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Save yourself if you can - How Germany is arming itself for the climate crisis 
(Duhm et al., 2022)

“Father Rhine” leaves his streambed: 
Germany’s longest river falls dry (Stern, 
2022) 

Glaciers melt faster than expected: even in best-case scenario half will disappear 
this century (NOS Nieuws, 2023)

Gletsjers smelten sneller dan verwacht: zelfs 
in beste scenario verdwijnt helft deze eeuw

Dürre-sommer 2022

“Vater Rhein” verlässt 
sein Bett: Deutschlands 
längster Strom fällt 
trocken Rette sich, werr kann - Wie Deutschland 

sich für die Klimakrise wappnet

Water level in the Rhine drops to ‘critical 
level’ due to extreme drought 

(Brandsma, 2022)

The Rhine is too dry for inland navigation, which is 
crucial for the German economy (Bekkum, 2022)

Waterpeil in de Rijn zakt 
tot ‘kritiek niveau’ door 
extreme droogte

De Rijn is te droog voor binnenvaart, die 
juist cruciaal is voor de Duitse economie

Low water levels near Emmerich
 (Offern, 2022) 

Glaciers melting between 2006 and 2018 (Huss & GLAMOS, 2018) 
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Not before since the beginning of measurements so much ice loss in the Alps (Kersten & Ekker, 2023)
Niet eerder sinds begin metingen zoveel ijsverlies in de Alpen
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60 million

185.000 km2
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Goals and aims

Show how the surrounding landscape of the Rhine 
River can contribute to mitigating drought-related 
problems and keep the riverscape functional. 

The Middle Rhine valley (ALAMY, 2021)
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Personal motivation

Explore drought

Expand knowledge on 
climate adaptation

Scale

Outside of Netherlands

Schiffe bei Mainz, Philipp Zeltner, 1865 (Rhein-Museum Koblenz)

eigen tevreden-
heid
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Natural climate variability
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Natural climate variability
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Alpine Rhine (Flimslaax, n.d.)

Drought explained
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Plant water stress, 
reduced biomass 

and yield

Lack of soil moisture

Low precipitation leads to agricultural drought along 
the Rhine (Rentz, 2019)

Drought explained
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Streamflows, lakes and 
groundwater see a significant 
reduction in the amount of water

Drought in Düsseldorf, the Rheinkniebridge spans only 
dry ground (Oberhäuser, 2022)

Drought explained
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During different phases of 
drought.
The lack of water effecting the 
economy and well-being of 
people.

Houseboats are on dry land in the Waal near Nijmegen 
in August 2022 (Wouw, 2022)

Drought explained
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Problem field
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Problem statement
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Storage

Climate change

Problem statement

Fluctuating 
water levels

Ecosystem under pressure

Het waterpeil van de Rijn ter hoogte van Kaub dusdanig laag dat het voor het 
meeste scheepvaartverkeer onmogelijk is om te bevaren (Gennip, 2022)
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Storage

Problem statement

Increase  
impermeable 

surface

Increase 
agriculture 

and industry

In 2018, water levels in the Rhine dropped to lows unseen along the river, 
hugely impacting thousands of businesses (Gerten et al., 2018)



18/60

Storage

Problem statement

Slow-onset 
natural hazard

Indirect and intangible losses. Based on PreventionWeb (n.d.)
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Research question

How can the river Rhine stay a functional riverscape by 
creating a synergy between urban and rural areas while using 
the green-blue infrastructure approach to mitigate drought-
related problems?



20/60



Potentials
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Problem map - Land use
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Problem map - Geomorphology
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Problem map -  Drougth 

24/60

- Low flow index
- Combined drought indicator
- Soil moisture index anomaly
- Groundwater vulnerability
- Growing season average soil moisture



Problem map -  Discharge
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Problem map
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Opportunities map
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Green-blue infrastructure

Strengthening nature-based solutions

Drought resilient riverscape

Borders

Catchment

Backbone
Blue infrastructure
	 Supproted by green implementations

Beyond borders

Tributaries

Strengthening
Nature-based solutions

Drought-mitigating strategy

Vision statement
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Blick vom Isteiner Klotz Rheinaufwärts gegen Basel 
(Peter Birmann, 1844)

Green-blue infrastructure
	 Network of ecosystems
	 Crossscale relationships

Nature-based solutions
	 Working with nature and ecosystem
	 Connection with smaller scale

Vision concepts



Macro

Meso

Micro

Drought resilient 
riverlandscape

Green-blue 
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Multi function-
al land use

Multi function-
al land use

Connections between 
pattern impelemtation

Implementation 
of patterns

Improve habitat 
diversity

Improve habitat 
diversity

Impact of flood 
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Experience fluctuating 
waterlevels

Nature-based 
solutions

Cross boarder 
approach
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Vision concepts



32/60



33/60

Patterns
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Filtering patterns
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Extensive patterns
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Agriculture
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Pattern field

Restoration of natural infiltration to groundwater
Detention basins and ponds
Retention ponds
Sediment capture ponds
Natural bank stabilisation
Streambed re-naturalisation
Land use conversion
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Design locations - 
Meso-scale

Mannheim

Mainz
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Design locations - 
Micro-scale

Mannheim

Mainz
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Mannheim design Meso-scale
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Patterns for Mannheim Meso-scale

Afforestation of reservoir 
catchments

Re-meandering

Sediment capture ponds

Lake restoration

Appropriate design of roads 
and stream crossings

Restoration of natural infil-
tration to groundwater

Urban forest parks

Land use conversion

Elimination of riverbank 
protection

Retention ponds

Wetland restoration and 
management

Overland flow areas

Floodplain restoration and 
management

Riverbed material 
restoration

Reconnection of oxbow 
lakes and similar features



210 km
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Mannheim



210 km
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Mannheim

Re-meandering

Retention 
ponds



210 km
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Mannheim

Sediment capture ponds

Wetland restoration and 
management



210 km
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Mannheim

Afforestation 
of reservoir 
catchments

Land use 
conversion



210 km
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Mannheim

Restoration of natural 
infiltration to groundwater

Floodplain restoration and 
management



A A

Flooding

210 km
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Estimated wateruse during current drought situations Estimated wateruse after design implementation, during 
drought situation

Mannheim - Wateruse
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Design locations 
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Mannheim design Micro-scale



Afforestation of reservoir 
catchments

Appropriate design of 
roads and stream crossings

Basins and ponds

Restoration of natural 
infiltration to 
groundwater

Retention ponds Sediment caputre ponds

Green cover Land use conversion Overland flow areas

Detention basins Wetland restoration 
management

Re-meandering
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Patterns for Mannheim Micro-scale



Flooding
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Retention pond

Groundwater
Groundwater

Floodable landAfforestation
Afforestation

Appropriate design of 
stream crossing

Appropriate design 
of roads

Mannheim
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Retention pond

Afforestation

Detention pondAppropriate design 
of roads

Drought

Flood

Awareness

Natural infiltration

Afforestation
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Estimated wateruse during current drought situations Estimated wateruse after design implementation, during 
drought situation

Mannheim - Wateruse
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0 m 250 m 500 m



Figures and cattle in a mountain landscape with the Rhine (Barend Cornelis Koekkoek, 1862)
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Conclusions and further research

Patterns in different environments

Filtering for new desirable 
choices for designing

Transferable drought-mitigating 
pattern catalogue
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Questions?

Thank you for listening
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How can the river Rhine stay a vibrant and functional riverscape by 
creating a synergy between urban and rural areas while using the green 
infrastructure approach to prevent drought-related problems?

How does streamflow drought 
impact the Rhine and the 
surrounding landscape?

To understand the environmental impact of 
drought on functions of the Rhine.

To understand the social impact of 
drought on functions of the Rhine.

How are the functions of and on 
the Rhine affected by drought?
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How can the green infrastructure 
approach be used for drought 
prevention strategies along the Rhine?

How can the desired drought 
prevention strategies be implemented 
along the Rhine?

How can urban and rural river 
landscapes form a synergy in drought 
prevention?

Analyses

Vision

Strategy

Design

Research questions






