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Water balance model GROWA (Kunkel & Wendland, 1998; 2002).

Total runoff calculation of and separation in to groundwater recharge and direct runoff

Parameter set for one raster cell l

GROWA

climate

Calculation of total runoff depending on landuse /
(Renger & Wessolek)
Qu(f) = P, _hrclict‘l_ae ‘P, +b, P +c, 'log(wpl )+d4 BT, +e,-D, +feJ

pot
surface waters
Separation into runoff components

Qtot = Qgroundwater + Qdirect = I.b ’ Qtot + (1 B I.b ) Qtot

land use

topography

geology




Data base

Scale / spatial
resolution

GROWA: Input data (Summary)

Data source

Climate data
(1971-2000)

Precipitation (May - October)
Precipitation (November -April)
Potential Evapotranspiration

100 X 100 m?

ARSO, Meteorology Office

Soil cover

Land use category

25 ha

CORINE data base

Soil data

Soil types
Soil texture
Effective field capacity for arable lend

1:25.000

University of Ljubljana, Biotechnical Faculty
Centre for Soil and Environmental Science

Soil data

Effective field capacity
Influence of perching water
Rooting depth

1:25.000

Derived based on pedo-transfer functions

Groundwater data

Depth to groundwater

1:25.000

ARSO, Hydrology and State of the
Environment Office

Drainage

Artificially drained areas

1:25.000

Ministry of Agriculture, Forestry and Food

Relief

Digital elevation model

100 X 100 m?

The Surveying and Mapping Authority of
the Republic of Slovenia

Topography

Slope
Exposure

100 X 100 m?

Derived based on digital elevation model

Geology

Geological map
Hydrogeological map

1:100.000
1:500.000

Geological Survey of Slovenia (GeoZS)

Surface water data

Catcment areas

1:25.000

Daily runoff (1971 — 2000)

ARSO, Hydrology and State of the
Environment Office

Base maps

River network, political boundaries, towns etc. |

1:25.000

The Surveying and Mapping Authority of
the Republic of Slovenia
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Input data for total runoff calculation: precipitation

Summer Precipitation | [ - : : = —— | Winter Precipitation
et correctad L not corrached
May to Oct. (1871 - 20060) . I, Mav. bo Apr. (1971 - 2000)

B <500 mmis - ' 1 B = S0 mma
| 500 - 550 mmnia ol E = 850 mmis
850 - 600 mmia — = = 8 - B00 e
BO0 - G50 menta o ik % | - 650 mmis
630 - 700 men's | ey Hl s sy B A - TO0 mmia
| 70O - TS0 men'a E : - ~ 3 - - T50 mmia
750 - BDD mam'a iimly 5 . - = B0D mim's

BE 800 - 850 mm'a i 1 I « B50 mmis

Data Source:
ARSO, Meteorology Office




Input data for total runoff calculation: potential
evapotranspiration

Potential Evapotranspiration
(1971 - 2000)

B <500 mmia
Austria [ B 500 - 550 mm/a
e | 550 - 600 mm/a
- 650 mm/fa
- T00 mmia
- 750 mm/fa
- BOO mm/a
[ 800 - 850 mm/a
[ =850 mmia

Ciala wcures. M

Errvpanmmenisl Agency of e Ripubs: of Sk ,I-';

Garman-Skovendan co-operation project
“Modelling groundwater recharge in Slovenia
with GROWA"

Agrorphess im the Inatitute lor Chesm- '
tiry ased Dynamics of e Geoaphone g JULICH
L=-CH] A A

ek TRATVS £ Siobi, il 4 FRORTR
RO L TRl TR L

Dabu rEon

Data Source:
ARSO, Meteorology Office




Input data for total runoff calculation: topography

Data Source:

The Surveying and Mapping Authority of
the Republic of Slovenia

Digra Elavation Maags|

Villach
.

Data Source:
DEM 100
(resolution 100m)

Vjlach
o
5

exposition

Kiagenfurt

JZagreb

JKiagenurt

'Zagreb
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Input data for total runoff calculation: land cover

!WPDICI

CORIME
Landcover classes

60% Forest

18% Pasture

170/0 arable Iand =1 - Dt DL kel L i rhran b

5% urban areas T ) - - .. Mor-tmmetsd aisila ard

Bovad agneufiure avin natumi vegeinhon

B Continucus amhen b
Austris

B Specalsed cmps
Crasshand
Coptplen Colivaton palaim
oo i -jma ved forest

- ninibarogn foewat

B Mead focess
Said kards

- R

(T ETE TS M

i
Iruszrrsanisl fgarcy of the Fapabec al Soannis .I‘I(

Gemman-Slovenian Co-Operation project
"Modelling grousdsaier rechanga in Slovenia
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Data Source:
ARSO
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Calculated output parameter: actual evapotranspiration

Real Evapotranspiration
(1971 - 2000)

B <500 mm/a
Austria B 500 - 550 mmia
B 551 - 600 mm/a
[ 801- 650 mmia
(] 651-700 mm/a
[] 701 - 750 mmia
L] 751 - 800 mm/a
B 801 -850 mm/a

B -850 mmia

Cata sourdny

\
Erwironmantal Agency of the Republc of Sk k

Croatia German-Slovenian co-operation project
“Maodelling groundwater recharge in Slovenia
with GROWA"™

AguoapBere in B lnstfie b0 Chem- 'JJI‘:IL[GH

Iy and Byhamies of the Gecd phaie
(L=t ] ORI

EENESTRESTYO T4 OHOLAD IV PROSTON
AGIMCLA NEPUBLSE SLOVENIE 24 ODL




GROWA result: Total runoff

Annual Precipitation Real Evapotranspiration
(1971 - 2000) (1971 - 2000)
[ <900 mmia I <500 mm/a
[ 900 - 1000 mm/a
[] 1000 - 1100 mm/a
[ 1100 -1200 mm/a I 551 -600 mm/a
[ 1200 - 1300 mm/a
[ 1300 - 1400 mmi/a
[] 1400 - 1500 mm/a [ 651 - 700 mm/a
[ 1500 - 1600 mmia [] 701 -750 mm/a
[7] 1600 - 1800 mm/a
[ 1800 - 2000 mmia
B 2000 - 2600 mm/a [ 801 -850 mm/a

B 2600 - 3200 mm/a
M > 850 mm/a

Il 500 - 550 mm/a

[] 601 - 650 mm/a

Zagreb

[] 751 - 800 mm/a

M > 3200 mm/a

Total runall
{1871 - 2000)

B < 100 mmia
[ 40 - 206 mmia
2090 = 4080 mimifa
A0 - B0O mmSa
[ 604 - 808 mimfa
B A00 - 1000 mmia
B 1000 - 1200 mma
Bl 1200 - 1500 mamia
[ 1500 - 2000 mamia
B > 2000 mmda

i i L]

Gevmman-Sigwenian co-cperaion project
MModeing grovndwster rechame n Slovens
weith GROAR "

s e B it b .
e M} 10LicH




GROWA - model validation in 97 sub-basins:
Total runoff

Ohsarerd mean
total dischaspos
(1574 . 2000)
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Mean total runoff 1971-2000 (GROWA model, mm/a)
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Mean total runoff 1971-2000 (measured, mm/a)

Data Source:
ARSO, Hydrology and State of the Environment Office




Separation into runoff components

Qtot = Qgroundwater + Qdirect = I.b ’ Qtot + (1 - I.b ) Qtot

Qdirect




Land use

Gw influence on soil
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Determination of groundwater runoff
relevant site characteristics

Not Artifically
drained
unconsolidated
rock

groundwater no groundwater
influence influence
no perched
water
hydrogeological groundwater water logging degree of
properties depth tendency slope u




BFI calibration procedure
(44 sub catchment areas)

Groundwater runoff relevant
site characteristics
Catchment-wide integration

Maximum Likelihood

Estimation

BFl-value (observed) Kille

Gauging station

Baseflow Indices (BFl ,.sin)

BI:subbasin
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Interflow

Linear zone of the distribution curve
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MoMLR: 198.9 mm/a

60
Arranged MoLR-values according to size

Impact of hydrological season can be considered




Groundwater recharge level for Slovenia

Groundwater recharge
(1971 - 2000)

B <50 mmia
Austria E ] 50 - 100 mm/a
: (] 100 - 150 mmia
[ 150 - 200 mm/a
[ 200 - 300 mm/a
B 300 - 400 mm/a
I 400 - 500 mm/fa
I 500 - 600 mmia
7] 600 - 700 rmia
B =700 mmia

Groundwater body
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Validation of groundwater recharge
(27 sub catchment areas)

Dischange gauging stations
and caichments
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— POS Parliament report

— WISE-EEA report:
re-calculation for single years 2006-2008

— Report concerning EU-WFD

— Ongoing: SE-European project on water scarcity
CC-Water




Report to Parliament on the state of the environment in
Slovenia (POS)
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WEFD reporting — Water balance test

Graundwabar
Chesrscal Statuk

TEST.
Salne of ather infnesions

TEST.
Sutace WWater

TEET.
Growdwatar Dependent Tamresinal
Ecoeystems

TEST:
Dinirdid g Watar Profecisd Areas

TEET.
Ganeral Qualty Ass2ssmant

TEET.
Waler Balance

Graundwabar
Ottt e Stabus




LA S Select Language

English

WATER INFORMATION

= SYSTEM FOR ELUROPE




Groundwater
Water balance

“‘ » SOUTH EAST

EUROPE

rirtraiicral Cooperuion Fragrammne

Year 2006

O Evapotranspiration
B direct runoff (surface runoff +

interflow)
0O groundwater recharge

Precipitation: 439 Mm?®/year




Modeling groundwater recharge in Slovenia for groundwater status assessments

Croatia




