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Restoring Rivers
Integrating a renaturalised Maas river basin with the cultivated 

landscape to enhance climate resilience
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Flooding in Roermond, July 2021
Source: ANP (2021)
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Forest fire in the Maasduinen, June 2023
Source: NOS (2023)
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Problematisation
Climate change
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Rain-fed rivers: the Maas
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Consequences of climate change

Problematisation
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Maas canalisation at Balgoij and Keent
Source: KLM Aerocarto 5/11/1938



Weir complex Belfeld
Source: Author (2025)
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Human interference

Problematisation

The Maas has lost space Summer bed is sinking Low discharges are 
problematic

River nature is lost
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Problematisation
Problem framework
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Renaturalisation
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Renaturalisation
Example: River Drau in Austria

Pre-restoration Post-restoration

Source: Riverlab
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Research question

How will renaturalisation of the river Maas as a climate resilience strategy transform 
the Noordelijke Maasvallei under the most extreme dry and wet scenarios by 2100, 

and how can the ecological, agricultural, and urban landscape evolve with this 
transformation? 
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The Noordelijke Maasvallei

Research area
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The Noordelijke Maasvallei

Research area
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Roermond
Source: Author (2025)



Venlo
Source: Author (2025)



The Maasduinen
Source: Author (2025)



De Groote Peel
Source: Author (2025)
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The Maas at Neer
Source: Author (2025)



/6820

Introduction ConclusionAnalysis Design

Analysis

Method

SWOT FAS Pattern language Maximisation Integrated design



/6821

Introduction ConclusionDesignAnalysis

2025

Current situation

0 105 km

VenloWeert

Roermond

De Peel

Maasduinen

Maasplassen

Cuijk

Water
Nature

Legend

Agriculture

Urban area



/6822

Introduction ConclusionDesignAnalysis

Future Autonomous Situation
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Rural - 2100

Future Autonomous Situation
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Rural - 2100

Future Autonomous Situation
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Urban - 2100

Future Autonomous Situation
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Urban - 2100

Future Autonomous Situation
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Towards a desirable future

?

2025 FAS 2100

Desirable 2100
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Vision

Renaturalised River

Expanded Ecology

Adaptive Agriculture

Climate-proof Cities
0 105 km



Design

The Maasduinen
Source: Author (2025)



Analysis

/6830

Introduction ConclusionDesign

Design

Method

SWOT FAS Pattern language Maximisation Integrated design
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A pattern

The pattern language

Related patterns:

Conflicting patterns:

R.1

R.2, R.8, R.9, R.10

Reconnecting old meanders will return 
natural processes in the river, increasing 
the climate resilience and biodiversity of 

the river.

Reconnecting old 
meanders

Theoretical background:

Practical implications:

Implementation:

Effect:

Implementation:

Effect:
macro

meso

75-100 years

10-25 years

By reconnecting old meanders, the river will follow its 
original longer flow path again. This will decrease and 
restore the flow velocity, reducing flooding impact (NWRM, 
2013). Moreover, ecological compounds of the river can 
significantly be restored as well by fully reconnected 
meanders (Lorenz et al., 2016).

Depending on the size of the river, meanders can take 
up a lot of space. For a river of 100 metres, meanders 
can be 1 km away. 

The area cannot be used for other spatial uses.

Number Title Hypothesis

Related patterns Conflicted patternsIllustration ScaleTime

Theoretical background Practical implications
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Pattern groups

The pattern language

Renaturalisation Ecology Agriculture Urbanisation
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Maximisation method

Design

Renaturalised River Expanded Ecology Adaptive Agriculture Climate-proof Cities
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Design
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Maximise for water

0 105 km
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Patterns

Design

Maximise for water

R.8 Stop dredgingR.4 Lowering river 
banks

R.7 Seasonal 
retention ponds

R.3 Widening 
flood plains
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Maximise for water

River landscape Sandy soils Peatland
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0 105 km

Renaturalised River
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Maximise for ecology

0 105 km
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Patterns

Maximise for ecology

E.2 Riparian 
vegetation

E.3 Green corridors E.6 Aquatic refugia
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Design

Maximise for ecology

River landscape Sandy soils Peatland
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Expanded Ecology
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Maximise for agriculture

0 105 km
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Patterns

Maximise for agriculture

A.9 Raised bed systemA.7 IntercroppingA.1 Drought resilient 
crops

A.3 Wet cultivation
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Zoom-ins

Design

Maximise for agriculture

River landscape Sandy soils Peatland
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Expanded Ecology
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Maximise for urbanisation

0 105 km
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Patterns

Design

Maximise for urbanisation

Raised buildingsU.6Floodplain parksU.5Lowered urban 
green

U.4Urban waterwaysU.1
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Zoom-ins

Design

Maximise for urbanisation

River villages Dry city Wet city
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Pattern implementation

1. Roermond & the 
Maasplassen

3. Around the 
Maasduinen

2. Around De Peel
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Pattern implementation

Design

1. Roermond & the Maasplassen



Analysis

/6853

Introduction Conclusion

Pattern implementation

Design

2. Around De Peel
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Pattern implementation

Design

3. Around the Maasduinen
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Rural and urban situation

Panoramas

Velden
Source: Google Earth (2025)

Venlo
Source: Google Earth (2026)
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Rural - FAS 2100
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Rural - Design 2050
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Rural - Design 2100
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Urban - FAS 2100
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Urban - Design 2050-2100



The Maas at Baarlo
Source: Author (2025)

Conclusion
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Research question

How will renaturalisation of the river Maas as a climate resilience strategy transform 
the Noordelijke Maasvallei under the most extreme dry and wet scenarios by 2100, 

and how can the ecological, agricultural, and urban landscape evolve with this 
transformation? 
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Criteria for a desirable future

Evaluation

Water availability Water safety Ecological 
resilience

Complementary
criteria

Drinking water supply
Crop water efficiency

Infiltration and
recharge

Shipping navigability
Water quality

Urban flood safety
Crop field drainage
River space capacity

Infrastructure resilience

River nature
Ecosystem connectivity

Peatland stability
Nutrient stability
Heat mitigation

Water retention
Natural river dynamics
Land use compatibility 
Discharge adaptability
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Evaluation

 
Criteria 2025 FAS 

2100 
Design 
2100 

W
at

er
 a

va
ila

bi
lit

y 

Drinking water supply + - + 

Crop water efficiency - - - ++ 

Infiltration and recharge - - ++ 

Shipping navigability + - - 

Water quality 0 - + 

W
at

er
 s

af
et

y Urban flood safety 0 - ++ 

Crop field drainage - - - ++ 

Infrastructure resilience + - ++ 
Ec

ol
og

ic
al

 re
si

lie
nc

e 

River nature - - - - ++ 

Ecosystem connectivity - - ++ 

Peatland stability 0 - 0 

Nutrient stability - - - - ++ 

Heat mitigation - - - + 

Fauna refuge - - ++ 

Co
m

pl
em

en
ta

ry
 

cr
ite

ria
 

Water retention 0 - - ++ 

Natural river dynamics - - - - ++ 

Land use compatibility - - + 

Discharge adaptability - - - ++ 
 

  

++
+
0
-

- -

Effect:

very positive
positive
no effect
negative
very negative
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Choices within the maximisation method

Transferability
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Maas River Basin

Noordelijke Maasvallei



Restoring Rivers
Thank you!




