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Hydrological drought In
Alpine regions of Slovenia




@ ARSO HYDRO
Slovenian Environment Agency

What is Drought?

= Drought means lack of water (water that normally would be available in a region and to

which nature and mankind adapted over centuries).

= |t is a natural phenomenon, with spatial and temporal characteristics that vary

significantly from one region to another.
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e Precipitation deficiency High temp., high winds, low
{amount, intensity, timing) relative humidity, greater

| sunshine, less cloud cover

Reduced infiltration, runoff, l
deep percolation, and
groundwater recharge

Increased evaporation
and transpiration

|
Plant water stress, reduced
biomass and yield

Reduced streamflow and inflow

to reservoirs, lakes, ponds and

Time {duration)

Sequence of drought occurrence
and impacts for commonly accepted
drought types (Source: NDMC,
Nebraska, http://drought.unl.edu)
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Damage caused by natural disasters in Slovenia

Estimated damage caused by natural disasters in Slovenia in period 1994-2012
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Time variability of Slovenian river discharges
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Characteristcs of Slovenian rivers;

» torrential character and fast runoff: lag time between rainfall and runoff is short
(measured in hours), with the exception of karst rivers

» large variations between low, mean and high water are significant for the majority of the
rivers (Sava at Litija 1:6:80; Savinja at Lasko 1:10:335; Pesnica at ZamusSani 1:26:714)
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Occurence of hydrological extremes in Slovenia

Vipava, g.s. Miren: year 2012
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Changes in hydrological behaviour

Sava, g.s. Litija: annual flood peaks
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Observed climate
variability and climate
change in Slovenia

Linear time trend in Slovenia in
the 50-year period 1961-2011.:

— air temperature: +1.7°C
(+0.35 °C/10 let)

— precipitation: =10%
(-2%/10 let)

— snow cover: =75%
(-15%/10 let)

— solar radiation: +10 %
(+2%/10 let)
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Observed climate variability and climate change
In Slovenia

Annual precipitation (P) and mean annual air temperature (T) in Ljubljana (1866-2016)
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Impact of climate variablility and climate change
on runoff

Mean annual discharge of the Sava River at Litija (1895-2016)
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Linear trend gives -25% of discharge in the last 120 years (2%/10 let)!




©

ARSO HYDRO
Slovenian Environment Agency

Impact of climate change on water temperature

Sava at Litija
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The rise is much higher at
maximal temperatures
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Low flows and hydrological drought

= Alow flow is a seasonal phenomenon (e.g., the "dry
season") and is an important component of the flow
regime in any river or stream.

= A hydrological drought is a natural event that results
from an extended period of below average
precipitation.

= While droughts include low flows, a continuous
seasonal low-flow event is not necessarily a
drought.

= A time series of low flow characteristics is suitable
to characterize the hydrological regime of a river.

= Spatial aspects (area covered by drought) and the
total deficit are important measures of the severity
of an event.
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Hydrological low flow and drought characteristics

Sava, g.s. Litija
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Hydrological low flow and drought characteristics

The characteristic of the most severe hydrological droughts in Slovenia is long
continuous period of low flows with a duration of several months.
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Severe agricultural and hydrological drought In
2003

The lack of water was most
evident in north-eastern
Slovenia (Prekmurje) and
Primorska region where
streams usually dry up.

' Minimal specific discharges
in August 2003 (I/s/km2):
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The Alpine region is less vulnerable to
hydrological drought.
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Precipitation amount in August 2003 compared with 1961-1990 normals
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Drought indices

Indices — numerical evaluation of drought severity, assessed
using climatic or hydrometeorological parameters

Examples of Indices (WMO-No. 1173: Handbook of Drought
Indicators and Indices):

Standardized Precipitation Index (SPI)
Palmer Drought Severity Index (PDSI)
Standardized Precipitation-Evapotranspiration Index (SPEI)
Soil Moisture Deficit Index (SMDI)
Surface Water Supply Index (SWSI)
Streamflow Drought Index (SDI)
Effective Drought Index (EDI)
Deciles

...many others!
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Streamflow Drought Index (SDI)

Streamflow Drought Index (SDI) - standardize discharge index
based on streamflow data, similar to SPI

Criterion of SDI values Description of state

SDI= 0.0 Non drought
-1.0=SDI<0.0 Mild drought
-1.5=<SDI<-1.0 Moderate drought
-20=<SDI<-15 Severe drought

SDI<-2.0 Extreme drought
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Streamflow Drought Index (SDI)

SDI, calculated for mean annual minimum flow of n-day duration
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Drought monitoring in Slovenia

Hidrometeoroloske razmere v Sloveniji

Stanje, 24. avgust 2017 http://www.arso.gov.si/o agenciji/novice

Povzetek stanja

Nastopili so bolj vremensko prijazni dnevi, vrocina je v zadnjih dneh nekoliko popustila. V preteklem vikendu je
povsod po Sloveniji deZevalo. Jutra so bila v zaCetku tedna sveZa, najniZje jutranje temperature zraka so bile od 4 T M

do 10, na Primorskem do 18 “C. Dnevi po prehodu fronte so se segreli le na od 22 do 27 °C. Za popolno slovo od D u rl n g t e O n g e r ro u g t pe rl O
suse je bilo deZja premalo. V vedjem delu Slovenije so bile kolicine deZja med 20 in 30 mm. na Obali, v delu

osrednje, jugovzhodne Slovenije ter severovzhoda pod 200 mm. Najved deZja, veé kot 40 mm, je padlo le v

Ve i Slovenian Environment Agency (ARSO)

Na najbolj s sufo prizadetih obmoéjih je deZ namoéil le povrsinski sloj tal. Koliéine deZja zadostujejo za nekaj

dni, primanjkljaj meteoroloike vodne bilance v susno najbolj prizadetih obmoéjih se je ponekod rahlo popravil, kly b | I t

vendar poskodovanosti zaradi suse kmetijske rastline vec ne morejo ubeZati. Padavine so bile ugodne le za travinje, I SS u eS a We e u e I n O n
vznik strnifénih posevkov, jesenske zelenjadnice in trajne nasade. Se vedno pa padavine niso bile zadostne, da bi “ . [ .
popravile padavinsko sliko letoinje vegetacijske sezone. Na jugovzhodu je v letoSnjem poletju padlo le 48 % H d I‘ r I t I | d t

dolgoletnih padavin. Ker spet prihaja obdobje vrocega vremena, se bo na najbolj ogrozenih obmogjih stanje rO e eo ro 0 ICa CO n I IO n S I n

ponovno poslabialo. Kmetijska susa se bo tam nadaljevala.

Vodnatost rek po drizavi je mala. Stevilni vodotoki v juZni, vzhodni, jugozahodni in deloma osrednji Sloveniji S I Ove n I a
imajo za poletje znacilno suino vodnatost. Najmanj vodnate, ponekod celo sube. so manjSe reke v Prekmurju. na
Dolenjskem, v Slovenski Istri in na Obali ter na Vipavskem. Mura in Drava e ohranjata srednje pretoke. V

prihodnjih dneh bo vodnatost rek ostala mala. Postopno zmanjievane pretokov se bo odrazalo s suino vodnatostjo M ete O rO | O 1 C al S .t at' O n
na vse vec rekah. V prihodnjem tednu se bodo obicajne susne razmere povrinskih vodotokov stopnjevale. Susne g I I u I
razmere se bodo na vseh izpostavljenih obmoéjih do konca avgusta $e nadaljevale. Postopno zmanjSevane
pretokov se bo odraZalo s su$no vodnatostjo na vse ve rekah. Vodnatost veéine, predvsem manjsih rek, bo zadnje

dni avgusta predvidoma manjsa od znaéilne poletne suine vodnatosti. S u rface Wate r Statu S
Tudi v drugi polovici avgusta gladine podzemne vode vecjega dela drzave ostajajo podpovprecne, izjemno nizke

vodne koliine pa v tem €asu spremljamo na prostorsko najbolj omejenih plitvih medzrskih vodonosnikih, ki H
najhitreje reagirajo na primanjkljaj obnavljanja podzemne vode. Tako v CateZu na CateSkem polju in v Sentjerneju G ro u n Wate r q u antlty
na Sentjernejskem polju beleZimo najniZje gladine podzemne vode dolgoletnega obdobja meritev, zelo nizko pa

50 se vodne gladine spustile tudi v Vipavskem KriZu v Vipavski dolim. Vodne razmere se v primerjavi s preteklim . .
tednom niso bistveno spremenile, zelo nizko koli¢insko stanje podzemnih voda se Se naprej ohranja v suino najbolj W t b I f It | I
izpostavljenih vodonosnikih Kriko BreZiske in Dravske kotline, kjer je padavinski pnmanjklm daljsega obdobja a e r a an C e O a rl C u u ra S 0 I

najvecji. ¥ Goriinici na Ptujskem polju beleZimo najniZje gladine znacilne za ta letni cas, ki pa $e ne dosegajo

ekstremnih vrednosti. Kraski zviri so podpovprecno izdatni, zelo nizke pretoke spremljamo na izvirih nizkega
Dinarskega krasa na jugovzhodu drzave. Vremenski izgledi do 1. septembra: O utl O O k

V celotnem obdobju bo nad juZno polovico Evrope vztrajalo obmoéje visokega zracnega tlaka. K nam bo od
jugozahoda dotekal razmeroma suh in zelo topel zrak. Prevladovalo bo sonéno vreme, vec dnevne oblaénosti bo
v hribovitem svetu severozahodne Slovenije. Najvidje dnevne temperature se bodo dvigale nad 30 °C. Nadaljevalo
se bo suho vreme, najvecja verjetnost za krajevne nevihte je v Cetrtek, 24. avgusta in v ponedeljek, 28. avgusta, pa

Distributed to public and professional
institutions and sectoral ministries.

Dnevna hidroloska napoved povriinskih voda: http:/www.arso.gov_si/v ode/napovedi/
Tlenutno hidrologko ‘.Lan_pe povriinskih voda— podatki av tomatskih hidrologkih postaj:
si/vode/podatki'amp/.
ca napoved za 15 regij v Sloveniji:

e VVagromet/forecast/
(aplikacija deluje v brskslnikih Google Chrome in Mozilla Firefox)
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During the longer drought period, the
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Drought monitoring — surface water

Presentation of drought condition in river catchments
by colour code

Current flows compared with
percentiles in long-term period

SUSNE RAZMERE NA POVRSINSKIH VODOTOKIH
23.8.2017

(Sora)
8 Srednja Sava
S Spodnja Sava

Kraska Ljubljanica
Stopnja nevarnosti

- normal summer conditions

|:| drought conditions
[[] extreme drought conditions

Urad za meteorologijo in hidrologijo PR REPUBLIKA SLOVENIjA
H 3 MINISTRSTVO ZA OKOLJE IN PROSTOR

lzdano: 23. 8. 2017 ob 13:00

Oddelek za hidroloske napovedi AGENCIJA REPUBLIKE SLOVENIJE ZA OKOLJE

6200 Savinja Lasko: 30-dnevno drsece povprecije pretokov
v pretekiih 91 dneh in primerjava s percentiinimi vrednostmi iz 64-letnega obdobja (1953 - 2016)

Pretok [m"3/s]

|

[E<pas0 O <pa25 O <pQ5 W <Qmin 0 30-dnevni

ARSD, 17-08-2017
—

8565 Vipava Dolenje: 30-dnevno drsece povprecje pretokov
v preteklih 91 dneh in primerjava s percentilnimi vrednostmi iz 25-etnega obdobja (1991 - 2016)*
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Conclusion

« The hydrological drought coincides with the precipitation deficit.

« Droughts phenomena and changes in the runoff regimes were
observed in the 1980s in Slovenia.

» Drought is a regional phenomenon and the whole country is
almost never equally affected.

» The drought is usually the most severe in southern and eastern
Slovenia, while in Alpine region is not so obvious.

* In Alpine region the hydrological drought can appear in winter and
summer time.

* The Alpine region is not critical part of the country because there is
the highest precipitation amount.



