


' Flooding in Roermond, July 2021
Source: ANP (2021) -~
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Climate change

Precipitation deficit Flood risk in 27100

Current climate 2100 (dry, low emissions) 2100 (dry, high emissions)
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Problematisation

Rain-fed rivers: the Maas

The Netherlands

France

Downstream

Midstream

Ardennes

Upstream
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Problematisation

Conseqguences of climate change

Bottleneck - Bottleneck -
drainage drainage
region region

Loss of

L ess pressure
ecology

gainst salt
intrusion
Decline in
supply - upkeep
canals

... Soil erosion
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Decline in Increase in
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Human interference

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

TV vy

Introduction



9/68

Problematisation

Problem framework

Landscape
vulnerability

Climate change

The Maas river basin

Integration

Renaturalisation

Human interference Dependent landscape
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Fast discharge Space for infiltration Longer discharge time
and storage

Sedvi%ent removal for - \ .\
Space for ecolo
deep river bed P &

Introduction



11/68

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 landscape evolve with this
transformation?
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Research area

The Noordelijke Maasvallei

Introduction Analysis Design Conclusion
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Research area

The Noordelijke Maasvallel

Legend

I Water

B Ecology
Agriculture

I Urban area
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Method

Analysis

SWOT FAS Pattern language Maximisation Integrated design
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Current situation

2025

Legend

W Water

B Nature
Agriculture

@ Urban area

0 5 70 km @

Analysis



Future Autonomous Situation
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2100

Limited floodplain capacity

® | Insufficient flood space
causes the river to damage
the surrounding landscape
during high discharges.

Crop loss from floods

Crop loss from droughts

With reduced rainfall and
limited soil infiltration,
current cultivation

Current cultivation
practices in flood-prone
areas will lead to major
crop losses during high
discharges and extreme
rainfall.

practices will result in
major crop losses during
dry summers.

Soil subsidence & CO2 emissions

Without enough water recharge,
the peat soils of the De Peel will
sink and emit CO2, instead of
storing it.

Drought stress

Dry summers will
cause drought
stressdueto a
lack of soil
moisture and
even increase the
risk of forest fires
inthe

L Maasduinen.

Urban flood risk

2100.

The current flood
protection infrastructure
around urban areas will not
be sufficient for the
discharges expected in

Drinking water shortage

Drinking water shortages
will be more common in

the dry summer, due to the hiopi Is heavily rel
lack water storage facilities S IPPIng canals heavily rely
in wet periods. on river water to maintain

their levels, reducing river
flow and harming river
ecosystems

River-canal water distribution

Legend
Water

Nature
Agriculture

Urban area

Flood risk from Maas
. Ecological risk

' Urban risk

I Drought risk

I Water excess risk

Explanations per theme:
The river system
The ecological system

The agricultural system

The urban system

o

5 10km®
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Future Autonomous Situation

Rural - 2100

Crop loss from droughts I Drought stress
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Future Autonomous Situation

Rural - 2100

I Limited floodplain capacity
®

limited floodplain capacity “ . | / /
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crop loss from flooding / / o / /
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Future Autonomous Situation

Urban - 2100

Drinking water shortage I
e
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Future Autonomous Situation

Urban - 2100

I Urban flood risk I Limited floodplain capacity
® ®

/ ’urbanflyoo’ding

Iirﬁited floodplain capécity
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Towards a desirable future

2025 FAS 2100

Desirable 2100

7

WV
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Renaturalised River

Expanded Ecology

Adaptive Agriculture

Climate-proof Cities
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River Maas

Other water bodies
Floodplain & river space
Nature

Nature hub

Nature cluster
Ecological connection
Urban

Agriculture
Water-integrated cities
Nature-rich cities
Drought-resilient agriculture
Flood-resilient agriculture

5 10 km @
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Method

Design

SWOT FAS Pattern language Maximisation Integrated design
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The pattern language

A pattern
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Introduction

Number Title Hypothesis
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Reconnectihg old
meanders

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

Rélated patterns:
Ri2,R.8,R.9,R.10

v

,"Conﬂicfipg patterns:

1
1
1
1
1
I
1
1
1

lllustration  Related patterns

Analysis

Theoretical background Practical implications

Theoretical background:

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 cgmpounds of the river can

significantly be restored as weéll by fully reconnected
meanders (Lorenz et al., 2076).

’
’
’
’
’
’
.

Practical implications:

© 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.

@® L

Implementation: Implementation:
10-2‘5‘years

mes@
Effect: Effec't:
75-100 years macrq,

1
1
[l
1
1
1
[}
[l
1
1

Conclusion
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The pattern language

Pattern groups

Renaturalisation Ecology Agriculture Urbanisation

Urban
waterways

Climate-resilient
vegetation

Drought-resilient

Reconnecting S
cultivation

meanders
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_
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Maximisation method

Renaturalised River Expanded Ecology Adaptive Agriculture Climate-proof Cities

Design



Design

Legend

Water

Space for renaturalised river
Forest

Heath

Peat bog

Fens and wetlands
Drought-resilient agriculture
Nature-inclusive agriculture
Flood-resilient agriculture
Wet agriculture

Urban area

Urban expansion

Green corridor

Erosion protection

Shipping canal
Renaturalisation
Densification

Urban hub

5 10 km (D
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Maximise for water
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Legend
B Wwater
| Renaturalised river

Sandy nature (low)

Sandy nature (high)

~ Peatnature
----  Renaturalised stream
1 Runoff protection + infiltration
=== Possible surface water storage
~ Claynature
Q Nature for infiltration
@ Shipping canal
0 5 10 km- (T
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Maximise for water
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Patterns

Widening
flood plains

Seasonal
retention ponds

k-\/
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Maximise for water

Z00Mm-ins

River landscape Sandy soils Peatland

Seasonal
retention ponds

Stop dredging

Beaver dams
Side channels

Seepage ponds
for storage

Seasonal
retention ponds

Lowering river
banks

Widening flood
plains

Design



Renaturalised River Legend 38/68

Water

Space for renaturalised river
Forest

Other nature

Shipping canal

Renaturalisation
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Maximise for ecology
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Legend
Water

Renaturalised river

Forest

N
N
5 Maasduinen - protectected forest
7/ Peel - protected peat bog

B  Heathland

1 Maasheggen - green border

} Water supply to peatland

----  Renaturalised streams

0 5 10 km @

Introduction

Analysis

Design

Conclusion



40/68

Maximise for ecology

Patterns

@ Riparian @ Green corridors @ Aquatic refugia

vegetation

Introduction Analysis Design Conclusion
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Maximise for ecology

Z00Mm-ins

River landscape Sandy soils Peatland

Riparian vegetation
Wetland recovery

Riparian vegetation
Climate-resilient

Aqua efugia vegetation

A \\ \ v . Climate-resilient
Ly , i vegetation
\ a9
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u ‘ \li ¥
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Blue corridors

~

Rewetting peatlands
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Renaturalised River

Expanded Ecology

Legend

O
e

Water

Space for renaturalised riy
Forest

Heath

Peat bog

Fens and wetlands
Stepping stones
Green corridor
Erosion protection
Shipping canal
Renaturalisation

5 10 km (D
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Maximise for agriculture
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Legend

Water
Flood-resilient agriculture
. Drought-resilient agriculture
Peatland/wet agriculture
Peatbog agriculture

111 Runoff protective measures
} Water supply to peatland
e

Aquaculture/fishing

0 5 10km®
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Maximise for agriculture

Patterns

@ Wet cultivation @ Intercropping @ Raised bed system

.
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for agriculture

imise

Max

Z00Mm-ins

Peatland

Sandy soils

River landscape

Design



Renaturalised River

Expanded Ecology

Adaptive Agriculture

Legend

Water

Space for renaturalised river
Forest

Heath

Peat bog

Fens and wetlands
Drought-resilient agriculture
Nature-inclusive agriculture
Flood-resilient agriculture
Wet agriculture

Green corridor

Erosion protection

Shipping canal

Renaturalisation

5 10 km (D
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Maximise for urbanisation
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AN iy

Nijmegen

Legend

Water
Urban area
Industrial area

Expansion

il [

River towns typology

Connections
Main hub
Densification
Recreational hub

Water-integrated cities

OCOID

Nature-rich cities

0 5 10 km (T
@ " _________ N Dusseldorf
(DE)
Brainport
(Eindhoven)
< .
Maastricht
Liege (BE)
@
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Maximise for urbanisation

Patterns

@ Urban waterways @ Floodplain parks @ Raised buildings
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Maximise for urbanisation
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Z00Mm-ins

River villages Dry city

Temporary
recreation

Floodplain parks
Lowered urban

Permeable
pavement

Urban buffer ponds

Raised buildings

Floating buildings

Wet city

Urban buffer ponds

Urban waterways
Permeable
pavement

Design



Renaturalised River

Expanded Ecology

Adaptive Agriculture

Climate-proof Cities

Legend

Water

Space for renaturalised river
Forest

Heath

Peat bog

Fens and wetlands
Drought-resilient agriculture
Nature-inclusive agriculture
Flood-resilient agriculture
Wet agriculture

Urban area

Urban expansion

Green corridor

Erosion protection

Shipping canal
Renaturalisation
Densification

Urban hub

5 10 km (D)
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Pattern implementation

3. Around the
Maasduinen

2. Around De Peel

'''''
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Pattern implementation
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1. Roermond & the Maasplassen

Raised D ding
Aquatic refugia
Blue corrido

Temporary
recreation

Permeable
DEVE

Lowering river
banks
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Pattern implementation

2. Around De Peel

Lowered urban
green

Green corridors

Climate-resilient
vegetation

Wetland recovery

Rewetting peatlands

Design
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Pattern implementation

3. Around the Maasduinen

Climate-resilient
vegetation

Side channels

Riparian vegetation

Aquatic refugia

Seepage ponds
for storage

Urban waterways

Urban buffer ponds

Widening flood
plains

Lowering rvier
banks

Introduction Analysis Design Conclusion



55/68

Panoramas

Rural and urban situation

Velden
Source:.Google Earth (2025)

Venlo
Source: Google Earth (2026)

Design
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Rural - FAS 2100

limited floodplain capacity




Rural - Design 2050
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Rural - Design 2100




Urban - FAS 2100
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Urban - Design 2050-2100
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I Raised buildings |1 /¢
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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 landscape evolve with this
transformation?

Conclusion
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Process

FAS FAS Design
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Evaluation
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Criteria for a desirable future

Water availability Water safety

Drinking water supply
Crop water efficiency
Infiltration and
recharge
Shipping navigability
Water quality

Urban flood safety
Crop field drainage
River space capacity

Infrastructure resilience

Ecological
resilience

River nature
Ecosystem connectivity
Peatland stability
Nutrient stability
Heat mitigation

Complementary
criteria

Water retention
Natural river dynamics
Land use compatibility
Discharge adaptability

Conclusion



Evaluation
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Criteria 2025 2': ﬁ)% D;f(‘)%“ Effect )
++  very positive
8 Drinking water supply + - + 6 Egsei:;[‘i‘\éec t
% Crop water efficiency - - - ++ \r/]:rgya:c\elgative
?;: Infiltration and recharge - - ++
% Shipping navigability + - -
- Water quality 0 - +
E‘ Urban flood safety 0 - ++
g Crop field drainage - -- ++
g Infrastructure resilience + - ++
River nature - - -- ++
g Ecosystem connectivity - - ++
E Peatland stability 0 - 0
E, Nutrient stability -- -- ++
§ Heat mitigation - -- +
Fauna refuge - - ++
% Water retention 0 -- ++
g .g Natural river dynamics - - - - ++
é— g Land use compatibility - - +
8 Discharge adaptability - - - ++
®
Introduction Analysis Design Conclusion
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Transferability

Choices within the maximisation method

Conclusion
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Maas River Basin

Noordelijke Maasvallei

Conclusion
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