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Klima je jedna od najvaznijih sastavnica Zivotnog
okoliSa na Zemlji. Na klimu utje€u mnogi prirodni €ini-
telji: Suncevo, Zemljino i atmosfersko zraenje, sastav
atmosfere, oceanske i zra¢ne struje, razdioba kopna i
mora, nadmorska visina, razdioba vje¢nog leda, ziva
bic¢a pa i djelovanje samog ¢ovjeka. Klimi se treba pri-
lagoditi i u€inkovito se zastititi od eventualnih Stetnih
utjecaja, a istovremeno iskoristiti prednosti koje ona
pruza, pa se klima moze promatrati kao prirodni izvor
koji treba dobro prouciti i zastititi od nekontroliranog
ljudskog djelovanja.

Svjetska meteoroloska organizacija (WMO — World
Meteorological Organization) u suradnji s ostalim me-
dunarodnim organizacijama provodi razli€ite programe
u okviru Povjerenstva za klimatologiju (CCl — Commis-
sion for Climatology), Sluzbi za klimatske informacije i
predvidanje klime (CLIPS — Climate Information and
Prediction Services), Svjetskog klimatskog istraZiva-
¢kog programa (WCRP — World Cimate Research Pro-
gramme), Svjetskog klimatskog programa (WCP —
World Climate Programme), te razvija nove metode i
dostignuca u prou€avanju mehanizma klime, klimatskih
promjena i poboljSanju predvidanja klime. Meduviadin
panel o klimatskim promjenama (IPCC - Intergovern-
mental Panel on Climate Changes), koji je utemeljila
Svjetska meteoroloska organizacija i Program Ujedi-
njenih naroda za okolis (UNEP — United Nation Envi-
ronmental Programme), redovito prikuplja najnovija
znanstvena saznanja u prou¢avanju klime i objavljuje ih
u razmacima od nekoliko godina. Cetvrto izvjescée pro-
cjene stanja klime na Zemilji dovrSeno je 2007. godine.
Prema tim najnovijim procjenama Meduvladinog pa-
nela o klimatskim promjenama, neprijeporan je utjecaj
Covjeka na recentno globalno klimatsko zatopljenje
koje rezultira sve ¢eS¢im vremenskim ekstremima kao
8to su jake grmljavinske oluje pra¢ene razornim vjet-
rom i pijavicama, sudna razdoblja, intenzivne oborine
pracene poplavama, toplinski valovi i drugi ekstremi.

U pracenju globalne klime nezaobilazna je uloga
nacionalnih meteoroloskih sluzbi. Slijedom te Cinjenice,

Climate is one of the most important elements of the
Earth’s living environment. It is affected by many natu-
ral factors: solar, terrestrial and atmospheric radiation,
the composition of the atmosphere, ocean and air cur-
rents, land and sea distribution, altitude, perennial ice
distribution, living beings and even human activity. We
have to adapt to our climate and protect ourselves from
its possible adverse influences but at the same time
avail ourselves of the advantages it offers. Therefore,
climate can be regarded as a natural resource to be
thoroughly studied and protected from uncontrolled
human actions.

The World Meteorological Organisation (WMO), to-
gether with other international organisations, has been
implementing different programmes through its Com-
mission for Climatology (CCI), Climate Information and
Prediction Services (CLIPS), World Climate Research
Programme (WCRP) and World Climate Programme
(WCP), developing new methods for the study of cli-
mate mechanisms and climate changes and the im-
provement of climate prediction. The Intergovernmental
Panel on Climate Changes (IPCC), established by the
World Meteorological Organisation and the United Na-
tion Environmental Programme (UNEP) continually col-
lect all new scientific research in climate, publishing the
results every few years.

The Fourth Assessment Report On Climate
Changes was completed in 2007. According to the In-
tergovernmental Panel on Climate Changes, recent
global climate warming is very likely the result of an-
thropogenic influence on the climate system, resulting
in increasingly frequent weather extremes such as se-
vere thunderstorms accompanied by violent wind and
spouts, heat waves, drought periods, intensive preci-
pitation accompanied by floods and other extremes.

The role of National Meteorological Services in the
monitoring of global climate is essential and, to en-
hance climate monitoring on a global scale, the World
Meteorological Organisation has issued a recommen-

a s ciljem Sto ucinkovitijeg pra¢enja klime na globalnoj
liestvici, Svjetska meteoroloska organizacija je izdala
preporuke nacionalnim meteorolo$kim sluzbama za pe-
riodi¢kim izdavanjem klimatskih atlasa za tridesetogo-
disnja (standardna) razdoblja. Kao prvo takvo
standardno razdoblje odredeno je razdoblije 1901—
1930. godina. U Drzavnom hidrometeorolo$kom za-
vodu (DHMZ) izraden je “Atlas klime SR Hrvatske” za
sliedecte klimatsko razdoblje 1931-1960, koji je objav-
lien povodom obiljezavanja tridesetogodisnjice DHMZ-
a 1977. godine. Sukladno suvremenim moguénostima,
pred nama je priredeno novo izdanje Klimatskog atlasa
Hrvatske koje se odnosi na standardno klimatsko raz-
doblje 1961-1990, i na razdoblje 1971-2000. U njemu
su takoder prikazane klimatske karte osnovnih klimat-
skih elemenata, a za prostornu interpolaciju klimatskih
elemenata korisStene su suvremene digitalne metode
pa je vecina analognih prikaza raspoloziva u digitalnom
obliku.

Klimatski atlas Hrvatske je temeljni priruénik za sve
korisnike koji u svom radu trebaju uvaziti klimatke ka-
rakteristike odredenog mjesta, Zupanije ili Citave dr-
zave. On je namijenjen gotovo svim granama
gospodarstva: poljodjelstvu, vodnom gospodarstvu,
energetici, turizmu, zdravstvu, Sportu, zastiti okoliSa,
gradevinarstvu i drugima. Dakako, klimatski atlas bi tre-
bao biti sastavnica edukacijskih programa od osnov-
nog do visokog obrazovanja. Konac¢no, to je hrvatski
doprinos opéem mozaiku pracenja globalne klime ¢ime
je ostvarena jedna od temeljnih medunarodnih obveza
DHMZ-a i Republike Hrvatske kao &lanice Svjetske me-
teoroloSke organizacije.

Ravnatelj:
- . /‘
:7?0« & L

mr.sc. lvan Cagié

Predgovor

dation to all National Meteorological Services to peri-
odically publish climate atlases covering 30-year (stan-
dard) periods. The period 1901-1930 was defined as
the first standard period. The Meteorological and Hy-
drological Service of Croatia (DHMZ) developed the
Climate Atlas of the Socialist Republic of Croatia for the
next climatological period 1931-1960. The Atlas was
published in 1977, on the thirtieth anniversary of the
DHMZ. New technology has now enabled to produce
an advanced version of the Climate Atlas of Croatia for
the standard period 1961-1990, and for the period
1971-2000. It still contains climate charts of basic cli-
matic elements; however, modern digital methods have
been used for the spatial interpolation of these climatic
elements so that most analogous displays are now
available in digital form.

The Climate Atlas of Croatia is an essential publi-
cation for all those users whose work must take into
consideration the climatic characteristics of a particular
place, county or even the whole state. It is intended to
support all economic activities: agriculture, water ma-
nagement, energy supply, tourism, health care, sport,
environment protection, building and many more. The
climate atlas of Croatia should also be incorporated in
educational curricula, from primary to tertiary educa-
tion.

To conclude: this is the Croatian contribution to the
general global climate monitoring puzzle by which the
DHMZ and the Republic of Croatia have met one of the
basic requirements of the World Meteorological Or-
ganisation.

Director

:7?9« el d

Ivan Cagi¢, M.Sc.
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Klima je jedna od prirodnih osobitosti neke zemlje.
O njoj ovise Zivot i zbivanja u prirodi, a gotovo da nema
ljudske djelatnosti koja ne ovisi o vremenu i klimi. Stoga
je poznavanje klimatskih osobitosti vazno zbog plani-
ranja razvoja i aktivnosti u mnogim drustvenim i gos-
podarskim djelatnostima.

Izrada klimatskog atlasa je prema preporuci Svjet-
ske meteoroloSke organizacije obaveza meteoroloske
sluzbe svake zemlje. Klimatski atlas izraduje se za
standardna 30-godiSnja klimatska razdoblja. Za pret-
hodno klimatsko razdoblje 1931-1960. podrucje Hr-
vatske obuhvaceno je u okviru Atlasa klime Jugoslavije
iz 1969. godine, a samo manji dio karata objavljen je
posebno za Hrvatsku u publikaciji Atlas klime SR Hr-
vatske iz 1977. godine.

Klimatski atlas Hrvatske za razdoblje 1961-1990.
1971-2000. obuhvaca karte prostorne razdiobe Kkili-
matskih elemenata, grafikone godisnjih hodova klimat-
skih elemenata na deset odabranih meteoroloskih
postaja te tekstualni dio u kojem su opisane klimatske
znacajke i njihovi uzroci. Na kraju se nalaze tablice s
prosjecnim 30-godiSnjim mjesecnim, sezonskim i go-
disSnjim vrijednostima klimatoloSkih elemenata na 20
postaja koje reprezentiraju klimatsku raznolikost Hr-
vatske. Obzirom na vremensku varijabilnost klimatskih
parametara i uo¢eno zatopljenje u posljednjoj dekadi
dvadesetog stolje¢a tabli¢ni prikazi proSireni su i na kli-
matsko razdoblje 1971-2000.

Opce klimatske znacajke opisane su u poglavlju
-Klima Hrvatske®. Posebno poglavlje posveéeno je
mrezi meteoroloSkih postaja u Hrvatskoj te nacinu
obrade, kontrole i arhiviranja motrenih meteoroloskih
podataka. Slijede detaljniji opisi pojedinih klimatskih
elemenata u posebnim poglavljima. Na temelju pro-
storne razdiobe razli¢itih parametara pojedinih klimat-
skih elemenata te grafikona na kojima su prikazani
hodovi, vjerojatnosti, percentili ili procjene ekstrema
opisane su klimatske znacajke te uzroci koji do njih do-
vode, a dana je i usporedba s podacima iz prethodnog

Climate is the natural characteristic of a country. Life
and natural processes depend on it and there is almost
no human activity which does not depend on weather
and climate. Therefore, awareness of particular climate
characteristics is especially important when planning
development activities in many social and economic
areas.

Following the recommendation of the World Mete-
orological Organisation, each member state meteoro-
logical service is expected to develop a Climate Atlas.
The Atlas is based on standard 30-year climate peri-
ods. For the previous climate period (1931-1960) the
area of Croatia was covered by the Climate Atlas of Yu-
goslavia, published in 1969, and only a small number
of maps were published specifically for Croatia in the
Croatian Climate Atlas of 1977.

The Climate Atlas of Croatia for the period 1961—
1990, 1971-2000 comprises maps of the spatial distri-
bution of climatological elements, graphs of the annual
course of climatological elements at ten chosen mete-
orological stations and a textual description of the rel-
evant climate characteristics and their causes. It ends
with tables of the mean 30-year monthly, seasonal and
annual values of climatological elements at 20 stations
representative of the climate diversity of Croatia. Be-
cause of the time variability of climatological parame-
ters and the perceived warming in the last decade of
the 20th century, the tables have been expanded to in-
clude the 1971-2000 climate period.

The general climate characteristics have been de-
scribed in the chapter on climate. A chapter has been
devoted to the meteorological station network and to
the system of processing, controlling and archiving me-
teorological data. Detailed descriptions of particular cli-
matological elements are given in separate chapters.
The climatological characteristics and their causes
have been described in accordance with the spatial dis-
tribution of the different parameters of particular climatic
elements and the graphs showing courses, probability,

klimatskog razdoblja 1931-1960. te s razdobljem
1971-2000. Grafikoni su na neki nacin povezani s kar-
tama uz koje se nalaze. Tako je, primjerice, uz kartu
srednje temperature zraka za sije¢anj na grafikonima
uz kartu prikazana procjena apsolutnih minimalnih tem-
peratura zraka, ili godidnji hod suSnih razdoblja uz obo-
rinsku kartu za ljeto. Osobitost ovog atlasa su prilozi
koji se rjede nalaze u klimatskim atlasima. Tu je po-
glavlje o vremenskim tipovima, u kojem su tekstualno
opisane i kartografski prikazane karakteristicne sinop-
ticke situacije za vremenske tipove koji se pojavljuju u
Hrvatskoj, a dana je i njihova statistiCka obrada za kon-
tinentalnu Hrvatsku te sjeverni i srednji Jadran. Turisti-
¢kim djelatnicima moze biti korisno poglavlje
~Biometeorologija“ koje sadrzi karte kombiniranog bio-
meteoroloSkog indeksa kao pokazatelja osjeta ugode
za sijeCanj, travanj, srpanj i listopad te grafikone s go-
didnjim hodom osjeta ugode i vjerojatnostima pojavlji-
vanja razli¢itih osjeta ugode ujutro, popodne i navecer.
Za poljoprivredu moze biti korisno poglavlje ,Agrome-
teorologija“ gdje se mogu naci podaci o temperaturama
tla, trajanjima razdoblja s temperaturama zraka i tla
iznad odredenih pragova te fenofaze odabranih biljaka.
U posljednjem poglavlju su prikazane metode koriStene
za proracune i izradu karata u atlasu. Tu su prikazani
rezultati ispitivanja homogenosti srednje godiSnje tem-
perature zraka na meteoroloskim postajama koristenim
u atlasu. Nacin izrade karata opisan je u dijelu o geo-
statistickom kartiranju klimatskih varijabli. Na kraju je
prikazana i metoda analize ekstremnih vrijednosti koja
je koridtena za procjenu godiSnjih apsolutnih maksi-
malnih i minimalnih temperatura zraka te maksimalnih
dnevnih koli¢ina oborine.

Klimatski atlas je fundamentalni doprinos poznava-
nju klime Hrvatske. Izrada klimatskog atlasa je zahtje-
van posao i rezultat je viSegodi$njeg rada klimatologa
DHMZ-a. Njegovom kona¢nom izgledu i obliku dopri-
nijeli su dizajneri te recenzenti, prevoditelji i lektori svo-
jim primjedbama, sugestijama i prijedlozima. Nadamo

Uvod Introduction

percentiles and estimation of extremes. Also, a com-
parison has been made with the previous climate pe-
riod 1931-1960 and the period 1971-2000. The graphs
are linked to the adjacent maps. Thus, for example, the
map showing the mean air temperatures for January is
accompanied by the graph showing the estimation of
absolute minimal air temperatures; or, the annual
course of drought periods stands by the summer pre-
cipitation map. An important feature of this Atlas are its
contributions, rarely found in climate atlases. They in-
clude a chapter on weather types presenting the
weather types existing in Croatia, with a textual de-
scription and maps of characteristic synoptic situations
together with a statistical analysis of data for continen-
tal Croatia and the northern and middle Adriatic. The
chapter on biometeorology could be interesting to the
tourist community because it contains maps of the
combined biometeorological index as an indicator of
thermal sensation for January, April, July and October
and graphs with the annual course of the thermal sen-
sation and the probability of occurrence of different
thermal sensations in the morning, afternoon and
evening. Agriculturists should find the chapter on
agrometeorology interesting, as it contains data on soil
temperatures, the duration of periods with air and soill
temperature exceeding certain thresholds, and the
phenophases of chosen plants. In the last chapter pres-
ents the methodology used for the calculations and pro-
duction of the maps in the Atlas. It presents the result
of the analyses of mean annual air temperature homo-
geneity at the meteorological stations used to produce
the Atlas. The chapter on the geostatistical mapping of
climatological variables describes how the maps were
produced. Finally, the methodology is presented of the
extreme value analysis used to predict the annual ab-
solute maximal and minimal air temperatures and the
daily maximal precipitation amounts.

This Climate Atlas is a fundamental contribution to
the study of climate in Croatia and it is the result of the

11
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se da ¢e on Koristiti struénjacima iz razli€itih podrucja
utjecaja klime u njihovom istrazivatkom i stru¢nom
radu radi prilagodbe na lokalne klimatske uvjete. Time
se smanjuje rizik od meteoroloSkih uvjeta, doprinoseci
zastiti okoliSa te drustvenom i gospodarskom razvoju
zemlje.

Urednica

work of the Meteorological Service climatologists over
many years. Many other people have contributed to its
final version with their commentaries and suggestions:
designers, reviewers, translators and language-editors.
We hope the Atlas will help experts engaged in the
study of the effects of climate change to adapt their re-
search and professional work to local climate condi-
tions thus mitigating meteorological risks and
contributing to environmental protection and to the so-
cial and economic development of the country.

Editor
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Zgrada DrZzavnog hidrometeoroloskog zavoda u Zagrebu na Gricu.

The building of the Meteorological and Hydrological Service in Zagreb, Gric.

Fotografija Fhoto by: Ivan Lukac
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Klimu Hrvatske odreduje njezin polozaj u sjevernim
umjerenim Sirinama i pripadni vremenski procesi velikih
i srednjih razmjera. Najvazniji modifikatori klime na po-
dru¢ju Hrvatske jesu Jadransko i Sire Sredozemno
more, orografija Dinarida sa svojim oblikom, nadmor-
skom visinom i polozajem prema prevladavaju¢em
strujanju, otvorenost sjeveroisto¢nih krajeva prema Pa-
nonskoj ravnici, te raznolikost biljnog pokrova.

Kontinentalna Hrvatska ima umjereno kontinentalnu
klimu i cijele se godine nalazi u cirkulacijskom pojasu
umjerenih Sirina, gdje je stanje atmosfere vrlo promje-
njivo: obiljezeno je raznolikoS¢u vremenskih situacija
uz Ceste i intenzivne promjene tijekom godine. Te pro-
mjene izazivaju putujuci sustavi visokog ili niskog tlaka,
Cesto sli¢ni vrtlozima promjera viSe stotina i tisu¢a ki-
lometara. Zimi prevladavaju stacionarni anticiklonalni
tipovi vremena s ¢estom maglom ili niskim oblacima, s
vrlo slabim strujanjem $to predstavlja povoljne uvjete
za stvaranje inja. Za proljece su karakteristi¢ni brze po-
kretni ciklonalni tipovi vremena (ciklone i doline), Sto
dovodi do Cestih i naglih promjena vremena, izmjenjuju
se oborinska razdoblja s bezoborinskima, tiha s vjetro-
vitima, hladnija s toplijima. U travnju se obi¢no pojav-
ljuje desetak uzastopnih dana s umjerenim, ¢ak i jakim
hladnim sjevernim vjetrom koji vlada na prednjoj strani
meridionalno polozene anticiklone Sto se proteze od
Skandinavije do srednje, pa i juzne Europe. Ljeti su ba-
ricka polja s malim gradijentom tlaka i osvjezavaju¢im
noénim povjetarcem niz gorske obronke isprekidana
prolascima hladne fronte koja dovodi svjez zrak s At-
lantika uz jako mijeSanje zraka, pojacan vjetar, grmlja-
vinu i pljuskove iz gustih oblaka vertikalnog razvoja.
Labilna stratifikacija atmosfere i konvekcijski oblaci za-
drzavaju se obi¢no jo$ dan ili dva nakon prodora, dok
se nova zrana masa ne ugrije od podloge. Za jesen su
karakteristicnha razdoblja mirna anticiklonalnog vre-
mena, ali i kiSoviti dani u ciklonama koje prelaze ba$
preko nasih krajeva. Anticiklonalno vrijeme se u ranoj
jeseni odlikuje toplim i sunéanim danima i svjezim no-

Croatia’s climate is determined by its position in the
northern mid-latitudes and the corresponding weather
processes on a large and medium scale. The most im-
portant climate modifiers over Croatia are the Adriatic
and the Mediterranean, the Dinarides’ orography with
their form, altitude and position relative to the prevail-
ing air flow, the openness of the north-eastern parts to
the Pannonian plain, and the diversity of vegetation.

Continental Croatia has a temperate continental cli-
mate and throughout the whole year it is in a circulation
zone of mid-latitudes, where the atmospheric condi-
tions are very variable. They are characterised by a di-
versity of weather situations with frequent and intense
exchanges during the year. These are caused by mov-
ing systems of low or high air pressure, often resem-
bling vortices hundreds and thousands of kilometres in
diameter. During the cold part of the year, stationary
anticyclonic weather types, with foggy weather or low
clouds and a very gentle air flow, are prevalent. In
spring, fast-moving cyclonic weather types (cyclone
and trough) are characteristic, resulting in frequent and
sudden weather changes, from rainy to dry periods,
from calm to windy, from colder to warmer. In April,
there are usually about ten successive days with a
moderate, even strong cold northern wind at the front
side of the meridional anticyclone stretching from Scan-
dinavia to Central and even Southern Europe. In sum-
mer, the zero pressure gradient fields and a cooling
night breeze blowing down mountain slopes are inter-
rupted by cold fronts passing through. They bring in
fresh air from the Atlantic, with very strong air mixing,
increased wind, thunder and showers from dense
clouds with vertical development. This unstable at-
mosphere stratification and convective clouds usually
stay for a day or two after the cold air outbreak, until
the new air mass is warmed by the land surface. In au-
tumn, periods of calm anticyclonic weather are very
common, but there are also rainy days as cyclones
pass over this territory. Calm weather in early autumn

¢ima s obilnom rosom i niskim prugama magle nad po-
tocima i rijekama, koja u jutro brzo nestaje. U kasnoj
pak jeseni za anticiklone je hladno, maglovito i tmurno;
u ravnicama sunce se kroz maglu probija tek na kratko,
oko podneva, a na gorskim je vrhuncima, naprotiv, sun-
¢ano vrijeme po cijele dane.

Klima kontinentalnog dijela Hrvatske modificirana je
maritimnim utjecajem sa Sredozemlja, koji se u podru-
¢ju juzno od Save istiCe jaCe nego na sjeveru i sve visSe
slabi prema isto€nom podrucju. Sljedeci lokalni modifi-
kator klime jest orografija (Medvednica, gore u Hrvat-
skom Zagorju i oko PoZe8ke kotline), koja npr. dovodi
do intenzifikacije kratkotrajnih jakih oborina na navje-
trinskoj strani prepreke ili stvaranja oborinske sjene u
zavijetrini. To se dogada, primjerice, u isto¢nom dijelu
grada Zagreba, gdje Medvednica djeluje kao prepreka
za sjeverozapadne kiSonosne prodore. Sli¢an ucinak
uocen je i u nizinskom podrucju istoéno od Kalnika.

Na vi§im nadmorskim visinama dinarskih planina u
Gorskom kotaru, Lici i dalmatinskom zaledu prisutna je
planinska klima koja se razlikuje od Sireg podrucja pr-
venstveno po temperaturnom i snjeznom rezimu.

Primorska Hrvatska nalazi se veci dio godine tako-
der u cirkulacijskom podrucju umjerenih Sirina, s Cestim
i intenzivnim promjenama vremena. Ljeti, naprotiv, pod
utjecajem azorske anticiklone koja spre¢ava prodore
hladnog zraka na Jadran, to podrucje dolazi pod utje-
caj suptropskog pojasa. Jedan od najvaznijih modifi-
katora klime tog podrucja jest more, pa se ona moze
nazvati primorskom. Uz neposredan utjecaj ciklogene-
tickog djelovanja sjevernog Jadrana, klimu tog podru-
Cja izrazito modificira jako razvijena orografija
dinarskog planinskog lanca.

Ljeti na Jadranu prevladava dugotrajno vedro vri-
jeme u polju izjednacenog tlaka oko 1015 hPa. U
skladu s opéim bari¢kim gradijentom na Sredozemlju i
s polozajem Jadranskog mora, tada na pucini struji sje-
verozapadnjak (etezija), na sjevernom Jadranu slab,
pri sredini umjeren, a blize Otrantu povremeno jak vje-
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is characterised by warm and sunny days and fresh
nights with heavy dew and low fog patches over
streams and rivers, which dissipate quickly by the
morning. In late autumn, calm weather is cold, foggy
and gloomy; in open plains and in the hills, where there
is light wind, rime sticks to branches and wires, and
there is a short period of sunshine through fog around
noon. On mountain peaks, however, the weather is
sunny throughout the whole day.

The climate of continental Croatia is modified by the
maritime influence of the Mediterranean, which is
stronger in the area south of the Sava River than in the
north, and which weakens towards the east. The next
local climate modifier is orography (the Mount Medved-
nica, the mountains in the NW part of Croatia -
Hrvatsko Zagorje, the mountains around the PoZega
Valley), which, for example, facilitates the intensifica-
tion of short-term heavy precipitation on the windward
side of the orographic obstacle or the appearance of
precipitation shadow on the leeward side. This, for exam-
ple, happens in the eastern part of Zagreb, where the
Mount Medvednica acts as an obstacle to the north-
western precipitation outbreaks. A similar effect can be
observed in the lowland area east of Mount Kalnik.

At higher altitudes, in the mountainous districts of
Gorski kotar and Lika and the Dinaric Alps, there is a
mountain climate that differs from the wider area pri-
marily by its air temperature and snow regime.

The Croatian Littoral is also in a circulation area of
mid-latitudes with frequent and intense weather
changes most of the year. In summer, however, this
area comes under the influence of the subtropical zone,
as a result of the influence of the Azorean anticyclone,
which prevents cold air outbreaks to the Adriatic. One
of the most important climate modifiers in this area is
the sea, so the climate can be referred to as maritime.
With the direct influence of the Northern Adriatic cyclo-
genetic effect, the climate in this area is extremely mo-
dified by the highly developed orography of Gorski
kotar and the Dinarides.
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tar. U isto se vrijeme na vecim otocima i obali, zbog ne-
jednake brzine grijanja i hladenja mora i kopna te brda
i susjedne nizine, razvijaju lokalne dnevne periodi¢ne
cirkulacije zraka. Njihovi najizrazeniji dijelovi jesu re-
doviti danji vjetar s mora na kopno i noéni s kopna i niz
obronak prema moru. Sve to omogucuje jaku turbu-
lencijsku razmjenu zracnih svojstava, a time i uspo-
stavu homogenih prostornih razdioba meteoroloSkih
parametara i ublazavanje ekstrema.

U hladnom dijelu godine kao i no¢u za mirna vre-
mena turbulencija je mala pa su lokalni uvjeti domina-
ntni, zbog Cega su razlike u vrijednostima, hodovima i
prostornoj raspodijeli meteorolo$kih parametara medu-
sobno blizih postaja velike. Tako npr. meteoroloska po-
staja Pazin u srediSnjoj Istri ukazuje na specificne
lokalne prilike pojac¢anog hladenja u anticiklonalnim si-
tuacijama tijekom no¢i i zimi u udolini u kojoj je smje-
Stena. Za hladan dio godine, osobito zimu, tipi¢an je
vjetar sjevernog Jadrana bura, koja puse iz sjevero-
isto¢nog kvadranta i poznata je po svojoj mahovitosti,
velikim brzinama i trajanju. Bura ne nastaje samo na
rubu zimske kopnene anticiklone, koja seze do primor-
skih planina, nego i inace kad se hladniji zrak nad kop-
nom rusi niz te planine u toplije podrucje iznad mora.
NajjaCa je kad i op¢i gradijent tlaka poti¢e zra¢no stru-
janje preko planinskog lanca. Tada Cini razorne Stete i
kao vjetar koji udara o morsku povrSinu i rasprsuje vr-
hove povrSinskih valova dopire daleko od obale. Pro-
sjecna brzina bure iznosi vise desetaka kilometara na
sat, a brzina pojedinih udara mnogo je veéa; najveca iz-
mjerena bila je 69 ms™', odnosno 248 kmh'. Ona je
prevladavajuci vjetar, najjaCi u podvelebitskom podru-
¢ju, slabi s udaljavanjem od obale, dominira i na istar-
skom priobalnom podrugju, ali je slabija i rijetka u
unutrasnjosti Istre. Na srednjem i juznom Jadranu bura
je obi¢no vjetar manje intenzivan i svakako rjedi nego
na sjevernom Jadranu, a po jacini je poznata bura u
kliskim vratima, Vruljama, makarskom primorju i Rijeci
dubrovackoj. Ondje je intenzitet i u€estalost juga veca.

In summer, on the Adriatic, stationary clear weather
prevails in the zero pressure gradient field of about
1015hPa. Due to the general pressure gradient in the
Mediterranean and the position of the Adriatic, there
are north-western winds (etesians) in the open sea, a
gentle wind in the Northern Adriatic, moderate wind in
the Middle Adriatic, and, occasionally, strong wind
closer to the Strait of Otranto. At the same time, local
daily periodic circulation is developed on the larger is-
lands and the coast, due to the unequal warming (and
cooling) speed of the sea and the land, as well as on
the hills and the surrounding valleys. lts most impor-
tant characteristics are a regular daily wind from sea to
land and, at night, wind blowing down hill slopes to-
wards the sea. All this enables a strong turbulent ex-
change of air characteristics, the establishment of a
homogenous spatial distribution of meteorological pa-
rameters and the mitigation of extremes.

During the cold part of the year (and at night), in
calm weather, turbulence is gentle, so local conditions
are dominant, and, therefore, there are great differen-
ces in the values, courses and spatial distribution of
meteorological parameters at adjacent stations. For
example, due to its position in the valley, the Pazin
weather station in the centre of the Istrian Peninsula
shows specific local conditions of increased cooling in
anticyclonic situations during the night and in winter.

During the cold part of the year, especially in winter,
the typical Northern Adriatic wind is bura. It blows from
the north-eastern quadrant and is known for its gusti-
ness, high speed and duration. Bura is not formed only
on the edge of winter inland anticyclones, which stretch
to the coastal mountains, but also when cold air from
the ground layer descends from the mountains into the
warmer area above the sea. Bura is the strongest when
the general pressure gradient stimulates an air flow
over the mountain ridge. Then it causes great damage,
and, as a wind blowing to the open sea and dispersing
surface wave tips, it reaches remote distances from the

Motriliste opservatorija Zagreb-Gric.
The Zagreb-Gri¢ observatory enclosure.
Fotografija Fhoto by: Ana Santic¢

Jugo je postojan i snazan jugoistoCnjak koji puSe rav-
nomijerno brzinom sli¢noj prosje¢noj brzini bure, najve-
¢om u povoljno polozenim morskim kanalima.
Pojavljuje se u sklopu zra&nog strujanja iz juznoga kva-
dranta koje na pucini Cesto ima juzni smjer, a obalne
ga planine u donjem dijelu atmosfere skre¢u u SE. Na
vanjskim otocima i pucini prevladavaju vjetrovi iz
smjera NNW te S i SSE.

Ciklonalna aktivnost tipi¢na za zimu, rano proljece i
kasnu jesen jednako je znacajna za oblacni i oborinski
rezim obale i zaleda, s tim da u najhladnijem razdoblju
ciklone uglavnom ne prelaze s Jadrana na kopno.

Preostala vremenska stanja po ucestalosti nisu
Cesta, ali se po manifestacijama isti¢u levantara, lebi-
¢ada, garbinada i pulentada.

Prema Kdppenovoj klasifikaciji klime, koja uvazava
bitne odlike srednjeg godiSnjeg hoda temperature
zraka i koli¢ine oborine najveéi dio Hrvatske ima umje-
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shore. The average wind speed during bura is several
tens of kilometres per hour, but the speed of individual
wind gusts is much higher. The highest speed recorded
was 69ms™, i.e. 248 km/h. Bura is the prevalent and
the strongest wind in the sub-Velebit area and it wea-
kens as it moves away from the shore. It is also a do-
minant wind in the coastal area of Istria, although it is
weaker and it is not present in the hinterland of the
peninsula. On the Middle and Southern Adriatic, bura is
usually less intense and less frequent than on the
Northern Adriatic. Jugo (sirocco) is a more intense and
frequent wind in these areas. Jugo is a steady and
strong wind which blows evenly with a speed similar to
the bura average speed, being the highest in the con-
veniently positioned channels between the islands and
the coastland. The wind occurs in the air flow from the
southern quadrant and often has a southward direction
into the open sea, while the coastal mountains turn it to
SE. Winds from the NNW, S and SE are prevalent over
the open sea and the outer islands.

Cyclonic activity, typical of winter, early spring and
late autumn, is equally significant for the cloud and pre-
cipitation regime of the coast and the hinterland. In the
cold period, cyclones mostly do not pass from the Adri-
atic to the mainland.

Other weather situations are not typical of the
coastal climate. However levantara, lebicada,
garbinada, and pulentada can be expected to occur.

According to the Kdppen climate classification,
where the mean annual temperature course and pre-
cipitation amount are considered, most of Croatia has
a temperate rainy climate with an average monthly tem-
perature higher than -3°C and lower than 18°C (symbol
C) in the coldest month. Only the highest mountain
areas (>1200 m asl) have a snow-forest climate with
an average temperature lower than 3°C in the coldest
month (symbol D). Inland, the warmest month of the
year has an average temperature lower than 22°C
(symbol b), in the coastal area higher than 22°C (sym-
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reno toplu kiSnu klimu sa srednjom mjeseénom tem-
peraturom najhladnijeg mjeseca viSom od -3°C i nizom
od 18°C (oznaka C). Samo najvisa planinska podrucja
(>1200 m nm) imaju snjezno-Sumsku klimu sa sred-
njom temperaturom najhladnijeg mjeseca nizom od
-3°C (oznaka D). U unutra$njosti najtopliji mjesec u go-
dini ima srednju temperaturu nizu od 22°C (oznaka b),
u priobalnom podrucju viSu od 22°C (oznaka a), a vise
od Cetiri mjeseca u godini imaju srednju mjese¢nu tem-
peraturu viSu od 10°C.

Nizinski kontinentalni dio Hrvatske ima klimu
Cfwbx”. Uz spomenute temperaturne karakteristike (oz-
nake C i b), tijekom godine nema izrazito suhih mje-
Seci, a mjesec s najmanje oborine u hladnom je dijelu
godine (fw). U godidnjem hodu oborine javljaju se dva
maksimuma (x”). Lika i Gorski kotar te viSi dijelovi Istre
spadaju u klasu klime Cfsbx”, a vrsni dijelovi planina
(viSi od 1200 m nm) u klimu Dfsbx”. U tim podrucjima
nema susnih razdoblja, najvise oborine padne u mje-
secu hladnog dijela godine (fs), a zimsko je kiSno raz-
doblje Siroko rascijepano u jesensko-zimski i proljetni
maksimum (x”). Na otocima i na obalnom podrucju sred-
njeg i juznog Jadrana prevladava klima masline (Csa),
u kojoj je suho razdoblje u toplom dijelu godine, najsusi
mjesec ima manje od 40 mm oborine i manje od tre-
¢ine najkiSovitijeg mjeseca u hladnom dijelu godine (0z-
naka s), a u vecem dijelu toga podrucja takoder se
javljaju dva maksimuma oborine (x”).

Prema Thornthwaiteovoj klasifikaciji klime baziranoj
na odnosu koli¢ine vode potrebne za potencijalnu eva-
potranspiraciju i oborinske vode — postoji pet tipova, od
perhumidne do aridne klime. U Hrvatskoj se javljaju
perhumidna, humidna i subhumidna klima. U najveéem
dijelu nizinskog kontinentalnog dijela Hrvatske prevla-
dava humidna klima, a samo u isto¢noj Slavoniji sub-
humidna klima. U gorskom podrucju previadava
perhumidna klima. U primorskoj Hrvatskoj pojavljuju se
perhumidna, humidna i subhumidna klima. Na sjever-
nom i srednjem Jadranu prevladava humidna klima, pri

bol a), and more than four months within one year have
a monthly average temperature higher than 10°C.

The lowland, continental part of Croatia has a
Cfwbx” climate. With the previously mentioned tem-
perature characteristics (symbols C and b), there are
no extremely dry months during the year, and the
month with the smallest amount of precipitation is in
the cold part of the year (fw). In the annual course of
precipitation there are two maxima (x”). The mountain-
ous area of Lika and Gorski kotar, and the higher parts
of Istria belong to the Cfsbx” climate class, while the
mountain peaks (higher than 1200 m asl) belong to the
Dfsbx” class. In these areas there are no dry periods,
the highest monthly amount of precipitation is in the
cold part of the year (fs), and the winter rainy period is
divided into the autumn-winter and the spring maximum
(x”). On the islands and in the coastal area of the Mid-
dle and Southern Adriatic, there is a prevalent olive cli-
mate (Csa), which means that the dry period is in the
warm part of the year, and the driest month has even
less than 40 mm of precipitation, less than a third of the
amount in the rainiest month in the cold part of the year
(symbol s). There are also two precipitation maxima
(x”) in the larger part of the area.

According to the Thornthwaite climate classification,
based on the relation between the amount of water
necessary for potential evapotranspiration and ob-
tained from precipitation, there are five types of climate,
from perhumid to arid. Croatia has perhumid, humid
and subhumid climates. In the largest part of lowland,
continental Croatia there is a prevalent humid climate,
and a subhumid climate only in Slavonia. The perhumid
climate prevails in the highlands. In coastal Croatia,
there are perhumid, humid and subhumid climates. In
the Northern and Middle Adriatic, a humid climate pre-
vails in inland Istria, the hinterland of the Kvarner Bay
and in Dalmatia, which is more humid than the Istrian
coast and the Middle Adriatic. In the Kvarner Bay, be-
side the cyclogenetic effect, the mountainous hinter-

¢emu su unutradnjost Istre, Kvarner i dalmatinsko za-
lede vlazniji nego istarska obala i Srednji Jadran. U
Kvarnerskom zaljevu, uz ciklogeneti¢ko djelovanje po-
seban utjecaj na velike koli¢ine oborine ima planinsko
zalede s orografskim efektom intenzifikacije oborine,
Sto se posebno ocituje u Siroj rijeckoj regiji. Stoga se
rijeCka klima prema vrijednostima Thornthwaiteova in-
deksa svrstava u perhumidnu klimu kakva prevladava
u gorskom dijelu Hrvatske. U dijelovima srednjeg i na
juznom Jadranu prevladavaju subhumidni uvjeti, ali naj-
juzniji dijelovi oko Dubrovnika zbog viSe oborine imaju
humidnu klimu.
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Skup postaja koje na Sirem prostoru, prema stan-
dardiziranim pravilima obavljaju motrenja (vizualna
opazanja i instrumentalna mjerenja) ¢ini mrezu meteo-
roloskih postaja. Mreza meteoroloskih postaja koju odr-
zava Drzavni hidrometeorolo$ki zavod dio je Globalnog
motriteljskog sustava Svjetske meteoroloSke organiza-
cije.

Pojedinatna meteoroloSka motrenja u Hrvatskoj
obavljana su na viSe mjesta tijekom srednjeg vijeka i
provodili su ih pojedinci. Jedan od poznatijih bio je li-

Motriliste na visinskoj glavnoj meteoroloskoj postaji Zavizan.
The Zavizan high elevation main meteorological station enclosure.
Fotografija Fhoto by: Ante Vukusic¢

The meteorological station network consists of a
number of stations which, according to standardised
procedures, perform observations (visual observations
and instrument measurements) over a wider area. The
meteorological station network maintained by the Me-
teorological and Hydrological Service of Croatia
(DHMZ) is part of the World Meteorological Organisa-
tion Global Observing System.

In the middle ages, particular meteorological ob-
servations in Croatia were performed at several loca-
tions and they mostly depended on individual persons.
One of the better known observers was a physician
named Santorio Santorio who, in the period from 1587
to 1599, performed observations, with instruments con-
structed by himself, in Senj, Novi Vinodolski, Ozalj and
Karlovac.

The first meteorological station networks in Europe
started emerging after a meteorological society, named
Societas Meteorologica Palatina, had been established
in Mannheim in 1781. In 1829/1830 and in 1841/1842,
meteorological observations were performed and pub-
lished in contemporary newspapers in Zagreb. Such
measurements also existed in other Croatian cities and
towns, e.g. Zadar, Hvar, Osijek, Mali LoSin;.

Organised meteorological station networks in Eu-
rope were established in the second half of the 19t
century. In the majority of European countries obser-
vations were organised in 1880, and, therefore, that
year has been chosen as the beginning of the period of
organised observations in Europe.

The central meteorological service in Vienna pub-
lished the first annual meteorological report in 1848, for
the area of the Habsburg Monarchy, and the first me-
teorological data for Dubrovnik were published in the
annual report for 1851. Immediately after that, new me-
teorological stations were founded: Zavalje (near
Biha¢) in 1852, Stara GradiSka and Zagreb in 1853,
Zadar and Zemun in 1854, Korcéula in 1855, Vis in
1857, Hvar in 1858, Osijek, Split and Varazdin in 1859,
Rijeka in 1860.

jecnik Santorio Santorio, koji je osobno konstruiranim
instrumentima u razdoblju od 1587. do 1599. obavljao
motrenja u Senju, Novom Vinodolskom, Ozlju i Kar-
lovcu.

Prve mreze meteoroloskih postaja po€inju se u Eu-
ropi pojavljivati nakon 1781, kad je u Mannheimu osno-
vano meteorolodko drustvo Societas meteorologica
Palatina. U Zagrebu su 1829/1830 te 1841/1842 obav-
ljana meteorolo$ka motrenja koja su objavljivana u ta-
dadnjim novinama. Takvih mjerenja bilo je i u drugim
gradovima, kao primjerice u Zadru, Hvaru, Osijeku,
Malom LoSinju.

Organizirane mreze meteorolo$kih postaja u Europi
osnivane su tijekom druge polovine 19. stolje¢a, a u
vecini europskih zemalja 1880. godine postoje organi-
zirana motrenja, pa se ta godina uzima kao pocetak
razdoblja organiziranih meteoroloskih motrenja u Eu-
ropi.

Sredisnji meteoroloski ured u Be€u objavio je 1848.
prvi meteoroloski godiSnjak za podrucje habsburske
monarhije, a u godi$njaku iz 1851. objavljeni su me-
teoroloSki podaci za Dubrovnik. Odmah nakon toga
osnivane su nove meteoroloske postaje: 1852. Zavalje
(kod Bihaca), 1853. Stara GradiSka i Zagreb, 1854.
Zadar i Zemun, 1855. Korc¢ula, 1857. Vis, 1858. Hvar,
1859. Osijek, Split i Varazdin, 1860. Rijeka.

Na tadasSnjem podrucju Hrvatske 1900. radilo je 146
meteorolosSkih postaja, od toga 88 kiSomjernih. Daljnji
razvoj i broj meteoroloskih postaja bitno je ovisio o po-
vijesnim dogadajima, pa se broj meteoroloskih postaja
smanijio za vrijeme i nakon prvog i drugog svjetskog
rata te domovinskog rata (Slika 1).

NajviSe meteoroloskih postaja bilo je u Hrvatskoj u
razdoblju od 1963. do 1980. godine, kada je ukupan
broj meteoroloskih postaja prelazio 700, a prosjeCna
udaljenost izmedu postaja bila u skladu s propisima
Svjetske meteoroloSke organizacije.
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Slika 1. Ukupan broj meteoroloskih postaja od 1851-2007.
godine na podrucju Hrvatske.

Figure 1. Total number of meteorological stations in 1851—
2007 in Croatia.

There were 146 meteorological stations on the ter-
ritory of Croatia at the time, out of which 88 precipita-
tion stations. Further development and the number of
meteorological stations depended significantly on his-
torical events: the number of meteorological stations
decreased during and after the First and Second World
Wars, as well as after the Patriotic War from 1991 to
1995 (Figure 1).

Croatia was best covered by meteorological stations
in the period from 1963 to 1980, when the number of
stations was over 700, and the average distance be-
tween them was in accordance with World Meteoro-
logical Organisation regulations.

According to their organisation, meteorological sta-
tions are divided into: main meteorological stations,
with 2 to 5 professional observers, ordinary (climato-
logical) meteorological stations, with amateur ob-
servers and observations at 7. am, 2 pm and 9 pm local
time and with 24-hour observations of meteorological
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Slika 2. Mreza glavnih meteoroloskih i klimatoloskih postaja dana 31. prosinca 2007.
Figure 2. Main meteorological and climatological stations network on 31 December 2007.

Prema organizaciji, meteoroloSke postaje se dijele
na ove: glavne meteoroloske postaje s 2 do 5 profe-
sionalna motritelja, obi¢ne (klimatoloske) meteoroloske
postaje s neprofesionalnim motriteljima i motrenjima u
7, 14, 21 h lokalnog vremena te opazanjem meteoro-
loSkih pojava tijekom 24 sata, kiSomjerne postaje s ne-
profesionalnim motriteljima i mjerenjem oborine u 7 h te
motrenjem meteorolo$kih pojava tijekom 24 sata, fota-
lizatore za prikupljanje godiSnjih koliina oborine, au-
tomatske meteoroloske postaje s automatskim
biljezenjem meteoroloskih elemenata i neposrednom
vezom u informacijski sustav. Danasnja mreza meteo-
roloSkih postaja (31. 12. 2007.) sastoji se od 41 glavne
meteoroloSke postaje, 113 klimatoloskih (Slika 2), 333
kiSomjernih postaja, 23 totalizatora i 63 automatske
meteoroloSke postaje.

Prema programu motrenja meteorolosSke postaje
dijele se na ove: sinoptiCke postaje, visinske (radio-
sondazne i pilotbalonske) postaje, klimatoloSke po-
staje, zrakoplovne postaje, agrometeorolo$ke postaje,
postaje za kvalitetu zraka, specijalne meteoroloske po-
staje, koje se dijele na: radarske postaje, postaje za
Suncevo zraCenje, postaje za mjerenje koliine ozona,
postaje za mjerenje radioaktivnosti zraka te postaje za
mjerenje atmosferskog elektriciteta i elektricnog praz-
njenja

Osim navedenih postaja, DHMZ skrbi i o mrezi hi-
droloskih postaja, pomorskim brodskim meteoroloskim
postajama i postajama za mjerenje temperature mora.

U atlasu su koristeni podaci glavnih meteorolo$kih,
klimatolo$kih i kiSomjernih postaja te totalizatora.

Program rada glavne meteorolo$ke postaje obu-
hvac¢a opazanja i mjerenja sada$njeg i proSlog vre-
mena, smjera i brzine vjetra, naoblake, vrste oblaka,
visine podnice oblaka, vidljivosti, temperature zraka,
vlaznosti zraka, atmosferskog tlaka, iznosa i oblika ten-
dencije tlaka, minimalne i maksimalne temperature, ko-
licine oborine, stanja tla, snjeznog pokrivaca, trajanja
sijanja Sunca, minimalne temperature zraka na 5 cm,
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phenomena, precipitation stations, with amateur ob-
servers, measuring precipitation at 7 am and observing
meteorological phenomena over 24 hours, storage
rain-gauge stations, collecting annual amounts of pre-
cipitation, automatic stations, with automatic registra-
tion of meteorological elements and direct connection
to the information system. The current meteorological
station network (data from 31 December 2007) consists
of 41 main meteorological stations, 113 climatological
stations (Figure 2), 333 precipitation stations, 23 sto-
rage rain-gauge stations, and 63 automatic stations.

According to observation programmes, meteoro-
logical stations are divided into: synoptic stations,
upper-air stations (radio-sonde and pilot-balloon) sta-
tions, climatological stations, aeronautical stations,
agrometeorological stations, air quality measurement
stations and special meteorological stations, which are
further divided into: radar stations, solar radiation
measurement stations, ozone quantity monitoring sta-
tions, air radioactivity measurement stations and sta-
tions for measuring atmospheric electricity and electric
discharge.

Besides these, the DHMZ administers the hydro-
logical station network, marine meteorological stations
and sea temperature measurement stations.

In this Atlas, data from the main meteorological, cli-
matological and precipitation stations have been used.

The main meteorological station programme of ac-
tivities includes observations and measurements of
present and past weather, wind direction and speed,
cloud amount, type of cloud, cloud base height, visibi-
lity, air temperature, air humidity, atmospheric pressure,
pressure tendency amount and shape, minimal and
maximal temperature, precipitation amount, state of
soil, snow cover, sunshine duration, minimum air tem-
perature at 5 cm height, soil temperature at 2, 5, 10,
20, 30, 50 and 100 cm. Observations are performed
every hour during working time of observers, depen-
ding on the number of observers at the station. The ma-
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Glavna meteoroloska postaja Bjelovar.
The main meteorological station Bjelovar.
Fotografija Photo by: Zvonko Zibrat

temperature tla na 2, 5, 10, 20, 30, 50 i 100 cm. Mo-
trenja se obavljaju svaki sat za vrijeme dezurstva koja
ovise o broju motritelja na postaji. Na vecini glavnih me-
teorolo$kih postaja postavljene su i automatske me-
teoroloSke postaje, a na njima se obavljaju i razli€iti
drugi programi rada.

Obvezni program rada klimatoloSkih postaja jest
cjelodnevno motrenje vremena u terminima motrenja u
7,14, 21 h po mjesnom vremenu smjera i jaCine vjetra,
naoblake, terminskih i ekstremnih temperatura zraka,
vlaznosti zraka, koli¢ine oborine, visine ukupnog i
novog snijega. Takva su motrenja temelj svih dugogo-
disSnjih postojecih klimatoloskih nizova podataka, od
1851.

Na kiSomjernoj postaji obvezno se motri vrijeme ti-
jekom dana, te koli¢ina oborine i visina ukupnog sni-
jega ujutro u 7h.

jority of main meteorological stations include automatic
meteorological stations connected to the DHMZ infor-
mation system. Main meteorological stations perform
some other observation programmes.

The ordinary (climatological) meteorological station
obligatory programme of activities consists of 24-hour
observations of weather phenomena, and observations
at climatological observation hours (7 am, 2 pm and 9
pm, local time) of wind direction and force on the Beau-
fort scale, total cloud amount and air temperature as
well as of extreme air temperatures, air humidity,
amount of precipitation, height of total and new snow.
Since 1851, such observations have been the basis for
all existing climatological data series.

At precipitation stations, weather phenomena are
observed during the day while the amount of precipita-
tion and the height of total snow is measured at 7 am.

All measurements: conventional measurements at
the main meteorological stations as well as remote au-
tomatic, radar and satellite measurements are brought
together by a common telecommunication and com-
puter system.

Until the end of 1967, meteorological data were only
available as written records in observation diaries,
which included basic statistical analyses. These data
were also used to produce, on paper, multi-annual sur-
veys of particular elements from different stations.
Computer storing, controlling and processing was in-
troduced in 1968. Data processing started at the Fe-
deral Hydrometeorological Institute in Belgrade and
was carried out there for all the ex-Yugoslav republics
until 1980. At the very beginning, data were stored on
punch cards and when they were later transferred to
magnetic tape part of the data was lost.

Since January 1981, data processing and the stora-
ge of climatological data from both main meteorological
and climatological stations (observations at 7 am, 2 pm
and 9 pm, local time) have been performed in Zagreb.
By then, the DHMZ had prepared all the programmes

Sva mjerenja, konvencionalna na glavnim meteo-
roloskim postajama, daljinska automatska, radarska i
satelitska povezana su u jedinstveni telekomunikacij-
ski i raCunalni sustav.

Do kraja 1967. postojali su samo zapisi meteoro-
loSkih podataka u dnevnicima motrenja koji su sadrza-
vali i osnovne statisticke obrade. Na temelju toga radili
su se, takoder u papirnatom obliku, visegodiSnji pre-
gledi pojedinih elementima po postajama. Od 1968.
prelazi se na unos, kontrolu i obradu klimatoloSkih po-
dataka ra¢unalom. Racunalna obrada podataka pocela
je i obavljala se u Beogradu za sve drzave bivde Jugo-
slavije sve do 1980. U samim pocecima racunalne
obrade podaci su se pohranjivali na izbuSene papirnate
kartice. Pri promjeni nacina pohranjivanja podataka, na
magnetske trake, doSlo je do gubitka dijela podataka
pohranjenih na karticama.

Od sije€nja 1981. raunalna obrada i pohranjivanje
klimatoloskih podataka glavnih i klimatoloSkih postaja
(motrenja tri puta dnevno u 7, 14 i 21 sat, lokalno vri-
jeme) obavlja se u Zagrebu. Tad su u Zavodu naprav-
lieni svi potrebni programi za unos, razliCite vrste
kontrola i ispisa obradenih i kontroliranih podataka. Od
1981. u digitalnom obliku nalaze se klimatoloski podaci
svih postaja. Deset godina poslije, u sije¢nju 1991., po-
¢inje unos i raCunalna obrada podataka kiSomjernih po-
staja. Iste godine pocCinje unos i kontrola satnih
vrijednosti razliCitih meteoroloskih elemenata.

Podaci iz razdoblja prije racunalne obrade i kon-
trole, u obliku razli¢itih dnevnika i izvjestaja te zapisi
autografa Cuvaju se u nasem arhivu. Zbog nedostatka
prostora, arhivska grada nije pohranjena samo u Za-
grebu ve¢ i u Krizevcima, Karlovcu i Gospicu. Ti podaci
unose se i kontroliraju prema vlastitim potrebama ili
zahtjevima i potrebama investitora i drugih korisnika.

Danas podaci s glavnih, automatskih i radioson-
daznih postaja pristizu u Zavod u realnom vremenu i
digitalnom obliku. Podaci s klimatoloSkih i kiSomjernih
postaja pristizu po zavrSetku svakog mjeseca u obliku
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Klimatoloska postaja na jadranskom pucinskom otoku Pala-
gruzi.

The climatological station on the remote Adriatic island of
Palagruza.

Fotografija Photo by: Davor Tomsic¢

required for data input, different controls and the prin-
ting of processed and controlled data. Since then, all
climatological data from all stations have been digitally
stored. Ten years later, in January 1991, entry and pro-
cessing of data from precipitation stations was intro-
duced. The same year saw the entry and control of the
hourly values of different meteorological elements.

Data collected before the introduction of computer
processing and control, such as diaries, reports and
autographic records are kept in the DHMZ archives.
Due to lack of space in Zagreb, part of the archival ma-
terial has been stored also in Krizevci, Karlovac and
Gospi¢. These records have been and are being en-
tered in the computer system as necessary, for internal
purposes or when required by investors and other
users.
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Radiosondazna postaja Zadar-Zemunik
Radiosonde station Zadar-Zemunik.
Fotografija Fhoto by: Andelko Vidovic¢

dnevnika i izvje$taja, te se kontroliraju i ruéno unose u
racunalo. Podaci s glavnih meteoroloskih postaja u pra-
vilu su kvalitetniji od onih s klimatoloskih i kiSomjernih
postaja. Jedan od razloga svakako je i to §to na glav-
nim postajama rade Skolovani ili doskolovani meteoro-
loski tehniCari, a na klimatoloSkim i kiSomjernim
postajama priu¢eno osoblje odnosno volonteri.

Svi prikupljeni meteoroloski podaci podvrgavaju se
razliCitim vrstama provjera i kontrola prije pohranjiva-
nja u racunalo. Podaci iz klimatolo&kih termina (glavnih
i klimatoloskih postaja) i oborinski podaci s kiSomjernih
postaja, vazni su za prouc¢avanije klime, pa se ukratko
navode nacini njihove kontrole. Kontrola tih podataka
provodi se na mjese€noj bazi, a po zavrSetku godine i
nakon svih kontrola pohranjuju se u bazu.

Kontrole klimatoloskih podataka mogu se u grubo
podijeliti u dvije grupe. U prvoj grupi kontrola koriste se

Nowadays, data from the main and radio-sonde sta-
tions reach the DHMZ in real time and in digital form.
Data from the climatological and precipitation stations
are delivered at the end of each month as diaries and
reports and are controlled and manually entered into
the system. Main station data are usually of higher
quality than those from the climatological and precipi-
tation stations, one of the reasons being that the ob-
servers at the main stations are educated and trained
meteorological technicians while the staff at climato-
logical and precipitation stations consists mainly of
trained-on-the-job, amateur observers.

All the data collected undergo different checks and
controls before being entered into the computer. Data
collected at climatological observation hours (at the
main and climatological stations) and precipitation data
from the precipitation stations are important for the
study of climate and, thus, a short survey must be given
of the control process.

These data are controlled monthly and stored an-
nually, at the end of the year.

There are basically two sets of climatological data
checks. The first set is carried out on data collected
from the station being controlled and it includes:

« character control (the programme checks whether
the relevant characters have been inserted in the right
places and produces a list showing where this require-
ment has not been met);

« completeness control (the programme looks for
“gaps” in the data record and, if any are found, it pro-
duces warnings which lead to further checks);

+logic control (the programme checks the logical re-
lationship of data observed at a certain station and pro-
duces a list of messages leading to checks, conditional
corrections or corrections).

The next set of checks takes into consideration also
data from other stations and it includes:

« spatial control 1 (the programme compares 16 pa-
rameters from stations with similar climatic characteri-

samo podaci postaje koja se kontrolira a sastoje se od:

« kontrole znakova (program provjerava da li su na
odredenim mjestima upisani dozvoljeni znakovi, te daje
popis gdje taj uvjet nije ispunjen);

« kontrole potpunosti (program pronalazi “praznine”
u slogu podataka i ukoliko one postoje ispisuje upozo-
renja koja se zatim provjeravaju);

+ logiCke kontrola (provjerava logic¢ki odnos izmedu
podataka motrenih na jednoj postaji i daje popis poruka
koje mogu biti provjere, uvjetni ispravci ili ispravci).

Drugu grupu kontrola €ine kontrole gdje se koriste i
podaci drugih postaja, a sastoji se od:

« prostorne kontrole 1 (usporeduje 16 parametara
za postaje koje su sliénih klimatskih karakteristika, pro-
nalazi sumnjive, a opravdanost prostornog odstupanja
procjenjuje se subjektivnom metodom, uvazavajuci kli-
matske karakteristike postaja);

« prostorne kontrole 2 (program na osnovu mjesec-
nih srednjaka ili suma 13 meteoroloSkih elemenata i
zemljopisnih koordinata i nadmorske visine, odreduje
za svaku postaju 3 postaje s najslicnijim vremenskim
prilikama u mjesecu, te u odnosu na srednjake tih
usporednih postaja ra¢una odstupanja i ispisuje postaje
s najvecim odstupanjima);

- grafiCke kontrole (grafickom usporedbom prona-
laze se prostorna odstupanja u terminskim ili dnevnim
vrijednostima, a podaci sumnjive postaje usporeduju
se s podacima postaje s najsli¢nijim klimatskim karak-
teristikama, te sa srednjim vrijednostima dvije, tri ili ce-
tiri okolne postaje).

Istovrsne kontrole primjenjuju se na tekuée podatke
ali i na povijesne nizove podataka.

Provjereni i kontrolirani podaci pohranjuju se u bazu
podataka i raspolozivi su za daljnju upotrebu. Do 1999.
svi kontrolirani podaci pohranjivani su na MicroVAX-
u, a od 1999. podaci su pohranjeni i na UNIX operativ-
nom sustavu.
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Motriliste na meteorolosko aeroloskom opservatoriju Zagreb-
Maksimir.

The enclosure of the Zagreb-Maksimir meteorological and
aerological observatory.

Fotografija Photo by: Ivan Lukac

stics and detects suspicious parameters. Spatial devi-
ation adequacy is evaluated subjectively, taking into ac-
count the stations’ climatic characteristics);

* spatial control 2 (for each station, taking the
monthly means or the sum of 13 meteorological ele-
ments and the geographic coordinates and altitude, the
programme identifies three other stations with the most
similar weather conditions in a particular month and by
comparison with the means of these parallel stations it
calculates possible deviations and lists the stations with
the greatest deviations);

« graphic control (by comparing graphics, spatial de-
viations in term and daily values are detected and the
data of the “suspicious” station are compared with the
data of the station with the most similar climatic chara-
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Meteorolosko mjesecno izvjeS¢e postaje Hvar za oZujak
1858. iz arhive DHMZ-a.
Monthly meteorological report, Hvar station, March 1858

(DHMZ archives). Dherent C., Petit-Renaud G., 1994.: Using Archival Resources for Climate History Research, IHP-1V, UNESCO, Paris, 72 pp.
Fotografija FPhoto by: Marko Vuceti¢
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Air temperature
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Temperatura zraka jedan je od najvaznijih klimat-
skih elemenata i o njoj ovisi zivot prirode i brojne ljud-
ske djelatnosti. Godisnji hod temperature zraka utjeCe
na vegetacijski ciklus, a o temperaturi zraka ovisi koli-
¢ina energije potrebna za grijanje ili hladenje unutar-
njeg prostora, odabir materijala za gradnju, mogucnost
boravka i obavljanja radova na otvorenom, a u velikoj
mjeri utjeCe i na turizam.

Na temperaturu zraka prvenstveno djeluje podloga
od koje se zrak grije ili hladi kao i izaravanje topline
samog zraka. Stoga su prostorno-vremenske karakte-
ristike temperature zraka u Hrvatskoj, uz op¢u cirkula-
ciju atmosfere i geografsku $irinu, prvenstveno
uvjetovane raspodjelom kopna i mora, zbog razlike u
akumuliranju topline u njima, i nadmorskom visinom.
Temperaturu zraka moze promijeniti zracno strujanje
ukoliko na neko mjesto dovodi hladniji ili topliji zrak od
onog &to se tamo prije nalazio i u manjoj mjeri sastav
tla i vegetacija.

Prema standardima Svjetske meteorolo$ke organi-
zacije temperatura zraka se mjeri u termometrijskoj ku-
¢ici na visini 2 m iznad tla, pri ¢emu su vrata kucice
postavljena prema sjeveru. Temperatura zraka se mjeri
u tri klimatoloSka termina dnevno (7h, 14h i 21h), a
dnevni srednjak ra¢una se ovako:

t7 +t14 +2><t21

4

Temperatura zraka u pravilu se smanjuje s visinom,
ali vertikalni gradijenti nisu u ¢itavoj Hrvatskoj jednaki,
a mijenjaju se i s vremenom (godiSnja doba, dijelovi
dana). Promjena srednje godiSnje temperature zraka s
visinom najmanja je u kopnenom dijelu Hrvatske koji
obuhvaca ¢itav nizinski dio te Liku i Gorski kotar i ona
iznosi 0,5°C/100 m. Visok planinski lanac Dinarida koji
odvaja kontinentalni dio od mora djeluje kao prepreka
i na taj na€in smanjuje utjecaj mora na temperaturne
prilike na kopnu. Zbog toga je i promjena temperature
zraka s visinom u Istri i dalmatinskom zaledu ve¢a nego

t=

Air temperature is one of the most important clima-
tological elements that nature, life and numerous
human activities depend on. The annual temperature
cycle affects the vegetation cycle, and air temperature
also affects the amount of energy required for heating
or cooling, the selection of material and insulation ma-
terial for construction, as well as the possibility of living
and working outside. To a large extent, it also affects
tourism.

Air temperature is mostly influenced by the ground
base, which either warms or cools the air, as well as by
mere warm-air radiation. This is the reason why, be-
sides the general atmospheric circulation and geo-
graphical latitude, the air temperature space and time
features in Croatia are mostly influenced by the distri-
bution of sea and land, because of the difference in
warmth accumulation above them, as well as by the
height above sea-level. Air temperature can be
changed by air flow, if it brings to some place cooler or
warmer air than the one which was there before, and,
to a smaller extent, by soil structure and vegetation.

According to the standards of the World Meteoro-
logical Organization, air temperature is measured in
thermometer shelters at a height of 2 m above ground,
with the shelter door turned towards the north. Air tem-
perature is measured daily, at three climatological
terms (7 am, 2 pm and 9 pm), and the daily mean tem-
perature is calculated as follows:

t7 +t14 +2Xt21
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In general, air temperature decreases with altitude,
but the air temperature vertical gradients are not the
same all over Croatia, and also differ over time (sea-
sons, parts of the day). The change of air temperature
with altitude is the least in the continental part of Croa-
tia, which includes the whole lowland area, as well as
Lika and Gorski kotar, where it reaches 0.5°C/100m.
The high mountain range of the Dinarides separates
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u kontinentalnom dijelu zemlje, ali manja nego uz obalu
i iznosi 0,6°C/100 m. Linearno opadanje temperature
zraka s nadmorskom visinom najbrze je u priobalnim
zonama, gdje vertikalni gradijent iznosi 0,7°C/100 m.

Srednja godi$nja temperatura zraka na podrucju Hr-
vatske kre¢e se od 3°C na najviSim planinskim predje-
lima do 17°C uz samu obalu i na otocima srednje i
juzne Dalmacije zbog njihovog geografskog polozaja i
neposrednog utjecaja mora.

Ravnic¢arski dio kontinentalne Hrvatske ima blage
razlike u srednjoj godiSnjoj temperaturi zraka uz pre-
vladavajucu temperaturu zraka od oko 11°C. Vece sre-
dnje godis$nje temperature zraka (12°C) uoCavaju se
samo u najisto¢nijim predjelima Hrvatske kao poslje-
dica najtoplijih ljeta u tom najkontinentalnijem dijelu Hr-
vatske, te na podru¢ju Zagreba zbog utjecaja
toplinskog otoka grada. Nize temperature zraka, iz-
medu 8°C i 11°C, javljaju se na ve¢im nadmorskim vi-
sinama zapadnoslavonskog gorja (Psunj, Papuk,
Krndija, Pozeska i Dilj gora). U sjeverozapadnoj Hrvat-
skoj temperatura zraka takoder je niza uz obronke Bi-
logore, Kalni¢kog gorja, Ilvans¢ice i Medvednice, na
¢ijim je vrhovima najniza temperatura zraka od 8°C.
Najnize srednje godiSnje temperature zraka od 6°C po-
javljuju se u tom dijelu Hrvatske na vrSnom podrucju
Zumberagke gore.

Juzno od Save srednje godi$nje temperature zraka
kre¢u se izmedu 7°C i 11°C s najnizim vrijednostima
na vrhovima Zrinske i Petrove gore.

Zbog velike orografske razvedenosti podrucja Like
i Gorskog kotara, raspon srednjih godisnjih tempera-
tura zraka na tom je podrucju najveci, pa se srednja
godiSnja temperatura zraka u Lici krece izmedu 5°C i
9°C, a u Gorskom kotaru od 3°C do 11°C. Najnize go-
diSnje temperature zraka od 2°C do 3°C pojavljuju se
na vrhovima Risnjaka, Bjelolasice i sjevernog Velebita
na visinama iznad 1700 m. Na najviSoj meteoroloskoj
postaji, na Zavizanu (1594 m) srednja godi$nja tempe-
ratura zraka iznosi 3,5°C. Zbog ovisnosti temperature
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the mainland from the coast, acting as a barrier and di-
minishing the sea influence on the continent. This is
why the air temperature gradient is greater in Istria and
the Dalmatian hinterland than in the continental part of
the country, but still smaller than on the coast, its value
being 0.6°C/100m. The linear decrease of air tempe-
rature related to altitude is the fastest in the coastal re-
gions, where the vertical gradient is 0.7°C/100m.

The mean annual temperature in Croatia ranges
from 3°C in the highest mountain areas, to 17°C along
the coast and on the islands of the middle and south-
ern Adriatic, due to geographical position and the influ-
ence of the sea.

The lowland part of continental Croatia shows mild
differences in mean annual air temperature, the most
dominant temperature being about 11°C. Higher mean
annual air temperatures (12°C) have been noticed only
in the easternmost part of Croatia as a result of very
warm summers in this, the most continental, part of
Croatia, and in the Zagreb area, because of the urban
heat island. Lower air temperatures, 8°C to 11°C, occur
at higher altitudes in the hills of western Slavonia
(Psunj, Papuk, Krndija, PozeSka gora, Dilj gora). In
north-western Croatia, air temperature is also lower on
the slopes of Bilogora, Kalnicko gorje, the lvans€ica
and Medvednica mountains, whose tops have the low-
est air temperature of 8°C. The lowest mean annual air
temperatures of 6°C in this part of Croatia occur in the
peak area of Zumberacka gora.

In the area south of the Sava River, the mean an-
nual air temperatures range from 7 to 11°C, with the
lowest values on the tops of Zrinska gora and Petrova
gora.

Due to the substantial orographic indentedness of
the area of Lika and Gorski kotar, the span of mean an-
nual air temperatures is the greatest there; the mean
annual air temperature in Lika ranges from 5°C to 9°C,
and in Gorski kotar from 3°C to 11°C. The lowest an-
nual air temperatures, 2°C to 3°C, occur on the tops of
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Termometrijska kucica na opservatoriju Zagreb-Gric.
The Zagreb-Gric observatory thermometer shelter.
Fotografija FPhoto by: Zeljko Loncar

o nadmorskoj visini i velikih promjena nadmorske vi-
sine prostorna promjena temperature na tom je podru-
Cju vrlo velika. Zbog zagrijavajuCeg utjecaja mora
osnovni temperaturni potencijal (temperatura zraka na
nadmorskoj visini 0 m) na primorskoj je strani planin-
skoga masiva znatno visi (14,8°C) od onoga u zaledu
(11,1°C). Stoga je i prosjec¢ni vertikalni gradijent tem-
perature zraka s primorske strane veéi (0,7°C na 100
m) od onoga u unutrasnjosti (0,5°C na 100 m). lzo-
terma 10°C nalazi se s jugozapadne strane planinskog
masiva na nadmorskoj visini 600 do 700 m, dok je sa
sjeveroistocne na prosjec¢no 200 do 300 m nad morem.
Na li¢koj visoravni, €ija je nadmorska visina izmedu 500
i 600 m, prosjeCna godiSnja temperatura zraka kre¢e
se izmedu 8°C i 9°C.

Obala poluotoka Istre ima srednju godiSnju tempe-
raturu zraka oko 13°C, a njezine se vrijednosti sma-
njuju prema unutrasnjosti. U Pazinskoj kotlini i dolini

Risnjak, Bjelolasica and northern Velebit, at altitudes
above 1700 m. At the highest meteorological station of
Zavizan (1594 m), the mean annual air temperature is
3.5°C. Due to temperature dependence on altitude and
due to the great changes in this altitude, the spatial
temperature change in this area is also very large. The
basic temperature potential (i.e. air temperature at an
altitude of 0 m) is much higher on the coastal side of the
mountain massif (14.8°C) than in the hinterland
(11.1°C) because of the warming effect of the sea. This
is why the vertical air temperature gradient is higher on
the coastal side (0.7°C/100 m) than on the mainland
(0.5°C/100 m). An isotherm of 10°C is situated at an al-
titude of 600 m to 700 m above sea level on the south-
western side of the mountain range, while it is, on
average, at an altitude of 200 m to 300 m above sea
level on the north-eastern side. On the Lika plateau,
which is at an altitude of 500 to 600 m, the mean an-
nual air temperature spans between 8°C and 9°C.

The coast of the Istrian Peninsula has a mean an-
nual air temperature of about 13°C and its values de-
crease towards the hinterland. In the Pazin basin and
the Ra$a valley, the mean annual air temperature is
about 11°C. The lowest values of annual air tempera-
ture in Istria are on the tops of Ugka and Ci¢arija: they
are at about 8°C.

The mean annual air temperature on the islands of
the northern Adriatic varies from 13°C to 15°C, with the
parts of Cres, Mali LoSinj and Rab protruding into the
sea and to the south being the warmest.

On the coast, the mean annual air temperature
ranges between 14°C and 15°C, in the northern and
middle Adriatic, to 17°C in the area of the Krka River
valley to the south and on the islands of the middle and
southern Adriatic.

In the Dalmatian, as well as in the Biokovo hinter-
land, the sea influence is still high and, therefore, the
basic temperature potential is relatively high, at about
15°C. In the Sinj and Imotski regions, which are situ-

Ra&e srednja je godidnja temperatura zraka oko 11°C.
Najnize vrijednosti godiSnje temperature zraka u Istri
su na vrhovima U¢ke i Ciéarije i iznose oko 8°C.

Otoci sjevernog primorja imaju srednju godi$nju
temperaturu zraka u rasponu 13°C — 15°C pri éemu su
najtopliji uz more i prema jugu najistureniji dijelovi
Cresa, Malog LoSinja i Raba.

Na primorskom podrucju Hrvatske srednja godi$nja
temperatura zraka krec¢e se izmedu 14°C i 15°C na sje-
vernom i srednjem Jadranu, a od doline Krke na jug te
na otocima srednjeg i juznog Jadrana do 17°C.

U dalmatinskom zaledu kao i u zaledu Biokova utje-
caj mora je jos uvijek velik pa je osnovni temperaturni
potencijal relativno visok i iznosi 15°C. Na podrucju
Sinjske i Imotske krajine koje su na oko 400 m nad
morem srednja godiSnja temperatura zraka kreCe se
izmedu 13°C i 14°C. Temperatura zraka smanjuje se
prosjec¢no za 0,6°C na 100 m i na vrhovima Mosora i
Svilaje kre¢e se izmedu 6°C i 7°C, na Biokovu oko
4,5°C, a najmanje vrijednosti ima na vrhovima Dinare
gdje iznosi oko 3°C.

Usporedba srednjih godi$njih temperatura zraka za
razdoblje 1961-1990. s prijasnjim razdobljem 1931—
1960. koje je koriSteno za izradu karata u Atlasu klime
SFR Jugoslavije a potom i u Atlasu klime SR Hrvatske,
pokazuje da je na vecini postaja novo razdoblje hlad-
nije od prethodnoga (73,5% postaja), dok je na pod-
jednakom broju postaja novo razdoblje toplije (14,7%),
odnosno nije doslo do promjene temperature (11,8%).
Posljedica je to toplog razdoblja 50-tih godina.

Klimatsko razdoblje 1971-2000. u Citavoj je Hrvat-
skoj toplije od razdoblja 1961-1990. sudeéi prema po-
dacima za 20 postaja danih u tablicama u prilogu.
Porast temperature u poslijednjem klimatskom razdo-
blju uo€ava se u svim godisnjim dobima s izuzetkom
jeseni. Razlike su najvece izmedu zimskih temperatura
i veCe su u kontinentalnom dijelu Hrvatske nego na
moru.

Godisnji hod temperature zraka ima oblik jedno-
strukog vala s maksimumom ljeti, naj¢eSc¢e u srpnju,
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ated at an altitude of 400 metres, the mean annual air
temperature ranges between 13°C and 14°C. Air tem-
perature decreases by 0.6°C/100 m on average and on
the Mosor and Svilaja tops it ranges between 6°C and
7°C; on Biokovo it is at about 4.5°C, and it has the low-
est values on the Dinara tops, where it is at about 3°C.

A comparison of the mean annual temperatures in
the period 1961-1990 with those in the period 1931—
1960, used for the climate atlas of Yugoslavia and
Croatia, shows that the latter period was cooler at most
stations (73.5%), warmer at 14.7% of the stations,
while 11.8% of the stations show no changes in tem-
perature. It is the consequence of the warm period in
1950’s.

Throughout Croatia, the climate period 1971-2000
was warmer than the 1961-1990 period according to
20 stations (see the tables in the supplement). In the
more recent period, a temperature increase is evident
in all seasons except autumn. The differences are
greatest in the winter temperatures and are also
greater on the mainland than on the coast. However,
all differences are smaller than standard deviation, and
one can assume that the temperatures in the two peri-
ods do not differ significantly.

The annual air temperature course has a shape
of a one-strand wave with a peak in summer, most
often in July, more rarely in August, and with a mini-
mum in winter, in January (graphs next to the mean an-
nual air temperature map). The sea warms and cools
more slowly than the land, and that is why its vicinity re-
duces the difference in temperature. This is also why
the differences in temperature between the warmest
and the coldest month are the highest in the lowland,
continental part of Croatia (about 21 to 22°C). In the
mountainous part of Lika and Gorski kotar and in the
Dalmatian hinterland they vary between 18°C and 20°C
and on the coast they are about 16°C or 17°C. The
warming effect of the sea in winter manifests itself with
great temperature differences between the continental
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riede u kolovozu, te minimumom zimi u sije¢nju (grafi-
koni uz kartu srednje godidnje temperature zraka).
More se grije sporije i hladi sporije nego kopno, pa bli-
zina mora ublazava temperaturne razlike. Stoga su
temperaturne razlike izmedu najtoplijeg i najhladnijeg
mjeseca najvece u nizinskom kontinentalnom dijelu Hr-
vatske (oko 21°C do 22°C), u planinskom dijelu Like i
Gorskog kotara te u dalmatinskom zaledu krecu se iz-
medu 18°C i 20°C, a na moru oko 16°C ili 17°C. Zagri-
javajuéi utjecaj mora zimi ocCituje se u velikim
temperaturnim razlikama izmedu kontinentalnih i prio-
balnih regija, koje se kre¢u oko 10°C. Ljeti medutim oh-
ladujuce djelovanje mora smanjuje razlike izmedu
kontinentalnih i priobalnih temperatura zraka, koje u sr-
pnju pretezno ne premasuju 5°C. Utjecaj mora ocituje
se i u razlikama izmedu proljetnih i jesenskih tempera-
tura zraka. U predjelima koji su pod ja¢im utjecajem
mora jesen je toplija od prolje¢a, a s udaljavanjem od
mora razlike izmedu jesenskih i proljetnih temperatura
zraka sve su manje. U nizinskom dijelu proljeée je do
0,5°C toplije od jeseni. U gorskom podrucju jesen je
pak oko 1°C do 2°C toplija od prolje¢a, dok je u pri-
morskom dijelu jesen pretezno 2°C do 3°C toplija od
proljeca.

U dnevhom hodu temperature zraka maksimum
nastupa izmedu 14h i 15h, a minimum neposredno
prije izlaska sunca $to je u hladnom dijelu godine oko
7h, a od travnja do kolovoza u 5h (grafikoni uz kartu
srednje temperature zraka za travanj). Dnevni hod iz-
razeniji je ljeti nego zimi, te izrazeniji u unutrasnjosti
nego na primorju. Prosje€ne razlike izmedu najnizih i
najvisih dnevnih vrijednosti temperature zraka krecu se
u unutrasnjosti izmedu 4°C u sije€njui 11°C do 12°C u
srpnju ili kolovozu, a na moru od oko 2°C ili 3°C zimi i
6°C ili 7°C ljeti.

Apsolutni minimumi temperature zraka u Hrvat-
skoj zabiljezeni su u kontinentalnim dijelovima i krecu
se izmedu -21,7°C izmjerenih 1985. godine na Pargu i
-28,9°C koliko je zabiljezeno 1963. godine u Gospicu

and the coastal regions, which vary by about 10°C. In
summer, though, the cooling effect of the sea dimini-
shes the differences between the continental and the
coastal air temperatures, which do not rise above 5°C.
The influence of the sea manifests itself also in the dif-
ferences between the spring and autumn air tempera-
tures. In the regions under a stronger influence of the
sea, autumn is warmer than spring, and the further
away from the sea, the more the differences between
the autumn and spring air temperatures decrease. In
the lowland area, spring is warmer than autumn by
0.5°C. On the other hand, in the mountainous area, au-
tumn is sometimes warmer than spring by about 1°C
to 2°C while on the coast autumn is mostly 2°C to 3°C
warmer than spring.

In the air temperature daily course, the maximal
temperature occurs between 2 and 3 pm, and the mi-
nimum immediately before sunrise - at about 7 am in
the cold part of the year, and, from April to August, at 5
am (graphs next to the mean air temperature map for
April). The daily run is more pronounced in summer
than in winter, and inland more than on the coast. In-
land, the average differences between the lowest and
the highest daily air temperature values range between
4°C in January and 11°C and 12°C in July or August,
and at the seaside from about 2°C to 3°C in winter to
6°C or 7°C in summer.

Air temperature absolute minima in Croatia have
been registered in the continental parts and they range
between -21.7°C, in 1985, in Parg, to -28.9°C, regis-
tered in 1963, in Gospi¢ (graphs next to the mean air
temperature map for January). The lowest air tempera-
tures occur during the winter anticyclones, when, due
to temperature inversion, the valleys are colder than
the surrounding mountains. This is evident from the
comparison of minimal air temperatures: -24.5°C regi-
stered on Zavizan (1594 m) and -28.9°C in neighbour-
ing Gospi¢ (564 m). Because of the warming effect of
the sea in winter, the minimal air temperatures are 10°C

(grafikoni uz kartu srednje temperature zraka za sije-
¢anj). Najnize temperature zraka javljaju se za zimskih
anticiklona, kada su zbog temperaturne inverzije doline
hladnije od okolnih planina, o ¢emu svjedoce i mini-
malne temperature zraka zabiljezene u Gospi¢u (564
m) i na susjednom Zavizanu (-24,5°C). Zbog zagrija-
vajuceg utjecaja mora zimi, u primorju su minimalne
temperature zraka za 10°C do 15°C viSe nego u unu-
trasnjosti i kre¢u se od -15°C u Rovinju do -7°C na juz-
nom Jadranu i otocima. Minimalne temperature zraka
iz godine u godinu mnogo se viSe mijenjaju u kontine-
ntalnom dijelu nego na moru. Tako su se u ravni¢arskoj
unutrasnjosti minimalne temperature zraka kretale u ras-
ponu od 15°C do 20°C, u planinskom dijelu od 10°C do
15°C te od 7°C do 12°C na moru. Prema proracunu
ekstrema godisnjih apsolutnih minimalnih temperatura
zraka, izmjerenim apsolutnim minimumima na podru-
¢ju Hrvatske u razdoblju 1961-1990. pripadaju povrat-
ni periodi ve¢inom izmedu 60 i 100 godina.

Izmjereni apsolutni maksimumi temperature
zraka kretali su se u Hrvatskoj izmedu 27,6°C na Zavi-
zanu i 39,2°C u Slavonskom Brodu. Maksimalne tem-
perature mnogo se manje razlikuju izmedu
kontinentalnih i obalnih dijelova Hrvatske nego mini-
malne, pa su u nizinskom dijelu Hrvatske maksimalne
temperature bile izmedu 37°C i 39°C, u Lici i Gorskom
kotaru 33°C do 37°C, a 36°C do 38°C na moru. Pro-
mjenjivost maksimalnih temperatura zraka iz godine u
godinu u kontinentalnom dijelu Hrvatske iznosi 6°C do
10°C, a na obali 5°C do 7°C. Prema proracunu oceki-
vanih godis$njih maksimalnih temperatura zraka, po-
vratni periodi zabiljezenih maksimalnih temperatura
iznose od 34 godine (Rovinj) do 180 godina (Hvar)
(grafikoni uz kartu srednje temperature zraka za sr-
pany).

U godiSnjem hodu percentila srednjih dnevnih
temperatura zraka razlike izmedu srednjih dnevnih
temperatura percentila 98 i 2 vec¢e su zimi nego ljeti
(grafikoni uz kartu srednje temperature zraka za listo-
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Zaledena termometrijska kucica na ZaviZzanu.
Frozen thermometer shelter on ZaviZan.
Fotografija Fhoto by: Ante Vukusic

to 15°C higher than inland, ranging from -15°C in Ro-
vinj to -7°C on the southern Adriatic and on the islands.
The minimal air temperatures change much more on
the mainland than on the coast. Accordingly, in the low
mainland, the range of minimal temperatures varies be-
tween 15°C and 20°C, in the mountainous part from
10°C to 15°C and on the coast from 7°C to 12°C. Ac-
cording to the estimation of extremes, the measured
minima in Croatia in the period from 1961-1990 ap-
pear, generally, once in 60 to 100 years.

Absolute air temperature maxima in Croatia
range between 27.6°C on Zavizan and 39.2°C in
Slavonski Brod. The differences between maximal tem-
peratures in the continental and coastal regions of
Croatia are much smaller than between minimal tem-
peratures, with maximal temperatures in the lowland
part of Croatia between 37°C and 39°C, in Lika and
Gorski kotar from 33°C to 37°C, and from 36°C to 38°C
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pad). Najvece su razlike na vecini postaja u sije¢nju i
smanjuju se iduci od kopna prema moru. U unutra-
Snjosti te razlike iznose oko 20°C do 22°C, a na moru
od 13°C do 16°C. Na nekim postajama najvece su raz-
like u ozujku (Rijeka, Zavizan i Split Marjan), vjerojatno
s jedne strane zbog vrlo niskih temperatura povezanih
sa situacijama s burom i s druge strane zbog porasta
temperature poCetkom prolje¢a. Najmanje razlike iz-
medu gornjeg (98) i donjeg (2) percentila obi¢no se po-
javljuju u srpnju, rjede u kolovozu i iznose 11°C do
13°C u unutrasnjosti te 8°C do 10°C u primorskom di-
jelu.

Minimalna temperatura zraka na visini 5 cm
iznad tla vazna je zbog procjene uvjeta pogodnih za
stvaranje poledice i nepovoljnih posljedica u poljopri-
vredi (grafikoni uz kartu broja hladnih dana). U prosjeku
minimalne temperature na visini 5 cm nize su od 0°C
od studenog ili prosinca do ozujka, na ve¢im nadmor-
skim visinama do travnja (Zavizan), a u dalmatinskom
zaledu (Sinj) do veljae. Medutim, gledajuci najnize mi-
nimalne temperature uz tlo, one u nizinskom kontine-
ntalnom dijelu mogu biti negativne od rujna do lipnja, u
zaledu (Pazin i Sinj) do travnja, ali u Lici i Gorskom ko-
taru izostaju samo u srpnju (Gospi¢), dok se na vecim
nadmorskim visinama mogu pojaviti tijekom Citave go-
dine. Na vecini postaja zimi (od prosinca do veljace)
ima vise od 20 dana s temperaturama uz tlo nizim od
0°C, dok su od svibnja do rujna takvi dani vrlo rijetki.
Medutim, pojava takvih dana u vegetacijskom razdo-
blju, pa makar i rijetka, nanosi Stete u poljoprivredi, na-
pose u vocarstvu, vinogradarstvu, povrcarstvu i
cvjecarstvu.

Ledeni (t,, <-10°C) i studeni dani (5 < 0°C)
javljaju se isklju€ivo u kontinentalnom dijelu Hrvatske i
to uglavnom samo u zimskim mjesecima (od prosinca
do veljace) kada ih uglavnom ima manje od 5 (ledenih)
odnosno 10 (studenih) na mjesec (grafikoni uz kartu
broja toplih dana). Hladni dani, s minimalnim tempe-
raturama zraka nizima od 0°C, u unutra$njosti se jav-

on the coast. The fluctuation of maximal air tempera-
tures from year to year is 6°C to 10°C on the mainland
and from 5°C to 7°C on the coast. According to the es-
timation of expected annual temperature maxima, the
return periods of registered maximal temperatures
range from 34 years (Rovinj) to 180 years (Hvar)
(graphs next to the mean air temperature map for July).

In the annual percentile course of mean daily air
temperatures, the differences between the mean daily
temperatures of percentiles 98 and 2 are greater in win-
ter than in summer (graphs next to the mean air tem-
perature map for October). At the majority of stations,
the greatest differences occur in January and they de-
crease when going from the mainland to the sea. On
the mainland, those differences are from about 20°C to
22°C, and, at the seaside, from 13°C to 16°C. At some
stations, the greatest differences occur in March (Ri-
jeka, Zavizan and Split-Marjan), on the one hand, pro-
bably due to extremely low temperatures related to
situations with the bura wind, and on the other hand,
because of the temperature increase at the beginning
of spring. The smallest differences between the upper
(98) and the lower (2) percentile usually occur in July,
more rarely in August, and they are from 11°C to 13°C
inland, and from 8°C to 10°C on the coast.

The minimal air temperature at a height of 5 cm
above ground is important for the estimation of condi-
tions favourable to slipperiness, as well as of un-
favourable consequences for agriculture (graphs next
to the map of mean number of cold days). On average,
the minimal temperatures at a height of 5 cm are lower
than 0°C from November or December to March, or
April at higher altitudes (Zavizan), or to February in the
Dalmatian hinterland (Sinj). Still, if one looks at the lo-
west minimal temperatures close to the ground, those
in the lowland, continental part can be negative from
September to June, in the hinterland (Pazin and Sinj) to
April, but in Lika and Gorski kotar they are absent only
in July (Gospic¢), whereas at higher altitudes there is a

liaju od listopada do travnja, a na moru od prosinca do
ozujka i mnogo su rjedi. Topli dani (1,545 = 25°C ) po-
javljuju se u kontinentalnom dijelu od travnja do listo-
pada, a u primorju zbog utjecaja mora koje je po¢etkom
proljeca jo$ hladno od svibnja do listopada. S porastom
nadmorske visine sve su rjedi pa ih je tako u proma-
tranom razdoblju na Zavizanu zabiljezeno samo 6 i to
samo ljeti. Vruéi dani (t;,4¢s = 30°C) su na moru mnogo
¢e&¢i nego u unutradnjosti, a u nizinskom dijelu Hrvat-
ske najvise ih je u istoénom dijelu. Toplih no¢ci
(tmin = 20°C) u unutradnjosti prakticki i nema, a u pri-
moriju ih je ljeti 10 do 20 na mjesec.

Usporedbom klimatskih razdoblja 1961-1990. i
1971-2000. uoCava se da je u novijem razdoblju sma-
njen broj dana u hladnom dijelu skale (ledeni, studeni i
hladni), a povec¢an broj dana u toplom dijelu skale (topli,
vruéi i tople noci).

Prema vjerojatnostima pojavljivanja srednjih
dnevnih temperatura zraka, od studenoga do veljaCe
u kontinentalnom dijelu su naj¢e$c¢e srednje dnevne
temperature zraka izmedu -5°C i 5°C, na sjevernom
Jadranu od 5°C do 10°C, a na srednjem Jadranu do
15°C. U proljeée su razlike izmedu unutrasnjosti i Ja-
drana manje izrazene (grafikoni uz kartu broja toplih
noéi). U svibnju su na Jadranu temperature zraka naj-
¢esce u intervalu od 15 do 20°C, a u unutrasnjosti pod-
jednako Cesto od 10°C do 15°C i od 15°C do 20°C. Ljeti
na moru prevladavaju srednje dnevne temperature
zraka izmedu 20°C i 25°C te, osobito u juznoj Dalma-
ciji, viSe od 25°C. U unutraSnjosti su temperature naj-
¢esce izmedu 15°C i 25°C, rijetko prelaze 25°C, dok
su u Lici i Gorskom kotaru rijetke srednje dnevne tem-
perature zraka viSe od 20°C. Zbog zagrijavaju¢eg utje-
caja mora, u jesen su razlike izmedu unutradnjosti i
Jadrana vece nego u prolje¢e. Na Jadranu su joS u
rujnu i listopadu temperature najcesce izmedu 15°C i
25°C, dok je u kontinentalnom dijelu Hrvatske istovre-
meno najcesce 5°C do 15°C.

Temperatura mora ne mjeri se na svim postajama,
a raspolozivi nizovi na nekim su postajama bili kraci ili

DHMZ

possibility of their occurrence during the whole year. At
the majority of stations, in winter (from December to
February), there are more than 20 days with tempera-
tures close to the ground lower than 0°C, while from
May to September such days are very rare. The oc-
currence of such days in the vegetation period, though,
even if rare, causes damage to agriculture, especially
fruit growing, viticulture, vegetable farming and flori-
culture.

Days with t,;, <-10°C and icy days (t5x < 0°C)
occur only in the continental part of Croatia and in most
cases only in the winter months (from December to
February), when there are mostly less than 5 days with
tmin <-10°C i.e. 10 icy days per month (graphs next to
the map of mean number of warm days). Frosty days,
with minimal air temperatures lower than 0°C, occur in-
land from October to April, and on the coast from De-
cember to March and they are not very frequent. Warm
days (tnay = 25°C) occur in the continental part from
April to October, and on the coast from May to October,
because of the influence of the sea, which is still cold
at the beginning of spring. With a rise in altitude, those
days are less frequent, and thus only 6 such days were
registered on Zavizan during the monitored period, and
only in summer. Hot days (t,,,5, = 30°C) are much more
frequent on the coast than on the mainland whereas in
the lowlands they are the most frequent in the eastern
part. There are almost no tropical nights (i, = 20°C)
on the mainland, while on the coast there are 10 to 20
warm nights per month during summer.

The comparison of the climate periods 1961-1990
and 1971-2000 points at less frequent days with
tmin < -10°C, icy and frosty days and more frequent
warm and hot days and tropical nights in the latter pe-
riod.

According to the probabilities of occurrence, from
November to February, the most frequent mean daily
air temperatures on the mainland are those between -
5°C and 5°C, on the northern Adriatic from 5°C to 10°C,
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Plutaca osjetnika temperature mora u Nacionalnom parku Mijet.
A see temperature sensor buoy in the Mljet national park.
Fotografija Photo by: Davor Tomsic¢

manjkavi. U tablicama su dana razdoblja na koja su od-
nose temperature mora. Temperatura mora ima maniji
raspon od temperature zraka, a vrijeme nastupa
ekstrema je u odnosu na temperaturu zraka pomak-
nuto, pa najnize vrijednosti temperatura mora ima u ve-
ljadi, a najviSe u kolovozu. U ve¢em dijelu godine more
je toplije od zraka, izuzev od svibnja do kolovoza kada
je temperatura mora je u prosjeku niza od temperature
zraka.

and on the southern Adriatic to 15°C (graphs next to
the map of mean number of warm nights). The diffe-
rences between the hinterland and the Adriatic coast
are less evident in spring. In May, air temperatures on
the Adriatic are usually within the interval of 15°C to
20°C, and, inland, the probabilities of mean tempera-
tures being between 10°C and 15°C and from 15°C to
20°C are about equal. In summer, the prevailing mean
daily air temperatures on the coast are from 20°C to
25°C and, especially on the southern Adriatic, >25°C.
On the mainland, air temperatures vary most frequently
between 15°C and 25°C, they are rarely over 25°C,
while in Lika and Gorski kotar the mean daily air tem-
peratures rarely exceed 20°C. Due to the warming ef-
fect of the sea, the differences between the mainland
and the coast are greater in autumn than in spring. In
September and October, the temperatures on the Adri-
atic are still most often between 15°C and 25°C, while
in the continental part of Croatia, at the same time, they
most frequently vary between 5°C and 15°C.

Sea temperature is not measured at all stations
and the available data series at some stations were ei-
ther shorter or incomplete. The periods that the sea
temperatures are related with are shown in the table.
Sea temperature varies to a lesser extent than air tem-
perature and its extremes are dislocated, compared to
air temperature. So, sea temperatures have the lowest
values in February and reach their highest in August.
During most of the year, the sea is warmer than the air,
and air temperature is higher than sea temperature
from May to August.

Temperatura zraka Air temperature @
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@ Srednja godiSnja temperatura zraka Mean annual air temperature %
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@ Srednja temperatura zraka za travanj

Mean air temperature in April
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Autor/Author: Melita Peréec Tadi¢
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@ Srednjatemperatura zraka za listopad Mean air temperature in October %
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% Srednji godisniji broj hladnih dana (t,j;<0°C) Mean annual number of frost days (t,i,<0°C) @
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@ Srednji godisniji broj toplih dana (tmaks=25°C) Mean annual number of warm days (t,,,x=25°C)
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Oborina koja padne na podruc¢ju Hrvatske poslje-
dica je prolaska ciklona i s njima u vezi atmosferskih
fronti u sklopu opc¢e cirkulacije atmosfere. Hoc¢e li na
pojedinom mjestu oborina pasti i u kojoj koli¢ini, ovisi o
vlaznosti zratne mase i intenzitetu i smjeru zracne
struje, ali i o vertikalnoj komponenti njezina gibanja,
koju lokalni utjecaji mogu znatno modificirati. Lokalni
¢imbenici koji mogu pojacati ili oslabiti proces razvoja
oblaka i stvaranja oborine posebno su prisutni u Hr-
vatskoj. To su odnos kopna i mora, odnosno udaljenost
pojedinih lokacija od mora, zatim vrlo razvijena oro-
grafija Dinarida, koja je prepreka za maritimne zrane
mase pri prijelazu sa Sredozemnog mora odnosno Ja-
drana na kopno i isto tako za kontinentalne zracne
mase prema Sredozemlju. Istovremeno planine, ali i
manja brda, u pojedinim vremenskim situacijama prisi-
ljavaju zratne mase na dizanje, pri ¢emu dolazi do kon-
denzacije i intenziviranja oborine. Sve to utjeCe na
rezim promjene koli¢ine oborine s nadmorskom visi-
nom i daje razliCite vertikalne gradijente oborine i na
malim horizontalnim udaljenostima $to je vidljivo i na
srednjoj godi$njoj karti izohijeta.

Srednja godis$nja koli¢ina oborine na podrucju
Hrvatske u rasponu je od oko 300 mm do nesto iznad
3500 mm. Najmanje godisnje koli¢ine oborine padnu
na vanjskim otocima srednjeg Jadrana (Palagruza, 311
mm). Na otocima i obali srednje i sjeverne Dalmacije te
na zapadnoj obali Istre moze se o€ekivati oko 800 do
900 mm oborine na godinu. Sto se vise priblizavamo
obali, koli¢ina oborine povecava se, posebno uz
obronke planina zbog prisilnog dizanja zra¢nih masa.

U Istri su najvecée koliine oborine na obroncima
Ucke (od 2000 do 2500 mm), a jednake vrijednosti
mogu se ocekivati i na sjevernom dijelu Biokova.

Najvece godidnje koli¢ine oborine u Hrvatskoj prima
Gorski kotar (od 3000 mm do iznad 3500 mm) te Vele-
bit i sjeveroisto¢ni obronci Konavoskog polja (od 3000
do 3500 mm).

Precipitation in Croatia is the consequence of pas-
sing cyclones and related atmospheric fronts, within the
general circulation of the atmosphere. Whether there
will be precipitation, in what amount and where, de-
pends on the humidity of the air mass, on the intensity
and course of the air current, as well as on the vertical
component of its movement, which can be significantly
modified by local factors. Quite a number of local fac-
tors that can strengthen or weaken the process of cloud
formation and the development of precipitation are
present in Croatia. One of these is the distance of some
locations from the sea and another is the extremely de-
veloped orography of the Dinarides — an obstacle for
maritime air masses as they move from the Mediter-
ranean Sea or the Adriatic to the mainland, and also
for continental air masses headed towards the Mediter-
ranean. At the same time, in certain weather situations,
mountains and smaller hills cause air masses to lift, re-
sulting in condensation and intensified precipitation. All
these factors affect the varying pattern of precipitation
amounts at different altitudes and result in different ver-
tical gradients of precipitation even at small horizontal
distances, which can be seen on the map of the spatial
distribution of the mean annual precipitation totals.

The mean annual amount of precipitation in
Croatia ranges from 300 mm to slightly over 3500 mm.
The smallest annual amounts fall on the outer islands
of the southern Adriatic (Palagruza, 311 mm). About
800 mm to 900 mm of precipitation can be expected on
the islands and the coast of central and northern Dal-
matia as well as on the west coast of the Istrian Penin-
sula. The amount of precipitation increases towards the
coast, especially near the mountainsides due to the
forced elevation of air masses.

The highest amount of precipitation in Istria falls on
the slopes of Mount U¢ka (from 2000 mm to 2500 mm).
Equal amounts can be expected on the northern part of
Mount Biokovo.

The largest annual amounts of precipitation in Croa-
tia fall in Gorski kotar (from 3000 mm to over 3500

Gorski kotar je u neposrednoj blizini ciklogenetickog
podrucja sjevernog Jadrana i Genovskog zaljeva, koje
daje obilne oborine pojacane orografskim utjecajem go-
rovitog zaleda duz primorja. Na tom podrucju koli¢ina
oborine naglo se poveéava s nadmorskom visinom na
navijetrini od obale do Risnjaka i Snjeznika. Najvece ko-
liCine oborine izmjerene u Gorskom kotaru jesu na po-
stajama Lividraga (3728 mm), Zilavi Dolci (3522 mm),
Risnjak (3449 mm) i Snjeznik (3302 mm). U dubinu
Gorskog kotara koli¢ina oborine se smanjuje (Parg,
1849 mm).

Na vrSnom podrucju sjevernog Velebita padne na
godinu u prosjeku oko 3000 mm oborine, a na istim
nadmorskim visinama na primorskim i lickim obroncima
padnu podjednake koli¢ine oborine. Vr§no podrucje
juznog Velebita prima vece godis$nje koli¢ine oborine
(oko 3500 mm) i ima vece vertikalne gradijente od sje-
vernog Velebita. Na lickoj strani juznog Velebita osnov-
ni oborinski potencijal, tj. koli¢ina oborine koja bi pala
na nadmorskoj visini h=0 m, veci je zbog orografskog
utjecaja gorovitog zaleda nego na primorskoj strani.
Stoga na lickim obroncima juznog Velebita u prosjeku
padnu nesto vece koliine oborine nego na istim nad-
morskim visinama na primorskoj strani.

Sjeveroisto€ni obronci Konavoskog polja, gdje se
mogu ocekivati godiSnje koli¢ine oborine od 3000 do
3500 mm, leZze u podnozju crnogorskih planina koje pri-
siljavaju vlazne juzne zratne mase na dizanje. To je
podrucje KrivoSija, gdje su zabiljezene godisSnje koli-
¢ine oborine i do 5000 mm, $to je najviSe u Europi.

U kontinentalnom podrucju Hrvatske godisnja koli-
¢ina oborine smanjuje se od zapada prema istoku jer
vlazne zratne mase koje dolaze s jugozapada i zapada
izgube vlagu dok dodu do tog podrucja, a one zracne
mase koje dolaze sa sjeveroistoka, iz unutrasnjosti,
suhe su pa ne daju obilne oborine. Za lipanj, koji je u
tom dijelu Hrvatske u godi$njem hodu oborine mjesec
s najvecom koli¢inom, pokazano je da najviSe oborine
daju ciklone u kombinaciji s frontom te da oborina koju
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mm), on Mount Velebit and the north-eastern slopes of
the Konavle Plain (Konavosko polje) (from 3000 mm to
3500 mm).

Gorski kotar is exceptionally close to the cycloge-
netic area of the northern Adriatic and the Genoa Bay,
which gives abundant precipitation intensified by the
orographic influence of the mountainous hinterland
which stretches along the coast. The amount of pre-
cipitation in this area increases abruptly with altitude
on the windward side from the coast to the Risnjak and
Snjeznik Mountains. The largest amounts of precipita-
tion in Gorski kotar have been recorded at the follow-
ing stations: Lividraga (3728 mm), Zilavi Dolci (3522
mm), Risnjak (3449 mm) and Snjeznik (3302 mm).
Going further inland, the amount of precipitation in
Gorski kotar decreases (Parg, 1849 mm).

The peak area of northern Velebit averages about
3000 mm of precipitation per year, as do the coastal
and Lika slopes at the same altitudes. The peak area
of southern Velebit receives larger amounts of precipi-
tation (around 3500 mm) per year and has higher ver-
tical gradients than northern Velebit. The southern side
of Velebit in Lika has a higher basic precipitation po-
tential, i.e. the precipitation amount that would fall at an
altitude of 0 m is higher than on the coastal side as a
result of the orographic influence of the mountainous
hinterland. Because of that, the Lika slopes of southern
Velebit receive slightly larger amounts of precipitation
than the coastal side at the same altitude.

The north-eastern slopes of the Konavle Plain (Ko-
navosko polje), where 3000 mm to 3500 mm of pre-
cipitation can be expected annually, are located at the
foot of the Montenegrin mountains, which force moist
air masses to lift. This area, called KrivoSije, is where
annual precipitation amounts of up to 5000 mm have
been recorded — the highest in Europe.

The annual amount of precipitation in continental
Croatia decreases from west to east because the moist
air masses coming from the west and south-west lose
their humidity on the way, while those air masses that
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Totalizator na glavnoj meteoroloskoj postaji Zavizan.
Totaliser at the Zavizan main meteorological station.
Fotografija Fhoto by: Ante Vukusic

donose frontalni poremecaji sa sjeverozapada padne
u zapadnom dijelu kontinentalne Hrvatske, a na isto¢ni
dio dode zratna masa sa smanjenim sadrzajem vlage.
U sjeverozapadnoj Hrvatskoj najvece su koli¢ine obo-
fine u Zagorju, na podrugju Medvednice, Kalnika, Zum-
berackog i Samoborskog gorja (1000 do 1500 mm). |
dok na navjetrinskim stranama gorja za kiSonosnu
struju, koja u sjevernim krajevima Hrvatske pretezito
dolazi sa sjeverozapada, dolazi do orografske intenzi-
fikacije oborine s visinom, u zavjetrinskoj strani javlja
se oborinska sjena. To je prisutno u istoénom dijelu
grada Zagreba, gdje Medvednica djeluje kao prepreka
za sjeverozapadne kiSonosne prodore. Sli¢an ucinak
vidi se i u nizinskom podruc¢ju isto¢no od Kalnika. U Sla-
voniji koli¢ine oborine poput onih u Hrvatskom zagorju
(1000 do 1500 mm) ima samo brdsko podrucje zapad-
ne Slavonije (Psunj, Papuk, Krndija, PozeSka gora i
Dilj). U isto&noj Slavoniji u prosjeku padne oko 600 do

come from the north-east, from the mainland, are dry
and do not give abundant precipitation. It has been
shown that in June, the month with the largest amounts
of precipitation in this part of Croatia, cyclones com-
bined with a front give the most abundant precipitation.
Precipitation that comes with frontal disturbances from
the north-west falls in the western part of continental
Croatia and air masses with decreased humidity arrive
to the eastern part. The highest amounts of precipita-
tion in north-western Croatia fall in Zagorje, in the area
of Mount Medvednica, Mount Kalnik, and the Zumberak
and Samobor Mountains (1000—1500 mm). When the
precipitation of rain-bearing current, which in northern
Croatia usually comes from the north-west, on the
windward side of the mountains intensifies with altitude,
a rain shadow is formed on the leeward side of the
mountains. This occurs in the eastern part of Zagreb,
where Mount Medvednica forms an obstacle to the
penetration of rain from the north-west. A similar effect
can be seen in the lowland area, east of Kalnik. Only
the hilly parts of western Slavonia, (Psunj, Papuk,
Krndija, PozeSka gora and Dilj) receive as much pre-
Cipitation as the Zagorje area (Hrvatsko zagorje)
(1000-1500 mm), Eastern Slavonia averages around
600 to 700 mm of precipitation while slightly larger
amounts can be expected only on a narrow strip of the
slopes of FruSka gora and on the banks of the Sava
River (700—-800 mm).

Comparison of the spatial distribution of annual pre-
cipitation for the periods 1961-1990 and 1931-1960,
which was the basic period for the climate atlas of SFR
Yugoslavia (1969) and the climate atlas of SR Croatia
(1977), indicates larger annual amounts over the sum-
mit area of southern Velebit, PljeSevica and Ivan&cica
in the more recent period, and smaller ones over Mount
Biokovo. This is attributed to a denser storage (to-
taliser) rain-gauge network in the mountainous areas
during 1961-1990. A decrease of 10% to 20% was
identified at some stations in eastern Slavonia and

700 mm oborine, dok se nesto vecée koli¢ine oborine
mogu ocekivati samo na uskom dijelu na obroncima
FruSke gore i na podrucju uz Savu (700 do 800 mm).
Usporedba prostorne raspodjele godi$nje koli¢ine
oborine za razdoblje 1961-1990. i razdoblje 1931-
1960., koje je bilo osnovno razdoblje za Atlas klime
SFR Jugoslavije (1969.) i Atlas klime SR Hrvatske
(1977.), ukazuje na vece godiSnje koli¢ine na vrSnom
podrugju juznog Velebita, PljeSevice i lvans¢€ice u no-
vijem razdoblju, a manje na podru&ju Biokova. To se
pripisuje gus¢oj mrezi mjerenja pomocu totalizatora u
planinskim krajevima u razdoblju 1961-1990. Uspo-
redbom srednje godiSnje koli¢ine oborine u razdoblju
1961-1990. s prethodnim klimatoloSkim razdobljem
1931-1960. utvrdeno je smanjenje oborine od 10 do
20% na dijelu postaja u isto¢noj Slavoniji te sjevernoj i
srednjoj Dalmaciji. Povecéanje od 10% do 20% uoceno
je na dijelu postaja u Istri i sjeverozapadnoj Hrvatskoj.
U novijem 30-godi$njem razdoblju 1971-2000. sre-
dnja godisnja koli¢ina oborine gotovo se nije promije-
nila. U kopnenim podrucjima smanjenje se pretezito
javlja u sjeverozapadnim krajevima (4% u Varazdinu),
a bez promjene ili povecanje u isto¢nim ravnicarskim i
gorskim predjelima (4% na Zavizanu). Na obali i oto-
cima prisutno je smanjenje, nesto jace izrazeno u unu-
trasSnjosti Istre (Pazin 7%) i na juznom dalmatinskom
primorju (Dubrovnik 11%). To je rezultat promjena tije-
kom godine, koje na sezonskoj skali pokazuju smanje-
nje koli¢ine oborine tijekom tri godiSnja doba (zimi, u
proljece i ljeti) u cijeloj Hrvatskoj, posebno izrazeno zimi
i lieti u primorju. Tijekom jeseni doslo je do povecanja
koli€ine oborine, viSe izrazeno u kopnenim podrucjima.
Godisnji hod mjesec¢nih koli¢ina oborine na
podruc¢ju Hrvatske moze se podijeliti u dva tipa s
obzirom na dio godine u kojem se nalazi mjesec s
minimumom oborine: tip godiSnjeg hoda u kojem
najmanije oborine padne u toplom dijelu godine (travanj
do rujan) i tip hoda u kojem najmanje oborine ima
mjesec u hladnom polugodistu (listopad do ozujak)
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northern and middle Dalmatia in the period 1961-1990.
An increase of 10% to 20% was observed at some sta-
tions in Istria and north-western Croatia.

During the more recent 30-year period (1971-—
2000), the mean annual precipitation amount hardly
changed. Over land areas, there was a decrease, pre-
dominantly in the north-western parts (4% in Varazdin),
and no change, or an increase, in the eastern lowland
and highland areas (4% on Zavizan, northern Velebit).
On the coast and on the islands, there was a decrease,
which is somewhat more pronounced in the hinterland
of the Istrian Peninsula (Pazin 7%) and in southern,
coastal Dalmatia (Dubrovnik 11%). This is a result of
the changes during the year, which, looking on a sea-
sonal scale, show a decrease in precipitation amounts
during three seasons (winter, spring and summer) all
over Croatia, especially pronounced in winter and sum-
mer in the coastal area. In autumn, there was an in-
crease in precipitation amount, more pronounced in the
mainland areas.

The annual course of monthly precipitation
amounts in Croatia can be divided into two types, de-
pending on the time of year when the month with the
lowest precipitation amount occurs: the maritime type
of annual course, with the lowest precipitation amount
occurring during the warm period of the year (April to
September), and the continental annual course, with
the lowest precipitation amount occurring during the
cold half of the year (October to March) (graphs next to
the mean annual precipitation map). Lika, Gorski kotar,
the whole of the Adriatic coast, the islands and the Dal-
matian hinterland belong to the first type. The remain-
ing areas of Croatia have the other type of annual
variation. The main maximum in the area with the first
type of annual variation of monthly precipitation occurs
in November and the main minimum occurs in July. The
areas of Istra, Lika and Dalmatinska zagora also have
a secondary maximum in April and a secondary mini-
mum in March or February. The areas of Karlovac and
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(grafikoni uz kartu srednje godiSnje koli¢ine oborine).
Prvom tipu pripadaju Lika i Gorski kotar te cijelo
jadransko priobalje i otoci i dalmatinsko zalede. Ostala
podrucja Hrvatske imaju drugi tip godidSnjeg hoda
oborine. Na podruc¢ju s prvim tipom godiSnjeg hoda
mjesecnih koli€ina oborine glavni maksimum nastupa u
studenom, a glavni minimum u srpnju. Pored glavnog
maksimuma i minimuma, na podrucju Istre, Like i
Dalmatinske zagore pojavljuju se i sekundarni
maksimum u travnju i sekundarni minimum u ozujku ili
velja¢i. Na ogulinskom i karlovackom podrucju glavni
maksimum ostaje u studenom, ali glavni minimum
nastupa u kasnu zimu (sijeanj ili veljaca).
Udaljavanjem od mora, pojavljuju se dva podjednaka
maksimuma u studenom i lipnju, a glavni minimum
krajem zime. Dublje u kontinentu maritimni je utjecaj
sve slabiji pa u sjeverozapadnom kopnenom podrucju
ljetni maksimum postaje glavni, a onaj u studenom
sporedni. Glavni minimum nastupa na kraju zime, a
sporedni u listopadu. Slian godi$nji hod ima i podrucje
Slavonije s tim da se razlike minimuma krajem zime i
onog u listopadu smanjuju kako se pomi¢emo prema
istoku.

U odnosu na ove prosje¢ne oborinske prilike tije-
kom godine, u pojedinim godinama mogu se javiti znat-
na odstupanja mjesecnih koli€ina (grafikoni uz kartu
srednje koli¢ine oborine za proljec¢e). Mjesecne koli€ine
oborine koje ¢e biti premasene jednom u 50 godina
(percentil 98) najviSe odstupaju od medijana u konti-
nentalnim nizinskim krajevima u kolovozu (Osijek 165
mm, Zagreb-Maksimir 250 mm) kada su rezultat pre-
tezito pljuskovitih frontalnih oborina, te u listopadu i stu-
denom kao rezultat dugotrajnijih kisa (Varazdin 220
mm, Zagreb-Maksimir 240 mm). S jaCanjem maritim-
nog utjecaja i u€inka planina povecavaju se i vrijedno-
sti mjesec€nih percentila oborine i njihovo odstupanje
od vrijednosti medijana (veCi rasap), posebice u jesen-
skim mjesecima i zimi. Tako se na vec¢im visinama Gor-
skog kotara mogu ocCekivati jednom u deset godina
mjesecne koli¢ine oborine u listopadu i studenom vece

Ogulin have their main maximum in November, but the
minimum in these areas occurs in late winter (January
or February). Areas further from the sea have two si-
milar maxima in November and June and their main
minimum at the end of winter. The deeper-inland mari-
time influence becomes progressively weaker so that in
the north-western continental area the summer maxi-
mum becomes the main one, while the November ma-
ximum becomes secondary. The main minimum occurs
at the end of winter and the secondary minimum in Oc-
tober. The area of Slavonia has a similar annual course
— the differences between the end-of-winter minimum
and the October minimum decreasing as we move to-
wards the east.

Certain years can witness a significant deviation in
monthly amounts from the average precipitation con-
ditions above (graphs next to the map of mean preci-
pitation in Spring). The monthly precipitation amounts
which will be exceeded once in 50 years (percentile 98)
show the greatest deviation from median in the conti-
nental, lowland areas in August (Osijek 165 mm, Za-
greb-Maksimir 250 mm), when they are a result of
mostly showery frontal precipitation, and in October
and November, a result of long-term rains (Varazdin
220 mm, Zagreb-Maksimir 240 mm). As the maritime
influence and that of the mountains grow stronger, the
values of monthly precipitation percentiles and their de-
viation from median also increase (greater dispersion),
especially during the autumn months and during winter.
At higher altitudes, in Gorski kotar, precipitation
amounts of over 400 mm can be expected once in ten
years, in October and November, as well as precipita-
tion amounts of over 600 mm (October) and 540 mm
(November) once in 50 years, according to data from
Parg. Along the Adriatic coast, the southern coastal
area has the highest values of monthly precipitation
percentiles during the autumn and winter months. In
Dubrovnik, percentile 90 of monthly precipitation
amount in October is 295 mm and percentile 98 even
475 mm.

od 400 mm, a jednom u 50 godina vec¢e od 600 mm (li-
stopad) i vece od 540 mm (studeni) prema podacima
Parga. Duz jadranske obale juzno priobalje ima naj-
vece vrijednosti mjesecnih percentila oborine jesenijih i
zimskih mjeseci. U Dubrovniku percentil 90 koli¢ina
oborine u listopadu iznosi 295 mm, a percentil 98 Cak
475 mm.

Ekstremno su$ni mjeseci, Cije su koliCine oborine
manje od percentila 2 i u godiSnjem hodu imaju naj-
manje vrijednosti, javljaju se u ravni€arskoj unutra-
Snjosti zimi i iznose do oko 10 mm. U Gorskom kotaru
najmanje vrijednosti percentila 2 javljaju se u listopadu
i sijeCnju, kada se moze oCekivati da oborina uopce ne
padne, te u veljaCi kada percentil 2 iznosi oko 20 mm.
U Istri ovim mjesecima se pridruzuju i ljetni mjeseci sr-
panj i kolovoz &ija vrijednost percentila 2 iznosi manje
od 10 mm. Na kvarnerskom priobalju i ekstremno su$ni
ljietni mjeseci mogu primiti i do 20 mm oborine. U Dal-
maciji ekstremno sus$ni mjeseci s najmanjim koli¢inama
tijekom godine javljaju se od srpnja do listopada, kada
mjesecna oborina moze i izostati. Od toga odstupa li-
stopad u juznoj Dalmaciji kada ekstremno susan mje-
sec moze primiti i oko 40 mm oborine.

Ekstremne oborine i vjerojatnost njihova pojavlji-
vanja vazna su svojstva oborinskog rezima. Analiza i
procjena jakih oborina na razini dnevnih koli¢ina zahti-
jeva koriStenje duljih nizova od 30-godisnjih, koji se ko-
riste za mjeseCne vrijednosti, zbog njihove velike
vremenske promjenjivosti (grafikoni uz kartu srednje
koli¢ine oborine za jesen). Ispitivanje klimatoloSke nor-
male pokazalo je da se niz godi$njih maksimalnih dne-
vnih koli¢ina oborine (Rd,5y) stabilizira tijekom 50
godina u isto¢noj nizinskoj Hrvatskoj, a u gorskoj i prio-
balnoj Hrvatskoj joS u duljem razdoblju. Kako je niz
maksimalnih dnevnih koli¢ina oborine na podrucju Hr-
vatske za veci broj postaja raspoloziv za razdoblje
1951-2000., on je koriSten za prostornu analizu godis-
njeg hoda i procjenu o€ekivanih maksimalnih dnevnih
koli¢ina oborine za razliCite povratne periode.

Najvece godiSnje Rd,,x izmjerene su duz jadran-
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Snijeg u Nacionalnom parku Plitvicka jezera, 19. 11. 2005.
Snow in National park l?/itvice lakes, 19. November 2005.
Fotografija FPhoto by: Cedo Brankovic

Extremely dry months with precipitation amounts
lower than percentile 2 and the lowest values in the
course of annual variation occur during winter in the
continental lowlands and receive around 10 mm pre-
cipitation. The lowest values of percentile 2 in Gorski
kotar occur in October and January, when there may
be no precipitation, and in February, when percentile 2
is around 20 mm. In Istria, during these months, as well
as the summer months of July and August, the value of
percentile 2 is less than 10 mm. In the extremely dry
summer months, the Kvarner Littoral can receive up to
20 mm precipitation. Extremely dry months, with the
lowest amounts during the year, occur in Dalmatia from
July to October, when there may be no monthly pre-
cipitation. In the southern Adriatic, October differs from
this pattern, when an extremely dry month can receive
as much as 40 mm precipitation.
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Ombrograf na glavnoj meteoroloskoj postaji Ogulin.
An ombrograph at the Ogulin main meteorological station.
Fotografija Photo by: Marjana Gajic-Capka

ske obale (352,2 mm u Zadru 11. rujna 1986. godine,
315,0 mm u Crikvenici 25. rujna 1987. god, 201,5 mm
u Cavtatu 19. kolovoza 1979. god), na kvarnerskim oto-
cima (250,8 mm 5. rujna 1993. god i 231,7 mm u Cresu
25. rujna 1951. god), na obroncima planinskog zaleda
koji su navjetrinska strana za kiSonosnu struju (Gorski
kotar: 319,5 mm u Marceljima 27. rujna 1956. god,

Extreme precipitation amounts and the probabi-
lity that they will occur are important characteristics of
the precipitation regime (graphs next to the map of
mean precipitation in Autumn). The analysis and esti-
mation of heavy precipitation at daily amount level re-
quires the use of data series longer than thirty-year
periods, which are used for monthly values because of
their high time variability. Research in climatological
normals has shown that the series of annual maximal
daily precipitation amounts (Rd,,55) has been stabili-
sing for 50 years in eastern lowland Croatia and even
longer in mountainous and coastal Croatia. As the se-
ries of maximal daily precipitation amounts for Croatia
were available for more stations in the period from 1951
to 2000, they have been used for a spatial analysis of
the annual course and for estimation of the expected
maximal daily precipitation amounts for different return
periods.

The largest annual Rd,,,x have been recorded
along the Adriatic coast (352.2 mm in Zadar, on 11 Sep-
tember 1986, 315.0 mm in Crikvenica, on 25 Septem-
ber 1987, 201.5 mm in Cavtat, on 19 August 1979), on
the Kvarner islands (250.8 mm, on 5 September 1993,
and 231.7 mm in Cres, on 25 September 1951), on the
slopes of the mountainous hinterland — the windward
side for the rain-bearing current (Gorski kotar: 319.5
mm in Marcelji, on 27 September 1956, 254.0 mm in
Gerovo, on 14 November 1987), on the leeward side of
Mount Snijeznica near the Konavle Plain (Konavosko
polje) in Pridvorje: 225.9 mm, on 17 October 1976, and
on the mountain pass between Mount Mosor and
Mount Biokovo in Zadvarje: 225.6 mm, on 7 July 1992.
The highest recorded Rd,, 4 values decrease as we
move inland and from west to east in northern Croatia
(Gospi¢: 120.9 mm — 24 August 1969, Bjelovar: 104.4
mm — 7 June 1951, Slavonski Samac: 80.2 mm — 10
June 1973). The lowest annual Rd,,,, values range
from 17.4 mm in Lastovo (the Island of Lastovo) to 87.5
mm in Klana (Gorski kotar). According to the coefficient

254,0 mm u Gerovu 14. studenog 1987. god), na na-
vjetrinskoj strani planine Snijeznice uz Konavosko polje
u Pridvorju 225,9 mm 17. listopada 1976., te na prije-
voju izmedu Mosora i Biokova u Zadvarju 225,6 mm 7.
srpnja 1992. god. Vrijednosti najvecih izmjerenih Rd,p,,y
smanjuju se prema unutrasnjosti, te u sjevernoj Hrvat-
skoj od zapada prema istoku (Gospi¢: 120,9 mm — 24,
kolovoz 1969 god, Bjelovar: 104,4 mm — 7. lipanj
1951.god, Slavonski Samac: 80,2 mm — 10. lipnja
1973. god). Najmanje godiSnje Rd,,4 kretale su se od
17,4 mm u Lastovu do 87,5 mm u Klani. Prema vrijed-
nostima koeficijenta varijacije promjenljivost Rd,,, 0d
godine do godine najmanja je u srediSnjemu dijelu Hr-
vatske u pojasu juzno od Save, u Sto su uracunati Gor-
ski kotar i Lika (20-30%). Na podrucju Hrvatske
sjeverno od Save koeficijent varijacije Rd,,x iznosi
30% do 50%, a na podrucju Istre, Primorja i Dalmacije
30% do 40%. Kao Sto ukazuju slucajevi Zadra, Crikve-
nice i Cresa, i na ovome podrucju moze se ocCekivati
vece kolebanje vrijednosti Rd,,,,,. Na tim lokacijama iz-
mjerene su u promatranom razdoblju u jednoj godini
velike Rd,,5x koje znatno odstupaju od koli¢ina u osta-
lim godinama. Njima pripadaju povratni periodi oko 240
godina (Zadar), oko 120 godina (Crikvenica) i oko 165
godina (Cres). lako su takvi slu€ajevi rijetki i mogu se
ocCekivati s malom vjerojatno$¢u, na njih treba racunati.

Najvece godi$nje Rd,,5y javljaju se u kontinental-
nome dijelu Hrvatske sjeverno od Save naj¢esce ljeti
(lipanj, srpanj, kolovoz) ili krajem jeseni (studeni), u pri-
jelaznome podrucju prema gorskoj Hrvatskoj uglavnom
u kolovozu i studenom, a u podrucjima s maritimnom
klimom (jadranska obala i otoci) i onima pod njezinim
jakim utjecajem (Gorski kotar, Lika, Dalmatinska Za-
gora) najintenzivnije dnevne oborine mogu se najcesce
ocCekivati u jesen (rujan, listopad, studeni) ili u prvome
dijelu zime (prosinac).

Ucestalost oborine tijekom godine izrazena bro-
jem oborinskih dana razli¢itih dnevnih koli¢ina ukazuje
na znacajne prostorne razlike u ukupnoj godisnjoj “ki-
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of variation values, the year-to-year variability of Rd 4
is the lowest in central Croatia, in the area south of the
Sava River, including Gorski kotar and Lika (20—30%).
North of the Sava, the Rd,,, coefficient of variation is
30% to 50% and in Istria, on the coast and in Dalmatia
30% to 40%. As the cases of Zadar, Crikvenica and
Cres show, greater fluctuation of Rd,,4 values can be
expected in this area as well. Over an observation pe-
riod of one year, high Rd,,,x values were recorded at
these locations, which differed significantly from the
amounts recorded in other years. Return periods of
around 240 vyears (Zadar), around 120 years
(Crikvenica) and around 165 years (Cres) correspond
to these values. Although such cases are rare, with low
probability of occurrence, they need to be taken into
account.

The highest annual Rd,,, values in continental
Croatia occur north of the Sava River, most often in
summer (June, July, and August) and at the end of au-
tumn (November). In the transitional area, as we move
towards mountainous Croatia, the highest annual
Rd,ax values occur mostly in August and November.
In areas with maritime climate (the Adriatic coast and
the islands) and areas where maritime climate has a
strong influence (Gorski kotar, Lika and the Dalmatian
hinterland (Dalmatinska zagora), the heaviest daily pre-
cipitation can most often be expected in autumn (Sep-
tember, October and November) or in the first part of
winter (December).

Precipitation frequency during the year, ex-
pressed in the number of precipitation days with differ-
ent daily amounts, points to significant spatial
differences in total annual “raininess” and in the form of
its annual variation between the continental, moun-
tainous and coastal areas (graphs next to the map of
mean annual number of days with precipitation Rd=1
mm). The annual number of precipitation days with at
least 0.1 mm precipitation ranges from an average of
100 days (27% of all days in a year) on the Dalmatian
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Sovitosti” i u obliku njihova godisnjeg hoda izmedu kon-
tinentalnog, planinskog i primorskog podrucja (grafikoni
uz kartu srednjeg godi$njeg broja dana s Rd=1 mm).
Godisniji broj oborinskih dana u kojima padne barem
0,1 mm oborine, javlja se u prosjeku od oko 100 dana
(27% dana u godini) na dalmatinskim otocima, 140
dana (38% dana u godini) u nizinskom dijelu isto¢ne
Hrvatske do oko 170 dana (47% dana u godini) u gor-
skim krajevima. Dnevne koli¢ine oborine vecih koli¢ina
od barem 5,0 mm mogu se u prosjeku ocekivati u 30%
do 40% oborinskih dana u nizinskoj unutrasnjosti, u 40
do 50% oborinskih dana u primorskim krajevima, te u
oko 50% oborinskih dana u brdsko — planinskom po-
drudju, a na njihovim vr8nim podrugjima i CeSce.

U unutrasnjosti u¢estalost oborinskih dana najveca
je od travnja do lipnja (prosje¢no 12 do 14 dana na mje-
sec), s maksimumom u lipnju, kada je kisa i koli¢inski
najizrazitija. Najmanje oborinskih dana ima u rujnu i li-
stopadu (9 do 12 dana na mjesec). U gorskim predje-
lima oborina najée&Ce pada od studenog do lipnja s
malim razlikama u mjese¢nom broju oborinskih dana
(13 do 16 dana). Ceste oborine u kasnu jesen i zimi
posljedica su ciklona i ciklonalnih vrtloga nad morem,
ciklona koje se premjestaju nad kopno i atmosferskih
fronti povezanih s udaljenim ciklonama. Kao i duz ja-
dranske obale, kiSa najrjede pada u srpnju (Gospi¢ - 8
dana, Parg - 12 dana). Na jadranskom podrucju najki-
Sovitije je razdoblje od studenog do svibnja u Istri, Pri-
morju i srednjoj Dalmaciji (9 do 12 dana na mjesec), a
na dalmatinskim otocima i juznoj Dalmaciji kiSa je u
svibnju rjeda. Podrucje kvarnerskog priobalja ljeti i du-
brovackog priobalja zimi je nesto kiSovitije od ostalog
dijela obale. | dok se dani s ve¢im dnevnim koli¢inama
oborine javljaju na kopnenim podrucjima ¢esée ljeti kao
posljedica kratkotrajnih jakih oborina, u gorskim kraje-
vima i na jadranskom podrucju ¢esce se javljaju u hlad-
nom dijelu godine i uglavnom su rezultat dugotrajnih
oborina.

U novijem klimatskom razdoblju 1971-2000. doSlo

islands, 140 days (38%) in the lowland areas of east-
ern Croatia, up to 170 days (47%) in the mountainous
areas. Daily precipitation amounts of over 5.0 mm can
be expected, on average, on 30—40% of precipitation
days in the continental lowlands, on 40-50% of pre-
cipitation days in the coastal area and on around 50%
of precipitation days in the highland area — even more
often in their peak area.

Inland, the frequency of precipitation days is the
greatest from April to June (an average of 12 to 14 days
per month), with the maximum in June, when precipi-
tation is the most abundant. September and October
have the fewest precipitation days (9 to 12 days per
month). Frequent precipitation in late autumn and in
winter is the result of cyclones and cyclonic vortices
over the sea, cyclones moving towards the mainland
and atmospheric fronts connected with distant cy-
clones. Along the Adriatic coast, precipitation is least
frequent in July (Gospi¢ — 8 days, Parg — 12 days). The
rainiest period on the Adriatic is from November to May
in Istria, on the coast, and in central Dalmatia (9 to 12
days per month). Rain is less frequent in May on the
Dalmatian islands and in southern Dalmatia. The
Kvarner Littoral in summer and the Dubrovnik coast in
winter get slightly more rain than the rest of the coast.
While, inland, days with greater daily precipitation
amounts occur more often during summer, as a result
of short-term heavy precipitation, in the mountainous
areas and on the Adriatic they occur more often during
the cold part of the year and are a result of long-term
precipitation.

In the climate period 1971-2000 there was a
change in precipitation during the year. There was a
decrease in the number of precipitation days in winter,
spring and summer, and an increase in autumn. These
changes are smaller and more pronounced, with low-
intensity rainy days, which have, actually, contributed to
the changes in seasonal and annual precipitation
amounts.

je do promjene kiSovitosti tijekom godine i to do sma-
njenja broja oborinskih dana tijekom zime, proljeéa i
lieta, te poveéanja u jesen. Te promjene su male i izra-
zenije kod kiSnih dana manjeg intenziteta, pa su upravo
oni i dali doprinos sezonskim i godiSnjim promjenama
koli¢ine oborine .

Vremenska i prostorna promjenjivost susnih raz-
doblja, definiranih kao neprekidni niz dana u kojima je
palo najvise 1 mm oborine, analizirana je za suSna raz-
doblja dulja od 10 dana (grafikoni uz kartu srednje
koli¢ine oborine za ljeto). Ona imaju vec¢e prakticno
znacenje od kracih, osobito kad su povezana s drugim
vremenskim uvjetima, kao $to je visoka temperatura
zraka, jak vjetar i niska relativna vlaznost zraka. Takvi
meteoroloSki uvjeti mogu izazvati znacajne Stetne po-
sljedice u poljodjelstvu, vodoprivredi, turizmu, te u dru-
gim gospodarskim djelatnostima. Analizirani su godisnji
hodovi ucestalosti pojavljivanja susnih razdoblja razli-
¢itih trajanja (11 do 20 dana, 21 do 30 dana i > 30
dana).

U nizinskoj Hrvatskoj razdioba ucestalosti susnih
razdoblja ukazuje da se su$na razdoblja u trajanju od
11 do 20 dana podjednako javljaju tijekom cijele go-
dine. Medutim, ipak se na podrucju Slavonije nesto
¢eSce javljaju u listopadu, rujnu i sije€nju (po 10% do
13% ukupnog godidnjeg broja takvih susnih razdoblja)
dok se u sredi$njoj Hrvatskoj takva susna razdoblja
mogu ocekivati najcesSce u veljadi kao i u rujnu, listo-
padu i studenom (po 10% do 14%). Dulja susna raz-
doblja u trajanju do 30 dana u cijeloj nizinskoj Hrvatskoj
najéeséa su u listopadu (do 41%). Vrlo duga susna raz-
doblja, koja traju viSe od 30 dana, javljaju se rijetko. U
analiziranom 30-godi$njem razdoblju uglavnom su za-
biliezena u rujnu, listopadu, prosincu i sije¢nju i to naj-
vie po 2 puta. U nizinskoj Hrvatskoj najdulje susno
razdoblje od 69 dana zabiljezeno je u Sisku, a pocelo
je u prosincu 1988. godine.

Na podrucju gorske Hrvatske suSna razdoblja u tra-
janju od 11 do 20 dana u godiSnjem hodu su naj¢esca
u srpnju (12% do 16% ukupnog godiSnjeg broja takvih
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The temporal and spatial variability of dry spells,
defined as a sequence of consecutive days with pre-
cipitation equal or less than 1 mm, has been analysed
for dry spells exceeding 10 days (graphs next to the
map of mean precipitation in Summer). These long
spells are more significant than shorter ones, particu-
larly when associated with other climatic factors such
as high air temperature, strong wind and low relative
humidity. Such meteorological conditions can seriously
affect agriculture, water management, tourism and
other economic branches. The annual courses of the
frequency of dry spells of different lengths (11 to 20
days, 21 to 30 days and over 30 days) have been
analysed.

In lowland Croatia, the frequency distribution of dry
spells indicates that dry spells lasting 11 to 20 days
occur evenly over the whole year. However, in Slavo-
nia, they are slightly more frequent in September, Oc-
tober and January (10% to 13% of the total yearly
number of such dry spells per each of these months)
whereas in central Croatia such dry spells can be ex-
pected mostly in February and, again, in September,
October and November (10% to 14% per each month).
In lowland Croatia, longer dry spells, lasting up to 30
days, are most frequent in October (up to 41%). Very
long dry spells, exceeding 30 days, are very rare. In
the analysed 30-year period they were mainly recorded
in September, October, December and January, maxi-
mally two times in each of these months. The longest
dry spell in lowland Croatia was registered in Sisak. It
started in December 1988 and lasted 69 days.

In highland Croatia, dry spells lasting 11 to 20 days
in the annual course are most frequent in July (12% to
16% of the annual number of such dry spells). Dry
spells lasting 21 to 30 days are rare. In the northern
part of the highlands these can be expected mainly in
October and also in March and September. During the
analysed 30-year period, at the Parg station, there
were five dry spells lasting up to 30 days. In the rest of
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susnih razdoblja). Rijetka su suSna razdoblja koja traju
od 21 do 30 dana. U sjevernom dijelu gorske Hrvatske
mogu se ocekivati uglavnom u listopadu, te u ozujku i
rujnu. U analiziranih 30 godina na postaji Parg pet puta
su suSna razdoblja trajala do 30 dana. Na ostalom po-
drucju gorske Hrvatske takva susSna razdoblja mogu se
oCekivati uglavnom u srpnju i rujnu. S podjednakom
uCestalo$cu zabiljezena su i vrlo duga suSna razdoblja
(dulja od 30 dana). Na podrucju gorske Hrvatske, u
analiziranom razdoblju, najdulje susno razdoblje trajalo
je 67 dana na postaji Parg, a zapocCelo je u prosincu
1988. godine.

Vjerojatnost pojavljivanja susnih razdoblja najve¢a
je u primorskoj Hrvatskoj. Na sjevernom Jadranu susna
razdoblja u trajanju od 11 do 20 dana, iako se mogu
ocCekivati tijekom cijele godine, najceSc¢a su u srpnju i
kolovozu (12% do 13% ukupnog godiSnjeg broja takvih
susnih razdoblja) dok su u Dalmaciji i na otocima takva
susna razdoblja naj¢eséa u lipnju (do 13%), kao i u
rujnu i listopadu (do 11%). Posebno je izrazena raz-
dioba €estina susnih razdoblja u trajanju od 21 do 30
dana gdje se jasno uotava maksimum njihovog pojav-
liivanja u mjesecu srpnju, a koji se povecava iduci od
sjevernog prema srednjem i juznom dijelu Jadrana i
otocima (14—26%). U primorskoj Hrvatskoj su ¢es¢a i
vrlo duga susna razdoblja (dulja od 30 dana) nego u
ostalim dijelovima Hrvatske. Na sjevernom Jadranu
najc¢es¢a su u rujnu i prosincu dok su na juznom dijelu
naj¢edca od lipnja do rujna. U analiziranom 30-godi$-
njem razdoblju najvide je zabiljezeno do pet takvih raz-
doblja u navedenim mjesecima. Na otocima se vrlo
duga susna razdoblja mogu pojaviti u svim mjesecima
u godini osim u sije€nju i studenom. Najdulje susno raz-
doblje u primorskoj Hrvatskoj trajalo je 84 dana u Splitu,
a zapocelo je u lipnju 1962. godine.

Tijekom oborinskih dana oborina moze padati u te-
ku¢em, ¢vrstom ili mjeSovitom obliku. U Hrvatskoj obo-
rina naj¢esCe dolazi u obliku kiSe. Pojava oborine u
obliku snijega najéesca je u gorskom podrucju gdje sni-

the highlands, such droughts can be expected mainly
in July and September. The same frequency distribu-
tion applies to very long dry spells (exceeding 30 days).
In highland Croatia, in the period analysed, the longest
dry spell started in December 1988 at the Parg station
and lasted 67 days.

The probability of drought occurrence is the highest
in littoral Croatia. On the northern Adriatic, dry spells
lasting 11 to 20 days may be expected throughout the
year although they are most frequent in July and Au-
gust (12% to 13% of the total annual number of such
dry spells). In Dalmatia and on the islands, such dry
spells are most frequent in June (up to 13%) and in
September and October (up to 11%). The frequency
distribution of 21-t0-30-day dry spells is particularly pro-
nounced, showing their maximal occurrence in July and
increasing from the northern to the middle and south-
ern Adriatic and the islands (from 14% to 26%). Com-
pared to the rest of the country, even very long dry
spells (exceeding 30 days) are more frequent in littoral
Croatia. On the northern Adriatic, they are most fre-
quent in September and December whereas on the
southern Adriatic they occur most frequently from June
to September. In the considered 30-year period, up to
five such dry spells were recorded in these months. On
the islands, very long dry spells can occur in all months
except January and November. The longest dry spell in
littoral Croatia was recorded in Split, starting in June
1962, and lasting 84 days.

During precipitation days, precipitation can fall as
liquid, solid or mixed precipitation. Every snowfall does
not necessarily result in the accumulation of snow on
the ground and the formation of snow cover. Whether
snow will remain on the ground or melt depends on the
amount of snow, the air and soil temperature and the
exposure of the area to wind and solar radiation. Dur-
ing a period with low air temperatures, with air tempe-
rature below 0 °C for the longer part of the day, snow
will remain on the ground for a longer period of time
after it has stopped snowing.

jeg pada u oko 30% do 50% oborinskih dana. Nesto je
rijeda pojava u nizinskoj unutradnjosti gdje pada u 15%
do 20% oborinskih dana. Na obali i otocima blize obali
javlja se samo u 3% do 5% oborinskih dana (3 do 7
dana na godinu), dok je na vanjskim otocima vrlo rijet-
ka pojava ili do sada nije zabiljezen.

Nije svako padanje snijega nuzno povezano sa za-
drzavanjem snijega na tlu i stvaranjem snjeznog po-
krivac¢a. Ostaje li snijeg koji pada na tlu ili se topi ovisi
o koli¢ini snijega, temperaturi zraka i tla, izlozenosti te-
rena vjetru i sunevu zrac¢enju. Tijekom razdoblja s ni-
skim temperaturama zraka, kada je dulji dio dana
temperatura zraka ispod 0°C, snijeg Ce se zadrzati na
tlu dulje vrijeme i nakon $to je prestao padati.

Na podrucju Hrvatske prisutna je znaCajna pros-
torna promjenjivost pojave snjeznog pokrivaca
(grafikoni uz kartu srednjeg godiSnjeg broja sa
shjeznim pokrivaéem = 1 cm). Isto tako njegovo za-
drazavanje na tlu vrlo je promjenjivo od godine do go-
dine. Godi$nji broj dana sa snjeznim pokrivacem visine
barem 1 cm iznosi u prosjeku 35 do 40 dana u nizinskoj
unutradnjosti. To trajanje povecCava se s porastom
nadmorske visine u brdsko-planinskim krajevima. Na
vr$nim podrucjima Gorskog kotara iznosi i vise od 100
dana, a na Velebitu i 170 dana. Duz jadranske obale i
na otocima zadrzavanje snjeznog pokrivaca rijetko je i
kratkotrajno, iako s njim treba raCunati, posebice u unu-
tradnjosti Istre, kvarnerskom priobalju i dalmatinskom
zaledu.

Javljanje snjeznog pokrivac¢a vecih visina moze se
ocCekivati tijekom kracih razdoblja, posebice u nizinskoj
unutrasnjosti. Tu je zadrzavanje snjeznog pokrivac¢a od
barem 30 cm prili¢no jednoliko i iznosi do 5 dana, a na
vr$nom podrucju izdvojenih planina oko Pozeske kot-
line, na Medvednici i lvans€ici do preko 40 dana. U di-
narskom brdsko-planinskom podruéju njegovo javljanje
je stabilnije i dugotrajnije. Na lickoj visoravni snjezni po-
kriva¢ visine barem 30 cm zadrazava se na tlu u pro-
sjeku oko 18 dana, u Gorskom kotaru oko 30 dana, a
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Jesenska kisa.
Autumn rainfall.
Fotografija FPhotio by: Marko Vucetic

There is a significant spatial variability of snow cover
occurrence in Croatia (graphs next to the map of mean
annual number of days with snow cover =1 cm). Snow
cover retention is also highly variable from year to year.
The annual number of days with snow cover at least 1
cm high is 35 to 40 days on average in the continental
lowlands. This number increases with altitude in the
highland area. In the peak areas of Gorski kotar the
number exceeds 100 days and amounts to as much as
170 days on Mount Velebit. Snow cover retention along
the Adriatic coast and on the islands is rare and short-
term, although it has to be taken into account, espe-
cially in continental Istria, the Kvarner Littoral and the
Dalmatian hinterland.

A higher snow cover can be expected during short
periods, especially in the continental lowlands. Snow
cover retention of = 30 cm is quite uniform in this area
and lasts for 5 days. In the peak area of the isolated
mountains around the Pozega Valley (Pozeska kotlina),
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na vrSnom podrucju Velebita i dulje od 140 dana.

Tijekom hladnog dijela godine snjezni pokriva¢ se
u prosjeku javlja u ravni€arskoj unutrasnjosti u razdo-
blju od studenog do travnja s najduljim trajanjem u si-
je¢nju. U gorskim i planinskim krajevima s porastom
nadmorske visine snjezno razdoblje se produljuje i traje
od rujna do svibnja. Na vrSnom podrudju Velebita moze
se ocCekivati u svim mjesecima, iako je ljeti izrazito rije-
tka i kratkotrajna pojava. Snjezni pokrivac¢ vecih visina
CeSéi je u sijeCnju i veljadi, a na Velebitu i poCetkom
prolje¢a (ozujak).

Tijekom zadnjeg klimatoloSkog razdoblja 1971—
2000. doslo je do smanjenja broja dana sa snjeznim
pokrivaCem zimi i u proljeCe i do poveéanja u jesen, $to
je rezultiralo kra¢im godiSnjim trajanjem snjeznog po-
krivaCa. To je posljedica sezonskih promjena koli€ina i
ucCestalosti oborine i temperature zraka.

Maksimalne visine snjeznog pokrivaca kre¢u se oko
60 cm u nizinskom podrucju sjeverne Hrvatske, rastu s
nadmorskom visinom i na vrSnom podrucju dosizu oko
140 cm (Medvednica) (grafikoni uz kartu srednje
koli¢ine oborine za zimu). U podrucju juzno od Kupe i
Save prema Gorskom kotaru i Lici maksimalne visine
snjeznog pokrivaca rastu od oko 100 cm, do oko 120
cm na li¢koj visoravni, 160 cm na 900 m nadmorske vi-
sine u Gorskom kotaru, te vise od 200 cm na vrhovima
Gorskog kotara i Velebita. Najveéa visina od 320 cm
zabiljezena je na Zavizanu u ozujku 1984. Na priobal-
nim obroncima planina maksimalne visine snjeznog po-
krivaa znatno su manje od onih na istim nadmorskim
visinama kontinentalnih obronaka. U dalmatinskom za-
ledu snjezni pokriva¢ moze biti 30 do 40 cm, u sjever-
nom i srednjem priobalju 20 do 30 cm, a na otocima i
jugu Dalmacije manje od 10 cm.

and on the Medvednica and Ivans¢ica mountains, it
lasts longer than 40 days. In the highland area of the
Dinarides, its occurrence is more stable and long-last-
ing. Snow cover of at least 30 cm remains on the
ground for an average of 18 days on the Lika Plateau
(licka visoravan), around 30 days in Gorski kotar and
over 140 days in the peak area of Velebit.

During the cold part of the year, snow cover occurs
in the continental lowland, on average from November
to April, its duration the longest in January. In hilly and
mountainous areas the period of snow lasts longer as
the altitude rises — from September to May. In the peak
areas of Velebit it can be expected during the whole
year, although in summer it occurs extremely rarely and
is short-term. At high altitudes, snow cover occurs more
often in January and February and on Mount Velebit
even at the beginning of spring (in March).

During the 1971-2000 climate period there was a
decrease in the number of days with snow cover in
spring, and an increase in autumn, which resulted in a
shorter yearly duration of snow cover. This is a conse-
quence of the seasonal changes in precipitation
amount and frequency and air temperature.

The maximal snow cover ranges from 60 cm in the
lowland area of northern Croatia, it grows with altitude
and reaches around 140 cm in the peak area (Medved-
nica) (graphs next to the map of mean precipitation in
Winter). In the area south of the Sava and Kupa Rivers,
towards Gorski kotar and Lika, the maximal snow cover
starts at around 100 cm, reaches around 120 cm on
the Lika plains, 160 cm at the altitude of 900 m in
Gorski kotar and over 200 cm on the peaks of Gorski
kotar and Mount Velebit. The highest depth of 320 cm
was recorded on Zavizan in March 1984. The maximal
show cover on the coastal slopes of the mountains is
far lower than on the continental slopes at the same al-
titudes. Snow cover in the Dalmatian hinterland can be
30 to 40 cm high, along the northern and middle coast-
line 20 to 30 cm and lower than 10 cm in southernmost
Dalmatia and on the islands.

Oborina Precipitation
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Srednja godis$nja koli¢ina oborine

Mean annual precipitation
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Autor/Author: Melita Percec Tadic¢

Godisnji hod srednje (R), minimalne (Rmin) i maksimalne (Rmax) mjese¢ne
koli€ine oborine i maksimalne dnevne koli€ine oborine (Rd,sy), mm.
Annual course of mean (R), minimum (Rmin) and maximum (Rmax) monthly
precipitation amounts and maximum daily precipitation (Rd,,.,), mm.
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otvorene vodene povrSine (koeficijent redukcije 0.70), evapotranspiracija (ET) i

potencijalna evapotranspiracija (PET) prema Palmeru te koli¢ine oborine (R), mm.

Annual course of mean (E), maximum (Emax) and minimum (Emin) evaporation from
the free water surface (coefficient of reduction 0.70), evapotranspiration (ET) and

potential evapotranspiration (PET) according to Palmer and precipitation (R), mm.
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@ Srednja koli€ina oborine za zimu Mean precipitation in Winter

0 ; 100 km

Autor/Authof: Melita Peréec Tadic
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Godisnji hod maksimalnih visina snjeznog pokrivada (Smax) i maksimalnih visina
novog snijega (Sn max), cm, zima 1961/62 — 1990/91.

Annual course of maximum snow cover (Smax) and maximum fresh snow (Sn
max), cm, winter 1961/62 — 1990/91.
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% Srednja koli¢ina oborine za prolje¢e Mean precipitation in Spring @
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@ Srednja koli€ina oborine za ljeto Mean precipitation in Summer — %
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Srednja koli¢ina oborine za jesen Mean precipitation in Autumn
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Srednji godiSnji broj dana s koli¢inom oborine =1 mm  Mean annual number of days with precipitation =1 mm %
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% Sredniji godi$niji broj dana sa snjeznim pokrivatem =1 cm Mean annual number of days with snow cover =1 cm @
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Na svakoj grani¢noj plohi izmedu vode u tekuc¢em ili
¢vrstom stanju (ili nekog drugog vlaznog tijela, tla, bi-
ljaka, snjeznog pokrivaga) i zraka, molekule vode
odlaze u zrak kao para, a druge se pak vracaju iz
zraka. Isparavanje prvenstveno ovisi 0 energiji Sun-
Ceva zraCenja, brzini vjetra i koli€ini raspolozive vlage
u prizemnom sloju zraka, tj. 0 sposobnosti zraka da
primi isparenu tekucinu.

Isparavanije je vazan dio ciklusa kruzenja vode u at-
mosferi 0 kojem se relativno malo zna, a i s mjerenjem
isparavanja krenulo se relativno kasno, Sezdesetih go-
dina. Poznavanje koliine isparene vode vazno je ne
samo za meteorologiju, ve¢ je potrebno i drugim stru-
kama kao $to su npr. hidrologija i agronomija za izradu
vodne bilance. Pojedine grane gospodarstva sve teze
mogu podnijeti da budu bez podataka o tom komplek-
snom meteoroloSkom elementu. To narocito dolazi do
izrazaja kod dugoro¢nih i vecih projekata planiranja,
projektiranja i odrzavanja vodnih akumulacija, drenaz-
nih sustava, navodnjavanja, njihova utjecaja na okoli$
i sl.

Koli¢ina isparene vode s otvorene vodene povrsine
moze se odredivati na dva nacina: mjerenjem instru-
mentima — evaporimetrima razli¢itih tipova, i/ili raCuna-
njem posredno pomoc¢u drugih meteoroloskih
elemenata.

Evaporimetri su posude razli¢itih dimenzija, napu-
njene vodom, koje mogu biti postavljene na drvenom
postolju na povrsini zemlje, biti ukopane u zemlju ili po-
stavljene na plutajuce splavi na vodenoj povrSini. Svaki
spomenuti tip evaporimetra ima dobre i loSe osobine,
razliCite verzije i izvedbe koje se koriste u pojedinim
zemljama. Naj¢esS¢i tipovi evaporimetara u upotrebi
jesu GGI 3000 (ukopan u zemlju), i evaporimetar raz-
reda A koji je postavljen na drveno postolje na povrSini
zemlje. Usporedbe podataka dobivenih razli¢itim tipo-
vima evaporimetara Sirom svijeta pokazale su da se
najbolji rezultati dobiju mjerenjima u velikom bazenu
povr§ine 20 m2 ukopanom u zemlju. Te su vrijednosti

From every surface found between water in liquid
or solid state (or any other element with moisture: soil,
plants, snow-pack) and air, some water molecules are
released into the air as vapour while others are at-
tracted from the air. If more molecules are released into
the air than attracted, this is evaporation. Evaporation
primarily depends on solar radiation energy, wind ve-
locity and the amount of disposable humidity in the
ground layer of air, i.e. on the capacity of air to absorb
evaporated liquid.

Evaporation is an important part of the cycle of
water circulation in the atmosphere. Relatively little is
known about it: evaporation measurements also started
rather late — in the 1960’s. Knowledge of the amount
of evaporation is important not only for meteorology but
also for other sciences (e.g. in hydrology and agrono-
my it is used to calculate water balance). Certain fields
of the economy increasingly rely on information about
this complex meteorological element. This is especially
obvious in large, long-term projects involving the plan-
ning, design and maintenance of water accumulations,
drainage systems, irrigation etc. and their influence on
the environment.

The amount of evaporation from a free water sur-
face can be measured in two ways; by instruments —
evaporimeters of different types — and/or calculated in-
directly by other meteorological elements.

Evaporimeters are pans of different dimensions,
filled with water, which can be placed on a wooden
base on the ground surface, sunk into the ground or
placed on rafts floating on a water surface. Each type
of evaporimeter has its good and bad sides and diffe-
rent versions and constructions are used in different
countries. The types of evaporimeters most often used
are the GGI 3000 (sunk into the ground) and the class
A evaporimeter, which is placed on a wooden base on
the ground surface. A comparison of data obtained from
different types of evaporimeters around the world has
shown that the best results are achieved by measure-

Posuda i komora za umirenje evaporimetra klase A na glavnoj
meteoroloskoj postaji Osijek.

The pan and stilling well of a class A evaporimeter at the
Osijek main meteorological station.

Fotografija Fhoto by: Janja Milkovi¢

najblize onima s otvorene vodene povrsine vecih aku-
mulacija, no to je ujedno i najskuplji i najtezi nacin mje-
renja isparavanja. Zato su takvi evaporimetri vrlo ¢esto
postavljani samo na odabranim, karakteristicnim loka-
cijama, i sluze za dobivanje koeficijenata kojima se ko-
rigiraju podaci standardnih evaporimetara.

Od samih pocetaka mjerenja standardni instrument
za mjerenje koliine isparene vode s otvorene vodene
povrSine u mrezi meteoroloskih postaja u Hrvatskoj je
evaporimetar razreda A. Mjerenje isparavanja obavlja
se dva puta nadan u 7 i 19 sati svakog dana od travnja
do listopada ili studenog, kad se s mjerenjima prestaje
zbog moguénosti zamrzavanja vode u evaporimetru i
pucanja evaporimetra. Evaporimetar razreda A okrugla
je posuda, promjera 120 cm, duboka 25 cm, obi¢no iz-
radena od pocin¢anog lima, i postavljena na ravnu po-

Isparavanje Evaporation

ments carried out in a large basin sunk into the ground,
with a surface area of 20 m2. These values are the clo-
sest to those obtained from free water surfaces of
larger accumulations but it is also the most expensive
and the most difficult method of evaporation measure-
ment. Therefore, these evaporimeters are placed only
at select and characteristic locations and are used to
get coefficients for the data obtained from standard
evaporimeters to be corrected by.

Since the beginning of measurements, the class A
evaporimeter has been the standard instrument for
measuring the amount of evaporated water from free
water surfaces at meteorological stations in Croatia.
Evaporation measurements are taken two times a day,
at 7 am and 7 pm, every day, from April to October or
November, when they are discontinued because the
water in the evaporimeter may freeze or the evapori-
meter may burst. The class A evaporimeter is a round
pan, with a diameter of 120 cm, 25 cm deep, usually
made of galvanized sheet and placed on a flat surface
— a wooden base. The evaporimeter contains a 20 cm
high cylindrically shaped stilling well, with a diameter
of 9 cm, which stands on a triangular base with three
valves that allow the well to rest horizontally. When
measurements are being taken, a micrometer valve is
placed into the well to measure the amount of water
which has evaporated from the evaporimeter (in mm)
between two successive measurements. Additional
measurements carried out are precipitation amount,
water temperature in the evaporimeter (this is done by
a regular thermometer) and wind speed (usually done
by an anemometer, which records the distance covered
and is located next to the evaporimeter, 2 m above the
ground).

The advantages of class A evaporimeters are ease
of installation and maintenance. It is easily noticed if
the evaporimeter pan leaks and it can quickly and ea-
sily be mended. Its shortcoming, as with all evapori-
meters placed on the surface of the ground, is that,
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Veliki ukopani evaporimetar — etalon (povrsina 20 m2) u Slo-
vackoj.

A large evaporimeter — etalon sunk into the ground (20 m2
surface area) in Slovakia.

Fotografija FPhoto by: Janja Milkovic

dlogu — drveno postolje. U evaporimetru se nalazi ko-
mora za umirenje, koju €ini valjkasta posuda, visine 20
cm i promjera 9 cm, koja stoji na trokutastom postolju
na tri vijka koji omogucavaju postavljanje komore u vo-
doravan polozaj. Prilikom mjerenja u posudu komore
stavlja se mikrometarski vijak koji mjeri koli€inu ispa-
rene vode iz evaporimetra (u mm), izmedu dva uza-
stopna mjerenja. Uz to mjeri se i koli¢ina oborine,
temperatura vode u evaporimetru, obi¢nim termome-
trom za vodu, te brzina vjetra (obi¢no anemometrom
koji biljezi prijedeni put, i nalazi se uz evaporimetar na
visini 2 m iznad tla).

Prednosti evaporimetra razreda A jesu jednostavno
postavljanje i odrzavanje, lako je vidljivo ako posuda
evaporimetra curi i moze se brzo i lako pokrpati. Ne-
dostatak mu je, kao i kod svih evaporimetara postav-

because there is a relatively small amount of water in
the pan and its walls are not thermally insulated, the
evaporimeter gives higher evaporation figures and,
therefore, the data to be used in further analyses need
to be corrected. However, as it is a frequently used type
of evaporimeter in different climatological areas, at dif-
ferent latitudes and altitudes, its data are compared
with the data obtained in large basins and other types
of evaporimeters to determine the correction coefficient
to be used to recalculate evaporation values for larger
water accumulations. The correction coefficient figures
change during the season and, based on several-year
series of measurements, the correction coefficient of
0.70 has been determined as the mean for the whole
season in moderate latitudes.

The data in the Atlas are for the period 1963—1990,
from seven stations which took evaporation measure-
ments during that period, and the data in the tables are
from ten stations, for the period 1971-2000. The miss-
ing data (monthly values), have been interpolated
graphically using data from neighbouring stations and
the mean monthly values have been multiplied by the
correction coefficient 0.70.

Besides the data obtained from evaporimeters, data
on evapotranspiration and potential evapotranspiration,
calculated using Palmer’s model of water balance, cor-
rected to allow for wind speed, have also been given.
The model was developed for agronomic needs and,
therefore, when calculating the water balance compo-
nents, data on maximal soil capacity have been used
along with meteorological parameters (precipitation
amount, air temperature and relative humidity). Poten-
tial evapotranspiration is the evaporation that would
occur given a sufficient amount of water, so it is practi-
cally the same as evaporation from a free water sur-
face. Plant evapotranspiration is the evaporation from
plants, which depends on the amount of water avail-
able from precipitation and soil water reserves. If the
precipitation amount is equivalent to potential evapo-

lienih na povrSini zemlje, da zbog relativno male koli-
¢ine vode u posudi evaporimetra Cije stjenke nisu ter-
micki izolirane daje poveéane vrijednosti isparavanja,
pa podatke za koriStenje u daljnjim proracunima treba
korigirati. Medutim, kako je to Cesto koriSten tip evapo-
rimetra u razli¢itim klimatskim podrucjima, na razli¢itim
geografskim Sirinama i nadmorskim visinama, njegovi
su podaci usporedeni s podacima mjerenima u velikim
bazenima i drugim tipovima evaporimetara da bi se
odredio koeficijent korekcije za preracunavanije vrijed-
nosti isparavanja za ve¢e vodne akumulacije. Vrijed-
nosti koeficijenta korekcije mijenjaju se tijekom sezone,
a iz viSegodiSnjih nizova mjerenja je kao srednja vri-
jednost za cijelu sezonu u umjerenim geografskim Siri-
nama odreden koeficijent korekcije 0,70.

Podaci u ovom Atlasu su iz razdoblja 1963—1990.,
za sedam postaja koje su u tom razdoblju mjerile ispa-
ravanje, a u tablicama i za razdoblje 1971-2000. za
deset postaja. Nedostajuéi podaci (mjesecne vrijedno-
sti) interpolirani su grafiCkim putem prema susjednim
postajama, a srednje mjese€ne vrijednosti pomnozene
su koeficijentom korekcije 0,70.

Osim podataka izmjerenih pomoc¢u evaporimetra,
dani su i podaci evapotranspiracije i potencijalne
evapotranspiracije dobiveni proratunom pomocu Pal-
merova modela vodne ravnoteze u koju su uvedene
korekcije koje uvazavaju brzinu vjetra. Model je na-
pravljen za potrebe agronomije, pa se u proracunu
komponenata vodne ravnoteze pored meteoroloskih
parametara (koli¢ine oborine, temperature zraka i re-
lativne vlaznosti) koriste i podaci maksimalnog kapaci-
teta tla.

Potencijalna evapotranspiracija jest isparavanje
koje bi se ostvarilo kada bi bilo na raspolaganju do-
voljno vode, pa je stoga potencijalna evapotranspira-
cija praktiCki jednaka isparavanju s otvorene vodene
povrSine. Evapotranspiracija kod biljaka jest isparava-
nje iz biljaka koje ovisi o raspolozivoj koli€ini vode od
oborine i zaliha vode u tlu. Naime, ako je koli¢ina obo-
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Evaporimetar klase A i anemometar na glavnoj meteoroloskoj
postaji Zavizan.

An evaporimeter class A and an anemometer at the Zavizan
main meteorological station.

Fotografija Fhoto by: Branko Cividini

transpiration, evapotranspiration is equivalent to po-
tential evapotranspiration. However, if there is less pre-
cipitation than there is plant need for evaporation,
evapotranspiration is lower than potential evapotran-
spiration and this is compensated for by using the soil
water reserves. If this condition persists, drought oc-
curs, because the soil cannot satisfy the needs of
plants for water.

For most of the year, in continental Croatia, there is
enough precipitation for the needs of plants and short-
age occurs mostly during the summer months (graphs
next to the map of mean precipitation in vegetation pe-
riod). In the highlands, there is enough precipitation for
the needs of plants during the whole year. On the
coast, however, the precipitation deficit is more pro-
nounced, it lasts longer and becomes greater as we
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rine jednaka potencijalnoj evapotranspiraciji, tada je
evapotranspiracija jednaka potencijalnoj evapotranspi-
raciji. Medutim, ako je oborine manje nego $to su po-
trebe biljaka za isparavanjem, evapotranspiracija je
manja od potencijalne, a manjak se nadoknaduje tro-
Senjem zaliha vode iz tla. Ako takvo stanje potraje
dulje, dolazi do suse, jer viSe ni u tlu nema vode koja bi
zadovoljila potrebe biljaka.

U kontinentalnom dijelu Hrvatske u veéem dijelu go-
dine ima dovoljno oborine za potrebe biljaka, a manjak
se pojavljuje uglavnom u ljetnim mjesecima (grafikoni
uz kartu srednje koli¢ine oborine za vegetacijsko raz-
doblje). U gorskim predjelima tijekom Citave godine ima
dovoljno oborine za zadovoljavanje potreba biljaka za
vodom. Medutim, na obali je oborinski deficit izrazeniji
i traje dulje, a povecava se od sjevernog prema juznom
Jadranu. Na sjevernom se Jadranu uglavnhom javlja
lieti, na otocima nesto dulje. Na srednjem Jadranu po-
Cinje u travnju ili svibnju i traje do rujna a na otocima i
do listopada, pa je i u godiSnjem prosjeku potencijalna
evapotranspiracija ve¢a od koli¢ine oborine.

move from the northern to the southern Adriatic. It oc-
curs mostly during summer in the northern Adriatic and
lasts a little longer on the islands. On the southern Adri-
atic, the precipitation deficit begins in April or May and
lasts until September, on the islands of the middle Adri-
atic as long as October, so that on an annual average
potential evapotranspiration exceeds precipitation
amount.

Isparavanje Evaporation
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Vlaznost zraka jest koli€ina vodene pare u zraku.
Moze se izraziti na razne nacine. Ovdje se prikazuje
tlak vodene pare i relativna vlaznost zraka. Tlak vodene
pare (e u hPa) je parcijalni tlak kojim vodena para pri-
donosi ukupnom tlaku zraka. lako nije mjera apsolutne
vlaznosti zraka, ukazuje na apsolutnu koli¢inu vlage u
zraku. Relativha vlaznost zraka (U u %) kao omjer
stvarnog i maksimalnog tlaka vodene pare pri postoje-
¢oj temperaturi, ukazuje na stupanj zasi¢enosti zraka
vodenom parom.

Vodena para dolazi u zrak isparavanjem (evapo-
transpiracijom) sa Zemljine povrSine, pa je pri tlu ima
viSe nego u visini, a gibanjem zraka (turbulencija, vje-
tar i konvekcija) raznosi se po atmosferi. Stoga sve
okolnosti koje utjeCu na isparavanje i zracno gibanje
posredno utje€u i na vlaznost zraka.

Za mirna i tiha vremena, tlak vodene pare vedéi je
nad vodenim povrSinama i u podrucjima gdje se zadr-
zava voda (jezera, ribnjaci, moc¢vare, potoci, rijeke), od-
nosno gdje je tlo vlaznije i viSe obraslo raslinjem
(udubljenja na terenu, kotline, podnozja obronaka, ru-
bovi vodotoka i sl.). Manje vodene pare sadrzi zrak nad
suhim tlom i oskudnom vegetacijom. Kad puse vjetar,
on mijeSa zrak i vodena se para svugdije izjednaci bez
obzira na oblike terena. Ako ima dovoljno vode koja
isparava, vise se vode digne u obliku pare u zrak ako
je temperatura zraka viSa, a manje ako je temperatura
niza. Stoga s porastom nadmorske visine, s kojom se
temperatura zraka u pravilu snizava, smanjuje se i ko-
li¢ina, pa i tlak vodene pare. S druge strane, zrak s ma-
njom koli¢inom vodene pare ne mora uvijek biti i
relativno manje vlazan, odnosno nije njome uvijek
manije zasicen, jer relativna vlaznost zraka pada i raste
suprotno rastu i padanju temperature zraka. Na rela-
tivnu vlaznost zraka reljef djeluje posredno i drukgije
nego na tlak pare. Kako je u ohladenom zraku relativna
vlaznost veéa, nad onim dijelovima terena koji pogo-
duju ohladivanju tla i zraka ili gdje se zadrzava hladan
zrak, u prosjeku je relativna vlaznost veca. To su s

Air humidity is the amount of water vapour in the air.
It can be expressed in many different ways. In this
chapter, water vapour pressure and relative air humidity
are described. Water vapour pressure (e in hPa) is the
partial pressure by which water vapour contributes to
the total air pressure. Although it is not a measure of
absolute air humidity, partial pressure of water vapour
points at the absolute amount of moisture in the air.
Relative humidity (U in %), as the ratio of actual and
maximal water vapour pressure at the existing tempe-
rature, indicates the degree to which air is saturated
with water vapour.

Water vapour comes in the air by evaporation
(evapotranspiration) from the Earth’s surface, so there
is more of it near the ground than higher in the air. Air
motion (turbulence, wind and convection) carry it
through the atmosphere. Therefore, the conditions
which affect evaporation and air motions indirectly af-
fect air humidity.

During quiet and calm weather, water vapour pres-
sure is higher above water surfaces and in areas where
there is water (lakes, ponds, swamps, brooks, rivers),
and where the ground is wet and covered with more
vegetation (terrain depressions, basins, foothills, wa-
tercourse edges, etc). There is less water vapour in the
air above dry ground and barren vegetation. When
there is wind, it mixes the air and water vapour is
equalised everywhere regardless of terrain configura-
tion. If there is enough evaporating water, more water
rises as vapour in the air if the air temperature is higher
and less if the air temperature is lower. Therefore, as al-
titude increases, and air temperature decreases, the
amount and pressure of water vapour also decrease.
On the other hand, air with lower water vapour content
does not always have to be relatively less humid, i.e.,
it is not always less saturated with water vapour, be-
cause relative air humidity falls and rises in inverse pro-
portion to the rise and fall of air temperature. Relief has
an indirect and different effect on relative air humidity.

jedne strane mrazista i uop¢e udubljenja na terenu, a
s druge strane visi dijelovi planina, osobito na navje-
trinskoj strani. Tijekom godine nad pojedinim podru-
¢jem tlak vodene pare raste i pada vrlo sli¢no, a
relativna vlaznost zraka upravo suprotno rastu i pada-
nju temperature zraka. Kao i drugdje u umjerenim zem-
ljopisnim Sirinama na sjevernoj Zemljinoj hemisferi, i u
Hrvatskoj se zbog snizavanja temperature zraka od
juga prema sjeveru, i tlak pare smanjuje, a relativna
vlaznost raste u istom smjeru. Mjesne promjene tlaka
pare i relativne vlaznosti mogu uzrokovati i advekcije
suhog ili vlaznog zraka, te pristizanje zraka dizanjem
ili spustanjem u sklopu gibanja vecéih ili manjih zra¢nih
masa. U Hrvatskoj su medu vjetrovima najpoznatiji
bura kao ona pri kojoj dolazi do advekcije hladnog i
suhog zraka iz unutrasnjosti, koji se spustanjem prema
morskoj povrSini grije i dodatno isu8uje, jugo kao
advekcija toplog i vlaznog zraka, te fen kao topao i suh
silazni vjetar planinskog podrudja.

Vlaznost zraka je vazna za odvijanje mnogih pro-
cesa i pojava u atmosferi, nuzna za razvoj i odrzanje zi-
vota na Zemlji, a djeluje izravno i posredno i na nezivu
prirodu. Stvaranje oblaka, magle, kiSe, rose i druge
oborine ovisi ponajprije o vlaznosti zraka. O njoj ovise
i koli¢ina vode u tlu i stanje vodotoka. Stoga vlaZznost
zraka utjeCe na mnoge ljudske djelatnosti (poljopri-
vredu, stocarstvo, gospodarenje vodama, promet, pla-
niranja u graditeljstvu, itd.), kao i na Covjekovu radnu
sposobnost, zdravlje i raspolozZenje.

Na primorskom podrucju, uz more, kao stalno pri-
sutnu izvoru vodene pare, prosjecéne godisSnje vri-
jednosti tlaka vodene pare uglavhom su 11-13 hPa i
ujedno su najvece u Hrvatskoj. lako je koli¢ina vodene
pare velika, zrak je na tom podrucju Hrvatske njome
prosje¢no najmanje zasicen, jer su ondje temperature
zraka najviSe, a na velikom se dijelu tog podrucja zrak
dodatno isusuje pri Cestom puhanju bure. Stoga je to
podrucje najmanije relativne vliaznosti zraka u Hrvatskoj
s prosje¢nim godiSnjim vrijednostima uglavnom izmedu

Vlaznost zraka Air humidity

Sumaglica nad jezerom Bajer pokraj FuZina 20.9.2004.
Mist above the Bajer Lake near FuZine, 20 September 2004.
Fotografija Fhoto by: Zorislav Zaninovi¢

Since relative air humidity is higher in cold air, there is
a higher relative air humidity average above those ter-
rains which enable ground and air cooling or where the
cold air is retained. These are, for example, frost points
and terrain depressions on the one hand, and, on the
other hand, higher mountainous parts, especially on
the windward side. Over the year, water vapour pres-
sure and air temperature increase and decrease in the
same parts of the year, while the yearly course of rela-
tive air humidity does the opposite. As anywhere else
at mid-latitude in the Earth's Northern Hemisphere, in
Croatia, water vapour pressure falls and relative hu-
midity rises due to a decrease in air temperature from
south to north. Local changes in water vapour pressure
and relative humidity can also be caused by dry or
humid air advections and the ingress of air by ascend-
ing or descending within a large or small air mass
movement. In Croatia, the most famous winds are bura,
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Jesenja magla u Hrvatskom zagorju.
Autumn fog in Hrvatsko zagorje.
Fotografija FPhoto by: Zorislav Zaninovi¢

65% i 75%. Vrijednosti opadaju od sjevera prema jugu.
U Istri variraju od najvecih na podrucju Ucke (84%) i
Ci¢arije, manjih u Pazinskoj kotlini (75-80%) do naj-
manjih (manje od 75%) na obali. U podnozju Velebita
vrlo uzak obalni pojas ima godi$nju relativnu vlaznost
izmedu 65% i 75%, uz Velebit se vrijednosti poveca-
vaju vrlo brzo s visinom, a mnogo sporije se poveca-
vaju s udaljavanjem od obale prema otocima. Na
srednjem dijelu primorskog podrucja najvece su pro-
storne promjene relativne vlaznosti zraka u Hrvatskoj —
od oko 60% na Sibenskom i splitskom podrucju do 85%
na najvisim vrhovima Dinare. Na najjuznijem dijelu pri-
morskog podrucja relativna vlaznost uglavnom ne pre-
lazi 70%, a na Dubrovackom podrucju iznosi 63%.
Gorsko podrucje Hrvatske, gdje je obalnim lancem
Dinarida otezano mijeSanje s vlaznim morskim zrakom,
otvorenije je strujanju manje vlaznog zraka iz unutra-

based on the advection of cold, dry air from the hinter-
land, which gets even drier and warmer as it descends
towards the sea surface, jugo (sirocco), a warm and
moist air advection, and foehn a warm, dry and de-
scending wind in a mountainous area.

Air humidity is very important for many processes
and phenomena in the atmosphere; it is necessary for
the development and preservation of life on Earth, and
it has a direct and indirect effect on material things. The
formation of clouds, fog, rain, dew and other precipita-
tion is firstly dependent on air humidity. Soil water con-
tent and the state of watercourses also depend on it.
Because of this, air humidity influences a number of
human activities (agriculture, livestock farming, water
management, traffic, construction planning, etc.) as
well as human health, mood and ability to work.

The average annual values of water vapour pres-
sure in the coastal area, near the sea — a constant
source of water vapour — are mostly 11-13 hPa and the
highest in Croatia. Although there is a large amount of
water vapour in this part of the country, the air is less
saturated with it because air temperatures are the high-
est and the bura wind often blows over a large part of
the area, bringing less-moist air from the hinterland, ad-
ditionally drying the air. Therefore, this is the area of
lowest relative air humidity in Croatia, with average an-
nual values mostly between 65% and 75%. Values de-
crease from north to south. In Istria, values range from
the highest in the area of Mount Uc¢ka (84%) and
Cicarija, to lower values in the Pazin Valley (Pazinska
kotlina) (75% to 80%) and the lowest (less than 75%)
on the Istrian coast. A very narrow coastal area at the
foot of Mount Velebit has an annual relative humidity
between 65% and 75%. On Velebit, values quickly in-
crease with height, but they increase much more slowly
as we move away from the coast to the islands. The
largest spatial changes of relative air humidity occur in
the central part of the coastal area, where they range
from around 60% in the areas of Sibenik and Split to

Snjosti. Ujedno, temperatura zraka se s visinom sma-
njuje, pa su na tom podrucju najvec¢ih nadmorskih vi-
sina srednje godisnje vrijednosti tlaka vodene pare, od
7 hPa do 10 hPa, najnize u Hrvatskoj. Ipak, jak utjecaj
hladenja s visinom uzrok je da je ovo takoder i podru-
¢je najvece srednje godis$nje relativne vlaznosti zraka.
Njene se vrijednosti uglavnom kre¢u izmedu 75% i
85%, a mjestimiéno na vecim visinama premasuju
85%. U velikim i najnizim dolinama smje&tenima u sje-
vernim podnozjima Velike i Male Kapele i Velebita,
srednja je godiSnja relativna vlaznost zraka uglavnom
u rasponu od 75% do 80%. U gorskom se podrudju s
najnizim vrijednostima od 70% do 75% izdvaja samo
uzak prijevoj sjevernog Velebita preko kojeg se iz unu-
trasnjosti najceSce suhi zrak za vrijeme bure slijeva na
obalno senjsko podruc¢je. U Krbavskom polju, kao i u
drugim viS§im, manjim i zatvorenijim dolinama i kotli-
nama, prosjec¢na relativha vlaznost je u rasponu od
80% do 85%, zato jer su zatvorene licke doline Cesto,
zimi kao i nocu tijekom godine pri vedrom vremenu, po-
dru¢ja skupljanja i taloZzenja hladnog i vlaznog zraka.
Neka najviSa podrucja Gorskog kotara i PljeSevice, te
rijetka na Velikoj i Maloj Kapeli imaju relativnu vlaznost
zraka vec¢u od 85%, a samo mijestimi¢no u Gorskom
kotaru i na PljeSevici ve¢u od 90%. Tome najvise do-
prinosi prisilno dizanje (uz obalne planine) tople i viaz-
ne zracne struje koja dolazi s juga, preko Sredozemlja
i Jadrana. Relativno velikoj vlaznosti i na mnogo nizoj
Zrinskoj gori u unutra$njosti pridonose strujanja iz ne
mnogo nizih, ali vlaznih rijenih dolina kojima je okru-
zena.

Ravnicarski dio kontinentalne Hrvatske je podrucje
najjednoli¢nije prostorne razdiobe vlaznosti zraka. Sre-
dnji godisniji tlak vodene pare uglavnom je svugdje oko
11 hPa. Vrijednosti srednje godi&nje relativne vlaznosti
zraka smanijuju se od zapada prema istoku, jer viazne
zraCne mase, kreCuci se s Atlantskog oceana ili Sre-
dozemnog mora prema unutrasnjosti kontinenta, stizu
manje vlazne do udaljenijih isto¢nih predjela. Takoder,
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85% on the highest peaks of the Dinara. In the south-
ernmost coastal area relative air humidity mainly does
not exceed 70%, and in the areas of Dubrovnik it is
63%.

The highlands, where the coastal range of the Di-
narides obstructs the mixing of air with moist sea air,
are more open to the inflow of less-moist air from the
hinterland. At the same time, temperature decreases
with height (altitude) and that is why in this area, where
altitudes are the highest (on average), the mean an-
nual water vapour pressure values, ranging from 7 hPa
to 10 hPa, are the lowest. However, the strong effect of
cooling with height results in the highest mean annual
relative air humidity in this area. Relative air humidity
values range mostly between 75% and 85% and ex-
ceed 85% somewhere at higher altitudes. The mean
annual relative air humidity in the largest and lowest
valleys at the northern foot of the Velika Kapela, Mala
Kapela and Velebit is mostly 75%—80%. In the high-
lands, a narrow mountain pass on northern Velebit
stands out with the lowest values from 70% to 75%. It
is mostly across this pass that dry air flows from the in-
terior to the coastal area of Senj during the bura wind.
The average relative humidity in the Krbava Field (Kr-
bavsko polje) is 80%—85%, as it is in other higher,
smaller and more enclosed valleys and basins because
the enclosed valleys of Lika are areas where cold and
moist air often gathers and settles during the winter and
on clear nights during the year. Relative air humidity
exceeds 85% in some highest areas of Gorski kotar
and PljeSevica, as well as in few places of Velika
Kapela and Mala Kapela. In only few locations of
Gorski kotar and PljeSevica relative air humidity even
exceedes 90%. The forced orographic lift of warm and
moist southern air masses (coming over the Mediter-
ranean and the Adriatic Sea) up the heights of the Adri-
atic coastal mountains contributes mostly to high
relative air humidity there. The inland mountain Zrinska
gora is considerably lower, but air flowing from the not
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isto¢ni dio je izloZeniji strujanju suhog zraka sa sjeve-
roistoka iz unutrasnjosti kontinenta, pa je ondje gotovo
svugdje, a u sjeverozapadnoj Hrvatskoj djelomice, re-
lativna vlaznost zraka najmanja i kre¢e se u rasponu
od 75% do 80%. Dijelovi Medimurja, Posavine, te Tu-
ropolje i Lonjsko polje, uz rijeke kao stalni izvor vodene
pare, imaju nesto vecu relativnu vlaznost (80-85%).
GodiSnja relativna vlaznost zraka samo mjestimi¢no na
najvi§im i najhladnijim dijelovima Zumberagke gore
moze biti ve€a od 85%, dok na njenim nizim dijelovima,
te nekim brezuljkastim podrucjima Bilogore, Moslava-
Cke Gore, Hrvatskog Zagorja i Medvednice iznosi od
80% do 85%.

Razlike vlaznosti zraka izmedu dva tridesetogodis-
nja razdoblja, 1961-1990. i 1971-2000., ukazuju na
vecem dijelu Hrvatske na prosje¢no godi$nje malo veci
tlak vodene pare (0,1-0,3 hPa) i malo manju relativhu
vlaznost zraka (0,2-2,1%) u novijem razdoblju. Takve
su promjene u skladu s uocenim povecéanjem tempe-
rature zraka u razdoblju 1971-2000. Razlike kako
srednjih godidnjih, tako i srednjih mjesec¢nih i sezon-
skih vrijednosti tlaka vodene pare i relativne vlaznosti
zraka iz dva razdoblja su male, odnosno manje od pri-
padnih standardnih devijacija za razdoblje 1961-1990.

Godisnji hod srednjeg mjese¢nog tlaka vodene
pare na cijelom je podrucju Hrvatske vrlo pravilna val-
nog oblika koji prati rast i pad temperature zraka, s mi-
nimumom u sije€nju i maksimumom uglavnom u srpnju
u ravnic¢arskom dijelu kontinentalne Hrvatske i gorskoj
Hrvatskoj, a u kolovozu u primorskoj Hrvatskoj. Kolo-
voski je maksimum posljedica toga $to se more grije
sporije nego kopno. Kako je more najtoplije u kolovozu,
ono se tada i najjace isparava i najviSe doprinosi po-
vecanju koli¢ine vodene pare u primorskom zraku. Pro-
sjeCne mjesecne vrijednosti se kreCu u primorskoj
Hrvatskoj od 6 do 20 hPa, u gorskoj Hrvatskoj od 4 do
16 hPa i u ravni¢arskom dijelu kontinentalne Hrvatske
od 5 do 18 hPa. Prosje¢na je amplituda godiSnjeg hoda
najmanja u gorskoj (7—11 hPa), veca u primorskoj (10—

much lower and moist river valleys surrounding it con-
tributes to relatively great level of humidity.

Lowland, continental Croatia is the area of the most
uniform spatial distribution of air humidity. Mean annual
water vapour pressure is around 11 hPa almost every-
where. The values of mean annual relative air humid-
ity decrease from west to east because moist air
masses (coming from the Atlantic Ocean or the
Mediterranean Sea), on their way towards the interior,
reach the remote eastern regions with decreased hu-
midity. The eastern part is also more exposed to the
flow of dry air from the north-east of the continental hin-
terland so relative humidity is the lowest there, as it is
in certain areas of north-western Croatia, mostly rang-
ing from 75% to 80%. Parts of Medimurje, Posavina,
as well as Turopolje and the Lonja Plain (Lonjsko polje),
located close to rivers (a constant source of water
vapour), have a slightly higher relative air humidity
(80%—85%). Annual relative air humidity can be higher
than 85% only in some parts of the highest and coldest
areas of the Zumberak Mountains, while it is 80% to
85% in the lower parts of these mountains and on some
hilly terrains of Bilogora, Moslavacka gora, Croatian
Zagorje (Hrvatsko zagorje) and Medvednica.

The differences in humidity between the two 30-year
periods (1961-1990 and 1971-2000), point to a slightly
higher yearly water vapour pressure average (0.1 hPa
to 0.3 hPa higher) and a slightly lower relative air hu-
midity (0.2 —2.1% lower) in the latter period, in most of
Croatia. These changes coincide with the observed air
temperature increase in the 1971-2000 period. The dif-
ferences in the mean annual, as well as in the average
monthly and seasonal values of water vapour pressure
and relative humidity are small, that is, smaller than the
corresponding standard deviations in 1961-1990.

The annual course of average monthly water
vapour pressure has a very regular wave-type form
throughout Croatia, which coincides with the annual
course of air temperature, with a minimum in January

12 hPa), a najveca u ravniCarskoj Hrvatskoj (12—13
hPa).

Godisnji hod srednje mjesecne relativne viaz-
nosti zraka u Hrvatskoj ima dva osnovna oblika (gra-
fikoni uz kartu srednje godisnje relativne vlaznosti). Na
primorskom je podrucju nepravilan i ima oblik dvostru-
kog vala s vrlo izrazenim glavnim minimumom u srpnju
i glavnim maksimumom uglavnom krajem jeseni ili zimi,
te, na velikom dijelu, sekundarnim minimumom u ve-
ljiaCi, a sekundarnim maksimumom u svibnju. Specifi-
¢an je godiSnji hod vrdnog podrucja Velebita (Zavizan),
koji ima izrazeni minimum u srpnju (75%) i podjednake
maksimume u veljali (84%) i studenom (83%). Ostali
krajevi Hrvatske imaju u godiSnjem hodu glavni maksi-
mum u prosincu, a puno slabiji u lipnju, te dva mini-
muma, jedan minimum u travnju koji je izrazeniji u
ravniCarskoj Hrvatskoj, i drugi u srpnju, izraZeniji po-
negdje u gorskoj Hrvatskoj. Glavni je maksimum rela-
tivne vlaznosti u primorskom podrucju Hrvatske velikim
dijelom posljedica znatne ciklonalne aktivnosti u jesen
popraéene povecanjem naoblake i padanjem oborine,
ali i duga no¢nog hladenja i kratka danjeg grijanja
zraka, koje u prosincu najvisSe doprinosi pojavi glavnog
maksimuma u unutradnjosti. U prosje¢no svugdje naj-
toplijem srpnju, glavni je minimum relativne vlaznosti
zraka izraZeniji u primorskom podrucju nego u gorskoj
Hrvatskoj, a u ravni¢arskoj je Hrvatskoj u srpnju tek se-
kundarni minimum. To je posljedica kratkotrajnih pro-
dora svjezeg zraka koji ljeti Cesto prolaze sjevernom
Hrvatskom donoseci oblake i kiSu, a teSko se i rijetko
prebacuju preko planina na Jadran. Lipanjski prodori
svjezeg zraka su, uz nesto nize temperature zraka ne-
go u srpnju, ¢ak uzrok sekundarnog lipanjskog mak-
simuma relativne vlaznosti u unutrasnjosti Hrvatske.
Travanjski minimum relativne vlaznosti pojavijuje se
kao posljedica naglog proljetnog zagrijavanja zraka, te
barem djelomino kao posljedica smanjene transpira-
cije prije poCetka listanja polovinom travnja. U primor-
skoj je Hrvatskoj pojavljivanje sekundarnog minimuma
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and a maximum mostly in July (in the lowland, conti-
nental part and in the highlands) and in August (on the
coast). The August maximum is a consequence of the
fact that the sea warms more slowly than the land. And
the sea being the warmest in August, it evaporates the
most and contributes largely to the increase in water
vapour amount in the coastal air. The average monthly
values range from 6 hPa to 20 hPa on the coast, from
4 hPato 16 hPa in the highlands and from 5 hPa to 18
hPa in the lowland, continental part. The average an-
nual course amplitude is the lowest in the highlands (7
hPato 11 hPa), higher on the coast (10 hPa to 12 hPa)
and the highest in lowland Croatia (12 hPa to 13 hPa).

The annual course of mean monthly relative air
humidity has two basic forms (graphs next to the
mean annual humidity map). In the coastal area, it is
irregular and has the form of a twofold wave with a very
pronounced main minimum in July and a main maxi-
mum mostly at the end of autumn or in winter. Over a
large part of the area, there is a secondary minimum in
February and a secondary maximum in May. The an-
nual course in the peak area of Velebit (Zavizan) is spe-
cific — it has a pronounced minimum in July (75%) and
similar maximum values in February (84%) and No-
vember (83%). The annual course in other parts of
Croatia has its main maximum in December, a much
weaker maximum in June and two minimum values: in
April, more pronounced in the lowlands, and in July,
pronounced in some parts of the highlands. The main
relative humidity maximum on the coast is mostly a
consequence of significant cyclone activity in autumn
(followed by an increase in convection and precipita-
tion) and also of the long night cooling and short daily
air warming, which contributes mostly to the main in-
land maximum in December. In July, on average the
warmest month, the main minimum of relative air hu-
midity is more pronounced in the coastal area than in
the highlands, while in the lowlands, the minimum in
July is only a secondary one. This is a consequence of
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Jutarnja sumaglica.
Morning mist.
Fotografija Photo by: Zorislav Zaninovi¢

u veljadi vjerojatno dijelom posljedica Ceste bure, te &i-
njenice da je tada more prosje¢no najhladnije pa se i
najmanje isparava. Pojavljivanju sekundarnog maksi-
muma u svibnju doprinosi jo$ neisuSeno tlo. Specifi¢-
nost zavizanskih srednjih vrijednosti relativne vlaznosti
zraka u prosincu i sije¢nju, manjim nego u susjednim
mjesecima, posljedica je zimskih radijacijskih tempe-
raturnih inverzija, kad su kotline i doline zastrte maglom
i niskim oblacima, dok su planinski vrhunci iznad
oblaka. Srednje mjesecCne vrijednosti relativne vlazno-
sti u ravniCarskoj Hrvatskoj krecu se od 69% do 90% s
najmanjom amplitudom godi$njeg hoda na sjevernom
dijelu (11%) i najvecom na isto€nom dijelu (18%). U go-
diSnjem hodu gorske Hrvatske raspon srednjih mje-
sec¢nih vrijednosti jest od 70% do 87% s najmanjom
amplitudom godiSnjeg hoda na najviSim predjelima
(10%) i najvecom u Li¢kom polju (15%). Prema poda-
cima s 9 analiziranih postaja, primorska Hrvatska ima

short-term fresh air outbreaks, which in summer often
pass through northern Croatia bringing in clouds and
rain, but rarely and with difficulty crossing over the
mountains to the Adriatic. Fresh air outbreaks in June,
when air temperature is somewhat lower than in July,
cause the June secondary relative humidity maximum
inland. The April relative humidity minimum is a conse-
quence of sudden spring warming of the air, and, at
least partly, of reduced transpiration before leafing in
mid-April. In the coastal area, the occurrence of a sec-
ondary minimum in February is probably partly caused
by frequent bura and the fact that the sea is then the
coldest on average, so it evaporates the least. The oc-
currence of a secondary maximum in May is enabled
by the still not dried-up soil. The specificity of the mean
relative air humidity values in December and January at
Zavizan, which are lower there than in November and
February, is a consequence of winter radiation tem-
perature inversions, when the basins and valleys are
covered with fog and low clouds, while the mountain
peaks are above the clouds. The mean monthly relative
humidity values in lowland Croatia range from 69% to
90%, with the lowest annual course amplitude in the
northern part (11%) and the highest amplitude in the
eastern part of the area (18%). The range of average
monthly values in the annual course in the highlands
is from 70% to 87%, with the lowest annual course am-
plitude in the highest parts (10%) and the highest am-
plitude in the Lika Plain (Li¢ko polje) (15%). According
to the analysed data from 9 meteorological stations, the
mean monthly relative humidity values on the coast
range from 49% to 81%, with the lowest annual course
amplitude in the area of Zadar (7%), the highest am-
plitude in the area of Split (15%) and amplitudes from
9% to 13% in most of the coastal area.

The minimal-term relative air humidity has the
lowest values mainly in the spring and autumn months
over most of the country. The circumstances which con-
tribute to this are air temperature on the one hand,

srednje mjesecne vrijednosti relativne vlaznosti u ras-
ponu od 49% do 81%, uz najmanju amplitudu godis-
njeg hoda na zadarskom podrucju (7%), najvecu na
splitskom (15%), te amplitude od 9% do 13% na naj-
vecem dijelu primorske Hrvatske.

Minimalna terminska relativha vlaznost zraka
ima na najve¢em podrucju Hrvatske najmanje vrijed-
nosti uglavnom u proljetnim ili jesenskim mjesecima.
Okolnosti koje tomu doprinose jesu s jedne strane tem-
peratura zraka koja je viSa nego zimi i znatno maniji tlak
vodene pare nego ljeti. Najnize vrijednosti relativne
vlaznosti pod osjetnim su utjecajem danjeg grijanja
zraka pa se obi¢no biljeze u popodnevnom terminu (ij.
u 14 sati), a ponekad i fenski efekt u blizini planina do-
datno snizava relativnu vlaznost zraka. Tijekom godine
minimalne se terminske vrijednosti javljaju uglavnhom
pri izrazenom spusdtanju suhog zraka iz velike visine.
Na podrucju ravniarske kontinentalne Hrvatske mini-
malna je vlaznost tijekom godine uglavnom u rasponu
od 20% do 30%, u gorskoj Hrvatskoj na vrSnom po-
dru€ju Velebita od 5% do13% a na ogulinskom i po-
dru¢ju Gorskog Kotara od 11% do 33%. Na vecem je
dijelu primorske Hrvatske minimalna vlaznost zraka
uglavnom izmedu 10% i 20%, na Kvarnerskim otocima
i zapadnoj obali Istre dosiZze do 26%, a u dalmatinskom
zaledu spusta se do 6%.

Izrazito vlazni dani, kad se relativna vlaznost zraka
niti u 14 sati (kad je inaCe najmanja) ne spusta ispod
80%, najceSce se mogu ocekivati u gorskoj Hrvatskoj
(od 86 do 188 dana), rjede u ravniarskim kontinental-
nim krajevima (od 75 do 99 dana), a najrjede u primor-
skim (od 32 do 61 dan). NajceSce se pojavljuju u
razdoblju od listopada do oZujka. NajviSe dana izrazito
velike vlaznosti zraka na mjesec ima uglavnom u pro-
sincu ili sije€nju, a najmanije ih je u srpnju, kad se na
pojedinim primorskim podruc¢jima ne pojavljuju svake
godine. Opisane su osobine posljedica jake ovisnosti
izrazito velike vlaznosti zraka o temperaturi. Ta je ovis-
nost vidljiva i iz relativno pravilna godiSnjeg hoda sre-
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which is higher than in winter, and, on the other hand,
water vapour pressure which is significantly lower than
in summer. The lowest values of relative air humidity
are significantly influenced by the daily warming of the
air and are, therefore, often recorded in the afternoon
term (at 2 pm). Sometimes the foehn-effect in the vici-
nity of mountains additionally lowers relative air hu-
midity. During the year, minimal values at the time of
observation are recorded mostly when there is a pro-
nounced descent of dry air from high altitudes. Minimal
humidity in lowland, continental Croatia, during the
year, ranges mostly from 20% to 30%, while in the high-
lands ranges from 5% to 13% (the peak area of Velebit)
and from 11% to 33% (the Ogulin area and Gorski
kotar). Along most of the coast, minimal humidity
ranges mainly from 10% to 20%, while values have
been known to reach 26% on the Kvarner islands and
on the western coast of Istria. In the Dalmatian hinter-
land, values as low as 6% and 7% have been measu-
red.

Extremely humid days, when relative air humidity
does not go below 80%, even at 2 pm (when it is usu-
ally at its lowest), can most often be expected in the
highlands (86 to 188 days), less often in the lowland,
continental areas (75 to 99 days) and least frequently
in the coastal area (32 to 61 days). They most often
occur from October to March. The months of December
and January have most often the greatest number of
extremely humid days while July has the fewest — in
certain coastal areas they do not occur every year in
July. The described characteristics are a consequence
of the very pronounced dependence of extremely high
humidity on air temperature. This dependence is visible
from the relatively regular annual course of the mean
monthly number of extremely humid days which is op-
posite to the regular annual temperature course, and
also from the greater differences in the number of ex-
tremely humid days over the year in places where the
temperature differences between the coldest and the
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dnjeg mjese€nog broja izrazito vlaznih dana koji je su-
protan od godiSnjeg hoda temperature, te po veéim raz-
likama u broju izrazito vlaznih dana Sto je veca
temperaturna razlika izmedu najtoplijeg i najhladnijeg
mjeseca. Zimi znatno vecoj koli€ini izrazito vlaznih
dana u unutrasnjosti nego u primorju pridonosi s jedne
strane jaCe ohladivanje zraka nad kopnom nego nad
morem, koje povecava relativhu vlaznost u unutra-
Snjosti, i s druge strane bura, pri kojoj se u primorju re-
lativna vlaznost jako smanjuje. U ostalim su godiSnjim
dobima u unutra$njosti, a na Jadranu cijele godine, iz-
razito vlazni dani naj¢e$¢e povezani s ciklonalnim ak-
tivnostima, odnosno naj¢eS¢e s padanjem oborine.
Kako su te aktivnosti na Jadranu rjede, cijele je godine
manje izrazito vlaznih dana na Jadranu nego u unutra-
Snjosti. U ravni¢arskim kontinentalnim krajevima takvih
je dana u prosincu od 15 do 19, u gorskoj Hrvatskoj od
15 do 22, a u primorskoj Hrvatskoj od 5 do 10. Izrazito
vlaznih dana u srpnju ima od 2 do 3 u ravni¢arskim kon-
tinentalnim krajevima, od 2 do 7 u gorskoj Hrvatskoj, a
najviSe 2 dana u primorskim krajevima. Naglo smaniji-
vanje broja izrazito vlaznih dana od sije¢nja do ozujka,
te naglo povecavanje od listopada do prosinca osobito
je izrazeno u ravnic¢arskim kontinentalnim krajevima i
gorskoj Hrvatskoj.

Broj dana izrazito velike vlaznosti zraka u razdoblju
1971-2000. u odnosu na razdoblje 1961-1990. uglav-
nom je smanjen osobito zimi (za do 5 dana), manje u
proljeCe (za do 2 dana) i najmanije ljeti, dok je u jesen
gotovo u cijeloj Hrvatskoj pove¢an u odnosu na starije
razdoblje (uglavnom za do 2 dana).

Dani izrazito male vlaznosti zraka, u kojima se u
jednom od klimatoloskih termina motrenja izmijeri rela-
tivna vlaznost manja ili jednaka 30%, u Hrvatskoj su
uglavnom rijetki, a ne&to su ¢e&¢i u primorskoj Hrvat-
skoj. Tomu je uzrok advekcija suhog zraka za vrijeme
uCestale bure ponajvise poCetkom proljeca, a ljeti vi-
soka temperatura zraka, suho tlo zbog izostanka kiSe i
ponekad spustanje zraka iz visine. Na Kvarnerskim

warmest month are also greater. In winter, the number
of extremely humid days is significantly higher in the
hinterland than on the coast, primarily because of
stronger air cooling above the land than above the sea,
which increases relative humidity in the hinterland, and,
secondly, because of the bura wind. When the bura
blows, relative humidity decreases significantly on the
coast. In the other seasons (autumn, spring and sum-
mer), in the hinterland, and during the whole year on
the Adriatic coast extremely humid days are most com-
monly linked to cyclonic activities, especially when they
are associated with precipitation. Since these activities
are more rare on the Adriatic, throughout the year there
are fewer extremely humid days on the coast than in-
land. In December, 15 to 19 such days occur in the low-
land, continental areas, 15 to 22 days in the highlands
and 5 to 10 days on the coast. In July, 2 to 3 extremely
humid days occur in the lowland, continental areas, 2
to 7 days in the highlands and not more than 2 days on
the coast. An abrupt decrease in the number of ex-
tremely humid days in the period from January to
March and a rapid increase in the period from October
to December is especially pronounced in the lowland,
continental areas and the highlands.

The number of days with extremely high air humid-
ity in the period 1971-2000 generally decreased in re-
lation to the period 1961-1990, especially in winter (up
to 5 days), less in spring (up to 2 days) and the least in
summer, while in autumn it increased almost through-
out the country (mostly up to 2 days).

Days with extremely low air humidity, when rela-
tive humidity equal to or below 30% can be measured
in one of the climatological terms of observation, are
generally infrequent in continental Croatia but slightly
more frequent in the coastal area. This is caused by
cold air advection during frequent bura, mostly at the
beginning of spring, and by high air temperature, dry
ground (due to lack of rain) and the occasional de-
scending air from high altitudes, in summer. Extremely

otocima, zapadnoj obali Istre i u zadarskom podrucju
izrazito se mala vlaznost zraka pojavljuje u 4 do 6 dana,
na juznijim otocima u oko 15 dana, a na preostalom di-
jelu obale i dalmatinskom zaledu u 24 do 49 dana na
godinu. Na velikom je dijelu Hrvatske izvan primorskog
podrucja prosjecno na godinu manje od 6 dana izrazito
male vlaznosti zraka. Nesto ih je viSe u gorskoj Hrvat-
skoj na vré&nom podrucju Velebita (18) i Li¢kog polja
(16), te u srediSnjem (13) i istocnom (10) dijelu ravni-
Carske kontinentalne Hrvatske. Godi$nji hod dana iz-
razito male vlaznosti zraka uglavnom je nepravilan.
Obi¢no ih ima najvise pocetkom ili sredinom proljeca i
sredinom ili krajem ljeta. Jedino su na vr$nom podrucju
Velebita i u dubrovackom podrucju najées¢i u hladnom
dijelu godine.

Dani izrazito male vlaznosti zraka su u razdoblju
1971-2000. u svim godidnjim dobima prosjecno cesci
nego u razdoblju 1961-1990. na gotovo cijelom po-
dru¢ju Hrvatske (za do 7 dana po godiSnjem dobu). Nji-
hova je ucCestalost najmanje poveé¢ana, a u nekim
godisnjim dobima mjestimi¢no i malo smanjena na rav-
ni¢arskom podrucju kontinentalne Hrvatske. Prosje¢no
je broj dana izrazito male vlaznosti najvise poveéan na
primorskom podruéju, no ljeti su na tom podrucju ve-
lika povecanja u odnosu na ranije razdoblje samo u:
srediSnjoj Istri, rije€kom, kninskom i dubrova¢kom po-
drudju, dok drugdje promjena gotovo i nema
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low air humidity on the Kvarner islands, the western
coast of Istria and in the area of Zadar occurs for 4 to
6 days, on the islands further south for around 15 days,
and on the other parts of the coast and in the Dalma-
tian hinterland for 24 to 49 days yearly. On average,
there are fewer than 6 days per year of extremely low
air humidity in most of the country, apart from the
coastal areas. Such days occur with somewhat greater
frequency in the highlands —in the peak area of Velebit
(18) and the Lika Plain (LiCko polje) (16), and in the
central (13) and eastern (10) part of lowland, continen-
tal Croatia. The annual course of days with extremely
low air humidity is mostly irregular. They usually occur
at the beginning or in the middle of spring or in the mid-
dle or at the end of summer. They are most frequent
during the cold part of the year only in the peak area of
Mount Velebit and in the area of Dubrovnik.

Days with extremely low air humidity in the period
1971-2000, in all seasons, were more frequent on ave-
rage than in the period 1961-1990 almost throughout
the country (up to 7 days per season). The smallest in-
crease in their frequency is in the lowlands of the con-
tinental part, in some seasons, and in some places
even a decrease can be noted. The average number of
days with extremely low humidity increased the most
in the coastal area. However, in summer, a substantial
increase can be seen only in central Istria and the
areas of Rijeka, Knin and Dubrovnik, while in other
areas the changes are hardly noticeable.
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Pri srednjoj udaljenosti Zemlje od Sunca, intenzitet
Sunceva zracenja koje padne u jedinici vremena na je-
dini¢nu povrsinu okomitu na smjer Suncevih zraka, na
gornjoj granici atmosfere, iznosi 1367 Wm2. Ta vrijed-
nost Sunceva ozracenja na vrhu atmosfere poznata je
kao Sunceva konstanta. Teorijska prostorna raspodjela
godis$nje dozracene suncane energije na horizontalnoj
plohi pokazivala bi u skladu s astronomskim zakonima,
za slu€aj Rayleigheve atmosfere (bez vodene pare,
oblaka i aerosola), smanijivanje vrijednosti od ekvatora
prema polovima.

Medutim, na svom putu do Zemljine povrsSine, dio
zraCenja se apsorbira na plinovima i primjesama u at-
mosferi, a dio se zraCenja rasprsi. Tako na povrsinu
Zemlje osim direktnog Sunceva zracenja, dolazi i difu-
zno, a na nagnute plohe i reflektirano zraCenje, Sto daje
ukupno Suncevo ozracenje neke plohe. Najvedi utje-
caj na prolazak Suncevih zraka kroz atmosferu imaju
vodena para i kapljice vode, na €iju prisutnost u zraku
ukazuje naoblaka. Naoblaka ovisno o vrsti moze pri-
donijeti smanjenju direktne komponente, ali i povecanju
difuzne komponente ukupnog ozracenja. Ako se vri-
jednosti ozra¢enja [Wm] promatraju kroz neko vre-
mensko razdoblje, npr. dan, mjesec ili godinu, tada se
govori 0 dnevnoj, mjesecnoj ili godidnjoj ukupnoj do-
zraenoj suncanoj energiji [Jm2] na plohu. U unutra-
Snjosti Hrvatske smanjenje dozraene energije u
godisnjem hodu vezano je uz povecanu nisku naoblaku
u zimskim anticiklonama, dok su manje vrijednosti go-
diSnje ukupne dozracene energije na obali rezultat po-
vecCane naoblake prilikom prolaska ciklona.

Zbog utjecaja koji na naoblaku ima orografija, i pro-
storna je razdioba ukupne dozraene suncane energije
posredno modificirana reljefom. Utjecaj planina na Sun-
Cevo zraCenje mijenja se ovisno o tome da li u godis-
njem hodu naoblake prevladava ljetni ili zimski u€inak
ili se medusobno ponistavaju. Ljeti pove¢ana naoblaka
na planinama, koja nastaje u svjezoj zratnoj masi s At-
lantika koja je dosla iza repa hladne fronte, smanjuje

At mean distance between the Earth and the Sun,
the intensity of incoming solar radiation per unit area
perpendicular to the solar beam, in a unit of time, at the
outer margin of the Earth’s atmosphere, is 1367 Wm-=.
This value of solar irradiance on the outer surface of
the Earth’s atmosphere is known as solar constant. A
theoretical spatial distribution of annual global solar ir-
radiation on a horizontal surface would, in accordance
with the laws of astronomy, in Rayleigh‘s atmosphere
(without water vapour, clouds and aerosols), show a
decrease in value from the equator towards the poles.

However, on its way to the Earth’s surface, part of
the radiation is absorbed by the greenhouse gasses
and vapours in the atmosphere and part of it is scat-
tered. Therefore, solar radiation reaching the Earth is
not only direct but also scattered and reflected (on in-
clined surfaces), resulting, together, in global solar ir-
radiance at ground level. If irradiance values [Wm] are
observed over a time period of, for example, a day,
month or year, then we deal with daily, monthly or
yearly global irradiation [Jm?] on a surface. Water
vapour and water droplets, whose presence in the air
is suggested by cloud cover, have the biggest influence
on the incoming Sun rays through the atmosphere. De-
pending on the type, cloudiness can contribute to the
decrease of the direct component or the increase of the
diffuse component of global irradiance. In inland Croa-
tia, the decrease in the annual course of global irradi-
ation is connected with increased low cloudiness in the
winter anticyclones, while the lower values of global ir-
radiation on the coast are connected with increased
cloudiness during the passage of cyclones.

As orography influences cloud cover, the spatial dis-
tribution of global solar irradiation is also indirectly mod-
ified by relief. The influence of mountains on solar
radiation differs depending on whether there is a pre-
vailing summer or winter effect in the annual course of
cloudiness or whether they are mutually exclusive. In
summer, cloudiness formed in a colder air mass com-

vrijednosti ukupne dozra¢ene suncane energije, dok su
zimi planine vedrije zbog karakteristi¢nih zimskih pri-
zemnih inverzija u kojima se oblaci formiraju na visi-
nama nizim od vrhova planina. To doprinosi ve¢im
vrijednostima ukupne dozraene sun€ane energije na
planinskim vrhovima zimi. ViSe planine tako u godisnjoj
slici imaju manije vrijednosti ukupne dozra¢ene energije
zbog prevladavajuéeg lijetnog u€inka oblaka, dok su
kod nizih planina ovi u€inci podjednaki te se po vrijed-
nostima primljene energije one ne razlikuju bitno od
okolnih dolina.

Mjerenja ukupnog ozracenja u Hrvatskoj zapocela
su 1948. godine na opservatoriju Zagreb-Gri¢ Robitz-
schevim aktinografom. Podacima Sunceva zraenja
opcenito je pridavana mala paznja, s povremenim raz-
dobljima veéeg interesa. Tako je 1983. godine mjerenja
obavljalo osam postaja, da bi 1989. godine mjerenja
ukupnog ozra¢enja u nadleznosti Drzavnog hidrome-
teoroloSkog zavoda bila potpuno obustavljena. Mreza
postaja pocinje se ponovno formirati 2003. godine. Me-
dutim i tako malobrojna i rijetka mjerenja mogu se ko-
ristenjem statistiCkih metoda regresijske, te novije
metode geostatistiCke analize podataka, iskoristiti za
proraCun dozraCene suncane energije na podrucju ci-
jele Hrvatske, za izradu digitalne karte srednje godisnje
ukupne dozraCene sun€ane energije kao i za proracun
dozracene energije na nagnute plohe.

Dozra€enu suncanu energiju za podrucje Hrvatske,
na postajama na kojima se ozra¢enje ne mjeri, moguce
je procijeniti na temelju veze izmedu srednje dnevne
ukupne dozracene energije i srednjeg dnevnog traja-
nja sijanja Sunca, tj. osuntavanja. Te su veze uspo-
stavljene na temelju mjerenja ukupnog ozracenja u
desetogodiSnjem razdoblju 1970-1979. na Sest postaja
u Hrvatskoj kao i na pet postaja s drugih podrucja bivse
SFR Jugoslavije te proracuna relativnog osun¢avanja.

Vrijednosti osun¢avanja za 131 postaju u Hrvatskoj
dobivene su na temelju modificirane prostorne razdiobe
osunc¢avanja. Niti taj parametar ne mjeri se na svim tim

Suncevo zraenje Solar radiation

Mjerenje rasprsenog Suncevog zracenja piranometrom sa
sjenilom u obliku prstena na opservatoriju Split-Marjan. The
measuring of diffuse solar radiation by pyranometer with
shadow ring at the Split-Marjan observatory.

Fotografija Photo by: Krunoslav Premec

ing from the Atlantic at the back of a cold front reduces
global irradiation, whereas in winter, the sky is clearer
in the mountains due to the characteristic winter inver-
sions where a cloud cover forms at altitudes lower than
the mountain peaks. This increases the global irradia-
tion values on the mountain peaks in winter. Higher
mountains have lower annual global irradiation values
because of the prevailing summer effect of cloudiness,
whereas lower mountains have equal summer and win-
ter effects and do not differ considerably in irradiated
energy from the surrounding valleys.

Measurements of global solar irradiance in Croatia
started in 1948, at the Zagreb-Gri¢ observatory, by
means of a Robitzsch actinograph. Information on solar
radiation was usually given little attention at the time,
with only occasional periods of increased interest. In
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postajama, ve¢ je dobiven na temelju regresijske veze
izmedu osuncavanja i naoblake uspostavljene na po-
dacima s 37 postaja. Relativho osun€avanje proracu-
nato je za 20-godiSnje razdoblie 1961-1980.
Usporedbom veze relativnog dnevnog osuncavanja i
relativne dnevne dozracene energije na postajama Za-
greb-Maksimir (kontinentalna Hrvatska) i Split-Marjan
(primorska Hrvatska) za razdoblja 1970-1979. i 1961—
1980. pokazano je da se odnos ta dva elementa nije
bitno promijenio u tim razdobljima, te je zaklju¢eno da
se isto moze pretpostaviti i za ostale postaje. To je
omogucilo da se podaci srednje dnevne dozracene
energije dobiveni iz kraceg 10-godiSnjeg razdoblja
svedu na 20-godiSnje za sve postaje uklju¢ene u ana-
lizu (131). Tako gusta mreza postaja s prorac¢unatom
srednjom dnevnom ukupnom dozracenom energijom
omogucila je izradu karata srednje mjese¢ne i godis-
nje ukupne dozraene suncane energije za razdoblje
1961-1980. za podrucje Hrvatske.

U okviru Klimatskog atlasa prezentirana je nova, di-
gitalna karta, srednje godisSnje ukupne dozracene sun-
Cane energije na horizontalnu plohu za razdoblje
1961-1980. uz uvazavanje digitalnog modela reljefa
(DMR) i karata srednjih mjesec¢nih i srednje godisSnje
temperature zraka. Karta je izradena s rezolucijom
1000 m u skladu s rezolucijom digitalnog modela re-
liefa i karata srednjih mjesecnih i godiSnje temperature
zraka. Osnovna svrha takva prikaza jest procjena iz-
nosa dozraene energije i na prostorima na kojima
ozracenje nije mjereno. Daljnje primjene vezane su uz
procjene isplativosti upotrebe sun¢ane energije kao al-
ternativhog oblika energije. U sklopu GIS-a (Geograf-
skog informacijskog sustava) karta se u digitalnom
obliku moze koristiti za direktan prorac¢un meteorolo-
Skih i fenoloskih parametara koji ovise o srednjoj go-
diSnjoj ukupnoj dozracenoj sun¢anoj energiji ili iz nje
izvedenih veli€ina, kao §to su, npr. prosjetna tempera-
tura tla, vlaznost tla, vlaznost zraka i sl.

U skladu s vrijednostima srednje godiSnje ukupne
dozraCene suncane energije, za podrucje Hrvatske de-

1983, there were eight stations performing such mea-
surements, but already in 1989 global irradiation mea-
surements run by the Meteorological and Hydrological
Service (DHMZ) were completely stopped. In 2003, the
network of stations was reinstated. Using statistical re-
gression methods and newer geostatistical data analy-
sis methodology, even such a small number of
measurements can now be used to calculate irradiated
solar energy throughout Croatia, to produce a digital
map of mean annual global solar irradiation and also
to calculate the irradiated energy on inclined surfaces.

Irradiated solar energy in some parts of Croatia, in
stations where this parameter is not being measured,
can be evaluated from the relationship between mean
daily global solar irradiation and mean sunshine dura-
tion. This approach is justified by the results of 10 years
of measurements of global solar irradiance in the pe-
riod 1970-1979, at six stations in Croatia and at five
stations in other areas of former Yugoslavia. The values
of sunshine duration for 131 stations in Croatia have
been obtained on the basis of a modified spatial distri-
bution of sunshine duration. However, even this pa-
rameter is not measured at all the stations, but has
been obtained from the regression relationship be-
tween sunshine duration and cloudiness at 37 stations.
Relative sunshine duration was calculated for a 20-year
period (1961-1980). The relationship between relative
sunshine duration and relative daily global solar irradi-
ation at the Zagreb-Maksimir station (continental Croa-
tia) and the Split-Marjan station (coastal Croatia) was
compared for the periods 1970-1979 and 1961-1980,
and the results showed that the relationship had not
essentially changed in those two periods, so it was safe
to conclude that a similar supposition can be also made
for other stations. Therefore, the daily global solar irra-
diation data obtained from the shorter 10-year period
could be expanded to a 20-year period for all the sta-
tions included in the analysis (131). Such dense net-
work of stations with calculated mean daily global solar

finirano je pet razreda dozraene energije unutar ras-
pona od 3961-5760 MJm=2 (1,1 do 1,6 MWhm?) s in-
tervalom od 360 MJm?2 (100 kWhm2). lzuzetak je
Komiza na otoku Visu, gdje se moze oCekivati dozra-
¢ena energija i nesto veéa od 5760 MJm2 na godinu,
ali zbog lokalnog karaktera nije formiran jo$ jedan raz-
red, nego je Komiza pridruZzena razredu s najviSom vri-
jedno$éu dozraCene energije.

Analiza podataka srednje godiSnje ukupne dozra-
¢ene energije i digitalne karte pokazuje da je u konti-
nentalnom dijelu Hrvatske dozraene sun¢ane energije
na horizontalnu plohu manje na zapadu, prvenstveno
zbog vece naoblake u dolini Drave, te na podrucju od
isto€nih obronaka Medvednice i Kalnika do Krizevaca.
Srednja godi$nja vrijednost najmanja je u Krizevcima
(4175 MJm2), a najveca u Burdevcu (4567 MJm2), Sto
je razlika od 392 MJm2 na godinu. Manje su vrijedno-
sti takoder u Zagorju i na Samoborskom gorju, te na
vrhovima planina Gorskog kotara i Like. U Istri, Hrvat-
skom primorju i Dalmaciji dozra¢ena energija se pove-
Cava od sjeverozapada prema jugoistoku s minimumom
u Rijeci (4807 MJm), a maksimumom u Hvaru (5705
MJm-2), Sto je razlika od 898 MJm2, prvenstveno zbog
veceg raspona zemljopisnih Sirina u usporedbi s unu-
trasSnjoScu Hrvatske, ali i zbog veée naoblake na sje-
vernom Jadranu, osobito u ciklogeneti¢kom podrucju
Kvarnerskog zaljeva (Rijeka). Tako se na karti u konti-
nentalnoj Hrvatskoj mogu zamijetiti dva, a uz obalu tri
razreda ukupne dozraCene energije.

Godisnji hodovi srednjih mjesecnih vrijednosti
dozraCene suncane energije na horizontalnu plohu te
na plohu nagnutu za 45° i orijentiranu prema jugu
pravilnog su oblika jednostrukog vala s minimumom u
prosincu, a maksimumom u srpnju u skladu s astro-
nomskim polozajem Sunca i geografskim polozajem
mjesta (grafikoni uz kartu dozraene sunane ener-
gije).

Najmanje suntane energije u prosincu primaju ni-
zinski kontinentalni dijelovi Hrvatske (69—95 MJm-?) §to

DHMZ

irradiation allowed the production of maps of mean
monthly and annual global solar irradiation for the pe-
riod 1961-1980, for the whole country.

The Atlas includes a new digital map of mean an-
nual global solar irradiation on a horizontal surface for
the period 1961-1980. The map has a resolution of
1000 m, in accordance with the resolution of the digital
elevation model and the maps of mean monthly and
annual temperatures. The basic purpose of this map is
to estimate the amount of irradiated energy even on
those areas where it has not been measured, which
can further be used to evaluate the cost-effectiveness
of the use of solar energy as an alternative energy
form. Within the GIS (Geographical Information Sys-
tem) the map can be used in a digital form to directly
calculate the meteorological and phenological para-
meters which depend on mean annual global solar ir-
radiation or the values derived from it, such as average
ground temperature, ground humidity, air humidity and
others.

In accordance with the values of mean annual
global solar irradiation, five irradiation classes have
been defined for Croatia within the range of 3961-5760
MJm2(1.1 to 1.6 MWhm2) a year, with an interval of
360MJm2 (100 kWhm2). Komiza on the Island of Vis is
an exception, where a slightly higher incoming energy
of 5760 MJm a year can be expected; however, be-
cause of its local character, a new class was not
formed, and Komiza has been attached to the highest
irradiation value class.

The data analysis of mean annual global solar irra-
diation and the digital map of mean annual global solar
irradiation on a horizontal surface demonstrate that, in
continental Croatia, irradiated energy on a horizontal
surface is lower in the west, particularly because of in-
creased cloudiness in the Drava Valley, and also in the
area spanning from the east hillsides of Mount Medved-
nica and Mount Kalnik to Krizevci. The mean annual
value is the lowest in Krizevci (4175 MJm2), and the
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Mjerenje izravnog Suncevog zracenja pirheliometrom na
opservatoriju Split-Marjan.

The measuring of direct solar radiation by pyrheliometer at
the Split-Marjan observatory.

Fotografija Photo by: Krunoslav Premec

je posljedica tmurnoga vremena za zimskih inverzija.
U gorskom dijelu srednje mjese¢no ukupno Sunc¢evo
zraCenje se zimi poveéava s nadmorskom visinom, pa
u Pargu u prosincu prosje¢no ukupno dozracena ene-
rgija iznosi 109 MJm2, a na Zavizanu 127 MJm=. Pri-
morska Hrvatska prima u prosincu prosje¢no 141
MJm=2, od 122 MJm u Rijeci do 165 MJm u Dubro-
vniku. U srpnju se vrijednosti srednje mjese¢ne dozra-
Cene energije kreéu izmedu 599-670 MJm<2 u
nizinskom dijelu te od 663-687 MJm-2 u gorskom dijelu.
Na obali se dozra¢ena energija na horizontalnu plohu
u srpnju kreée izmedu 705 MJm2 u Rijeci do 807 MJm2
u Hvaru.

U vecem dijelu godine juzno orijentirane plohe nag-
nute za 45° primaju viSe sunane energije od horizon-
talnih ploha, osim od svibnja do kolovoza, kada zbog

highest in Purdevac (4567 MJm2), which makes a dif-
ference of 392 MJm a year. Low values can also be
found in Zagorje and the Samobor Mountains, as well
as on mountain peaks in Gorski kotar and Lika. Along
the coast, in Istria, the Croatian Littoral and Dalmatia
the irradiated energy increases from north-west to
south-east, starting with a minimum in Rijeka (4807
MJm2), and ending with a maximum in Hvar (5705
MJm2), which makes a difference of 898 MJm™ a year,
primarily because of the wider range of latitudes in this
area compared with inland Croatia and also because of
greater cloudiness in the northern Adriatic, especially in
the cyclogenetic area of the Kvarner Bay (Rijeka). Be-
cause of this, on the map, two global solar irradiation
classes appear in continental Croatia and three irradi-
ation classes along the coast.

The annual courses of mean monthly global irradi-
ation on a horizontal surface and on a southward ori-
ented surface inclined at 45° have the regular shape of
a one-fold wave with a minimum in December and a
maximum in July, according to the astronomical posi-
tion of the Sun and the geographical position of the lo-
cale (graphs next to global solar irradiation map).

The lowest value of solar irradiation in December is
in the lowland, continental parts of Croatia (69-95
MJm2), which is a consequence of gloomy weather
during winter inversions. In the mountainous parts, ra-
diation increases with altitude in winter, so that global
irradiation is 109 MJm2in Parg, in December, and 127
MJm on Zavizan. The coast receives on average 141
MJm-2 in December (from 122 MJm2 in Rijeka to 165
MJm-2 in Dubrovnik). In July, mean monthly solar irra-
diation ranges from 599 MJm2to 670 MJm in the low-
lands, and from 663 MJm2 to 687 MJm?2 in the
highlands. On the coast, the irradiated energy on a ho-
rizontal surface in July ranges from 705 MJm?2 in Ri-
jeka to 807 MJm2 in Hvar.

During the greater part of the year, southward ori-
ented surfaces inclined at 45° receive more solar irra-

visokog polozaja Sunca na nebeskom svodu, zrake
Sunca na nagnutu plohu dolaze pod oStrijim kutem
nego na horizontalnu plohu ¢ime je ozracenje sma-
njeno. Analiza srednje mjese¢ne ukupne dozraCene
energije na odabranoj nagnutoj plohi pokazuje da mje-
sta u nizinskoj unutradnjosti u prosincu primaju 92—152
MJm2. U gorskom dijelu srednje mjese¢no dozraéena
suncana energija se povecava s nadmorskom visinom
od 140 MJm2 u Gospi¢u do 223 MJm™ na Zavizanu, a
na obali sa smanjenjem geografske Sirine od 214 MJm-2
na sjevernom Jadranu do oko 300 MJm= na juznom
Jadranu. U srpnju se vrijednosti kre¢u u rasponima
529-589 MJm u nizinskoj unutrasnjosti, izmedu 583—
604 MJm2u gorskoj Hrvatskoj te od 619 MJm2 na sje-
vernom do 695 MJm2 na juznom Jadranu.
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