
4.1 Padavine
Mojca Dolinar

Koli~ino padavin smo v bilan~nem obdob-
ju 1971–2000 merili na 394 postajah. Na pre-
cej{njem {tevilu merilnih mest so bila tudi
obdobja brez meritev padavin. Posebej v zad-
njem desetletju obravnavanega obdobja se je {te-
vilo delujo~ih postaj mo~no zmanj{alo. Ker
dalj{a manjkajo~a obdobja meritev lahko bistve-
no vplivajo na rezultate analize, smo pri anali-
zi padavin za vodno bilanco uporabili le podatke
merilnih mest z najmanj 25 leti delovanja zno-
traj obravnavanega obdobja. Zaradi bolj{e pokri-
tosti povr{ja z merilnimi mesti smo v obdelavo
vklju~ili tudi 8 meteorolo{kih postaj s kraj{imi
nizi (od 24 do 5 let).Vseh v analizo vklju~enih
merilnih mest je bilo 201 (slika 19). Poleg
postaj z meritvami dnevnih padavin smo za izra-
~un prostorske porazdelitve padavin uporabili
tudi meritve totalizatorjev, kjer koli~ino pada-
vin od~itamo enkrat na leto – obi~ajno septem-
bra ali oktobra.Te meritve so sicer obremenjene
s {tevilnimi napakami, vendar nam kljub temu
dajo pomembno informacijo o koli~ini padavin
na gorskih obmo~jih, kjer drugih meritev nima-
mo. Pred prostorsko analizo smo podatke tota-
lizatorjev homogenizirali na podlagi podatkov
bli`njih padavinskih postaj. Za obravnavano
obdobje smo imeli na voljo podatke totalizator-
jev na 18 lokacijah v Julijskih Alpah, Karavan-
kah in Dinarskem gorstvu. Poleg podatkov
s postaj na obmo~ju Slovenije smo za izra~un
prostorske porazdelitve padavin (mese~nih in
letnih) imeli na voljo tudi podatke meritev dnev-
nih padavin na 29 obmejnih postajah Avstrije,
Hrva{ke in Italije. Posebej so bili pomembni
podatki tujih postaj na obmo~ju dr`avne meje
z razgibanim reliefom, kjer je prostorska spre-
menljivost padavin zelo velika. Za izra~un vod-
ne bilance je namre~ pomembna tudi prostorska
porazdelitev padavin preko dr`avne meje.

Za korekcijo podatkov o padavinah so
pomembni tudi podatki o temperaturi zraka,

4.1 Precipitation
Mojca Dolinar

In the 1971–2000 reference period, we meas-
ured the quantities of precipitation at 394 sta-
tions. A significant number of precipitation
stations had periods when precipitation meas-
urements were not performed. The number of
operational stations has diminished signifi-
cantly, especially in the last decade of the ref-
erence period. Because longer periods of missing
measurements can significantly affect the
analysis results, we only used data from stations
with at least 25 years of operation within the
period treated for the analysis. To achieve
a greater spatial coverage with the stations, we
included 8 additional meteorological stations
with shorter time series (from 24 to 5 years).
Finally, there were 201 precipitation stations
(Figure 19) included in the analysis. For the cal-
culation of the spatial distribution of precipi-
tation we also used measurements from totalizer
rain gauges where the quantity of precipitation
is read once a year – usually in September or
October – in addition to stations with meas-
urements of daily precipitation. These meas-
urements are loaded with numerous errors,
but nevertheless provide us with important
information on the quantity of precipitation in
mountainous regions where other measure-
ments are not available. Prior to the spatial analy-
sis, we homogenised the totalizer rain gauge data
based on the data from nearby precipitation sta-
tions. We had the data from the totalizer rain
gauges in 18 locations in the Julian Alps, the
Karavanke Mountains and the Dinaric Alps
available for the period treated. In addition
to data from the stations in the territory of
Slovenia, we also had at our disposal data on the
daily precipitation from 29 stations located in
Austria, Croatia and Italy for the calculation of
the spatial distribution of precipitation (month-
ly and annual).The stations on complex topog-
raphy in the national border areas where the

29

4. ^LENI VODNE BILANCE / WATER BALANCE ELEMENTS

4^leni vodne bilance
Water Balance Elements



vetru in intenziteti padavin.Vse navedene koli-
~ine se merijo v bistveno redkej{i mre`i meril-
nih mest kot padavine. Za obravnavano obdob-
je smo imeli na voljo neprekinjene meritve
temperature zraka in jakosti vetra na 29 loka-
cijah, intenziteto padavin pa smo analizirali na
11 reprezentativnih lokacijah.

V Sloveniji merimo dnevne koli~ine pada-
vin s Hellmanovim ombrometrom. Te meritve
padavin so delno podcenjene zaradi razli~nih
vplivov: izhlapevanja, omo~enja sten ombrome-
tra in vpliva vetra, ki padavine odna{a mimo
ombrometra (WMO, 1994). Za potrebe izra~u-
na vodne bilance smo izmerjene padavine kori-
girali, pri ~emer smo upo{tevali vpliv vetra,
intenzitete padavin in omo~enosti ombrometra.
Popravek zaradi omo~enosti se uporablja le za
padavine nad 1 mm (Nespor et al., 1999). Za
teko~e padavine je popravek 0,3 mm, za trdne
padavine 0,15 mm. Dinami~ni faktor zajema
vpliv vetra, odvisen pa je tudi od oblike pada-
vin, temperature in urne intenzitete padavin. Ker
se vetrne in temperaturne razmere ob posamez-
nih padavinskih dogodkih mo~no razlikujejo,
prav tako intenziteta padavin, smo korekcije
padavin izra~unali na dnevni ravni (Dolinar et
al., 2006). Dinami~ni korekcijski faktor je mo~-
no odvisen od agregatnega stanja padavin. Lede-
ne kristal~ke z veliko povr{ino veter bolj razna{a
kot kapljice. Zato smo korekcijske faktorje za
Hellmanov ombrometer ra~unali za vsako vrsto

spatial variability of precipitation is considerable
were especially important because the spatial
distribution of precipitation from across the
national border was also needed for the water
balance calculation.

The data on air temperature, wind and pre-
cipitation intensity is also important for the cor-
rection of precipitation measurements. All the
indicated quantities are measured using a sig-
nificantly smaller measurement network than
is the case for precipitation. For the treated peri-
od, we had uninterrupted measurements of air
temperature and wind speed from 29 locations
at our disposal, and we analysed the precipita-
tion intensity at 11 representative locations.

Daily quantities of precipitation are meas-
ured in Slovenia using the Hellman rain gauge.
These measurements are partially underesti-
mated because of various effects: evaporation,
the wetting of the walls of the Hellman rain
gauge and the effect of the wind blowing
the precipitation away from the rain gauge
(WMO, 1994). For the purpose of calculating
the water balance, we corrected the precipita-
tion measured, considering the effect of the
wind, the precipitation intensity and the wet-
ting of the Hellman rain gauge. The correction
for wetting is only used for precipitation in
excess of 1 mm (Nespor et al., 1999). For liq-
uid precipitation, the correction factor is 0.3mm
and 0.15 mm for solid. The dynamic factor
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Slika 19: Merilna
mesta meritev
koli~ine padavin
za vodno bilanco

Figure 19: Stations
for the precipitation
measurement
used for the
water balance
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padavin posebej (Dolinar et al., 2006). Manj-
kajo~e podatke smo na dnevni in mese~ni rav-
ni interpolirali na podlagi vrednosti na sosednjih
postajah.

Povpre~ni korekcijski faktorji za merilne posta-
je (preglednica na str. 105, v prilogi) so podobni,
kot so bili izra~unani za obdobje 1961–1990
(Kolbezen et al., 1998). Pri nekaterih posamez-
nih merilnih postajah se pojavljajo ve~je razli-
ke, vendar sistemati~nih odstopanj ni opaziti.
Ustreznost modela za korekcijo koli~ine pada-
vin smo preverili tudi pri izra~unu vodne bilan-
ce na podlagi korigiranih vrednosti padavin.
V primeru napa~nih korekcij bi na posameznih
obmo~jih (visokogorje, gozdovi, ve~je ravnine)
pri{lo do sistemati~nih odstopanj, ki pa jih

captures the effect of the wind, but is also
dependent on the form of the precipitation, the
temperature and the hourly precipitation inten-
sity. As the wind and temperature conditions
during individual precipitation events differ
significantly, as does the precipitation intensi-
ty, we calculated precipitation corrections on
a daily basis (Dolinar et al., 2006).The dynam-
ic correction factor is strongly dependent on the
aggregate state of the precipitation. Ice crystals
with a large surface area are better carried by
the wind than rain drops. This is why the cor-
rection factors for the Hellman rain gauge were
calculated separately for each form of precipi-
tation (Dolinar et al., 2006). The missing data
was interpolated on a daily and monthly level
based on the values from neighbouring stations.

The average correction factors for the pre-
cipitation stations (table on page 105 in the
appendix) are similar to those calculated for
the 1961–1990 period (Kolbezen et al., 1998).
Differences occurred at some of the individual
precipitation stations, but no systematic devi-
ations could be observed.The suitability of the
model for the correction of precipitation quan-
tities was also verified during the calculation of
the water balance based on the corrected pre-
cipitation values. In the case of incorrect cor-
rections, systematic deviations would occur in
individual areas (high mountains, forests or
larger plains), but we did not observe any. The
most problematic proved to be the corrections
of precipitation values for the higher-lying loca-
tions, where there is a lot of snowfall and where
the winds are stronger. This is why we verified
the precipitation corrections on Kredarica using
measurements of the water content in the accu-
mulated snow cover on Podi below the Triglav
glacier (Dolinar et al., 2006).

The measured precipitation shares differ sig-
nificantly for the liquid and solid precipitation.
When precipitation occurs in the form of rain,we
usually (in 99% of the measurements) measure
above 90% of the real quantity of precipitation.
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Slika 21: Dele`i
izmerjenih padavin
za teko~e in trdne
padavine

Figure 21: The
shares of measured
precipitation for
the liquid and solid
precipitation
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Slika 20: Mostnica

Figure 20:
The Mostnica River
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v na{em primeru ni bilo. Najbolj problemati~-
ne so korekcije vrednosti padavin za vi{je lege,
kjer je veliko sne`nih padavin in pihajo mo~nej-
{i vetrovi. Iz tega razloga smo korekcije koli~i-
ne padavin na Kredarici preverili z meritvami
vsebnosti vode v akumulirani sne`ni odeji na
Podih pod Triglavskim ledenikom (Dolinar
et al., 2006).

Dele`i izmerjenih padavin se bistveno raz-
likujejo za teko~e in trdne padavine. Kadar so
padavine v obliki de`ja, obi~ajno (99% meritev)
izmerimo nad 90 % dejanske koli~ine padavin.
Ob sne`enju pa tako koli~ino izmerimo le
v tretjini vseh meritev, pri eni tretjini pa izmeri-
mo celo manj kot 75 % dejanske koli~ine pada-
vin. Povpre~ni korekcijski faktor se z nadmorsko
vi{ino do 1200 m bistveno ne spreminja, mo~-
no pa naraste nad to mejo, saj so v visokih legah
trdne padavine, mo~an veter in nizke tempera-
ture pogostej{i.

Razlike med korigiranimi in izmerjenimi
vrednostmi padavin (slika 22) so najve~je (nad
35 %) v goratih obmo~jih – na obmo~ju Julij-
skih in Kamni{ko-Savinjskih Alp, Karavank,
Pohorja in Gorjancev. Najmanj{e razlike (do 5%)
so v zahodni in jugozahodni Sloveniji (z izjemo
visokih kra{kih planot) ter v pasu od jugozaho-
da Slovenije proti Koro{ki. Razlike med 5 in 15%
se pojavljajo v vzhodnih in jugovzhodnih pre-
delih dr`ave. Razlika med vzhodnim in zahod-
nim delom dr`ave je predvsem posledica manj

When it snows, this percent is only measured
in a third of all the measurements, while in one
third we even measure less than 75% of the real
precipitation quantity. The average correction
factor does not change significantly with altitude
up to 1200 m, but increases significantly above
this limit, as solid precipitation, strong winds and
low temperatures are more frequent in high-
-lying locations.

The differences between the corrected and
measured precipitation values (Figure 22) are
highest (above 35%) in the mountainous
regions – in the area of the Julian and Kamni{ko-
-Savinjske Alps, the Karavanke Mountains,
Pohorje and Gorjanci.The smallest differences
(up to 5%) occur in western and south-western
Slovenia (with the exception of the high Karst
plateaus) and within the belt stretching from the
south-west of Slovenia to Koro{ka. Differences
ranging from 5 to 15% appear in the eastern and
south-eastern parts of the country. The differ-
ence between the eastern and western parts of
the country is the result of the less intensive pre-
cipitation in the east of the country where the
correction factors are consequently slightly
higher.

The spatial distribution of the precipitation
was calculated separately for each month, based
on the corrected precipitation values from
248 locations.The spatial distribution of annu-
al corrected precipitation was calculated from
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Slika 22: Prostorska
porazdelitev razlik
med korigiranimi
in izmerjenimi pada-
vinami (razlike so
prikazane v odstotkih
izmerjenih vrednosti)

Figure 22:
The spatial distri-
bution of differences
between the corrected
and measured preci-
pitation (differences
are shown in
percentages of the
values measured)



intenzivnih padavin na vzhodu dr`ave, kjer so
posledi~no korekcijski faktorji nekoliko vi{ji.

Prostorsko porazdelitev padavin smo izra~u-
nali na podlagi korigiranih padavin na 248 loka-
cijah za vsak mesec posebej, porazdelitev
povpre~nih vrednosti letnih korigiranih pada-
vin pa na podlagi zgoraj omenjenih korigiranih
mese~nih padavin. Prostorsko interpolacijo
padavin iz 248 to~k v pravilno mre`o z lo~lji-
vostjo 100m smo izra~unali z metodo splo{nega
kriginga (Cressie, 1999). Pri tem smo upo{te-
vali vpliv reliefa v lo~ljivosti 100 m na prostor-
sko porazdelitev padavin. Koli~ina padavin je
namre~ v veliki meri odvisna od nadmorske
vi{ine, poleg tega pa nanjo vpliva tudi bli`ina
gorskih pregrad v smeri proti severovzhodu, saj
najve~ padavin v Sloveniji pade ob vla`nih
jugozahodnih vetrovih. Glede na gostoto meril-
nih mest in njihovo reprezentativnost smo izra-
~unane vrednosti povpre~ili v pravilno mre`o
1km.Vsaka to~ka predstavlja povpre~ne mese~-
ne ali letne padavine na obmo~ju 1 km2. Zno-
traj tega obmo~ja lahko pri~akujemo manj{e ali
ve~je odstopanje od izra~unane vrednosti, pred-
vsem na obmo~jih z zelo velikim horizontalnim
gradientom padavin (pred gorskimi pregradami).

4.1.1 Geografska razporeditev padavin

Geografska razporeditev padavin je mo~no pove-
zana z razgibanostjo reliefa (slika str. 114–115).
Zaradi orografskega u~inka se koli~ina padavin
pove~uje, ko gremo od morja proti notranjosti
Slovenije, in dose`e maksimum na dinarsko-alp-
ski pregradi. Najve~ padavin (v povpre~ju ve~
kot 2600mm letno) pade na privetrni strani gre-
benov Julijskih Alp, na najvi{jih grebenih pade
celo ve~ kot 3200 mm padavin. Nad 2600 mm
padavin pade tudi na jugozahodni (privetrni)
strani Sne`nika. Drugod v Julijskih Alpah, Kara-
vankah in na robnih visokih dinarskih planotah
pade povpre~no letno med 2000 in 2600 mm
padavin. Nekoliko manj{i, vendar kljub temu
opazen, lokalni maksimum padavin se prav
tako zaradi u~inka dviganja zra~nih mas pojav-
lja v Kamni{ko-Savinjskih Alpah. Za dinarsko
pregrado proti severovzhodu se z oddaljenost-
jo od orografske pregrade koli~ina padavin zelo
hitro zmanj{uje, ve~ja koli~ina padavin zaradi
orografskega u~inka pade le {e na Pohorju in na
Gorjancih (do 1800 mm). V Ljubljanski kotli-
ni koli~ina padavin pada od severa proti jugu in
se giblje med 1300 mm na jugovzhodu kotline
do 1800 mm na skrajnem severu kotline.V vi{-
jih predelih Zasavskega hribovja pade do
1400mm padavin letno, medtem ko v ni`jih pre-
delih Zasavskega hribovja, na Koro{kem, [tajer-
skem do Maribora, na Dolenjskem in v Beli
krajini pade med 1200 in 1300mm padavin. Od

monthly spatial distributions.The spatial inter-
polation of the precipitation from 248 loca-
tions into a grid with a resolution of 100 m was
calculated using the kriging methodology
(Cressie, 1999). In the calculation, we consid-
ered the effect of the relief on the spatial dis-
tribution of precipitation with a spatial
resolution of 100 m.The quantity of precipita-
tion is to a great extent dependent on the ele-
vation, as well as the proximity of mountain
barriers to the north-east, as the majority of
precipitation in Slovenia falls during moist
south-westerly winds. Taking into account the
number of measurement sites and their repre-
sentativeness, we finally averaged the calculat-
ed values into a 1km grid. Each point represents
the average monthly or annual precipitation
amounts in an area of 1 km2. Within this area
we can expect smaller or larger deviations from
the calculated value, especially in areas with
a high horizontal gradient of precipitation (over
the mountain barriers).

4.1.1 The Geographic Distribution
of Precipitation

The geographic distribution of the precipitation
is strongly linked to the topography of the
relief (Figure page 114–115). Because of the oro-
graphic effect, the quantity of precipitation
increases as we move from the coast towards the
interior of Slovenia and achieves the maxi-
mum on the Dinaric-Alpine barrier.The highest
amount of precipitation (more than 2600 mm
per year on average) falls on the windward side
of ridges in the Julian Alps. More than 3200mm
of precipitation can fall on the highest ridges.
More than 2600 mm of precipitation also falls
on the south-west (windward) side of Mount
Sne`nik. Elsewhere in the Julian Alps, in the
Karavanke Mountains and on the periphery of
the high Dinaric plateaus there is between
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Slika 23: Sneg
na Kobli

Figure 23: Snow
on Kobla Mountain
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Dravsko-Ptujskega polja, kjer letno dobijo med
1100 in 1200 mm padavin, se proti severovz-
hodu koli~ina padavin {e vedno zmanj{uje. Na
skrajnem severovzhodu dr`ave (Prekmurje),
kjer se `e ~uti mo~an vpliv celinskega podneb-
ja, letna koli~ina padavin ne prese`e 900 mm.
Ob obali se letna koli~ina padavin giblje med
1100 in 1200 mm. Tak{na prostorska porazde-
litev padavin je posledica dejstva, da v Sloveni-
ji najve~ padavin pade ob vremenskih situacijah,
ko se vla`ne in relativno tople zra~ne mase pre-
ko dr`ave pomikajo z jugozahodnim vetrom.
Smer premikanja zra~nih mas je pravokotna na
grebene orografske pregrade, zato se ob njih
zra~ne mase dvigajo, zrak se ohlaja in tedaj se
iz njega izlo~ajo padavine. To je vzrok, da le`i
maksimum letnih padavin v Julijcih, kjer pade
letno nad 3200 mm padavin. To obmo~je spa-
da tudi med najbolj namo~ene v Alpah in
v Evropi. Razmerje med najbolj in najmanj
namo~enimi obmo~ji v Sloveniji je tako skoraj
1 : 4 oz. 900 mm : 3200 mm.

4.1.2 ^asovna porazdelitev padavin

V Sloveniji nimamo izrazito suhega ali mokre-
ga dela leta, kljub temu pa med meseci oz. let-
nimi ~asi opazimo ve~je razlike (slika 25). Letni
padavinski cikel je pogojen s podnebnim tipom,
ki ima v obravnavani regiji najve~ji vpliv. Za sub-
mediteransko podnebje (Bilje) sta zna~ilna dva
padavinska maksimuma: prvi se pojavlja konec
pomladi, drugi jeseni. Za alpsko podnebje (Kre-

2000 and 2600mm of precipitation annually on
average. A somewhat smaller, but nevertheless
noticeable local precipitation maximum is
a result of the same lifting effect in the
Kamni{ko-Savinjske Alps. Behind the Dinaric
barrier and towards the north-east, the precip-
itation quantities diminish rapidly when mov-
ing away from the sea and the orographic
barrier, while the larger quantity of precipita-
tion on account of the orographic effect only
limits on Pohorje and on Gorjanci (up to
1800 mm). In the Ljubljana Basin, the precip-
itation quantities diminish from north to south
and ranges between 1300 mm in the south-east
of the basin to 1800 mm in the northernmost
part of the basin. In the higher parts of the
Zasavsko hribovje hills, up to 1400 mm of pre-
cipitation fall annually, while in the lower parts
of the Zasavsko hribovje hills, in Koro{ka and
[tajerska and up to Maribor, in Dolenjska and
in Bela krajina there is between 1200 and
1300 mm of precipitation. From the Dravsko-
-Ptujsko polje, where there is from 1100 to
1200 mm of precipitation annually, the quan-
tity of precipitation keeps decreasing towards
the north-east. In the north-easternmost part of
the country (Prekmurje), where the effect of the
continental climate can be felt strongly, the
annual quantity of precipitation does not exceed
900 mm. On the coast, the annual quantity of
precipitation fluctuates between 1100 and
1200 mm. This spatial distribution of precipi-
tation is the result of the fact that most pre-
cipitation falls in Slovenia during weather
conditions where moist and relatively warm air
masses move across the country, blown by
a south-westerly wind.The direction of the air
mass movement is perpendicular to the ridges
of the orographic barrier, which is why air
masses lift along them, the air is cooled and pre-
cipitation separates from the air.This is the cause
for the annual precipitation maximum lying in
the Julian Alps, where in excess of 3200 mm of
precipitation falls annually.This area also stands
as one of the most water-abundant areas in the
Alps and in Europe.The ratio between the most
and least water-abundant areas in Slovenia is
therefore almost 1 : 4 or 900 mm : 3200 mm.

4.1.2 The Temporal Distribution
of Precipitation

We do not experience distinctive dry or wet
parts of the year in Slovenia, but in spite of this
we can observe considerable differences between
the months or seasons (Figure 25). The annu-
al precipitation cycle is conditioned by the cli-
mate type that exerts the greatest influence in
the region treated. The sub-Mediterranean cli-
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Slika 24: Pa kaj,
~e de`uje?

Figure 24: It rains.
So what?
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darica, Rate~e) je zna~ilno, da je najve~ padavin
jeseni, nekoliko manj izrazit maksimum pa je
zna~ilen ob koncu pomladi in v za~etku polet-
ja. Na vzhodu dr`ave, kjer imamo izrazit vpliv
celinskega podnebja (Murska Sobota, Novo
mesto), je najve~ padavin ob poletnih plohah in
nevihtah, najbolj suhi pa so zimski meseci.

Za vse podnebne regije v Sloveniji velja, da
se koli~ina padavin iz leta v leto lahko mo~no
spreminja in tako tudi za obravnavano obdob-
je velja, da zajema tako su{na kot tudi izjemno
mokra leta. Po vsej dr`avi sta bili izrazito suhi
leti 1971 in 1983 in izredno mokro leto 1979,
sicer pa se ka`ejo ve~je regionalne razlike
v pojavljanju suhih in mokrih let (slika 27). Posa-
mezna desetletja znotraj obdobja se v namo~e-
nosti med seboj le malo razlikujejo (slika 26).
Nekoliko odstopa le prvo desetletje (1971–1980),
ko je bilo ve~ padavin v vsej zahodni Sloveniji

mate (Bilje) is characterised by two precipita-
tion maximums: the first occurs at the end of
spring and the second in the autumn.The char-
acteristic of the Alpine climate (Kredarica,
Rate~e) is that the highest amounts of precip-
itation occur in the autumn, while a slightly less
pronounced maximum is characteristic of the
end of the spring and the beginning of summer.
In the east of the country, where there is
a prominent effect from the continental climate
(Murska Sobota, Novo mesto), the highest
amounts of precipitation occur during summer
downpours and storms, while the driest months
are those in the winter.

In all the regions in Slovenia, the quantity
of precipitation can change significantly from
year to year and it is therefore also true of the
period treated that it has both years of drought
and extremely wet years. The years 1971
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Slika 25: Povpre~na
koli~ina korigiranih
padavin (mm) po
mesecih za obdobje
1971–2000

Figure 25: The
average quantity
of corrected precipi-
tation (mm) for
the 1971–2000
period by month
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Slika 26: Povpre~ne letne koli~ine korigiranih padavin
za obdobje a) 1971–1980; b) 1981–1990;
c) 1991–2000

Figure 26: The average annual quantities of corrected
precipitation values for the period of a) 1971–1980,
b) 1981–1990, c) 1991–2000
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Slika 27: Statisti~no zna~ilni trendi v letni koli~ini padavin za obdobje 1971–2000. Rde~ znak pomeni statisti~no zna~ilno upadanje letne
koli~ine padavin, moder znak statisti~no zna~ilno nara{~anje letne koli~ine padavin, rumen znak pa pomeni, da trend ni statisti~no zna~ilen.

Figure 27: Statistically significant trends in the annual quantity of precipitation for the 1971–2000 period. The red symbol shows the statistically
significant decrease in the annual quantity of precipitation, the blue symbol shows the statistically significant increase in the annual quantity
of precipitation and the yellow symbol shows that the trend is not statistically significant.



37

4. ^LENI VODNE BILANCE / WATER BALANCE ELEMENTS

Slika 28: Letna vsota padavin (mm) v obdobju 1971–2000. Rde~a ~rta predstavlja 5-letno drse~e povpre~je,
prekinjena ~rta pa trend, izra~unan po podatkih za obdobje 1971–2000.

Figure 28: The annual sum of precipitation values (mm) in the 1971–2000 period. The red line represents the 5-year
moving average and the broken line represents the trend calculated according to the data for the 1971–2000 period.
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in hribovitem delu osrednje Slovenije in neko-
liko bolj suho v severovzhodni Sloveniji.

^eprav se ob globalnih podnebnih spre-
membah predvidevajo tudi spremembe v koli-
~ini padavin, te na letni ravni niso tako o~itne
(slika 28). Slika 27 prikazuje statisti~no zna~il-
ne trende v letni koli~ini padavin na merilnih
postajah, ki so neprekinjeno delovale v obdob-
ju 1971–2000. Na velikem {tevilu merilnih
mest sicer opazimo statisti~no zna~ilen upad
v letni koli~ini padavin, vendar pa je veliko tudi
takih merilnih mest, kjer sprememb v letni

and 1983 were notably dry throughout the
country, while 1979 was an extremely wet
year. Greater regional differences are otherwise
reflected in the occurrence of dry and wet years
(Figure 27). Individual decades within the ref-
erence period differ only slightly from one
another in terms of water abundance (Figure 26).
Only the first decade (1971–1980) departs
from this slightly, when there was more pre-
cipitation across all of western Slovenia and the
hilly part of central Slovenia, contrasted with
somewhat less in north-eastern Slovenia.



koli~ini padavin ni opaziti ali so celo pozitivne.
Precej bolj enotna slika pa se poka`e, ~e pogle-
damo, kako se koli~ina padavin spreminja zno-
traj posameznih sezon (slika 29). Zelo o~itno je,
da se jeseni koli~ina padavin ve~a skoraj po vsej
dr`avi, z izjemo manj{ih obmo~jih v Beli kraji-
ni, v okolici Bre`ic in na Koro{kem, kjer ni opa-
ziti statisti~no zna~ilnih sprememb.Tudi pozimi
opazimo zelo enoten prostorski vzorec spre-

Even though global climate changes are
also predicting changes in the quantity of pre-
cipitation, these are not that obvious on an
annual level (Figure 28). Figure 27 shows the
statistically significant trends in the annual
quantity of precipitation at the precipitation sta-
tions that operated without interruption in
the 1971–2000 period. We can observe a sta-
tistically significant decrease in the annual quan-
tity of precipitation at a large number of stations,
though there are also many sites where changes
in the annual quantity of precipitation cannot
be observed or are even positive.A much more
uniform picture appears if we look at how the
quantity of precipitation changes within the indi-
vidual seasons (Figure 29). It is quite obvious
that the quantity of precipitation increases in
the autumn, almost throughout the country –
the exception being smaller areas in the Bela kra-
jina region, in the area surroundings of the town
of Bre`ice and in the Koro{ka region, where no
statistically significant changes could be
observed. Even in the winter, we can observe
a very uniform spatial pattern of changes: the
quantity of precipitation is diminishing across
all of western Slovenia, in Koro{ka and on
Pohorje, while there are no changes in the win-
ter quantity of precipitation in the eastern half
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Slika 29: Statisti~no zna~ilni trendi v koli~ini padavin po letnih ~asih (obdobje 1971–2000). Rde~ znak pomeni
statisti~no zna~ilno upadanje letne koli~ine padavin, moder znak statisti~no zna~ilno nara{~anje letne koli~ine
padavin, rumen znak pa pomeni, da trend ni statisti~no zna~ilen.

Figure 29: Statistically significant trends in the quantity of precipitation organised by seasons (the 1971–2000 period).
The red symbol shows the statistically significant decrease in the annual quantity of precipitation, the blue symbol
shows the statistically significant increase in the annual quantity of precipitation and the yellow symbol shows that
the trend is not statistically significant.

Slika 30: Strela
ob nevihti

Figure 30: Storm
lightning
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memb: koli~ina padavin se zmanj{uje v vsej
zahodni Sloveniji ter na Koro{kem in Pohorju,
medtem ko sprememb v zimski koli~ini pada-
vin v vzhodni polovici ni. Spomladi je opaziti
dokaj enoten trend zmanj{evanja padavin po vsej
dr`avi razen v vzhodni [tajerski, Prekmurju in
Gori~kem. Nekoliko druga~na je situacija pole-
ti: padavin je manj povsod razen v vi{jih legah
Alp, kjer ni opaziti sprememb. O~itno je torej,
da se spreminja padavinski re`im: jesenski mak-
simum postaja bolj izrazit, medtem ko se v osta-
lih mesecih koli~ina padavin zmanj{uje.

4.2 Izhlapevanje
Peter Frantar, Bla` Kurnik, Vesna O`ura

Izhlapevanje oz. evapotranspiracija (ETP) je pre-
hajanje vode v obliki vodne pare z vodne povr-
{ine ali zemeljskega povr{ja in skozi listne re`e
rastlin v ozra~je (Allen, 1998). Evapotranspita-
cija je proces, ki povezuje evaporacijo z nepora-
slega zemeljskega povr{ja in vodnih povr{in ter
transpiracijo z rastlin. Izra~unano je bilo dejan-
sko, realno izhlapevanje za obdobje 1971–2000,
ki je podano v povpre~ni vi{ini vodnega stolp-
ca v mm.

Evaporacija je odvisna od dele`a dostopno-
sti vode v zgornjem delu tal in od pora{~enosti
tal. Pora{~enost tal se med letom spreminja, zato
se spreminja tudi evapotranspiracija. Dejanska
evapotranspiracija je odvisna od vrste rastlin,
fenolo{ke faze rastlin, rastlinam dostopne talne
vlage in meteorolo{kih pogojev, izmed katerih
na izhlapevanje najbolj vpliva temperatura zra-
ka, relativna vlaga zraka, hitrost vetra in son~-
no sevanje.

Izra~un dejanskega izhlapevanja je izveden
po modificirani Hargreasovi metodi za 37 kli-
matolo{kih postaj na osnovi minimalne in
maksimalne temperature zraka in natan~ne
geografske lege postaje. Za Slovenijo je Hargrea-
sova metoda ute`ena z linearnimi regresijskimi
koeficienti glede na dnevne vrednosti potencial-
nega izhlapevanja po Penman-Monteithovi
metodi (Allen, 1998). Ta izra~un velja za topli
del leta in dobro namo~ena tla, pora{~ena s tra-
vo. Zaradi razlike v evapotranspiraciji pri raz-
li~nih tipih pokrovnosti tal (gozd, kmetijske
povr{ine,…) so dobljene vrednosti potencialnega

of the country.A fairly uniform trend of decreas-
ing precipitation across the country can be
observed in the spring, except in eastern [tajer-
ska, Prekmurje and in Gori~ko.The situation is
somewhat different in the summer: there is less
precipitation everywhere except for in the
higher reaches of the Alps, where no changes can
be observed. It is therefore obvious that the pre-
cipitation regime is changing: the autumn max-
imum is becoming more pronounced while
the quantity of precipitation in the other
months is decreasing.

4.2 Evaporation
Peter Frantar, Bla` Kurnik, Vesna O`ura

Evaporation or evapotranspiration (ETP) is the
transfer of water in the form of water vapour
from the water surface, the ground and through
plant stomata into the atmosphere (Allen,1998).
Evapotranspiration is a process that combines
evaporation from un-vegetated ground and
water surfaces with the transpiration from
plants.We have calculated the actual, real evap-
oration for the 1971–2000 period, which is given
in the average height of the water column in mm.

Evaporation depends on the water avail-
ability in the upper layer of the ground and on
the surface vegetation.The vegetation changes
through the year, which is why evapotranspi-
ration changes as well. The real evapotranspi-
ration depends on the variety of plant, the
phenological phase of the plant, the ground
moisture available to the plants and the mete-
orological conditions, among which the air
temperature affects evaporation the most, fol-
lowed by relative air humidity, wind speed and
solar radiation.

The calculation of the real evaporation was
performed for 37 climatological stations using
the modified Hargreas method based on the
minimum and maximum air temperature and
the precise geographical position of the station.
The Hargreas method is balanced for Slovenia
with linear regression coefficients concerning
their daily value of potential evaporation
according to the Penman-Monteith method
(Allen, 1998). This calculation applies to the
warm part of the year and to well-wetted
ground covered with grass. Because of the dif-
ference in evapotranspiration from different
types of land cover (forest, farmland, etc.), the
values obtained for potential evaporation are
then corrected in order to obtain the real evap-
oration for the entire year.The correction is per-
formed using standard correction coefficients for
individual layers of land cover with respect to
the potential evaporation (Table 4).
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Rastlina Koeficient 
Plant Coefficient

me{an gozd / Mixed forest 1.10

kmetijske rastline / Farmland 0.82

vodne povr{ine / Water surfaces 0.60

urbano obmo~je / Urban areas 1.00

Preglednica 4:
Vrednost povpre~nih
koeficientov izhlape-
vanja pri posamezni
skupini rastlin glede
na referen~no poten-
cialno izhlapevanje

Table 4: The value
of the average coeffi-
cients of evaporation
for individual types
of vegetation with
respect to the refe-
rence potential
evaporation



izhlapevanja korigirane, da smo dobili dejansko
izhlapevanje tekom celega leta. Korekcija je
opravljena s standardnimi korekcijskimi koefi-
cienti za posamezen sloj pokrovnosti glede na
potencialno izhlapevanje (preglednica 4).

Izra~unane povpre~ne letne vrednosti dejan-
skega izhlapevanja za posamezno meteorolo{ko

The calculated average annual values of the
real evaporation for individual meteorological
stations vary from 355 mm at the station on
Kredarica to 845 mm at the Bilje pri Novi
Gorici station. Evaporation is strongly affected
by elevation, so it also depends on the geo-
graphical position of the station. Using interpo-

Preglednica 5:
Vrednost dejanskega
izhlapevanja na
posamezni meteo-
rolo{ki postaji

Table 5: The value
of the real evaporation
at individual meteo-
rological stations
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Postaja Koordinata X Koordinata Y Nadmorska vi{ina ETp (mm)
Station X coordinate Y coordinate Elevation (m)

Bilje 393.617 84.389 55 845

Bizeljsko 554.176 96.995 179 789

Brnik 459.693 119.393 364 765

Celje 519.469 122.286 244 793

^rnomelj 511.774 46.206 157 795

Gor. Radgona 575.863 170.429 232 765

Godnje 410.437 68.508 320 784

Ilirska Bistrica 441.012 47.584 424 798

Jeruzalem 591.622 148.693 345 703

Ko~evje 488.634 55.651 467 755

Kredarica 411.847 137.865 2.514 355

Krvavec 463.136 128.546 1.558 488

Lendava 613.251 158.045 190 773

Ljubljana 462.645 102.486 299 757

Maribor 549.167 155.240 275 741

Murska Sobota 591.549 168.258 188 772

Nanos 424.221 75.241 915 655

Nova Gorica 395.903 91.028 113 799

Nova vas na Blokah 462.091 69.955 722 716

Novo mesto 514.163 73.066 220 765

Planina pod Golico 427.624 147.445 970 657

Podgradje 594.145 151.109 272 699

Poli~ki vrh 581.619 135.860 280 726

Postojna 437.588 69.412 533 722

Radenci 580.649 166.971 203 765

Rate~e 401.574 151.142 864 705

Sevno 494.556 93.086 545 648

Sl. Konjice 532.860 133.333 330 749

Slap 417.519 77.765 130 797

Stara Fu`ina 415.080 127.569 547 742

Star{e 559.215 147.302 240 766

[martno pri S. Gradcu 508.908 149.509 455 735

Velenje 509.574 135.506 410 740

Veliki Dolenci 598.579 188.854 308 716

Vojsko 415.450 98.448 1.067 578

Zavr~ 553.603 166.608 280 755



postajo se gibljejo med 355 mm na postaji Kre-
darica do 845mm na merilni postaji Bilje pri Novi
Gorici. Izhlapevanje je mo~no pogojeno z nad-
morsko vi{ino, zato je odvisno od geografske lege
postaje. Z interpolacijo smo izdelali karto pro-
storske porazdelitve povpre~nega izhlapevanja
z upo{tevanjem pokrovnosti tal in rastlin.

4.2.1 Geografska razporeditev
izhlapevanja

Naravnogeografska pestrost Slovenije se odra-
`a tudi pri izhlapevanju.Vrednosti povpre~ne-
ga letnega izhlapevanja po hidrometri~nih
zaledjih nihajo med 458 in 879 mm. Povpre~-
no letno izhlapevanje v obravnavanih zaledjih
je bilo 755mm. Razmerje med najmanj{o in naj-
ve~jo povpre~no koli~ino izhlapevanja je le 1 :2.
Spremembe izhlapevanja v prostoru so relativno
najmanj{e od vseh elementov vodnega kroga.

Najvi{je vrednosti dejanskega izhlapevanja
so na obmo~ju jugozahodne in jugovzhodne Slo-
venije.Visoke vrednosti so posledica predvsem
visoke povpre~ne temperature zraka v vegeta-
cijskem obdobju in precej{nje gozdnatosti, ki
pomeni visok koeficient rastlin na tem obmo~ju.

Najve~je izhlapevanje, nad 850 mm, imamo
iz posameznih obmo~ij v Pomurju, Kr{ko-Bre-
`i{kega polja in Bele krajine ter na zahodu v ju`-
nej{ih in ni`inskih legah Primorske in dolini So~e
vse do Tolmina. Povr{ina tega pasu je 440 km2.

lation, we produced a map of the spatial dis-
tribution of the average evaporation, taking
into account the land cover and vegetation.

4.2.1 The Geographical Distribution
of Evaporation

The natural and geographic diversity of Slovenia
is also reflected in its evaporation.The value of
the average annual evaporation in different
hydrometric catchment areas fluctuates between
458 and 879 mm.The average annual evapora-
tion in the catchment areas treated was 755mm.
The ratio between the minimum and maximum
average quantities of evaporation is only 1 :2.The
spatial changes of evaporation are, relatively, the
smallest of all the elements in the water cycle.

The highest values for real evaporation are
reached in the areas of south-western and
south-eastern Slovenia. High values are pri-
marily a consequence of the high average air
temperature in the vegetation period and of
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Slika 31: Koeficienti
rastlin, uporabljeni
pri izra~unu poten-
cialne evapotranspi-
racije v 100 m
resoluciji

Figure 31: The plant
coefficients applied
in the calculation
of potential evapo-
transpiration
in a resolution
of 100 m

ETP (mm) Povr{ina
Surface area (km2) (%)

< 500 195 (1 %)

500–650 4.961 (24 %)

650–800 10.038 (51 %)

> 800 4.986 (24 %)

Preglednica 6:
Razredi izhlapevanja
na obmo~ju Slovenije

Table 6:
Evaporation grades
in the territory
of Slovenia



Na okrog 4700 km2 Slovenije izhlapi med
800 in 850mm vode letno. Lege s tolik{nim izh-
lapevanjem so zelo razdrobljene, zavzemajo pa
prisojne lege v jugozahodni Sloveniji, pojavlja-
jo se tudi na prisojnih pobo~jih dolin in kotlin
v pasu nekje 50 do 100 m nad dnom.Ve~ja skle-
njena obmo~ja so v Suhi krajini, Beli krajini in
v zgornjem delu pore~ja Kolpe. Na vzhodu so
v Halozah in gozdnih predelih Slovenskih goric
in na Gori~kem.

Na 4240km2, na petini Slovenije, izhlapi med
750 in 800 mm. Prete`no se obmo~ja s takim
povpre~nim izhlapevanjem nahajajo v ju`ni
polovici dr`ave, kjer je pas razdrobljen med
Poso~jem in Gorjanci. Na severovzhodu imajo
tak{no izhlapevanje predeli Kozjaka in ni`ji
predeli Pohorja.

700 do 750 mm vode izhlapi v letnem pov-
pre~ju na 1885 km2 Slovenije.V severnem delu
Slovenije so to obmo~ja med 150 in 300 m nad
dolinami in kotlinami od severnega Poso~ja do
Pohorja. Na jugu so taki vi{ji predeli visokih
dinarskih planot, okolica Sne`nika in Koprsko
primorje.

V pasu izhlapevanja med 650 in 700 mm so
najvi{ji deli Sne`nika in Trnovskega gozda na
jugu, posamezna obmo~ja na Primorskem, alp-
ske planote ter najvi{ji predeli Pohorja. Pas
obsega 1370 km2.

Kar 5765 km2 pa obsega pas med 600 in
650 mm izhlapevanja letno – dobro ~etrtino
Slovenije. To so vi{ji gorski predeli, posamezni
predeli Primorske, Barje in kotline v osrednji Slo-
veniji.Ve~je pov{rine zavzema na vzhodu – od
Dolenjske do Prekmurja.

Med 550 in 600 mm izhlapevanja ima zgolj
1600 km2 Slovenije. Pas tolik{nega izhlapevanja
je raztresen po vsem alpskem in predalpskem
svetu.

Najmanj{e izhlapevanje v Sloveniji je v pov-
pre~ju pod 550mm vode na leto.Obmo~ja s tako
majhnim izhlapevanjem zavzemajo vsega 1 %

significant land cover with forests that results
in a high plant coefficient in this area.

The greatest evaporation, in excess of 850mm,
occurs in individual areas in Pomurje, the
Kr{ko-Bre`ice Basin, the Bela krajina region and,
in the west, in the southern and low-lying loca-
tions of Primorska and the valley of the So~a
River up to Tolmin. This evaporation level is
characteristic of an area of 440 km2.

Between 800 and 850 mm of annual evap-
oration occurs in around 4700 km2 of Slovenia.
The locations with this level of evaporation are
highly dispersed and fragmented, mostly cov-
ering sunny slope aspect areas in south-western
Slovenia, but are also appearing in the sunny
slopes of valleys and basins 50 to 100 m above
the base. Larger, contiguous areas are in Suha
krajina, Bela krajina and in the upper part of the
Kolpa River basin. In the east, these areas are
located in Haloze and in the forested parts of
Slovenske gorice and in Gori~ko.

Between 750 and 800 mm evaporate from
a surface area of 4240 km2, which is a fifth of
the territory of Slovenia. The areas exhibiting
this average evaporation levels are located pre-
dominantly in the southern half of the country,
where they are fragmented and lie between
Poso~je and Gorjanci. In the north-east, parts of
Kozjak and the lower parts of Pohorje also
exhibit these evaporation levels.

On average, 700 to 750 mm of water evap-
orate annually from 1885km2 of Slovenia. In the
northern part of Slovenia, these are areas lie
between 150 and 300 m and are located above
valleys and basins stretching from northern
Poso~je to Pohorje. In the south, these areas are
higher lying parts of the high Dinaric plateaus,
the surroundings of Sne`nik and the Koper lit-
toral area.

The belt with evaporation of between 650 and
700 mm covers the highest parts of Sne`nik and
Trnovski gozd in the south, individual regions
in Primorska, Alpine plateaus and the highest
parts of Pohorje.The area encompasses 1370km2.

The range of annual evaporation of between
600 and 650 mm covers 5765 km2 – well over
a quarter of Slovenia. These are the higher
mountain regions, individual parts of Primorska,
Barje and the basins in central Slovenia. Larger
areasare found in the east – from Dolenjska to
Prekmurje.

Only 1600 km2 of Slovenia exhibit evapo-
ration between 550 and 600 mm.These values
are scattered across the entire Alpine and
pre-Alpine area.

The lowest evaporation level in Slovenia is
below 550 mm of water per year. Areas with
such a small evaporation cover a mere 1% of the
country – 200 km2. The largest part lies in the
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Slika 32: V dolini
Save

Figure 32: In the
Sava Valley
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dr`ave – 200 km2. Najve~ji del tega pasu pripa-
da najvi{jim predelom Julijskih Alp, posamez-
na obmo~ja pa so {e na najvi{jih predelih ostalih
slovenskih gora in hribovij ter ozek pas v dnu
ve~jih re~nih dolin.

4.3 Pretoki

Odtok je pojem, ki opisuje oz. predstavlja pre-
mikanje dolo~enega dela padavinske vode do
kanaliziranega vodotoka oz. pretok vode v njem
(Davie, 2004;Van Abs. et al. 2000).Vi{ek pada-
vin, ki ne izhlapi oz. se ga ne porabi za trans-
piracijo, odte~e, je odtok. V primerih, ko je ta
prese`ek dovolj velik, se odtok zbere v vodoto-
kih, ki predstavljajo ve~ino odtoka z dolo~ene-
ga vodozbirnega zaledja. Na mestih, kjer se torej
ve~ina odtoka zbere, lahko odtok merimo kot
pretok.

Izmerjeni pretoki so praviloma najzaneslji-
veje izmerjeni element vodnega kroga. Na pri-
merno postavljenih vodomernih postajah
namre~ voda dolo~enega vodozbirnega obmo~-
ja odte~e skozi profil vodomerne postaje. Pre-
toki so osnovni podatki za ve~ino hidrolo{kih
analiz.

Zna~ilnosti pretoka na dolo~eni to~ki so odraz
celotnega vodozbirnega zaledja (WMO, 1994).
Zaradi tega je klju~nega pomena poznavanje
fizi~nogeografskega prostora, zlasti merilnih
profilov in razvodnic med posameznimi meril-
nimi mesti, saj le tako lahko dobimo medseboj-
no primerljive podatke in analiziramo manj{e
enote pore~ij.

Vsi podatki o pretokih so vezani na prostor,
na hidrometri~na zaledja, ki so osnovna prostor-
ska enota pri izdelavi vodne bilance. Vodnobi-
lan~ne ~lene lahko primerjamo na obmo~ju
enega ali ve~ hidrometri~nih zaledij.

Te`ave pri analizi hidrolo{kih podatkov pov-
zro~ajo podatkovne vrzeli. Pri pregledu podatkov
o pretokih za obdobje 1971–2000 ima popol-
ne podatkovne nize 65 vodomernih postaj.
Podatkovne vrzeli preostalih vodomernih postaj
smo dopolnili z uporabo statisti~ne metode –
s pomo~jo Pearsonovega koeficienta linearne
korelacije na podlagi srednjih mese~nih povpre-
~ij obdobja 1961–2001.

4.3.1 Preto~ni re`imi
Peter Frantar, Mauro Hrvatin

Preto~ni re`im je pokazatelj povpre~nega kole-
banja pretoka reke preko leta. Dejavniki, ki obli-
kujejo preto~ni re`im so {tevilni in raznovrstni,
med pomembnej{imi so: podnebje, relief, kam-
ninska podlaga, prst, rastlinstvo in ~lovek.V Slo-
veniji je najpomembnej{i dejavnik podnebje, saj

highest parts of the Julian Alps, though certain
areas also lie in the highest parts of the rest of
the Slovenian mountains and hills as well as
a narrow belt at the bottom of larger river val-
leys.

4.3 Discharges

Runoff is the term that describes or represents
the movement of a certain part of precipitated
water into channelled streams or the discharge
of water within it (Davie, 2004; Van Abs. et
al. 2000).The surplus precipitation that does not
evaporate or is not used for transpiration, which
instead flows away, is the runoff.When this sur-
plus is large enough, the runoff is collected into
streams, which represent the majority of the
runoff from a certain catchment area. In places
where the majority of the runoff is collected the
runoff can be measured as the discharge.

In general, measured discharges are the
most reliably measured elements of the water
cycle. In suitably located water gauging stations,
water from a certain catchment area runs
through the cross-section of the water gauging
station. Discharges are the basic data for the
majority of the hydrological analyses.

The characteristics of a discharge at a certain
point are a reflection of the entire catchment area
(WMO, 1994). Because of this, knowledge of the
physical-geographical space, especially of the
gauging profiles and divides is of key importance,
as it is only in this way that we can obtain com-
parable data and analyse smaller river basin units.

Discharge data are linked to the space, to the
hydrometric catchment areas, which are the
basic spatial unit in the production of the water
balance where the water balance elements can
be compared.

Data gaps cause difficulties in the analysis
of hydrological data. When reviewing the data
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Slika 33: Sava
Dolinka

Figure 33: The
Sava Dolinka River
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so preto~ni re`imi odvisni predvsem od letne
razporeditve padavin in temperatur ter od tra-
janja sne`ne odeje.

Pri izbiri merilnih mest smo se omejili na
43 vodomernih postaj na 35 slovenskih rekah,
enakomerno razporejenih po celotni dr`avi.
Vse imajo sklenjen ~asovni podatkovni niz
o srednjih mese~nih pretokih v obdobju med
letoma 1971 in 2000. Niz je okrnjen le pri Dra-
vi, za katero manjkajo preto~ni podatki med
letoma 1978 in 1990. Pri razvr{~anju v sku-
pine smo uporabili Wardovo metodo hierar-
hi~nega zdru`evanja in v Sloveniji ugotovili pet
tipov preto~nih re`imov. Poimenovali smo
jih glede na pokrajinsko enoto, za katero so

on discharges for the 1971–2000 period, it was
found that 65 water gauging stations had com-
plete data sets. On other stations, data gaps
were supplemented with the use of a statisti-
cal method – with the Pearson linear correlation
coefficient based on the mean monthly averages
of the 1961–2001 period.

4.3.1 Discharge Regimes
Peter Frantar, Mauro Hrvatin

A discharge regime is an indicator of the aver-
age fluctuation of the river discharge during the
year.The factors that shape the discharge regime
are numerous and diverse, the most important
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Slika 34: Drevo
zdru`evanja rek
glede na preto~ni
re`im, kjer barva
pomeni isto skupino
preto~nega re`ima

Figure 34: The tree
of river clustering
with respect to the
discharge regime,
where the same
colour implies
the same discharge
regime group



zna~ilni ter glede na vodni vir, s katerim se reke
napajajo:
• alpski sne`no-de`ni re`im,
• alpski de`no-sne`ni re`im,
• dinarski de`no-sne`ni re`im,
• panonski de`no-sne`ni re`im in
• sredozemski de`ni re`im.

Reke z alpskim sne`no-de`nim re`imom so Dra-
va, Kamni{ka Bistrica, Mura, Sava Bohinjka, Sava
Dolinka, Sava pri Radovljici, Savinja pri Sol~a-
vi ter So~a pri Kr{ovcu. Re`im se pojavlja pri
rekah, katerih pomembni dele` pore~ja sega
v visokogorje in je zaradi tega pri njih posebej
izrazit vpliv taljenja snega. Glavni preto~ni
vi{ek, ki je posledica taljenja snega, nastopi
maja ali celo junija, ko se vrednosti mese~nih
preto~nih koli~nikov gibljejo od 1,43 na Savi-
nji pri Sol~avi do 2,16 na Savi Bohinjki. Drugot-
ni vi{ek, kot posledica padavinskega maksimuma,
nastopi oktobra ali novembra, z mese~nimi pre-
to~nimi koli~niki med 1,16 na Dravi in 1,60 na
Savinji pri Sol~avi. Najmanj vode je februarja,
ki je padavinsko med bolj su{nimi in se velik del
padavin nabira v sne`ni odeji, ko se mese~ni pre-
to~ni koli~niki spustijo na vrednosti od 0,27 na
Savi Bohinjki do 0,63 na Kamni{ki Bistrici. Ob
drugem ni`ku avgusta ali septembra (poletno
visoko izhlapevanje) mese~ni preto~ni koli~ni-
ki kolebajo od 0,63 na So~i pri Kr{ovcu do
0,88 na Savi Dolinki. Nadpovpre~na koli~ina
vode je obi~ajno med aprilom in julijem ter okto-
bra in novembra, podpovpre~na pa avgusta in
septembra ter od decembra do marca.

Od opisanih razmer nekoliko odstopata
re`ima Mure in Savinje pri Sol~avi. Re`im
Mure je {e vedno z enim samim izrazitim vi{-
kom maja in enim izrazitim ni`kom januarja, se
pa v zadnjih desetletjih vse bolj krepijo jesen-
ske vode, ki so pri Dravi `e ustvarile drugotni
jesenski vi{ek.

being: the climate, the relief, the geology, soil,
vegetation and anthropogenic activities. The
most important factor in Slovenia is the climate,
as the discharge regimes are primarily depend-
ent on the annual distribution of precipitation
and temperature as well as on the duration of
the snow cover.

When selecting the stations, we limited our-
selves to 43 water gauging stations on 35 Slovenian
rivers, evenly distributed across the entire coun-
try.All the stations have continuous time series
on the mean monthly discharges in the period
between 1971 and 2000. The series is only
incomplete for the Drava River, for which the dis-
charge data is missing for the years between 1978
and 1990.When classifying these into groups, we
used the Ward method of hierarchical cluster-
ing and established that there were five types
of discharge regimes in Slovenia. We named
them based on the landscape unit they are char-
acteristic of and with respect to the water source
recharging the rivers:
• Alpine nival-pluvial regime,
• Alpine pluvial-nival regime,
• Dinaric pluvial-nival regime,
• Pannonian pluvial-nival regime and
• the Mediterranean pluvial regime.

Rivers in the Alpine nival-pluvial regime are the
Drava, Kamni{ka Bistrica, Mura, Sava Bohinjka,
Sava Dolinka, the Sava at Radovljica, the Savinja
at Sol~ava and the So~a at Kr{ovec.The regime
occurs in rivers where an important part of the
river basin reaches up into the high mountains
and where the effect of snow melt is therefore
especially pronounced. The main discharge
peak occurs in May or even June as a result of
the snow melt, when the monthly discharge
coefficient values range between 1.43 on the
Savinja River at Sol~ava and 2.16 on the Sava
Bohinjka River. The secondary peak, arising
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Slika 35: Mese~ni preto~ni koli~niki Save Bohinjke na
vodomerni postaji Sveti Janez – alpski sne`no-de`ni re`im

Figure 35: The monthly discharge coefficient of the Sava
Bohinjka River at the Sveti Janez water gauging station –
the Alpine nival-pluvial regime

Slika 36: Mese~ni preto~ni koli~niki Savinje na vodomerni
postaji Nazarje – alpski de`no-sne`ni re`im

Figure 36: The monthly discharge coefficient of the Savinja
River at the Nazarje water gauging station – the Alpine
pluvial-nival regime
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Nenavaden je tudi re`im Savinje pri Sol~avi,
pri kateri jesenski vi{ek nekoliko presega spom-
ladanskega. Razlog je v pi~lih zimskih padavi-
nah, zaradi katerih je vpliv sne`nega zadr`ka
skromen.V zadnjem desetletju se je su{nost med
decembrom in februarjem {e stopnjevala, med-
tem ko so se oktobrske in novembrske prete`-
no de`ne padavine {e okrepile.

Alpski de`no-sne`ni re`im imajo Kokra,
Me`a, Paka, Radoljna, Sava pri [entjakobu,
Litiji in ̂ ate`u, Savinja pri Nazarjah in La{kem,
So~a pri Solkanu ter U~ja. Re`im je zna~ilen
predvsem za reke, ki imajo ve~ji dele` pore~ja
v alpskem sredogorju, deli nekaterih pa segajo
deloma tudi {e v visokogorje.

Spomladanski in jesenski vi{ek sta dokaj
izena~ena, zato imajo reke Me`a, Radoljna in
U~ja glavni vi{ek aprila in drugega v novembru,
ostale pa ravno obratno. Vrednosti preto~nih
koli~nikov se ob glavnem vi{ku gibljejo od
1,24 na Radoljni do 1,53 na U~ji, ob drugem vi{-
ku pa od 1,19 na Radoljni do 1,40 na U~ji.Tudi
oba ni`ka, zimski in poletni, sta mo~no izena-
~ena. Ob glavnem ni`ku se mese~ni preto~ni
koli~niki spustijo na vrednosti od 0,51 na U~ji
do 0,73 na Me`i, ob drugem ni`ku pa koleba-
jo med 0,58 na U~ji in 0,87 na Savi pri ^ate-
`u. Nadpovpre~na koli~ina vode je obi~ajno od
aprila do junija ter od oktobra do decembra, pod-
povpre~na pa od januarja do marca ter od juli-
ja do septembra.

V skupino rek z dinarskim de`no-sne`nim
re`imom so se uvrstile Bolska, Cerkni{~ica, Idrij-
ca, Kolpa, Krka, Lahinja, Ljubljanica, Sora, Unica
ter Vipava. Re`im je zna~ilen za reke dinarske-
ga sveta, ki so se jim pridru`ile reke Bolska, Idrij-
ca in Sora. Spomladanski in jesenski vi{ki so pri
tej skupini dokaj izena~eni, razlike med zimski-
mi in poletnimi ni`ki pa zelo izrazite. Ob glav-
nem vi{ku se vrednosti preto~nih koli~nikov
gibljejo od 1,35 na Krki pri Podbo~ju do 1,58 na

from the precipitation maximum, occurs in
October or November, with monthly discharge
coefficients of between 1.16 on the Drava
River and 1.60 on the Savinja River at Sol~ava.
The water is at its lowest in February, which is
the driest month in terms of precipitation as
a great part of precipitation accumulates as snow
cover. Here, the monthly discharge coefficients
drop to between 0.27 on the Sava Bohinjka
River to 0.63 on the Kamni{ka Bistrica River.
During the second low in August or September
(caused by the high level of evaporation in the
summer), the monthly discharge coefficients
fluctuate between 0.63 on the So~a River at
Kr{ovec and 0.88 on the Sava Dolinka River.
There is usually an above-average quantity of
water between April and July and October
and November, and the below-average quanti-
ty occurs between August and September and
from December to March.

Only the regimes of the Mura River and the
Savinja at Sol~ava deviate from the conditions
described. The regime of the Mura River still
exhibits a single prominent peak in May and one
prominent low in January, but the autumn
waters have been strengthening over the last
decades and have already created the second-
ary autumn peak on the Drava River.

The regime of the Savinja River at Sol~ava
is also unusual because the autumn peak slight-
ly exceeds the spring one.The reason for this is
the scarce winter precipitation, leading to only
a moderate effect from the snow residence time.
In the last decade, the drought during December
and February has been intensifying,while the pre-
cipitation in October and November – predom-
inantly of rain – has strengthened.

Rivers exhibiting the Alpine pluvial-nival
regime are the Kokra, Me`a, Paka, Radoljna, the
Sava at [entjakob, Litija and ̂ ate`, the Savinja
at Nazarje and La{ko, the So~a at Solkan and the
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Slika 37: Mese~ni preto~ni koli~niki Ljubljanice na
vodomerni postaji Moste – dinarski de`no-sne`ni re`im

Figure 37: The monthly discharge regimes of the
Ljubljanica River at the Moste water gauging station –
the Dinaric pluvial-nival regime

Slika 38: Mese~ni preto~ni koli~niki [~avnice na vodo-
merni postaji Pristava I – panonski de`no-sne`ni re`im

Figure 38: The monthly discharge coefficients of the
[~avnica River at the Pristava I water gauging station –
Panonnian pluvial-nival regime
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Kolpi pri Petrini, ob drugotnem vi{ku pa od
1,23 na Bolski do 1,46 Kolpi pri Petrini. Najmanj
vode je avgusta, ko se mese~ni preto~ni koli~-
niki spustijo na vrednosti od 0,32 na Unici do
0,54 na Bolski. Ob januarskem ali februarskem
drugem ni`ku so pretoki blizu povpre~ja, zato
se mese~ni preto~ni koli~niki gibljejo od 0,87 na
Sori do 1,01 na Kolpi pri Metliki. Nadpovpre~-
na koli~ina vode je obi~ajno med oktobrom in
decembrom ter marca in aprila, podpovpre~na
med majem in septembrom. Januarja in februarja
se pretoki mo~no pribli`ajo letnemu povpre~ju.

Panonski de`no-sne`ni re`im imamo na
Dravinji, Ledavi, Mirni, Pesnici, Polskavi, Sotli,
[~avnici, Temenici ter Voglajni. Re`im je sicer
zna~ilen za reke po gri~evjih in ravninah panon-
skega sveta, vklju~uje pa tudi Temenico in Mirno.

Zgodnjepomladanski in poznojesenski vi{ki
so mo~no izena~eni, glavni ni`ki so povsod
poleti, drugi ni`ki pa pozimi in se nikjer ne spu-
stijo bistveno pod povpre~je. Ob glavnem pre-
to~nem vi{ku se vrednosti mese~nih preto~nih
koli~nikov gibljejo od 1,27 na Dravinji do 1,49 na
[~avnici, ob drugem pa od 1,19 na Temenici do
1,38 na Pesnici. Najmanj vode je avgusta, ko se
mese~ni preto~ni koli~niki zni`ajo na vredno-
sti od 0,44 na Sotli do 0,73 na Polskavi, ob dru-
gem, neizrazitem ni`ku pa kolebajo od 0,94 na
Voglajni do 1,16 na [~avnici. Nadpovpre~na
koli~ina vode je obi~ajno med februarjem in apri-
lom ter med oktobrom in decembrom, podpov-
pre~na pa med majem in septembrom. Januarski
pretoki le malo odstopajo od letnega povpre~ja.

V skupini rek s sredozemskim de`nim re`i-
mom so Pivka, Reka in Ri`ana. Re`im je zna~i-
len za jugozahodni, sredozemski svet Slovenije.
Skupina rek s sredozemskim de`nim re`imom
je najmanj{a in hkrati najbolj prostorsko homo-
gena. Glavni preto~ni vi{ek nastopi novembra
ali decembra, ko se vrednosti mese~nih preto~-
nih koli~nikov gibljejo od 1,61 na Ri`ani do

U~ja. The regime is primarily characteristic of
rivers with a larger portion of their river basin
in the medium-height Alpine mountains, while
parts of certain river basins also partially reach
into the high mountains.

The spring and autumn peaks are fairly
equal, which is why the Me`a, Radoljna and U~ja
rivers experience their main peaks in April and
the secondary ones in November, while the
opposite is true for the others.The values of the
discharge coefficients during the main peak
range from 1.24 on the Radoljna to 1.53 on the
U~ja and, during the second peak, from 1.19 on
the Radoljna to 1.40 on the U~ja. Both lows,
winter and summer, are also very much equal.
During the main low, the monthly discharge
coefficients drop to between 0.51 on the U~ja
to 0.73 on the Me`a and, during the second low,
they range between 0.58 on the U~ja and
0.87 on the Sava River at ̂ ate`.Above-average
water quantities usually occur between April and
June and from October to December. Below-
-average water quantities occur from January to
March and from July to September.

The rivers with the Dinaric pluvial-nival
regime are the Bolska,Cerkni{~ica, Idrijca,Kolpa,
Krka, Lahinja, Ljubljanica, Sora, Unica and
Vipava. This regime is characteristic of the
Dinaric area rivers that are joined by the rivers
Bolska, Idrijca and Sora.The spring and autumn
peaks are fairly equalised in this group, though
differences between the winter and summer
lows are very pronounced. During the main
peak, the discharge coefficient values range
between 1.35 on the Krka River at Podbo~je and
1.58 on the Kolpa at Petrina and, during the sec-
ond peak, between 1.23 on the Bolska and
1.46 on the Kolpa at Petrina.The lowest water
quantities occur in August when the monthly
discharge coefficients drop to between 0.32 on
the Unica and 0.54 on the Bolska. During the
second low in January or February, the dis-
charges are close to the average, which is why
the monthly discharge coefficients range from
0.87 on the Sora to 1.01 on the Kolpa at Metlika.
Above-average quantities of water usually occur
between October and December and between
March and April, while below-average quanti-
ties occur between May and September. In
January and February, the discharges strongly
approximate the annual average.

The Panonnian pluvial-nival regime is exhib-
ited by the Dravinja, Ledava, Mirna, Pesnica,
Polskava, Sotla, [~avnica,Temenica and Voglajna
rivers.The regime is characteristic of the rivers flow-
ing in the hills and plains of the Pannonian area,
but also includes the Temenica and Mirna rivers.

The early summer and late autumn peaks are
strongly equalised, with the main lows occurring
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Slika 39: Mese~ni preto~ni koli~niki Reke na vodomerni
postaji Cerkvenikov mlin – sredozemski de`ni re`im

Figure 39: The monthly discharge coefficients of the
Reka River at the Cerkvenikov mlin water gauging
station – Mediterranean pluvial regime
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1,97 na Pivki. Koli~ina vode se v naslednjih
mesecih bistveno ne zmanj{a, zato je drugi
vi{ek v aprilu samo nakazan. Najmanj vode je
avgusta, ko se mese~ni preto~ni koli~niki spu-
stijo na vrednosti od 0,05 na Pivki do 0,21 na
Ri`ani. Nadpovpre~na koli~ina vode je obi~aj-
no med oktobrom in aprilom, podpovpre~na pa
med majem in septembrom.

Primerjava preto~nih re`imov obdobja
1971–2000 z re`imi v preteklih obdobjih ka`e
{tevilne razlike. Predvsem se je marsikje mo~-
no zmanj{al vpliv taljenja snega, kar se odra`a
v neizrazitem zimskem sne`nem zadr`ku in
v skromnem spomladanskem vi{ku, ki je v veli-
ki meri odvisen od taljenja sne`ne odeje.V zad-
njih dveh desetletjih 20. stoletja se je mo~no
skraj{alo trajanje sne`ne odeje na visokih dinar-
skih planotah ter v alpskih hribovjih in kotlinah
(Dolinar et al., 2000). Na Trnovskem gozdu in
Sne`niku se je sne`na doba skraj{ala za ve~ kot
30 dni.Trajanje sne`ne odeje se ni bistveno spre-
menilo le na najvi{jih gorskih obmo~jih Slove-
nije, zato ostaja sneg najpomembnej{i dejavnik
preto~nega re`ima le na pe{~ici re~nih odsekov
ob vzno`ju alpskega visokogorja. Celo Mura in
Drava, ki so ju vsi dosedanji raziskovalci pri{te-
vali med reke z enostavnim sne`nim re`imom,
sta se pri novi klasifikaciji uvrstili med reke
z me{anim sne`no-de`nim re`imom.

in the summer on all the rivers.The second low
occur in the winter and do not drop significantly
below the average anywhere. During the main
discharge peak, the values of the monthly dis-
charge coefficients range between 1.27 on the
Dravinja and 1.49 on the [~avnica and, during
the second peak, between 1.19 on the Temenica
and 1.38 on the Pesnica. The lowest water
quantities occur in August, when the monthly
discharge coefficients drop to between 0.44 on
the Sotla and 0.73 on the Polskava and, during
the second non-prominent low, they fluctuate
between 0.94 on the Voglajna and 1.16 on the
[~avnica. Above-average quantities of water
usually occur between February and April and
between October and December, while the
below-average quantities occur between May
and September.The January discharges deviate
only slightly from the annual average.

The group of rivers with the Mediterranean
pluvial regime consists of the Pivka, Reka and
Ri`ana. The regime is characteristic of the
south-western, Mediterranean area of Slovenia.
The group of rivers with the Mediterranean plu-
vial regime is the smallest and also the spatial-
ly most homogenous one. The main discharge
peak occurs in November or December when
the values of the monthly discharge coeffi-
cients range between 1.61 on the Ri`ana and
1.97 on the Pivka. The quantity of water does
not decrease significantly in the following
months, which is why only the second peak in
April is indicated. The lowest water quantities
occur in August, when the monthly discharge
coefficients drop to between 0.05 on the Pivka
and 0.21 on the Ri`ana. Above-average water
quantities occur between October and April
and below-average levels between May and
September.

A comparison of the discharge regimes in
the 1971–2000 period with the regimes in
other periods shows numerous differences. In
many places the effect of melting snow has
decreased significantly, which is reflected in the
less prominent winter snow residence period and
in the modest spring peak dependent, to a large
extent on the melting of the snow cover. In the
last two decades of the 20th century, the dura-
tion of the snow cover has decreased significantly
on the high Dinaric plateaus and in the Alpine
hills and basins (Dolinar et al., 2000). On the
Trnovski gozd and Sne`nik, the snow period has
decreased by more than 30 days. Only in the
highest mountain regions of Slovenia has the
duration of the snow cover not changed much,
which is why the snow remains the main factor
of the discharge regime in only a few sections at
the foot of the high Alpine mountains. Even the
Mura and Drava rivers,which were considered by
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Slika 40: U~ja

Figure 40: The
U~ja River
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Globalno nara{~anje temperatur zraka (Ogrin,
2004) pospe{uje predvsem poletno izhlapeva-
nje vode, zaradi katerega vseskozi nara{~a dele`
vode rek, ki imajo sredi poletja glavni preto~ni
ni`ek. Porast temperature zraka posredno ned-
vomno spada med najpomembnej{e dejavnike
hitrega upadanja povpre~nih letnih pretokov slo-
venskih rek.

Zaradi zmanj{ane vloge zimskega sne`nega
zadr`ka in pove~ane vloge poletnega izhlape-
vanja se razlike med posameznimi preto~nimi
re`imi postopoma zmanj{ujejo. Preto~na kole-
banja slovenskih rek so si vse bolj podobna, zato
je tudi {tevilo tipov preto~nih re`imov manj{e –
hidrolo{ka raznolikost Slovenije se zmanj{uje.

Primerjava preto~nih re`imov med obdob-
jem 1961–1990 ter obdobjem 1971–2000 je
pokazala, da se vplivi podnebnih sprememb vse
bolj izrazito ka`ejo tudi v pretokih vodotokov.
Posebej izstopajo naslednje podnebne razlike:
• vi{ja povpre~na temperatura zraka

(npr. Brnik v obdobju 1961–90 8,4 °C,
v obdobju 1971–2000 pa 8,7 °C),

• izdatnej{e izhlapevanje (v obdobju 1961–90
650 mm, 1971–2000 pa 717 mm),

• spremenljiva koli~ina padavin ter
• kraj{e trajanje sne`ne odeje v sredogorju

in v ni`inah in posledi~no skromnej{i
sne`ni zadr`ek.

4.3.2 Trendi pretokov
Peter Frantar, Mira Kobold,
Florjana Ulaga

Pri analizah povpre~nih letnih pretokov sloven-
skih rek, ki so bile v preteklih letih opravljene
na Agenciji RS za okolje, je bil statisti~no zna-
~ilen regionalni trend odkrit predvsem pri
pretokih rek v severozahodnem alpskem delu
Slovenije (Ulaga, 2002; Uhan, 2002; Frantar et
al., 2003; Uhan et al., 2006). Po rezultatih teh
analiz se povpre~ni letni odtok na tem obmo~-
ju v zadnjih petdesetih letih zmanj{uje. Podob-

all researches up to now to belong to the sim-
ple nival regime, now need a new classification
among the rivers with a mixed nival-pluvial
regime.

The global increasing of air temperatures
(Ogrin, 2004) is being accelerated primarily by
the summer evaporation of water, because of
which the share of water from the rivers with
their main discharge low in the middle of sum-
mer is continuously increasing.The increase in
air temperature undoubtedly belongs indirect-
ly among the most important factors of the rapid
decline in the average annual discharges of the
Slovenian rivers.

Because of the diminishing role of winter
snow residence time and the increase of the role
of summer evaporation, the differences between
individual discharge regimes are gradually
diminishing. The discharge fluctuations of
Slovenian rivers are becoming increasingly sim-
ilar, which is why the number of discharge
regimes is smaller – the hydrological diversity
of Slovenia is diminishing.

A comparison of the discharge regimes between
the 1961–1990 period and the 1971–2000 peri-
od has shown that the effects of climate changes
are becoming increasingly pronounced and reflect-
ed in the discharges of the streams.The following
climate differences especially stand out:
• higher average air temperatures

(e. g. in the 1961–90 period, Brnik had
8.4 °C while in 1971–2000 it had 8.7 °C),

• higher rate of evaporation (650 mm
in the 1961–90 period and 717 mm
in the 1971–2000 period for the
Slovenian annual average),

• variable quantity of precipitation and
• shorter duration of snow cover in the medi-

um-height mountains and in the lowlands
and, consequently, a more modest snow res-
idence time.

4.3.2 Discharge Trends
Peter Frantar, Mira Kobold,
Florjana Ulaga

In the analyses of the average annual discharges
of Slovenian rivers performed in previous years
by the Environmental Agency of the Republic
of Slovenia, a statistically significant regional
trend was established primarily in the discharges
of rivers in the north-western Alpine part of
Slovenia (Ulaga, 2002; Uhan, 2002; Frantar et
al., 2003; Uhan et al, 2006). According to the
results of these analyses, the average annual
runoff in this area over the last fifty years is
diminishing.A similar tendency is exhibited by
the environmental indicator of the annual river
balance.The analyses of extremes carried out up
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Slika 42: Idrijca

Figure 42:
The Idrijca River
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no tendenco nakazuje tudi kazalec okolja o let-
ni re~ni bilanci. Pri dosedanjih analizah ekstre-
mov ni bila ugotovljena statisti~na zna~ilnost
regionalne ocene trendov pretokov. Rezultati
nedavnih {tudij Globalnega centra podatkov
o pretokih rek (GRDC) v katerih so analizira-
li ~asovne vrste podatkov o hidrolo{kih ekstre-
mih na izbranih slovenskih vodomernih postajah
govorijo tudi o zna~ilno upadajo~em trendu naj-
ve~jih pretokov (Kundzewicz et al., 2004;Svens-
son et al., 2004; Uhan, 2007). Pri~ujo~a analiza
trenda pretokov predstavlja raz{iritev analize
~asovne spremenljivosti podatkovnih nizov
o pretokih slovenskih rek na ve~jem {tevilu
reprezentativnih vodomernih postaj.

Trendi so pomembni kazalci ~asovne spre-
menljivosti pojavov (pretokov). Z analizo ~asov-
nega zaporedja pretokov ocenjujemo izrazitost
in zna~ilnost ~asovnega spreminjanja.V zadnjih
letih, ko so poplave in su{e kot posledica pod-
nebnih sprememb, opazno pogostej{e, je sprem-
ljanje in prou~evanje hidrolo{kih stanj in
dogodkov vse bolj aktualno.

V analizi trendov pretokov slovenskih vodo-
tokov smo obravnavali podatke malih, srednjih
in velikih pretokov. Analizo smo izvedli na
22 vodomernih postajah, ki imajo dovolj dolge
in zanesljive zvezne podatkovne nize ter so
reprezentativno razporejene po Sloveniji. Pri
analizi trendov kratkih podatkovnih nizov lah-
ko na rezultate zelo vpliva podnebna spremen-
ljivost (Kundzewicz et al., 2000), zato smo
v izbor posku{ali zajeti vodomerne postaje
z najmanj 50 letnim podatkovnim nizom.

Izbrane so bile naslednje vodomerne posta-
je: Gornja Radgona na Muri, Pristava na [~av-
nici, Polana na Ledavi, Oti{ki Vrh na Me`i,
Videm na Dravinji, Zamu{ani na Pesnici, Pod-
hom na Radovni, Sveti Janez na Savi Bohinjki,
Radovljica in Litija na Savi, Suha na Sori,
Radenci na Kolpi, Moste na Ljubljanici, Hasberg
na Unici, La{ko na Savinji, Podbo~je na Krki,

to now have found no statistical significance of
the regional assessment of discharge trends.The
results of recent studies performed by the
Global Runoff Data Centre (GRDC), within the
scope of which the time series of the hydro-
logical extremes on selected Slovenian water
gauging stations were analysed, are also speak-
ing of the characteristically diminishing trend
of the maximum discharges (Kundzewicz
et al., 2004; Svensson et al., 2004, Uhan 2007).
The present discharge trend analysis repre-
sents an expansion of the analysis of the tem-
poral variability of data sets on the discharges
of Slovenian rivers using a larger number of rep-
resentative water gauging stations.

Trends are important indicators of the tem-
poral variability of phenomena (discharges). By
analysing the time sequence of the discharges,
we assess the prominence and significance of the
temporal variability. In recent years, when floods
and droughts as a result of climate change have
become more frequent, the monitoring and
study of hydrological states and events is becom-
ing increasingly topical.

In the analysis of the trends of discharges on
Slovenian streams, we examined data on the low,
mean and high discharges.The analysis was car-
ried out at 22 water gauging stations with suf-
ficiently long and reliable continuous data sets
and are which are representatively distributed
across Slovenia. In analysing the trends in short
data sets, the results can be affected significantly
by climatic variation (Kundzewicz et al., 2000),
which is why we attempted to include only
water gauging stations with at least 50-year data
sets into the selection.

The following water gauging stations were
selected: Gornja Radgona on the Mura, Pristava
on the [~avnica, Polana on the Ledava, Oti{ki
Vrh on the Me`a, Videm on the Dravinja,
Zamu{ani on the Pesnica, Podhom on the
Radovna, Sveti Janez on the Sava Bohinjka,

Slika 43: [tevilo let
podatkov izbranih
vodomernih postaj
za analizo trendov

Figure 43: The
number of years
covered by the data
from the water
gauging stations
selected for trend
analysis
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Kr{ovec, Log ̂ ezso{ki in Solkan na So~i, Hote{k
na Idrijci, Miren na Vipavi in Cerkvenikov mlin
na Reki.Uporabili smo podatke celotnega obdob-
ja opazovanj, ki so na voljo v arhivu ARSO, do
vklju~no leta 2005 (slika 43).Najdalj{i niz podat-
kov med izbranimi vodomernimi postajami ima
La{ko na Savinji. Na tej vodomerni postaji se
s presledkom v obdobju 1940–1945 merijo gla-
dine in pretoki ̀ e od leta 1907, torej 93 let. Pov-
pre~na dol`ina podatkovnih nizov izbranih vodo-
mernih postaj je 62 let.

Spremembe v ~asovni vrsti so lahko kot
nenadna naklju~na sprememba, cikli~no ponav-
ljajo~a sprememba ali pa kot stalna spremem-
ba z izrazitim trendom. Obliko trenda najla`e
dolo~imo analiti~no z linearno regresijsko ana-
lizo in grafi~nim prikazom. Preprosta testna sta-
tistika za prikaz trenda je naklon regresijske
premice, ki pove, kako mo~an je trend. ^e ni
trenda, je vrednost regresijskega gradienta bli-
zu vrednosti 0. ^e je trend znaten, je vrednost
regresijskega gradienta (zelo) razli~na od 0,
pozitivna za nara{~ajo~i trend in negativna za
upadajo~ega. Statisti~na zna~ilnost preto~nih
trendov je bila ocenjena s stopnjo zna~ilnosti
z upo{tevanjem desetodstotne ravni zaupanja in
s predpostavko, da je porazdelitev podatkov nor-
malna (Kundzewicz et al., 2000).Vrednosti nad
90 % smo privzeli kot statisti~no zna~ilen pojav
spreminjanja pretokov oz. nekaterih izbranih
hidrolo{kih indeksov.

Analizo trendov vrednosti in indeksov pre-
tokov smo opravili na osnovi ~asovnih vrst sred-
njih dnevnih pretokov. Z ra~unalni{kim progra-
mom Hydrospect, ki je bil razvit pod okriljem
Svetovne meteorolo{ke organizacije (Radziejew-
ski, 2007), so bili izra~unani razli~ni indeksi, to
je izvedeni ~asovni nizi malih, srednjih in veli-
kih pretokov (Svensson et al., 2004; Kundzewicz
et al., 2004).Trend obravnavanih indeksov smo
dolo~ili z linearno regresijsko analizo, pri ~emer
je bil ~as neodvisna spremenljivka.

Radovljica and Litija on the Sava, Suha on the
Sora, Radenci on the Kolpa, Moste on the
Ljubljanica, Hasberg on the Unica, La{ko on the
Savinja, Podbo~je on the Krk, Kr{ovec, Log
^ezso{ki and Solkan on the So~a, Hote{k on the
Idrijca, Miren on the Vipava and Cerkvenikov
mlin on the Reka. We used the data from the
entire period of observations (available in
the ARSO archives), up to and including the
year 2005 (Figure 43).The La{ko station on the
Savinja River has the longest data set of the
selected water gauging stations. Here, the water
stages and discharges have been measured
since 1907 with the exception of an interval
in 1940–1945.That is 93 years.The average length
of the data sets from the selected water gaug-
ing stations is 62 years.

Changes in the time series can occur as sud-
den incidental changes, cyclically repetitive
changes or as a continuous change with a distinct
trend. The type of the trend can be most easi-
ly established analytically using linear regression
analysis and graphic depiction.The simple test
statistic for the depiction of a trend is the slope
of the regression line that shows how distinct
the trend is. If there is no trend, the value of the
regression gradient is close to 0. If the trend is
significant, the value of the regression gradient
is (considerably) different from 0 – positive for
an increasing trend and negative for a decreas-
ing one. The statistical significance of the dis-
charge trends was assessed with a significance
rate that adopts a ten percent confidence level
and the assumption that the distribution of the
data is normal (Kundzewicz et al., 2000).Values
above 90% were adopted as a statistically sig-
nificant phenomenon for changing discharges or
for some selected hydrological indexes.

The analysis of the value trends and discharge
indexes was carried out based on the time
series of mean daily discharges. Using the
Hydrospect program, developed under the aus-
pices of the World Meteorological Organization
(Radziejewski, 2007), various indexes were
calculated, such as the derived time series of low,
mean and large discharges (Svensson et al, 2004;
Kundzewicz et al, 2004). The trend of the
indexes treated was determined using linear
regression analysis, where time was the inde-
pendent variable.

Index of mean annual discharges – Statistical
estimates of the mean annual discharges (Qs)
indicate the average annual quantity of water.
By analysing the trend of these time series, we
can assess the prominence and characteristics of
changes in the quantity of water and the envis-
aged trend of this in the future.
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Slika 44:
Ljubljanica
v Ljubljani

Figure 44: The
Ljubljanica River
in Ljubljana
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Indeks srednjih letnih pretokov
Statisti~ne ocene srednjih letnih pretokov (Qs)
ponazarjajo povpre~no letno koli~ino vode.
Z analizo trenda teh ~asovnih vrst lahko oceni-
mo izrazitost in zna~ilnost spreminjanja koli~i-
ne vode in predvideni trend koli~ine vode
v prihodnosti.

Indeks malih pretokov
Na osnovi srednjih dnevnih pretokov so bili ana-
lizirani minimalni letni pretoki enodnevnega
(Qmin1), 7-dnevnega (Qmin7) in 30-dnevne-
ga (Qmin30) trajanja. Analiza najmanj{ih let-
nih pretokov razli~nih trajanj ka`e tudi na
zna~ilnost su{nih obdobij in pojavov hidrolo{-
kih su{, ki so bile v zadnjem desetletju pogoste
(Kobold, 2004; Kobold et al., 2004).

Indeks velikih pretokov
Za oceno ~asovne spremenljivosti velikih pre-
tokov je bilo uporabljenih pet razli~nih indeksov.
[tudije velikih pretokov so obi~ajno osredoto-
~ene na trende najve~jih letnih pretokov (Qvp),
kar pomeni, da vsako leto upo{tevajo le po en

Index of low discharges – Based on the mean
daily discharges, the minimum annual discharges
lasting for 1 (Qmin1),7 (Qmin7) and 30 (Qmin30)
days were analysed. The analysis of minimum
annual discharges of various durations also
shows the characteristics of the drought periods
and the occurrences of hydrological droughts,
which were frequent over the last decade
(Kobold, 2004; Kobold and Su{nik, 2004).

Index of high discharges – Five different index-
es were used to assess the temporal variation in
the high discharges. Studies of high discharges
usually focus on the trends of the maximum
annual discharges (Qvp), meaning that only one
event is taken into account each year, irrespec-
tive of whether there were several high-water
waves or no high-water waves at all.A more rep-
resentative way of describing the frequency of
high waters is the use of the threshold method
(the POT – šPeak Over Threshold’). When
using this method, all events with discharges in
excess of a set threshold are selected under
the condition that the selected events are not
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Preglednica 7:
Stopnja statisti~ne
zna~ilnosti trendov

Table 7: The rate
of the statistical
significance of trends

Mali pretoki Izrazitost ekstrema Pogostost ekstrema
Low discharges Prominence Frequency
of the extreme of the extreme

Vodomerna postaja Qsr Qvp Qmin1 Qmin7 Qmin30 POT1 mag POT3 mag POT1-f POT3-f
Water gauging station

Mura Gornja Radgona –37.86 29.99 83.66 71.4 18.7 –31.14 –22.9 13.92 –0.7

[~avnica Pristava –99.2 55.69 55.6 27.13 –17.55 99.88 99.97 27 –75.52

Ledava Polana –99.55 –96.55 –38 –69.3 –81.98 –38.1 –90.0 –99.15 –99.64

Me`a Oti{ki Vrh –98.76 –92.64 –96.9 –95.3 –98.75 18.66 –7.99 –99.38 –99.94

Dravinja Videm –64.95 81.54 84.76 77.37 85.47 18.16 96.18 69.27 61.75

Pesnica Zamu{ani –96.48 35.14 –27.4 –18.1 –18.93 44.62 94.24 10.46 –69.21

Radovna Podhom –99.87 –99.99 –98.8 –98.3 –88.6 –99.84 –99.99 –99.99 –99.93

Sava Bohinjka
Sv. Janez –99.81 –85.9 –98.6 –98.5 –99.1 –66.73 –22.49 –28.93 –53.18

Sava Radovljica –98.88 –7.96 –98.2 –99.9 –99.9 –62.68 6.52 65.38 64.78

Sava Litija –99.41 –84.56 –39.9 –42.5 –82.53 59.45 –75.68 –99.87 –99.59

Sora Suha –62.16 16.67 86.44 71.8 –18.16 –65.94 –38.6 –23.88 –36.22

Kolpa Radenci –99.15 –97.94 –96.8 –97.5 –95.58 –73.86 65.3 –81.13 –99.99

Ljubljanica Moste –93.2 –62.45 –86.6 –99.5 –99.54 –56.11 –92.91 –77.57 20.59

Unica Hasberg –91.74 –99.88 88.27 92.6 71.11 –99.99 –95.6 –98.95 –99.99

Savinja La{ko –99.94 –91.1 –93.6 –94.2 –97.34 39.83 –63.13 –99.88 –99.88

Krka Podbo~je –96.79 –98.8 92.76 75.86 54.87 –93.73 –98.3 –99.83 –99.99

So~a Kr{ovec –91.8 –98.9 –92.1 –95.3 –98.67 –91.22 –88.17 –98.64 –99.52

So~a Log ^ezso{ki –99.81 –97.39 27.39 10.5 –63.73 –94.44 –83.36 –89.47 –98.28

So~a Solkan –79.24 43.67 –12.6 –64.1 –94.94 32.43 69.78 53.2 –21.45

Idrijca Hote{k –91.72 –70.21 –21.2 –61.7 –72.4 –68.21 34.83 –12.8 –83.89

Vipava Miren –69.99 –10.83 –28.7 –49.9 –87.26 –75.38 –19.43 –18.61 49.44

Reka Cerkvenikov mlin –92.37 6.36 97.84 99.58 96.54 –9.64 90.74 –2.66 –93.45



dogodek, ne glede na to, ali je bilo visokovod-
nih valov ve~ ali pa izrazitih visokovodnih valov
sploh ni bilo. Bolj reprezentativen na~in opiso-
vanja pogostosti visokih voda je uporaba meto-
de praga (POT – šPeak Over Treshold’). Pri tej
metodi izberemo iz celotnega podatkovnega niza
vse dogodke s pretokom nad dolo~enim pragom
pod pogojem, da so izbrani dogodki med seboj
neodvisni. Tako imamo v enem letu lahko ve~
zabele`enih velikih pretokov, ali pa nobenega.
Izbrane so bile visoke vrednosti praga s frek-
venco (v povpre~ju) ene (POT1-mag) in treh
(POT3-mag) vrednosti na leto. Poleg ocene
trenda izrazitosti visokovodnega ekstrema smo
ocenili tudi trend pogostosti visokih voda z ra~u-
nanjem {tevila vrednosti nad pragom (POT),
torej POT 1-f in POT3-f za vsako leto in trend
teh podatkovnih nizov.

Niza podatkov POT1 (POT1-mag in POT1-f)
opisujeta velikost in pogostost ve~ine ekstrem-
nih velikih pretokov, medtem ko niza POT3
(POT3-mag in POT3-f) ozna~ujeta spremenlji-
vost tudi zmernej{ih visokovodnih pretokov.

Trend srednjih letnih pretokov – Qs je na vseh
analiziranih vodomernih postajah upadajo~.
Z izjemo Mure, Dravinje, Sore, So~e v Solkanu
in Vipave, ki ne izkazujejo statisti~no zna~ilne-
ga upadanja srednjih letnih pretokov, pa vsi osta-
li vodotoki, ne glede na dol`ino upo{tevanega
niza, izkazujejo statisti~no zna~ilno upadanje
koli~in vode (slika 45).Trend srednjih letnih pre-
tokov ka`e na zmanj{evanje letne koli~ine vode
v vseh pokrajinskih enotah Slovenije. Upadanje
pretokov je v prvi vrsti posledica upadanja
koli~ine padavin, ki neposredno zmanj{uje
odtok, in porasta temperature, ki pove~uje izhla-
pevanje (evapotranspiracijo).

Trendi najmanj{ih letnih pretokov – Qmin so
bili obravnavani za najmanj{e letne srednje
dnevne pretoke (Qmin1), najmanj{e 7-dnevne

interdependent. Therefore we can have sever-
al high discharges recorded in a year or none at
all.We have chosen high threshold values with
a frequency (on average) of one (POT1-mag)
and three (POT3-mag) values per year. In addi-
tion to assessing the trend of the prominence
of the high-water extreme, we also assessed the
trend of the frequency of high waters by cal-
culating the number of values above the thresh-
old (POT) – namely POT 1-f and POT3-f – for
each year and the trend of these data sets.

The data sets POT1 (POT1-mag and
POT1-f) describe the size and frequency of the
extreme high discharges, while the sets POT3
(POT3-mag and POT3-f) describe the variability
of more moderate high-water discharges.

The trend of mean annual discharges – Qs is
a decreasing one at all the analysed water gaug-
ing stations. With the exception of the Mura,
Dravinja, Sora, So~a at Solkan and Vipava
rivers, which do not exhibit a statistically sig-
nificant decrease in the mean annual discharges,
all the other streams exhibit a statistically sig-
nificant decrease in the quantity of water
(Figure 45), irrespective of the length of the set
used. The trend of the mean annual discharges
indicates a decrease in the annual quantity of
water in all the landscape units of Slovenia.The
decrease in discharges is first and foremost
a result of the decrease in the precipitation,
which directly reduces the runoff, and the
increase in temperature, which in turn increas-
es evapotranspiration.

The trends of the minimum annual discharges –
Qmin were examined for the minimum annu-
al mean daily discharges (Qmin1), minimum
7-day (Qmin7) and minimum 30-day (Qmin30)
discharges. Analysis of the minimum mean
daily discharges (Qmin1) indicates a statistically
significant decreasing trend at the selected water
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Slika 45: Stopnja
zna~ilnosti trenda
srednjih letnih
pretokov

Figure 45: The
significance rate
of the trend of mean
annual discharges
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Slika 46: Stopnja zna~ilnosti trenda srednjih letnih pretokov

Figure 46: The significance rate of the trend of mean annual discharges

Slika 47: Stopnja zna~ilnosti trenda najmanj{ih dnevnih
pretokov (Qmin1)

Figure 47: The significance rate of the trend of minimum
daily discharges (Qmin1)

Slika 48: Stopnja zna~ilnosti trenda najmanj{ih letnih
pretokov 7-dnevnega trajanja (Qmin7)

Figure 48: The significance rate of the trend of the
minimum annual discharges with 7-day duration
(Qmin7)

Slika 49: Stopnja zna~ilnosti trenda najmanj{ih letnih
pretokov 30-dnevnega trajanja (Qmin30)

Figure 49: The significance rate of the trend of the
minimum annual discharges with 30-day duration
(Qmin30)
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(Qmin7) in najmanj{e 30-dnevne (Qmin30)
pretoke. Analiza najmanj{ih srednjih dnevnih
pretokov (Qmin1) ka`e na statisti~no zna~ilen
trend upadanja na izbranih vodomernih posta-
jah z gorskim zaledjem. Nara{~ajo~ trend teh
pretokovnih nizov je zaznan na kra{kem in
vzhodnem predelu Slovenije, statisti~no zna~i-
len je na Krki in Reki. Podobna geografska raz-
porejenost se ka`e tudi pri najmanj{ih pretokih
dalj{ega trajanja (Qmin7 in Qmin30). [tevilo
vodomernih postaj z nara{~ajo~im trendom je
vse manj{e, z upadajo~im pa je vse ve~je. Radov-
na ima izrazito upadajo~ trend najmanj{ih let-
nih pretokov Qmin1 in Qmin7, Ljubljanica pa
Qmin7 in Qmin30. Pri nara{~ajo~em trendu ima
izrazite vrednosti Unica za Qmin7 in Krka za
Qmin1 ter Reka za vse male pretoke, kjer pa gre
najverjetneje za umetni vpliv vodnih zadr`eval-
nikov Molja in Klivnik v njenem zaledju.

Trendi najve~jih letnih pretokov – Qvp izkazu-
jejo manj{o statisti~no zna~ilnost kot trendi sred-
njih dnevnih pretokov. Ve~ina analiziranih
vodomernih postaj izkazuje upadajo~ trend, ki
je statisti~no zna~ilen na Ledavi in Me`i, prito-
kih Save (na Radovni, Unici, Savinji, Krki in Kol-
pi) ter na vodomernih postajah zgornje So~e
(Kr{ovec, Log ̂ ezso{ki). Nezna~ilen rasto~ trend
izkazujeta le Dravinja in [~avnica.Trendi na osta-
lih rekah niso statisti~no zna~ilni (slika 50).

gauging stations for mountain catchment areas.
An increasing trend was observed in these dis-
charge data sets on the karstic and eastern areas
of Slovenia, and is statistically significant on the
Krka and Reka rivers.A similar geographical dis-
tribution is also exhibited in the longer duration
minimum discharges (Qmin7 and Qmin30).
The number of water gauging stations with an
increasing trend is getting smaller though, while
the number of those with a decreasing trend is
ever greater. The Radovna River has a promi-
nently decreasing trend in the minimum annu-
al discharges Qmin1 and Qmin7, while these
are Qmin7 and Qmin30 for the Ljubljanica. In
the rivers with an increasing trend, the promi-
nent values are exhibited by the Unica River for
the Qmin7, the Krka River for the Qmin1 and
the Reka River for all the low discharges, most
probably caused by the artificial impact of the
Molja and Klivnik water reservoirs in its catch-
ment area.

Trends of the maximum annual discharges –
Qvp indicate a lower statistical significance
than the trends of the mean daily discharges.The
majority of the water gauging stations analysed
indicate a decreasing trend, which is statistically
significant on the Ledava at Me`a, on tributar-
ies of the Sava (on the Radovna, Unica, Savinja,
Krka and Kolpa rivers) as well as on the water
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Slika 50: Stopnja zna~ilnosti trenda najve~jih letnih
pretokov (Qvp)

Figure 50: The significance rate of the trend
of the maximum annual discharges (Qvp)

Slika 51: Stopnja zna~ilnosti trenda izrazitosti pojavljanja
visokih ekstremov – v povpre~ju enkrat letno

Figure 51: The significance rate of the trend of the
prominence of the occurrence of high extremes –
on average once a year

Slika 52: Stopnja zna~ilnosti trenda izrazitosti pojavljanja
visokih ekstremov – v povpre~ju trikrat letno

Figure 52: The significance rate of the trend of the
prominence of the occurrence of high extremes –
on average three times a year



Indeks izrazitosti pojavljanja visokih ekstre-
mov (v povpre~ju ena vrednost na leto – POT1
mag) izkazuje podobno pokrajinsko raznolikost
kot trendi najve~jih letnih pretokov (Qvp),
z ve~inoma upadajo~im trendom. Statisti~no
zna~ilen upadajo~ trend imajo Radovna in Krka
ter So~a v zgornjem toku, nara{~ajo~ trend pa
samo [~avnica. Preostale lokacije ne izkazujejo
zna~ilnih trendov POT1 mag. Pri indeksu izra-
zitosti pojavljanja visokih ekstremov s pojavnost-
jo trikrat letno (POT3 mag) se slika spremeni:
pove~a se {tevilo vodomernih postaj z nara{~ajo-
~im trendom, ki so statisti~no zna~ilni za [~avni-
co, Dravinjo, Pesnico in Reko. Statisti~no zna~ilni
upadajo~i trendi pa so na Ledavi, Radovni,
Ljubljanici, Unici in Krki. Ostale analizirane reke
nimajo zna~ilnih trendov izrazitosti ekstremov.

Pogostost visokih ekstremov indeksov POT1-f
in POT3-f ka`e v prete`ni meri na upadajo~
trend, ki je statisti~no zna~ilen za skoraj polo-
vico merilnih mest. Pri pojavu visokih ekstre-
mov s pojavnostjo trikrat letno je zna~ilnih 11,
pri pojavu ekstremov z enkrat letno pojavnost-
jo pa 8 upadajo~ih trendov, kar ka`e, da se {te-
vilo ekstremnih visokovodnih dogodkov na leto
zmanj{uje.

Ob pregledu zna~ilnosti trendov po pore~-
jih lahko za Pomurje zaklju~imo, da so trendi
pretokov najve~je Pomurske reke Mure statisti~-
no nezna~ilni. To je domnevno posledica ener-
getske rabe vode Mure v Avstriji. [~avnica in
Ledava izkazujeta statisti~no zna~ilen upadajo~
trend srednjih letnih pretokov, Ledava pa naka-
zuje upadajo~i trend najve~jih letnih srednjih
dnevnih pretokov. Pri Ledavi so upadajo~i tudi
trendi izrazitosti in pogostosti pojavljanja velikih
ekstremov. Pretoki [~avnice izkazujejo statisti~-
no zna~ilen nara{~ajo~ trend pri ~asovnih vrstah
statisti~nih indeksov POT1-mag in POT3-mag.

Med analiziranimi rekami Podravja ima
Me`a najbolj statisti~no zna~ilne trende. Razen
obeh indeksov izrazitosti pojavljanja visokih
ekstremov (POT1-mag in POT3-mag) se pri

gauging stations of the upper So~a River (Kr{ovec,
Log ^ezso{ki). A non-significant increasing
trend is only exhibited by the Dravinja and
[~avnica rivers. The trends on other rivers are
not statistically significant (Figure 50).

The index of the prominence of the occur-
rence of high extremes (on average, one value
per year – POT1 mag) indicates a similar region-
al diversity to the trends of the maximum
annual discharges (Qvp) with a predominant-
ly decreasing trend. A statistically significant
decreasing trend is exhibited by the Radovna and
Krka rivers as well as the So~a in its upstream
part, while only the [~avnica exhibits an increas-
ing trend.The remaining locations do not exhib-
it significant POT1 mag trends. With the
significance index of the occurrence of high
extremes three times a year (POT3 mag), the
picture changes. The number of water gauging
stations with an increasing trend increases, with
the [~avnica, Dravinja, Pesnica and Reka rivers
being statistically significant. Statistically sig-
nificant decreasing trends were observed on the
Ledava, Radovna, Ljubljanica, Unica and Krka
rivers. The other rivers analysed do not exhib-
it significant trends in prominent extremes.

To a considerable extent, the frequency of
the high extremes of the POT1-f and POT3-f
indexes indicates a decreasing trend that is sta-
tistically significant for almost a half of the sta-
tions. The phenomenon of high extremes
occurring three times a year has 11 significant
trends, while the phenomenon of extremes
occurring once year has 8 decreasing trends,
showing that the number of extreme high-water
events occurring in a year is decreasing.

Overview of the trends by river basins shows
us that discharge trends of the largest River Mura
in the Mura river basin, are statistically non-sig-
nificant.This is presumed to be the result of the
use of the water from the Mura for energy gen-
eration in Austria. The [~avnica and Ledava
exhibit a statistically significant decreasing
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Slika 53: Trendi pogostosti pojavljanja visokih ekstremov –
v povpre~ju enkrat letno

Figure 53: The trends of the frequency of the occurrence
of high extremes – on average once a year

Slika 54: Trendi pogostosti pojavljanja visokih ekstremov –
v povpre~ju trikrat letno

Figure 54: The trends of frequency of the occurrence
of high extremes – on average three times a year
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Me`i nakazujejo statisti~no zna~ilni upadajo~i
trendi. Od ostalih izbranih rek tega obmo~ja ima
Pesnica statisti~no zna~ilen le upadajo~ trend
srednjih letnih pretokov (Qs) in nara{~ajo~i trend
izrazitosti visokega ekstrema nad pragom
POT3-mag.Trendi ostalih hidrolo{kih indeksov
v Zamu{anih niso statisti~no zna~ilni. Dravinja
pri Vidmu, razen nara{~ajo~ega trenda izrazito-
sti pojavljanja visokih ekstremov POT3-mag, ne
izkazuje statisti~no zna~ilnega trenda.

Analiza ~asovne vrste srednjih dnevnih pre-
tokov Qs na vseh izbranih vodomernih posta-
jah pore~ja Save izkazuje upad, ki je, razen na
Sori, statisti~no zna~ilen.

Na Savi je statisti~no zna~ilen upadajo~i
trend zaznati {e pri malih pretokih Qmin1,
Qmin7 in Qmin30 v Radovljici.V Litiji sta nez-
na~ilni upadajo~i pogostosti visokega ekstrema
(POT1-f in POT3-f). Zna~ilnost upadajo~ega
trenda malih pretokov se zmanj{uje navzdol po
Savi. Pogostost pojavljanja ekstremov visokih
voda ima v Radovljici nezna~ilen trend, med-
tem ko je trend v Litiji zna~ilno upadajo~.
Trend Qvp na izbranih vodomernih postajah
Save ni statisti~no zna~ilen.

Pritoka Save, Radovna in Sava Bohinjka,
izkazujeta v ve~ini analiziranih hidrolo{kih
indeksov upadajo~ trend. Srednji letni in mali
pretoki so na obeh rekah izkazali nad 98 % sta-
tisti~no zna~ilnost. Upadanje trendov Qvp,
pogostosti in izrazitosti visokega ekstrema so sta-
tisti~no zna~ilni na Radovni, na Savi Bohinjki pa
nekoliko manj (86 %). Za alpska pritoka Save je
torej zna~ilno bolj ali manj izrazito upadanje
vodnih koli~in in delno tudi hidrolo{kih visokih
ekstremov.

Sora z zaledjem v predalpskem svetu ne izka-
zuje statisti~no zna~ilnih trendov spreminjanja
pretokov, celo srednji letni pretok izra`a le bla-
go statisti~no nezna~ilno upadanje. Pri malih pre-
tokih je zaznati tendenco statisti~no nezna~ilnih
porastov.

trend in the mean annual discharges, while the
Ledava exhibits a decreasing trend in the max-
imum annual mean daily discharges. In the
Ledava, the trends of the prominence and fre-
quency of high extremes are also decreasing.The
discharges of the [~avnica are exhibiting a sta-
tistically significant increasing trend in the time
series of the statistical indexes POT1-mag and
POT3-mag.

The Me`a River has the most statistically sig-
nificant trends of the rivers of the Drava river
basin that were analysed. Except for the two
indexes of the prominence of the occurrence
of high extremes (POT1-mag and POT3-mag),
the Me`a exhibits statistically significant
decreasing trends. Of the other selected rivers
of this area, the Pesnica has a statistically sig-
nificant decreasing trend in the mean annual dis-
charges (Qs) and an increasing trend in the
prominence of a high extreme exceeding the
POT3-mag threshold. The trends of other
hydrological indexes in Zamu{ani are not sta-
tistically significant. The Dravinja River at
Videm does not exhibit a statistically significant
trend, except for an increasing trend in the
prominence of the occurrence of the POT3-mag
high extremes.

Analysis of the time series on the mean daily
discharges (Qs) for all the selected water gaug-
ing stations in the Sava river basin is showing
a decrease that is statistically significant every-
where except on the Sora River. The Sava
exhibits a statistically significant decreasing
trend in its low discharges Qmin1, Qmin7 and
Qmin30 at Radovljica. In Litija, the decreasing
frequency trends of the high extremes (POT1-f
in POT3-f) are non-significant. The signifi-
cance of the decreasing trend for the low dis-
charges decreases when moving down the Sava
River.The frequency of the occurrence of high
water extremes has a non-significant trend at
Radovljica, though the trend at Litija is a sig-
nificantly decreasing one.The Qvp trend at the
selected water gauging stations on the Sava is
not statistically significant.

The tributaries of Sava, Radovna and Sava
Bohinjka exhibit a decreasing trend in the
majority of the hydrological indexes analysed.
The mean annual and low discharges of both
rivers have exhibited a statistical significance
exceeding 98%. The decreasing of the trends
covering Qvp, frequency and the prominence
of the high extreme are statistically significant
on the Radovna, while they are slightly less so
on the Sava Bohinjka (86%). The Alpine trib-
utaries of the Sava are therefore characterised
by more or less prominent decreases in the water
quantities, especially of the hydrological high
extremes.
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Slika 55: Klop
na Oto~cu

Figure 55: Bench
in Oto~ec
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Savinja s predalpskim zaledjem izkazuje
izrazito padajo~e trende srednjih, velikih in
malih pretokov, kot tudi pogostost pojavljanja
visokih ekstremov. Statisti~no nezna~ilen upad
izkazuje izrazitost hidrolo{kega ekstrema. Hidro-
lo{ka slika skoraj 100-letnega niza analiziranih
podatkov se je v zadnjih letih potrdila ravno ob
ve~kratnih visokih vodah v pore~ju Savinje.

Pritoki Save s kra{kim zaledjem (razen Ljub-
ljanice, ki izkazuje le blag nezna~ilen negativen
trend) izkazujejo statisti~no zna~ilen upad sred-
njih pretokov (Qs) in tudi upadanje velikih pre-
tokov Qvp. Trend nizkih pretokov izkazuje
statisti~no zna~ilno upadanje na Kolpi in Ljub-
ljanici, na Unici in Krki pa se ka`e izrazito nara{-
~ajo~ trend 7-dnevnih in 30-dnevnih malih
pretokov. Unica in Krka izkazujeta tudi statisti~-
no zna~ilen upadajo~ trend izrazitosti in pogo-
stosti ekstremov visokih voda. Upadajo~ trend
pogostosti hidrolo{kih visokih ekstremov POT3-f
je statisti~no zna~ilen {e na Kolpi, na Ljublja-
nici pa statisti~no zna~ilnost izkazuje trend
izrazitosti visokega ekstrema POT1-mag.

Zna~ilnosti trendov rek Jadranskega povod-
ja lahko strnemo v dve skupini. Na So~i smo ana-
lizirali hidrolo{ke podatke treh vodomernih
postaj z dolgim podatkovnim nizom. Najbolj
izrazit upadajo~ trend vseh analiziranih hidro-
lo{kih indeksov izkazuje pretok So~e v Kr{ovcu,
kjer lahko med vsemi analiziranimi vodomer-
nimi postajami govorimo o najbolj izrazitem
upadanju trendov srednjih, malih in velikih pre-
tokov, kot tudi izrazitosti in pogostosti visokih

The Sora, with its catchment area in the
pre-Alpine area, does not exhibit statistically sig-
nificant trends in changing discharges, with
even the annual discharge only exhibiting a mild
and statistically non-significant decrease.A ten-
dency towards statistically non-significant
increases can be observed in the low discharges.

The Savinja, with its catchment area in the
pre-Alpine world, is exhibiting prominent
decreasing trends in the mean, high and low dis-
charges, as well as in the frequency of the
occurrence of high extremes. The prominence
of the hydrological extreme is exhibiting a sta-
tistically non-significant decrease. The hydro-
logical picture given by the almost 100-year long
data set has been confirmed in recent years dur-
ing the high waters that occurred several times
in the Savinja river basin.

The tributaries of the Sava, with their karstic
catchment area (with the exception of the
Ljubljanica, which is exhibiting a mild and
non-significant negative trend), exhibit a sta-
tistically significant decrease in the mean dis-
charges (Qs), as well as a decrease in the high
discharges (Qvp). The trend of the low dis-
charges is exhibiting a statistically significant
decrease on the Kolpa and Ljubljanica, while the
Unica and Krka are exhibiting a prominently
increasing trend in the 7-day and 30-day low dis-
charges. The Unica and Krka are also exhibit-
ing a statistically significant decreasing trend in
the prominence and frequency of the high
water extremes.The decreasing trend of the fre-
quency of the POT3-f hydrological high
extremes is statistically significant on the Kolpa,
while on the Ljubljanica the trend of the promi-
nence of the POT1-mag high extreme is exhibit-
ing statistical significance.

The significance of the trend of the Adriatic
river basin is it possible to combine in two
groups. On the So~a, we analysed the hydro-
logical data from three water gauging stations
with long data sets.The most prominent decreas-
ing trend of all the analysed hydrological index-
es is exhibited by the discharge of the So~a at
Kr{ovec, where we can see the most prominent
decreasing trends in mean, low and high dis-
charges, as well as in the prominence and fre-
quency of the high extremes among all the
analysed water gauging stations.At Log ̂ ezso{ki,
the decreasing of the trends Qs and Qvp, the
prominence of the high extremes POT3-mag and
the frequency of the high extremes are statisti-
cally significant.At Solkan, only the decreasing
trend of the minimum discharges with a dura-
tion of 30 days exhibits statistical significance.
The Qvp trend and the trends of the prominence
and frequency of the occurrence of extremes are
increasing,but remain statistically non-significant.
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Slika 56: So~a

Figure 56: The
So~a RiverA
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ekstremov.V Logu ̂ ezso{kem so statisti~no zna-
~ilni le {e upadanje trendov Qs, Qvp, izrazitost
visokih ekstremov POT3-mag in pogostost viso-
kega ekstrema.V Solkanu pa izkazuje statisti~-
no zna~ilnost le {e upadajo~ trend najmanj{ih
pretokov 30-dnevnega trajanja. Trend Qvp ter
trenda izrazitosti in pogostosti pojavljanja ekstre-
mov so nara{~ajo~i, vendar {e statisti~no nezna-
~ilni.

Idrijca v ve~ini analiziranih hidrolo{kih
indeksih ne izkazuje visoke stopnje statisti~ne
zna~ilnosti trendov. Statisti~no zna~ilen je le upa-
dajo~ trend srednjih pretokov (Qs). Tudi reka
Vipava ne izkazuje statisti~no zna~ilnih trendov.
Podatki vodomerne postaje Cerkvenikov mlin
na Reki izra`ajo statisti~no zna~ilen upadajo~
trend pretokov Qs kot tudi izrazitost (POT3-mag)
in pogostost pojavljanja visokih ekstremov
(POT3-f). Na Reki je zaznan tudi statisti~no zna-
~ilen nara{~ajo~ trend pri malih pretokih: naj-
manj{ih letnih srednjih dnevnih, 7-dnevnih in
30-dnevnih, kjer gre najverjetneje za `e ome-
njeni vpliv vodnih zadr`evalnikov v zaledju.

Sklepna razmi{ljanja o trendih slovenskih
vodotokov so slede~a. Pri analiziranju ~asovne-
ga spreminjanja pretokov se je potrdila domneva
o splo{nem zmanj{evanju koli~ine vode v rekah.
Pretoki imajo na ve~ini analiziranih vodomer-
nih postajah upadajo~ trend srednjih dnevnih
pretokov. Tudi pri trendih visokih voda je zaz-
nati v prete`ni meri upadajo~ trend, z ve~jo pro-
storsko spremenljivostjo statisti~ne zna~ilnosti
ugotovljenih trendov.Ve~ja statisti~na zna~ilnost
upadajo~ih trendov podatkovnih nizov visokih
voda je opa`ena na vodomernih postajah s pre-
te`no visokogorskim in kra{kim zaledjem. Nara{-
~ajo~ trend ima le nekaj izmed analiziranih
vodomernih postaj, prete`no v vzhodni Slove-
niji. Prostorska razporeditev statisti~no zna~il-
nih trendov podatkovnih nizov malih pretokov
je podobna. Severni, zahodni in osrednji del Slo-
venije ka`ejo zmanj{evanje pretokov nizkih

In the majority of its indexes analysed, the
Idrijca does not exhibit a high level of statisti-
cal significance in its trends. Only the decreas-
ing trend of the mean discharges (Qs) is
statistically significant. The Vipava River also
does not exhibit statistically significant trends.
The data from the Cerkvenikov mlin water gaug-
ing station on the Reka River exhibits a sta-
tistically significant decreasing trend in the
Qs discharges as well as in the prominence
(POT3-mag) and frequency of the occurrence
of high extremes (POT3-f). On the Reka River,
a statistically significant increasing trend was also
observed in the low discharges: the minimum
annual mean daily, 7-day and 30-day discharges,
though this is most probably the result of the
already mentioned impact of the water reser-
voirs in the catchment area.

Our conclusions about discharge trends
on Slovenian rivers are as follow.When analysing
the temporal variation of discharges, the assump-
tion of a general decrease in water quantities in
the rivers was confirmed.The discharges at the
majority of the water gauging stations analysed
have a decreasing trend in the mean daily dis-
charges. Even in the high water trends, we can
observe a decreasing trend to a large extent,
though with a greater spatial variation in the sta-
tistical significance of the established trends.
Decreasing trends with a greater statistical sig-
nificance were seen in data sets for high waters,
observed at water gauging stations with pre-
dominantly high-mountain and karstic catch-
ment areas.An increasing trend is only exhibited
by some of the water gauging stations analysed,
predominantly in eastern Slovenia. The spatial
distribution of statistically significant trends in
the data sets for low discharges is similar.
Northern, western and central parts of Slovenia
exhibit decreasing low water discharges, while
the western and southern parts exhibit an
increasing of the same. A significant spatial
variation in the statistical significance of the
trends was also observed here. In general, we can
confirm that the quantities of water in Slovenia
are diminishing.

4.3.3 Specific Runoff in the 1971–2000 Period
Peter Frantar

The specific runoff tells us the quantity of
water that runs off in a certain time interval per
area unit – how many litres per second run off
from one square kilometre on average.The aver-
age runoff can be estimated based on the meas-
ured values from the discharges at individual
water gauging stations or using the water bal-
ance equation – precipitation minus evaporation
(Q = P – E). The runoffs measured in Slovenia
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Slika 57: Kamni
pod vodo

Figure 57: Pebbles
in the water
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voda, vzhodni in ju`ni pa nara{~anje.Tudi tu je
zaznana velika prostorska spremenljivost sta-
tisti~ne zna~ilnosti trendov. V splo{nem lahko
potrdimo, da se koli~ina vode v Sloveniji zmanj-
{uje.

4.3.3 Specifi~ni odtoki 1971–2000
Peter Frantar

Specifi~ni odtok nam pove koli~ino vode, ki odte-
~e v dolo~enem ~asovnem intervalu na enoto
povr{ine – koliko litrov na sekundo odte~e
v povpre~ju iz enega kvadratnega kilometra. Pov-
pre~en odtok lahko ocenimo na osnovi merjenih
vrednosti preko pretokov posameznih vodomer-
nih postaj ali z bilan~no formulo – padavine
minus izhlapevanje (Q = P – E). Izmerjeni
odtoki v Sloveniji so zelo podobni izra~unanim
po bilan~ni formuli, kar ka`e na pravilnost izra-
~una padavin in izhlapevanja.

Pri izra~unavanju odtoka smo upo{tevali
pretoke vodomernih postaj na dotokih in odto-
kih iz posameznega hidrometri~nega zaledja.
Ve~ja odstopanja posameznega obmo~ja od te
sheme ter od sosednjih hidrometri~nih zaledij
ka`ejo na te`avo meritev v vodomernem pro-
filu ali na te`ave pri dolo~itvi razvodnice.V Slo-
veniji je prevladujo~a zna~ilnost dolgoletnega
specifi~nega odtoka, da je najve~ji v zgornjem
toku in postopoma pada proti spodnjemu toku
(Kolbezen et al., 1998).

Slovenija je de`ela povirnih in tranzitnih
(prehodnih) vodotokov. Naravnogeografska
pestrost (razgiban relief, pestra vegetacijska
sestava, pestra geologija, geomorfologija itd.)
in lega pogojujeta zelo pestre podnebne raz-
mere.Velika spremenljivost padavin dolo~a {e
ve~jo spremenljivost odtoka. Razmerje med
najmanj{im in najve~jim izra~unanim odtokom
po hidrometri~nih zaledjih je tako ve~ kot 20 :1
(Tolminka : Velika Krka). Zaradi bilan~nega
neskladja v pore~ju Tolminke je realnej{a oce-
na razmerja 18 : 1 (hidrometri~no zaledje So~e
pri Kobaridu : Velika Krka). Povpre~ni specifi~-
ni odtok Slovenije obdobja 1971–2000 je
27.1 l/s/km2. Najmanj{i je v pore~ju Velike
Krke – 4.3 l/s/km2, najve~ji pa v pore~ju Tol-
minke – 105.2 l/s/km2. Splo{na zna~ilnost od-
toka je, da se zmanj{uje od severo zahoda proti
jugu in vzhodu dr`ave; odvisno je tudi od oro-
grafije – vi{ji predeli imajo praviloma vi{ji
odtok.

Najve~ji specifi~ni odtoki v Sloveniji so na
obmo~ju Julijskih Alp: v zahodnih Bohinjskih
gorah, v zgornjem delu pore~ja So~e ter Save
Bohinjke,Krnskem pogorju,Mangartskem pogor-
ju in ju`nem pogorju Triglava. Za to obmo~je lah-
ko re~emo, da je tu hidrolo{ko sredi{~e Slovenije.
Tu odte~e nad 70 l/s/km2. Hidrometri~na zaledja

are very similar to those calculated using the
water balance formula, which indicates the
correctness of the calculations of precipitation
and evaporation.

When calculating the runoff, we took into
account the discharges at water gauging stations
at the inflows and outflows from individual
hydrometric catchment areas. Increased devia-
tions of an individual area from this scheme and
from the neighbouring hydrometric catchment
areas indicate problems with the measure-
ments in the hydrometric cross-section or in the
determination of the water divide.The prevailing
characteristic of the specific discharge in Slovenia
is that it is highest in the upstream part and
gradually decreases downstream (Kolbezen et
al, 1998, 29).

Slovenia is a country of headwater and tran-
sit streams. The natural-geographic diversity
(complex topography, varied vegetation, varied
geology, geomorphology, etc.) and its position
cause very diverse climate conditions.The high
variation in precipitation causes even higher vari-
ation in the runoff.The ratio between the min-
imum and maximum calculated runoffs by
hydrometric catchment area is thus more than
20 : 1 (Tolminka : Velika Krka). Because of the
water balance discrepancy in this part of the
Tolminka river basin, a more realistic estimate
of the ratio is 18 :1 (the hydrometric catchment
area of the So~a at Kobarid : Velika Krka).
The Slovenian average specific runoff for
the 1971–2000 period is 27.1 l/s/km2. The
minimum average runoff is that of the Velika
Krka river basin – 4.3 l/s/km2, and the maximum
is the Tolminka river basin – 105.2 l/s/km2.The
general characteristic of the runoff is that it
decreases as you move from the west to the south
and east of the country; it also depends on the
orography – as a rule, the higher areas have
a higher runoff.
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Slika 58: Dvojno
jezero

Figure 58:
The Double Lake
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s tako velikimi povpre~nimi specifi~nimi odto-
ki zavzemajo 460 km2, dobra 2 % povr{ine.

V hidrometri~nih zaledjih, ki obdajajo naj-
bolj vodnate Julijske Alpe specifi~ni odtoki {e
vedno presegajo 50 l/s/km2. Ve~je zaklju~eno
obmo~je je vzhodni del na{ih Julijcev, visoke
vrednosti izkazuje pore~je U~je ter osrednje
obmo~je Idrijskega hribovja in Trnovskega goz-
da.V tem razredu je tudi povirje Kolpe s ^abran-
ko, z zaledjem v pogorju Sne`nika in Gorskega
Kotarja. Zaledja s tolikim specifi~nim odto-
kom merijo 1338 km2, kar je 7 % povr{ine.

Povpre~ni specifi~ni odtok med 40 in
50 l/s/km2 imajo obmo~je osrednjih Kamni{ko
Savinjskih Alp (zgornji tok Kamni{ke Bistrice,
Lu~nica), ju`ne Bohinjske gore s predalpskim
hribovjem (pore~je Ba~e, povirje Sel{ke Sore in
Cerkni{~ice, Poljanska Sora) ter vzhodni in
zahodni del ju`nega roba Trnovskega gozda in
Nanosa (zaledje kra{kih povirij Vipave in Lija-
ka). Velik specifi~en odtok imata tudi pore~ji
Nadi`e in Idrije, vsa ta zaledja pa zavzemajo
4,5 % povr{ja, kar je 850 km2.

Hidrometri~na zaledja s povpre~nim speci-
fi~nim odtokom med 30 in 40 l/s/km2 zavzema-
jo naslednjo ~etrtino dr`ave – 4531 km2. Vsa
le`ijo v zahodnem delu Slovenije in obsegajo pas
gri~evij in hribovij od severozahoda do jugovz-
hoda dr`ave ter pas gorskih predelov na seve-
ru.Take specifi~ne odtoke imamo v pore~ju Save
Dolinke in v veliki ve~ini Kamni{ko-Savinjskih
Alp, v predgorskem delu Julijskih Alp – obmo~-
ju Jelovice, spodnjem delu pore~ij obeh Sor,
osrednje Idrijce ter delu pore~ja So~e od Koba-
rida do Solkana. V to skupino se uvr{~a tudi
pore~je kra{ke Ljubljanice (z okoli{kimi pore~-
ji Nano{~ice, Borovni{~ice in Grada{~ice) ter
osrednja dela pore~ij Krke in Kolpe.

Obmo~ja z odtokom »slovenskega povpre~-
ja« med 20 in 30 l/s/km2 le`ijo prete`no v osred-
njem delu dr`ave. Na jugozahodnem delu je to
pore~je Reke v Gori{kih brdih, osrednje Vipa-
ve, Mo~ilnika in povirnega dela Reke. V osred-
njem delu obsega ta pas obmo~je zahodne
Ljubljanske kotline, Barja in Krimskega hri-
bovja s pripadajo~imi zaledji.Vzhodneje obse-
ga {e vi{je dele vzhodnih Karavank in Pohorja,
osrednje dele Menine planine, Posavskega hri-

The highest specific runoffs in Slovenia are
in the area of the Julian Alps: in the western
Bohinj mountains, in the upper reaches of the
So~a and Sava Bohinjka river basin, the Krn
mountain chain, the Mangart mountain chain
and, in the south, the mountain chain of Mount
Triglav. This area can be said to be the hydro-
logical centre of Slovenia. In excess of 70 l/s/km2

flow out of this area. Hydrometric catchment
areas with these high average specific runoffs
cover an area of 460 km2, which is a good 2% of
the surface area.

In the hydrometric catchment areas sur-
rounding the most water-abundant Julian Alps,
specific runoffs still exceed 50 l/s/km2. A larg-
er unbroken area here is the eastern part of the
Slovenian Julian Alps, with high values exhib-
ited by the U~ja river basin and the central area
of the Idrijsko hribovje hills and the Trnovski
gozd. The headwaters of the Kolpa River with
^abranka, having their catchment area in the
mountain chain of Sne`nik and Gorski Kotar,
also belong to this class. Catchment areas with
this specific runoff measure 1338 km2, which is
7% of the surface area.

An average specific runoff of between 40 and
50 l/s/km2 is exhibited by the area of the central
Kamni{ko-Savinjske Alps (the upstream part of
the Kamni{ka Bistrica and the Lu~nica), the
southern Bohinj mountains with their pre-Alpine
hills (the Ba~a river basin, the headwaters of the
Sel{ka Sora, Cerkni{~ica and the Poljanska Sora)
and the eastern and western parts of the south-
ern edge of Trnovski gozd and Nanos (the catch-
ment area of the karstic headwaters of the Vipava
and Lijak). The river basins of the Nadi`a and
Idrija have a high specific runoff, and all these
catchment areas cover 4.5% of the surface area,
or 850 km2.

Hydrometric catchment areas with specific
discharges of between 30 and 40 l/s/km2 cover
another quarter of the country – 4531 km2. All
of them lie in the western part of Slovenia and
encompass a belt of hills of varying heights from
the north-west to the south-east of the country
and a belt of mountainous areas in the north.
These discharges are observed in the Sava Dolinka
river basin and in the major part of the Kamni{ko-
-Savinjske Alps, in the foothills of the Julian Alps –
in the area of Jelovica, the lower part of the river
basins of both the Sora rivers, central Idrijca and
a part of the So~a river basin from Kobarid to
Solkan.The karstic Ljubljanica river basin (with
the surrounding river basins of the Nano{~ica,
Borovni{~ica and Grada{~ica) belong to this
class, as do the central parts of the river basins
of the Krka and Kolpa rivers.

The areas with a runoff within the »Slovenian
average« of between 20 and 30 l/s/km2 lie pre-
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Slika 59: Dele`
povr{ine hidrome-
tri~nih zaledij
s specifi~nimi
odtoki po razredih

Figure 59: The
share of the surface
area of hydrometric
catchment areas
with specific runoffs
by classes
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bovja in ve~ino Bele in Suhe krajine.V tem raz-
redu je skoraj ~etrtina Slovenije – 4423 km2.

Majhen specifi~ni odtok med 10 in 20l/s/km2

ima ve~ kot 5100 km2 obmo~ja, kar predstavlja
naslednjo ~etrtino Slovenije. Na jugozahodu
dr`ave je to osrednja Vipavska dolina, obmo~je
Reke ter Slovensko primorje, v osrednjem delu
je Ljubljanska kotlina,na vzhodu pa ima take spe-
cifi~ne odtoke obmo~je Gorjancev, Kr{ka kotli-
na in jugovzhodni del Posavskega hribovja.Ve~je
obmo~je je tudi v osrednjem delu pore~ja Savi-
nje, Dravinje in Sotle s pritoki. Na severovzho-
du je to obmo~je zahodnega dela Slovenskih
goric.

Najmanj{e odtoke, pod 10 l/s/km2, imamo na
severovzhodu ter na skrajnem jugozahodu.
V Primorju ima izmerjen tak specifi~ni odtok
Drnica, zagotovo ima tako majhne odtoke pre-
te`ni del obalnega Primorja ter celo Pomurje in
osrednji del pore~ja Pesnice. Razlike so v tem
pasu relativno zelo velike. V osrednjem delu
Pesnice se odtaka v povpre~ju skoraj 10 l/s/km2,
v pore~ju Velike Krke pa samo dobrih 4 l/s/km2.

Specifi~ne odtoke lahko izrazimo tudi kot
odtok izra`en v mm. Geografska razporeditev
seveda ostaja enaka. Izra`eno v teh enotah, ima-
mo preko 3000 mm odtoka pri Tolminki, oko-
li{ka pore~ja imajo v povpre~ju med 2000 in
2500 mm odtoka, preostali del Alp in dolo~e-
na predalpska obmo~ja pa imajo med 1500 in
2000 mm odtoka. Koli~ina potem pada do
majhnih odtokov pod 500mm letno, ki ga imajo
v Sloveniji posamezne reke na Primorskem,

dominantly in the central part of the country. In
the south-western part of the country, this is the
Gori{ka brda region's Reka river basin, the cen-
tral Vipava, Mo~ilnik and the headwater part of
the Reka. In the central part of the country, this
belt encompasses the area of the western
Ljubljana Basin, Barje (the Ljubljana Marshes)
and the Krim highlands with appertaining catch-
ment areas. In the eastern part, it encompasses
the higher reaches of the east Karavanke
Mountains and Pohorje, the central parts of
Menina planina, the Posavsko hribovje hills and
the majority of the Bela and Suha krajina regions.
Almost a quarter of Slovenia belongs in this belt,
namely 4423 km2.

A low specific runoff of between 10 and
20 l/s/km2 is present over more than 5100 km2

of the area, representing another quarter of
Slovenia.These specific runoffs are exhibited in
the south-west of Slovenia by the central Vipava
Valley, the area of the Reka and the Slovenian
coast, the central part of the Ljubljana Basin and,
in the east, the area of Gorjanci, the Kr{ko-
-Bre`ice Basin and the south-eastern part of the
Posavsko hribovje hills.A larger area is also pres-
ent in the central part of the river basin of the
Savinja, Dravinja and Sotla rivers and their
tributaries. In the north-east, this area covers the
western part of Slovenske gorice.

The lowest runoffs,of below 10l/s/km2,occur
in the north-east and south-western-most part
of the country. In the Primorje region, this
measured runoff is characteristic of the Drnica
River. Such low runoffs are present in the major
part of the coastal part of Primorje, the entire
Pomurje area and the central part of the Pesnica
river basin. Differences in this belt are relatively
high. In the central part of the Pesnica River, the
average runoff is almost 10 l/s/km2, while the
Velika Krka river basin has only a good 4 l/s/km2.

Specific runoffs can also be expressed as
runoff in mm.The geographical distribution, of
course, remains the same. Using these units, we
have in excess of 3000 mm of runoff on the
Tolminka River, while the surrounding river
basins have, on average, between 2000 and
2500mm of runoff and the remaining part of the
Alps and certain pre-Alpine areas have between
1500 and 2000 mm of runoff. The quantity
then drops down to lower runoffs of below
500 mm per year, which is exhibited in Slovenia
by some rivers in Primorska, in the Ljubljana
Basin and in eastern Slovenia.The lowest runoffs
expressed in these units are below 300 mm and
occur in Pomurje region.

The climate or, more precisely, the precip-
itation, exerts the most important effect on the
specific runoff, which is also reflected in the geo-
graphical distribution.The quantity of the specific

Slika 60: Struga
reke Idrije

Figure 60:
The riverbed
of Idrija River
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v Ljubljanski kotlini in v vzhodni Sloveniji. Naj-
manj{i odtoki,ki merijo v teh enotah pod 300mm,
so v Pomurju.

Najpomembnej{i vpliv na specifi~ni odtok
ima podnebje, in sicer padavine, kar se ka`e tudi
v geografski razporeditvi. Koli~ina specifi~nega
odtoka se zmanj{uje od Alp in dinarskega pasu
proti severovzhodu in jugozahodu, kar ka`e tudi
karta specifi~nih odtokov, izdelana na osnovi
bilan~nega ra~una s padavinami in izhlapeva-
njem.

4.3.4 Odto~ni koli~niki
Peter Frantar

Odto~ni koli~nik je razmerje med padavinami
in odtokom. Prikazuje dele` odteklih padavin in
je izra`en v odstotkih. Odto~ni koli~nik je odvi-
sen od hidrogeografskih lastnosti povodja, od koli-
~ine padavin, izhlapevanja, od tipa pokrovnosti
tal, reliefnih in kamninskih zna~ilnosti.Na napako
izra~una nas opozorijo vrednosti koli~nika v bli-
`ini 100 % oz. velika odstopanja od sosednjih
hidrometri~nih zaledij (Kolbezen et al., 1998).

Odto~ni koli~nik smo izra~unali na dva
na~ina. Iz izmerjenih vrednosti pretokov smo
dobili »merjen odto~ni koli~nik« KH, na podlagi
rastrskih kart padavin in izhlapevanja pa »izra-
~unan odto~ni koli~nik« KK. Podan je pregled
slednjih odto~nih koli~nikov, saj je pravilnost
»merjenega odto~nega koli~nika« zelo odvisna
od hidrografskih lastnosti povodja, ki so v Slo-
veniji zelo raznolike in zlasti na kra{kih prede-
lih te`ko prepoznavne.

Geografska razporeditev dele`a odtoka je
podobna razporeditvi specifi~nih odtokov. Naj-
manj{i odto~ni koli~niki so na severovzhodu
dr`ave.V osrednjem delu Pomurja in na vzhod-
nem Gori~kem – 20 %.Vrednosti dele`a odtoka
od padavin rastejo od tod proti zahodu, skladno
z nadmorsko vi{ino.

V obmo~ju Slovenskih goric so koli~niki
med 30 (v pore~ju [~avnice) ter 35 (v pore~ju Pesni-
ce). Podoben dele` odtoka ima tudi slovenska

runoff decreases as you move from the Alps and
the Dinaric belt toward the north-east and
south-west, which is also shown by the chart of
specific runoffs that was produced based on the
water balance equation using precipitation and
evaporation data.

4.3.4 Runoff Coefficients
Peter Frantar

The runoff coefficient is the ratio between
precipitation and runoff. It shows the share of
precipitation that ran off and is expressed in per-
centages.The runoff coefficient is dependant on
the hydrogeographical properties of the catch-
ment area, the quantity of precipitation and
evaporation, the type of land cover and the top-
ographical and geological properties. We are
alerted to a calculation error by coefficient val-
ues close to 100% or by considerable deviation
from the neighbouring hydrometric catchment
areas (Kolbezen et al., 1998).

We calculated the runoff coefficient in two
ways. We obtained the »measured runoff coef-
ficient« (KH) from the measured discharge
values and, on the basis of raster charts of pre-
cipitation and evaporation, the »calculated runoff
coefficient« (KK).We also provide an overview
of these runoff coefficients as the correctness of
the »measured runoff coefficient« is highly
dependent on the hydrographic properties of the
catchment areas, which are highly diverse in
Slovenia and difficult to recognise, especially in
the karstic areas.

The geographical distribution of the runoff
share is similar to the distribution of specific
runoffs.The lowest runoff coefficients are in the
north-east of the country. The coefficient is
20% in the central part of Pomurje and the east-
ern part of Gori~ko. The value of the share of
runoff from precipitation increases in accordance
with the elevation as you move towards the west.

In the area of Slovenske gorice, the coeffi-
cients are between 30% (in the [~avnica river
basin) and 35% (in the Pesnica river basin).
A similar share of runoff is also exhibited by the
Slovenian Coast (Obala) (the river basin of the
Branica, Drnica and Dragonja). Somewhat less
than 40% of the precipitation also runs off from
the area of Haloze.

A runoff coefficient of between 40% and 45%
is exhibited by the area with rivers of Polskava,
Dravinja, Sotla, Hudinja and Voglajna, lower
Savinja, lower Posavje region, Mirna, Radulja and
the lower Krka up to the lower Pokolpje with
Lahinja.

Between 45% and 60% of the precipitation
flows into the Podonavje (the Danube river
basin) from the highest parts of Pohorje and
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Slika 63: Slap
Orglice

Figure 63:
The Orglice
waterfall
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Obala (pore~ja Branice, Drnice in Dragonje). Sla-
bih 40 % padavin odte~e {e z obmo~ja Haloz.

Odto~ni koli~nik med 40 in 45 ima obmo~-
je od Polskave,Dravinje, Sotle,Hudinje in Voglaj-
ne, spodnje Savinje, spodnjega Posavja, Mirne,
Radulje in spodnje Krke vse do spodnjega Pokolp-
ja z Lahinjo.

Med 45 in 60 % padavin odte~e v Podonav-
ju iz najvi{jih predelov Pohorja in Kobanskega,
pore~ja Me`e, Pake in srednje Savinje. Poleg teh
obmo~ij je tu {e pas pore~ij s povirji na Menini
planini, osrednji del Ljubljanske kotline, Ljub-
ljansko barje, Krimsko hribovje in zgornji deli
Krke ter srednji deli Kolpe.V jadranskem povod-
ju je tu Vipavska dolina z zaledji Vipave (razen
povirja): Lijaka, Branice in Mo~ilnika, ki se naj-
verjetneje preko Krasa povezuje z zaledji Reke
in Ri`ane.

Odto~ni koli~nik med 60 in 70 imajo hidro-
metri~na zaledja v zahodni Sloveniji. Obmo~-
je sega na jugu vse od prvih gorskih pregrad med
Sne`nikom in Ko~evskim rogom preko Javor-
nikov, Nanosa,Trnovskega gozda in Banj{ic vse
do Gori{kih brd. Seveda pa za temi pregrada-
mi obsega tudi pore~je kra{ke Ljubljanice, Cer-
kljansko, Idrijsko in [kofjelo{ko hribovje ter
vzhodni del na{ih Julijskih Alp, zahodne Kara-
vanke ter Kamni{ko-Savinjske Alpe.

Velike odto~ne koli~nike, nad 70, ima manj-
{e obmo~je na{ih zahodnih Julijskih Alp: pore~-
je Nadi`e, U~je, So~e nad Kobaridom,Tolminke
in Save Bohinjke z Mostnico.

Kobansko, the river basin of the Me`a, Paka and
central Savinja. In addition to these areas, there
is also the belt of river basins with their head-
waters on the Menina planina, the central part
of the Ljubljana Basin, the Ljubljana Marshes,
the Krim highlands, the upper parts of the
Krka and the central parts of the Kolpa. In the
Adriatic catchment area, this is the Vipava
Valley with the hydrometrical catchment areas
of the Vipava (except for the Vipava spring
watershed): Lijak, Branica and Mo~ilnik, which
is most probably linked to the catchment areas
of the Reka and Ri`ana rivers over the Karst.

A runoff coefficient of between 60% and
70% is exhibited by the hydrometric catchment
areas in western Slovenia. In the south, the area
reaches up to the first mountain barriers between
Sne`nik and Ko~evski rog, over Javorniki, Nanos,
Trnovski gozd and Banj{ice and up to Gori{ka
brda. Behind these barriers, it encompasses the
karstic Ljubljanica river basin, the Cerkljansko,
Idrijsko and [kofjelo{ko hribovje hills, the east-
ern part of the Julian Alps in Slovenia, the west-
ern Karavanke Mountains and the Kamni{ko-
-Savinjske Alps.

High runoff coefficients in excess of 70% are
exhibited by a smaller area in our western Julian
Alps: the river basin of the Nadi`a, U~ja, the So~a
above Kobarid, the Tolminka and the Sava
Bohinjka with Mostnica.
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4. ^LENI VODNE BILANCE / WATER BALANCE ELEMENTS

Slika 66: Zelenci
poleti

Figure 66: Zelenci
in the summerPE
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Slika 67: Slap Boka / Figure 67: The Boka waterfall
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