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Dutch examples of problems in the urban 
areas: floodings, degradation of 
waterways, heatstress, drought leading to 
lower groundwater table and subsidence 
with results as damage of buildings 

Challenges urban climate (Holland)
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Why GI? To face urban challenges

5Credits Port Technology website Credits Plastic pollution/Zero Waste Conference Credits BBC Credits Water Canada

Floods Water pollution Heat stress Droughts



The Netherlands and Vancouver face some of the
same challenges, like subsidence
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Land subsidence in Vancouver Expected subsidence 2020-2100 in the Netherlands



Sinking cities

https://www.weforum.org/agenda/2019/09/11-sinking-cities-that-could-soon-be-underwater/
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Solutions Canada-Netherlands

Dutch: Floating urbanisation,  room for the river



Challenges urban climate (change)   



Where to find: Floating urbanisation



Floating and amphibious life
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Tools and examples
Floating urbanisation
Climatescan.org



Future? New floating cities



Flexible small 
urban
Resilient 
infrastructure



name definition Visual (source: wwclimatescan.nl)
1 Swale A shallow vegetated channel designed to conduct and retain water, but may

also permit infiltration. The vegetation filters particulate matter.

2 Constructed wetland Wetland: flooded area in which the water is shallow enough to enable the
growth of bottom-rooted plants. Wetlands are constructed in urban areas to
store water after stormwater events and improve waterquality.

3 Waterharmonica Ecological engineering treating waste water into usable surface water. The
Waterharmonica focusses on integrated ecological engineering processes, by
optimising multifunctional constructed wetland processes.

4 Green roofs (and
walls)

A roof with plants growing on its surface, which contributes to local biodiversity.
The vegetated surface provides a degree of retention, attenuation and treatment
of rainwater, and promotes evapotranspiration.

5 Floating urbanization Floating or amfibious constructions as floating homes will adapt to variation of
waterlevels (flooding, drought). Floating homes are constructed around the
world to adapt to climate adaptation.

6 Permeable pavement A permeable surface that is paved and drains through voids between solid parts
of the pavement. A permeable is a surface that is formed of material that is itself
impervious to water but, by virtue of voids formed through the surface, allows
infiltration of water to the sub-base through the pattern of voids, for example
concrete block paving.

7 Opportunities for
adaptation

This category shows locations that provide opportunities for climate adaptation.
Uploaded projects are implementation of nature based solutions or locations
that are suited for urban resilience.

8 Hollow gully free
roads

Roads that are constructed as drainge. An example is a surface flood pathway:
routes in which exceedance waterflows are conveyed on the ground. Also
referred to as ‚hollow‘ or ‚gullly free‘ roads.

9 Sub-surface
infiltration

A sub-surface structure into which storm water is conveyed, designed to
promote infiltration.

10 Flexible small urban
Resilient
infrastructure

An upcomming categorie linked to flexible flood walls to protect infrastructure



Flood barriers

https://www.climatescan.nl/projects/2239/detail

https://www.climatescan.nl/projects/2239/detail


And what about drought (and flood & heatstress)

This second webinar from the series Climate Adaptation: solutions 
from different corners of the world is about adapting infrastructure 
to new conditions caused by climate change in Canada and the 
Netherlands. Floris Boogaard and Darren Swanson will specifically 
discuss the drought and extreme rainfall.

17

https://platformwow.nl/reeksen/climate-adaptation-solutions-from-different-corners-of-the-world


Smart cities: a Green Blue strategy



Solutions



Green infrastructure

20

[GI is] ‘a strategically planned network of 
natural and semi-natural areas with other 
environmental features designed and 
managed to deliver a wide range of 
ecosystem services’ in both rural and 
urban settings. 
European Commission
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International multifunctional inspiration/solutions
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Hosted in 
Holland

There is a clear demand for a 
collaborative knowledge-sharing 
on climate adaptation and 
mitigation. 



Overview of European platforms — content 
relevant to the core societal challenges



ClimateScan.org 
Mapping climate adaptation solutions
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Opportunity: relating GI to urban typologies
Dutch neighbourhood 
typology Period Features

Urban city block before 1930 no front garden nor green skirting, 4-5 layers

Pre-war city block 1900-1940
occasional front garden, 3-4 layers, wider streets than urban blocks and 
occasional green skirting

Garden village 1910-1930
spacious front and back garden, 2-3 layers, ample parking space,1930s 
architecture, limited public green and rarely street trees

Working-class neighbourhood 1930-1940 no front garden, little public green, 2-3 layers, single-family units

Low-rise post-war garden city 1945-1955 open building block with ample green, 2-3 layers, single-family units

High-rise post-war garden city 1950-1960
open building blocks with ample green, 4-6 layers, apartments, storage on 
the ground level

Post-war neighbourhood 1940-1990
front and back garden, 2-3 layers, single- family terraced houses, semi-
detached or detached

Community neighbourhood 1975-1980
single-family unit with front- and back garden, meandering street pattern, 
courtyards, wide green skirting around the neighbourhood 

High-rise city centre 1960-present more than 10 layers in grid formation

Suburbanisation - Vinex 1990-2005 single-family unit, terraced, semi-detached or detached apartments

1900-1940

1950-1970

1970



Strategy: Climate city approach

28

Status 2022 GI > 500 locations in climatescan.org
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Every city is different
A holistic approach is needed
Analyze, Ambition, Action!
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What is an
inspiration for 
Canada?



What is an inspiration for 
Canada?

• NBS since 1997… looking in the future
• Maintenance and monitoring: long term efficiency



12 subsurface road storage Zoeterwoude

18 Infiltrating sewer Boddenkamp Enschede 19 subsurface road storage Zwolle

3 bio Swale Harkstraat Amsterdam

16 Raingarden Azuurweg TIlburg

14 Swale Ruwenbos Enschede11 Raingarden Irenestraat Amsterdam

8 Raingardens & DV Reestraat Arnhem

13 Swale Paddepoel Groningen

6 Gully free road to swale Almelo

5 bio Swale Alphen4 bio Swale Veldbiezenweg Zwolle

9 Waterharmonica Moerenburg

2 Grid Pavers Someren1 Swale & playground Dalfsen

15 bio Swale Euvelgunne Groningen

7 Grid Pavers Zoeterwoude 10 Raingarden Amsterdam

20 Swale Vasaliplantsoen Utrecht17 bio Swale Veenweg Deventer



Plek voor Thomas
Welke raingarden?

Nijmeguh

Amsterdam

Tilburg

Delft

GroningenArnhem

Leiden

Zeewolde



Add your own projects!

>6000 examples… where can I find them?
Top views on climatescan



Top views on climatescan



(Dutch) green roofs 2.0

37

• Green roof programs in most Dutch 
municipalities

• For existing buildings:
− Co-funded by municipalities from waste 

water taxes paid by citizens
− private investments from real state owners

• For new buildings:
− Fully funded by private owners

First Polderdak, Amsterdam
Green roof 2.0 mitigation and adaptation
Reacting on weather forecast, RTControl

https://www.climatescan.nl/projects/920/detail



Water square in Rotterdam
2013
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• Multifunctional square
• Combines a space for recreation and sports with 

temporary water storage 
• Square acts as a buffer

• Filtered water is returned to the water system
• Twofold strategy: 

− Money invested in water storage facilities 
becomes enjoyable and visible

− Opportunities to create environmental quality 
and identity to central spaces in neighborhoods.

Credits Wallaard Aannemersbedrijf



Multifunctional Bio-swales

39

• Naturally designed buffer and infiltration filter, can 
be a shallow ditch or depression in the field

• It detaches rainwater runoff from streets and 
rooftops from the traditional sewer system.  

• Most of the year the bioswale remains dry. Only 
during heavier rain events it will be filled with 
water.

• This way clean water is infiltrated into the soil it 
can be used during drier periods. 

• The overflow risk of the sewage system is limited 
as rainwater is separated from the sewer system. 

• This leads to a higher water quality of the surface 
waters.

Bioswale Pond

Drain Water 
discharge

Control

Overflow

Source Climatescan



Innovation, there is more!



Water storage 

Permeable pavement

Swales

phytoremedition

20 mei 20221 November 2007 41

Factor tijdFactor Time
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EUROPE

The Netherlands
Cities:

Groningen (2014,2017-2022)
Rotterdam (2017-2019,2022)

Leeuwarden, Hoogeveen, Kampen, Apeldoorn, 
Arnhem, Tilburg, Nijmegen, Eindhoven (2015-2022)

Regions:
GrensMaas (2020, 2022)

Drents Overijsselse Delta (2021)
Noord Holland, Zeeland and Brabant(2021)

ASIA
Mae Phaem, Thailand (2014, 2015)

Manila, Philippines (2016)
Tainan, Taiwan (2016)
Kanpur, India (2016)

Semarang-Surabaya-Ambon, Indonesia 
(2017-2020)

Cebu-Manila, Philippines (2017, 2018, 
2019)

AFRICA
Niger River, Mali (2018)

South Africa (2020)

SOUTH AMERICA

North AMERICA

Peru (2019, 2022)
Colombia (2023)

New Orleans, USA (2022)
Vancouver, Canada (2022)

Riga, Latvia (2019)
Oldenburg, Germany (2020)

Malmo, Sweden (2019)
Chur, Switzerland (2019)
Gdansk, Poland (2021) 

Coimbra, Portugal (2022)
www.climatecafe.nl

ClimateCafé: sustainable climate adaptation and lessons learnt: https://www.mdpi.com/2071-1050/12/9/3694

https://www.mdpi.com/2071-1050/12/9/3694


ClimateCafe Vancouver
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Mapping GI and characteristics

Monitoring micro pollution Hydraulic performance

WaterqualityDynamic Monitoring (heatstress and air 
pollution)

Story telling

Engaging the community,
even in monitoring GI

44





Floodfighting:
Sponge cities after 20 years? 

https://www.youtube.com/watch?v=R14BajCwU6w



Challenges in monitoring 
and Maintenance of GI

47

challenges
• Cost and capacity of monitoring and maintenance
• Do we want to know? Experience
• As GI often require different types of maintenance, 

different expertise is required
• Involvement from different departments is required
• Funding agencies need to be convinced of or at 

least informed on the corresponding maintenance 
cost 

opportunities
• Partnering with education institutes to make 

monitoring more affordable to municipalities
• Learn from others’ experiences and other sites
• Use citizen science and participation

• Raising awareness, capacity building: climatecafe
• Make monitoring more attractive!



Rain garden: centralized or decentralized
at street and house level

Note that infiltration capacity is depending on 
vegetation, clogging, bio activity more than
the engineered soil: maintenance and
saturation

48

Veld (Arnhem), The Netherlands6 rain gardens –18 m²
Construction 2018



Rain gardens: scientific results international knowledge exchange

49Bergen, Norway
https://www.climatescan.org/projects/1068/d
etail

Gdansk, Poland
https://www.climatescan.org/projects/4224/d
etail

Amsterdam, Netherlands
https://www.climatescan.org/projects/921/de
tail

Velp, The Netherlands
https://www.climatescan.org/projects/1109/d
etail

Poland: Magda Kasprzyk, Wojciech Szpakowski, Eliza Poznańska, Floris C. Boogaard, Katarzyna Bobkowska, Magdalena Gajewska, Technical solutions and benefits of introducing rain gardens – Gdańsk case study, Science of The Total Environment, 2022,
155487, ISSN 0048-9697, https://doi.org/10.1016/j.scitotenv.2022.155487

Norway: Venvik, G.; Boogaard, F.C. Infiltration Capacity of Rain Gardens Using Full-Scale Test Method: Effect of Infiltration System on Groundwater Levels in Bergen, Norway. Land 2020, 9, 520. https://www.mdpi.com/2073-445X/9/12/520
Thailand: Majidi, A.N.; Vojinovic, Z.; Alves, A.; Weesakul, S.; Sanchez, A.; Boogaard, F.; Kluck, J. Planning Nature-Based Solutions for Urban Flood Reduction and Thermal Comfort Enhancement. Sustainability 2019, 11(22), 6361;

https://doi.org/10.3390/su11226361.
Sweden: Boogaard, F.C.; Venvik, G.; Pedroso de Lima, R.L.; Cassanti, A.C.; Roest, A.H.; Zuurman, A. ClimateCafé: An Interdisciplinary Educational Tool for Sustainable Climate Adaptation and Lessons Learned. Sustainability 2020, 12, 3694.
Netherlands: Kennisportaal klimaatadaptatie, De raingarden biedt net als de wadi veel kansen voor Nederland, Gepubliceerd 10 februari 2022

https://www.sciencedirect.com/science/article/pii/S0048969722025839?via%3Dihub
https://www.mdpi.com/2073-445X/9/12/520
https://www.mdpi.com/2071-1050/11/22/6361/htm
https://doi.org/10.3390/su11226361
https://www.mdpi.com/2071-1050/12/9/3694
https://klimaatadaptatienederland.nl/actueel/actueel/interviews/raingarden-interview-floris-boogaard/


But we need to conduct long-term monitoring
and share results

50



Boogaard, F.C. Spatial and Time Variable Long Term Infiltration Rates of Green Infrastructure under Extreme Climate 
Conditions, Drought and Highly Intensive Rainfall. Water 2022, 14, 840. https://doi.org/10.3390/w14060840



From monitoring results of local GI
to international guidelines

52

Vancouver

3- 5 meter
& ‘15 cm rule’



Content: Small scale urban resilient infrastructure in 
practise: what, where and does it work? 

1. We share Challenges
2. So lets share Solutions 
3. Practical examples of resilient 

infrastructure
4. Tools and information
5. More info



Thank you

Share your projects, 
Move the world

ClimateScan.org

dr.ir. F (Floris) Boogaard PhD
professor spatial transformations: 
Floris@noorderruimte.nl

mailto:Floris@noorderruimte.nl


Contact

www.deltares.nl

info@deltares.nl

@deltares

@deltares

linkedin.com/company/deltares

facebook.com/deltaresNL


