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U radu se na temelju analize vodoopskrbe, turistitkog prometa i klimatskih pa-
rametara procjenjuje odrzivost i moguénosti prilagodbe vodoopskrbnog sustava
u buduénosti s obzirom na istodobnost vr$nih optereéenja sustava sa su$nim raz-
dobljima u toplom dijelu godine. Istrazivanjem su obuhvaéeni otoci sjevernog i
srednjeg dijela Jadranskoga mora (Hrvatska), primjeri otoka s Cfa i Csa klimom
uz znadajne razlike u resursnom oslanjanju na oto¢ne i obalne vodne resurse. S ob-
zirom na to da dosadasnja klimatoloska istrazivanja upuéuju na porast proljetnih
i ljetnih temperatura na hrvatskoj obali te prostorne i sezonske promjene kolic¢ine
padalina uz njihovo smanjenje tijekom ljetnih mjeseci, u radu se opisuju mogu¢-
nosti prilagodbe trenuta¢nih, ali i alternativnih izvora prihrane vodoopskrbnih
sustava na otocima.

K1JUCNE RECE: odrzZivost, otoci, vodoopskrba, klimatske promjene, turizam, Ja-
dransko more

Based on the analysis of water supply, tourist traffic and climatic parameters,
the paper assesses the sustainability and possibilities of adapting the water sup-
ply system in the future, considering the simultaneity of the peak loads on the
water supply system with dry periods in the warm part of the year. The research
covers islands from the northern and middle part of the Adriatic Sea (Croatia),
which represent examples of islands with Cfa and Csa climates with significant
differences in resource reliance on the island and coastal water resources. Given
that previous climatological research indicates an increase in spring and summer
temperatures on the Croatian coast, as well as spatial and seasonal changes in the
amount of precipitation with a decrease during the summer months, the paper de-
scribes the possibilities of adapting current and alternative sources of water supply
systems on the islands.

KEey woRDSs: sustainability, islands, water supply, climate change, tourism, Adriatic
Sea
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UvOD

Odrziva vodoopskrba je od civilizacijskih po-
¢etaka do danas bila i ostala jedan od temeljnih
ogranic¢avajucih razvojnih preduvjeta na koji se
oslanja svakodnevni Zivot i gospodarstvo lokal-
nih zajednica. To posebno dolazi do izrazaja kod
geografski izoliranih cjelina kao $to su otoci, koji
pokazuju razli¢ite nacine prilagodbe lokalnih
zajednica, desto u uvjetima ogranicenih prirod-
nih resursa kao $to je dostupna pitka voda. U
kontekstu sve izrazenijih suvremenih klimatskih
promjena i porasta turisticke optere¢enosti oto-
ka, namede se pitanje otpornosti oto¢nih vodo-
opskrbnih sustava u izglednim scenarijima sve
vec¢ih vodoopskrbnih zahtjeva sa sve manjim re-
sursnim osloncem.

Ovo istrazivanje nastavlja se na niz do sada
provedenih istrazivanja koja su prepoznala pro-
blematiku odrzivosti vodoopskrbe na hrvatskim
otocima, koji su sezonski pod znacajnijim op-
tere¢enjem zbog maksimuma ljetne turisticke
sezone, istodobnog porasta broja vikendasa na
otocima i trenda porasta visokih temperatura te
sve ¢e$¢ih su$nih razdoblja. Problematikom odr-
zive vodoopskrbe na jadranskim otocima bave se
znanstvenici iz viSe polja te ova tema privladi in-
teres ne samo hrvatske ve¢ i medunarodne znan-
stvene zajednice. Medu radovima koji razmatraju
problematiku vezanu uz odrzivost vodoopskrbe
na hrvatskim otocima, isti¢uéi njihove krske hi-
drogeoloske specifi¢nosti, a u kontekstu turizma
i klimatskih promjena izdvajaju sljede¢i radovi:
Bagari¢ i sur. (1997), Bonacci i Roje-Bonacci
(2004), Grofelnik (2017), Lukaé¢ Reberski i sur.
(2020), Luttenberger (2013), Margeta (2022),
Muselli i sur. (2009), Patekar i sur. (2022), Slavuj
i sur. (2009), Terzié (2004), Terzié (2022b), Ter-
zi¢ i Markovi¢ (2010), Tomas i Blaz (2022), Turk
(1989) i Vlasi¢ (2022).

Navedeni radovi upuduju na to da turisticki
atraktivan prostor jadranskih otoka nije homo-
genih obiljezja $to se tice odrzivosti vodoopskr-
be ve¢ se vidljive razlike koje se u ovom istra-
zivanju analiziraju te su pruzaju prijedlozi za
poboljsanje odrzivosti vodoopskrbe u kontekstu
suvremenih povecanih pritisaka na vodoopskrb-

ne sustave.
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INTRODUCTION

From the beginning of civilization to the present
day, sustainable water supply has been and remains
one of the fundamental limiting development pre-
conditions on which the daily life and economy of
local communities rely. This fact is particularly evi-
dent in geographically isolated areas such as islands,
which are showing different ways of adaptation of
local communities, often in conditions of limited
natural resources such as available drinking water.
In the context of increasingly pronounced recent
climate changes and the increase in tourism on the
island, the question of the resilience of the island’s
water supply systems arises in likely scenarios of in-
creasing water supply requirements with decreasing
resource support.

This research continues a series of studies already
carried out that recognized the issue of the sustain-
ability of water supply on the Croatian islands. The
main characteristics of the islands’ water supply
system are seasonal pressure on the system under a
significant peak of the summer tourist season, the
simultaneous increase in the number of weekend-
ers on the islands and the trend of increasing high
temperatures and increasingly frequent dry periods.
Scientists from several fields have dealt with the issue
of sustainable water supply on the Adriatic islands
until today, and this topic has attracted the interest
not only of the Croatian but also of the international
scientific community. Among the works that consid-
er the sustainability of water supply on Croatian is-
lands, in the context of tourism and climate change,
the following works should be highlighted: Bagari¢
et al. (1997), Bonacci and Roje-Bonacci (2004),
Grofelnik (2017), Luka¢ Reberski et al. (2020),
Luttenberger (2013), Margeta (2022), Muselli et al.
(2009), Patekar et al. (2022), Slavyj et al. (2009),
Terzi¢ (2004), Terzié (2022b), Terzi¢ and Markovié
(2010), Tomas and Blaz (2022), Turk (1989) and
Vlasi¢ (2022). From the mentioned papers, it is ev-
ident that the tourist-attractive areas of the Adriatic
islands are not homogeneous in terms of the sustain-
ability of the water supply. This research observes
and analyses the differences in the water supply on
islands and makes proposals for improving the sus-
tainability of water supply in the context of modern
increased pressures on water supply systems.
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Cilj ovoga rada je prikazati mogu¢nosti prila-
godbe i povecanja otpornosti oto¢nih vodoop-
skrbnih sustava u uvjetima rastu¢ih zahtjeva s
obzirom na raspoloZive vodne resurse, postojecu
infrastrukeuru te turisti¢ki rast, energetsku krizu
i utjecaj klimatskih promjena.

Radi postizanja zadanog cilja istrazivanja, po-
stavljeno je osnovno istrazivacko pitanje koje
je dalje razradeno utvrdivanjem zadataka nizeg
reda. Osnovno istrazivacko pitanje na koje ovaj
rad odgovara glasi: Na koje se razlike u odrzi-
vosti oto¢nih vodoopskrbnih sustava oslanja lo-
kalna zajednica i turizam hrvatskih otoka te koje
su moguénosti odrzivosti i prilagodbe budué¢im
izazovima vodoopskrbe? Kako bi se odgovorilo
na zadano pitanje, u istrazivanju se pristupilo
utvrdivanju: specificnih razlika izmedu otoka
Jadranskoga mora s obzirom na klimatska obi-
ljezja i klimatske promjene, razlika u turistickom
optere¢enju vodoopskrbnog sustava, moguéno-
stima odrzivosti i prilagodbe postojeéeg vodo-
opskrbnog sustava te moguénostima alternativne
vodoopskrbe koje utjecu na buducu odrzivost i
razvoja otoka.

Svrha utvrdivanja specifi¢nosti, razlika i mo-
guénosti djelovanja u vezi s odrzivosti vodoop-
skrbnih sustava na hrvatskim otocima je doprinos
u oblikovanju intervencija planske dokumente i
konkretne projekte koji bi u budué¢nosti mogli
pridonijeti otpornosti oto¢nih zajednica na iza-
zove koje donose klimatske promjene s istodob-
nim izglednim povecanjem potrosnje vode za
potrebe turizma.

Za studiju slucaja ispitivanja odnosa klimat-
skih promjena, turistickog optereéenja i alterna-
tivnih moguénosti vodoopskrbe s ciljem poveéa-
nja samodostatnosti oto¢nih zajednica uzeta su
Cetiri hrvatska otoka. Analizirane su razli¢itosti
trenutacne situacije, ali i budu¢ih promjena sto
se ti¢e vodoopskrbe na otocima te su uzeta dva
para otoka u dva razli¢ita klimatska podrudja na
Jadranu. Parovi otoka odabrani su tako da jedan
od otoka ima vodoopskrbni sustav vezan za ko-
pno, a drugi vodoopskrbni sustav otoka oslonjen
je navodne resurse oto¢nog prostora te su u obzir
uzeti i razlic¢iti klimatski uvjeti koji imaju utjecaj
na vodoopskrbu. Iz podru¢ja Cfa klime uzeti su
otoci Rab te Cres i Losinj (Cres i Losinj ¢ine je-

The aim of this paper is to show the possibilities
of adaptation and increasing the resilience of the
island’s water supply systems in the conditions of
growing demands with regard to available water re-
sources, existing infrastructure and tourism growth,
the energy crisis and the impact of climate change.

In order to achieve the given goal of the research, a
basic research question was posed, which was further
elaborated by determining lower-order tasks. The
basic research question to which this paper answers
is: What are the differences in the sustainability of
island water supply systems on which the local com-
munity and tourism of Croatian islands rely, and
what are the possibilities of sustainability and ad-
aptation to future water supply challenges? In order
to answer the given question, the research set out to
determine: specific differences between the islands of
the Adriatic Sea, with regard to climatic characteris-
tics and climate changes, differences in the tourist
load of the water supply system, the possibilities of
sustainability and adaptation of the existing water
supply system, and the possibilities of alternative wa-
ter supply that affect future sustainability and island
development.

The purpose of determining the specifics, differ-
ences and possibilities of action regarding the sus-
tainability of water supply systems on the Croatian
islands is to contribute to the design of interventions
through planning documents and project ideas that
could in the future contribute to the resistance of
island communities to the challenges brought by cli-
mate change with a simultaneous likely increase in
water consumption for tourism.

Four islands in the Adriatic Sea (Republic of Cro-
atia) were selected for the case study that deals with
the relationship between climate change, tourism
pressure, and alternative water supply options to in-
crease the water supply self-sufficiency of island com-
munities. The differences in the current situation, as
well as future impacts on the water supply system on
the islands, were analysed, and two pairs of islands in
two different climatic areas in the Adriatic area were
selected. The pairs of islands were chosen in such a
way that one of the islands pair has a water supply
system linked to the mainland hinterland, while on
the other islands pair water supply system relies on
the water resources of the island itself. The different
climatic features that have a significant impact on
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TaBLICA 1. Povr§ina i broj stanovnika otoka za razdoblje 2015. — 2020. godine
TABLE 1 Areas and number of inhabitants of the island for the period 2015-2020

Procjena broja stanovnika sredinom godine /

Estimated Number of Inhabitants in the Middle of the Year
Jedinice lokalne samouprave / Povrsina /

2015. 2016. 2017. 2018. 2019. 2020.
Local Administrative Units Area (km?)
Otoci / the Islands of Cres and

480,1 11084 11018 10889 10812 10783 10858

Losinj
Otok /the Island of Rab 86,1 9420 9315 9234 9207 9125 9145
Otok /the Island of Bra¢ 395,4 14608 14548 14519 14648 14790 14818
Ortok /the Island of Vis 89,7 3559 3528 3546 3536 3552 3575

Izvor / Source: Drzavni zavod za statistiku, 2023; Ministarstvo regionalnog razvoja i fondova Europske unije, 2021.

dinstven vodoopskrbni sustav), a iz podrucja Csa
klime otoci Bra¢ i Vis.

Otoci Cres, Losinj, Rab, Bra¢ i Vis dio su $ire
¢jeline jadranske karbonatne platforme te dijele
sli¢cna obiljezja osnovne geoloske grade koja pre-
sudno utje¢u na krska obiljezja otoka, $to pak
uzrokuje relativno oskudne lokalne potencijale
za vodoopskrbu. Na podru¢ju proucavanih oto-
ka zbog izrazenih vapnenackih krskih poroznih i
propusnih obiljezja podloge nema stalnih povr-
sinskih vodenih tokova. Vrlo brzo nakon kontak-
ta s krskom podlogom, padaline se u potpunosti
infiltriraju u podzemlje (Terzi¢ i sur., 2022b).
Povrsinski buji¢ni kraci tokovi formiraju se is-
kljucivo za obilnih padalina. Na otocima je zna-
¢ajna i pojava lokvi koje su nekada bile presudne
za odrzavanje tradicionalnog stocarstva, dok da-
nas predstavljaju oaze bioraznolikosti i podrza-
vaju biokapacitet otoka. Slatkovodne lokve na
otocima prirodno su predisponirane udubine u
krskom reljefu koje su cesto bile modificirane
antropogenim utjecajem kako bi u njima voda
bila dostupna cijele godine.

Otoci imaju uslojenu do djelomic¢no ljuska-
vu geolosku strukturu koju ¢ine dominantno
vapnenacke naslage kredne i kvartarne starosti
na kojima je razvijen krski reljef. Na otocima se
moze pratiti blago izvijanje struktura koje ugru-
bo prate obalu odnosno dinarski smjer pruzanja
sjeverozapad-jugoistok. Stijene su gotovo isklju-
¢ivo iz sedimentne skupine s iznimkom manjih
pojava vulkanskih stijena na otoku Visu oko
Komize (Terzié i sur., 2022a). U kontekstu vo-
doopskrbe vazne su i manje pojave paleogenskih

fliSnih naslaga (posebice na podru¢ju Lopara na
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water supply were also analysed. The islands of Rab,
Cres and Lo$inj were selected within the area of Cfa
climate (Cres and Losinj have a common water sup-
ply system), while for comparison the islands of Bra¢
and Vis were selected within the area of Csa climate.

The islands of Cres, LoSinj, Rab, Bra¢ and Vis are
part of the wider Adriatic carbonate platform. They
they share with it similar features of the basic geo-
logical structure, which decisively affects the karst
characteristics of the islands, and results in relatively
scarce local potential for water supply. In the area
of the studied islands, there are no permanent sur-
face water flows due to the pronounced porous and
permeable characteristics of the limestone karst sub-
stratum. Very soon after contact with the karst sub-
strate, the precipitation completely infiltrates into
the subsoil (Terzi¢ et al., 2022b). Surface torrential
shorter surface flows are formed exclusively for heavy
rainfall. The appearance of puddles on the islands
is also significant, which were once crucial for the
maintenance of traditional animal husbandry, while
today they represent oases of biodiversity and sup-
port the islands biocapacity. Freshwater puddles on
the islands are naturally predisposed depressions in
the karst relief that were often subject to by anthro-
pogenic modifications so that water was available in
them throughout the year.

The islands have a layered to partially scaly geolog-
ical structure, which predominantly consists of lime-
stone deposits of Cretaceous and Quaternary age, on
which the karst relief is developed. On the islands,
we can follow the slight curvature of the structures
that roughly follow the coast, that is, the Dinaric di-
rection of extension northwest-southeast. The rocks

are almost exclusively from the sedimentary group
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otoku Rabu) koje omogucuju lokalnu vodoodr-
zivost i pojavu manjih izvora slatke vode koji se
koriste za potrebe vodoopskrbe.

Jedina stalna veéa povrsinska pojava vode na
istrazivanom podrudju je Vransko jezero c¢ija
se voda koristi u vodoopskrbi Cresa i Lo$inja.
Vransko jezero na otoku Cresu ima volumen 220
milijuna m?® vode visoke kakvoce. Jezero je krip-
todepresija povrsine 5,75 km? i volumena oko
220 milijuna m3. Pradenjem razine vode u jeze-
ru 1980-ih ustanovilo se da poveéano crpljenje
vode, posebice tijekom ljetne turisti¢ke sezone,
izaziva sniZavanje njegove razine te se istrazu-
ju uzroci i posljedice ove pojave. Istrazivanjima
(Biondi¢ i sur., 1995; Bonacci, 1995; Ozanié &
Rubini¢, 1998) je ustanovljeno da prosje¢na go-
di$nja koli¢ina padalina na slivu Vranskog jezera
iznosi 1068 mm, prosje¢na godisnja koli¢ina is-
paravanja s povrsine jezera 1153 mm, a godi$nja
koli¢ina crpljene vode iz jezera nesto vise od 2
milijuna m3. Bilanca ovih brojki govori o o¢itoj
ranjivosti jezera u sezonskim ljetnim poveéanim
koli¢cinama crpljenja vode te o prihrani jezera
vodom iz podzemlja koje moze biti izlozeno za-
slanjenju. Odrzivost vodoopskrbe otoka Cresa i
Losinja iz Vranskog jezera potrebno je sustavno
i kontinuirano pratiti da ne bi doslo do zasla-
njivanja vodonosnika i jezera (Grofelnik, 2017;
Ozani¢ & Rubini¢, 1998).

Klimatska obiljezja odabranih otoka upué¢uju na
slozenost utjecaja klime na vodoopskrbu, a jedno
od osnovnih obiljezja je izrazena ljetna susnost koja
prema jugu Jadranskog mora sve vise dolazi do izra-
zaja. Posebno se to odituje na pucinskim srednjo-
dalmatinskim i juznodalmatinskim otocima gdje
se u pojedinim godinama moze dogoditi da jedan
ili dva ljetna mjeseca budu bez padalina. U takvim
uvjetima i relativno male opazene klimatske pro-
mjene mogu imati veliki utjecaj na vodnu bilancu
$to se odrazava na raspolozivost vode ljeti. Do sada
su utvrdeni trendovi porasta temperature, posebno
ljeti, dok promjena kolic¢ine padalina nije prostor-
no jednoznacna iako vedina istrazivanja pokazuje
smanjenje koli¢ine padalina u toplom dijelu godi-
ne na najve¢em dijelu obale (MZOE, 2023). Ova
istrazivanja podudaraju se sa sli¢nim istrazivanjima
za podrucje Mediterana koje navode osusenje i re-

gije kao jednog od izazovnijih okoli$nih problema

with the exception of minor occurrences of volcanic
rocks on the island of Vis around Komiza (Terzié et
al., 2022a). In the context of water supply, minor
occurrences of Paleogene flysch deposits (especially
in the area of Lopar on the island of Rab) are also
important, which enable local water retention and
the appearance of smaller sources of fresh water that
are used for water supply purposes.

The only permanent larger surface water in the re-
searched area is Lake Vrana, whose water is used in
the water supply of Cres and Losinj. Lake Vrana on
the island of Cres has a volume of 220 million m® of
high-quality water. The lake is a crypto-depression
with an area of 5.75 km? and a volume of about 220
million m3. By monitoring the water level in the lake
during the 1980s, it was established that increased
pumping of water, especially during the summer
tourist season, causes its level to lower, and the caus-
es and consequences of this phenomenon began to
be investigated. The researches (Biondi¢ et al., 1995;
Bonacci, 1995; OZani¢ & Rubinié, 1998) stand out,
and they established that the average annual amount
of precipitation in the basin of Lake Vrana is 1068
mm, the average annual amount of evaporation from
the surface of the lake is 1153 mm, and the annual
amount of water pumped from the lake is slightly
more than 2 million m3. The balance of these figures
speaks of the obvious vulnerability of the lake during
the seasonal summer caused by increased amounts
of pumped water and the lake’s feeding with water
from the underground, which may be exposed to sa-
linity. The sustainability of the water supply to the
islands of Cres and Losinj from Lake Vrana needs
to be systematically and continuously monitored to
prevent salinization of the aquifer and the lake itself
(Grofelnik, 2017; Ozanié & Rubinié, 1998).

The climatic features of the selected islands indi-
cate the complexity of the climate’s impact on the
water supply, and one of its basic features is the
pronounced summer dryness, which is more pro-
nounced towards the southern part of the Adriatic
Sea. This is especially evident on the offshore islands
of the central and southern part of Dalmatia, where
in certain years one or two summer months could
be without any precipitation. In such conditions,
even relatively small observed climate changes can
have a large impact on the water balance, which im-

pacts the availability of water during the summer.
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toga dijela svijeta (Guemas i sur., 2015; Iglesias
i sur., 2007; Norrant & Douguédroit, 2006; Se-
ager i sur., 2014). Scenariji klimatskih promjena
IPCC-a isticu nastavak sli¢nih trendova do kraja
21. stolje¢a (Lee i sur., 2021). Ocekuje se daljnji
porast temperature, pogotovo na juznom dijelu Ja-
dranskog mora, dok signal promjene padalina nije
tako jasan iako veéina scenarija promjena klime
upucuje na smanjenje koli¢ine padalina u ljetnim
mjesecima (Giittler i sur., 2020; MZOE, 2023).
Godi$nji hod zahtjevnosti po vodoopskrbni
sustav hrvatskih otoka nije jednoli¢an ve¢ je za
odrzivost vodoopskrbnog sustava poseban izazov
sezonalnost turizma (ljetni maksimumi turisti¢-
kog prometa) koji se podudara s klimatski susnim
ljetnim razdobljem (mediteranske ljetne suse).
Takoder, vidljiv je trend kvantitativnog porasta
turistickog prometa koji ¢e u bliskoj buduénosti
izgledno povecati potrebe za vodom ljeti i susne
sezone, koje bi s klimatskim trendovima trebale
predstavljati jos veéi izazov za oto¢nu vodoopskr-
bu (Bonacci i sur., 2012). Uz navedeno, potreba
za pitkom vodom na otocima sve je izrazenija i
kvalitativnim razvojem turistickih usluga visih
dodanih vrijednosti koje uklju¢uju bazensku in-
frastrukturu, wellness sadrzaje i slicno (Grofel-
nik, 2017). Stoga je u kontekstu odrzivog razvo-
ja te osjetljivosti oto¢nih prostora na okolis$ne i
drus$tvene pritiske, osim trenuta¢nih, potrebno
predvidati i procese i okolnosti koje mogu utje-
cati na oto¢ne vodoopskrbne sustave. Ne smije se
zanemariti i trend povecanja cijena energije koja
utjeCe na cijenu crpljenja, obrade, skladistenja i
transporta vode, posebice na veée udaljenosti, $to
povecava troskove gradnje i odrzavanja sustava te
je u tom aspektu potrebno promisljati alterna-
tivne, odrzivije, ekonomski isplativije i otpornije

oto¢ne vodoopskrbne sustave.

PODACL METODE I PROSTORNI
OBUHVAT ISTRAZIVANJA

U kontekstu ovoga rada, koji se bavi vodom
kao osnovnim resursom za svakodnevne potrebe
ljudi i funkcioniranje gospodarstva, razmatraju
se pokazatelji potro$nje pitke vode iz prirodnih
povrsinskih ili podzemnih izvora (plava voda).
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The trends of temperature increase, especially in
summer months, were determined, while the change
in the amount of precipitation is not spatially uni-
form, although most studies indicate a decrease in
the amount of precipitation in the warm part of the
year on the largest part of the coast (MZOE, 2023).
These studies coincide with similar studies for the
Mediterranean area, where the dryness of the region
is highlighted as one of the challenging environmen-
tal problems of that part of the world (Guemas etal.,
2015; Iglesias et al., 2007; Norrant & Douguédroit,
20065 Seager etal., 2014). The IPCC climate change
scenarios indicate the continuation of similar trends
until the end of the 21st century (Lee et al., 2021).
A further increase in temperature is expected, espe-
cially in the southern Adriatic area, while the signal
of a precipitation change is not so clear, although
most climate change scenarios predict a decrease in
the amount of precipitation in the summer months
(Giittler et al., 2020; MZOE, 2023).

It should be emphasized that the annual fluctu-
ation of demand in the water supply system of the
Adriatic islands is not uniform, and for the sustaina-
bility of the water supply system a special challenge is
the seasonality of tourism (summer peaks of tourist
arrivals) which coincides with the dry summer peri-
od (Mediterranean summer droughts). The signifi-
cant trend of a quantitative increase in tourist arrivals
could also lead to an increase in the demand for wa-
ter during the summer and dry season in the near fu-
ture, which, considering the modern climate change
trends, should represent an even greater challenge for
the islands” water supply (Bonacci et al., 2012). In
addition, the demand for potable water on the is-
lands is increasingly expressed by the development of
tourist services of higher added value, which include
swimming pool infrastructure, wellness facilities and
similar infrastructure (Grofelnik, 2017). Therefore,
in the context of sustainable development and the
sensitivity of island areas to environmental and social
pressures, in addition to current ones, it is necessary
to anticipate future processes and circumstances that
may impact island water supply systems. It is nec-
essary not to ignore the trend of increasing energy
prices, affecting the price of pumping, processing,
storing and transporting water, especially over longer
distances, which increases the costs of water supply

system building and maintenance, so in this aspect,
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Za potrebe rada pregledane su sekundarne
baze podataka Drzavnoga hidrometeoroloskog
zavoda, Drzavnog zavoda za statistiku i lokal-
nih turistickih zajednica te su u izravnom kon-
taktu s komunalnim vodoopskrbnim tvrtkama
izdvojenih hrvatskih otoka prikupljeni podaci
o vodoopskrbi i vodoopskrbnim infrastruktur-
nim sustavima (otoci: Cres, Losinj, Rab, Brac i
Vis). Dobiveni podaci obradeni su i analizirani
te su posluzili za korelaciju i dobivanje relevan-
tnih zaklju¢aka. Prosje¢ni godi$nji hod kretanja
vrijednosti potrosene vode na otocima dobiven
je na Sestogodisnjem nizu podataka za razdoblje
od 2015. do 2020. godine te su za isto razdoblje
korelirani podaci o kretanju turistickih noéenja
na otocima.

Za analizu utjecaja klime na vodoopskrbni su-
stav odabranih otoka uzeti su podaci o tempera-
turi i padalinama za razdoblje od 1981. do 2020.
godine s meteoroloskih, odnosno klimatoloskih
postaja na otocima (Cres, Mali Losinj, Rab), kao
i postaja s vodozastitnih prostora za vodoopskrb-
ne sustave otoka (Senj, Gospi¢, Split-Marjan).
Podaci su dobiveni od Drzavnoga hidrometeoro-
loskog zavoda. U odabiru postaja u istrazivanom
prostoru prednost su imale postaje s cjelovitim
nizovima podataka za padaline.

Osim osnovnih klimatskih pokazatelja u radu
su odredeni linearni trendovi promjene godis-
njih i sezonskih vrijednosti temperatura i kolici-
ne padalina, a njihova je signifikantnost analizi-
rana Mann-Kendalovim trend testom (Kendall,
1975) s pomocu racunalnog programa XLSTAT
(Lumivero, 2023). Smanjenje koli¢ine padalina
i porast temperature imaju negativan u¢inak na
vodoopskrbu, jer se time povedava evaporacija i
smanjuje koli¢ina vode raspoloziva za Zivi svijet
i stanovnistvo. Kako relevantna istrazivanja po-
kazuju sve veéu pojavnost suse na Sredozemlju
(Gao & Giorgi, 2008; Iglesias i sur., 2007; So-
laraju-Murali i sur., 2019), u radu je kao poka-
zatelj susnosti koriSten indeks standardiziranih
padalina, SPI (Standardised Precipitation In-
dex) (Mckee i sur., 1993). SPI predstavlja broj
standardnih devijacija u odnosu na srednjak, a
odreduje se normaliziranom gama distribucijom
padalina. Ako su koli¢ine padalina ve¢e u odnosu

na srednju vrijednost, SPI ée imati pozitivne vri-

it is necessary to consider possible alternative solu-
tions of water supply on islands, that are more sus-

tainable, economically profitable and resilient.

DATA, METHODS AND RESEARCH
AREA

In the context of this research, which deals with
water as a basic resource that is necessary for the daily
needs of people and the functioning of the economy,
the indicators of potable water consumption from
surface or underground sources (blue water) will be
taken into account.

The secondary data sources of the Croatian Hy-
drological and Meteorological Service, Croatian Bu-
reau of Statistics, as well as local tourist boards, and
water supply and water supply infrastructure data,
were used. The latter was obtained in direct contact
with the municipal water supply companies of select-
ed Croatian islands (islands: Cres, Losinj, Rab, Bra¢
and Vis) and used in analyses. The aforementioned
data were used for correlation analyses to get relevant
conclusions on the topic of this research. The average
annual course of the water consumed on the islands
and the data that present the change in the number of
tourists and overnight stays on the islands were corre-
lated for the 2015 - 2020 period.

In order to analyse the impact of the climate on
the water supply system of the selected islands, tem-
perature and precipitation data for the 1981 - 2020
period collected at meteorological and climatological
stations on the islands (Cres, Mali Losinj, Rab), as
well as data of stations within water protection areas
on the mainland used for water supply systems of the
island (Senj, Gospi¢, Split-Marjan) were used. The
data were obtained from the Croatian Hydrological
and Meteorological Service. The priority was given
to those meteorological or climatological stations that
had complete sets of precipitation data.

Besides the basic climate indicators, linear trends of
changes in annual and seasonal values of temperature
and precipitation were determined, and their signifi-
cance was analysed with the Mann-Kendall trend test
(Kendall, 1975) using the computer program XL-
STAT (Lumivero, 2023). A decrease in the amount
of precipitation and an increase in temperature can

have a negative impact on the water supply because
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jednosti, a ako su manje u odnosu na srednju vri-
jednost, SPI ¢e imati negativne vrijednosti, dok
su vrijednosti indeksa izmedu -1 i 1 normalne.
Ova se metoda primjenjuje relativno esti jer je
potrebno imati niz padalina duljeg razdoblja te
se moze primijeniti na razli¢ite vremenske skale,
od kojih se najc¢esc¢e koriste 1, 3, 6, 12 i 24 mje-
seca. Stoga se SPI moze koristiti za ocjenu defici-
ta padalina za razli¢ite vodne resurse (podzemne
vode, otvorene vodotoke, vlaznost tla) (Tadié i
sur., 2015). U radu je koristen SPI3, odnosno
uzeta je vremenska skala od tri mjeseca jer pruza
sezonsku procjenu odstupanja padalina. SPI je
izra¢unat pomocu ra¢unalnog programa DrinC
(Drought Indices Calculator) koji je izradio Na-
tional Technical University of Athens (Tigkas i
sur., 2015).

Da bi se utvrdilo vrijeme pojave promjena (po-
rasta ili padova) u nizovima analiziranih poda-
taka primijenjena je RAPS (Rescaled Adjusted
Partial Sums) metoda (Garbrecht & Fernandez,
1994), koja je Cesta u analizama nizova klimat-
skih podataka (Bonacci i sur., 2020; Bonacci i
sur., 2021).

these changes lead to an increase in evaporation and
can reduce the amount of water available to nature
and the people. As relevant papers indicate the in-
crease in drought occurrence in the Mediterranean
area (Gao & Giorgi, 2008; Iglesias et al., 2007; Sola-
raju-Murali et al., 2019), the Standardized Precipita-
tion Index (SPI) was used as an indicator of dryness
in the paper (Mckee et al., 1993). The SPI represents
the number of standard deviations from the mean of
the data series and it is based on the normalized gam-
ma distribution of precipitation. If the precipitation
amounts are higher than the mean precipitation the
SPI values are positive and if they are lower than the
mean value, the SPI values are negative, while index
values between -1 and 1 are considered to be normal.
This method is relatively often used because it only
requires the data series of precipitation over a longer
period and it can be applied to different time scales,
and most common time scales that are used are 1, 3,
6, 12 and 24 months. Therefore, SPI can be used to
assess the precipitation deficit for different water re-
sources (groundwater, open watercourses, soil mois-
ture) (Tadi¢ et al., 2015). SPI3 was used in the paper,
i.e. a time scale of 3 months was analysed because

= pels
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SLIKA 1. Podrudje istraivanja
FiGURE 1 Study area

Izvor: izradili autori / Source: made by authors
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Primarni prostor istrazivanja u ovom radu su
odabrani jadranski otoci s pripadaju¢im vodoop-
skrbnim sustavima: Cres, Losinj, Rab, Bra¢ i Vis
(SL. 1.). Budud¢i da se vodoopskrbna infrastruktu-
ra analiziranih otoka djelomi¢no oslanja na vod-
ne resurse susjednoga kopna, u istrazivanju je i to
podrugje uklju¢eno u analizu.

Otoci Cres i Losinj ¢ine jednu vodoopskrbnu
cjelinu resursno oslonjenu na lokalni vodono-
snik. Okosnicu vodoopskrbnog sustava otoka
¢ini vodocrpiliste na Vranskom jezeru, kao tre-
nuta¢no jedino vodocrpiliSte za otoke Cres i Lo-
$inj. Zaceci javnog vodoopskrbnog sustava otoka
Cresa i Losinja sezu u prvu polovicu 20. stoljeca,
dok je suvremena organizirana vodoopskrba oto-
ka Cresa i Losinja zapocela 1952. godine (Vodo-
opskrba i odvodnja Cres Losinj, 2023).

Otok Rab je vodoopskrbna cjelina s dvojnim
resursnim osloncem, manjim se dijelom koristi
lokalnim izvorima slatke vode na otoku dok se
ve¢inom oslanja na vodu iz kopnenog zaleda
koju dobiva podmorskim cjevovodom. Javna
vodoopskrba pocela je s razvojem pocetkom 20.
stolje¢a oslanjajudi se na oto¢ne manje izvore i
bunare koji zbog razvoja turizma na otoku nisu
mogli zadovoljiti sve veéu potrebu za pitkom
vodom. Stoga je otok Rab spojen na sustav Vo-
dovod hrvatsko primorje — juzni ogranak 1986.
godine te od tada dobiva vodu iz hidroenerget-
skog sustava HE Senj odnosno iz Like (VRELO
d.o.o0., 2023).

Ortok Bra¢ tradicionalno se do 1970-ih oslonjao
na lokalne vodne resurse (cisterne, lokve i zdence).
Gradnjom regionalnoga vodoopskrbnog sustava
Omis — Bra¢ — Hvar otok je dobio pitku vodu iz
hidroenergetskog sustava HE Zakuc¢ac odnosno
rijeke Cetine. Danasnji sustav vodoopskrbe Braca
resursno se u potpunosti oslanja na kopneno zale-
de (VODOVOD BRAC d.0.0., 2023).

Otok Vis ima vlastiti sustav javne vodoopskrbe
oslonjen iskljuc¢ivo na lokalne oto¢ne izvore. Jo$
od 1970-ih u planu je spoj otoka podmorskim
cjevovodnim sustavom na vode rijeke Cetine, ali
se do danas ovaj sustav nije izgradio. Takoder je
potrebno napomenuti da spoj na postojeéi sustav
na otoku Hvaru ne bi bio dovoljan jer se u po-
stoje¢im elaboratima vodoopskrbe navodi kako

trenutacni sustav Omis — Bra¢ — Hvar nema do-

it provides a seasonal assessment of precipitation de-
viations. The SPI was calculated using the statistical
software DrinC (Drought Indices Calculator) devel-
oped by the National Technical University of Athens
(Tigkas et al., 2015).

The RAPS (Rescaled Adjusted Partial Sums) meth-
od (Garbrecht & Fernandez, 1994) was used to de-
termine the time of occurrence of changes (increases
or decreases) in the time series of analysed data. It
is often used in the climate analysis for that purpose
(Bonacci et al., 2020; Bonacci et al., 2021).

The primary areas of this research are selected Adri-
atic islands with their water supply systems, i.e. the
islands of Cres, Losinj, Rab, Bra¢ and Vis (Fig. 1).
Since the water supply of the mentioned islands in
some cases partially relies on the water resources of
the neighbouring mainland area, the climatological
analyses of that areas were also conducted within the
research.

The islands of Cres and LoSinj form one water
supply system that is resource-dependent on the local
aquifer. The central part of the island’s water supply
system is the water pumping station on Lake Vrana,
which is currently the only water pumping station
for the islands of Cres and Losinj. The development
of public water supply system of the islands of Cres
and Losinj was initiated in the first half of the 20th
century, while the modern water supply system of the
islands of Cres and Losinj started to develop in 1952
(Vodoopskrba i odvodnja Cres Losinj, 2023).

The island of Rab has a water supply system with
a dual source of water. In smaller part it uses local
sources of fresh water on the island, while it mostly
relies on water from the mainland hinterland, which
is transported using a submarine pipeline. The pub-
lic water supply began to develop at the beginning
of the 20th century and it was based on the island’s
small springs and wells, which could not meet the
increasing need for potable water due to the develop-
ment of tourism on the island. Therefore, the island
of Rab was connected to the water supply system of
Hrvatsko Primorje - the southern branch in 1986,
and since then it has been receiving water from the
Senj HPP hydropower system, i.e. from Lika (VRE-
LO d.o.o., 2023).

Until the 1970s, the island of Bra¢ traditionally re-
lied on local water resources (cisterns, puddles and

wells). With the construction of the regional subma-
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voljan kapacitet tijekom ljetne turisticke sezone
(Fidon, 2018; Vodovod i odvodnja otoka Visa
d.o.o., 2023).

REZULTATI

U analitickom dijelu istrazivanja uzeti su u
obzir sljedeéi osnovni podaci: mjese¢ne kolic¢ine
crpljene i prodane vode na otocima, mjese¢no
kretanje turistickih nocenja, klimatoloski poda-
ci o temperaturi i padalinama pripadajuceg vo-
docrpilisnog podrugja.

Na temelju analiziranih klimatskih podata-
ka dobiven je uvid u obiljezja susnosti istrazi-
vanih postaja koja najvise do izrazaja dolaze u
ljetnim mjesecima te u postajama juznije (Csa
tip klime). Pri tome su u obzir uzeta dva tride-
setogodi$nja razdoblja, prvo od 1981. do 2010.
i drugo od 1991. do 2020. godine, kako bi se
ukazalo na utjecaj klimatskih promjena (iako
nije rije¢ o dva susljedna razdoblja). U drugom
tridesetogodisnjem razdoblju doslo je do porasta
temperature, ali i koli¢ine padalina u odnosu na
prvo tridesetogodisnje razdoblje (Tab. 2.). Sred-
nja godis$nja amplituda temperature u vedini je
postaja porasla, a najviSe u postajama s izraze-

nim maritimnim termickim utjecajima.

rine water supply system Omi$ - Bra¢ - Hvar, the is-
land started receiving potable water from the Zakucac
HPP hydropower system, i.e. the Cetina River. The
modern water supply system of Bra¢ relies entirely on
water from the mainland area (VODOVOD BRAC
d.o.o., 2023).

The island of Vis has its public water supply sys-
tem based only on its local water sources. It has been
planned since the 1970s to connect the island water
supply system to Cetina River water source with a
submarine pipeline system, but this system has never
been built. It should also be noted that the connec-
tion to the existing water supply system on the island
of Hvar would not be sufficient because the current
water supply system Omi§ - Bra¢ - Hvar does not
have sufficient capacity during the summer tourist
season (Fidon, 2018; Vodovod i odvodnja otoka Visa
d.o.o0., 2023).

RESULTS

In the analytical part of the research, the following
data were used: monthly amounts of pumped and
sold water on the islands, monthly trends in tourist
overnight stays, and climatological data of temper-
ature and precipitation in the water pumping area.

Based on the analysed climate data, an insight was

TaBLICA 2. Promjena srednje godisnje temperature, srednje godisnje amplitude temperature i srednje godisnje kolicine
padalina u analiziranim postajama za razdoblja 1981. — 2010. i 1991. — 2020.

TABLE 2 Changes in mean annual temperature, mean annual temperature amplitude and mean annual precipitation in
the analysed stations for the 1981 — 2010 and 1991 — 2020 periods

Postaja / Razdoblje / Sr. god. temp. (°C) / Ampl. temp. (°C) / Sr. god. kol. pad. (mm) /
Station Period Mean ann. temp. (°C) Temp. amp. (°C) Mean ann. prec. (mm)
1981. —-2010. 14,7 18,4 1099,5
Cres
1991. — 2020. 15,1 18,4 1144,0
1981. —2010. 9,1 20,2 1354,6
Gospi¢
1991. — 2020. 9,7 20,1 1391,7
1981. —2010. 15,6 16,9 927,3
Mali Losinj
1991. —2020. 16,1 17,1 997,0
1981. —-2010. 15,6 17,6 1087,1
Rab
1991. —2020. 16,1 17,7 1125,3
1981. —2010. 15,1 18,9 1223,6
Senj
1991. - 2020. 15,6 18,9 1284,5
1981. —-2010. 16,4 18,4 776,1
Split-Marjan
1991. —2020. 16,9 18,6 800,7

Izvor / Source: Drzavni hidrometeoroloski zavod, 2021.
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Maksimum temperature je u ljetnim mjeseci-
ma, srpnju ili kolovozu, a minimum u sije¢nju
ili veljaci (SI. 2.), dok se maksimum koli¢ine pa-
dalina javlja zimi, u studenom, a minimum u
srpnju. Srednja godis$nja temperatura porasla je
u razdoblju 1991. — 2020. u odnosu na razdo-
blje 1981. — 2010., u gotovo svim mjesecima, a
najvise u ljetnim, $to je u skladu s opazenim kli-
matskim promjenama, odnosno globalnim po-
rastom temperature. Promjene koli¢ine padali-
na u istrazivanim su razdobljima slozenija. Iako
je srednja godi$nja koli¢ina padalina porasla u
svim postajama (Tab. 2.), u godi$njem hodu to
nije jednoliko rasporedeno. Najveéi je porast
zabiljezen u jesenskim i zimskim mjesecima, u
vecini postaja od rujna do veljace, te u srpnju i
manje u svibnju, dok je u preostalim proljetnim
i ljetnim mjesecima doslo do smanjenja koli¢ine
padalina u razdoblju 1991. — 2020. u odnosu na
razdoblje 1981. — 2010., $to u razdoblju kada su
najve¢i zahtjevi za vodnim resursima u poljopri-
vredi i turizmu ima nepovoljan utjecaj na vodo-
opskrbu. Vrijednostima temperature i padalina
istie se postaja Gospi¢. Koli¢ina padalina na
toj postaji upucuje na relativno velike koli¢ine
padalina koje prima neposredna kopnena unu-

trasnjost, $to je od izrazite vaznosti za prihranu

obtained into the features of the dryness of the re-
searched stations, which is most pronounced in the
summer months and in the stations located further
south (Csa climate). In order to indicate the impact
of climate change the two thirty-year periods were
considered, the first from 1981 to 2010 and the sec-
ond from 1991 to 2020 (although those are not two
consecutive periods). In the second thirty-year peri-
od, the temperature increase occurred, but also the
increase in the amount of precipitation, compared to
the first thirty-year period (Tab. 2). The mean annu-
al temperature amplitude increased in most stations,
and mostly in the stations with pronounced mari-
time thermal influences.

The maximum temperature is in the summer
months, July or August, and the minimum is in Jan-
uary or February (Fig. 2). Maximum precipitation
occurs in winter, in November and the minimum
is in July (Fig. 3). The mean annual temperature in-
creased in the period 1991 — 2020 compared to the
period 1981 — 2010, in almost all months, mostly
in summer, which is in accordance to the observed
climate changes, i.e. the global temperature increase.
Changes in the amount of precipitation in the re-
searched periods are more complex. Although the
mean annual amount of precipitation increased in

all stations (Tab. 2), it is not uniformly distributed
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vodom krskog vodonosnika kojom se opskrblju-
je vodovod Hrvatsko primorje.

Osim srednjih vrijednosti klimatskih eleme-
nata, za analizu utjecaja klime na vodoopskrbni
sustav izrazito je vazan i trend njihovih promje-
na u istrazivanom razdoblju. Porast srednje go-
di$nje temperature zabiljezen na svim postajama
statisti¢ki je znacajan uz razinu pouzdanosti o =
0,05 na veéini postaja (Sl. 4. i Tab. 3.) i utjece na
povecanje isparavanja §to moze dovesti do sma-
njenja koli¢ina vode raspolozivih za vodoopskr-
bu. Porast godisnje koli¢ine padalina razlic¢itog
intenziteta zabiljezen je u svim postajama (SI. 5.
i Tab. 3.), ali je za razliku od temperature stati-
sticki znacajan jedino u postaji Mali Losinj uz
razinu pouzdanosti o = 0,05. Koeficijenti deter-
minacije linearnog trenda imaju vece vrijednosti
za promjenu srednje godi$nje temperature nego
za promjenu godisnje koli¢ine padalina, $to uka-
zuje na znacajniji porast temperature u odnosu
na kretanje vrijednosti koli¢ine padalina u istom
razdoblju. U tumacenju utjecaja padalina na po-
tencijal u vodoopskrbi nije zahvalno uzimati u
obzir vrijednosti ukupne godisnje koli¢ine pada-
lina ve¢ sezonske trendove zbog znacajne razlike
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within the annual course. The largest increase oc-
curred in the autumn and winter months, in most
stations from September to February, then in July
and less in May, while in the remaining spring and
summer months the decrease in the amount of pre-
cipitation occurred in the period 1991 — 2020 com-
pared to the period 1981 — 2010, which coincides
with the period when the greatest demands for water
resources are in agriculture and tourism and has an
unfavourable impact on water supply. The Gospi¢
station stands out for its temperature and precipi-
tation values. The amount of precipitation at that
station is the result of relatively large amounts of
precipitation received by the mountain hinterland,
which is extremely important for replenishing the
water of the karst aquifer that supplies the water sup-
ply system Hrvatsko primorje.

Besides the mean values of climatic elements, the
trend of their changes in the researched period is also
of great importance for the analysis of the impact of
climate on the water supply system. The increase in
the mean annual temperature measured in all sta-
tions is statistically significant (a0 = 0.05) for most
stations (Fig. 4 and Tab. 3) and can cause an increase
in evaporation, which can lead to a decrease in the



H. GroreLNIK, M. MARADIN 28/2 (2023) 143-172

°C

Cres: R*=0,570
Gospic: R?= 0,703

12 4 Mali-Losinj: R>=0,644
Rab: R?= 0,664

Sinj: R?=0,577

13 4

11 4

10 4 piEManan R==0008 N LT
94 A NSNS R
Nk
C AN M TN ONODRS =N ONODANAS =AM ONDBARS—AMSE N ONORS
0 00 O NV DO NXPXDONDNDNNDDNDNDNDNNODOOOOODOO O = = = = = — — = — —
PR ARIANAIANANDNNIDNDNIDNANDNNOOOOOOOO0ODODO0OO0O0O0O0O0 000 OO
o e e e e e e = NN AN AN AN AN AN AN AN AN NN AN AN NN NN NN
——— Cres Gospic Mali Losinj Rab
Senj — Split-Marjan e Linearna (Cres) -weeeeee: Linearna (Gospic)
----------- Linearna (Mali Lo3inj) Linearna (Rab) =+ Linearna (Senj) - Linearna (Split-Marjan)
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F1GURE 4 Mean annual temperature, coefficients of determination and trends of change for the analysed stations in the
1981 — 2020 period

Izvor: izradili autori / Source: made by authors
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SLIKA 5. Srednja godisnja kolicina padalina, koeficijenti determinacije te trendovi promjene za analizirane postaje u
razdoblju 1981. — 2020.

F1GUrE 5 Mean annual precipitation, coefficients of determination and trends of change for the analysed stations in the
1981 — 2020 period

Izvor: izradili autori / Source: made by authors
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TABLICA 3. Sezonski trendovi promjene srednje temperature i kolicine padalina za razdoblje 1981. — 2020.
TABLE 3 Seasonal trend changes of mean temperature (°C) and precipitation amounts (mm) for the 1981 — 2020 period

Temperatura (°C) Padaline (mm)
Temperature (°C) Precipitation (mm)
Prolj. Ljeto Jesen Zima | God. | Prolj. Ljeto Jesen Zima | God.
Spring | Summer | Autumn | Winter | Year | Spring | Summer | Autumn | Winter | Year
Cres 0,047 0,062 0,030 0,034 | 0,043 | -0,913 | 0,109 3,211 1,714 | 4,122
Gospi¢ 0,052 0,079 0,046 | 0,068 | 0,062 | -0,330 | -1,395 2,890 1,894 | 3,058
lz/f)aéliij 0,051 0,068 0,026 | 0,038 | 0,046 | 0,193 | -0,112 3,053 2,910 | 6,045
Rab 0,053 0,069 0,034 | 0,043 | 0,050 | -0,744 | -0,886 2,772 1,091 | 2,233
Senj 0,051 0,070 0,034 | 0,049 | 0,051 | -0,377 | -1,325 3,105 3,284 | 4,686
Split-Marjan | 0,046 0,062 0,033 0,037 | 0,045 | 0,263 | -0,018 1,257 1,797 | 3,299

*podebljane vrijednosti oznacuju statisticki znacajne trendove uz razinu pouzdanosti a = 0,05
*bold values indicate statistically significant trends at the a = 0.05 confidence level

Izvor: izracunali autori / Source: calculated by authors

zuju na porast u svim godisnjim dobima (Tab.
3.), koja je u svim postajama u istrazivanom
Cetrdesetogodi$njem razdoblju statisticki zna-
¢ajna. Porast temperature je po iznosu na vecini
postaja najizrazeniji ljeti, Sto odgovara dosadas-
njima istrazivanjima koja najznacajniji porast
temperature na podrudju hrvatske obale nalaze
upravo u tom godisnjem dobu (MZOE, 2023).

Vrijednosti trenda promjene koli¢ine padalina
nisu u najveéem dijelu statisticki znacajne (Tab.
3.). Trendovi promjene koli¢ine padalina pozi-
tivni su zimi, kada imaju i najveée (pozitivne)
vrijednosti, dok su negativne ljeti (osim u po-
staji Cres). Trendovi promjene koli¢ine padalina
pozitivni su u jesen, a uglavnom su negativni u
prolje¢e. Negativni trendovi promjene kolic¢ine
padalina ljeti ukazuju na nepovoljni trend sma-
njivanja koli¢ine padaline u godisnje doba koje
je ve¢ do sada bilo najsusnije.

Mjese¢ni trendovi promjene temperature u
istrazivanom razdoblju, slicno kao i sezonski,
upucuju na porast temperature u svim mjeseci-
ma, koji je najizrazeniji i statisticki znacajan za
ljetne mjesece te u najveéem broju analiziranih
postaja za veljacu, travanj i studeni (Tab. 4.). Za
razliku od trendova promjene temperature go-
tovo ni jedan mjese¢ni trend promjene padalina
nije statisticki znacajan (Tab. 5.). Trendovi pro-
mjene koli¢ine padalina u proljetnim i ljetnim
mjesecima uglavnom su negativni, dok su tren-
dovi promjene koli¢ine u zimskim mjesecima
uglavnom pozitivni, stoga, premda signal pro-
mjene nije statisticki znacajan, potvrduju sli¢ne
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like the temperature, it is statistically significant only
for Mali Losinj station (o = 0.05). The determina-
tion coefficients of linear trend have higher values for
the change in the mean annual temperature than for
the change in the annual amount of precipitation,
which indicates a significant increase in temperature
in relation to the change in the value of the precipi-
tation amount in the same period. In order to obtain
a better insight into the impact of precipitation on
the water supply, seasonal trends should be analysed
instead of annual trends due to the significant differ-
ence in the precipitation amount between the sum-
mer and autumn months.

Seasonal trends of temperature change show an
increase in temperature during all seasons (Tab. 3),
which is statistically significant for all stations in the
researched 40-year period. The increase in tempera-
ture is most accentuated in summer at most stations,
which is in accordance with previous research, that
obtained the most significant increase in tempera-
ture on the Croatian coast in the summer (MZOE,
2023).

The values of the trend of the precipitation
amount changes are in most cases not statistically
significant (Tab. 3). The trend of the precipitation
amount changes is positive in winter, when they are
at the highest (positive) values, while they have neg-
ative values in summer (except at the Cres station).
Trends in the precipitation amount change are most-
ly positive in autumn, and mostly negative in spring.
Negative trends of the precipitation amount changes
in summer indicate an unfavourable trend of precip-

itation decrease in the season that is already the driest
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TABLICA 4. Mjesecni trendovi promjene srednje temperature ("C) u analiziranim postajama za razdoblje 1981. — 2020.
TABLE 4 Monthly trend changes of mean temperature (“C) for researched stations in the 1981 — 2020 period

Cres Gospié Mali Lo$inj Rab Senj Split-Marjan

L. 0,029 0,070 0,028 0,035 0,046 0,019
II. 0,056 0,092 0,060 0,064 0,061 0,058
I1I. 0,044 0,055 0,047 0,051 0,046 0,043
Iv. 0,064 0,078 0,067 0,067 0,075 0,064
V. 0,033 0,024 0,039 0,041 0,031 0,029
VL. 0,091 0,093 0,091 0,095 0,094 0,072
VII. 0,047 0,066 0,059 0,054 0,057 0,048
VIIL. 0,048 0,078 0,053 0,059 0,060 0,066
IX. 0,022 0,019 0,019 0,029 0,018 0,019
X. 0,006 0,019 0,007 0,012 0,015 0,013
XI. 0,063 0,099 0,052 0,062 0,068 0,066
XII. 0,017 0,040 0,025 0,030 0,040 0,033

*podebljane vrijednosti oznacuju statisticki znacajne trendove uz razinu pouzdanosti o = 0,05
*bold values indicate statistically significant trends at the a = 0.05 confidence level

Izvor: izra¢unali autori / Source: calculated by authors

TaBLICA 5. Mjesecni trendovi promjene kolicine padalina (mm) u analiziranim postajama za razdoblje 1981. — 2020.
TABLE 5 Monthly trend changes of precipitation amounts (mm) for the researched stations in the 1981 — 2020 period

Cres Gospid Mali Lo$inj Rab Senj Split-Marjan
L 0,396 0,954 1,156 0,903 1,490 0,782
IL. 0,684 0,707 0,861 0,212 1,291 0,235
II1. -0,934 0,004 -0,073 -0,636 -0,516 -0,201
Iv. -0,243 -0,420 -0,211 -0,415 0,351 0,176
V. 0,264 0,086 0,477 0,307 -0,212 0,287
VL -0,673 -1,166 -1,004 -1,189 -1,516 0,137
VIL 0,816 0,477 0,821 0,853 0,788 0,209
VIIL -0,034 -0,706 0,071 -0,550 -0,596 -0,364
IX. 1,503 1,027 0,038 1,291 0,365 0,597
X. -0,079 0,301 1,423 0,644 1,730 -0,031
XI. 1,788 1,563 1,592 0,837 1,009 0,692
XII. 0,634 0,232 0,893 0,300 0,502 0,779

*podebljane vrijednosti oznacuju statisticki znacajne trendove uz razinu pouzdanosti o = 0,05
*bold values indicate statistically significant trends at the a = 0.05 confidence level

Izvor: izra¢unali autori / Source: calculated by authors

promjene koji su utvrdeni za sezonske vrijedno-
sti, a koji mogu imati negativan u¢inak na sustav
vodoopskrbe na hrvatskoj obali, a pogotovo na
otocima.

Kako bi se detaljnije ispitala promjena tem-
perature u istrazivanom razdoblju, RAPS meto-
dom transformirani su nizovi srednjih godisnjih
temperatura istrazivanih postaja (Sl. 6.). Re-
zultati su pokazali da u veéini postaja promje-
na nastupa 1999. godine (osim u postaji Senj
u kojoj se promjena biljezi od 1998. godine).

in the annual course.

Monthly trends of temperature changes in the re-
searched period, similarly to seasonal ones, indicate
an increase in temperature for all months, which is
mostly accentuated and statistically significant for
the summer months and in the largest number of
analysed stations for February, April and November
(Tab. 4). Unlike the temperature change trends, pre-
cipitation change trend is not statistically significant
in almost no station (Tab. 5). The trend changes of
the precipitation amount in the spring and summer
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SLIKA 6. Nizovi srednjih godisnjih temperatura transformirani RAPS metodom za istraZivane postaje u razdoblju

1981. - 2020.

F1GURE 6 Time series of mean annual temperatures transformed by the RAPS method for the researched stations in the

1981 — 2020 period

Izvor: izradili autori / Source: made by authors

Iako se u oba podrazdoblja biljezi porast srednje
godi$nje temperature, do 1999. godine porast
je bio bitno manjeg intenziteta i uglavnom nije
statisticki znacajan. Nakon 1999. godine u svim
je postajama trend porasta temperature izraze-
niji i statisticki znacajan (Tab. 6.). To ukazuje
na sve intenzivniji porast temperature u drugoj
polovici istrazivanog razdoblja $to ¢e imati izra-
zene negativne posljedice na sustav vodoopskrbe
na hrvatskim otocima. Kod promjene kolic¢ine
padalina transformacijom niza RAPS metodom
nije uo¢ena takva pravilnost.

Na temelju prognoza relevantnih regionalnih
klimatskih modela (Giittler i sur., 2020.; Lee
i sur., 2021; MZO, 2023) za razdoblje 2041.
— 2070. godine za obalna podru¢ja Hrvatske

TaBLica 6. Trendovi promjene srednje godisnje temperature
Senj razdoblja su 1981. — 1998. i 1998. — 2020.)

TABLE 6 Trend changes of the mean annual temperature for .
station, the periods are 1981 — 1998 and 1998 — 2020)

months are mostly negative, while the trend changes
of the precipitation amount in the winter months
are mostly positive, therefore, although the change
signal is not statistically significant, they confirm
similar changes that were determined for seasonal
values, which can have a negative effect on water
supply system on the Croatian coast, especially on
the islands.

In order to assess the temperature change in the
1981 — 2020 period in more detail, the series of
mean annual temperatures for the analyzed stations
were transformed using the RAPS method (Fig. 6).
The results indicate that in most stations the change
occurred in 1999 (except in the Senj station, where
the change occurred in 1998). Although an increase
in the mean annual temperature was obtained for

za razdoblje 1981. — 1999. i 1999. — 2020. (za postaju

he 1981 — 1999 and 1999 — 2020 periods (*for the Senj

Cres Gospié Mali Lo$inj Rab Senj* Split-Marjan
1981. —1999. 0,032 0,043 0,036 0,044 0,037 0,030
1999. — 2020. 0,046 0,054 0,045 0,051 0,050 0,043

*podebljane vrijednosti oznacuju statisticki znacajne trendove uz razinu pouzdanosti a = 0,05
*bold values indicate statistically significant trends at the o = 0.05 confidence level
Izvor: izratunali autori / Source: calculated by authors
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o¢ekuje se daljnji porast godi$njih i sezonskih
temperatura, pogotovo ljeti. Najmanji se porast
temperature predvida za proljetne mjesece. U
istom su razdoblju predvidanja koli¢ine padali-
na razli¢itog predznaka, a izvjesno je smanjenje
padalina ljeti na podrudju cijele Hrvatske (iz-
medu 10 i 15 %). Najveée smanjenje moguce
je na ve¢em dijelu obale i u gorskom podruéju
(izmedu 15 i 20 %), a u proljetnim mjesecima
smanjenje koli¢ine padalina moze se ocekivati
u zaledu obalnog podrudja, $to moze nepovolj-
no utjecati na stanje, odnosno obnovu zalihe
vode pred susno ljetno razdoblje, a time i na
vodoopskrbu na obali. Sli¢ni su trendovi i dru-
gih pokazatelja koji ¢e utjecati na pojavu sus-
nosti odnosno porast broja toplih dana i nodi,
porast broja suhih dana, smanjenje broja umje-
reno vlaznih i vrlo vlaznih dana. Navedeni su
trendovi izrazeni na obali, pogotovo u ljetnim
mjesecima. Prema rezultatima scenarija klimat-
skih promjena globalnih klimatskih modela,
nastavak prikazanih trendova uz razliéit inten-
zitet moze se olekivati i do kraja 21. stoljeca
(Lee i sur., 2021).

Na problematiku padalina u kontekstu vodo-
opskrbe u ljetnim mjesecima upucuje i varija-

bilnost padalina izrazena koeficijentom varija-

both sub-periods, until 1999 it was less intense and
mostly not statistically significant. The trend of tem-
perature increase is more pronounced and statisti-
cally significant in all stations after 1999 (Tab. 6),
which indicates an increasingly intense increase in
temperature in the second half of the researched pe-
riod, which will have pronounced negative impacts
on the water supply system on the Croatian islands.
No such regularity was observed for the change of
precipitation amount time series transformed by the
RAPS method.

Based on the predictions of the relevant region-
al climate models (Giittler et al., 2020.; Lee et al.,
2021; MZO, 2023) for the 2041 - 2070 period, a
further increase in annual and seasonal temperatures
is expected for the coastal areas of Croatia, especially
in the summer months. The lowest increase in tem-
perature is obtained for the spring months. In the
same period, the changes in precipitation amount
are predicted to be of different signs, but there is a
certain decrease in precipitation in the summer for
the whole area of Croatia (between 10 and 15 %).
The highest precipitation decrease is predicted for
the large part of the coast and in the mountainous
area (between 15 and 20 %). A decrease in the pre-
cipitation amounts can be expected in the hinterland
of the coastal area in the spring months, which may
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SvLikA 7. Godisnji hod koeficijenta varijacije kolicine padalina za razdoblje 1981. — 2020.
F1GURE 7 Annual trend of the coefficient of variation of the precipitation amounts for the 1981 — 2020 period

Izvor: izradili autori / Source: made by authors
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cije (SI. 7.). Varijabilnost padalina najveca je u
ljetnim mjesecima i to u postajama koje imaju
relativno malu koli¢inu padalina, $to je potvrde-
no sli¢nim istrazivanjima (Maradin, 2013). Po
varijabilnosti padalina ljeti izdvajaju se postaje
Mali Losinj i Split-Marjan, a zatim Rab i Senj.
U ostalim su godi$njim dobima vrijednosti vari-
jabilnosti padalina u istrazivanim postajama re-
lativno sliéne. Minimum varijabilnosti padalina
je u proljede, u travnju, $to je povoljna okolnost
jer znaci da su padaline u proljetnim mjesecima,
prije ljetnog minimuma padalina, relativno po-
uzdane.

S pomocu vrijednosti SPI3 dodatno je anali-
zirana pojava su$nosti u istrazivanom razdoblju
(SI. 8.). Kretanje godisnjih vrijednosti SPI3
pokazuje izmjenu relativno visokih i relativno
niskih vrijednosti toga pokazatelja. Posebno se
isti¢e 2006. godina kada su vrijednosti SPI3 bile
izrazito niske, odnosno na veéini su postaja vri-
jednosti bile u rasponu vrlo susno i ekstremno
susno. Povoljna je okolnost $to je broj susljednih
godina s niskim vrijednostima SPI3 relativno
mali, $to se moze objasniti sezonskim razlikama
u koli¢ini padalina, odnosno porastom koli¢ina
padalina u jesenskim i zimskim mjesecima u od-

nosu na susno ljeto. Takoder, ni jedna se postaja

adversely impact the restoration of water reserves be-
fore the dry summer period, and therefore impact the
water supply on the coast. There are similar trends in
other indicators that will influence the occurrence of
dryness, such as an increase in the number of warm
days and nights, an increase in the number of dry
days, and a decrease in the number of moderately
and very humid days. The aforementioned trends
are predicted for the coastal area, especially for the
summer months. According to the results of climate
change scenarios of global climate models, the pre-
sented trends could continue with varying intensity
until the end of the 21st century (Lee et al., 2021).
The variability of precipitation presented by the
coefficient of variation also indicates the impact
of precipitation on water supply in the summer
months (Fig. 4). The values of precipitation vari-
ability are highest in the summer months and in
the stations that have a relatively low precipitation
amount, which was already confirmed by similar re-
search (Maradin, 2013). The stations of Mali Lo$inj
and Split Marjan, and then Rab and Senj stand out
due to the high values of precipitation variability in
the summer months. In other seasons, the precip-
itation variability values in the researched stations
are more similar. The relative minimum variability
of precipitation in spring, in April, is a favourable

2
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SLIKA 8. Promjene vrijednosti SPI3 za istraZivane postaje u razdoblju 1981. — 2020.
Ficure 8 Changes in SPI3 values for the researched stations for the 1981 — 2020 period

Izvor: izradili autori / Source: made by authors
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SLIKA 9. Progjecne mjesecne kolicine potrosene vode na otocima u razdoblju 2015. — 2020.
F1curE 9 Average monthly amounts of water consumed on the islands in the period 2015 — 2020

Izvor: izradili autori / Source: made by authors

ne istice izrazenom su$nosti u duljem razdoblju,
a nije zapazen izrazen trend promjene SPI3 po-

kazatelja ni za jednu postaju. S obzirom na sce-

circumstance because it means that precipitation in
the spring months, before the summer minimum of
precipitation, is relatively reliable.
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SLIKA 10. Prosjecan broj turistickih nocenja po mjesecima na otocima u razdoblju 2015. — 2020.
F1GURE 10 Average number of tourist overnight stays per month on the islands in the period 2015 — 2020

Izvor: izradili autori / Source: made by authors
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SvikA 11. Udio mjesecnih gubitaka zahvacene vode po vodoopskrbnim sustavima otoka u razdoblju 2015. — 2020.
F1GURE 11 Share of monthly losses of captured water by the island’s water supply systems in the period 2015 — 2020

Izvor: izradili autori / Source: made by authors

narije mogu¢ih klimatskih promjena, intenzitet,
pa i trajanje su$nih razdoblja mogli bi se pro-
mijeniti, posebno u ljetnim mjesecima, kada se
za najvedi dio obale predvida porast temperatu-
re i smanjenje koli¢ine padalina. Posebno tome
moze pridonijeti porast broja uzastopnih su$nih
dana ljeti, na $to ukazuju odredeni scenariji kli-
matskih promjena (MZOE, 2023), $to uz porast
pritiska potros$nje pitke vode, moze dovesti do
odredenih problema u vodoopskrbnom sustavu,
posebno onih otoka koji ovise o vlastitim zali-
hama vode.

Analizom prikupljenih podataka oto¢nih vo-
doopskrbnih sustava i rturistickih pokazatelja
utvrden je odnos kretanja potrosnje vode i tu-
ristickih nocenja s jasnom sezonalno$¢u i podu-
darno$éu mjese¢nog hoda $to je najizrazenije u
ljetnom turistickom maksimumu (srpanj/kolo-
voz) koji rezultira znac¢ajnim porastom potros-
nje vode i optereéeno$éu vodoopskrbnog sustava
(81.9.,10.1i 11.). Daljnjom analizom utvrden je
obrnuto proporcionalni odnos mjese¢nog hoda
potro$nje vode u odnosu na sezonsku (ljetnu)
raspoloZivost vodnih resursa, srednju mjese¢nu
temperaturu i pojavu karakteristi¢noga medite-
ranskog susnog ljetnog razdoblja (SI. 9. i 10. i
Tab. 3.).
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The occurrence of dryness in the researched period
was additionally analysed using the SPI3 indicator
(Fig. 8). The change in annual SPI3 values shows the
changing periods with relatively high and relatively
low values of this indicator. The SPI3 values were ex-
tremely low in the year 2006 when at most stations
the values were within categories of very or extremely
dry. It is a favourable circumstance that the periods
with low SPI3 values are relatively short, which can
be explained by seasonal differences in the amount
of precipitation, i.e. the increase in the amount of
precipitation in the autumn and winter months can
compensate for the water deficit after the dry sum-
mer. Moreover, there are no periods with extreme
dryness over a longer period in a single station, and
no significant trend of change in the SPI3 indicator
was observed for any station. Considering the sce-
narios of predicted climate changes, the intensity
and duration of dry periods could change, especially
in the summer months, when for the largest part of
the coast an increase in temperature and a decrease
in the amount of precipitation are predicted. In
particular, the increase in the number of consecu-
tive dry days during the summer can contribute to
this, as indicated by certain climate change scenarios
(MZOE, 2023), which, along with the increase of
potable water consumption pressure, can lead to cer-
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Iz SI. 11. vidljivo je da je znacajna sustavna
,zaliha za buduéu potro$nju® na otocima upravo
izgubljena koli¢ina vode, koja na razini godine
na otocima varira izmedu 31 % i 39 %. U do-
sada$njim istrazivanjima upravo se ovaj segment
tzv. ,potencijalne zalihe vode u sustavu® Cesto
naglasavao pa tako primjerice u analizi odrzivo-
sti vodoopskrbe u uvjetima klimatskih promjena
Margeta (2022) navodi da su najveéa prijetnja
odrzivosti vodoopskrbe veliki gubici vode koji
ugrozavaju raspolozivi kapacitet sustava. Ipak,
potrebno je istaknuti sezonske razlike gubita-
ka, odnosno udjeli gubitaka vode po mjesecima
znadajno variraju i pokazuju pravilnost tako da
su gubici najmanji (pa je time i ,potencijalna za-
liha vode u sustavu® najmanja) upravo tijekom
ljetnih mjeseci kada su vodoopskrbni sustavi na
maksimumu iskoriStenosti te je potro$nja najve-
¢a. Margeta (2022) navodi da bi se smanjenjem
gubitaka postoje¢ega vodoopskrbnog sustava na
razinu od 20 % rijesili mnogi problemi prila-
godbe kapaciteta vodoopskrbnih sustava klimat-
skim promjenama. Analizirajuéi stanje na otoci-
ma Losinju, Cresu, Rabu, Brac¢u i Visu vidljivo
je da srpanj i kolovoz imaju gubitke izmedu 8
% i 17 % Sto upuluje na nedostatne kolic¢ine
,zalihe vode u sustavu® upravo tijekom vr$nih
opterecenja koja se preklapaju sa susnim razdo-
bljem. Gubici vode se u relativnom udjelu zna-
¢ajno smanjuju tijekom ljetne turisticke sezone
(SL. 11.) upravo zbog povecane potros$nje odno-
sno brzine protoka vode kroz vodoopskrbni su-
stav. Tako se gubici, kao posljedica propustanja
na vodoopskrbnom sustavu koji je pod tlakom,
povecavaju u relativnom udjelu $to je protok od-
nosno potro$nja vode u sustavu sporiji odnosno

najve¢i su u zimskim mjesecima.

RASPRAVA

Kretanje vrijednosti crpljene i prodane vode
u vodoopskrbnim sustavima promatranih oto-
ka ima sezonalni karakter s izrazenim ljetnim
maksimumom (SI. 9. i 10.). Daljnje izgledno
smanjenje koli¢ine padalina ljeti dodatno ¢e u
buduénosti otezati vodoopskrbu na otocima ¢iji

vodoopskrbni sustav nije povezan sa sustavom

tain problems in the water supply system, especially
on the islands that depend on their water resources.

The analysis of the collected data of the island’s
water supply systems and tourist indicators shows
the relationship between water consumption and
tourist overnights with a clear seasonality. Coinci-
dence of the monthly values is most pronounced in
the summer tourist peak (July/August), which re-
sults in a significant increase in water consumption
and the pressure on the water supply system (Fig.
9, 10 and 11). Further analysis revealed an inversely
proportional relationship between the monthly val-
ues of water consumption in relation to the season-
al (summer) availability of water resources, average
monthly temperatures and the occurrence of the
characteristic Mediterranean dry summer period
(Fig. 9, 10 and Tab. 3).

It is evident from Figure 11 that a significant sys-
tematic “stock for future consumption” on the is-
lands is similar to the lost amount of water, which
varies between 31% and 39% on the annual basis on
the islands. In the research so far, this segment is the
so-called “potential water supplies in the system” of-
ten emphasized, so for example in the analysis of the
sustainability of water supply in the conditions of cli-
mate change Margeta (2022) states that the biggest
threat to the sustainability of water supply is large
water losses that threaten the available capacity of
the system. However, it is necessary to underline the
seasonal differences in losses, i.e. the shares of water
losses by month vary significantly and show regular-
ity in such a way that the losses are the smallest (and
thus the “potential water supply in the system” is the
smallest) during the summer months when the wa-
ter supply systems are at their maximum utilization
and consumption is the highest. Margeta (2022),
states that by reducing the losses of the existing water
supply system to the level of 20%, many problems
of adapting the capacity of water supply systems to
climate change could be solved. Analysing the situ-
ation on the islands of Lo$inj, Cres, Rab, Bra¢ and
Vis, it is evident that the months of July and August
have losses between 8% and 17%, which indicates
insufficient amounts of “water supply in the system”
specifically during peak loads that overlap with the
dry season. Water losses are significantly reduced in
relative proportion during the summer tourist season

(Fig. 11) because of the increased consumption or
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na kopnu te izravno ovisi o koli¢ini padalina, a u
uvjetima povecane potraznje zbog velikog broja
potro$aca u vidu turista. Godi$nji hod potrosnje
vode po mjesecima sukladan je hodu turistickih
nodenja na otocima (SI. 9., 10. i 11.). Uz trenu-
ta¢ne vrijednosti potro$nje vode na otocima iz
aspekta razvojne odrzivosti od iznimne je vazno-
sti uzeti u obzir i moguénosti povec¢anja kolic¢ina
dostupne vode, posebice tijekom ljetnih mjeseci.

Budud¢i da se u ljetnim mjesecima na otocima
javlja susni period (Tab. 3.), bitno je za budu¢-
nost vodoopskrbe razmotriti znacajnije smanje-
nje gubitaka u vodoopskrbnom sustavu. Gubici
oto¢nih vodoopskrbnih sustava po mjesecima
znadajno variraju i pokazuju pravilnost pri ¢emu
su tijekom ljetnih mjeseci kada je potrosnja naj-
veca relativni gubici najmanji, a time i ,, potenci-
jalna zaliha vode u sustavu® najmanja (SI. 11.).
Navedeno ukazuje na djelomi¢nu moguénost
oslanjanja na smanjivanje gubitaka u sustavu
kao rjesenje za povecanje odrzivosti u uvjetima
povecanja zahtjeva porastom turistickog prome-
ta na otocima. Stoga je, u kontekstu daljnjeg ra-
zvoja turizma, potrebno provesti prilagodbe vrs-
nim sezonskim optere¢enjima vodoopskrbnih
sustava otoka tijekom su$nih ljetnih razdoblja
razmatrajuéi sve mogude opcije i kombinirati
dostupna rjesenja.

Terzi¢ i sur. (2022a)., primjerice, u svojem
istrazivanju opisuju moguce scenarije prilagod-
be oto¢nih sustava vodoopskrbe: 1. povecanje
crpljenja vode iz vodonosnika (Sto bi moglo
dodatno sniziti razine podzemne vode na vo-
docrpiliStima i otvoriti moguénost zaslanjiva-
nja oto¢nih vodonosnika), 2. busenje novih
zdenaca izvan postojeceg podrudja trenuta¢nih
crpilista ($to bi takoder moglo dovesti do sni-
zavanja vode u oto¢nom vodonosniku i mo-
gueg zaslanjivanja), 3. izgradnja uredaja za
desalinizaciju bocate ili morske vode (Sto nosi
sa sobom veca pocetna ulaganja, ali i povecane
energetske troskove tijekom eksploatacije susta-
va), 4. moguénosti ponovne upotrebe koristene
vode uz njezinu obradu ovisno o stupnju one-
¢is¢enja (Sto u uvjetima poskupljenja energije
moze dovesti u pitanje isplativost u odnosu na
druge sustave). Suvremene strategije gospoda-

renja vodnim resursima u Europskoj uniji, po-
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speed of water flow through the water supply system.
Thus, losses as a result of leaks in the pressurized wa-
ter supply system increase in relative proportion as
the flow or consumption of water in the system is

slower, i.e. they are highest in the winter months.

DISCUSSION

The differences of the values of pumped and sold
water in the water supply systems of the observed
islands has a seasonal character with a visible sum-
mer maximum (Figs. 9 and 10). A further probable
decrease in the amount of precipitation in summer
will further complicate water supply in the future on
those islands whose water supply system is not con-
nected to the system on the mainland and directly
depends on the amount of precipitation, and in con-
ditions of increased demand due to a large number
of tourist consumers. The annual course of water
consumption by month is extremely similar to the
course of tourist overnight stays on the islands (Fig.
9, 10 and 11). In addition to the current values of
water consumption on the islands from the aspect
of development sustainability, it is very important
to take into account the possibility of increasing
the amount of available water, especially during the
summer months.

Given that there is a dry period on the islands in
the summer months (Tab. 3), it is important to con-
sider a significant reduction of losses in the water
supply system for its future. The losses of the island’s
water supply systems vary significantly by month
and show regularity in such a way that during the
summer months, when consumption is the highest,
the relative losses are the lowest, and thus the “po-
tential water supply in the system” is the lowest (Fig.
11). The above points to the effective possibility of
relying on the reduction of losses in the system as
a solution to increase sustainability in conditions of
increased demand due to the increase in the tourist
traffic on the islands. Therefore, in the context of
the further development of tourism, it is necessary
to make adjustments to the peak seasonal loads of
the island’s water supply systems during dry summer
periods, considering all possible options and com-
bining available solutions.

Terzi¢ et al. (2022a), for example, in their research
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sebice na Sredozemlju kao odgovor na izazove
sezonskih optere¢enja vodoopskrbnih sustava u
uvjetima klimatskih promjena, ozbiljno razma-
traju moguénosti ponovne upotrebe vode (Re-
gulation EU 2020/741 Europskog parlamenta
o minimalnim zahtjevima za ponovnu upotrebu
vode). Navedena Uredba cilja na procis¢avanje
komunalnih otpadnih voda kao alternativnog
nacina vodoopskrbe u podru¢jima s manjkom
prirodnih vodnih kapaciteta, a to su nedvosmi-
sleno otoci tijekom ljetnih mjeseci. Tomas i Blaz
(2022) navode da bi u Republici Hrvatskoj po-
novna upotreba vode posebno pomogla ublaziti
probleme s vodoopskrbom na otocima za vri-
jeme susnih perioda kada se viestruko poveca
broj potrosac¢a vode zbog turistickog optereéenja
vodoopskrbnog sustava te bi se ovisno o stupnju
proci$¢avanja, reciklirana voda mogla koristiti
za pranje ulica, navodnjavanje zelenih povrsina
ili alternativno i za potrebe umjetnog prihra-
njivanja vodonosnika. Vlasi¢ (2022) tvrdi da je
razumno razmisljati i o koriStenju procis¢enih
otpadnih voda na otocima kao potpore razvoju
poljoprivredne aktivnosti tijekom susnog razdo-
blja. Uzimajuéi u obzir navedeno, postavlja se
pitanja je li u bududim investicijskim ciklusima
ulaganja u vodoopskrbu isplativo odvojiti sustav
pitke vode od sustava vode za navodnjavanje,
pranje ili ispiranje (posebice kod planiranja re-
konstrukcije ili gradnje novih ve¢ih objekata kao
$to su hoteli i sli¢no).

Istrazivanja provedena prije aktualne energet-
ske krize, primjerice Lutenberger (2013), navode
da je odrzivost vodoopskrbe s kopna ekonomski
skupa te izlozena rizicima s infrastrukturne i kli-
matske strane te promice desalinizacijske susta-
ve obrade vode na otocima kao odrzive scenarije
razvoja vodoopskrbe. U kontekstu analiziranih
utjecaja klimatskih promjena te bududih sce-
narija klimatskih promjena, mjere prioritetnog
djelovanja Strategije prilagodbe klimatskim pro-
mjenama u Republici Hrvatskoj za razdoblje do
2040. godine s pogledom na 2070. godinu na-
vode jacanje otpornosti na klimatske primjene
kroz izgradnju desalinizacijskih uredaja (HM-
06-00) i izgradnju zahvata za povecéanje koriste-
nja kisnice (HM-06-05) te primjenu voda nize
kakvode za sekundarno koristenje (HM-06-04) i

describe possible scenarios for the adaptation of is-
land water supply systems: 1) increasing the pump-
ing of water from aquifers (which could further
lower the level of groundwater at water pumping
stations and open the possibility of salinization of
island aquifers); 2) drilling new wells outside the
existing areas of current pumping stations (which
could also lead to lowering of water in the island’s
aquifer and possible salinization); 3) construction
of brackish or seawater desalination devices (which
entails higher initial investments but also increased
energy costs during system exploitation), and 4)
the possibility of reusing already used water with
its treatment depending on the degree of pollution
(which in the conditions of purchasing energy can
call into question the cost-effectiveness compared to
other systems). Modern strategies for managing wa-
ter resources in the European Union, and especially
in the Mediterranean, as a response to the challenges
of seasonal loads on water supply systems under con-
ditions of climate change, seriously consider the pos-
sibilities of water reuse (Regulation 2020/741 of the
European Parliament on minimum requirements for
water reuse). The aforementioned Regulation aims
at the treatment of municipal wastewater as an alter-
native way of water supply in areas with lower nat-
ural water capacity, which are unequivocally islands
during the summer months. Tomas i Blaz (2022)
state that in the Republic of Croatia, the reuse of wa-
ter would especially help alleviate the problems with
water supply on the islands during dry periods when
the number of water consumers is manifold due to
the tourist load on the water supply system and, de-
pending on the degree of purification, recycled water
could be used street washing, irrigation of green are-
as or alternatively for the needs of artificial recharge
of aquifers. Vlasi¢ (2022) claims that it is reasonable
to think about the use of purified wastewater on the
islands as support for the development of agricul-
tural activity during the dry period. Taking into ac-
count the above, the question arises as to whether it
might be profitable in future cycles of investments in
the water supply to separate the drinking water sys-
tem from the water system for irrigation, washing or
rinsing (especially when planning the reconstruction
or construction of new larger facilities such as hotels
and similar).

Research done before the current energy crisis, for
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ponovnu upotrebu proci$éenih otpadnih i obo-
rinskih voda (HM-06-03).

Za razliku od navedenih pristupa rjesavanja
pitanja odrzivosti oto¢ne vodoopskrbe, u ovom
radu isticu se i tradicionalni stolje¢ima upotre-
bljavani sustav odrzivoga gospodarenja vodnim
resursima prikupljanjem i skladi$tenjem ki$nice.
Nacionalni program razvitka otoka ve¢ je 1997.
godine u razlaganju programa navodnjavanja
oto¢nih poljoprivrednih povrsina predvidio re-
konstrukciju postojeéih i gradnju novih cisterni,
uredenje zapustenih lokava, koriStenje geomem-
brana te nabavu sustava za natapanje, ali nakon
toga nije doslo do realizacije navedenih sustava
prikupljanja, ¢uvanja i kori$tenja lokalnih vod-
nih resursa. U kontinuitetu strateskih razvoj-
nih dokumenata Nacionalni plan razvoja otoka
2021. — 2027., kao prioritet 3. Pametno i odr-
zivo upravljanje oto¢nim resursima i okoliSem,
predvida projekte rekonstrukcije sustava priku-
pljanja kisnice za odrzavanje elemenata zelene
infrastrukture te prepoznaje i naglasava potrebu
za tim tijekom ljetnih su$nih mjeseci. Uz nacio-
nalne strateske dokumente i ostala istrazivanja,
posebice s mediteranskog prostora, kao npr.
Muselli i sur. (2009), navode da je prikuplja-
nje kis$nice ekonomski isplativo jer ima manja
pocetna financijska ulaganja, ne ostavlja veliki
okoli$ni otisak i zahtijeva niska ulaganja tijekom
eksploatacije sustava. U navedenom istrazivanju
istaknuto je da se mogu obnoviti i unaprijedi-
ti napusteni sustavi prikupljanja kisnice koji su
vrlo rasireni na otocima, a koji bi uz postojeci
vodoopskrbni sustav mogli podignuti odrzivost
vodoopskrbe tijekom vr$nih optere¢enja. Voda
iz sustava prikupljanja s krovova i namjenskih
povrsina moze biti neobradena za potrebe ispi-
ranja, pranja ili navodnjavanja ili pak obradena
za potrebe pitke vode. U prilog sustavima priku-
pljanja kiSnice na otocima ide i aktualna ener-
getska kriza jer su ovi sustavi bili funkcionalni
na otocima i u doba kada je elektricna mreza
na otocima bila nepoznanica. Tako primjeri-
ce Margeta (2022) navodi da je ogranicavajudi
¢imbenik za alternativnu vodoopskrbu u obliku
gradnje desalinizatora i cijena elektri¢ne energije
dok je sustav prikupljanja ki$nice energetski ne-
usporedivo ucinkovitiji.
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example Lutenberger (2013), shows that the sustain-
ability of water supply from the mainland is expen-
sive and exposed to risks considering infrastructure
and climate. Lutenberger (2013) supports desalina-
tion water treatment systems on islands as sustaina-
ble scenarios for the development of water supply. In
the context of the analysed impacts of climate change
and future scenarios of climate change, the priority
action measures of the Climate Change Adaptation
Strategy in the Republic of Croatia for the period up
to 2040 with a view to 2070 include the strengthen-
ing of resistance to climate change through the con-
struction of desalination devices (HM-06-06) and
the construction of collection systems to increase the
use of rainwater (HM-06-05), and the application
of lower quality water for secondary use (HM-06-
04) and the reuse of purified waste and storm water
(HM-06-03).

In contrast to the previously mentioned approach-
es to solving the issue of the sustainability of the
island’s water supply, this paper will highlight the
traditional system of sustainable management of
water resources by collecting and storing rainwater,
which has been used for centuries. Already in 1997,
the national island development program, in the
breakdown of the irrigation program for the island’s
agricultural areas, provided for the reconstruction of
existing and the construction of new cisterns, the ar-
rangement of neglected ponds, the use of geomem-
branes and the procurement of irrigation systems,
but after that, the aforementioned collection, storage
and use systems were not implemented of local water
resources. In the continuity of strategic development
documents, the National Island Development Plan
2021-2027. under priority 3. Smart and sustainable
management of island resources and the environ-
ment, envisages projects for the reconstruction of
the rainwater collection system for the maintenance
of elements of green infrastructure and recognizes
and emphasizes the need for the aforementioned
during the dry summer months. In addition to na-
tional strategic documents, other research, especially
from the Mediterranean area, such as Muselli et al
(2009), state that rainwater harvesting is economi-
cally profitable because it has smaller initial financial
investments, does not leave a large environmental
footprint and requires low investments during sys-
tem exploitation. According to the aforementioned



H. GroreLnik, M. MARADIN

28/2 (2023) 143-172

ZAKILJUCAK

Odrzivo gospodarenje vodnim resursima na
otocima izazov je za budué¢nost. Radi postizanja
trajne dobrobiti za lokalnu zajednicu, potrebno
mu je pristupiti analiti¢ki uz stalno prilagoda-
vanje lokalnim specifi¢nostima otoka. Podizanje
samodostatnosti lokalnih oto¢nih zajednica po
svim resursnim osnovama, pa tako i u domeni
vodoopskrbe, stratesko je pitanje i nuznost bu-
duceg razvoja oto¢nih zajednica.

Klimatske promjene uz ocekivani razvoj tu-
rizma s povecanjem nodenja i povecanjem po-
tro$nje vode utjecat ¢e na nuznost prilagodbe
vodoopskrbnih sustava na hrvatskim otocima.
Scenariji klimatskih promjena upucuju na to da
¢e se njihov utjecaj ocitovati u smanjenju ljetne
prihrane vodonosnika, kvaliteti vode u njima, a
moze dovesti i do povecanja rizika zaslanjivanja
krskih vodonosnika. Smanjenje koli¢ine pada-
lina i nepovoljni pokazatelji susnosti u toplom
dijelu godine koji se poklapa s maksimumom
turistickog optereéenja i potrebama za vodom
na otocima dovest ¢e do rekonstrukcije vodoop-
skrbnih sustava s ciljem smanjivanja gubitaka u
sustavu. Pri tome je nuzno: povecati vodospre-
me kao rezerve vode iz dijela godine u kojima
su vodni resursi pod manjim pritiskom, smanji-
ti opéu potros$nju vode, pronaéi nove prirodne
(izvori, zdenci, spojevi na obalne vodovodne
sustave) ili umjetne (desalinizatori, procisciva-
¢i) ulazne koli¢ine vode na otocima uz pracenje
kvalitete vode, reaktivirati tradicionalne nacine
prikupljanja ki$nice i izgraditi nove povrine za
prikupljanje te razdvojiti sustave pitke vode od
sanitarne/tehnicke vode. Uz navedeno, na otoci-
ma se uz uobicajenu koli¢inu pitke vode koja se
koristi svakodnevno ne smije zaboraviti sigurno-
sni aspekt vodoopskrbnih sustava koji bi trebali
imati odredenu rezervu, ovisno o povrsini i obi-
ljezjima otoka, u slucaju pozara koji su takoder
najéeséi u ljetnom razdoblju.

Zaklju¢no, ovo istrazivanje pokazuje da posto-
je razlike u vodoopskrbnim sustavima i otporno-
sti otoka na izgledne promjene u blizoj buduéno-
sti otoka te da je svakom otoku pri promisljanju
odrzivosti potrebno pristupiti pojedina¢no. Od
istrazivanih otoka u ovom radu potrebno je ra-

research, it is possible to restore and improve the
abandoned rainwater collection systems that are
widespread on the islands, and which, in addition
to the existing water supply system, could increase
the sustainability of the water supply during peak
periods. Water from the collection system from
roofs and dedicated surfaces can be untreated for the
needs of rinsing, washing or irrigation, or treated in
order to make it potable. The current energy crisis is
also in favour of the rainwater collection systems on
the islands because these systems were functional on
the islands even at a time when the electrical network
on the islands was unknown. For example, Margeta
(2022) states that the limiting factor for alternative
water supply is building a desalinizer and the price
of electricity, while the rainwater collection system is

incomparably more efficient.

CONCLUSION

Sustainable management of water resources on the
islands is a challenge for the future, and it needs to be
approached analytically with constant adaptation to
the local specificities of the islands, with the ultimate
goal of achieving long lasting benefits for the local
community. Raising the self-sufficiency of local is-
land communities considering all resources, includ-
ing water supply, is a strategic issue and a necessity
for the future development of island communities.

Climatic changes along with the expected develop-
ment of tourism with an increase in overnight stays
and an increase in water consumption will affect the
necessity of adapting the water supply systems on the
Croatian islands. Climate change scenarios indicate
that their impact will be manifested in the reduction
of summer recharge of aquifers, the quality of water
in them and may also lead to an increase in the risk
of salinization of karst islands aquifers. A decrease in
the amount of precipitation and unfavourable indi-
cators of dryness in the warm part of the year, which
coincide with the maximum tourist load and water
demand, will necessarily bring the need for the re-
construction of water supply systems on the islands.
With the aim of making the system more sustainable
and resilient, it will be necessary: 1) to increase wa-
ter reservoirs as water reserves from the part of the

year in which water resources are under less pressure,
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zlikovati situacije vodoopskrbnih sustava otoka
Raba i Braca koji su spojeni podmorskim vodo-
opskrbnim cijevima na kopnene vodne resurse
te su time u povoljnijoj i stabilnijoj situaciji. Za
razliku od njih, otoci Cres, Losinj i Vis trenu-
ta¢no ovise o vlastitim vodnim kapacitetima te
im je tijekom ljetnih mjeseci narusena odrzivost
vodoopskrbe. Vodoopskrbna situacija na Cresu,
Losinju i Visu daljnjom ekspanzijom turizma
kao osnovne djelatnosti dovest ¢e do povecanih
potreba za vodom iz lokalnih vodonosnika $to
povecava potencijalni rizik od zaslanjivanja i gu-
bitka funkcionalnosti trenuta¢nog vodoopskrb-
nog sustava.

Odrzivost i prosperitet lokalne otoéne zajed-
nice svakog od istrazivanih otoka nedvojbeno
ovisi o stabilnosti vodoopskrbe u buduénosti.
Trazenje najpovoljnijih rjesenja za otpornost
lokalnih zajednica u kontekstu daljnjeg razvoja
turizma u uvjetima klimatskih promjena te stre-
mljenju samoodrzivosti otoka vodi izglednom
djelomi¢nom povratku na tradicionalne nacine
vodoopskrbe prikupljanjem kisnice. Nadogradi-
vanjem tradicionalnih sustava prikupljanja kis-
nice i uklapanjem novijih sustava za filtraciju,
dezinfekciju i ¢uvanje kvalitete vode te njezinu
distribuciju pridonijet ¢e se iskoraku lokalnih
zajednica u smislu njihove samodostatnosti,
odrzivosti i otpornosti na klimatske promjene.

Moguéa rjeSenja na putu prema povecanju
odrzivosti i samodostatnosti otoka Sto se tice
vodoopskrbe imaju viSe scenarija s razli¢itim
izvedbenim kombinacijama te ih je potrebno
prilagodavati specifi¢nostima pojedinog otoka.
Ne manje bitan element koji ide u prilog revita-
lizaciji i nadogradnji tradicionalnih sustava pri-
kupljanja ki$nice na otocima je postovanje lo-
kalne bastine jer su cisterne, gustjerne, $terne...
ne samo graditeljska ve¢ i kulturna bastina otoka
koja ih ¢ini arhitektonski i pejzazno prepoznat-
ljivima, vodoopskrbno odrzivima i ekoloski pri-

hvatljivima.

Autorski doprinosi: Oba autora su svatko u
svojem predmetnom podrucju istrazivanja su-
djelovala u izradi ovoga rada, a ukupno u jedna-
kom omjeru pridonijela kona¢nom oblikovanju

¢lanka.
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2) to reduce the general consumption of water, 3)
to find new natural (springs, wells, connections to
coastal water supply systems) or artificial (desaliniz-
ers, purifiers) incoming amounts of water on the is-
lands with the necessary monitoring of water quality,
4) to reactivate traditional methods of rainwater col-
lection and build new collection surfaces, 5) to sep-
arate drinking water systems from sanitary/technical
water. In addition to all of the above on the islands,
the usual amount of water that is used every day is
not all to have in mind. It is important not to forget
the safety aspect of the water supply systems, which
should have a certain reserve, depending on the sur-
face and features of the island, in case of fires, which
are also common on islands in the summer period.

In conclusion, it can be said that this research
has shown that there are significant differences in
water supply systems between the islands. The is-
lands’ resistance to possible climate and tourism
changes in the near future has to be approached in-
dividually and each island has its specifics on how
to achieve its water supply sustainability. Consid-
ering the islands included in this research, it is
necessary to distinguish the situations of the wa-
ter supply systems of the islands of Rab and Bra¢,
which are connected by submarine water supply
pipes to terrestrial water resources and therefore
are in a more favourable and stable situation. In
contrast to them, the islands of Cres, Losinj and
Vis currently depend on their own water capacities
and during the summer months so the sustaina-
bility of their water supply is impaired. The water
supply situation on Cres, Losinj and Vis with the
further expansion of tourism as a basic activity will
result in increased needs for water from local aqui-
fers, which increases the potential risk of saliniza-
tion and loss of functionality of the current water
supply system.

The sustainability and prosperity of the local is-
land community of each of the studied islands un-
doubtedly depends on the stability of the water sup-
ply in the future. The search for the most favourable
solutions for the resilience of local communities in
the context of the further development of tourism
in conditions of climate change and the striving for
self-sustainability of the island leads to a possible par-
tial return to traditional ways of water supply by har-
vesting rainwater. By upgrading traditional rainwater
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harvesting systems and incorporating newer systems
for filtration, disinfection, water quality protection
and distribution, it will contribute to the progress of
local communities in terms of their self-sufficiency,
sustainability and resistance to climate change.

Possible solutions on the way to increasing the
sustainability and self-sufficiency of the island in
terms of water supply have several scenarios with
different implementation combinations and need to
be adapted to the specifics of each island. No less
important element that contributes to the revitaliza-
tion and upgrading of traditional rainwater harvest-
ing systems on the islands is respect for local heritage
because traditional cisterns are not only architectural
but also cultural heritage of the islands, which makes
recognizable in terms of architecture and landscape,
sustainable considering water supply and environ-
mentally friendly.
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