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Additional information on the projects

« GLOWA-Danube:
— Home page: http://www.glowa-danube.de/eng/home/home.php
— GLOWA-Danube Atlas: http://www.glowa-danube.de/atlas/

— DANUBIA Modelling system Open Source (source code and
documentation):
http://www.glowa-danube.de/de/opendanubia/allgemein.php
(currently the OpenDanubia web page is only available in German, software
documentation is however available in english)

e RiverTwin;

— Home page: http://www.rivertwin.org/
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1. The significance of the regional scale and the importance of integrated
approaches in climate change impact studies

2. Climate change impact studies in southern Germany:

— GLOWA-Danube (BMBF)
— Rivertwin (EC)
— ETH-Zurich (Swiss National Science Foundation)

3. Assessment strategy developed in GLOWA-Danube

4. Conclusions
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Importance of the regional scale: (2) Integrate dependencies and feedbacks

 Climate Change impact assessment has to be integrative:

— Climate Change affects groundwater directly but also indirectly (= changing
demands, land use changes etc.)

— Groundwater interacts with other “systems” in various ways (= surface
waters, groundwater dependent ecosystems etc.)

» Extremely complicated network of dependencies, feedbacks, adaptations

 Feedbacks can only be analysed at the regional scale:
— Closed balances (= interaction with SW)

— Capture source and sink / cause and effect relations (= land use)

 The regional scale is the most important “management scale”
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« Consequences of Global Change in the Upper Danube Catchment

* Integrated / Interdisciplinary Approach: 12 research groups from different disciplines
(Meteorology ... Tourism Research)
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DANUBIA Simulation System

All models are process based,
spatially discretized to 1*1km
cells, daily or monthly time
steps

Model interface, but also
interface to the society,
the decision makers
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—ange Scenarios

Choice 1: Choice 2: Choice 3: Choice 4:
Climate Trends Climate Type Social Trends Interventions

Information

Baseline Cooperation

-‘l

Subsidies for
Water saving techn.

5 hot Summers Build reservoirs

5 dry years

S

cenario development:

I -l

» A widely underestimated, extremely important task
In Climate Change impact assessment !!
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-: Groundwater recharge and groundwater levels (temporally)

All results simulated using coupled simulations with DANUBIA;
Scenario results are based on one single scenario combination.
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_rge and groundwater levels (spatially)

Groundwater recharge deficits
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_ Local results

m G\WR = »G\WR, low pass filtered
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Summary of results (groundwater quantity)

e Catchment-wide:

— Increasing temperature, decreasing precipitation, decreasing groundwater
recharge — decreasing groundwater heads

— Shift of annual maxima and minima (more recharge in winter)

 Locally:

— Strong differences due to spatial changes of precipitation (and landuse)
patterns

— Strong differences due to different response of different aquifers




_ Questions

* (How reliable / certain are these results?)

« What do those results really mean?:

— How can we use those results for decision making i.e. translate
them to categories of “good” and “bad”, “better” and “worse”?

— How can we compare and assess the situation in different
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_tions: Different ,response types*
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_ponse types : Different hydrogeological settings
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How is this helpful for the assessment of climate scenarios?

 Wells with similar behavior are located in similar hydrogeological
settings - “Hydrogeological Response Units”

« Knowing that, we “just” need to:

— Identify and separate “hydrogeological response units” with similar
responses to change (“groundwater body delineation”),

— Understand what different responses in different “hydrogeological
response units” mean (analyze response mechanisms)

— Find out which state variables are suitable to assess the changes
(indicator development)




_’ concept of GLOWA-Danube to express an aquifers state

State variables

Groundwater Level spatially aggregated
Groundwater Recharge  ~ to “groundwater bodies”
Baseflow
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_e variables, different “characteristic response times”
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K: hydraulic conductivity (aquifer)
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T: thickness of aquifer

R: recharge (dominant)
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GW-Level-Differnces
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Conclusions

« Assessment of climate change impacts on groundwater quantity
(and quality) requires:
— Aregional scaled analysis
— Integration of the entire hydrological cycle
— A good understanding of system behavior in the past

— Very intelligent approaches to groundwater body delineation and
regionalization of local observations

— Individual evaluation and weighting of state variables for indicator
development

« Much more reliable (regional) scenarios of precipitation!!!
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Thank your for your attention!

Barthel, R.: An indicator approach to assessing and predicting the quantitative state
of groundwater bodies on the regional scale with a special focus on the impacts

of climate change. Hydrogeology Journal 19,3 (2011) 525-546




