacima DHMZ-a o temperaturi mora
za postaju Hvar, od 1964. do 2015. prikazanima
na Slici 7. vidljiv je i porast temperature mora za
1,1 °C u promatranom razdoblju.

Podrugje istrazivanja spada u kategoriju mikro-
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of the island. Sirocco has a much smaller impact
on the eastern part of the southern side, unlike the
western part that is directly exposed to it. In the
open sea the fetches are long and waves are big-
ger. The maximum measured wave height during
sirocco wind in the Central Adriatic area was 8.4
m (Peljar za male brodove I dio, 2002).

According to the data from the Hvar meteoro-
logical station the wind rose was being constructed
since the beginning of measurements (1867 -
2015), showing that the most frequent and strong-
est winds comes from the Southeast quadrant
(Fig. 6), while the north-eastern, north-western
and western winds are slightly less expressed. The
significant influence of the northern wind is also
evident. It is a characteristic wind for the open sea
and is more often and stronger in winter than in
summer (PENZAR ET AL., 2001).

According to the sea temperature data (CMHS)
for the period 1964 to 2015, as shown in Figure 7,
the sea temperature raised by 1.1 °C.

The study area is in the category of micro-tidal
coasts with an average amplitude of + 25 cm, Split
tide gauge, (Curié, personal communication), so
tides do not have a major influence on coastal mor-
phology (RajCi¢ ET AL., 2010; Farvre, BuTorac,
in press).
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plimnih obala s prosje¢cnom amplitudom morskih
mijena od + 25 cm, mareograf Split (Cup1é, osob-
na komunikacija) te morske mijene nemaju veliki
utjecaj na oblikovanje obale (Raj¢i¢ 1 pr., 2010,
Farvre, BuTorac, u tisku).

METODE I MATERIJALI

U ovome radu primijenjena je metoda ponov-
liene fotografije, nazvana jos i refotografija. Ona
podrazumijeva ponavljanje fotografiranja nekoga
vizualnog fenomena ili fizicke lokacije (METCAL-
FE, 2016.). Bit metode je utvrdivanje promjena na
nekom podrucju na temelju fotografije snimljene
s istog mjesta u razli¢itim vremenskim intervalima
(Rayci¢ 1 bR, 2010.), a preporucuje se za proma-
tranje nekog podrudja u duljem razdoblju (TURNER
I DR., 2003.). Zato je upravo metoda ponovljene
fotografije omoguéila izradu ovoga rada.

Prve korake u razvoju metode ponovljene fo-
tografije nadinio je bavarski matematicar koji se
bavio glaciologijom (WEBB 1 DR., 2010.) te tako
korijene ponovljene fotografije nalazimo u Alpa-
ma sredi$nje Europe. Godine 1888. Sebastian Fin-
sterwalder zapoceo je fotogrametrijsko istrazivanje
planinskih ledenjaka u Tirolu. Sljede¢e godine
ponovno je dosao na istu tocku i fotografirao isti
pogled. Usporeduju¢i novu i staru fotografiju uz
pomo¢ rudimentarne fotogrametrije Finsterwal-
der je dokumentirao promjene ledenjaka tijekom
vremena (HATTERSLY-SMITH, 1966.; WEBB I DR.,
2010.). Slijede¢i Finsterwalderov primjer mnogi
su geomorfolozi toga vremena koristili ponovlje-
nu fotografiju i tako je razvijali npr. G. K. Gil-
bert (1904.) u SAD-u i E. Cavell (1983.) u Ka-
nadi. Osim u geomorfoloskim studijama metoda
ponovljene fotografije pocela se brzo koristiti za
dokumentiranje biljnih vrsta i promjena u krajo-
liku (CLEMENTS, 1905.). Od 40-ih godina proslog
stolje¢a ponovljena fotografija sve se ces¢e koristi
u dokumentiranju promjena krajolika, osobito po-
vezanih s promjenama u kori$tenju zemljista, a pri-
mjena u geomorfologiji sve je raznolikija. Koristi
se npr. u analizi troSenja (Bryan, La Rug, 1927.),
procjeni intenziteta unazadne erozije (LONGWELL
I DR, 1932.), analizi aktivnosti padinskih procesa
(LoBECK, 1939.) i dr. U novije vrijeme koristi se i
u drustvenim znanostima npr. u sociologiji (MET-

METHODS AND MATERIALS

In this paper, the method of repeat photography
was used, also called the rephotography. It implies
a repetition of photographing of a visual phenom-
enon or a physical location (METCALFE, 2016). The
principle of the method is to determine changes in
an area based on a photography taken from the
same location at different time intervals (Rajcié
ET AL., 2010), and it is suitable for observations of
an area during a longer period of time (TURNER ET
AL., 2003). Therefore, the method of repeat pho-
tography enabled this research.

First steps in developing the method of repeat
photography were made by the Bavarian math-
ematician who dealt with glaciology (WEBB ET
AL., 2010) so the roots of repeat photography can
be found in the Alps of central Europe. In 1888
Sebastian Finsterwalder began a photogrammet-
ric study of mountain glaciers in Tyrol. The fol-
lowing year he came again to the same point and
took a picture of the same view. By comparing new
and old photographs with the help of rudimen-
tary photogrammetry Finsterwalder documented
glacier changes over time (HATTERSLY-SMITH,
1966; WEBB ET AL., 2010). Following the exam-
ple of Finsterwalder, many geomorphologists of
that time used repeat photography and influenced
its development, for example, K. Gilbert (1904)
in US and E. Cavell (1983) in Canada. Besides
geomorphological studies, the method of repeat
photography began to be used to document plant
species and landscape changes (CLEMENTS, 1905).
Since the 40s of the last century, repeat photogra-
phy method has been increasingly used in docu-
menting landscape changes, particularly related to
changes in land use, while its use in geomorphol-
ogy became more and more diverse. It is used, for
example, in the analysis of weathering (Brvan, La
RuE, 1927), estimation of backward erosion inten-
sity (LONGWELL ET AL., 1932), analysis of activity
of slope processes (LoBECK, 1939) etc. It has also
recently been used in social sciences e.g. in sociol-
ogy (METCALEE, 2016).

The method of repeat photography was applied in
different disciplines, but it has the greatest signifi-
cance in geosciences (geography, geomorphology)

and environmental sciences as repeat photography
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CALFE, 2016.).

Metoda ponovljene fotografije primjenjivala se u
razli¢itim disciplinama, ali najveée znacenje ima u
geoznanostima (geografiji, geomorfologiji) i zna-
nostima o okoli$u jer ponovljena fotografija daje
mogucénost interpretacije velikog broja parametara
i omogucuje interdisciplinarni pristup. Metoda po-
novljene fotografije ne moze pruziti isti tip kvanti-
tativnih podataka koji se mogu dobiti putem sate-
litskih snimaka i aerofotogrametrije, ali ona moze
izvrsno posluziti njihovoj nadopuni ili se rabiti u
kombinaciji s njima. Moze dati vrlo specifitne in-
formacije, a ponekad i podatke za dulji vremenski
period od zra¢nih snimaka. To je izvrsna metoda za
dokumentiranje dugoro¢nih promjena od najrani-
je dostupnih fotografija krajolika, a moze posluziti
stvaranju referentnog okvira za procjenu bududih
promjena. Vaznost ponovljene fotografije kao me-
tode porasla je u svjetlu aktualnih rasprava o glo-
balnim klimatskim promjenama.

S. T. Raj¢i¢ i dr. (2010.) prvi su primijenili me-
todu ponovljene fotografije u istrazivanju mor-
foloskih promjena zala za razdoblje od pedesetak
godina. U ovome radu metoda je primijenjena u
svrhu odredivanja repera za procjenu velic¢ine zala
60-ih godina proslog stolje¢a.

Geomorfoloske promjene Zala cesto se prou-
¢avaju uz pomo¢ izrade profila zala u razli¢itim
vremenskim intervalima najées¢e kod pracenja
sezonskih promjena morfologije zala (Kraus,
2005.). Razvoj tehnologije u posljednjih pede-
setak godina omogudio je i razvoj brojnih novih
metoda u istrazivanjima zala, kao $to je GPS pro-
filiranje (MoRTON I DR., 1993.), koristenje ae-
rofotogrametrijskih i laserskih metoda snimanja
i skeniranja ili pak danas koriStenje bespilotnih
letjelica (dronova). Jedna od novijih metoda pra-
¢enja promjena na zalima i oko zala je i StM foto-
grametrija koja se pocela rabiti i u Hrvatskoj (npr.
Pi1kELJ 1 DR., 2014., Ruzi¢ 1 DR., 2014.; PIKEL] I
DR., 2015; TominIC, 2017.).

Tri osnovne metode primijenjene u ovome radu
se kombiniraju i nadopunjuju. Rad se temelji na
definiranju razlika u veli¢ini zala izmedu dviju ge-
neracija orto-foto snimaka (1968. 1 2011. godine).
Budu¢i da na navedenim snimkama nije moguce
to¢no odrediti obalnu granicu 7ala, ova se metoda

kombinira (nadopunjuje) metodom ponovljene

178

gives the ability to interpret a large number of pa-
rameters and allows an interdisciplinary approach.
The method itself cannot provide the same type of
quantitative data that can be obtained by satellite
images and aero-photogrammetry, but it can be an
excellent supplement or can be used in combination
with them. It can provide very specific information,
sometimes even data for a longer period of time
than provided by air photography. This is an excel-
lent method for documenting long-term changes
from the earliest available landscape photographs
and can serve as a reference framework for assessing
future changes. The importance of repeat photogra-
phy as a method has increased in the light of current
discussions on global climate changes.

S. T. Rajci¢ et al. (2010) first applied the method
of repeat photography in the study of morphologi-
cal changes of beaches for a period of about 50
years. In this paper, the method was used to deter-
mine the markers to estimate the size of the beach
in the 60s of the last century.

Geomorphological changes of beaches are often
studied with the help of classical field profiling at
different time intervals, most often when observ-
ing seasonal changes in beach morphology (Kraus,
2005). Development of technology over the last
50 years has also enabled the development of many
new methods in research of beaches, such as GPS
profiling (MORTON ET AL., 1993), the use of acro-
photogrammetric and laser recording and scan-
ning, or today the use of unmanned aerial vehicles
(drones). One of the newest methods for tracking
changes in morphology of beach and its surround-
ing is the StM photogrammetry that started to be
used in Croatia (e.g. PIKEL] ET AL., 2014; RuZIC ET
AL., 2014; PixeL) ET AL., 2015; Tominié, 2017).
Today, different methods are often combined and
complemented.

This paper is based on three basic methods that
are combined and supplemented. The work is based
on defining the difference in the size of the beach
between two generations of ortho-photos (1968
and 2011). Since on these photographs coastal mar-
gins cannot be accurately determined this method is
combined with repeat photography method for the
reconstruction of the beach boundary in the sixties
of the 20th century as well as with the fieldwork to
supplement the data of actual situation.
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fotografije za okvirnu rekonstrukciju granice zala
Sezdesetih godina prosloga stolje¢a te terenskim ra-
dom za nadopunu podataka danasnje situacije.

Za rekonstrukciju povrsine zala u radu se kori-
ste orto-foto snimke Drzavne geodetske uprave iz
1968.12011. godine te topografske karte 1:25000.
Primijenjena je metoda obrade i analize podataka
u ArcGisu 10.2. U svrhu rekonstrukcije povr$ine
zala Sezdesetih godina proslog stolje¢a pomoc¢u me-
tode ponovljene fotografije upotrijebljeno je osam
fotografija iz privatne zbirke iz razdoblja 1959. do
1964. (M1¢unovi¢, 2017.). Bududi da su fotogra-
fije obiteljskog karaktera, izabrane su tri najzna-
¢ajnije fotografije na kojima su oznaceni reperi,
klju¢ni za rekonstrukciju morfoloskih promjena
zala (SI. 8.). Reperi su istaknuti reljefni oblici koje
se na fotografijama sa sigurno$¢u mogu prepoznati
i upotrijebiti za rekonstrukciju. Kada je broj foto-
grafija velik, moguée je naciniti jasnu distinkciju
izmedu plime i oseke, uz odredenu pogresku.

Aktualna je situacija definirana terenskim karti-
ranjem koje je provedeno u svibnju i srpnju 2017.
godine uz pomo¢ ru¢nog GPS prijemnika marke
GARMIN. Granica zala mjerena je na terenu ruc-
nim GPS prijemnikom (pogreska + 3 m), a odre-
dena je na temelju Sest mjerenja koja su uprosjece-
na. Granica zala definirana terenski unesena je na
orto-foto snimku iz 2011. godine. Prilikom mjere-
nja granice zala uzeti su u obzir podaci o morskim
mijenama Hrvatskoga hidrografskog instituta u
Splitu, to jest mjerenje je provedeno za vrijeme
srednje morske razine.

Povrsina zala izmjerena je na vise nadina. Uz
pomo¢ GPS uredaja povr$ina zala izmjerena je
na terenu obilaskom Zala. Mjerenje je obavljeno
tri puta te je izra¢unata srednja vrijednost. Po-
vrsina zala izmjerena je i digitalizacijom drzav-
nih orto-foto snimaka iz 1968. i 2011. godine
u GIS-u.

Mogudi utjecaj antropogenih djelatnosti razmo-
trit e se pradenjem promjena koriStenja zemljisa
na Sirem podrudju istrazivanja te evidentiranjem
novijih gradevinskih zahvata. Podaci o promjeni
kori$tenja zemljista od 19. stolje¢a dobiveni su
georeferenciranjem karata franciskanskog kata-
stra iz 1834. godine (Mappe catastali, 1834.) te
gereferenciranim orto-foto snimkama iz 1968. i
2011. godine DGU-a. Karte i orto-foto snimke

For the reconstruction of the beach surface chang-
es ortho-photos from 1968 and 2011, acquired from
the State Geodetic Administration of the Republic
of Croatia, were used along with topographic maps
1: 25000. The method of processing and analyzing
data in ArcGIS 10.2 was used. For the purpose of
reconstruction of beach surface in the 1960s using
the method of repeat photography, 8 photographs
from the private collection from 1959 to 1964, were
used (M1c¢unovié, 2017).

Since photographs are personal (private), three
most significant photographs have been chosen on
which the benchmarks are drown which represent
key elements for the reconstruction of morpho-
logical changes of the beach (Fig. 8). Benchmarks
are prominent relief forms that can be reliably rec-
ognized and used for reconstruction. When the
number of photographs is large it is possible to
make a clear distinction between tides, of course
with a level of error.

The current situation was defined by field map-
ping which took place in May and July 2017 with
the help of the handheld Garmin GPS receiver
(error + 3 m). The boundary of the beach was
measured in the field and determined on 6 meas-
urements that were further averaged. This bound-
ary defined in the field was further displayed on
the ortho-photo from 2011. During mapping in
the field, tides were taken into account using data
from Croatian Hydrographic Institute in Split,
i.e. measurements were made during the mean sea
level.

The surface of the beach was measured in several
ways. With the help of a GPS device, the surface
was measured in the field by contouring the beach.
The measurement was performed three times and
the mean value was calculated. The surface of the
beach was also measured by digitizing the state
ortho-photos from 1968 and 2011 in GIS.

Possible impacts of anthropogenic activities were
considered by tracking changes in land use in the
wider research area and recording newer construc-
tion works. Data on land use changes from the
19th century were obtained by georeferencing the
maps of the Franciscan Cadastre from 1834 (Mappe
catastali, 1834) and by georeferencing ortho-pho-
tos from 1968 and 2011 from the State Geodetic
Administration of the Republic of Croatia. Maps
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digitalizirane su metodom preklapanja da bi se
definirali trendovi promjene koristenja zemljista
na istrazivanom podrudju kroz tri navedene faze.
U ovom istrazivanju razlikuju se povrsine pod $u-
mom (na podrudju istrazivanja prevladava alepski
bor (TriNnajsTIC, 1977.), a manjim dijelom za-
stupljena je makija) i obradive povr$ine. Unutar
obradivih povr$ina mogu se razlikovati podruéja
pod vinovom lozom (starom i mladom), masli-
nama, pasnjacima i stjenvite povrsine slabe plod-
nosti. Sve su analize na¢injene pomocu programa

ArcGis 10.2.

REZULTATI I RASPRAVA

Zalo Zogon oblikovano je u kvartarnim breca-
ma (Sl. 2.) i u proluvijalnom materijalu 1023 m
duge jaruge cije se izvorisSte nalazi podno najviseg
vrha otoka Hvara Sv. Nikole (SI. 1 i 9). Jaruga i
njezina proluvijalna plavina (to jest zalo) ¢ine mali
geomorfoloski sustav. Sustavi u geomorfologiji su
konceptualni modeli koji opisuju transfer sedime-
nata i energije i tako povezuju reljefne oblike na
nekom podrudju te daju okvir za tumacdenje pro-
mjena u reljefu. Proluvijalna plavina, to jest tijelo
zala osim buji¢nim materijalom takoder je hranje-
na abrazijom breca u kojima je plavina oblikovana.
lako se radi o malom i jednostavnom geomorfolos-
kom sustavu u kojem djeluju dobro poznati geo-
morfoloski procesi, brojni su geodinamicki aspekti
jo$ slabo poznati.

Topografija drenaznog bazena vazan je parame-
tar za kontrolu hidroloskih uvjeta vezanih uz jaru-
zenje na nekom podruc¢ju (FArvre 1 DR, 2011.).
Nagibi od 12 do 32° iznimno pogoduju procesima
jaruzenja dok vedi nagibi, koji su ovdje zastuplje-
niji osobito u vr$nom dijelu podrudja, vise pogo-
duju procesima osipanja i urusavanja (Sl 3.). To
direktno dokazuje i sipar koji se nalazi podno vrha
Sv. Nikole (SL. 1b). Juzna ekspozicija i veée tem-
peraturne amplitude mogu utjecati na pojacano
troenje. Nagib terena obi¢no se smatra jednim od
znacajnijih parametara koji utjece na produkciju i
transport buji¢énog materijala (Ruzi¢ 1 pr., 2011.).
Medutim, veza izmedu nagiba sliva i veli¢ine zala
¢ini se nije jednozna¢na (Ruzi¢ 1 br,, 2011.).

Zalo Zogon izgradeno je od §ljunka i valutica te

and ortho-photos are digitized by overlay method
to define trends of land use changes in the inves-
tigated area through the three mentioned periods.
In this study, forest surfaces (primarily aleppo pine
and also maquis, TriNAjsTI¢, 1977) and arable
land was distinguished. Within the category of ar-
able land, areas with vineyards (old and young),
olive trees, pastures and small areas of poor fertility
were taken into account. All analyses were made
using the ArcGis 10.2 software.

RESULTS AND DISCUSSION

The Zogon beach is shaped in the Quaternary
breccia (Fig. 2) and in proluvial material of 1023
m long gully whose source lies at the foot of the
highest peak of the Island of Hvar Sv. Nikola (Figs.
1 and 9). The gully and its proluvial fan (i.e. the
beach) represent a small geomorphological system.
Systems in geomorpholgy are conceptual models
that describe the transfer of sediments and energy
and thus link relief forms in particular area and
provide a framework for the interpretation of relief
changes. The proluvial fan, i.e. the beach, beside
this proluvial material, is also nourished with ma-
terial from abrasion of breccia in which the fan is
shaped. Although it is a small and simple geomor-
phological system in which well-known geomor-
phological processes take place, numerous geody-
namic aspects are still little known.

The topography of the drainage basin is an im-
portant parameter for controlling the hydrological
conditions associated with the gullying on particu-
lar area (FAIVRE ET AL., 2011). Slopes of 12 to 32°
are extremely susceptible for gullying processes,
while the higher inclines, which are predominant-
ly present in the peak area, and are more condu-
cive to rock slide and rock fall, that is to collapse
processes (Fig. 3). This is directly confirmed by
the scree cone at the foot of the Sv. Nikola peak
(Fig. 1b.). South exposure and higher temperature
amplitudes can increase weathering. Inclination is
usually considered to be one of the most important
parameter affecting production and transportation
of torrential material (RuZi¢ et AL., 2011). How-
ever, it seems that the connection between the slope
of the drainage basin and the size of the beach is
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je direktno izlozeno jakim valovima osobito iz juz-
nog kvadranta (S. 5.). Bududi da jugo puse dugo i
ravnomjerno i izaziva najvise valove (Peljar za male
brodove I dio, 2002.), pretpostavlja se da su ti va-
lovi imali najvedi utjecaj na danasnji izgled zala,
te da i dalje imaju najznacajniji utjecaj na njegovu
morfodinamiku. IzloZenost zala direktno je utjeca-
la na abraziju kvartarnih breca. S obzirom na to da
se zalo nalazi na iznimno izloZzenom dijelu obale u
odnosu na navedene vjetrove i valove, vaznu ulogu
u njegovu formiranju i zadrzavanju materijala ima
poluotok i Rt Nedjelja.

Prema informacijama dobivenim od lokalnog
stanovnistva, vrlo intenzivno jaruzenje dogodilo
se u rujnu 1955. godine, kada se tijekom ekstre-
mnih padalina formirao veliki buji¢ni tok, $to je
rezultiralo donosom znacajne koli¢ine sedimenata
na zalo. Drzavni hidrometeoroloski zavod biljezi
padaline za Sv. Nedjelju od 1950. godine, te je u
bazi podataka vidljiva znatna koli¢ina padalina 11.
rujna 1955. od 94,6 L/m? (DHMZ) $to se moze
povezati s navedenim informacijama lokalnog sta-
novnistva. Zanimljivo je da su intenzivne epizode
jaruzenja i na Kvarneru zabiljezene u rujnu (Faivre
idr., 2011.). Naime, maksimalni intenziteti pada-
lina, u razdoblju 1981. — 2007. u zoni otoka Krka,
javljaju se u rujnu, Sto je optimalno razdoblje za
snazne epizode jaruzenja. Intenzitet padalina u
srpnju i kolovozu je u prosjeku dva puta nizi nego
u rujnu pa se tako i procesi jaruzenja rjedi (FAIVRE
I DR, 2011.).

Zalo je nastalo prirodnim procesima, medutim
do sada je i dva puta djelomi¢no nasuto: 70-ih
godina 20. stoljeca, te 2011. godine zbog grade-
vinskih radova na prilaznom putu zala. Te je go-
dine zbog smanjenja povrsine Zala i nemogu¢nosti
prilaza za vrijeme plime i/ili juga jugozapadnom
dijelu zala na¢injen prolaz s njegove zapadne i sje-
verozapadne strane te je tim usitnjenim materija-
lom potom nasuto. Novoformirana antropogena
povrsina nije uzeta u obzir pri izratunu recentne
povrsine zala.

Siri prostor Svete Nedjelje odavno je poznat po
vinogradarstvu. Velik broj suncanih sati na juzno
eksponiranim padinama velikih nagiba bio je iz-
vistan preduvjet uzgoja vinove loze. Naime, po-
drugje danasnje Svete Nedjelje u 16. stolje¢u na-
seljavaju hvarski fratri augustinci. Godine 1591. iz
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not straightforward (Ruzic et AL., 2011).

The Zogon beach is made of gravel and pebbles
and is directly exposed to strong waves especially
from the southern quadrant (Fig. 5). Since Si-
rocco, with intense and even gusts, generates the
highest waves (Peljar za male brodove I dio, 2002)
in the studied area, it is assumed that these waves
had the greatest impact on today’s appearance of
the beach, and that they still have the most sig-
nificant influence on its morphodynamics. Expo-
sure of the beach directly affected the abrasion of
Quaternary breccia. Given that it is located on the
extremely exposed part of the coast in relation to
the aforementioned winds and waves, the penin-
sula and cape Nedjelja play an important role in its
formation and retention of sediment.

According to the information obtained from the
local population, particularly intense gullying oc-
curred in September 1955, when during an extreme
rainfall event a torrent flow was formed resulting
in supply of significant amount of sediment to the
beach. The CMHS records rainfall in Sv. Nedjelja,
since 1950, consequently, a considerable amount of
rainfall in the database during September 11, 1955,
was found (94.6 L /m?) which can be related to in-
formation provided by the local population. It is in-
teresting that an intense episode of gullying in the
Kvarner area was also recorded in September (Faivre
et al,, 2011). Namely, maximum rainfall intensity,
in the period 1981-2007 in the area of Island of
Krk, appeared in September, which seems to be an
optimum period for episodes of strong gullying.
Rainfall intensity in July and August is twice lower
than in September, so the gullying processes are less
frequent (FAIVRE ET AL., 2011).

The beach was formed by natural processes, but
it was also two times partly filled: in the 70s of the
20th century, and in 2011 due to the construc-
tion works on the access road to the beach. The
same year, due to the reduction of the beach sur-
face and the impossibility of accessing the south-
western part of the beach during high tides and/or
waves during Sirocco, a passage was made from its
west and north-western side. The beach was fur-
ther filled with this material. This newly formed
anthropogenic surface was not taken into account
when calculating the actual surface of the beach.

The wider area of Sveta Nedjelja has been long
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Svirca stizu prvi stanovnici radi obradivanja zemlje
augustinaca, stoga se ve¢ tada biljeze vrtovi i vino-
gradi u vlasni$tvu samostana Sv. Marije od Spilje
(Kovacic, 2002.). Godine 1610. ,fratri daju braci
Cari¢ima da dovrse sadnju loze na 30 motika ze-
mlje* (Kovacié, 2002., prema Zupni arhiv Sucu-
raj, Augustinski spisi, II., II., 11); hvarska mjera
za povrsinu — motika iznosi 435,322 m? (ZaNINO-
vi¢-Rumora, 2008.). Dakle, u 17. stolje¢u loza je
bila zasadena na minimalno 13 059,66 m?. Stoga
mozemo zakljuditi da su ve¢ tada povr$ine pod vi-
nogradima vjerojatno bile ve¢e od navedenog $to
jasno upuduje na Sirenje uzgoja vinove loze u Sve-
toj Nedjelji. Od kraja 18. stoljeca broj stanovnika
konstantno raste i 1857. naselje Sv. Nedjelja prema
prvom popisu stanovnistva ima oko 180 stanovnika
(SmorjaNOVIC DR, 1999.). Na temelju podataka
franciskanskog katastra vidljivo je da je ve¢ 1834.
godine podru¢je oko jaruge i zala bilo koristeno u
poljoprivredne svrhe u obimu slicnom danasnjem
(81 9.). Uzgajaju se uglavnom vinova loza i masli-
ne. Od kraja 19. do sredine 20. stolje¢a u Svetoj
Nedjelji obitava oko dvjesto stanovnika, nakon
¢ega kao i drugdje dolazi do pada broja stanovnika,
medutim taj pad nije bio niti iz daleka slican onom
u vedini drugih hvarskih naselja koja su ostala go-
tovo bez stanovnika. Naime, potkraj 20. stolje¢a
Sveta Nedjelja ima oko sto Cetrdeset stanovnika
(Kovaci¢, 1987.) sto je u prvom redu posljedica
proizvodnje vina (Kovaci¢, 2002.). Usporede li se
digitalizirani katastarski podaci iz 1834. godine i
podaci digitalizirani s orto-foto snimaka iz 1968.
i 2011. godine vidljivo je da obradivo zemljiste
zauzima vrlo sli¢ne povrsine od 19. stoljeca do da-
nas. To upucuje na kontinuitet uzgoja vinove loze i
maslina u navedenom razdoblju (SI. 9.). Obradive
povrsine pocetkom 19. stolje¢a obuhvacale su po-
vis$inu od 55 273 m?, a danas obuhvacaju 47 547
m? (1968.) i 46 729 m? (2011.). Dakle, obradive
povrsine danas zauzimaju oko 14 % manje povrsi-
ne nego 1834. godine (SI. 9.).

Najvedi dio navedene plitke jaruge i njezina okol-
nog podrudja je u promatranom razdoblju pod vi-
nogradima. S obzirom na to da je nagib terena > 32°
(SL. 3.) na pojedinim dijelovima jaruge (uglavnom
donjim) izgradene su terase koje su omogudile uzgoj
vinove loze, ali i zastitu tla od erozije. Budu¢i da

sredinom vinograda prolazi korito povremenog bu-

known for its viticulture. A large number of sunny
hours on highly inclined south exposed slopes were
an excellent prerequisite for growing grapevines.
Namely, the area of today’s Sveta Nedjelja was set-
tled in the 16th century by the Hvar Augustinian
friars. In 1591, the first inhabitants arrived from
Svir¢e to cultivate the land of the Augustinians,
so gardens and vineyards were already present,
owned by the monastery Sv. Marija od Spilje
(Kovaci¢, 2002). In 1610, “the friars asked the
brothers Cari¢i to finish the planting of the grapes
on 30 earth hoes” (KovaCié, 2002; Parish Archives
of Suduraj, Augustinian Writings, 11, II, 11); the
Hvar measure for the surface - the hoe - amounts
to 435,322 m? (ZaNINovIG-RUMORA, 2008). So in
the 17th century the grapevine was planted on a
minimum 13,059.66 m?. Therefore, it can be con-
cluded that the vineyards probably occupy a larger
area than the above mentioned, which clearly in-
dicates the spread of grapevine production in Sv.
Nedjelja. Since the late 18th century the number
of inhabitants has been constantly growing. Ac-
cording to the first census, in 1857, Sv. Nedjelja
had about 180 inhabitants (SMoLjaNOVIC ET AL.,
1999). Based on the data from the Franciscan ca-
dastre it can be seen that in 1834 the area around
the gully and the beach was used for agricultural
purposes approximately as much as today (Fig. 9).
Mainly vines and olives were grown. From the end
of the 19th century until the middle of the 20th
century, there were about 200 inhabitants in Sveta
Nedjelja. Their number further declined. But this
decline was far different from the case of most
other villages on Island of Hvar which remained
without residents. Namely, at the end of the 20th
century, Sveta Nedjelja had about 140 inhabitants
(Kovaci¢, 1987), primarily due to the wine pro-
duction (Kovaci¢, 2002). If the digitized cadastral
data from 1834 are compared with digitized ortho-
photos from 1968 and 2011 it can be observed
that the arable land has been covering similar sur-
face area since the 19th century until today. This
indicates the continuity of growing grapevines and
olives during this period (Fig. 9). Arable land at
the beginning of the 19th century comprised an
area of 55,273 m?, in the 20th century of 47,547
m? (1968) and nowadays of 46,729 m?* (2011).
Thus, the arable land today occupies about 15%
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ji¢nog toka, izmedu terasa je ostavljen prostor sirok
2 m kako funkcioniranje jaruge ne bi bilo prekinuto
(SL 1c). Usprkos tome, gradnja terasa zasigurno je
utjecala na smanjenje dohrane zala. Nije poznato
kada su one izgradene. Ako se povuce paralela s ra-
zvojem vinogradarstva na otoku Visu, gdje je ve¢ina
terasa za uzgoj vinove loze bila u funkciji u drugoj
polovici 19. stolje¢a kada je vinogradarstvo procva-
lo i kada je povrsina pod vinogradima bila najve¢a
(FAIVRE I DR, predan za tisak), vrlo je vjerojatno da
su terase nastale u isto vrijeme i na podru¢ju Svete
Nedjelje. Zbog povoljnih uvjeta za uzgoj loze i na
Visu i Hvaru te bolesti vinove loze u Italiji i Fran-
cuskoj otvara se moguénost izvoza vina u to vrijeme
najprije u Italiju, a zatim u Francusku i Madarsku
(PovrtEO, 1978).

Godine 1971. izgradena je glavna cesta koja po-
vezuje Svetu Nedjelju i Jelsu kroz tunel Pitve — Za-
vala. Sveta Nedjelja je do tada bila izolirana, a u
mjesto se jedino moglo do¢i pjesackim stazama ili
morskim putem. Izgradnja ceste dovela je do iz-
gradnje apartmana te porasta tercijarnog sektora, a
istodobno dolazi do djelomi¢nog napustanja dru-
gih poljoprivrednih djelatnosti (osim vinogradar-
stva). Ujedno, korito potoka prestalo se Cistiti te
je danas obraslo vegetacijom. Godine 2010. izgra-
dena je i protupozarna cesta koja presijeca korito
buji¢nog vodotoka te je ono danas na vise mjesta

smaller area than in 1834 (Fig. 9).

The largest part of the shallow gully and its sur-
rounding area was under vineyards in the observed
period. Since the slope of the area is > 32° (Fig.
3) terraces were constructed on some segments
of the gully (mainly on lower ones) that allowed
the cultivation of vines but also the protection of
the soil from erosion. Since the gully bed passes
through the middle of the vineyards a space of 2
m is left between the terraces, in order to allow
the gully functioning (Fig. 1c). Nevertheless, the
construction of terraces certainly contributed to
the reduction of the beach nourishment. It is not
known when they were built. But, if the parallel to
the development of viticulture on the Vis island is
withdrawn, where most of the vineyard terrace was
in use in the second half of the 19th century, and
when the area under the vineyards was the larg-
est (FAIVRE ET AL., submitted), it is very likely that
the terraces were constructed in Sveta Nedjelja at
the same time. Due to the favourable conditions
for cultivation of vine both in Vis and Island of
Hvars and the appearance of vine disease in Italy
and France, the possibility of wine export opened
up, first to Italy, and subsequently to France and
Hungary (PoLriteo, 1978).

In 1971, the main road was built which links
Sveta Nedjelja and Jelsa through Pitve - Zavala

—— 60-te god. 20.st. (60s of the 20.c.) - 1968.
— 2011. - 2017.
e reperi (benchmarks)

SvLIKA 10. Granica 2ala 60-ih godina 20. stoljeca i danas na podlozi orto-foto snimaka iz 1968. (10a) i 2011. (10b);

snimke DGU-a

F1GURE 10 Beach boundary in the 60s of the 20th century and today on the ortho-photos of 1968 (10a) and 2011

(10b); ortho-photo from State Geodetic Administration
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nasuto. Zatrpavanje korita na nekoliko mjesta za-
sigurno je, takoder, utjecalo na smanjenje donosa
materijala na zalo.

Usporedimo li promjene vegetacijskog pokrova
na Sirem podrudju istrazivanja, primje¢uju se razli-
ke izmedu 1968. i 2011. godine. Kao i na vedini
otoka, vegetacijski pokrov je bio znatno reduciran
1968. godine $to je jasno vidljivo na snimkama
(SL. 9.), dok je danas duz cijele obale Jadrana vid-
ljiv trend prirodne regeneracije vegetacije (Ruzic¢
1 DR, 2011.; FAIVRE 1 DR, predan za tisak). Usko
podru¢je oko samog zala ne biljezi zamjetne razlike
u gustodi vegetacije izmedu ta dva perioda vjerojat-
no zbog utjecaja valova (SI. 9. i 10.).

Danasnji trend povecanja gustole vegetacije po-
sljedica je zapustanja prostora koji se nalazi oko
vinograda. Guséa vegetacija zasigurno utjece na
smanjenje intenziteta tro$enja te svih destruktivnih
padinskih procesa. Za vrijeme intenzivnih padalina
vegetacija i tlo usporavaju i smanjuju koncentraci-
ju ki$nih kapi i mlazova pa time smanjuju i linear-
nu eroziju. Stoga se smanjuje i koli¢ina materijala
koja dospijeva na zalo, dakle smanjuje se njegova
prirodna dohrana. Sli¢ni su trendovi zabiljezeni i
na Kvarneru (Ruzi¢ 1 br,, 2011.).

Na slici 10. prikazana je velic¢ina Zala tijekom dva
razmatrana perioda. Na orto-foto snimci iz 1968.
godine zbog manje gustode vegetacije dobro je vid-
ljivo korito povremenog toka. Metodom ponovlje-
ne fotografije, to jest kombinacijom vise fotografija
odabrani su reperi koji su oznaceni na slikama 8.
i 10. Pomocu repera procijenjena je priblizna gra-
nica zala 60-ih godina 20. stolje¢a. Ta je granica
prikazana na snimci iz 1968. (Sl. 10a). Danas$nja
granica zala (mjerena na terenu) prikazana je na
orto-foto snimci iz 2011. godine (SI. 10b). Duljina
zala Zogon iznosi danas (2017.) oko 25 metara, a
povrsina iznosi 123 + 5 m* Na temelju digitali-
zirane orto-foto karte povrsina zala 2011. godine
iznosila je oko 125 m”.

Na temelju definiranih repera izmjerena je uda-
ljenost izmedu danasnje granice zala i granice 60-ih
godina proslog stoljeca te je vidljivo da se granica
u razmaku od oko Sezdeset godina pomaknula za
oko 6 m prema kopnu. Eventualnu promjenu ko-
pnene granice zala nije bilo mogué¢e dokumentirati
zbog nedostatka repera i antropogenih intervencija

na zalu. Takoder, digitalizacijom Zala s orto-foto
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tunnel. Until then Sv. Nedjelja was isolated, as the
place could have only be reached by hiking trails
or from the sea. The construction of the road led
to building of apartments and the increase of the
tertiary sector, while at the same time a partial
abandonment of other agricultural activities (ex-
cept viticulture) occurred. At the same time, the
gully bed ceased to be cleaned and is therefore
today overgrown with vegetation. In 2010, a fire
road was build that also crosses the drainage basin,
so the gully bed was filled. Filling the gully bed in
several places has also influenced the reduction of
beach nourishment.

Comparison of land cover between the 1968
and 2011in the wider study area also reveals dif-
ferences. As it is the case on most of the islands,
the vegetation cover was considerably reduced in
1968, which is clearly visible in the ortho-photos
(Fig. 9), whereas today the entire eastern Adriatic
coast is characterised by vegetation regeneration
(Ruzi¢é ET AL., 2011; FAIVRE ET AL., submitted).
The narrow area around the beach itself does not
show any obvious differences in the vegetation
density between these two periods probably due to
the influence of waves (Figs. 9 and 10).

Recent trend of vegetation regeneration relates
to the neglecting of the area around vineyards.
The increased vegetation density reduces weather-
ing intensity and all destructive slope processes.
During intensive precipitation, vegetation and soil
slow down and reduce the concentration of rain
drops and streams, thereby reducing linear erosion.
Therefore, the amount of material that arrives to
the beach decreases, so its natural nourishment is
reduced. Similar trends were recorded in the Kvar-
ner area (Ruzié et AL., 2011).

Figure 10 shows the size of the beach during the
two periods. On 1968 ortho-photo, due to lower
vegetation density the bed of the occasional flow
can be observed. The selection of benchmarks
shown in Figures 8 and 10a was done in the frame
of the method of repeat photography. The bench-
marks were used for the estimates of the approxi-
mate margin of the beach shape in the 1960s. This
limit is shown on the ortho-photo from 1968 (Fig.
10a). The current beach boundary (measured in
the field) is shown on the ortho-photo from 2011
(Figure 10b). The length of the Zogon beach to-
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snimke iz 1968. godine, a uzimajuéi u obzir grani-
cu zala aproksimiranu na temelju repera, povrsina
zala tada je iznosila priblizno 240 + 10 m*. Uspo-
redujuéi povrsinu zala iz 60-ih godina 20. stolje¢a
te povrsinu zala danas vidljivo je da se povr$ina
smanjila za oko 120 m?. Dobiveni rezultati upu-
¢uju na znacajnu promjenu velic¢ine zala tijekom
posljednjih Sezdeset godina, to jest da je danas zalo
gotovo dva puta manje.

A. Bognar (1990.) navodi da je na pjeskovito-
$ljunkovitim Zalima otoka Hvara abrazija slabo
izrazena. No rezultati ovoga rada pokazuju da na
zalu Zogon u promatranom razdoblju dominira
erozija. Utjecaj erozije jasno je vidljiv ne samo kroz
horizontalnu komponentu suzenja tijela zala (S
10.) ve¢ i kroz vertikalnu komponentu smanjenja
koli¢ine sedimenta $to je vidljivo na slikama 8d i
8e.

Prema E. Birdu (1985.), 70 % svjetskih zala da-
nas obiljezeno je erozijom $to mozemo direktno
povezati s globalnim rastom relativne morske razi-
ne koji je zapoceo prema nekim istrazivanjima pot-
kraj 18. stolje¢a (JEVREJEVA I DR., 2008.) ili prema
drugima kasnije, potkraj 19. i pocetkom 20. sto-
lje¢a (Kemp 1 DR., 2011.; GEHRELS, WOODWORTH,
2013.).

Recentni relativni porast razine mora zabiljezen
je na Sirem podrudju otoka Hvara primjenom ra-
zli¢ite metode, npr. na otoku Visu (FAIVRE 1 DR,
2010.; Farvre 1 DR, 2013.), na Sirem podruéju
Makarske (Farvre, Butorac, u tisku) i Sibenika
(SHaw, 2013.; SHAW 1 DR., 2016.). Mareografi na
Jadranu takoder biljeze globalni rast morske razi-
ne (T'simpLIS 1 DR., 2012.). Prema tome, moze se
pretpostaviti kako podizanje razine mora vjerojat-
no utjece i na zalo Zogon. Rastom morske razine
smanjuje se ujedno i potencijalna energija geomor-
foloskog sustava, $to ¢e ako se trend nastavi, tako-
der znacajnije utjecati na dinamiku dohrane Zala.

U sli¢nom razdoblju, Zalo doline Milne na otoku
Visu takoder ugrozava relativni porast razine mora
sto dovodi do smanjenja velic¢ine zala =10 + 2 m u
35 godina (1976. — 2009. — 2011.) (FAIVRE I DR,,
predan za tisak). Erozija Zala zabiljezena je na jos
nekoliko prirodnih zala (neobjavljeni podaci). Pre-
ma novim analizama, zbog globalnog zatopljenja
ocekivani ubrzani porast morske razine do kraja

21. stoljeca na globalnoj razini moze biti 62 + 14

day (2017) is about 25 meters and the surface area
amounts to 123 + 5 m?. Based on the digitized
ortho-photo, the surface of the beach in 2011 was
about 125 m?.

On the basis of the defined benchmarks, the dis-
tance measured between today’s beach limit and
the boundary in the 60s of the last century re-
vealed that the boundary during the past 60 years
shifted by about 6 m towards the mainland. The
possible change of the landward boundary of the
beach could not be documented due to the lack
of benchmarks and to anthropogenic interventions
on the shore. Digitizing the beach surface from the
ortho-photos of 1968, and taking into account the
margin of the beach approximated by the bench-
marks, the surface was thus reconstructed to 240
+ 10 m?. If compared to the actual beach size it
is noticeable that the beach has decreased in size
about 120m?. This reveals that the beach exhibited
a distinct change in size during the last 60 years,
that is, it is reduced almost by half today.

A. Bognar (1990) stated that on sandy-pebble
beaches of the Island of Hvar abrasion is poorly
expressed. However, the results of this paper show
that Zogon beach in the observed period is domi-
nated by erosion. The impact of erosion is clearly
visible not only through the horizontal component
of the narrowing of the beach body (Fig. 10) but
also through the vertical component of sediment
reduction as shown in Figures 8d and 8e.

According to E. Bird (1985), 70% of the world’s
beaches today are marked by erosion which can be
directly associated with the global relative sea level
rise that according to some researches, began at the
end of the 18th century (JEVREJEVA ET AL., 2008)
or others, later, at the end of the 19th and early
20th centuries (Kemp ET AL., 2011; GEHRELS,
WooDWORTH, 2013).

The recent increase in relative sea level has been
recorded in the wider area of the Island of Hvar
using different methods, e.g. on the Island of Vis
(FAIVRE ET AL, 2010, FAIVRE ET AL., 2013), in the
wider Makarska area (FAIvRe, Butorac, in press)
and Sibenik (SHAw, 2013; SHAW ET AL., 2016). Tide
gauges in the Adriatic Sea also record global sea level
rise (T'stMpLIS ET AL., 2012). Therefore, it can be as-
sumed that raising sea level is likely to affect Zogon
beach. The sea level rise also reduces the potential
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cm (OrLIC, Pasarié, 2013.) sto moze izazvati veli-

ke promjene na Zalima isto¢ne obale Jadrana.

ZAKLJUCAK

Istrazivanje promjena u sustavu jaruga — zalo
Zogon pokazuje slozenost utjecaja prirodnih i
antropogenih ¢imbenika na mali jednostavni geo-
morfoloski sustav. Primjenom metode ponovljene
fotografije, orto-foto snimaka te terenskog rada
ustanovljeno je da se Zalo u razdoblju od 60-ih go-
dina 20. stolje¢a do danas smanjilo za oko 50 %.
Upravo metoda ponovljene fotografije omogudila
je definiranje repera i okvirnu rekonstrukeiju ve-
licine zala 60-ih godina 20. stoljeca bez kojih rad
ne bi bilo moguée napraviti. Budu¢i da je zalo po
definiciji akumulacijski reljefni oblik, njegova ak-
tualna erozija svjedo¢i o preokretu u evoluciji zala
na sto su vrlo vjerojatno utjecali i prirodni i antro-
pogeni procesi.

Antropogeni procesi vezani su uz gradnju i nacin
kori$tenja zemljista. Vedi utjecaj u sustavu transfe-
ra sedimenta i energije ¢ini gradnja terasa za uz-
goj vinove loze koje izravno utjeu na smanjenje
erozije, zadrzavanje tla na padinama te tako utjecu
na smanjenje dohrane Zala. Taj je proces vjerojat-
no zapoceo znatno prije promatranog razdoblja te
zasigurno imao znacajan utjecaj na zalo Zogon.
Usporede li se podaci s pocetka 19. stoljeca s da-
nas$njim podacima, vidljivo je da obradive povr-
s$ine pod vinovom lozom i maslinama zauzimaju
danas oko 15 % manje povrsine no 1834. godine
$to upuduje na prostorni kontinuitet koriStenja ze-
mljista na podru¢ju Svete Nedjelje u navedenom
razdoblju (posljednjih dvjesto godina).

Znacajniji impulsi u sustavu javljaju se povreme-
no, od kojih su neki na tijelo Zala djelovali kon-
struktivno, a drugi destruktivno. Zalo su hranile
epizode intenzivnog jaruzenja kao i nasipavanje
tijekom gradevinskih radova. Suprotne i dugotraj-
nije efekte na tijelo zala izazvale su modifikacije
korita jaruge tijekom gradnje cesta kao i promjene
u kori$tenju zemljiSta. Smanjenje poljoprivredne
djelatnosti, iako od manje vaznosti u odnosu na
druga podru¢ja duz isto¢ne obale Jadrana, dovodi
do djelomi¢ne prirodne reforestacije u promatra-
nom razdoblju $to je takoder vrlo vjerojatno utje-

calo na smanjenje dohrane Zala.
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energy of the geomorphologic system, which if the
trend continues will also affect significantly the dy-
namics of the beach nourishment.

During the similar period, the sandy beach of the
Milna Valley on Island of Vis is also threatened by
the relative sea levels rise, leading to the decrease in
the size of the beach of 10 + 2 m in 35 years (1976
- 2009-2011) (FarvRe ET AL., submitted). Beach
erosion was noted on a number of natural beaches
in Croatia (unpublished data). According to the
new analyses, due to global warming, the expected
accelerated sea level rise by the end of the 21st cen-
tury on the global scale can be 62 + 14 cm (ORLIC,
Pasaric, 2013), which can cause major changes of
the beaches along the eastern Adriatic coast.

CONCLUSION

Studying changes in the gully—beach system, the
complexity of natural and anthropogenic factors
which influence on a small simple geomorphologi-
cal system have been observed. With the help of the
method of repeat photography, ortho-photos and
field work, it was found that in the period from the
1960s in the 20th century till today the beach sur-
face reduced by about 50%. The method of repeat
photography allowed the definition of benchmarks
and a rough reconstruction of the size of the beach
during the 60s of the last century without which
this work could not be done. As the beach is an ac-
cumulational relief form by its definition, its cur-
rent erosion testifies the reversal in the evolution
of the beach, which is highly influenced by natural
and by anthropogenic processes.

Anthropogenic processes are related to construc-
tion works and to the land use changes. A greater
impact on the sediment and energy transfer in the
system was caused by the construction of vineyard
terraces that directly affect erosion reduction, soil
retention on slopes, and thus reduce nourishment
of the beach. This process probably started much
earlier than the period of observation and certainly
had a significant impact on Zogon beach. If the
19th century data are compared with actual data,
it is apparent that today’s cultivated areas with
grape vines and olive trees occupy about 15% less
surface area than in 1834, indicating the spatial
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S druge strane klimatske promjene dovode do re-
centnog izdizanja relativne morske razine na Sirem
podru¢ju $to direktno utje¢e na eroziju zala. Za-
jedno sa snaznim destruktivnim utjecajem olujnih
valova uglavnom juznih smjerova i antropogeno
induciranim procesima, navedeni procesi sinergij-
ski utjecu na negativnu bilancu sedimenta na Zalu
Zogon danas.

Ocekivani ja¢i rast morske razine do kraja 21.
stoljeca uvelike bi mogao utjecati na daljnju erozi-
ju zala duz isto¢ne obale Jadrana koja su okosnica
turisticke ponude. Daljnji bi rast morske razine ta-
koder utjecao na smanjivanje potencijalne energije

reljefa i daljnje promjene u sustavu jaruga-zalo.

ZAHVALA

Ovo je istrazivanje provedeno uz potporu Sveu-
¢ilista u Zagrebu za 2017. godinu (br. 20282602)
— Paleo i recentne promjene okolisa krskog dijela
Hrvatske. Posebno zahvaljujemo Ivici Renduli¢u
za crtanje karata, obitelji Bubrig na ustupljenim
fotografijama kao i recenzentima na preciznim ko-

mentarima i savjetima.

continuity of land use in the area of Sveta Nedjelja
during the last 200 years.

Significant impulses in the system occur oc-
casionally, some of which act constructively and
others destructively on the body of the beach. The
beach was nourished with episodes of intense gul-
lying as well as with filling during different con-
struction works. Opposing and long-lasting effects
on the beach body were caused by modifications
of the torrent bed during the construction of roads
or due to the changes in land use. The reduction
of the agricultural activity, even if of a minor sig-
nificance compared to other areas along the eastern
Adriatic coast, results in partial natural reforesta-
tion during the observed period, which also likely
effect on the reducing the beach nourishment.

On the other hand, climate changes lead to the
recent relative sea level rise in the wider area which
directly affects the erosion of the beach. Togeth-
er with the strong destructive influence of storm
waves mainly of southern directions and anthro-
pogenically induced processes, they synergically
have an effect on the negative balance of sediment
on the Zogon beach today.

The expected significant sea level rise by the end
of the 21st century could greatly affect further ero-
sion of beaches along the eastern Adriatic coast,
which are the framework of the tourist offer. The
further sea level rise could also have an impact on
the reduction of potential relief energy and could
influence on further changes in the gully-beach
system.
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