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Vaænost meteoroloπkih motrenja sve viπe
dolazi do izraæaja nakon otkriÊa meteorolo-
πkih instrumenata, kada poËinje razvoj meteo-
rologije kao znanstvene discipline. Meteoro-
loπka motrenja su sustavno zapoËela koncem
18. stoljeÊa i to najprije u - Europi. Kako je
Hrvatska tada pripadala jednoj od tadaπnjih
svjetskih sila, tj. Austrougarskoj Monarhiji,
razumljivo je njeno razmjerno rano ukljuËi-
vanje u tadaπnji meteoroloπki motriteljski sus-
tav. DapaËe, prve naznake meteorologije na
podruËju danaπnje Hrvatske javljaju se znatno
ranije, veÊ u antiËko doba. Autor najstarijih
hrvatskih meteoroloπkih rasprava jest Herman
Dalmatin podrijetlom iz srediπnje Istre (oko
1110. - oko 1143). ZaËeci meteoroloπkih in-
strumentalnih mjerenja u Hrvatskoj sporadi-
Ëki se pojavljuju dvadesetak godina prije ne-
go je Galilei konstruirao termometar na teku-
Êinu 1611. ZapoËeo ih je lijeËnik Santorio
Santorio (1561.-1636.), rodom iz Kopra, koji
je izmeu 1587. i 1599. godine boravio na po-
sjedima knezova Frankopana u Kvarneru. On
je prvi konstruirao ureaj za mjerenje brzine
vjetra.

Pored sporadiËnih meteoroloπkih motrenja
u drugim mjestima, prvim regularnim motre-
njem u Hrvatskoj smatra se ono u Dubrovni-

ku, zapoËeto 1851. godine. Naæalost, ta je
meteoroloπka postaja kasnije imala prekide u
radu. Najstarija postaja s neprekidnim motre-
njima u Hrvatskoj je Zagreb-GriË. Na toj po-
staji motrenja su zapoËela krajem 1861. go-
dine. Osim Zagreb-GriËa, postoji joπ nekolici-
na postaja u Hrvatskoj sa stoljetnim nizovima
meteoroloπkih podataka. To su: Osijek, Poæe-

ga, GospiÊ, Crikvenica i Hvar. Svi podaci s
navedenih postaja pohranjeni su i na magnet-
ni medij pa se njima moæe lakπe koristiti u
raznim istraæivanjima, na primjer klimatskih
promjena.

Do osnutka Dræavnog hidrometeoroloπkog

zavoda (DHMZ) 1947. godine (tadaπnji naziv

With the appearance of meteorological
instruments and the development of meteor-
ology as a science, meteorological observa-
tions started gaining the importance. The
beginning of regular meteorological observa-
tions dates back to the late 18th century and
it primarily took place in Europe. Since
Croatia was a part of the Austro-Hungarian
Monarchy, which was a world power at the
time, it was included in the meteorological
observation in those early days. The very
beginnings of weather observations on the
territory of the present Croatia can be traced
back to ancient times. Croatian author of the
oldest meteorological discussion is Herman
Dalmatin, of the origin of Middle Istria (cca
1110 to cca 1143). Beginnings of meteorolo-
gical instrumental measurements in Croatia
sporadically occur some twenty years before
Galilei designed thermometer with liquid in
1611. They begun by the physician Santorio
Santorio (1561-1636), native of Koper, who
between 1587 and 1599 stayed at estates of
princes Frankopan on the Gulf of Quarnero.
He has also made the first instrument for
measurement of wind speed.

Sporadic meteorological observations
were conducted all over the country, but the
observation station in Dubrovnik, established
in 1851, can still be considered as the first
regular observation station. This station
unfortunately did not operate continuously.
The oldest Croatian station operating contin-
uously was the Zagreb-Grič, established in
1861. Apart from the Zagreb-Grič, there is a
number of stations in Croatia which have a
long tradition of collecting meteorological
data: Osijek, Požega, Gospić, Crikvenica and
Hvar. All the data recorded at the above sta-
tions are saved on a magnetic media and can
thus be used in different researches, such as
the research of climatic changes.

Before the establishment of the Meteoro-
logical and Hydrological Service of Croatia in
1947, meteorological observations were con-
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Uprava za hidrometeoroloπku sluæbu) meteo-

roloπka motrenja su obavljana u sastavu Geo-

fiziËkog zavoda koji danas djeluje u okviru

Prirodoslovno-matematiËkog fakulteta Sve-

uËiliπta u Zagrebu. Do osamostaljenja Hrvat-

ske, 1991. godine, meteoroloπka sluæba u

Hrvatskoj bila je sastavni dio meteoroloπke

sluæbe bivπe Jugoslavije. Od 1992. godine

Hrvatska je Ëlanica Svjetske meteoroloπke or-

ganizacije (World Meteorological Organiza-

tion - WMO), koja je sljednica Meunarodne

meteoroloπke organizacije iz 1873. godine.

Godine 1994. Hrvatska postaje Ëlanica Regio-

nalnog centra za numeriËko modeliranje u

srednjoj Europi (Regional Centre Limited

Area Modelling for Central Europe - RC LA-

CE), godine 1995. postaje pridruæena Ëlanica

Europskog centra za srednjoroËne prognoze

vremena (European Centre for Medium Ran-

ge Weather Forecasts - ECMWF). 2002. go-

dine postaje pridruæena Ëlanica Europske

agencije za iskoriπtavanje meteoroloπkih

satelita (European Agency for Exploitation of

Meteorological Satellites - EUMETSAT), a

punopravna zemlja Ëlanica postaje 2007. go-

dine. Takoer, Hrvatska je od 2007. godine

punopravna Ëlanica EUMETNET-a (Euro-

pean Meteorological Network) i ECOMET-a

(The Economic Interest Grouping of the Na-

tional Meteorological Services of the Euro-

pean Economic Area).

Danas u Hrvatskoj, u nadleænosti DHMZ-a,

radi 40 glavnih meteoroloπkih postaja (6 u

nadleænosti Hrvatske kontrole zraËne plovid-

be), 104 klimatoloπke i 341 kiπomjerna posta-

ja, dvije radiosondaæne i 8 radarskih postaja. 

Na Prirodoslovno-matematiËkom fakultetu

SveuËiliπta u Zagrebu πkoluju se visokoobra-

zovani kadrovi (meteorolozi), a u Srednjoj πu-

marskoj πkoli u Karlovcu jedan razred ima

program obrazovanja za meteoroloπkog tehni-

Ëara. 

U ovoj publikaciji bit Êe detaljnije prika-

zan razvoj motriteljskog meteoroloπkog su-

stava u Hrvatskoj od davnih sporadiËnih mje-

renja do danas. Najstarije razdoblje razmatra

ducted by the Geophysical Institute, which is
now a department of the Faculty of Science in
Zagreb. Before Croatia gained independence
in 1991, its meteorological service had been
a part of the meteorological service in the for-
mer Yugoslavia. Since 1992, Croatia has
been a member of the World Meteorological
Organisation which is successor of Interna-
tional Meteorological Organization founded in
1873. In 1994, Croatia joined the RC LACE
(Regional Centre Limited Area Modelling for
Central Europe), in 1995 it became an asso-
ciate member of ECMWF (European Centre
for Medium Range Weather Forecasts) and,
in 2002, an associate member of EUMET-
SAT (European Agency for Exploitation of
Meteorological Satellites) and full member in
2007.

Croatia, since 2007, is a number of
EUMETNET-a (European Meteorological
Network) and ECOMET-a (The Economic
Interest Grouping of the National Meteo-
rological Services of the European Economic
Area).

Today, the Croatian meteorological net-
work under the jurisdiction of the Meteoro-
logical and Hydrological Service of Croatia
consists of 40 main meteorological stations
(6 of them is operated by the Croatian Air
Traffic Control Administration), 104 climato-
logical and 341 rain-gauge stations, 2 radio-
sonde and 8 radar stations.

The Faculty of Science in Zagreb offers
degree courses for meteorologists, while the
Secondary School for Forestry in Karlovac
has an educational programme for meteoro-
logical technician.

This publication will deal in more details
with the development of the observation
meteorological system in Croatia from the
early sporadic observations till today. The
very beginnings are discussed in Chapter
One, whereas Chapter Two deals with the
period from 1947-2012, including the World
Weather Watch programme. Chapter Three
describes the way in which the data obtained
by meteorological observations are used in
different fields of meteorology: climatology,
weather forecast, marine, aeronautical and
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se u prvom poglavlju. U drugom je poglavlju
obuhvaÊeno razdoblje 1947.-2012., ukljuËu-
juÊi i program Svjetsko meteoroloπko bdijenje

(World Weather Watch-WWW). U treÊem je
poglavlju opisana upotreba proizvoda meteo-
roloπkih motrenja u razliËitim granama mete-
orologije: praÊenju klime, vremenskoj prog-

nozi, pomorskoj, zrakoplovnoj i tehniËkoj me-

teorologiji te u hidrologiji i oceanografiji. U
dodacima su kratki opisi motrenja u susjed-
nim zemljama: Austriji, Bosni i Hercegovini,

Maarskoj i Sloveniji te detaljan popis klima-
toloπkih postaja u Hrvatskoj.

technical meteorology, hydrology and ocea-
nography. The annexes include a short des-
cription of meteorological observations in the
neighbouring countries (Austria, Bosnia and
Herzegovina, Hungary and Slovenia) as well
as a complete list of climatological stations in
Croatia.

Ravnatelj / Director

mr. sc. Ivan »aËiÊ
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Slika 3.47. Prva knjiga-udæbenik o agrometeorologiji u Hrvatskoj, izvorno pisana na hrvatskom jeziku

Figure 3.47 First book-tutorial of agrometeorology in Croatia

itd.). Pokuπaj jaËeg organiziranja fenoloπkih mo-
trenja, 1937., u suradnji Hrvatskog prirodoslo-
vnog druπtva i GeofiziËkog zavoda (PMF), u Ëijoj
su nadleænosti bile meteoroloπke postaje, na æa-
lost nije urodio plodom. Ponovni uspjeπniji po-
kuπaj dogodio se 1946. kada Poljoprivredni insti-
tut organizira prva sustavna fenoloπka motrenja.

Osnivanjem Dræavnog hidrometeoroloπkog
zavoda (DHMZ) 1947. agrometeorologija doæiv-
ljava puni procvat. Na meteoroloπkim postajama
od 1951. uspostavljaju se mjerenja temperature
tla te se osniva mreæa fenoloπkih opaæanja (VuËe-
tiÊ i dr., 2008.). Meteoroloπka postaja u Kriæev-
cima 1954. ulazi u sustav mreæe postaja DHMZ-a
i to kao agrometeoroloπka postaja. U krugu ove
postaje 1958. osnovan je Meunarodni fenoloπki
vrt, a zatim je proπiren i s DomaÊim fenoloπkim
vrtom. Od poËetka ustroja DHMZ-a pa do 2001.
godine jedna od osnovnih ustrojnih jedinica je
agrometeorologija, Ëiji je djelokrug rada podije-
ljen na tri osnovne djelatnosti; poljoprivrednu me-
teorologiju, πumarsku meteorologiju i fenologiju
bilja. 

tourism. Most prominent in that respect were the
already mention Grgur BuËiÊ in Hvar, and Ambroz
HaraËiÊ in Mali Loπinj. Phenological observations in
continental Croatia were organized by schools (in
Petrinja, Varaædin, Nova Gradiπka, etc.). In 1937,
the Croatian Natural Sciences Society and Geo-
physical Institute (Faculty of Science), which was in
charge of weather stations, attempted to better
organize phenological observations. Unfortunately,
the first attempt failed, but in 1946 the Institute of
Agriculture managed to successfully organize sys-
tematic phenological observations. 

Establishing the Hydrological and Meteoro-
logical Service (DHMZ) in 1947 gave boost to
agrometeorology. Starting in 1951, soil temperature
measurements were set up at weather stations and
a network of phenological observations was estab-
lished (VuËetiÊ et al., 2008). The weather station in
Kriæevci became part of the DHMZ weather station
network in 1954 as an agrometeorological station.
The International Phenological Garden was found-
ed in 1958 on the grounds of the station and was
then extended to include a domestic phenological
garden. Since its beginnings until 2001, agromete-
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Poljoprivredna meteorologija

U okviru poljoprivredne meteorologije posto-
jala je mreæa invenstitorskih agrometeoroloπkih
postaja postavljenih namjenski na odabranoj lo-
kaciji sa svrhom mjerenja meteoroloπkih Ëimbeni-
ka kao pokazatelja vremena i klime mikro po-
druËja. Osim klasiËnih meteoroloπkih mjerenja
obavljala su se specijalna s odreenom namje-
nom. Primjerice, mjeri se temperatura tla na raz-
nim dubinama i temperatura zraka na raznim visi-
nama (vertikalni temperaturni gradijent). Na
agrometeoroloπkoj postaji u Kriæevcima obavljaju
se i mjerenja pojedine komponente vodne bilance,
isparitelj razreda A, transpiracija po Piche-u, izra-
vno i stvarno isparavanju vode iz tla po Popovu i
potencijalno ili maksimalno moguÊe isparavanje
iz tla po Garnier-u. Takoer obavljaju se mjerenja
zaliha vode u tlu na raznim dubinama izravnim
uzimanjem uzoraka tla po gravimetrijskoj metodi.
Za potrebe raznih istraæivanja obavljaju se i speci-
jalna mjerenja unutar neke biljne zajednice ili se
istraæuju uvjeti pod kojim uspijevaju pojedini
endemi ili rijetke biljne i æivotinjske vrste. 

©umarska meteorologija

©umarska meteorologija je zapoËela 1981. go-
dine s osnovnom namjenom zaπtite πuma od po-
æara. U operativnom radu primjenjuje se kanad-
ska metoda prilagoena naπim klimatskim uvjeti-
ma, poznata pod nazivom Canadian Forest Fire

Weather Index System. Za potrebe prilagodbe na-
πim uvjetima izgraen je i djelomiËno opremljen
meteoroloπko-πumarski laboratorij i poligon u
Makarskoj.

Fenologija bilja

Na kojih 50-ak fenoloπkih postaja diljem
Hrvatske prate se razvojne faze odreenih biljaka.
Biljke su grupirane u divlje zeljasto bilje, πumsko
drveÊe i πiblje, livadske trave i leguminoze, ratar-
ske kulture, voÊke i vinovu lozu. Osim biljaka,
prate se i biljne bolesti, poljski radovi te fenologi-
ja pËela. Za potrebe fenoloπkih istraæivanja po-
sebno su vaæni Meunarodni DomaÊi fenoloπki
vrt u Kriæevcima. 

Ustroj agrometeorologije unutar DHMZ-a se
uvelike mijenja nakon 2001. godine. Agrometeo-
roloπka mjerenja temperature tla i fenoloπka opa-
æanja objedinjuju se u okviru osnovne mreæe me-
teoroloπkih postaja. 

orology was one of DHMZ organizational units
whose scope of work was divided into three core
activities: agricultural meteorology, forest meteorol-
ogy and plant phenology. 

Agricultural meteorology 

Within agricultural meteorology, there was a net-
work of agrometeorological stations, set up by
investors at selected locations, for measuring mete-
orological factors as indicators of micro area weath-
er and climate. Beside regular meteorological
measurements, there are also special measure-
ments for a specific purpose. For example, soil
temperature is measured at different depths and air
temperature at different heights (vertical tempera-
ture gradient). The agrometeorological station in
Kriæevci also conducts measurements of individual
water balance components, class A vaporiser, tran-
spiration according to Piche, direct and real evapo-
ration of water from soil according to Popov, and
potential and maximal possible evaporation from
soil according to Garnier. Measurements of soil
water reserve are performed at different depths
using direct soil sampling according to the gravi-
metric method. Special measurements in a plant
species or conditions needed for growing certain
endemic plants or rare plant or animal species are
conducted for the needs of various research stu-
dies. 

Forest meteorology 

Forest meteorology started in 1981 and its basic
purpose is fire protection of forests. Operational
activities are based on the Canadian method,
known as Canadian Forest Fire Weather Index
System, adapted to our climate conditions. For the
adaptation needs, a partially equipped meteorolog-
ical-forest laboratory was built in Makarska. 

Plant phenology

Development stages of certain plants are being
monitored at about 50 phenological station around
Croatia. The plants are categorised as wild herba-
ceous plants, forest trees and shrubs, meadow
grass and legumes, field crops, fruit trees and
vines. Beside plants, plant diseases, field works
and bee phenology are monitored as well. The
International and domestic phenological gardens in
Kriæevci are of great importance in phenological
research. 

The organization of argometeorology within the
DHMZ greatly changed after 2001 when agromete-
orological and phenological observations were con-
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solidated within the framework of basic weather
station network. 

Agrometeorological forecast and research 

The Agrometeorological Service, founded in
2009 and consisting of the Agrometeorological
Research Department and Agrometeorological
Information Department, puts a lot of effort into
scientific research, especially into publishing infor-
mation for the needs of agriculture in Croatia in the
form of agrometeorological forecasts. Agriculture
related weather forecasts for wider public first
appeared in 1988, primarily in periodicals and spe-
cial supplements to daily newspapers. Since 1990,
agrimeteorological forecasts are regularly broad-
cast on the Croatian Radio, from 1999 occasiona-
lly, and since 2004 they are broadcast on the
Croatian Television as well. Regular broadcast of
agrimeteorological forecasts on national television
is rare in the world, and Croatian agrometeorolo-
gists need to be commended for the efforts they
put into raising viewing. Such specialized forecasts
are published in professional magazines as well.
Since 2004, the Agrometeorological Bulletin, con-
taining agrometeorological forecast for five Croatian
regions, can be found on the Hydrological and
Meteorological Service web page (http://meteo.hr)

Cooperation with higher education institutions
(Department of Geophysics of the Faculty of Scie-
nce, Faculty of Forestry and Faculty of Agronomy at
the University of Zagreb) has been established in
scientific research regarding scientific projects (e.g.
KovaËeviÊ et al., 2008; SeletkoviÊ et al., 2011;
StojiÊ et al., 2012; Rosavec et al., 2013), work with
graduate students and obtaining academic titles.
Research has also been done within the projects of
the Ministry of Science, Education and Sports (e.g.
Bice et al., 2011), and the results have been regu-
larly presented at local and international confe-
rences, and published in scientific magazines. 

In 2002, a Croatian representative attended a
meeting of the World Meteorological Organization
Commission for Agricultural Meteorology for the
first time, and since then has regularly participated
in its work every four years. A Croatian expert pa-
rticipated in the work of its expert group ‘Weather
and Climate Extremes, impacts and prevention
strategies in agriculture, livestock farming, forestry
and fishery’ in its last 4-year mandate. International
cooperation is also accomplished via scientific and
research projects such as European projects COST
734: Impacts of Climate Change and Variability on
European Agriculture (VuËetiÊ, 2010; Trnka et al.,
2011), COST ES 1106: Assessment of European

Agrometeoroloπka prognoza i istraæivanja

Sluæba za agrometeorologiju, koja je osnovana
2009. godine, sastoji se od Odjela za agrometeo-
roloπka istraæivanja i Odjela za agrometeoroloπke
informacije te je naglasak rada na znanstveno-
istraæivaËkom segmentu i posebno na objavljiva-
nju informacija za potrebe poljodjelstva napose u
vidu agrometeoroloπkih prognoza. Prognoza vre-
mena za potrebe poljoprivrede u Hrvatskoj se za
πiru javnost pojavljuje od 1988. godine prve-
nstveno u periodiËkim Ëasopisima ili specijalizi-
ranim dodacima pojedinih dnevnih novina. Agro-
meteoroloπka prognoza redovito se od 1990. emi-
tira na Hrvatskom radiju te od 1999. povremeno,
a od 2004. i redovito, na Hrvatskoj televiziji. Re-
dovito emitiranje agrometeoroloπke prognoze na
dræavnoj televiziji je rijetkost i u svijetu, te treba
istaknuti posebni napor koji ulaæu hrvatski agro-
meteorolozi da njezina gledanost bude πto veÊa.
Takva specijalizirana prognoza objavljuje se i u
struËnim Ëasopisima. Na internetskim stranicama
Dræavnog hidrometeoroloπkog zavoda (http://me-
teo.hr) od 2004. izrauje se Agrometeoroloπki bil-
ten s agrometeoroloπkom prognozom za pet hrva-
tskih regija. 

U znanstveno-istraæivaËkom dijelu ostvaruje
se suradnja s visokoπkolskim ustanovama (Geo-
fiziËki odsjek PMF-a, ©umarski fakultet i Agro-
nomski fakultet SveuËiliπta u Zagrebu) u provo-
enju znanstvenih projekata (npr. KovaËeviÊ i dr.,
2008.; SeletkoviÊ i dr., 2011.; StojiÊ i dr., 2012.;
Rosavec i dr., 2013.), u radu s diplomandima i
postdiplomandima. Istraæivanja su bila i u okviru
projekata Ministarstva znanosti, obrazovanja i
sporta (npr. Bice i dr., 2011.), a rezultati istraæi-
vanja se redovito izlaæu na domaÊim i meuna-
rodnim konferencijama, te objavljuju u znan-
stvenim Ëasopisima. 

U zasjedanju Komisije za agrometeorologiju
Svjetske meteoroloπke organizacije predstavnik
Hrvatske prvi put je bio 2002. i od tada redovito
sudjeluje u njezinom radu svake Ëetvrte godine. U
njezinoj ekspertnoj grupi Vremenski i klimatski
ekstremi, utjecaji i preventivne strategije u poljo-
privredi, stoËarstvu, πumarstvu i ribarstvu hrvat-
ski struËnjak je radio u proπlom Ëetverogodiπnjem
mandatu. Meunarodna suradnja se ostvaruje i
putem meunarodnih znanstveno-istraæivaËkih
projekata kao, πto su europski projekti COST 734.
Utjecaj klimatskih promjena i varijacija na europ-
sko poljodjelstvo (VuËetiÊ, 2010.; Trnka i dr.,
2011.), COST ES 1106: Procjena koriπtenja i raz-
mjene vode za potrebe europske poljoprivrede
pod utjecajem klimatskih promjena te COST 725:
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Europska fenoloπka baza (VuËetiÊ i VuËetiÊ,
2006.) koji je prerastao u EUMETNET-ov projekt
pod istim nazivom.

Iako je agrometoroloπki tim mala grupa stru-
Ënjaka, ostvaruje svoje zadatke i izvan svojih mo-
guÊnosti, te je poznat u domaÊoj javnosti kao i u
struËnim meunarodnim krugovima.

3.1.6. Razvoj i istraæivanje

Meteorologija, kao jedna od mlaih grana
primijenjene fizike, posljednjih desetljeÊa napre-
duje ogromnim koracima. U skladu sa svjetskim
razvojem informatike i tehnologije, omoguÊen je
detaljniji uvid u mnoge do sada neistraæene at-
mosferske pojave i procese malih prostornih raz-
mjera te razmjerno kratkog vremenskog trajanja,
ali i prognozu nadolazeÊih vremenskih prilika u
sljedeÊih nekoliko dana, sezona, pa i godina. Brzi
napredak znanosti i tehnologije u uvjetima globa-
lizacije Ëine stjecanje znanja i njegovu produktiv-
nu primjenu temeljnim izazovom konkurentnog
gospodarstva i druπtva. Vrijednost toËne i pravo-
dobne meteoroloπke i klimatoloπke informacije u
prevenciji i prilagodbi druπtva pri tom igra kljuË-
nu ulogu, bilo da se radi o upozorenju na opasnu
vremensku pojavu ili pak o informaciji o mogu-
Êim klimatskim promjenama na odreenom po-
druËju. Jedna od bitnih pretpostavki za izdavanje
takvih informacija je kvalitetan i meunarodno
konkurentan znanstveno-istraæivaËki rad, uz pre-
noπenje i ukljuËivanje direktnih rezultata u pri-
mjenu u svim gospodarskim granama. 

Razvoj i sadaπnje stanje 

Do osnutka Hidrometeoroloπke sluæbe 1947.
godine znanstveno-razvojni rad odvijao se u
sklopu GeofiziËkog zavoda (danas GeofiziËkog
odsjeka Prirodoslovno-matematiËkog fakulteta,
SveuËiliπta u Zagrebu) s kojim je kasnije nastav-
ljena suradnja, posebice na edukaciji kadrova i na
zajedniËkim projektima. U poËetku je taj rad imao
karakter struËnog rada s ciljem poboljπanja meto-
da analize i prognoze vremena, obrade i analize
klimatoloπkih, hidroloπkih i agrometeoroloπkih
podataka. PoËetkom πezdesetih godina organizira
se poslijediplomski studij na GeofiziËkom zavo-
du, koji je do danaπnjih dana u Hrvatskoj glavni
centar za stvaranje kvalitetnih znanstvenih kadro-
va u meteorologiji. Magistri i doktori znanosti
uvelike su doprinjeli unapreenju sluæbe, ali i
omoguÊili stvaranje znanstvene jedinice. Inter-
nom odlukom tadaπnjeg RepubliËkog hidrome-

Agriculture Water use and trade under climate
change, and COST 725: European phenological
dana platform (VuËetiÊ and VuËetiÊ, 2006), which
grew into a EUMETNET project of the same name. 

Although the agrometeorological team consists
of a small number of experts, their accomplish-
ments are well beyond their means, and they are
well known both in Croatia and in international cir-
cles.

3.1.6 Research and development 

Meteorology, as one of the newest branches of
applied physics, has made giant steps in the past
several decades. A more detailed insight into the so
far unresearched atmospheric phenomena and
small scale processes of relatively short duration as
well as forecasts of upcoming weather conditions
over the next several days, season or even several
years, were made possible by global development
of information technology and technology in ge-
neral. In times of globalization, fast scientific and
technological progress presents acquiring know-
ledge and productive use of the same the greatest
challenge to a competitive economy and society.
Whether it is a severe weather phenomena warning
or information on possible climate change in a cer-
tain area, the value of accurate and timely meteoro-
logical and climatological information plays a key
role in prevention and adaptation of the society.
One of the key assumptions for publishing such
information is internationally competitive scientific
research of high quality coupled with the transfer
and application of its results in all industries. 

Development and present state

Until 1947, when the Hydrological and Me-
teorological Service was established, the Geo-
physical Institute (today the Department of Geo-
physics at the Faculty of Science, University of
Zagreb) had been in charge of scientific develop-
ment. Cooperation with the Department of Geo-
physics continued, especially on joint projects and
in the field of staff training. At the beginning, scien-
tific development revolved around expert work with
the aim of improving analysis and weather forecast
methods, processing and analysing climatological,
hydrological and agrometeorological data. In the
early 1960’s, post-graduate studies were organized
at the Geophysical Institute, which has remained
the leading centre for generating experts in meteo-
rology ever since. Masters and Doctors of Science
greatly contributed to the advancement of the
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teoroloπkog zavoda (RHMZ) 12. srpnja 1968. go-
dine osnovan je sektor za meteoroloπka istraæi-
vanja koji 1976. postaje Centar za meteoroloπka
istraæivanja, Znanstveno-istraæivaËka djelatnost
prepoznata je i od 11. studenog 1976. Centar za
meteoroloπka istraæivanja RHMZ-a upisan je u
registar znanstvenih organizacija. Prema rjeπenju
od 20. rujna 1996. godine DHMZ se nalazi u
Upisniku znanstveno-istraæivaËkih pravnih osoba
Ministarstva znanosti i tehnologije Republike
Hrvatske kao ustanova koja obavlja znanstveno-
istraæivaËku djelatnost u znanstvenom podruËju
prirodnih znanosti. Ministarstvo znanosti, obrazo-
vanja i sporta na temelju Pravilnika o upisniku
znanstvenih organizacija izdaje DHMZ-u 27. stu-
denog 2012. godine novo rjeπenje i dozvolu za
obavljanje znanstvene djelatnosti iz podruËja
prirodnih znanosti (slika 3.48.). 

DHMZ kao znanstveno-istraæivaËka pravna
osoba u znanstvenom podruËju prirodnih znanosti
nacionalno je srediπte izvrsnosti i znanja u po-
druËju meteorologije i klimatologije. Premda sva-
ki sektor/sluæba unutar DHMZ-a brine o struËnom
usavrπavanju i uvoenju novih metoda u djelo-
krug njihova rada, glavnina istraæivaËkog rada
obavlja se u okviru Sektora za meteoroloπka istra-
æivanja i razvoj, koji je nadleæan za organizaciju,
koordinaciju i izvrπavanje poslova razvoja i istra-
æivanja u okviru DHMZ-a. U kontekstu odræivog
razvoja u druπtvu nuæan uvjet je neprekidno pra-
Êenje novih spoznaja i vlastito istraæivanje na po-
druËju meteorologije na dobrobit cijele druπtveno-
gospodarske zajednice. Krajnji je cilj visoka kva-
liteta usluga i proizvoda namijenjenih raznim ko-
risnicima unutar DHMZ-a. kao i iz gospodarstva
te javnog i druπtvenog æivota Republike Hrvatske.
Sve djelatnosti istraæivaËkog i razvojnog rada
usmjerene su na razvoj za potrebe ispunjavanja
osnovne uloge DHMZ-a i primjenu rezultata i
metoda za potrebe operativne prognoze vremena,
upozorenja na opasne vremenske pojave i infor-
miranje javnosti te za potrebe razliËitih druπtvenih
i gospodarskih subjekata (energetika, poljoprivre-
da, turizam, promet, prostorno planiranje, indus-
trija, zaπtita okoliπa, zdravstvo itd.). 

Kako bi se mogle zadovoljiti potrebe gospo-
darstva i druπtvenog razvoja za kvalitetnom infor-
macijom, nuæan uvjet je dovoljan broj visoko
kvalificiranih znanstvenika i struËnjaka, koji mo-
gu pratiti i razvijati najnovije metode u podruËju
meteorologije i hidrologije, s ciljem njihove prim-
jene u razliËitim granama gospodarstva i druπtva
u cjelini. Neprekidno se ulaæu veliki napori u
kadrovskoj promjeni. U 2012. godini na DHMZ-u

Service, and made establishing of a scientific
research unit possible. By an internal decision of
the Republic Hydrometeorological Service (RHMZ)
at that time, on July 12, 1968, the Sector for
Meteorological Research was established, which
was renamed as the Centre for Meteorological
Research in 1976. On November 11, 1976, the
Centre for Meteorological Research of the RHMZ
was registered as a scientific organization.
According to the Resolution of September 20,
1996, the Meteorological and Hydrological Service
of Croatia was entered in the Register of Scientific
and Research Legal Entities with the Ministry of
Science and Technology as an institution carrying
out scientific research in the field of natural scie-
nces. On November 27, 2012, based on the Ordi-
nance on the Register of Scientific and Research
Legal Entities, the Ministry of Science, Education
and Sports provided DHMZ with a new resolution
and a permission to conduct scientific activities in
natural sciences (Figure 3.48). 

DHMZ, as a scientific and research legal entity in
the field of natural sciences, is a national centre of
excellence and expertise in meteorology and clima-
tology. Although professional development and
implementation of new methods are within the
scope of work of each sector/division within the
DHMZ, majority of research is done by the
Meteorological Research and Development
Division, which is responsible for the organization,
coordination and implementation of research and
development activities within the DHMZ. In the con-
text of sustainable development, a key condition is
being up-to-date with the latest achievements and
investing into own research in the field of meteoro-
logy for the benefit of the entire community. The
goal of the DHMZ is to provide high quality services
and products to different users within the DHMZ as
well as users coming from different industries and
public and social life of the Republic of Croatia. All
research and development activities aim at fulfilling
the primary role of the DHMZ, application of the
results and methods in operative weather forecast,
issuing of severe weather phenomena warnings
and informing the public, as well as fulfilling the
needs of different social and economic subjects
(energetics, agriculture, tourism, traffic, spatial pla-
nning, industry, environmental protection, health
care system, etc.).

In order to meet the needs of Croatian economy
and social development for quality information, it is
necessary to have an adequate number of scien-
tists and experts employed who can follow and
develop new methods in the fields of meteorology
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Slika 3.48. Kopije rjeπenja o upisu DHMZ-a u registar znanstvenih ustanova

Figure 3.48 Copy of the Resolution on the entry of DHMZ in the Register of Scientific Institutions
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je radilo 18 doktora znanosti i 17 magistara, πto je
veliki napredak u odnosu na 2003. godinu kad je
bilo zaposleno 8 doktora znanosti i 16 magistara. 

Razvojni i istraæivaËki rad u DHMZ-u vezan je
uz projekte financirane iz razliËitih izvora, ali i uz
studije i elaborate koje se izrauju na zahtjev po-
jedinih korisnika. Takve studije nerijetko su uvod
u veÊe istraæivaËke projekte. Rezultati tog rada
gotovo redovito se objavljuju u struËnim i znan-
stvenim Ëasopima (slika 3.49.). I dok su u poËetku
gotovo svi radovi imali karakter struËnog rada, s
ciljem poboljπanja operativnih aktivnosti, s vre-
menom su se pojavljivali i sve brojniji znanstveni
radovi publicirani u priznatim znanstvenim Ëa-
sopisima. U razdoblju do 1976. godine izdane su
dvije meteoroloπke bibliografije Jugoslavije: jed-
na koja je obuhvaÊala grau u razdoblju 1947.-
1967., te druga za razdoblje 1968.-1976. godine.
Tim bibliografijama nije bila obuhvaÊena graa iz
podruËja hidrologije. U povodu obiljeæavanja
πezdesete obljetnice osnutka meteoroloπke i hi-
droloπke sluæbe u Republici Hrvatskoj, kao i Ëi-
njenice da u tom razdoblju nije postojao jedin-
stven popis svih znanstvenih i struËnih radova za-
poslenika zavoda, u 2007. godini izdana je Biblio-
grafija zaposlenika Dræavnog hidrometeoroloπkog
zavoda u razdoblju 1947.-2006. Ovom Biblio-
grafijom nije obuhvaÊena graa kao πto su struËni

and hydrology, which can then be applied in diffe-
rent industries and the society as a whole. Great
efforts are invested into staffing. In 2013, there
were 18 Doctors and 17 Masters of Science work-
ing in the DHMZ, which is a great step forward
when compared to 2003 when only 8 Doctors and
16 Masters of Science were employed. 

Research and development activities of the
DHMZ are connected to the projects financed by
different sources, but also to the studies and re-
ports created at the request of individual users.
Such studies often lead to bigger research projects.
Results of the projects are regularly published in
trade and scientific research journals (Figure 3.49).
In the period up to 1976, two meteorological biblio-
graphies of Yugoslavia were published: one com-
prising the materials for the period 1947-1967, and
the other for the period 1968-1976. Neither bibliog-
raphy comprised any material on hydrology. Until
2007 there was no list of all scientific and profe-
ssional papers written by the DHMZ employees, so
for the 60th anniversary of the Meteorological and
Hydrological Service in Croatia a Bibliography of
papers published by the DHMZ personnel in the
period 1947-2006 was published. The Bibliography
does not comprise expert reports and studies,
handbooks and manuals, thesis, reviews of profe-

Slika 3.49. Dinamika publiciranja struËnih i znanstvenih radova zaposlenika DHMZ-a u razdoblju 1947.-2006. 

(izvor: Bibliografija 1947.-2006.)

Figure 3.49 Rate of publishing professional and scientific papers by the DHMZ personnel in the period 1947-2006
(source: Bibliography 1947-2006)
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elaborati i studije, struËni priruËnici i naputci, di-
plomski radovi, recenzije struËne i znanstvene li-
terature, intervjui te komentari i kratke popularne
crtice u tisku, ili prijevodi inozemne literature na
hrvatski jezik. Upravo ta pisana graa daje pres-
jek aktivnosti na struËnom i znanstvenom planu
kroz dugo razdoblje burnih tehnoloπkih i znans-
tvenih postignuÊa. Od 2007. do 2013. godine
izvor podataka publiciranih radova je Hrvatska
znanstvena bibliografija (CROSBI), dostupna na
internetskoj stranici http://bib. irb.hr/lista-rado-
va?sif_ust=4&print=true#cccaso pis, na kojoj se
nalaze podaci upisanih znanstvenih i struËnih
radova djelatnika DHMZ-a.

Znanstveno-istraæivaËki rad na DHMZ-u
moæemo ukratko podijeliti na Ëetiri glavna po-
druËja:

• istraæivanja lokalnih i regionalnih atmosfer-
skih procesa te njihovo modeliranje za potrebe
operativne analize i prognoze vremena, razne
grane gospodarstva i energetike te integrirano
modeliranje meteoroloπkih, hidroloπkih i ocea-
nografskih procesa,

• istraæivanja usmjerena prema poznavanju kli-
me i klimatskih promjena, posebno ekstrema
na podruËju Hrvatske u odnosu na europske i
svjetske prilike praÊenje prostorne i vremenske
(sezonske) varijabilnosti intenziteta, uËesta-
losti i trajanja klimatskih parametara i kom-
biniranih veliËina i klimatskim modeliranjem
sadaπnje i buduÊe klime radi ocjene oËekivanih
promjena,

• istraæivanja utjecaja vremenskih i klimatskih
prilika te klimatskih promjena, uz primjenu
agrometeoroloπkih metoda i modela, u cilju
uËinkovitije poljoprivredne proizvodnje, πu-
marstva, zaπtite πuma od poæara i ribarstva,

• istraæivanja utjecaja vremena na ljude i pro-
storno-vremenske znaËajke bioklime uz izradu
kriterija za izvanredne biometeoroloπke pri-
like.

Znanstveno-razvojni projekti

Glavni cilj znanstveno-istraæivaËkog i razvoj-
nog rad u DHMZ-u poboljπanje je operativnih ak-
tivnosti. Sudjelovanjem u radu domaÊih i meu-
narodnih istraæivaËkih i struËnih projekata struË-
njaci DHMZ-a dijele iskustva i znanje, usavrπa-
vaju se u teorijskim i praktiËnim vjeπtinama, upo-
znaju i uvode u sluæbu nove vrste meteoroloπkih
podataka i metoda kao i nove programske alate.
Sve to primjenjuje se u svakodnevnom radu, Ëime
se poveÊava kvaliteta meteoroloπkih i klimato-

ssional and scientific papers, interviews, commen-
taries and popular short sketches published in the
press, nor translations of foreign literature into
Croatian, although precisely those written materials
provide an overview of activities in the professional
and scientific field during that long period and
exceptional technological and scientific achieve-
ments. Papers published in the period from 2007 to
2013 can be found in the Croatian Scientific
Bibliography (CROSBI), and the information on the
scientific and professional papers published by the
DHMZ personnel can be found on the web page
http://bib.irb.hr/lista-radova?sif_ust=4&print=true#
cccasopis.

Scientific research at the DHMZ can be divided
into four main areas: 

• research on local and regional atmospheric
processes, modelling of the same for the needs
of operational analysis and weather forecast, as
well as for different industries and energy sec-
tors, and integrated modelling of meteorologi-
cal, hydrological and oceanographic processes, 

• research aimed at understanding climate and
climate change, especially the extremes, on the
territory of the Republic of Croatia, compared to
European and global conditions by monitoring
spatial and temporal (seasonal) variability in the
intensity, frequency and duration of climatic and
combined parameters, and by climate modelling
of the present and future climate in order to as-
sess the expected change, 

• research on the effects of weather and climate
conditions and climate change using agrome-
teorological methods and models in order to in-
crease the efficiency of agricultural production,
forestry, forest fire protection and fishery,

• research on the effects of the weather on peo-
ple and bioclimatic spatial and temporal charac-
teristics and producing criteria for exceptional
bioclimatic conditions.

Scientific and developmental projects

The goal of scientific research and developmen-
tal work is improving DHMZ operating activities. By
participating in local and international reseach and
scientific projects, DHMZ scientists share their
experience and knowledge and improve their theo-
retical knowledge and practical skills, get to know
and implement new types of meteorological data
and methods as well as new software tools. All of
the above is used in their daily work, enhancing the
quality of meteorological and climatological data
and analysis. Emphasis is put on research on
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loπkih podataka i analiza. Teæiπte je stavljeno na
istraæivanja specifiËnosti lokalnih i regionalnih
atmosferskih procesa u svrhu unapreenja metoda
njihova modeliranja i toËnije prognoze. Rezultati
istraæivanja i praÊenja klime, dijagnosticiranja
klimatskih promjena i varijabilnosti, kao i procje-
na stanja buduÊe klime, nalaze πiroku primjenu u
raznim druπtvenim granama i planiranju. Dio
istraæivaËkih kapaciteta usmjeren je na nove spoz-
naje i metode s ciljem podrπke planiranju te raz-
voju strategije i politike zaπtite okoliπa od one-
ËiπÊenja. 

PoËetkom osamdesetih godina zapoËela je
aktivna meunarodna suradnja u sklopu svjetskih
programa Program globalnog istraæivanja atmos-

fere (GARP), a zatim i njezina potprograma
Alpski eksperiment (ALPEX), koji je istraæivao
atmosferske procese na podruËju Alpi, s eksperi-
mentalnom fazom 1982. godine (Pedeset godina

rada Dræavnog hidrometeoroloπkog zavoda,

1998.). Rezultat ovih programa bio je detaljniji
uvid u mnoge do tad neistraæene atmosferske po-
jave i procese malih prostornih razmjera te raz-
mjerno kratkog vremenskog trajanja, u cilju bo-
ljeg predvianja utjecaja planina na vrijeme i kli-
mu. Meunarodni projekt pod imenom Mezo-

skalni alpski program (MAP-Mesoscale Alpine
Programme) imao je u razdoblju od 7. rujna do
15. studenog 1999., za glavni cilj dobiti bazu me-
teoroloπkih podataka odgovarajuÊe prostorno-vre-
menske gustoÊe i kvalitete radi poboljπanja opera-
tivne prognoze vremena i numeriËkih modela
atmosfere, koji Êe te procese biti u stanju joπ bolje
simulirati (Bougeault et al., 2001.). Projekt je po-
krenula mnogobrojna meunarodna meteoroloπka
zajednica, uz aktivno sudjelovanje meteoroloπkih
sluæbi svih zemalja alpskog podruËja (Austrija,
Hrvatska, Italija, Francuska, NjemaËka, Slove-
nija, ©vicarska). Asimilacija podataka dobivenih
ovim projektom, kao i razvoj numeriËkih metoda
i raËunalnih kapaciteta doprinijeli su uvoenjem u
operativni rad numeriËkih prognostiËkih modela
fine rezolucije manje od 10 km. 

Hrvatska, kao pomorska i turistiËka zemlja,
dio je Sredozemlja, jednog od klimatski najugo-
dnijih podruËja na svijetu. UnatoË tomu, to je po-
druËje izloæeno i naglim te vrlo intenzivnim vre-
menskim pojavama koje uvelike utjeËu na æivot i
aktivnosti ljudi, a uzrokuju i velike materijalne
gubitke. Pri tom se osobito istiËu velike koliËine
oborina, koje Ëesto dovode do poplava na nekim
lokacijama, kao i olujni vjetar. Meteoroloπka mje-
renja uglavnom su vezana uz kopno i priliËno su

specificities of local and regional atmospheric
processes in order to improve methods of their mo-
delling and producing more accurate forecasts.
Results of the research and climate monitoring,
diagnosis of climate change and variability, as well
as assessments of a future state of climate, are
widely applied in different social branches and pla-
nning. Part of research capacities is devoted to new
achievements and methods for supporting pla-
nning, and development of environmental protec-
tion pollution control strategy and policy. 

In the early 1980’s, active international coopera-
tion started as part of the Global Atmospheric
Research Programme (GARP), followed by the
Alpine Experiment (ALPEX) subprogramme where-
by atmospheric processes in the area of the Alps
were researched in the experimental phase in 1982
(50th anniversary of the Meteorological and
Hydrological Service, 1998). Results of those pro-
grammes provided a more detailed insight into the
unexplored atmospheric phenomena and small
scale processes of relatively short duration, and
allowed making more accurate assumptions as to
the effect of mountains on the weather and climate.
In the period from September 7 to November 15,
1999, the goal of the international Mesoscale Alpine
Programme (MAP) project was to obtain a meteo-
rological database of appropriate spatial-temporal
density and quality needed to improve operational
weather forecasts and numeric atmospheric mo-
dels, which would in turn more accurately simulate
the processes (Bougeault et al., 2001). The project
was initiated by the international meteorological
community, and the meteorological services of
Alpine countries (Austria, Croatia, Italy, France,
Germany, Slovenia, and Switzerland) actively par-
ticipated. Assimilation of the data, as well as the
development of numerical methods and computer
capacity contributed to making numerical prognos-
tic models operational at a resolution lower than 10
km. 

Croatia, as a maritime and tourism country, is
part of the Mediterranean, one of the climatically
most pleasant areas in the world. Nevertheless, the
area is prone to sudden weather phenomena of
high intensity, affecting people’s lives and activities
and causing extensive material damage. High
amounts of precipitation, often causing flooding in
some locations, and gales stand out among them.
Meteorological measurements are mainly done for
the mainland area and are not sufficient to cover the
entire Mediterranean. For that reason, a project
named “Cyclones that produce high impact wea-
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nedostatna da bi se u cijelosti obuhvatilo podruËje
Sredozemlja. Stoga je pokrenut projekt u koji su
bile ukljuËene sve zemlje Sredozemlja, ukljuËu-
juÊi i Hrvatsku, pod nazivom Ciklone koje imaju

znatan utjecaj na vrijeme na Sredozemlju-ME-
DEX (MEDiterranean EXperiment on “Cyclones
that produce high impact weather in the Medite-
rranean”). Projekt je u rujnu 2000. dobio status is-
traæivaËkog i razvojnog projekta (RDP - Research
and Development Project) pod pokroviteljstvom
Svjetske meteoroloπke organizacije. Taj projekt
predstavljao je novu istraæivaËku inicijativu za
rjeπavanje brojnih znanstvenih i praktiËnih prob-
lema vezanih uz vrijeme i klimu Sredozemlja
(Jansa et al., 2000.; Jansa et al., 2014.). 

U cilju boljeg razumijevanja i prognoze kru-
æenja vode u prirodi, s naglaskom na opasne po-
jave, njihovo praÊenje i modeliranje u okviru
zdruæenog sustava atmosfera - more - kopno, nji-
hovu varijabilnost i karakteristike pokrenut je ve-
liki meunarodni projekt HyMeX, dostupno na
http://www. hymex.org/ (Hydrological cycle in
Mediterranean Experiment). Motivacija za pokre-
tanje ovog programa na Sredozemlju (Drobinski
et al., 2013.) je πto je to jedno od kljuËnih podru-
Ëja za prouËavanje klimatskih promjena (moguÊ
utjecaj na poveÊan broj prirodnih katastrofa, po-
duzimanje mjera za prevenciju i ublaæavanje po-
sljedica), nejednolike razdiobe i sve veÊa potreba
za pitkom vodom te sve ËeπÊe ekstremnih vre-
menskih pojava (obilne oborine, oluje, jaki lokal-
ni vjetrovi, bujiËne poplave, velike vruÊine, suπe,
poæari). PodruËje Jadrana proglaπeno je jednim od
tri podruËja od posebnog interesa za prouËavanje
odreenih pojava interakcije atmosfera/more u
razdoblju 2010.-2020. godina (slika 3.50.). Utje-
caj mora na atmosferu pri pojavi olujnih vjetrova,
obilnih kiπa i razvoju ciklona joπ je uvijek nedo-
voljno istraæen, kao i utjecaj atmosfere na cirku-
laciju u moru. OËekivanja ovog programa idu u
smjeru znaËajnog smanjenja greπaka u meteoro-
loπkim i oceangrafskim analizama i prognozama.
U Hrvatskoj se oËekuje i daljnja intenzivnija su-
radnja meteorologa i oceanografa, koja je nuæna
za razvoj zdruæenog meteoroloπko-oceanograf-
skog operativnog prognostiËkog sustava.

S daljnjim poboljπanjem prognoze atmosfer-
skih procesa strogo uvjetovanih lokalnim utjecaji-
ma na nekom manjem podruËju, doÊi Êe i do efi-
kasnijeg sustava upozoravanja. To bi trebalo uve-
like doprinijeti smanjenju πteta od opasnih atmo-
sferskih pojava, ali i ukupnom poznavanju vre-
menskih i klimatskih obiljeæja naπeg podruËja. 

ther in the Mediterranean” (MEDiterranean EXperi-
ment on “Cyclones that produce high impact wea-
ther in the Mediterranean”- MEDEX) was initiated,
involving all Mediterranean countries, including
Croatia. In September 2000, the project received
the status of a Research and Development Project
(RDP) under the auspices of the World Meteo-
rological Organization. The project represented a
new initiative in solving numerous scientific and
practical problems of the weather and climate in the
Mediterranean (Jansa et al., 2000; Jansa et al.,
2014).

In order to achieve better general understanding
and natural water circulation forecasts with an
emphasis on dangerous weather phenomena,
monitoring and modelling of the same within an
coupled atmosphere - sea - land system, as well as
their variability and characteristics, a big interna-
tional project HyMeX http://www.hymex.org/
(Hydrological cycle in Mediterranean Experiment)
was launched. Reasons for launching the project in
the Mediterranean (Drobinski et al., 2013) lie in the
fact that the Mediterranean is one of the key areas
for studying climate change (possible impact on the
increasing number of natural disasters, taking pre-
vention and mitigation measures, uneven distribu-
tion and an increased demand for water supplies,
as well as more frequent events of extreme weather
phenomena, such as heavy precipitation, storms,
severe local winds, flash floods, extreme air tem-
perature, droughts, fires). The Adriatic region is one
of the three areas of special interest for studying
certain atmosphere/sea interaction events in the
period from 2010 to 2020 (Figure 3.50). The influen-
ce of the sea on the atmosphere in the event of
storms, heavy precipitation and cyclone develop-
ment, and the influence of the atmosphere on the
circulation in the sea are still not sufficiently
researched. The programme is expected to signifi-
cantly reduce the number of errors in meteorologi-
cal and oceanographic analyses and forecasts.
Croatia expects continued close cooperation
between meteorolgists and oceanographers, which
is essential for the development of a coupled ope-
rational meteorological and oceanographic forecast
system. 

Improving forecasts of atmospheric processes
over a certain smaller area, caused strictly by local
influences, will lead to a more efficient warning sys-
tem. That in turn should reduce damages caused
by atmospheric phenomena as well as provide be-
tter overall understanding of weather and climate
characteristics of Croatia. 
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Danaπnja numeriËka prognoza vremena zahti-
jeva meunarodnu suradnju meu mnogim na-
cionalnim meteoroloπkim centrima. Hrvatska je
joπ od 1996. godine ukljuËena u projekt ALA-
DIN. Ëiji je cilj razvoj i primjena numeriËkog mo-
dela velike razluËivosti za potrebe pouzdane i
pravovremene kratkoroËne prognoze vremena.
Od tada pa do danas razvoj modela i raËunalnih
kapaciteta doæivio je ogroman napredak (Tudor et
al., 2013.). Do kraja 2013. godine operativno se 2
puta dnevno provodio izraËun ALADIN/ALARO
modela rezolucije 8 km (hidrostatiËka verzija) i 2
km (nehidrostatiËka verzija) za sve meteoroloπke
elemente te dinamiËka adaptacija smjera i brzine
vjetra na razluËivost 2 km, πto daje realnije rezul-
tate u onim dijelovima Hrvatske gdje na strujanje
zraka znaËajno utjeËe lokalni reljef (slika 3.51.).
PoËetkom 2014. godine izraËun prognoze radi se
4 puta dnevno koriπtenjem inicijalnog polja do-
bivenog iz asimilacijskog ciklusa te trosatnih rub-
nih uvjeta dobivenih iz modela ECMWF-a sa po-
makom od 06 sati. Sve je to rezultat meunarodne
suradnje, ali i velikih napora uËinjenih kod nas na
razvoju asimilacije radarskih podataka, istraæi-
vanju interakcije fizike i dinamike atmosfere i
uvoenja fizikalnih procesa manjih razmjera
(konvekcija, turbulencija). Rezultat je poveÊanje
toËnosti kratkoroËne prognoze vremena za po-
druËje Hrvatske za 72 sata unaprijed na rezoluciji
modela od 8 km i 24 sata unaprijed na nehidrosta-
tiËkoj verziji modela rezolucije 2 km. ToËnija

Current numeric weather forecasts require inter-
national cooperation between many national me-
teorological centres. Since 1996, Croatia has been
involved in the ALADIN project, whose goal is to
develop and implement a high resolution numerical
model for creating accurate and timely short range
weather forecasts. Since then, significant advances
have been made in the development of models and
computer capacity (Tudor et al., 2013). Until the
end of 2013, calculations of the ALADIN/ALARO
model at 8 km resolution (hydrostatic version) and
2 km resolution (non-hydrostatic version) were
operationally done twice a day for all meteorological
elements and dynamic adaptation of wind direction
and speed at 2 km resolution, which produced
more realistic results in parts of Croatia where the
air flow is significantly influenced by the local relief
(Figure 3.51). At the beginning of 2014, forecast is
run 4 times per day using the initial data from the
assimilation cycle and 3-hour lateral boundary con-
ditions from the ECMWF model. This is all the result
of international cooperation as well as great efforts
on part of Croatia invested into the development of
radar data assimilation, research on the interaction
of physics and atmospheric dynamics, and imple-
mentation of small scale physical processes (con-
vection, turbulence). As a result, short range weath-
er forecasts for Croatia for the next 72 hours from
the 8 km resolution model and forecasts for the
next 24 hours from a 2 km resolution non-hydro-

Slika 3.50. HyMeX podruËja od posebnog interesa

Figure 3.50 HyMeX of the special interest areas
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prognoza poveÊat Êe uËinkovitost sustava za rano
upozorenje na opasne vremenske pojave, ali i dati
korisnije podatke za racionalizaciju i unaprei-
vanje uËinkovitosti u svim sektorima gospodar-
stva, te na racionalno koriπtenje energije i prirod-
nih resursa, oËuvanje okoliπa i kakvoÊe æivljenja
u cijelosti.

U znanstvenim istraæivanjima i  razvoju
DHMZ je primao financijsku potporu Ministar-
stva znanosti, obrazovanja i πporta RH (MZOS).
Od poËetka 2007. godine tri su znanstvena pro-
jekta, Ëiji su nosioci znanstvenici iz DHMZ-a
(Klimatske varijacije i promjene i odjek u po-
druËjima utjecaja - voditeljica projekta dr.sc.
Marjana GajiÊ »apka dostupno na http://bib.
irb.hr/lista-radova?sif_proj=004-1193086-
3035&period=2007.; Oluje i prirodne katastrofe u
Hrvatskoj - voditeljica projekta dr.sc. Branka
IvanËan-Picek, dostupno na http://bib.irb.hr/ lista-
radova?sif_proj=004-1193086-3036&peri-
od=2007.; Metode motrenja i asimilacije meteo-
roloπkih podataka - voditelj projekta dr.sc. Kreπo
PandæiÊ, dostupno na http://bib.irb.hr/lista-rado-
va?sif_proj=004-1193086-3065&period=2007.),
dio najveÊeg znanstvenog programa iz podruËja
geoznanosti u Hrvatskoj pod naslovom Svojstva i
meudjelovanje atmosfere, hidrosfere i geosfere u
podruËju Hrvatske. Osim financiranja samih is-
traæivanja, MZOS je omoguÊio upoπljavanje 5
znanstvenih novaka za rad na ovim projektima.

static model version, are more accurate. Higher
accuracy leads to higher efficiency of the early
warning system for severe weather phenomena. It
will also provide data needed to rationalize and
improve efficiency in all economic sectors, rationa-
lize use of energy and natural resources, and
improve environmental protection and quality of life
in general. 

DHMZ received financial support from the
Ministry of Science, Education and Sports (MZOS)
for its scientific research and development. Since
the beginning of 2007, three scientific projects, led
by DHMZ scientists (Climate variations and change
and response in affected systems - leader Marjana
GajiÊ »apka, PhD, http://bib.irb.hr/lista-radova?
sif_proj=004-1193086-3035&period=2007; Storms
and natural disasters in Croatia - leader Branka
IvanËan-Picek, PhD, http://bib.irb.hr/lista-radova?
si f_proj=004-1193086-3036&period=2007;
Meteorological observation and data ssimilation
methods - leader Kreπo PandæiÊ, PhD, http://bib.
i rb.hr/ l is ta-radova?si f_proj=004-1193086-
3065&period=2007), have been part of the biggest
scientific programme in the field of geosciences in
Croatia called “Characteristics and Interactions of
the Atmosphere, Hydrosphere and Geosphere in
Croatia”. Except for financing research, MZOS
made it possible to employ 5 research fellows to
work on the projects. Three of them have already
become Doctors of Science, one is about to

Slika 3.51. Prognoza polja vjetra na 10 m na 2-km rezoluciji za πire podruËje Zadra (a) i 8-km rezoluciji za podruËje

Hrvatske (b) - prognoza za 12. rujna 2014., 00 UTC

Figure 3.51 2-km resolution wind field forecast at 10 m for wider Zadar area (a) and 8-km resolution forecast for
Croatia (b) - forecasts for September 12, 2014, 00 UTC

a) b)
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Od toga troje ih je doktoriralo, jedan je pred za-
vrπetkom doktorata, a 1 je magistrirao. Naπi znan-
stvenici sudjelovali su i na drugim znanstvenim
projektima koje je sufinancirao MZOS, Ëiji su
voditelji znanstvenici iz drugih institucija. Kako
je u 2013. godini MZOS financiranje projekata
prebacio  na  Hrvatsku zakladu za  znanost
(HRZZ), dio se naπih znanstvenika ukljuËio u rad
na projektima za HRZZ.

Velik broj istraæivanja dio je meunarodnih is-
traæivaËkih i razvojnih projekata (npr. ALADIN,
RC LACE, EMEP), kao i programa u okviru EIG
EUMETNET-a (The Network of European Natio-
nal Meteorological Services), EUMETSAT-a
(The European Organisation for the Exploitation
of Meteorological Satellites) i COST-a (European
Cooperation in the field of Scientific and Techni-
cal Research). Detaljnije informacije o svim pro-
jektima koji se provode na DHMZ-u moæe se naÊi
na stranici www.meteo.hr u rubrici Projekti. 

Dio znaËajnih istraæivanja vezan je uz sura-
dnju u okviru EU FP7 i IPA projekata, kao i bila-
teralnu suradnju naπe meteoroloπke i hidroloπke
sluæbe sa sluæbama pojedinih europskih zemalja. 

U sklopu EU FP7 suradnje u razdoblju 2011.-
2014. znanstvenici DHMZ-a bili su ukljuËeni u
dva projekta: 1. CLIM-RUN (Climate Local Info-
rmation in the Mediterranean region Responding
to User Needs - Lokalne klimatske informacije u
podruËju Sredozemlja prema potrebama korisni-
ka, dostupno na http://www.climrun.eu) gdje je
dan doprinos u pripemi klimatskih informacija i
oËekivanih klimatskih promjena (BrankoviÊ et al.,
2013.) za planiranje energetskog i turistiËkog sek-
tora u Hrvatskoj; 2. ECLAIRE (Effects of climate
change on air pollution impacts and response stra-
tegies for European ecosystems - UËinci oneËi-
πÊenja zraka na europske ekosustave izazvane kli-
matskim promjenama i strategije za njihovo ubla-
æavanje, dostupno na http://www.eclaire.eu). 

Projekt DMCSEE (Drought Management Cen-
tre for Southeastern Europe - Centar za praÊenje
suπe u jugoistoËnoj Europi, dostupno na http://
www.dmcsee.eu). sufinancirala je EU u sklopu
programa transnacionalne suradnje za jugoistoËnu
Europu. Projekt je pokrenut u cilju razvoja, pro-
cjene i primjene alata za upravljanje rizikom od
suπe. U sklopu projekta izraena je karta osje-
tljivosti na suπu, uz uvaæavanje faktora kao πto su
nagib terena, sunËevo zraËenje, koeficijent vari-
jacije koliËine oborine, vrstu tla i biljnog pokrova
(PerËec TadiÊ et al. 2014.). Po zavrπetku projekta
u 2012. godini, DMCSEE ostao je i dalje ope-
rativno aktivan.

become a Doctor of Science and one has become
a Master of Science. DHMZ scientists have also
participated in other scientific projects co-financed
by MZOS whose project leaders were scientists
from other institutions. Since MZOS transferred
financing of projects to the Croatian Science
Foundation (HRZZ) in 2013, part of DHMZ scien-
tists became involved in HRZZ projects. 

A lot of research is done as part of international
research and development projects (e.g. ALADIN,
RC LACE, EMEP), and programmes within the
framework of the EIG EUMETNET (The Network of
European National Meteorological Services),
EUMETSAT (The European Organisation for the
Exploitation of Meteorological Satellites) and COST
(European Cooperation in the field of Scientific and
Technical Research). More information on all DHMZ
projects can be found on the web page
www.meteo.hr under Projects. 

Part of more significant research is connected to
the collaboration in the EU FP7 and IPA projects, as
well as bilateral collaboration between DHMZ with
the meteorological and hydrological services of
some European countries. 

Within the EU FP7 collaboration, in the period
2011-2014, DHMZ scientists were involved in two
projects: 1. CLIM-RUN (Climate Local Information
in the Mediterranean region Responding to User
Needs;http://www.climrun.eu), which contributed
to the preparation of climate information and
expected climate change (BrankoviÊ et al., 2013)
for planning in energy and tourism sectors in
Croatia: 2. ECLAIRE (Effects of climate change on
air pollution impacts and response strategies for
European ecosystems; http://www.eclaire.eu). 

The DMCSEE project (Drought Management
Centre for Southeastern Europe; http://www.
dmcsee.eu) was co-financed by the EU as part of
the South East Europe Transnational Cooperation
Programme. The project was initiated in order to
develop, assess and implement tools for drought
risk management. Taking into account factors such
as terrain slope, solar radiation, coefficient of pre-
cipitation amount variation, soil and vegetation
cover type (PerËec TadiÊ et al. 2014), a chart of
drought sensitivity was produced. Even after the
project was finished in 2012, DMCSEE still
remained operational. 

In the period when Croatia was preparing to
enter the EU, as part of the IPA III C programme -
Regional Development, DHMZ prepared and won
two projects - one as a project leader and the other
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U razdoblju pripreme Hrvatske za Ëlanstvo u
EU u sklopu IPA III C programa - Regionalni
razvoj, DHMZ je pripremio i dobio dva projekta -
u prvom je nositelj projekta, a u drugom instituci-
ja partner: 1. WILL4WIND (Weather Intelligence
for Wind Energy - Inovativna meteoroloπka po-
drπka upravljanju energijom vjetra, dostupno na
www.will4wind.hr), gdje je cilj razvoj sustava
toËnije prognoze lokalnog vjetra za potrebe efi-
kasnijeg upravljanja vjetrovnom energijom i nje-
zine integracije u sustav upravljanja vjetrovnom
energijom; 2. ENHEMS-Buildings (Enhancement
of Research, Development and Technology
Transfer capacities in Energy Management Sys-
tems for Buildings - Unapreenje istraæivanja,
razvoja i moguÊnosti prijenosa tehnologije u sus-
tavu upravljanja energijom u zgradarstvu, dostup-
no na www.enhems-buildings.fer.hr). Osnovne
aktivnosti u kojima DHMZ sudjeluje su nado-
gradnja mjerenja komponenti SunËevog zraËenja
na 7 mjernih postaja u Hrvatskoj te razvoj usluge
prognoze vremena za potrebe energetskog uprav-
ljanja zgradama. 

Suradnja u okviru COST programa Europske
Komisije (European Cooperation in the field of
Scientific and Technical Research) otvara velike
moguÊnosti za ukljuËivanje naπih znanstvenika u
najnovije znanstvene tokove, kao i umreæavanje
istraæivaËkih institucija. Jedan od takvih projekata
je WIRE - Weather Intelligence for Renowable
Energies (Meteoroloπke informacije za obnovlji-
ve izvore energije), Ëiji je cilj unaprijediti metode
za predvianje proizvodnje energije iz vjetra i
Sunca, unaprijediti numeriËke prognostiËke mo-
dele za takve potrebe te uspostaviti zajedniËki
pristup svih relevantnih struka (meteorolozi, ele-
ktroenergetiËari) optimizaciji tehniËke i eko-
nomske integracije obnovljivih energija u ele-
ktriËnu mreæu. Drugi primjer suradnje na COST
programu je projekt EURO-AGRIVAT (Asse-
ssment of European Agriculture Water use and
trade under climate change - Procjena koriπtenja i
razmjene vode za potrebe europske poljoprivrede
pod utjecajem klimatskih promjena). Osnova
ovog projekta su upotreba modela i podataka, naj-
novije baze klimatskih podataka i projekcija te
agrometeoroloπkih modela u cilju integriranja
svih tih podataka za ocjenu koriπtenja i razmjene
voda za potrebe poljoprivrede pod sadaπnjim i
buduÊim klimatskim uvjetima. 

Dio razvojnih i istraæivaËkih aktivnosti vezan
je uz suradne projekte europskih meteoroloπkih i
hidroloπkih sluæbi, osobito u sklopu programa
EIG EUMETNET-a (The Network of European

as a project partner: 1. WILL4WIND (Weather
Intelligence for Wind Energy; www.will4wind.hr),
with the goal of developing a system of more accu-
rate local wind forecasts necessary for increasing
efficiency of wind energy management and its inte-
gration into the wind energy management system;
2. ENHEMS-Buildings (Enhancement of Research,
Development and Technology Transfer capacities
in Energy Management Systems for Buildings;
www.enhems-buildings.fer.hr). Main activities the
DHMZ participates in are upgrading of solar radia-
tion measurement components at 7 measuring sta-
tions in Croatia and developing weather forecast
service for the needs of energy management of
buildings. 

Cooperation within the European Commission
COST programme (European Cooperation in the
field of Scientific and Technical Research) opens up
possibilities of acquainting our scientists with the
latest scientific achievements as well as networking
with scientific institutions. One of such projects is
the WIRE - Weather Intelligence for Renowable
Energies, whose goal is to improve methods for
assessing wind and solar energy production,
improve numerical prognostic models for such
needs, and establish a joint approach of relevant
professions (meteorologists, electrical engineers) to
optimization of technical and economic intergration
of renewable energy sources into the electric power
network. Another example of the cooperation is the
project EURO-AGRIVAT (Assessment of European
Agriculture Water use and Trade under Climate
Change). The project is based on the use of models
and data, the latest climate database and projec-
tions as well as agrometeorological models with the
aim of integrating all data in order to assess agri-
culture water use and trade under present and
future climate conditions. 

Part of developmental and research activities
are linked to joint projects of European meteorolog-
ical and hydrological services, especially within the
EIG EUMETNET programme (The Network of
European National Meteorological Services). A
good example is the SRNWP (Short Range Nu-
merical Weather Prediction Programme) whose
goal is to harmonize and improve work on research
and application of short range numerical weather
prediction models. Cooperation in the field of radar
meteorology takes place within the OPERA pro-
gramme (the European Weather Radar Network),
which is creating a European operational radar
composite image and developing a unique
ODYSSEY centre for radar data. 
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National Meteorological Services). Izvrstan prim-
jer je SRNWP - (Short Range Numerical Weather
Prediction Programme - Program kratkoroËne

numeriËke prognoze) koji ima za cilj uskladiti i
unaprijediti rad na istraæivanju i primjeni nume-
riËkih modela kratkoroËne prognoze vremena.
Suradnja na podruËju radarske meteorologije
odvija se u okviru programa EIG EUMETNET
OPERA - Meteoroloπki radari u Europi, koji raz-
vija kompozitnu sliku operativnih radara u Europi
i razvija jedinstven ODYSSEY centar za radarske
podatke.

EIG EUMETNET podræava u okviru ECSN
(European Climate Support Network) i projekt
HRT-GAR (High Resolution Temperature clima-
tology- Greater Alpine Region) koji je pokrenut
kao nastavak EU projekata ALPCLIM, ALP-IMP
i HISTALP za πire Alpsko podruËje u sklopu ko-
jeg su izraene karte srednjih mjeseËnih tempe-
ratura zraka u visokoj rezoluciji za razdoblje
1961.-1990. (Hiebl et al.. 2009.).

DHMZ kao predstavnik Hrvatske, zemlje Ëla-
nice EUMETSAT-a (The European Organisation
for the Exploitation of Meteorological Satellites)
sudjeluje i u projektu EUMeTrain (International
training project by EUMETSAT to support and
increase the use of meteorological satellite data -
Meunarodnom projektu obuke za koriπtenje me-
teoroloπkih satelitskih podataka u okviru EU-
METSAT-a). Cilj projekta je razvoj materijala za
obuku koriπtenja satelitskih podataka i produkata
i njihovo kombiniranje s ostalim meteoroloπkim
podacima (npr. Mikuπ i Strelec MahoviÊ, 2013.). 

U sklopu suradnje s Graevinskim fakultetom
iz Beograda, Srbija i ISRIC - World Soil Informa-
tion, Nizozemska na projektu WorldDailyMeteo -

Space-time interpolation of daily meteorological

variables at 1 km resolution, razvijaju se metode
prostorno-vremenske interpolacije dnevnih vri-
jednosti meteoroloπkih parasmetara koriπtenjem
nizova MODIS-ovih satelitskih snimaka (Hengl
et al. 2012.; Kilibarda et al. 2014.). 

Sav ovaj znanstvenoistraæivaËki rad nalazi pri-
mjenu i poboljπava operativne aktivnosti DHMZ-a.
VeÊi dio rezultata rada na projektima objavljen je
u znanstvenim i struËnim Ëasopisima. Znatna
sredstva ulaæu se i u prezentaciju rezultata rada
DHMZ-a na meunarodnim znanstvenim i struË-
nim skupovima i konferencijama, a priznanje tog
rada vidljivo je i po tome πto se Hrvatskoj povje-
ravaju organizacije tih skupova. 

Within the ECSN (European Climate Support
Network), EIG EUMETNET also supports the HRT-
GAR project (High Resolution Temperature clima-
tology- Greater Alpine Region) which started as an
extension of the EU projects ALPCLIM, ALP-IMP
and HISTALP for wider Alpine area. The project
produced charts of mean monthly air temperatures
at high resolution for the period 1961-1990 (Hiebl et
al. 2009).

DHMZ, as a representative of Croatia, an
EUMETSAT (The European Organisation for the
Exploitation of Meteorological Satellites) member
state, also participates in the EUMeTrain project (In-
ternational training project by EUMETSAT to supp-
ort and increase the use of meteorological satellite
data). The goal of the project is creating material for
training in the use of satellite data and products,
and combining of the two with other meteorological
data (e.g. Mikuπ and Strelec MahoviÊ, 2013). 

In collaboration with the Faculty of Civil
Engineering from Belgrade, Serbia, and the ISRIC -
World Soil Information, the Netherlands, on the
project WorldDailyMeteo - Space-time interpolation
of daily meteorological variables at 1 km resolution,
methods for spatial-temporal interpolations of daily
meteorological parameter values are developed by
using series of MODIS satellite images (Hengl et al.
2012, Kilibarda et al. 2014). 

All the scientific research done at the DHMZ can
be applied and used to improve operational
activites of the DHMZ. Most of project results have
been published in scientific and professional jour-
nals. Significant resources are invested into pre-
senting the results of our work at international and
professional meetings and conferences. The fact
that DHMZ has been entrusted with organizing
such events in Croatia shows that our work has
been recognized. 

Plans for the future 

We are facing growing demands and challenges
in mastering modern methods and models, while
climate change and more frequent events of
extreme weather phenomena are threatening all
aspects of economy. One of the key assumptions
for issuing such information is internationally com-
petitive scientific research of high quality as well as
transfer and implementation of the results in all eco-
nomic systems. In order to do that, fast and effi-
cient staffing measures are needed as hiring of
young researchers is of vital importance in achiev-
ing the set goals. 
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Planovi za buduÊnost

Pred nama su sve veÊi zahtjevi i izazovi u sa-
vladavanju modernih metoda i modela, a klima-
tske promjene i sve ËeπÊe pojave ekstremnih vre-
menskih pojava prijete svim gospodarskim grana-
ma. Jedna od bitnih pretpostavki za izdavanje
takvih informacija je kvalitetan i meunarodno
konkurentan znanstvenoistraæivaËki rad, uz pre-
noπenje i ukljuËivanje njegovih rezultata u pri-
mjenu u svim gospodarskim granama. U tom smi-
slu potrebne su brze i uËinkovite mjere u smislu
kadrovskih promjena jer je zapoπljavanje mladih
znanstvenika kljuËno za postizanje postavljenih
ciljeva. 

Poboljπanje prognoze opasnih vremenskih po-
java zahtijeva i razvoj numeriËkih modela puno
finije rezolucije nego πto je to trenutno i to na
svim vremenskim skalama, od nekoliko sati pa
sve do dugoroËnijih prognoza i klimatskih projek-
cija. Razvoj zdruæenog modela atmosfera - more
jedan je od prioriteta u daljnjem razvoju, od kojeg
se oËekuju i bolji rezultati u lokalnoj prognozi
oborine. Prostorno i vremenski guπÊi podaci
motrenja i mjerenja pri tom su nezaobilazan fak-
tor u poveÊanju kvalitete izlaznih produkata. 

Za potrebe korisnika meteoroloπkih informaci-
ja planirana je joπ bolja suradnja s javnim i priva-
tnim sektorom s ciljem poboljπanja i razvoja apli-
kacija kako bi se odgovorilo specifiËnim zahtje-
vima korisnika. OËekuje se i da Êe se rezultati
analiza i modeliranja sve viπe koristiti u izradi
planova za prilagodbu klimatskim promjenama. 

3.2. Hidrologija

Najvaæniji hidroloπki elementi: vodostaj, pro-
tok, temperatura vode, nanos, pojave leda, vodni
valovi, morfoloπke promjene rijeËnog korita, kao
i karakteristike kakvoÊe vode, izravna su ili ne-
izravna posljedica atmosferskih stanja i pojava, i
ne mogu se protumaËiti bez rezultata meteoro-
loπkih motrenja.

Rezultate meteoroloπkih motrenja struËnjaci
hidrolozi primjenjuju u izradi hidroloπkih analiza
i hidroloπkih prognoza, u upozorenjima na ekstre-
mno hidroloπko stanje te kod gospodarenja vo-
dama (Penzar i sur., 1996.).

Jedno od najvaænijih podruËja primjene rezul-
tata meteoroloπkih motrenja u hidrologiji i vod-
nim resursima je u izradi vodnogospodarskih
osnova dræave, vodnog podruËja, sliva ili nekog
drugog podruËja (WMO, 1993.). U tim osnovama

Improving severe weather phenomena forecasts
requires development of numerical models of much
higher resolution than currently available on all
scales, from several hours to long range forecasts
and climate projections. Development of a coupled
atmosphere-sea model, expected to produce be-
tter results in local precipitation forecasts, is one of
the priorities in future development. Spatially and
temporally denser observation and measurement
data are essential for improving the quality of end
products. 

In order to improve and develop applications in
response to specific demands made by users, an
even better cooperation is planned with the public
and private sectors. The results of analyses and
modelling are expected to be implemented in cli-
mate change adaptation plans. 

3.2 Hydrology

The most important hydrologic elements: water
level, flow, water temperature, drift, ice occurrence,
water waves, morphological changes of the river
bed, as well as characteristics of water quality, are
direct or indirect consequences of atmospheric
states and occurrences and cannot be explained
without the results of meteorological observations. 

The results of meteorological observations are
applied in the working out of hydrologic analyses,
hydrologic forecasts and warnings about extreme
hydrologic states, as well as in the case of water-
management (Penzar et al., 1996). 

One of the most important areas of the applica-
tion of results of meteorological observations in
hydrology and water resources is the working out of
the fundamental principles of water-management
of a country, the water areas, confluence or some
other area (WMO, 1993). Within these fundamental
principles, climatic elements of the analysed area
take an important place: precipitation (yearly and
monthly quantities and quantities of short-term pre-
cipitation of strong intensity, the number of precipi-
tation days, the snow level and its wateriness, hail,
frost), air temperature at the 2 m level and tempe-
rature of the earth at the levels of 20, 25, 30 and 50
cm, evaporation from the water and earth surfaces
(evaporation) and through plants (transpiration), re-
lative humidity of the air, overcast, air pressure,
wind (the strength and velocity of various wind
directions - the wind rose), sunshine, occurrence of
ice, climatic indicators of regions (De Martanne’s
drought index, Foster’s diagram, Köppen’s classifi-
cation of climate).
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vaæno mjesto zauzimaju klimatski elementi anali-
ziranog podruËja: oborine (godiπnja i mjeseËna
koliËina te koliËina kratkotrajne oborine jakog
intenziteta, broj oborinskih dana, visina i vodnost
snijega, tuËa, mraz), temperatura zraka na 2 m vi-
sine te temperatura tla na 25, 20, 30 i 50 cm, ispa-
ravanje s vodene i povrπine tla (evaporacija) te
kroz biljke (transpiracija), relativna vlaænost zra-
ka, naoblaka, tlak zraka, vjetar (Ëestina i brzina
pojedinih smjerova - ruæa vjetrova), sijanje Sun-
ca, pojava leda, klimatski pokazatelji podruËja
(De Martonneov indeks suπe, fosterov dijagram,
Köppenova klasifikacija klime).

Oborina je najvaænija ulazna veliËina koja se
koristi kod planiranja, projektiranja, izgradnje i
odræavanja objekata vodnog gospodarstva. Po-
znavanje prostorne i vremenske razdiobe koliËine
oborina na nekom podruËju osnova je cijele anali-
ze koja prethodi raznovrsnom koriπtenju voda u
energetici (hidro, termo i nuklearne elektrane),
vodoopskrbi, obrani od poplava, odvodnji i
navodnjavanju, rijeËnoj i kanalskoj plovidbi, kva-
liteti vode i dr. Analiza koliËine oborine tijekom
godine, kao i u viπegodiπnjem razdoblju, daje sli-
ku o kiπnim i suπnim razdobljima o kojim takoer
ovisi djelatnost vodnog gospodarstva. Veza izme-
u jakosti i trajanja kiπe koje su jednako vjero-
jatne (imaju jednak povratni period) formira se
preko tzv. ITP krivulja (intenzitet - trajanje - vje-
rojatnost, odnosno povratni period). Krivulja koja
povezuje koliËinu oborina, trajanje i povratni pe-
riod naziva se HTP krivulja. Pri projektiranju
objekata koje treba posebno osigurati od poplava,
kod nuklearnih elektrana i velikih brana. odreuju
se vjerojatno maksimalne koliËine oborina (PMP
- probable maximum precipitation), kao najveÊa
fizikalno moguÊa koliËina oborina za zadano tra-
janje, pri razliËitim tipovima oluja.

Vaæna je primjena rezultata meteoroloπkih
motrenja i u definiranju vodne bilance nekog po-
druËja, u okviru koje su vodni resursi raspoloæivi
za koriπtenje, u usporedbi sa postojeÊim ili oËeki-
vanim (kratoroËnim ili dugoroËnim) potrebama za
vodom urbanih sredina i svih gospodarskih grana
na zateËenoj ili pretpostavljenoj razini razvitka
navedenog podruËja. Tehnika proraËuna bilance
voda se u biti sastoji u postavljanju vodno bi-
lanËnih jednadæbi (odnosno jednadæbi kontinuite-
ta) kojima se definira veza izmeu pojedinih
komponenti bilance za odreene dijelove sliva
i/ili za sliv u cjelini za zadano vremensko razdo-
blje. Bilanca voda opÊenito se odreuje na teme-
lju viπegodiπnjeg prosjeka (npr. 1961.-1990.)

Precipitation is the most important magnitude
input used in: planning, project design, and con-
struction and maintenance of water-management
structures. The knowledge about spatial and time
division of the precipitation quantity in an area is the
basis of the complete analysis that precedes diffe-
rent types of exploitation of water: energetics
(hydro, thermo and nuclear power plants), water
supply, protection against flooding, drainage and
irrigation, river and channel navigation, water quali-
ty, etc. The analysis of precipitation quantities in the
course of the year, as well as a long-term analysis
will give the picture of the rainy and droughty time
segments upon which water-management de-
pends. The relationship between the strength and
duration of rain that are equally probable (they have
the same recurrent period) is being formed via the
so called ITP curve (intensity - duration - probabili-
ty, i.e. the recurrent period). The curve that connec-
ts the quantity of precipitation, duration and the
recurrent period is called the HTP curve. In the co-
urse of designing structures that have to be spe-
cially insured against floods, in the case of nuclear
power plants and huge dams, the probable maxi-
mal quantities of precipitation are determined (PMP
- probable maximum precipitation) as the physical-
ly possible maximum quantity of precipitation at a
set time of duration through various types of
storms.

A very important application of the results of
meteorological observations can be found in deter-
mining of the water balance of an area, within the
frame of which there are water resources available
for exploitation, compared to the existing or expect-
ed (short-term and long-term) needs for water in
urban areas and all the branches of economy at the
existing or supposed level of development in the
mentioned area. The technique of water balance
calculation in principle consists in setting up water
balance equations (i.e. continuity equations) by
means of which we define the relations among the
individual balance components for particular parts
of the confluence or the whole of the confluence for
a set time period. Generally, the water balance is
determined on the basis of a several-years average
record (e.g. 1961 -1990) of basic components of
the water balance equation: precipitation P (mm),
drainage H (mm) and evapotranspiration E (mm).
Beside these values, some derived values are also
stated, like the specific drainage module q (1s-1
km-2) and the drainage quotient.

In operational terms, i.e. in real time, the impor-
tant area of application of the results of meteoro-
logical observations are hydrologic forecasts. We
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osnovnih komponenti jednadæbe bilance voda:
oborine P (mm), otjecanja H (mm) i evapotrans-
piracije E (mm). Pored ovih veliËina iskazuju se i
neke izvedene veliËine, kao πto su specifiËni mo-
dul otjecanja q (l s-1 km-2) i koeficijent otjecanja.

U operativnom smislu, odnosno u realnom
vremenu, vaæno podruËje primjene rezultata me-
teoroloπkih motrenja su hidroloπke prognoze.
Razlikujemo kratkoroËne (do dva dana), sred-
njoroËne (od dva do deset dana), dugoroËne (za
viπe od deset dana), sezonske (nekoliko mjeseci) i
druge hidroloπke prognoze. Prognoziramo: velike
i poplavne vode, kao i nagle poplave (vrh i vrije-
me pojave vodnog vala, zapreminu vala i dr.),
male vode (veliËinu i vrijeme pojave male vode,
zapreminu ispod nekog korisniËki definiranog
praga, UNESCO, 1982.), pojavu ledohoda i le-
dostaja na rijekama i jezerima te moguÊnost na-
stanka ledene poplave, procjenu transporta nano-
sa, kao i morfoloπkih promjena korita, razinu pod-
zemnih voda i sl.

U novije vrijeme kod hidroloπkog prognozi-
ranja sve viπe se primjenjuju produkti daljinskih
istraæivanja (remote sensing), meteoroloπkih ra-
dara i satelita: oborine (koliËina i intenzitet), pro-
gnoza oborina, snijeg (visina i ekvivalent vode)
kao i njegovo otapanje, vlaænost tla i dr.

3.3. Oceanografija

Meteoroloπki podaci izuzetno su vaæni za
razumijevanje svojstava i gibanja mora. Naime,
razmjena impulsa, topline i vlage izmeu atmo-
sfere i mora, koja znatnim dijelom ovisi o stanju
atmosfere, ima vaæan utjecaj na more. Osim at-
mosfere, na more djeluju i kopneni dotoci (napose
rijeke uz uπÊa kojih se opaæa specifiËna strati-
fikacija i dinamika), pomaci morskog dna (koji
mogu dovesti do pojave visokih valova u moru -
tzv. tsunamija) te gravitacijsko privlaËenje Mje-
seca i Sunca zajedno s centrifugalnom silom koja
se javlja uslijed revolucije (πto uzrokuje plimu i
oseku). Meutim, u mnogim morima, pa tako i u
Jadranu, najËeπÊi su procesi koji se razvijaju pod
utjecajem atmosfere.

Dakle, atmosfera djeluje na more, ali se utjecaj
oËituje i u suprotnom smjeru - more djeluje na
atmosferu. Joπ od Lukasovih (1911.) vremena
naπi su klimatolozi uvaæavali to povratno djelo-
vanje. No, podrobnih dinamiËkih analiza gotovo
da nije bilo. Jednu od rijetkih takvih analiza En-
ger i Grisogono (1998.) posvetili su utjecaju tem-
perature mora na πirenje bure nad morem.

distinguish between short-term (from two to ten
days), long-term (for more than ten days), seasonal
(for several months) and other hydrological fore-
casts. We also forecast huge and flooding waters,
as well as sudden floods (the peak and time of the
occurrence of the water wave, the volume of the
wave, etc), small waters (the size and time of the
occurrence of small waters, volume below some
user-defined level UNESCO, 1982), the occurrence
of ice shelves and ice floes on rivers and lakes, as
well as the possibility of the occurrence of ice
floods, the estimate of the drift transport, as well as
the morphological changes of the river bed, the lev-
els of subterranean waters, etc.

In recent times, more and more products of
remote sensing research are being applied in hy-
drologic forecasting, like the meteorological radars
and satelites: precipitation (quantity and intensity),
precipitation forecast, snow (level and water equi-
valent) as well as its melting, humidity of the earth,
etc.

3.3 Oceanography

Meteorological data are extremely important for
the understanding of the characteristics and move-
ments of the sea. The exchange of momentum,
heat and water between the atmosphere and sea,
that largely depends on the state of the atmos-
phere, represents an important impact upon the
sea. Apart from the atmosphere, there are other
factors that influence the sea: coastal discharges
(particularly rivers whose outflows are characterised
by specific stratification and dynamics), sea-bottom
displacements (that can bring about the occurrence
of waves in the sea, the so called tsunamis) and the
gravitational attraction of the Moon and Sun togeth-
er with the centrifugal force related to revolution
(which cause the tides). However, in numerous
seas, and this is the case with the Adriatic, too, the
most important processes are those developed
under the influence of the atmosphere.

Thus, the atmosphere has an impact on the sea,
but the coupling is two-way: the sea influences the
atmosphere. Since the times of Lukas (1911), our
climatologists have taken the feedback into
account. Yet, there were scarcely any detailed,
dynamic analyses. Enger and Grisogono (1998)
have devoted one of the rare analyses to the influ-
ence of the sea temperature on spreading of the
bora, the north-eastern wind, above the sea. 

The aim of this chapter is to demonstrate the
importance of meteorological observations and
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Svrha je ovog poglavlja ukazati na vaænost
meteoroloπkih motrenja i mjerenja za istraæivanje
procesa u Jadranskom moru. S tom Êe se namje-
rom kratko prikazati Ëlanci u kojim su hrvatski
autori analizirali i meusobno usporeivali mete-
oroloπke i oceanografske podatke. Posebno Êe se
razmotriti procesi u moru uvjetovani razmjenom
impulsa izmeu atmosfere i mora, a posebno oni
procesi koji su povezani s povrπinskom izmjenom
topline i vlage.

3.3.1. Djelovanje tlaka zraka i tangencijalne

napetosti vjetra na more

Razmjena impulsa izmeu atmosfere i mora
odvija se u smjeru okomitom na morsku povrπinu
te u tangencijalnom smjeru. Prva je komponenta
dokumentirana podacima o tlaku zraka, a druga
podacima o vjetru iz kojih se mnoæenjem modula
vektora vjetra sa samim vektorom moæe odrediti
tangencijalna napetost. Brojni su procesi u moru
koji se odvijaju pod tim utjecajem. Svrstat Êemo
ih po prostornim i vremenskim dimenzijama - od
manjih prema veÊima.

Vjetrovni valovi

Veza kratkoperiodiËkih valova u moru i vjetra
oËigledna je. Za Jadran ta je veza najprije doku-
mentirana na osnovi motrenja (Zupan, 1961.), a
zatim i mjerenjima (slika 3.52.), kako na otvore-
nom moru (Tabain, 1974.; SmirËiÊ i GaËiÊ, 1983.;
SmirËiÊ i Leder, 1996.; SmirËiÊ et al., 1996.) tako
i u obalnom podruËju (SmirËiÊ i Leder, 1999.). Na
jednoj postaji u sjevernom Jadranu opaæena je
maksimalna valna visina veÊa od 10 m u zimskoj
situaciji tijekom koje je nad Jadranom Ëitav dan
puhalo jugo koje je doseglo brzinu od oko 25 m/s.
U obalnom podruËju registrirane su znatno manje
visine, zbog malih duljina privjetriπta. Mjerenja
valomjerima omoguÊila su i da se analiziraju
spektri vjetrovnih valova te da se odredi nekoliko
izraza koji prikazuju ovisnost spektra na odabra-
noj lokaciji o vjetru (GaËiÊ i SmirËiÊ, 1986.; Ta-
bain, 1997.; PrπiÊ et al., 1999.). Osim toga, spek-
tralnom analizom na objektivan su naËin razlu-
Ëeni valovi æivog mora koji su pod neposrednim
utjecajem vjetra, od valova mrtvog mora koje je
vjetar generirao izvan podruËja u kojem se vrπe
mjerenja ili prije nego πto su mjerenja izvrπena.

Mezoskalni procesi

Mezoskalni atmosferski poremeÊaji izazivaju
razliËite procese u zaljevima i kanalima uzduæ

measurements for the research of the Adriatic Sea
processes. With this aim in view the articles in
which Croatian authors have analysed and com-
pared meteorological and oceanographic data will
be briefly reviewed. Attention will be paid to
processes in the sea caused by the exchange of
momentum between the atmosphere and sea, as
well as to processes related to the surface
exchange of heat and water.

3.3.1 Action of the atmospheric pressure and
tangential wind stress onto sea

The exchange of momentum between the
atmosphere and sea develops in the direction per-
pendicular to the sea surface and in the tangential
direction. The first component is documented by
the air-pressure data, the second by the wind data
from which it is possible to determine the wind
stress by multiplying the wind vector absolute value
with the vector itself. There are numerous process-
es in the sea that develop under this forcing. We
shall classify them according to spatial and tempo-
ral dimensions - from smaller to larger ones.

Wind waves

The relationship between the high-frequency
waves in the sea and the wind is obvious. In the
case of the Adriatic, this relationship was initially
documented on the basis of observations (Zupan,
1961), and then by measurements (Figure 3.52) -
both in the open sea (Tabain, 1974; SmirËiÊ and
GaËiÊ, 1983; SmirËiÊ and Leder, 1996; SmirËiÊ et
al., 1996) and in the coastal area (SmirËiÊ and
Leder, 1999). At one station in the northern Adriatic
a maximal wave height surpassing 10 m was
observed in a winter situation in the course of which
the whole of the Adriatic had a strong scirocco, a
southern wind, blowing all day long, with the velo-
city reaching about 25 m/s. In the coastal area con-
siderably smaller heights were registered, due to
the smaller wind fetch. Measurements with wave
gauges have made it possible to analyse the wind-
wave spectra and to determine expressions that
relate the spectrum at a specific location to the
wind (GaËiÊ and SmirËiÊ, 1986; Tabain, 1997; PrsiÊ
et al., 1999). Besides, by means of spectral analy-
sis, the wind waves, which are directly controlled by
the wind, have been separated, in an objective way,
from the swell, which is generated by winds outside
the area where wave measurements are performed
or before the measurements are done.
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istoËne jadranske obale. Goldberg i Kempni
(1938.) su analizirajuÊi seπe Bakarskog zaljeva
utvrdili postojanje petnaest razliËitih modova, ko-
ji mogu biti uzrokovani impulsima lokalnog vje-
tra ili valovima koji u zaljev pristiæu s otvorenog
mora. Oscilacije morske razine u razdoblju od ko-
jih petnaest minuta, izuzetno velikih amplituda
(do 3 m), opaæene su u viπe navrata u zaljevu Vele
Luke na otoku KorËuli (slika 3.53.). Premda jed-
no objaπnjenje te oscilacije dovodi u vezu s pod-
morskim potresima (Zore-Armanda, 1979.), dvije
interpretacije uzroke vide u meteoroloπkim pore-
meÊajima. To su, s jedne strane, nestabilnosti koje
stvaraju valove na otvorenom moru koji se zatim
proπire do zaljeva i rezonancijom izazivaju velike
oscilacije (HodæiÊ, 1979./1980.), a s druge strane
gravitacijski atmosferski valovi koji putuju nad
zaljevom i neposredno rezonantno pobuuju osci-
lacije u moru (OrliÊ, 1980.). U novije vrijeme po-
kazalo se da atmosferski poremeÊaji mogu iza-
zvati ne samo povrπinske valove (kod kojih su
morske struje uniformne duæ vertikale), nego i
unutarnje valove (za koje je karakteristiËno verti-
kalno smicanje struja). Tako su u estuariju rijeke
Krke naeni valovi koji putuju od slapova prema
uπÊu (OrliÊ et al., 1991.), a u Virskom moru (Ga-
ËiÊ, 1980.) i Zadarskom kanalu (VilibiÊ i OrliÊ,
1999.) tzv. Kelvinovi valovi koji se gibaju u smje-
ru suprotnom od smjera kazaljke na satu.

Mesoscale processes

Mesoscale atmospheric disturbances induce
various processes in the bays and channels along
the eastern Adriatic coast. Goldberg and Kempni
(1938), while analysing seiches of the Bakar Bay,
have determined the existence of fifteen different
modes that could be caused either by impulses of
local winds or by the waves arriving into the bay
from the open sea. Oscillations of the sea level,
having periods of about fifteen minutes and
extremely high amplitudes (up to 3 m), were
observed on several occasions in the Vela Luka Bay
on the Island of KorËula (Figure 3.53). Though one
of the explanations of these oscillations relates
them to undersea earthquakes (Zore-Armanda,
1979), other interpretations see the causes in mete-
orological disturbances. On the one hand, there are
instabilities that produce waves in the open sea
which could then propagate towards the bay and
cause great oscillations by resonance (HodæiÊ,
1979/1980). On the other hand, there are atmos-
pheric gravity waves which travel above the bay
and could resonantly excite oscillations in the sea
(OrliÊ, 1980). In recent times it became evident that
atmospheric disturbances may generate not only
the surface waves (where the sea currents are uni-
form along the vertical) but also the internal waves
(where the currents are sheared). Thus the waves

Slika 3.52. ZnaËajna valna visina (tj. srednja visina gornje treÊine valova poredanih po visini) i brzina vjetra za epizode

juga zabiljeæene u Dubrovniku u razdoblju od 21. do 23. prosinca 1979. (SmirËiÊ i GaËiÊ, 1983.)

Figure 3.52 Significant wave height (i.e. mean height of the largest third of waves) and wind speed for a scirocco
episode recorded at Dubrovnik between 21 and 23 December 1979 (SmirËiÊ and GaËiÊ, 1983)
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Odziv mora na sinoptiËko atmosfersko djelovanje

Pozornost hrvatskih istraæivaËa najprije je pri-

vuklo djelovanje ciklona i anticiklona na more.

VeÊ je BuËiÊ (1861.) u Hvaru obavljao usporedna

mjerenja visine morske razine, iznosa tlaka zraka

te smjera i jaËine vjetra, zakljuËio da je djelovanje

tlaka zraka znaËajnije od djelovanja vjetra. Goto-

vo stoljeÊe kasnije KasumoviÊ (1958.) je izvrπio

regresijsko povezivanje tlaka zraka i vodostaja za

postaju Bakar, pri Ëemu je utvrdio da u situacija-

ma u kojima je vjetar nad Jadranom slab smanje-

nje (poveÊanje) tlaka zraka od 1 hPa izaziva pove-

Êanje (smanjenje) vodostaja od oko 1 cm, u skla-

du s tzv. modelom inverznog barometra. Veza

izmeu promjena tlaka zraka i vodostaja provjera-

vana je kasnije i na temelju duljih vremenskih ni-

zova, uz koriπtenje popreËne spektralne analize

(Karabeg i OrliÊ, 1982.), pa se potvrdilo da je ta

veza bliska teorijski odreenom odnosu. Sinop-

were found in the Krka Estuary travelling from the
waterfalls to the mouth (OrliÊ et al., 1991), whereas
in the Vir Sea (GaËiÊ, 1980) and in the Zadar
Channel (VilibiÊ and OrliÊ, 1999) the so called Kelvin
waves were found, moving counterclockwise.

Response of the sea to the synoptic atmos-
pheric activity

The first phenomena to draw the attention of
Croatian researchers were the effects of cyclones
and anticyclones upon the sea. Very early on, BuËiÊ
(1861) performed measurements in Hvar, compar-
ing the sea-level height with the air pressure and
the direction and strength of the wind, after which
he concluded that the effect of the air pressure was
more important than the effect of the wind. Almost
a century later, KasumoviÊ (1958) performed a
regression analysis of the air pressure and sea level
for the Bakar station, whereupon he showed that
when the wind blowing over the Adriatic is weak,
the decrease (increase) of the air pressure of 1 hPa

Slika 3.53. Dana 21. lipnja 1978. ujutro pojavile su se petnaestominutne oscilacije morske razine u zaljevu Vela Luka na

otoku KorËuli. Amplituda oscilacija bila je izuzetno velika, oko 3 m, tako da se unutarnji dio zaljeva periodiËki punio i

praznio. More je naizmjence potapalo brodice i ostavljalo ih polegnute na dnu

(kao na ovoj slici nepoznatog snimatelja)

Figure 3.53 In the morning of 21 June 1978 fifteen-minute sea-level oscillations occurred in the Vela Luka Bay on the
Island of KorËula. Amplitude of the oscillations was extremely high, about 3 m, resulting in recurrent overflowing and

draining of the interior part of the bay. The sea periodically drowned the boats and left them lying at the bottom 
(as in this picture taken by an unknown photographer)
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tiËke atmosferske poremeÊaje nad morem Ëesto

prati i jaËanje vjetrova koji izazivaju dodatne po-

make morske razine. Hrvatski su istraæivaËi u ne-

koliko navrata analizirali simultane vremenske ni-

zove vjetra i vodostaja, pri Ëemu je utvreno da

jugo povisuje jadranski vodostaj (Leder, 1985.;

1988.; CeroveËki i OrliÊ, 1989.; OrliÊ et al.,

1994.), da bura uglavnom sniæava vodostaj uzduæ

istoËnojadranske obale (Leder, 1985.; OrliÊ et al.,

1994.) te da lebiÊ moæe dovesti do poplavljivanja

splitskog podruËja (VilibiÊ et al., 2000.). Mode-

lima je reproducirano djelovanje juga (CeroveËki

i OrliÊ, 1989.) i bure (slika 3.54.; OrliÊ et al.,

1994.). Meutim, te modele do sada nisu preuzele

operativne prognostiËke sluæbe koje bi - koristeÊi

meteoroloπke prognoze za proraËune oceanograf-

skim modelima - mogle davati prognoze jadran-

skih vodostaja. Takve bi prognoze bile posebno

korisne u situacijama kad nad Jadran stiæe ciklona

iz podruËja Genovskog zaljeva. Nizak tlak zraka i

jako jugo dovode tada do pojave olujnog uspora

(engl. storm surge) u Jadranu i do poplavljivanja,

primjerice Venecije i Trsta, ali i Pule, Rijeke ...

SinoptiËki atmosferski poremeÊaji, a napose s
njima povezan vjetar, izazivaju ne samo koleba-
nja morske razine veÊ i strujanje u moru. Takvo
su strujanje hrvatski znanstvenici poËeli istraæi-
vati istom 1970-ih godina, kad su zapoËela mje-
renja autonomnim strujomjerima koji se postav-
ljaju na plutaËe usidrene u moru i omoguÊuju re-
gistraciju struja u duljem razdoblju. Teæiπte istra-
æivanja otvorenog Jadrana bilo je na efektu bure
(KuzmiÊ et al., 1985.; OrliÊ et al., 1986.; Zore-
Armanda i GaËiÊ, 1987.; KuzmiÊ i OrliÊ, 1987.,
1991.; KuzmiÊ, 1991., 1993.; CeroveËki et al.,
1991.; Sturm et al., 1992.; OrliÊ et al., 1994.;
Brana et al., 1996.), a tek je u jednom navratu raz-
matran i efekt juga (OrliÊ et al., 1994.). Mode-
liranje se najprije obavljalo uz koriπtenje polja
vjetra sintetiziranog iz klimatoloπkih podataka
(OrliÊ et al., 1986.; KuzmiÊ i OrliÊ, 1987.; Kuz-
miÊ, 1989.; Bone, 1993.; 1996.; OrliÊ et al.,
1994.) a u novije se vrijeme zapoËelo s poveziva-
njem meteoroloπkih i oceanografskih modela
(Beg Paklar et al., 2001.). Pokazalo se da bura
zbog svoje promjenjivosti uzduæ istoËnojadranske
obale stvara kompleksan sustav strujanja u moru
(slika 3.54.), sa strujama koje su usmjerene niz
vjetar tamo gdje je bura jaka (Trst, Senj), odnosno
uz vjetar u podruËjima u kojima je bura slaba
(Rovinj). Jugo pak, zbog topografskih karakteri-
stika Jadranskog mora, stvara ciklonalni kruæni

causes an increase (decrease) of the water level of
about 1 cm - in accordance with the so called
inverse barometer model. The relationship between
the air pressure and sea level has been checked
later on the basis of longer time series, using the
cross-spectral analysis (Karabeg and OrliÊ, 1982),
by which it was confirmed that the relationship is
very similar to the theoretically determined value.
The passage of synoptic atmospheric disturbances
above the sea is often accompanied by the
strengthening of winds which causes additional dis-
placements of sea level. Croatian researchers have
repeatedly analysed simultaneous time series of
winds and sea levels, and have determined that
scirocco raises the Adriatic level (Leder, 1985,
1988; CeroveËki and OrliÊ, 1989; OrliÊ et al., 1994),
that the bora mostly lowers the sea level along the
eastern Adriatic coast (Leder, 1985; OrliÊ et al.,
1994), and that the south-western wind can cause
flooding of the Split area (VilibiÊ et al., 2000).
Models were used to reproduce the effects of the
scirocco (CeroveËki and OrliÊ, 1989) and the bora
(Figure 3.54, OrliÊ et al., 1994). However, for the
time being, these models have not been taken over
by the operational prognostic services, which could
- by using meteorological forecasts for calculations
by oceanographic models - produce forecasts of
the Adriatic level. Such forecasts would be particu-
larly useful in situations when the cyclone from the
Genoa Bay area arrives over the Adriatic. The low
air pressure and a strong scirocco then cause the
occurrence of a storm surge in the Adriatic and the
flooding of, say, Venice and Trieste, but also of
Pula, Rijeka ... 

The synoptic atmospheric disturbances, and
particularly the wind related to them, cause not only
the sea-level variability but the sea currents as well.
Such currents have been investigated by Croatian
scientists since the 1970s, when a new type of
measurements started: autonomous current
meters were mounted on buoys that were
anchored in the sea, which made possible the regi-
stration of currents through longer periods. The
emphasis of the research of the open Adriatic Sea
was on the bora effect (KuzmiÊ et al., 1985; OrliÊ et
al., 1986: Zore-Armanda and GaËiÊ, 1987; KuzmiÊ
and OrliÊ, 1987, 1991; KuzmiÊ, 1991, 1993;
CeroveËki et al., 1991; Sturm et al., 1992; OrliÊ et
al., 1994; Brana et al., 1996), with only one instance
of observing the scirocco effect (OrliÊ et al., 1994).
Modelling was first performed by using the wind
field synthesised from climatological data (OrliÊ et
al., 1986; KuzmiÊ and OrliÊ, 1987; KuzmiÊ, 1989;
Bone, 1993, 1996; OrliÊ et al., 1994), whereas
recently the meteorological and oceanographic
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models began to be coupled (Beg Paklar et al.,
2001). It became evident that the bora - due to its
variability along the eastern Adriatic coast - deve-
lops a complex system of currents in the sea
(Figure 3.54), with currents that are directed down-
wind where the bora is strong (Trieste, Senj), and
upwind in areas where the bora is weak (Rovinj).
The scirocco, on the other hand, because of the
topographic characteristics of the Adriatic Sea,
creates a cyclonic gyre on the eastern side of the
Adriatic, and an anticyclonic system on the western
side; owing to the latter the outgoing current that
usually flows along the western coast may occa-
sionally be reversed. Both the bora and scirocco
cause currents in the sea that surpass all other con-
tributions to the current field. By their research into
the wind-related currents, the contemporary
Croatian scientists have achieved a significant
breakthrough in the Adriatic oceanography, as do-
cumented by citations of the above mentioned
papers in the international publications.

The wind related to the synoptic atmospheric
disturbances does not only cause currents in the
open Adriatic but in the eastern Adriatic coastal
basins as well. Such currents show temporal varia-
bility that corresponds to that of the atmosphere,
but their spatial variability is determined by the
topographic characteristics of the basins. The
Croatian researchers have succeeded in relating
the anemographic data to the current measure-
ments undertaken in numerous basins of the
Adriatic shelf. Moving from the north to the south
we have to mention the Rijeka Bay (GaËiÊ et al.,
1982; OrliÊ and KuzmiÊ, 1985), the Senj Gate
(SmirËiÊ et al., 1987), the Velebit Channel (OrliÊ et
al., 2000), the Vir Sea (GaËiÊ, 1980a; Zore-
Armanda and DadiÊ, 1984), the Zadar Channel
(Leder et al., 1998), the Krka Estuary (LegoviÊ et al.,
1991), the Kaπtela Bay (Zore-Armanda, 1980;
GaËiÊ, 1982; GaËiÊ et al., 1987, 1991; Beg Paklar
and GaËiÊ, 1997; Zore-Armanda et al., 1999), the
Mali Ston Bay (VuËak et al., 1981) and the
Dubrovnik coastal area (GaËiÊ, 1980b). Models of
wind-driven currents have been developed for
some of the mentioned coastal basins (OrliÊ and
KuzmiÊ, 1985; Bone, 1988: Leder et al., 1998;
Bone et al., 1999; OrliÊ et al., 1999).

Synoptic atmospheric disturbances cause not
only the forced but also the free movements of the
sea. The seiches of the whole Adriatic - having the
period of about 21 and 11 hours - and their rela-
tionship with the meteorological forcing have been
a subject of research for a long time now.
KasumoviÊ (1963) has given a fine description of
the way the seiches are most often created: when

tok na istoËnoj strani Jadrana, a anticiklonalni su-
stav na zapadnoj; zbog potonjeg moæe doÊi do
obrtanja izlazne struje, koja inaËe teËe uz zapadnu
obalu. I bura i jugo uzrokuju struje u moru koje
po brzini nadmaπuju sve ostale doprinose struj-
nom polju. Istraæivanjem vjetrovnih struja suvre-
meni su hrvatski znanstvenici ostvarili znaËajan
iskorak u jadranskoj oceanografiji, πto je vidljivo
po citiranosti navedenih radova u inozemnoj lite-
raturi.

Vjetar povezan sa sinoptiËkim atmosferskim
poremeÊajima ne uzrokuje struje samo na otvo-
renom Jadranu veÊ i u istoËnojadranskim obalnim
bazenima. Takve struje pokazuju vremensku vari-
jabilnost koja odgovara onoj u atmosferi, ali je
njihova prostorna promjenjivost odreena topo-
grafskim karakteristikama bazena. Hrvatski su
istraæivaËi uspjeli povezati anemografske podatke
s mjerenjima struja provedenim u brojnim bazeni-
ma jadranske podine. Uz pomak od sjevera prema
jugu, ovdje valja spomenuti RijeËki zaljev (GaËiÊ
et al., 1982.; OrliÊ i KuzmiÊ, 1985.), Senjska vrata
(SmirËiÊ et al., 1987.), Velebitski kanal (OrliÊ et
al., 2000.), Virsko more (GaËiÊ, 1980.; Zore-
Armanda i DadiÊ, 1984.), Zadarski kanal (Leder
et al., 1998.), estuarij rijeke Krke (LegoviÊ et al.,
1991.), Kaπtelanski zaljev (Zore-Armanda, 1980.;
GaËiÊ, 1982.; GaËiÊ et al., 1987., 1991.; Beg Pa-
klar i GaËiÊ, 1997.; Zore-Armanda et al., 1999.),
Malostonski zaljev (VuËak et al., 1981.) te dubro-
vaËko obalno podruËje (GaËiÊ, 1980.). Razvijeni
su i modeli vjetrovnog strujanja u nekim od na-
vedenih obalnih bazena (OrliÊ i KuzmiÊ, 1985.;
Bone, 1988.; Leder et al., 1998.; Bone et al.,
1999.; OrliÊ et al., 1999.).

SinoptiËki atmosferski poremeÊaji ne uzrokuju
samo prisilna veÊ i slobodna gibanja u moru. Seπi
cijelog Jadrana - perioda oko 21 i 11 sati - i njiho-
va veza s meteoroloπkim djelovanjem veÊ su dugo
predmet istraæivanja. KasumoviÊ (1963.) je lijepo
opisao naËin na koji seπi najËeπÊe nastaju: kad se

ciklona pribliæava Jadranu, razina mora se uzdiæe

u njegovom sjevernom dijelu zbog sniæenog tlaka

zraka i juga koje puπe na prednjoj strani ciklone;

nakon πto ciklona i njoj pripadajuÊi frontalni sus-

tav prijeu preko Jadrana, vjetar naglo oslabi ili

skrene na buru, Ëime se pobude povrπinski seπi.
Dakle, olujni uspor i seπi predstavljaju dvije faze
u odzivu Jadrana na sinoptiËko atmosfersko djelo-
vanje - fazu uspostave poËetnog poremeÊaja pri
kojoj je more pod neposrednim utjecajem meteo-
roloπkih Ëimbenika te fazu povratka u nepore-
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Slika 3.54. Vertikalno usrednjene struje (a) i vodostaji (b) u podruËju sjevernog i srednjeg Jadrana, uzrokovani prostorno

promjenjivom burom (prikazanom na desnom dijelu slike). Polja su dobivena hidrodinamiËkim numeriËkim modelom

(OrliÊ et al., 1994.). Izolinije vodostaja razlikuju se za 2 cm, a negativne su vrijednosti osjenËane. PoËetnim slovom 

oznaËene su postaje Ancona, Venecija, Kopar, Rovinj, Bakar i Novalja

Figure 3.54 Vertically averaged currents (a) and sea levels (b) in the northern and middle Adriatic, generated by a
spatially changeable bora (depicted in the right part of the figure). The fields were generated by a hydrodynamical

numerical model (OrliÊ et al., 1994). Sea-level isolines differ by 2 cm, with negative values being shaded. Letters mark
stations Ancona, Venice, Koper, Rovinj, Bakar and Novalja

meÊeno stanje u kojoj traju i slobodne oscilacije.
Svi ti nalazi potvreni su ne samo novijim empi-
rijskim veÊ i teorijskim istraæivanjima (CeroveËki
et al., 1997.; Raicich et al., 1999.), kojim su obuh-
vaÊeni i procesi priguπenja seπa. Druga vaæna
klasa slobodnih oscilacija su one inercijalnog pe-
rioda - koji u Jadranu iznosi 17 sati. Pokazalo se
da se takve oscilacije javljaju ljeti, kako u sjever-
nom (GaËiÊ i VuËak, 1982.; Leder et al., 1987.;
OrliÊ, 1987.) tako i u srednjem (Leder et al.,
1995.) i juænom Jadranu (Leder et al., 1992.).
Nadalje, utvreno je da inercijalne oscilacije na-
staju kad vjetar nad morem naglo promijeni brzi-
nu ili smjer, πto je potvreno jednostavnim anali-
tiËkim modelom (OrliÊ, 1987.). Inercijalne se
oscilacije oËituju prvenstveno u polju temperature
i struja, a mogu potrajati nekoliko dana, pa se
opaæaju i u vrijeme kad nema vjetra nad morem.

Utjecaj planetarnih atmosferskih valova na more

Atmosfersko djelovanje na more oËituje se i na
znatno veÊem prostoru i u duljim razdobljima

the cyclone approaches the Adriatic, the sea level
rises in its northern part owing to the decreased air
pressure and the scirocco blowing on the front side
of the cyclone; after both the cyclone and its frontal
system cross the Adriatic, the wind suddenly wea-
kens or turns into the bora, which triggers the sur-
face seiches. Accordingly, the storm surge and
seiches represent two phases in the reaction of the
Adriatic to the synoptic atmospheric activity - the
phase of the setting up of the initial disturbance
when the sea is under the direct influence of meteo-
rological factors, and the phase of the return to the
undisturbed state when the free oscillations persist.
All these findings have been confirmed, not only by
new empirical but by theoretical researches as well
(CeroveËki et al., 1997; Raicich et al., 1999), which
also addressed decay of the seiches. The second
important class of free oscillations are those of the
inertial period - which equals 17 hours in the
Adriatic. It was shown that such oscillations occur
in summer, in the northern (GaËiÊ and VuËak, 1982;
Leder et al., 1987; OrliÊ, 1987), the middle (Leder et
al., 1995) as well as the southern Adriatic (Leder et
al., 1992). Furthermore, it has been shown that the
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inertial oscillations occur in situations when the
wind above the sea suddenly changes velocity or
direction, as confirmed by a simple analytical model
(OrliÊ, 1987). The inertial oscillations are evident pri-
marily in the temperature and current fields, and
can continue for several days. Thus they can be
noticed even at the time when no wind is blowing
above the sea.

The influence of planetary atmospheric waves
on the sea

The effect of the atmosphere on the sea is evi-
dent in a considerably larger area and on longer
time scales than are those characteristic of synop-
tic atmospheric disturbances. By analysing data on
the sea level, air pressure and geopotential height
of the 500 hPa surface for the Dubrovnik station in
1976, it was found that oscillations of sea level with
periods between ten days and several months cor-
respond to the atmospheric oscillations caused by
the passage of planetary atmospheric waves above
the Adriatic (Penzar et al., 1980). Later studies co-
vering the whole Adriatic (OrliÊ 1983), and later the
eastern Mediterranean area (Lascaratos and GaËiÊ,
1990), corroborated this conclusion. When the
analysis of the planetary-scale atmosphere-sea
interaction was for the first time performed on the
basis of longer, five-year time series (PasariÊ and
OrliÊ, 1992), it turned out that there is a statistically
significant correlation between the air pressure and
the Adriatic sea level, with the response of the sea
to the atmospheric forcing considerably surpassing
the inverse barometer effect. It was concluded that
at long periods the sea is influenced not only by the
air pressure but also by another forcing coherent
with it (e.g. the wind stress). To check this conclu-
sion, it was necessary to collect long time series of
data, not only on sea level and air pressure but on
winds, too, and to apply methods of multiple corre-
lation and regression analysis on the Adriatic in
order to connect the sea level simultaneously with
the air pressure and wind (PasariÊ and OrliÊ, 1998,
2001: PasariÊ et al., 2000). In this way it was po-
ssible to explain the departure from the inverse
barometer effect, since coherence was found
between the long-period oscillations of sea level
with both the air pressure and wind (Figure 3.55)
However, some fundamental limitations of the
applied statistical methods were noted during the
exercise.

Year-to-year and decadal changes

The relationship between the atmosphere and
sea has been determined at interannual and

nego πto su oni karakteristiËni za sinoptiËke at-
mosferske poremeÊaje. Analizom podataka o vo-
dostaju mora, tlaku zraka i geopotencijalu izo-
barne plohe 500 hPa za postaju Dubrovnik i 1976.
godinu pokazano je da oscilacije vodostaja s peri-
odom od desetak dana do nekoliko mjeseci kore-
spondiraju s atmosferskim oscilacijama koje su
uzrokovane prolaskom planetarnih atmosferskih
valova nad Jadranom (Penzar et al., 1980.). Kas-
niji radovi, kojima je zahvaÊeno cijelo podruËje
Jadrana (OrliÊ, 1983.), a potom i istoËnog Sredo-
zemlja (Lascaratos i GaËiÊ, 1990.), potvrdili su taj
zakljuËak. Kad je analiza meudjelovanja atmos-
fere i mora na planetarnoj skali po prvi put izvr-
πena na osnovi duljih, petogodiπnjih vremenskih
nizova (PasariÊ i OrliÊ, 1992.) pokazalo se da pos-
toji statistiËki znaËajna veza izmeu tlaka zraka i
jadranskog vodostaja, s tim da reakcija mora na
djelovanje atmosfere znatno nadmaπuje inverzni
barometarski efekt. ZakljuËeno je da u podruËju
dugih perioda na more ne djeluje samo tlak zraka
nego i neka druga sila koherentna s atmosferskim
tlakom (npr. tangencijalna napetost vjetra). Za
provjeru tog zakljuËka trebalo je prikupiti duge
nizove podataka o vodostaju i tlaku zraka, ali i o
vjetru te na Jadran primijeniti metode viπestruke
korelacijske i regresijske analize, koja omoguÊuje
da se vodostaj istovremeno poveæe i s tlakom zra-
ka i s vjetrom (PasariÊ i OrliÊ, 1998.; 2001.; Pasa-
riÊ et al., 2000.). Na taj se naËin uspjelo veÊim di-
jelom objasniti odstupanje od inverznog barome-
tarskog efekta, buduÊi da je pronaena koherent-
nost dugoperiodiËkih oscilacija vodostaja, kako s
tlakom zraka tako i s vjetrom (slika 3.55.). Meu-
tim, pri analizi su uoËena i neka osnovna ogra-
niËenja u primijenjenim statistiËkim metodama.

Viπegodiπnje promjene

Veza atmosfere i mora utvrena je i na viπego-
diπnjim periodima. U nizu radova istraæivane su
promjene u nagibu morske razine, strujanju i sali-
nitetu Jadranskog mora (Buljan i Zore-Armanda,
1976., i u tamo citiranim radovima; Zore-Arman-
da et al., 1991., Grbec et al., 1998.). Pokazalo se
da se te promjene mogu dovesti u vezu s analog-
nim promjenama gradijenta tlaka zraka (slika
3.56.). Osim toga, razmatrana su viπegodiπnja ko-
lebanja vodostaja na pojedinim jadranskim posta-
jama i korelirana su s kolebanjima tlaka zraka
(OrliÊ i PasariÊ, 1994.; VilibiÊ i Leder, 1996.;
VilibiÊ, 1998.). Regresijskim povezivanjem ano-
malija vodostaja i anomalija tlaka zraka utvreno
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je da promjena vodostaja od 2 cm odgovara prom-

jeni tlaka zraka od samo 1 hPa. Dakle, i na ovim

periodima pronaeno je odstupanje od inverznog

barometarskog efekta. Za sada nije bilo moguÊe

prikupiti dovoljno duge vremenske nizove vjetra

da bi se provjerila pretpostavka prema kojoj i na

viπegodiπnjim periodima morska razina reagira na

djelovanje ne samo tlaka zraka nego i vjetra. Na-

posljetku, u jadranskim je vodostajima uoËena i

jedna dvadesetogodiπnja oscilacija, s minimumi-

ma poËetkom 1950-ih, 1970-ih i 1990-ih godina,

a maksimumima u meuvremenu. Ta je oscilacija

dovedena u vezu s globalnom dvadesetgodiπnjom

oscilacijom u atmosferi (OrliÊ i PasariÊ, 2000.;

OrliÊ, 2001.), koja je u spomenutim godina po-

dræavala poviπeni tlak zraka i sniæenu temperaturu

nad podruËjem Sredozemlja.

3.3.2. Odziv mora na djelovanje povrπinskih

protoka topline i vlage

Protoku topline izmeu atmosfere i mora do-
prinosi SunËevo zraËenje, dugovalno zraËenje

decadal time scales. In a series of papers year-to-
year variability of the sea-level slope, currents and
salinity of the Adriatic Sea has been investigated
(Buljan and Zore-Armanda, 1976, and the papers
cited therein; Zore-Armanda et al., 1991; Grbec et
al., 1998). It turned out that the variability could be
related to the analogous variability of the air-pre-
ssure gradient (Figure 3.56). Besides, years-to-year
oscillations of sea level at various Adriatic stations
have been considered and correlated to the air-
pressure oscillations (OrliÊ and PasariÊ, 1994:
VilibiÊ and Leder, 1996; VilibiÊ, 1998). By regress-
ing the sea-level anomalies on the air-pressure
anomalies it was found that sea-level change of 2
cm corresponds to an air-pressure change of only
1 hPa. That means that at these periods, too, a
departure from inverse barometer effect was found.
So far it has been impossible to collect wind time
series long enough to check the assumption
according to which sea level at year-to-year time
scale reacts not only to the air pressure but also to
wind. Finally, a twenty-year oscillation was noted in
the Adriatic sea level, with minimums in the begin-
ning of 1950s, 1970s and 1990s, maximums in
between. This oscillation was related to the global

Slika 3.55. Izglaeni vremenski nizovi vjetra na postaji Split (gore), tlaka zraka za postaju Rijeka (sredina) i vodostaja u

Bakru (dolje) za razdoblje od kraja 1983. do poËetka 1991. godine (PasariÊ et al., 2000.)

Figure 3.55 Low-pass filtered time series of wind at the Split station (up), air pressure for the Rijeka station 
(middle) and sea level at the Bakar station (down), recorded between the end of 1983 and beginning of 1991 

(PasariÊ et al., 2000)
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mora, prijenos latentne topline pri isparavanju te
voenje topline. Protok vlage odreen je pak raz-
likom oborine i isparavanja. Odavno se zna da
povrπinski protoci topline i vlage utjeËu na tempe-
raturu mora i salinitet, a tim i na tzv. termohalino
strujanje. Meutim, sve donedavno povrπinski se
protoci nisu povezivali s procesima u Jadranskom
moru. Razlog prije svega treba traæiti u Ëinjenici
da se ti protoci ne mjere neposredno, veÊ se odre-
uju iz empirijskih relacija uzimajuÊi u obzir ra-
zliËite meteoroloπke parametre (naoblaku, obori-
nu, tlak vodene pare, tlak zraka, temperaturu zra-
ka, brzinu vjetra) i temperaturu mora. Takve si-
multane vremenske nizove nije lako prikupiti, pa
su se hrvatski istraæivaËi tek u novije vrijeme po-
Ëeli ËeπÊe baviti povrπinskim protocima.

U poËetku pozornost je privuklo isparavanje.
Zore-Armanda (1969.) ga je raËunala sezonski za
cijeli Jadran, Bonacci (1985.) mjeseËno za Jadran
podijeljen na kvadrante, a Grbec et al. (1997.)
mjeseËno za postaju Trst. Prema prvom od tih
radova isparavanje je veÊe zimi nego ljeti, a pre-
ma preostala dva rada godiπnji je hod obrnut. Ra-
zliku oborine i isparavanja odreivali su Artegiani
et al. (1993.) mjeseËno za dvije sukcesivne zime
na po jednoj lokaciji u sjevernom, srednjem i
juænom Jadranu, zatim Grbec (1997.) te Grbec i

bidecadal oscillation in the atmosphere (OrliÊ and
PasariÊ, 2000; OrliÊ, 2001), which, in the years
mentioned, supported high air pressure and low air
temperature above the Mediterranean area.

3.3.2 Sea response on action of the surface
heat and humidity flows

Surface exchange of heat between the atmos-
phere and sea is controlled by the Sun radiation,
the long-wave radiation of the sea, the transfer of
latent heat during evaporation, as well as the heat
conduction. The surface water flux is determined by
the difference between precipitation and evapora-
tion. It has been known for a long time that surface
buoyancy fluxes influence the sea temperature and
salinity, and thus also the so called thermohaline
circulation. However, until recent times these fluxes
were never related to the processes in the Adriatic
Sea. The reason should be looked for in the fact
that the fluxes are not measured directly, but are
derived from empirical relations, taking into account
various meteorological parameters (cloudiness,
precipitation, water vapour pressure, air pressure,
air temperature, wind speed) and sea temperature.
Such simultaneous time series is difficult to collect,
so it is only recently that Croatian researchers have
started paying more attention to the surface fluxes.

Slika 3.56. Srednji godiπnje vrijednosti saliniteta zabiljeæenog na profilu Split-Gargano te razlike tlaka zraka izmeu

Trsta i Atene, u razdoblju od 1952. do 1984. godine (Zore-Armanda et al., 1991.)

Figure 3.56 Mean annual values of salinity recorded at the Split-Gargano transect and air-pressure difference
between Trieste and Athens, between the years 1952 and 1984 (Zore-Armanda et al., 1991)
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At the beginning it was evaporation that has
attracted attention. Zore-Armanda (1969) made
seasonal calculations for the whole of the Adriatic,
Bonacci (1985) made monthly calculations for the
Adriatic divided into quadrants, whereas Grbec et
al. (1997) did monthly calculations for the Trieste
station. According to the first of the above papers
evaporation is higher in winter than in summer,
according to the two remaining papers the annual
course is reversed. The difference between precipi-
tation and evaporation was determined by Artegiani
et al. (1993) monthly for two successive winters at
one location each for the northern, middle and
southern Adriatic, by Grbec (1997) and Grbec and
MoroviÊ (1997) monthly in the course of twenty
years at five stations along the eastern Adriatic
coast, and by SupiÊ and OrliÊ (1999) monthly for
twenty-seven years as well as daily in the course of
several months at four stations in the northern
Adriatic. It was found that over the years precipita-
tion exceeds evaporation, but that the amount of
this difference considerably changes from station to
station and from year to year. The surface heat flux-
es were calculated, too, for different stations
through long time intervals by using monthly values
of input parameters (Grbec, 1997; Grbec and
MoroviÊ, 1997; SupiÊ et al., 1997; SupiÊ and OrliÊ,
1999), and also over several months only but by
using daily or even ten-minute values of input
parameters (Brana et al., 1996; SupiÊ and OrliÊ,
1999; Grbec et al., 2001). These calculations
showed that, for example, the sea loses much
more heat off Trieste and Senj than off Rovinj,
which has far-reaching consequences for the cha-
racteristics and motion of the sea. It has also been
noted that, in the winter transfer of heat from the
sea to the atmosphere, the greatest contribution
provide short episodes that last only several days
and that are marked by the domination of the bora
above the Adriatic. 

As far as the connection between the surface
buoyancy fluxes and the characteristics and move-
ments of the Adriatic Sea is concerned, it should be
emphasised that it was studied in several ways. The
longest tradition belongs to the qualitative compa-
rison of the surface water fluxes with the salinity
fields (Zore-Armanda, 1969) and density (Artegiani
et al., 1993), and also of the surface heat and water
fluxes with the sea temperature, salinity and densi-
ty (SupiÊ and OrliÊ, 1999). In the latter paper it was
shown that winter episodes of cooling could, in the
course of a few days only, lower the temperature at
the surface of the northern Adriatic by 5°C (Figure
3.57). Interesting results have been obtained by
correlating surface heat flux to temporal changes of

MoroviÊ (1997.) mjeseËno tijekom dvadeset godi-
na na pet postaja uzduæ istoËnojadranske obale, a
SupiÊ i OrliÊ (1999.) mjeseËno kroz dvadeset
sedam godina i dnevno u toku nekoliko mjeseci
na Ëetiri postaje u podruËju sjevernog Jadrana.
Naeno je da u viπegodiπnjem prosjeku oborina
nadmaπuje isparavanje, ali i da se iznos te razlike
znatno mijenja od postaje do postaje te iz godine
u godinu. Povrπinski protoci topline takoer su
raËunati za pojedine postaje, kroz duga razdoblja,
uz koriπtenje mjeseËnih vrijednosti ulaznih para-
metara (Grbec, 1997.; Grbec i MoroviÊ, 1997.;
SupiÊ et al., 1997.; SupiÊ i OrliÊ, 1999.), odnosno
tijekom svega nekoliko mjeseci ali uz upotrebu
dnevnih ili Ëak desetminutnih vrijednosti ulaznih
parametara (Brana et al., 1996.; SupiÊ i OrliÊ,
1999.; Grbec et al., 2001.). Tim se raËunima
pokazalo da, primjerice, zimi more gubi znatno
viπe topline u podruËju ispred Trsta i Senja nego
ispred Rovinja, πto ima dalekoseæne posljedice za
svojstva i gibanje mora. Takoer je uoËeno da
zimskom prijenosu topline iz mora u atmosferu
najveÊi doprinos daju kratke epizode koje traju
svega nekoliko dana i koje obiljeæava dominacija
bure nad Jadranom.

Kad je rijeË o povezivanju povrπinskih protoka
sa svojstvima i gibanjem Jadranskog mora, treba
naglasiti da se ono provodilo na nekoliko naËina.
Najdulju tradiciju imaju kvalitativne usporedbe
povrπinskih protoka vlage s poljima saliniteta
(Zore-Armanda, 1969.) i gustoÊe (Artegiani et al.,
1993.) te povrπinskih protoka topline i vlage s
temperaturom, salinitetom i gustoÊom mora (Su-
piÊ i OrliÊ, 1999.). U potonjem je radu pokazano
da zimske epizode hlaenja mogu u toku samo
nekoliko dana sniziti temperaturu pri povrπini
sjevernog Jadrana i za 5 °C (slika 3.57.). Do za-
nimljivih rezultata doπlo se koreliranjem povrπin-
skog protoka topline s vremenskom promjenom
toplinskog sadræaja vodenog stupca (Brana et al.,
1996.), odnosno s vertikalnom promjenom tempe-
rature mora uz samu povrπinu (SupiÊ et al., 1997.;
Grbec i MoroviÊ, 1997.; Grbec, 1997.). To je
izmeu ostalog omoguÊilo da se procijeni veliËina
koeficijenta turbulentne izmjene topline u Jadra-
nu. Naposljetku, u novije se vrijeme zapoËelo ko-
relirati povrπinske protoke s brzinom strujanja u
moru (SupiÊ et al., 2000.) te s postotnim udjelom
vodenih masa u pojedinim podruËjima (VilibiÊ i
OrliÊ, 2001.). Tako se, primjerice, pokazalo da je
pojava Istarske obalne protustruje ljeti u sjever-
nom Jadranu vjerojatnija ako je prethodne zime
prijenos topline iz mora u atmosferu bio manji od
uobiËajenoga.
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3.3.3. ZakljuËak

Kako se vidi iz ovog prikaza, pa i iz broja
njime obuhvaÊenih Ëlanaka (92), hrvatski istraæi-
vaËi fizikalnih procesa u Jadranu u svom su se
radu obilno koristili meteoroloπkim podacima.
Sasvim je sigurno da Êe se ta praksa nastaviti, s
tim da se moæe oËekivati da Êe uz rutinska meteo-
roloπka motrenja i mjerenja na stalnoj mreæi po-
staja svoju primjenu naÊi i ciljani meteoroloπki
eksperimenti. Aktualno poveÊavanje prostorne i

the heat content of the water column (Brana et al.,
1996) and to the vertical change of sea temperature
close to the sea surface (SupiÊ et al., 1997; Grbec
and MoroviÊ, 1997; Grbec, 1997). Among other
things, this has made it possible to estimate the
coefficient of the turbulent heat exchange in the
Adriatic. Recently, surface fluxes have been corre-
lated with the current speed (SupiÊ et al., 2000) and
with the fractions of water masses in various areas
(VilibiÊ and OrliÊ, 2001). Thus, for example, it was
found that the occurrence of the Istrian Coastal

Slika 3.57. Prijenos topline SunËevim zraËenjem (Qs), dugovalnim zraËenjem mora (Ql), isparavanjem (Qe) te voenjem

(Qc), rezultantni protok topline izmeu atmosfere i mora (Q) i temperatura mora na dubini od 5 m (Ts), u podruËju Pule

(puna krivulja) i Rovinja (crtkana krivulja) za razdoblje od 8. studenoga 1992. do 21. veljaËe 1993. (prema SupiÊ i OrliÊ,

1999.). Posebno se istiËu dvije epizode, pri samom kraju 1992. i na poËetku 1993. godine, za kojih je more predalo veliku

koliËinu topline atmosferi i pritom se naglo ohladilo

Figure 3.57 Surface heat flux due to the Sun radiation (Qs), long-wave radiation of the sea (Ql), evaporation (Qe) and
conduction (Qc), resulting heat flux between the atmosphere and sea (Q) and sea temperature at the depth of 5 m

(Ts), in the area of Pula (full line) and Rovinj (dashed line) between 8 November 1992 and 21 February 1993 (SupiÊ and
OrliÊ, 1999). Well pronounced are two episodes, at the end of 1992 and the beginning of 1993, during which the sea

released a great amount of heat to the atmosphere and suddenly cooled down
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vremenske rezolucije s kojom se provode meteo-
roloπke analize po svoj Êe prilici ukazati na pro-
cese koji ovise o djelovanju Jadranskog mora na
atmosferu. Dakle, moæe se pretpostaviti da Êe
suradnja naπih meteorologa i oceanografa postati
dvosmjerna i da Êe se u bliskoj buduÊnosti pisati
prikazi o primjeni oceanografskih podataka u me-
teorologiji. 

Countercurrent during summer in the northern
Adriatic is more probable if in the preceding winter
the transfer of heat from the sea to the atmosphere
was lower than usual.

3.3.3 Conclusion

As is evident from this survey, as well as from
the sheer number of papers covered by it (92),
Croatian researchers of physical processes in the
Adriatic have amply used meteorological data in
their work. The practice will without doubt continue,
but it is to be expected that, besides the meteoro-
logical observations and measurements routinely
performed on the permanent network of stations,
targeted meteorological experiments will find their
application as well. The current increase of the spa-
tial and temporal resolution of the meteorological
analyses will probably reveal processes that
depend on the influence of the Adriatic on the
atmosphere. It can be assumed, therefore, that the
collaboration of our meteorologists and oceanogra-
phers will become a two-way activity, and that in
the near future reviews will be written about the
application of oceanographic data in meteorology.
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First records of simple visual observations of
weather phenomena in Austria can be traced back
to the year 1500. Regular observations using instru-
ments and carried out over longer periods began as
early as 1654 in Innsbruck (Tyrol). The oldest conti-
nuously reporting meteorological station - still in
operation today - started in 1763 at the Benedictine
Monastery of Kremsmünster (Upper Austria). This
monastery has a long tradition in scientific activities
and research; it also conducts a renowned sec-
ondary school and quite a few of its pupils felt
attracted by the field of meteorology. One of them
was Carl Kreil, who in 1848 launched the meteoro-
logical activities of the Imperial Academy of
Sciences by developing a first proposal for a net-
work of observational stations all over the Empire.
He attempted to make the program of observations
as comprehensive as possible and included meteo-
rology (pressure, temperature, radiation, humidity,
wind, clouds, visibility, ground temperature, atmos-
pheric electricity, etc.), hydrology (water tempera-
ture, precipitation), biometeorology, phenology,
geophysics (geomagnetism, seismology) and air
chemistry. In his proposal he mentioned the need
for a central station to issue regulations, distribute
instruments, collect records and carry out scientific
analyses.

In order to accelerate the development of the
proposed observation network, the Academy pub-
lished a proclamation in a supplement to the mor-
ning paper of the Wiener Zeitung (7 August 1849),
calling for volunteers to perform the observations.
The success was overwhelming and due to the lack
of instrumentation only a fraction of the number of
willing volunteers could be accepted. It was on 23
July 1851 that Emperor Franz Joseph by an Impe-
rial Resolution authorized the establishment of “a
central institute for meteorological and magnetic
observations”, to become the Central Institute for
Meteorology and Geomagnetism.

Initial plans headed for some 100 observation
stations, distributed over the all the Empire. The
network developed quickly: stations by year
1851/43, 1853/67, 1855/98, 1857/117, 1859/124.

Prva zabiljeæena vizualna opaæanja vremen-
skih pojava u Austriji datiraju joπ iz 1500. godine.
Redovna instrumentalna mjerenja biljeæena
tijekom duljeg vremenskog razdoblja zapoËela su
joπ davne 1654. u Innsbrucku (Tirol). Najstarija
meteoroloπka postaja, koja neprekidno radi do
danas, osnovana je 1763. godine u benediktin-
skom samostanu u Kremsmünsteru (Gornja Au-
strija). Taj je samostan gradio dugu tradiciju
znanstvenog istraæivanja, a unutar samostana na-
lazila se i renomirana srednja πkola, koje su uËeni-
ci uglavnom pokazivali interes za podruËje me-
teorologije. Jedan od njih je bio i Carl Kreil, koji
je 1848. godine pokrenuo meteoroloπke aktivnosti
Austrijske akademije znanosti i razradio je prvi
prijedlog mreæe meteoroloπkih postaja πirom
monarhije. U svoje pokuπaje, da program motre-
nja uËini πto sveobuhvatnijim, ukljuËio je meteo-
rologiju (tlak, temperaturu, zraËenje, vlagu, vjetar,
oblake, vidljivost, temperaturu tla, atmosferski
elektricitet itd.), hidrologiju (temperaturu vode,
oborine), biometeorologiju, fenologiju, geofiziku
(geomagnetizam, seizmologiju) i kemiju sastava
zraka. U svom je prijedlogu spomenuo i potrebu
za osnivanjem srediπnje postaje koja bi izdavala
naputke, distribuirala mjerne instrumente, sakup-
ljala podatke i provodila znanstvene analize. 

Radi ubrzanja razvoja spomenute mreæe, Aka-
demija je u prilogu beËkog lista Wiener Zeitung
(7. kolovoza 1849.) objavila poziv potencijalnim
dobrovoljnim motriteljima. Uspjeh je bio zapa-
njujuÊi, ali je zbog nedostatka mjernih instrume-
nata samo dio kandidata mogao biti primljen. Car
Franjo Josip je 23. srpnja 1851. carskom rezo-
lucijom odobrio preimenovanje „Srediπnjeg zavo-
da za meteoroloπka i magnetska motrenja„ u Sre-
diπnji zavod za meteorologiju i geomagnetizam.

Prvotni je plan bio osnovati stotinjak meteoro-
loπkih postaja πirom monarhije. Mreæa se razvijala
brzo i broj postaja po godinama iznosio je:
1851./43, 1853./67, 1855./98, 1857./117,
1859./124. Iskustvo je pokazalo da su dobrovoljni
motritelji bili daleko predaniji i pouzdaniji od æe-
ljezniËkih telegrafista, kojim je to bila sluæbena

DODATAK A APPENDIX A.

Meteoroloπka motrenja u susjednim

zemljama

A1. Razvoj meteoroloπkih motrenja u

Austriji

Meteorological observations in neigh-
bouring countries

A1. Development of meteorological
observations in Austria
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Experience showed that voluntary observers were
by far more committed and dependable than rail-
way telegraphers who were officially placed under
obligation. Starting in 1854, the Central Institute
published regularly annual reports containing co-
llected observation data and statistical interpreta-
tions.

A milestone in the development of the network
was the establishment of the Alpine Sonnblick
observatory (3106 m above m.s.l.) in 1886; it has
been in operation without any interruption ever
since and forms a natural base for meteorological,
geophysical and glaciological research and is also
part of WMO’s GAW network.

Due to military conflicts and political develop-
ments as well as changes in connection with World
Wars I and II, the number of stations forming the
network varied considerably over time.

After the Second World War the average total
number of meteorological stations evened out at
270. In the beginning the vast majority delivered
monthly reports of three observations per day and
only some 60 stations reported also SYNOPs by
phone, but rarely at night time.

Growing demand for higher density of data as
well as slowly vanishing enthusiasm of potential vo-
luntary observers led (as in many other countries) to
the introduction of semi-automatic station equip-
ment - acronym TAKLIS - that records automatica-
lly in steps of 10 minutes. Deployment of TAKLIS-
stations began in 1986. Still, observers need to
entry eye-observations by hand, care for sensor
conditions and change recording devices regularly.

A marked upgrade of data availability was
achieved when a new generation of automatic
recording stations was developed: in 1992 the
TAWES-network was put into operation. TAWES-
stations are more sophisticated and - most impor-
tant - deliver data online to the Central Institute in
10-minute intervals. From 38 stations online in
1992 the network has been extended gradually: at
the time of this report (March 2002) in Austria there
are 138 stations out of 270 total equipped with
automatic devices of TAWES type.

More details can be found in the papers by:
Ficker (1951), Felkel at al. (1993) and Hammerl et al.
(2001).

duænost. Srediπnji zavod 1854. poËeo je izdavati
redovita godiπnja izvjeπÊa sa sakupljenim rezulta-
tima motrenja i statistiËkom obradom. 

Vaæan datum u osnivanju mreæe meteo-
roloπkih postaja bilo je osnivanje planinskog
(Alpe) opservatorija Sonnblick (3106 m nadmor-
ske visine) 1886. godine. Opservatorij radi ne-
prekidno do danas, i baza je za meteoroloπka,
geofiziËka i glacioloπka istraæivanja te dio mreæe
GAW (Global Atmosphere Watch) u sklopu
Svjetske meteoroloπke organizacije.

Zbog vojnih sukoba, politiËke situacije i po-
sljedica Prvog i Drugog svjetskog rata, znaËajno
se mijenjao broj postaja ukljuËen u spomenutu
mreæu.

Nakon Drugog svjetskog rata ukupan broj
meteoroloπkih postaja dosegao je 270. U poËetku
je velika veÊina dostavljala mjeseËna izvjeπÊa ko-
ja su ukljuËivala podatke triju mjerenja dnevno, a
samo je oko πezdeset postaja, i to rijetko noÊu,
dostavljalo SYNOP telefonom. 

PoveÊana potraænja za veÊom uËestaloπÊu
podataka i sve manji interes dobrovoljnih mo-
tritelja doveli su, kako u mnogim drugim zemlja-
ma tako i Austriji, do uspostave poluautomatskih
motriteljskih sustava - nazvanih akronimom
TAKLIS - koji podatke biljeæe automatski i u de-
setminutnim intervalima. Joπ uvijek, meutim,
motritelji trebaju ruËno unositi vizualna opaæanja,
voditi nadzor nad radom senzora i mijenjati
jedinice za snimanje podataka. 

Osnivanjem postaja opremljenih automatskim
ureajima nove generacije postignut je znatan
napredak u pogledu dostupnosti podataka: sustav
TAWES zapoËeo je s radom 1992. godine. Taj je
sustav puno napredniji i, πto je najvaænije, po-
datke dostavlja izravno Srediπnjem zavodu sva-
kih 10 minuta. Od 1992. godine, kada je bilo
ukljuËeno 38 postaja, mreæa se postupno πirila.
Danas na podruËju Austrije postoji 138 postaja
koje su opremljene ureajima TAWES tipa.

Dodatni podaci nalaze se u: Ficker (1951.),
Felkel et al. (1993.) i Hammerl et al. (2001.).
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Prvi oblici meteoroloπke djelatnosti na pod-
ruËju Bosne i Hercegovine javili su se u vrijeme
dok je BiH bila u sastavu Austro-Ugarske Monar-
hije. 

1879. Prve tri vojne meteoroloπke postaje
osnovane su u Sarajevu, Mostaru i Tuzli.

1881. Dræava je odluËila proπiriti mreæu posta-
ja. Nove su postaje osnovane u Banja Luci, Trav-
niku i BihaÊu, a u isto vrijeme je organizirano 68
novih motriteljskih punktova na podruËju BiH.

1892. Filip Balif je preuzeo duænost prvog 
ravnatelja Meteoroloπke sluæbe BiH.

1894. Izgraen je opservatorij na vrhu Bjelaπ-
nice (2067 m nadmorske visine). Prva su mjerenja
zapoËela u kolovozu.

1895. U sijeËnju je opservatorij na Bjelaπnici
poËeo objavljivati razliËite meteoroloπke podatke
(slika A1.). Ta je postaja bila od vaænosti za cije-
lo podruËje i dugi je niz godina bila postaja na
najveÊoj visini u ovom dijelu Europe. Gotovo 98
godina dugi vremenski nizovi podataka preæivjeli
su ratna razaranja i danas se nalaze u arhivu Me-
teoroloπkog zavoda zajedno s podacima mnogih
drugih postaja.

The first meteorological activities in Bosnia and
Herzegovina started during the Austro-Hungarian
rule in this country. 

879 The first three military meteorological sta-
tions in Sarajevo, Mostar and Tuzla. 

1881 Governmental decision for more extensive
network. New stations started in Banja Luka,
Travnik, BihaÊ and at the same time, 68 observa-
tional points were organised in B&H.

1892 Appointment of Filip Balif, the first director
of the Meteorological service in B&H. 

1894 Observatory on top of Bjelaπnica mountain
(2067m above sea level). First measurements star-
ted in August.

1895 From January, the Bjelaπnica Observatory
started publishing various meteorological data
(Figure A1). This station had an important role for
the whole region because, for many years, the
Bjelaπnica Observatory was one of the highest
meteorological points in this part of Europe. The
98-year old data have survived war destructions
and are now in the archives of the Meteorological
Institute together with the data from many other
stations.

Slika A1. Meteoroloπki opservatorij na vrhu Bjelaπnice (1895.)

Figure A1 Meteorological Observatory on top of Bjelaπnica mountain (1895) 

A2. Meteoroloπka sluæba Bosne i

Hercegovine - Kratki povijesni

pregled

A2. Meteorological service of Bosnia
& Herzegovina (B&H) - A Short
History
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1902. Izgraena je meteoroloπka postaja na
brdu Bjelave blizu centra Sarajeva (slika A2.). U
toj se zgradi danas nalazi Meteoroloπki zavod
Bosne i Hercegovine.

1913. Ukupno ima 125 postaja. Od poËetka do
kraja Prvog svjetskog rata (1914.-1918.) redovna
su motrenja prekinuta. 

1921. Meteoroloπki zavod je ponovo zapoËeo s
radom kao neovisna ustanova sa srediπnjim ure-
dom u Sarajevu.

1941.-1945. Tijekom rata uniπtene su gotovo
sve meteoroloπke postaje.

1947. Osnovan je RepubliËki hidrometeoro-
loπki zavod Bosne i Hercegovine. Do 1992. go-
dine u Zavod su pristizali podaci s mnogih meteo-
roloπkih postaja. Za vrijeme posljednjeg rata, u
razdoblju 1992.-1995., odræale su se one postaje u
kojima je bilo moguÊe raditi. 

1994. (30. lipnja) Bosna i Hercegovina je pos-
tala punopravnom Ëlanicom Svjetske meteoro-
loπke organizacije (WMO). Otada je u stalnom
kontaktu s tom Organizacijom i ravna se po nje-
nim naËelima: jedna dræava, jedna meteoroloπka
sluæba i jedno predstavniπtvo.

1996. Zakonom Federalne Vlade BiH osnovan
je Federalni meteoroloπki zavod. Istovremeno je
osnovan Hidrometeoroloπki zavod Republike
Srpske u Banjoj Luci. 

1996.-2002. Meteoroloπki zavod Bosne i Her-
cegovine nastavlja s radom. U tom razdoblju

1902 Meteorological station on Bjelave Hill near
the city centre in Sarajevo (Figure A2). The head-
quarters of the Meteorological Institute of B&H are
now situated in this building. 

1913 The total number of stations is 125. With
the beginning of the First World War (1914), regular
observations were interrupted until 1918. 

1921 The Meteorological Institute resumes work
as an independent institution with the headquarters
in Sarajevo. 

1941-1945 Almost all meteorological network
was destroyed in the war. 

1947 The Hydrometeorological Institute of
Bosnia and Herzegovina established. Up to 1992,
this Institute was the central point for collecting all
meteorological data from many stations. During the
last war, between 1992 - 1995, the Institute did not
stop activities on all stations where it was possible. 

1994 (30 June) Bosnia and Herzegovina
became a full member of the World Meteorological
Organisation. From that period, in line with the
WMO principle: one State, one Meteorological
service and one representative, we have estab-
lished permanent contacts with WMO. 

1996 Pursuant to the Act of the Federal
Government of B&H, the Federal Meteorological
Institute was established. Also, the Hydrome-
teorological Institute of Republic of Srpska was
established in Banja Luka.

Slika A2. Meteoroloπka postaja Bjelave u Sarajevu

Figure A2 Meteorological station of Bjelave in Sarajevo (1902)
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1996- 2002 The Meteorological Institute of B&H
did not stop its activities. During this period it has
used all technical support and human resources
from Federal Meteorological Institute in the field of
international relations and co-operation with the
WMO. The main activities were the rehabilitation of
the network, procurement of instruments and inter-
national co-operation.

Some details can be found in the papers cited
as “Druck und Verlag Kaiserlich-Koniglichen Hof
und Staatsdruckerei” (1903) and “Hidrometeo-
roloπka sluæba NR BiH” (1953).

Zavod odræava meunarodne veze i suradnju sa
Svjetskom meteoroloπkom organizacijom, koris-
teÊi potporu Federalnog zavoda u tehnici i ljud-
stvu. Osnovne aktivnosti su obnova mreæe meteo-
roloπkih postaja, nabava mjernih instrumenata i
meunarodna suradnja. 

Viπe detalja nalazi se u navedenim referenca-
ma: KuËera (1897.), „Druck un Verlag Kaiserlich-
Koniglichen Hof und Staatsdruckerei” (1903.) i
„Hidrometeoroloπka sluæba NR BiH” (1953.).
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The beginning

Sporadic Hungarian records relating to weather
go back to the 11th century. From 1540 there is
some record for every year. The first instrumental
observations in Hungary were initiated in Sopron.
1717. One of the stations of the famous meteoro-
logical network of the Societas Meteorologica
Palatina was established in Buda in 1780. There
were only 8 stations in Europe that remained opera-
tional through the whole period of existence of the
Society, and Buda was one of those.

Two important antecedents played a direct role
in the creation of the Hungarian institute. Firstly, the
Austrian „Zentralannstalt für den meteorologischen
und magnetischen dienst” was founded in 1851.
Secondly, the Hungarian Academy of Sciences was
established in 1827 and the proposal for the cre-
ation of the meteorological institute came from the
Academy. A sparse network containing 42 meteo-
rological stations had been organized in Hungarian
territory by the Austrian institute and, therefore
Guido Schenzl, upon his appointment to the post of
director was in the position to take over a core net-
work from Carl Jelinek, director of the Austrian insti-
tute at the time of founding an independent
Hungarian Meteorological and Magnetic Institute in
1870. Schenzl’s most urgent tasks were to acce-
lerate the further development of the network and
to organize the processing and publication of data.

The way to the present situation

Since the time of foundation the meteorological
observation network had been increased up to 120
stations by the years of 1980-1985. The first and
the second world war of course broke down the
course of development. In the end of eighties a sig-
nificant changes in the economical circumstances
of the country forced to reduce the number of sta-
tions and it coincided a drastic technical develop-
ment also in the field of instruments and computer
technics. That makes the Hungarian Meteorological
Service to accelerate automation of meteorological
observations. The process began in the beginning
of nineties with experiments with several instru-
ments. In 1993 a final decision was taken about the
type of the instruments and the necessary density
of stations. Traditional meteorological stations has

PoËeci

SporadiËni podaci o vremenu u maarskoj
datiraju iz 11. stoljeÊa. Od 1540. godine postoji
poneki podatak za svaku godinu. Prva instrume-
ntalna mjerenja u Maarskoj provedena su 1717.
godine u Sopronu. Jedna od postaja u sklopu poz-
natog meteoroloπkog druπtva Societas Meteorolo-
gica Palatina osnovana je u Budimu 1780. go-
dine. To je bila jedna od 8 europskih postaja koje
su radile tijekom Ëitavog razdoblja postojanja
druπtva. 

Stvaranju maarskog zavoda prethodio je rad
dviju vaænih ustanova. Kao prvo, 1851., osnovan
je austrijski „Zentralanstalt für den meteorologi-
schen und magnetischen Dienst”. Kao drugo,
Maarska akademija znanosti, osnovana 1827.
godine, daje prijedlog za osnivanje meteoroloπ-
kog zavoda. Austrijski je zavod na maarskom te-
ritoriju uspostavio rijetku mreæu od 42 meteoro-
loπke postaje, tako da je Guido Schenzl, nakon πto
je bio imenovan ravnateljem, tu mreæu preuzeo od
Carla Jelineka, ravnatelja austrijskog zavoda, i
iskoristio ju kao bazu pri osnivanju Maarskog
meteoroloπkog i magnetskog zavoda 1870. godi-
ne. Primarna je Schenzlova zadaÊa bila ubrzati
buduÊi razvoj mreæe postaja i organizirati obradu
i objavljivanje podataka.

Put ka postojeÊem stanju

Od vremena osnutka pa do razdoblja 1980.-
1985. broj postaja porastao je na 120. Prvi i Drugi
svjetski rat poremetili su njezin daljnji razvoj.
Krajem osamdesetih godina 20. stoljeÊa znakovite
promjene ekonomske situacije dovele su do sma-
njenja broja postaja, πto se opet poklopilo s
tehniËkim napretkom u razvoju mjernih instrume-
nata i kompjuterske tehnologije. Maarska je me-
teoroloπka sluæba, iz navedenih razloga, morala
poæuriti s uvoenjem automatizacije u motriteljski
sustav te su u tu svrhu zapoËeti eksperimenti s ne-
kolicinom mjernih instrumenata. KonaËna odluka
o tipovima mjernih instrumenata koji Êe se primi-
jenjivati i o rasprostranjenosti postaja donesena je
1993. godine. Postupno su tradicionalno oprem-
ljene postaje zamjenjivane onim s automatskom
opremom, i taj je proces zavrπen do 1999. godine.
Osim motrenja koja se obavljaju provoenjem

A3. Meteoroloπka motrenja u

Maarskoj

A3. Meteorolgical observations in
Hungary
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gradually been changed to automatic ones. The
process was completed by the end of 1999.
Besides near-surface and the traditional aerological
observation satellite, radar and lightning observa-
tion systems installed in recent decades also con-
tribute to the complexity of meteorological observa-
tion.

The meteorological and atmospheric environ-
mental measurement and observation system
in Hungary at the beginning of XXI century

The near-surface meteorological data are trans-
mitted by 29 automatic synoptic main stations
(MILOS 500) to the telecommunication centre,
beside them about 70 so-called climatic stations
provide data every day, among them 52 are auto-
matic stations (QLC 50) as well. The number of tra-
ditional precipitation stations is 590, they transmit
daily data to the centre once a month.

The meteorological state of the atmosphere is
measured by radiosondes that are lifted to a height
of about 30 km with the help of a balloon filled by
hydrogen. The radiosondes are operated twice a
day in Budapest at 0000 UTC and 1200 UTC and
once a day in Szeged at 0000 UTC. There are three
radar stations (Farkasfa, Budapest, Napkor) which
provide data about the clouds and precipitation
from the entire territory of Hungary, among them
the so-called Doppler radar operated in Budapest
provide data continuously not only about the pre-
cipitation elements but also about the wind condi-
tions characteristic in the surroundings of the sta-
tion. The SAFIR lightning detection system is fo-
llowing the thunderstorms while with the help of the
digital satellite images available in every half an hour
the change of weather can be followed continuo-
usly.

We have to attach of course great importance
also to the quality of the data. The continuous con-
trol and calibration of the hundreds of measuring
instruments belong also to tasks of our experts. An
up-to-date calibrating laboratory installed with the
necessary etalon instruments is at our disposal for
this purpose.

The analyses of air quality is completed at four
so-called regional background stations where the
concentration of some trace gases and aerosols is
defined. Besides, the acidity of precipitation is mea-
sured at 6 stations.

For characterizing radioactivity the automatic
measurement of gamma doses is completed at 19
places while the beta activity is measured at 11 pla-
ces.

prizemnih motrenja i tradicionalnih aeroloπkih
mjerenja, metode poput satelitske, radarske i mo-
trenja elektriËnih praænjenja, koji se rabe posljed-
njih desetljeÊa, uvelike pridonose sloæenosti
meteoroloπkih motrenja.

Sustav meteoroloπkog motrenja i praÊenja

stanja atmosfere s ekoloπkog aspekta u Maar-

skoj na pragu 21. stoljeÊa

Rezultate prizemnih meteoroloπkih motrenja
telekomunikacijskom centru dostavlja 29 auto-
matskih sinoptiËkih glavnih postaja (MILOS
500). Osim toga, oko 70 tzv. klimatoloπkih posta-
ja podatke dostavlja svaki dan, a od njih su 52
automatske (QLC 50). Tradicionalno opremljenih
kiπomjernih postaja ima 590 i one dostavljaju
podatke u centar jednom mjeseËno. 

Meteoroloπko stanje atmosfere po visini mjeri
se radiosondama koje se podiæu balonima napu-
njenim vodikom do visine od 30 km. Ova se
metoda provodi dva puta dnevno u Budimpeπti (u
00 i 12 UTC) i jednom dnevno u Szegedu (u 00
UTC). Postoje tri radarske postaje (Farkasfa,
Budimpeπta i Napkor), s kojih se motre oblaci i
oborine na cijelom podruËju Maarske. Postaja u
Budimpeπti opremljena je doplerskim radarom
koji konstantno dostavlja podatke ne samo o obla-
cima i oborini veÊ registrira i komponente vjetra
na podruËju oko postaje. Sustav SAFIR registrira
grmljavinske oluje, dok je pomoÊu digitalnih
satelitskih snimaka moguÊe pratiti promjene vre-
mena u polsatnim intervalima. 

Velika se pozornost poklanja kakvoÊi podata-
ka. U opis posla nadleænih struËnjaka ulazi stalna
kontrola i kalibracija velikog broja mjernih instru-
menata, a u vezi s tim na raspolaganju im stoji
moderno opremljen kalibracijski laboratorij. 

Analiza kvalitete zraka provodi se u Ëetiri
regionalne postaje u kojima se definira koncen-
tracija plinova u tragovima i aerosola, dok se ki-
selost oborina mjeri na 6 postaja. 

Za utvrivanje radioaktivnosti automatski se
mjeri koliËina gama zraËenja na 19 postaja, dok se
na 11 postaja mjeri beta zraËenje.

Rezultati mjerenja dostupni su na web stranici
Maarske meteoroloπke sluæbe.

Globalno zraËenje konstantno se mjeri na 14
postaja, s tim da se na Srediπnjem opservatoriju u
Budimpeπti mjere komponente SunËeva zraËenja
(direktno i difuzno) i spektralna razdioba zraËe-
nja. Ukupna koliËina ozona utvruje se mjerenjem
karakteristika atmosferskog zraËenja. UV-B
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The results of measurements are available also
on the homepage of HMS.

The global radiation is measured continuously at
14 stations, among them at the Main Observatory
of Budapest the components of solar radiation
(direct and diffuse components) and the spectral
distribution of radiation are also measured. The to-
tal ozone content is defined through measuring the
atmospheric radiation characteristics. The UV-B
radiation is measured with special instruments at 4
places in the country.

From the beginning of the 90s of the last centu-
ry we observe the atmospheric conditions not only
from the surface but we can follow the changes
also with the help of satellites. We are receiving
data from two types of satellites: the METEOSAT
geostationary satellite operated by EUMETSAT pro-
vides digital information half-hourly above the same
territory of the northern hemisphere in a resolution
of 6 x 7 km. This satellite is located in a height of
36000 km over the Equator and is moving together
with the Earth. The American NOAA satellite is
moving on a quasi-polar orbit in a height of 800 km
and is moving over each geographical place four
times a day. Satellite images of 1-3 km resolution
are available over the Carpathian basin. The data of
NOAA satellite are more detailed both in spatial res-
olution and in respect of derived parameters. The
satellite observations have more and more impor-
tant role in nowcasting as there are less and less
visual information on clouds by the spread of auto-
matic stations in the surface observation network.

The future

The main efforts relating to the observation sys-
tem is to introduce a quality control-quality assu-
rance system. Besides near-surface synoptic and
climatic stations remote sensing technics will be
more emphasized. New Doppler radars will be
installed and MSG satellites will provide information
about the state of atmosphere. Exploiting of data
come from this intensive observation technics pro-
vides more knowledge used in nowcasting. 

zraËenje mjeri se posebnim mjernim instrumen-
tom na 4 postaje u Maarskoj. 

Od poËetka devedesetih 20. stoljeÊa, stanje
atmosfere osim prizemnim metodama, motri se s
meteoroloπkih satelita. Pri tom se koriste dvije
vrste satelita. Prvi je METEOSAT meteoroloπki
satelit, u nadleænosti EUMETSAT-a (Europska
agencija za iskoriπtavanje meteoroloπkih satelita),
koji svakih pola sata prireuje digitalne slike
oblaka s rezolucijom 6x7 km iznad istog podruËja
na sjevernoj hemisferi. METEOSAT se nalazi na
visini od 36000 km iznad ekvatora i okreÊe se
zajedno sa Zemljom. Drugi je ameriËki kvazipo-
larni satelit NOAA koji se nalazi na visini od 800
km i prolazi iznad odreene geografske lokacije
Ëetiri puta dnevno. MoguÊe je dobiti satelitske
slike Karpatskog bazena s rezolucijom 1-3 km.
Podaci dobiveni pomoÊu satelita NOAA detaljni-
ji su u pogledu prostorne rezolucije i dobivenih
parametara nego oni METEOSAT-a. Satelitsko
motrenje ima sve vaæniju ulogu u vremenskim
prognozama jer se dobiva sve manje vizualnih
podataka o oblacima iz sve manjeg broja meteo-
roloπkih postaja na Zemlji.

BuduÊnost

Glavni zadatak sustava motrenja jest uspostava
sustava za kontrolu i osiguranje kakvoÊe podata-
ka. Osim prizemnih sinoptiËkih i klimatoloπkih
postaja, posebna Êe pozornost biti posveÊena
daljinskim motrenjima. Bit Êe instalirani novi
doplerski radari i meteoroloπki sateliti druge ge-
neracije koji Êe biljeæiti stanja u atmosferi. Podaci
dobiveni tim intenzivnim motriteljskim tehnika-
ma pruæaju viπe saznanja koja se koriste za vrlo
kratkoroÊnu prognozu vremena (nowcasting).
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Na slovenskom etniËkom prostoru prva su
meteoroloπka motrenja zapoËela u drugoj polovi-
ci 18. stoljeÊa. Ta su motrenja bila prekidana
nekoliko puta i mnogi rezultati su izgubljeni.
Slovenija je u to vrijeme bila dijelom Austro-
Ugarske Monarhije. Godina 1848., kada je Carl
Kreil pokrenuo meteoroloπke aktivnosti Aus-
trijske akademije znanosti razradivπi prvi prijed-
log mreæe meteoroloπkih postaja πirom monarhije,
moæe se smatrati poËetkom sustavne i neprekidne
meteoroloπke sluæbe u Sloveniji. Nakon dvije go-
dine, osniva se Meteoroloπki opservatorij u Lju-
bljani, koji neprekidno radi do danas i koji je veÊ
pri osnivanju bio opremljen instrumentima za
mjerenje temperature, vlaænosti i atmosferskog
tlaka. 

Postupno, opservatoriji ili tzv. postaje, poËeli
su se osnivati i u drugim dijelovima Slovenije. U
to je vrijeme Austro-Ugarska Monarhija, u
sporedbi s drugim dræavama kasnije Kraljevine
Jugoslavije, imala pouzdanu i profesionalnu me-
teoroloπku sluæbu. Na podruËju Slovenije je 1900.
bilo 180 meteoroloπkih postaja, πto je bio vaæan
preduvjet za odreivanje klimatskih odrednica u
razliËitim dijelovima zemlje. Motreni su osnovni
meteoroloπki elementi.

Nakon Prvog svjetskog rata ostalo je 86 posta-
ja unutar granica Slovenije, koja je tada pripala
Kraljevini Jugoslaviji. Meteoroloπka postaja u
Ljubljani postala je Zavod za meteorologiju i geo-
dinamiku te je uskoro preuzela nadleænost za sve
ondaπnje meteoroloπke postaje na slovenskom te-
ritoriju. Postajama je u poËetku bilo teπko nastavi-
ti rad zbog manjka kadra i financijskih sredstava.
Uskoro su politiËke promjene osigurale i kadar i
financijska sredstva, pa je bilo moguÊe poveÊati
broj postaja. U sljedeÊa dva desetljeÊa zabiljeæen
je konstantan porast meteoroloπkih postaja.
Primjerice, 1936. godine meteoroloπku su mreæu
saËinjavale 172 postaje: 6 postaja 1. reda, 2 posta-
je 2. reda, 39 postaja 3. reda i 125 postaja 4. reda.

Tijekom Drugog svjetskog rata mnoge su
postaje prestale s radom. Nakon rata, 1947.
godine, radi vojnih je potreba osnovana je jedin-
stvena Hidrometeoroloπka sluæba Jugoslavije, a
kao rezultat toga slovenija je dobila svoju vlastitu
Hidrometeoroloπku sluæbu. Od 70 postaja, koliko
ih je bilo nakon rata, broj postaja se poveÊavao:

On Slovenian ethnic territory first meteorological
observations started in the second half of 18th cen-
tury. Observations were several times interrupted
and many recorded data were lost. Slovenian terri-
tory of that time was a part of Austro-Hungarian
Monarchy. Carl Kreil, in 1848, launched the meteo-
rological activities of the Imperial Academy of scien-
ces by developing a first proposal for a network of
observational stations all over the Empire. That time
can be considered as the beginning of organised
and continuous meteorological service in Slovenia.
Namely, after two years, in 1850, a meteorological
observatory in Ljubljana has been with continuous
observations until nowadays. When founded,
observatory Ljubljana was equipped with instru-
ments for measuring temperature, humidity and
atmospheric pressure.

Gradually, observatories or so called stations
were established also in other places in Slovenia.
Particular effort was spent for establishing precipi-
tation measurements. At that time Austro-
Hungarian monarchy had a very reliable and pro-
fessional meteorological network when compared
with such networks in the other countries and in
later Kingdom of Yugoslavia. In the year 1900 there
was 180 meteorological stations on Slovenian terri-
tory at that time, quite suitable for determining cli-
matic conditions in different parts of the country.
Basic meteorological elements were observed and
measured, also with recording instruments.

After the first world war 86 meteorological sta-
tions were left over inside the new political bound-
aries of Slovenia, a part of Kingdom of Yugoslavia.
The meteorological station in Ljubljana was trans-
formed to Institute of Meteorology and Geody-
namics which gradually became in charge of all
meteorological stations in that time. In the first years
it was difficult to maintain the stations due to lack in
stuff and finances. But then political changes
enabled more stuff and funds for meteorological
activity, so it was possible to increase the number
of stations. We register constant growth of the
amount of meteorological stations in the next two
decades. In the year 1936 meteorological network
consisted of 172 stations: 6 stations of I. class, 2
stations of II. class, 39 stations of III. class and 125
of IV. class.

A4. Kratak opis razvoja meteoroloπkih

motrenja u Sloveniji

A4. A short description of meteoro-
logical observation development
in Slovenia
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1960. godine osnovano je 15 sinoptiËkih, 144 kli-
matoloπke i 263 kiπomjerne postaje. 

U tom se razdoblju na podruËju Slovenije
nalazio najveÊi broj meteoroloπkih postaja. One
su bile smjeπtene na posve novim prostorima,
primjerice u visokim planinama. Godine 1954.
osnovana je meteoroloπka postaja Kredarica u
Julijskim Alpama, na visini 2515 m. Postaja u
Ljubljani je 1947. godine preselila na lokaciju na
kojoj se nalazi i danas. 

Potom se broj postaja poËeo smanjivati. Posta-
lo je sve teæe i teæe naÊi volontere za taj svako-
dnevni posao, a plaÊa nije bila dovoljno stimula-
tivna za nove motritelje. Jedino je rjeπenje bila
automatizacija meteoroloπkih mjerenja, a pravo
vrijeme za to je doπlo 1991. godine, kada je Slo-
venija postala neovisna. Radiosondaæna mjerenja
zapoËela su u Ljubljani 1995. godine. 

Danas meteoroloπku mreæu Slovenije saËinja-
va: 13 sinoptiËkih postaja, 40 klimatoloπkih, 226
kiπomjernih, 27 automatskih postaja, 18 auto-
matskih modula za temperaturu, vlaænost i obo-
rinu, 1 postaja s radiosondaænim i 1 s radarskim
mjerenjem.

Dodatna literatura: PuËnik (1980.) i Trontelj
(2000.).

During the second world war many stations
stopped working. After the war a new network was
developed due to military needs until in 1947 Civil
Hydrometeorological service was established in
Yugoslavia and consequently, Slovenia has got its
own Republic Hydrometeorological Service. From
initial 70 stations after the war the number of sta-
tions increased to: 15 synoptic stations, 114 clima-
tological stations and 263 precipitation stations in
the year 1960.

In this period the highest number of meteoro-
logical stations operated in Slovenia. Stations were
set up in new areas, for example in high mountains.
So in 1954 meteorological station Kredarica was
established in Julian Alps at the elevation 2515 m.
In 1947 station Ljubljana was moved to its present
location.

Then the number of stations began to decrease.
It was more and more difficult to find volunteers for
this every day work and the fee became too small
to be stimulative for new observers. We saw the
only solution in automatic measurements. With
independence of Slovenia in 1991 came the right
time for this. In 1995 radiosonde observations star-
ted in Ljubljana.

Nowadays our meteorological network consists
of: 13 synoptic stations, 40 climatological stations,
226 precipitation stations, 27 automatic weather
stations, 18 data loggers for temperature, humidity
and precipitation, 1 radiosonde station, 1 weather
radar.

More details can be found within papers by
PuËnik (1980) and Trontelj (2000).
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DODATAK B / APPENDIX B

Popis klimatoloπkih postaja u Hrvatskoj za razdoblje 1945.-2012.

List of climatological stations in Croatia for the period 1945-2012

Postaja PoËetak rada Zavrπetak rada

Station Begining of work End of work
Abrami 10.2.1962. radi / in operation
Antenal 1.3.1966. 31.12.1979.

BaËica 1.4.1982. 31.7.1994.

Bakar 1.4.1974. 31.5.1977.

1.5.1997. radi / in operation
Bakarac 5.4.1974. 31.5.1977.

Baπka 8.5.1963. 31.12.1975.

Baπke Oπtarije 1.2.1962. 1.11.2010.

Bednja 10.4.2006. radi / in operation
Begovo Razdolje 1.6.2003. 1.9.2007.

Beli Manastir 11.10.2004. radi / in operation
Benkovac 25.5.1956. 31.5.1988.

15.11.1997. radi / in operation
Bidrovec 1.7.1983. 1.4.1988.

Biograd 1.1.1953. radi / in operation
Bilogora* 1.5.1975. 31.12.1980.

Bistrac 10.7.1952. 27.4.1972.

Bol 1.8.1963. radi / in operation
Boljun 29.5.1971. 31.8.1989.

Borovo 22.9.1971. 31.5.1985.

5.6.1986. 30.4.1989.

Bosiljevo 15.11.1963. radi / in operation
Botinec 1.9.1947. radi / in operation
Botonega 1.5.1987. radi / in operation
Botovo 13.7.1986. 28.2.1990.

Boæava 1.8.1960. 28.6.1976.

1.4.1997. radi / in operation
Boæjakovina 1.4.1944. 10.10.1965.

10.1.1966. 31.5.1989.

Bracanija 1.5.1982. 31.5.1985.

Brestovac Belje 3.4.1945. 31.7.1990.

1.7.1998. radi / in operation
Brezovo Polje Psunj SC 1.11.1963. 1.7.1965.

1.11.1969. 31.12.1979.

Brinje 23.9.1954. 31.12.1970.

1.8.1973. 9.7.1975.

11.6.1997. radi / in operation
Brijuni 1.10.1953. 31.5.1956.

Buje 1.1.1954. 31.8.1975.

Buzet 25.5.1955. 31.10.1964.
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Celega 1.5.1982. radi / in operation
Cres 20.8.1951. radi / in operation
Crikvenica 1.7.1891. radi / in operation
Crni Lug - NP Risnjak 1.11.2003. radi / in operation
»akovec NedeliπÊe 1.8.1954. radi / in operation
»azma 1.1.1951. radi / in operation
»elavac 1.11.1975. 30.11.1979.

»epiÊ 14.5.1961. radi / in operation
»ibaËa 1.10.1951. 31.3.1964.

»orkova Uvala 5.7.1963. 1.7.1968.

Dalj 1.6.1980. 1.7.1988.

Delnice 1.11.1949. radi / in operation
Donji Lapac 1.6.1982. 30.5.1988.

1.6.1996. radi / in operation
Donji Miholjac 1.5.1955. radi / in operation
Drenje 1.7.1978. 1.11.1984.

Dreænica 11.11.1993. radi / in operation
Drniπ 24.5.1956. 1.9.1990.

1.2.1997. radi / in operation
Dubrovnik* 1.1.1945. 1.9.1979.

–akovo 1.9.1948. radi / in operation
–urevac 16.4.1955. radi / in operation
Faæana 1.8.1952. 31.3.1973.

Fuæine Brana 24.11.1954. 31.1.1972.

Gareπnica 1.11.1952. 30.9.1975.

Gorinci 26.11.2001. radi / in operation
Goveari - NP Mljet 1.8.1960. radi / in operation
Grabovac 3.4.1945. 31.7.1990.

1.7.1998. radi / in operation
GraËac* 15.7.1953. 1.3.1987.

1.8.1996. radi / in operation
Gradiπte RC* 18.9.1971. 31.12.1980.

Grubiπno Polje 19.8.1956. 16.6.1977.

GusiÊ Polje 26.8.1986. radi / in operation
Hrvatska Kostajnica 1.8.1956. 1.4.1991.

11.5.1996. radi / in operation
Divuπa 11.5.1996. radi / in operation
Ilok 25.5.1951. 1.7.1991.

1.7.1998. radi / in operation
Imotski 1.1.1953. radi / in operation
Ivanec 20.5.1976. 30.11.1978.

Jablanac 12.3.1963. 1.6.1987.

Jankovac 1.9.1961. 1.4.1970.

JapetiÊ 1.11.1963. 31.12.1972.

Jarmina Borinci 1.1.1966. 31.1.1967.

Jasenak 1.1.1976. 30.9.1985.

Jastrebarsko 1.6.1954. radi / in operation
Jastrebarsko Donja Rijeka ? 30.6.1965.

Jelsa 9.8.1952. radi / in operation
Kalnik 16.4.1954. 31.3.1964.

KamenjaËa 13.9.1961. 31.3.1970.
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Kanfanar 1.5.1961. 31.1.1969.

Karlobag 1.10.1966. 28.11.1976.

10.12.1992. radi / in operation
Kaπtel Stari 1.8.1946. 31.1.1971.

Klenovnik 1.8.1945. 31.12.1955.

Komiæa* 26.12.1955. 1.3.1983.

31.5.1982. 1.1.1987.

KopaËki Rit 1.7.2004. radi / in operation
Koprivnica 1.1.1945. radi / in operation
KorËula 1.1.1948. 30.8.1994.

1.4.1995. radi / in operation
Korenica 20.9.1972. 30.9.1989.

1.5.1996. radi / in operation
Kostel 1.1.1945. 31.12.1987.

Kotoriba 15.6.1963. 31.7.1969.

Kraljevica 10.3.1952. 1.1.1987.

Krapina* 1.6.1963. 1.5.1988.

1.9.1993. radi / in operation
Krbava 10.12.1982. 30.8.1991.

KrËiÊi 1.11.1979. 24.6.1983.

Kriæevci* 1.1.1901. 31.12.2001.

Krk 1.6.1956. 1.1.1986.

1.7.1998. radi / in operation
KruπËica Sklope 15.2.1987. 30.6.1998.

Kukljica 24.5.1999. radi / in operation
Kukuljanovo 8.4.1997. radi / in operation
Kuna 1.7.1955. radi / in operation
Kutina 17.8.1956. radi / in operation
Kutina πkola 1.11.1976. 12.6.1977.

Kutina tvornica 12.6.1977. 31.12.1986.

Kutina tvornica II 2.6.1977. 1.1.1987.

Kutjevo - Mitrovac 22.9.2003. radi / in operation
Kutjevo - Vidim 1.5.2002. radi / in operation
Labin - Dubrova 13.7.1993. 1.8.2005.

2006. 1.4.2011.

Lekenik 8.6.1963. radi / in operation
Lepoglava »ret 15.9.1953. 22.5.1976.

6.4.1979. 30.9.1985.

Letaj Brana 1.1.1995. radi / in operation
LiËki Osik 14.9.1986. 31.7.1991.

LiËko LeπÊe 27.9.1954. radi / in operation
Lipik 1.1.1945. 30.6.1991.

18.6.1996. radi / in operation
Lividraga 20.10.1959. 1.10.1984.

Lokve Brana 1.4.1957. radi / in operation
Lovinac 23.5.1957. 31.1.1989.

1.10.1998. radi / in operation
LuËice 12.9.1986. 30.6.1991.

Ludbreg Hrastovsko 1.4.1956. radi / in operation
Lun - Gager 21.5.1952. 31.3.1964.
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Makarska* 10.7.1953. 31.8.1974.

1.10.1975. 30.4.1989.

Malinska 1.5.1957. 1.6.2010.

Mali Loπinj »ikat 1.8.1975. 31.8.2008.

Malo Trojstvo 1.7.1984. 1.2.1994.

Meje 1.4.1974. 31.5.1977.

MetkoviÊ 19.5.1997. radi / in operation
Mikluπevci 9.11.1989. 30.9.1991.

Mirkovica 8.12.1963. 20.9.1974.

Molunat 1.7.1998. radi / in operation
Molve 1.8.1982. 31.10.1985.

Mosor LjuvaË 1.1.1953. 31.8.1965.

Motovun 1.3.1956. 13.12.1964.

Naπice 29.6.1955. radi / in operation
NereæiπÊa 5.5.1956. 17.7.1975.

Nova Gradiπka - Cernik 1.10.1962. radi / iin operation
Novigrad - Celega 1.5.1982. 1.2.2012.

Novi Dvori (©ibice) 15.7.1954. 30.11.1965.

18.3.1966. 31.10.1991.

1.6.1995. radi / in operation
Novigrad dalm. 5.2.1952. 30.8.1991.

10.9.1997. radi / in operation
Novigrad - Punta 1.5.2012. 31.7.2012.

Novi Marof 1.7.1962. radi / in operation
Novska 7.10.1968. radi / in operation
Novska Gornja brana 1.5.1979. 31.7.1991.

Oborovo 1.12.1974. radi / in operation
Omiπalj grad 5.9.1976. 31.12.1977.

Omiπalj kapetanija 5.9.1976. 31.12.1977.

Opatija 1.3.1953. 1.12.1984.

Opeke 1.9.1970. 1.7.2007.

Opuzen 1.1.1945. radi / in operation
OrebiÊ 17.7.1949. 1.2.2011.

Orehovica 19.4.1954. 31.3.1964.

Osijek »epin RC 10.11.1982. 30.11.1991.

Osijek Tvravica 1.4.2011. radi / in operation
Osijek Neuman 1.1.1945. 15.10.1969.

OtoËac 1.11.1994. radi / in operation
Pag 1.1.1950. 1.5.2006.

16.3.2007. radi / in operation
Palagruæa 1.1.1957. radi / in operation
Petrinja 1.10.1903. 1.7.2007.

1.3.2008. 1.11.2011.

1.3.2012. radi / in operation
Pisarovina 1.12.1961. 1.11.2003.

9.4.2004. radi / in operation
Plaπki 19.5.1957. 30.10.1986.

13.6.1997. radi / in operation
Platak 1.10.1949. 25.10.1962.

1.12.1980. 1.4.1981.

1.6.2001. 1.10.2001.
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PlitviËka jezera 1.3.1966. 31.10.1966.

15.5.1967. 1.11.2011.

PlitviËki Ljeskovac 21.5.1952. 1.9.1971.

PloËe* 1.10.1962. 31.3.1969.

1.4.1969. radi / in operation
Plomin elektrana 1.7.1978. 1.6.1984.

Plomin grad 1.7.1978. 9.6.1982.

Pljeπivica 14.10.1969. 30.9.1989.

Podrute 15.6.1983. 25.12.1984.

Ponikve 26.3.1987. 30.4.2005.

PoreË 1.1.1947. 31.7.1992.

1.3.2000. radi / in operation
Poæega 1.1.1945. radi / in operation
Praænice 1.1.1945. 1950.

Pregrada 1.1.1992. radi / in operation
Pula 1.5.1968. radi / in operation
Puntijarka* 1.3.1959. 30.11.1972.

RaËinovci 1.3.2007. radi / in operation
RiËice - Brana 1.7.1994. radi / in operation
Rijeka Kantrida 1.12.1952. 30.9.1958.

RodiÊ Poljana 1.12.1982. 24.9.1986.

Rovinj 1.12.1948. radi / in operation
RoviπÊe 23.4.1954. 30.6.1962.

Samobor 23.5.1972. radi / in operation
Seketin 20.9.1978. 1.10.1980.

Sestrice Vele 1.8.1970. radi / in operation
Silba 15.11.1963. radi / in operation
Sinj 1.1.1967. radi / in operation
Skrad 1.10.1949. 28.2.1993.

Slavonska Poæega 1.1.1945. radi / in operation
Slatina - Medinci 22.8.1956. 30.4.1966.

10.4.1967. radi / in operation
Slunj 14.2.1955. 30.8.1991.

3.6.1996. radi / in operation
Soπice 3.6.1957. 31.8.1964.

12.4.1996. radi / in operation
SpreËava 1.8.1953. 1.5.1969.

Split Firule 1.4.1969. 31.10.1975.

Split Gripe 1.6.1957. 31.12.1963.

Split Marjan 1.1.1948. 31.12.1949.

Srb 1.9.1963. 1.5.1976.

Stara Suπica 1.8.1953. 31.5.1986.

Starigrad Paklenica 1.3.1992. radi / in operation
Stipanov GriË 6.5.1955. 16.12.1969.

Ston 15.1.1950. radi / in operation
Struæec RC 1.10.1974. 30.8.1991.

7.12.2001. radi / in operation
StubiËka Gora 5.7.1952. 31.12.1996.

StubiËke toplice 11.8.1952. radi / in operation
Sumartin 1.4.1998. radi / in operation
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Sunja 1.7.1963. 30.10.1991.

1.2.1992. radi / in operation
Sutivan 8.8.1956. radi / in operation
Sv. Ivan na puËini 1.8.1983. radi / in operation
Sv. Ivan Zelina 1.8.1960. radi / in operation
Sv. Jure Biokovo 9.11.1968. 31.3.1973.

12.10.1975. 1.4.1984.

Sv. Kriæ ZaËretje 1.9.1949. 31.3.1955.

©estanovac 1.7.1962. radi / in operation
©ibice 15.7.1954. 30.11.1965.

18.3.1966. 31.10.1991.

1.6.1995. radi / in operation
©Ëulci 2.6.1971. 28.2.1989.

©krljevo 1.4.1979. 30.4.1985.

©oiÊi 1.4.1974. 31.5.1977.

Topusko 1.1.1945.

24.3.1959. 30.6.1991.

1.8.1997. 1.5.2007.

1.1.2008. radi / in operation
Trema 9.5.1975. 31.12.1976.

Trsteno 1.4.1969. 30.8.1991.

Tunel UËka E 1.8.1973. 15.5.1974.

Tunel UËka W 23.7.1973. 15.5.1974.

UËka Vrh 15.8.1968. 1.7.2008.

Udbina 26.9.1961. 31.12.1976.

6.5.1996. radi / in operation
Valpovo - Tiborjanci 20.8.1963. radi / in operation
Varaædin 1.1.1972. 1.12.1972.

Varaædinske Toplice 1.1.1960. 31.1.1968.

Vela Luka 1.7.1949. radi / in operation
Vela Luka Adrija 16.8.1988. 1.12.1989.

Veli Drvenik 1.4.1963. 31.10.1974.

Velika Popina 1.7.1973. 1.7.1991.

Veli Loπinj 1.1.1953. 3.1.1966.

1.1.1969. 31.12.1992.

Vinkovci 1.3.1953. radi / in operation
Vir 1.7.1977. 28.8.1983.

Virovitica 1.5.1951. 30.4.1996.

30.4.1996. radi / in operation
Vis 1.9.1945. 1.8.1948.

1.1.1963. 1.8.1964.

Vitoπevo 5.4.1974. 31.5.1977.

VoÊin 15.12.1963. 1.8.1991.

1.3.1994. radi / in operation
VojniÊ 15.11.1963. 30.6.1989.

Volosko 1.9.1995. radi / in operation
Volparija 1.5.1982. 30.4.1983.

Vrana 1.1.1958. 31.12.1992.

Vrbovec 10.5.1955. 30.7.1960.

Vrelo LiËanke 18.6.1974. radi / in operation
Vrgorac 16.6.1957. radi / in operation



Vukovar 1.1.1949. 27.2.1970.

10.6.1999. radi / in operation
Zabok 1.4.1955. 30.6.1976.

1.5.1991. radi / in operation
Zagreb - Blato 1.2.1979. 31.12.1985.

Zagreb - Botinec 1.9.1947. radi / in operation
Zagreb - Bundek 1.8.1978. 31.10.1979.

Zagreb - BotaniËki vrt 1.8.1964. 31.1.1966.

Zagreb - »ukoviÊi 1.5.1977. 1.4.1981.

Zagreb 20.8.1964. 31.12.1985.

Zagreb - Frankopanska 1.8.1979. 31.12.1985.

Zagreb - Jazbina 9.5.1952. 1.12.1970.

Zagreb - Maksimir* 1.1.1945. 1.12.1959.

Zagreb - Podsused 1.12.1952. 30.9.1986.

Zagreb - Rim 1.4.1948. radi / in operation
Zagreb - Siget 1.4.1977. 31.10.1979.

Zalesina 1.7.1951. 31.12.1989.

20.6.1993. 1.11.1996.

Zaviæan* 1.10.1953. 21.8.1964.

ZveËevo 1.10.1985. 1.3.1991.

1.6.2001. radi / in operation
Æirje 1.12.1963. 18.1.1969.

Æupanja 26.6.1960. 31.12.1992.

1.6.1997. 1998.

1.6.2000. radi / in operation

* klimatoloπke postaje koje su prerasle u glavne meteoroloπke postaje
* climatological stations which become main weather stations

NAPOMENA

Popis postaja koje su promijenile ime

Staro ime Novo ime

Botinec Zagreb - Botinec

Brestovac - Belje Grabovac

Celega Novigrad - Celega

»akovec »akovec - NedeliπÊe

Gorinci - LeπÊe Gorinci

Goveari Goveari - NP Mljet

Labin Labin - Dubrova

Lekenik - Vukojevac Lekenik

Nova Gradiπka Nova Gradiπka - Cernik

Novi Dvori - ©ibice ©ibice

Plitvice PlitviËka jezera

RiËice RiËice - Brana

Slatina (Podravska) Slatina - Medinci

Slavonska Poæega Poæega

Sestrice Tajerske Sestrice Vele

Valpovo Valpovo - Tiborjanci
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POPIS SKRAΔENICA / LIST OF ABBREVIATIONS

AIREP Air Report

ALADIN Aire Limiteé Adaptation Dynamique Development International

ALPEX Alpine Experiment

AMMC Adriatic Marine Meteorological Centre

AT apsolutna topografija

AWRP Aviation Weather Research Program

CCI Commision for Climatology

CCRP Croatian Climate Research Programe

CERAD Central European Weather Radar Networking

CLICOM Climate Computing

CLIM-RUN Climate Local Information in the Mediterranean region Responding to User

Needs

CORDEX Coordinated Regional Climate Downscaling Experiment)

COST European Cooperation in the field of Scientific and Technical Research)

DARE Data Rescue

DCPC Data Collection and Production Centre

DGMP Dnevnik glavne meteoroloπke postaje

DHMZ Dræavni hidrometeoroloπki zavod / Meteorological and hydrological Service

DMCSEE Drought Management Centre for Southeastern Europe 

DUZS Dræavna uprava za zaπtitu i spaπavanje

DWD Deutsche Wetterdienst

ECLAIRE Effects of climate change on air pollution impacts and response strategies for

European ecosystems

ECMWF European Centre for Medium Range Weather Forecasts

ECOMET The Economic Interest Grouping of the National Meteorological Services of the

European Economic Area

ENHEMS-Buildings Enhancement of Research, Development and Technology Transfer capacities in

Energy Management Systems for Buildings

ENS Ensemble forecast

EPS Ensamble Prediction System

EPS Eumetsat Polar System

EUMETNET European Meteorological Network

EUMeTrain International training project by EUMETSAT to support and increase the use of

meteorological satellite data

EUMETSAT The European Organisation for the Exploitation of Meteorological Satellites

EURO-AGRIVAT Assessment of European Agriculture Water use and trade under climate change

FAA Federal Aviation Administration

FNRJ Federativna Narodna Republika Jugoslavija

GARP Global Atmospheric Research Programme

GDPS Global Data Processing System 

GMP glavna meteoroloπka postaja

GOS Global Observing System 

GSM Global System of Mobile Telecommunitation
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GTS Global Telecommunication System

HAZU Hrvatska akademija znanosti i umjetnosti

HEP Hrvatska elektroprivreda

HKZP Hrvatska kontrola zraËne plovidbe

HMS Hungarian Meteorological Service

HRID High Resolution Isentropic Diagnosis

HRKLIMA HRvatska KLIMA

HRT Hrvatska radiotelevizija 

HRT-GAR High Resolution Temperature climatology- Greater Alpine Region

HRZZ Hrvatska zaklada za znanost

HUKL Hrvatska uprava kontrole leta

ICAO International Civil Aviation Organization

ICEED Informal Conference of South-Eastern Europe Directors of meteorological and

hydrological services

IJS Institut Joæef Stefan

INFOCLIMA World Climate Data Information Referral Service 

IOC Intergovernmental Oceanographic Commission 

IPCC Intergovernmental Panel on Climate Change 

IR Infracrveni dio spektra

ISRIC World Soil Information

JAZU Jugoslavenska akademija znanosti i umjetnosti

JCOMM Joint WMO/IOC Tehnical Commission for Oceanography and Marine

Meteorology

LLNL Lawrence Livermore National Laboratory

MAP Mesoscale Alpine Programme

MDD Meteorological Data Distribution

MEDEX MEDiterranean EXperiment on “Cyclones that produce high impact weather in

the Mediterranean”

MSG Meteosat Second Generation

MTP Meteosat Transition Programme

MZOIP Ministarstvo zaπtite okoliπa i prirode

MZOPU Ministarstvo zaπtite okoliπa i prostornog ureenja

MZOPUG Ministarstvo zaπtite okoliπa, prostornog ureenja i graditeljstva

MZOS Ministarstvo znanosti, obrazovanja i πporta

NCAR National Center for Atmospheric Research

NDH Nezavisna Dræava Hrvatska

NMC National Meteorological Centre

NMHS National Meteorological and Hydrological Service

NOV PO Narodno oslobodilaËka vojska i pokret otpora

NN Narodne novine

NRH Narodna Republika Hrvatska

NTSB National Transportation Safety Board

OMP obiËna meteoroloπka postaja

PB pilot balonska mjerenja

PCMDI Program for Climate Model Diagnosis and Intercomparison - 

PMC Pomorski meteoroloπki centar
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PMF Prirodoslovno matematiËki fakultet

RAP Research Applications Program

RC Radarski centar

RC-LACE Regional Centre Limited Area modelling for Central Europe

RDP Research and Development Project

RH Republika Hrvatska

RHMZ RepubliËki hidrometeoroloπki zavod

RT relativna topografija

SAD Sjedinjene AmeriËke Dræave

SAF Satellite Application facilities

SEECOF South-East Europe Climate Outlook Forum 

SHMZ Savezni hidrometeoroloπki zavod

SPI Standardized Precipitation Index

SRNWP Short Range Numerical Weather Prediction Programme

SUHMS Savezna uprava hidrometeoroloπke sluæbe

SUKL Savezna uprava za kontrolu leta

WCRP World Climate Research Programme

WorldDailyMeteo Space-time interpolation of daily meteorological variables at 1 km resolution

WILL4WIND Weather Intelligence for Wind Energy

WIGOSWMO Integrated Global Observing System

WIS WMO Information System

WMC World Meteorological Centre

WMO World Meteorological Organization

WWW World Weather Watch 

ZAMG Zentralanstalt für Meteorologie und Geodynamik

ZMS Zrakoplovna meteoroloπka sluæba






