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Denkend aan Holland 
zie ik breede rivieren 
traag door oneindig 
laagland gaan,
rijen ondenkbaar 
ijle populieren
als hooge pluimen 
aan den einder staan, 
en in de geweldige 
ruimte verzonken
de boerderijen
verspreid door het land, 
boomgroepen, dorpen, 
geknotte torens,
kerken en olmen
in een grootsch verband, 
de lucht hangt er laag
en de zon wordt er langzaam 
in grijze veelkleurige
dampen gesmoord,
en in alle gewesten
wordt de stem van het water 
met zijn eeuwige rampen 
gevreesd en gehoord.

Hendrik Marsman, 1963
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Source: de Stentor

The Netherlands..
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Watersnoodsramp 1953 High water Limburg 2021

Source:
Right: ANP
Left: Rijkswaterstaat

Vulnerable to flood and water nuisance
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News items summer 2022
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WATER SHORTAGE WATER MUST BE DIVIDED

INTRODUCTION - PROBLEM STATEMENT - ANALYSIS - RESEARCH QUESTION - METHODOLOGY - DESIGN - CONCLUSION AND REFLECTION



?From

5

To

Fascination

WATERLAND DROUGHTLAND
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Drought
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Precipitation shortage
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Source: Kennisportaal Klimaatadaptatie (2022)

Drought

Water shortage

e

Precipitation 
shortage

Slow 
drainage

Decreasing 
humidityHigh 

evaporation

Little 
precipitation

Rising precipitation 
shortage
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Water shortage caused by climate change

Drier summers, wetter winters

Amount of precipitation in summer (mm)

2050 2085

2085
2050

Amount of precipitation in winter (mm)

Source: KNMI
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Interplay drought
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Weather / Climate

Water useSpatial planning
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Water shortage caused by humans
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spatial planning

Netherlands and the water wolf

Source: BOMB - S. Helmreich
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Drinking water & industry
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Irrigation

Water shortage caused by humans

water use

Source:
Right: Drinkwaterplatform 
Left: De Stentor
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Desiccation

30%
Groundwater extraction for 

drinking water, industry and irrigation

60%
Drainage for agriculture
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DESICCATION
CONTINIOUS
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IMPOVERISHMENT

DRY WEATHER
VARIABLE

Desiccation

structural problem
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Nature deteriorates

Number of endagered and dissapeared species, 2019

Stoneflies Dissapeared

Critically endangered

Endangered

Vulnerable

Sensitive

Not endagered

Observation

Uncertainty trend

Trend

Reptiles

Mayflies

Butterflies

Mushrooms

Amphibians
Bogs

Lichen

Birds

Mollusks

Fish

Vascular plants

Worms

Dragonflies

Mammels
Grashoppers and crickets

Bees

Damselfly

Fauna of nature reserves on land 1990 - 2020
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Nijmegen

Analysis for Staatsbosbeheer
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Boundary moraine

Nijmegen
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Forest Groesbeek

DuivelsbergMORAINE

Analysis for Staatsbosbeheer

De Bruuk
Natura2000
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The moraine of Nijmegen

Forest Groesbeek

DuivelsbergMORAINE

De Bruuk
Natura2000

Boundary moraine

±100 m NAP

Nijmegen

Groesbeek
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Formation moraine
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Groesbeek

NL Germany

Source: Toekomstvisie Ketelwald
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Land ice Nijmegen - Kleve
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DRY 80 m

WET

Soil-water system

SPONGE
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Fresh water bubble
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THREATS
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Influence on soil-water system
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Droughtstress



Source: Witte et al. (2020)

De Bruuk
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Damage to nature
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Risk of wildfires



Photo taken during site visit march 16th 2022

Pine forest
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5 - 10 cm

10 - 15 cm

15 - 20 cm

20 - 30 cm

> 30 cm
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Water nuisance
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Source: Kennisportaal Klimaatadaptatie (2022)

Threats and their causes

Live and work

Recreation

Agriculture

Nature

Industry

Transportation

Drinking water

Health

Loss of
agricultural yield

Production loss through lack
of cooling water

Odour nuisance through
bad surface water

Increased spreading
of airy pathogen

Increased amount of
disease-ridden insects

Health risks (swimming)water
through pathogen

Blocked
drainage pipes

Odour nuisance through dried
out enclosure manholes

Dying public/private
green in the urban area

Fire risk for living
environment in forest areas

Subsidence of embankments,
roads and railways

Bush fires

Less load on ships and
delayed transportation

Less or obstructed
water recreation

Vegetation dies and
biodiversity loss

Animals dies through
lack of food

Dying water-related
flora and fauna

Crops fire

Exceed limits for groundwater
extraction

Increasing heat stress through decreasing
evaporation of green

Wildfires
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ff

Decreasing
supply in surface
water buffers Brooks, marshes

and rainwater
dependent water
structures dry outr

Salinisation of
waterways through
welling brakish
groundwater

Decreasing soil moisture
concentration and deminishing
groundwater level

Deterioation of the
water quality

Acidification soil

Desiccation fresh
water lens and
raising brakish
groundwater

e

Precipitation
shortage

Slow
drainage

Decreasing
humidityHigh

evaporation

Rising precipitation
shortage

Less water for
refreshing surface
water (flushing)

Less water for
irrigation

Insufficient water
for and dry-out of
vegetation

Uneven local subsidence
through settling and
shrinking Little

precipitation

Less water for water
level management
surface water
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VALUES
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4 Groene metropoolregioRegio Arnhem Nijmegen

18 gemeenten samen als de Groene metropoolregio

Source: Visie Groene Metropoolregio regio Arnhem-Nijmegen
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Moraine, nature pearl of the region
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Source:
Left top: IndebuurtNijmegen Right top: Staatsbosbeheer
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Left bottom: Natuurmonumenten Right bottom: VakantiebijMeeussen
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Moraine, nature pearl of the region



Ecological corridor red deer

Oostvaardersplassen

Reichswald

Source: Natuurmonumenten - W. Ouwendijk
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Moraine
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Source: OmroepGelderland
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Vierdaagse Nijmegen
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DROUGHTLAND
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Problem statement

The Netherlands is going to be confronted with drought more frequently.

Humans strengthen the water shortage through spatial planning and water use, causing desiccation 

Nature suffers from structural water shortages.
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Research question

In what way can the moraine landscape of Nijmegen be used and adjusted 
to achieve a climate adaptive landscape and provide enrichment of the local 

ecosystem?
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Climate adaptive

Design objective

Increase the spatial quality

Ecological enrichment
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Methodology framework

Fascination Problem statement Research question Methods Process Outcome

Drought in waterland Extreme drought in the
Netherlands happens more

frequently.

Humans strenghten the water
shortage

Quality of nature in the
Netherlands is declining.

In what way can the
landscape of the moraine of
Nijmegen be adjusted and
used to generate a climate

adaptive landscape and
achieve enrichment of the

local ecosystem?

Sub questions
1. How does the soil-water

system of the moraine work?

2. How to increase the water
availability in the landscape?

3. What is the current status of
the local ecosystem?

4. Which landscape elements
provide both ecological

enrichment and create added
value for humans?

Condition
Symbiose between human

and nature

Collecting data and
Site analysis

Design strategies

Threats
Values

Literature review

Site visit

Toolbox with design
principles

Spatial design

Reflection

Answer the research question

Case study

Consulting experts

Policy study

Analysis SBB
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“While we are drowning in this Age of Information, 
we are starving for wisdom.”

Julia Watson, 2019
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Theory and principles

Lo-TEK

Designing for sustainable, climate-resilient infrastructures..
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Theory and principles

Lo-TEK

Principles

.. working together with nature instead of trying to conquer it in the name of 
progress (symbiosis).

.. renew the relationship between place, nature and the physical places 
humans construct and inhabit.

.. use of simple, local materials.

Designing for sustainable, climate-resilient infrastructures..
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MACRO +
Netherlands - Germany

Oostvaardersplassen

Reichswald

Design scales
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Oostvaardersplassen

MACRO
Moraine

Reichswald

Design scales

MACRO +
Netherlands - Germany
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Oostvaardersplassen

MACRO
Moraine

MESO + MICRO
Forest Groesbeek

Reichswald

Design scales

MACRO +
Netherlands - Germany
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CLIMATE ADAPTIVE MORAINE

Strategies
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Efficient water use Robust water system Spatial adaptation

INTRODUCTION - PROBLEM STATEMENT - ANALYSIS - RESEARCH QUESTION - METHODOLOGY - DESIGN - CONCLUSION AND REFLECTION



Re-use water

Ⓑ
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Ⓑ

Ⓑ

Ⓑ

The climate adaptive moraine

Efficient water use

Reduce groundwater extraction in areas 
which are sensitive for drought damage 

or desiccation

Ⓐ

Ⓐ
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Restore brooks and 
other waterways

Raise or maintain 
groundwater level

Robust water system

Ⓒ
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Ⓒ

Ⓓ

Ⓓ

Ⓓ

Ⓓ

The climate adaptive moraine
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Hold water

Take water nuisance into account

Spatial adaptation

The climate adaptive moraine

Ⓔ Ⓕ

Ⓔ Ⓕ

Ⓔ Ⓕ

Ⓕ

Ⓖ

Ⓖ

Ⓖ

Ⓖ

Ⓗ

Enlarge water availability
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Make soil and surface suitable 
for water absorption

Ⓔ

Ⓖ
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5 - 10 cm

10 - 15 cm

15 - 20 cm

20 - 30 cm

> 30 cm

Hold water

Take water nuisance into account

Ⓕ

Ⓗ

Enlarge water availability
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Make soil and surface suitable 
for water absorption

Ⓔ

Ⓖ

The climate adaptive moraine

Spatial adaptation
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Enlarge water availability

Hold water

Spatial adaptation

Take water nuisance into account

950 hectares
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Forest Groesbeek
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De Bruuk



Present relationship
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Masterplan 2050
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Landscape system
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Wooded bank

Pool

Micro basin
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Wooded banks
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Wooded banks

Source: A.E de Winter - Landschapsbeheer Groningen
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Wooded banks
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Wooded banks

57

INTRODUCTION - PROBLEM STATEMENT - ANALYSIS - RESEARCH QUESTION - METHODOLOGY - DESIGN - CONCLUSION AND REFLECTION



Wooded banks
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Wooded banks
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Wooded banks



Pools
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5 - 10 cm

10 - 15 cm

15 - 20 cm

20 - 30 cm

> 30 cm

Intersection dry valley and wooded bank
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Groundwater level
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Dry valley
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Dry valley
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Dry valley

65

INTRODUCTION - PROBLEM STATEMENT - ANALYSIS - RESEARCH QUESTION - METHODOLOGY - DESIGN - CONCLUSION AND REFLECTION



Dry valley
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Flowing water

67

Spreng
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Source:
Left: Worldpress
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Spreng
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Pools
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Change over the year
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Micro basins
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Source:
Left: Meldpunt bomenkap 
Right: SSWM.info
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Area after logging Micro basin

Soil disturbance through logging

Micro basin
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Wooded bank
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Pool Micro basin

Landscape system

Catch and Hold
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Evergreen forest

Present
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Heathland and meadow forest
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Heathland and meadow forest

Source:
Left: Heidebos
Right: Flickr - R. Hiemstra
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Heathland forest Meadow forest
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Landscape system x Ecology
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Key species

Crested newt

Ermine

Badger

Common spadefoot

Grass snake

Birds

Berries: fastfood
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Process wooded banks

Over the years more diverse
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Nature reserves
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Landscape system x Perception
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Sport route
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Source: West 8
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Reference: het Lint, Maximpark Utrecht - West 8

Sport route
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Wooded bank
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White flowers
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Source: Flora Europa Planten



Small deepened ditch

Cycle roads

Relation city - park

10 km

8 km

6 km

1,5 km

7 km

5 km

8 km

5 km

Visitor centre
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Ensemble

Ensemble
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Ensemble
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1.

87

2.

3. 4.

Ensemble
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Development over time
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Ensemble

Wooded banks and pools

Start 2050

Heathland and meadow forest Routes Nature reserves and ensemble

Development micro basins
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Research question

In what way can the moraine landscape of Nijmegen be used and adjusted 
to achieve a climate adaptive landscape and provide enrichment of the local 

ecosystem?
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Oostvaardersplassen

MACRO
Moraine

MESO + MICRO
Forest Groesbeek

Reichswald

MACRO +
Netherlands - Germany
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Ecological corridor Strategies

Landscape system 
Route and visitor centre

Conclusion
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Before

91

After

Reflection
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Reflection
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WATERING DRY LANDSCAPES
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Source: het Nieuwsblad

Thank you
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