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Protocni rezimi Bregane i Breganice

Discharge regimes of the Bregana
and Breganica rivers in Croatia

Bregana je glavni desni pritok Save na granici Hrvatske sa
Slovenijom, duga 16,5 km. Na njoj se nalaze dvije hidroloske
postaje i jos$ je jedna na Breganici, glavnom pritoku Bregane.
Porjedje je pretezno brezuljkasto i gorovito, rijetko naseljeno,
$umovito 1 humidno, s razmjerno razvijenom mrezom tekudica.
Na trima hidroloskim postajama u porjedju pracene su promje-
ne godi$njih protoka i obiljeZja protoénoga rezima u razdoblju
od 1981. do 2020. godine. Nije zabiljezen trend u kretanju
srednjih godisnjih protoka, ali je na svim trima postajama za-
biljeZen blagi porast godisnjih minimalnih protoka i izrazeniji
porast godisnjih maksimalnih protoka u zadnjem dvadesetogo-
disnjem razdoblju 2001. — 2020. u odnosu na prethodno dva-
desetogodisnje razdoblje 1981. — 2000. Usporedba proto¢nih
rezima iz dvaju dvadesetogodisnjih razdoblja, 1981. — 2000. i
2001. - 2020. godine, pokazala je da je u novijem razdoblju u
istrazivanom podruéju doslo do odredenih promjena. Na svim
trima postajama u porje¢ju Bregane povecao se udio protoka
u veljaci i oZujku, a pao udio protoka u prosincu i sijecnju. Na
postajama na Bregani zabiljeZen je pad udjela protoka od svib-
nja do srpnja (posebno u lipnju). Na svim trima postajama u
zadnjem dvadesetogodisnjem razdoblju u odnosu na prethodno
dvadesetogodi$nje razdoblje primarni maksimum u ozujku ne-
§to je izraZeniji, a sekundarni maksimum u prosincu (studeni za
Koreti¢e) manje je izrazen. Postajama u porjecju Bregane zajed-
nicki je i pomak primarnoga minimuma s kolovoza na srpanj
i sekundarnoga minimuma s veljae na sije¢anj u novijem od
usporedenih razdoblja.

Kljuéne rijeci: proto¢ni rezimi, trendovi protoka, hidrogeografi-
ja, hidrologija, Bregana (rijeka)

The Bregana River is the 16.5 km long main right tributary
of the Sava River on the border of Croatia and Slovenia. There
are two hydrological stations on the Bregana River and one
more on its main tributary, the Breganica River. The Bregana
River drainage basin is mostly hilly and mountainous, sparsely
populated, wooded, and humid, with a relatively developed
stream network. The annual discharge change and the
characteristics of the discharge regimes were analysed on the
three hydrological stations between 1981 and 2020. No trend
was recognised in mean annual discharges, but all three stations
recorded a slight increase in annual minima discharges and a
more pronounced increase in annual maxima discharges in the
last twenty-year period (2001-2020) compared to the previous
twenty-year period (1981-2000). Moreover, in the last twenty-
year period, some changes occurred in the discharge regime in
the research area. For all three stations in the Bregana catchment
an increase in the share of annual discharge was recorded in
February and March and a decrease in the share of annual
discharge in December and January. Bregana River stations
recorded a decreased share of annual discharge from May to July
(especially in June). At all three stations, in the last twenty-year
period compared to the previous twenty period, the primary
maximum in March is a bit more pronounced, and the secondary
maximum in December (November at Koreti¢i station) is less
pronounced. Also, for all three stations in the last twenty-year
period, the primary minimum shifted from August to July and
the secondary minimum shifted from February to January.

Key words: discharge regimes, discharge trends, hydrogeography,
hydrology, Bregana River
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Uvod

Cilj je ovoga rada prikazati obiljezja protocnoga
rezima u porjedju Bregane te analizirati promjene
proto¢noga rezima u razdoblju od 1981. do 2020.
godine. Proto¢ni rezim tipi¢no opisuje godisnji
hod srednjih mjesecnih protoka te kretanje i
varijabilnost drugih karakteristicnih hidroloskih
veli¢ina koji su odraz geografskih obiljezja porjecja
(Beckinsale, 1969; Ridanovi¢, 1993; Canjevac,
2013).

Istrazivano podrucje

Bududi da se istrazuju protoci u rije¢nom su-
stavu Bregane, istrazivano podrudje ovoga rada
jest njezino porjedje (sl. 1). Bregana je glavni desni
pritok Save na granici Hrvatske sa Slovenijom. U
srednjem i donjem dijelu svojega toka Bregana je
granicna tekucica. Porje¢je Bregane vedim se dije-
lom nalazi u zapadnom dijelu Sredi$nje Hrvatske,
a manjim dijelom u Sloveniji. U hrvatskom dijelu
obuhvaca dio Samoborskoga gorja te dio Zumbe-
rackoga gorja, pri Cemu ta dva gorja medusobno
razdvajaju doline rjecica Bregane i Drage — Vo-
lav¢ice (Buzjak i dr.,2011). Porjecju pripada i ma-
len dio prisavske nizine uz u$ée Bregane u Savu.
Prema mjerenjima za potrebe ovoga istrazivanja
(podloga TK 1 : 25 000, Curman, 2021) povrsi-
na porjedja iznosi 88,53 km?, a duljina povriinske
razvodnice 55,44 km. Ukupna duljina svih tokova
iznosi 164,3 km, a glavna tekudica Bregana duga
je 26,49 km'. Najveéi pritok Bregane je Brega-
nica, ¢ija duljina iznosi 9,71 km. Desna strana
porjedja zauzima 47,83 km? (54,03 % ukupne
povrsine porjedja), a lijeva 40,70 km? (45,97 %),
§to daje razmjerno malu asimetriju, no i prirodnu
mogucnost istodobnoga pritjecanja visokih voda
u korito, §to pogoduje poplavama (Oresi¢, 1995).

Porje¢je je rijetko naseljeno, a vedina je sta-
novni§tva na njegovu sjeveroistoku, gdje se na-

1 Bregana kao glavna tekuéica porjecja ima tri izvorisna kraka. Do sutoka
triju krakova dolazi podno vrha KruZec. Jedan izvorisni krak je u Dupi-
noj dragi i njegova duljina do sutoka triju tokova iznosi 2,23 km. Drugi
je krak u Kovacevoj dragi i njegova duljina do sutoka iznosi 2,16 km.
Tre¢i je krak u Dubokom dolu i njegova duljina do sutoka iznosi 2,68
km. Zbog najvece duljine za izvor je uzet krak u Dubokom dolu. Izvor
u tom kraku nalazi se kod naselja Brezovac Zumberacki na 668,93 m
nadmorske visine.

Infroduction

The aim of this paper is to display the characteris-
tics of the discharge (streamflow) regimes in the Brega-
na catchment and to analyse changes in 1981 to 2020
period. The discharge regime typically describes the
annual course of the mean monthly discharge and the
distribution and variability of other characteristic hy-
drologic values, which reflect the various climatological
and other geographical features of the drainage basin

(Beckinsale, 1969, Ridanovi¢, 1993, Canjcvac, 2013).

Research area

Given that discharge is researched in the river sys-
tem of Bregana, the research area is its drainage basin
(catchment) (Fig. 1). The Bregana River is the main
right tributary of the Sava River. In its middle and
lower course the Bregana River forms part of the bor-
der between Croatia and Slovenia. Most of its drain-
age area is in the western part of Central Croatia, and
a smaller part is in Slovenia. In Croatia it includes part
of the Samobor highlands and part of the Zumberak
highlands, with the two highlands being separated by
the valleys of Bregana and Draga - Vovlacica (Buzjak
et al., 2011). The catchment also includes a small part
of the Sava River lowland at the mouth of the Bregana
River. According to measurements for the purposes of
this research (TK 1: 25000, Curman, 2021), the drain-
age area is 88.53 km?, and its surface watershed length
is 55.44 km. The total length of all the watercourses is
164.3 km, and the length of the Bregana River alone
is 26.49 km!'. The main tributary of Bregana River is
the Breganica River, the length of which is 9.71 km.
The right side of the drainage basin area is 47.83 km?
(54.03% of the total drainage basin area) and the left
is 40.70 km? (45.97%), which presents relatively small
asymmetry indicating possible water convergence fa-
vouring occasional flooding (Oresi¢, 1995).

'The drainage basin is sparsely populated, and most
of the population is in its northeast, where most of the

1 Bregana has three source arms. The confluence of those three arms is at
the foot of peak Kruzec. One source arm is in Dopin Draga Valley and
its length up to the mentioned confluence is 2.23 km. The second arm
is in Kova¢ Draga Valley and its length to the confluence is 2.16 km.
The third arm is in the Duboki Dol Valley and its length to the con-
fluence is 2.68 km. Being the longest arm, Duboki Dol is taken as the
source arm of the Bregana River, its spring located near the settlement
of Brezovac Zumberacki, at 668.93 m above sea level.



SI. 1. Pregledna karta porje¢ja Bregane
Fig. 1 General overview map of the Bregana River drainage basin

lazi vedina naselja s vise od 100 stanovnika. Dio
porjedja nalazi se unutar granica Parka prirode
Zumberak — Samoborsko gorje.

Na podrudju porjedja prevladavaju karbonatne
stijene mezozojske starosti. Karbonatne stijene
su stijene pukotinske poroznosti &iji stupanj pro-
pusnosti i okrSenosti ovisi o intenzitetu tekton-
skih mehanickih utjecaja i prodoru povriinskih
voda u podzemlje. Najrasprostranjeniji litoloski
¢lan su dolomiti pretezno slabe do osrednje vo-
dopropusnosti tako da prevladava povrsinsko
otjecanje te je razvijena povrSinska mreza otjeca-
nja (Brki¢ i Cakarun, 1998). Gustoca mreze te-
kuéica (Curman, 2021) iznosi 1,86 km/km?, $to
je prema Zugaju (2010) porje&je sa srednjom gu-
sto¢om mreze tekudica. Infiltracija vode u podze-
mlje izrazenija je u podrucjima izgradenima od
okrsenih gornjokrednih vapnenackih breca (od
Novog Sela do Sv. Jane) i na povrsinama izgrade-

settlements with more than 100 inhabitants are located.
Part of the drainage basin is situated within the bound-
aries of the Zumberak-Samoborsko Gorje Nature Park.

In the drainage basin, carbonate rocks of the Mes-
ozoic age prevail. Carbonate rocks are rocks of crack
porosity whose degree of permeability and karstifica-
tion depends on the intensity of tectonic mechanical
influences and the penetration of surface waters in
the underground. The most widespread carbonate
rock is dolomite of predominantly poor to medium
permeability; this means that most of the runoff is
surface runoff, enabling a well-developed stream
network (Brki¢ and Cakarun, 1998). The density of
the stream network is 1.86 km/km? (Curman, 2021),
which according to Zugaj (2010) can be considered
as a medium-developed stream network. The infil-
tration of water into the underground is more pro-
nounced in areas built of karstified Upper Cretaceous
limestone breccia (from Novo Selo to Sveta Jana set-

7

D. Oresi¢
V. Curman
V. Majcen

Protoéni rezimi
Bregane i Breganice

Discharge regimes
of the Bregana and
Breganica rivers in

Croatia



HRVATSKI
GEOGRAFSKI
GLASNIK
86/1,5-38 (2024.)

nim od jurskih vapnenaca. To podrugje ima krska
obiljezja s veéim brojem ponikava i $pilja (Brkic i
Cakarun, 1998).

Geomorfoloski se porjecje nalazi u granic-
nom dijelu izmedu dviju makrogeomorfoloskih
regija — Panonske zavale na istoku i Alpa na za-
padu. Navedeno je izrazeno u dinamici reljefa i
morfostrukturnim i morfogenetskim obiljezjima
(Dujmovi¢, 2007). U sklopu porjedja razlikuju
se tri orografska tipa reljefa — nizinski uz Savu,
predgorski na rubovima Samoborskoga gorja i
najprostraniji gorski koji ini Zumberacka gora
i Samoborsko gorje. Hipsometrijski (Curman,
2021), nizinski visinski razred (od us¢a Bregane
na 129,37 m) do 200 m nv zauzima 4,8 % po-
vrsine porje¢ja. Razred izmedu 200 i 300 m nv
obuhvaca predgorske stepenice Samoborskoga
gorja i zauzima 9,8 % povrsine. Razred od 300 do
400 m nv prostire se na podrudju izmedu rijeka
Bregane i Gradne (jugoisto¢ne granice porjedja) i
zauzima povr§inu od 18,6 %. Najvisi dijelovi na-
laze se na zapadu porjedja. Visine iznad 400 m
nv (do najvise toc¢ke na razvodnici, vrha Ravnice
na 858,62 m) zauzimaju 66,8 % povrsine porjedja
(400 — 500 m 21,9 %; 500 — 600 m 24,6 %; > 600
m 20,3 %).

U sklopu porjedja Bregane razmjerno je visoka
zastupljenost vrlo nagnutih padina. Prema IGU

tlements) and of Jurassic limestone. Those areas have
characteristics of karst and there are numerous do-

lines and caves (Brki¢ and Cakarun, 1998).

Geomorphologically, the drainage basin is situ-
ated between two macro-geomorphologic regions:
the Pannonian Basin in the east and the Alps in the
west. This is reflected in the relief dynamics and its
morphostructural and morphogenetical characteris-
tics (Dujmovi¢, 2007). In the Bregana drainage basin
there are three main relief units: Sava River lowlands,
low hills on the edges of the Samobor highlands and
the largest unit is the Samobor and Zumberak high-
lands. River basin hypsometry (Curman, 2021) is such
that the lowland altitude category, from the Bregana
River mouth at 129,37 m to 200 m, takes up 4,8% of
the total basin area. The category between 200 and
300 m elevation covers Samobor highland foothills
and takes up 9.8% of the basin area. The category be-
tween 300 and 400 m elevation covers the area be-
tween the Bregana River and the southeastern part of
the watershed and takes up 18,6% of the basin’s area.
The highest parts are in the western section of the
Bregana River basin. Altitudes above 400 m (up to
the highest point on the watershed, Ravnice Peak at
858.62 m) take up 66.8% of the basin area (400-500
m: 21.9%; 500-600 m: 24.6%; >600 m 20.3%).

In the Bregana drainage basin there is a rela-

tively high proportion of steep slopes. Accord-
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klasifikaciji nagiba (Gilewska i Klimek, 1968)
znacajno nagnuti tereni i izrazito nagnuti tereni
(12 do 32°) zauzimaju 50,05 % povrsine porjedja i
karakteristi¢ni su za strane uvala, udolina i jaruga,
a vrlo strmi tereni (32° do 55°) i strmci (> 55°)
9,04 % povrsine porjedja i obiljezje su rasjedno
preduvjetovanih dolinskih strana Bregane, Bre-
ganice, Rakovca i drugih manjih tokova (Cur-
man, 2021).

Hipsometrijska krivulja i posebno zastuplje-
nost jako nagnutih terena govore u prilog raz-
mjerno brzoj evakuaciji voda u otjecanju, §to je
dodatno olak$ano razmjerno razvijenom mrezom
tekuéica. Takva situacija pogoduje bujienju i po-
vremenim poplavama u podrudju porjeéja Brega-
ne. Izlijevanje vode iz korita ¢esée je u dolinskim
prosirenjima u dijelu doline Bregane od Grda-
njca nizvodno (FRISCOI, n.d.). Uvjeti otjecanja
bili bi nepovoljniji da nije slabe naseljenosti i $u-
movitosti (78,2 % $uma u porjedju, Corine Land
Cover, 2018; Curman, 2021), posebno u brdskom
dijelu porjecja. Regulacijski zahvati razmjerno su
mali, dijelom i zbog ograni¢enja u PP Zumberak
— Samoborsko gorje, te ograniceni uglavnom na
naseljeni nizinski dio porje¢ja, odnosno donji tok
Bregane.

Prethodna istrazivanja

Iako je objavljeno mnogo hidroloskih znanstve-
nih radova koji su se bavili statistickim analizama
i pracenjem trendova karakteristicnih protoka na
razli¢itim razinama, opcenito je u Hrvatskoj i su-
sjednim drzavama malo onih koji su se pozabavili
promjenama proto¢nih rezima, odnosno uspored-
bom godisnjih hodova protoka iz nekih uzastopnih
ili dijelom preklapajuéih podrazdoblja.

Za ovaj rad relevantni su oni koji se bave pro-
mjenama protolnih rezima — izravno usporedbom
godisnjih hodova protoka iz dvaju podrazdoblja ili
izmedu ostaloga donose sezonske trendove protoka,
na razini Hrvatske ili na regionalnoj razini u koju
je ukljuceno istrazivano podrudje. Tako Canjevac
(2012) pise o promjenama proto¢nih rezima u hr-
vatskom dijelu porje¢ja Dunava usporedujudi raz-
doblje 1980. — 2009. s klimatoloski standardnim
razdobljem 1961. - 1990., no medu 12 analiziranih

ing to IGU slope classification (Gilewska, and
Klimek, 1968), sloping and highly sloping terrain
(12°-32°), making up 50.05% of the basin area
typically as depression, valley, and gully sides. Very
steep slopes (32°-55°), and escarpments (>55°)
take up 9.04% of the basin area and are found at
tectonically predisposed valley sides of Bregana,
Breganica, Rakovac and other smaller watercours-

es (Curman, 2021).

Hypsometric characteristics and high propor-
tion of steep slopes enable quick surface water evac-
uation, enhanced by the relatively well-developed
stream network. This favours torrential flows and
occasional floods in the Bregana catchment. Riv-
erbed overflow typically happens in valley widen-
ings in the Bregana course section downstream of
the Grdanjec settlement (FRISCO1, n.d.). Runoff
conditions would be even less favourable if it were
not for low population density and abundance of
forests (forests cover 78.2% of the basin area, Co-
rine Land Cover, 2018; Curman, 2021), especially
in the hills and mountains. Watercourse regulations
are scarce, in part due to Zumberak-Samoborsko
Gorje Nature Park restrictions and are largely lim-
ited to more densely populated lower course of the
Bregana River.

Previous research

Although many hydrological scientific papers have
been published that dealt with statistical analyses and
monitoring of trends of characteristic annual dis-
charges, in Croatia and neighbouring countries there
are few researchers that have dealt with changes in dis-
charge regimes, specifically regarding comparison of
the annual courses of monthly mean discharges from
two consecutive (or partly overlapping) time periods.

For this research, those that deal with the
changes of discharge regimes, either directly by
comparing the annual course of discharge from
two periods, or those that, among other things,
address seasonal discharge trends, in Croatia in
general or at the regional level, encompassing
the researched area, are most relevant. Canjevac
(2012) wrote about changes in discharge regimes
of rivers in the Croatian part of the Danube Riv-
er basin, comparing the 1980-2009 period with
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postaja nije bilo onih iz porje¢ja Bregane. Promjene
godisnjih i sezonskih protoka na razini Hrvatske
u razdoblju 1990. — 2009. razmatrali su Canjevac i
Oresi¢ (2015),a medu 53 analizirane postaje bilaje i
Bregana-remont na Bregani, na kojoj je zabiljeZeno
ljetno smanjenje protoka, no nisu zabiljezeni sta-
tisti¢ki znacajni trendovi. U jo§ jednom radu Canje-
vac i Oresi¢ (2018) razmatraju promjene proto¢nih
rezima u Hrvatskoj usporedbom razdoblja 1961.
—1990.1 1991. — 2009. na razini tipova protocnih
rezima te za peripanonski ki$ni reZim opéenito na-
vode da je u vedini sluajeva zabiljeZen pad vrijed-
nosti mjese¢nih koeficijenata protoka od veljace do
kolovoza. Barbali¢ i Kuspili¢ (2014) analizirali su
trendove 33 hidroloska parametra na 84 hidroloske
postaje iz cijele Hrvatske u razdoblju 1980. — 2009.
medu kojima su sve tri postaje u porjedju Bregane.
Prema tom radu u podjeli na tekudice s manjim i
vedim antropogenim utjecajem Bregana i Bregani-
ca svrstane su u tekudice s manjim antropogenim
utjecajima, na kojima u navedenom razdoblju trend
srednjih godi$njih protoka nije statisticki znacajan.
U analizi trendova srednjih mjese¢nih protoka na
velikom broju analiziranih postaja, medu kojima je
i postaja Bregana-remont, zabiljezZen je statisticki
znalajan negativan trend svibanjskih i lipanjskih
protoka. Ti i drugi razmatrani indikatori upozora-
vaju na produljenje susnih ljetnih razdoblja te po-
vecanje dinami¢nosti hidrograma na velikom dijelu
istrazivanoga podrudja. Veéina promjena odgovara
scenarijima o klimatskim promjena koji predvidaju
povecanje su$a te intenzivnije i uCestalije ekstreme
(Barbali¢ i Kuspili¢, 2014).

Tako nema objavljenih hidroloskih znanstvenih
radova o Bregani u Sloveniji (na kojoj nema hi-
droloske postaje sa slovenske strane), medu mno-
gim radovima koji se uglavnom bave trendovima
karakteristicnih protoka na slovenskim postajama
za ovo istraZivanje od posebnog je interesa noviji
rad skupine autora (Oblak i dr., 2021) u kojem se,
na nizovima iz 1961. — 2013., uz analizu trendo-
va karakteristi¢nih godi$njih protoka, razmatraju i
sezonske promjene protoka. Medu 40 hidroloskih
postaja za usporedbu su zanimljivi rezultati za obli-
znju postaju Podbodje na Krki. Na njoj je zabiljezen
statisticki znacajan trend pada srednjih godisnjih
protoka te statisticki znacajan trend pada srednjih
Jjetnih protoka.
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the climatologically standard 1961-1990 period,
although out of 12 analysed hydrological stations
there where none from the Bregana catchment.
Canjevac and Oresi¢ (2015) analysed trends in
annual and seasonal discharge for rivers in Cro-
atia in 1990-2009, and among the 53 analysed
hydrological stations, Bregana-remont station on
the Bregana River was included, and on it summer
discharge decline was registered, but there were no
statistically significant trends. In another paper,
Canjevac and Oresi¢ (2018) compared discharge
regimes from the 1961-1990 and 1991-2009 pe-
riods in Croatia at the level of discharge types. For
the peri-Pannonian pluvial-nival regime type (to
which the Bregana basin belongs) they concluded
that there was a decline of monthly discharge co-
efficients from February to August in most cases.
Barbali¢ and Kuspili¢ (2014) analysed the trends
of 33 hydrological parameters at 84 hydrological
stations from Croatia in the 1980-2009 period,
including all three stations in the Bregana catch-
ment. According to that study, the Bregana and
Breganica rivers are classified as streams with
low anthropogenic influence, without statistical-
ly significant trend of mean annual discharge. In
the analysis of mean monthly discharge trends, a
statistically significant negative trend of May and
June discharge is recorded at many analysed sta-
tions, including the Bregana-remont station. These
and other considered indicators warn of the pro-
longation of dry summer periods in a large part of
research area (Barbali¢ and Kuspili¢, 2014).

Although there are no published hydrological sci-
entific papers regarding the Bregana River in Slove-
nia (there is no hydrological station on the Slovenian
side), among many papers that mostly deal with the
trends of characteristic discharge at Slovenian hydro-
logical stations, the most interesting for this research
is the recent paper by Oblak et al. (2021) in which,
for the 1961-2013 period, beside trends of character-
istic annual discharge, changes in seasonal discharge
are considered. Among the 40 Slovenian hydrologi-
cal stations, there are interesting results for the near-
by Podbodje station on the Krka River. They show a
statistically significant declining trend of mean annu-
al discharge, and a statistically significant declining
trend of mean summer discharge.



Jedini objavljeni hidroloski znanstveni rad koji
se izravno bavio istrazivanim podrudjem, odnosno
porjeCjem Bregane jest rad Ivezic¢a, Filipana i Ka-
di¢a (2019) o maksimalnim vodostajima i proto-
cima na Bregani. U radu se zaklju¢uje da u anali-
ziranom razdoblju (postaja Bregana-remont 1970.
—2015. te Koretiéi i Svinjari¢i 1980. - 2012.) po-
stoji trend povecanja maksimalnih godisnjih pro-
toka i vodostaja na svim trima hidroloskim po-
stajama u porjedju, koji je posebno izrazen nakon
2000. godine.

Od ostalih istrazivanja na istrazivanom podrudju
problematikom ekstrema i poplava te moguéno-
stima zastite od $tetnoga djelovanja visokih voda
bavilo se osam ustanova i tvrtki iz Slovenije i Hr-
vatske unutar projekta Flood Risk Slovenia-Croa-
tia Operations (FRISCOZ, n.d.) od 2016. do 2019.
godine. U sklopu toga projekta izradene su studije o
prekograni¢no uskladenom upravljanju rizicima od
poplava za svako od $est prekograni¢nih porjecja, pa
tako i za porjedje Bregane.

Takoder, osim spomenutih hidrogeografskih ra-
dova, nekoliko se geografskih znanstvenih radova
manjim dijelom doti¢e uvjeta otjecanja u istrazi-
vanom podrudju, no nijedan se ne bavi konkretno
protocima u porjecju Bregane. O geomorfoloskim
obiljezjima Zumberacke gore pisu Dujmovi¢ i Bo-
gnar (1995). Buzjak 2002. godine iznosi rezultate
istrazivanja i analizu znacajki jama i spilja od kojih
se nekolicina nalazi unutar porjedja (Buzjak, 2002).
Dujmovi¢ je 2007. objavio znanstvenu monografi-
ju o fizi¢kogeografskim obiljezjima Samoborskoga
gorja u kojoj je kratko pisao i o tekudicama istra-
Zivanoga podrudja te s Bognarom i Pahernikom
iste godine objavljuje i geomorfolosku kartu Samo-
borskoga gorja i Pljesivickoga prigorja (Dujmovié,
2007; Dujmovi¢ i dr., 2007). U znanstvenoj knjizi
yoamobor, zemljopisno-povijesna monografija”’
(Buzjak i dr., 2011) viSe autora objavilo je pregled
prirodno-geografskih i drustveno-geografskih obi-
ljezja Sirega Samoborskog kraja.

lzvori podataka i metode

Za potrebe mjerenja osnovnih hidromorfoloskih
veli¢ina koriSten je digitalni model reljefa (DEM)
rezolucije 25 x 25 metara preuzet s internetske stra-

The only published hydrological scientific paper
that directly deals with the research area is the pa-
per of Ivezic, Filipan and Kadi¢ (2019) on maximum
water levels and maxima discharges on the Bregana
and Breganica rivers. The paper concluded that, in the
analysed period (Bregana-remont station 1970-2015
and Koretici and Svinjariéi stations 1980-2012), there
was a trend of increasing annual maxima discharges
and water levels for all three hydrological stations in
the basin, which was especially pronounced after the

year 2000.

Of other research concerning the researched area
there was a project Flood Risk Slovenia-Croatia Op-
erations (FRISCO1, n.d.) implemented from 2016 to
2019 to deal with the problem of extremes and floods;
possibilities for protection against flooding were stud-
ied by eight institutions and companies from Slovenia
and Croatia. As part of this project, for each of the six
cross-border drainage basins selected for the project,
a study on coordinated flood risk management was
undertaken, the Bregana drainage basin among them.

Apart from the aforementioned hydrogeographic
scientific papers there are several geographical studies
touching on the runoft conditions in the research area
to some extent, but none of them deal with discharge
in Bregana catchment. Dujmovi¢ and Bognar (1995)
wrote about geomorphological characteristics of
Zumberak Mountain. In 2002, Buzjak presented the
results of research and analysis of the features of spe-
leological objects, several of which are located within
the basin (Buzjak 2002). In 2007, Dujmovi¢ published
a scientific monograph on the physical-geographic
teatures of the Samobor highlands, in which he also
briefly wrote about the watercourses, and in the same
year, together with Bognar and Pahernik, he published
a geomorphological map of the Samobor highlands
and Pljesivica hills (Dujmovi¢, 2007; Dujmovi¢ et al.,
2007). In the scientific book Samobor, geographical-his-
torical monograph (Buzjak et al., 2011), several authors
published an overview of the natural-geographical and
social-geographical features of the Samobor region.

Data and methods

To measure the basic hydromorphological ele-
ments, the digital model of the relief (DEM) in reso-

lution of 25x25 meters was used from the Copernicus
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nice Copernicus (2016). Na temelju DEM-a u softe-
ru QGIS 3.16.10 odredeno je porjecje Bregane koje
je po potrebi ispravljeno prema topografskoj karti 1 :
25 000. Pojedine dostupne karte su georeferencirane.

Hidroloski podatci preuzeti su od Sektora za
hidrologiju DHMZ-a (Baza hidroloskih podataka
- HIS2000, DHMZ, n.d.) koji u porje¢ju Bregane
vodi hidroloske postaje: postaju Bregana-remont i
Koreti¢i na Bregani te postaju Svinjari¢i na Bregani-
ci (vidi tab. 1). Sve tri hidroloske postaje opremljene
su vodokazima i limnigrafima. Najnizvodnija posta-
ja je Bregana-remont. Nalazi se na rijeci Bregani i s
radom je pocela 1969. godine, a potpuni podatci na
raspolaganju su od 1970. do 2020. godine. Postaja
Koretiéi takoder se nalazi na rijeci Bregani. S radom
je pocela 1980., a potpuni podatci na raspolaganju su
od 1981. do 2020. godine. Postaja Svinjari¢i nalazi se
na rijeci Breganici. S radom je pocela 1980. godine,
ali je u listopadu 2015., uslijed velikih voda koje su
unistile dio obale i srusile limnigraf, prestala s radom.
U rujnu 2016. postaja je obnovljena, ali nedostaju hi-
droloski podatci do 2020. godine. Nedostaju takoder
podatci za srpanj, kolovoz i rujan 2007. godine.

S obzirom na raspolozive podatke o protocima za
obje postaje na Bregani bilo je moguce pratiti potpu-
ne podatke o mjese¢nim srednjacima kako u klima-
toloski standardnom razdoblju 1991.—-2020. da bi se
utvrdila obiljeZja proto¢nog rezima tako i usporedno
u dva zadnja dvadesetogodisnja razdoblja 1981. —
2000. i 2001. = 2020. da bi se razmotrile i promje-
ne proto¢nih rezima. Postaja Svinjari¢i na Breganici

Tab. 1. Osnovni podatci o hidroloskim postajama u porjecju Bregane

website (2016). Using QGIS 3.16.10 software, the
Bregana drainage basin was determined and where
necessary corrected according to the topographic

map at 1: 25,000.

Hydrological data is taken from the Hydrology
sector of the National Meteorological and Hydro-
logical Service (Hydrological database - HIS2000,
DHMZ, n.d.), which runs three hydrological sta-
tions in the basin: Bregana-remont and Koretiéi on
the Bregana River and Svinjari¢i on the Breganica
River (see Tab. 1). All are equipped with both staff
gauges and recording gauges. The most downstream
station is Bregana-remont on the Bregana River
which started operating in 1969 and complete data
is available from 1970 to 2020. Koretiéi station is
also located on the Bregana River. It started oper-
ating in 1980, with complete data available from
1981 to 2020. The Svinjariéi station is located on
the Breganica River. It started operating in 1980,
but in October 2015 it was demolished by flooding.
In September 2016, the station was restored, but
the hydrological data is missing up to 2020. Also,
data for July, August and September 2007 is miss-
ing.

Considering the available data, for both stations
on Bregana River, it was possible to observe mean
monthly discharges in the climatologically standard
period of 1991-2020 to determine the characteristics
of discharge regime, as well as in the most recent two
twenty-year periods (1981-2000 and 2001-2020) to
determine changes in discharge regimes. The Svin-

Tab. 1 Basic data on hydrological stations in the Bregana River catchment

Razdobljerada |  Kota nula Geografske Udaljenost od Povrsina
Postaja Tekuéica / Station vodokaza koordinate uséa slijevnoga
/ Station / Watercourse operation / Gauge zero / Geographic |/ Distance from podrudja
period(s) elevation coordinates river mouth | / Drainage area
3012 _ $:45°50'27" N )
Bregana-remont Bregana 1969.-2020. 152,332 m | 2" 4se g hen B 3,5 km 88,5 km
3254 B ¢:45°47' 57" N )
Koretici Bregana 1980.-2020. | 332,288m | ;' ces3gn 19,5 km 34,8 km
1980.-2007.; . AE° 4Q' ("
?2.52. . Breganica 2007.-2015,; 235,120 m ¢'. 450 48. 00., N 10,6 km 4 km?
Svinjariéi 2016.— 2020 A:15°37'44"E

lzvor: DHMZ, prema historijatima postaja, osim viastito mjerenje za udaljenosti od us¢a za postaje Bregana-remont i Koretici
Source: DHMZ, hydrologic station data, excepting the author's measurement for the Bregana-remont and Koretiéi stations' distance from river mouth

river kilometers).
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ne pruza potpune podatke o protoku te ima malu
sljevnu povrdinu, ali je mogla posluziti kao dopuna
u razmatranjima.

Da bi se usporedila obiljezja i promjene u pro-
to¢nom rezimu s obiljezjima i promjenama u rezimu
padalina i temperature zraka, koristeni su podatci
DHMZ-a s odabranih meteoroloskih postaja. Unu-
tar prostora porjeja ne nalazi se ni jedna meteoro-
loska postaja zbog Cega su u obzir za razmatranje
klimatoloskih obiljeZja uzete najblize postaje. Od
klimatoloskih postaja kao najbliza i ona s najpotpu-
nijim podatcima odabrana je postaja Samobor?. Kli-
matoloska postaja Sosice prikladno se nalazi u Zum-
berackom gorju, no nema dovoljno duge ni potpune
nizove podataka. Od ostalih meteoroloskih postaja
razmjerno su blizu porje¢ju Bregane kisomjerna po-
staja Mrzlo Polje Zumberacko, s malo iskoristivih
podatka’, te kiSomjerna postaja Rude, koja ima goto-
vo potpune podatke od pocetka motrenja, ali tek od
1991. godine.

Z.a statisti¢ku analizu vremenskih nizova koristen
je MSExcel i statisticka aplikacija XLSTAT (Adin-
soft, verzija 2021 4.1). Homogenost svih koriste-
nih nizova provijerena je Pettittovim testom (Pettit,
1979) uz signifikantnost o = 0,05. Svi nizovi srednjih
godisnjih i srednjih mjese¢nih protoka homogeni su
za sva razmatrana razdoblja. Statisticka znacajnost
trendova provjerena je Mann-Kendallovim testom
(Mann, 1945; Kendall, 1975), a u radu je odabrana
uobicajena 95 %-tna razina pouzdanosti testa (signi-
fikantnost o = 0,05).

2 Najbliza klimatoloska postaja je Samobor. Buduc¢i da je ta klimatoloska
postaja u nizini (smjestena na 45° 49’ 09” s.g.8. i 15° 43’ 12" i.g.d.),
na 141 m nadmorske visine, te se nalazi isto¢no od gorskoga podruc-
ja Zumberka i Samoborskoga gorja, u padalinskoj sjeni u odnosu na
generalno zapadno strujanje, ona nije idealno poloZena u odnosu na
porjecje Bregane u ¢jelini. Naime, porjedje Bregane pretezno je gorsko
podrugje s 45 % povrsine porjedja iznad 500 m nv i svega oko 5 %
porjedja ispod 200 m nv. Klimatoloska postaja Sosice je, iako znat-
no dalje od razvodnice od Samobora, potencijalno reprezentativnija
klimatoloska postaja zbog svojeg poloZaja na Zumberackoj gori (45°
4507 s.g.5 15° 22 56” i.g.d., na 520 m nv). Medutim, ona ipak nije
mogla biti uzeta u razmatranje s obzirom na raspoloZivost podataka
od 1996., a osim toga, niz za mjesecne i godisnje koli¢ine padalina u
Sogicama nije potpun, tako da u razli¢itim godinama nedostaje od dva
do sedam podataka mjese¢nih koli¢ina padalina te nedostaje ¢ak 13 od
24 podatka o godisnjoj koli¢ini padalina. Na toj postaji nedostatni su
i nizovi za temperature zraka i broj dana sa snjeznim pokrivacem >= 1

cm (DHMZ, HIS2000).

3 Na kisomjernoj postaji Mrzlo Polje Zumberacko podatci su nepotpuni
i dijelom ponisteni te je u razdoblju 1981. — 2020. svega 14 podataka
o godisnjoj koli¢ini padalina i 17 o godi$njem broju dana sa snjeznim
pokrivacem >= 1 cm.

jariéi station on the Breganica River does not provide
a continuous record of discharge, and it has a small
drainage area, but it was considered as a supplemen-
tal source of information.

In order to compare the characteristics and chang-
es in the discharge regimes with the characteristics
and changes in precipitation and air temperature,
Meteorological and Hydrological Service (DHMZ)
data from selected meteorological stations were
used. There are no meteorological stations within
the catchment, so the Samobor station was selected
as it is the closest and has the most complete data”.
Although the Sosice climatological station is situat-
ed more appropriately in the Zumberak highlands,
it does not have long enough nor complete sets of
data. Of the other meteorological stations relatively
close to the Bregana catchment there is the Mrzlo
Polje Zumberacko precipitation station, which has
little useful data®, and the Rude precipitation station,
which has an almost complete data series, but only
since 1991.

For statistical analysis of the time series, MS Ex-
cel and its statistical application XLSTAT were used
(Adinsoft, version 2021 4.1). The homogeneity of all
used series is checked by the Pettitt test (Pettitt, 1979)
with the significance level a. = 0.05. All sets of mean
annual and mean monthly discharges are homogene-
ous for all periods considered. Statistical significance
of trends was checked using the Mann-Kendall test
(Mann, 1945; Kendall, 1975) at the usual significance
level o = 0.05 (95% confidence).

2 The closest climatological station is Samobor. Since this climatolog-
ical station is in the lowlands (located at ¢ 45° 49’ 09” N and A 15°
43’ 12” E), at 141 m above sea, and is located east of the Zumberak
and Samobor highlands in the precipitation shadow of the general
western flow, it is not ideally positioned in relation to the Bregana
catchment. Specifically, the Bregana catchment is a predominantly
hilly and mountainous area with 45% of the catchment above 500
m elevation and only about 5% of it is below 200 m elevation. The
climatological station Sosice, although significantly farther from the
watershed than Samobor, is a potentially more representative due to
its position on Zumberak Mountain (¢ 45° 45 0" N, A 15° 22’56”E,
at 520 m a.s.l.). However, it could not be selected since the data are
available only from 1996, and besides, the series for monthly and an-
nual rainfall in Sosice is not complete, and in various years it lacks two
to seven monthly amounts of precipitation and so missing as many
as 13 of 24 annual rainfall amounts. There are also incomplete series
for air temperature and the number of days with snow cover> = 1 cm
(DHMZ, HIS2000).

3 At the Mrzlo Polje Zumberacko precipitation station, the data are in-
complete and partly invalidated, and in the period 1981-2020 there
are only 14 data on the annual amount of precipitation and 17 on the
annual number of days with a snow cover >= 1 cm.
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Proto¢ni rezim podrazumijeva prvenstveno kre-
tanje srednjih mjese¢nih i drugih karakteristi¢nih
protoka tijekom godine (Canjevac, 2012). Protocni
rezimi, odnosno protoci najstabilnija su sastavnica
hidroloskoga ciklusa te nam analiza dugih vremen-
skih nizova podataka moze dati vrijedne infor-
macije o trendovima i varijacijama klime nekoga
podrugja (Chiew and McMahon, 1996). Stoga je
posebno vazno pracenje promjena proto¢nih rezi-
ma, a posebice na razini porjedja i dijelova porjecja
da bi se tocnije odredili uzroci i posljedice pro-
mjena proto¢nih rezima (Canjevac, 2012; 2013).
U tom smislu javljaju se i noviji radovi o promjeni
proto¢nih rezima na toj razini (npr. Oresi¢ i dr,,
2018 za porjecje Ilove; Canjevac i dr., 2023 za pod-
rudje Plitvickih jezera) te su mogli biti metodolos-
kim uzorom, ali nazalost ne odnose se na podrucja
bliska istrazivanom podruéju prostorno ili tipom
proto¢noga rezima.

U radu su najprije prikazana obiljezja protoc-
noga rezima na postajama na Bregani i Breganici
u standardnom klimatoloskom razdoblju 1991.
— 2020. godine. U nastavku je odredeno najdulje
razdoblje za koje raspolazemo podatcima za sve
tri postaje, a to je Cetrdesetogodisnje razdoblje od
1981. godine do 2020. godine. Za ovo razdoblje
utvrdeni su linearni trendovi srednjega godisnjeg
protoka te maksimalnih i minimalnih godi$njih
protoka na svim trima postajama u porjecju Bre-
gane. Treba naglasiti da u obama razdobljima
(1981. — 2020. i 1991. — 2020.) svi nizovi mje-
se¢nih i godisnjih srednjih protoka nisu pokazali
statisticki znac¢ajan trend prema Mann-Kendalovu
testu uz signifikantnost a. = 0,05. Ipak, odredene
su promjene oCite, stoga je za pracenje suvremenih
promjena proto¢noga rezima odabrana metoda
usporedbe vrijednosti prosjecnih srednjih (i mak-
simalnih i minimalnih) godi$njih i mjese¢nih pro-
toka iz dvaju podrazdoblja, tako da je zajednicko
Cetrdesetogodisnje razdoblje podijeljeno na starije
podrazdoblje od 1981. do 2000. godine i novije
podrazdoblje od 2001. do 2020. godine. Promje-
na prosjeka srednjih te maksimalnih i minimalnih
godisnjih protoka iz obaju razdoblja iskazana je
indeksom promjene. Promjena prosjeka srednjih
mjesecnih protoka iz obaju razdoblja iskazana je
stopom promjene.
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'The discharge regime primarily implies the yearly
course of average mean monthly and other charac-
teristic discharges (Canjevac, 2012). The discharge
regimes are most stable component of the hydrolog-
ical cycle, and the analysis of the long-term series of
discharges can provide us with valuable information
on the trends and variations of the climate of an
area (Chiew and McMahon, 1996). Therefore, it is
especially important to monitor the changes of dis-
charge regimes, and especially at the catchment and
parts of the catchment levels to determine the causes
and consequences of changes in discharge regimes
(Canjevac, 2012; 2013). Recently, in Croatia, some
research has been published dealing with discharge
regime changes at a smaller scale (e.g. Oresi¢ et al.,
2018 for the Ilova River catchment; Canjevac et al.,
2023 for the area of Plitvice Lakes), and although
they provide a methodological framework, their re-
sults refer to rivers (hydrological stations) which are
relatively distant from our research area and have dif-
ferent discharge regime types.

In this paper, the characteristics of the discharge
regimes at the stations on the Bregana and Breganica
rivers in the 1991-2020 standard climatological peri-
od are presented. Then the longest period for which
we have data for all three stations was analysed, which
is the forty-year period from 1981 to 2020. For this
period, linear trends of mean annual discharge and an-
nual maxima and minima discharges were determined
at all three stations in the Bregana basin. It should be
emphasized that in both of these periods (1981-2020
and 1991-2020), all series of monthly and annual
mean discharges did not show a statistically signifi-
cant trend according to the Mann-Kendall test with a
significance of a = 0.05. Nevertheless, certain changes
are evident and, therefore, to monitor contemporary
changes in the discharge regimes, a method of com-
paring the values of the average mean (a well as maxi-
ma and minima) annual and monthly discharges from
two sub-periods were chosen, so that the common
forty-year period was divided into an older sub-period
from 1981 to 2000 and the recent sub-period from
2001 to 2020. The change in average annual mean and
maxima and minima discharges from both periods is
expressed by the change index. The change in the av-
erage of the mean monthly discharges from both peri-
ods is expressed by the rate of change.



Od usporedbe promjena apsolutnih vrijednosti
jo§ je vaznije bilo utvrditi je li doslo do relativne
preraspodjele protoka u godi$njem hodu. To je
ucinjeno metodom usporedbe godisnjega hoda
mjesecnih modulnih koeficijenata iz dvaju po-
drazdoblja. Njihova promjena takoder je iskazana
stopom promjene. Modulne koeficijente uveo je
hidrolog geograf Maurice Pardé (1933), a njihova
je prednost mogucénost usporedbe tekudica razlici-
tih veli¢ina jer je rijec o relativnim vrijednostima.
Izraz za izratun modulnoga koeficijenta za svaki
mjesec je: Mk = SQ mj./SQ _god., odnosno srednji
protok svakoga mjeseca dijeli se srednjim godis-
njim protokom.

Naposljetku su utvrdene promjene u intenzitetu
i polozaju primarnih i sekundarnih maksimuma i
minimuma u godi$njem hodu srednjih mjese¢nih
protoka, odnosno modulnih koeficijenata iz dvaju
podrazdoblja.

Rezultati i rasprava

Obiliezja proto¢noga rezima
1991.-2020.

Sve tri hidroloske postaje u porjecju Brega-
ne imaju dovoljno dug (reprezentativni niz) i
gotovo potpun niz podatka o srednjim, mak-
simalnim i minimalnim mjese¢nim protocima
za klimatoloski standardno razdoblje 1991. —
2020. Bregana-remont i Koreti¢i na Bregani
imaju potpune nizove, a Svinjari¢i na Bregani-
ci raspolazu podatcima za najmanje 25 godina.
To znadi da je moguée na svim trima posta-
jama utvrditi tip proto¢noga rezima odnosno
njegova obiljezja. Osnovni parametri srednjaka
protoka 1991. — 2020. prikazani su u tab. 2.

Kako bi bila olak$ana usporedba i utvrdi-
vanje tipa protolnoga rezima, uobifajeno se
koriste modulni koeficijenti. Postavimo 1i na
istom dijagramu modulne koeficijente hidro-
loskih postaja u porjecju Bregane, lako moze-
mo usporediti proto¢ne rezime u klimatoloski
standardnom razdoblju 1991. — 2020 (sL. 3).

Even more important than the comparison of
changes in absolute values was to determine whether
there was a relative redistribution of the flow over the
course of the year. This was done by comparing the
annual course of the monthly modular coefhicients
from the two sub-periods. Their change is also ex-
pressed by the rate of change. Modular coefficients
were introduced by a hydrologist-geographer named
Maurice Pardé (1933), and they allow comparison of
rivers of different sizes (flows) because they are rela-
tive values. The expression for calculating the module
coeflicient for each month is: Mk = MQ_month/MQ_
year, i.e. the mean discharge of each month is divided
by the mean annual discharge.

Finally, the changes in the intensity and position
of the primary and secondary maximum and min-
imum in the annual course of the mean monthly
discharges, i.e. the modular coeficients from the two
sub-periods, were determined.

Results and discussion

Characteristics of the 1991-2020 discharge
regime

All three hydrological stations in the Bregana
catchment have a sufficiently long (representative)
and almost complete series of data on mean, maxi-
ma and minima monthly discharges for the 1991-
2020 climatological standard period. Bregana-re-
mont and Koretiéi stations on the Bregana River
have complete series, and Svinjarici station on the
Breganica River has data for at least 25 years. This
means that it is possible to determine the type of
discharge regime or its characteristics at all three
stations. Basic parameters for mean monthly and

yearly discharges are displayed in Tab. 2.

To determine and compare the discharge re-
gime types, modular (Pardé) coefficients are com-
monly used. Discharge regimes in the 1991-2020
climatological standard period for all three hydro-
logical stations in the Bregana catchment can be
easily compared by presenting the modular coef-
ficients (Fig. 3). The primary maximum at both
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Tab. 2. Osnovni parametri nizova srednjih mjese¢nih i srednjih godisnjih protoka (m?*/s) za hidroloske postaje Bregana-remont i Koretici na Bregani te
Svinjari¢i na Breganici u klimatoloski standardnom razdoblju 1991. - 2020. godine; N = broj ¢lanova niza, MQ = prosiecni protok (m?/s), SD = standardna
devijacija, CVr = koeficijent varijacije

Tab. 2 Basic parameters for series of mean monthly and mean yearly discharges (m?/s) at the Bregana-remont and Koreti¢i hydrological stations on
the Bregana River, and Svinjari¢i station on the Breganica River for the 1991-2020 climatological standard period; N = number of records, MQ = mean

discharge (m?/s), SD = standard deviation, CVr = coefficient of variation

XII godina

I II 111 v A% VI | VII | VIIT | IX X XI
/ year

Hidroloska postaja Bregana-remont na Bregani / Bregana-remont hydrological station on the Bregana River

N 30 30 30 30 30 30 30 30 30 30 30 30 30
MQ | 1,32 | 1,53 | 1,80 | 1,67 | 1,35 | 1,00 | 0,82 | 0,85 | 1,04 | 1,11 | 1,38 | 1,66 1,29
SD | 0,56 | 0,80 | 1,08 | 0,75 | 0,73 | 0,33 | 0,19 | 0,51 | 0,67 | 0,55 | 0,67 | 0,76 0,32
CVvr | 043 | 0,53 | 0,60 | 0,45 | 0,54 | 0,33 | 0,23 | 0,60 | 0,64 | 0,50 | 0,48 | 0,46 0,24
Hidroloska postaja Koreti¢i na Bregani / Koretici hydrological station on the Bregana River

N 30 30 30 30 30 30 30 30 30 30 30 30 30
MQ_| 046 | 0,56 | 0,70 | 0,67 | 0,51 | 0,35 | 0,28 | 0,28 | 0,36 | 0,43 | 0,53 | 0,58 0,48
Sb | 0,19 | 0,31 | 0,52 | 0,38 | 0,27 | 0,13 | 0,08 | 0,17 | 0,22 | 0,22 | 0,26 | 0,27 0,12
Cvr | 042 | 0,56 | 0,75 | 0,56 | 0,53 | 0,38 | 0,27 | 0,60 | 0,62 | 0,51 | 0,49 | 0,47 0,26
Hidroloska postaja Svinjari¢i na Breganici / Svinjarici hydrological station on the Breganica River

N 26 26 26 26 26 26 25 25 25 25 25 25 24
MQ_ | 0,18 | 0,20 | 0,22 | 0,22 | 0,20 | 0,17 | 0,15 | 0,15 | 0,16 | 0,16 | 0,17 | 0,20 0,17
SD | 0,04 | 0,08 | 0,10 | 0,07 | 0,12 | 0,09 | 0,06 | 0,08 | 0,08 | 0,04 | 0,05 | 0,07 0,04
CVr | 0,24 | 0,39 | 0,45 | 0,33 | 0,58 | 0,53 | 0,44 | 0,54 | 0,50 | 0,26 | 0,30 | 0,37 0,22

lzvor: lzracunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

Primarni maksimum na objema postajama na
Bregani javlja se u ozujku, na postaji Brega-
na-remont vrijednost modulnoga koeficijenta
iznosi 1,39, a na postaji Koretiéi 1,47. Na Bre-
ganici (postaja Svinjari¢i) maksimum je po-
maknut na travanj s modulnim koeficijentom
1,28. Sekundarni maksimumi su na svim trima
postajama u prosincu i vrijednosti modulno-
ga koeficijenta iznose: Bregana-remont 1,28,
Koreti¢i 1,21, Svinjari¢i 1,14. Minimumi su
na svim postajama u istim mjesecima, primar-
ni se javlja srpnju, s vrijednostima modulnoga
koeficijenta: Bregana-remont 0,63, Koretici
0,58, Svinjari¢i 0,84, a sekundarni u sijeénju, s
vrijednostima modulnoga koeficijenta: Brega-
na-remont 1,02, Koretié¢i 0,97 i Svinjari¢i 1,06.

Iznadprosjeéni protoci se u nacelu javljaju
od rujna do svibnja, a o¢ekivano su ispod go-
dis$njega prosjeka u razmjerno toplim mjese-
cima kada je evapotranspiracija visa. Pomalo
iznenaduje da su na postaji Svinjari¢i modulni
koeficijenti ujednaceniji tijekom godine s ob-
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stations on the Bregana River occurs in March;
at the Bregana-remont station the modular coef-
ficient value is 1.39, and at the Koreti¢i station
1.47. At the Breganica River (Svinjari¢i station),
the maximum is shifted to April with a modular
coeflicient value of 1.28. The secondary maximum
occurs in December at all three stations, and the
modular coefficient values are: Bregana-remont
1.28, Koreti¢i 1.21, and Svinjari¢i 1.14. The mini-
ma are at all stations in the same months; the pri-
mary occurs in July, with the following modular
coefhicient values: Bregana-remont 0.63, Koretici
0.58, and Svinjari¢i 0.84.The secondary minimum
occurs in January, with the following modular co-
efficient values: Bregana-remont 1 .02, Koreti¢i

0.97, and Svinjari¢i 1.06.

Above-average streamflow generally occurs
from September to May, and expectedly it is be-
low the annual average in relatively warm months
when evapotranspiration is higher. It is somewhat
surprising that the modular coefficients at the

Svinjari¢i station are more uniform throughout



Modular coeff.

SI. 3. Protocni rezimi iskazani 2,00 +

modulnim koeficiientima na
postajama Bregana-remont i
Koreti¢i na Bregani i Svinjoriéi
na Breganici u kimatoloski 1,50
standarnom razdoblju 1991. -
2020. godine

Fig. 3 Discharge regimes
expressed by modular (Pardé) 1.00
coefficients for Bregana-remont !
and Koretici stations on the
Bregana River and Svinjariéi
stafion on the Breganica River
in the 1991-2020 climatological 0,50 -
standard period

lzvor: lzracunato prema
podatcima DHMZ-a

Protoéni rezimi u porjecju Bregane 1991.-2020. /
Discharge regimes in Bregana catchment 1991-2020

—=a— Bregana - Bregana remont
—— Bregana - Koretiéi

+++v+++ Breganica - Svinjarici

-"B--ou.ﬂoﬂ"ﬁ....

Source: Calculated from the 0,00 ! !
source data of the DHMZ ! I

v v viovib vil IX X Xl Xl

zirom na to da se radi o malom slijevnom po-
drugju postaje (4 km?).

Prema navedenim obiljezjima proto¢noga
rezima sve tri postaje u porjecju Bregane imaju
peripanonski kiSno-snjezni rezim prema tipo-
logiji rijecnih rezima u Hrvatskoj (Canjevac,
2013). Peripanonski ki§no-snjezni rezim opde-
nito ima dva maksimuma i dva minimuma tije-
kom godine. Prvi maksimum javlja se u oZujku
(kao na Bregani) ili travnju (kao na Breganici).
Drugi je maksimum uglavnom izrazeniji ($to
ovdje nije sluéaj) i javlja se u prosincu (kao na
svim trima postajama u porjecju Bregane) ili
iznimno u studenom. Primarni minimum jav-
lja se u kolovozu ili rjede, kao §to je slucaj u
porje&ju Bregane, u srpnju (razlika srpanjsko-
ga modulnog koeficijenta u odnosu na onaj u
kolovozu je 0,3 za Breganu-remont, a svega
0,1 za Koretice i Svinjariée). Sekundarni mini-
mum najéescée je u veljaci (u porjedju Bregane
u sije¢nju). Iznadprosjecne vrijednosti protoka
kod peripanonskoga ki$no-snjezZnog rezima
javljaju se uglavnom od studenoga do travnja,
a u porjedju Bregane koje je pretezito Sumo-
vita brdskog karaktera (razmjerno niske tem-
perature i evapotranspiracija) produljene su do
svibnja.

the year, given that the drainage area of the station
is small (4 km?).

According to main characteristics of the dis-
charge regime, all three stations in the Bregana
drainage basin have a peri-Pannonian pluvial-nival
regime according to the typology of river regimes
in Croatia by Canjevac (2013).'The peri-Pannoni-
an pluvial-nival regime generally has two maxima
and two minima during the year. The first max-
imum occurs in March (like the Bregana River)
or April (like the Breganica River). The second
maximum is generally more pronounced (which
is not the case here) and occurs in December (like
all three stations in the Bregana catchment) or
occasionally in November. The primary minimum
occurs in August or sometimes, as is the case in
the Bregana catchment, in July (the difference in
the July modular coeflicient compared to that of
August is 0.3 for Bregana-remont, and only 0.1
for Koreti¢i and Svinjari¢i). The secondary min-
imum mostly occurs in February (in the Bregana
catchment in January). Above-average streamflow
in the peri-Pannonian pluvial-nival regime oc-
cur mainly from November to April, and in the
Bregana drainage basin, which is predominantly
wooded and mountainous (relatively low temper-
atures and evapotranspiration), they are prolonged

until May.
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Suvremene promjene protocnoga rezima

Kretanje srednjih, maksimalnih i minimalnih

godisnjih protoka

Kretanje srednjih godi$njih protoka povezano je
s kretanjem srednjih godisnjih koli¢ina padalina. To
pokazuje usporedba nizova godisnjih koli¢ina pa-
dalina u meteoroloskim postajama Rude i Samobor
i srednjih godi$njih protoka na Bregani na postaji
Bregana-remont (sl. 4 i sl. 5), koja se nalazi nedale-
ko od us¢a Bregane u Savu te dobro odrazava otje-
canje u porjedju u cjelini.

Contemporary changes in discharge regime

Mean annual, annual maxima and minima
discharges

Mean annual discharge course is related to the mean
annual rainfall course. This is shown by a comparison
of the time series of annual precipitation amounts in
the Rude and Samobor meteorological stations and
the mean annual discharge at the Bregana-remont hy-
drological station (Fig. 4 and Fig. 5), which is not far
from the Bregana River mouth and thus best repre-
sents the runoft in the drainage basin as a whole.

Samobor, padaline/precipitation (mm/god)

1008 i/and Bregana-remont, MQ (m3/s)
1000 M‘“—\"‘—AVMM ‘
SI. 4. Usporedba kretanja
Samobor P (mm/god) godisnjih koligina padalina na
kiSomjernoj postaiji Rude (mm)
100 i srednjih godidnjih protoka na
hidroloskoj postaji Bregana-
remont na Bregani (m3/s) u
10 razdoblju 1981.-2020. godine
Bregana-remont MQ (m3/god) SI. 4 Comparison of the annual
precipitation amountfs af the
L e T AT AL TN Rude precipitation stafion (mm)
and mean annual discharges
for the Bregana-remont
hydrological station (m3/s) in the
L R e e N N R LA o e e e o s e e e ML S e e e e -0 .‘98]*2020[36”0(:‘
58223288828 33888¢¢233 g8 .
I 233333 JF 332"/ AAR A QA Q] lzvor: DHMZ

Source: DHMZ

U kojoj su mjeri te dvije varijable povezane moze
se kvantificirati Pearsonovim koeficijentom korela-
cije r, odnosno koeficijentom determinacije 2. U
slucaju godisnjih koli¢ina padalina postaje Samo-
bor i srednjih godi$njih protoka na postaji Brega-
na-remont Pearsonov koeficijent korelacije iznosi
r = 0,66 i koeficijent determinacije r* = 0,436, a u
slucaju godisnjih koli¢ina padalina postaje Rude i
srednjih godi$njih protoka na postaji Bregana-re-
mont Pearsonov koeficijent korelacije iznosi r =
0,77 i koeficijent determinacije r* = 0,599. Dakle, u
oba slucaja pokazuje se srednje jaka veza*, a ona je

4 Prema Sosi¢ i Serdar (1994) vrijednost Pearsonova koeficijenta korel-
acije r od 0,80 je granica od korelacije srednje ja¢ine prema ¢vrstoj ko-
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'The degree to which these two variables are re-
lated can be quantified by the Pearson correlation
coeflicient r, and the coefficient of determination r2.
In the case of the Samobor station annual precipi-
tation and Bregana-remont mean annual discharg-
es, the Pearson’s correlation coeflicient is r = 0.69
and the coefficient of determination is r? = 0.475;
and in the case of Rude annual precipitation and
Bregana-remont mean annual discharges, the Pear-
son’s correlation coefficient is r = 0.77 and the co-
efficient of determination r? = 0.599. Therefore, in

both cases, there is a medium strong relationship*

4 According to Sosi¢ and Serdar (1994) the Pearson’s coefiicient value
r = 0,80 is borderline between medium strong corellation and strong



Rude, padaline/precipitation (mm/god)

A i/and Bregana-remont, MQ (m3/s)
1. 5. Usporedba kretanja 1000 [emmrr TN
godinjih koli¢ina padalina na Rude P (mm/god)
klimatoloskoj postaji Samobor
(mm] i srednjih godiSnjin protoka 100
na hidroloskoj postaji Bregana-
remont na Bregani (m*/s) u
razdoblju 1981. -2020. godine
SI. 5 Comparison of the annual 10
precipitation amounts at Bregana-remont MQ (m*/god}
the Samobor climatological
station (mm) and mean annual 1 W
discharges for the Bregana-
remont hydrological station on
the Bregana River (m¥/s) in the
1991-2020 period o o m w N ¢:hI '« w1 =~ @ d m o~ ImlolgOd

lzvor: DHMZ
Source: DHMZ

izrazenija kod Ruda, koje su s obzirom na svoj polo-
Zaj u gorju reprezentativnija postaja u pogledu po-
dataka o koli¢inama padalina za porjecje Bregane.

U zadnjem tridesetogodisnjem klimatoloskom
standardnom razdoblju 1991.—2020. prosje¢na godis-
nja koli¢ina padalina za Samobor iznosi 1070,1 mm,
a za Rude 1183,9 mm. Na objema meteoroloskim po-
stajama nije zabiljeZena statisticki zna¢ajna promjena
godisnjih koli¢ina padalina. To je u skladu s istraziva-
njima dugoroénoga kretanja godi$njih koli¢ina padali-
na u Hrvatskoj prema kojima je na ve¢ini meteorolos-
kih postaja to kretanje uglavnom stagnantno (Filip&i¢
idr., 2013). Prema tome ne moZe se ocekivati ni zna-
¢ajan trend u kretanju srednjih godisnjih protoka na
hidroloskim postajama u istrazivanom podrudju.

Najdulji neprekinuti niz karakteristi¢nih godis-
njih protoka u porjecju Bregane ima hidroloska
postaja Bregana-remont, od 1970., te ovdje pra-
timo njihovo kretanje kroz 51 godinu, od 1970. —
2020. Prema prethodnim istrazivanjima koja su se
bavila suvremenim kretanjima srednjih godisnjih
protoka opéenito u Hrvatskoj (Barbali¢ i Kuspili¢,
2014; Canjevac i Oresi¢, 2015) u porjeju Bregane

ne mozemo oCekivati znacajne trendove u kretanju

relaciji. Prema Chaddockovoj ljestvici vrijednost koeficijenta od 0,64
jest granica izmedu veze srednje jakosti i ¢vrste veze, a u hidrologiji
se opcenito smatra da je korelacijski odnos znacajan ako je koeficijent
determinacije veci od 0,6 (Chaddok 1925; Zugaj 2000).

that it is more pronounced for Rude, which, given
its position in the highlands, is a more representa-
tive station for the Bregana catchment in terms of
precipitation regime.

In the last thirty-year climatological standard
period from 1991 to 2020, the average annual
rainfall for Samobor station was 1,070.5 mm,
and 1,183.9 mm for Rude station. At both of
those meteorological stations, no statistically sig-
nificant change in annual rainfall was observed.
This is in accordance with research into long-
term trends in annual precipitation amounts in
Croatia, according to which this trend is mostly
stagnant (Filipci¢ et al., 2013). Accordingly, no
significant trend of average annual discharge at
the hydrological stations in the research area can
be expected.

'The longest continuous series of annual discharge
data in the Bregana catchment is available at the
Bregana-remont station: from 1970-2020. Accord-
ing to previous research dealing with contemporary
changes in mean annual discharges in general in
Croatia (Barbali¢ and Kuspili¢, 2014; Canjevac and

Oresi¢, 2015), we cannot expect significant trends

corellation. According to the Chaddock scale (Chaddock, 1925), the
value of a determination coefficient r* of 0.64 is the limit between a
medium strong and strong relationship. Furthermore, generally spea-
king, a relationship in hydrology is considered to be significant when
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the determination coefficient r? is over 0.6 (Zugnj; 2000).
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srednjih godi$njih protoka. Tako su na hidrologkoj
postaji Bregana-remont srednji godi$nji protoci u
cjelokupnom razdoblju motrenja stagnantni (sl
6) te prema Man-Kendallovu (u daljnjem tekstu
M-K) testu nije potvrden statisticki znacajan trend’
ni u najdulje razmatranom razdoblju (1970. - 2020.
M-K p-vrijednost 0,487), ni u Cetrdesetogodisnjem
razdoblju (1981. — 2020. MK p-vrijednost 0,608)
ni u klimatologki standardnom razdoblju (1991. -
2020. M-K p-vrijednost 0.475). Statisticki znaca-
jan trend ne javlja se ni kod maksimalnih godi$njih
protoka ni kod minimalnih godisnjih protoka ni u

jednom od tih razdoblja.

in mean annual discharges in the Bregana catch-
ment. Indeed, as expected, at the Bregana-remont
hydrological station, the mean annual discharge is
stagnant (Fig. 6) and, via Man-Kendall test (here-
inafter M-K), no statistically significant trend’
was confirmed in the total observation period
(1970-2020.: M-K p-value 0.487), in the contem-
porary forty-year period (1981-2020: M-K p-value
0.608), or in the last climatologically standard peri-
od (1991-2020: M-K p-value 0.475). A statistically
significant trend does not occur in the annual max-
ima discharges or annual minima discharges in any
of these periods.

log Q (m3/s)
100 -

Bregana - remont 1970-2020

Qmax SI. 6. Sredniji godisnji protoci
y=0,0649x + 17,922 (MQ), godidnji maksimalni

R?=0,0077 profoci (Qmax) i godisnji
minimalni protoci (Qmin) na
postaiji Bregana-remont na
Bregani u razdoblju 1970. - 2020.
Ma Fig. 6. Mean annual discharges
y=-0,0027x+1,4188 | (\|Q), annual moxima
R?=0,0187 discharges (Qmax) and annual
Qmin minima discharges (Qmin) af the

y =0,0008x +0,4971 | Bregana-remont stafion on the
R*=0,0067 Bregana River in the 1970-2020
period

godina / year lzvor: lzzacunato prema

podatcima DHMZ-a
Calculated from the source
data of the DHMZ

Usporede 1i se podatci karakteristinih protoka
na postaji Bregana-remont u dvama zadnjim dva-
desetogodisnjim razdobljima (tab. 3), razvidno je da
se srednji godisnji protok gotovo uopée nije promi-
jenio. Medutim, ne$to se povecao prosjecni protok
godisnjih maksimuma, za oko 18 %. Neznatno je
porastao prosjecni protok godisnjih minimuma.

Ni na hidrologkoj postaji Koretiéi (sl. 7), uzvod-
nije na Bregani, gdje raspolazemo podatcima od
1981. nema statisticki znacajnoga trenda u srednjim

5 Mann-Kendallov test primijenjen je uz uobicajenu signifikantnost o =
0,05, pa je prema tomu trend statisticki znacajan kad je p-vrijednost
manja od 0,05.
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If the characteristic discharges at Bregana-re-
mont station are compared in last two consecutive
twenty-year periods (Tab. 3), it is evident that the
mean annual discharge has barely changed at all.
However, the average discharge of the annual max-
ima increased by about 18%. The average discharge
of annual minima has grown slightly.

At the Koretidi station (Fig. 7) further upstream
on the Bregana River, (with available data since
1981) there is also no statistically significant trend

5 Mann Kendall tests here performed with commonly used significance
level 0,05, so the trend is statistically significant when the p-value is

less than 0.05.



Tab. 3. Srednjaci karakteristicnih godisnjih protoka (m?/s) za odabrana razdoblja na postaiji Bregana-remont na Bregani
Tab. 3 Characteristic annual discharge means (m?/s) in selected periods at the Bregana-remont station on the Bregana River

Karakteristi¢ni godisnji protok R/aIz)d(?bge Prosjek Indeks
/ Characteristic annual (N-= bro‘?n:)) dataka / Average /Illnflex
discharge / b pr ds) (m%/s)
number of records
1991.-2020. (N=30) 20,08 -
Q_max 1981.-2000. (N = 20) 17,84 100
2001.-2020. (N = 20) 21,10 118,27
1991.-2020. (N = 30) 1,29 -
MQ_ 1981.-2000. (N = 20) 1,32 100
2001.-2020. (N = 20) 1,33 100,76
1991.-2020. (N = 30) 0,51 -
Q_min 1981.-2000. (N = 20) 0,49 100
2001.-2020. (N = 20) 0,53 108,16

zvor: lzracunato prema podatcima DHMZ-a
Source: Calculated from the source data of the DHMZ

godi$njim protocima ni u Cetrdesetogodisnjem raz-
doblju motrenja (1981. — 2020. M-K p-vrijednost
0,470) ni u zadnjem klimatoloski standardnom
razdoblju (1991. — 2020. M-K p-vrijednost 0,532).
No, tijekom posljednjih Cetrdeset godina pokazuju
se nesto izrazeniji porasti godi$njih maksimalnih
protoka (167,8 V/god. prema linearnom regresij-
skom modelu) i godi$njih minimalnih protoka (2,4
/god. prema linearnom regresijskom modelu) nego
na postaji Bregana-remont. Porasti su statisticki
znalajni prema M-K testu (Qmax 1981. — 2020.
M-K p-vrijednost 0,001, uz Kendallov tau® 0,35;
Qmin 1981. — 2020. M-K p-vrijednost 0,001, uz
Kendalov tau 0,38), ali ovi &etrdesetogodisnji nizo-
vi nisu potvrdeni kao homogeni, odnosno izdvaja
se novije razdoblje s ne$to visim vrijednostima i
vece varijabilnosti. U skladu s tim, u podjeli na dva
uzastopna dvadesetogodi$nja razdoblja nizovi go-
di$njih maksimalnih i minimalnih protoka svaki za
sebe jesu homogeni, a u usporedbi se pokazao po-
rast prosjeka svih karakteristi¢nih veli¢ina (tab. 4),
a posebno prosjeka godisnjih maksimalnih protoka
(za 58,5 %). Na maksimalne protoke postaje utjecaj
imaju izrazito buji¢ni tokovi Tisovacka Bregana i
Rakovac, koji se neposredno prije postaje Koretici
ulijevaju u Breganu.

6 Kendallov tau je koeficijent korelacije rangova s vrijednostima izmedu
-11i +1; vrijednosti su pozitivne kod rastucega trenda i negativne kod
padajucega; vrijednosti Kendallova tau manje od +/- 0,1 znace vrlo
slabu korelaciju, od +/- 0,1 do 0,19 slabu, +/- 0,20 do 0,29 umjerenu te
+/-0.30 i viSe jaku korelaciju.

in the mean annual discharges; neither in the for-
ty-year period (1981-2020: M-K p-value 0.470),
nor in the last climatologically standard period
(1991-2020: M-K p-value 0.532). However, over
the last forty years, an increase of annual maximum
discharge (+167.8 1/year according to the linear re-
gression model) and of annual minima discharge
(+2.4 Vyear according to the linear regression mod-
el) is recorded, more pronounced than at the Brega-
na-Remont station. Both of those trends are statis-
tically significant according to the M-K test (Qmax
1981-2020: M-K p-value 0.001, with Kendall Tau®
0.35; Qmin 1981-2020: M-K p-value 0.001, with
Kendalov Tau 0.38). These forty-year streamflow
maxima and minima series are not homogeneous,
as somewhat higher values and greater variability
was registered in later years. However, when di-
vided into two consecutive twenty-year periods,
they are homogeneous and, consequently, when
compared there is an increase in average values
of extreme discharges (Tab. 4), and especially the
average of annual maxima discharges (for 58.5%).
Maxima discharges at Koreti¢i station are under the
influence of extremely torrential tributaries Tisovac
Bregana and Rakovac, which feed into the Bregana
River just upstream of the station.

6 Kendall’s tau is a rank correlation coefficient which varies between
-1 and 1; it is positive when the trend increases and negative when
the trend decreases. Kendall’s Tau values less than +/- 0.1 signify a
very weak correlation, values between +/- 0,1 and 0,19 signify a weak
correlation, values between +/- 0,20 and 0,29 signify a moderate cor-
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relation, and values over +/- 0.30 a strong correlation.
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log Q (m3/s) Koretici 1981-2020
100 -

Qmax SI. 7. Sredniji godisnji protoci
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Tab. 4. Vriiednosti srednjaka karakteristiénih protoka (mé/s) u odabranim razdobljima na postaiji Koretiéi na Bregani
Tab. 4 Characteristic annual discharge means (m?/s) in selected periods at the Koretici station on the Bregana River

Karakteristi¢ni godisnji protok R/a;d(?bge Prosjek
/ Characteristic annual 1o / Average ni
b (N =broj podataka (ms) / Index
/ number of records)
1991.-2020. (N = 30) 7,03 -
Q_max 1981.-2000. (N = 20) 492 100
2001.-2020. (N = 20) 7,80 158,54
1991.-2020. (N = 30) 0,48 -
MQ_ 1981.-2000. (N = 20) 0,45 100
2001.-2020. (N = 20) 0,50 111,11
1991.-2020. (N = 30) 0,17 -
Q_min 1981.-2000. (N = 20) 0,13 100
2001.-2020. (N = 20) 0,18 138,46
lzvor; lzradunato prema podatcima DHMZ-a
Source: Calculated from the source data of the DHMZ
S nesto vise opreza s obzirom na nedostatak With a bit more caution, given the lack of records,
podataka valja promotriti i podatke za postaju Svi- the data for the Svinjaridi station on the Breganica
njari¢i na Breganici (sl. 8, tab. 5). Kao i kod postaja River are to be taken into account (Fig. 6, Tab. 5).
na Bregani, i na ovoj postaji na Breganici potvrdu- As with the stations on the Bregana River, for the
je se da nema trenda u kretanju srednjih godisnjih station on the Breganica River there is also no trend
protoka u Cetrdesetogodis$njem razdoblju motre- in mean annual discharges in the forty-year period

nja (1981. — 2020., N = 34: M-K p-vrijednost (1981-2020, n = 34: M-K p-value 0.470) nor in the
0,470) ni u zadnjem klimatologki standardnom last climatologically standard period (1991-2020,
razdoblju (1991. - 2020., N = 24, M-K p-vrijed- n = 24, M-K p-value 0.532), and a positive trend
nost 0,532), a biljezi se porast minimalnih i mak- in annual minima and maxima discharges was also
simalnih godisnjih protoka. Iako nizovi u dvama established. Although the series in two consecutive
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Tab. 5. Vrijlednosti srednjaka karakteristiénih protoka (m3/s) u odabranim razdobljima na postaii Svinjarici na Breganici
Tab. 5 Characteristic annual discharge means (m3/s) in selected periods at the Svinjarici station on the Breganica River

Karakteristi¢ni godisnji protok R/algd(?bge Prosjek Indeks
/ Characteristic annual (N-= bm?rlo dataka / Average /rll 3
discharge J pocata (m%/s) naex
/ number of records)
1991.-2020. (N = 24) 1,71 -
Q_max 1981. -2000. (N = 20) 1,08 100
2001.-2020. (N = 14) 2,08 192,59
1991.-2020. (N = 24) 0,17 -
MQ. 1981.-2000. (N = 20) 0,16 100
2001.-2020. (N = 14) 0,18 112,5
1991.-2020. (N = 24) 0,09 -
Q_min 1981.-2000. (N = 20) 0,06 100
2001.-2020. (N = 14) 0,09 150

[zvor: lzracunato prema podatcima DHMZ-a
Source: Calculated from the source data of the DHMZ

uzastopnim dvadesetogodisnjim razdobljima nisu
posve usporedivi zbog nedostatka 6 godisnjih
vrijednosti u razdoblju 2001. — 2020., izmjereni
porast prosje¢nih vrijednosti godi$njih minimu-
ma i maksimuma jest indikativan i najvisi je od
sve tri postaje, pa je prosjek minimalnih godi$njih
protoka za 50 % vedi, a prosjek maksimalnih go-
disnjih protoka gotovo udvostrucen u odnosu na
prethodno razdoblje. U tom smislu vazna je odlika
bujicnost Breganice, odnosno lokacija postaje koja
ima svega 4 km? slijevnoga podrugja, §to znaci da

twenty-year periods are not entirely comparable due
to lack of 6 annual values in 2001-2020, the cal-
culated increase in the average value of the annual
minima and maxima discharges is indicative and the
highest of all three stations: the average of annual
minima discharges rose by 50% and the average of
annual maxima discharges almost doubled compared
to the previous period. In this matter, the torrential
character of the Breganica River (actually a stream)
is important, as well as the location of the station
that has a drainage area of only 4 km?, meaning that
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se na njoj najbrze i najintenzivnije od svih triju
postaja u porjedju odrazavaju utjecaji povremenih
pljuskova. Tako je, primjerice, u listopadu 2015.
velika voda unistila dio obale, srusila limnigraf
i postaja je morala biti obnovljena. Opéenito je
porast prosjeka maksimalnih godi$njih protoka u
zadnjem dvadesetogodis$njem razdoblju u odno-
su na prethodno dvadesetogodisnje razdoblje na
svim trima postajama u porjedju (tab. 3, 4, 5) bio
pod utjecajem povremenih izrazito obilnih kisnih
padalina u novije doba zbog kojih je bilo i nekoli-
ko poplava u porje¢ju Bregane (u godinama 2005.,
2014.,2015.,2016.1 2019.), (FRISCO1, n.d.).

Promjene godiSnjega hoda srednjih mjesecnih
profoka

Najnizvodnija postaja, na kojoj se odrazava sta-
nje razmjerno malog porje¢ja Bregane u cjelini, jest
postaja Bregana-remont. Za dva zadnja dvadese-
togodisnja razdoblja izracunati su srednji mjese¢ni
protoci (tab. 6, sl. 9) i modulni koeficijenti (tab. 7,
sl. 10) da bi se usporedila obiljezja proto¢nih re-
Zima u dvama zadnjim dvadesetogodis$njim raz-

dobljima.

Moze se zakljuciti da je u proto¢nom rezimu
na postaji Bregana-remont u razdoblju 2001. —
2020. doslo do odredenih promjena u odnosu na
1981. — 2000. Posebno su vazne promjene mo-
dulnih koeficijenata koje govore da je doslo do
preraspodjele protoka tijekom godine. Primjetan
je porast modulnih koeficijenata u kasnu zimu i
rano proljece (II-IV mj.) s najveéim porastom u
veljaci (21 %). Prakticki nema izrazite promjene
modulnih koeficijenata u kasno ljeto i glavnini je-
seni (VIII-X mj.), a izdvaja se porast u studenom
(22 %). S druge strane, zabiljezen je relativni pad
protoka u prosincu i sijeénju, kao i od svibnja do
srpnja, pri ¢emu se istice lipanjski pad modulnoga
koeficijenta (20 %). Promjene apsolutnih iznosa
srednjih mjese¢nih protoka sukladne su promje-
nama modulnih koeficijenata.

U usporedbi godisnjih hodova primarni maksi-
mum (u oZujku) u novijem je dvadesetogodisnjem
razdoblju izrazeniji nego $to je u starijem dvadese-
togodi$njem razdoblju, dok je sekundarni maksi-
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it has the fastest and most intense runoff response to
occasional showers of all three stations in the catch-
ment. Thus, for example, in October 2015, torrential
streamflow destroyed part of the bank, demolished
the recording gauge and the station had to be re-
built. An increase in the average of annual maxima
discharges in the last twenty-year period compared
to the previous twenty-year period for all three sta-
tions in the catchment (Tabs. 3-5) was generally
influenced by occasional extremely heavy rainfall
in recent years, which had led to several floods in
the Bregana drainage basin (in the years 2005, 2014,
2015, 2016, and 2019), (FRISCO1, n.d.).

Changes in the annual course of mean monthly
discharges

The furthest downstream hydrological station,
thus representing this relatively small Bregana
catchment as a whole, is Bregana-remont sta-
tion. For the latest two twenty-year periods, mean
monthly discharges (Tab. 6, Fig. 9) and modular
coefficients (Tab. 7, Fig. 10) are given so that the
comparison of drainage regimes in those two peri-
ods may be made.

It can be concluded that there were certain
changes in the discharge regime at the Bregana-re-
mont station in the 2001-2020 period compared to
1981-2000. The changes in the modular coefficients,
which attest to streamflow redistribution in the an-
nual course, are especially indicative. There is a no-
ticeable increase in modular coefficients in late win-
ter and early spring (II-IV months) with the highest
increase in February (21%). There is no significant
change in the modular coefficients in late summer
and most of autumn (VIII-X months), but the in-
crease in November (22%) stands out. On the other
hand, a relative drop of mean streamflow was record-
ed in December and January, as well as from May to
July, where the June drop in the modular coeflicient
(20%) particularly stands out. Changes of absolute
values of mean monthly discharges are consistent
with the changes of the modular coefficients.

In annual course comparison, the primary max-
imum (in March) is more pronounced in the re-
cent twenty-year period than in the previous twen-



Tab. 6. Usporedba srednjih mjesecnih protoka (m?/s) za hidrolosku postaju Bregana-remont na Bregani u razdobljima 1981. - 2000. i 2001. - 2020.
Tab. 6 Comparison of mean monthly discharges (m?3/s) at the Bregana-remont hydrological station on the Bregana River in the 1981-2000 and

2001-2020 periods

I Im | muxr | mv | v

VII | VIII | IX | X | XI | XII g/"di““
year

1981.-2000. | 1,43 | 1,36 | 1,87 | 1,66 | 1,41

0,96 | 0,85 | 1,03 | 1,12 | 1,18 | 1,74 1,32

2001.-2020. | 1,22 | 1,65 | 2,07 | 1,71 | 1,37

0,82 10,89 | 1,07 | 1,13 | 1,44 | 1,53 1,33

Razlika
/ Difference
(m%/s)

-0,21 | 0,28 | 0,20 | 0,06 | -0,03

-0,25 | -0,14 | 0,05 | 0,04 | 0,01 | 0,26

-0,21 | 0,00

Razlika
/ Difference
(%)

-15,0 | +20,9 | +10,5 | +3,5 | -2,4

-19,9 | -14,8 | +5,4 | +3,5 | +0,9

+22,0 | -12,2 0,2

lzvor: lzracunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

Tab. 7. Usporedba modularnih koeficiienata srednjin mjesecnih protoka za hidrolosku postaju Bregana-remont na Bregani u razdobljima 1981. - 2000.

12001. -2020.
Tab. 7 Comparison of modular coefficients af the Bregana-remont hydrological station on the Bregana River in the 1981-2000 and 2001-2020
periods
I | I || v |V VII | VIII | IX | X | XI | XII g/°dm‘*
year

1981.-2000. | 1,08 | 1,03 | 1,41 | 1,25 | 1,06

0,73 | 0,64 | 0,78 | 0,85 | 0,89 | 1,32 1,00

2001.-2020. | 0,92 | 1,24 | 1,56 | 1,29 | 1,03

0,62 | 0,67 | 0,81 | 0,85 | 1,09 | 1,15 1,00

Razlika
/ Difference
(m%/s)

-15,2 [ +20,7 | +10,3 | +3,3 | -2,5

-20,0 [ -14,9 | +5,2 | +3,4 | +0,7

+21,8 | -12,3 -

lzvor: lzracunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

mum (u prosincu) manje izrazen. Doglo je do poma-
ka minimuma, pa je primarni minimum pomaknut
ranije u ljetu, s kolovoza na srpanj, dok je sekundarni
minimum pomaknut s veljace na sijeCan;.

Na postaji Koretici (tab. 8, sl. 11 te tab. 9, sl. 12),
uzvodnije na Bregani, postoje odredene sli¢nosti
i razlike u odnosu na promjene na postaji Brega-
na-remont. Na postaji Koretiéi je, kao i na postaji
Bregana-remont, zabiljeZen porast modulnih koe-
ficijenata u kasnu zimu i proljece (II-IV mj.), opet
najvise u veljaci (20 %), a prilicno i u ozujku (14 %).
Sli¢no kao na postaji Bregana-remont, i na postaji
Koreti¢i nema znacajnije promjene modulnih ko-
eficijenata u ranu jesen, no s izraZenim porastom
modulnoga koeficijenta izdvojio se kolovoz (17 %).
Jednako kao i na postaji Bregana-remont, i na po-
staji Koreti¢i zabiljezen je apsolutni i relativni pad
protoka u prosincu i sije¢nju, kao i relativni ljetni

ty-year period, while the secondary maximum (in
December) is less pronounced. There was a shift
of the minima, so the primary minimum moved to
earlier in the summer, from August to July, while
the secondary minimum moved from February to
January.

At the Koretiéi station (Tab. 8, Fig. 11 and Tab.
9, Fig. 12), further upstream at Bregana, there
are certain similarities and differences compared
to the Bregana-remont station. At the Koretici
station, as well as at the Bregana-remont station,
an increase in modular coefficients is recorded in
late winter and spring (II-IV months), again the
highest in February (20%), and a considerable
amount in March (14%). Like at the Bregana-re-
mont station, there was no significant change in
the modular coeflicients in autumn at the Koretiéi
station, but August (17%) stood out with a marked
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pad od svibnja do srpnja, s tim da je ljetni pad mo-
dulnih koeficijenata nesto manje izrazen (a u pro-
mjenama apsolutnih vrijednosti biljezi se samo u
lipnju).

Promjene u polozaju i izrazitost maksimu-
ma i minimuma u proto¢nom reZimu gotovo su
istovjetne na postaji Koreti¢i kao na postaji Bre-
gana-remont. Tako je primarni maksimum (u
ozujku) u novijem dvadesetogodisnjem razdoblju
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increase in the modular coeflicient. Just as at the
Bregana-remont station, an absolute and relative
decrease of mean streamflow was recorded at the
Koreti¢i station in December and January, as well
as a relative summer decrease from May to July.
However, the summer decrease in modular coeffi-
cients is somewhat less pronounced (and in terms
of change in absolute discharge values, it was re-

corded only in June).



Tab. 8. Usporedba srednjih protoka (m?/s) za hidrolosku postaju Koretici na Bregani u razdobljima 1981.-2000. i 2001. - 2020.
Tab. 8 Comparison of mean monthly discharges (m/s) at the Koretiéi hydrological station on the Bregana River in the 1981-2000 and 2001-2020

periods
I I |1 | IV | V | VI |VI |vill IX | X | XI |XII g/";‘ei;“
1981.-2000. | 0,46 | 0,45 | 0,65 | 0,60 | 0,49 | 0,40 | 0,27 | 0,23 | 0,34 | 0,41 | 0,44 | 0,60 | 0,45
2001.-2020. | 0,44 | 0,60 | 0,83 | 0,71 | 0,54 | 0,37 | 0,28 | 0,30 | 0,36 | 0,43 | 0,54 | 0,53 | 0,50
Razlika
/ Difference | -0,02 | 0,15 | 0,17 | 0,11 | 0,05 | -0,02 | 0,01 | 0,07 | 0,03 | 0,03 | 0,10 | -0,06 | 0,05
(m3/s)
Razlika
/ Difference | -5,2 | +33,7 | +26,8 | +17,6 | +9,7 | -5,5 | +3,0 |+30,1| +7,6 | +6,2 | +22,1|-10,5| +11,2
(%)

lzvor: lzracunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

Tab. 9. Usporedba modularnih koeficienata srednjin miesecnih protoka za hidrolosku postaju Koretici na Bregani u razdoblima 1981, - 2000. i 2001.

-2020.
Tab. 9 Comparison of modular coefficients at the Koreti¢i hydrological station on the Bregana River in the 1981-2000 and 2001-2020 periods
I | II | I | IV | V | VI |VII |VII|IX | X | XI |XII g/"d‘“a
year
1981.-2000. | 1,04 | 1,01 | 1,46 | 1,36 | 1,10 | 0,89 | 0,62 | 0,52 | 0,76 | 0,91 | 0,99 | 1,34 1,00
2001.—2020. | 0,88 | 1,22 | 1,67 | 1,44 | 1,09 | 0,75 | 0,57 | 0,61 | 0,73 | 0,87 | 1,09 | 1,08 1,00
Razlika
/ Difference | -14,8 | +20,2 | +13,9| +5,7 | -1,4 |-15,1| -7,5 | +16,9| -3,3 | -4,6 | +9,8 | -19,6 -
(m%/s)

[zvor: lzracunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

izrazeniji nego $to je u starijem dvadesetogodis-
njem razdoblju, a sekundarni maksimum manje je
izrazen, ali na postaji Koretié¢i vie nije formalno
u prosincu, veé¢ u studenom (iako su vrijednosti
mjese¢nih modulnih koeficijenata vrlo blizu).
Kao i kod postaje Bregana-remont doslo je do
istovjetna pomaka minimuma, tj. primarni mini-
mum pomaknut je s kolovoza na srpanj, dok je
sekundarni minimum pomaknut s veljace na si-
jecanj.

Razmatranju promjena proto¢nih reZima na
postaji Svinjariéi na Breganici treba priéi s opre-
zom s obzirom na to da nizovi nisu jednako dugi,
tj. u razdoblju 1981. — 2000. ima svih 20 podata-
ka, no u razdoblju 2001. — 2020. nedostaje Cetiri
ili pet podataka u nizovima pojedinih mjeseca. U
usporedbi proto¢nih rezima ima odredenih sli¢-
nosti, ali i razlika u odnosu na postaje na Brega-
ni, koje dijelom mogu biti posljedica nedostatka

The changes in the position and the distinct-
ness of the maxima and minima in the discharge
regime are almost the same at the Koretiéi station
as at the Bregana-remont station. Thus, the prima-
ry maximum (in March) in the recent twenty-year
period is more pronounced than in the previous
twenty-year period, and the secondary maximum
is less pronounced, but at Koretiéi station it is no
longer formally in December, rather in November
(although the values of the monthly modular coef-
ficients are very close). As with the Bregana-remont
station, there was an identical shift of the minima,
i.e. the primary minimum was moved from August
to July, while the secondary minimum was moved
from February to January.

In reviewing the changes of discharge regime at
the Svinjari¢i station on Breganica River attention
should be drawn to the fact that the series are not
equally long, i.e. the period 1981-2000 has com-
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podataka, ali i ¢injenice da je postaja Svinjariéi
postaja s malim slijevnim podruéjem (4 km?) na
kojem su mogucde izrazenije lokalne posebnosti.
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plete records, but in the period 2001-2020 four or
five records are missing in certain monthly series.
In the comparison of discharge regimes, there are
certain similarities, but also differences compared
to the stations on Bregana River, which may be in
part due to incomplete records, but also because the
Svinjaridi station is a station with a small drainage
area (4 km?) where local peculiarities may be more

pronounced.



Tab. 10. Usporedba srednjih protoka (mé/s) za hidrolosku postaju Svinjari¢i na Breganici u razdobljima 1981. - 2000. (N = 20) i 2001. - 2020. (nepotpuni

niz, N =151l 16)
Tab. 10 Comparison of mean monthly discharges (m3/s) at the Svinjari¢i hydrological station on the Breganica River in the 1981-2000 and 2001-2020
periods

I | Il |10 | IV | V VII |VIII | IX | X | XI | XII gf;‘;“

1981.-2000. | 0,17 | 0,16 | 0,21 | 0,20 | 0,17

0,13 | 0,11 | 0,13 | 0,13 | 0,15 | 0,19 0,16

2001.-2020. | 0,18 | 0,22 | 0,24 | 0,24 | 0,21

0,15 | 0,17 | 0,17 | 0,16 | 0,18 | 0,19 0,18

Razlika
/ Difference 0,02 | 0,06 | 0,04 | 0,03 | 0,04
(m%/s)

0,02 | 0,06 | 0,04 | 0,03 | 0,03 | 0,00 0,02

Razlika
/ Difference
(%)

+10,2 | +37,0 | +18,7 | +16,0 | +26,8 | +18,4

+19,2 | +49,7 | +32,1 | +20,2 | +17,0 | +1,5 13,7

[zvor: lzzacunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

Tab. 11. Usporedba modularnih koeficiienata srednjih miesecnih protoka za hidrolosku postaju Svinjari¢i na Breganici u razdobliima 1981. - 2000. (N =

20)i2001. -2020. (nepotpuni niz, N =151l 14)

Tab. 11 Comparison of modular coefficients at the Svinjari¢i hydrological station on the Breganica River in the 1981-2000 and 2001-2020 periods

I II I | 1v \%

VII | VIII | IX | X | XI | XII g/"dj“a
year

1981.-2000. | 1,05 | 1,00 | 1,31 | 1,29 | 1,06

0,81 | 0,70 | 0,82 | 0,84 | 0,96 | 1,18 1,00

2001.-2020. | 1,02 | 1,20 | 1,36 | 1,32 | 1,18

0,85 | 0,93 | 0,95 | 0,89 | 0,98 | 1,06 1,00

Razlika
/ Difference -3,1
(m?/s)

+20,5| +4,4 | +2,0 | +11,5

+4,8 | +31,6 | +16,2 | +5,7 | +2,9 | -10,7 -

lzvor: lzraunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

Posebnost je da je od triju postaja jedino na
postaji  Svinjariéi zabiljezen apsolutni porast
protoka u usporedbi dvaju razdoblja, i to u svim
mjesecima (tab. 10, sl. 13), u rasponu od svega
1,5 % u prosincu do ¢ak 50 % u kolovozu. Tim je
vaznije promotriti modulne koeficijente u uspo-
redbi po starijem i novijem razdoblju (tab. 11, sl.
14). Iako ima razlika, postoje odredene sli¢nosti
u promjenama godis$njega hoda modulnih koe-
ficijenata s postajama na Bregani. U svim mje-
secima, osim u prosincu i sijenju, biljezi se veci
ili manji rast modulnih koeficijenata. Dakle, pao
je udio protoka u dijelu zime kao i kod postaja
na Bregani. Takoder se moze re¢i da je porast
u kasnu zimu i proljeée kakav biljeze postaje na
Bregani donekle prisutan i na postaji Svinjarici,
odnosno predstavljen znac¢ajnijim porastom mo-
dulnoga koeficijenta u veljaci (20,5 %). Najvaz-
nija je razlika u odnosu na postaje na Bregani da

It is interesting that, of the three stations, only
the Svinjari¢i station recorded an absolute mean
discharge increase in comparison of the two twen-
ty-year periods, in all months (Tab. 10, Fig. 13), rang-
ing from only 1.5% in December to as much as 50%
in August. It is, therefore, all the more important to
compare the modular coefficients of the two periods
(Tab. 11, Fig. 14). Although there are differences,
there are certain similarities in the changes of the
annual course of the modular coeflicients with the
stations on the Bregana River. In all months, except
for December and January, a greater or lesser growth
of modular coefficients was recorded. Therefore, as
is the case at stations on the Bregana River, the dis-
charge share fell in the early winter. The increase in
late winter and spring, as recorded at stations on the
Bregana River, was also detected at the Svinjarici
station, represented by a significant increase in the
modular coeflicient for February (20.5%). The most
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MQ m/s Svinjarici
0.003 -
[11981.-2000.

0.002 4 = 2001.-2020., nepotpuni
niz/incomplete records,
N 15-16

0.002 -

0.001 A
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Modular (Parde) Svinjari¢i
coeff.
2,00 - -==-1981.-2000.
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N 15-16

SI. 13. Usporedba protocnih
reZima na postaji Svinjarici u
razdobljima 1981.-2000.i2001. -
2020. izrazena godisnjim hodom
srednjih mjese¢nih protoka (MQ)
umd/s

Fig. 13 Comparison of discharge
regimes at the Svinjariéi station
in the 1981-2000 and 2001-2020
periods expressed as annual
course of mean monthly
discharges (MQ) in in m%/s

lzvor: lzraunato prema
podatcima DHMZ-a

Source: Calculated from the
source data of the DHMZ

SI. 14. Usporedba protocnih

reZima na postaji Svinjarici u
razdobljima 1981. - 2000. i 2001. -

1,00 -

0,50 -

2020. izrazena godisnjim hodom
modulnih koeficiienata srednjih
mjesecnih protoka

Fig. 14 Comparison of discharge
regimes at the Koretici station

in the 1981-2000 and 2001-2020
periods expressed by modular
(Pardé) coefficients

0,00 T T T T T T T

| Il 1 v \ Vi vikovie X X X Xl

lzvor: lzracunato prema
podatcima DHMZ-a
Calculated from the source
data of the DHMZ

na postaji Svinjari¢i na Breganici, prema doduse
nepotpunom nizu novijega razdoblja, nije zabi-
ljezen apsolutni ni relativni ljetni pad protoka,
odnosno nema nekih znacajnijih promjena mo-
dulnih koeficijenata u razdoblju od ozujka do
srpnja. Kao i kod Koretica, biljezi se izrazeni
porast u kolovozu (32 %) koji se u Svinjari¢ima
nastavlja i na rujan (16 %).

Kao $to je to na postajama na Bregani, na po-
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important difference compared to the stations on
the Bregana River is that at the Svinjari¢i station on
the Breganica River (although there is incomplete
data from the recent twenty-year period) neither
absolute nor relative summer discharge decline was
recorded, i.e. there were no significant changes in
modular coefficients in the period from March to
July. As at Koretiéi station, at Svinjarii station there
is a marked increase in August (32%), which contin-
ues in September (16%).



staji Svinjari¢i na Breganici doslo je do poma-
ka primarnoga minimuma s kolovoza na srpanj
i sekundarnoga minimuma s veljace na sijecan;.
Takoder, kao $to je to na postajama na Bregani,
i na postaji Svinjari¢i primarni maksimum nesto
je izrazeniji, a sekundarni je manje izrazen.

Moze se zakljuditi da je na svim trima postaja-
ma u porjedju Bregane u usporedbi dvaju uzasto-
pnih dvadesetogodisnjih razdoblja (1981. — 2000.
12001.-2020.) zabiljezeno smanjenje udjela pro-
toka u ranu zimu (prosinac i sije¢anj na Bregani,
prosinac na Breganici) i poveéanje udjela protoka
u kasnu zimu i rano proljeée (uglavnom veljaca i
ozujak) te da je na objema postajama na Brega-
ni zabiljeZen pad udjela protoka ljeti (posebno u
lipnju). Na svim trima postajama primarni mak-
simum u ozujku nesto je izrazeniji, a sekundar-
ni maksimum u prosincu (studeni kod Koreti¢a)
manje je izrazen. Postajama u porjedju Bregane
zajednicki je i pomak primarnoga minimuma s
kolovoza na srpanj i sekundarnoga minimuma s
veljace na sije¢anj u novijem od usporedenih raz-

doblja.

Utvrdivanje uzroka ovih promjena zahtijevalo
bi zasebno kompleksno istrazivanje, ali moguce je
o njima stru¢no spekulirati prema podatcima re-
levantnih meteoroloskih postaja. Na klimatologkoj
postaji Samobor mogu se pratiti padaline i tem-
perature 1981. — 2020., a na kiSomjernoj postaji
Rude mogu se pratiti samo padaline, i to od 1991.
godine. Na temelju usporedbe srednjaka mjesec-
nih padalina i temperatura zraka na klimatoloskoj
postaji Samobor iz dvaju dvadesetogodi$njih raz-
doblja moZemo pretpostaviti da je jedan od uzro-
ka ljetnoga smanjenja protoka u porjecju Bregane
(posebno u lipnju) utvrdeni pad padalina u klima-
toloskom ljetu, posebno u lipnju (tab. 12) te ljetno
povecanje srednjih mjese¢nih temperatura zraka
(opet posebno u lipnju, tab. 13), $to znadi ve¢u eva-
potranspiraciju i manje otjecanje. Na kidomjernoj
postaji Rude nije moguca istovjetna usporedba, no
podatci o mjese¢nim padalinama u razdoblju 1991.
— 2021. potvrduju pad ljetnih padalina, u lipnju,
srpnju i kolovozu, iako prema M-K testu ni u jed-
nom od njih nije statisti¢ki znacajan.

Valja istaknuti da se na klimatoloskoj po-
staji Samobor pokazalo da je srednja godisnja

Like at the stations on the Bregana River, there
was a shift of the primary minimum from August to
July and of the secondary minimum from February
to January at the Svinjariéi station on the Bregani-
ca River. Also, the primary maximum is somewhat
more pronounced, and the secondary maximum is
less pronounced.

It can be concluded that for all three stations
in the Bregana catchment, when comparing two
consecutive twenty-year periods (1981-2000 and
2001-2020), there was a decrease in the early win-
ter discharge share (December and January on the
Bregana River, December on the Breganica River)
and an increase of the late winter and early spring
discharge share (mostly February and March), and
that for both stations on the Bregana River, a reduc-
tion in the summer discharge share (especially in
June) was recorded. At all three stations, the prima-
ry maximum in March is slightly more pronounced,
and the secondary maximum in December (No-
vember at Koreti¢i station) is less pronounced. Also,
primary minimum moved from August to July and
secondary minimum from February to January in
the recent twenty-year period.

Determining the causes of these changes would
require separate research, but it is possible to spec-
ulate on them in relation to the data of relevant
meteorological stations. Samobor station recorded
precipitation and air temperatures for 1981-2020,
and Rude (precipitation) station has only recorded
precipitation (since 1991). Based on the comparison
of monthly means of precipitation and air temper-
ature at the Samobor climatological station from
two twenty-year periods, we can assume that one of
the causes of the summer discharge decrease in the
Bregana catchment (especially in June) is a recorded
drop of precipitation in the climatological summer,
especially in June (Tab. 12), and more so the sum-
mer increase in medium monthly air temperatures
(again especially in June; Tab. 13), meaning greater
evapotranspiration and less runoff. A comparison of
the two twenty-year periods is not possible with data
from the Rude station, as it began recording data
in 1991, but for the period 1991-2021 a decline in
summer precipitation is confirmed, i.e. in June, July
and August, although according to the M-K test, in

none of them are statistically significant.
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Tab. 12. Usporedba srednjih mjesecnih koli¢ina padalina (mm) u razdobljima 1981. - 2000. i 2001. - 2020. na klimatoloskoj postaji Samobor
Tab. 12 Comparison of mean monthly precipitations (mm) af the Samobor climatological stafion in the 1981-2000 and 2001-2020 periods

I Il | III | IV | V | VI |VII |VIII| IX | X | XI |XII gf;};‘f

1981.—2000. | 50,5 | 54,2 | 65,7 | 68,1 | 89,6 |129,9|101,8 |117,1|110,1 | 106,4| 96,9 | 88,3 | 1082,3

2001.-2020. | 62,7 | 72,4 | 68,7 | 76,5 |102,3| 89,8 | 102,4| 95,9 |130,9 | 105,7 | 98,8 | 79,9 | 1077,4
Razlika

/ Difference | 243 | 33,6 | 4,7 | 12,3 | 14,2 | -30,8| 0,6 |-182| 189 | -0,6 | 2,0 | -9,5 | -0,5
(m?/s)

lzvor: lzracunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

Tab. 13. Usporedba srednjih mjesecnih temperatura (°C) u razdobljima 1981. - 2000. i 2001. - 2020. na klimatoloskoj postaji Samobor
Tab. 13 Comparison of mean monthly air temperatures (°C) at the Samobor climatological station in the 1981-2000 and 2001-2020 periods

I I | 01| IV | V | VI |VI VIl IX | X | XI |XII gf;‘eir

1981.-2000. | 02 | 1,7 | 6,7 | 11,3 | 16,1 | 19,2 | 21,1 | 20,5 | 16,4 | 11,0 | 49 | 1,4 | 108

2001.-2020. | 0,9 | 25 | 73 | 125 | 16,9 | 209 | 22,5 | 21,7 | 1644 | 11,7 | 70 | 1,8 | 118
Razlika

/ Difference +0,7 | +0,8 | +0,7 | +1,2 | +0,8 | +1,7 | +1,4 | +1,2 | 0,0 | +0,7 | +2,0 | +0,4 +1,0
(m?/s)

lzvor: lzracunato prema podatcima DHMZ
Source: Calculated from the source data of DHMZ

temperatura zraka u novijem dvadesetogodis-
njem razdoblju (2001. — 2020.) za ¢ak 1 °C
visa u odnosu na prethodno dvadesetogodis-
nje razdoblje (1981.—2000.). Jedino je u rujnu
srednja mjeseCna temperatura ostala ista, dok
se u svim ostalim mjesecima biljezi njezin po-
rast. Porast srednje mjese¢ne temperature pre-
ko 1 °C biljeze travanj, lipanj, srpanj, kolovoz
te studeni.

Na smanjenje udjela protoka u ranu zimu (u
prosincu na svim trima hidroloskim postajama u
porjedju Bregane) vierojatno je utjecalo smanje-
nje padalina u prosincu, zabiljezeno u usporedbi
srednjaka iz dvaju dvadesetogodisnjih razdoblja
na klimatoloskoj postaji Samobor, a potvrdeno i
na kiSomjernoj postaji Rude u razdoblju 1991. —
2021.

U <cimbenike koji pak utjecu na poveca-
nje udjela protoka u kasnu zimu i rano proljece
(uglavnom veljaca i ozujak) valja ubrojiti porast
koli¢ine padalina u sije¢nju i veljaéi (tab. 12), ali
i smanjenje broja dana sa snjeznim pokrivacem
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It should be pointed out that at the Samob-
or station, the mean annual air temperature is as
much as 1 °C higher in the recent twenty-year pe-
riod (2001-2020) compared to the previous twen-
ty-year period (1981-2000). Only in September,
did the mean monthly temperature remain the
same, while in all other months the temperature
increased. An increase in medium monthly tem-
perature over 1 °C is recorded in April, June, July,
August, and November.

Regarding the reduced early winter discharge
share (in December, for all three hydrological sta-
tions), the probable influence is the decrease in
December precipitation, recorded at the Samobor
meteorological station in two consecutive twen-
ty-year period comparison, and confirmed at the
Rude meteorological station for the 1991-2021
period.

Among the factors that in turn affect the in-
crease in the late winter and early spring discharge
share (mostly February and March) there are: the
increased amount of precipitation in January and

February (Tab. 12), and the reduced number of days
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(sl. 15 i 16)7, odnosno smanjenje udjela snijega u
padalinama, $to vodi prema veéem izravnom otje-
canju kisnih padalina.

7 Na meteoroloskoj postaji Samobor podatci o broju dana sa snjeznim
pokrivacem omogucuju usporedbu u dvama zadnjim dvadesetogodisn-
jim razdobljima, a na meteoroloskoj postaji Rude, s obzirom na duljinu
niza podataka (od 1991.), provedena je usporedba zadnjih triju deka-
da. Postaja Mrzlo Polje Zumberacko ima previse manjkave nizove za
kvalitetnu usporedbu, ali op¢a je slika ista kao na prethodnim dvjema
postajama, a to je znatno smanjenje broja dana sa snijegom, posebno
u prosincu.

with snow cover (Fig. 15 and 16)’, also meaning a
reduction in the proportion of snow in precipita-
tion, leading to a greater direct runoft of rain pre-

cipitation.

7 At the Samobor climatological station, the data on the number of
days with snow cover enable the comparison of the two consecutive
twenty-year periods, but at the Rude precipitation station the same
data have only been recorded since 1991, so the last three decades are
compared. The Mrzlo Polje Zumberacko precipitation station lacks
many data, but the general picture is the same as on the previous two
stations, which is a significant reduction in the number of days with
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snow, especially in December.
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IAKLIUCAK

U porjedju Bregane na svima trima hidroloskim
postajama nije zabiljezen trend u kretanju sred-
njega godisnjeg protoka. Srednji godi$nji protoci
u 40 godina, od 1981. do 2020. godine, prakticki
su stagnantni, §to je u skladu s kretanjem godisnjih
koli¢ina padalina na reprezentativnim meteorolos-
kim postajama Samobor i Rude. Rezultati potvr-
duju prethodno istrazivanje Barbalica i Kuspilica
(2014) koje je ukljucilo postaje na Bregani, koje su
imale stagnatno kretanje srednjih godi$njih proto-
ka u nesto kra¢em nizu 1980. — 2009., kao i pret-
hodno istrazivanje Canjevca i Oresica (2015), koje
je ukljucivalo postaju Begana-remont, gdje takoder
na kraéem nizu 1990. — 2009. nije bilo statisti¢-
ki znacajna trenda promjene srednjega godisnjeg
protoka.

Na sve tri hidroloske postaje postaje u porjedju
Bregane zabiljezen je blagi porast prosjeka godis-
njih minimalnih protoka i izraZeniji porast pro-
sjeka godisnjih maksimalnih protoka u zadnjem
dvadesetogodisnjem razdoblju 2001. — 2020. u
odnosu na prethodno dvadesetogodisnje razdoblje
1981. — 2000., $to je izrazitije u postajama s ma-
njim slijevnim podru¢jem (Koreti¢i na Bregani i
Svinjari¢i na Breganici, na kojima su zabiljeZeni
i rastudi linearni trendovi godisnjih maksimalnih
i minimalnih protoka). Ovaj rezultat potvrduje i
nadopunjuje prethodna istrazivanja Ivezica i dr.
(2019) koji su utvrdili trend poveéanja maksimal-
nih godisnjih protoka u istrazivanom podrudju,
posebno nakon 2000. godine (postaja Bregana-re-
mont 1970. - 2015. te Koreti¢i i Svinjari¢i 1980.
— 2012.). Spekulativno, porast godisnjih maksi-
muma moguca je posljedica poveéanja udjela krat-
kotrajnijih a intenzivnijih padalina kao generalna
posljedica klimatskih promjena, pri ¢emu manja
slijevna podrucja imaju brz i intenzivniji odraz u
protocima, no to nije bio predmet ovoga istrazi-
vanja. Ipak, indikativno je da je porast godisnjih
maksimalnih protoka u zadnjem dvadesetogodis-
njem razdoblju bio i pod utjecajem povremenih
intenzivnih obilnih padalina zbog kojih je bilo i
nekoliko poplava u porje¢ju Bregane (2005.,2014.
12015.).
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CONCLUSION

At all three hydrological stations in the Bregana
River basin, there is no trend in the mean annual
discharge. The mean annual discharges were stag-
nant in 40 years, i.e. from 1981 to 2020, which is
in accordance with the stagnant course of annual
precipitation amounts at the representative Samo-
bor and Rude meteorological stations. The results
confirm the previous research by Barbali¢ and Kus-
pili¢ (2014), which included stations on the Brega-
na River and which showed stagnant movement of
mean annual discharges in a slightly shorter series
from 1980-2009, as well as the previous research
by Canjevac and Oresi¢ (2015), which included the
Bregana-remont station, where (also in a shorter
data series: 1990-2009) there was no statistically
significant trend of the mean annual discharge.

At all three stations in the Bregana catchment,
there was a mild increase in the average annual
minima discharges and a more pronounced in-
crease in the average annual maxima discharges
in the recent twenty-year period (2001-2020)
compared to the previous twenty-year period
(1981-2000) — this is increasingly evident where
the station’s drainage area is smaller (Koreti¢i sta-
tion on the Bregana River and Svinjariéi station
on the Breganica River, where increasing linear
trends of annual maximum and minimum dis-
charges were also recorded). This result confirms
and complements previous research by Ivezi¢ et
al. (2019), who found a trend of increasing annual
maxima discharges in the researched area, espe-
cially after the year 2000 (Bregana-remont station
1970-2015 and Koreti¢i and Svinjariéi stations
1980-2012). Speculatively, although it was not
the subject of this research, the increase in annu-
al maxima discharges is a possible consequence of
an increase in the share of short-term and more
intense precipitation as a general consequence of
climate change, whereby there is a rapid and more
intense reflection in discharge in smaller drainage
areas. It is indicative that the increase in annual
maxima discharges in the last twenty-year period
was also influenced by occasional intensive heavy
rainfall, which caused several floods in the Bregana

catchment (in 2005, 2014 and 2015).



Za usporedbu, na razmjerno nedalekom de-
snom savskom pritoku Krki u Sloveniji, na svim
postajama utvrden je znacajan pad srednjih
godisnjih protoka, pad godisnjih minimalnih
protoka i znacajan porast godi$njih maksimal-
nih protoka u gornjem dijelu toka (Ulaga, 2002;
Ulaga i dr. 2008; Oblak i dr. 2021), no na tako-
der obliznjoj slovenskoj postaji Rakovec na lije-
vom savskom pritoku Sutli zabiljeZen je porast
srednjih godisnjih protoka uz znacajan porast
godi$njih maksimalnih protoka i stagnantnih
godisnjih minimalnih protoka (Ulaga, 2002).

Usporedba proto¢nih rezima, odnosno godis-
njih hodova srednjih mjese¢nih protoka i mje-
seénih modulnih koeficijenata protoka iz dva-
ju dvadesetogodisnjih razdoblja, 1981. — 2000.
i 2001. — 2020., na hidroloskim postajama u
porjedju Bregane pokazala je da je u istraziva-
nom podrudju doslo do odredenih promjena u
novijem razdoblju. Na svim trima postajama u
porjeéju Bregane doslo je do smanjenja udjela
protoka u ranu zimu (prosinac i sije¢anj na Bre-
gani, prosinac na Breganici) te povecanja udjela
protoka u kasnu zimu i rano proljeée (uglavnom
veljaca i ozujak). Na postajama na Bregani zabi-
ljezen je pad udjela protoka od svibnja do srpnja
(posebno u lipnju). Smanjenje protoka u ranu
zimu pod utjecajem je smanjenja koli¢ine pada-
lina u prosincu u usporedbi istih razdoblja, dok
je povecanje protoka u kasnu zimu i rano prolje-
¢e (uglavnom u veljadi i ozujku) pod utjecajem
porasta koli¢ine padalina u sijeénju i veljaéi uz
smanjenje udjela snijega u padalinama, $to vodi
prema veéem izravnom otjecanju ki$nih padali-
na. Glavni uzrok ljetnoga smanjenja protoka u
porjedju Bregane, posebno u lipnju, jest ljetno
povecanje srednjih mjesecnih temperatura zraka
i Jjetni pad koli¢ine padalina, oboje opet poseb-
no u lipnju.

Apsolutno i relativno povecanje protoka u
kasnu zimu i prolje¢e 2001.— 2020. u odnosu na
1981. — 2000. na postajama na Bregani u skla-
du je s istrazivanjem Canjevca (2012) na razini
hrvatskoga dijela porje¢ja Dunava, gdje je op-
¢enito opazeno povecanje srednjih proljetnih
protoka u razdoblju 1990. — 2009., posebno kod

tekucica koje imaju veéi udio snjeznice u prihra-

In comparison, on the Krka River, the relatively
close Sava River right tributary in Slovenia, there
was a significant decline in mean annual discharg-
es at all hydrological stations, a decrease in annu-
al minima discharges and a significant increase in
annual maxima discharges in the upper part of the
course (Ulaga, 2002; Ulaga et al. 2008; Oblak et al.
2021), but at the also nearby Slovenian Rakovec hy-
drological station on the Sutla River, a Sava River
left tributary, an increase in mean annual discharges
was recorded, stagnant annual minima discharg-
es and significant increase in annual maxima dis-

charges (Ulaga, 2002).

A comparison of discharge regimes, that is of
annual courses of mean monthly discharges and
of monthly modular coeflicients from two twen-
ty-year periods, 1981-2000 and 2001-2020, at the
hydrological stations in the Bregana catchment
revealed that certain changes have occurred in the
recent period. At all three stations in the Bregana
catchment, there was a decrease in the discharge
share in early winter (December and January on the
Bregana River, December on the Breganica River)
and an increase in the discharge share in late winter
and early spring (mainly February and March). At
the stations on the Bregana River, a decrease in the
discharge share was recorded from May to July (es-
pecially in June). The reduction of flow in the early
winter is influenced by a decrease in the amount of
precipitation in December comparing to the same
periods, while the flow increase in late winter and
early spring (mainly February and March) is influ-
enced by the increase in the amount of precipitation
in January and February with the reduction of the
share of snow in total precipitation, leading to the
greater direct runoff. The main cause of the summer
decrease in the flow in the Bregana catchment, es-
pecially in June, is the summer increase in average
monthly air temperatures and the summer drop in
precipitation, both again especially in June.

Absolutely and relative increase in flow in the
late winter and spring 2001-2020 compared to
1981-2000 at the Bregana River stations is in ac-
cordance with the research of Canjevac (2012) in
the Croatian part of the Danube basin, where an
increase in mean spring discharge was generally

observed in the period 1990-2009, especially on
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ni. Pretpostavlja se da je glavni uzro¢nik tomu
smanjenje udjela snijega na racun kiSe. S druge
strane, prema Canjevac i Oresi¢ (2018) relativ-
no povecanje protoka u kasnu zimu i proljece
nije se pokazalo tipi¢no za peripanonski kis-
no-snjezni tip rezima (kojem pripadaju Bregana
i Breganica). U tom istrazivanju se doduse radi
o duljim vremenskim nizovima (1961. - 1990. i
1990. — 2009.), a uz to je istaknuto da je taj tip
proto¢noga rezima ujedno i ,najheterogeniji tip
na kojem se odrzavaju razliciti klimatski uvjeti
na mezo i miko skalama” te da su ,,manja porjec-
ja osjetljivija na klimatske promjene i oscilacije”.
Pojava proljetnoga povecanja protoka nije zabi-
ljezena ni na rijeci Krki u Sloveniji 1961.-2013.
(Oblak i dr., 2021).

Smanjenje udjela protoka od svibnja od srp-
nja, a posebno apsolutni i relativni pad srednjega
protoka u lipnju na postajama na rijeci Bregani
2001. - 2020. u odnosu na 1981. - 2000. u skla-
du je s istrazivanjem Barbalic¢a i Kuspili¢a (2014)
koji su u nesto kracem razdoblju 1980. — 2009.
na postaji Bregana-remont zabiljezili statisticki
znacajan negativni trend svibanjskih i lipanjskih
srednjih protoka. Dakle, taj se ljetni pad nastavio
ivjerojatno ée se nastaviti s obzirom na previde-
no daljnje zatopljenje i povecanje evapotranspi-
racije u gotovo cijeloj Hrvatskoj (Pandzi¢ i dr.,
2009). Rezultati su bili ocekivani i s obzirom na
opce smanjenje srednjih protoka ljeti utvrdeno
u dosadasnjim hidroloskim istraZivanjima: u
hrvatskom dijelu porjedja Dunava (Canjevac,
2012, sezonski trendovi 1990. — 2009.) na razini
peripanonskoga ki§no-snjeznog tipa proto¢no-
ga rezima u Hrvatskoj (Canjevac i Oresi¢, 2008,
usporedba proto¢nih rezima iz razdoblja 1961.
—1990. i 1990. — 2009.) i na vedini postaja u
Sloveniji (Oblak i dr., 2021, sezonski trendovi u
razdoblju 1961. - 2013.).

Na svim je trima postajama u istraZivanom
podruéju u razdoblju 2001. — 2020. u odnosu na
razdoblje 1981. — 2020. primarni maksimum u
ozujku nesto izrazeniji, a sekundarni maksimum
u prosincu (studeni kod Koreti¢a) manje je izra-
Zen. Postajama u porjecju Bregane zajednicki je
i pomak primarnoga minimuma s kolovoza na
srpanj i sekundarnoga minimuma s veljace na
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the rivers that have a higher proportion of snow
runoff in their water feed. As in this research, the
influence of the reduction of snow at the expense
of rain and thus a more direct runoff is assumed
as the main cause. However, according to Canjevac
and Oresi¢ (2018), a relative increase in flow in the
late winter and spring did not prove to be typical
of the peri-Pannonian pluvial-nival regime type (to
which the Bregana and Breganica rivers belong).
Notably it was observed comparing longer periods
(1961-1990 and 1990-2009), and the research also
pointed out that this discharge regime type is also
a ‘most heterogeneous one and shows the diversity
of climate conditions of runoff at both the meso-re-
gional and micro-regional levels’. Also, smaller ba-
sins are more sensitive to climatic change or oscil-
lation (Canjevac and Ores§i¢, 2015). The appearance
of a spring increase in flow was not recorded on the
Krka River in Slovenia in 1961-2013. (Oblak et al.,
2021).

The decrease in the share of flow from May to
July, and especially the absolute and relative de-
crease of the mean discharge in June at the stations
on the Bregana River 2001-2020 compared to
1981-2000 is in line with the research of Barbali¢
and Kuspili¢ (2014) who, in the somewhat short-
er period of 1980-2009, recorded a statistically
significant negative trend of May and June mean
discharges at the station Bregana-remont. It can be
concluded that summer decline continued on the
Bregana River, and will probably continue given the
predicted further warming and increase in evapo-
transpiration in almost all of Croatia (Pandzi¢ et al.,
2009). The results are also expected considering the
general reduction of average flows in summer found
in previous hydrological research: in the Croatian
part of the Danube basin (Canjevac, 2012, seasonal
trends 1990-2009); at the level of the peri-Panno-
nian pluvial-nival regime type in Croatia (Canje—
vac and Oresi¢, 2008 comparison of flow regimes
from the 1961-1990 and 1990-2009 periods); and
at most stations in Slovenia (Oblak et al. 2021, sea-
sonal trends in the period 1961-2013).

Atall three stations in the recent twenty-year pe-
riod compared to the previous twenty-year period,
the primary maximum in March is somewhat more
pronounced, and the secondary maximum in De-
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