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Background

® Around 70% of drinking water in
Germany originates from
groundwater resources’.

® Water protection (WPAs) are
designated to mitigate
contamination risks and safeguard
drinking water sources.

¢ Combined effects of climate
change and diverse physical and
social factors pose a central
challenge for current and future
drinking water supply.

® Various stress factors, including
hydrogeoloigcal conditions, land
cover and socio-economic
pressures, significantly affect the
guality and quantity of
groundwater resources.

Research questions

® What are the characteristics of
German WPAs? (1)

® Can WPAs be classified into
characteristic typologies? (2)

Methods

¢ Cluster analysis of the
WPA dataset.

- Distance metric: Gower
Dissimilarity Matrix4
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- Cluster method: Partitioning
Around Medoids (PAM)°

- Cluster validation: Average
silhouette method®
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- Cluster stability:
Bootstrapping and Jaccard
Similarities®

(1) What are the characteristics of German WPAs?

® There are 11 406 WPAs, covering around 15 % of Germany's total area.
¢ Individual WPA sizes range from 90 m? to 1235 km?=.
® The area share of WPAs in each federal state ranges from 5% (e.g.,

Bavaria) to 35% (e.g., Hesse).

(1) Land use In WPASs

& We identified 11 clusters based on
shared characterisitcs.

® Clusters are spatially distributed

o across Germany.
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WPA Dataset Information included:

® Harmonized spatial data
of WPAs in Germany,
along with characteristics
that might influence
groundwater vulnerability.

& Includes data on
administrative,
hydrogeolgoical, land
cover and soclo-
economic characterisitcs.

® Avallable at FreiDok plus:
DOI: 10.6094/UNIFR/263651
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- WHPA size and administrative area water quality®?

- Aquifer type, soll type of topsoll, hydraulic
conductivity

- Drought response time? 8

- Average percolation rates Qand precipitation B
- Elevation 1415
- Land use

- Livestock 5%, crop types? A M 8 %%  share
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of irrigated farmland, number of farms
- Water extraction rates, water consumption
rates, population density, water costs per m®
- Tourism overnight stays i

- Water quality and quantity according to Water
Framework Directive 2022°

- Deep/shallow groundwater bodies?
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(2) Can WPAs be classified into characteristic typologies?

B

Do the clusters reveal differences in

Qualitative Status

VWPAs in bad chemical status (%)
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Cluster Characteristics:

Karstifissured aquifer:

é High percolation rates, low drought response
times, high number of tourism overnight stays

Low percolation rates, high drought response
times, low number of tourism overnight stays

-

ﬁﬁ{ Low percolation rates, high drought response
times, high livestock amount, low water
consumption rates

times, low livestock amount, high water

W High percolation rates, low drought response
% consumption rates

- E Low drought response times, low population
% density

5

- %% High drought response time, high population
¢y density
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Porous aquifer:
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$$ Low percolation rates, high drought response
é@.@ times, high water consumption rates, high
share of irrigated farmland

Low percolation rates, high drought response
times

High percolation rates, low drought response
times, low water consumption rates, high
livestock amount

Low percolation rates, high drought response
times, high water consumption rates

- %% High drought response times, low population
density, high water consumption rates

WPAs in clusters: Conclusion

¢ Different stress factors become
4% 49 -
° 59% relevant in each cluster

@ Despite not using chemical
status for clustering we see
differences across the clusters
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