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Introduction to Slovenia @

Chemical status of groundwater bodies in 2012

Size: 20,273 km? ;
Groundwater main source of drinking water e OS e ‘ ]
Groundwater bodies: 21 ; —— Ao N o ¢
Poor cemical status: 3 GWB PN eRAT s iy G SR
70 % of consolidated rock aquifers T PR K ) ST A Y S

44 % of the area Karst e S e

58 % of the area is covered by forests , SN

33 % of the area is used agriculturally el Ko Vi T el

55 % waste water is treated el g o en sy

Water resources management

targets in Slovenia

» Identify the relevant sources, the regional dominant
Input pathways and the hot spot areas for action

» support the future design of programs of measures to
reduce nutrient pollution of water resources

* reach good status of water resources (in the long run)




Modeling diffuse nitrogen fluxes with GROWA-
DENUZ-WEKU (interdisciplinary model network) -
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All model analyses have been performed:
Area - covering for the whole territory of Slovenia
highly spatially resoluted ( grids 100 m X 100 m)

2012-2013

R&D Cooperation of ARSO

and FZJ since 2008



Gross nitrogen balance (GNB) @

(Agricultural Institute of Slovenia, Department for Agroecology and Natural Resources)

» Methodology: OECD and EUROSTAT (may, 2013)

N input N output
N from mineral fertilizers Upt.alfe of N. by crop
(Statistical office of the RS, 2011) Statistical office of the RS, 2011)

N from animal fertilizers

- -
(Agency for agricultural markets and rural devel., ;'Agricunural N'-Sfu:rpl!JS: s A L el SEEUN
2012; Agricultural institute of Slo, 2012) 124,183 t N/a (2011) bt \\2,)
Biological fixation of N B AR AT e B S S,
(Comparable values from other R o S N —
EU members, 2012) ko i 8 <5 (N o
N from seeds [ TV g 7| 21N
(Sowing rates in Slovenia, 2011) 2?;5.--_\\- A e =5
Deposition of N from atm Z : 4 T Ol

(Slovenian envirenmental agency - EMEP, 2010)

— .

N balance (kg N/ha) = N inputs — N uptake




Agrlcultural N surplus
24183 t N/a* el

Displacable N-input into soil
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Modelling denitrification in the soll QQ

(DENUZ — model, Kunkel & Wendland, 2004)

» Quantitative assessment of
denitrification in soil using
a Michaelis-Menten
kinetics:

dN&)+D _J!QL—:O

dt ™ k+N(t)

» Dependencies:
= N-surpluses N(t,)
= Denitrification conditions

in the soil (D, K)
= Residence time of Maximum yearly denitrification rate:
leachate in the soll (t) Very low: 10 kg/ha a (e.g. pozol)

Low: 20 kg/ha a (e.g. luvisol)
_ o _ Moderate: 40 kg/ha a (e.g. pseudogley)
« High denitrification rates can only be expected in
soils displaying high organic carbon content and
high water saturation very high: 100 kg/ha a (e.g. marsh soil)

High: 60 kg/ha a (e.g. gley)



Residence times of leachte in
the root zone (ts)
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» .~ Displacable N input into soil: @

&

= 26980 t N/a
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into the soll
after retention
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e N output from soil:
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only of importance in basin
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N-reduction needed to guarantee 50 mg/I
In the leachate

-rs

& Tdrwe

Backward calculation with
(DENUZ model)

Assessment of necessary N
reduction for the individual grids
to reach target of 50 mg NO3/l in
the leachate

Reduction need: for ca. 939km2 (ca. 7373 t/a)

For most areas of Slovenia N reduction is not needed to guarantee 50 mg/I
in the leachate

Higher N reduction only needed in certain intensive agricultural areas.
Implementation of measures can be directed to these “hot spots areas™!!!!
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Summary of nitrogen flux analyses with GROWA.- @
DENUZ-WEKU in t N/a (2011)
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Diffuse N N input into into surface waters according to
pathways

_Via drainage systems:
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Total N input into surface waters from all @
sources int N/a (2011)
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Validation of the model results

Validation against measured
runoff values in surface waters
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Summary

» GROWA/DENUZ/WEKU model concept as a part of an integrative N—
management strategy for Slovenia:

= Assessment of the actual N outputs from the soils and the nitrate
concentration in percolation water

= |dentification of hot spot areas for action

= Dimensioning of N reduction needs to reach 50 mg/l in percolation water
was estimated by "inverse” calculation

=  Assessment of the actual N loads into surface waters from the individual
diffuse input pathways (drainage systems, interflow, groundwater)

Outlook:

= Analyses of regional feasibility and impact of individual and combined agro-
environmental N reduction measures (e.g. catch crops, ecological farming,
fertilizer management, improved manure technics, ...)

= Closing of data gaps (atmospheric deposition) and integration of additional
pathways (erosion, wash-off)



Thanks for you attention







Diffuse N pathways into groundwater and surface waters
according to runoff portlons @
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Diffuse N input into surface waters via direct runoff components @
(drainage systems, natural interflow)
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Total N input into groundwater o
Point N input into groundwater from cesspools:
iffuse N input into groundwater: 8450 t N/a 1600 t N/a o
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WEKU: modelling residence times and @
denitrification in groundwater

» Modeling as 1st order kinetics:

ﬂl:ln(t) +kND=0 P N()=N, "
» Denitrification depends on:

= Nitrate concentration in recharged
groundwater

= Denitrification rate (kn)
= Groundwater residence time (t)

» Half lifetime: 1.4 -3.6 a

> Denitrification conditions derived from
groundwater samples analysis

Parameter nitrate degrading conditions
Nitrate <1 mg NO4/I

Iron (Il) > 0,2 mg/ Fe (I1)/1
Manganese (ll) > 0,05 mg Mn (l)/l

Oxygen < 2 mg O/l




Identification of aquifers with denitrification @
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Introduction to Slovenia @

= o e - e CORINE

Landcover classes

g. 18 I continuous urban fabric
Austria
- Discontinuous urt

Non-irrigated arable land

ban fabric

Mixed agriculture with natural vegetation

B specialised crops

Size: 20,273 km? 1
Population: 2 Mio.
Member of the EU since 2004

Maximum precipitation 2600
mm/a 5

Grassland
Complex cultivation patterns
Broad- d forest

I conife

B Mixed forest

forest

100000

Bare lands

B water
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Data sources: N

Environmental Agency of the Republic of Slovenia A

G i ion project
ks n 2

g g
with GROWA"

A\

Mean temperatures
8-10° C

> 30 % of the area is used
agriculturally

Al here in the Institute for Ch 1
ftaenn e e s o M) JOLICH
(ICG4) FORICHUNGITINTRN

» 65 % of the area is covered by
forests

» 70 % of the aquifers are build
up from consolidated rocks
(Alps, Karst)
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Transposition of the Nitrate Directive
— Action Programme

Slovenia applies the action programme to the whole territory

Concerns all agricultural holdings that carry out fertilisation and agricultural
holdings that produce livestock manure

Restrictions, conditions, measures:

V V.V VYV V V VY

vV VvV

Limit of use to 170 kg N/h alyear for livestock manure

Periods when the land application of certain types of fertilisers is prohibited

The rules for fertilisation on steeply sloping ground

The rules for fertilisation on water-saturated, flooded, frozen or snow-covered ground
The rules for fertilisation in the vicinity of watercourses

The smallest permitted capacities of facilities for the storage of livestock manure
Measures to prevent the pollution of waters from the storage of solid manure

Fertilisation procedures, including the doses and homogeneity of consumption of
mineral fertilisers and livestock manure

Inspection
Fines 23
Reporting obligations



GROWA model @

(Kunkel & Wendland, 1998; 2002)

Parameter set for one raster cell l

climate GROWA

Calculation of total runoff depending on landuse ¢

surface waters Qtot (K) = Py - hrelief laf : Pwi + bf ) Psu + Cf ) |Og(\Np| )+ dZ ) ETpot +eZJ
Separation into runoff components
land use Qtot = Qgroundwate' + Qdirect =Ty Qtot + (1_ Iy ) Qtot

soi Qu

topography

Qdirect

Qgroundwater

geology

Runoff separation



Water resources management targets @
In Slovenia

Integrated N-management o
strategies include the imple-
mentation of an N-model on the
country level to:

» |dentify the relevant sources,
the regional dominant input
pathways and the hot spot
areas for action

Nitrate concentration
in groundwater

» support the future design of ¥ “i——
programs of measures to
reduce nutrient pollution of

water resources -

rad 2% do 50 moh,
® rod0do TS mph
® rad75mgl

» reach good status of water R&D Cooperation of ARSO
resources (in the long run) and EZJ since 2008




Interpretation of the results @
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Nitrate concentration in the leachate @

EU groundwater directive:

» 50 mg NO,/L in
groundwater

Displacable
N in soil

Mgy
Denitrification )i
in root zone T} '{) vﬁT ‘r\

percolation
water rate

» not accessible by large-
scale models

Environmental target:

> nitrate concentration in the
leachate < 50 mg NO,/L

» (long-term) achievement of
the nitrate quality target for
groundwater is guaranteed

» Accessible by large-scale
models

N output
from soil

NO; in
ercolation water
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Conclusions

Combined model system GROWA/DENUZ/WEKU was used to analyze
current pressures by N-surpluses in the Weser basin to

= Groundwater
= Surface waters (not presented here)
For groundwater

= An environmental target for groundwater protection measures was
defined as 50 mg NO3/L in the leachate

= The reduction demand of N-surpluses from agriculture was estimated
by "inverse” calculation

Representation and validation of status quo
Impact of EU Common Agricultural Policy of the EU until 2021

Identification of priority areas and additional N reduction level necessary
In order to meet groundwater quality targets

Estimation of extent and costs of additional N reduction measures



