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A few facts

Aboeut <100 % off Austrian pepulation Is supplied by
groundwater and Karstic Sprngs

<95% of the poepulation IS supplied by central water
Supply. companies

Groundwater Is highly sensible te climate change
(recharge and demand) and human activities
(agriculture, ndustry, waste management, e )
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Objective

Objective: assessment ofi the vulnerabilty: of water
[ESOUrces considering the role o ecoSyStem SERVICES

An engineering approeach for Austria and SEE (Seuth
Eastern Eurepe)
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Structure of presentation

Some definitions: vulnerability: and ecosystem SEVICES
Vethoedology:
ArlRdicaters
Al Systems; model
Data hase
Application te Austria (and SEE)
Summary: and conclusions
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Vulnerability

When focusing on climate change, vulnerability Is the degree e
WRICHhI ai Sy stem IS Ssusceptible to, or unable te cope with, the adverse
efiects of climate change (UNEP; 2009)

Socialivulnerability refers to the inability’ of peoeple; organizations,
and soecieties teo'withstand adverse Impacts from multiple’ stressers
10 WhICh they are exposed.

Overall \Vulnerability ol a SeCIely. can e SEEn as an compound
Indicater considerng

Al physicaliimpacts (Watergquantity and guality)
Al Changesiin ecosystem senvices (ESS) and the
Al CapPaCity ol the SOCIELY toeSpPend te these IIMpPacts.

A V= Index; @ Index, ®Index, @Index,
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Overall Vulnerability

Water Exbloitati Water availability
ater Exploitation
Index (WEI) Water demand

Water Resources
Vulnerability (WRV)

Integrated Land use
Groundwater Pollution

Index (GWPLI) hydrogeology

Ecosystem Service Land use
IndexE8) hydrology
Adaptive Capacity \ 4
Index x =
- Bruttowertschopfung -
(BWS) Population
economy
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Indicators of Overall Water Resources
Vulnerability

—_

Water availability WA: Local total runoeff LTR

LWEI
lLocal total demand: IETD - W?ter R;)(?I_St.
Local water guality:index: L D Sty
Ecosystem services: ESS

Population density: POP: and regional GDP } ASERUINS ce Ly,
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Ecosystem Services with respect to drinking
water (Maes et al., 201.1)

Ereshwater;provision accounts for the availability, of freshiwater
coming frem inland bedies ofi surface waters for household,
Industrialland agricultural uses.

\Waterrguantity regulation refers te the mnfluence ecesystems have
on the timing and magnitude ofiwater runoff; floeding and aguifer
recharge, particularlyin terms of water storage poetential of the
ECOSyStem.

Watergualitysregulations refertethe capacity te' tiap, stere and
degrade nutrients (nitregen loads), pollutants 1 ecosystems.

4

| Lu W Land Use and Water Quality
S [WH



Human W£mms Climate impacts:

N T . GHG increase changes
£ precipitation
energy fluxes

One of the consequences
IS a change of the
vegetation pattern

Rise. W prant Uptake

i

Land use impacts :
by . Disapperanceof wetlands
Implementation of reservoir
Increase in erosion
Groundwater abstraction
» Various pollution sources

)=
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Modelling the overall system

INPUT

Temperature
P —>

Precipitation

>

Niigration

Land use changes
£

Land Use and Water Quality

STATE

Hydrological subsystem
Land use pattern
State of ecosystem

Economic status

OUTPUT

Changes in water avail;bility

Changes in water quaigy

Changes in water demand
—>

Changes in ecosystem

services
>
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Data base
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Drivers (or Input)

Climate change: ENSEMBLES Preject simulations

Population changes: European (PRELUDE Preject) and
natienal demographic data

Land use: Corine and scenarios from PRELUDE Project
(EEA, 2007)
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Expected climate changes until 2050

Annual precipitation changes from climate models
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Capacity Indicaters (Maes et al., 201.1)

Water provision capacity Water regulation capacity Water purification capacity
Share of wetlands and water bodies (%) Infiltration (mm) Nitrogen retention (%)
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Flow indicators (Maes et al., 201.1)

Water flow available from aquatic Water flow regulated by terrestrial Removal of pollutants
ecosystems ecosystems In-stream nitrogen removal
Surface water flow (m? year) Sub surface water flow (m? year) (ton year™)
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Land Use Changes
Scenarios from PRELUDE Project (2007)

Scenario 1 : The great escape (Europe of contrast)
Scenario 2: Evelved society (Europe of harmony)

Scenario 3: Clusters of Eurepean networks (Eurepe of
Structures)

Scenario 4: Lettuce Surprise'U (Europe of Innovation)
Scenario 5: Alter the Big Crisis (Eurepe of cohesion)
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Prelude scenarios (EEA, 2007)
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Recent status In Austria

Bevdlkerungsdichte, Stat.AT 2006 1x1 km

- <100

I 100 - 250

I 2s0- 500

[ s00-750

[ 750- 1000

[T 1000- 2500

[ 2500 - 5000 CLC 2006 - LVL2 - 1x1km [l cronlane

[ 5000 - 10000 I stacisch gepragte Flachen [ Hoterogene landw. Fiachen

- 10000 - 15000 - Industrie, Gewerbe- und Verkehrsflachen [ Walder

- > 15000 Abbauflachen, Depenien, Baustellan - Strauch- und Krautvegetation
[ Konstl. Gronfiachen [] oftenc FiachoniGeringe Vegetation
B Ackerfiachen [ Feuchthachen
- Dauarkulturen - Wasserflachen

Mittierer Niederschlag [mm/a)
Arpege 19312020
B -

500 - 7%

750 - 1000

1000 - 1250

0 - 1500
1500 - 2000
2000 - 2508

B -
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Water balance for Austria

— — P mean 1170 mm/a
] ‘ EVAPmean 516 mm/a

. Verdunstung der Oberflachengewasser ~8 mm

Unproduktive Verdunstung ~102 mm

Produktive Verdunstung ~ 400 mm
Verdunstung/Landwirtschaft und

Wasserverbrauch ~6mm

ki ey icanc A Industries: 20 mm/a
Households: 8mm/a

Unterirdischer Abflu ins Ausland ~ 30 mm I r” g atl on 2 m m/a

Landwirtschaftliche Bewasserung
~2mm

@ 1961-2000

Entnahme Entnahme H ZB (2005)

Industrie === Haushalte
~20 mm ~8 mm Abwasser Haushalt ~ 6 mm

Abwasser Industrie ~ 18 mm
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Methodology.

Quantitative coentinuous hydrological model at 1. km grid scale

Simulatiens from 1960-2065 (runeif, eresion, groundwater,
rechargee )for 3 climate models and 5/land use scenaries

Assess Impacts of land use on ESS and water guality
Aggregating the eutputs to the level of: water supply: asseciations

Mapping efithe eutputs on a qualitative scale for the various
Indicators (veny: low, lew, medium, high, VEry high)

Integration of indicators to obtain everall vulnerability

ASsessment oft uncertainties by analysing the range of outputs for
each element (5 land use scenarios and 3 climate change models)
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Water exploitation index (WEI)
Haushalte + LW + Industrie
RegCM3 1991-2020
- marginal
I niedrig
matig
B hoch
- sahr hach
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Integrated Groundwater Pollution Index
Referenzjahr 2008
- sely hoch
- hoch
mittel
- niadrig
- seh niecng
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Water Resources Vulnerability: 20

Water Resources Vulnerability
Arpege Referenzjahr 2006

B <en hoch
B hoon

mitte
- niedng
- selv niedrig
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ESS 2006

Ecosystem Service Index
Referenzjahr 2006

- sehr hoch
- hach
| mue
I niedrig
B << nicdrig
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u ety =



GDP 2006

Brutto Wertschépfung per capita
Referenzjahr 2006

B <=h hoch

. e

mitte

- niedng
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Adaptive Capacity (2006)

Adaptice Capacity Index
Referenzjahr 2006

I <= hoch
—
| mtte
B rieang
- sehy niedrg

u ety =



Results: Overall Water Resource
Vulnerability
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