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FLOOD RISK IN SLOVENIA

catastrophic floods with return period of fifty years
or more

floods with return period of 10-20 years

areas with five-year return period of floods

Areas of flood risk
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Drainage network:
- length of all streams: 28000 km, longest river: Sava 221 km
- high density of river network,1.4 km of streams per km2 area

Transit rivers:
- big amount of water, around 200 m3/s
- length of streams over 100 km
- headwaters are abroad - Austria
- water regime influenced by human impacts
- slow reaction to rainfall (a day to several days)
- international exchange of data

Medium size rivers:
- medium amount of water around 50 m3/s
- length of streams between 20 and 100 km
- headwaters in Slovenia
- fast reaction to rainfall (some hours)
- importance of meteorological data in 

catchment area as well as hydrologic data 
along the river

Small rivers, streams and 
torrents:

- small amount of water 
(possibility of no water for most 
of the year)

- length of streams up to 20 km
- headwaters in Slovenia
- very fast reaction to rainfall

(an hour or two)
- importance of real time 

precipitation data

Characteristics of Slovenian rivers
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Flood occurence in Slovenia

The Savinja River at Laško (period 1907-2005)
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Savinja flood, 1st Nov 1990

Celje

Nazarje

Celje
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Savinja flood, 5th Nov 1998

Celje

Laško

Celje
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Gradaš� ica flood, 10th October 2004 (1 victim)
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Floods in August 2005: Mura, Sevni� na, Mirna

Mura Radulja Log pri Sevnici

Mirna Mirna Sevni� na
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Precipitation caused floods in August 2005  

Cumulative 2-days precipitation 
between 20th and 22nd August 2005  
and hydrological gauging stations on 
surface waters.

Amount of precipitation in eastern 
and northeastern Slovenia

0

50

100

150

200

250

300

350

400

Laško Smednik Veliki Trn Sevnica Mokronog Lisca Novo
mesto

Celje Maribor Lendava Murska
Sobota

P
re

ci
pi

ta
tio

n 
(m

m
)

August 21st-22nd, 2005 Average in August, 1971-2000 August 2005



6

12.05.2009 11

Slovenian experience in hydrological forecasting

REGIONAL  WORKSHOP, Dubrovnik, 11-13 May 2009

0

10

20

30

40

50

60

70

80

90

100

20.08.2005 21.08.2005 22.08.2005 23.08.2005 24.08.2005 25.08.2005

D
si

ch
ar

ge
 (

m
3/

s)

0

6

12

18

24

30

36

0:
00

6:
00

12
:0

0

18
:0

0

0:
00

6:
00

12
:0

0

18
:0

0

0:
00

6:
00

12
:0

0

18
:0

0

0:
00

6:
00

12
:0

0

18
:0

0

0:
00

6:
00

12
:0

0

18
:0

0

P
re

ci
pi

ta
tio

n 
(m

m
)

P Lisca Q Radulja Škocjan Qmax Radulja Q Mirna Jelovec Qmax Mirna

0

200

400

600

800

1000

1200

1400

1600

20.08.2005 21.08.2005 22.08.2005 23.08.2005 24.08.2005 25.08.2005

D
is

ch
ar

ge
 (

m
3/

s)

Q Mura Gornja Radgona Qmean Mura Qmax Mura

0

200

400

600

800

1000

1200

1400

1600

20.08.2005 21.08.2005 22.08.2005 23.08.2005 24.08.2005 25.08.2005

D
is

ch
ar

ge
 (

m
3/

s)

Q Mura Gornja Radgona Qmean Mura Qmax Mura

Qmax = 1380 m 3/s

Mirna at Jelovec: F = 270 km 2
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Hydrograph of the Mura at Gornja 
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August 2005

F = 10 197 km 2

Peak discharges in August 2005 exceeded periodical flood
discharges
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Tr�iška Bistrica at Preska

�elezniki

Kropa

Škofja loka

Flood 18th September 2007: Sora, Savinja (6victims)
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Daily amount of precipitation from 18 September at 
8.00 to 19 September 2007 at 8.00
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Pšata at Topole (F=93.8 km2)
>100-year return period of flood
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Lo�nica at Levec (tributary of 
the Savinja, F=104.4 km2)
>100-year return period of flood
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Tr�iška Bistrica at Preska (F=121 km2)
>100-year return period of flood
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FLOOD FORECASTING AND WARNING

The accurate forecasting of flood conditions is an essential 
prerequisite for the provision of reliable flood warning 
schemes.

The desirable characteristics of a good flood forecast are:
• timeliness

• accuracy

• reliability

The important variables are:
• discharge or water level of flood wave

• time of peak discharge

• volumen of flood wave

12.05.2009 16
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The essential components of flood forecasting and w arning system 

are:

- historical and real-time data collection

- meteorological forecats from weather models, radar and satellite images

- flood forecasts using mathematical models

- flood warning dissemination

FLOOD FORECASTING AND WARNING

Flood forecasting is the use of real-time precipita tion and streamflow 

data in rainfall-runoff and streamflow routing mode ls to forecast flow 

rates and water levels for periods ranging from a few hours to a few days in 

advance, depending on the size of the watershed and the period for which 
the weather is forecasted.
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FROM DATA TO FORECAST
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The forecast is descriptive for 1 to 2 days ahead and based on the available 
hydrological and meteorological data, meteorological forecast, results of available 
hydrological models and experiences of hydrologists.

� Hydrological and meteorological monitoring network
� data of automatic on-line stations are transmitted in real time; some data are 

gathered from the observers

� Weather radar
� coverage with high spatial and temporal resolution

� Meteorological models
� ECMWF; ALADIN/SI; DWD
� consultation with synoptic meteorologist

� Hydrological models
� simple to complex conceptual rainfall – runoff models 
� EFAS pre-warnings

FROM DATA TO FORECAST

Slovenian practice 
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� classical regresssion models
forecast of the peak of flood wave

Kolpa Radenci

V = 13.696x 

I = 0.0003x3 - 0.0425x2 + 4.9128x - 159.34

II = 0.0003x3 - 0.0329x2 + 6.1372x - 120.87

III = 0.0001x3 - 0.0014x2 + 6.5357x - 68.851

IV = 5E-05x3 + 0.0219x2 + 7.678x - 29.504
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Hydrological models used at the EARS
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� time of propagation
Time of flood wave routing along the Sava River

Time of flood wave routing along the Savinja River

Q Nazarje(t+2)=1.2*Q Kraše(t)+5.3*Q Sol� ava(t-1)

Q Celje(t+1.5)=1.25*Q Nazarje(t-1)+3.0*Q Dol.vas(t)

Q Laško(t+2)=0.95*Q Celje(t)+2.3*Q Voglajna(t)

Q Vel.Širje(t+1)=1.1*Q Laško(t)

Section Length (km) Travel time (h) Velocity (m/s)

Sol � ava – Nazarje 32.81 3 3.04

Nazarje – Celje 31.34 2.5 3.48

Celje – Laško 10.96 2 1.52

Laško – Veliko Širje 12.34 1 3.43

Models for very short term forecasting

Hydrological models used at the EARS

Radovljica Preba � evo Šentjakob Litija Rade � e � ate�
Jesenice 5.5 7 12 16.5 19.5 26.5
Radovljica 1.5 4 9.5 12.5 19.5
Preba� evo 2.5 8 11 18
Šentjakob 5.5 8.5 15.5
Litija 3 10
Rade� e 7
� ate� 0
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� HEC-1 model (WMS, 1998)
conceptual lumped model for surface runoff  simulation of single 
strom events

it was developed by the US Army Corps of Engineers in 1960’s

includes computation of infiltration losses, precipitation excess 
transformation to streamflow and runoff routing throughout a river 
basin
no limitation of catchment size

multiple-storm simulation

WMS software enables to 

integrate digital terrain data 

and HEC-1 model

Hydrological models used at the EARS
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Applications of HEC-1 model

Koritnica - november 2000 - V A L   4  (vsa podpovodja)
izra� un pretokov s programom HEC-1
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Sora catchment, flood 18 Sept 2007, F to �elezniki = 104 km 2
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� HBV model (EFFS project, 2003)
Swedish conceptual model for simulation of continuous runoff

semi-distributed model (subbasins, area-elevation distribution 
and a classification of land use)

the time step is usually one day, but it is possible to use shorter 
time steps

model can be used for: 

short-range forecast (several forecast sequences)
long-range forecast

Hydrological models used at the EARS
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Schematic presentation of a catchment in the HBV model

[ ]lakesLZUZSMSP
dt
d

QEP ++++=--

P precipitation
E evapotranspiration
Q runoff
SP snow pack 
SM soil moisture
UZ lower zone groundwater
LZ upper groundwater zone
lakes lake volumen

Equation of water balance
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Schematic structure of a subbasin in the HBV-96 model

Subroutines:
• snow accumulation and melt
• soil moisture accounting 

procedure
• runoff generation 
• routing

Input data:
• precipitation 
• air temperature 
• potencial evapotranspiration, 
• discharge (only for calibration)

Output:
• runoff 

• other variables relating to water 
balance components 
(precipitation, evapotranspiration, 
soil moisture, water storage, etc.)
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Model parameters
Parameter Start value Interval
PCORR 1
PCALT 0.1
TCALT 0.6
RFCF 1 0.9-1.3
SFCF 1 0.8-1.4
FOSFCF 0.8
CFMAX 3.5 2-4.5
FOCFMAX 0.6
TT 0 -2°-2°
DTTM 0 -2°-2°
TTINT 2 0-2.5
GMELT 4
CFR 0.05
WHC 0.1
SFDISTFO 0.2 0-1
SFDISTFI 0.5 0-1
SCLASS 3
FC 150 100-300
LP 1 0.5-1
BETA 1 1-4
CFLUX 0 0-2
CEVPFO 1.15
K4 0.01 0.001-0.1
PERC 0.5 0.01-6
KHQ 0.09 0.005-0.5
HQ calculate
ALFA 0.9 0.5-1.1
MAXBAS 1 1-5
RECSTEP 999

Recomendation about the order 
of the parameters to be
calibrated:

1. Volume, SFCF, RFCF

2. Snow melt and accumulation,  TT, 
DTTM, TTINT, CFMAX

3. Soil moisture, FC, LP and BETA,  
CFLUX. 

4. Hydrograph shape, KHQ, ALFA, K4, 
PERC and MAXBAS.
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Criteria for the agreement between observed and computed 
runoff:

visual inspection of the computed and observed hydrographs

accumulated difference between the computed and the observed 
hydrographs expressed as

Nash and Sutcliffe efficiency criterion 

R2 > 0.8 means good fit

( ) tobscom CQQAccdiff ×-=�   
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Model calibration
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An example of model calibration on hourly time step
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Example of forecast

computed
measured
adjusted
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� MIKE11 model (Interreg IIIB project, 2006)
conceptual model for continuous runoff simulation

Hydrological models used at the EARS
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THE SENSITIVITY OF HYDROLOGICAL MODELS TO 
RAINFALL
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Sources of uncertainty in hydrological modelling:
- model uncertainty (depends on the complexity of the model structure representing 

the catchment processes)

- parameter uncertainty
- data uncertainty (input data, boundary condition data, recorded output data)
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ECMWF-5: precipitation forecast between +90 and +114 hours ahead

ECMWF-4: precipitation forecast between +66 and +90 hours ahead

ECMWF-3: precipitation forecast between +42 and +66 hours ahead

ECMWF-2: precipitation forecast between +18 and +42 hours ahead

Uncertainty of meteorological forecasts (ECMWF model)

ECMWF grid points and relief 
of Slovenia
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Cumulative 2-day’s 
precipitation between 
20th and 22nd August 
2005 

Uncertainty of meteorological forecasts (ALADIN model)

Two days cumulative 
ALADIN/SI forecasted and 
measured precipitation  
starting 20 August 2005
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Precipitation forecast of 
the ALADIN model 
issued 17th September 
2007 predicted 144 mm

Measured 24-hour 
precipitation were 
between 200 and 300 
mm

Uncertainty of meteorological forecasts (ALADIN model)
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Event 1: August 5 to August 8, 2002 (Savinja River at Veliko Širje)
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Uncertainty of meteorological forecasts (ALADIN model)

Event 2: August 10 to August 13, 2002 (Savinja River at Veliko Širje)
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The comparison of predicted and 
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Deviation of predicted precipitation (Savinja catchment)

Absolute deviation of 
predicted daily 
precipitation for the 
Savinja catchment.

Savinja catchment - daily accumulations

-20

-10

0

10

20

30

40

0 5 10 15 20 25 30

P_RAINGAUGES (mm)

ab
s.

 d
ev

ia
tio

n 
(m

m
)

abs. deviation_1st day (mm) abs. deviation_2nd day (mm)

forecast for 2nd dayforecast for 1st day

rel.err. 48 %

st.dev. 28 %

rel.err. 32 %

st.dev. 25 %

Catchment from Nazarje to Vel. Širje

rel.err. 70 %
st.dev. 43 %

rel.err. 51 %
st.dev. 30 %

Catchment to Nazarje

P > 3 mm
Savinja catchment

12.05.2009 38

Slovenian experience in hydrological forecasting

REGIONAL  WORKSHOP, Dubrovnik, 11-13 May 2009

Catchment to Nazarje

-50

-30

-10

10

30

50

0 50 100 150

P_all raingauges (mm)

ab
so

lu
te

 d
ev

ia
tio

n 
(m

m
)

Catchment from Nazarje to Veliko Širje

-50

-30

-10

10

30

50

0 20 40 60 80 100 120

P_all raingauges (mm)

ab
so

lu
te

 d
ev

ia
tio

n 
(m

m
)

Catchment to Nazarje

-150

-100

-50

0

50

100

150

0 20 40 60 80 100 120 140

P_all raingauges (mm)

re
la

tiv
e 

de
vi

at
io

n 
(%

)

Catchment from Nazarje to Veliko Širje

-150

-100

-50

0

50

100

150

0 20 40 60 80 100 120

P_all raingauges (mm)

re
la

tiv
e 

de
vi

at
io

n 
(%

)

2

217

219

221

266

268

269

271
272

274

275

276

278

279
280

282 291

292

296
298

301

322

452

Nazarje

Veliko Širje

2

279

268

301

452

Nazarje

Veliko Širje

Areal rainfall estimation from point precipitation measurements

Comparison of areal daily precipitationSavinja catchment

P > 40 mm
rel.error 15.3 % 6.4 %
stand.dev. 14.5 % 4.8 %



20

12.05.2009 39

Slovenian experience in hydrological forecasting

REGIONAL  WORKSHOP, Dubrovnik, 11-13 May 2009

Savinja catchment
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Underestimation of radar precipitation

Radar rainfall intensities and 
cumulative precipitation for the Savinja 
catchment compared with areal 
intensities caltulated from raingauges
(2 events from August 2002)
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� Hydrological models are effective tools for runoff simulation and 
forecasting, but under the following conditions:

� well calibrated model, and

� accurate and reliable input data.

� Empirical models:

� ignore the components of water balance (infiltration, 
evapotranspiration, etc.) as well as influence of operating objects, 

� do not give the information about the time of peak of flood wave. 

� Conceptual models:

� time-consuming calibration of the model,

� lack of input data, especially for modelling of small catchments in time 
scale under one day,

� the HBV model is more appropriative for operative flood forecasting 
than the HEC-1 model.

CONCLUSION
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� There is a lack of continuous recording raingauge stations in Slovenia 
designed for hydrological modelling and analyses. 

� Available estimations of radar precipitation intensities from the radar 
centre on the Mount Lisca are not satisfactory for hydrological 
aplications (precipitation are underestimated). 

� An error in hydrological model is multiplied by an error in precipitation, 
therefore the accurate predicted runoff is exceedingly dependent on 
deviation from predicted precipitation.

� The ALADIN/SI model is good foundation for hydrological forecast, 
although its precipitation are very uncertain for quantitative flood 
forecasting.

CONCLUSION (2)
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Thank you for your attention!


