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Interfaces forest — water resources:
Examples of existing projects and model cases for
possible projects

Miso Andjelov!, Ralf Kunkel?, Bjorn Tetzlaff?, Joze Uhan! & Frank Wendland?

1 Slovenian Environment Agency (ARSO) , Slovenia

2 Forschungszentrum Jilich, Agrosphere Institute (IBG-3), Germany
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Outline of presentation ‘ %) JULICH

FORSCHUNGSZENTRUM

» Introduction to ARSO and FZJ

» EU Water framework directive

Y

Assessing total available water
and groundwater recharge

Application to Slovenia
Assessing water quality

Climate change

vV V VYV V

Roadmap to start projects in
SE Europe

> Relevant EU FP7 research
topics

interCarto |

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Slovenian Environment Agency A < Lt
(ARSO)

Preserving natural resources, biodiversity and sustainable development
Observing, analysing and forecasting natural phenomena and processes in the environment
Reducing impact of natural hazards

Ensuring legal protection and professional assistance to participants in environmental encroachment procedures

YV VY YV V V

Guiding change of national and personal values system in relation to the environment as well as influencing the
value criteria for environmental encroachments

Y

Ensuring high-quality environmental data for all target groups

»  Raising the awareness of people and institutions about the environment and environmental issues

DIRECTOR GENERAL
I

| DEPUTYDIRECTORGENERAL |

IMPLEMENTATION OF THE
== ENWVIROMMENT LEGISLATION

ADVISER INTERMATIOMAL

=== QUALITY ADVISER GDLEEE{EF&EIGN

—+ PLIBLIC RELATIONS ADVISER

—+ METEOROLOGY ADVISER

ENVIRONMENT
ETEQOROLOGICA AMND NATURE Mfgf&ﬁ- m%TE:EHT
OFFICE CONSERVATION OFFICE OFFICE
OFFICE




Research Center Julich A= *"))iucH

Institute for Bio and Geosciences
Agrosphere (IBG-3): scientific challenges

_ _ _ _ _ Catchment (macroscale)
Improved understanding of biogeochemical processes in terrestrial . g
systems (agro-ecosystems, soil-groundwater systems)

Functional analysis of soils, sediments and aquifer systems

Development and implementation of technologies for monitoring and
characterization of terrestrial systems

*

Research group: Modelling and management of
catchment areas

» Development of models for balancing and forecasting
water and material fluxes in river basins

»  Derivation of regional adapted strategies for a
sustainable protection and management of water
resources

» High portion of applied research projects (e.g. EU,
ministries, Federal agencies ) and co-operations

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



Regional foci (2012) A= ") )0LICH

FORSCHUNGSZENTRUM

Germany:
* 7 Federal Environmental _
Agencies Tu rkey-
- 2 Federal Ministries *  EU - CLIMB: Climate change
- 1 River Basin Commission *  HGF - TUBITAK: Nutrients

water balance, nutrients,
climate change

Slovenia:
TTB T/Z21015.03.08: Water balance, nitrate

Greece:
IKYDA — DAAD: 50834253: Water balance, nitrate

recharge
(1971 - 2000) ; Lg Total Runoff

I <50mmla
(2] 50 - 100 mm/a
[ 100 - 150 mm/a
1 150 - 200 mm/a
200 - 300 mmia
[ 300 - 400 mmfa
(2] 400 - 500 mmv/a
I 500 - 800 mmfa
1B 600 - 700 mm/a
B >700 mm/a

.......

[rpe— [
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EU — Water framework directive A o JUL'CH
(EU - WED)

» Sustainable use and effective =

protection of water resources National
river basin districts R e ok

> Integrative approach: ﬁr}'}ﬂ e
= Groundwater, International =1 H;'_;'::_L o
= Surface waters river basin districts J_ =t

= Coastal waters = _,‘:{.—,—.--- 8 SN o

» Management according to river basins d' ':._Q_ -

> National and international cooperation 5 WA e ST ) ~—u}f
during implementation Asene, = AREEL sl e

> Including stakeholders: y oy /ol

=  Pressure groups, T _:' T P AL S vy

= Public services, - .--';'f-'i{z ) R Hak
i . . ] | 'l.nl_\_-l_lm—-al. --:_--‘*-— i PR Ty

= Governmental institutions, = SN S ey a i

= Industrial associations, BB = N e ' E“

= Public T

» Target: Good quantitative and o Sl o
qualitative status” until 2015

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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WFD: Status of water bodies ‘ JJUL'CH

» “High ecological status”:
little or no effects of human activity
compared to undisturbed conditions

Maintain “high status” of waters where it
exists

No or
minimal

» Prevent any deterioration in the existing
status of waters and

» “Good ecological status”:

slight changes caused by human 8
activity compared to undisturbed ®
conditions”. S
Achieve at least “good status” in all waters %
by 2015. b
c

Q

z

» Manage water bodies in a way that
protects ecosystems and habitats.

» “Good status” for groundwater to be
achieved for

= Quality
=  Quantity

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Groundwater directive (GWD): A <4 JULIcH
Environmental objectives

“Good Status” for groundwater bodies:

Groundwater

> Quantity (balance between natural
recharge and abstraction)

> Quality (compliance with numerical
quality standards; no upward trends; no
saline or other intrusions)

= EU-wide Quality Standards for Nitrate
and Pesticides

= Threshold Values for parameters at risk

Good quality status

» Prevention of inputs of hazardous

substances + Prohibition to deteriorate
» Limitation of inputs of non-hazardous

substance AN
» Trend reversal in case of significant + Trend reversal

and steadily rising trends

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



Initial river basin analysis / fw = JULICH
status review (2004)

> Entire river basins or river basin districts too e 7 tmcmeaiar o v
big and too heterogeneous for: oy

= Compilation of pollution load
= Monitoring or
= Derivation of protection measures

»  Subdivision according to ,water bodies”
(,uniform entities inside catchment areas*)

» Represent the real level of implementation of
EU-WFD O
> First tasks in the implementation process was River basin district
the identification of ,water bodies™ and their
allocation to a certain river basin district. O
. Water bodies
» Germany: 9870 water bodies -
n i o =
9000 rivers - E_,.EJ_._..
. 800 lakes Yoss Saw —
. 70 coastal areas 3 2 |
> Average water body size in Germany:
ca. 10 km2 - > 80 km?, i.e. rather =3
heterogeneous £ o]
g ;E’: Mittelwert
F 04
‘&6;“‘?“ e off &.9::&‘“ & .\?&};‘ -“é:._adﬁw .‘l@*" '*;g;h"g‘;g\‘ hgd‘ *-\"fcvphvf@ég .af‘é
h‘(; e‘?ﬁ & ijﬂ R £

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



Status of water bodies in the EU ‘ 'JJUL'CH

EEA, 2008

i e e e —e
- o

Surface Water Bodies Not At Risk

Groundwater Bodies Not At Risk
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From Status reviews to programs 458 - JuLICH

of measures (nach V. Mohaupt, UBA)
2004/5 2006 2008/2009

Further data Results of monitoring
requirements

7 N

In case targets

— are failed

Set up of

Monitoring
Programs

Risk assessment

on the level of | ——

water bodies: Probably ves
Will EU-WFD

Program of measures

Dec. 2006

targets fail? /

|dentification Management plans

of ,heavily | |
modified” for river basins

water bodies December 2009

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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River basin management plans to be‘ < JULICH

developed and implemented for every river basin

» A complete analysis of river basin
characteristics including

= areview of pressures and human impacts on
water status.

= Identification of heavily modified and artificial
waters.

»  An economic analysis of water use (cost
recovery)

» Aregister of:
=  protected areas

= waters used for the abstraction of drinking
water

= Existing monitoring networks and monitoring
results

» A summarization of the elaborated programs
of measures

» River basin management plan can be
completed by

=  Detailed programs of measures for sub-basins
= Certain regional relevant aspects of water

Major European Rivers and their Drainage Basins
management (Vogt et al. 2007. EUR 22920 EN)

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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EU-WFD im P lementation timetable FORSCHUNGSZENTRUM
Year Timetable for Implementing the Water Framework Directive
2000 WEFD comes into force
2001 Common Implementation Strategy published
2003 Transposition into national legislation

Designation of river basin districts and competent authorities

2004 For each river basin:

- Analysis of the natural characteristics, pressures and human impacts
- Economic analysis of water use

- Register of areas needing special protection

2006 Operational water monitoring programmes
2008 Public consultation on proposed river basin management plans
2009 River basin management plans with programmes of measures finalised

2009-15 | Implementation of programmes of measures

2010 Water pricing policies in place to promote sustainable use of water

2015 Achievement of good status for all surface waters and ground waters

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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How may forests contribute ") JULICH

to water related topics?

1. Water availability and sustainable water use

2. Water quality
= Atmospheric deposition of nutrients in forests
= Leaching of nutrients from forests into the soil and groundwater
= Forests as ,dilution areas” for diffuse inputs from agriculture

3. Climate change related topics

= How may forests contribute to the evolution of water quality and
guantity

4. Problems occur if forests are missing:
= Flood prevention

= Soil erosion protection

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Water balance and land use A %) JULICH

FORSCHUNGSZENTRUM

» Water balance is determined by
the hydrological cycle

» Total available water is given by
the difference of precipitation and
evapotranspiration

The Hydrologic Cycle

{ -Rnll'l Clouds.

Total runoff e .

Precipitation

» Evapotranspiration (ET) is
determined amongst others by
land cover:

= LowET
* Paved areas
* Arable land
* Pasture
* Leafed forest
« Coniferous forest

= High ET

» Changes in land cover always
influence the total available water

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Influence of forest type on fwn Y b s,
groundwater recharge

Coniferous forests Leafed forests

» High evapotanspiration » Enhanced groundwater
throughout the year recharge in winter due to

missing leafs

» Rough bark prevents water » Smooth bark optimizes water
downflow downflow

» Reduced or missing » Optimized groundwater
groundwater recharge recharge

A B o i o i

Zusatzliche I
durchschnittiiche [
Trinkwasserneubildung I

je Hektar durch Laubwalder
und Jahr in Deutschland
_____________

Neubildung Grund- und Trinkwasser

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Ru n Off C O m p O n en tS . ‘ FORSCHUNGSZENTRUM

Precipitation
25
T,

Infltrd ion

Soil water

Unsaturated 'Lﬁravilv drainage

zone

Precipitation
)
\W/

Evaporation ,L

Ground-water ftw <t

Image courtesy of American Ground Water Trust

Direct runoff indicates all runoff components which reach surface waters shortly
after a rainfall event. It consists of:

= Surface runoff: reaches surface water without having passed through the soil column.

= Natural interflow: infiltrated vertically into the soil until it has reached an impermeable
layer.

= Drainage runoff: all runoff fractions which reach surface waters via artificial drainage
systems (ditches and drainages)

Groundwater recharge designates the volume of water which percolates through the
unsaturated zone and reaches the aquifer.

For longer time periods there is a balance between the groundwater recharge and the
related groundwater runoff.

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Status 2008 in Slowenia sw 3 JULICH

» Water resources planning in Slovenia was based on an
overview about total runoff (Bat & Frantar, 2008), which
was e.g. used for the dimensioning of power plants.

» Groundwater status assessment according to EU-WFD
was carried out on the level of 21 groundwater bodies only
(Official Gazette of Republic of Slovenia 65/2003,
63/2005; Andjelov et al., 2005, 2006).

» Area-differentiated information about groundwater
recharge rates were not available

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Modelling water availability and fn Y b s,
groundwater recharge in Slovenia: Constraints

» Survey about water balance as
prerequisite for harmonized
regional water resources
management

= Based on existing digital
availability data sets

= Comparability of model results
(same model approach)

= Il No patchwork of local
studies!!! (different models,
different periods and different
data bases)

» Evaluation of the area-
differentiated (distributed)
mean runoff components
including long-term
groundwater recharge

Croatia

» Avalilability digital of model
results (GI1S) for further
application (e.g. use in regional
water boards)

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



Project organisation

ARSO Management

Project board

Joze Knez

Head of hydrology and state anvironment affice
Stanka Koren

Head of water management office

mag. JoZe Uhan

Head of hvdrogeological analysis departemant

Institut fir Bio

#) jOLICH

FORSCHUNGSZENTRUM

Contract

Exchange visits

ARSO project group

® Dr. Miso Andeloy (head)
* [Dr, Petra Souvent
s Mag. Mojca Dolinar

- und Geowissenschaften - Agrosphare (IBG-3)

FZJ] project group

Dr. Frank Wendland (head)
Geogr, Petra K uhr

Dr. Ralf Kunkel

Dr. Carslen Montzka



GROWA model A #) JULICH

(Kunkel & Wendland, 1998; 2002)

Parameter set for one raster cell l

climate GROWA

Calculation of total runoff depending on landuse ¢

surface waters Qrot(e) = Py _hrelicf |_a£ ) Pwi +b£ : Pvu +c£ : log(W;Jl)-'- dZ -ETpot +eZJ
Separation into runoff components
land use Qtot = Qgroundwata,' + Qdirect = rb ) Qtot + (1 - rb ) Qtot

soi Qu

topography

Qdirect

Qgroundwater

geology

Runoff separation

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



GROWA: Input data (Summary)

Data base

Precipitation (May - October)

Resolution

ew %) JULICH

FORSCHUNGSZENTRUM

Data source

IS EETE Precipitation (November -April) 100 X 100 m? ARSO, Meteorology Office
(1971-2000) . o
Potential Evapotranspiration
Soil cover Land use category 25 ha CORINE data base
Soil types University of Ljubljana, Biotechnical
. Solil texture . Faculty
Sl U Effective field capacity for arable lend LY Centre for Soil and Environmental
Science
Effective field capacity :
Soil data Influence of perching water 1:25.000 Derlv_ed SEEte] @l [Pl EIE e
. functions
Rooting depth
Groundwater data Depth to groundwater 1:25.000 ARS.O’ Hydrolog.y i) SIELE eline
Environment Office
Drainage Artificially drained areas 1:25.000 :\:/I(')gljtry G TELILITE, [FOESIR e
: - , The Surveying and Mapping
2
Relief Digital elevation model 100 X 100 m Authority of the Republic of Slovenia
Topography Slope 100 X 100 m? Derived based on digital elevation
Exposure model
Geolo Geological map 1:100.000 Geological Survey of Slovenia
gy Hydrogeological map 1:500.000 (GeozS)
- . Catchment areas 1:25.000 ARSO, Hydrology and State of the
urface water data i i
Daily runoff (1971 — 2000) Environment Office
Base maps River network, political boundaries, towns 1:25.000 The Surveying and Mapping

etc.

Authority of the Republic of Slovenia
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FORSCHUNGSZENTRUM

Input data for total runoff calculation:
Precipitation and potential evapotranspiration

Winter Precipitation
not corrected

Summer Precipitation
not corrected

Austria

i May to Oct. (1971 - 2000) o
g 0 <500 mm/a

German-Slovenian co-operation project

"Modelling groundwater recharge in Slovenia
with GROWA"

s oo W5 JOLICH
eG4 Fempomep

Austria

Data Source:

ARSO, Meteorology Office

Austria

Potential Evapotranspiration
(1971 - 2000)

B <500 mmia

[ 500 - 550 mm/a
[] 550 - 600 mm/a
"] 600 - 650 mm/a
[ ] 650 - 700 mm/a
[] 700 - 750 mm/a
[] 750 - 80O mm/a
7] 800 - 850 mm/a
[ > 850 mm/a

Data sources: N

Environmental Agency of the Republic of Slovenia A

German-Slovenian co-operation project
“Modelling groundwater recharge in Slovenia
with GROWA™

S btk oo @) JOLICH
-1 e

MISSTRETVO 24, OKOLJE 1N PROSTOR
SOENCLIA REPUBLIKE SLOVENUE 24 OROLIE

e 032008

Croatia

Nov. to Apr. (1971 - 2000)
[ <500 mmia

500 - 550 mm/a 500 - 550 mm/a
[ 550 - 600 mm/a [] 550 - 600 mm/a
] 600 - 650 mm/a g [ | 600 - 650 mmia
[ 1 650 - 700 mm/a H [ 650 - 700 mmia
["] 700 - 750 mm/a 7] 700 - 750 mm/a
[7] 750 - 800 mm/a 7] 750 - 800 mm/a
[ 800 - 850 mm/a % [ 800 - 850 mm/a
I > 850 mm/a M > 850 mmia
Data sources: N Data sources: N

German-Slovenian co-operation project
"Modelling groundwater recharge in Slovenia
with GROWA™

s i
e oo @5 J0LICH
oy ——

MNISTRSTW 24 OKELIE N PROSTER
AGENI AEPUBLIE SLOVERIEZA DHOLIE

e sarz0s




Input data for total runoff calculation A 0 JU”CH
Soil parameters

General soil type

Arable land effective field T
map 1:25000 ="

' CORINE land cover ; _
; capacity (CEMQ)

Jitach ofagenfurt
F}

Verification of

Data Source: Biotechnical Faculty, CPVO :
edotransfer functions

Centre for Soil and Environmental Science
Soil map 1 : 25.000

) Sum of effective field

o capacity over rooting
— - depth

Austria

[ ] Bare rocks

Bl <=15mm

] >15-25mm
[] >25-50mm
[ »50-100 mm

B >100-150mm

Bl >150- 200mm

Il >200 nm

Data sources; N
University of Ljubljana, Biotechnical Faculty A
Cenire for Soil and Environmental Science
Ministry of Agriculture, Forestry and Food

German-Slovenian co-operation project
“Modelling groundwater recharge in Slovenia

In the institute for Cher (i
e #) JOLICH
Eh sl

MINISTRSTVO ZA OKOLJE M PROSTOR
NCLIA REPUBLIKE SLOVENUE 24 DKOLJE

Dute: o4/2008

o . bir ¥ = " x "
B L s R o \

Transformation in the German soil texture classes
Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)




GROWA model
Total runoff

result

ln Y

200000
i

Jillach
.

150000
s

100000
i

=

Austria

.I(laganhm

Croatia

150000

200000

00000

s00on

Biver

= Lake [ Sem

Ejj Hationsl Barder

550000

Total runoff
(1971 - 2000)

B <100 mmia

100 - 200 mm/a
[] 200 - 400 mm/a
[] 400 - 600 mm/a

[ ] 600 - 800 mm/a
I 800 - 1000 mm/a
[ 1000 - 1200 mm/a
B 1200 - 1500 mm/a
[ 1500 - 2000 mm/a
I > 2000 mm/a

Data sources N

Environmental Agency of the Republic of Slovenia A

German-Slovenian co-operation project
"Modelling groundwater recharge in Slovenia
with GROWA"

Agrosphane In Te NSt foe Chae- 0 jU LICH

isfry and Dynamécs of the Geosplware
Ca-4)

w

Dirte: §172008

ARCHIR IR

MIHISTRETVO ZA OKOLJE IN PFROSTOR
AGENCLIY AEPUELRE SLOVERNLIE 24 Qs e

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)

JULICH

FORSCHUNGSZENTRUM



GROWA model A #) JULICH

(Kunkel & Wendland, 1998; 2002)

Parameter set for one raster cell l

climate GROWA

Calculation of total runoff depending on landuse ¢

surface waters Qrot(e) = Py _hrelicf |_a£ ) Pwi +b£ : Pvu +c£ : log(W;Jl)-'- dZ -ETpot +eZJ
Separation into runoff components
land use Qtot = Qgroundwata,' + Qdirect = rb ) Qtot + (1 - rb ) Qtot

soi Qu

topography

' Qgroundwater Qdirect l

= J L

Runoff separation )

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)

geology
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FORSCHUNGSZENTRUM

Determination of groundwater runoff
Relevant site characteristics

v
v
Not Artifically
drained
I
v Y
solid rock unconsolidated
rock
|
v
no groundwater
influence
[
v v
no perched
perched water -
water
hydrogeological water logging degree of
properties tendency slope
| | | v

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Input data for groundwater s
recharge separation

Land use Artificial drainage

CORINE
Landcover classes

Hard rock units

Artificial drainage

I Aciicisly deained spicuburs ard

Garan-Sivenian co-cgeration pecject
...... “Wodlling sroundatar ke io Slovni
i GO

% 10ucH

Gw influence on soill Perching water

Mean depth
to the groundwater table

Solis with parching water
influence

Mean depth to the groundwater table

B ssange=s0em

[ pe—

[ +80 a0d <=130cm
3 [ s1m0em

Gorman-Siover fon project. “Mrcshing grasrosaisrrachargs i Slzessis
i g e e " SR
EERATIIT #) )0uicH

&K

e v

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Input data for groundwater recharge separationh J JULICH
Hydrogeological properties

Data Source: Geological Survey
of Slovenia (GeoZS)

400000 450000 00000 550000 500000

Geological owerview Snm 48020 508000 om0 om0
Ad

iuial SupoRs (el et ant cay), slage Bebrs, mora
an i, Gl

Hydrogeological overview
(Hidraulic conductivity)

-Em -
Austria H M >sE3mis
-
=
I 1Es-5'E3mis
.

B vE7-1'ESsmis

200000

Austria

200000

‘200000

Joagentun

150000

[

] 1*E9-1'ETmis
=
[] <1E9mss

00000
1aca00.

Jaosan

Data sources: N

N

Geolagical Survey of Slovenia
Geclogical Survey of Skovenis (GeaZS)

German-Slavenian co-operation project
“"Modelling groundwater recharge in Slovenia
with GRI o

“s0000.

German-Slovenian co-operation project

Croatia “"Modelling groundwater recharge in Slovenia

ith GROWA"™
Ageosphare in the Institut for Cham- (i Agrosphere in the Institute for Chem- i
s Lot i o W (I CH et e e o M) JOLICH
o) ety G4 ety
i
5 s iSO 206 W HOSTOR % e T 2L wpRosTaR
e SN . AGEWCA REPURLSCE SLOVENUE 28 OKOLSE
P Y
A = i
556000 600000

Examples for BFI values:

 Karst: 0.4-0.54;
¢ Sandstones: 0.15 -0.35
*  Quarternary: 0.7 - 0.9

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



Distributed values of BFI

ln Y

200000

150000

100000

50000

400000 450000 500000 550000 600000
Graz
L]

g
5 -2
Austria 2

.\ﬁllach .Klagenfurt

b

g
-2
o
E]
2
=]
2
=3
]

Rijeka

Croatia

Cities.

—  River

Lake | Sea

Mational Border

ko

T
550000

The portion of groundwater

recharge in total runoff
(1971 - 2000)

I <01

Bl 0.1-02
[Joz-03
[J]o3-04
[lo4-05
[]os-08
B o06-07
Il o7-08
I os-09
M =09

Data sources N

Environmental Agency of the Republic of Slovenia A

German-Slovenian co-operation project

"Modelling groundwater recharge in Slovenia

with GROWA"

A in the Institute for Chem- T
e s ot oo W) JULICH

(ICG4) FORECHUNGEZENTHLIM
MINISTRETVO ZA OKOLJE IN PROSTOR
AGENCIJA REPUBLIKE SLOVENIIE ZA OKOLJE

Date: 1172009

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)

JULICH

FORSCHUNGSZENTRUM
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GROWA result: ln Y Lot
Groundwater recharge for Slovenia

400000 450!]00 ﬁﬂPﬂO 550000 ﬁD0.00D

Groundwater recharge
(1971 - 2000)

;Graz

= E
] Austria 5

B > 50 mm/a

7] 50-100 mmia

\illach .Klagenfurt D 100 - 150 mm/a

3 = . [1 150 - 200 mm/a
1 E 77 200 - 300 mm/a

I 300 - 400 mm/a
I 400 - 500 mm/a
I 500 - 600 mm/a
2 I 600 - 700 mm/a
* B 700 - 800 mm/a

100000

Data sources: N

Environmental Agency of the Republic of Slovenia A

E-3 (-3
2- L=
2 \ B
Croatia : German-Slovenian co-operation project
g “Modelling groundwater recharge in Slovenia
with GROWA"
L Cities
Agrosphere in the Institute for Chem- Y
River istry and Dynamics of the Geosphere 0 .' U LICH
- (IcG4) r————
_j; Lake | Sea
o 8 K ‘ MINISTRSTVO ZA OKOLJE IN PROSTOR
National Border
AGENCIJA REPUBLIKE SLOVENIJE ZA OKOLJE
a 10 20 40 60
Date: 112009
Kilometers
550000 600000

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Examples for the application T/ )ULICH

of GROWA results to Slovenia

» WFD reporting — Water balance test
» Slovenian contribution to EEA WISE-report

» Granting of permits to abstract groundwater on regional
level

» Report to the Parliament on the state of the environment
In Slovenia (POS)

» Slovenian contribution to EU — project SOUTH EAST
EUROPE on water scarcity..... (CC-Water)

» Assessment of yearly water balance in National Park
,<Julian Alps”®

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Report to the Parliament on the stateh o ) el
of the environment in Slovenia (POS)

50
Delez odvzete podzemne vode
Preostali delez razpolozljive
koli¢ine podzemnih voda

Napajanje podzemne vode v letu 2006
ocenjeno z modelom GROWA
Ao v mm/leto

| ]<t00
> | [ 100-200
[ 200 - 300
I 00 - 400
I +00- 500
I 500 - 600
I -s00
o 5 10 20 30 40

P e 1y e ] Ry ] Vir MOP; ARSO, GURS
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WFD reporting — Water balance test ln Y Lol

Greutcamer T LrsLASNeLT
Cheméeal Stabus Ouantitative Status

S

TEET.
Zalkne o ofher infrusions

I\l

TEET.
Surace Waler

TEST:
Grordwalar Dependent Tamesinal
Ecosysiems

TEST:
Dinking Water Protected Areas

s uE mE mEm

o e

Thve resulls af each test are combined bo give owerall ctagsification for bath
quanditative and chemical status.

e

AN tests must be completed,

Tk weorst result i repaned for the groundwater body
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Slovenian contribution to EEA repor‘ - JULIcH

Water Information
System fror EUrope

Language

@l English
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Slovenian contribution to EU—prOJec‘ - JULIcH

SOUTH EAST EUROPE on water scarcity

Groundwater bsoum EAsT

Water balance o ROPE

Evapotranspiration.
1 A

300 Mm?*/year Year 2006

— 17%

14%

@ Evapotranspiration

Groundwater recharge: 76 Mm?®/year
m direct runoff (surface runoff +
interflow)

O groundwater recharge

Precipitation: 439 Mm?®/year
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Assessment of yearly water balance

#) JULICH

FORSCHUNGSZENTRUM

in National Park ,,Julian Alps* (Forestal area)

Napajanje podzemne vode

Napajanje podzemne vode

- - v letu 2008 - v letu 2009
TR ., Mmieto tﬁ‘ mm/leto
W X Lo N
;3 :"‘ B <250 f B <250
\ [ 2s0-500 { [ 2s0-500
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v letu 2008
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- .y v;:[;l,‘[am apa;an\]rele;ig 2z(;z;!(';'ne vode FO r eS t al
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o e tchment)
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How may forests contribute ") JULICH

to water related topics?

1. Water availability and sustainable water use

2. Water quality
= Atmospheric deposition of nutrients in forests
= Leaching of nutrients from forests into the soil and groundwater
= Forests as ,dilution areas” for diffuse inputs from agriculture

3. Climate change related topics

= Contribution of forests to the evolution of water quality and
guantity

4. Additional topics, e.g.:
= Flood prevention

= Soil erosion protection

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



Coupled model system A O JU”CH
for nitrate flux modelling

N balance of agriculture

Agrmeselany  fhaglondhs Beclieibingg.  Optinderang,  Progresen  Pofirk
et & z Boeatung

Pl Redysass Withurigen

(_ ) Storage change

;!-j”ii“i:ﬂi} i Arable land . . ) . R T A . .
g e pasture Diffuse inputs into soils » Denitrification in the soils
= i (DENUZ)
e I v 2
< © 5 A 4
- U J
£
% - Water balance (GROWA)
o
<
)
s
g
= Nitrate concentration in the
8 ( leachate
s Point sources
N-intakes into
groundwater
Hot-spots for N-intakes
into surface waters
A 4
<—{ N-intakes by point sources }J Groundwater (WEKU)
F | N-intakes By surface runoff : y denitrification, residence times
<——{  N-intakes by drainage runoff | <
g A <— N-intakes by interflow ! s
4—( N-intakes by groundwater runoff :
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Nutrient management questions T/ )ULICH

related to forests

» What are the N-inputs from atmospheric deposition into forests?
» To what extend are these nutrients stored/used by vegetation?
= Tree growth
= N-removals by tree harvesting
= Litter fall
=  Retention® of nutrients by forests (critical loads)

» To which extend are nutrients released into the soils, the
groundwater and into surface waters and through which pathways?

» To which extend can forests act as dilution areas to archieve better
water quality e.g. with respect to the consideraton of groundwater
bodies

» Can forest related land use management measures contribute to
an improvement of water quality?

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



E-Meps results for atmospheric owm !)JUL'CH
N-deposition in Europe

ALL 2008
Lotal ox. nitrogen mgh /mE

Total N-inputs in the Balkan region 5-20 kg N/(ha a)
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Atmospheric N-deposition fw < JULICH
(according to Gauger, example Weser basin)

<= 5 kg N/(ha*a)
>5 - 15 kg N/(ha*a)
=15 - 25 kg N/(ha*a)

- Urban areas
[ surface water
[ Farmland
[ Pasture
- Farest

I | Other landuse types

>25 - 50 kg N/(ha*a)

=50 kg N/(ha*a)

mund

Lah,

- Pfalz

o
t eine groliraumige Ubersicht und ist fiir
lalysen nlg_slngeschrénk‘l aussageféhlg
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Potential nitrate concentration h <) JULICH

in the leachate —

Cl >25 - 50 mg/l
:| >50 - 75 mgll
- >75-100 mg/l
B > 100 my/

» EU groundwater daughter
directive: 50 mg/L nitrate in
groundwater

» Practical environmental
target with respect to
modelling: 50 mg/L nitrate in
recharged groundwater

(N surplus — denitrification in s»il) [kg N/(ha-a)]

Infiltration rate [mm ‘a]

Cnolmg/ L] = 443.

» All areas with nitrate concen-
trations above 50 mg/L may
show groundwater quality NOS-Konzentration
problems in the future

Baseline-Szenario 2015
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- . #) 0LICH
Assessing necessary nutrient reduch <) JULICH

B <=10mgn
[ >10-25mgi
Cl >25 - 50 mg/l
:| >50 - 75 mgll
- >75-100 mg/l
B > 100 my/

» Important questions:

= Which N-surplus can be
allowed to guarantee
achievement of target for
groundwater (50 mg/l)?

= What amount of nitrate
reduction in agriculture is
required?

» Inverse (backward) model
runs:

= Apart from N-surplus all
input parameters remain
unchanged

> AdJUStIng N-Surpluses untll NO3-Konzentration
50 mg NO3/L are aChleved im Sickerwasser

Baseline-Szenario 2015

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



i - A) JULICH
Assessing necessary nutrient reducb = JaLicH
for the individual grids I e s

[ ]5-10 kgN/(ha LF*a)
[ 10 - 20 kg N/(ha LFa)
I 20 - 40 kg Ni(ha LF*a)
I - 40 kg Ni(ha LF*a)

» Option 1.

environmental target of 50
NO3/l in the leachate is related
to every raster cell

(100 x 100 m)

> Result:

= Very high reduction needs
for agricultural intensively
used areas

= Partially high reduction
needs also in agricultural
extensively used areas schaftichen N-Uberschisse

zur Erreichung von :
50 mg NO3/l im Sickerwasser
fiir jede Rasterzelle

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



FORSCHUNGSZENTRUM

. . . ' oo
Assessing nutrient reduction A= 7))0LicH

’—‘ keine Minderung erforderlich
[ <=5kgN/(haLF*a)

[ ]5-10 kgN/(ha LF*a)
[ 10 - 20 kg N/(ha LFa)
I 20 - 40 kg Ni(ha LF*a)

I - 40 kg Ni(ha LF*a)
Y
o

a

P;:-@"‘

» Option 2:

Relating environmental target
to whole groundwater bodies

Result:
= Reduced reduction needs

= Affects mainly groundwater
bodies at risk

= Forests acts as dilution
areas reducing the average
nutrient inputs into water
bodies

Minderung der landwirt-
schaftlichen N-Uberschiisse
zur Erreichung von
50 mg NO3/l im Sickerwasser
im Mittel fiir jeden GWK
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How may forests contribute ") JULICH

to water related topics?

1. Water availability and sustainable water use

2. Water quality
= Atmospheric deposition of nutrients in forests
= Leaching of nutrients from forests into the soil and groundwater
= Forests as ,dilution areas” for diffuse inputs from agriculture

3. Climate change related topics

= Contribution of forests to the evolution of water quality and
guantity

4. Additional topics, e.g.:
= Flood prevention

=  Soil erosion prevention
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IPCC emission (SRES) scenarios as aA A IULICH

basis for climate predictions

> Al: very fast economical s =
. —_— 1B =
growth and rapid — -
implementation of new (3 50— — Year 2000 Constant w
and efficient technologies. = - e -
sl i — century 24
» A2: heterogeous world, £ ™ -
characterized by autarchy £ =
and conservation of local S &g
identities ©
_ & 30—
» Bl: global solutions foran 't
economical, social and W 10—
ecological sustainability. T 3
. S 0 R
» B2: local solutions for an O Lo
economical, social and I =
ecological sustainability. o g T — e
1800 2000 2100

Quele: IPCC Fourth Assessment Report. Climate Change &
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Projections of climate change: A = JULICH
precipitation chanes until 2100
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Climate change effects: ln Y s
Less precipitation and higher temperature

» Less precipitation and higher temperatures lead to
= Higher potential evapotranspiration
= |ess total runoff

= Maybe less groundwater recharge
» Induced changes in tree species

» Induced changes in land cover

» Assessment of water balance essential to trackle the potential
effects of changed climatical conditions

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Available data bases for water balanb o JUL'CH
modelling in SE Europe

» Landcover (CORINE)
» Soil (FAO map)
» Geology

» Topography (NASA
SRTM data)

» Weak point:
Climate

» Providing these data
allows a consistent
asessment of region
water balance

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



How to start modelling acitivities m ) )ULICH

on water and forestry

» Definition of modelling area AW N Tl | o T
Common ,regional groundwater body Mty | L
Dinaric Alps® (Sava + Drin basins) & ey Py, |/

> Inventory of existing -

= Regional map data (soil, =8 %
topography, geology, land cover) =5 . s R
= Climate monitoring data E == e gﬁ

= Surface water monitoring data
= Ground water monitoring data (for quality assessment)

» Water balance modelling using pragmatical approaches

Y

|denitifcation of gaps and improvement
» Application to more specific questions

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)
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Forthcoming EU FP7 research topicg™ o L

with relevance to water - forestry

» ENV.2013.6.1-4 Land cover and land-use change and climate change
mitigation
Design, assessment and implementation of European and international
policies related to land use changes and climate change mitigation through
more accurate models and methodologies

» ENV.2013.6.2-2 Toxicants, environmental pollutants and land and
water resources management
Development of environmental and especially water policies with respect to
emdergirllg pollutants and pollutant mixtures through improved knowledge
and tools.

» ENV.2013.WATER INNO&DEMO-2 Ensuring the integration of water
and innovation demonstration projects and support to trans-national
networks of procurers
Promoting a continuous dialogue and exchange of good practices between
all actors involved, improve communication and transfer of knowledge, and,
finally, to identify gaps in matching demand and supply innovation
measures.

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



Possible project topics

>

Water quantity asessment on
aregional base

= Water balance
= Groundwater recharge

Water quality issues
= Pollution prevention
=  Water supply and irrigation

Climate change adaptation
strategies

Protection issues
* Flood prevention
= Fire protection

= Soil erosion and segmentation
protection

...... (your suggestions!)

A= ")IULICH

FORSCHUNGSZENTRUM

» Biodiversity

» Homogenisation issues
= Monitoring
= Area differentiated data

» Policies
= |llegal looging
= Protection zones
= Crisis management

» Capacity building

= Demonstration of participatory
approaches

= Methods on how to enhance
capacity building

Important: the project topics should be ,,regional* and
w~international”, i.e. cover larger areas in several countries

Institut fur Bio- und Geowissenschaften - Agrosphare (IBG-3)



