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(7) Povezanost povriinske temperature mora (PTM) i povrsinske temperature zraka
(PTZ) izmjerene na malome otoku Hvaru (Jadransko more) ispituju se na godis-
njim i mjese¢nim vremenskim ljestvicama, koriste¢i se podacima za razdoblje od
pedeset pet godina (1964. — 2018.). Analizirana su sljede¢a tri indeksa PTM-a i
PTZ-a: (1) apsolutni minimum, (2) srednja vrijednost, (3) apsolutni maksimum.
Rezultati su istaknuli statisticki znacajan trend porasta za sva tri godi$nja indeksa
PTM-a. U slu¢aju PTZ-a trend niza apsolutnih minimalnih godi$njih vrijednosti
nije statisticki znacajan. Za nizove srednjih i apsolutno maksimalnih godi$njih

vrijednosti PTZ-a trend je statisticki znacajan na razini p < 0,01. Mjese¢ne ana-
lize indeksa PTM-a gotovo u svim mjesecima (osim u listopadu) imaju statisticki
znacajne trendove povecanja. U slucaju PTZ-a, statisti¢cki znacajan trend porasta
svih analiziranih indeksa dogodio se preko ljeta (srpanj i kolovoz). Rezultati poka-
zuju da je analizirana regija, posebice mali jadranski otoci, ugrozena klimatskim
promjenama, tj. globalnim zatopljenjem tijekom ljeta. Primjenom RAPS metode
na minimalnom godi$njem PTM-u zabiljezen je statisticki znacajni pomak 1988.
godine. Deset godina poslije, 1998. godine, otkriven je statisti¢ki znacajan pomak
prema gore na srednjem i maksimalnom indeksu PTM-a i PTZ-a. U slu¢aju mini-
malnih godi$njih vrijednosti PTZ-a otkriven je statisticki zna¢ajan pomak prema
dolje, pocevsi od 1979. godine. U analiziranom slu¢aju otoka Hvara, zagrijavanje
indeksa PTM-a vele je od zagrijavanje indeksa PTZ-a i dogada se tijekom cijele
godine (osim u listopadu).

K1JUCNE RIECE: povrsinska temperatura zraka (PTZ), povrSinska temperatura
mora (PTM), Mann-Kendallov test, t-test, otok Hvar

Relationship of Sea Surface Temperature (SST) and Surface Air Temperature
(SAT) measured at the small island of Hvar (Adriatic Sea) are examined on annual
and monthly time scales using data for a period of 55 years (1964-2018). The
following three SST and SAT indices were analysed: (1) absolute minimum; (2)
mean; (3) absolute maximum. The results highlighted a statistically significant



26/1 (2021) 7-34

O. Bonacci, D. Bonaccr, T. Roje-Bonaccr

increasing trend for all three SST analysed annual indices. In the case of SAT ab-
solute minimum increasing trend is not statistically significant. For the other two
indices the trends are statistically significant at the level, p<0.01. Monthly analysis
for SST indices almost in all months (except October) have statistically significant
increasing trends. In the case of SAT, a statistically significant increasing trend
for all analysed indices occurred in summer (July and August). All results point
out that the analysed region, especially small Adriatic islands are endangered of
climate change, i.e. global warming during the summertime. Using the RAPS
method on the minimum annual SST, a statistically significant shift upward was
detected in 1988. Ten years later, in 1998, a statistically significant shift upward
was detected on the mean and maximum SST and SAT indices. In the case of
SAT minimum annual values, a statistically significant shift downward is detected,
starting in 1979. In the analysed case of the Island of Hvar, the warming of SST
indices is higher than the warming of SAT indices and occur during the whole
year (except in October).

Key woRrDSs: surface air temperature (SAT), surface sea temperature (SST),
Mann-Kendall test, t-test, Island of Hvar (Croatia)
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UvOD

Otok je kopno okruzeno vodom. Prema klasifi-
kaciji koju su 1986. godine predstavili Diaz Arenas
i Huertas, malim se otocima smatraju oni koji su
manji od 1000 km?. U ovome se radu ispituje od-
nos povrsinske temperature mora (PTM) i povr-
Sinske temperature zraka (PTZ) koje su izmjerene
na malom otoku Hvaru (Jadransko more — Hrvat-
ska) na godis$njim i mjese¢nim vremenskim skala-
ma, pritom se koriste¢i podacima za razdoblje od
pedeset pet godina (1964. — 2018.).

Povrsina tla zagrijava se i hladi brze od povrsine
mora. To je razlog zbog kojega more ublazava tem-
peraturu zraka zimi i ljeti. Zbog te je ¢injenice go-
disnji PTM veéi od PTZ-a, a raspon PTZ-a veéi od
raspona PTM-a. Primjerice, srednji godi$nji PTM
u Splitu (37 km zra¢ne udaljenosti od Hvara) veéi
jeza 1,2 °C od PTZ-a (PENZAR I DR,, 2001.).

Povrsinska temperatura mora kriti¢ni je ¢imbe-
nik u progjeni klimatske strukture obalnog pod-
rudja pod utjecajem povrsinske temperature zraka
(ViaHakisM, Porrarou, 1993.). Kvantificiranje
nedavnih trendova vremenskog ponasanja i varija-
bilnosti PTM-a, kao i njegova povezanost s PTZ-
om, od temeljne je vaznosti za razumijevanje pro-
mjena u klimi na malim otocima. PTM igra vaznu
ulogu u globalnom lateralnom transportu energi-
je, radijacijskoj i turbulentnoj izmjeni energije na
relaciji zrak — more, apsorpciji antropogenih sta-
klenickih plinova u oceanu, modificiranju atmos-
ferskoga grani¢nog sloja, globalnom vodenom ci-
klusu i mnogim drugim globalnim i regionalnim
procesima (BULGIN 1 DR., 2020.). Uzorci varijabil-
nosti PTM-a na medugodi$njim i duljim vremen-
skim skalama rezultat su kombinacije atmosferskih
i oceanskih procesa (DESER 1 DR, 2010.).

Globalna klimatska zajednica proizvela je $irok
spektar rezultata o povezanosti PTM-a i PTZ-a
te se oni smatraju vaznim izvorom u procjeni bu-
du¢ih klimatskih promjena. Posljednjih desetlje¢a
objavljeni su brojni radovi koji se bave utjecajem
klimatskih promjena na PTM i PTZ, kao i od-
nosom PTM-a i PTZ-a u razli¢itim regijama. S.
Yasunaka i K. Hanawa (2011.) proveli su medu-
sobnu usporedbu razli¢itih povijesnih podataka
o PTM-u. G. A. Theoharatos i I. G. Tselepidaki
(1990.) proucavaju godisnji tijek PTM-a i PTZ-a

INTRODUCTION

An island represents a landmass surrounded by
water on all sides. According to Diaz Arenas and
Febrillet Huertas’s (1986) classification, small is-
lands are those smaller than 1000 km?. In this paper
the relationship of Sea Surface Temperature (SST)
and Surface Air Temperature (SAT) measured at
the small island of Hvar (Adriatic Sea-Croatia) are
examined on annual and monthly time scales using
data for a period of 55 years (1964-2018).

Soil surface heats and cools faster than sea sur-
face. Because of that, the sea mitigates air temper-
ature during the winter and summer. Due to this
fact, the mean annual SST is higher than SAT, and
the span of SAT is larger than the span of SST. For
example, the mean annual SST in Split (37 km
from Hvar in a straight line), is 1.2 °C higher than
SAT (PENZAR ET AL., 2001).

SST is a critical factor in the assessment of the
climatic structure of a coastal region affected main-
ly by SAT (Vianakis, Porratou, 1993). Quanti-
fying recent time behaviour trends and variability
in SST, as well as its relation with SAT, is of fun-
damental importance to understanding changes
in the small island climate. SST plays important
role in global lateral energy transport, radiative
and turbulent air-sea energy exchange, absorption
of anthropogenic greenhouse gases in the ocean,
modification of the atmospheric boundary layer,
the global water cycle, and many other global and
regional processes (BULGIN ET AL,. 2020). The pat-
terns of SST variability on interannual and longer
timescales result from a combination of atmos-
pheric and oceanic processes (DESER ET AL., 2010).

The global climate community has produced a
wide range of results on the SST-SAT relationship,
which are considered an important source in as-
sessing future climate change. In recent decades a
number of papers treating climate change influence
on SST and SAT, as well as relations between SST
and SAT in different regions have been published.
S. Yasunaka and K. Hanawa (2011) made an inter-
comparison of various historical SST datasets. G.
A. Theoharatos and 1. G. Tselepidaki (1990) study
the annual course of the SAT and SST in the Ae-
gean Sea (Greece). They found that the observed
delay of the maximum and minimum values of the
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u Egejskom moru (Greka). Otkrili su da je za pro-
matrani otklon maksimalnih i minimalnih vrijed-
nosti PTM-a bio potreban jedan mjesec. Koristedi
se podacima PTM-a u poslijeratnom razdoblju, A.
Bartzokas i dr. (1994.) podijelili su Sredozemno
more u potpodrudja sa slicnim kovarijantnostima.
Rezultati analiza jasno su pokazali da je minimum
kasnih 1970-ih i zatopljenje posljednjih godina
donekle odgodeno u isto¢cnom Mediteranu. E
Pastor i dr. (2001.) proucavali su ulogu PTM-a u
razvoju buji¢ne kise. Zakljucili su da se mogu oce-
kivati znacajna poboljsanja u modeliranju vrsnih
oborina kada se koristi PTM izveden iz NOAA sa-
telitskih podataka. M. I. R. Tinmaker i dr. (2010.)
otkrili su znacajnu povezanost izmedu djelovanja
groma nad poluoto¢nom Indijom i PTM-a. M. S.
Travasso i dr. (2003.) analizirali su odnose PTM-a
i prinosa usjeva u Argentini, odnosno ulogu PTM-
a u pojavi suse. PTM i PTZ izmjereni su na mje-
stu u zaljevu Tokyo. Mjerenja su provedena s vi-
sokim prostornim rezolucijama izmedu studenog
2006. i rujna 2007. R. Oda i M. Kanda (2009.)
analizirali su utjecaj sezonskog i dnevnog PTM-a
na urbani PTZ. S. M. Barbosa i O. B. Andersen
(2009.) analizirali su trendovske obrasce u glo-
balnom PTM-u. Hidrografski podaci od $ezdeset
jedne godine kori$teni su za proucavanje redovitog
nastanka anomalija u PTM-u i njihovu procjenu
u jugoistoénom Sredozemnom moru ispred sjever-
nih egipatskih voda (Marvza 1 DR, 2010.). Raz-
doblja ciklusa varirala su od osam do petnaest go-
dina. Aktivno razdoblje u godini bilo je od lipnja
do kolovoza, a priobalna su podruéja bila aktivnija.
Y. Tang (2012.) je opisao ucinak vremenske i pro-
storne varijabilnosti PTM-a na regionalne obalne
vremenske prognoze. Klimatologija i odnos PTM-
a i PTZ-a nad Arapskim morem, Bengalskim za-
ljevom i Indijskim oceanom sjeverno od 15 °J ispi-
tivali su se na godi$njim i sezonskim vremenskim
skalama, koriste¢i se podacima dobrovoljnih pro-
matrackih brodova u razdoblju od ¢etrdeset godina
(1961. — 2000.) (JASWAL I DR., 2012.). Y. Zheng i
dr. (2013.) analizirali su utjecaje gradijenata PTM-
a i promjena hrapavosti povrsine na kretanje povr-
sinskog ulja.

Sli¢na istrazivanja o PTM-u i PTZ-u na malim
otocima u Hrvatskoj su rijetka. Buducu isto¢noja-

dransku klimu karakterizira zatopljenje i to do +5 °

10

SST was of the order of one month. Using SST
data for the post-war period, A. Bartzokas et al.
(1994) divided the Mediterranean Sea into sub-
areas with similar covariances. The scores of the
analyses showed clearly that the minimum of the
late 1970s and the warming of recent years were
somewhat delayed in the eastern Mediterranean.
F. Pastor et al. (2001) studied the role of SST in
torrential rain development. They concluded that
significant improvements in the modelling of peak
precipitation could be expected when using SST
derived from NOAA satellite data. M. I. R. Tin-
maker et al. (2010) disclosed a significant correla-
tion between lightning activity over Peninsular In-
dia and SST. M. I. Travasso et al. (2003) analysed
relations between SST and crop yields in Argenti-
na, i.e. the role of SST on the drought occurrence.

SST and SAT were measured in situ in Tokyo Bay.
The measurements were made with high spatial and
temporal resolutions between November 2006 and
September 2007. R. Oda and M. Kanda (2009)
analysed the impact of the seasonal and diurnal
SST on the urban SAT. S. M. Barbosa and O. B.
Andersen (2009) analysed trend patterns in global
SST. The hydrographic data of 61 years was used to
study the regular formation of the SST anomalies
and their evaluation in the South- Eastern Mediter-
ranean Sea in front of the northern Egyptian waters
(MAryza ET AL., 2010). The periods of the cycles
fluctuated from 8 to 15 years. The active period of
the year was from June to August, and the coastal
areas were more active. Y. Tang (2012) described
the effect of SST temporal and spatial variability on
regional coastal weather forecasts. Climatology and
relationship of SST and SAT over the Arabian Sea,
Bay of Bengal and the Indian Ocean north of 15 °S
were examined on annual and seasonal time scales
using the voluntary observing ships data for a peri-
od of 40 years (1961-2000) (JaSwAL ET AL., 2012).
Y. Zheng et al. (2013) analysed the influences of
SST gradients and surface roughness changes on
the motion of surface oil.

Research in Croatia, regarding the SST and SAT
on small islands is scarce. The future eastern Adri-
atic climate is going to be characterised by warm-
ing up to +5 °C towards the end of the twenty-first
century (Brankovi¢ ET AL., 2013). The UNDP
document A Climate for change (2008, 78) includes
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C potkraj 21. stolje¢a (BrankoVIC 1 DR,, 2013.). U
dokumentu UNDP-a A Climate for change (2008.,
78) godine mogu se nadi sljedece izjave o porastu
razine mora: ,Sredozemlje, uklju¢ujuéi hrvatsku
jadransku obalu, pod utjecajem je globalnih pora-
sta razine mora uzrokovanih toplinskim Sirenjem
oceana i topljenjem polarnih ledenih kapa. Poseb-
no su izloZeni riziku od porasta razine mora niski
otoci poput Krapnja (samo 1,5 m nadmorske visi-
ne) i rije¢ne delte (npr. delta rijeke Neretve, koja
uklju¢uje velika podrudja poljoprivrednog zemlji-
sta) koji su osjetljivi na obalne poplave i zaslanji-
vanje. Sveukupno gledajudi, uocava se postupno
povedanje tijekom posljednjeg desetljeca, ali nad-
zorne stanice uz obalu daju Siroku paletu ocitanja
izmedu 1956. i 1991. godine: stanice u Rovinju i
Splitu pokazuju da lokalna razina mora raste, dok
one u Bakru i Dubrovniku registriraju pad razine.
Nije jasno koliko je to posljedica lokalnog uzdi-
zanja i slijeganja. Hrvatska je obala tektonski ak-
tivno podrudje koje moze prikriti dugoro¢ne tren-
dove promjena razine mora. To otezava precizno
predvidanje to¢nih utjecaja porasta razine mora u
Sredozemlju na Hrvatsku.

Fizicke i drustvene znacajke malih otoka razot-
krivaju njihovu potencijalno visoku ranjivost na
klimatske promjene, $to moze prouzrociti brze,
drasti¢ne, tesko predvidljive i opasne drustvene i
ekoloske promjene. Glavni cilj ovoga rada je razu-
mjeti i objasniti razlike te medusobne odnose u go-
di$njem i mjese¢nom ponasanju i budué¢em razvoju
PTM-a i PTZ-a na malom otoku u mediteranskoj
klimi. Cilj je studije ste¢i bolji uvid u uéinak glo-
balnog zagrijavanja na rastuée trendove PTM-a i
PTZ-a. Ovom studijom Zeli se potaknuti detaljna
interdisciplinarna istrazivanja u vezi s promjena-
ma PTM-a i PTZ-a na malim otocima i obalnim
zonama. Takva istraZivanja mogu pomo¢i u boljoj

pripremi za buducu klimatsku neizvjesnost.

MATERIJALI I METODE
Opis lokacije

Mali jadranski otok Hvar (SI. 1.) nalazi se izme-
du43° 06’ 44” 143° 14’ 08” sjeverne Sirine i 16° 22
‘17 “117° 12’ 05 isto¢ne duzine. Pripada srednjo-

dalmatinskim otocima i proteze se u smjeru istok

the following statements about sea level rising:
“The Mediterranean, including the Croatian Adriat-
ic coastline, is affected by global sea-level rises caused
by thermal expansion of the oceans and melting of the
polar ice caps. Areas particularly at risk from sea level
rise are low islands such as Krapanj (only 1.5 m above
sea level) and river deltas (e.g. the Nereteva river delta,
which includes large areas of agricultural land) which
are vulnerable to coastal flooding and salinization.
Overall, there has been a gradual rise over the past
decade, but monitoring stations along the coast gave
a wide variety of readings between 1956 and 1991:
stations at Rovinj and Split indicate that the local sea
level is rising, while those at Bakar and Dubrovnik
register falling levels. How much of this is due to local
uplift and subsidence is unclear; the Croatian coast is
a tectonically active area, which can obscure long-term
trends in sea-level changes. This makes it difficult to
predict the precise impacts of sea-level rise in the Med-
iterranean on Croatia.”

The physical and human characteristics of small
islands unravel their potentially high vulnerability
to climate change, which can cause fast, drastic,
hardly predictable, and dangerous social and en-
vironmental changes. The main goal of this paper
is to improve the understanding and explain the
differences, and interrelations in the annual and
monthly behaviour and future development of
SST and SAT on a small island in the Mediterrane-
an climate. The study aims to gain a better insight
into the effect of global warming on the increasing
SST and SAT trends. We wish to initiate detailed
interdisciplinary research regarding the changes
in SST and SAT on the small islands and coastal
zones. Such research can help to prepare better for
future climatic uncertainty.

MATERIALS AND METHODS

Site descriptions

The small Adriatic island of Hvar (Fig. 1) is sit-
uated between 43° 06’ 44” and 43° 14’ 08” north
latitude and 16° 22’ 17” and 17° 12’ 05” east lon-
gitude. It belongs to the Central Dalmatian is-
lands and extends in an east-west direction. The
island is largely formed by carbonate rocks from
the Mesozoic, which significantly influences its

11
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—zapad. Otok je u velikoj mjeri sa¢injen od karbo-
natnih stijena iz mezozoika, $to znacajno utjece na
njegove orografske, hidroloske i pedoloske znacaj-
ke (Mamur, Cirjax, 2017.). Otok je dugacak 68
km, a na naj$irem mjestu proteze se na 10,5 km.
Hvar je s povr$inom od 297,38 km? i duzinom
obale od 270 km ¢etvrti otok po veli¢ini u hrvat-
skom dijelu Jadranskog mora (DupLANCI¢ LEDER
I DR, 2004.). Najvisi je vrh na nadmorskoj visini
od 628 m nadmorske visine (mnv). S populacijom
od 11 077 stanovnika (prema popisu stanovnistva
iz 2011.) Hvar je ¢etvrti hrvatski otok po naselje-
nosti. Ljetnih mjeseci otok posjeti vise od 200 000
turista. Prema Koéppen-Geigerovoj klasifikaciji kli-
me, klimatski tip je Csa (SEGoTa, FrLipc1é, 2003.).
Otok s mediteranskom klimom ima blage zime i
vruda ljeta.

Grad Hvar, u kojem se nalazi meteoroloska po-
staja Hvar (SI. 2.), ima 4251 stanovnika (prema
popisu iz 2011. godine). Hvarska meteoroloska
postaja pocela je s radom 1858. godine. Nalazi se
20 m iznad morske razine s koordinatama 43° 10
‘16” N'i 16° 26’ 13 ? E. Ovo je glavna meteoro-
loska postaja DHMZ-a (Drzavni hidrometeoro-

orographic, hydrological, and pedological features
(Mamur, Cirjak, 2017). The island is 68 km long
and 10.5 km wide at its widest point. With an area
of 297.38 km?, and a coastline length of 270 km
Hvar is the fourth largest island in the Croatian
part of the Adriatic Sea (DuPLANCIC LEDER ET AL.,
2004). The highest peak is at the altitude of 628 m
above sea level (m a.s.l.). A population of 11,077
inhabitants (according to the 2011 census), makes
Hvar the fourth most populated Croatian island.
During the summer months, more than 200,000
tourists visit the island. According to the Kop-
pen-Geiger climate classification, the climate type
is Csa (SEGoTa, Fiir¢ié, 2003). The island with
Mediterranean climate has mild winters and hot
summers.

The town of Hvar where the meteorological sta-
tion Hvar is located (Fig. 2) has a population of
4251 (according to 2011 census). The Hvar mete-
orological station was commissioned in 1858. Its
altitude is 20 m a.s.l. and its coordinates are 43°
10’ 16” N and 16° 26’ 13” E. This is the main
meteorological station of the DHMZ (Croatian
Meteorological and Hydrological Service), which
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]

SLIKA 2. Google karta s oznacenim lokacijama meteoroloske postaje Hvar (1) i polozaja s kojeg se mjeri PT'M (2)

F1GURE 2 Google map with indicated locations of meteorological station Hvar (1) and position where SST was monitored (2)

loski zavod) koja se svakodnevno prati u 7, 14 i
21 sat po lokalnom vremenu. Rad analizira serije
PTM-a (obiljezeno kao 2 na SI. 2.) i PTZ-a (obi-
ljeZzeno kao 1 na Sl. 2.) na godi$njim i mjese¢nim
vremenskim skalama, koriste¢i se podacima za
razdoblje od pedeset pet godina (1964. — 2018.).
Udaljenost izmedu navedenih dviju lokacije je
100 metara.

Studija se koristi dnevnim indeksima PTM-a i
PTZ-a (apsolutni minimum, srednju vrijednost i
apsolutni maksimum). PTZ se mjeri na visini od 2
metra i prati se u meteoroloskom zaklonu meteo-
roloske postaje Hvar. PTM se mjeri 30 centimetara
ispod povrsine mora, na mjestima koja su udalje-
na 100 metara zra¢ne udaljenosti od meteoroloske
postaje Hvar. Dubina vode na ovom mjestu varira
izmedu 1,8 i 2,5 metara.

Metode

U Hrvatskoj se za izra¢un srednjega dnevnog

PTM-a i PTZ-a T koristi sljede¢a jednadzba:
Tsrednja = (T7 + T14 +2x T21)/4 (1)

u kojoj su T7, T, 1T, temperature zraka izmje-
reneu’, 14121 sat.

Linearni i nelinearni trendovi (krivulje drugog
reda) izracunavaju se za vremenske serije od tri

analizirana mjese¢na i godisnja indeksa PTM-a i

are all monitored daily at 7, 14, and 21 o’clock at
local time. The paper will analyse the series of SST
(location noted as 2 in Fig. 2) and SAT (location
noted as 1 in Fig. 2) on annual and monthly time
scales using data for a period of 55 years (1964-
2018). Aerial distance between these two locations
is 100 m.

This study used the SST and SAT daily indices
(absolute minimum, mean, and absolute max-
imum). SAT is measured at the height of 2 m,
monitored at the meteorological shelter of the
meteorological station Hvar. SST is measured 30
cm below the sea surface at locations 100 m aerial
distance from the meteorological station Hvar.
Water depth at this location varies between 1.8
and 2.5 m.

Methods used

In Croatia, the following equation is used to cal-

culate the mean daily SST and SAT, T __ :

an

T .= +T, +2xT,)/4 (1)
where, T7, T and, T,,, are the air temperatures
measured at 7 a.m., 2 p.m., and 9 p.m., respec-
tively.
Linear and nonlinear (second order curve)

trends are calculated for time series of three ana-

lysed monthly and annual SST and SAT indices.

13
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PTZ-a. Izraz za linearni trend je:
T=(axt+b (2)

dok je nelinearna jednadzba trenda krivulja dru-
gog reda:

T=(cxt)+(dxt)+e (3)

u kojoj T oznacava srednju godi$nju temperaturu
zraka u godini, t, dok su a, b koeficijenti linearne
regresije, ¢, d, e koeficijenti krivulje drugog reda.
Svi su definirani metodom najmanjih kvadrata. Ko-
eficijent a predstavlja nagib pravca regresije Cija je
dimenzija °C/godini. Oznacava prosjecni intenzitet
porasta ili smanjenja PTM-a ili PTZ-a odredene
vremenske serije. Za linearne trendove izra¢unava
se koeficijent linearne korelacije r, a za nelinearne
trendove indeks nelinearne korelacije R.

Koriste¢i se pyMann-Kendallovim paketom za
Python, analize trendova vremenskih serija PTM-a i
PTZ-a provode se pomo¢u neparametarskog Mann-
Kendallova (M-K) testa trenda koji ne pretpostavlja
temeljnu distribuciju podataka (Hussain SHOUROV,
Manmub, 2019.). Ova je metoda temeljena na rangu
koja uzima u obzir relativne veli¢ine dane varijable u
njezinim vremenskim serijama. NiStavna hipoteza za
ovaj test je da u analiziranom nizu ne postoji monoton
trend, dok je alternativna hipoteza da trend postoji.
U ovom istrazivanju kao kriterij prihvacanja koriste se
dvije razine znacajnosti: (1) p < 0,05; (2) p < 0,01.

Kako bi se analizirao u¢inak PTM-a na PTZ,
provodi se linearna regresijska analiza za tri indek-
sa, u razli¢itim vremenskim ljestvicama (godina i
12 mjeseci), tijekom razdoblja 1964. — 2018.

RAPS metoda (GARBRECHT, FERNANDEZ, 1994.;
Bonaccr 1 DR, 2020.) pomaze u prevladavanju
slucajnih promjena, pogresaka i varijabilnosti u
analiziranim vremenskim serijama. RAPS vizuali-
zacija u¢inkovito naglasava pomake (porast i pad),
okupljanje podataka i periodi¢nosti u analiziranim

vremenskim serijama. Izraz za izracun RAPS je:

LY -Y
RAPS, =} ——— )

t=1 y

u kojemu Y, oznacava srednju godisnju tempera-

14

The expression for a linear trend is:

T=(@xt+b (2)
while the nonlinear trend equation, the sec-
ond-order curve is:

T=(cxt®)+(dxt)+e (3)

where, T, is the mean annual air temperature in
the year, t, while, a, b, are the linear regression co-
efficients, c, d, e, are the second-order curve coef-
ficients. They all are defined using the least squares
method. The coefficient, a, represents the slope of
the regression line whose dimension is °C/year. It
indicates the average intensity of rising or decreas-
ing SST or SAT of a particular time series. For lin-
ear trends, the coefficient of linear correlation, r,
and for nonlinear trends, the index of nonlinear
correlation, R, are both calculated.

Employing pyMannKendall package for Python,
trend analyses of SST and SAT time series are per-
formed using a non-parametric Mann-Kendall (M-
K) trend test that does not assume the underlying dis-
tribution of the data (Hussain SHourROv, MAHMUD,
2019). This is a rank-based method, which considers
the relative magnitudes of a given variable in its time
series. The null hypothesis for this test is that there is
no monotonic trend in the analysed series, while the
alternate hypothesis is that there is a trend. In this
study, two levels of significance are used as a criterion
of acceptance: (1) p < 0.05; (2) p < 0.01.

In order to analyse the effect of SST on SAT, lin-
ear regression analysis is used for three indices, in
different time scales (year and 12 months) during
the 1964-2018 period.

The RAPS method (GARBRECHT, FERNANDEZ
1994; Bownaccr ET AL., 2020) helps to overcome
random changes, errors, and variability in the ana-
lysed time series. The RAPS visualisation effective-
ly highlights shifts (rise as well as drop), data clus-
tering, and periodicities in the analysed time series.
The expression for the calculation of RAPS is:

LY -Y
RAPS, =) ———= (4)

t=1 y

where: Y, is the mean annual temperature in a
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turu u godini, t, Y_srednju vrijednost uzorka, S,
je standardno odstupanje u cjelini, n, vrijednosti
u vremenskom nizu, i (k = 1, 2..., n) kao broja¢
ograni¢enja zbroja za k-tu godinu.

F-test i t-test provode se za izracunavanje koli-
ko su statisticki znacajne razlike izmedu varijanca
i prosjeka dva godi$nja vremena temperature zraka
u idué¢im podserijama definiranim RAPS meto-
dom (McGHEE, 1985.). Ova su dva testa pomogla
kvantitativno usporediti imaju li dvije vremenske
podserije PTM-a ili PTZ-a statisticki znacajnu ra-
zliku u varijancama (F-test) i prosje¢nim vrijedno-

stima (t-test).

REZULTATI I RASPRAVA

Kako bi se otkrile u¢inkovite integrirane mjere
koje ¢e osigurati ucinkovit odgovor na izazove kli-
matskih promjena i odrzivi razvoj otoka, vazno je
analizirati i razumjeti sli¢nosti i razlike u ponasanju
odnosa PTM-a i PTZ-a na razli¢itim vremenskim
skalama. U ovom se radu koriste dvije vremenske
skale: (1) godina; (2) 12 mjeseci.

Povezanost godisnjeg PI'M-a i PTZ-a

Tablica 1. prikazuje glavne statisticke karakte-
ristike (apsolutni minimum, prosjek, apsolutni
maksimum, domet i standardnu devijaciju) go-
di$nje temperature povr$ine mora, Tm, i povrdine
zraka, T , i njihove razlike (T —T) izmjerene na
Hvaru u razdoblju 1964. — 2018. Na slici 3. pri-
kazane su dvije vremenske serije godiSnjega apso-
lutnog maksimuma PTM-a (tamnoplava), Tm)mmy
i PTZ-a (ljubicasta), T, . . Pravci regresije crtaju
se s pripadaju¢im linearnim koeficijentima kore-
lacije, r, a krivulja drugog reda s pripadaju¢im in-
deksom nelinearne korelacije, R. U analiziranom
pedesetpetogodisnjem razdoblju (1964. — 2018.)
prosje¢na vrijednost PTM-a je 9,8 °C, a PTZ-a
-5,2°C, sto je za 15 °C manje nego PTM. Linearni
trend poveéanja PTM-a (1,6 °C za 55 godina) sta-
tisticki je znacajan na razini, p < 0,01, dok za PTZ
nije statisticki znacajan.

Dvije vremenske serije godi$njih srednjih PTM-
i PTZ-a (ljubicasta),

prikazane su na slici 4. Pravci regresije

a (tamnoplava), T

m, srednja, y,

z, srednja, y,

year, t; Y , is the sample mean; S, is standard de-
viation over the entire, n; values in the time series,
and (k=1, 2...,n) is the counter limit of the sum-
mation for the year k.

The F-test and t-test are used to calculate how
statistically significant the differences are between
variances and averages of two annual air tempera-
ture time subsequent sub-series defined by RAPS
method (McGHEE, 1985). These two tests helped
to compare quantitatively whether the two SST or
SAT time sub-series have a statistically significant
difference in the variances (F-test) and average val-
ues (t-test).

RESULTS AND DISCUSSION

In order to discover efficient integrated meas-
ures, which will ensure an efficient answer to cli-
mate change challenges and the island's sustain-
able development, it is of crucial importance to
analyse and understand the similarities and the
differences in the behaviour of the relationship
between SST and SAT in different time scales. In
this paper, two time scales are used: (1) year; (2)
12 month.

Relationship between annual SST and SAT

Table 1 depicts the main statistical characteristics
(absolute minimum, average, absolute maximum,
range, and standard deviation) of the annual sea sur-
face, 1 and air surface, T, temperature, and their
differences, (T-T ), measured at Hvar during the
period 1964-2018. Two time series of annual ab-
solute minimum SST (dark blue), Ts,min,y’ and SAT
(purple), T

a,min,

sion lines are plotted with the associated linear cor-

,» are presented in Fig. 3. The regres-

relation coefficients, r, and the second order curve
with the associated nonlinear correlation index, R.
In the analysed 55-year period (1964-2018) the av-
erage value for SST is 9.8 °C, and for SAT it is -5.2
°C, which is 15.0 °C less than for SST. The linear
increasing trend for the SST (1.6 °C per 55 years)
is statistically significant at the level, p < 0.01, while
for the SAT is not statistically significant.

Two time series of annual mean SST (dark blue),

,» and SAT (purple), T

s,mean’y’

, are presented

a,mean,y
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< T, iny = 0:0297 Xt - 47.61
£ r=0.546

- R=0.556
> p = 8.4E-05
E

5

T _ =0.0062xt-14.02

a,min,y

r=0.0583
R=0.137
p =0.358

SLIKA 3. Dvije vremenske serije godisnjega apsolutnog minimuma PTM-a (tamnoplava)

T, ny i PTZ-a (ljubicasta), T iy izmyjerena na Hvaru u razdoblju 1964. — 2018.
and

FicurEe 3 Two time series of the annual absolute minimum SST (dark blue), T .

SAT (purple), T, .. v measured at Hvar in the period 1964-2018 e

oznaceni su pridruzenim koeficijentima linearne
korelacije, r, a krivulja drugog reda pripadaju¢im
indeksom nelinearne korelacije, R. U analiziranom
pedesetpetogodisnjem razdoblju (1964. — 2018.)
prosjec¢na vrijednost PTM-a iznosi 17 °C, a PTZ-a

in Fig. 4. The regression lines are plotted with the
associated linear correlation coefficients, r, and the
second order curve with the associated nonlinear
correlation index, R. In the analysed 55-year peri-

od (1964-2018) the average value for SST is 17.0

15,5 °C, $to je 1,5 °C manje od PTM-a. Linearni  °C, and for SAT it is 15.5 °C, which is 1.5 °C less

TasLicA 1. Glavne statisticke karakteristike godisnje temperature povrsine mora T i povrsine zraka T i njihova
razlike (T — T ) izmjerena na Hvaru u razdoblju 1964. — 2018.

TABLE 1 The main statistical characteristics of annual sea surface, Te and air surface, T , temperature and their
differences, ( T-T ﬂ), measured at Hvar during 1964-2018 period

[°C] min / min srednja / mean maks / max

min / min 9,8 17,01 24,0

prosjek / average 11,54 18,07 2591

T /T maks / max 14,2 19,30 27,8
raspon / range 4,4 2,29 3,8

stdev / stdev 0,871 0,501 0,976
min / min -5,2 15,5 32

prosjek / average -1,77 16,70 34,48

T/T maks / max 2,4 18,2 37,5
raspon / range 7,6 2,7 5,5

stdev / stdev 1,684 0,594 1,194

min / min 9,8 0,8 -11,4

prosjek / average 13,31 1,37 -8,57

T -T/

T;Ta g maks / max 16,8 2,0 -6,5
raspon / range 7,0 1,2 4,9

stdev / stdev 1,575 0,278 1,038
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SLIKA 4. Dwije vremenske serije godisnje srednje vrijednosti PTM-a (tamnoplava)

i PTZ-a (ljubicasta), T,

m,:n’dnju,f ,:rfdnja,f

F1GURE 4 Two time series of the mean annual S§T (dark blue), T

T, v measured at Hvar in the 1964-2018 period

uzlazni trend, za obje vremenske serije, statisticki
je znacajan na razini, p < 0,01. Porast PTM-a i
PTZ-a u pedeset pet godina iznosi 1,3 °C, odno-
sno 1,4 °C. Trendovi rasta u dva analizirana vre-
menska niza tijekom dostupnog razdoblja nisu
linearni. Iz grafickog prikaza na slici 4. moze se
zakljuditi da je srednji godisnji PTM i PTZ rastao
tek od sredine 1990-ih, a od tada stagnira. Ova-
kvo ponasanje temperatura zraka primijeéeno je
na brojnim meteoroloskim postajama zapadnog
Balkana (Bonaccr, 2012.).

Dvije vremenske serije godi$njega apsolutnog
i PTZ-a (lju-
bicasta), TZ’ s, 3 prikazane su na slici 5. Pravci

maksimuma (tamnoplava), T , .
regresije crtaju se s pripadaju¢im linearnim koe-
ficijentima korelacije, r, a krivulja drugog reda s
pripadaju¢im indeksom nelinearne korelacije, R.
U analiziranom pedesetpetogodisnjem razdoblju
(1964. — 2018.), prosje¢na vrijednost PTM-a je
24 °C, a PTZ-a 32 °C, sto je za 8 °C viSe nego za
PTM. Linearni uzlazni trendovi za obje vremen-
ske serije statisticki su znacajni na razini, p < 0.01.
Porast PTM-a i PTZ-a u pedeset pet godina iznosi
1,4 °C, odnosno 2 °C.

Slika 6. prikazuje tri viemenske serije razlika, AT
=T -T, izmedu apsolutnog minimuma (plavo),
srednje vrijednosti (crno) i apsolutnog maksimu-
ma (crveno) godisnjih temperatura traka zabiljeze-
nih na Hvaru u razdoblju 1964. — 2018. U sve tri

izmjerene na Hvaru u razdoblju 1964. — 2018.

ey and SAT (purple),

than for SST. The linear upward trend, for both
time series, is statistically significant at the level, p
< 0.01. For SST and SAT, the increases in 55 years
are 1.3 °C, 1.4 °C, respectively. The upward trends
in the two analysed time series over the available
period are not linear. From the graphical presenta-
tion given in Fig. 4, it can be concluded that the
mean annual SST and SAT were only rising since
the mid-1990s, but stagnated until then. This be-
haviour of air temperatures was observed at numer-
ous meteorological stations in the Western Balkans
(BoNaccr, 2012).

Two time series of annual absolute maximum
(dark blue), Ts’max,y, and SAT (purple), Ta’max‘y, are
presented in Fig. 5. The regression lines are plotted
with the associated linear correlation coefficients,
r, and the second order curve with the associated
nonlinear correlation index, R. In the analysed 55-
year period (1964-2018) the average value for SST
is 24.0 °C, and for SAT is 32.0 °C, what is 8.0 °C
more than for SST. The linear upward trends for
both time series are statistically significant at the
level, p<0.01. As for SST and SAT, the increases in
55 years are 1.4 °C, and 2.0 °C, respectively.

Figure 6 shows three time series of differenc-
es, AT =T-T, between the absolute minimum,
(blue), mean (black), and absolute maximum (red)
annual air temperatures observed at Hvar from
1964 to 2018. In all three analysed series, trends
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SLIKA 5. Duvije vremenske serije godisnje maksimalnog PTM-a (tamnoplava) T
izmjerene na Hvaru u razdoblju 1964. — 2018.

(hubicasta) T

z, maks,)y,
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FIGURE 5 Tivo time series of the absolute maximum annual SST (dark blue), T y and SAT

(purple), T, ., measured at Hvar in the 1964-2018 period

analizirane serije trendovi nisu statisticki znac¢ajni.
Unato¢ toj ¢injenica, valja napomenuti da razlike
izmedu srednjih i apsolutnih maksimalnih godis-
njih temperatura pokazuju blago opadajuéi trend,
dok se kod razlika izmedu apsolutnih minimalnih
godi$njih temperatura taj trend blago povecava.

Slika 7. prikazuje omjer (A) apsolutnih godis-

are not statistically significant. Despite this fact,
it should be noted that differences between mean
and absolute maximum annual temperatures show
a slightly decreasing trend, while in the case of dif-
ferences between absolute minimum annual tem-
peratures, the trend is slightly increasing.

Figure 7 depicts the ratio of (A) the absolute min-

g6l r=0.249 AT =-0.0035xt-8.32
© p=0.299 mean
- r=-0.201
4 p=0.148
1}
2
5
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SLIKA 6. T7i vremenske serije razlika izmedu godisnjega apsolutnog minimuma (plavo) AT,
srednje vrijednosti (crno) AT ania apsolutnog maksimuma (crveno) AT, PTM, T i PTZ,

T, izmjerene na Hvaru u razdoblju 1964. — 2018.
Fi1GURE 6 Three time series of differences between the absolute

minimum annual (blue),

T

AT, the mean annual (black), AT __ , and the annual absolute maximum (red), A
SST; T, and SAT, T , measured at Hvar in the period 1964-2018
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SLIKA 7. Omjer (A) apsolutnih godisnjih minimuma PTM-a, T miny,

i PTZ-a,

T, iy (B) srednjih godisnjih PTM-a, Tm wetniay, L P12, T,y 5 ( C) apsolutnih
godisnjih maksimuma PTM-a, T, i PTZ-a, T, .,

FIGURE 7 The ratio of (A) the annual abso/ute minimum SST, T iny’ and SAT,
mm), (B) the mean annual SST, T iy and SAT T, y and (C) the annual
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njih minimuma PTM-a, T ,

m

z, srednja, y

PTM-a, T yi PTZ-a, T

m, maks,

i iPTZa, T
(B) srednjih godisnjih PTM-a, T
; 1 (C) apsolutnih godi$njih maksimuma

z, maks, y

z, min, y’

i PTZ-a,

m, srednja, y,

. Najjaci je odnos

izmedu srednjih godi$njih temperatura, s vrlo viso-

kom vrijednos¢u koeficijenta korelacije, r = 0,885.

Najslabija je veza izmedu apsolutnih minimalnih

godi$njih temperatura, s niskom vrijedno$¢u ko-

eficijenta korelacije r = 0,380. Izmedu apsolutnih

maksimalnih godi$njih temperatura koeficijent

korelacije je r = 0,557.

Slike 8.A i 8.B prikazuju RAPS vremenske se-

imum annual SST, Ts,min,y’ and SAT,
mean annual SST, Ts’mean’y, and SAT, T

T ¥ (B) the

a,min,

; and

a,menn,y’

(C) the maximum annual SST, Ts,ma.x,y’ and SAT, T,

max,y

. The strongest relationship is between mean an-

nual temperatures, with a very high value of correla-

tion coefficient, r = 0.885. The weakest relationship

is between absolute minimum annual temperatures,

with a low value of correlation coefficient r = 0.380.

Between absolute maximum annual temperatures

coefficient of correlation is r = 0.557.

Figures 8A and 8B depict RAPS time series, for

the minimum (blue), mean (black), and maximum

RAPS
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SLIKA 8. RAPS vremenske serije za minimalni (plava), srednji (crna) i maksimalni (crvena)

godisnji: (A) PTM i (B) PTZ

F1GURE 8 RAPS time series for the minimum (blue), mean (black), and maximum (red)

annual: (A) SST and (B) SAT
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rije za minimalne (plava), srednje (crna) i maklsi-
malne (crvena) godisnje: (A) PTM i (B) PTZ. Na
temelju grafickih prikaza na SI. 8.A, niz podataka
godisnjega apsolutnog minimuma PTM-a podi-
jeljen je u dvije vremenske podserije: (1) 1964. —
1997.5(2) 1998.—-2018. Na Sl. 8.B, serija podata-
ka godi$njega apsolutnog minimuma podijeljena
je u tri vremenske podserije: (1) 1964. — 1971,
(2) 1972. — 1978.; (3) 1979. — 2018. Serije po-
dataka srednjega i apsolutnoga maksimalnoga go-
disnjeg PTM-a podijeljene su u dvije vremenske
podserije: (1) 1964. — 1997.; (2) 1998. — 2018.
U nizu apsolutnog minimuma godisnjeg PTM-a
statisticki znacajan pomak otkriva se 1988. Deset
godina poslije, 1998., otkriva se statisticki znaca-
jan pomak na srednjem i apsolutom maksimumu
PTM i PTZ indeksa. U slu¢aju minimalnih go-
disnjih vrijednosti PTZ-a, 1979. godine otkriva
se statisticki znacajan pomak.

Tablica 2. je matrica rezultata prosje¢nih go-
disnjih vrijednosti za tri indeksa, T . i vjerojat-
nost, p, za F-test, i t-test, za podserije minimal-
ne, srednje i maksimalne godi$nje temperature

povriine mora, T ,i zraka, T ,, izracunate u pot-

TaBLICA 2. Matrica rezultata prosjecnih godisnjih vrijednosti za tri indeksa, T

(red) annual: (A) SST and (B) SAT. Based on the
graphical presentations given in Fig. 8A the data
series of annual absolute minimum SST is divided
into two time subseries: (1) 1964-1987; (2) 1988-
2018. The data series of mean and absolute max-
imum annual SST are divided into two time sub-
series: (1) 1964-1997; (2) 1998-2018. In Fig. 8B
the data series of annual absolute minimum SAT is
divided into three time subseries: (1) 1964-1971;
(2) 1972-1978; (3) 1979-2018. The data series of
mean and absolute maximum annual SST are di-
vided into two time subseries: (1) 1964-1997; (2)
1998-2018. In the series of the absolute minimum
annual SST, a statistically significant shift upward
is detected in 1988. Ten years later, in 1998, a sta-
tistically significant shift upward is detected on the
mean and absolute maximum SST and SAT indi-
ces. In the case of SAT minimum annual values, a
statistically significant shift downward is detected
starting from 1979.

Table 2 is the matrix of results of average an-
nual values for three indices, T

average

, and proba-
bility, p, for F-test, and, t-test, for subseries of
minimum, mean and maximum annual sea sur-

osick L j€rojamnost, p, za F-test, i t-test, za

podserije minimalne, srednje i maksimalne godisnje povrsine mora, T i zraka, T temperature izralunate u potperiodima
m, z

definiranim RAPS metodom (vidi SI. 8.4 i 8.B)

TABLE 2 Matrix of results of average annual values, for three indices, T

, and probability, p, for F-test, and, t-test,

average

Jor subseries of minimum, mean and maximum annual sea surface, T, and air, T , temperatures observed at subperiods

defined by RAPS method (see Figs. 84 and 8B)

temperatura / indeks / potperiod / T .. .(CO/
temperature indices subperiod Pm]mge (°C) p (F-test) p (t-test)
1964. - 1987. 10,99
min 0,331 7,8E-06*
1988. — 2018. 11,97
1964. - 1997. 17,77
T/T srednja 0,933 4,8E-12*
"o 1998. —-2018. 18,56
1964. — 1997. 25,54
max 0,429 1,9E-04*
1998. —-2018. 26,52
1964. — 1971. -3,05
_ 0,722 2,4E-04*
min 1972. -1978. 0,37 0,993 5.6E-04*
1979.-2018. -1,88
T/T 1964. - 1997. 16,36
S min 0,439 4,8E-10*
1998. - 2018. 17,23
1964. - 1997. 33,95
max 0,766 5,3E-06*
1998. —-2018. 35,34
*p < 0,01
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periodima definiranim RAPS metodom (vidi SI.
8.A18.B). Vrijednosti t-testa izmedu svih susjed-
nih analiziranih podserija potkrepljuju zakljuc¢ak
da su prosje¢ne vrijednosti u susjednim potpe-
riodima statisti¢ki znacajne na razini p < 0,01.
Vrijednosti F-testa potvrduju da se varijance u
susjednim potperiodima statisticki znacajno ne

razlikuju.

Veza izmedu mjesecnog PI'M-a i PTZ-a

Statisticke karakteristike mjese¢nih temperatu-
ra poviine mora, T, i povrsine zraka T u vre-
menskim serijama izmjerene na Hvaru u razdo-
blju 1964. — 2018. prikazane su u Tab 3.

Slike 9.A, 9.B i 9.C kao histogrami prikazuju

face, T, and air, T, temperatures calculated at
subperiods defined by RAPS method (see Figs.
8A and 8B). The values of the t-test between all
adjacent analysed subseries substantiate the con-
clusion that average values in adjacent subperiods
are statistically significant at the level p < 0.01.
The values of the F-test confirm that the vari-
ances in adjacent subperiods are not statistically
significantly different.

Relationship between monthly SST and SAT

The main statistical characteristics of the
monthly sea surface, T, and air surface, T, tem-
perature time series measured at Hvar during the
1964-2018 period are given in Table 3.

TaBLiCA 3. Statisticke karakteristike mjesecnih temperatura povrsine mora, Tm i povrsine zraka TZ u vremenskim

serijama izmjerene na Hvaru u razdoblju 1964. — 2018.

TABLE 3 The main statistical characteristics of monthly sea surface, TS, and air surface, Ta, temperature time series

measured at Hvar during 1964-2018 period

mjesec / o L./1, LT,
month [°C] min / min prosjek / maks / min / min prosjek / maks /
average max average max
min / min 10,5 12,5 13,3 -5,2 5,5 14,4
S/]J srednja / mean 12,50 13,60 14,75 0,04 9,04 16,37
maks / max 14,6 15,6 16,5 3,5 12,1 19,4
min / min 9,8 11,2 12,5 -4,7 5,3 14,5
V/F srednja / mean 11,69 12,70 13,36 0,00 9,30 17,27
maks / max 14,2 14,5 15,1 5,0 12,6 23,4
min / min 9,8 11,6 12,4 -4,4 7,1 16,6
O/M srednja / mean 11,91 12,93 14,03 2,30 11,34 19,26
maks / max 14,2 14,8 15,8 6,5 14,4 24,5
min / min 12,0 13,0 14,0 0,7 11,2 19,3
T/A srednja / mean 13,25 14,56 16,08 6,02 14,39 22,64
maks / max 15,0 16,2 18,5 9,6 17,3 27,6
min / min 13,5 15,6 16,5 6,6 15,8 23,2
S/M srednja / mean 15,45 17,62 20,15 10,60 18,83 27,57
maks / max 19,2 21,2 22,6 13,8 21,6 33
min / min 16,4 19,0 21,6 10,5 20,4 27,7
L/J srednja / mean 18,65 21,19 23,78 13,91 22,71 31,53
maks / max 21,7 23,5 26,6 18,8 26,5 36,2
min / min 16,8 20,7 23,2 12,8 23,3 30,8
S/]J srednja / mean 20,66 23,18 25,27 17,35 25,42 33,78
maks / max 23,0 25,1 27,8 20,5 28,2 36,6
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mjesec / o L./1, LIT,
month [°C] min / min prosjek / maks / min / min prosjek / maks /
average max average max
min / min 18,9 21,7 23,2 12,1 21,5 27,9
K/A srednja / mean 21,46 23,67 25,61 16,90 25,15 33,61
maks / max 23,9 25,6 27,8 20,8 28,0 37,5
min / min 18,7 20,2 21,2 10,0 18,4 26,0
R/S srednja / mean 21,28 22,59 24,15 13,38 21,70 30,04
maks / max 23,7 24,8 26,6 17,7 25,0 34,4
min / min 16,6 18,2 19,8 4,9 14,4 22,1
L/O srednja / mean 19,25 20,70 22,21 8,96 17,85 26,25
maks / max 21,9 22,3 24,7 12,6 19,8 30,5
min / min 13,6 16,0 17,0 -0,2 10,6 19,0
S/N srednja / mean 16,65 18,20 19,70 4,34 13,76 21,83
maks / max 19,0 19,8 21,5 10,0 16,5 25,7
min / min 11,2 14,2 15,3 -3,1 7,2 14,8
P/D srednja / mean 14,11 15,58 17,09 1,01 10,73 18,00
maks / max 16,2 17,2 19,0 5,5 12,2 20,6

serije prosjecnih mjesec¢nih: (A) apsolutnih mini-
muma; (B) srednjih vrijednosti; (C) apsolutnih
maksimuma PTM-a (tamnoplava) i PTZ-a (lju-
bi¢asta) izmjerenih na Hvaru u razdoblju 1964.
— 2018. Njihove razlike, AT = T -T  prikazane
su kao crta s markerima. Izmedu apsolutnih mi-
nimalnih indeksa, najmanja razlika AT _

min, min, JAV"
lja se u srpnju s vrijedno$éu od 4 °C, a najveca
se javlja u sije¢nju, s vrijedno$éu od 15,7 °C (SL
9.A). U slucaju srednjih indeksa, PTM ima nize
prosjecne vrijednosti od PTZ-a tijekom razdoblja
od svibnja do kolovoza (SI. 8.A). Tijekom zim-
skih mjeseci, prosinca i sije¢nja, prosje¢ne vrijed-
nosti PTM-a veée su za 4,6 °C, odnosno 5,2 °C
(SL. 9.B). Izmedu apsolutnih maksimalnih indek-
sa, najmanja razlika, AT javlja se u prosincu
s vrijedno$¢u od -1,6 °C, a najveéa u svibnju, s
vrijedno$¢u od -10,6 °C (SI. 9.C).

Omjer prosjecnoga mjese¢nog apsolutnog mi-
nimuma (plava), srednje vrijednosti (crna) i ap-
solutnog maksimuma (crvena) PTZ-a i PTM-a
izmjerenih na Hvaru u razdoblju 1964. — 2018.
prikazan je naslici 10. U sva tri analizirana indek-
sa moze se primijetiti formiranje petlje.

Tablica 4. prikazuje vrijednosti koeficijenata
linearne korelacije, r, izmedu vremenskih serija

apsolutnog minimuma, srednje vrijednosti i ap-

Figures 9A, 9B, and 9C as histograms show the
series of the average monthly: (A) absolute min-
imum; (B) mean; (C) absolute maximum SST
(dark blue) and SAT (purple) measured at Hvar
in the 1964-2018 period. Their differences, AT
= T-T, are shown as a line with markers. Be-

tween absolute minimum indices, the smallest

difference, AT

of 4 °C, and the ,largest in January, with a value
of 15.7 °C (Fig. 9A). In the case of mean indices,

SST has lower average values than SAT during

, occurs in July with a value

the period from May to August (Fig 8B). Dur-
ing the winter months, December and January,
the average values of SST are higher 4.6 °C and
5.2 °C, respectively (Fig. 9B). Between absolute
maximum indices, the smallest difference, AT-
e OCCUIS in December with a value of -1.6
°C, and the largest in May, with a value of -10.6
°C (Fig. 9C).

The ratio of the average monthly absolute min-
imum (blue), mean (black), and absolute maxi-
mum (red) SAT and SST measured at Hvar in
the 1964-2018 period is presented in Fig.10. In
all three analysed indices formation of the loop
can be noted.

Table 4 shows values of coefficients of lin-
ear correlation, r, between time series of abso-
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SLIKA 9. Histogrami prosiecnoga mjesecnog: (A) apsolutmog minimuma (B) srednje vrijednosti;
(C) apsolutnog matksimuma PTM-a (tamnoplava) i PTZ-a (ljubicasta) izmjerene na Hvaru u
razdoblju 1964. — 2018. Njihove su razlike, AT =T, —T prikazane kao crte s markerima
FiGURE g Histograms of the average monthly: (A) absolute minimum; (B) mean; (C) absolute
maximum SST (dark blue) and SAT (purple) measured at Hoar in the 1964-2018 period.
Their differences, AT=T-T , are shown as a line with markers
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SLIKA 10. Omjer prosjecnoga mjeseinog apsolutnog minimuma (plava), srednje vrijednosti
(crna) i apsolutnog maksimuma (crvena) PTZ-a i PTM-a izmjerenih na Hvaru u razdoblju

1964. — 2018.

FiGuURE 10 The ratio of the average monthly absolute minimum (blue), mean (black), and
absolute maximum (red) SAT and SST measured at Hvar in the 1964-2018 period

solutnog maksimuma mjese¢ne temperature po-
vi$ine mora, T i povrdine zraka T izmjerenih
na Hvaru u razdoblju 1964. — 2018. Za sva tri
indeksa maksimalne vrijednosti (oznacene pode-
bljanim crvenim brojem) koeficijenta korelacije,
1, pojavljuju se u lipnju. Minimalne vrijednosti
(oznacene podebljanim tamnoplavim brojem)
javljaju se u hladnom dijelu godine, apsolutni
minimum u studenom, srednja vrijednost u si-
je¢nju, a apsolutni maksimum u veljaéi. Na slici
11. prikazani su histogrami koeficijenata linearne
korelacije, 1, izmedu prosje¢noga mjese¢nog ap-
solutnog minimuma (plavo), srednje vrijednosti
(crno) i apsolutnog maksimuma (crveno) PTM-a
i PTZ-a izmjerenih na Hvaru u razdoblju 1964.

lute minimum, mean, and absolute maximum
monthly sea surface, T, and air surface, T, tem-
peratures measured at Hvar during the 1964-
2018 period. For all three indices the maximum
values (designated with a bold red number) of
the coefficient of correlation, r, occur in June.
The minimum values (designated with a bold
dark blue number) occur in cold part of the
year, for the absolute minimum in November,
for mean in January, and for absolute maximum
in February. Figure 11 presents histograms of
the coefficients of linear correlation, r, between
the average monthly absolute minimum (blue),
mean (black), and absolute maximum (red) SST
and SAT measured at Hvar in the period 1964-

TABLICA 4. Matrica kocficijenata linearne korelacije, 1, izmedu vremenskib serija apsolutnog minimuma, srednje
vrijednosti i apsolutnog maksimuma mjesecne temperature povrsine mora, T i povisine zraka T, izmjerenih na Hvaru u

razgdoblju 1964. — 2018.

TABLE 4 Matrix of coefficients of linear correlation, 1, between time series of absolute minimum, mean and absolute
maximum monthly sea surface, T , and air surface, T , temperatures measured at Hvar during the period 1964-2018

r S/J | VIF|O/M| T/A|S/M| L/J | S/J |K/A|R/S|L/O|S/N|P/D
‘i‘;;‘n/ 0,237 | 0,520 | 0,511 | 0,245 | 0,250 | 0,603 | 0,467 | 0,316 | 0,476 | 0,480 | 0,236 | 0,431
“zfe“;:/ 0,442 | 0,624 | 0,743 | 0,771 | 0,814 | 0,833 | 0,816 | 0,721 | 0,766 | 0,689 | 0,599 | 0,555
maks /

o] 0.265 | 0,126 | 0,584 | 0,694 | 0,676 | 0,695 | 0574 | 0,588 | 0,533 | 0,481 | 0,328 | 0,171
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SLIKA 11. Histogrami koeficijenata linearne korelacije, 1, izmedu prosjecnoga mjesecnog
apsolutnog minimuma (plavo), srednje vrijednosti (crno) i apsolutnog maksimuma (crveno)
PTM-a i PTZ-a izmjerenih na Hvaru u razdoblju 1964. — 2018. godine

FIGURE 11 Histograms of the coefficients of linear correlation, 1, between the average monthly
absolute minimum (blue), mean (black), and absolute maximum (ved) SST and SAT

measured at Hvar in the period 1964-2018

—2018. godine.

Tablica 5. je matrica vrijednosti koeficijenata li-
nearnih korelacija, r, i vjerojatnosti M-K testa, p,
za karakteristi¢cnu mjese¢nu temperaturu povrsine
mora, Tm,i temperaturu zraka, TZ) u vremenskim
serijama tijekom razdoblja 1964. — 2018. Ozna-
eni su podebljanim crvenim brojevima kada je
vjerojatnost M-K testa p < 0,01, a podebljanim
tamnoplavim brojevima kada je vjerojatnost M-K
testa 0,01 < p < 0,05. Vidljivo je da se statisticki
znacajni trendovi povecanja srednjeg PTM-a jav-
ljaju u svim mjesecima (osim u listopadu). Stati-
sticki znacajni trendovi povecanja PTZ-a javljaju
se tek od travnja do kolovoza.

Tablica 6. je matrica vrijednosti koeficijenata
linearnih korelacija, 1, i vjerojatnosti M-k testa,
p» za karakteristicne mjese¢ne razlike, AT = T
— T, vremenske serije tijekom razdoblja 1964. —
2018. Koeficijenti linearnih korelacija, r, su niski
i uglavnom negativni, $to se moze objasniti bla-
gim smanjenjem razlika izmedu PTM-a i PTZ-a.
Statisti¢cki znacajan trend smanjenja primjeéuje
se u najtoplijim dijelovima godine, u lipnju (za
apsolutni maksimum), srpnju (apsolutni mini-
mum i srednja vrijednost) i kolovozu (za sva tri

indeksa).

26

2018.

Table 5 is the matrix of values of coefficients
of linear correlations, r, and the probability of
M-K test, p, for characteristic monthly sea sur-
face, I, and air surface, T, temperatures time
series during the period 1964-2018. They are
designated with bold red numbers when M-K
test probability is p < 0.01 and with bold dark
blue numbers when M-K test probability is 0.01
< p <0.05. It can be seen that the statistically sig-
nificant increasing trends for mean SST occur in
all months (except in October). The statistically
significant increasing trends for mean SAT occur
only from April to August.

Table 6 is the matrix of values of coefficients of
linear correlations, r, and the probability of M-K
test, p, for characteristic monthly differences,
AT =T -T, time series during the period 1964-
2018. The coefficients of linear correlations, r,
are low, and mostly negative, which can be ex-
plained with a slight decrease in differences be-
tween SST and SAT. The statistically significant
decreasing trend is noticed in the hottest parts of
the year, in June (for absolute maximum), July
(for absolute minimum and mean), and August
(for all three indices).
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TaBLICA 5. Matrica vrijednosti kocficijenata linearnib korelacija, 1, i vierojatnosti M-K testa, p, za karakteristicnu mjesecnu
temperaturu povrsine mora, 1’ i temperaturu zraka, T, u viemenskim serijama tijekom razdoblja 1964. — 2018.

TABLE 5 Matrix of values of coefficients of linear correlations, r, and probability of M-K test, p, for characteristic monthly
sea surface, T, and air surface, T , temperatures time series during the period 1964-2018

sy indeks / indices LT, L/,
month r P r P

min / min 0,541 5,8E-05** 0,040 0,77092

S/] srednja / mean 0,445 0,00462** 0,162 0,42004
maks / max 0,220 0,21960 0,339 0,00571**

min / min 0,513 0,00025** 0,182 0,14356

V/F srednja / mean 0,398 0,00579** 0,075 0,52567
maks / max 0,210 0,25844 0,039 0,36167

min / min 0,540 8,4E-05** 0,105 0,18889

O/M srednja / mean 0,455 0,00157** 0,259 0,07923
maks / max 0,301 0,05015 0,272 0,01290*

min / min 0,425 0,00192** 0,179 0,14128
T/A srednja / mean 0,515 0,00042** 0,448 0,00022**
maks / max 0,317 0,02176* 0,415 0,00914**

min / min 0,555 7,2E-05** 0,209 0,18134

S/'M srednja / mean 0,492 0,00184** 0,389 0,01087*
maks / max 0,415 0,00295** 0,461 0,00357**

min / min 0,542 6,4E-05** 0,288 0,08065
L/] srednja / mean 0,535 0,00022** 0,578 2,6E-05**
maks / max 0406 0,00464** 0,492 0,00022**
min / min 0,403 0,00099** 0,629 6,0E-06**
S/]J srednja / mean 0,594 1,0E-05** 0,678 1,1E-06**
maks / max 0,488 0,00033** 0,373 0,00423**
min / min 0,389 0,00728** 0,562 3,6E-05**
K/A srednja / mean 0,492 0,00154** 0,633 2,6E-06**
maks / max 0,346 0,02449* 0,459 0,00062**

min / min 0,297 0,03257* 0,092 0,32425

R/S srednja / mean 0,307 0,04437* 0,259 0,09007
maks / max 0,414 0,00556** 0,404 0,00549**

min / min 0,374 0,00764** 0,241 0,22928

L/O srednja / mean 0,272 0,07064 0,201 0,35047
maks / max 0,095 0,35428 0,032 0,62208

min / min 0,499 0,00060** 0,261 0,13332

S/N srednja / mean 0,310 0,03702* 0,263 0,08573
maks / max 0,224 0,14311 0,346 0,04211*

min / min 0,372 0,02454* 0,024 0,90494

P/D srednja / mean 0,403 0,00930** 0,092 0,38566
maks / max 0,322 0,03970* 0,039 0,68103

*0,01 < p<0,05
p<0,01
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TaBLicA 6. Matrica vrijednosti koeficijenata linearnib korelacija, 1, i vierojatnosti M-K testa, p, za karakteristicne
mjesecne razglike, AT =T — T vremenskih serija u razdoblju 1964. — 2018.

TABLE 6 Matrix of values of co,c;]fﬁcienty of linear correlations, v, and probability of M-K test, p, for characteristic monthly
differences, AT=T -T, time series during the period 1964-2018

mjesec / month indeks / indices rAT T, 17AT=T.- Tap
min / min 0,161 0,12231
S/J srednja / mean 0,066 0,41989
maks / max -0,172 0,12686
min / min 0,008 0,66490
V/F srednja / mean 0,093 0,62210
maks / max 0,036 0,97616
min / min 0,110 0,60652
O/M srednja / mean -0,030 0,95827
maks / max -0,183 0,05035
min / min 0,006 0,95832
T/A srednja / mean -0,189 0,25603
maks / max -0,345 0,06843
min / min 0,155 0,69792
S/IM srednja / mean 0,022 0,95230
maks / max -0261 0,06520
min / min 0,042 0,84027
L/J srednja / mean -0,251 0,11489
maks / max -0,339 0,01062*
min / min -0,308 0,04458*
S/]J srednja / mean -0,353 0,02397*
maks / max -0,014 0,83437
min / min -0,329 0,03595*
K/A srednja / mean -0,459 0,00048**
maks / max -0,311 0,01266*
min / min 0,109 0,62755
R/S srednja / mean -0,037 0,39022
maks / max -0,173 0,31707
min / min -0,017 1,00000
L/O srednja / mean 0,041 0,39843
maks / max 0,041 0,49216
min / min -0,014 0,60691
S/N srednja / mean -0,067 0,78780
maks / max -0,161 0,35807
min / min 0,176 0,33546
P/D srednja / mean 0,232 0,08965
maks / max 0,160 0,18150

*0,01 < p<0,05
p<0,01
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ZAKILJUCAK

Zagrijavanje indeksa PTM-a izraZenije je od za-
grijavanje indeksa PTZ-a i dogada se tijekom cijele
godine (osim u listopadu). Sezonska analiza otkri-
va znatno veéi porast ljetnih (lipanj, srpanj, kolo-
voz) i proljetnih (ozujak, travanj, svibanj) tempe-
ratura u odnosu na jesen i zimu. Ovaj je zakljucak
u skladu s najnovijim saznanjima iz mediteranske
regije. Rezultati su istaknuli statisticki znacajan
trend porasta za sva tri godi$nja indeksa analizirana
u PTM-u. U slucaju PTZ-a, apsolutni minimum
porasta nije statisticki znacajan. Trendovi za ostala
dva indeksa su znacajni na razini p < 0,01. Mjesec-
ne analize indeksa PTM-a gotovo u svim mjese-
cima (osim u listopadu) imaju statisticki znacajne
trendove povecanja. U slucaju PTZ-a, statisticki
znacajan trend porasta za sve analizirane indekse
javlja se ljeti (srpanj i kolovoz). Svi rezultati isti-
¢u da su mali jadranski otoci ugrozeni klimatskim
promjenama, tj. globalnim zatopljenjem, posebice
tijekom ljeta.

Bogati i osjetljivi ekosustavni mediteranskih oto-
ka, kao i njihova socio-ekonomska struktura, pod
snaznim su utjecajem mediteranske klime (Bo-
Naccr, 2019.). Drasti¢na i ponekad nepredvidiva
priroda mediteranske klime stvara jak i kontrastan
stres na sve aspekte odrzivog razvoja malih otoka.
Uloga Sredozemnog mora u europskoj ljetnoj kli-
mi uglavnom je pasivna (TomassiNi, ELIZALIDE,
2012.). Zimi, kada su gornji slojevi Sredozemnoga
mora dobro izmijesani, podaci o povriinskoj tem-
peraturi Sredozemnoga mora protezu se kroz dulje
vremenske razmjere, $to u odredenoj mjeri impli-
cira potencijal za aktivno upravljanje regionalnim
klimatskim karakteristikama.

E Giorgi i P. Lionello (2008.) prognozirali su
da bi pojava zagrijavanja ljeti dovela do vece po-
jave ekstremno visokih temperatura u cijeloj me-
diteranskoj regiji. Homogeniziranim dnevnim
podacima o minimalnim i maksimalnim tempe-
raturama (1955. — 2007.) za podrudje srednjega
Mediterana u Toskani (Italija) istrazeni su godisnji
i sezonski dugoro¢ni trendovi nekih klimatskih i
ekstremnih klimatskih indeksa (BARTOLINI I DR,
2012.). Sezonska analiza otkrila je znatno veéi po-
rast ljetnih (lipanj, srpanj, kolovoz) i proljetnih
(ozujak, travanj, svibanj) temperatura u odnosu na

CONCLUSIONS

The warming of SST indices is more pro-
nounced than the warming of SAT indices and it
occurs during the whole year (except in October).
The seasonal analysis revealed a much greater in-
crease in summer (June, July, August) and spring
(March, April, May) temperatures in respect of au-
tumn and winter. This finding is consistent with
the most recent evidence from the Mediterranean
region. The results highlighted a statistically sig-
nificant increasing trend for all three analysed SST
annual indices. In the case of SAT, the absolute
minimum increasing trend is not statistically sig-
nificant. For the other two indices, the trends are
statistically significant at the level p<0.01. Month-
ly analysis for SST indices almost in all months
(except October) have statistically significant in-
creasing trends. In the case of SAT, a statistically
significant increasing trend for all analysed indices
occurs in summer (July and August). All results
show that the small Adriatic islands are negative-
ly affected by climate change, i.e. global warming,
especially during the summertime.

The rich and vulnerable ecosystems of the Med-
iterranean islands, as well as their socio-econom-
ic structure, are under the strong influence of the
Mediterranean climate (Bonacci, 2019). The
drastic and sometimes unpredictable nature of the
Mediterranean climate put severe and contrasted
stress on all aspects of small island sustainable de-
velopment. The role of the Mediterranean Sea in
the European summer climate is mostly passive
(Tomassini, ELizaLipg, 2012). In winter, when
the upper layers of the Mediterranean Sea are well
mixed, the record of the Mediterranean Sea sur-
face temperature stretches over longer time scales,
which implies a potential for active governing of
regional climate characteristics to some extent.

E Giorgi and P. Lionello (2008) projected that
occurrence of warming in the summer would lead
to a greater occurrence of extremely high tempera-
ture events in the whole Mediterranean region. Us-
ing homogenized daily minimum and maximum
temperature data set (1955-2007) for the central
Mediterranean area of Tuscany (Italy), yearly and
seasonal long-term trends of some climatic and ex-

treme climatic indices were studied (BARTOLINI ET
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jesen i zimu, u skladu s najnovijim saznanjima s
Mediterana. Njihove analize potvrduju da je Me-
diteran regija koja posebno reagira i stoga je vrlo
osjetljiva na klimatske promjene. D. Macias i dr.
(2013.) utvrdili su da se od 1990-ih mediteran-
ske vode zagrijavaju prili¢no velikom brzinom te
da je to razlog za znanstvenu i dru$tvenu zabrinu-
tost. Trend zagrijavanja primijecen je u satelitskim
podacima, terenskim podacima i simulacijama
modela, a utje¢e na povrsinske i duboke vode u
cijelom mediteranskom bazenu. Na temelju regi-
onalnog indeksa klimatskih promjena izra¢unatog
iz projekcija temperature i oborina, otkriveno je da
je mediteransko podrudje jedno od najistaknutijih
zarista Sirom svijeta (GIoral, 2006.). Definitivan
zaklju¢ak u mnogim objavljenim znanstvenim ra-
dovima jest da projekcije klimatskih promjena za
mediteransku regiju upu¢uju na znadajno zagrija-
vanje, posebno u toploj sezoni (npr. Giorat, Lio-
NELLO, 2008.; Lorez Garcia, 2014.; SHALTOUT,
OMSTEDT, 2014.; MOHAMED 1 DR., 2019.; P1sano
I DR, 2020.). Analize u ovome radu podupiru izja-
vu A. Pisano i dr. (2020.): ,Promatrana promjena
u Sredozemnom moru utje¢e ne samo na srednji
trend, ve¢ i na amplitudu sezonskog signala Sredo-
zemlja, uz konstantan relativni porast i pad ljetnih
i zimskih srednjih vrijednosti, tijekom razmatra-
nog razdoblja (1982. — 2018.).”

Ogranicena veli¢ina i ograniceni resursi malih
otoka, kao i neodrzive antropogene aktivnosti
(npr. turizam, promjene namjene zemljiSta i urba-
nizacija) smanjuju moguénosti prilagodbe otoka
na klimatske promjene. Zbog iznimne povijesne i
drustvene vaznosti, biotske autenti¢nosti i ranjivo-
sti na globalne promjene, mali mediteranski otoci,
posebno otok Hvar, zahtijevaju hitne i u¢inkovite
integrirane mjere, koje ¢e osigurati njihov odrzivi
razvoj. Pradenje, razumijevanje i objasnjavanje od-
nosa izmedu PTM-a i PTZ-a prvi su i neizbjezan
korak za postizanje ovoga cilja.

Kao i nekim drugim mediteranskim zemljama,
Hrvatskoj nedostaje dovoljno podataka za to¢no
odredivanje klimatskih promjena na malim oto-
cima. Razli¢ita mjesta na otoku, zbog razlicitih
udaljenosti od mora, lokalnog polozaja u odnosu
na otvoreno more, orografije i nadmorske visi-
ne, rezultiraju znacajno razlic¢itim vrijednostima
PTZ-a (BoNaccr, Lyusenkov, 2020.; BoNnaccr 1
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AL., 2012). The seasonal analysis revealed a much
greater increase in summer (June, July, August)
and spring (March, April, May) temperatures in
respect of autumn and winter temperatures. This
finding is consistent with most recent Mediterra-
nean evidence. All their analyses confirm that the
Mediterranean is a region especially responsive and
thus very vulnerable to climate change. D. Macias
et al. (2013) established that from the 1990s Med-
iterranean waters have been warming at a rather
high rate resulting in scientific and social concern.
The warming trend has been observed in satel-
lite data, field data, and model simulations, and
affects both surface and deep waters throughout
the Mediterranean basin. Based on the regional
climate change index calculated from temperature
and precipitation projections, the Mediterranean
region was revealed to be one of the most prom-
inent hot-spots over the globe (Grorar, 2000).
Definite conclusion in many published scientific
papers is that climate change projections for the
Mediterranean region indicate substantial warm-
ing, especially in the warm season (e.g. Grorar, Li-
ONELLO, 2008; LorEZ GaRcia, 2014; SHALTOUT,
OMSTEDT 2014; MOHAMED ET AL., 2019; P1sano
ET AL., 2020). The analyses made in this paper
support this statement of A. Pisano et al. (2020):
“The observed change in the Mediterranean Sea af-
fects not only the mean trend but also the amplitude
of the Mediterranean seasonal signal, with consistent
relative increase and decrease of summer and winter
mean values, respectively, over the period considered
(1982-2018).”

The limited size and limited resources of small
islands, as well as unsustainable anthropogenic
activities (e.g. tourism, land use changes, and ur-
banisation), reduce islands’ adaptation options to
climate change. Due to exceptional historical and
social importance, biotic authenticity, and vulner-
ability to global changes, the small Mediterranean
islands, particularly the island of Hvar, require ur-
gent and efficient integrated measures, which will
ensure their sustainable development. Monitoring,
understanding, and explaining the relationship be-
tween SST and SAT represent the first and inevita-
ble step in order to achieve this goal.

Like some other Mediterranean countries, Croa-

tia lacks sufficient data to determine climate change



O. Bonaccr, D. Bonaccr, T. Roje-Bonaccr

26/1 (2021) 7-34

DR., 2020.). Nedostatak to¢nih prikaza klimatskih
promjena, prije svega PTM-a i PTZ-a, ozbiljno
ograni¢ava napore na planu ocuvanja, prilagodbe i
ublazavanja, a nadalje ko¢i odgovarajuée mjere pri-
pravnosti (AL SavaH 1 DR., 2021.). Cilj ove studije
je pokrenuti detaljna interdisciplinarna istrazivanja
u vezi s promjenama PTM-a i PTZ-a na malim
otocima i obalnim zonama. Takva istrazivanja
mogu pomodi u boljoj pripremi za buduée izazove

po pitanju klime.
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at small islands accurately. Different locations on
the island, due to various distances from the sea,
local position relative to the open sea, orography,
and altitude, result in significantly different SAT
values (Bonaccr, Lyusenkov, 2020; Bonaccr ET
AL., 2020). A shortage of accurate climate change
representations, first of all, SST and SAT, severely
handicaps conservation, adaptation, and mitiga-
tion plan efforts, and further hinders appropriate
preparedness measures (AL SAYAH ET AL., 2021).
The aim of this study is to initiate detailed inter-
disciplinary research regarding the changes in SST
and SAT on the small islands and coastal zones.
Such research can help prepare better for future

climatic uncertainty.
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Polaziste za istrazivanje ovoga rada je u Sirokom spektru metoda kojima se mogu
vrednovati krajobrazne kvalitete. Svrha rada je utvrdivanje prednosti i nedostata-
ka cesto koristenih pristupa za vrednovanje krajobraza. Na odabranom podru¢ju
istrazivanja, otoku Rabu, radom je identificirano petnaest krajobraznih podruéja
te su odredena tri pristupa za vrednovanje kvaliteta krajobraza: 1. jedan temeljen
iskljucivo na vrednovanju ranjivosti kvaliteta krajobraza, a dva na procjeni osjetlji-
vosti krajobraza; 2. preklapanjem krajobraznih podrudja sa zdruzenim modelom
ranjivosti kvaliteta krajobraza i 3. izravnim vrednovanjem krajobraznih podruéja
s prirodnog, kulturno-povijesnog i vizualno-dozivljajnog aspekta. Navedeni pri-
stupi medusobno su usporedeni radi utvrdivanja sli¢nosti i razlika medu njima,
kao i ukazivanja na prednosti i nedostatke svakog od njih. Rezultati su pokazali
da adekvatnost pristupa ovisi o odabiru homogene prostorne jedinice. Ispravni
pristup odabiru kriterija vrednovanja moze utjecati na objektivnost metode. Naj-
vise kvalitete krajobraza utvrdene su na jednakim podru¢jima neovisno o pristupu
utvrdivanja navedenih kvaliteta.

K1JUCNE RIJECE: vrednovanje, modeliranje, krajobrazne kvalitete, ranjivost, osjet-
ljivost

The incentive for this research has come from a wide range of methods for land-
scape quality evaluation. The purpose was to determine the advantages and disad-
vantages of the commonly used approaches to landscape evaluation. In the selected
research area, the Island of Rab, 15 landscape character areas were identified and
three approaches for evaluation of landscape qualities were determined; (1) one
based exclusively on the evaluation of vulnerability of landscape qualities, and two
based on landscape sensitivity assessment: (2) the overlap of landscape character
areas with the combined landscape quality vulnerability model and (3) the direct
evaluation of landscape character areas from the natural, cultural-historical, and
visual-experiential perspective. The aforementioned approaches were compared
with one another in order to identify similarities and differences between the indi-
vidual approaches, as well as to highlight their advantages and disadvantages. The
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results have shown that the adequacy of an approach depends on the selection of
a homogeneous spatial unit; the appropriate approach for the evaluation criteria
selection may affect the objectivity of the method; and the highest landscape qual-
ities were determined in the same areas regardless of the approach used.

KEY WORDS: evaluation, modelling, landscape qualities, vulnerability, sensitivity
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UvOD

Polaziste za istrazivanje pristupa vrednovanja je
u Sirokom spektru metoda kojima se mogu utvr-
diti krajobrazne kvalitete i na temelju njih vrijed-
nosti nekog krajobraza. U ovome se radu pojam
krajobrazne kvalitete odnosi na iznimne karak-
teristike krajobraza per se, odnosno na njegove
intrinzi¢ne vrijednosti. Krajobrazne vrijednosti i
njihova prostorna odredenost vazne su za imple-
mentaciju triju politika Konvencije o europskim
krajobrazima: krajobrazno planiranje, zastitu
krajobraza i upravljanje krajobrazom (URL 1).
Kao dio postupka procjene krajobraza, ovim ra-
dom obuhvacéen je i koncept karaktera krajobraza
koji se definira kao specifi¢cna kombinacija pri-
rodnih i kulturnih ¢imbenika tvorbe krajobraza.
Ona gradi svojstven, prepoznatljiv i konzistentan
uzorak elemenata ¢inedi tako odredeni krajobraz
drugacijim od drugog, prije nego boljim ili lo-
$ijim  (Swanwick, 2002.). Procjena karaktera
krajobraza polazi od kartiranja krajobraznih je-
dinica koje se mogu odrediti u vie razina i mje-
rila: krajobrazni tipovi, krajobrazna podrugja,
krajobrazni uzorci itd. (Swanwick, 2002., URL
3). S obzirom na veli¢inu i strukturu istrazivanog
podrucja, u ovome su radu odabrana krajobrazna
podruc¢ja kao odgovarajuda jedinica za istraziva-
nje. Za razliku od krajobraznih tipova koji su
opéeg karaktera i mogu se pojaviti na razli¢itim
lokacijama i dijelovima prostora u sli¢nim kom-
binacijama krajobraznih ¢imbenika (geoloske
osnove, tla, reljefnih oblika, povrsinskog pokro-
va i na¢ina kori$tenja zemljista), krajobrazna po-
drudja predstavljaju jedinstvene prostore istoga
karaktera krajobraza na specifi¢noj lokaciji. Ona
su odredena terenskim istrazivanjima kojima se
identificiraju elementi krajobraza i njihove vizu-
alno-dozivljajne karakteristike koje svojstvenim
kombinacijama tvore specifi¢ne karaktere kra-
jobraza (Swanwick, Faircrough, 2018.). Na
temelju definiranog karaktera krajobraza moze
se procijeniti stanje i kvalitete krajobraznih pod-
rudja. Krajobrazne kvalitete posjeduju prostornu
i vremensku dimenziju radi koje su interaktivne
i neprestano se mijenjaju s obzirom na ¢ovjekovo
djelovanje u prostoru (Tomi¢ Revji¢, 2017.). D.
E. Deming i S. Swaffield (2011.) navode kako

INTRODUCTION

The fundamental starting point for exploring
approaches to landscape evaluation has come
from the existence of a wide range of methods for
assessing landscape quality and its evaluation. In
this paper, the notion of landscape quality refers
to the exceptional characteristics of a landscape
‘per s¢, i.e. to its intrinsic values. Landscape val-
ues and their spatial determination are extreme-
ly important for the actual implementation of
three European Landscape Convention policies;
landscape planning, landscape protection and
landscape management (URL 1). Furthermore,
within the landscape evaluation process, this pa-
per includes the concept of landscape character
which is defined as a specific combination of nat-
ural and cultural factors of landscape formation.
It creates an inherent, distinctive and consistent
pattern of elements making a certain landscape
different from the other, rather than better or
worse (Swanwick, 2002). Landscape character
assessment starts by mapping landscape units that
can be implemented on multiple levels and scales;
landscape types, landscape character areas, land-
scape patterns etc. (Swanwick, 2002, URL 3).
Due to the size and the structure of the research
area, in this paper landscape character areas were
selected as appropriate units for testing. Unlike
landscape types that are of a general nature and
can occur in different locations and spaces in
similar combinations of landscape factors (ge-
ology, soil, relief forms, surface cover and land
use), landscape character areas represent unique
spaces with the same landscape character at a
specific location. They are determined through
field studies that identify the landscape elements
and their aesthetic and perceptive characteristics
that in distinctive combinations create specific
landscape characters (Swanwick, FarrcLouGH,
2018). Based on a defined landscape character,
it is possible to evaluate the condition and qual-
ities of the landscape character areas. Landscape
qualities have a spatio-temporal dimension that
makes them interactive and constantly changing,
when one considers human activity in the land-
scape (Tomi¢ ReLji¢, 2017). According to D. E.
Deming and S. Swaffield (2011), people live in a
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ljudi zive u konstantno promjenjivom drustve-
nom i fizickom okruZenju te moraju kontinui-
rano vrednovati i revalorizirati njegovo stanje u
odnosu na sadasnje uvjete i Zeljeno stanje.

Vrednovanje krajobraza jedna je od najces¢ih
strategija istrazivanja u oblikovanju okolisa. J.
Marusi¢ (1987.) ga definira kao prepoznavanje
i uspostavljanje Covjekova odnosa prema kra-
jobrazu. Kao adekvatna metoda vrednovanja
primjenjuje se modeliranje — metoda kojom se
interpretiraju i pojednostavljuju kompleksni su-
stavi kvaliteta okolisa u kontekstu planiranja, s
obzirom na to da se relacije odnose na budu¢-
nost realnog svijeta koje se u sadasnjosti ne mogu
znanstveno utvrditi (Bututra 1 DR, 2009). Stoga
modeliranje, a pogotovo ranjivost, vode prema
otkri¢u krajobraznih kvaliteta ili vrijednosti koje
trebaju biti zasti¢ene prostorno-planskom doku-
mentacijom; posebice pri planiranju primorskih
obalnih zona koje su cesto pod prijetnjom pri-
silnog preuzimanja za potrebe razvoja turistickih
i stambenih zona. Otoci su strukturni elementi
krajobraza najvazniji za nacionalni identitet Re-
publike Hrvatske. S druge strane, otoci su kra-
jobrazne/prostorne cjeline posebno ranjive na
spomenute pritiske razvoja. Otok Rab je upravo
zbog svoje krajobrazne i strukturne raznolikosti
odabran za istrazivanje pristupa vrednovanja kra-
jobraza.

Zbog sve ve¢ih razvojnih zahtjeva u krajobra-
zu koji podrazumijevaju uvodenje novih zahva-
ta, promjenu nacina kori$tenja zemljista te ne-
adekvatno koristenje ili upravljanje zemljistem,
javlja se potreba za ocuvanjem intrinzi¢nih kraj-
obraznih kvaliteta. Medutim, postupaka za utvr-
divanje krajobraznih kvaliteta i metoda njihova
vrednovanja ima mnogo te se stoga s obzirom na
primjenu odredenog pristupa i rezultati mogu
razlikovati. D. E. Deming i S. Swaffield (2011.)
navode kako ne postoji okvir unutar kojeg su
ustanovljeni istrazivacki protokoli u skladu sa si-
rinom i fleksibilnos¢u discipline u cjelini. Stoga
je Sirok spektar mogu¢nosti za istrazivanje u kra-
jobraznoj arhitekturi, ali i ostalim disciplinama
koje se bave prostorom, istovremeno konfuzan
i izazovan, posebice zato $to ne postoji jedin-
stveni predlozak istrazivanja unutar profesije. U

struénim krugovima to moze uzrokovati nerazu-
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constantly changing social and physical environ-
ment so they continuously have to evaluate and
revalorize its condition in relation to the current
condition and desired state.

Methodology of landscape evaluation, the ba-
sic issue of this paper, is one of the most used
research strategies in environmental design. J.
Marusi¢ (1987) defines it as the recognition and
establishment of the human relationship towards
landscape. Modelling is recognized as an appro-
priate evaluation method because it interprets
and simplifies complex systems of environmental
quality in the planning context, especially con-
sidering their reflection on its future state, which
cannot be scientifically verified in the present
(ButuLa ET AL., 2009). So modelling, and vul-
nerability in particular, leads to the singling out
landscape qualities or values that ought to be pro-
tected within spatial planning; Croatian coastal
land use planning in particular, since it is often
under threat of aggressive land uptake for tour-
ism and residential development. The islands are
structural landscape elements of utmost signifi-
cance to Croatia’s national identity. On the oth-
er hand, they represent landscape/spatial entities
especially vulnerable to the above-mentioned
developmental pressures. The Island of Rab was
chosen as a research site to test landscape eval-
uation methods mostly because of its landscape
diversity and structural heterogeneity.

Due to the increasing developmental demands
in the landscape, which include the introduction
of new activities, change of land use, inappro-
priate existing land use or management, there
is a need to protect intrinsic landscape qualities.
However, procedures for determining landscape
qualities and evaluation methods are numerous,
so results can differ given the used approach. D. E.
Deming and S. Swaffield (2011) emphasize that,
in general, there is no framework for determining
research protocols in accordance with the breadth
and flexibility of the discipline. The wide range of
opportunities for research in landscape architec-
ture, but also in the other disciplines dealing with
space, is therefore both confusing and challeng-
ing, as there is no unique research template with-
in the profession and/or discipline. In profession-
al circles it can cause misunderstanding, but also
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mijevanje, no zbog odabira pristupa potencijal-
no mogu biti previdene i neke kvalitete krajo-
braza koje je potrebno ocuvati od degradacija.
Analiziraju¢i disciplinsku strukturu znanosti o
odrzivosti M. Nuci¢ (2012.) istice da metode
vrednovanja i odgovarajuce kvalitete povezane s
krajobrazom nadilaze tradicionalne granice aka-
demskih disciplina jer su interdisciplinarne.

Ovaj je rad usmjeren na istrazivanje vredno-
vanja ranjivosti i osjetljivosti kvaliteta krajobra-
za. Analiza ranjivosti smatra se optimizacijskim
pristupom jer istrazuje prostorne i krajobrazne
kvalitete prije donosenja rjeSenja, i to s aspekta
potencijalnih opasnosti od planiranih aktivnosti,
te se stoga smatra metodom koja se primjenju-
je u procesu trazenja rjeSenja (MARUSIC, 1993.).
Kao alat krajobraznoga planiranja, uzima u ob-
zir i sektorska poimanja vrijednih podruéja, ali
i osjetljivost podru¢ja u odnosu na planirani
razvoj (PENKO SEIDL 1 DR., 2009.). Osjetljivost
krajobraza sagledava se kroz koli¢inu i opseg pro-
mjena koje odredeno krajobrazno podrucje moze
podnijeti, a da se ne promijeni njegov karakter
i njegova vrijednost (Tupogr, 2019.). To podra-
zumijeva stru¢nu procjenu o mogucoj ili oceki-
vanoj promjeni karaktera krajobraza s obzirom
na utjecaje novih zahvata ili promjena namjene
zemljista, prirodne utjecaje te o otpornosti odre-
dene krajobrazne jedinice (krajobrazno podru¢je
ili krajobrazni uzorak ovisno o mjerilu i detaljno-
sti analize) na promjene karaktera (ANDLAR I DR,,
2015b, Tomi¢ ReLjIC 1 DR., 2016.).

Za podrucje otoka Raba do sada su izradene
dvije krajobrazne studije (FRANGES I DR., 2014.;
BIrov 1 DR., 2018.) koje su obuhvatile tipologiju
i vrednovanje krajobraza. Metodologijom LAN-
MAP G. Franges$ i dr. (2014.) izradili su klasifika-
ciju krajobraznih jedinica prema kojoj je podru¢-
je otoka Raba podijeljeno na sedam krajobraznih
cjelina (Dolin, Rapske drage s obroncima, Rapski
krski pasnjaci, Kalifront, Loparska Suma i uvale,
Goli otok, Grgur), pri ¢emu je najve¢u kombini-
ranu vrijednost dobila cjelina Rapskibh krskih pas-
njaka. Prema podjeli na opée krajobrazne tipove
koje su proveli T. Birov i dr. (2018.), podrugje
otoka Raba s pripadaju¢im oto¢jem pripada tipu
krajobraza unutras$njih otoka s otokom Krkom,
a sam otok podijeljen je takoder na sedam kra-

because of the choice of approach, some qualities
of the landscape that may need to be protected
from degradation might be overlooked. Analys-
ing the disciplinary structure of the sustainability
science, M. Nuc¢i¢ (2012) pointed out that eval-
uation methods and respective qualities attached
to landscape are transcending traditional bound-
aries of academic disciplines, because they are in-
terdisciplinary.

This paper focuses on research into the evalua-
tion of vulnerability and sensitivity of landscape
qualities. Vulnerability analysis is considered an
optimization approach because it investigates
spatial and landscape qualities before making
a decision, in terms of potential hazards from
planned activities and is therefore considered a
method used in the process of finding a solution
(MARUSIC, 1993). As a landscape planning tool it
takes into consideration areas valuable for a cer-
tain sector, but also the sensitivity of the area in
relation to planned development (PENkO SEIDL
ET AL. 2009). The sensitivity of a landscape is per-
ceived through the amount and extent of chang-
es that a particular landscape area can withstand
without changing its character and its value (Tu-
DOR, 2019). It involves expert assessment on the
possible or expected change in the character of
the landscape with respect to the effects of new
interventions or changes of land use, natural im-
pacts and the resilience of a specific landscape
unit (landscape area or landscape pattern, de-
pending on the scale and detail of the analysis) to
character changes (ANDLAR ET AL., 2015b, Tomi¢
Revjié T AL, 2016).

So far, two landscape studies have been made
for the area of the Island of Rab (FRANGES ET AL.,
2014, Birov ET AL., 2018), which included the
typology and evaluation of the landscape. Using
the LANMAP methodology G. Frange$ et al.
(2014) developed a classification of landscape
units, according to which the area of the Island
of Rab is divided into 7 landscape units (Dolin,
Rapska draga with slopes, Rab karst pastures, Kali-
[front, Loparska forest and bays, Goli otok, Grgur).
The highest combined value was attributed to the
landscape unit of Rab karst pastures.

According to the division into general land-
scape types conducted by T. Birov et al. (2018)
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jobraznih podrudja (Agrarni mjesoviti krajobraz
Raba, Krajobraz kamenjarskih pasnjaka Raba,
Prirodni  stjenoviti  krajobraz Raba, Travnjacki
krajobraz juznog Raba, Sumski krajobraz Raba,
Doprirodni krajobraz otoka Dolina te Doprirodni
otocni krajobraz Prvica, Gologa i Grgura). Vred-
novanje je provedeno na razini op¢ih krajobra-
znih tipova, stoga cijeli otok zajedno s otokom
Krkom ima jednaku ranjivost i osjetljivost.

S obzirom na to da su obje navedene studije
izradene na regionalnoj razini za podrudje cije-
le Zupanije, za potrebe ovoga rada bilo je nuzno
provesti karakterizaciju i vrednovanje na lokalnoj
razini koja je mnogo detaljnija.

Na temelju teorijskih postavki definirani su
glavni ciljevi rada: 1. procijeniti pristupe vred-
novanja krajobraznih kvaliteta na primjeru pod-
rudja otoka Raba. Na temelju utvrdenih pristupa
vrednovanja krajobraza 2. uputiti na prednosti
i nedostatke pojedinih pristupa te usporednim
prikazom naglasiti njihove medusobne razlike.

MATERIJALI I METODE

U sklopu kvarnerskoga oto¢ja, otok Rab je na-
kon Cresa i Krka tre¢i po veli¢ini (SI. 1.). Grade
ga dva vapnenacka grebena: sjeveroisto¢ni s naj-
visim vrhom Kamenjak, jugozapadni Kalifront
te dvije fliSne zone; sredi$nja supetarsko-mun-
danijska flisna udolina i sjeveroisto¢ni loparski
poluotok.

Proces rada ukljucivao je analizu znanstvene
i stru¢ne literature, te prikupljanje, pripremu i
izradu prostornih podataka GIS alatima. Teren-
sko istrazivanje poduzeto je dva puta — potkraj
svibnja i pocetkom kolovoza 2019. radi priku-
pljanja fotografija, definiranja i korekcije granica
krajobraznih podru¢ja utvrdenih analizom pro-
stornih podataka i literaturnih izvora te utvrdi-
vanja vizualno-dozivljajnih karakeeristika krajo-
braza.

Baza prostornih podataka koriStena u ovome
radu djelomi¢no je preuzeta iz postojeée baze
Zavoda za ukrasno bilje, krajobraznu arhitek-
turu i vrtnu umjetnost (SveuciliSte u Zagrebu,
Agronomski fakultet), a djelomi¢no je izradena i
dopunjena na temelju kartografskih prikaza pro-
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the area of the Island of Rab with its islands be-
longs to the type of landscape of the inner islands
together with the Island of Krk. The island itself
is also divided into 7 landscape areas (Agrarian
mixed landscape of Rab, Landscape of rocky pas-
tures of Rab, Natural rocky landscape of Rab, Lawns
landscape of southern Rab, Forest landscape of Rab,
Pre-natural landscape of the island of Dolin, and
Pre-natural island landscape of Prvi¢, Goli and Gr-
gur). The evaluation was carried out at the level
of general landscape types, so the whole island
together with the Island of Krk has equal value of
vulnerability and sensitivity.

Since both of these studies were made at the re-
gional level for the entire county, for the purposes
of this paper it was necessary to make a character-
ization and evaluation at the local level.

Based on theoretical assumptions, the main ob-
jectives of the paper were defined: (1) to assess
approaches for evaluation of landscape qualities
in the area of the Island of Rab; (2) to point out
the approaches’ benefits and shortcomings and
by comparison, emphasize their differences.

MATERIALS AND METHODS

Considering Kvarner islands, Rab is the third
in size, after Cres and Krk (Fig. 1). Natural fea-
tures of the island include two limestone ridges;
the north-eastern with the highest peak Kamen-
jak, the south-western Kalifront, and two flysch
zones - central Supetar-Mundanije flysch valley
and the north-eastern Lopar peninsula.

The starting point for the research was a lit-
erature review, both scientific and professional,
which was used to gather, prepare and generate
spatial data using GIS tools. The fieldwork was
performed in late May and early August 2019 for
the purpose of collecting photography, defining
and correcting the boundaries of landscape char-
acter areas determined by the analysis of spatial
data and literary sources, and finally, determining
the visual and experiential characteristics of the
landscape.

The spatial database used in this paper was
partly taken from the existing database of the De-
partment for Ornamental Plants, Landscape Ar-
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SLIKA 1. Geografski poloZaj otoka Raba
F1GURE 1 Geographical location of the Island of Rab

stornih planova Zupanije, grada i opéine preuze-
tih iz Registra prostornih planova Javne ustanove
Zavoda za prostorno uredenje Primorsko-goran-
ske Zupanije, kartografskih prikaza preuzetih s
WMS servisa Drzavne geodetske uprave, WES
servisa informacijskog sustava zastite prirode,
WES servisa Nacionalnog sustava identifikacije
zemljisnih parcela ARKOD i Agencije za zadtitu
okolisa. Za modeliranje i graficku izradu vrijed-
nosnih kartografskih prikaza koristeni su GIS
aplikacija QGIS (2.18.14, 3.2.3., 3.10.5.) i Pro-
Val 2000 (1.1.0.6). Prikupljeni podaci sistema-
tizirani su i prilagodeni sluzbenome hrvatskom
koordinatnom sustavu (HTRS96/TM).

Sljede¢i korak u istrazivanju bilo je kartograf-
sko razvrstavanje rapskog arhipelaga na krajobra-
zna podrudja sli¢nih znacajki, odnosno tipologija
krajobraza — dio procesa karakterizacije krajobra-
za koji podrazumijeva identificiranje, kartiranje i
opis krajobraznih jedinica. Obuhvat istrazivanja
prvo je podijeljen na krajobrazne tipove, a zatim
na krajobrazna podrucja koja su potom koristena
pri procjeni osjetljivosti krajobraza.

Prvi ispitani pristup (u daljnjem tekstu Pri-
stup 1) u ovome radu ukljucuje model ranjivosti

chitecture and Garden Art (University of Zagreb,
Faculty of Agriculture), and partly generated and
supplemented by local spatial plans taken over
from the Register of Spatial Plans of the Insti-
tute for Physical Planning of Primorje -Gorski
Kotar County, maps taken from the WMS ser-
vice of the State Geodetic Administration; WFS
service of the Nature Conservation Informa-
tion System, WES service of the National Land
Parcel Identification System ARKOD and the
Agency for Environmental Protection. The tools
used for modelling and graphical representation
of the evaluation maps are the GIS application
QGIS (2.18.14, 3.2.3., 3.10.5.) and ProVal 2000
(1.1.0.6). All gathered data were systematized
and adjusted to the official Croatian coordinate
system (HTRS96/TM).

The next step in the research was the car-
tographic classification of Rab archipelago into
landscape character areas of similar characteris-
tics, i.e. typology of landscapes - part of the land-
scape characterization process that involves iden-
tifying, mapping and describing landscape units.
The research area was first divided into landscape
character types and then into landscape character
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kvaliteta krajobraza. Opéenito, modeli ranjivo-
sti pruzaju alat za donoSenje odluka na razlici-
tim razinama i opsezima prostornog planiranja
i upravljanja (URL 2). U ovome istrazivanju oni
su primijenjeni kao mogudi ulazni podatak na
pocetku planerskog procesa, ali ne kao simulacija
potencijalnih negativnih utjecaja planiranih ak-
tivnosti na okolis ve¢ iskljucivo kao krajobrazne
vrijednosti koje se pripisuju zastiti, intrinzi¢ne ili
unaprijed definirane (Butura, 2004.).

Druga dva pristupa istrazena su konceptom
procjene osjetljivosti krajobraza, preklapanjem
modela ranjivosti krajobraza s identificiranim
krajobraznim podru¢jima (u daljnjem tekstu Pri-
stup 2) i izravnim vrednovanjem (LOURES I DR.,
2015.) krajobraznih podrucja na temelju odre-
denih kriterija za vizualno-dozivljajne, prirodne
i kulturno-povijesne kvalitete (u daljnjem tekstu
Pristup 3).

Navedeni pristupi u idu¢em su koraku uspore-
deni radi utvrdivanja razlika medu njima. Medu-
sobno usporedivanje provedeno je kartografski i

na temelju udjela pojedinih ocjena u modelima.

Modeliranje ranjivosti kvaliteta krajobraza

(Pristup 1)

Modeliranje ranjivosti kvaliteta krajobraza je op-
timizacijski pristup koji generaliziranim modelima
vrednovanja identificira prostorne i krajobrazne
kvalitete prije donosenja odluka o prostoru. Ra-
zlic¢ite prostorne znacajke prikazane su u obliku
matrica tako da su ocjene dodijeljene odredenim
stupnjevima njihove prostorne pojavnosti na te-
melju odredene skale. U ovome je radu koristena
skala od 1 do 5, pri ¢emu je 1 neranjivo, a 5 naj-
ranjivije.

Kriteriji za procjenu prirodnih kvaliteta krajo-
braza bili su: vrijedna kopnena stanista (Sume, oba-
la, moc¢vare, pijesci); litoloska osnova (vapnenacke
stijene), nagib terena; vodotoci i vodozastitna po-
dru¢ja; zasti¢ena podrucja prirode — park-$uma,
posebni rezervati, znacajni krajobraz i podruéja
ekoloske mreze Natura 2000 te posebno vrijedni
prirodni krajobrazi odredeni Prostornim planom
uredenja Grada Raba (2016.) i Prostornim planom
uredenja Opéine Lopar (2011.) te udaljenost od
podru¢ja pod antropogenim utjecajem (npr. cesta
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areas. Afterwards, landscape character areas were
used to evaluate landscape sensitivity.

The first approach tested (hereinafter Approach
1) in this paper includes a vulnerability model
of landscape qualities. In general, vulnerability
models provide a tool for decision making on
different levels and scopes of spatial planning
and management (URL 2). In this research, it is
applied as a possible input at the beginning of a
planning process; although not by simulating po-
tential negative impacts of a planned activity on
the environment, but rather as solely landscape
values attributed to protection per se, intrinsic or
predefined (ButuLa, 2004).

The other two approaches are explored through
the concept of landscape sensitivity assessment;
overlapping a landscape vulnerability model with
identified landscape character areas (hereinafter
Approach 2) and direct evaluation (LOUREsS ET
AL., 2015) of landscape character areas against
predefined criteria of visual, natural and cultural
qualities (hereinafter Approach 3).

These approaches were later compared with
each other in order to determine the differenc-
es between them. Cross-comparisons were per-
formed cartographically, based on the proportion
of individual ratings in the models.

Landscape vulnerability modelling
(Approach 1)

Landscape vulnerability modelling is an opti-
mization approach which through generalized
evaluation models identifies spatial and landscape
qualities before spatial decision making. Various
spatial characteristics are presented in the form of
matrices, in a way that ratings are given to certain
degrees of spatial occurrence, according to a pre-
viously determined scale. In this paper a scale of 1
to 5 is used, with 1 being invulnerable and 5 being
the most vulnerable.

The criteria for evaluating the natural qualities
of the landscapes were: valuable terrestrial habitats
(forests, coast, wetlands, sands); lithological basis
(limestone), terrain slope; watercourses and water
protection areas; protected nature areas - forest
park, special reserves, significant landscape and
ecological network Natura 2000 and especially
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i naselja).

Kiriteriji za procjenu kulturno-povijesnih kvalite-
ta krajobraza bili su: prisutnost nepokretne kultur-
ne bastine (kulturno-povijesne cjeline, povijesni
objekti i strukture, arheoloske zone i memorijalna
bastina), prisutnost suhozida i lokvi, prisutnost
tradicionalnih naselja; poljoprivredni krajobrazi,
odnosno tradicionalno poljoprivredno koristenje
zemljiSta, pas$njaci i mozaici razli¢itog nacina ko-
riStenja zemlji$ta (maslinici, vinogradi, povrtnjaci
i voénjaci).

Kriteriji za procjenu vizualno-dozivljajnih kvali-
teta krajobraza bili su: vizualna izlozenost iz nase-
lja, uvala i s najvisih vrhova, plaza, cesta i vidikova-
ca, vizualno-dozivljajno vrijedna kopnena stanista
(Sume i tradicionalni mozaici poljoprivrednih po-
vr$ina), zasticena podrudja prirode i povijesna gra-
diteljska cjelina grada Raba.

Postoje¢e kvalitete krajobraza vrednovane su
izravno kroz vrijednosne matrice, a potencijalne
kvalitete vrednovane su kroz zone udaljenosti. Do-
bivene matrice spojene su aritmetickim funkcija-
ma u GIS aplikacijama koje, nakon preklapanja,
izra¢unavaju srednju vrijednost svake homogene
prostorne jedinice (piksel, velicine 10 x 10 m)
uzimajudi u obzir vrijednosti unesenih vrijednosti.
Vrijednosti su zatim klasificirane u standardiziranu
skalu ocjena 1-5 kako bi se dobile jednake i uspo-

redive vrijednosti.

Procjena osjetljivosti krajobraza

(pristupi 21 3)

U ovome radu osjetljivost krajobraza dio je po-
stupka procjene karaktera krajobraza. Krajobrazna
jedinica koriStena u ovome istrazivanju je krajo-
brazno podru¢je. Studije krajobraznog karaktera,
kvaliteta i osjetljivosti, provedene u Hrvatskoj (Bu-
TULA I DR., 2009.; ANDLAR I DR., 20152, ANDLAR I
DR., 2015b; Tomi¢ ReLji¢ 1 DR., 2016.) koristene
su kao metodolosko polaziste pri procjeni osjetlji-
vosti krajobraza.

Procjena osjetljivosti krajobraza provedena je
dvama pristupima: preklapanjem krajobraznih po-
drugja s prethodno dobivenim modelom ranjivosti
i izratunom tezinskog prosjeka svakoga krajobra-
znog podru¢ja (Pristup 2) i izravnim vrednova-
njem krajobraznih podru¢ja na temelju liste kri-

valuable natural landscape areas stipulated by the
Spatial Development Plan of the Town of Rab
(2016) and the Spatial Development Plan of the
Municipality of Lopar (2011); and finally, the dis-
tance from the anthropogenic impact (e.g. roads
and settlements).

The criteria for evaluating the cultural-histor-
ical qualities of the landscape were: the presence
of protected immovable cultural heritage (cultur-
al-historical units, historical buildings and struc-
tures, archaeological zones and memorial heritage);
the presence of agricultural stone walls and ponds;
the presence of traditional settlements; agricultural
landscapes, i.e. traditional agricultural land uses,
individual pastures and mosaics of various land
uses (olive groves, vineyards, vegetable gardens and
orchards).

The criteria for evaluating the visual-experien-
tial qualities of the landscape were: visual exposure
from settlements and bays, and from peaks, beach-
es, roads and viewpoints; visually-experientially
valuable terrestrial habitats (forests and traditional
mosaics of cultivated areas); protected nature ar-
eas; and the historic architectural complex of the
town of Rab.

The existing landscape qualities were evaluated
directly by value matrices, while potential qualities
were evaluated through distance zones. Obtained
matrices are joined by arithmetic functions in GIS
applications that, after overlapping, calculate the
average value of each homogeneous spatial unit
(pixel, 10 x 10 m in size) with respect to the values
of all inputs. The summed values are then classi-
fied into a standardized rating scale of 1-5, using
the Classify option to obtain equal and compara-
ble values.

Landscape sensitivity assessment

(Approaches 2 and 3)

In this paper, landscape sensitivity is a part of the
landscape character assessment process. The land-
scape unit in this research is scaled to the landscape
character area. Studies of landscape character, quali-
ty and sensitivity, conducted in Croatia (ButuLa ET
AL., 2009, ANDLAR ET AL., 2015a, ANDLAR ET AL.,
2015b, Tomi¢ Revji¢ T AL., 2016), were used as a
methodological starting point when assessing land-

43



26/1 (2021) 35-58

L. Bocovac, S. Butura, G. ANpLAR, D. Tomi¢ ReLjié

terija (Pristup 3). Pristupi su detaljnije obrazlozeni

u nastavku.

Preklapanje krajobraznih podrucja s modelom
ranjivosti krajobraza (Pristup 2)

U ovome pristupu osjetljivost krajobraza do-
bivena je digitalnim preklapanjem prethodno
odredenih krajobraznih podru¢ja s dobivenim
modelom ranjivosti kvaliteta krajobraza. Izracu-
nom tezinskog prosjeka, dobivena je osjetljivost
svakoga krajobraznog podruc¢ja s obzirom na
njezine postojeée i potencijalne kvalitete. Klasifi-
kacijom prosje¢nih vrijednosti u standardiziranu
skalu 1-5, dobivena je karta osjetljivosti krajo-
braza (ANDLAR I DR., 2015b; Tom1¢ ReLji¢ 1 DR.,
2016.).

Izravno vrednovanje krajobraznih podrucja s
prirodnog, kulturno-povijesnog i vizualno-
dozivijajnog aspekta (Pristup 3)

Vrednovanje krajobraza provedeno je s aspeka-
ta koriStenih u dosada$njim istrazivanjima (Bu-
TULA 1 DR., 2009.; ANDLAR I DR., 2015b, Tomi¢
ReLji¢ 1 DR, 2016.): prirodnih, kulturno-po-
vijesnih i vizualno-dozivljajnih kvaliteta. Iscr-
pnom analizom dosadasnjih istrazivanja Litto-
na (1972.), van Mansvelta i Kuipera (1999.),
Kuipera (2000.) i Palmera (2004.), navedeno u
A. Ode i dr. (2008.; 2009.); Smitha i Theber-
gea (1986.), Browna i Reeda (2000.), Brunsa i
Greena (2001.), Greena i Vosa (2001.), Dram-
stada i dr. (2002.), Swanwicka (2002.), Browna
(2004.), Hellmunda i Smitha (2006.), Anthro-
pa i Van Eetveldea (2007.), navedeno u G. An-
dlar (2012.); Butlera (2016.); Browna i Brabyna
(2012.) i Franka i dr. (2012.), navedeno u I. So-
lecka (2018.) u ovome radu utvrdeni su kriteriji
za svaku kvalitetu. Sveukupno, kvalitete su pro-
cijenjene prema kriterijima kako slijedi.

Kriteriji za vrednovanje prirodnih kvaliteta bili
su: raznolikost povrSinskog pokrova odnosno
vrijednost povezana s raznoliko$¢u vrsta i stani-
Sta, fragmentiranost krajobraza koja ukljucuje
stupanj izgradenosti i rascjepkanost infrastrukcu-
rom, prisutnost vodotoka, lokvi i drugih vodnih

tijela (vodena i modvarna stanista), raznolikost
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scape sensitivity. Landscape sensitivity assessment
was made by using two different approaches; over-
lapping landscape character areas with a previously
obtained vulnerability model and calculating the
weighted average of every landscape character area
(Approach 2) and direct evaluation of landscape
character areas based on a list of criteria (Approach

3). They are elaborated in more detail below.

Owerlapping landscape character areas with the
landscape vulnerability model (Approach 2)

In this approach, landscape sensitivity was ob-
tained by digitally overlapping previously deter-
mined landscape character areas with the resulting
landscape vulnerability model. By calculating the
weighted average, the sensitivity of each landscape
character area is obtained considering its existing
and potential qualities. By classifying average val-
ues into a standardized rating scale of 1-5, a land-
scape sensitivity map was obtained (ANDLAR ET
AL., 2015b, Tomi¢ ReLjIC ET AL., 2016).

Direct evaluation of landscape character
areas from the natural, cultural-historical and
visual-experiential aspect (Approach 3)

Landscape evaluation was conducted according
to aspects used in previous research (Burura ET
AL., 2009; ANDLAR ET AL., 2015b, Tomi¢ REeL-
j1¢ ET AL., 2016); natural, cultural-historical and
visual-experiential qualities. Furthermore, detailed
analysis of the criteria employed in research of
Litton (1972), van Mansvelt and Kuiper (1999),
Kuiper (2000) and Palmer (2004), cited in A. Ode
et al. (2008, 2009); Smith and Theberge (1986),
Brown and Reed (2000), Bruns and Green (2001),
Green and Vos (2001), Dramstad et al. (2002),
Swanwick (2002), Brown (2004), Hellmund and
Smith (2006), Anthrop and Van Eetvelde (2007),
cited in G. Andlar (2012); Butler (2016); Brown
and Brabyn (2012) and Frank et al. (2012), cit-
ed in I. Solecka (2018) served to validate and set
a list of the evaluation criteria for each particular
quality. Altogether, qualities were assessed on the
following criteria.

The criteria for evaluating natural qualities were:

the diversity of the surface cover, i.e. the value as-
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reljefnih formi, razvedenost reljefa i nagib tere-
na, gdje strmija podrudja i vrlo razvedeni reljefi
sugeriraju manji antropogeni utjecaj i vrijednost
zadti¢enog podrudja koja se mjeri prisutno$éu i
veli¢inom zasticenog podruéja. Prosje¢na vrijed-
nost prirodnih kvaliteta krajobraznih podrucja
dobivena je zbrojem ocjena pridodanih na teme-
lju zadanih kriterija.

Kulturno-povijesne karakteristike vrednovane
su na isti nacin, a u obzir je uzeta reprezenta-
tivnost tradicijskih i sakralnih objekata te arhe-
oloskih nalazista, rijetkost tradicionalnog nacina
koriStenja zemljiSta (terase, kréevine, dolci, stari
nasadi vinograda i dr.) i prisutnost povijesnih
struktura u krajobrazu te reprezentativnost i ri-
jetkost krajobraznih podrudja na regionalnoj ra-
zini (broj kombinacija zajednickih i esencijalnih
znacajki zbog kojih je podrugje reprezentativno u
regiji kojoj pripada).

Pri vrednovanju vizualno-dozivljajnih kvali-
teta, zadani kriteriji bili su integritet, koheren-
tnost, kompleksnost, prostorni akcenti i broj ra-
zli¢itih vizura po krajobraznom podrudju.

Procjena osjetljivosti krajobraza dobivena je
preklapanjem i izratunom srednje vrijednosti
prethodno definiranih triju sustava vrijednosti
(prirodnih, kulturno-povijesnih i vizualno-do-
zivljajnih kvaliteta) za svako krajobrazno pod-

rudje.

REZULTATI

Krajobrazna podrudja

Postupkom karakterizacije krajobraza identifi-
cirano je pet krajobraznih tipova: krajobrazni tip
flisnih udolina, krajobrazni tip fli$nih pobrda, kra-
jobrazni tip urbaniziranih podru¢ja, krajobrazni
tip vapnenackih grebena i krajobrazni tip otoka.
Prema njihovoj prostornoj distribuciji, podijeljeni
su u petnaest krajobraznih podrudja (S 2.). Ta-
kav postupak, kako navode D. Perko i dr. (2015.),
predstavlja hijerarhijsku klasifikaciju, podjelu i
kombinaciju krajobraza unutar odredenoga istra-
zivanog podrudja, a u ovome radu, u rapskom ar-

hipelagu.

sociated with the diversity of species and habitats;
fragmentation of the landscape, which includes
the degree of construction and fragmentation of
infrastructure; the presence of watercourses, ponds
and other water bodies (aquatic and wetland hab-
itats); the diversity of relief forms, high-relief and
slope of the terrain, where steeper areas and highly
indented reliefs suggest a lesser anthropogenic in-
fluence; and the value of protected area, which is
measured by the presence and size of the protected
area. The average value of the natural qualities of a
landscape character area was calculated as the sum
of the given criteria.

Cultural and historical characteristics were eval-
uated in the same way, and account was taken of
representative vernacular and sacral objects and ar-
chaeological sites, rarity of traditional agricultural
land uses (terraces, karst clearings, cultivated val-
leys, old vineyard plantations), presence of histori-
cal features in the landscape and representative and
rare landscape character areas on the regional level
(the number of combinations of common and es-
sential features that make the area representative in
the region to which it belongs).

When evaluating visual-experiential qualities,
the default criteria were visual integrity, coherence,
complexity, spatial accents, spatial identity and the
number of different vistas per area.

The landscape sensitivity assessment was ob-
tained by overlapping and calculating the mean
value of the three previously defined value systems
(natural, cultural-historical and visual-experiential

qualities) for each landscape character area.

RESULTS

Landscape character areas

Following the landscape characterization proce-
dure, five landscape types were identified: flysch
valley, flysch foothill, urbanized area, limestone
ridge and islands. According to their spatial distri-
bution they were categorized within fifteen land-
scape character areas (Fig. 2). Such a procedure,
as stated in D. Perko et al. (2015), represents a hi-
erarchical classification, division and combination
of landscapes within a certain research area; here

specifically, within Rab archipelago.
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4 - Loparsko flisno pobrde / Lopar flysch foothill

5 - Mundijansko flisno pobrde / Mundanije flysch foothill
6 - Urbanizirano obalno podrugje od Palita do Barbata /
7 - Sumoviti vapnenacki greben poluotoka Kalifront /

8 - Sumovite padine Kamenjaka poljoprivredne namjene /

9 - Sjeverozapadni dio grebena Kamenjaka s izmjenom Suma i goleti /

5km

Krajobrazna podrucja / Landscape character areas
1 - Loparska flisna udolina / Lopar flysch valley

2 - Supetrasko-mundanijska flidna udolina / Supetar-Mundanije flysch valley
3 - Kamporska flisna udolina / Kampor flysch valley

Urbanized coastal area from Palit to Barbat

Forested limestone ridge of Kalifront peninsula

Forested slopes of Kamenjak for agricultural purposes

Nort-western part of Kamenjak ridge with alternating forests and barren land
10 - Ogoljeli sjeveroisto¢ni dio Kamenjaka / Barren north-eastern part of Kamenjak

11 - Zaravnjeni vrsni dio grebena Kamenjaka / Flattened peak area of Kamenjak ridge
12 - Ogoljele strme stijene od Raposta do Lastavica /

Barren steep rocks from Rapost to Lastavica .
13 - Otok Dolin /Island of Dolin
_ . Autor sadrzaja i prikaza na karti: Lara Bogovac Content and map by: Lara Bogovac
14 OtO.k Sv. Grgur /lsland of Sveti Grgur Izvor: Drzavna geodetska uprava (DGU), 2019 Source: State Geodetic Administration (SGA), 2019
15 - Goli otok ©2019 ©2019

SLIKA 2. Karta krajobraznib podrudja
Fi1GURE 2 Map of landscape character areas
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Vrijednosti kvaliteta krajobraza u modelu
ranjivosti krajobraza (Pristup 1)

Prema postavljenom konceptu ranjivosti kva-
liteta krajobraza, prirodne, kulturno-povijesne i
vizualno-dozivljajne kvalitete krajobraza prikaza-
ne su u zdruzenom modelu ranjivosti krajobraza.
Rezultati su prikazani u Tab. 1. i Sl. 3. Pri tome
nisu dobivena podruéja u kojima nema ranjivosti,
a 1,13 % ukupne povrine ¢ine najranjivija pod-
ru¢ja koja upuduju na najvise kvalitete krajobraza

otoka Raba.

Values of landscape qualities obtained in
a landscape vulnerability model (Approach 1)

According to the established concept of land-
scape vulnerability, natural, cultural and visual
qualities of the landscape were simulated in a
combined landscape vulnerability model. The re-
sults are shown in Tab. 1 and Fig. 3. Whereby,
an area where there is no vulnerability was not
obtained, and 1.13% of the total area is the most

vulnerable; with the highest qualities of the Is-
land of Rab.

TaBLICA 1. Afributna tablica zdruzenog modela ranjivosti kvaliteta krajobraza (Pristup 1)
TABLE 1 Attribute table of the combined landscape vulnerability model (Approach 1)

. . Broj piksela / Povrsina / Udio u obuhvatu / . ..
Sl Pixel number Area (ha) Share in scope (%) SEELE indhs
1 Nije ranjivo /
) B Invulnerable
Malo ranjivo /
2 114696 146,96 11,12 Marginally vulnerable
Srednje ranjivo /
3 460130 4601,30 44,62 Medium vulnerable
4 444618 4446,18 43,13 Vilo ranjivo /
Very vulnerable
Najranjivije /
> 11689 116,89 L13 Most vulnerable
Total 1031133 10311,33 100

Vrijednosti kvaliteta krajobraza u modelima
osjetljivosti krajobraza (Pristupi 2 i 3)

Procjena osjetljivosti krajobraza dobivena je
digitalnim preklapanjem prethodno odredenih
petnaest krajobraznih podruéja s dobivenim
zdruzenim modelom ranjivosti krajobraza (Pri-
stup 2). Time je utvrdena prosje¢na ranjivost
svakoga pojedinog krajobraznog podrudja s obzi-
rom na njegove postojece i potencijalne kvalitete
proizadle iz zdruzenog modela ranjivosti krajo-
braza (Tab. 2. i SI. 3.). Ono moze posluziti kao
smjernica za o¢uvanje pri planiranju program-
skih sadrzaja radi oc¢uvanja karaktera svakoga
krajobraznog podruc¢ja. Utvrdeno je kako su Lo-
parsko flisno pobrde, Sumoviti vapnenacki greben
poluotoka Kalifront i Zaravnjeni vrsni dio grebena
prirodne, kulturno-povijesne i vizualne krajo-

brazne kvalitete u odnosu na druga krajobrazna

Values of landscape qualities obtained in
sensitivity models (Approaches 2 and 3)

The Landscape sensitivity assessment was ob-
tained by digitally overlapping 15 determined
distinct landscape character areas with the above
combined landscape vulnerability model (Ap-
proach 2). This determined the average vulnera-
bility of each individual landscape character area
in respect to its existing and potential qualities
derived from the landscape vulnerability model
(Tab. 2 and Fig. 3). This may serve as a trajec-
tory for preservation when a planning program
is guided towards the character preservation of
each landscape character area. It was revealed that
Lopar flysch foothill, the Forested limestone ridge
of Kalifront peninsula and the Flattened peak area
of Kamenjak ridge are more sensitive to changes
due to natural, cultural-historical and visual land-

scape qualities, in comparison to other landscape
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TaBLICA 2. Atributna tablica modela osjetljivosti dobivenog preklopom (Pristup 2)
TABLE 2 Attribute table of the sensitivity model obtained by the overlap (Approach 2)

Prosjecna ranjivost / | Osjetljivost /
Average vulnerability | Sensitivity
Krajobrazno podrudje / Landscape character area
1. Loparska fli$na udolina / Lopar flysch valley 2,92 3
2. Supetarsko-mundanijska fli$na udolina / Supetar-Mundanije flysch 283 3
valley ’
3. Kamporska fliSna udolina / Kampor flysch valley 3,21
4. Loparsko flisno pobrde / Lopar flysch foothill 3,91 4
5. Mundanijsko fli$no pobrde / Mundanije flysch foothill 3,36 3
6. Urbanizirano obalno podrudje od Palita do Barbata / Urbanized
. 3,16 3
coastal area from Palit to Barbat
7. Sumoviti vapnenacki greben poluotoka Kalifronta / Forested lime-
. . . 3,72 4
stone ridge of Kalifront peninsula
8. Sumovite padine Kamenjaka poljoprivredne namjene / Forested
. . 3,45 3
slopes of Kamenjak for agricultural purposes
9. Sjeverozapadni dio grebena Kamenjaka s izmjenom Suma i goleti
/ North-western part of Kamenjak ridge with alternating forests and 3,33 3
barren land
10. Ogoljeli sjeveroisto¢ni dio Kamenjaka / Barren north-eastern part
. 2,52 3
of Kamenjak
11. Zaravnjeni vr$ni dio grebena Kamenjaka / Flattened peak area of
. 3,6 4
Kamenjak ridge
12. Ogoljene strme stijene od Raposta do Lastavica / Barren steep
. 3,42 3
rocks from Rapost to Lastavica
13. Otok Dolin / Island of Dolin 3,37 3
14. Otok Sveti Grgur / Island of Sveti Grgur 3,38 3
15. Goli otok 2,8 3
0 predstavlja neosjetljivo, dok 5 predstavlja najvise osjetljivo / 0 represents insensitive, while 5 represents the
most sensitive

podru¢ja. Navedena krajobrazna podrudja svje-
doce o razvoju prirodnih i antropogenih ¢imbe-
nika kroz dulje razdoblje te su vazna za ocuvanje
i prezentaciju otoka Raba.

Svako krajobrazno podrugje bilo je vrednovano
s prirodnog, kulturno-povijesnog i vizualno-do-
zivljajnog aspekta (Pristup 3). Navedene ocjene
bile su osnova za procjenu osjetljivosti pri kojoj je
osjetljivost veéa $to su vece utvrdene krajobrazne
vrijednosti.

Utvrdivanje osjetljivosti pojedinih krajobra-
znih podruc¢ja provedeno je radi definiranja
razli¢itih kapaciteta za promjene u prostoru
(planirane i/ili potencijalne; u smislu razvoja ili
napustanja). Tamo gdje je utvrden visi stupanj
vrijednosti, podrudje je osjetljivije na promje-
ne (ANDLAR I DR., 2015b, Tomi¢ ReLji¢ 1 DR,
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character areas. These landscape character areas
testify to the development of natural and anthro-
pogenic factors over a long period of time and
represent areas important for the conservation
and presentation within the Island of Rab.
Finally, each landscape character area was direct-
ly evaluated from the natural, cultural-historical
and visual-experiential quality aspect (Approach
3). The ratings provided were the basis for sensitiv-
ity assessment, whereby the higher the sensitivity,
the higher the established landscape values.
Sensitivity of individual landscape character areas
was carried out with the purpose of defining differ-
ent capacities for spatial change (planned and/or po-
tential; in terms of development or abandonment);
whereby a higher degree of value has been established
where there is an area more sensitive to change (AND-
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TaBLICA 3. Afributna tablica modela osjetljivosti dobivenag izravnim vrednovanjem (Pristup 3)
TABLE 3 Attribute table of the sensitivity model obtained by direct evaluation (Approach 3)

Kulturno- Vizualno-

Prirodne povijesne dozivljajne Osietliivost
kvalitete krajo- | kvalitete krajo- | kvalitete krajo- kr; 'ol{rvaza
braza / Natural | braza / Cultur- | braza / Visual- )

. L / Landscape
landscape al-historical experiential sensitivi
qualities landscape landscape vity
qualities qualities
Krajobrazno podrudje / Landscape character area
1. Loparska fli$na udolina / Lopar flysch ) ” 3 )
valley
2. Supetarsko-mundanijska fli$na udolina 3 3 4 3
/ Supetar-Mundanije flysch valley
3. Kamporska flisna udolina / Kampor
2 3 3 3

flysch valley
4. Loparsko fli$no pobrde / Lopar flysch

. 4 3 5 4
foothill
5. Mundanijsko fli$no pobrde / Mun- 3 ) 3 3
danije flysch foothill
6. Urbanizirano obalno podru¢je od Palita
do Barbata / Urbanized coastal area from 2 4 4 3
Palit to Barbat
7. Sumoviti vapnenacki greben poluotoka
Kalifronta / Forested limestone ridge of 4 3 5 4
Kalifront peninsula
8. Sumovite padine Kamenjaka poljo-
privredne namjene / Forested slopes of 3 4 4 4
Kamenjak for agricultural purposes
9. Sjeverozapadni dio grebena Kamenjaka
s izmjenom $uma i goleti / North-western 3 3 3 3
part of Kamenjak ridge with alternating
forests and barren land
10. Ogoljeli sjeveroisto¢ni dio Kamenjaka ) 5 3 5
/ Barren north-eastern part of Kamenjak
11. Zaravnjeni vr$ni dio grebena Kamen-
jaka / Flattened peak area of Kamenjak 3 4 4 4
ridge
12. Ogoljene strme stijene od Raposta
do Lastavica / Barren steep rocks from 4 1 4 3
Rapost to Lastavica
13. Otok Dolin / Island of Dolin 4 1 3 3
14. Otok Sveti Grgur / Island of Sveti 3 ) 4 3
Grgur
15. Goli otok 2 2 4 3

sensitive

0 predstavlja neosjetljivo, dok 5 predstavlja najvise osjetljivo / 0 represents insensitive, while 5 represents the most

2016.). Tablica 3. upuduje na ocjene krajobra-

znih podrudja u zdruzenom modelu osjetljivo-

sti krajobraza s obzirom na sve zadane kriterije

vrednovanja.

LAR ET AL., 2015 b, Tomi¢ ReLjié ET AL., 2016).
Table 3 provides ratings of landscape character
areas in the joined landscape sensitivity model

with respect to all given evaluation criteria.
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RASPRAVA

Zakon o zadtiti okoliSa (Narodne novine,
80/13) ne definira ranjivost okolisa/krajobraza
ni procjene osjetljivosti krajobraza, jos manje nji-
hove metodoloske pristupe, za razliku od politika
nekih drugih drzava Europske unije (cf. URL 4).
Medutim, u Republici Hrvatskoj postoje inicija-
tive pojedinih Zupanija, gradova, opéina ili jav-
nih ustanova za upravljanje za$tienim prostori-
ma za izradu krajobraznih studija koje uklju¢uju
karakterizaciju i vrednovanje krajobraza. Takve
inicijative u Primorsko—goranskoj zupaniji, kojoj
administrativno pripada i podrudje istrazivanja
ovoga rada, rezultirale su dvjema krajobraznim
osnovama zupanije (FRANGES 1 DR., 2014., Birov
I DR, 2018.). Obje studije, iako izradene razli-
¢itim metodoloskim pristupima, obuhvacdaju ka-
rakterizaciju i vrednovanje krajobraza. Medutim,
s obzirom na obuhvat, izradene su na regionalnoj
razini $to je za podrudje istrazivanja ovoga rada,
otok Rab, bilo nedovoljno detaljno da bi rezul-
tati bili usporedivi s onima dobivenim u ovome
istrazivanju.

Iz udjela pojedinih vrijednosti dobivenih Pri-
stupom 1, vidljivo je kako neranjiva podruéja
(1) nisu zastupljena u ovome modelu (SI. 4.).
Udio srednje (3) i vrlo (4) ranjivih podruc¢ja go-
tovo je izjednacen, dok malo ranjiva podrucja
(2) ¢ine samo 11,12 % ukupne povrsine obu-
hvata. Najveca koncentracija malo ranjivih kraj-
obraza nalazi se u krajnjem jugoisto¢nom dijelu
otoka Raba, u urbaniziranom dijelu izmedu Pa-
lita i Banjola, u Loparskom polju te u sredis-
njem dijelu Golog otoka. Najranjivija podrucja
(5) ¢ine 1,13 % ukupnog obuhvata, a javljaju se
»tockasto® s najve¢om koncentracijom na pobr-
du poluotoka Lopara i u sredisnjoj flisnoj udo-
lini oko naselja Supetarska Draga, Mundanije,
Banjol i Barbat.

Iz udjela pojedinih vrijednosti u modelu osjet-
ljivosti koji je dobiven Pristupom 2, vidljivo je
kako podru¢ja zanemarive (1), male (2) i najvece
(5) osjetljivosti nisu zastupljena u ovome mode-
lu (SL 3.). Umjereno osjetljiva podrudja (3) ¢ine
75 %, dok ostatak ¢ine podrucja velike osjetlji-
vosti (4). Ova potonja ukljucuju Loparsko flisno
pobrde, Sumoviti vapnenacki greben Kalifronta i
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DISCUSSION

The Croatian Environmental Protection Act
(2013) does not specify environmental/landscape
vulnerability nor landscape sensitivity evaluations,
and even less their methodological schemes, unlike
in policies of some other EU States (cf. URL 4).
However, in Croatia there are initiatives of individ-
ual counties, cities, municipalities and public insti-
tutions dedicated to the management of protected
areas, for the development of landscape studies
that include the characterization and evaluation of
landscapes. Such initiatives in the Primorje-Gorski
Kotar County, to which the research area of this
paper administratively belongs, have resulted in
two landscape character assessments of the county
(FRANGES ET AL., 2014, Birov ET AL., 2018). Both
studies, although designed with different method-
ological approaches, included landscape character-
ization and evaluation. However, considering their
scope, they were made at the regional level, which
was insufficiently detailed for the Island of Rab,
the research area of this paper, and therefore, the
results were not comparable to those obtained in
this research.

From the proportion of individual values ob-
tained by Approach 1, it is indicated that the
invulnerable areas (1) are not represented in this
model (Fig. 4). The proportion of medium (3)
and very vulnerable (4) areas is almost equal, while
marginally vulnerable areas (2) make up only
11.12% of the total area. The highest concentra-
tion of marginally vulnerable landscapes is in the
far south-eastern part of the Island of Rab, in the
urbanized part between Palit and Banjol, in the
Lopar field and in the central part of Goli otok
Island. The most vulnerable areas (5) make 1.13%
of the total and occur pointwise with the highest
concentration on the foothills of the Lopar pen-
insula and in the central flysch valley around the
Supetarska Draga, Mundanije, Banjol and Barbat
settlements.

From the proportion of individual values in the
sensitivity model obtained by Approach 2, it can
be concluded that negligible (1), marginally (2)
or the most (5) sensitive areas are not represented
in this model (Fig. 3). 75% of the area consists
of medium sensitive areas (3), while the remain-
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PRISTUP 1/APPROACH 1

- malo ranjivo /
marginally vulnerable
I 3-srednje ranjivo /
medium vulnerable
B 4-vrloranjivo/
very vulnerable
M 5 - najranjivije /
most vulnerable very sensitive

10 1 2 3 4km 1.0 1 2 3 4km
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Content by: Lara Bogovac
Map by: Lara Bogovac
Source: State Geodetic Administration (SGA), 2019

PRISTUP 2 / APPROACH 2

- srednje osjetljivo /
medium sensitive

M 4-vrlo osjetljivo /

PRISTUP 3/ APPROACH 3

- malo osjetljivo /
marginally sensitive
0 3 -srednje osjetljivo /
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B 4-vrlo osjetljivo /
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SLIKA 3. Usporedni prikaz modela dobivenih razlicitim pristupima vrednovanja
Ficure 3 Comparison of models obtained from different evaluation approaches

1,13%  11,12%

24,80%

43,13%

44,62%

38,30%

75,20%

SLIKA 4. Usporedni prikaz udjela vrijednosti dobivenih razlicitim pristupima vrednovanja
FicURE 4 Comparative presentation of the proportion of values obtained from different evaluation approaches

Zaravnjeni vrsni dio grebena Kamenjaka.

Iz udjela pojedinih vrijednosti u modelu osjet-
ljivosti krajobraza koji je dobiven Pristupom 3,
vidljivo je kako krajnje vrijednosti na skali nisu
zastupljene, dok polovica obuhvata ima sred-
nju vrijednost (3) (S. 3; SL. 4.). Podruc¢ja veli-
ke osjetljivosti (4) ¢ine gotovo 40 % obuhvata,
a ukljucuju krajobrazna podrudja Loparsko flis-
no pobrde, Sumoviti vapnenacki greben poluotoka
Kalifronta, Sumovite padine Kamenjaka poljopri-
vredne namjene i Zaravnjeni vrsni dio grebena Ka-
menjaka. lzuzev Zaravnjenog vrsnog dijela Kame-
njaka, krajobrazna podrugja velike osjetljivosti
na moguce promjene krajobraza (4) gotovo su
cijelim obuhvatom pod $umskom vegetacijom,
a sva Cetiri podrudja karakterizira i velika topo-
grafska ras¢lanjenost te visoka razvedenost obale
u slu¢aju poluotoka Kalifronta i Lopara. Najma-
nji dio obuhvata (10,7 %) pripada krajobrazima

der are very sensitive areas (4). The latter include
Lopar flysch foothill, Forested limestone ridge of Kali-
[front peninsula and Flattened peak area of Kamenjak
ridge.

From the proportion of individual values in the
landscape sensitivity model obtained by Approach
3, it is evident that extreme values are not repre-
sented, while half of the area is valued medium
(3) (Fig. 3, Fig. 4). Very sensitive areas (4) make
almost 40% of the coverage and include landscape
character areas Lopar flysch foothill, Forested lime-
stone ridge of Kalifront peninsula, Forested slopes of
Kamenjak for agricultural purposes and Flattened
peak area of Kamenjak ridge. With the exception
of the Flattened peak area of Kamenjak, landscape
character areas very sensitive to possible landscape
changes (4) are almost entirely covered by forest
vegetation, and all four areas are characterized by
high relief landscapes and indented coastlines as
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male osjetljivosti (2), a ukljucuje Loparsku flisnu
udolinu (1) te krajnji isto¢ni dio otoka Raba —
Ogoljeli sjeveroistoéni dio Kamenjaka (10).

Usporedbom  rezultata istrazivanja, uocene
su odredene sli¢nosti i razlike medu modelima.
Sli¢nosti razlicitih pristupa vrednovanja uoéene
su izmedu razli¢ito dobivenih modela osjetlji-
vosti krajobraza (Pristupi 2 i 3), koji se podu-
daraju u vrijednostima za krajobrazna podrudja
Loparsko flisno pobrde, Sumoviti vapnenacki gre-
ben poluotoka Kalifronta i Zaravnjeni vrsni dio
grebena Kamenjaka — unato¢ tome $to su u Pri-
stupu 3 podrugja izravno vrednovana na temelju
zadanih kriterija, a u Pristupu 2 su vrijednosti
dobivene kao rezultat preklapanja krajobraznih
podrudja i zdruzenog modela ranjivosti. Sli¢nost
postoji i izmedu modela dobivenih modelira-
njem ranjivosti kvaliteta krajobraza (Pristup 1) i
izravnim vrednovanjem (Pristup 3). U oba mo-
dela podru¢ja male vrijednosti (2) obuhvacaju
Loparsko polje i krajnji jugoisto¢ni dio Kame-
njaka. Takoder, iz Sl. 3. vidljivo je kako podru¢-
ja male vrijednosti (2) ¢ine gotovo jednak udio
u oba modela, 10,70 % u prvom te 11,12 %
u drugom modelu. Sli¢nost u udjelima vidljiva
je i kod ostalih vrijednosti. Nadalje, ekspertno
odredene vrijednosti dobivene izravnim vred-
novanjem krajobraznih podru¢ja ne odstupaju
znacajno od vrijednosti dobivenih Pristupima 1
i 2, unato¢ tome $to su konac¢ne vrijednosti po-
drudja formirane na temelju razlicitih kriterija.
Rezultati ovog istrazivanja upucuju na to da ra-
zlog lezi u dovoljnom iskustvu stru¢njaka i ten-
denciji objektivizacije u postupcima procjene,
ali i u njegovu znanju o vrednovanju krajobraza.
Navedeno su potvrdili i M. Spes i dr. (URL 4,
150) koji tvrde da su ,procjene stanja okolisa
vazne jer se donose neovisno, bez ikakvih zapre-
ka nametnutih izravnim procesima planiranja,
$to jaméi njihovu objektivnost®.

Jedna od temeljnih razlika medu pristupi-
ma je u procesu identifikacije krajobraznih ili
prostornih jedinica kao nositelja informacije u
procjenama ranjivosti i osjetljivosti (MLAKAR,
MAarusSIC, 2000.). U procjenama osjetljivosti
krajobraza (Pristupi 2 i 3) krajobrazne jedinice
identificirane su na temelju strukture krajobra-

za. Proizasle vrijednosti stoga su prezentirane
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in the case of the Kalifront and Lopar peninsulas.
The smallest part of the area (10.7%) is valued as
low sensitivity landscapes (2) and includes Lopar
Slysch valley and the far eastern part of the island of
Rab - Barren north-eastern part of Kamenjak.

Comparing the results of the research, some sim-
ilarities and differences between the models were
observed. Similarities between different evaluation
approaches were observed between differently ob-
tained landscape sensitivity models (Approaches
2 and 3), which coincide in values for landscape
character areas Lopar flysch foothill, Forested lime-
stone ridge of Kalifront peninsula and Flattened peak
area of Kamenjak ridge - despite the fact that in
Approach 3 the areas were directly evaluated based
on the given criteria and in Approach 2 the values
were obtained as a result of overlapping landscape
character areas and the combined vulnerability
model. A similarity also exists between models
obtained from landscape vulnerability (Approach
1) and direct evaluation (Approach 3). In both
models, low value areas (2) include the Lopar field
and the extreme south-eastern part of Kamenjak.
Moreover, Figure 3 shows that low value areas (2)
account for almost the same proportion in both
models - 10.70% in the first and 11.12% in the
second model. The similarity in the shares is also
evident in other values. Furthermore, expert de-
termined values obtained by direct evaluation of
landscape character areas do not deviate consider-
ably from the values obtained from Approaches 1
and 2, despite the fact that the final values of the
areas are formed on the basis of different criteria.
We argue that the reason lies in the experts suf-
ficient experience and the tendency for objectifi-
cation in the evaluation processes, but also in his
deep knowledge of landscape being valued. Such
reason is confirmed by M. Spes et al. (URL 4,
150) who assert that ‘the assessments of the state
of environment are important because they are
made independently, free from any obstructions
imposed by direct planning processes, which guar-
antees their objectivity.’

One of the fundamental differences between
approaches lies in the identification process of the
landscape or spatial units as carriers of informa-
tion on vulnerability and sensitivity assessments,

(MLAKAR, MARUSIC, 2000). In landscape sensitiv-
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kao konkretni dijelovi zemljiSta. S druge strane,
model ranjivosti krajobraza ukljucuje odnos iz-
medu postoje¢ih karakteristika krajobraza i nje-
govih potencijalnih kvaliteta koje treba zastititi.
U tom je slucaju prostorna jedinica piksel, a do-
bivene krajobrazne vrijednosti prikazane se kao
»kontinuirana polja“.

Nadalje, razlike su uocene i izmedu Pristupa 1
i 2. U Pristupu 1 kvalitete krajobraza u podru¢-
jima Mundanijsko flisno pobrde, Sumovite padine
Kamenjaka poljoprivredne namjene, Ogoljene str-
me stijene od Raposta do Lastavica, Otok Dolin i
Otok Sveti Grgur imaju vece vrijednosti nego Sto
je to slucaj u Pristupu 2, u kojem su se vece vri-
jednosti iz zdruzenog modela ranjivosti kvaliteta
krajobraza izgubile izratunom prosje¢ne vrijed-
nosti krajobraznog podru¢ja. Navedeni izracun
u Pristupu 2 utjecao je i na razliku izmedu vri-
jednosti koje Loparska flisna udolina i Ogoljeli
sjeveroistoini dio Kamenjaka imaju u modelu koji
je proizasao iz toga vrednovanja (umjerena osjet-
ljivost, 3) te vrijednosti koje ta podrudja imaju
u preostala dva modela (niska ranjivost/osjetlji-
vost, 2).

Radi veli¢ine homogene prostorne jedinice (10
x 10 m) modeliranje ranjivosti kvaliteta krajo-
braza (Pristup 1) pruza prostorno najrasprsenije
vrijednosti. Potvrda metodoloske vaznosti takve
podjele krajobraza i prikazivanja vrijednosti mo-
dela u skladu je sa zaklju¢cima A. Mlakara i J.
Marusic¢a (2000.).

Preklapanjem krajobraznih podrudja sa zdru-
zenim modelom ranjivosti kvaliteta krajobraza
(Pristup 2) gube se krajnje ocjene (1 — nije ranji-
vo i 5 — najranjivije) radi izra¢unavanja prosjec-
nih ocjena svakoga podrudja. Tako se vrlo osjet-
ljivim podru¢jima mozZe smanjiti vrijednost, Sto
moze uzrokovati neadekvatno upravljanje kra-
jobrazom. Na preciznost vrijednosti dobivenih
ovakvim pristupom moze se utjecati odabirom
razlicite veli¢ine krajobraznih jedinica — odabi-
rom krajobraznog tipa kao najopdenitije razine
preciznost se smanjuje, a odabirom krajobraznih
uzoraka dobivaju se raznolikiji rezultati, a time
i veca preciznost. Krajobrazna podru¢ja manje
su precizna od krajobraznih uzoraka, ali speci-
ficnija od krajobraznih tipova te predstavljaju
raznolikost krajobraza predmetnog obuhvata na

ity assessments (Approaches 2 and 3), landscape
units were identified solely on the basis of land-
scape structure. The outcoming values are there-
fore presented as discrete land entities. On the
other hand, the landscape vulnerability model
includes relationships between existing landscape
characteristics and potential qualities that should
be protected. Here, the spatial unit is a pixel and
the resulting landscape values are represented as a
‘continuous field’ data type.

Furthermore, the differences were also observed
between Approaches 1 and 2, where in Approach
1, landscape qualities in the areas of Mundanije
flysch foothill, Forested slopes of Kamenjak for agri-
cultural purposes, Barren steep rocks from Rapost to
Lastavica, Island of Dolin and Island of Sv. Grgur
have higher values than in Approach 2, in which
higher values from the combined landscape quali-
ty vulnerability model were lost by calculating the
average value of the landscape character area. The
above calculation in Approach 2 also affected the
difference between the values that Lopar flysch val-
ley and Barren north-eastern part of Kamenjak in
the model resulting from this evaluation (medium
sensitivity; 3) and the values that these areas have
in the other two models (small vulnerability/sen-
sitivity; 2).

Because of the size of homogeneous spatial unit
(10 x 10 m) landscape vulnerability modelling
(Approach 1), offers the most spatially dispersed
values. Confirmation of methodological impor-
tance of such landscape division and model value
representation is in accordance with findings of A.
Mlakar and J. Marusic¢ (2000).

By overlapping landscape areas with a com-
bined landscape vulnerability model (Approach
2) extreme ratings are lost (1- invulnerable and 5 -
most vulnerable) due to calculation of the average
ratings of each area. In this way, very sensitive ar-
eas can be reduced in value, which can ultimately
result in inadequate landscape management. The
precision of the values obtained by this approach
can be influenced by the choice of a different size
of landscape units — by choosing the landscape
type as the most general level, precision decreases,
and by choosing landscape patterns, more varied
and precise results might be obtained. Landscape
character areas are less precise than landscape
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razini odgovarajucoj za istrazivanje ovakvog tipa
pristupa. Vazno je pri tome uzeti u obzir da kra-
jobrazna jedinica predstavlja jedinstveni karakter
odredenog krajobraza s pripadaju¢im kvaliteta-
ma koje je potrebno zastititi radi oc¢uvanja sta-
bilnosti karaktera i vrijednosti cijelog krajobraza.
D. Perko i dr. (2019.) naglasavaju da klasifikacija
krajobraza ima vaznu ulogu u ocuvanju prirod-
nih i kulturnih krajobraza, pogotovo inventari-
zacijom, vrednovanjem i praenjem stanja kraj-
obraza.

Pristup procjeni osjetljivosti krajobraza koji
ukljucuje izravno vrednovanje krajobraznih pod-
ru¢ja (Pristup 3) ima najizrazeniju subjektivnost
s obzirom na to da izradiva¢ modela odabire kri-
terije vrednovanja prema karakteristikama krajo-
braza i tipu zadatka te ih na temelju toga vrednu-
je. Zbog toga je vaino odabrati kriterije kojima
¢e se dati kompletan uvid u kvalitete krajobraza i
ukljuditi $to $iri spekear ljudi (stru¢njaka, lokal-
nog stanovnistva, povremenih korisnika prostora
i dr.) kako bi dobivene vrijednosti $to objektiv-
nije ukazivale na zajednicke vrijednosti drustva.
Sli¢nost modela dobivenog Pristupom 3 s preo-
stala dva modela potvrdila je dobar izbor kriterija

za Vrednovanje u ovome istrazivanju.

ZAKLJUCAK

Svrha ovoga istrazivanja bila je utvrdivanje
pristupa vrednovanja krajobraznih kvaliteta na
primjeru rapskog arhipelaga. Istrazivanje je pro-
vedeno pregledom dosadasnjih istrazivanja, ali i
prakticnom primjenom ste¢enih znanja kroz tri
razli¢ita pristupa. Radom je identificirano, kar-
tirano i opisano petnaest krajobraznih podru¢ja
koja su kori$tena pri procjeni osjetljivosti krajo-
braza.

U nastavku su objasnjeni ranije identificirani
pristupi primijenjeni za utvrdivanje vrijedno-
sti krajobraza na odabranom podrué¢ju obuhva-
ta: modeliranje ranjivosti kvaliteta krajobraza i
procjena osjetljivosti krajobraza. Potonja je pro-
vedena na dva razli¢ita nacina: 1. preklapanjem
krajobraznih podruéja sa zdruzenim modelom ra-
njivosti kvaliteta krajobraza i 2. izravnim vredno-

vanjem krajobraznih podrudja s prirodnog, kul-
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patterns but more specific than landscape types
and represent the diversity of landscapes at a level
appropriate for exploring this type of approach.
It is important that the landscape unit represents
a unique character of a certain landscape with
the associated qualities that must be protected
in order to preserve the prevailing features of a
certain landscape character and the value of the
entire landscape. Perko et al. (2019) emphasize
that landscape classification has a significant role
in preserving the natural and cultural landscape;
especially through the inventorying, evaluating,
and monitoring of the current state of the land-
scape.

An approach to the landscape sensitivity assess-
ment that involves direct evaluation of landscape
character areas (Approach 3) has the most pro-
nounced subjectivity, since the model maker selects
and evaluates the evaluation criteria according to
landscape characteristics and the research purpose.
For this reason, it is important to select criteria
that will give a complete insight into the quality
of the landscape and includes as wide a range of
stakeholders as possible (experts, locals, occasional
users of space) in order to provide the values as ob-
jectively as possible to align with society’s common
values. The similarity of the model obtained from
Approach 3 with the other two models confirmed
the appropriate choice of the evaluation criteria in
this research.

CONCLUSION

The purpose of this research was to determine
an approach to evaluating landscape qualities on
the Rab archipelago case study, which was carried
out through a review of previous research, but also
a practical application of the acquired knowledge
through three different approaches. The paper
identified, mapped and described 15 landscape
character areas that were used to evaluate land-
scape sensitivity.

Previously identified approaches that have been
used to determine the value of landscapes in the
selected research site, landscape quality vulnerabil-
ity modelling and landscape sensitivity assessment
are described below. The latter was implemented
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turno-povijesnog i vizualno-dozivljajnog aspekta.
Navedeni pristupi medusobno su usporedeni radi
utvrdivanja sli¢nosti i razlika medu njima, kao i
ukazivanja na prednosti i nedostatke svakoga od
njih.

Usporedbom se ponajprije ustanovilo da de-
taljnost modela ovisi o prvoj fazi vrednovanja
odnosno o odabiru homogene prostorne jedini-
ce. Stoga model ranjivosti krajobraza ukljucuje
detaljniju skalu vrijednosti kvaliteta krajobraza.
Drugo, na preciznost vrijednosti dobivenih Pri-
stupom 2 moze se utjecati odabirom razlicite
yvelicine“ krajobraznih jedinica. Trece, isprav-
nim pristupom odabiru kriterija vrednovanja
pri izravnhom vrednovanju krajobraznih jedinica
(Pristup 3) moze se utjecati na preciznost modela
i povecati objektivnost metode. Na kraju, uspo-
redbom dobivenih modela vidljiva je jednaka lo-
gika klasificiranja, odnosno da su najvise kvalitete
krajobraza utvrdene na jednakim podru¢jima u
sva tri modela bez obzira na pristup utvrdivanja
navedenih kvaliteta.

Doprinos ovoga istrazivanja vidljiv je uspo-
redbom koriStenih pristupa vrednovanja kvalite-
ta krajobraza ¢ime je utvrdena legitimnost svih
metoda. Na temelju navedenih prednosti i ne-
dostataka svakog od njih moze se prema potrebi
budu¢ih istrazivanja odabrati optimalni pristup
u procesu prostornog planiranja, odnosno zastite
kvaliteta krajobraza, ali i za primjereno upravlja-

nje prethodno odredenih podrudja.
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in two different ways; (1) the overlap of landscape
character areas with the combined landscape qual-
ity vulnerability model and (2) the direct evalu-
ation of landscape character areas from the nat-
ural, cultural-historical, and visual-experiential
perspective. The aforementioned approaches are
compared with one another in order to identify
similarities and differences between the individual
approaches, as well as to point out the advantages
and disadvantages of each.

The comparison primarily determined that the
detail of the model depends on the first phase of
evaluation, i.e. on the selection of a homogeneous
spatial unit. Thereby, the landscape vulnerability
model obtains a more detailed scale of landscape
quality values. Secondly, the accuracy of the val-
ues obtained using the Approach 2 can be affect-
ed by selecting different sizes of landscape units.
Thirdly, the correct approach to the selection of
evaluation criteria, when directly evaluating land-
scape units (Approach 3) can affect the precision
of the model and increase the objectivity of the
method. Finally, the comparison of the obtained
models points to the same classification logic,
that is, the highest landscape qualities were de-
termined in the same areas in all three models,
regardless of the approach for determining land-
scape qualities.

The findings of this research have proved the
legitimacy of the approaches used for landscape
qualities evaluation. Based on the above mentioned
advantages and disadvantages of each of them and
according to the need for future research, it is pos-
sible to choose the optimal approach during the
spatial planning process, i.e. for the protection of
the landscape quality but also for the appropriate
management guidelines for previously designated

areas.
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U radu se iznosi pregled novih trendova u kamping turizmu Hrvatske i svijeta, s
naglaskom na glamping i obiteljske kampove. Nakon povijesnog pregleda razvoja
kamping i glamping turizma slijedi pregled stanja u kamping turizmu Hrvatske.
Analizom postojeée znanstvene i stru¢ne literature iznosi se pregled dosadasnjih
istrazivanja kamping i glamping turizma te problemi s kojima se istrazivaci kam-
ping turizma susre¢u. U zavr$nom dijelu rada naglasak je na predvidanjima znan-
stvenika o kamping turizmu. U radu su primijenjene metoda analize i sinteze,
statisti¢ka metoda te metoda kompilacije. Zbog zrelosti ponude kamping turizam
na Mediteranu dozivljava znacajne promjene, poput pojave glampinga kao luk-
suznog i cjenovno skupljeg oblika. Hrvatski kamping turizam, unato¢ zna¢ajnom
udjelu kampova u ukupnoj strukturi smjestajnih kapaciteta, biljezi manjak istra-
zivanja i autora koji se bave trendovima kamping turizma te obiteljima, ali i slabu
iskoristenost domicilnih turista. Istarska Zupanija istodobno biljezi porast broja
kampista kao i potraznje za glampingom.

KLJUCNE RUECK: glamping, obiteljski turizam, Istarska Zupanija, trendovi

‘The paper presents an overview of new trends in camping tourism in Croatia and
the world, with an emphasis on glamping and family camps. After the historical re-
view of the development of camping and glamping tourism, there is an overview of
the situation in Croatian camping tourism. The analysis of the existing scientific
and professional literature presents an overview of previous research on camping
and glamping tourism and the problems that camping tourism researchers face. In
the final part of the paper, the emphasis is on the predictions of scientists about
the future of camping tourism. The methods used throughout the work are: anal-
ysis and synthesis method, statistical method, and compilation method. Camp-
ing tourism is experiencing significant changes today, due to the maturity of the
Mediterranean offer, such as the emergence of glamping as a luxurious and more
expensive form. Croatian camping tourism, despite the significant share of camp-
sites in the overall structure of accommodation capacities, notes a lack of research
and the authors dealing with new trends in camping tourism and families, but also
low utilization by resident tourists. At the same time, the County of Istria is regis-
tering an increase in the number of campers as well as in the demand for glamping.
KEY WORDS: glamping, family tourism, Istria County, new trends
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UvOD

Turizam kao jedna od najunosnijih gospodar-
skih grana uvelike je vezan uz atraktivnost desti-
nacije i kvalitetu ponude sve zahtjevnijih turista.
S obzirom na povijesna obiljezja i trendove, kam-
ping turizam svakako je jedna od strateski zna-
¢ajnih sastavnica turizma. Faza zrelosti turistickih
destinacija Mediterana te nuznost inovacija u
kamping turizmu s naglaskom na koncepte ze-
lenog, zdravog i pustolovnog iskustva pretvaraju
ga u nacin Zivota onih koji u njemu sudjeluju.
Kako kamping turizam u Hrvatskoj obuhvac¢a
petinu ukupnih smjestajnih kapaciteta, a obitelji
znacajnu turisticku skupinu u Europi, istraziva-
nja ovoga oblika turizma vazna su za buduénost
proucavanog prostora (Statisticki ljetopis Republi-
ke Hrvatske 2018, 2018.). U istrazivanju kam-
ping turizma istraziva¢i su naglasavali probleme
kao $to su nedovoljno definirana i neuskladena
nomenklatura te manjak istraZivanja i sustavne
statistike na svjetskoj razini (CveLi¢-BoNriracic,
Mivounié, 2013.; MikuLiC 1 DR., 2017.). Jedan
od najznacajnijih trendova je glamping, luksuzni
i cjenovno skuplji oblik kamping turizma koji je
u Hrvatskoj u zacetku te se svodi na prosirenu
ponudu postoje¢ih kampova na obali.

Analizom dosadasnjih radova isti¢e se nekoli-
ko tema vezanih uz kamping turizam: trendovi,
budu¢nost kamping turizma, lojalnost turista —
kampista te obitelji u kamping turizmu. Unutar
njih sve su izrazenije razlike izmedu kampista i
glampista. Marginaliziranost kamping turizma
u Hrvatskoj posljedica je nepostojanja svijesti o
njegovim pozitivnim stranama kod domicilnog
stanovnistva te prevladavajué¢im privatnim smje-
$tajnim jedinicama ¢ija se ponuda temelji na sun-
cu i moru.

Prema Rje¢niku turizma (Vukonié, CAVLEK,
2001.), kamp je ugostiteljski objekt za smjestaj
u kojem je pruzanje usluge smjestaja organizira-
no na otvorenom prostoru. Smjestajna jedinica
kampa je kampiralisno mjesto, odnosno kamp
jedinica (parcela) koja moze, ali i ne mora biti
oznacena. Ovisno o kategoriji koja se oznacava
zvjezdicama od jedne do Cetiri te 0 nadinu poslo-
vanja, kamp uz nuzne infrastrukturne prikljucke
(voda, struja), mora raspolagati prostorima i ure-
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INTRODUCTION

Tourism as one of the most profitable industries
today is largely related to the attractiveness of the
destination and the quality of the offer for increas-
ingly demanding tourists. Given the historical fea-
tures and new trends, camping tourism is certainly
one of the strategically important components.
The maturity phase of Mediterranean tourist des-
tinations and the need for innovation in camp-
ing tourism with an emphasis on the concepts of
green, healthy and adventurous experience turn it
into a way of life for those who take part in it. As
camping tourism in Croatia covers 1/5 of the total
accommodation capacity, and families are a sig-
nificant tourist group in Europe, research on this
form of tourism is important for the future of the
studied area (Statisticki ljetopis Republike Hrvatske
2018, 2018). When researching the topic of camp-
ing tourism, researchers highlighted problems such
as insufficiently defined and inconsistent nomen-
clature, as well as the lack of research and systemat-
ic statistics at the global level (CveLI¢-BoNIFACIC,
MirLonnié, 2013; MikuLiC ET AL., 2017). One of
the most significant new trends is glamping, a lux-
urious and more expensive form of camping tour-
ism, which is in its infancy in Croatia and comes
down to an expanded offer of the existing camp-
sites on the coast.

The analysis of previous works highlights several
topics related to camping tourism: new trends, the
future of camping tourism, the loyalty of camp-
er tourists and families in camping tourism. The
differences between campers and glampers are be-
coming more pronounced. The marginalization of
camping tourism in Croatia is a consequence of
the lack of awareness of its positive aspects among
the resident population and the predominant pri-
vate accommodation units whose offer is based on
the sun and the sea.

According to the Dictionary of Tourism (Vu-
koN1é, CavLEK, 2001), a camp is an accommoda-
tion facility in which the provision of accommo-
dation services is organized in the open air. The
accommodation unit of a camp is a camping site,
i.e. a camping unit (pitch) that may or may not
be marked. Regardless of the category indicated
by stars from one to four and the way of doing
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dajima za zajednicko koristenje (higijenski pro-
stori, rashladni uredaji i dr.) te objektima raznih
namjena (ugostiteljski objekti, sportsko-rekrea-
tivni sadrzaj i dr.). Kamping turizam moze se de-
finirati kao oblik turizma u kojem je kampiranje
temelj boravka i smjestaja. Stanje s glampingom
nesto je slozenije zbog nepostojanja opéeprihva-
¢ene definicije, no sve su ¢es¢i pokusaji istrazivaca
za njezinim kreiranjem (CvELIC-BONIFACIC I DR,,
2017.). U blizoj buduénosti glamping je nuzno
definirati uz pomo¢ stru¢njaka za kamping turi-
zam.

Unato¢ nerijetko negativnoj konotaciji kam-
ping turizma, kao oblika jeftinog oblika odmora
u neprakti¢nim Satorima na goloj zemlji, trendovi
pokazuju kako se ova vrsta turizma itekako mije-
nja. Transformacijom i diversifikacijom ponude
kamping turizam postao je jedan od luksuznijih
i cjenovno skupljih oblika odmora radi zadrzava-
nja postoje¢ih kampista i privlacenja nekampista.
Kamping turizam je boravak ekoloski osvijeste-
nog, socijalnog i uglavnom visokoobrazovanog
¢ovjeka spremnog za iskusenje novih sadrzaja
u prirodi (SUNARA 1 DR, 2013.; STYLOS I DR,
2016.; BRocHADA, PEREIRA, 2017.).

Turizam 21. stolje¢a kao gospodarska djelat-
nost izlozen je mnogobrojnim $okovima i re-
metilackim ¢imbenicima s razli¢itim ishodima
— kratkoro¢nim i dugoro¢nim. Iako se zbog veée
medijske pozornosti vise govori o akutnim ¢im-
benicima, kroni¢ni imaju dalekoseznije poslje-
dice (npr. klimatske promjene). Drustvo je sve
izlozenije opasnim katastrofama (cikloni, tsuna-
mi) s velikim ekonomskim i ljudskim gubicima
koji se tesko nadomje$¢uju, a turizam je tu zna-
¢ajna posrednica (Oor 1 DR., 2018.). Zbog toga
u suvremenom turizmu posebnu vaznost ima
koncept odrzivoga razvoja. Ubrzo po pojavi, ter-
min ,odrzivi razvoj“ poéeo se primjenjivati na
turizam nastoje¢i uskladiti ekonomsku razinu
s ekoloskom kako bi se umanjile negativne po-
sljedice turizma. Zbog specifi¢nosti kamping tu-
rizma navedeni se pojmovi primjenjuju i u nje-
mu. Odrzivi turizam nastoji odrzivim razvojem
pomiriti interese ekonomskog razvoja s boljim
zivotnim standardom uz pokusaj odrzavanja
harmonije izmedu modernog i tradicionalnog.
Pritom se nerijetko naglasava uloga lokalnog

business, in addition to the necessary infrastruc-
ture (water, electricity), the camp must arrange
spaces and devices for common use (hygiene spac-
es, refrigeration appliances, etc.) and facilities for
various purposes (catering facilities, sports and
recreational activities, etc.). Camping tourism can
be defined as a form of tourism in which camping
is the basis of stay and accommodation. The situ-
ation with glamping is somewhat more complex
due to the lack of a generally accepted definition,
but there are more and more frequent attempts by
researchers to define it (CVELIC-BONIFACIC ET AL.,
2017). In the near future, it is certainly necessary
to define it with the help of experts in camping
tourism.

Despite frequently negative connotations of
camping tourism, as a form of cheap holidays in
impractical tents on bare ground, today’s trends
show that this type of tourism is changing. With
the transformation and diversification of the of-
fer, it has become a luxurious and expensive form
of holidays, with the goal of retaining the existing
campers and attracting non-campers. Camping
tourism as such represents the stay of an ecolog-
ically aware, social and mostly highly educated
person ready to experience new content in nature
(SuNARA ET AL., 2013; STYLOS ET AL., 2016; BrO-
CHADA, PEREIRA, 2017).

21st century tourism as an economic activity is
exposed to numerous shocks and disruptive fac-
tors, which have different outcomes, both long and
short term. Although there is greater media atten-
tion to acute factors, the chronic ones have more
far-reaching consequences (e.g. climate change).
Human society is increasingly exposed to devas-
tating disasters (cyclones, tsunamis) with large
economic and human losses that are difficult to
compensate, and tourism is a significant mediator
(Oor1 ET AL., 2018). Due to the above, the concept
of sustainable development is of special impor-
tance in modern tourism. Soon after its emer-
gence, the term “sustainable development” began
to be applied to tourism in an effort to align the
economic level with the ecological one, in order to
reduce the negative consequences of tourism. Due
to the specifics of camping tourism, these terms
are also applied here. Sustainable tourism seeks to
reconcile the interests of economic development
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stanovniStva koje je temelj odrZivog razvoja
(MARZO-NAVARRO I DR., 2015.).

Koncepcija odrzivog razvoja turizma uvjetuje
zastitu i odrzivost svih turisti¢kih resursa zadovo-
ljenjem potreba svih generacija koje ¢e u njemu
egzistirati. Odrzivi turizam zahtijeva upravljanje
resursima koji ¢e zadovoljiti ekonomske, soci-
jalne i zadtitarske potrebe, te ocuvaju kulturne,
ekoloske i bioloske raznolikosti (Ku$en, 2002.).
Turizam bi trebao biti onaj dio gospodarstva
koji pokre¢e sve ostale gospodarske djelatnosti.
Trebao bi djelovati dvostruko, istovremeno po-
dignuti kvalitetu Zivota domicilnog stanovnistva
i prilagoditi se zahtjevima turisticke potrainje
(SuNARA I DR, 2013.; VIDAK, SINDIK, 2015.). U
okviru odrzivog turizma zbog vazne povezanosti
s prirodom, kamping i glamping turizam imaju
vaznu ulogu.

S obzirom na relativno slabu istrazenost kam-
ping turizma u odnosu na ostale oblike turizma u
Hrvatskoj, a jos vise glampinga, cilj rada je prika-
zati dosadasnja domaca i strana istrazivanja ovoga
sve znacajnijeg oblika turizma, sagledati polozaj
obitelji u kampingu i glampingu te pridonijeti
kreiranju novih pojmova unutar njega. U ovome
radu primijenjene su metoda analize i sinteze,
metoda klasifikacije, metoda komparacije i kom-
pilacije. (ZELENIKA, 2000.).

POVIJESNI RAZVO] KAMPING I
GLAMPING TURIZMA

Kamping je u proslosti bio jeftin i skroman na-
¢in za bijeg u prirodu. Prva kamping organizacija
u svijetu pocela se graditi 1861. godine u Americi,
a prvi standardi kampa uspostavljeni su 1948. go-
dine. Porast popularnosti kampovi biljeze razvija-
njem zdravih Zivotnih navika 1920-ih i 1930-ih.
Za vrijeme ratova, boravak u kampovima bio je
bijeg od bombi u gradovima, a 1950-ih prilika
za siromasne obitelji da okuse odmor. Poboljsanje
kampova zapocinje 1970-ih poveéanjem povrsi-
ne i poboljsanjem kvalitete usluge. Tradicionalni
kampisti tada pocinju mijenjati lokacije odmora
ili prihvacaju za to vrijeme modernije kampove
koji se razvijaju. Povecava se socijalizacija i sma-

njuje prirodna marginalnost, §to pocinje smetati
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with a better standard of living through sustainable
development while trying to maintain harmony
between the modern and the traditional. The role
of the local population, which is the foundation
of sustainable development, is often emphasized
(MARZO-NAVARRO ET AL., 2015).

The concept of sustainable development of tour-
ism insists on the protection and sustainability of
all tourist resources while meeting the needs of all
generations involved. Sustainable tourism requires
the management of resources that will meet eco-
nomic, social and conservation needs, and pre-
serve cultural, ecological and biological diversity
(Kus$en, 2002). In the future, tourism should be
the part of the economy that drives all other eco-
nomic activities. It should act in two ways, raise
the quality of life of the resident population and
simultaneously adapt to the tourist demand (Su-
NARA ET AL., 2013; VIDAK, SINDIK, 2015). Camp-
ing and glamping tourism play an important role
within sustainable tourism owing to their impor-
tant connection with nature.

Given the relatively poor research of camping
tourism in relation to other forms of tourism in
Croatia, and even more to glamping, the aim of
this paper is to present previous domestic and in-
ternational research of this increasingly important
form of tourism, to look at the position of families
in camping and glamping and contribute to the
creation of new concepts within it. According to
Zelenika, the following methods are used in the
paper: analysis and synthesis, classification, com-
parison and compilation (ZELENIKA, 2000).

HISTORICAL DEVELOPMENT
OF CAMPING AND GLAMPING
TOURISM

In the past, camping was a cheap and modest
way to escape to nature. The first camping organi-
zation in the world was founded in 1861 in Amer-
ica, while the first camping standards were estab-
lished in 1948. Campsites recorded an increase
in popularity with the development of healthy
living habits in the 1920s and 1930s. During the
wars, staying at a campsite was an escape from the

bombings in the cities, and in the 1950s an op-
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mnogim tradicionalnim kampistima. Zbog toga
dolazi do raskoraka tradicionalnih i modernih
kampista (CLARK I DR., 2018.). TrZiste kamping
turizma dozivljava znacajnu diversifikaciju 1990-
ih specifikacijom usluga za odredene skupine tu-
rista. Porast broja prijevoznih sredstava utjecao je
na povec¢anje mobilnosti turista i porast onih koji
odmor provode u kampovima.

Povijest luksuznog kampiranja, iako nedovolj-
no definirana, poprili¢no je duga. Luksuzni $ato-
ri ge¢mis postoje od vremena osmanskih sultana
(Orcay, TurnAN, 2017.). U ranim 1900-ima $a-
torima se na safari putovanjima pocinju koristiti
americki i europski putnici. Glamping je relativno
nov oblik kampiranja, koji eliminira nedostatke
kampa $to se tice udobnosti. Kao termin prvi se
put pojavio u engleskom rje¢niku 2005. godine,
dok je u Francuskoj prisutan posljednjih dvadese-
tak godina (BROOKER, JorPE, 2013.). Primjerice,
Goglamping.net prva je glamping putnicka agen-
cija koja posluje u Velikoj Britaniji, gdje sve vedi
broj kampova nudi glamping kao dio prosirene
ponude.

VAZNOST KAMPING TURIZMA
U HRVATSKO]

Kamping turizam unato¢ velikom udjelu u sve-
ukupnom turizmu Hrvatske karakterizira mar-
ginaliziranost za domace goste. Prema podacima
EUROSTAT-a, tre¢ina svih kampista u Europi
kampira u domicilnim kampovima, dok je u Hr-
vatskoj taj udio daleko manji (Cerovic¢, 2014.).
Trenuta¢no kamping turizam u Hrvatskoj obu-
hva¢a 25 % ukupnih smje$tajnih jedinica, ima
prosje¢nu zauzetost 19 % i ostvaruje 11 % uku-
pnih nocenja (Strategija razvoja turizma Republi-
ke Hrvatske do 2020. godine, 2013.). Strategijom
je planiran rast od 12 %, otvaranje 7 000 novih
kamp mjesta i 20 000 smjestajnih jedinica, grad-
nja srednjih te pedesetak malih kampova ulaga-
njem 400 milijuna eura (URL 1). Za kvalitetniji
i dugoro¢ni razvoj hrvatskih kampova, nuzno je
koordinirati i podrzati aktivnosti kampinga, na-
dograditi i implementirati modele vrednovanja
kako bi se postigla konkurentnost u kamping bi-
znisu, ali i poboljsala suradnja privatnog i javnog

portunity for poor families to go on holiday. The
improvement of the campsites began in the 1970s
through an increase of camp area and an improve-
ment in the quality of service. It was a time when
traditional campers began to change holiday lo-
cations and embrace more modern and evolving
campsites. Socialization was increasing and nat-
ural marginality was decreasing, which started to
bother many traditional campers. This led to a gap
between traditional and modern campers (CLARK
ET AL., 2018). The camping tourism market ex-
perienced significant diversification in the 1990s
through specialized services for certain groups of
tourists. The increase in the number of means of
transport influenced the increase in the mobility of
tourists and the increase of those who spend their
holidays at campsites.

Although insufficiently defined, the history of
luxury camping is quite long. Luxury tents gegmis
have been present since the period of the Otto-
man sultans (Orcay, TurHAN, 2017). In the early
1900s, American and European travellers began to
use tents on safari trips. Glamping is a relatively
new form of camping, which eliminates the short-
comings of a campsite in terms of comfort and
which first appeared as a term in the English dic-
tionary in 2005, while in France it has been pres-
ent for the last 20 years (BROOKER, JorpE, 2013).
For example, Goglamping.net was the first glamp-
ing travel agency to operate in the UK, where an
increasing number of campsites offers glamping as

part of an expanded offer.

IMPORTANCE OF CAMPING
TOURISM IN CROATIA

Camping tourism, despite its significant share in
the overall tourism of Croatia, is characterized by
marginalization for domestic guests. According to
EUROSTAT data, 1/3 of all campers in Europe
camp at domicile campsites, whereas in Croa-
tia this share is much smaller (Cerovi¢, 2014).
Camping tourism in Croatia currently covers 25%
of total accommodation units, has an average oc-
cupancy of 19% and achieves 11% of total over-
night stays (Strategija razvoja turizma Republike
Hrvatske do 2020. godine, 2013). The strategy fur-
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sektora (PERSIC 1 DR., 2017.).

Potencijal daljnjeg razvoja je velik s obzirom na
to da hrvatski kamping turizam na Mediteranu
sudjeluje sa samo 13 %. Hrvatski kampovi rade
u prosjeku sedam mjeseci godi$nje, s prosjecnom
zauzeto$¢u od 37 %. Najveca je razina zauzetosti
u rentalnim kampovima tijekom srpnja i kolo-
voza, $to hrvatski kamping turizam ¢ini sliénim
svjetskome. Prosjecan boravak je 5,5 dana, dnev-
na potro$nja iznosi 17 eura po danu, a prosje¢na
cijena smjestaja po danu je 34 eura (PERSIC 1 DR,,
2017.).

Noviji podaci DZS-a za 2018. godinu govore
da je u Hrvatskoj 785 kampova $to ¢ini 0,8 %
ukupnih smjesStajnih objekata (privatni smjestaj
97,7 %), s kapacitetom od 248 522 (23 %) lezaja.
Iste godine ostvareno je 2 920 316 dolazaka (15,6
%) i 19 275 307 (21,5 %) nocenja. Prosjecan
broj dana boravka iznosi 6,6 (viSe od privatnog
smjestaja u kojem je to 5,6 i hotela 3,1), dok go-
di$nja popunjenost iznosi 21 %. Istarska zZupanija
dominantna je hrvatska kamping regija s ukupno
92 kampa, privla¢na kampistima i glampistima iz
svijeta i sve viSe iz Hrvatske, u kojoj se trendo-
vi najprije zamje¢uju. Prema podacima DZS-a,
kamp s pet zvjezdica u Istarskoj zupaniji je Istra
Premium Camping Resort (Funatana — Porec).'
Kvalitetu kampova u Istarskoj Zupaniji prepo-
znao je i ADAC, koji je 2019. godine oznaku Su-
perplatz dodijelio kampovima: Amines Maravea
CAMPING Resort (¢etiri zvjezdice, Novigrad,
ex-Mareda) te Lanterna Premium Camping Re-
sort (Cetiri zvjezdice Pore¢) (URL 2). Istu oznaku
ranije su dobili naturisticki kampovi Valalta te
Val Saline.

lako je najvise kampova u Zadarskoj Zupani-
ji (Tab. 1.), tamo prevladava kategorija ostalih
kampova koji imaju puno manji broj smjestajnih
jedinica. Zasad u Hrvatskoj jedino Istarska i Pri-
morsko-goranska Zupanija imaju kampove s pet
zvjezdica. Iz prikazane tablice vidljivo je da Istar-
ska Zupanija s 39 kampova prednjaci u kampovi-
ma visih kategorija (tri i Cetiri zvjezdice). Nave-

deni podaci pokazuju kako je Sjeverno primorje

' Prema podacima campinghr iz veljace 2020. godine, San-

ta Marina Boutique Camp iz Vabrige takoder ima pet zvjezdica.
Statisticki podaci toga kampa nisu navedeni u tablicama unutar

kampova s 5*.
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ther plans a growth of 12%, the opening of 7,000
new campsites and 20,000 accommodation units,
the construction of medium and about 50 small
camps through investments of EUR 400 million
(URL 1). For better and long-term development
of Croatian campsites, it is necessary to coordinate
and support camping activities, upgrade and im-
plement evaluation models to achieve competitive-
ness in the camping business, but also to improve
cooperation between the private and public sectors
(PERSIC ET AL., 2017).

The potential for further development is great
given that Croatian camping tourism in the Med-
iterranean participates with only 13%. Croatian
camps operate on average 7 months a year, with an
average occupancy rate of 37%. The highest level
of occupancy of rental camps is during July and
August, which makes Croatian camping tourism
similar to the world. The average stay is 5.5 days,
daily consumption is 17 euros per day, and the av-
erage price of accommodation is 34 euros per day
(PERSIC ET AL., 2017).

Recent CBS data for 2018 show that there are
785 campsites in Croatia, which is 0.8% of the to-
tal accommodation facilities (private accommoda-
tion 97.7%), with a capacity of 248,522 (23.0%)
beds. In the same year, there were 2,920,316 ar-
rivals (15.6%) and 19,275,307 (21.5%) overnight
stays. The average number of days of stay is 6.6
(more than in private accommodation, which is
5.6 days, and in hotels, 3.1 days), while the annual
occupancy is 21%. Istria County is the dominant
Croatian camping region with a total of 92 camp-
sites, attractive to campers and glampers from
around the world and increasingly from Croatia,
where new trends are noticed first. According to
the CBS, the 5* camp in the Istria County is Is-
tra Premium Camping Resort (Funtana-Pore¢).!
The quality of campsites in the Istria County was
also recognized by ADAC, which awarded the Su-
perplatz label in 2019 to the following campsites:
Amines Maravea CAMPING Resort (4*, Novi-
grad, ex-Mareda) and Lanterna Premium Camp-
ing Resort (4%, Pore¢) (URL 2). The same label

1

According to camping.hr data from February 2020, Santa
Marina Boutique Camp from Vabriga also has 5 stars. The stati-
stics of that camp are not listed in the tables with the 5* camps.
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TaBLICA 1. Broj kampova u Hrvatskoj 2018. godine po Zupanijama

TABLE 1 Number of camps in Croatia in 2018 by county

. Vista kampa / Type of camp
Zupanija / County

1* | 2% | 3* | 4 | 5% | Ostalo/Other | Ukupno / Total
Istarska / Istria 3 16 18 | 21 1 37 96
Primorsko-goranska /
Primorje-Gorski Kotar 1 1 16 ? 2 27 66
Licko-senjska / Lika-Senj / 3 2 1 / 17 23
Zadarska / Zadar 4 16 13 | 11 / 260 304
Sibensko-kninska / Sibenik-Knin / 4 2 / 99 113
Splitsko-dalmatinska / Split-Dalmatia 2 10 6 8 / 55 81
Dubrovacko-neretvanska /
Dubrovnik-Neretva / 8 / > / 62 82
Karlovacka / Karlovac / / 2 2 / 4 8
Ostale / Other / / / 2 / 10 12
Republika Hrvatska /
Republic of Croatia 10 68 72 | 6l 3 571 785

Izvor / Source: URL 2

tradicionalna kamping regija, koju su prepoznali
pruzatelji usluga, ali i strani kampisti koji se tu
odmaraju.

Najveéi broj kampova nalazi se u kategoriji
»ostalo®, koja obuhva¢a manje kamp jedinice:
kampirali$ta, kamp odmorista, kampove u ku-

¢anstvu, kampove na OPG-u, kamp odmorista

was previously given to the naturist camps Valalta
and Val Saline.

Although the largest number of campsites is in
Zadar County (Tab. 1), the prevailing category
there is the “other campsites,” which have a much
smaller number of accommodation units. Only Is-
tria and Primorje-Gorski Kotar counties have 5*

TABLICA 2. Broj smjestajnih jedinica u kampovima 2018. godine po Zupanijama
TABLE 2 Number of accommodation units in camps in 2018 by county

Vista kampa / Type of camp

Zupanija / County - o - 4 5 Ostalo / Ukupno /
Other Total

Istarska / Istria 1.614 | 23.776 | 43.214 | 50.827 429 1207 121.067
Primorsko-goranska / 250 | 7.635 | 17.327 | 15.808 | 2.325 845 44.190
Primorje-Gorski Kotar
Li¢ko-senjska / Lika-Senj / 417 627 6.054 / / 7.098
Zadarska / Zadar 339 8.399 4.636 | 11.710 / 7.442 32.526
Sibensko-kninska / / 2910 | 5.073 | 3.477 / 3.060 14.520
Sibenik-Knin
Splitsko-dalmatinska / 429 | 3910 | 4.595 | 4.180 | 7 2112 15.226
Split-Dalmatia
Dubrovacko-neretvanska / / 2475 | 2.580 | 2.100 / 2.078 9.233
Dubrovnik-Neretva
Karlovacka / Karlovac / / 2.145 408 / 265 2.818
Ostale / Other / / 305 / 409 714
Republika Hrvacska / 2.632 | 49.522 | 80.197 | 94.869 | 2.754 17.418 247.392
Republic of Croatia

Izvor / Source: URL 2

65



26/1 (2021) 59-82

G. ErReMIC

u kucanstvu, kamp odmorista na OPG-u, kamp
odmorista u kucéanstvu — robinzonski smjestaj.
Brojem smjestajnih jedinica u kampovima 2018.
godine (Tab. 2.) istice se Istarska Zupanija, koja
sa svojih 121 067 c¢ini 48,71 % svih smjestajnih
jedinica u kampovima Hrvatske. Slijedi je Pri-
morsko-goranska zZupanija sa 17,78 %, dok sve
ostale Zupanije zajedno ¢ine 33,51 % smjestajnih
jedinca u kampovima Hrvatske.

Prema podacima prikupljenim preko internet-
ske stranice Kamping udruzenja Hrvatske (URL
2), u Hrvatskoj je 2019. godine bilo registrirano
597 kampova (Sl. 1.).? Vedina tih kampova nalazi
se u turistickoj regiji Juznog primorja (69,8 %)
u koju se ubrajaju zadarska, Sibenska, splitska i
dubrovacka subregija. Slijede Sjeverno primorje
(25,8 %), unutar kojeg Istra obuhvac¢a 15,4 %,
a Kvarner 10,4 %) te Peripanonska, Panonska i
Gorska regija (4,4 %) (UrL 2). lako Juzno pri-
morje ¢ini povrSinom najveu regija s najveéim
brojem kampova, Sjeverno primorje je zbog Istre
ispred ostalih regija u turisti¢ckom prometu (broju
noéenja i broju dolazaka kampista), ali i smjestaj-
nim kapacitetima.

Za potrebe rada izdvojeni su kampovi na osnovi
kriterija glamping ponude i onih s ponudom za
obitelji s djecom (kampovi s dje¢jim igralistem).
Najvise glamping kampova, kako su pokazala i
dosadasnja istrazivanja, je na Sjevernom primor-
ju sa 60,9 % (od cega se u Istri nalazi 43,6 %),
s o¢ekivanom tendencijom rasta i razvoja. Juzno
primorje, koje prema broju kampova prednjaci
u Hrvatskoj, obuhvac¢a samo 30,4 % svih glam-
ping kampova. Kampova s dje¢jim igralistem kao
osnovnim elementom ponude koji govori da je
kamp namijenjen i djeci, prema podacima iste
stranice, u Hrvatskoj ima 173, $to ¢ini 30 %
ukupne ponude. U skladu s ukupnom raspodje-
lom kampova u Hrvatskoj, sli¢na je situacija i s
udjelima onih koji imaju dje¢je igraliSte prema
regijama. Tako je navedenih kampova najvise na
Juznom primorju (46,2 %), a slijedi Sjeverno pri-

2

UdruZzenja tipa Kamping udruzenje Hrvatske (KUH) nema
podatke istovjetne Drzavnom zavodu za statistiku jer nisu svi
kampovi ¢lanovi udruzenja. KUH na svojim stranicama okuplja
579 kampova, tj. toliko kampova je u ¢lanstvu udruge. Njihovi
podaci potrebni su za istrazivanje zbog moguénosti filtriranja po-
nude, 4. izdvajanja glamping ponude i ponude za djecu.
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camps in Croatia so far. The table shows that Istria
County leads in the number of camps of higher
categories (3* and 4*) with 39 of them. These data
show that the North Adriatic Coast is a traditional
camping region, recognized by service providers,
but also by foreign campers who spend their hol-
idays there.

The largest number of campsites is in the “other”
category, which includes smaller camping units:
campsites, camping resorts, household campsites,
campsites on family farms, camping resorts in
the households, camping resorts on family farms,
camping resorts in households - Robinson Crusoe
style accommodation. Istria County stands out
by the number of accommodation units in camps
in 2018 (Tab. 2), which makes up 48.71% of all
accommodation units in Croatian camps with its
121,067 units. It is followed by Primorje-Gorski
Kotar County with 17.78%, while all other coun-
ties together make up 33.51% of accommodation
units in Croatian camps.

According to data collected via the Croatian
Camping Association website (URL 2), in Cro-
atia there were 597 campsites registered in 2019
(Fig. 1).> Most of these 