A design towards a water resilient
landscape

Integrating nature-based solutions for a sustainable water system in Flevoland
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Threats and opportunities — climate change

" Annual mean sea level rise Netherlands (cm)
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Threats and opportunities — urban growth

Population development per municipality 2021-2035 (PBL, 2022)



Threats and opportunities — nature-based solutions
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Randstad - chance of water storage in urban areas

Coast - conservation of salt marshes for coastal
sedimentation and CO2-storage

Coast - coastal defence with double dikes

River - opportunities for a living river

River - water storage in low-dynamic marshes

Hi%];l NL - highly promising, low groundwater
recharge

High NL - promising, low groundwater recharge

High NL - somewhat promising, moderate
groundwater recharge
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Nature-based solutions (Klimaateffectatlas, 2025)

Peat - water and CO2 retention in historic peat

Peat - retaining water and sequestering CO2 in
growing peat




Without nature-based solutions, Flevoland risks environmental and social
consequences as water problems intensify, due to climate change,in combination
with urban growth in the coming years.



How could nature-based solutions be utilised to enhance the water system and
improve the resilience of Flevoland?



Water problems

Flooding and salinisation Soil subsidence Soil subsidence Water nuisance Water nuisance and shortage
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Analysis conclusion 2050




Water problems



Conclusion water problems
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Conclusion water problems 2050
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Conclusion analysis



Spatial analysis and water problems - 2050
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Maximisation



Water quantity

Wetland creation

Water storage

Stormwater park

Stormwater park

Water resistant crops

Sponge city

Blue-green networks
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Water quantity - drought stress

Rainwater harvesting Wetland creation
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Drought resistant crops
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Soil health - salinisation

Salt tolerant nature

Salt tolerant nature

Salt tolerant crops
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Subsidence-proof urban
design

No new urban expansion
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Soil health - soil

Nature-friendly agriculture
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Nature-friendly agriculture
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Water satety - flooding

Dike restoration

Dike restoration

Dike restoration
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Dike restoration
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Urban expansion

Area needed
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Water storage

Stormwater park

Salt tolerant crops

Stormwater park

Water resistant crops

Living shorelines

Sponge city

Aquifer storage and

__________recovery

Integration
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Integration

Dike restoration

Salt tolerant nature

Water storage

Nature-friendly agriculture
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Governance

Phase 1: Research and Vision Phase 2: Motivation

Research from waterboard for dike restoration

Research for living shorelines WUR

Research new types of crops - WUR, Aeres Hogdschool and Farmers

Transition fund to help farmers

Higher water level to reduce soil subsjdence

Water nuisance will increase
Waterboard calculations water storage

Province of Flevoland designs vision for hew nature / wetlands - - - - - - - =— = = = — -

Municipalities need to know of the design

Zeewolde and Almere vision making sustainpble Oosterwold
Rainwater harvesting systems

Sponge city design ==

Phase 3: Policy and implementation | Phase 4: Implementation and upscaling

Dike improvement
Implementation of living shorelines

Policy change Ministry of  and W

Crop type transition based on specific problems
- Further researclh Aeres Hogeschool and upscaling to Flevoland

-p Design water storage in combination withh wetlands - Staatsboseheer and designers

Participation of citizens and farmers

Oosterwold development
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Governance phase 1

Phase 1: Research and Vision

Research from waterboard for dike restoration ‘

Research new types of crops - WUR, Aeres Hogelschool and Farmers

Province of Flevoland designs vision for |new nature/wetlands

Dike restoration J
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Governance phase 2

| Phase 2: Motivation

‘ Dike improvement

Transition fund to help farmers ‘

Waterboard calculations water storage

Riparian buffer : )
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Governance phase 3

Phase 3: Policy and implementation

Dike improvement

Crop type transition based on specific probl*:ms

Design water storage in combination witl'l wetlands - Staatsboseheer and designers

Riparian buffer

New types of crops
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Living sho relines\l

Dike restoration d

an

Stormwater park

Governance phase 4

Riparian buffer

Aquifer storage \J

Phase 4: Implementation and upscaling

Dike improvement

& Further researclh Aeres Hogeschool and upscaling to Flevoland

Design water storage in combination with wetlands - Staatsboseheer and designers
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vision Flevopolder

Blue-green network Riparian bufier Climate-resistant crops nature-friendly agriculture

Now 2050



Vision Noordoostpolder

Water storage Wetland creation
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How could nature-based solutions be utilised to enhance the water system and improve the resilience of Flevoland? 34/34
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Methodological tframework

Research question: How could nature-based solutions be utilized to enhance the water system in

order to improve the resilience of Flevoland?

What are water-related
nature based solutions? In
a Dutch context

What NbS are applicable
for which water problem

9,
— = in the Flevoland?

AN ()
What are the i = ;%I

waterproblems in the m— )
Flevoland? A
— :
= = \ 4

What will Flevoland look

¢ like 1n 2050 without NbS?

What are the (water)
characteristics of
Flevoland?

- =

What are the different
stakeholders in Flevoland?

9

T

Stage 1 Stage 2

What can the future of
Flevoland look like in

2050 after the
implementation of NbS?

f‘é’[ ‘:z o :

Stage 3

Policiy review

Literature review

Fieldwork

Pattern language
development

Location analysis,
mapping

Design with
pattern
combinations

Vision making

Maximisation
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Characteristics and historical backgroun
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Urban areas
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Rural areas - agriculture

O Search areas for defence
O

- Orchard
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Rural areas - nature
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Water system s

Zwolse Vaart

Smeenge

Wetlands

Pumping stations
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Water nuisance
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Drought

Low <10% with grass lands

M Middle 10 - 20% with grass lands
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High > 20% with grass lands



Salinisation

B 0-5m
| 5-10m
B 10-25m
B 2>5-50m
D B s50-100m
— | >100m



So1l subsidence

<= 0,00 m
0,00 - 0,05 m
0,05 - 0,10 m
0,1 -0,15m
0,15 - 0,20 m
0,20 - 0,30 m
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Flooding
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