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PREDGOVOR

Globalna srednja temperatura zraka za 2021. godi-
nu bila je 1.11 + 0.13°C iznad prosjeka za predindustrij-
sko referentno razdoblje 1850. — 1900. sto je svrstava
izmedu pete i sedme najtoplije godine na globalnoj
razini (WMO, 2022). U analizi je koristeno Sest skupova
podataka i svi pokazuju da je posljednjih sedam godina,
od 2015. do 2021., bilo sedam najtoplijih godina od kada
postoje mjerenja. 2021. godina bila je manje topla od ne-
kih posljednjih godina zbog utjecaja umjerenih pojava La
Nifie na pocetku i kraju godine. La Nifia ima privremeni
ucinak hladenja na globalnu srednju temperaturu zraka.
Godina 2016. koja je zapocela tijekom snaznog El Niia
(ekvatorijalno podrugje pozitivnih anomalija povrsinske
temperature Tihog oceana) ostaje najtoplija godina od
kada postoje mjerenja u vecini analiziranih skupova po-
dataka.

Velika podru¢ja s ukupnim koli¢inama oborine u
2021. godini iznadprosje¢nim u odnosu na referentno
razdoblje 1951. — 2000., bila su: isto¢na Europa, jugo-
isto¢na Azija, tzv. Maritimni kontinent (izmedu ostalih
zemalja uklju¢uje Indoneziju, Filipine i Papua Novu Gvi-
neju, smjestene izmedu Indijskog i Tihog oceana, unutar
tople oceanske regije poznate kao Tropski topli bazen),
podruéja na sjeveru Juzne Amerike i dijelovi jugoistoka
Sjeverne Amerike. Velike regije s manjkom oborine u
odnosu na spomenuto referentno razdoblje, ukljucivale
su: jugozapadnu Aziju, Bliski istok, dijelove juzne Afri-
ke, juzne Juzne Amerike i podrucja u sredi$njoj Sjever-
noj Americi. Dok su u dijelovima isto¢ne Europe i oko
Crnog mora pale neuobicajeno velike koli¢ine oborine,
vrlo malo ih je bilo na podrucju oko Sredozemnog mora.
Zapadnu Europu su 2021. godine zadesile neke od naj-
vecih zabiljezenih poplava sredinom srpnja. Najvie je
pogodeno podrucéje zapadne Njemacke i isto¢ne Belgije,
gdje je u razdoblju 14. — 15. srpnja palo 100 — 150 mm
oborine na ve¢ vodom zasi¢eno tlo, pa je to uzrokovalo
poplave i klizista. Hagen (Njemacka) izvijestio je o 241
mm oborine u 22 sata.

PovrSinska temperatura zraka na Arktiku rasla je
barem dva puta brze od globalnog prosjeka od 1980-
tih do danas, dok se u istom razdoblju smanjivao ledeni
pokriva¢ Grenlanda, a temperatura permafrosta je rasla.
Navedeno je imalo utjecaj ne samo na arkticke ekosu-
stave nego i na globalne klimatske promjene preko ra-
zli¢itih mehanizama povratne sprege.

Godina 2021. bila je vrlo topla na 24.3% teritori-
ja Republike Hrvatske, topla na 74.4% teritorija, dok je
samo 1.3% teritorija svrstano u kategoriju normalno.
Oborinske prilike su bile normalne na 90.3% teritorija,
dok je na 6.8% teritorija bilo susno, a na 2.8% kisno.

Na podrucju Hrvatske 2021. godinu obiljezile su i
ekstremne vremenske prilike. Prodor hladnog zraka pre-
ko sjeverne i srediSnje Europe uzrokovao je nagli pad
temperature zraka pocetkom travnja 2021. godine. Na
mnogim meteoroloskim postajama kontinentalnog dije-
la Hrvatske 7. i 8. travnja 2021. zabiljezen je vrlo hladan
dan s minimalnom dnevnom temperaturom zraka nizom
od 0°C. Na nekim postajama minimalna dnevna tempe-
ratura zraka bila je niza i od —13°C. Bilo je svjeze, ujutro
sa slabim do umjerenim mrazom u unutrasnjosti i dijelu
sjevernog Jadrana. U nekim voc¢njacima Stete na poje-
dinim kulturama poput trednje, Sljive i marelice bile su
u rasponu od 90 do 100%. Ukupna S$teta je procijenjena

PREFACE

The global mean air temperature for 2021 was 1.11
+ 0.13°C above the 1850 — 1900 average. The six data sets
used in the analysis place 2021 between the fifth and sev-
enth warmest year on record globally, and all six show that
the most recent seven years, 2015 to 2021, were the seven
warmest years on record (WMO, 2022). The year 2021 was
less warm than some recent years due to the influence of
moderate La Nifia events at the start and end of the year.
La Nifia has a temporary cooling effect on the global mean
temperature. The year 2016, which started during a strong
El Nifio (equatorial region of positive anomalies of the sur-
face temperature of the Pacific Ocean), remains the warm-
est year on record in most of the analysed data sets.

In 2021, above-normal precipitation totals in rela-
tion to the reference period 1951 — 2000 was recorded in
eastern Europe, southeast Asia, the Maritime Continent (in-
cluding Indonesia, the Philippines, and Papua New Guinea,
among other countries, and located between the Indian
and Pacific Oceans, within the warm oceanic region known
as the Tropical Warm Pool), parts of northern South Amer-
ica, and parts of south-eastern North America. In contrast,
rainfall deficit in relation to the same reference period was
observed in southwest Asia and the Middle East, parts of
southern Africa, parts of southern South America, and ar-
eas in central North America. While unusually high totals
were detected around the Black Sea and in parts of Eastern
Europe, unusually low precipitation amounts fell around
the Mediterranean Sea. In mid-July 2021 western Europe
experienced some of its most severe flooding on record.
The worst affected area was western Germany and eastern
Belgium, where 100 to 150 mm fell over a wide area on 14
— 15 July over already saturated ground, causing flooding
and landslides. Hagen (Germany) reported 241 mm of rain-
fall in 22 hours.

Since the mid-1980s, the Arctic surface air tempera-
ture has warmed at least twice as fast as the global average,
while the Greenland ice cover has declined in the same pe-
riod, and permafrost temperature has increased. This had
large implications not only for Arctic ecosystems but also
for the global climate through various feedbacks.

The year 2021 was very warm in 24.3% of the territory
of the Republic of Croatia, warm in 74.4% of the territo-
ry, while only 1.3% of the territory was classified as normal.
Precipitation conditions were normal in 90.3% of Croatian
territory, while 6.8% experienced dry, and 2.8% experienced
wet conditions.

Extreme weather events were also characteristic of
the year 2021. An inflow of cold air over northern and cen-
tral Europe caused a sudden drop in air temperatures in
early April 2021. Many continental meteorological stations
in Croatia registered a very cold day on 7 and 8 April 2021,
with the minimum daily air temperature below 0°C, and
as low as —13°C in some stations. It was cool, with light to
moderate frost in continental Croatia and parts of northern
Adriatic in the morning. Damage to crops such as cherries,
plums and apricots ranged between 90% and 100% in some
orchards. Total damage was estimated to around 4 million
kunas. Several counties declared a state of natural disas-
ter. On the afternoon of 25 June 2021, PoZzega was hit by
a strong thunderstorm that caused grave damage to prop-
erty, mostly due to hail: in some locations, hailstones were
estimated to be as large as an egg (up to 5 cm in diame-
ter). Hailstones of this size point to a terminal fall velocity



na oko 4 milijuna kuna. Nekoliko zupanija proglasilo je
prirodnu nepogodu zbog mraza. Podrucje Pozege je 25.
lipnja 2021. u poslijepodnevnim satima bilo pogodeno
snaznim grmljavinskim nevremenom koje je uzrokova-
lo veliku materijalnu Stetu, ponajviSe zbog tuce koja je
ponegdje bila i veli¢ine jajeta (promjer do 5 cm). Zrna
te veli¢ine upucuju na brzinu pada tu¢e oko 145 km/h.
Ostecene su mnoge zgrade, voénjaci i vrtovi, a akumu-
lacija tuc€e na tlu bila je tolika da se led morao Cistiti s
prometnica. Grad i Zupanija proglasili su prirodnu ne-
pogodu. Snazno olujno nevrijeme prac¢eno jakom kiSom
izazvalo je buji¢ne poplave u dijelu Slavonije i Baranje 17.
i 18. srpnja 2021. Sli¢na situacija bila je 17. srpnja i u dru-
gim dijelovima Europe, posebice u Njemackoj, Austriji,
Belgiji i Luksemburgu gdje su se dogodile katastrofalne
buji¢ne poplave. Obilne koli¢ine oborine pale su 16. srp-
nja, a zatim je Osje¢ko-baranjsku i Vukovarsko-srijemsku
zupaniju 17. srpnja zahvatilo snazno olujno nevrijeme te
je u kratkom vremenu palo preko 90 litara kise po ce-
tvornom metru zbog €ega su angazirane sve raspolozive
sluzbe spasavanja i zastite od poplave. Velike koli¢ine
kise u Osijeku izazvale su zastoj tramvajskog prometa,
ostetile su i velik broj prodajnih kucica na osjeckoj trzni-
ci kao i unutarnje prostore trznice kojoj je unisten krov.
Objavljeno je da Stete za Vukovarsko-srijemsku zupani-
ju iznose oko 600 milijuna kuna. Na nasi¢kom podruc¢ju
poplavljeni su domovii podrumi, cestama su tekli potoci
vode, a u podvoznjacima su bili zarobljeni automobili.
Dijelovi Nasica ostali su bez struje. Izlili su se kanali, a na
ceste je nanesen mulj, granje, kamenje i $ljunak. Oste-
¢ene su brojne kuce, a stradali su i usjevi. Ukupna Steta
procijenjena je na oko 1 milijun kuna. Na podru¢ju Zupa-
nje i BoSnjaka zbog obilne oborine poplavljene su ulice,
kuce, okuénice, industrijski i trgovacki objekti. Unisteni
su i brojni usjevi. Istok Slavonije je 18. srpnja pogodila
snazna tuca pracena olujnim vjetrom koji je unistio go-
tovo sve parcele zasadene kukuruzom i suncokretom.
Rekordnu dnevnu koli¢inu oborine zabiljezila je posta-
ja Zupanja (182.9 mm, 20. srpnja 2021.), $to predstavlja
najvec¢u dnevnu koli¢inu oborine otkad postoje mjere-
nja na toj postaji. Prvog kolovoza 2021. godine olujno
nevrijeme je zahvatilo dio srediSnje Hrvatske, a najvece
Stete nastale su na Banovini i u Moslavini. Olujni vjetar
je ¢upao i lomio stabla, nosio crijep s krovova. Sa $kole
u Kutini odnesen je cijeli krov. Medu ostec¢enim objekti-
ma nasla se i crkva svetog Lovre u Petrinji. Ostecena je
elektro mreza pa je bilo i nestanka struje. Stete je bilo na
poljima i u vo¢njacima. | u dijelovima Zagrebacke zupa-
nije bilo je izvje$¢a o srusenim stablima na cestama, te o
ostecenim elektri¢nim stupovima i vodovima. Podrucje
Osjec¢ko-baranjske Zupanije takoder je zahvatilo nevri-
jeme koje je uzrokovalo potesSkoc¢e u prometu i prekide
u opskrbi elektricnom energijom i Stete na plastenicima.
Olujnim nevremenom pogodena je i Istra. U sredi$njoj
Istri olujni vjetar rusio je stabla na automobile i kuce. U
sredi$njem dijelu Istre, kod naselja Zuzi¢i, uo&ena je pi-
javica.

dr. sc. Branka Ivan¢an-Picek

of about 145 km/h. Many buildings, orchards and gardens
sustained damage. The accumulation of hail on the ground
was so large that the ice had to be cleared from the roads.
The town and county declared a state of natural disaster.
A heavy rain caused flash floods in parts of Slavonia and
Baranja on 17 and 18 July 2021. Other parts of Europe, par-
ticularly Germany, Austria, Belgium and Luxembourg, were
also hit by catastrophic flash floods on 17 July. After heavy
rain on 16 July, Osijek-Baranja and Vukovar-Srijem counties
were hit by a severe weather on 17 July, with more than 90
litres of rain per square meter falling over a short time. All
available emergency responders had to be dispatched to
the area. Tram traffic in Osijek was halted due to heavy rain,
and several booths were damaged at the farmers’ market in
Osijek, along with the interior of the market's main building,
whose roof was torn off. Damage totalling to around 600
million kuna was reported in the Vukovar-Srijem County.
Homes, basements and roads were flooded in Nasice area,
and cars were reported to have gotten stuck under flood-
ed underpasses. Parts of Nasice experienced a power out-
age. Canals overflowed, roads were contaminated by mud,
tree branches, stones and gravel, and many houses and
crops were damaged. The total damage was estimated to
around 1 million kuna. Streets, houses, backyards, and in-
dustrial and commercial buildings were flooded in Zupanja
and Bo3njaci area due to heavy rain, and there was serious
crop damage in the area as well. A heavy hailstorm hit east-
ern Slavonia on 18 July, accompanied by strong wind that
destroyed almost the entire maize and sunflower crops in
the area. The climatological station Zupanja recorded the
highest daily precipitation amount for July 2021 (182.9 mm,
20 July 2021), also the highest daily precipitation amount
on record for mentioned station. Parts of central Croatia
were hit by severe weather on 1 August 2021, with Bano-
vina and Moslavina sustaining the worst damage. Trees
were uprooted and broken, and tiles dislodged from roofs
by strong wind. A school in Kutina lost its entire roof. The
St. Lawrence Church in Petrinja sustained damage. The
area experienced a power outage due to the wind blowing
down utility poles. Fields and orchards sustained damage as
well. There were reports of trees falling across roads, and
damaged utility poles and cables, in the Zagreb County.
The severe weather caused disruptions in traffic and in the
power supply in the Osijek-Baranja County and destroyed
a number of plastic greenhouses. Istria was hit by a severe
weather, with strong wind bringing trees down on cars and
houses in central Istria. A waterspout was spotted near the
village of Zuzi¢i in central Istria.

Branka Ivanc¢an-Picek, PhD
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PRACENJE KLIME U HRVATSKOJ

U okviru mreze meteoroloskih postaja u Hrvatskoj
djeluje sustav za pracenje klime temeljen na svakodnev-
nom prikupljanju klimatoloskih podataka (termini 7, 14 i
21 sat) s 30 glavnih meteoroloskih postaja (slika 1.1).

Operativni sustav pracenja klime u Hrvatskoj ima
sljedece komponente:

1

¢ meteorolo$ka motrenja (opazanja i mjerenja) na
30 glavnih meteoroloskih postaja;

1. CLIMATE MONITORING IN CROATIA

A climate monitoring system based on daily collec-
tion of climate data (observation times 7am, 2 pm and 9 pm
local time) from 30 main meteorological stations (Figure
1.1) is operational within the Meteorological Station Net-
work of Croatia.

These are the components of the operational climate
monitoring system in Croatia:

» meteorological observations at 30 main meteorologi-

e dostava klimatoloskih podataka pomoc¢u HR—KLI- cal stations;
MA izvjeS¢a svaki dan do 9 sati za klimatoloSke ¢ climate data delivery via HR-KLIMA reports by 9 a.m.
termine prethodnog dana; every day for climate observation hours or terms from
¢ kontrola podataka u DHMZ-u; the previous day;
e pohranjivanje podataka na ra¢unalnom sustavu « data quality control at the Meteorological and Hydro-
DHMZ-a u obliku privremenih mjesecnih izvjesca; logical Service of Croatia;
¢ mjeseCne analize klimatoloskih podataka s izra- « data archiving in the computer system of the Meteoro-
dom ocjene za svaki mjesec usporedbom Kkli- logical and Hydrological Service of Croatia in the form
matoloskih podataka doti¢nog mjeseca s viSe- of temporary monthly reports;
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Figure 1.1 Meteorological Station Network in Croatia
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godis$njim prosjekom za razdoblje 1981. — 2010.
godina;

ocjene klimatskih anomalija na razini godisnjih
doba i godine kao cjeline;

redovito mjese¢no, sezonsko i godisnje izvje-
S¢ivanje javnosti, korisnika i stru¢nih krugova o
ocjeni klime putem javnih glasila i stru¢nih bilte-
na te internetske stranice DHMZ-a (http://meteo.
hr/klima.php) i na sluzbenom twitter profilu (@
DHMZ_HR).

Za klimatsku ocjenu koristi se klasifikacijska skala
s granicama odredenim prema vrijednostima 2., 9., 25,
75., 91. i 98. percentila dobivenih iz teorijskih razdioba
koje na najbolji mogucéi nacin aproksimiraju osnovna
obiljezja svih podataka referentnog razdoblja (tablica
1.1).

Za ocjenu temperaturnih prilika koriStena je aprok-
simacija podataka temperature normalnom razdiobom,
a za ocjenu oborinskih prilika koriStena je normalna raz-
dioba drugim korijenom (Cindri¢ i sur. 2019). Na osnovi
tako dobivenih razdioba moguce je svakoj izmjerenoj
vrijednosti pridruziti odgovarajuc¢u teorijsku kumulativ-
nu Cestinu ili percentil koji mozemo interpretirati kao
rang (ili redni broj mjesta) koji bi ta vrijednost imala u
hipotetskom nizu od sto vrijednosti skupa koje ta raz-
dioba opisuje. Pomocu percentila P moze se procijeniti
povratni period T (izrazen u godinama) iz relacije:

T=100/P
T=100/(100 - P)

akoje P< 50
akoje P> 50
Primjerice, 98. percentil ukazuje na onu vrijednost

koja je u viSegodisnjem razdoblju premasena u 2% sluca-
jeva i moze se ocekivati prosje¢no jednom u 50 godina.

» monthly analysis of climate data with the evaluation of
each month based on a comparison of climate data for
the month in question with the multiannual average for
the period 1981 - 2010;

¢ climate anomalies assessment on seasonal or annual
basis;

¢ regular monthly, seasonal and annual reporting for
the public, external users and the scientific commu-
nity on climate assessment using media and pro-
fessional newsletters as well as the website of the
Meteorological and Hydrological Service (http://
meteo.hr/klima.php) and official twitter account (@
DHMZ_HR).

A classification scale is used for climate assessment
with the limits determined according to the following per-
centile values: 2nd, 9th, 25th 75th 91st 3nd 98th (Table 1.1).

They are obtained from theoretical distributions
which best fit the reference period data: normal distribu-
tion for temperature and square—root—normal distribution
for precipitation (Cindri¢ et al. 2019). For each measured
value, the theoretical cumulative frequency and percentiles
can be estimated. Percentile can be interpreted as a rank
value in a hypothetical sequence of 100 data. According to
percentile P, the return period (expressed in years) can be
estimated from the expression:

T=100/P ifP<50
T=100/(100 —P) ifP>50
For example, 98t percentile is the value which is ex-

ceeded by 2% of the values and it is associated with a 50—
year return value.

In addition to displaying percentiles at meteorolog-
ical station locations, it is important to estimate values
throughout the territory, even at locations where there are
no measurements. Those values are calculated as a weight-

Tablica 1.1 Klasifikacija klimatskih anomalija u razrede (klase) prema razdiobi percentila.

Table 1.1 Climate anomaly classification according to percentile ranks and classification ratings.

Klase anomalija temperature zraka Anomaly classes of air temperature

ekstremno hladno

extremely cold

Percentili Percentiles

<2

normalno

normal

toplo

warm

ekstremno toplo

Klase anomalija koli¢ine oborine Anomaly classes of precipitation amount

extremely warm

25—175
75 —91

Percentili Percentiles

susno dry 9 — 25
normalno normal 25—75

10
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Pored prikaza percentila na lokacijama meteoro-
loskih postaja vazno je procijeniti vrijednosti na cijelom
teritoriju, pa i na lokacijama na kojima nema mjerenja.
Procjena percentila na lokaciji na kojoj nema mjerenja
ratuna se kao otezani srednjak percentila okolnih po-
staja. Utjecaj percentila pojedine postaje definiran je
tezinskim faktorima, koji su u pravilu slabiji $to je veca
udaljenost mjerenja od lokacije za koju se radi procje-
na. Kao i kod svake druge statisticke metode, procjene
mogu biti izvan raspona vrijednosti mjerenja, $to se po-
nekad opaza na kartama, posebno kada je na pojedinoj
postaji percentil vrlo blizu grani¢ne vrijednosti pojedine
klase, a procjena moze biti neznatno niza/visa ¢ime ulazi
u nizu/visu klasu. Karte su izradene kao rasteri prostor-
ne rezolucije 1 km. Nadopunjene su granicama zupanija
(Drzavna geodetska uprava) i mjerilom.

Na kartama anomalija postaje su oznacene simbo-
lom u boji klase anomalije kojoj pripada odredena tem-
peratura ili koli¢ina oborine. Pored simbola nalazi se ime
postaje i dvije brojc¢ane vrijednosti.

Gornji broj oznacava odstupanje meteoroloskog
elementa od viSegodiSnjeg prosjeka: za temperaturu
zraka izrazeno u Celzijevim stupnjevima (°C) te za kolici-
nu oborine u postotcima (%) visegodisnjeg prosjeka. Na
primjer, unutar klase normalno mogu se pojaviti pozitiv-
na (> 0°C) ili negativna (< 0°C) odstupanja temperature
zraka od prosjeka ili odstupanja koli¢ine oborine iznad
prosjeka (> 100%) ili ispod prosjeka (< 100%). Donji broj
uz postaju na kartama oznacava percentil prema kojem
se postaja svrstava u odgovarajucu klasu.

Rang neke meteoroloske veli¢ine je poredak te
veli¢ine u silaznom ili uzlaznom slijedu. Poredaju li se
srednje temperature zraka uzlazno/silazno, dobivaju se
rangovi pocevsi od najhladnijeg/najtoplijeg mjeseca/
sezone/godine. Poredaju li se koli¢ine oborine uzlazno/
silazno, dobivaju se rangovi od najsusnijeg/najvlaznijeg
mjeseca/sezone/godine. Rang koji promatrana vrijed-
nost ima u skupu svih visegodisnjih vrijednosti mjerenja
omogucuje uvid u to da li je ta vrijednost uobicajena ili
predstavlja rijedak dogadaj. U Poglavlju 1 detaljno ¢emo
opisati rangove za one mjesece/sezone za koje je na
vecini postaja neki od rangova maniji ili jednak pet, od-
nosno promatrano razdoblje je medu pet najhladnijih/
najtoplijih ili po koli¢ini oborine medu pet najsusnijih ili
najvlaznijih u nizu podataka od 1981. godine do analizi-
rane godine. Rangovi godi$njih temperatura zraka i koli-
¢ina oborine prikazuju se u ocjeni svake godine, pocevsi
s 2021.

U Poglavlju 3 rangovi su analizirani za meteorolos-
ke postaje Zagreb-Maksimir i Split-Marjan za kompletnu
duljinu povijesnih nizova na tim postajama pa se mogu
razlikovati od analize na krac¢im vremenskim nizovima u
Poglavlju 1.

Tamo su prikazane i dnevne temperature zraka ana-
lizirane godine, zajedno sa srednjim vrijednostima dnev-
nih temperatura zraka za razdoblje pocevsi od 1926. go-
dine za Zagreb-Maksimir, odnosno 1948. za Split-Marjan
do zavrs$no, godine koja prethodi godini analize. Ocjena
izuzetnosti srednjih dnevnih temperatura zraka za svaki
mjesec u godini temelji se na Chapman-ovom kriteriju
uz pretpostavku da se srednje dnevne temperature zraka
za pojedini datum pokoravaju Gauss-ovoj razdiobi (Pen-
zar i Makjani¢, 1980.). Prema Chapman-ovom kriteriju

ed average of the percentiles from the surrounding stations.
The influence of the percentile of an individual station is
defined by weight factors, which are generally weaker the
greater the measurement distance is from the location for
which the assessment is being made. As with any other
statistical method, estimates can be outside the range of
measured values, which is sometimes observed on maps,
especially when at one station the percentile is very close
to the limit value of a particular class, and the estimate is
slightly lower/higher so it enters a lower/higher class. The
maps were made as rasters with a spatial resolution of 1 km.
They are supplemented by county borders (State Geodetic
Administration) and a scale bar.

Climate anomaly maps show locations of the stations
where symbols are coloured according to anomaly catego-
ry of the temperature or precipitation. Next to the symbol
there is the name of the station and two numeric values.

The upper number describes the anomaly (deviation
of the meteorological element from multiannual average),
expressed in°C for temperature and in percentages (%) of
the multiannual average for precipitation amount. For ex-
ample, the temperature anomalies belonging to normal
category can be positive (> 0°C) or negative (< 0°C) and the
precipitation amount anomalies can be above the long—
term average (>100%) or below the average (< 100%). The
lower number in the maps for every station indicates the
corresponing percentile.

The position of a meteorological parameter in a de-
scending or ascending order is referred to as its rank. Ranks
starting from the coldest/hottest month/season/year are
obtained by arranging mean air temperatures in ascending/
descending order. Ranks starting from the driest/wettest
month/season/year are obtained by arranging precipita-
tion amounts in ascending/descending order. Ranks allows
us to estimate whether the measured value is a common
or a rare event among the rest of the values in a long data
series. In Chapter 1, we will describe in detail the ranks for
months/seasons that have ranks lower than or equal to five
in most stations, meaning that the period in question is
among the five coldest/warmest or driest/wettest periods
in the data series spanning the years from 1981 to the ana-
lyzed year. The ranks of annual air temperatures and pre-
cipitation amounts are shown in the assessment for each
year, starting with 2021.

In Chapter 3, the ranks were analyzed for meteoro-
logical stations Zagreb-Maksimir and Split-Marjan over the
complete length of historical series at the stations in ques-
tion and may differ from the analysis performed on shorter
time series in Chapter 1.

Chapter 3 includes a presentation of daily air temper-
atures for the analyzed year and mean daily air temperature
values for the period starting with 1926 for Zagreb-Mak-
simir and 1948 for Split-Marjan, and ending with the year
preceding the year of analysis.

The evaluation of exceptionality of mean daily air
temperatures for every month of the year is based on the
Chapman'’s criterion and on the assumption that the mean
daily air temperature for individual dates follows a Gauss-
ian distribution (Penzar and Makjani¢, 1980). Chapman'’s
criterion defines an exceptionally warm day as a day with
a positive mean daily air temperature anomaly exceeding
two standard deviations, and an exceptionally cold day as
a day with a negative anomaly exceeding two standard de-

11
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izvanredno toplim smatra se dan u kojem pozitivnha ano-
malija srednje dnevne temperature zraka premasi dvije
standardne devijacije, dok se izuzetno hladnim smatra
dan u kojem negativna anomalija premasi dvije standar-
dne devijacije. Vjerojatnost pojave izvanredno toplih od-
nosno izvanredno hladnih dana je oko 2%, to jest takvi
dogadaji se pojavljuju u prosjeku dva puta u razdoblju
od 100 godina.

1.1 Kartografski prikaz mjesecnih, se-
zonskih i godisnjih klasa anomalija
temperature zraka i koli¢ine oborine
za 2021. godinu

Mjesecne, sezonske i godisnje karte sadrze brojca-
ne vrijednosti anomalija i percentila na meteoroloSkim
postajama, dok su simboli na lokacijama meteoroloskih
postaja u boji koja odgovara klasi anomalije kojoj pripa-
da izmjerena temperatura ili koli¢ina oborine. Anomalije
temperature izrazene su u °C, a anomalije kolic¢ine obo-
rine u postotcima visegodi$njeg prosjeka za odabrano
referentno razdoblje 1981. — 2010. Na karti su bojama
prikazane klase anomalija interpolirane prema vrijedno-
stima klasa na meteoroloskim postajama.

12

viations. Exceptionally warm and exceptionally cold days
have a probability of occurrence of around 2%, meaning
that they on average occur twice in 100 years.

1.1 Maps of monthly, seasonal and annu-
al anomaly classes of air temperature
and precipitation amounts in 2021

The monthly, seasonal and annual maps show nu-
merical values of the anomalies and percentiles at the
stations, while the symbols at the locations are coloured
according to the anomaly category of the measured tem-
perature or precipitation. Temperature anomalies are in°C
and precipitation amount anomalies are in percentage of
the long—-term average for the reference period 1981 —
2010. Colours on the maps show the interpolated anomaly
categories according to the categories at the meteorolog-
ical stations.
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Tablica 1.1.1 Odstupanja srednje mjesecne, sezonske i godisnje temperature zraka od visegodisnjeg prosjeka za razdoblje 1981. - 2010.
i percentili.

Tablica 1.1.1 Monthly, seasonal and annual air temperatures anomalies, relative to the multiannual average for the period 1981 — 2010,
and percentiles.

= ) = = N O g s|=d|0d o S
Postaja £ 35855 5y T Ex 08 58 88|58 SE(p8|82 gt SEE .
Station °C|IT5| 88|85 (23/83/83|2828|29|8¢8|Rs|g8/25(858/8¢
a3 |>Q| 0=k & R I 53’;:0 h0ag a2 a|7<I|v
il 18| 32| 03| -23| 23| 40 23| 01| 12 -13 01| 16| 23| -14 22 00| 07
flogora 75 83| 55| 8 8 100 97| 52| 77 19| 52| 79| 88| 12 99 50 8t
30| 34 00 -21] 19| 36| 24| 03 13| -12| 08| 21 32| -14| 21| 03| 09
Bjelovar
90| 8| 50 8 13 99 97| 57| 8 20 63 8| 96 12 97 61| 84
o 26| 32 -07 -22| 20| 28| 21| 01 00| 20| 02 14 29| -16| 17| -06 05
aruvar 86| 86| 37 7| 8 98| 97 53| 50 9 54| 75 9 7| 98| 27 80
Dubrovnik 02| 17| -01 -09| 04 18| 15, 11 09| -01| 30 06| 14 -02| 14 13 08
ubrovni 43| 86 47| 18| 60| 92| 91| 82| 77 46| 98| 68 96| 41 94| 95 94
Gosoic 15| 41| 00| -6 -03 35| 22| 07| 14 -18 17| 28| 27| -07| 21| 04 12
ospic 74 94| 50| 14 42 99| 98| 68| 84 12| 76| 93| 95| 28 97 66 96
Gradic 29| 35 -05 -21| -12| 34| 32| 08 12| -48| 07 19 31| -12| 25| 00| 10
radiste 89| 86 41 10| 23| 99| 99 72 79| 10| 62 84 96| 16| 99 50 89
H 00| 18| -04| -11| -01 18 17| 18| 13 -09 19| 05| 12| -06| 18 08| 07
var 50| 88 39 11| 47| 93| 96 95 86| 18| 91 65 91| 25| 99| 84 92
Knin 03| 24| 05| -15| 08| 27| 23| 10| 15| -11| 18| 21| 17| -09| 20| 08| 05
57| 87| 40 11 30 98| 98| 73| 84 18 84| 93| 92 18 99 84| 84
Komisa 00 14| 08| -15 -02| 20 16| 11 08 -12| 18 03| 10 -09| 16| 04 10
50| 8 28 5 44| 94| 94 80 75| 14| 92 60 87| 13| 96 69 89
Krisev 25| 32| 04| 17| -19| 37| 24| 04| 13| -11| 08| 24| 27| -11| 22| 03| 07
rizevcl 86| 8 58| 11 10| 99| 98| 62| 8 22| 64 91| 95 16| 99| 62 92
L 00| 20| 02| 08| -04| 20 16| 16| 14| -06 20 05| 14| -05| 18| 09 05
astovo 50| 91 44| 21 40| 94| 94| 91| 88 25| 95 66| 96 29| 98| 87 80
Makarsk 05 14 -07| -14| 04| 18| 17 13 11| 08| 15 05 08| -08| 16 06 10
aKarska 34| 81 32 8 40| 88| 96 86 8| 21| 8 66 8| 21| 94 77 98
Mali Login 04| 27 06 -08| 05| 33| 18| 14 15| -07| 12 07 17| -02| 22| 07| 06
aliLosinj 63 96| 66| 21| 37| 99 95 86| 89 22 84 74| 96| 42 99 84 77
oauli 10| 41| 03| 20| 15| 31| 22| 04| 09| 20| 03| 15| 22| 12| 19| -03| 07
gulin 65 91| 45| 11| 14| 99 98 60| 74, 9 55 75| 88| 16 97 38 84
Osijek 26| 30 -07| 24 -17| 29 26| 03 08 -15| 06 17| 29| -16| 20| 00| 08
87 83| 38| 6 13 98| 98| 59| 69 14 61| 8| 95| 7 99 50 84
o 02| 42 05 -17| 17| 40| 19| o1 14| -13| 07| 15 20| -10| 20| 02| 03
arg 54 93| 59| 14| 16| 99 94 52 82| 21 62 80 88| 22| 9 57 73
Dai 02| 34| -06 -17 -11| 22| 15| 01| 07| -16| 09| 02| 20| -12 13 00 07
azin 55 96| 37 6| 20| 97| 91| 53| 69 9 70| 56 95 9 93| 50 96
blog 01 18| -04| -16| 00| 22 22 15| 15 -11 20 10| 15| -07| 20 08 08
oce 53 87| 40 6 50| 97| 99 91| 88 16| 91| 76 95| 22 99| 84 84
buntiiark 02| 39 04 -21| -21| 40| 26| 07 16| -09| 10 12 20| -13| 24| 06 08
untijarka 55 90| 57| 11 10 100 | 98| 67| 84 29 e8| 76| 89| 14 99 73| ot
Rab 05| 25 03 -11| -07| 28| 14| 08 16| -08| 14 10 16| -05| 17| 07| 08
a 65 94| 57| 14| 33| 98 88 72| 89 19 84 8| 94| 31 96 81 o1
Rijeka 03| 30 03 -14 -16| 34| 14| 07 21| -07| 12 09 17| -09| 18| 08 09
57| 94| 57 14 17| 99| 84 67 92| 26| 79 77| 94| 21| 95| 84 90
Senj 10 32| 05 -14| -13| 36 15| 02 17 -09| 09 45| 22| -07 18| 05 07
70| 92| 60 14| 21| 99| 88 55 87| 24| 68 8 94| 26| 95 71 92
Siben 03| 23| -06| -15| -02| 23| 23| 14| 13| -11| 17| 10| 16| -08 | 20| 07| 07
ibenik 58 90| 37| 9| 44| 96 99 86| 82 18 86 78| 93| 21 99 81 81
Sisak 24 36 -04| -21| -17| 36 24 02| 08 -18 03| 18| 28| -13| 21 -02 07
1sa 84 88 42 8 11| 99| 98 56| 72| 10| 55| 83 95| 12 98| 42 81
. . 23| 26| 07| 23| -15| 26| 27| 09| 05| -18| 09| 22| 27| -15| 20| 02| 08
avonski Brod 84 81| 37| 8 14| 96 99| 73| 63 10| 66| 89 94 9 96| 42 94
. . 03| 22| 03] 15| 03| 26| 22| 13| 15| 09| 21| 07| 14| 07| 20| 09| 06
Split-Marjan 42| 89| 43 11| 43 97| 98 82| 86 21| 92| 70| 92| 24| 98| 87| 77
Varasdin 25| 30| 02 -19| -25 29| 21| 03| 05| -13| 04 17| 25 -15| 16| -01| 09
84| 83| 46| 9 4 98 96| 42| 65 19 57 83| 92| 9| 94 46 93
05| 26 01| -13 -02| 24 15| 12| 16 -09| 18 14| 18| -05| 17| 08| 10
Zadar 64| 94 53| 10 44| 97| 93| 84| o1 18| 88 88| 96 29| 97| 84 89
7 aareb-Maksimi 23 35 00| -16| -18| 37 25 06| 16| -12| 07 20| 28| -12| 23| 04 06
agreb-Maksimir 83| 89| 50| 13| 12| 99| 98 66| 87| 18 62| 87| 95| 14 98| 66 84
Javisan 11| 31 05| 21| 12| 34| 21| 05| 13| -12| 19| 14| 13| -1,3| 20| 06| 06
33 87| 42| 10| 24| 99 96 62| 76| 23 85| 78| 79| 16 98 75 841
Parametar Parameter Odstupanje Deviation Percentil Percentile
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Tablica 1.1.2 Mjesecne, sezonske i godisnje koli¢ine oborine u postotcima viSegodisnjeg prosjeka za razdoblje 1981. - 2010. i percentili.

Table 1.1.2 Monthly, seasonal and annual precipitation amounts, in percentages of multiannual average for the period 1981 — 2010
and percentiles

- I v 8losl-8losd o | -
Postala | 58|08 85|5x|5y 5 T 28 55 B8 58|88 fnol 52,
Station 2= TS xﬁg E%'—EE £3 23 %?5‘9 gt 52 §8 ﬁ§§53‘§§3 3L
A3|>QO0=F & RIS 3)')‘ 50|02 ag a? " a7’ |Y
_ 121 | 116 | 91 | 101 | 124 | 24 | 149 93 | 53 | 148 148 | 120 | 127 | 107 | 83 | 111 | 104
Bilogora 68 | 66 46 | 55 72 2| 81| 50 24 80| 8 69| 8 | 63 29| 66 60
el 134 | 107 | 87 | 89 | 124 | 10| 87| 79 | 32| 133 | 103 | 135 | 127 102 @ 55 | 84 | &7
Jelovar 75| 60| 43| 46 72| 0| 45| 44| 8 74| 57| 76| 8 56 5| 35| 25
Daruvar 126 | 116 78 | 88 | 131 | 27 101 58 | 30 | 108 @ 115 147 | 116 | 102 | 57 80 89
70 | 66| 31| 44| 74 5 56 | 24| 11 61| 66| 81| 70 55 5| 30| 27
o N 259 | 107 | 64 | 102 | 69 8 8 | 211 | 0 120 | 92 | 109 | 195 78 @ 91 | 81 | 104
ubrovni 98 | 61| 30 57 42| 9| 24| 8 | 0 68| 49| 62| 98| 26 50 32 59
Gospié 249 | 95 58 96 | 64 | 18 | 216 = 95 42 | 61 | 135 | 131 178 73 | 91 | 83 | 101
97 | 53| 22| 50 22| 4| 96| 54| 16 33| 78| 73| 97 9 44 | 32| 54
Gradit 127 | 113 | 68 | 93 | 76 25 138 | 86 | 17 152 172 | 154 | 138 | 79 76 113 | 98
radiste 72 | 64 31| 50 39 4| 74 48 9 80 | 90 84| 88 30 24| 66 48
H 185 | 52 33 | 102 | 61| 5| 31 94 | 417 | 159 331 o1 | 180 | 63 | 47 @ 197 118
var 88 | 33| 18 57 | 34 15| 38 | 62 9| 79 100 | 50 93 | 14 19 | 99 79
Karl 150 | 100 = 87 | 116 | 134 | 4 | 95 67 | 51| 91 104 123 | 129 | 114 | 52 80 90
arlovac 82 56| 42| 66| 8 | 0 52| 32| 18| 49 | 58 | 72| 81| 73 2 26| 30
ki 270 | 90 | 39| 74 | 34 17 65 | 51 | 72 88 | 238 | 134 | 212 50 @ 40 | 140 | 104
nin 97 | 52| 11| 31 4| 3| 38| 36| 38 48| 9| 73| 98 2 6 | 8 | 6L
Komisa 71 56 | 23 | 53 | 19 1| 2 121 | 27 | 215 235 74 | 112 | 33 | 48 176 @ 89
4| 37| 17 19 9 3| 13| 73| 10 94| 98| 42| 64 4 26 99| 36
Krisevci 124 82| 85 | 105 | 184 | 6| 74 | 76 | 42 | 101 | 107 | 122 | 123 | 130 | 50 81 | 87
rizevc 69 41 | 43 | 59 | 94| 0O 30 40| 12 57 60 | 70| 77| 87| 2 30 25
Lastovo 164 | 65| 55| 58 105 38 | 106 | 286 | O 104 | 155 | 96 | 174 | 67 K 136 98 | 99
85 | 41| 28| 19| 61 33| 63| 8 | 3 60 | 8 | 56| 93 17 73| 52| 51
Makarsk 211 | 85| 33 30 | 75| 25| 28 | 238 | 21| 83 | 177 | 173 | 229 | 45 98 | 108 | 107
axarska 91 | 50 | 12 5 | 40 9 | 22 8 | 12| 47 92| 88 | 99 2| 53| 63| 67
Mali Logini 155 | 85 | 21 | 135 | 48 4 123 | 84 | 63 28 109 | 144 | 142 | 69 57 67 | 83
all -osin) 80 | 48 2| 80| 20 0| 68| 49 | 33 10| 62 80 | 84 7| 15| 25| 23
oaul 177 92 | 71| 99 | 155 | 6 122 46 | 78 | 165 93 | 106 | 130 | 109 | 52 | 112 | 100
gutin o1 | 49 28| 54| 8| 0| 70 23 37| 8 48 60| 8| 66| 3 68 53
Osiiek 174 | 103 | 77 | 116 | 92 21 | 173 | 109 | 34 133 118 | 143 | 133 | 96 90 93 | 102
se 89 | 58 39 67| 50| 6| 88 62 16 | 72 | 67 | 79 8 48 | 44 | 46 | 56
parg 207 | 91| 37| 96 147 34 154 | 78 | 52 58 | 91 | 75 | 152 95 81 | 67 | 87
o5 | 48 | 10 | 51| 87 1| 8 38 23| 27| 51 34 94 41| 21| 19| 25
Pazin 162 | 154 63 | 146 | 123 | 12 | 138 49 | 23 | 33 85 95 | 239 | 113 | 58 49 83
84 8 31| 8 | 70 O 76 24| 5 16 48 55| 99| 72| 10 8 18
Ploce 177 93 | 26 | 60 | 58 | 14 38 44 | 30 | 140 226 @ 115 | 190 | 45 | 31 | 149 105
90 | 56 13| 20 | 27 | 12 | 42 41| 16| 77 | 98| 65 96| 3 12| 93 | 61
buntiiark 151 59 | 53 | 114 | 176 | 12 73 58 | 47 | 134 105 94 | 104 | 117 | 46 93 86
untijarka 80| 26 12| 65 94| 0| 29 25| 14| 76 59| 50 58| 77 2| 44| 23
Rab 188 | 109 | 34 | 105 73 21 | 161 | 104 | 132 @ 39 | 117 | 113 | 147 | 71 81 98 99
a o1 | 62 9 59| 4| 2| 8 | 59 73| 21| 67| 64| 8 22| 35| 52| 51
Riiek 142 | 124 | 95 | 100 | 150 @ 5 188 | 28 | 33 42 104 | 104 | 126 | 114 | 52 60 @ 86
ljeka 77 70 54| 56| 80| 0| 94 13 12| 16 58 58| 76| 73| 9 11 22
sen] 249 | 120 | 62 | 108 | 143 | 2 429 106 | 85 9 90 | 140 | 174 | 105 | 126 64 | 108
96 | 68 26 61| 78| 0 | 100 61 47| 3| 48 76 94 60 | 77| 17| 67
Sibenik 203 56 | 27 | 77| 40 | O 77 105 | 36 86 245 | 121 | 149 | 49 | 52 136 100
90 | 36 10 33 | 14 1| 44 62| 21| 46 99 68| 8 | 2| 11 85 52
Sisak 143 | 111 | 90 | 106 | 153 9 98 | 59 | 72 183 | 94 | 144 | 114 120 51 | 112 | 101
Isa 78 63| 44| 60| 8 0 54 30| 36 93 50 | 8L | 69 | 75 4 67 | 53
Slavonski Brod 118 | 97| 65| 96 100 19 | 98 | 99 | 27 134 159 | 168 | 132 | 89 68 103 | 95
67 | 54 20| 53| 56 1| 55| 56| 9| 74 8 | 8 83| 38 16| 57 40
Split-Marjan 156 73 46 | 98 | 143 | 9 | 73 329 | 31| 83 198 169 | 200 | 94 | 132 118 120
81 40 24| 53| 79| 7| 49 96 19| 44 96 86 | 97| 46| 77 73 83
Varasdin 103 | 56 44 | 95 | 244 | 20 101 149 | 60 | 108 @ 113 122 | 118 | 135 | 87 90 100
60 | 29 10 52 | 99 1 56 81| 21| 62 64 69| 70| 88 | 37 40 52
Jadar 153 | 93 | 26 | 87 | 49 6 136 | 66 | 52 78 163 | 126 | 149 | 54 | 58 98 @ 90
8L | 53 10 | 44 | 24 2| 72 47| 32| 41 89| 71| 88| 4 21| 52| 31
Zagreb-Maksimir |14 73 67 115 181 14 104 65| ¥/ 108 | 17 134 127 126 57| 84 o1
80 | 35 | 26 66 96| 0| 58| 34| 10 6L | 67| 76| 79| 8 8 32 33
7o 196 | 83 41| 76 | 83 | 14 | 232 | 93 | 72 | 65 96 | 104 144 | 67 88 | 79 90
avizan 9 | 42 9| 30 41| o0 98| 54 38 34| 52 58| 89 7 39| 32 30
Parametar Parameter Odstupanje Deviation Percentil Percentile
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1.2 Ocjena toplinskih i oborinskih prilika
za 2021. godinu

Ocjena je napravljena na temelju kartografskog
prikaza anomalija srednje mjese¢ne temperature zraka i
mjesecne koli¢ine oborine definiranih u odnosu na vise-
godisnji prosjek 1981. — 2010. godina kao i kartografskih
prikaza odgovarajucih sezonskih i godidnjih anomalija za
navedene meteoroloske elemente. Kvantitativha karto-
grafska ocjena toplinskih i oborinskih prilika na podru¢-
ju Hrvatske za 2021. godinu moze se dopuniti sazetim
opisom prikazanim u tablicama 1.2.1 do 1.2.4. U prvom
stupcu tablica su klase odstupanja temperature zraka
od standardnog visegodiSnjeg prosjeka (tablice 1.2.1 za
mjesece i 1.2.3 za sezone i godinu) kao i odgovarajuce
klase koli¢ine oborine (tablice 1.2.2 za mjesece i 1.2.4 za
sezone i godinu), a u ostalim kolonama je postotak u od-
nosu na ukupnu povrsinu Hrvatske za pojedinu klasu. U
klasi normalno odstupanja mogu biti i pozitivha i nega-
tivna pa je u tablicama naveden broj postaja s pozitivhim
anomalijama u klasi normalno (retci pozitivno normalno)
i negativnim anomalijama u klasi normalno (retci nega-
tivno normalno).

Na podruc¢ju Hrvatske srednja godiSnja temperatu-
ra zraka za 2021. godinu bila je iznad viSegodi$njeg pro-
sjeka (1981. — 2010.) na svim postajama koje su uklju-
¢ene u pracenje klime. Odstupanja srednje godisnje
temperature zraka nalaze se u rasponu od 0,3°C (Pazin)
do 1,2°C (Gospic).

Kategorizacija temperaturnih anomalija zasnovana
na razdiobi percentila pokazuje da je sredi$nja Istra bila
u kategoriji normalno (1,3% teritorija), isto¢na, sredisnja i
dio gorske Hrvatske, obala Istre, Kvarner s dijelom otoka,
dio srednje Dalmacije i Korc€ula bili su u kategoriji toplo
(74,4% teritorija) dok su dijelovi kvarnerskih otoka, dio
gorske Hrvatske, sjeverna Dalmacija, dio srednje Dalma-
cije i juzna Dalmacija izuzev Korcule bili u kategoriji vrlo
toplo (24,3% teritorija) (tablica 1.2.2).

Analiza godisnjih koli¢ina oborine koje su izrazene
u postotcima visegodisnjeg prosjeka (1981. — 2010.) po-
kazuje da su u 2021. u Hrvatskoj koli¢ine oborine na ve-
¢ini analiziranih postaja bile oko viSegodiSnjeg prosjeka.
Usporedba s navedenim viSegodiSnjim prosjekom po-
kazuje da se koli¢ine oborine za 2021. godinu nalaze u
rasponu od 83% viSegodisnjeg prosjeka u Pazinu (868,5
mm) i Malom LoSinju (770,7 mm) do 120% na postaji
Split-Marjan (930,4 mm) (tablica 1.2.3).

Oborinske prilike u Hrvatskoj u 2021.godini bile
su normalne na vec¢em dijelu teritorija (90,3% teritorija).
Susno je bilo u okolici Puntijarke, na Sirem rije¢kom po-
drugju, Istri i na Malom Losinju (6,8% teritorija), a kisni su
bili dijelovi srednje Dalmacije oko Splita, dijelovi Braca i
Hvara (2,8% teritorija) (tablica 1.2.4).

1.2 Assessment of climate anomalies
in 2021

The analysis is based on maps showing the anoma-
lies of mean monthly air temperatures and monthly pre-
cipitation amounts, defined as the deviation from the 1981
— 2010 multiannual average, as well as the maps of the cor-
responding seasonal and annual anomalies for the meteor-
ological elements in question. The quantitative cartograph-
ic assessment of temperature and precipitation climate
anomalies in Croatia in 2021 is supplemented with the brief
description in Tables 1.2.1 to 1.2.4. The first column of the
tables shows the categories of air temperature anomalies in
reference to the WMO standard multiannual average 1981
— 2010 (Tables 1.2.1 for months and 1.2.3 for seasons and
year) as well as the corresponding precipitation amount
anomaly categories (Tables 1.2.2 for months and 1.2.4 for
seasons and year). The other columns show the percentage
of the total Croatian territory for each category.

In the normal class, anomalies can be both positive
and negative. The tables therefore show the number of sta-
tions with positive anomalies in the normal class (Pozitivho
normalno PN rows) and negative anomalies in the normal
class (Negativno normal NN rows).

The mean annual air temperature for2021 was above
the multiannual average (1981 — 2010) at all meteorologi-
cal stations included in climate monitoring in Croatia. Mean
annual air temperature anomalies fell within the range from
0.3°C (Pazin) to 1.2°C (Gospic).

According to the classification of temperature anom-
alies based on a percentile distribution, central Istria fell
in the normal category (1.3% of the territory), eastern and
central Croatia and parts of mountainous Croatia, Istrian
coast, Kvarner and parts of its islands, and parts of central
Dalmatia and Korcula fell in the warm category (74.4% of
the territory), and parts of Kvarner islands, parts of moun-
tainous Croatia, northern Dalmatia, parts of central Dalma-
tia and southern Dalmatia, except Korcula, fell in the very
warm category (24.3% of the territory). (Table 1.2.2.)

An analysis of annual precipitation amounts in 2021,
expressed as percentages of the 1981 — 2010 average, in-
dicates that precipitation amounts in Croatia were around
the average at most analysed stations. nA comparison with
the above multiannual average shows that the precipitation
amounts for 2021 were in the range of between 83% of the
multiannual average in Pazin (868.5 mm) and Mali LoSinj
(770.7 mm) and 120% at the station Split-Marjan (9304 mm).
(Table 1.2.3))

Precipitation conditions in 2021 were normal in most
of Croatia’s territory (90.3%). The surroundings of Puntijar-
ka, the wider Rijeka area, and Istria and Mali Lo3inj fall in the
dry category (6.8% of the territory), while parts of central
Dalmatia around Split and parts of Bra¢ and Hvar fall in the
wet category (2.8% of the territory) (Table 1.2.4).
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Tablica 1.2.1 Klase odstupanja srednjih mjesecnih temperatura zraka u 2021. godini od visegodisnjeg prosjeka (1981. — 2010.) s udje-
lima povrsine u pojedinoj klasi u odnosu na ukupnu povrsinu Hrvatske (%).

Table 1.2.1 Mean monthly air temperature anomaly categories in 2021 relative to the multiannual average 1981 — 2010, with areas in
each class compared to the total Croatian territory (%).

Klasa

VELJACA

Category

SIJECANJ
JANUARY
FEBRUARY
OZUJAK
MARCH
TRAVANJ
APRIL
SVIBANJ
MAY
KoLovoz
AUGUST
RUJAN
SEPTEMBER
LISTOPAD
OCTOBER
STUDENI
NOVEMBER
PROSINAC
DECEMBER

ekstremno toplo
extremely warm

vrlo toplo
very warm

toplo
warm

46.0 | 72.8 04 | 109 | 16,5 | 655 29.3 | 819

normalno
normal

hladno
cold

54.0 100 321 82.8 | 343 24 66.7 | 15.2

69.2 | 60.2 97.6

vrlo hladno
very cold

ekstremno hladno
extremely cold

pozitivho normalno
positive normal

negativno normalno
negative normal

Tablica 1.2.2 Klase odstupanja mjesecne kolicine oborine u 2021. godini od viSegodisnjeg prosjeka (1981. — 2010.) s udjelima povrsine
u pojedinoj klasi u odnosu na ukupnu povrsinu Hrvatske (%).

Table 1.2.2 Monthly precipitation amount categories in 2021 relative to the multiannual average 1981 — 2010, with areas in each class
compared to the total Croatian territory (%).
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ekstremno kisno
extremely wet

vrlo kiSho
very wet

kisno

wet 50.2 | 2.8 0.6 | 24.0 264 | 75 142 | 20.2 | 376

normalno

28.8 | 97.2 574 | 96.5 | 50.5 0.1 71.9 873 | 30.1 | 75.2 | 63.0 | 624
normal

susno

423 | 2.8 124 6.7 0.3 47 | 659 | 9.6
dry

vrlo susno
very dry

ekstremno susno
extremely dry

poz!t!vno normalno 10 0 12 5
positive normal

negativno normalno

. 1 20 15 13 9
negative normal
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Tablica 1.2.3 Klase odstupanja srednjih sezonskih i godisnje temperatura zraka u 2021. godini od visegodisnjeg prosjeka (1981. —
2010.) s udjelima povrsine u pojedinoj klasi u odnosu na ukupnu povrsinu Hrvatske (%).

Table 1.2.3 Mean seasonal and annual air temperature anomaly categories in 2021 relative to the multiannual average 1981 — 2010,
with areas in each class compared to the total Croatian territory (%).

Klasa ZIMA PROLJECE LJETO JESEN GODINA
Category WINTER SPRING SUMMER AUTUMN YEAR

ekstremno toplo
extremely warm

vrlo toplo
very warm

toplo
warm

16.9 24.7 744

normalno 9.9 745 13
normal
hladno

cold e

vrlo hladno
very cold

ekstremno hladno
extremely cold

pozitivno normalno
positive normal

negativno normalno
negative normal

Tablica 1.2.4 Klase odstupanja sezonskih i godisnje kolicine oborine u 2021. godini od visegodisnjeg prosjeka (1981 .— 2010.) s udje-
lima povrsine u pojedinoj klasi u odnosu na ukupnu povrsinu Hrvatske ().

Table 1.2.4 Seasonal and annual precipitation amount categories in 2021 relative to the multiannual average 1981 — 2010, with areas
in each class compared to the total Croatian territory (%).

Klasa ZIMA PROLJECE LJETO JESEN GODINA
Category WINTER SPRING SUMMER AUTUMN YEAR

ekstremno kisno
extremely wet

vrlo kisnho
very wet

kisSno
wet

normalno

51.2

21.6

16.1

55.1

0.2

36.1

11.6

789

2.8

90.3

normal

susno

13.3 371 7.6 6.8
dry

vrlo susno
very dry

ekstremno susno
extremely dry

pozitivno normalno
positive normal

negativno normalno
negative normal

* Zbog zaokruZivanja na jednu decimalu povrsina koja je <=0.05% prikazana je kao 0.0*.
Zbog zaokruzivanja je moguce da suma povrsina klasa neznatno odstupa od 100%.

* Due to rounding to one decimal place, an area of <= 0.05% is shown as 0.0 *. 23
Due to rounding, slight deviation of the sum of the class areas from 100% is possible.
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1.3 Ekstremna klimatska razdoblja u 1.3 Extreme climate periods in 2021
2021. godini

Podrucja zahvacena ekstremnim klasama tem-
peraturnih i oborinskih anomalija koje mogu znacajno
utjecati na ljude i razli¢ite gospodarske grane (energeti-
ka, poljoprivreda, turizam) izdvojena su u tablici 1.3.1 na
mjesecnoj, sezonskoj i godisSnjoj razini.

Areas affected by extreme temperature and precipi-
tation anomaly categories with potential significant impact
on people and industries (energy, agriculture, tourism) are
highlighted in Table 1.3.1 on a monthly, seasonal and an-
nual scale.

Tablica 1.3.1 Podrucja zahvacena ekstremnim klimatskim prilikama u 2021. godini.

Table 1.3.1 Areas affected by extreme climate conditions in 2021

Mjeseéna razdoblja Monthly periods

Ekstrem Extreme Mjesec Month Podrucje Region

ekstremno hladno niti jedno podrucje
extremely cold no areas in this category

isto¢na Hrvatska izuzev okolice Slavonskog Broda, srediSnja i gor-
ska Hrvatska, obala Istre, Knin

Eastern Croatia, except the Slavonski Brod surrounding area,
central and mountainous Croatia, coast of Istria, Knin

istok Hrvatske, veci dio srediSnje Hrvatske, Lika, juzni Velebit, glav-

ekstremno toplo srpanj nina sjeverne Dalmacije, dijelovi srednje Dalmacije, Peljesac i Mljet
extremely warm Jul eastern Croatia, most of central Croatia, Lika, southern Velebit,

Y most of northern Dalmatia, parts of central Dalmatia, Peljesac and

Mljet

studeni Dubrovnik
November Dubrovnik

Sira okolica Slavonskog Broda, sredisnja Hrvatska, gorska Hrvat-
ska izuzgv gospic¢kog podrucja, Istra, sjeverno Hrvatsko primorje,
okolica Sibenika

wider Slavonski Brod surrounding area, central Croatia, moun-
tainous Croatia, except the Gospic area, Istria, northern Croatian
extremely dry Littoral, Sibenik surrounding area

ekstremno susno

rujan dio Dubrovac¢kog primorja i Konavle
September part of the Dubrovnik coastal area and Konavle

sijecan;j Pazin
January Pazin area

svibanj Sire podruéje Varazdina i Zagreba
May the wider areas of Varazdin and Zagreb
ekstremno kisno
extremely wet srpanj Senj i Zavizan

July Senj and Zavizan

Sire Sibensko podrucje sa zaledem, dio otoka Hvara,
studeni Komiza i Ploce

November wider Sibenik area, including hinterlands, part of the island of Hvar,
Komiza and Ploce
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Godisnja doba Seasons

Ekstrem Extreme Mjesec Month

ekstremno hladno
extremely cold

Podrugje Region

niti jedno podrucje
no areas in this category

dijelovi isto€ne i srediSnje Hrvatske, okolica Zavizana, LoSinj, dio
sjeverne Dalmacije sa zaledem, dio Brac¢a i Hvara, Sira okolica Plo-

ekstremno toplo lieto

extremely warm summer

Ca, sredisnji dio Peljesca, okolica Lastova

parts of eastern and central Croatia, Zavizan surrounding area, Lo-
Sinj, parts of northern Dalmatia, including hinterlands, parts of Brac

and Hvar, wider Plo¢e surrounding area, central part of Peljesac,
Lastovo surrounding area

ekstremno susno
extremely dry

niti jedno podrucje
no areas in this category

okolica Pazina, okolica Knina, Makarske i Dubrovnika

Pazin surrounding area, Knin, Makarska and Dubrovnik surroun-

ekstremno kiSno

extremely wet .
jesen

autumn

ding areas

okolica Hvara, Vis
Hvar surrounding area, Vis

Godina 2021. Year 2021

Ekstrem Extreme

ekstremno hladno niti jedno podrucje

extremely cold no areas in this category
ekstremno toplo niti jedno podrucje
extremely warm no areas in this category
ekstremno susno niti jedno podrucje
extremely dry no areas in this category

ekstremno kisno

niti jedno podrucje

extremely wet no areas in this category

1.4 Rangovi temperature i oborine
u 2021. godini

Tijekom nekoliko mjeseci i ljeti 2021. godine su
temperature zraka ili koli¢ine oborine bile medu pet naj-
toplijih/najhladnijih, odnosno najsusnijin/najkidnijin na-
kon 1981. na vecini postaja.

Travanj (tablica 1.4.1) je bio hladan i vrlo hladan na
¢itavom teritoriju Hrvatske s rangovima na svim posta-
jama od drugog do petog najhladnijeg travnja u raz-
doblju 1981. — 2021. U tom razdoblju je na vecini postaja
najhladniji je bio travanj 1997.

Podrugje Region

1.4 Temperature and precipitation ranks
in 2021

At most stations, air temperatures or precipitation
amounts were among the five warmest/coldest or driest/
wettest since 1981 during several months and the summer
of 2021.

April (Table 1.4.1) was cold and very cold in the en-
tire Croatian territory, ranking as the second to fifth cold-
est April in the period 1981 — 2021 at most stations. April
1997 was the coldest on most of the stations in the period
in question.
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Lipanj, srpanj i posljedi¢no, ljeto, bili su medu pet
najtoplijih na velikom broju postaja tijekom 2021. Lipanj-
ske temperature (tablica 1.4.2) su na vecini postaja bile
medu dvije do pet najtoplijih, a samo na jednoj bio je to
Sesti najtopliji lipanj nakon 1981. Najtopliji lipanj u tom
razdoblju bio je 2003., osim na Pargu, Puntijarki i Zaviza-
nu na kojima je najtopliji bio lipanj 2019.

Srpanj (tablica 1.4.3) je bio prvi do peti najtopliji na
svim, osim na dvije postaje, gdje je bio rangiran kao Sesti
i osmi najtopliji nakon 1981. Srpanj 2015. bio je najtopliji
na vecini postaja, a srpanj 2012. na deset njih. U Daruva-
ru je srpanj 2021. bio je jednako topao kao do tada naj-
topliji srpanj 2012.i2015., a u Varazdinu i Bjelovaru bio je
jednako topao kao do tada najtopliji srpanj 2015.

Ljeto (tablica 1.4.4) je na vecini postaja bilo trece do
peto najtoplije nakon 1981., a na njih tri Sesto najtoplije.
Ljeto 2003. bilo je najtoplije nakon 1981. na svim osim
na postajama Gradiste, Osijek, Slavonski Brod i Zavizan
gdje je najtoplije bilo ljeto 2012. U Dubrovniku su 2003.
i 2012. ljetne temperature dosegle maksimum nakon
1981.

Na vecini postaja je lipanj 2021. (tablica 1.4.5) bio
najsusniji nakon 1981. $to zajedno s vrlo visokim tem-
peraturama svrstava lipanj 2021. na istaknuto mjesto po
kombinaciji ova dva ekstrema. Na osam postaja lipanj
2021. bio je drugi do Sesti najsusniji, a samo na Lastovu
tek sedamnaesti, ne toliko iznenadujuce obzirom na ko-
licine oborine koje su tamo uobicajeno vrlo niske.

Rangovi srednjih godisnjih temperatura zraka (ta-
blica 1.4.6) sortirani silazno su od petog do jedanaestog,
§to ih u promatranih 41 godinu smjesta u toplu polovicu
rangova analiziranog temperaturnog niza. Visi rangovi
opazeni su za postaje koje su u ocjeni klime u prethod-
nim poglavljima ocijenjene kao vrlo tople.

Rangovi godisnjih koli¢ina oborine (tablica 1.4.7) ne
mogu se smjestiti u jednu od kategorija, susnu ili kiSnu,
tako da su u tablici prikazani sortirani uzlazno, za sus-
ne rangove, i silazno za vlazne. Visoki rangovi sortira-
ni uzlazno opazeni su za postaje koje su u prethodnim
poglavljima ocijenjene kao susne ili normalne na granici
prema susim. Visoki rangovi sortirani silazno opazeni su
za Spit-Marjan i Hvar koji su ocijenjeni kisnima u pret-
hodnim poglavljima.
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June, July and consequently the summer were among
the warmest five at many stations in 2021. June tempera-
tures (Table 1.4.2) were between two and five warmest at
most stations, and sixth warmest in June after 1981 at only
one station. The warmest June in the period was recorded
in 2003, except in Parg and Puntijarka, where it was record-
ed in June 2019.

July (Table 1.4.3) was the first to fifth warmest at all
but two stations, where it was ranked as the sixth and eigth
warmest since 1981. July 2015 was the warmest at most
stations, and July 2012 at ten stations. In Daruvar, July 2021
was as warm as the July of 2012 and 2015, which had held
the record previously, and in Varazdin and Bjelovar, July
2021 was as warm as the July of 2015, which had held the
record previously.

The summer of 2021 (Table 1.4.4) was the third to fifth
warmest since 1981 at most stations, and the sixth warm-
est at three stations. The summer of 2003 was the warm-
est since 1981 at all stations but Gradiste, Osijek, Slavon-
ski Brod and Zavizan, where the summer of 2012 was the
warmest. The highest summer temperatures in Dubrovnik
since 1981 were recorded in 2003 and 2012.

At most stations, June 2021 (Table 1.4.5) was the dri-
est since 1981. Considering the very high temperatures,
June 2021 holds a prominent place due to the combination
of these two extremes. At eight stations, June 2021 was the
second to sixth driest, and only on Lastovo only the sev-
enteenth, which is not so surprising, given the amount of
precipitation that is usually very low there.

Mean annual air temperatures, sorted in a descending
order (Table 1.4.6), rank from the fifth to the eleventh place,
which places them in the warm half of the analysed tem-
perature order ranks in the 41 years encompassed by the
analysis. Higher ranks were observed at stations that were
rated as very warm in the climate assessment in previous
chapters.

Since the ranks of annual precipitation amounts (Ta-
ble 1.4.7) cannot be categorized as either dry or wet, the
table shows them in an ascending order for dry ranks, and
in a descending order for wet ranks. In the ascending order
high ranks were observed at stations that were rated as dry
or normal bordering on dry in previous chapters. In the de-
scending order, high ranks were observed for Split-Marjan
and Hvar, which were rated as wet in previous chapters.
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Tablica 1.4.1 Rangovi temperature zraka za HLADNI TRAVANJ 2021. Postaja, temperatura zraka (T), odstupanje u odnosu na normalu
1981. — 2010. (Tanom), percentil temperature zraka (Tperc), rang niza sortiranog uzlazno (Rang hladni), godina s najhladnijim trav-
njem u razdoblju 1981. — 2021. (Najhladnija godina).

Table 1.4.1 Air temperature ranks for COLD APRIL 2021. Station, air temperature (T), deviation from the normal 1981 — 2010 (Tanom),
air temperature percentile (Tperc), rank of the series sorted in an ascending order (rank cold), year of the coldest April, 1981 — 2021

(Coldest year).
Postaja T Tanom Tperc Rang hladni Najhladnija godina
Station T Tanom Tperc Cold rank Coldest year
Komiza 13,0 -1,5 5 2 1997
Ploce 12,5 -1,6 6 2 1997
Sibenik 12,2 -15 9 2 1997
Bilogora 8,9 -2,3 8 3 1997
Daruvar 9,0 -2,2 7 3 1997
Makarska 13,5 -14 8 3 1997
Osijek 9.4 -24 6 3 1997
Pazin 8,7 -17 6 3 1997
Rab 12,5 -1,1 14 3 1997
Rijeka 11,2 -14 14 3 1997
Senj 12,1 -14 14 3 1997
Split-Marjan 12,9 -1,5 11 3 1997
Bjelovar 9,6 -2,1 8 4 1997
Dubrovnik 13,4 -0,9 18 4 1997
Gospic 7.0 -1,6 14 4 1997
Gradiste 10,0 -2,1 10 4 1997
Hvar 13,3 -1,1 11 4 1997
Knin 10,5 -1,5 11 4 1997
Krizevci 91 -17 11 4 1997
Lastovo 12,5 -0,8 21 4 1997
Ogulin 8,2 -2,0 11 4 1982
Parg 4,8 -1,7 14 4 1982
Puntijarka 4,0 -21 11 4 1997
Sisak 9,7 -2,1 8 4 1997
Slavonski Brod 9,3 -2,3 8 4 1997
Varazdin 9,0 -1,9 9 4 1997
Zadar 12,1 -1,3 10 4 1997
Zagreb-Maksimir 9,8 -1,6 13 4 1997
Mali Losinj 12,5 -0,8 21 5 1997
Zavizan -0,2 -2,1 10 5 1997
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Tablica 1.4.2 Rangovi temperature zraka za TOPLI LIPANJ 2021. Postaja, temperatura zraka (T), odstupanje u odnosu na normalu
1981. — 2010. (Tanom), percentil temperature zraka (Tperc), rang niza sortiranog silazno (Rang topli), godina s najtoplijim lipnjem u
razdoblju 1981. — 2021. (Najtoplija godina).

Table 1.4.2 Air temperature ranks for WARM JUNE 2021. Station, air temperature (T), deviation from normal 1981 — 2010 (Tanom), air
temperature percentile (Tperc), rank of the series sorted in a descending order (Warm rank), year of the warmest June, 1981 — 2021
(Warmest year).

Postaja T Tanom Tperc Rang topli Najtoplija godina
Station T Tanom Tperc Warm rank Warmest year
Bilogora 23,2 4,0 100 2 2003
Gradiste 23,5 34 99 2 2003
Komiza 24,8 2,0 94 2 2003
Mali Losinj 25,2 3.3 99 2 2003
Bjelovar 23,5 3,6 99 3 2003
Daruvar 22,2 2,8 98 3 2003
Gospic¢ 20,5 3,5 99 3 2003
Krizevci 22,5 37 99 3 2003
Ogulin 21,3 31 99 3 2003
Osijek 23,0 2.9 98 3 2003
Parg 18,7 4,0 99 3 2019
Puntijarka 18,0 4,0 100 3 2019
Rijeka 24,4 34 99 3 2003
Senj 257 3,6 99 3 2003
Sisak 23,5 3,6 99 3 2003
Slavonski Brod 22,4 2,6 96 3 2003
Varazdin 22,0 2,9 98 3 2003
Zadar 24,2 24 97 3 2003
Zagreb-Maksimir 23,3 3,7 99 3 2003
Zavizan 13,9 34 99 3 2019
Lastovo 23,8 2,0 94 4 2003
Rab 24,8 2,8 98 4 2003
Split-Marjan 26,0 2,6 97 4 2003
Sibenik 24,8 2,3 96 4 2003
Dubrovnik 24,4 1.8 92 5 2003
Hvar 24,6 1.8 93 5 2003
Knin 23,2 2,7 98 5 2003
Pazin 21,1 2,2 97 5 2003
Ploce 24,7 2,2 97 5 2003
Makarska 25,0 1.8 89 6 2003
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Tablica 1.4.3 Rangovi temperature zraka za TOPLI SRPANJ 2021. Postaja, temperatura zraka (T), odstupanje u odnosu na normalu
1981. — 2010. (Tanom), percentil temperature zraka (Tperc), rang niza sortiranog silazno (Rang topli), godina s najtoplijim srpnjem u

razdoblju 1981. — 2021. (Najtoplija godina).

Table 1.4.3 Air temperature ranks for WARM JULY 2021. Station, air temperature (T), deviation from normal 1981 — 2010 (Tanom), air
temperature percentile (Tperc), rank of the series sorted in a descending order (Warm rank), year of the warmest July, 1981 — 2021

(Warmest year).
Postaja T Tanom Tperc Rang topli Najtoplija godina
Station T Tanom Tperc Warm rank Warmest year

Bjelovar 24,2 24 97 1 2015;2021
Daruvar 23,4 2,1 97 1 2012;2015;2021
Varazdin 23,0 2,1 96 1 2015;2021
Bilogora 23,7 2,3 97 2 2015
Gradiste 251 3,2 99 2 2012
Knin 25,8 2,3 98 2 2012
Komiza 274 1,6 95 2 2012;2015
Osijek 24,6 2,6 99 2 2012
Puntijarka 18,8 2,6 99 2 2015
Sisak 24,2 24 929 2 2015
Sibenik 27,8 2,3 99 2 2015
Gospic¢ 21,6 2,2 98 3 2015
Hvar 274 17 96 3 2015
Krizevci 23,0 24 99 3 2012
Lastovo 26,4 1,6 95 3 2015
Mali Losinj 26,6 1.8 95 3 2015
Ogulin 22,4 2,2 98 3 2015
Ploce 27,6 2,2 99 3 2015
Slavonski Brod 24,4 2,7 929 3 2012
Split-Marjan 28,6 2,2 98 3 2015
Zadar 26,1 1,5 93 3 2015
Zagreb-Maksimir 24,0 2,5 98 3 2012
Zavizan 15,2 21 96 4 2015
Dubrovnik 26,7 15 91 5 2012
Makarska 28,0 17 96 5 2012
Parg 19,1 19 94 5 2015
Pazin 229 1,5 91 5 2015
Rab 26,5 14 88 5 2015
Senj 26,6 15 88 6 2015
Rijeka 254 14 84 8 2015
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Tablica 1.4.4 Rangovi temperature zraka za TOPLO LJETO 2021. Postaja, temperatura zraka (T), odstupanje u odnosu na normalu
1981. — 2010. (Tanom), percentil temperature zraka (Tperc), rang niza sortiranog silazno (Rang topli), godina s najtoplijim ljetom u
razdoblju 1981. — 2021. (Najtoplija godina).

Table 1.4.4 Air temperature ranks for WARM SUMMER 2021. Station, air temperature (T), deviation from normal 1981 — 2010 (Tanom),
air temperature percentile (Tperc), rank of the series sorted in a descending order (Warm rank), year of the warmest summer, 1981
— 2021 (Warmest year).

Postaja T Tanom Tperc Rang topli Najtoplija godina
Station T Tanom Tperc Warm rank Warmest year
Komiza 26,3 1.6 96 3 2003
Makarska 26,7 1.6 95 3 2003
Osijek 23,1 2,0 929 3 2012
Ploce 26,3 2,0 929 3 2003
Zagreb-Maksimir 22,9 2,3 98 3 2003
Daruvar 22,1 17 98 4 2003
Gradiste 23,6 2,5 929 4 2012
Hvar 26,4 18 929 4 2003
Mali Losinj 25,9 2,2 99 4 2003
Parg 18,2 2,0 97 4 2003
Sisak 23,0 2,1 98 4 2003
Split-Marjan 27,3 2,0 98 4 2003
Sibenik 26,3 2,0 99 4 2003
Bilogora 22,7 2,2 99 5 2003
Bjelovar 23,0 2,1 97 5 2003
Gospi¢ 20,5 2,1 97 5 2003
Knin 24,3 2,0 99 5 2003
Krizevci 21,9 2,2 99 5 2003
Lastovo 25,5 1,8 98 5 2003
Ogulin 21,2 1,9 97 5 2003
Pazin 21,6 1,3 93 5 2003
Puntijarka 17,8 24 99 5 2003
Rijeka 24,7 1,8 95 5 2003
Senj 25,8 18 95 5 2003
Slavonski Brod 22,9 2,0 97 5 2012
Varazdin 21,6 1.6 95 5 2003
Zadar 25,2 1,7 97 5 2003
Zavizan 14,2 2,0 98 5 2012
Dubrovnik 25,8 14 94 6 2003;2012
Rab 25,6 17 96 6 2003
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Tablica 1.4.5 Rangovi kolicine oborine za SUHI LIPANJ 2021,. Postaja, kolicina oborine (R), odstupanje u odnosu na normalu 1981. —
2010. (Ranom), percentil kolicine oborine (Rperc), rang niza sortiranog uzlazno (Rang suhi), godina s najsusnijim lipnjem u razdoblju
1981. — 2021. (Najsusnija godina).

Table 1.4.5 Precipitation amount ranks for DRY JUNE 2021. Station, precipitation amount (R), deviation from normal 1981 — 2010
(Ranom), percentile of precipitation amount (Rperc), rank of the series sorted in an ascending order (Dry rank), year of the driest
June, 1981 — 2021 (Driest year).

Postaja R Ranom Rperc Rang suhi Najsusnija godina
Station R Ranom Rperc Dry rank Driest year
Bilogora 20,5 -65,5 2 1 2021
Bjelovar 8.4 -80,0 0 1 2021
Daruvar 277 -76,4 5 1 2021
Gospic¢ 16,3 -76,5 4 1 2005;2021
Gradiste 21,7 -63,4 4 1 2021
Hvar 2,0 -40,1 15 1 2021
Karlovac 3,8 -104,1 0] 1 2021
Komiza 0.6 -40,1 3 1 2021
Krizevci 54 -83,6 0 1 2021
Mali LoSinj 2,3 -62,5 0 1 2021
Ogulin 8,2 -122,9 0 1 2021
Puntijarka 15,6 -116,1 0 1 2021
Rab 14,3 -55,3 2 1 2021
Rijeka 51 -103,4 0 1 2021
Senj 1.6 -85,6 0 1 2021
Sisak 8.8 -92,7 0 1 2021
Slavonski Brod 17,2 -713 1 1 2021
Split-Marjan 4,3 -44,3 7 1 2021
Sibenik 0.1 -54,0 1 1 2021
Varazdin 18,9 -77,2 1 1 2021
Zagreb-Maksimir 13,2 -84,2 0 1 2021
Zavizan 19,9 -120,8 0 1 2021
Pazin 11,0 -771 0 2 2006
Zadar 2,9 -45,9 2 2 2000
Dubrovnik 4,2 -46,2 9 3 2011
Osijek 18.4 -68,7 6 3 2000
Parg 49,6 -98,2 1 3 2019
Knin 13,2 -64,7 3 4 2019
Makarska 13,1 -39,6 9 4 2019
Ploce 71 -42,7 12 6 1982
Lastovo 131 -21,3 33 17 2019
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Tablica 1.4.6 Rangovi temperature zraka za 2021. GODINU. Postaja, temperatura zraka (T), odstupanje u odnosu na normalu 1981.
— 2010. (Tanom), percentil temperature zraka (Tperc), rang niza sortiranog silazno (Rang topli), najtoplija godina tijekom razdoblja

1981. - 2021.

Table 1.4.6 Air temperature ranks for YEAR 2021. Station, air temperature (T), deviation from normal 1981 — 2010 (Tanom), air tem-
perature percentile (Tperc), rank of the series sorted in a descending order (Warm rank), the warmest year in the period 1981 — 2021.

Postaja T Tanom Tperc Rang topli Najtoplija godina

Station T Tanom Tperc Warm rank Warmest year
Knin 14,0 0.8 95 5 2019
Mali Losinj 16,6 1,0 98 5 2018
Ploce 16,3 0,7 96 5 2018
Sibenik 16,3 0,7 92 5 2018
Zadar 16,2 0.9 93 5 2018
Gospic 10,3 1,2 96 6 2019
Gradiste 12,6 1,0 89 6 2019
Komiza 174 0.5 84 6 1994
Lastovo 16,6 0.7 92 6 2018
Makarska 174 0,5 80 6 2011;2018
Ogulin 11,0 0.6 77 6 2000;2014;2019
Rab 16,4 0.8 91 6 2018
Split-Marjan 17,2 0,8 95 6 2018
Zavizan 4,6 0.6 84 6 2014;2015;2019;2020
Bilogora 11,8 0,7 81 7 2019
Hvar 17,3 0,7 92 7 2018
Rijeka 15,0 0.8 91 7 2018
Sisak 12,1 0,7 81 7 2000;2014;2019
Zagreb-Maksimir 12,2 1,0 89 7 2018;2019
Dubrovnik 174 0.8 95 8 2018
Krizevci 11,4 1.0 89 8 2014
Puntijarka 77 0,8 84 8 2019
Senj 16,0 0.9 90 8 2018
Slavonski Brod 11,9 0.7 81 8 2019
Bjelovar 12,1 0.9 84 9 2019
Daruvar 11,5 0,5 80 9 2019
Parg 84 0.8 84 9 2019
Osijek 12,0 0.7 84 10 2000;2019
Pazin 11,9 0.3 73 10 2014
Varazdin 11,2 0.6 77 11 2014
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Tablica 1.4.7 Rangovi kolicine oborine za 2021. GODINU. Postaja, kolicina oborine (R), odstupanje u odnosu na normalu 1981. — 2010.
(Ranom), percentil kolicine oborine (Rperc), rang niza sortiranog silazno / uzlazno (Rang kisni / Rang suhi), najkisnija / nasusnija go-
dina tijekom razdoblja 1981. — 2021.

Table 1.4.7 Precipitation amount ranks for YEAR 2021. Station, precipitation amount (R), deviation from normal 1981 — 2010 (Ranom),
percentile of precipitation amount (Rperc), rank of the series sorted in a descending/ascending order (Wet rank/Dry rank), Wettest/
Driest year in the period 1981 — 2021.

Rang

Postaja R Ranom | Rperc Kigni Najkisnija godina Rang suhi Najsusnija godina
Station R Ranom | Rperc Wet rank Wettest year Dry rank Driest year
Krizevci 691,5 -99.2 25 34 2014 8 2011
Parg 1586,3 -227,5 25 34 2014 8 2011
Puntijarka 1080,7 -172,2 23 34 2010 8 2011
Mali Losinj 770,7 -156,6 23 33 2010 9 1983
Pazin 868,5 -175,2 18 33 2010 9 2015
Rijeka 1331,3 -217,3 22 32 2010 9 2003
Bjelovar 694,2 -100,7 25 32 2014 10 2011
Karlovac 959,5 -107.8 30 31 2014 11 2011
Daruvar 798,8 -103,6 27 30 2010 12 2011
Zavizan 1776,1 -196,9 30 30 2014 12 1983
Zadar 772,1 -819 31 29 2014 13 2011
Zagreb-Maksimir 7722 -72,9 33 29 2014 13 2011
Komiza 638,0 -779 36 28 2014 14 1983
Slavonski Brod 729,6 -39,5 40 26 2005 16 2011
Varazdin 834,5 2,5 53 24 2014 18 2011
Lastovo 624,4 -7.8 51 23 2014 19 1983
Sisak 924.8 5,6 53 22 2014 20 2011
Sibenik 748,7 -13 52 20 2014 21 2011
Gospi¢ 1367,7 12,7 54 20 2014 22 2011
Gradiste 670,5 -151 49 20 2010 22 2000
Ogulin 1518,7 5,2 53 19 2014 23 1983
Rab 1080,9 -6,2 51 19 2014 23 2011
Ploce 11284 51,8 61 17 2010 24 1989
Bilogora 8484 318 60 17 2014 25 2011
Dubrovnik 1101,0 404 59 17 2010 25 1991
Knin 10512 43,0 61 17 2014 25 1985
Osijek 6978 14,6 56 16 2010 25 2000
Makarska 1080,6 72,1 67 16 2010 26 2011
Senj 1320,9 97,3 67 16 2013 26 2003
Hvar 8351 128,5 79 9 2014 33 1983
Split-Marjan 9304 1543 83 9 2014 33 1989
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2 ANALIZA SREDNJEG MJESECNOG
VISINSKOG STRUJANJA IZNAD
HRVATSKE U 2021. GODINI

Srednja mjese¢na visinska situacija sinopti¢kih
razmjera na izobarnoj plohi AT 500 hPa moze pokazati
prevladavajuce visinsko strujanje nad odredenim predje-
lima tijekom mjeseca te se njezinom analizom mogu, u
znatnoj mjeri, objasniti odstupanja od prosjeka mjesec-
nih vrijednosti pojedinih meteoroloskih elemenata, pri-
mjerice srednje mjeseCne prizemne temperature zraka,
a naj¢esce i mjesecne koli¢ine oborine.

Stoga je ucinjena meteoroloska analiza 2021. go-
dine pregledom srednjih mjesecnih situacija, odnosno
strujanja nad Sirim podrucjem Europe i Sjevernog Atlan-
tika.

U sije€nju je nad naSom zemljom srednje mjese¢no
strujanje na izobarnoj plohi AT 500 hPa bilo okarakte-
rizirano dolinom koja se pruzala od sjevera kontinen-
ta sve do Sredozemlja, pa je u nase predjele prodirao
razmjerno hladan i vlazan zrak (slika 2.1.a). Os visinske
doline bila je upravo nad nasim podrucjem. Izrazen vi-
sinski greben pruzao se nad isto¢nim Atlantikom sve do
Grenlanda. Srednja mjese¢na temperatura zraka je bila
vec¢inom malo visa od visegodi$njeg srednjaka (1981. —
2010.1). Odstupanja od prosjeka uglavnom nisu bila izra-
zena. Mjesecna koli¢ina oborine je bila ve¢a od prosjeka,
mjestimice i znatno.

NAO indeks, pokazatelj oscilacije u prizemnom
polju tlaka, odnosno advekcije zraka s Atlantika, u sijec-
nju je bio negativan (tablica 2.1), $to ukazuje na slabi-
ji meridionalni gradijent tlaka te oslabljeno strujanje s
Atlantika. Uz pritjecanje hladnijeg zraka sa sjevera pozi-
tivno odstupanje temperature nije bilo izrazeno, a visak
oborine posljedica je pojacane ciklonalne aktivnosti u
Sredozemlju.

1 Vidi kartografski prikaz s detaljnijim opisom mjese¢nih anomalija
temperature zraka i koli¢ine oborine za 2021. godinu na podrucju
Hrvatske u poglavlju 1.

2 ANALYSIS OF THE MEAN MONTHLY
UPPER-LEVEL FLOW REGIME OVER
CROATIA IN 2021

The mean monthly pper-level synoptic flow regime
on the AT 500 hPa isobaric surface may show a prevalent
pper-level flow over certain areas during the month. The
deviations from the average monthly values for individu-
al meteorological elements, such as the mean monthly
low-level air temperatures, and even monthly precipitation
amounts in most cases, can be explained by upper-level
flow analysis.

A meteorological analysis of 2021 was therefore
made by reviewing the mean monthly flow regimes over
the wider area of Europe and the North Atlantic.

In January, the mean monthly flow over Croatia on
the AT 500 hPa isobaric surface was characterized by a
trough extending from the north of the continent to the
Mediterranean, meaning that cold and humid air was pen-
etrating our region (Figure 2.1.a). The axis of the pper-level
trough was just above our region. A pronounced pper-lev-
el ridge extended over the eastern Atlantic, all the way to
Greenland. The mean monthly air temperature was mostly
higher than the multiannual mean (1981-2010%). Deviations
from the average were not very pronounced. The monthly
precipitation amount was higher than the average, in some
places significantly.

The NAO (North Atlantic Oscillation) Index, an indi-
cator of oscillation in the sea level pressure field, i.e., air
advection from the Atlantic, was negative in January (Table
2.1), indicating a weaker meridional pressure gradient and
weakened flow from the Atlantic. Thus, given the inflow of
cold air from the north, there was no pronounced positive
temperature anomaly, while the excess precipitation is the
result of increased cyclonic activity in the Mediterranean.

1 See the map with a more detailed description of the monthly air
temperature and precipitation anomalies in 2021 in Croatia in
Chapter 1.

ECMWF mean of 31 Uninitialised Analyses Valid: 12UTC January 2021 500hPa Geopotential (dam)

Sl T /

ECMWF mean of 28 Uninitialised Analyses Valid: 12UTC February 2021 500hPa Geopotential (dam)

Slika 2.1 Srednje mjesecne geopotencijalne visine iznad morske razine (dam) izobarne plohe 500 hPa (skraceno: AT 500 hPa) za: a)

sijecanj (lijevo) i b) veljacu (desno) za 12 UTC (izvor: ECMWF).

Figure 2.1 Mean monthly geopotential height above sea level (dam) of the isobaric surface 500 hPa (abbreviated: AT 500 hPa) for: a)

January (left) and b) February (right) for 12 UTC (source: ECMWEF).
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Tablica 2.1 Vrijednosti NAO* (engl. North Atlantic Oscillation) indeksa u 2021. po mjesecima, izvor: https://www.ncdc.noaa.gov/

teleconnections/nao/

Table 2.1 Monthly values of NAO* (North Atlantic Oscillation) index in 2021, source: https://www.ncdc.noaa.gov/teleconnections/

nao/
2021 Sije¢an;j Veljaca Ozujak Travanj Svibanj Lipanj
’ January February March April May June
NAO index -111 +0,14 +0,73 -1,43 -1,24 +0,77
2021 Srpanj Kolovoz Rujan Listopad Studeni Prosinac
’ July August September October November December
NAO index +0,03 -0,28 -0,21 -2,29 -0,18 +0,29

* NAO indeks — indeks Sjeverno-atlantske oscilacije odnosi se na
razliku u prizemnom tlaku izmedu suptropskog podrucja visokog
tlaka - Azorske anticiklone i subpolarnog podrucja niskog tlaka -
Islandske ciklone (razlika u prizemnom tlaku izmjerenom na me-
teoroloskoj postaji u Ponta Delgadi i Reykjaviku). Gradijent tlaka
izmedu ta dva sustava odreduje smijer i jacinu strujanja s Atlantika
nad europskim kopnom. Prosje¢na pozicija i jac¢ina Azorske antici-
klone i Islandske cikone variraju iz mjeseca u mjesec, kroz sezone,
odnosno iz godine u godinu i upravo ta varijacija odreduje NAO
indeks, odnosno njegov predznak. Pokazalo se da velika razlika u
tlaku izmedu ta dva sustava - izrazena kao NAO+, za posljedicu ima
jako zapadno strujanje te indirektno blage zime u srednjoj Europi.
Takoder moze biti povezan s pozitivnom anomalijom temperature
iznad sjeverne Europe te ponekad negativnom anomalijom iznad
juzne Europe i Bliskog istoka. Sto se oborine tice, NAO+ je obi¢-
no povezan s koli¢inom ve¢om od prosjeka iznad sjeverne Europe
i Skandinavije te manjkom oborine iznad srednje i juzne Europe. S
druge strane, NAO—- opisuje situaciju kada je gradijent tlaka izmedu
ta dva sustava slabo izrazen, odnosno strujanje s Atlantika je slabije,
pa sjeverna Europa ¢esto moze imati hladnu i suhu zimu, a putanje
ciklona pomaknute su juznije. To za posljedicu moze imati pojac¢a-
nu ciklonalnu aktivnost u Sredozemlju uz vise oborina na podrucju
juzne Europe i sjeverne Afrike. Veza izmedu NAO indeksa i prevlada-
vajuceg tipa vremena izrazenija je u hladnom dijelu godine.

Nasuprot tome, u veljadi je srednje mjesec¢no vi-
sinsko stanje ukazivalo na pritjecanje razmjerno toplog i
vlagom siromasnog zraka pod utjecajem prednje strane
grebena (slika 2.1.b). Os grebena se nalazila zapadnije od
Hrvatske. Nad Atlantikom je bila dolina koja se pruzala
od Grenlanda prema jugu, a visinska dolina bila je isto¢-
no od Hrvatske. Srednja mjesec¢na temperatura zraka je
bila visa, ponegdje i zna¢ajno od prosje¢ne, dok je mje-
secna koli¢ina oborine bila manja ili oko prosjeka, samo
mjestimice veca.

| u ozujku je nad naSom zemljom na izobarnoj plo-
hi AT 500 hPa bila prednja strana grebena (slika 2.2.a).
No, za razliku od veljace, greben se u ozujku pruzao s ju-
gozapada Europe prema Sjevernom i Baltic(kom moru, a
nad isto€nom Europom je bila dolina. Srednja mjesecna
temperatura zraka u ozujku je bila uglavhom unutar vi-
Segodisnjeg prosjeka (1981. — 2010.). Mjesecna koli¢ina
oborine je bila ve¢inom manija ili u nekim predjelima oko
klimatoloskog srednjaka.

S obzirom na to da je u veljaci i ozujku u viSim
slojevima atmosfere iznad Hrvatske bila prednja strana

* NAO index - North Atlantic Oscillation index refers to the differen-
ce in mean sea level pressure between subtropical area of high pre-
ssure over the Azores and subpolar area of low pressure over Ice-
land. Air pressure gradient between these two systems determines
the direction and the strength of air flow from the Atlantic to the
European continent. The position and the strength of the high-pre-
ssure system over the Azores and low—pressure system over Iceland
varies on the monthly, seasonal and annual basis and this variation
determines the positive or negative sign of the NAO index. Large
air pressure difference between these two systems expressed as
NAO+ causes strong westerly flow and indirectly cooler summer
seasons and mild winter seasons in Central Europe. Moreover, it can
be connected to positive temperature anomaly over Northern Eu-
rope and sometimes negative temperature anomaly over Southern
Europe and the Middle East. There is also the relationship between
the NAO and precipitation; NAO+ usually causes greater than nor-
mal precipitation amount over Northern Europe and Scandinavia
and precipitation deficit over Central and Southern Europe. On the
other hand, NAO- describes a situation with lower air pressure gra-
dients between these two pressure systems and consequently wea-
ker air flow from the Atlantic. In such circumstances, in the northern
part of Europe, winter seasons can be cold and dry. Low pressure
system trajectories are moved to the south and this causes strong
cyclonic activity in the Mediterranean with more precipitation in
Southern Europe and in North Africa. NAO index and the prevailing
weather regime link is more significant in the colder part of a year.

However, in February, the mean monthly pper-level
flow indicated an influx of warm and dry air under the in-
fluence of the front of the ridge (Figure 2.1.b). The axis of
the ridge was located west of Croatia. Above the Atlantic, a
trough extended from Greenland to the south, and another
pper-level trough was situated east of Croatia. The mean
monthly air temperature was higher, somewhere even sig-
nificantly higher than the average, while the monthly pre-
cipitation amount was lower than or close to the average,
and higher only in some locations.

The front side of the ridge was located above Croatia
on the AT 500 hPa isobaric surface again in March (Figure
2.2.a). However, unlike in February, in March the ridge ex-
tended from southwestern Europe to the North and Baltic
Seas, while the trough was located over Eastern Europe.
The mean monthly air temperature in March mostly fell
within the multiannual average (1981 — 2010). The monthly
precipitation amount was mostly lower, or in some areas
around the climatological mean.

Given that the front of the pper-level ridge was lo-
cated above Croatia in February and March, the NAO Index
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ECMWF mean of 31 Uninitialised Analyses Valid: 12UTC March 2021 500hPa Geopotential {dam)

ECMWF mean of 30 Uninitialised Analyses Valid: 12UTC April 2021 500hPa Geopotential (damj

Slika 2.2 Srednje mjesecne geopotencijalne visine iznad morske razine (dam) izobarne plohe 500 hPa (skraceno: AT 500 hPa) za: a)

oZujak (lijevo) i b) travanj (desno) za 12 UTC (izvor: ECMWF).

Figure 2.2 Mean monthly geopotential height above sea level (dam) of the isobaric surface 500 hPa (abbreviated: AT 500 hPa) for: a)

March (left) and b) April (right) for 12 UTC (source: ECMWEF).

grebena, i NAO indeks za spomenuto razdoblje bio je
pozitivan Sto pokazuje da su gradijenti prizemnog tlaka
izmedu Azorske anticiklone i Islandske ciklone bili izra-
zeniji nego u sije¢nju, ali ne i klju¢ni za transport vlage s
Atlantika.

U travnju je prema srednjem mjese¢nom stanju,
odnosno strujanju nad podruéjem nase zemlje bila vi-
sinska dolina ¢ija je os bila nad Hrvatskom (slika 2.2.b).
Dolina se pruzala sa sjevera kontinenta preko srednje
Europe do Sredozemlja. Takva situacija ukazuje na pri-
tjecanje razmjerno hladnog i vlaznog zraka. Greben je
zahvacao dio zapadne Europe i vedi dio Atlantskog oce-
ana. Srednja mjeseCna temperatura zraka u travnju je
bila posvuda niza od visegodiSnjeg srednjaka. Mjese¢na
koli¢ina oborine je bila oko prosjeka ili malo veca, a u
juznim predjelima manja od prosje¢ne.

U svibnju je nad vecim dijelom Europe, pa i nad na-
Som zemljom bila visinska dolina ¢ija je os bila zapadnije
od Hrvatske (slika 2.3.a). To ukazuje na kruzenje razmjer-
no hladnog i vlaznog zraka nad tim predjelima. Srednja
mjesecna temperatura zraka je bila gotovo posvuda niza
od klimatoloskog srednjaka za svibanj, ponegdje i znat-
no niza. Koli¢ina oborine bila je nejednoliko rasporede-
na - bila je uglavnom veca, ponegdje i znatno veca od
viSegodisnjeg srednjaka, ali je isto tako, mjestimice bilo
manje kiSe od prosjeka.

U travnju i svibnju vrijednosti NAO indeksa bile su
negativne $to ukazuje na manje gradijente tlaka izmedu
Azorske anticiklone i Islandske ciklone, odnosno manje
izrazena strujanja. To je omogucavalo prodiranje i zadr-
zavanje vlaznog i relativno hladnog zraka sa sjeveroza-
pada do nasih krajeva.

U lipnju je srednje mjesecno strujanje na AT 500
hPa nad nasom zemljom bilo karakterizirano prednjom
stranom grebena Cija se os nalazila malo zapadnije od
Hrvatske (slika 2.3.b). Dolina je bila nad najzapadnijim
dijelovima kontinenta te na istoku. U lipnju je srednja
mjese¢na temperatura zraka bila zamjetno visa od pro-
sjeka (1981. — 2010.), a mjesecna koli¢ina oborine je bila
posvuda znac¢ajno manja od visegodiSnjeg srednjaka.
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for the mentioned period was positive, which shows that
the surface pressure gradients between the Azores High
and the Icelandic Low were more pronounced than in Jan-
uary, but they were not crucial for the transfer of wet con-
ditions from the Atlantic.

According to the average monthly flow, the axis of an
upper-level trough was located above Croatia in April (Fig-
ure 2.2.b). The trough itself extended from the north of the
continent through Central Europe to the Mediterranean.
Such a situation is indicative of the influx of relatively cold
and humid air. The ridge covered parts of Western Europe
and most of the Atlantic Ocean. The mean monthly air tem-
perature in April was lower than the multiannual mean. The
monthly precipitation amount was around the average or
slightly higher. Only the southern regions had below-aver-
age precipitation amounts.

In May, an upper-level trough whose axis lay to the
west of Croatia was located over most of Europe, includ-
ing Croatia (Figure 2.3.a). This indicates the circulation of
relatively cold and humid air over these areas. The mean
monthly air temperature was lower than the May climato-
logical average almost everywhere, and in some places, it
was significantly lower. The precipitation amount was un-
evenly distributed - it was mostly higher, and in some plac-
es significantly higher than the multiannual mean, but there
were also some areas with below-average rainfall.

NAO Index values were negative in April and May,
which is indicative of lower pressure gradients between the
Azores High and the Icelandic Low, i.e., a less pronounced
flow. This allowed the penetration and retention of moist
and relatively cold air from the northwest to Croatia.

In June, the mean monthly flow at AT 500 hPa over
Croatia was characterized by the front side of the ridge,
whose axis was located slightly west of Croatia (Figure
2.3.b). The trough was located over the westernmost parts
of the continent and to the east. In June, the mean monthly
air temperature was significantly higher than the average
(1981 - 2010), and the monthly precipitation amount was
significantly lower than the multiannual average every-
where.
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ECMWF mean of 31 Uninitialised Analyses Valid: 12UTC May 2021 500hPa Geopotential (dam)

ECMWF mean of 30 Uninitialised Analyses Valid: 12UTC June 2021 500hPa Geopotential (dam)
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Slika 2.3 Srednje mjesecne geopotencijalne visine iznad morske razine (dam) izobarne plohe 500 hPa (skraceno: AT 500 hPa) za: a)

svibanj (lijevo) i b) lipanj (desno) za 12 UTC (izvor: ECMWEF).

Figure 2.3 Mean monthly geopotential height above sea level (dam) of the isobaric surface 500 hPa (abbreviated: AT 500 hPa) for: a)

May (left) and b) June (right) for 12 UTC (source: ECMWF).

lako NAO oscilacija znacajnije utjec¢e na vrijeme u
Europi u zimskom dijelu godine, pozitivna vrijednost in-
deksa u lipnju odgovara situaciji s povecanim gradijenti-
ma u prizemnom polju tlaka te dotoku vlage s Atlantika
uglavnom sjevernije od Hrvatske. Uz prevladavajuci gre-
ben po visini i pri tlu je anticiklonalni greben, odnosno
bezgradijentno anticiklonalno polje koje je omogucava-
lo zadrzavanje toplog zraka iznad Hrvatske te sprjecava-
lo prodiranje vlaznog zraka sa sjevera.

U srpnju se nasa zemlja nalazila na straznjoj stra-
ni grebena prema srednjem mjese¢nom strujanju na AT
500 hPa (slika 2.4.a). Greben se pruzao s juga preko Bal-
kanskog poluotoka na sjeveroistok kontinenta. Visinska
dolina se pruzala od Sjevernog mora i zapadne Europe
do Alpa. U srpnju je srednja mjeseCna temperatura bila
zamjetno visa od prosjecne, dok je koli¢ina oborine bila
vrlo nejednoliko rasporedena. U vecem dijelu zemlje
oborina je bila oko prosjeka, ali je bilo podruc¢ja s ve¢com

Although the NAO oscillation significantly affects the
weather in Europe during the winter, the positive values of
the index in June correspond to the situation of increased
gradients of the sea level pressure field, and inflow of mois-
ture from the Atlantic into the European continent, mostly
north of Croatia. Along with the prevailing ridge in upper
levels, a high-pressure ridge was present near the ground,
or more precisely a non-gradient anticyclonic field that al-
lowed the retention of warm air over Croatia and prevented
the penetration of moist air from the north.

In July, our country was at the back of the ridge ac-
cording to the mean monthly flow at AT 500 hPa (Figure
2.4.a). The ridge extended from the south across the Bal-
kan Peninsula to the northeast of the continent. The up-
per-level trough extended from the North Sea and Western
Europe to the Alps. The mean monthly temperature in July
was noticeably higher than the average, while the amount
of precipitation was very unevenly distributed. The amount
of precipitation was around the average in most parts of the

)

ECMWF mean of 31 Uninitialised Analyses Valid: 12UTC July 2021 500hPa Geopotential (dam)

Slika 2.4 Srednje mjesec¢ne geopotencijalne visine iznad morske razine (dam) izobarne plohe 500 hPa (skraceno: AT 500 hPa) za: a)

srpanj (lijevo) i b) kolovoz (desno) za 12 UTC (izvor: ECMWF).

Figure 2.4 Mean monthly geopotential height above sea level (dam) of the isobaric surface 500 hPa (abbreviated: AT 500 hPa) for: a)

July (left) and b) August (right) for 12 UTC (source: ECMWEF).
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koli¢inom kiSe, ali i onih sa znatnim manjkom, posebice
na jugu zemlje.

U kolovozu je na AT 500 hPa bio greben koji se pru-
zao od sjeverne Afrike i zahvacao Sredozemlje, a dolina
od Sjevernog mora pruzala se nad srednju Europu (slika
2.4.b). Nasa zemlja je bila na juznom rubu doline. Srednja
mjese¢na temperatura zraka je u kolovozu bila najve-
¢im dijelom malo visa od prosjeka. Medutim, ponegdje
je pozitivno odstupanje srednje mjesecne temperature
bilo izrazeno, a koli¢ina oborine je, kao i u srpnju, bila
nejednoliko rasporedena. U ve¢em dijelu zemlje oborine
je bilo oko viSegodisdnjeg srednjaka, ali je bilo podrugja s
vise, odnosno manje kiSe od prosjeka.

Srednje mjese¢no visinsko stanje je u rujnu nad
nasom zemljom karakterizirala prednja strana grebena
koji je zahvacao zapadnu Europu (slika 2.5.a). Nad isto¢-
nim dijelom kontinenta bila je duboka dolina. U takvim
je okolnostima u rujnu srednja mjesec¢na temperatura
zraka bila visa od srednjaka, a u najvec¢em dijelu zemlje
oborine je bilo manje od prosjeka.

Od srpnja do rujna vrijednosti NAO indeksa bile su
razli¢itog predznaka i razmjerno male, Sto pokazuje da
nije bilo prevladavajuceg utjecaja strujanja s Atlantika ili
situacija s pojacanom ciklonalnom aktivno$cu iznad Sre-
dozemlja. S obzirom na to da je vrijeme u toplom dijelu
godine uvelike odredeno lokalnim Cimbenicima kao Sto
je raspodjela kopna i mora ili orografija, upravo su oni
odredivali vremenske prilike u spomenutom razdoblju.

U listopadu je nad naSom zemljom bila dolina koja
se od srednje Europe preko nase zemlje i Sredozemlja
pruzala do sjeverne Afrike (slika 2.5.b). Greben je bio nad
jugozapadom kontinenta. Srednja mjese¢na temperatu-
ra zraka u listopadu je bila niza od klimatoloskog sred-
njaka. Mjese¢na koli¢ina oborina je bila uglavnhom oko
prosjecne ili ve¢a, samo na sjevernom Jadranu manja.

Listopad je bio obiljeZzen izrazenom negativhom
fazom Sjeverno-atlantske oscilacije. Pritom je, kao i u
proljetnim mjesecima (travanj, svibanj) bio omogucen
dotok relativno hladnog i vlagom razmjerno bogatog
zraka sa zapada i sjeverozapada, odnosno s Atlantskog
oceana.

country. However, there were areas with excessive rainfall,
as well as areas with a significant deficit, especially in the
south.

In August, there was a ridge extending from North Af-
rica and affecting the Mediterranean at AT 500 hPa, and a
trough extending from the North Sea over Central Europe
(Figure 2.4.b). Our country was on the southern edge of the
trough. The mean monthly air temperature in August was,
in general, slightly higher than average. However, in some
places the positive deviation of the mean monthly temper-
ature was pronounced, and the amount of precipitation,
like in July, was unevenly distributed. In most parts of the
country, the precipitation amount was around the multian-
nual mean, but there were areas that had rainfall higher or
less than the average.

The mean monthly flow in September over Croatia
characterized by the front side of the ridge that spanned
Western Europe (Figure 2.5.a). A deep trough was located
over the eastern part of the continent. In such circum-
stances, the average monthly air temperature in September
was above the mean, and precipitation amounts were be-
low—-average in most of the country.

From July to September, NAO index values had dif-
ferent phases and were relatively low, indicating that there
was no predominant impact of the flows from the Atlantic
or situations of increased cyclonic activity over the Med-
iterranean. The weather in the warm part of the year is
largely determined by local factors such as the distribution
of land and sea, or orography. These factors defined the
weather conditions in the period in question.

In October, a trough extended from Central Europe
through the Mediterranean, including Croatia, to North Af-
rica (Figure 2.5.b). The ridge was located over the south-
west of the continent. The mean monthly air temperature
in October was lower than the climatological mean. The
monthly precipitation amount was mostly close to average
or higher. North Adriatic was the only location that saw be-
low-average precipitation.

October saw a pronounced negative phase of the
North Atlantic Oscillation. Like in the spring (April, May),

ECMWF mean of 31 Uninitialised Analyses Valid: 12UTC October 2021 500hPa Geopotential (dam)
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Slika 2.5 Srednje mjesecne geopotencijalne visine iznad morske razine (dam) izobarne plohe 500 hPa (skraceno: AT 500 hPa) za: a)

rujan (lijevo) i b) listopad (desno) za 12 UTC (izvor: ECMWEF).

Figure 2.5 Mean monthly geopotential height above sea level (dam) of the isobaric surface 500 hPa (abbreviated: AT 500 hPa) for: a)

September (left) and b) October (right) for 12 UTC (source: ECMWEF).
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ECMWF mean of 30 Uninitialised Analyses Valid: 12UTC November 2021 500hPa Geopotential (dam)

ECMWF mean of 31 Uninitialised Analyses Valid: 12UTC December 2021 500hPa Geopotential (dam)

Slika 2.6 Srednje mjesecne geopotencijalne visine iznad morske razine (dam) izobarne plohe 500 hPa (skraceno: AT 500 hPa) za: a)

studeni (lijevo) i b) prosinac (desno) za 12 UTC (izvor: ECMWF).

Figure 2.6 Mean monthly geopotential height above sea level (dam) of the isobaric surface 500 hPa (abbreviated: AT 500 hPa) for: a)
November (left) and b) December (right) for 12 UTC (source: ECMWEF).

U studenom je na AT 500 hPa nad naSom zemljom
bila prednja strana doline, odnosno jugozapadno stanje
ispred duboke doline zapadnije nad kontinentom (slika
6.a). Iznad Atlantskog oceana te iznad istoka Europe bio
je greben. U studenom je srednja mjese¢na temperatu-
ra zraka posvuda bila visa od prosjeka, osobito na jugu
zemlje. Koli¢ina oborine je u najvecem dijelu zemlje bila
veca od visegodisnjeg srednjaka ili najmanje oko njega.

U studenom je prevladavajuci rezim strujanja iznad
Europe i dalje bila negativna faza Sjeverno-atlantske os-
cilacije (NAO-), ali manje izrazena nego u listopadu. Na-
ime, bio je omogucen dotok vlaznog zraka, ali uglavhom
sa Sredozemlja zbog manjih meridionalnih gradijenata u
polju tlaka, dok je situacija po visini omogucavala i dalje
pritjecanje relativno toplog zraka u jugozapadnoj struiji.

U prosincu je nad Hrvatskom bilo prednja strana
grebena cija se os pruzala od jugozapada prema sjeveru
kontinenta (slika 2.6.b). Dolina je bila nad isto¢nim pre-
djelima Europe. | u prosincu je srednja mjesec¢na tem-
peratura zraka u cijeloj zemlji bila visa od prosjeka, a
kolic¢ina oborine bila je ve¢a od prosje¢ne uglavhom u
isto¢nim i juznim krajevima Hrvatske.

Slabije izrazena, ali pozitivna faza Sjeverno-atlant-
ske oscilacije (NAO+) u prosincu prevladavala je uglav-
nom u prvom dijelu mjeseca, dok je u drugom dijelu
dotok vlaznijeg zraka bio omogucen sa Sredozemlja uz
slabije gradijente u polju tlaka, pa je i koli¢ina oborine na
istoku i jugu bila veca od prosjeka.

Zakljucak

Tijekom 2021. godine iznad Hrvatske je na AT 500
hPa naj¢esce bila prednja strana grebena (veljac¢a, oZu-
jak, lipanj, rujan i prosinac). Osim u rujnu, u spomenutim
mjesecima Sjeverno—atlantska oscilacija bila je u pozi-
tivnoj fazi (NAO+) uz povremeno postojanje izrazenih
meridionalnih gradijenata u polju tlaka.

Zatim po ucestalosti slijedi visinska dolina (sijecanj,
travanj, svibanj i listopad) cija je os uglavnom bila iznad
Hrvatske, samo u svibnju nesto zapadnije. U tim je mje-
secima vrijednost NAO indeksa bila negativna (NAO-),

this allowed the inflow of relatively cold and moist air from
the west and northwest, i.e. from the Atlantic Ocean.

In November, the front of the trough, meaning the
southwestern regime in front of the deep trough located
toward the west of the continent, was at AT 500 hPa over
Croatia (Figure 2.6.a). The ridge was located over the At-
lantic Ocean and Eastern Europe. In November, the mean
monthly air temperature was higher than the average
everywhere, especially in the south of the country. In most
parts of the country, the precipitation amount was higher
than the multiannual mean, or at least close to it.

In November, the negative phase of the North Atlan-
tic Oscillation (NAO-) was still the prevailing flow regime in
upper levels over Europe, but it was less pronounced than
in October. The inflow of moist air, predominantly from the
Mediterranean, was made possible by the weaker meridi-
onal gradients in the pressure field, while the upper-level
situation allowed the inflow of relatively warm air in the
southwest flow.

In December, the front side of the ridge whose axis
extended from the southwest to the north of the conti-
nent was located above Croatia (Figure 2.6.b). The trough,
on the other hand, was located over the eastern parts of
Europe. The mean monthly air temperature in December
was higher than the average in the entire country, while the
precipitation amount was higher than the average mainly in
the eastern and southern parts of Croatia.

A less pronounced, but still positive phase of the
North Atlantic Oscillation (NAO +) was mostly prevalent in
the first half of December. Weaker gradients in the pressure
field made the inflow of moist air from the Mediterrane-
an possible in the second half. The average precipitation
amount in the east and south was also higher than average.

Conclusion

The front of the ridge was located over Croatia for
most of 2021 (February, March, June, September, and De-
cember) at AT 500 hPa. With the exception of September,
the North Atlantic Oscillation was in a positive phase (NAO
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Sto znaci da su bili prisutni maniji gradijenti u polju tlaka
izmedu Azorske anticiklone i Islandske ciklone, odnosno
meridionalna strujanja su bila manje izrazena. To je nad
nase krajeve omogucavalo dotok i zadrzavanje vlaznog i
relativno hladnog zraka sa sjeverozapada.

U srpnju i kolovozu prevladavao je utjecaj grebena
(osi ili straznje strane). Vrijednosti NAO indeksa bile su
male, pozitivne pa negativne, odnosno utjecaj Sjever-
no-atlantske oscilacije na vremenske prilike u ljetnim
mjesecima bio je manje izrazen.

U studenom je srednje strujanje bilo jugozapadno
$to je rezultiralo pozitivnom anomalijom temperature i
kolic¢ine oborine s obzirom na prosjek. Sjeverno-atlant-
ska oscilacija bila je u negativnoj fazi pa je bio omogucen
dotok vlaznog zraka, ali uglavnhom sa Sredozemlja zbog
manjih meridionalnih gradijenata u polju tlaka.
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+) in these months, with occasional pronounced meridion-
al gradients in the pressure field.

Upper-level trough was the second most frequent
phenomenon (January, April, May, and October), mostly
with an axis located above Croatia. May was the only month
when it was located slightly further to the west. In these
months, NAO index value was negative (NAO-), which
means that weaker gradients were present in the pressure
field between the Azores High and the Icelandic Low, i.e.
the meridional flows were less pronounced. This enabled
the inflow and retention of moist and relatively cold air
from the northwest over our region.

The influence of the ridge (axis or back) was prevalent
in July and August. NAO index levels were low, first positive,
and then negative, meaning that the impact of the North
Atlantic Oscillation on the weather conditions in the sum-
mer months was less pronounced.

In November, the mean flow was southwesterly, re-
sulting in a positive temperature and precipitation amount
anomalies relative to the average. The North Atlantic Oscil-
lation was in a negative phase, allowing the inflow of most
air, but mainly from the Mediterranean due to weaker me-
ridional gradients in the pressure field.
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ANALIZA RANGOVA | TRENDOVA
SREDNJIH GODISNJIH
TEMPERATURA ZRAKA | GODISNJIH
KOLICINA OBORINE ZA POSTAJE
ZAGREB-MAKSIMIR | SPLIT-MARJAN
U 2021 GODINI

Za postaju Zagreb-Maksimir srednja godi$nja tem-
peratura zraka za 2021. godinu iznosi 12.2°C, zbog ¢ega
2021. godina pripada osmoj skupini najtoplijih godina
od pocetka meteoroloskih motrenja na toj postaji (sli-
ka 3.1). Trend srednjih godisnjih temperatura zraka za
Zagreb-Maksimir prikazan je na slici 3.2. Vidljiv je i da-
lje pozitivan trend srednje godiSnje temperature zraka
(0.2°C/10 god) uz odgovaraju¢e medugodisnje varijaci-
je. Primjetno je da je nakon sredine 80-tih godina pros-
log stoljec¢a trend srednje godisnje temperature zraka
znatno naglaseniji nego u prethodnom razdoblju $to se

13.4

ANALYSIS OF MEAN ANNUAL AIR
TEMPERATURE AND ANNUAL
PRECIPITATION AMOUNT RANKS
AND TRENDS FOR ZAGREB-MAKSI-
MIR AND SPLIT-MARJAN STATIONS
IN 2021

A comparison of the average annual air temperatures
for meteorological station Zagreb-Maksimir in the period
(1926 — 2021) indicates that the year 2021 belongs to the
8th group of the warmest years on record (the average an-
nual air temperature for Zagreb-Maksimir for the year 2021
is 12.2°C) what is shown in Figure 3.1. The average annual
air temperature trend for Zagreb-Maksimir is shown in Fig-
ure 3.2. The positive trend in average annual air temper-
ature (0.2°C/10 yrs) is apparent with certain inter-annual
variations. It can be noticed that the secular average an-
nual air temperature trend since mid 1980s became even

13.2
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Slika 3.1 Deset skupina najtoplijih godina od pocetka meteoroloskih motrenja (1926. — 2021.) za Zagreb-Maksimir

Figure 3.1 Ten groups of the warmest years on record (1926 — 2021) for Zagreb-Maksimir
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Slika 3.2 Srednje godisnje temperature zraka za Zagreb-Maksimir za razdoblje 1926. — 2021. godina

Figure 3.2 Mean annual air temperatures at Zagreb-Maksimir in the period 1926 — 2021
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Slika 3.3 Godisnje kolicine oborine za Zagreb-Maksimir za razdoblje 1926. — 2021. godina
Figure 3.3 Annual precipitation amounts at Zagreb-Maksimir in the period 1926 — 2021
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Slika 3.4 Deset skupina najtoplijih godina od pocetka meteoroloskih motrenja (1948. — 2021.) za postaju Split-Marjan

Figure 3.4 Ten groups of the warmest years on record (1948 — 2021) for Split-Marjan
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Slika 3.5 Srednje godisnje temperature zraka za Split-Marjan za razdoblje 1948. — 2021. godina
Figure 3.5 Mean annual air temperatures at Split-Marjan station in the period 1948 — 2021
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Slika 3.6 Godisnje kolicine oborine za Split-Marjan za razdoblje 1948. — 2021. godina

Figure 3.6 Annual precipitation amounts at Split-Marjan in the period 1948 — 2021

pripisuje globalnom zatopljenju, a kao posljedica dje-
lovanja €ovjeka. Za razliku od trenda srednjih godisnjih
temperatura zraka trend godisnjih koli¢ina oborine za
Zagreb-Maksimir (-3.9 mm/10 god), prikazan na slici 3.3,
nije signifikantan. | u ovom slucaju prisutne su znatne
medugodisnje varijacije.

Za postaju Split-Marjan srednja godi$nja tempe-
ratura zraka za 2021. godinu iznosi 17.2°C $to je svr-
stava na Sesto mjesto medu skupinama najtoplijih go-
dina (slika 3.4). Moramo imati na umu da neke godine
mogu imati istu vrijednost srednje godiSnje temperature
zraka i takve godine pripadaju istoj grupi. Zbog toga je
toc¢nije re¢i da 2021. godina pripada Sestoj skupini naj-
toplijih godina od kada postoje meteoroloska mjere-
nja na toj postaji. Trend srednjih godisnjih temperatura
zraka za Split-Marjan prikazan je na slici 3.5. Slicno kao
za Zagreb-Maksimir, prisutan je pozitivan trend srednje
godisnje temperature zraka (0.18°C/10 god) uz odgo-
varaju¢e medugodis$nje varijacije. Nakon sredine 80-ih
godina proslog stolje¢a trend srednje godiSnje tempe-
rature zraka je naglaseniji nego u prethodnom razdoblju
Sto se objasnjava globalnim zatopljenjem, a kao poslje-
dica antropogenog utjecaja. Za razliku od trenda sred-
njih godisnjih temperatura zraka trend godisnjih kolic¢ina
oborine za Split-Marjan (—0.4 mm/10 god), prikazan na
slici 3.6, nije signifikantan.

more significant what is a consequence of human acitiv-
ities. Unlike the average annual air temperature trend for
Zagreb-Maksimir station, the trend in annual precipitation
amounts (-3.9 mm/10 yrs), shown in Figure 3.3, is not sig-
nificant. Certain inter-annual variation of precipitation
amounts exist in this case as well.

For Split-Marjan station the average annual air tem-
perature for the year 2021 is 17.2°C what ranks 2021 as the
6th warmest year on record. We have to bear in mind that
some years can have the same value of average annual air
temperature and such years belong to the same group. Itis
the reason that is more correct to tell that 2021 belongs to
the 6th group of the warmest year on record. The average
annual air temperature trend for Split-Marjan is shown in
Figure 3.5. Similar as for Zagreb-Maksimir station the posi-
tive trend in average annual air temperature (0.18°C/10 yrs)
is apparent with certain inter-annual variations. After mid
1980s of last century average annual air temperature trend
is more apparent than before what is explained by global
warming as a consequence of human activity. Unlike the
average annual air temperature trend for Split-Marjan, the
trend in annual precipitation amounts (-0.4 mm/10 yrs),
shown in Figure 3.6, in not significant.
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4. ANALIZA DNEVNIH ANOMALIJA
TEMPERATURE ZRAKA | KOLICINE
OBORINE ZA POSTAJE
ZAGREB-MAKSIMIR | SPLIT-MARJAN
U 2021. GODINI

Prikazana analiza klimatskih anomalija u poglavlju 1
daje opcenitu ocjenu klime u Hrvatskoj za 2021. godinu.
Detaljniji uvid od prikazanog moze dati analiza vremen-
skih pojava na vremenskoj ljestvici koja nije unaprijed
definirana, nego koja ovisi o duljini trajanja klimatskog
odnosno vremenskog dogadaja. Na slici 4.1 prikazane su
srednje dnevne temperature zraka u 2021. godini (zelena
linija) u odnosu na dugogodisnji prosjek (1926. — 2020.)
(crvena linija) i dnevne koli¢ine oborine za 2021. godinu
(plavi stupici) na postaji Zagreb-Maksimir. Prevladavala
su pozitivha odstupanja srednje dnevne temperature

4 ANALYSIS OF MEAN DAILY AIR
TEMPETARURE ANOMALIES AND
PRECIPITATION AMOUNTS FOR
ZAGREB-MAKSIMIR AND
SPLIT-MARJAN STATIONS IN 2021

The presented analysis of climate anomalies in Chap-
ter 1 provides a general assessement of climate anomalies
in Croatia for the year 2021. An analysis of weather events
on a scale that is not predefined, but dependent on the
duration of climate or weather events, can provide a more
detailed insight than the above analysis. Figure 4.1 shows
mean daily air temeprature (green line) in comparison to
the long—term average (1926 — 2020) (red line) and dai-
ly precipitation amounts for the year 2021 (blue bars) on
Zagreb-Maksimir station. Positive anomalies prevailed dur-
ing the year 2021 relative to the mentioned average.*! In
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-2 dvostruko standardno odstupanje (-) od dugogodisnjeg prosjeka (1926. — 2020.) srednjih dnevnih temperatura zraka
-20 double standard mean daily air temperature deviation (=) from long—term average (1926 — 2020)
-0 standardno odstupanje (-) od dugogodisnjeg prosjeka (1926. — 2020.) srednjih dnevnih temperatura zraka
-0 standard mean daily air temperature deviation (=) from long—term average (1926 — 2020)
. €1926.—2020. dugogodisnji prosjek (1926. — 2020.) srednjih dnevnih temperatura zraka
t1926-2020 long—term average (1926 — 2020) of mean daily air temperatures
o standardno odstupanje (+) od dugogodisnjeg prosjeka (1926. — 2020.) srednjih dnevnih temperatura zraka
o standard mean daily air temperature deviation (+) from long—term average (1926 — 2020)
___ 20 dvostruko standardno odstupanje (+) od dugogodisnjeg prosjeka (1926. — 2020.) srednjih dnevnih temperatura zraka
20 double standard mean daily air temperature deviation (+) from long—term average (1926 — 2020)
_t srednje dnevne temperature zraka od sije¢nja do prosinca 2021. godine
t mean daily air temperatures for the year 2021 (January — December)

Slika 4.1 Srednje dnevne temperature zraka za meteorolosku postaju Zagreb-Maksimir u odnosu na dugogodisnji prosjek (1926. —

2020.)*1 i dnevne koli¢ine oborine za 2021. godinu.

Figure 4.1 Mean daily air temperatures for Zagreb-Maksimir station relative to the long—term average (1926 — 2020)*1 and daily

precipitation amounts for the year 2021

*1 Meteoroloski podaci za razdoblje 1926. — 1960. nisu proli postupak kontrole kvalitete prema danasnjim standardima.
*1 Meteorological data for the period 1926 — 1960 did not pass the quality control procedure according to present standards.
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zraka u odnosu na navedeni dugogodisnji prosjek*!. Na
slici 4.2 prikazane su srednje dnevne temperature zraka
za meteorolosku postaju Split-Marjan u usporedbi s du-
gogodisnjim prosjekom (1948. — 2020.) i dnevne kolici-
ne oborine za 2021. godinu.

Prema Chapmanovom kriteriju izvanredno toplim
smatra se dan u kojem pozitivha anomalija srednje dnev-
ne temperature zraka premasi dvije standardne devijaci-
je, dok se izuzetno hladnim smatra dan u kojem nega-
tivna anomalija premasi dvije standardne devijacije. Na
slici 4.1 vidljivi su izvanredni dani tijekom 2021. godine
za postaju Zagreb-Maksimir. Vizualnom ocjenom moze
se zakljuciti da su prevladavala razdoblja s pozitivhim

* Za razliku od prethodnih godina, u Prikazima 32 i 33 nisu anali-
zirani dnevni podaci temperature zraka i dnevne koli¢ine oborine
za glavnu meteorolosku postaju Zagreb-Gri¢ zbog prekida u radu
nastalog nakon jakog potresa koji je pogodio Zagreb i Sire zagre-
backo podrucje 22. ozujka 2020. godine. U Prikazima 33 analiziraju
se podaci s postaje Zagreb-Maksimir umjesto Zagreb-Grica.

Figure 4.2 are represented mean daily air temperatures for
Split-Marjan station in comparison to the long-term aver-
age (1948 - 2020) and daily precipitation amount to the
year 2021.

Chapman'’s criterion defines an exceptionally warm
day as a day with a positive average daily air temperature
anomaly exceeding two standard deviations, and an excep-
tionally cold day as a day with a negative anomaly exceed-
ing two standard deviations. Figure 4.1 shows exceptionally
warm and cold days registered in 2021 at meteorological
station Zagreb-Maksimir. A visual assessment brings us to
the conclusion that positive anomalies prevailed during the
year 2021 which resulted in positive annual air temperature

* Unlike the earlier editions, Reviews 32 and 33 do not analyse daily
air temperature and daily precipitation amounts data for the main
meteorological station Zagreb-Gri¢ due to observing break after
the strong earthquake that hit Zagreb and the wider Zagreb area on
the 22 March 2020. Reviews 33 analyse data from the Zagreb-Mak-
simir station instead of the Zagreb-Gric station.
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Slika 4.2 Srednje dnevne temperature zraka za meteorolosku postaju Split-Marjan u odnosu na dugogodisnji prosjek (1948. — 2020.)

i dnevne koli¢ine oborine za 2021. godinu.

Figure 4.2 Mean daily air temperatures for Split-Marjan station relative to the long—term average (1948 — 2020) and daily precipita-

tion amounts for the year 2021
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anomalijama srednje dnevne temperature zraka u odno-
su na dugogodisnji prosjek sto je rezultiralo pozitivnim
godi$njim anomalijama prikazanim u poglaviju 1. Ipak,
pocetkom travnja zabiljezen je hladni val koji je prou-
zrocio znatnu Stetu u vo¢njacima i vinogradima. Na sli-
ci 4.1 takoder su prikazane dnevne koli¢ine oborine za
Zagreb-Maksimir u 2021. godini. Kao sto je vidljivo iz
poglavlja 1, zbroj dnevnih koli¢ina oborine za 2021. bio
je blizak visegodiSnjem prosjeku sa znatnijim manjkom
oborine tijekom lipnja i rujna. Slika 4.2 prikazuje izvan-
redne dane tijekom 2021. godine za postaju Split-Mar-
jan. Vizualnom ocjenom moze se zakljuciti da su prevla-
davale pozitivne anomalije srednje dnevne temperature
zraka u odnosu na dugogodisnji prosjek (1948. — 2020.).
Tijekom 2021. na postaji Split-Marjan zabiljeZzeno je i ne-
koliko izvanredno hladnih dana tijekom veljace (2 dana),
travnja (2 dana) i listopada (2 dana). Ukupna godisnja
koli¢ina oborine bila je iznad prosjeka (poglavlje 1) uz
naznaku da je u kolovozu maksimalna dnevna koli¢ina
oborine iznosila 82 mm dok su susni bili ozujak, lipanj
te rujan.
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anomalies shown in Chapter 1. However, at the beginning
of April, a cold wave was recorded which caused consid-
erable damage to orchards and vineyards. Figure 4.1 also
shows daily precipitation amounts for Zagreb-Maksimir
station in 2021. As can be confirmed from Chapter 1, the
sum of daily precipitation amounts for 2021 was close to
the multi-annual average with a more significant precipi-
tation deficit during June and September. Figure 4.2 shows
the exceptionally warm and color days during 2021 for
Split-Marjan station. A visual assessment also reveals that
positive anomalies prevailed. During 2021 at Split-Mar-
jan station several exceptionally cold days registered dur-
ing February (2 days), April (2 days) and October (2 days).
The total annual precipitation amount was above average
(Chapter 1) with indication that the maximum daily pre-
cipitation amount of 82 mm measured in August, while dry
periods were in March, June and September.
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5. 1ZVANREDNI METEOROLOSKI
DOGADAJI U HRVATSKOJ
U 2021 GODINI

5.1 Grmljavinsko nevrijeme u Siroj
okolici grada Pozege 25. lipnja 2021.

Uvod

Podrugje Pozege je 25. lipnja 2021. u poslijepod-
nevnim satima bilo pogodeno snaznim grmljavinskim
nevremenom koje je uzrokovalo veliku materijalnu $te-
tu, ponajvise zbog tuce koja je ponegdje bila procijenje-
na i do veli¢ine jajeta (promjer do 5 cm). Zrna te veli¢ine
upucuju na brzinu pada tuce oko 145 km/h.

Razmijeri nastale materijalne Stete najbolje se vide

na fotografijama s terena (slika 5.1.1), a akumulacija tuce
na tlu bila je tolika da se led morao Cistiti s prometnica.

5. EXTRAORDINARY METEOROLOGI-
CAL EVENTS IN CROATIA IN 2021

5.1 Thunderstorm in the wider area of
the town of Pozega on 25 June 2021

Introduction

On the afternoon of 25 June 2021, PoZzega town area
was hit by a severe thunderstorm that caused significant
material damage, mostly due to hail: in some locations,
hailstones were estimated to be as large as an egg (up to 5
cm in diameter). Hailstones of this size point to a terminal
fall velocity (fall speed) of about 145 km/h.

The extent of the material damage is best seen in
photographs taken in the field (Figure 5.1.1). The accumu-
lation of hail on the ground was so large that the ice had to
be cleared from the roads.

Slika 5.1.1 Velika zrna tuce, velike kineticke energije, poput tanadi su uzrokovala Stetu na fasadama, prozorima, krovovima, automo-
bilima itd. Izvor: Internet; preuzeto s https://www.tportal.hr/vijesti/clanak/nevrijeme-poharalo-dio-slavonije-jaka-tuca-u-pozegi—
pleternici-slavonskom-brodu-20210625

Figure 5.1.1 Large hailstones having high kinetic energy hit facades, windows, roofs, cars, etc. like bullets, leaving destruction in their
wake. Source: https://www.tportal.hr/vijesti/clanak/nevrijeme-poharalo-dio-slavonije-jaka-tuca-u-pozegi-pleternici-slavonskom—

brodu-20210625

Sinopticka analiza

Dana 25. lipnja 2021. u jugozapadnoj visinskoj stru-
ji na prednjoj strani duboke doline koja se protezala od
Skandinavije do zapadnog Sredozemlja (slika 5.1.2) nad
Hrvatsku je pritjecao vlazan zrak. Tijekom dana, kako je
dolina napredovala prema istoku (slika 5.1.3), uz pritjeca-
nje vlage u visim slojevima, pristize i svjeziji zrak.

Izrazena advekcija hladnijeg zraka, pogotovo u
srednjoj troposferi, vidljiva je i u podacima tri uzastopna
visinska radiosondazna mjerenja s glavne meteorolos-
ke postaje Zagreb-Maksimir (tablica 5.1). Naime, u raz-
doblju od 00 UTC 25. 6. do 00 UTC 26. 6. 2021. tempe-

Synoptic analysis

On 25 June 2021, moist air was advected over Croatia
in the southwesterly upper-level flow, ahead of an advanc-
ing trough aloft that stretched from Scandinavia to western
Mediterranean (Figure 5.1.2). In course of the day, as the
trough moved eastwards (Figure 5.1.3), cooler air started to
be advected as well.

The pronounced cold air advection, especially in the
middle troposphere, is also evident from the data obtained
by three consecutive upper-level radiosounding measure-
ments performed at the main meteorological station Za-
greb-Maksimir (Table 5.1). Between 00 UTC on 25 June and
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Tablica 5.1 Temperatura zraka (°C) s radiosondaznih mjerenja 25. lipnja 2021. u 00 i 12 UTC, 26. lipnja 2021. u 00 UTC na izobarnim
plohama 500, 700, 850 i 925 hPa, te temperatura zraka na 2 metra visine (2m) iz SYNOP mjerenja u Zagreb-Maksimiru.

Table 5.1 Air temperature (°C) measured by radiosounding measurements on 25 June 2021 at 00 and 12 UTC and on 26 June at 00
UTC at the isobaric surfaces of 500, 700, 850 and 925 hPa. Two—meter air temperature (2m) from SYNOP measurements in Za-
greb-Maksimir is shown as well.

Nivo / Level 25 June 2021, 00 UTC 25 June 2021, 12 UTC 26 June 2021, 00 UTC
-10.7 -13.3 -15.7
84 5.0 14
17.2 15.8 13.6
23.8 22.8 184
23.7 31.2 213

Slika 5.1.2 Sinopticka analiza geopotencijalne visine (gpdam) apsolutne topografije izobarne plohe 500 hPa, AT500 hPa, i tempera-
ture zraka (°C) na izobarnoj plohi 500 hPa, 25. lipnja 2021. u 00 UTC (2:00 sata po lokalnom vremenu).

Figure 5.1.2 Synoptic analysis of geopotential height (gpdam) of the isobaric surface 500 hPa, AT500 hPa, and air temperature (°C) at
the isobaric surface 500 hPa, 25 June 2021 at 00 UTC (2:00 local time).

Slika 5.1.3 Sinopticka analiza geopotencijalne visine (gpdam) apsolutne topografije izobarne plohe 500 hPa, AT500 hPa, i tempera-
ture zraka (°C) na izobarnoj plohi 500 hPa, 26. lipnja 2021. u 00 UTC (2:00 sata po lokalnom vremenu).

Figure 5.1.3 Synoptic analysis of geopotential height (gpdam) of the isobaric surface 500 hPa, AT500 hPa, and air temperature (°C) at
the isobaric surface 500 hPa, 26 June 2021 at 00 UTC (2:00 local time).
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Slika 5.1.4 Sinoptic¢ka analiza tlaka zraka svedenog na razinu mora (hPa) i temperature zraka na 2 metra visine (°C), 25. lipnja 2021. u

06 UTC (8:00 sati po lokalnom vremenu).

Figure 5.1.4 Synoptic analysis of mean sea level (MSL) air pressure (hPa) and 2-meter air temperature (°C), 25 June 2021 at 06 UTC

(8:00 local time).

ratura se na 500 hPa (otprilike 6 km visine) snizila za 5°C,
a pad od 7°C u 24 sata izmjeren je na 700 hPa (otprilike
malo iznad 3 km visine).

Prizemno se u jutarnjim satima 25. lipnja 2021.
nad Hrvatskom nalazilo polje srednjeg tlaka zraka, a nad
srednjom Europom bio je ogranak anticiklone s Atlanti-
ka, sto je vidljivo na slici 5.1.4. Frontalni sustav, koji jasno
razdvaja vrlo toplu zra¢nu masu na istoku i jugoistoku
kontinenta od hladne na sjeverozapadu i zapadu, u pr-
vom se dijelu dana jo$ nalazio zapadnije od nasih kraje-
va. U nastavku dana sjevernije se prema istoku premje-
$tala hladna fronta (nije prikazano).

Mezoskalna analiza

Za nastanak snazne duboke mokre konvekcije, koja
za posljedicu ima razvoj olujnih oblaka, tzv. kumulonibu-
sa potrebna su tri osnovna sastojka: vlaga u nizim sloje-
vima, nestabilnost te mehanizam koji uzrokuje pocetno
podizanje ¢esti (Doswell, 2001, Doswell i sur., 1996). Uz
navedene uvjete, da bi nastala organizirana konvekcija
neophodano je i smicanje vjetra u sloju zraka 0 — 6 km
koje ve¢inom mora biti ve¢e od 15 m/s (Doswell, 2001,
Doswell i sur., 1996).

Svi gore navedeni i potrebni termodinamicki i dina-
micki uvjeti, odnosno sastojci bili su prisutni na podrucju
Bosne i Hercegovine (BiH) te isto¢ne Hrvatske u posli-
jepodnevnim satima 25. lipnja 2021. Tada je i zapoceo
konvektivni razvoj oblaka, najprije na podrucju BiH.

Neposredno prije pojave grmljavinskih nevremena
u Hrvatskoj, u 14 sati po lokalnom vremenu (slika 5.1.5),
nad kontinentalnom je Hrvatskom vrijeme bilo prevla-
davajuce sunc¢ano uz vec¢inom malo oblaka vertikalnog
razvoja, vrste kumulus. U isto¢noj Slavoniji i osobito
slavonskom dijelu Posavine osmotreni su i visoki lede-
ni oblaci vrste cirus i cirostratus. Zapravo su to vec bili
vrhovi olujnih oblaka vertikalnog razvoja, kumulonibu-
sa, koji su se poceli razvijati na podrucju BiH. Izmjerena
temperatura zraka u 14 sati je ve¢inom bila visa od 30°C,
a u Slavoniji i Baranji i od 32°C. Temperatura rosista od

00 UTC on 26 June 2021, the temperature dropped 5°C at
500 hPa (at the altitude of about 6 km), and 7°C at 700 hPa
(at the altitude slightly above 3 km).

On the morning of 25 June 2021, a surface field of
average air pressure was present over Croatia, and an anti-
cyclonic ridge extended from the Atlantic in Central Europe
(Figure 5.14). In the first part of the day, a frontal system,
clearly separating the very warm air mass in the east and
southeast of the continent from the cold air mass in the
northwest and west, was still located west of Croatia. Later
in the day, the cold front moved in the north towards the
east (not shown).

Mesoscale analysis

The formation of a strong deep moist convection,
which results in the development of storm clouds, so-
called cumulonimbus, requires three basic ingredients:
moisture in the lower layers, instability, and sufficient lift
that allows the consumption of existing instability (Doswell,
2001, Doswell et al., 1996). Organized storms require an
additional ingredient - a deep layer (0—6km) wind shear,
which in case of severe storms is usually larger than 15 m/s
(Doswell, 2001, Doswell et al., 1996).

The said thermodynamic and dynamic conditions, i.e.
ingredients were present in Bosnia and Herzegovina (BiH)
and eastern Croatia in the afternoon of 25 June 2021 when
the convective development began, first in BiH.

Just before the thunderstorms broke in Croatia, at
2:00 pm local time (Figure 5.1.5), weather over continen-
tal Croatia was mostly sunny, with some vertical growth
clouds. In eastern Slavonia and especially the Slavonian
part of Posavina, high ice clouds - cirrus and cirrostratus
were observed. In fact, they had already formed the anvil of
convective storm clouds that had started to develop in BiH.
The measured air temperature at 2:00 pm was mostly high-
er than 30°C, and in Slavonia and Baranja it was higher than
32°C. Dew point temperatures of between 18 and 20°C
indicate that low layer moisture in these areas was much
higher than in central Croatia. The surface air pressure was
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Slika 5.1.5 Prizemna sinopticka karta sa SYNOP podacima glavnih i nekih klimatoloskih postaja u istocnoj i sredisnjoj Hrvatskoj i okoli-
ciu 12 UTC (14:00 sati po lokalnom vremenu). Temperatura zraka na 2 metra visine prikazana je crveno, rosiste na 2 metra ruZicasto,
tlak sveden na razinu mora Zuto (oduzeta je tisuca), vidljivost je kodirana plavo, vjetar na 10 metara visine je prikazan kao zastavice,
naoblaka kao osmine kruga, a prikazani su i simboli vrste oblaka i tendencije tlaka zraka.

Figure 5.1.5 Surface synoptic map with SYNOP data from the main and some climatological stations in eastern and central Croatia
and its surroundings at 12 UTC (2:00 pm local time). Air temperature at 2 m height is shown in red, dew point temperature at 2 min
pink, air pressure reduced to sea level in yellow, visibility in blue, wind at 10 m height is shown in the form of wind barbs, the amount
of cloud cover is estimated in eights, ranging from 0 oktas (completely clear sky) through to 8 oktas (completely overcast), and cloud

type symbols and air pressure tendencies are shown as well.

18 do 20°C ukazuje na to da su ti krajeve imali mnogo
viSe prizemne vlage od srediSnje Hrvatske. Prizemni tlak
zraka bio je izmedu 1012 i 1014 hPa s tendencijom laga-
nog pada, a vjetar slab do umjeren, prevladavajuce jugo-
zapadni i juzni na podrucju od interesa.

U jugozapadnom visinskom strujanju dio kon-
vektivnih celija nastalih u BiH je jacao i gibao se prema
sjeveroistoku te usao na podrucje Srbije gdje su se pri-
tom razvili ekstremno jaki grmljavinski olujni oblaci. Za
Hrvatsku vazniji dio konvektivnih celija advektirao se u
podrucje slavonske Posavine i dozivio ,eksplozivan® ra-
zvoj te se zatim u jugozapadnoj i juznoj struji premjestao
preko zapadne Slavonije.

Iz visinskog radiosondaznog mjerenja je procije-
njena konvektivna raspoloziva potencijalna energija Ce-
sti podignute s tla do razine slobodne konvekcije (SBCA-
PE) bila na podrucju Zagreba oko 2700 J/kg (slika 5.1.6)
$to upucuje na veliku nestabilnost atmosfere tog dana.
Za nastanak tuce je pogodno da je i nivo kondenzacije
(LCL), odnosno visina baze oblaka na visinama izmedu
10001500 m, $to je takoder u ovoj situaciji bio slucaj jer
je LCL bio na oko 1500 m.

Smicanje vjetra u sloju 0—6 km bilo je procijenjeno
na vrijednosti 20—25 m/s, $to je pogodovalo nastanku
organizirane konvekcije tipa supercelije u kojoj postoji
rotacija uzlazne struje uzrokovana jakim smicanjem (ho-
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between 1012 and 1014 hPa, with a slightly decreasing ten-
dency, and the wind was light to moderate, predominantly
southwestern and southern in the area in question.

In the southwesterly upper-level flow, a part of the
convective cells that were formed in BiH strengthened,
moved to the northeast, and entered Serbia, where ex-
tremely strong thunderstorm clouds developed. The con-
vective cells that were more important for Croatia advected
into the area of Slavonian Posavina and experienced "ex-
plosive” development, and then moved in the southwestern
and southern flow across western Slavonia.

The estimated convective available potential energy
of the air parcel raised from the ground to the level of free
convection (SBCAPE) in the Zagreb area was about 2700 J/
kg (Figure 5.1.6), which points to significant instability in the
atmosphere on that day. For the hail formation is suitable
that the lifting condensation level (LCL), i.e. the height of
the cloud base is at altitudes between 1000 and 1500 m,
which was also the case in this analyzed situation because
the LCL was at about 1500 m.

Deep layer wind shear was estimated at 20—-25 m/s,
which favored the formation of a supercell storm. Supercell
has rotating updraft, also known as a mesocyclone, caused
by strong wind shear (the hodograph shows that there was
no pronounced shear in wind direction, only in wind speed,
in this case).
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Slika 5.1.6 Visinsko radiosondazno mjerenje (termodijagram) u Zagreb-Maksimiru, 25. lipnja 2021. u 12 UTC (14 sati po lokalnom vre-
menu). Crvena deblja linija je vertikalni profil temperature zraka, plava profil rosista, a crna je termodinamicka krivulja gibanja cesti
zraka koja bi se pocela dizati od prizemnih slojeva s temperaturom oko 31°C i rosistem oko 17.5°C te dosegnula nivo kondenzacije
(LCL) na visini oko 830 hPa sto odgovara visini oko 1500 m. Osjencana crvena povrsina predstavlja CAPE od 2679 J/kg (vrijednost
CAPE-a se odnosi na dostupnu kolicinu potencijalne energije prilikom podizanja Cesti s tla). Vertikalni profil brzine i smjera vjetra
prikazan je kao zastavice na desnoj strani termodijagrama. Promjena smjera i brzine vjetra s visinom prikazana je i kao hodograf u
pravokutniku gore lijevo.

Figure 5.1.6 Skew T - log p thermodynamic diagram for Zagreb-Maksimir, 25 June 2021 at 12 UTC (2:00 pm local time). The thick red
line represents the vertical air temperature profile, and the blue line represents the dew point temperature profile. The black line is
the ascent curve of a parcel from the surface having an air temperature of about 31°C and a dew point temperature of about 17.5°C
to lifting condensation level (LCL) at about 830 hPa, which corresponds to an altitude of about 1500 m. The shaded red surface re-
presents a convective available potential energy (CAPE) of 2679 J/kg. The vertical wind profile is shown in the form of wind barbs on

the right side of the thermodynamic diagram. In the rectangle in the upper left corner the hodograph is also shown.

dograf pokazuje da u ovom slucaju nije bilo izrazenog
smicanja smjera vjetra, samo brzine vjetra).

Pritom treba imati na umu da su opisani termodi-
namicki uvjeti u atmosferi, prije svega nestabilnost zbog
povecane prizemne vlage, na podrug¢ju Slavonije bili jos
povoljniji za nastanak jakih grmljavinskih oluja nego na
podrucju Zagreba. Uvjeti u okoliSu prema kojem se su-
percelijski oblak kretao takoder su bili povoljni za odr-
zavanje konvektivnih sustava, sudeci prema visinskom
radiosondaznom mjerenju u Szegedu u Madarskoj (nije
prikazano).

Osim jacine grmljavinskog nevremena na podrucju
Pozege (velika koli¢ina izbac¢enog leda i vrlo velika zrna
tuce, te jak vjetar) uslijed za to opisanih povoljnih termo-
dinamickih uvjeta, interesantan je ,eksplozivno” brz rast
olujnog oblaka i visina vrha olujnog oblaka koji je u fazi
rasta i zreloj fazi probijao tropopauzu i dosezao visinu i
do 15 km. Visoki vrhovi oblaka (eng. Overshooting tops)
jos su jedan od pokazatelja snage oluje (Bedka, 2011, Mi-
kus i Strelec Mahovi¢, 2012), isto kao i hladni prstenovi
(eng. Cold rings) koji se uoc¢avaju na obojenim satelit-
skim slikama u infracrvenom kanalu 10.8 ym (Dworak i

The described thermodynamic conditions in the at-
mosphere, especially instability and low-level moisture in
the area of Slavonia, were even more favorable for the oc-
currence of strong thunderstorms than in the Zagreb area.
According to radiosounding measurements in Szeged,
Hungary (not shown), thermodynamic conditions were fa-
vorable along the entire supercell path, enabling the lon-
gevity of severe storm.

In addition to the severity of the thunderstorm in the
Pozega area (large amount of ejected ice and very large
hailstones, as well as strong wind) due to the described
favorable thermodynamic conditions, the “explosive” and
rapid growth of storm clouds and the height of the storm
cloud top were also very interesting. In the mature phase,
the storm cloud top, known as the overshooting top, (OT),
protruded through the tropopause into the lower strato-
sphere and reached the height of up to 15 km. OTs are an
indicator of storm strength and severity (Bedka, 2011, Miku$
and Strelec Mahovi¢, 2012) as are cold rings (Dworak et al.,
2012, Brunner et al, 2007), observable in color enhanced
satellite images in the 10.8 ym infrared channel, where the
colors show the temperature of storm cloud tops (Figure
5.1.7). Radar images reveal the state within the storm cloud,
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Slika 5.1.7 Supercelija u najsnaznijoj zreloj fazi nalazi se upravo nad PoZzegom i okolicom 25. lipnja 2021. u 14:30 UTC. Na satelitskoj
slici vidi se vrh oblaka koji probija tropopauzu kao tamnocrveno podrucje, te se pritom razvija veliki nakovanj na vrhu olujnog oblaka
(eng. anvil). U njemu se uocava oblik hladnog prstena crvene boje unutar kojeg je manje hladno podrucje Zuckaste boje. Radarska
odrazajnost postoji do visine od 15 km, a unutar oblaka doseze vrijednosti vece od 65 dBZ $to ukazuje na vrlo veliki tucu. Ujedno je
tuc¢onosno podrucje vrlo veliko.

Figure 5.1.7 Color enhanced infrared 10.8 um satellite image and radar image on 25 June 2021 at 14:30 UTC. The supercell in its
strongest mature phase is located just above PoZega and its surroundings. The satellite image shows the overshooting top as a dark
red area, with a large anvil developing at the top of the storm cloud. A cold ring structure is observed in the anvil, with a less cold
area of yellowish color inside. Radar reflectivity exists up to a height of 15 km, and reaches values higher than 65 dBZ in the clouds,

which indicates very large hailstones. At the same time, the hail zone is very large.

sur., 2012, Brunner i sur., 2007) gdje boje prikazuju tem-
peraturu vrhova olujnih oblaka (slika 5.1.7). Radarske
slike otkrivaju stanje unutar olujnog oblaka, prije svega
prostorno-vremensku raspodjelu hidrometeora vezanih
uz isti, ali i poziciju ulazne struje, visinu do koju dopiru
hidrometeori, te smjer njihova kretanja. Radarske odra-
zajnosti vec¢e od 50 dBZ ukazuju na mogucénost pojave
tuce, a odrazajnosti 60 — 65 dBZ na tucu veli¢ine 2.5 cm
(Kumijan i sur. 2010) (slika 5.1.7).

Prognoza i upozorenja

Dostupni analiti¢ki i prognosti€ki materijali poka-
zali su vrlo nestabilnu atmosferu 25. lipnja 2021., pogo-
tovo nad Slavonijom i juznije iznad BiH. Smicanje vjetra
bilo je takoder dobro prognozirano. Neki modeli imali su
slabiji ili nikakav signal za oborinu, $to se tumaci kao izo-
stanak inicijacije konvektivnih procesa. No, koriStenjem
svog raspolozivog prognosti¢kog materijala (multi-mo-
delski pristup), radnog iskustva te spoznaja o potrebnim
uvjetima za razvoj konvekcije, koji su detaljno elabori-
rani u prethodnim poglavljima, prognosti¢ari Sektora
za vremenske i pomorske analize i prognoze izdali su
pravovremena upozorenja na opasne vremenske poja-
ve. Za podrugje isto¢ne Hrvatske (u Meteoalarmu - regija
Osijek) izdano je naranc¢asto upozorenje za grmljavinsko
nevrijeme (slika 5.1.8).

Stovise, i dan ranije izdan je drugi stupanj, naran-
¢asto upozorenje za podrucje Slavonije uz prateci opis:
"BUDITE SPREMNI na jaca grmljavinska nevremena koja

52

primarily the spatio-temporal distribution of hydrometeors,
the position of the updraft, the height that the hydrome-
teors reach, and the direction of their movement. Radar
reflectivity higher than 50 dBZ indicates the possibility of
hail, and reflectivity of between 60 and 65 dBZ indicates
the possibility of hailstones measuring 2.5 cm in diameter
(Kumijan et al., 2010) (Figure 5.1.7).

Forecast and warnings

The available analytical and forecast materials
showed a very unstable atmosphere on 25 June 2021, es-
pecially over Slavonia and further south over Bosnia and
Herzegovina. Wind shear was also well predicted. Some
models exhibited weak or no signal for precipitation, which
is interpreted as the absence of initiation of convective
processes. However, using all available prognostic mate-
rial (multi-model approach), professional experience and
knowledge of the conditions required for convection de-
velopment, elaborated in detail in previous chapters, fore-
casters from the Weather and Marine Analysis and Fore-
casting Sector issued timely warnings about impending
dangerous weather phenomena. An orange thunderstorm
warning was issued for eastern Croatia (Osijek region in the
Meteoalarm service) (Figure 5.1.8).

Moreover, an orange warning for Slavonia was issued
the day before the event, with the accompanying descrip-
tion: "BE PREPARED for heavy thunderstorms that may
cause heavy damage and protect yourself from lightning.
Property damage and tree damage are possible. Local flash



Prikazi br. 33

Created: 24.06,2021 09:39 CET | Valid For: 25.06.2021
PE S

Created: 25.06.2021 08:02 CET | Valid For: 25.06.2021

|

Slika 5.1.8 Upozorenja za podrucje sjeverne Hrvatske za 25. lipnja 2021. izdana putem servisa Meteoalarm 24. lipnja 2021. (lijevo) i

25. lipnja 2021. (desno).

Figure 5.1.8 Alerts for northern Croatia for 25 June 2021 issued via the Meteoalarm service on 24 June 2021 (on the left) and 25 June

2021 (on the right).

mogu prouzrociti veliku Stetu i zastitite se od munja. Mo-
guca su osStecenja na imovini te na drvecu. Moguce su
lokalne bujicne poplave, olujni udari vjetra i tu¢a. Moguci
su prekidi u aktivnostima na otvorenom te u prometu.”

Takoder, prema standardnom operativnom po-
stupku, upozorenja su poslana i Ravnateljstvu civilne za-
stite: “Zuto upozorenje na vrudinu, a na srednjem i juz-
nom Jadranu narancasto. Upozorenje za grmljavinsko
nevrijeme kasno poslijepodne i osobito navecer: Zuto u
Medimurju, Hrvatskom zagorju i Podravini, narancasto u
Slavoniji i Baranji.”

Izrazenije nevrijeme najavljeno je i u opcoj pro-
gnozi dostupnoj na mreznim stranicama DHMZ-a:
“Pretezno suncano, na jugu povremeno uz umjerenu i
povecanu naoblaku. Uglavnhom u unutrasnjosti mjestimi-
ce jak razvoj oblaka i pljuskovi s grmljavinom, osobito u
isto¢nim i sjeverozapadnim predjelima. Ponegdje izraze-
nije nevrijeme. Vjetar slab do umjeren jugozapadni, na
Jadranu i sjeverozapadni, a u sjevernim podrucjima unu-
trasnjosti ce okrenuti na sjeverni i sjeveroistocni. Najvisa
dnevna temperatura vecinom izmedu 29 i 34°C.”

Neposredno prije nastanka nevremena nad Slavo-
nijom dezurni prognosticari izdali su kratkoro¢no upo-
zorenje (eng. Nowcast): “Zagreb, 25. 6. 2021. 16:20

KRATKOROCNO UPOZORENJE NA OPASNE VRE-
MENSKE POJAVE ZA HRVATSKU

"U Slavoniji (najprije u Brodskoj Posavini i okolnom
gorju) u narednim satima mjestimice jace grmljavinsko
nevrijeme (obilni pljuskovi, moguce bujicne poplave,
tuca i olujni vjetar).”

Zakljucak

Olujna nevremena ovakvih razmjera ponekad je
teSko prognozirati, to¢nije tesko je predvidjeti to¢nu lo-
kaciju gdje ¢e nastati kao i precizirati vrijeme, no s veli-
kom se vjerojatno$¢u mogu prognozirati uvjeti u kojima
¢e nastati kao i opasnost koju mogu donijeti (olujni vje-

floods, gale force wind gusts and hail are possible. Interrup-
tions in outdoor activities and in traffic are possible.”

According to the standard operating procedure,
warnings were also sent to the Civil Protection Directo-
rate: “Yellow warning for heat, and orange warning in the
central and southern Adriatic. Warnings for thunderstorms
in the late afternoon and especially in the evening: yellow
in Medimurje, Hrvatsko Zagorje and Podravina, orange in
Slavonia and Baranja.”

A severe thunderstorm was also announced in the
general forecast available on the DHMZ's website: “Mostly
sunny, with occasional moderate and increased cloudiness
in the south. Local strong cloud development and thunder-
showers, mostly in the inlands, especially in the eastern and
northwestern regions. More severe thunderstorms locally.
Light to moderate southwest wind, northwest wind in the
Adriatic, turning to north and northeast in northern regions
in the inland. Maximum daily temperature mostly between
29 and 34°C.”

Just before the thunderstorm broke over Slavonia,
the forecasters on duty issued a nowcast warning: "Zagreb,
25 June 2021, 16:20

SHORT-TERM WARNING OF DANGEROUS WEATH-
ER PHENOMENA FOR CROATIA

In Slavonia (starting in Posavina and the surrounding
mountains) in the next few hours a severe thunderstorm
is expected (heavy showers, possible flash floods, hail and
gale force wind)."

Conclusion

Severe thunderstorms of this extent are sometimes
difficult to predict, namely, it is difficult to predict where
and when exactly they will occur. However, conditions in
which they will occur, and the dangerous weather phe-
nomena they can cause (gale force wind, hail, tornadoes,
heavy rain, etc.), can be predicted with a high degree
of probability. Synoptic and then mesoscale conditions
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tar, tu¢a, mogucénost tornada, obilna kisa i sl.). Sinopticki,
potom i mezoskalni uvjeti sasvim su jasno upucivali na
mogucnost izrazenijeg grmljavinskog nevremena u po-
slijepodnevnim satima 25. 6. 2021. na podrucju Slavonije
zbog Cega su i pravovremeno izdana upozorenja. Zbog
parametara koji su osiguravali nastanak organizirane
duboke konvekcije bilo je nedvojbeno da ¢e lokalno biti
pojava koje mogu izazvati vecu Stetu. Nazalost, Steta se
i unato¢ upozorenjima teSko moze sprijeciti, no vazno
je u takvim situacijama informirati nadlezne sluzbe i jav-
nost kako bi se izbjegle ljudske zrtve i ¢im viSe umanijila
Steta prilagodavanjem planiranih aktivnosti. Presudnu
pomoc pri izdavanju kratkoro¢nih upozorenja i obavje-
$¢ivanja javnosti mogu pruziti moderni i napredni sustavi
daljinskih mjerenja (radarski i satelitski podaci te podaci
0 munjama) i gusta mreza automatskih meteoroloskih
postaja jer pruzaju pouzdan i pravovremen podatak o
trenutnom stanju atmosfere. U tom smislu DHMZ su-
stavno radi na poboljSanju takvih podataka, primjerice
kroz projekt METMONIC, kao i na educiranju svojih sluz-
benika.
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clearly pointed to the possibility of a severe thunderstorm
in Slavonia in the afternoon of 25 June 2021, and timely
warnings were issued. Due to the thermodynamic param-
eters that resulted in the development of organized deep
moist convection, there was no doubt that local high-dam-
age events would occur. Unfortunately, despite the timely
warnings, the damage is difficult to prevent, but it is very
important to inform the relevant services and the public
in such situations to avoid human casualties and minimize
the damage as much as possible by adjusting the planned
activities. State-of-the-art remote sensing systems (radars,
satellite and lightning data) and a dense network of auto-
matic weather stations are crucial in issuing Nowcast warn-
ings and advising the public because they provide reliable
and timely information on the current state of the atmos-
phere. In that regard, Croatian Meteorological and Hydro-
logical Service (DHMZ) systematically works on improving
such data, for example through the METMONIC project, as
well as on the training of its employees.
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5.2 Poplava u Slavoniji u
srpnju 2021. godine

U priopcenju objavljenom na https://meteo.hr 16.
srpnja 2021., na ve¢em podrucju kontinentalne Hrvatske
ocekivane su znacajnije koliCine oborine tijekom nared-
nih 72 sata uslijed visinske ciklone bogate vlagom. Na-
javljene su koli¢ine oborine i vise od 100 litara kiSe po
¢etvornom metru uz moguénost buji¢nih poplava.

Sinoptic¢ka situacija

Razvoj sinoptic¢ke situacije pokazao je da se Hr-
vatska nalazila u prizemnom polju izjednac¢enog i malo
snizenog tlaka zraka, a 18. srpnja u poslijepodnevnim sa-
tima hladna fronta sa sjeverozapada Europe premjestala
se prema Hrvatskoj, dok se centar prizemne ciklone na-
lazio nad podruc¢jem Turske (slika 5.2.1). Kisa koja je pala
u razdoblju od 16. do 20. srpnja 2021. nad srediSnjom
i isto¢nom Hrvatskom posljedica je duboke visinske ci-
klone bogate vlagom (vidljive do visine 300 hPa) koja se
prostirala iznad Hrvatske i Jadrana te se polako popunja-
vala (slika 5.2.2).

Prema izvje$¢u Sluzbe za obranu od tuce, 18. srp-
nja 2021. godine poslije 13 UTC s jugoistoka su poceli
pristizati olujni konvektivni oblaci. Od 14 UTC razvijala se
konvekcija uz Dunayv, a od 15 UTC nekoliko jakih oblaka
kumulonimbusa (Cb) s jezgrama reflektivnosti do 60 dBZ
nalazilo se na ilockom podrugju, te oko Osijeka i Gradi-
$ta (slika 5.2.3) (Meteoroloski i hidroloski bilten, 7/2021).

Radarski odrazi na kompozitu hrvatskih i sloven-
skih meteoroloskih radara (slika 5.2.3), kao i satelitski
produkti (slika 5.2.4) od 18. srpnja 2021. godine u 15 UTC
otkrivaju pojavu jake konvekcije u isto€noj Slavoniji. Na
"Sandwich" satelitskom produktu (slika 5.2.4b) takoder
su vidljiva jaka uzlazna gibanja nad isto¢nim dijelom Sla-
vonije. Boje na slici ukazuju na visinu konvektivnih obla-
ka, a oznacavaju temperature vrhova oblaka u intervalu
od 240 do 200 K, pri €¢emu tamno plava boja ukazuje na

5.2 Flood in Slavonia in July 2021

In a statement published on https://meteo.hr on 16
July 2021, significant precipitation amounts are expected
in the larger area of continental Croatia during the next 72
hours due to the upper-level low rich in moisture. Precip-
itation amounts of more than 100 liters of rain per square
meter have been announced, with the possibility of flash
floods.

Synoptic situation

The surface chart shows that Croatia was in a surface
field of near-equalised and a bit lower air pressure, and in
the afternoon of 18 July, a cold front from northwestern
Europe moved toward Croatia, while the surface low pres-
sure center was over Turkey (Figure 5.2.1). The rain that fell
in the period 16 — 20 July 2021 over the central and east-
ern Croatia was the consequence of a deep, moisture-rich
upper-level low (visible up to 300 hPa) that spread over
Croatia and Adriatic Sea, which was slowly filling up (Figure
5.2.2).

According to the report of the Hail Defence Service
of the Croatian Meteorological and Hydrological Service,
on 18 July 2021 after 13 UTC, there was convection coming
from the southeast. From 14 UTC the convection developed
along the Danube, and from 15 UTC several strong cumu-
lonimbuses (Cb) with reflectivity cores up to 60 dBZ were
located in the Ilok area, and around Osijek and Gradiste
(Figure 5.2.3) (Meteoroloski i hidroloski bilten/Meteorolog-
ical and Hydrological Bulletin, 7/2021).

The radar composite of the Croatian and Slovenian
radar centres (Figure 5.2.3), as well as the satellite image
(Figure 5.2.4) on 18 July 2021 at 15 UTC reveal the high
convection in eastern Slavonia. On the so-called "Sand-
wich" product (Figure 5.2.4b) strong updraft is visible over
the eastern part of Slavonia. The colours in the image point
to the height of convective clouds, and the colours in the
figure indicate cloud peak temperatures in the range of 240

Boden
50,18 )ui 2021 12UTC

Slika 5.2.1 Prizemna sinopticka situacija 18. srpnja 2021. godine u 1200 UTC (izvor: Njemacka meteoroloska sluzba — DWD).

Figure 5.2.1 Surface synoptic situation on 18 July 2021 at 12 UTC (source: German Meteorological Service — DWD).
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Slika 5.2.2 (a) Polje geopotencijalne visine (izohipse - pune crte
u geopotencijalnim dekametrima), brzine i smjera vjetra (za-
stavice) i brzine vjetra vece od 30 m/s na izobarnoj plohi 300
hPa (sjencano u baji), (b) polje geopotencijalne visine (izohip-
se - pune crte u geopotencijalnim dekametrima) i temperature
zraka (sjenc¢ano u boji, u °C) na izobarnoj plohi 500 hPa, te (c)
polje geopotencijalne visine (izohipse - pune crte u geopoten-
cijalnim dekametrima) brzine i smjera vjetra (zastavice) i brzine
vjetra (sjen¢ano u boji, u m/s) na izobarnoj plohi 850 hPa, 18.
srpnja 2021. u 12 UTC (prema analizi ECMWF-a)

Figure 5.2.2 (a) Geopotential height field (isohypses - solid lines
in geopotential decameters), wind speed and direction (flags)
and wind speeds above 30 m/s on the isobaric surface of 300
hPa (shaded in color), (b) geopotential height field (isohypses
- solid lines in geopotential decameters) and air temperatu-
re (shaded in color, in °C) on the isobaric surface of 500 hPa,
and (c) geopotential height field (isohypses - solid lines in ge-
opotential decameters), wind speed and direction (flags), and
wind speeds (shaded in color, in m/s) on the isobaric surface of
850 hPa, on 18 July 2021 at 12 UTC (according to the ECMWF
analysis)

Slika 5.2.3 Segment radarskog kompozita hrvatskih i slovenskih meteoroloskih radara, 18. srpnja 2021. godine u 15 UTC

Figure 5.2.3 Segment of radar composites from Croatian and Slovenian meteorological radars, 18 July 2021 at 15 UTC
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Slika 5.2.4 (a) MSG Meteosat-10 slika visoke rezolucije u vidljivom dijelu spektra (eng. High Resolution Visible — HRV), te (b) "San-
dwich" produkt kao kombinacija HRV satelitske snimke i infracrvene IR 10.8 um satelitske slike gdje boje oznacavaju vrijednosti
temperature vrhova oblaka, 18. srpnja 2021. u 15 UTC

Figure 5.2.4 (a) MSG Meteosat—10 High Resolution Visible (HRV) image, and (b) "Sandwich" product as a combination of HRV satellite
image and infrared IR 10.8 um satellite image, where colors indicate values of cloud top temperatures, 18 July 2021 at 15 UTC

visu (manje hladnu, oko —-30°C), a Zuta na nizu tempera-
turu (hladniju, do oko —60°C) vrhova oblaka.

Slika 5.2.5 prikazuje radiosondaze najblizih radio-
sondaznih postaja Szeged u Madarskoj i Beograd u Sr-
biji, te je prema konvektivnoj raspolozivoj potencijalnoj
energiji (engl. convective available potential energy -
CAPE) vidljiva izrazita nestabilnost atmosfere, posebno
na postaji Szeged.

Prolaz prizemne hladne fronte uzrokovao je do-
datnu nestabilnost atmosfere 18. srpnja 2021. godine
i pojavu olujnih grmljavinskih nevremena s tu¢om u
isto¢nom dijelu Slavonije, dok je cjelokupna sinopti¢ka
situacija dovela do pojave obilnih oborina i buji¢nih po-
plava u sjevernom i isto¢nom dijelu Hrvatske detaljnije
opisanih u priopcenju objavljenom na https://meteo.hr.
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to 200 K — where dark blue indicate higher temperature
(less cold, around —30°C) and yellow lower temperature
(colder, up to around —60°C) of cloud tops.

Figure 5.2.5 shows radiosoundings of the nearest ra-
diosounding stations Szeged (Hungary) and Belgrade (Ser-
bia). According to convective available potential energy
(CAPE) the high instability is visible, particularly at Szeged
station.

The passage of the cold front caused additional in-
stability of the atmosphere on 18 July 2021 and the oc-
currence of thunderstorms with hail in the eastern part of
Slavonia. The whole synoptic situation led to the heavy rain
and flash floods in the northern and eastern parts of Croa-
tia that are described in more details in the announcement
issued on https://meteo.hr.
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Slika 5.2.5 Sondaze meteoroloskih postaja (a) Szeged (Madarska) i (b) Beograd (Srbija) 18. srpnja 2021. godine u 12 UTC

Figure 5.2.5 Radiosoundings from meteorological stations (a) Szeged (Hungary) and (b) Belgrade (Serbia) on 18 July 2021 at 12 UTC
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Analiza oborine prema podacima
meteoroloskih postaja

Slika 5.2.6 prikazuje satne vrijednosti koli¢ine obo-
rine prema podacima s glavne meteoroloSke postaje
(GMP) Osijek, a slika 5.2.7 maksimalnu satnu brzinu vje-
tra na GMP Osijek od 16. do 18. srpnja 2021. godine. Na
GMP Osijek pale su velike koli¢ine oborine u kratkom
vremenskom razdoblju, a vjetar je kratkotrajno 17. srpnja
u 16 (SEV) bio olujne jacine.

U isto¢nom dijelu Slavonije u samo 5 dana na ve-
likom broju postaja palo je preko 100 mm kise, a najvise
na klimatoloskoj meteorologkoj postaji (KMP) Zupanja,
223.9 mm (slika 5.2.8a). Postaja Zupanja zabiljezila je
rekordnu dnevnu koli¢inu oborine (182.9 mm) 20. srp-
nja 2021. (slika 5.2.8b), sto predstavlja najvecu dnevnu
kolic¢inu oborine otkad postoje mjerenja na toj postaji.
Dotadasnja maksimalna dnevna koli¢ina oborine u srp-
nju iznosila je 58.9 mm (izmjereno 16. srpnja 2016.), a

30
25

20

oborina (mm)
=

. _--0.00_1

Precipitation analysis according to data from the
meteorological stations

Figure 5.2.6 shows the hourly values of precipitation
amount according to data from the main meteorological
station Osijek, and Figure 5.2.7 the values of hourly maxi-
mum wind speed at the main meteorological station Osijek
for the period 16—18 July 2021. High precipitation amounts
fell at GMP Osijek in a short time period, and the wind was
strong for a short time on 17 July at 4 pm (CET).

In the eastern part of Slavonia, in just 5 days, over 100
mm of rain fell at a large number of stations, and the most
at the climatological meteorological station Zupanja, 223.9
mm (Figure 5.2.8 a). On 20 July the climatological station
Zupanja recorded the highest daily precipitation amount
(182.9 mm) for July 2021 (Figure 5.2.8 b), also the highest
daily precipitation amount on record for mentioned sta-
tion. The previous maximum daily precipitation amount
in July was 58.9 mm (measured on 16 July 2016), and the
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Slika 5.2.6 Satne vrijednosti kolicine oborine prema podacima glavne meteoroloske postaje (GMP) Osijek od 16. do 18. srpnja 2021.

godine

Figure 5.2.6 Hourly precipitation amounts based on data from the main meteorological station Osijek, 16—18 July 2021
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Slika 5.2.7 Satne maksimalne brzina vjetra (m/s) na GMP Osijek od 16. do 18. srpnja 2021. godine.

Figure 5.2.7 Hourly maximum wind speed values (m/s) at the main meteorological station Osijek, 16—-18 July 2021
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Slika 5.2.8 (a) Suma oborine od 16. do 20. srpnja 2021. godine, te (b) dnevne koli¢ine oborine 20. srpnja 2021. godine u 06 UTC na
podrudju sredisnjeg, sjevernog i istoc¢nog dijela Hrvatske izmjerene na sinoptickim i klimatoloskim postajama

Figure 5.2.8 (a) Total precipitation amounts for the period 16—20 July 2021 and (b) daily precipitation amounts on 20 July 2021 at 06
UTC over central, northern, and eastern Croatia, measured at synoptic and climatological stations
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Slika 5.2.9 Kumulativna koli¢ina oborine (mm) za srpanj 2021. i krivulje teorijskih percentila (2., 10., 25., 50., 75., 90. i 98.) za razdoblje

1961. — 2000. za Osijek

Figure 5.2.9 Cumulative precipitation amounts (mm) for July 2021 and theoretical percentile curves (219, 10th, 25th 50th 75th 9

and 98t) for the period 1961 — 2000 in Osijek

apsolutni dnevni maksimum izmjeren je 30. lipnja 2001.
i iznosio 111.6 mm.

Kumulativna koli¢ina oborine za Osijek za srpanj
pokazuje da je 18. srpnja kumulativna koli¢ina oborine
bila izmedu 90. i 98. percentila, odnosno u klasi vrlo kis-
no (slika 5.2.9).

Medijska izvjesc¢a

Prema medijskim izvje$¢ima, ovo snazno oluj-
no nevrijeme prac¢eno jakom kiSom izazvalo je buji¢ne
poplave u dijelu Slavonije i Baranje 17. i 18. srpnja 2021.
godine (slika 5.2.10). Sli¢na situacija bila je i u drugim di-
jelovima Europe 17. srpnja, posebice u Njemackoj, Au-
striji, Belgiji i Luksemburgu gdje se takoder dogadaju
katastrofalne buji¢ne poplave.

th

apsolute daily maximum (111.6 mm) was measured on 30
June 2001 of 111.6 mm.

The cumulative precipitation amount for Osijek in
July shows that on 18 July the cumulative precipitation-
amount was between the 90th and 98t percentiles (Figure
5.2.9).

Media reports

According the media reports, a strong storm followed
by heavy rain caused flash floods in parts of Slavonia and
Baranja on 17 and 18 July 2021 (Figure 5.2.10). Other parts
of Europe, particularly Germany, Austria, Belgium and Lux-
embourg, were also hit by catastrophic flash floods on 17
July.
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Slika 5.2.10 Poplava u nasickom kraju 17. srpnja 2021. godine (https://nasice.com/velike-poplave-na-nasickom-podrucju/)

Figure 5.2.10 Flood in Nasice area, 17 July 2021 (https://nasice.com/velike-poplave-na-nasickom-podrucju/)

Slika 5.2.11 Unistena polja suncokreta na podrudju lloka, 18. srpnja 2021. godine (https://dnevnik.hr/galerija/vijesti/hrvatska/poljo-
privrednici-na-istoku-hrvatske-zbrajaju-stete-nakon-jucerasnjeg-nevremena---659980.html/62125343/659980)

Figure 5.2.11 Destroyed sunflower fields in the llok area, 18 July 2021 (https://dnevnik.hr/galerija/vijesti/hrvatska/poljoprivrednici—
na-istoku-hrvatske-zbrajaju-stete-nakon-jucerasnjeg-nevremena---659980.html/62125343/659980)

Obilne koli¢ine oborine pale su 16. srpnja, a zatim je
Osjecko-baranjsku i Vukovarsko-srijemsku Zupaniju 17.
srpnja zahvatilo snazno olujno nevrijeme te je u kratkom
vremenu palo preko 90 litara kiSe po ¢etvornom metru
zbog ¢ega su angazirane sve raspolozive sluzbe spasa-
vanja i zastite od poplave. Velike koli¢ine kise u Osijeku
izazvale su zastoj tramvajskog prometa, oStetile su i velik
broj prodajnih kucica na osjeckoj trznici kao i unutarnje
prostore trznice, a otkinuo se i krov zgrade. Objavljeno
je da Stete za Vukovarsko-srijemsku zupaniju iznose oko
600 milijuna kuna. Na nasickom podrucju poplavljene su
kuce, podrumi, cestama su tekli potoci vode, a u podvo-
Znjacima su zaglavljeni automobili (slika 5.2.10). Dijelovi
Nasica ostali su bez struje. Izlili su se kanali, a na ceste
je naneSen mulj, granje, kamenje i Sljunak, te su brojne
kuce ostecene. Stradali su i usjevi na njivama. Ukupne
Stete se procjenjuju na oko 1 milijun kuna. Na podru¢-
ju Zupanje i Bo$njaka zbog obilne oborine poplavljene
su ulice, kuce, okucnice, industrijski i trgovacki objekti.
Unisteni su i brojni usjevi.

Na podrucju oko lloka padala je i snazna tuca pra-
¢ena olujnim vjetrom, $to je unistilo polja kukuruza, sun-
cokreta i drugih poljoprivrednih kultura (slika 5.2.11).
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After heavy rain on 16 July, Osijek-Baranja and Vu-
kovar-Srijem counties were hit by a severe weather on 17
July, with more than 90 litres of rain per square meter fall-
ing over a short time. All available emergency responders
had to be dispatched to the area. Tram traffic in Osijek was
halted due to heavy rain, and several booths were damaged
at the farmers’ market in Osijek, along with the interior of
the market’s main building, whose roof was torn off. Dam-
age totalling to around 600 million kuna was reported in the
Vukovar-Srijem County. Homes, basements and roads were
flooded in NasSice area, and cars were reported to have got-
ten stuck under flooded underpasses (Figure 5.2.10). Parts
of Nasice experienced a power outage. Canals overflowed,
roads were contaminated by mud, tree branches, stones
and gravel, and many houses and crops were damaged. The
total damage is estimated to around 1 million kuna. Streets,
houses, backyards, and industrial and commercial buildings
were flooded in Zupanja and Bo$njaci area due to heavy
rain, and there was serious crop damage in the area as well.

In the Ilok area, a strong hailstorm followed by strong
wind, which destroyed almost entire maize, sunflowers and
other crops in the area (Figure 5.2.11).
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5.3 Nevrijeme s olujnim vjetrom u sredis-
njoj Hrvatskoj i Istri 1. kolovoza 2021.

Prvog kolovoza 2021. godine olujno nevrijeme je
zahvatilo dio srediSnje Hrvatske, a najvece Stete nastale
su na Banovini i u Moslavini. Olujni vjetar je ¢upao i lo-
mio stabla, nosio crijep s krovova. S jedne skole u Kutini
odnesen je cijeli krov. Medu osStec¢enim objektima nas-
la se i crkva svetog Lovre u Petrinji. Ostecena je elektro
mreZa pa je bilo i nestanka struje. Stete je bilo na poljima
i u voc¢njacima. | u dijelovima Zagrebacke Zupanije bilo je
izvjeS¢a o drvecu koje je padalo na ceste, te o oStecenim
elektri¢nim stupovima i kabelima. Podruc¢je Osje¢ko—
baranjske Zupanije takoder je zahvatilo nevrijeme koje
je uzrokovalo poteSkoce u prometu i prekide u opskrbi
elektricnom energijom, te je nosilo plastenike. Olujnim

5.3 Severe weather in central Croatia
and Istria on 1 August 2021

Parts of central Croatia were hit by severe weather on
1 August 2021, with Banovina and Moslavina sustaining the
worst damage. Trees were uprooted and broken, and tiles
dislodged from roofs by wind. A school in Kutina lost its en-
tire roof. The St. Lawrence Church in Petrinja was damaged
as well. The area experienced a power outage due to the
wind blowing down utility poles. Fields and orchards sus-
tained damage. There were reports of trees falling across
roads, and damaged utility poles and cables in the Zagreb
County. The storm caused disruptions in traffic and in the
power supply in the Osijek—Baranja County and destroyed
several plastic greenhouses. Istria was hit by a storm too,
with strong wind bringing down trees on cars and houses

Slika 5.3.1 Posljedice olujnog nevremena u Sisku 1. kolovo-
za 2021. godine (https://civilna-zastita.gov.hr/vijesti/nevrije-
me-na-podrucju-vise-zupanija-4693/4693; izvor: MUP)

Figure 5.3.1 The aftermaths of a severe weather in Sisak on 1
August 2021  (https://civilna-zastita.gov.hr/vijesti/nevrije-
me-na—-podrucju-vise-zupanija-4693/4693; source: MUP)
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Slika 5.3.2 Pijavica u blizini sela Zuzic¢i u sredisnjoj Istri 1. ko-
lovoza 2021. godine (https://www.meteoadriatic.net/torna-
do-u-istri-1-kolovoza-2021; Foto: Petar Radovan / Istramet)

Figure 5.3.2 A waterspout near the village of Zuzic¢i in central
Istria on 1 August 2021 (https://www.meteoadriatic.net/torna-
do-u-istri-1-kolovoza-2021/; Photo: Petar Radovan/Istramet)

—8—Sisak
=—=V/iZnjan
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Slika 5.3.3 Satne maksimalne brzina vjetra (m/s) na glavnim meteoroloskim postajama (GMP) Sisak i Osijek, te automatske meteoro-

loske postaje (AMP) Visnjan 1. kolovoza 2021. godine.

Figure 5.3.3 Values of hourly maximum wind speed (m/s) at the main meteorological stations Sisak and Osijek, and automatic mete-

orological station Visnjan on 1 August 2021
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nevremenom pogodena je i Istra. U sredisSnjoj Istri oluj-
ni vjetar rusio je stabla na automobile i kuce. U sredis-
njem dijelu Istre, kod naselja Zuzi¢i, uocena je pijavica.
Slika 5.3.3 prikazuje satne maksimalne brzine vjetra na
glavnim meteoroloskim postajama (GMP) Sisak i Osijek,
te na automatskoj meteoroloskoj postaji (AMP) Visnjan
1. kolovoza 2021. godine. U Sisku je maksimalni dnevni
udar vjetra u 10:41 h (SEV) iznosio 23.4 m/s, u Osijeku u
17:50 h (SEV) 22.9 m/s, te na AMP Vi$njan u 17:35 h (SEV)
16.8 m/s.

Prizemno je nad podruc¢jem Hrvatske bilo polje
snizenog tlaka zraka, a frontalni sustav sa sjeverozapada
Europe prelazio je preko Alpa, $to je dovelo do stvara-
nja plitkog ciklonalnog sredista nad sjevernim Jadra-
nom sredinom dana (slika 5.3.4). Hrvatska se nalazila na
prednjoj strani visinske doline, a mlazna struja je prela-
zila preko sjevernog Jadrana i srediSnjeg dijela Hrvatske
(slika 5.3.5a). Na 850 hPa bio je vidljiv uski lijevak doline s
ciklonom koji je sredinom dana prelazio preko sjevernog
Jadrana i sjevernog dijela Hrvatske (slika 5.3.5¢c).

Na satelitskim slikama (slika 5.3.6), pogotovo "San-
dwich" produktu, vidljivi su jaki konvektivni razvoji nad
sjevernim Jadranom, Gorskim kotarom i posebice Ba-
novinom. Boje na slici 5.3.6 upucuju na visinu konvek-
tivnih oblaka i oznacavaju temperature vrhova oblaka u
intervalu od 240 do 200 K - pri ¢emu tamno plava boja
ukazuje na visu temperaturu (oko —30°C) i nize vrhove
oblaka, a Zuta, odnosno narancasta na nizu temperaturu
(do oko —60°C) i vecu visinu vrhova oblaka.

Prema podacima s glavne meteoroloSke postaje
(GMP) Zagreb-Maksimir konvektivna raspoloziva po-
tencijalna energija (engl. Convective available potential
energy - CAPE) je bila visoka (slika 5.3.7) $§to ukazuje na
izrazito nestabilnu atmosferu koja u kombinaciji s jakim
smicanjem vjetra po vertikali moze dovesti do snaznih i
organiziranih konvektivnih procesa.

Sa slike 5.3.3 je vidljivo da je nagli skok maksimalne
brzine vjetra na prikazanim postajama povezan s poja-
vom konvektivnih oluja, a u Visnjanu s olujnim nevreme-

in central Istria. A waterspout was spotted near the village
of Zuzi¢i in central Istria (Figure 5.3.2). Figure 5.3.3 shows
the values of hourly maximum wind speeds at the main me-
teorological stations Sisak and Osijek, and the automatic
meteorological station Visnjan on 1 August 2021. Maximum
daily wind gust was 23.4 m/s at 10:41 (CET) in Sisak, 22.9
m/s at 17:50 (CET) in Osijek, and 16.8 m/s at 17:35 (CET) at
the automatic meteorological station Visnjan.

The surface synoptic situation shows a field of low
air pressure over Croatia. The frontal system crossed the
Alps from northwestern Europe, causing the formation of
a shallow cyclonic center over the northern Adriatic in the
middle of the day (Figure 5.3.4). Croatia was on the frontal
part of the upper level low, with the jet stream crossing the
northern Adriatic and central part of Croatia (Figure 5.3.5 a).
A narrow funnel-shaped trough was visible at the isobaric
surface of 850 hPa, with a low crossing the northern Adri-
atic and northern Croatia in the middle of the day (Figure
53.5¢).

Satellite images (Figure 5.3.6), particularly the "Sand-
wich" product, show strong upward motions over the
northern Adriatic, Gorski Kotar and Banovina in particu-
lar. Colors in Figure 5.3.6 indicate the height of convective
clouds and cloud top temperatures in the range of 240 to
200 K — dark blue indicates a higher temperature (less cold
— around -30°C), and yellow and orange indicate a lower
cloud top temperature (colder, up to around —60°C) as well
as the higher cloud top heights.

According to the data from the main meteorologi-
cal station Zagreb-Maksimir, convective available poten-
tial energy (CAPE) was high (Figure 5.3.7), which indicates
an extremely unstable atmosphere that can lead to strong
and organized convective processes in combination with
strong vertical wind shear.

Figure 5.3.3 shows a sudden jump in the maximum
wind speed at all stations, which is associated with the oc-
currence of convective storms and the storm in Visnjan that
resulted in the occurrence of a waterspout near the village
of Zuzi¢i. The occurrence of the waterspout was influenced

Slika 5.3.4 Prizemna sinoptic¢ka situacija 1. kolovoza u 12 UTC (izvor: Njemacka meteoroloska sluzba — DWD)

Figure 5.3.4 Surface synoptic situation on 1 August 2021 at 12 UTC (source: German Meteorological Service, DWD)
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Slika 5.3.5 (a) Polje geopotencijalne visine (izohipse — pune crte
u geopotencijalnim dekametrima), brzine i smjera vjetra (zasta-
vice) i brzine vjetra vece od 30 m/s na izobarnoj plohi 300 hPa
(sjencano u boji), (b) polje geopotencijalne visine (izohipse -
pune crte u geopotencijalnim dekametrima) i temperature zra-
ka (sjencano u boji u °C) na izobarnoj plohi 500 hPa, te (c) polje
geopotencijalne visine (izohipse - pune crte u geopotencijalnim
dekametrima), brzine i smjera vjetra (zastavice) i brzine vjetra
(sjen¢ano u boji u m/s) na izobarnoj plohi 850 hPa, 1. kolovoza
2021. u 12 UTC

Figure 5.3.5 (a) Geopotential height field (isohypses - solid lines
in geopotential decameters), wind speed and direction (flags)
and wind speeds over 30 m/s on the isobaric surface of 300 hPa
(shaded in color), (b) Geopotential height field (isohypses - solid
lines in geopotential decameters) and air temperature (shaded
in color in °C) on the isobaric surface of 500 hPa, and (c) Geo-
potential height field (isohypses - solid lines in geopotential de-
cameters), wind speeds and directions (flags), and wind speeds
(shaded in color in m/s) on the isobaric surface of 850 hPa, 1
August 2021 at 12 UTC

Slika 5.3.6 (a) Meteosat-10 slika visoke rezolucije u vidljivom dijelu spektra (eng. High Resolution Visible - HRV), te (b) "Sandwich”
produkt kao kombinacija HRV satelitske slike i infracrvene IR 10.8 um satelitske slike gdje boje oznacavaju vrijednosti temperature
vrhova oblaka, 1. kolovoza 2021. u 09 UTC

Figure 5.3.6 (a) Meteosat-10 High Resolution Visible (HRV) image and (b) "Sandwich"” product as a combination of HRV satellite image
and infrared IR 10.8 um satellite images, where colors indicate values of cloud top temperature, 1 August 2021 at 09 UTC

63



Prikazi br. 33

14240 LDDD Zagreb

SLAT 4582
""' CRA A A SR
""' /“’/, / SHOW 0.72
"’ LIFT -4.85
LFTY -5.B5
w SWET 2820
KINK 2890
s&; CTOT 2010
200 [z W2 Ton e
CAPY 2100
- CINS  -7.89
EQLY 1961
300 3
ENSTILT e BE
LFCY 8726
0 SR RNAL L
/%7_7 LCLT 291.0
WAV, < A4 AV = @R
500 AT o MLTH 3020
>§ \)A /.l A/ M MLMF 14 .54
500 X2 X 7 Ky PAAT Sa01
200: Koo RTINS A i
SRS AT v
o A AN AN
o0 R e e
1000 s XA I j\
4 30 20 <10 0 10 20 30 40
127 01 Aug 2021 University of Wyoming

Slika 5.3.7 Sondaza glavne meteoroloske postaje (GMP) Zagreb-Maksimir 1. kolovoza 2021. godine u 12 UTC

Figure 5.3.7 Radiosounding of the main meteorological station Zagreb-Maksimir on 1 August 2021 at 12 UTC

nom koje je rezultiralo pojavom pijavice kod sela Zuziéi. by favorable thermodynamic conditions in the atmosphere
Na pojavu pijavice utjecali su povoljni termodinamicki - instability, strong wind shear in the shallow layer of the
uvjeti u atmosferi - nestabilnost, jako smicanje vjetra u atmosphere, and very likely high sea temperature. For ex-
plitkom sloju atmosfere, te vrlo vjerojatno visoka tem- ample, the sea temperature of 26.3°C was measured at the
peratura mora. Primjerice, na obliznjoj automatskoj me- nearby automatic meteorological station Sv. lvan na Pucini.

teoroloskoj postaji (AMP) Sv. lvan na Pucini temperatura
mora je iznosila 26.3°C.
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6. OCJENA KLIME NA GLOBALNOJ
LJESTVICI ZA 2021. GODINU

U iduc¢im poglavljima daje se sazeti pregled stanja
klimatskog sustava i koncentracija staklenickih plinova
na globalnoj ljestvici objavljen u publikaciji Svjetske me-
teoroloske organizacije "State of the Global Climate in
2021" (WMO, 2022).

6.1 Povrsinska temperatura zraka

Globalna srednja temperatura zraka za 2021. go-
dinu bila je (1.11 + 0.13)°C visa od prosjeka za predin-
dustrijsko referentno razdoblje 1850. — 1900. (slika 6.1).
Sest skupova podataka koristenih u analizi smjestaju je
izmedu pete i sedme najtoplije godine na globalnoj razi-
ni, a svih Sest skupova pokazuju da je posljednjih sedam
godina, od 2015. do 2021., bilo sedam najtoplijih zabilje-
zenih godina.

2021. godina bila je manje topla od nekih posljed-
njih godina zbog utjecaja umjerenih pojava La Nifie na
pocetku i kraju godine, poznatih kao "dvostruko pojav-
liivanje” La Nifie. La Nifia ima privremeni uc¢inak hladenja
na globalnu srednju temperaturu zraka. Osim slabe La
Nifie iz 2018., posljednji znacajan dogadaj La Nifie bio
je 2011. godine. 2021. je oko 0.22 do 0.29°C toplija od
2011. Godina 2016., koja je zapocela tijekom snaznog El
Nifa (ekvatorijalno podrucje pozitivnih anomalija povr-
Sinske temperature Tihog oceana), ostaje najtoplija go-
dina zabiljezena u vecini analiziranih skupova podataka.

Prizemne temperature zraka u 2021. godini (slika
6.2) bile su iznad prosjeka za klimatsko razdoblje 1981.
— 2010. u velikom dijelu Sjeverne Amerike i Grenlanda,
sjeverne i tropske Afrike, Bliskog istoka i juzne Azije. Po-
drugja s temperaturama ispod prosjeka ukljucivala su:
dijelove sjeverne Azije, Australije, juzne Afrike, sjeve-

6. CLIMATE ASSESSMENT FOR THE
YEAR 2021 ON A GLOBAL SCALE

The following chapters provide a summary of the
state of the climate system and greenhouse gas concentra-
tions on a global scale, published in the World Meteorolog-
ical Organization's publication “State of the Global Climate
in 2021" (WMO, 2022).

6.1 Surface air temperature

The global mean air temperature for 2021 was (1.11 +
0.13)°C above the 1850 — 1900 average (Figure 6.1). The six
data sets used in the analysis place 2021 between the fifth
and seventh warmest year on record globally, and all six
data sets show that the most recent seven years, 2015 to
2021, were the seven warmest years on record.

The year 2021 was less warm than some recent years
due to the influence of moderate La Nifia events at the start
and end of the year, known as a “"double-dip” La Nifia. La
Nifia has a temporary cooling effect on the global mean
temperature. Aside from the weak La Nifia of 2018, the last
significant La Nifla event was in 2011. 2021 is around 0.22
to 0.29°C warmer than 2011. The year 2016, which started
during a strong El Nifio (equatorial region of positive anom-
alies of the surface temperature of the Pacific Ocean), re-
mains the warmest year on record in most of the data sets
surveyed.

Near surface air temperatures in 2021 (Figure 6.2)
were above the 1981 — 2010 average across a broad swath
of North America and Greenland, northern and tropical Af-
rica, the Middle East and southern Asia. Areas with below
average temperatures included parts of northern Asia, Aus-
tralia, southern Africa, northwestern North America, and
the southern central United States. The imprint of La Nifia,
with bellow—average temperatures, can clearly be seen in
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Slika 6.1 Prosjec¢na godisnja razlika temperature (°C) u odnosu na predindustrijske uvjete (1850. — 1900.) za Sest skupova podataka o
globalnoj temperaturi (1850. — 2021.). Izvor: Met Office, Ujedinjeno Kraljevstvo Velike Britanije i Sjeverne Irske.

Figure 6.1 Global annual mean temperature difference (°C) from pre—industrial conditions (1850 — 1900) for six global temperature
data sets (1850 — 2021). Source: Met Office, United Kingdom of Great Britain and Northern Ireland.
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Slika 6.2 Temperaturne anomalije srednje godisnje povrsinske temperature zraka za 2021. u odnosu na srednjak razdoblja 1981. —
2010. Karta prikazuje srednje anomalije izracunate iz pet skupova podataka: HadCRUT5, ERA5, GISTEMP, NOAAGlobalTemp and

Berkeley Earth. Izvor: Met Office, Ujedinjeno Kraljevstvo.

Figure 6.2 Near—surface temperature differences relative to the 1981 — 2010 average for 2021. The map shows the median anomaly
calculated from five data sets: HadCRUTS5, ERAS5, GISTEMP, NOAAGlobalTemp and Berkeley Earth. Source: Met Office, United King-

dom.

rozapada Sjeverne Amerike i juzne dijelove sredi$njeg
SAD-a. U¢inak La Nifle uz temperaturu ispod prosjeka
jasno se moze vidjeti u tropskom Pacifiku. Hladniji uvje-
ti u juznoj Africi, Indiji i istoc¢noj Australiji karakteristi¢ni
su za La Nifiu. Podrucje hladnije od prosjeka u sjever-
noj Aziji u 2021., imalo je iznimno visoke temperature u
2020. godini. To je dijelom povezano s razli¢itim faza-
ma arkti¢kih oscilacija po¢etkom 2020. (jako pozitivna)
i pocetkom 2021. godine (jako negativna), koje su imale
utjecaj na prosjek cijele godine.

6.2 Oborina

U usporedbi s temperaturom zraka, oborinu karak-
terizira veca prostorna i vremenska varijabilnost.

Velika podruc¢ja s ukupnim koli¢inama oborine u
2021. godini iznadprosje¢nim u odnosu na referentno
razdoblje 1951. — 2000., bila su: isto¢na Europa, jugo-
isto¢na Azija, tzv. Maritimni kontinent (izmedu ostalih
zemalja uklju€uje Indoneziju, Filipine i Papuu Novu Gvi-
neju, smjestene izmedu Indijskog i Tihog oceana, unutar
tople oceanske regije poznate kao Tropski topli bazen),
podrucja na sjeveru Juzne Amerike i dijelovi jugoisto-
ka Sjeverne Amerike (slika 6.3). Velike regije s manjkom
oborina u odnosu na spomenuto referentno razdoblje,
ukljucivale su: jugozapadnu Aziju, Bliski istok, dijelove
juzne Afrike, jug Juzne Amerike i podrucja u sredisnjoj
Sjevernoj Americi.

Dok su u dijelovima isto¢ne Europe i oko Crnog
mora pale neuobicajeno velike koli¢ine oborine, neuo-
bicajeno male pale su oko Sredozemnog mora. Zapadnu
Europu su 2021. godine zadesile neke od najvecih zabi-
liezenih poplava sredinom srpnja. NajviSe je pogodeno
podrucje zapadne Njemacke i isto€ne Belgije, gdje je u
razdoblju 14. — 15. srpnja palo 100 - 150 mm oborine na
vec¢ vodom zasi¢eno tlo, pa je to uzrokovalo poplave i
klizista. Hagen (Njemacka) izvijestio je o 241 mm obo-
rine u 22 sata. Poplave su pogodile i dijelove Hrvatske
(poglavlje 5.2).
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the tropical Pacific. Cooler conditions in southern Africa,
India, and eastern Australia are characteristic of La Nifa.
The cooler-than-average area in northern Asia in 2021
stands in contrast to 2020, which saw exceptionally high
temperatures in the region. This is partly associated with
the different phases of the Arctic Oscillation in early 2020
(strongly positive) and early 2021 (strongly negative), which
had an imprint on the average for the whole year.

6.2 Precipitation

Compared to air temperature, precipitation is charac-
terized by greater spatial and temporal variability.

In 2021, the following large regions had above—nor-
mal precipitation totals, relative to the chosen climatology
period (1951 — 2000): Eastern Europe, South-east Asia, the
Maritime Continent, areas of northern South America, and
parts of Southeastern North America (Figure 6.3). Large re-
gions with a rainfall deficit included South-west Asia and
the Middle East, parts of Southern Africa, parts of southern
South America, and areas in Central North America.

While unusually high totals were detected around
the Black Sea and in parts of Eastern Europe, unusually
low precipitation amounts fell around the Mediterranean
Sea. Western Europe experienced some of its most severe
flooding on record in mid-July. The worst affected area
was western Germany and eastern Belgium, where 100 to
150 mm fell over a wide area on 14-15 July over already
saturated ground, causing flooding and landslides. Hagen
(Germany) reported 241 mm of rainfall in 22 hours. Parts of
Croatia were also flooded (Chapter 5.2).

Extreme rainfall hit Henan Province of China from 17
to 21 July. The city of Zhengzhou on 20 July received 201.9
mm of rainfall in one hour (a Chinese national record), 382
mm in 6 hours, and 720 mm for the event as a whole, more
than its annual average.

La Nifla events are often - but not always - charac-
terised by shifting patterns of rainfall. In some regions the
pattern of precipitation anomalies was typical of those as-
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Slika 6.3 Ukupna koli¢ina oborine u 2021., izraZzena kao percentil referentnog razdoblja 1951. — 2010., za podrucja najsusih 20%
(smede) i najkisovitijih 20% (zeleno) godina tijekom referentnog razdoblja, s tamnijim nijansama smede i zelene koje redom ozna-
Cavaju najsusih i najvlaznijih 10% godina. Izvor: Globalni klimatoloski centar za oborine (GPCC), Deutscher Wetterdienst, Njemacka.

Figure 6.3 Total precipitation in 2021, expressed as a percentile of the 1951 — 2010 reference period, for areas in the driest 20%
(brown) and wettest 20% (green) of years during the reference period, with darker shades of brown and green indicating the driest
and wettest 10%, respectively. Source: Global Precipitation Climatology Centre (GPCC), Deutscher Wetterdienst, Germany.

Ekstremne koli¢ine oborine u 2021. godini zabilje-
zene su u kineskoj provinciji Henan od 17. do 21. srpnja.
U gradu Zhengzhou je 20. srpnja palo 201.9 mm oborine
u samo jednom satu (kineski nacionalni rekord), 382 mm
tijekom 6 sati, a ukupno u pet dana 720 mm, $to je vise
od tamosnje prosje¢ne godisnje koliCine.

Dogadaji La Nifie €esto su - ali ne uvijek - obiljeze-
ni pomicanjem padanja glavnine oborine od uobicajenih
podrucja. U nekim podrucjima su 2021. godine anomali-
je oborine ostale tipicne za one povezane s La Nifiom na
pocetku godine, pa je tako npr. Maritimni kontinent (kli-
matoloski vazno podrucje otoka i mora izmedu kopna
jugoistocne Azije i Australije te izmedu Indijskog i Tihog
oceana) bio vlazniji od prosjeka, a susniji uvjeti od uobi-
¢ajenih bili su u Patagoniji. Takoder, La Nifa je uobicaje-
no povezana sa susnijim uvjetima od normalnih u istoc¢-
noj Africi. Kenija, Etiopija i Somalija iskusile su uzastopne
sezone oborine ispod prosjeka krajem 2020., po¢etkom
2021. i krajem 2021., $to je dovelo do suse u regiji.

Negativni dipol Indijskog oceana (IOD) razvio se
tijekom srpnja 2021. i vratio se na neutralan do kraja
godine. Ovo je oznacilo prvi negativni IOD od 2016. U
kombinaciji s La Nifiom, ova je faza pridonijela vlaznim
uvjetima u vec¢em dijelu Australije u kasnu australsku
zimu i proljece. Jugozapad Zapadne Australije izvijestio
je o najve¢im srpanjskim ukupnim oborinama od 1996.,
kao i mnoga mjesta u Juznoj Australiji. Australija kao
cjelina zabiljezila je svoje deseto najkiSovitije proljece
u svojim 122 godine dugim mijerenjima, a drzava Novi
Juzni Wales zabiljezila je svoje Cetvrto najkiSovitije pro-
lie¢e. Studeni je bio najkiSovitiji studeni otkako se biljeze
podaci i za Novi Juzni Wales i za Australiju u cjelini. Na-
suprot tome, negativan 10D, u kombinaciji s La Nifilom,

sociated with La Nifia conditions at the beginning of the
year: wetter than average conditions over the Maritime
Continent (the climatologically important region of islands
and seas between mainland South-east Asia and Austral-
ia and between the Indian and Pacific Oceans), and drier
than usual conditions in Patagonia. In addition, La Nifa is
associated with drier-than-normal conditions in East Afri-
ca. Kenya, Ethiopia and Somalia experienced consecutive
below-average rainfall seasons in late 2020, early 2021 and
late 2021, which led to drought in the region.

A negative Indian ocean dipole (IOD) developed dur-
ing July 2021 and returned to neutral by the end of the year.
This marked the first negative 10D since 2016. In combina-
tion with La NiAa, this phase contributed to wet conditions
in much of Australia in the late austral winter and spring.
South-west Western Australia reported its highest July
rainfall totals since 1996, as did many locations in South
Australia. Australia as a whole observed its tenth wettest
spring in its 122-year record, with the state of New South
Wales observing its fourth wettest. November was the wet-
test November since records began for both New South
Wales and Australia as a whole. Conversely, the negative
IOD, in combination with La Nifia, likely contributed to the
extreme dry conditions in Eastern Africa.

Over North America, above-average rainfall totals
were observed in Alaska and the north of Canada, and in the
southeast of the United States and parts of the Caribbean.
Between these two wetter than-average bands was a swath
of unusually dry conditions extending across the width of
the continent. The 20 months from January 2020 to August
2021 were the driest on record for the southwestern United
States, more than 10% below the previous record.
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vjerojatno je pridonio ekstremno susnim uvjetima u
isto€noj Africi.

U Sjevernoj Americi, na Aljasci i sjevernom dijelu
Kanade, kao i na jugoistoku SAD-a i dijelovima Kariba,
zabiljezene su iznadprosje¢ne koli¢ine oborine. 1zme-
du ova dva pojasa vlaznija od prosjeka, mnoga podrucja
s neobi¢no suhim uvjetima protezala su se cijelom §i-
rinom kontinenta. Na jugozapadu SAD-a je od sije¢nja
2020. do kolovoza 2021. trajalo razdoblje dvadeset re-
kordno najsusdnijih mjeseci, susnijih za vise od 10% od
prijasnjeg rekorda.

Dugotrajna razdoblja s natprosje¢nim koli¢inama
oborine uzrokovala su znacajne i dugotrajne poplave
u prvoj polovici 2021. godine, u sjevernim podrucjima
Juzne Amerike, osobito na sjevernom slijevu Amazone.
Rijeka Negro u Manausu (Brazil) dosegnula je rekordni
vodostaj.

S druge strane, suSa je drugu godinu za redom
znatno pogodila velike dijelove suptropske Juzne Ame-
rike. Godisnja koli¢ina oborine znatno ispod prosjeka
zabiljezena je u velikom dijelu juznog Brazila, Paragvaju,
Urugvaju i sjevernoj Argentini.

6.3 Koncentracije stakleni¢kih plinova

Atmosferske koncentracije stakleni¢kih plinova
rezultat su bilance izmedu emisija koje nastaju ljud-
skim aktivnostima i prirodnih izvora te pohrane stakle-
ni¢kih plinova u biosferu i oceane. Porast koncentracije
staklenic¢kih plinova zbog ljudskog djelovanja glavni je
pokreta¢ klimatskih promjena od sredine 20. stoljeca.
Koncentracije staklenickih plinova za globalnu ljestvi-
cu izraCunavaju se iz pojedinacnih mjerenja programa
WMO-a GAW (Global Atmospheric Watch) i partnerskih
opazackih mreza.

U 2020. godini je globalni prosjek koncentracije
uglji¢nog dioksida (CO,) dosegao novi rekord od 413.2
ppm (WMO, 2021). Povecanje globalnog prosjeka kon-
centracije CO, se nastavilo u 2021. godini.

Persistent above-average rainfall in the first half of
2021 in parts of northern South America, particularly the
northern Amazon basin, led to significant and long-lived
flooding in the region. The Rio Negro at Manaus (Brazil)
reached its highest level on record.

Significant drought affected much of subtropical
South America for the second successive year. Rainfall was
well below average over much of southern Brazil, Para-
guay, Uruguay and northern Argentina.

6.3 Greenhouse gases concentrations

Atmospheric concentrations of greenhouse gases re-
flect a balance between emissions from human activities
and natural sources and sinks in the biosphere and oceans.
Increasing levels of concentration of greenhouse gases in
the atmosphere due to human activities have been the ma-
jor driver of climate change since the mid—twentieth cen-
tury. Global average concentrations in the atmosphere are
calculated from in situ observations made at multiple sites
in the Global Atmospheric Watch Programme implemented
by the WMO and its partner observation networks.

In 2020, greenhouse gas concentrations reached
new highs. Levels of carbon dioxide (CO,) were 413.2 parts
per million (ppm). The increase has continued in 2021.

6.4 Ocean heat content and sea level rise

Increasing human emissions of CO, and other green-
house gases cause a positive radiative imbalance at the top
of the atmosphere - the Earth Energy Imbalance (EEI) -
leading to an accumulation of energy in the form of heat in
the Earth system, which is driving global warming. Around
90% of this accumulated heat in the Earth system is stored
in the ocean.

Consequently, global mean sea level changes pri-
marily result from ocean warming via thermal expansion of
sea water and land ice melt. Between 1993, when global
satellite sea level monitoring began, and 2022, the average
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Slika 6.4 Prosjek koncentracije CO, u globalnim razmjerima u ppm (parts per million) od 1984. do 2020. godine. Crvena linija je pro-
sjecna mjese¢na molna frakcija bez sezonskih varijacija, plave tocke i linija prikazuju mjesecne prosjeke.

Figure 6.4 Global average of CO, concentration in ppm (parts per million) from 1984 to 2020. The red line is the monthly mean mole
fraction with the seasonal variations removed; the blue dots and line show the monthly averages.
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6.4 Pohrana topline u oceane i porast
morske razine

Porast emisija CO, i drugih stakleni¢kih plinova u
atmosferi zbog ljudske aktivnosti uzrokuju pozitivnu ra-
dijacijsku bilancu na vrhu atmosfere (engl. Earth Energy
Imbalnce - EEI). To dovodi do rasta koli¢ine topline u
Zemljinom sustavu i tako do globalnog zatopljenja. Oko
90% te topline se pohranjuje u oceanima.

Posljedi¢no, globalne promjene srednje razine
mora primarno su rezultat zagrijavanja oceana i toplin-
skog Sirenja morske vode, te otapanja leda na kopnu.
Od 1993. godine, od kada pocinje globalno satelitsko
prac¢enje morske razine, pa do 2022. godine, prosjecan
porast je 3.33 mm/god, dok je zadnjih godina sve brzi
zbog ubrzanog topljenja ledenjaka i ledenog pokrivaca
(slika 6.5). U razdoblju od 2013. do 2021. godine morska
razina prosjec¢no je rasla 4.5 mm/god, odnosno dva puta
brze nego u prvom desetljecu satelitskog mjerenja mor-
ske razine kada je iznosila 2.1 mm/god.

increase has been 3.3 mm / year, while in recent years it has
been accelerating due to the accelerated melting of gla-
ciers and ice sheets (Figure 6.5). In the period 2013 — 2021,
sea levels rose on average 4.5 mm / year, i.e. twice as fast as
in the first decade of satellite sea level measurements (2.1
mm / year).

6.5 The Arcitic

Since the mid—1980s, Arctic surface air temperature
has warmed at least twice as fast as the global average,
while the Greenland ice cover has declined over the same
period, and permafrost temperature has increased. This has
had large implications not only for Arctic ecosystems, but
also for the global climate through various feedbacks.

The AO was negative during the Northern Hemisphere
2020/2021 winter and, seasonally, was the most negative on
record since winter 2009/2010. The Arctic Oscillation is a
large-scale atmospheric phenomenon that affects weather
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Slika 6.5 Globalna promjena srednje razine mora od sije¢nja 1993. do sijecnja 2022. (crna krivulja) na temelju satelitske altimetrije
visoke preciznosti. Obojene ravne linije predstavljaju prosjecni linearni trend u tri uzastopna vremenska razdoblja (od sijecnja 1993.
do prosinca 2002.; od sijecnja 2003. do prosinca 2012.; od sijecnja 2013. do sijecnja 2022.). Izvor: AVISO altimetry (https://www.

aviso.altimetry.fr).

Figure 6.5 Global mean sea level evolution from January 1993 to January 2022 (black curve) based on high-precision satellite alti-
metry. The coloured straight lines represent the average linear trend over three successive time spans (January 1993 to December
2002; January 2003 to December 2012, January 2013 to January 2022). Source: AVISO altimetry (https://www.aviso. altimetry.fr).

6.5 Arktik

Povrsinska temperatura zraka na Arktiku rasla je
barem dva puta brze od globalnog prosjeka od 1980-
tih do danas, dok se u istom razdoblju smanjivao ledeni
pokriva¢ Grenlanda, a temperatura permafrosta je rasla.
To je utjecalo ne samo na arkti¢ke ekosustave nego i na
globalne klimatske promjene preko razli¢itih mehaniza-
ma povratne sprege.

Tijekom zime 2020./2021. na sjevernoj polutci
arkti¢ka oscilacija bila je negativna, i to najnegativnija
zabiljeZena od zime 2009./2010. Arkticka oscilacija je
atmosferski fenomen velikih razmjera koji utje¢e na vri-
jeme diljem sjeverne hemisfere. Pozitivnu fazu karakte-

throughout the Northern Hemisphere. The positive phase is
characterized by lower-than-average air pressure over the
Arctic and higher-than-average pressure over the northern
Pacific and Atlantic Oceans. While the positive phase of the
Arctic Oscillation is characterized by a jet stream parallel
to latitude lines, which keeps cold Arctic air further north
than average, the negative phase of the Arctic Oscillation is
associated with a more meandering jet stream. By curving
toward lower latitudes, cold arctic air spreads southward
into the midlatitudes where the jet stream weakens. During
the Northern Hemisphere 2020/2021 winter, the jet stream
swept down over North America, contributing to its cold-
est February for the continent since 1994. However, the
same wavy jet stream also contributed to extreme warmth

69



Prikazi br. 33

1
0
=
a3
s
E
_o/— NSIDC v3 (September)
=— NSIDC v3 (March)
— OSI SAF v2p1 (September)
=3| _ 0SI SAF v2p1 (March)

1980 1990

2000 2010 2020
Year

Slika 6.6 Razlika u veli¢ini morskog leda u odnosu na prosjek 1981. — 2010. na Arktiku za mjesece s najvecim ledenim pokrovom
(ozujak) i minimalnim ledenim pokrovom (rujan). Izvor: Podaci iz EUMETSAT OSI SAF v2p1 i Nacionalnog centra za podatke o snijegu

i ledu (NSIDC) v3 (Fetterer et al., 2017).

Figure 6.6 Sea-ice extent difference from the 1981 — 2010 average in the Arctic for the months with maximum ice cover (March)
and minimum ice cover (September). Source: Data from EUMETSAT OSI SAF v2p1 and National Snow and Ice Data Centre (NSIDC)

v3 (Fetterer et al., 2017)

rizira tlak zraka nizi od prosjeka iznad Arktika i tlak visi
od prosjeka iznad sjevernog dijela Tihog i Atlantskog
oceana. Dok pozitivnu fazu arkti¢ke oscilacije karakteri-
zira mlazna struja paralelna s linijama zemljopisne Sirine,
koja zadrzava hladan arkti¢ki zrak sjevernije od prosje-
ka, negativna faza arkti¢ke oscilacije je povezana s kri-
vudavijom mlaznom strujom. Krivudanjem prema nizim
geografskim Sirinama, hladni arkticki zrak se Siri prema
jugu u srednje geografske Sirine gdje mlazna struja slabi.
Mlazna struja koja se tijekom zime 2020./2021 pruzala
Sjevernom Amerikom pridonijela je najhladnijoj veljaci
od 1994. godine, ali i ekstremnoj toplini u veljaci u dije-
lovima sjeverne i isto¢ne Azije. Negativna zimska faza ar-
kticke oscilacije takoder je povezana i s umjerenijim gu-
bitkom morskog leda na Arktiku u ljetu 2021. Pocetkom
lieta 2021. podrucje topljenja ledenog pokrivaca Gren-
landa bilo je blizu dugogodis$njeg prosjeka. No, tempera-
ture i otjecanje otopljene vode bili su znatno iznad nor-
malnih u kolovozu, kao rezultat velikog prodora toplog,
vlaznog zraka sredinom kolovoza. Dana 14. kolovoza na
postaji Summit, najvisoj tocki ledenog pokriva¢a Gren-
landa (3216 m), zabiljezeno je padanije kise nekoliko sati,
a temperatura zraka bila je iznad nule oko devet sati. To
je prvi puta u povijesti mjerenja da je kiSa zabiljezena na
Summitu i treci puta u posljednjih devet godina da je na
Summitu bilo otapanja leda. Zapisi iz ledene jezgre uka-
zuju da se u 20. stolje¢u dogodio samo jedan takav do-
gadaj otapanja. Minimalna povrsina arktickog morskog
leda u 2021. godini zabiljezena je 16. rujna i bila je 12.
najniza do sada utvrdena i ujedno najveci godisnji mini-
mum leda od 2014. godine.

Gubitak mase sjevernoamerickih ledenjaka ubrzao
se tijekom posljednja dva desetlje¢a, gotovo se udvo-
strucivsi u razdoblju 2015. — 2019. u odnosu na 2000. —
2004. Iznimno toplo i suho ljeto 2021. godine na zapadu
Sjeverne Amerike uzrokovalo je veliko otapanje planin-
skih ledenjaka.
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in parts of northern and eastern Asia in February. The neg-
ative winter phase of the Arctic Oscillation has also been
linked to more moderate Arctic sea ice loss the following
summer. The Greenland Ice Sheet melt extent was close
to the long-term average through the early summer. How-
ever, temperatures and meltwater runoff were well above
normal in August 2021 as a result of a major incursion of
warm, humid air in mid-August. On August 14, rain was
observed for several hours at Summit Station, the highest
point on the Greenland Ice Sheet (3216 m), and air tem-
peratures remained above freezing for about nine hours.
There is no previous report of rainfall at Summit. It marks
the third time in the last nine years that the Summit has
experienced melting conditions. Ice core records indicate
that only one such melt event occurred in the 20th century.
The minimum extent of Arctic sea ice for 2021, reached on
16 September, was the 12th lowest extent on record and
the highest minimum since 2014.

Mass loss from North American glaciers accelerated
over the last two decades, nearly doubling for the period
2015 - 2019 compared to 2000 — 2004. An exceptionally
warm, dry summer in 2021 in western North America took
a brutal toll on the region's mountain glaciers.
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