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Slovenia faced with more frequent droughts

3 pillars of drought preparedness

Foundation for better drought management

Project DriDanube



3Source: NDMC, USA

o Drought typology

o Emphasis on water

resource management

o Increasing complexity

of impacts and possible

conflicts
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Drought reality in Europe and Slovenia

Vir: EEA, 2012; EEA, 2017

Severe droughts in Europe 2002 -2015

Intensity and severity of droughts is increasing in Slovenia and in Danube region

(2003, 2007, 2015, 2016, 2017).

Agricultural droughts in Slovenia 1963 – 2017 
(expressed in water balance [mm])



Drought in 2017 –

European Drought Observatory
Combined Drought Indicator, August 2017

Source: Joint Research Center, EDO – European Drought
Observatory, URL, 
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1111), 
August 2017
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Hydrological droughts in Slovenia

Source:  M. Kobold, ARSO,  2017

Decline of groundwater recharge (%), hydrological year (Nov-Oct) in comparison to 1981 - 2010

o Droughts in the runoff regimes were 

observed in the 1980s and are 

becoming more intense in winter and

in summer

o Decrease in mean flow

o Longer and more frequent dry periodsHydrological year
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Groundwater recharge - hydrological droughts

Source:  P. Frantar, ARSO,  2017

Long term average 1981-2010

o Hot spots of weak

groundwater

recharge in 

Slovenia



Source: www.delo.si

Economical losses due to drought in Slovenia
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Pillar 1 

Monitoring 
products/ 
EWS/decision
support system

Pillar 2 

Risk assessment

Pillar 3

Mitigation and
response/measures

• Drought monitoring (emphasis on 

agriculture, less on hydrology), including 

remote sensing  technologies and some 

applications, drought reports and 

Hydrometeorological bulletin;

• Drought early warning system (DEWS): 

SPI, water balance, GROWA model, IRRFIB 

model, DISS (crop specific indicator) ;

• Drought forecast (agrometeorological

forecast, irrigation forecast, seasonal 

forecast via SEECOF).

• Civil protection mechanism – EU Directive 

for natural disaster; task related to risk 

assessment / impact assessment (system 

AJDA – post disaster evaluation of damage 

in place in the country);

• Drought vulnerability study of agri crops 

(initiated by Ministry of Agriculture with 

aim to include it in agricultural policy).

• Pre–drought program – only technological 

guidelines by Ag Chamber for some 

measures, support for investments in 

irrigation by National Irrigation plan;

• Post–drought program – compensation /

tax reductions;

• Research initiatives & on-going projects  

(DriDanube project);

• Drought related climate change 

projections;

• International activities (EDO & DMCSEE);

• Insurance.

Drought management plan (DMP) in Slovenia
still doesn‘t exist; foundation for some elements of DMP are included in RBMP (WFD) containing actions to determine drought indices and thresholds



Three-level concept of agricultural drought
detection in Slovenia

Phase Activity Description Indicator

Phase 1 Early drought warning Precipitation deficit 

(meteorological drought)

SPI3 < –1,

Share of cumulative precipitation in the vegetation

period (% of long-term average)

Phase 2 Alerts for first signals of

agricultural drought

Meteorological water balance 

(reference crop)

Meteorological water balance under the

thresholds (percentile analysis):

- 75th percentile – dry

- 90th percentile – very dry

- 98th percentile – extremely dry

Phase 3 Agricultural drought Agricultural crop drought

stress (water balance for

specific agricultural crops)

DISSk for specific agricultural crops

- 75th percentile – dry

- 90th percentile – very dry

- 98th percentile – extremely dry



Example of phase 1

Standardised precipitation index – SPI-3 and SPI-4 
(support for insurance company)

SPI-4 in the vegetation period for summer crops (SPI4, calculated on September 1).

2012 20132003

2003 2012 2013

SPI-3 in the vegetation period for spring crops (SPI3, calculated on June 15) in the year 2003, 2012 and 2013 for 

cadastrial municipalities.

Extremely

wet

Extremely

dry



Kumulativna vodna bilanca  - indikator kmetijske suše 

Meteorological water

balance,

Novo mesto,

1.4.-17.7.2017

Extremely dry

Example of phase 2
Extreme agricultural drought in SE Slovenia in 2017

Awareness of public

Cumulative water balance
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Example of phase 2
Agricultural drought 2017

Drought development using meteorological water balance as an indicator 

April-July
June-July



Example of phase 3
Crop water model 
IRRFIB 03.1.

irrigatedrainfed

Soil water balance

Drought severity

DISS 



Example 3 Potato drought stress identification by indicator DISS with forecast

(Novo mesto,  soil with low water retention capacity, year 2017)  
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RR = 172 mm; ETP= 527 mm. Crop water use 360 l of water. 

Irrigation – 10 times/ total 200.0 mm.

OPTIMAL CROP WATER SUPPLY 

Real and forecasted crop water balance (potato var. Jelly) – from 21.3. till 17.7.2017,  Krško field (SE Slovenia)

FORECAST: 17.7.2017

date rr [mm] etp [mm] etr [mm] irrigation

[mm]

2017-07-17 5.3 4.2 0.0

2017-07-18 5.7 4.6 0.0

2017-07-19 0.1 4.8 3.8 0.0

2017-07-20 0.2 6.8 5.4 20.0

2017-07-21 0.4 4.3 3.5 0.0

Irrigation forecast for farmers based on IRRFIB model 



Decision support system for farmers
Agrometeorological forecast – info related to drought
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Link:

http://meteo.arso.gov.si/met/sl/agromet/forecast/

15 regions in Slovenia

- Daily meteorological information and

- Forecasts of different agrometeorological parameters

Vir: https://blog.donedeal.ie/2013/09/make-farming-21st-century/



Temporal dynamics of drought monitoring
products in Slovenia

Indicator Time of calculation Analysed period

Decline of cumulative

precipitation

every 10-day period in the

vegetation season

day

SPI1 every month month

SPI3 every month 3-month period

SPI3 for spring crops June 15 year

SPI4 for summer crops September 1 year

Meteorological water balance 

with forecast

every 10-day period in the

vegetation season

day

DISSk for specific crop every 10-day period in the

vegetation season

day

DISSk spatial end of vegetation season year



Potential users of drought indicators in 
agriculture

INDICATOR USER

precipitation Early drought warning – stage 1 – agricultural advisory service*, 

– ecological agencies & institutes; 

– insurance companies*, 

– water management,

– hydrological monitoring, 

– disaster prevention services*,

– research and education ,

– general public ,

– local and state policy:

- natural disasters*, 

- water resources,

- agriculture*, 

- hydroenergy,

- climate change adaptation

- etc

SPI SPI1

SPI3; SPI4 

Water balance First sign of agricultural drought – stage 2

DISSk Agricultural drought – stage 3

* using already

Important feedback of end users!





http://www.arso.gov.si/o%20agenciji/novice/arhiv.html

During the longer drought period

Slovenian Environment Agency (ARSO)

issues a weekly bulletin on

“Hydrometeorological conditions in

Slovenia”:

o Meteorological situation

o Surface water status

o Groundwater quantity

o Water balance of agricultural soil

o Outlook

Distributed to public and professional

institutions and sectoral ministries.

Hydrometeorological

bulletin – foundation for

integrated drought

monitoring 



Groundwater levels from March to August 2017 – Šentjernejsko polje (SE) 

…includes info about eg. summer 2017 developed
into hydro drought

o Decreasing groundwater levels 

due to scarcity of snow in winter 

2016/17;

o Drying of wells reported in some 

regions; 

o No restrictions to water supply 

due to interconnections but calls 

to save water in vulnerable 

regions;

o In few municipalities in SE 

drinking water shortage has

occured.
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Low flow Krka, Podbukovje (SE)

Hidroalarm – part of Hydrometeorological bulletin every week

(monitoring & forecast) at ARSO (web, alerts, warnings)



DMCSEE hosted by ARSO

• 10 years – anniversary

• web-based platform: 

www.dmcsee.org



Monthly drought
bulletin in SE Europe

o Hot spot - short summary, short 

insight of possible circumstances 

of drought at the time of issue.

o Additional and auxiliary 

information (such as methodology 

used, more detailed information on 

water balance or temperature 

situation)

o Report on drought impacts

(scarce info about drought impacts

in the region!)

o Outlook



Motivation for the
DriDanube project

www.interreg-danube.eu/dridanube



• Project financed by European fund for regional development (85%) 

• Lead partner: ARSO/DMCSEE

• Project budget: 1.974.750,00€

• Duration of project: 30 months (January 2017 – June 2019)

Drought Risk in Danube Region
DriDanube

7 EU countries

3 Non-EU countries

15 partners

8 Strategic partners

Slovenia 2

Austria 2

Czech Republic 1

Slovakia 2

Hungary 2

Romania 1

Croatia 1

Serbia 2

Montenegro 1

Bosnia and 

Herzegovina 1

www.interreg-danube.eu/dridanube



Main Outputs 

Improved drought emergency response and better cooperation among 

operational services and decision making authorities in the Danube region.



Result 1: Drought User service – DUS

• Web-based interface for drought 

monitoring in real-time

• Source of data: satellite (Big Data),

meteorological data
Some integrated products:

SWI anomalies – product to express amount of water contained

in soil (daily)

NDVI anomalies – Vegetation greenness/vigor (decadal)

SWB – Surface Water Balance from numerical weather

prediction (NWP) model

SWBSLO – Surface Water Balance from numerical weather

prediction (NWP) model for the territory of Slovenia

VegCon1 – Relative vegetation condition for crops and

grasslands

VegCon2 – Relative vegetation condition for all vegetation types

- drought reporters.
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� Accurate drought monitoring and forecast in real time

� Faster response.



Result 2: Metodology for drought impacts 
assessment – interactions with reporters 
on weekly routine

30

In Danube region including

Slovenia, already in place in 

CZ 



31

DriDanube Questionnaire for reporters - entry

http://questionnaire.intersucho.cz/en/
Vir: https://blog.donedeal.ie/2013/09/make-farming-21st-century



Points for discussion

Early drought warning in Slovenia/SEE/Danube region: 

o active countries participation in existing platforms (global, regional – EDO, DMCSEE), 

exchange information inside/outside the countries, harmonized data collection, 

methodologies (impact & risk on EU level);

Networks

o DMCSEE and consortium partners, Alpine countries, ICPDR, EUSDR;

Common projects 

o GWP/IDMP, WMO, Adaptation fund, FAO, LIFE, Adaptation Fund;

o project calls (enlarge DriDanube, DTP projects cooperation or new initiatives?).

Change of management paradigm /policy

o missing policy; DriDanube project has intention to increase technical capacities and

elaborate more targeted water management policies taking into account water scarcity

and droughts (DriDanube Strategy); results will be considered and used as input for

further strenthening of RBMP (to the EU WFD);

o Drought Directive???;

Public awareness / capacity building

o drought news/impacts information sharing, media;

o guidelines, manuals, trainings, publications, Forum Alpinum hot spot;

o DriDanube info at www.interreg-danube.eu/dridanube & leaflets.


