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Introduction: SuDs in Holland



Dealing with Climate change is a choice

21

Negative and Passive? Positive, ready for action?



1. Introduction

2. Climate adaptation 2.0

– BMPs

• Governance/participation

• LT: Cost effectiveness

3. Tools (dissimination)

4. Take home messages

– More info

– Working together?

Content

Worse case

climate 

Long term



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 (change): The Netherlands  

Boogaard F.C. Climate adaptation from Groningen to Mae Phaem, Inaugural speech on Spatial Transformations – Water, ISBN 9789081935692 Kenniscentrum

NoorderRuimte Hanzehogeschool, Groningen, February 2016.

挑战：
城市气候（变化）

floodings

subsidence 

waterquality

heatstress

Challenges urban climate (change)   

https://www.hanze.nl/assets/kc-noorderruimte/Documents/Public/2015-07-09/Floris Boogaard/Floris Boogaard - Klimaatadaptatie van Groningen tot Mae Phaem.pdf
http://www.floodsite.net/juniorfloodsite/images/content/bodemdaling.jpg
http://www.floodsite.net/juniorfloodsite/images/content/bodemdaling.jpg


Challenges in urban climate change

waterqualityFloodings Heatstress

Airquality

urbanisation

Floodings

https://www.globalcitizen.org/en/content/smog-filtering-bikes-china-air-pollution/


Challenges urban climate (change)   



Future? New cities



But for now: Accept & Adapt

(mitigation for long term)



Smart cities: we need a plan
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http://www.google.nl/url?sa=i&rct=j&q=green+wall+spain&source=images&cd=&cad=rja&docid=Hzhj6GvXWLZOsM&tbnid=Fey1V7AoGesIeM:&ved=0CAUQjRw&url=http://www.landezine.com/index.php/2009/08/caixa-forum-green-wall/&ei=svlKUfypDoaV0QW8lIGIDQ&bvm=bv.44158598,d.d2k&psig=AFQjCNH0F1pCmTGkYYRxXforIdMTSAGwBA&ust=1363954475722907


In Groningen?

1001       solutions

>1001 SUDS



1001       solutions

>1001 SUDS

Space the urban

dense area?
Infiltrate with high 

groundwater and

low permeable soil?

Cold climates? 

Long term? 



Books … 
for international knowledge exchange?

http://www.riool.net/riool/binary/retrieveFile?style=default&itemid=3289&instanceid=20
http://library.wur.nl/ebooks/STOWArapporten/1859812.pdf
http://www.riool.net/riool/binary/retrieveFile?instanceid=30&itemid=2922&style=default
http://www.stowa.nl/uploads/publicaties2/mID_4924_cID_3914_44971187_STOWA 2007 20.pdf
http://www.riool.net/riool/binary/retrieveFile?instanceid=30&itemid=3892&style=default
http://www.stowa.nl/uploads/publicaties/mID_4787_cID_3774_27745383_STOWA 2004 23 LowRes.pdf
http://www.stowa.nl/uploads/publicaties2/2003_04.pdf


Books … 
for international knowledge exchange?



international knowledge exchange tools (Erasmus):

experience: interactive, V+A (augmented) reality, serious gaming, …



National climate adaptation
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Mapping

Brasil, Rio de Janeiro

Thailand, Bangkok

Denmark, Copenhagen

Taiwan, Tainan

Groningen, NL          

Satelliet INSAR data

• Flooding
• Heatstress
• Drought

• Damage (cost)
• Subsidence
• Pollution
• Waterquality
• (im)mobility
• Opinion (social media)
• …. etc

Bergen, Norway

Johannesburg, Heaststress



Floodmodel Amsterdam



Example: Amsterdam



Casestudies INXCES, share BMPs

climate specific challenges: from nordic to china

Bergen, Norway Groningen, The Netherlands

Next: Bucharest?

Data….



Europe vb Copenhagen



Place? Climate city approach
Multifunctionional and space for water

• Mapping flooding/heatstress

• Buildings

– Roofs

– Green buildings

• Squares

– Open areas

– Playgrounds

• Roads

– Road surface

– Road storage

– Near roads

• Green

– parcs

– Little green



Copenhagen



CopenhagenCopenhagen

https://www.climatescan.nl/projects/182/detail


Water- squares
(source: www.climatescan.nl)

a

c d

b



Water Plaza’s
Nice pictures…But (how) do they work??

https://www.climatescan.nl/projects/177/detail


Do SuDS work? Factor Time



Factor time
Sediment bassins

Permeable Pavement

(Bio) swales

Constructed wetlands

22 mei 20181 November 2007
29



Monitoring methods: Infiltrometer



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

Think big

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


Various Dam Variations Used at the Different Test Locations (a) Impermeable barriers; (b) 

Plastic wrapped soil core; (c) Soil-filled plastic bags.

Think BIG….

New monitoring method: full scale testing ‘Flood Fighting’



25 locations

Boogaard F.C. Stormwater characteristics and new testing methods for certain sustainable urban drainage systems in The Netherlands, Delft 2015.

政府管理：
海绵城市有效吗？Results

http://repository.tudelft.nl/view/ir/uuid:d4cd80a8-41e2-49a5-8f41-f1efc1a0ef5d/


Wat te verwachten op lange termijn? Welke getallen 

hanteren we bij ontwerp? Onderhoud?

Boogaard F.C., Lucke T, Giesen N, Ven F, Evaluating the Infiltration Performance of 10 Dutch Permeable Pavements Using a

New Full-scale Infiltration Testing Method, Journal Water 2014.

Results

Results: Infiltration capacities: 20-342 mm/h

http://www.google.nl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjcycmY8u7JAhVGYg8KHWR8AZ4QFggjMAA&url=http://www.mdpi.com/2073-4441/6/7/2070/pdf&usg=AFQjCNFQvqkNn5gqb2jAzaLHDaIhfja_ZA&sig2=ykfzq8ydqQLwVkEQ2U1_1g
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all data

Results

reasons for variations infiltration rates: age. construction type, 

maintenance, variations in hydraulic ground conditions, pavement 

usage and environmental site conditions 
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Netherlands: full scale tests

Netherlands: infiltrometer tests

Belgium: infiltrometer tests

Germany: infiltrometer tests

Ciria Ambition (5000 mm/h)

EU ambition  (194,4 mm/h, 540 l/s/ha)

RIONED minimum capacity (20 mm/h)

-

Results

Log!



Wat te verwachten op lange termijn? Welke getallen 

hanteren we bij ontwerp? Onderhoud?

Long term
Maintenance is a major issue: efficiency factor in the order of 2-4

More research on different maintenance cost effective methods needed

F. Boogaard , F. Harten , T. Lucke . Long term infiltration capacity of permeable pavement determined with new full scale test

method, 14
th

IWA/IAHR international conference on urban drainage (ICUD), 10-15 September 2017, Prague.

https://www.climatescan.nl/uploads/projects/2111/files/232/icud2017 long term efficiency permeable pavement Boogaard Lucke Harten.pdf


So I wrote a book(s) about it….

http://www.riool.net/riool/binary/retrieveFile?style=default&itemid=3289&instanceid=20
http://library.wur.nl/ebooks/STOWArapporten/1859812.pdf
http://www.riool.net/riool/binary/retrieveFile?instanceid=30&itemid=2922&style=default
http://www.stowa.nl/uploads/publicaties2/mID_4924_cID_3914_44971187_STOWA 2007 20.pdf
http://www.riool.net/riool/binary/retrieveFile?instanceid=30&itemid=3892&style=default
http://www.stowa.nl/uploads/publicaties/mID_4787_cID_3774_27745383_STOWA 2004 23 LowRes.pdf
http://www.stowa.nl/uploads/publicaties2/2003_04.pdf


international knowledge exchange tools (Erasmus):

experience: interactive, V+A (augmented) reality, serious gaming, …



Goal: knowledge exchange on SuDS for
Books/Websites…International? interact?

Straat nivieau



Semi structured interviews: functionalities of a Web-

based international knowledge exchange tool?

Most stakeholders would like to have tools that are (top 5):

1. ‘do it yourself’;

2. Free (no registeration cost, free photo and film material);

3. Provide more detailed information (exact location);

4. Interactive (local and international examples, benchmark);

5. link to scientific research on SUDS (publications, links to EU 

projects etc);



Method: provided tool for knowledge

exchange on suds: www.climatescan.nl

Learning by doing

Keep it simple



‘cold climate’ Project example Bergen (Norway)

Description

Downloads

Images

Movies

Books

Scientific papers

Link to websites

….



Easy uploads (during fieldtrips …)

• (android) App

– GPS

– Photo, category (description)



high quality photos and 

videos, docs, links, …

Take it to the next level
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Upload from desk: docs, links, 

pictures & movies HR, Gif, videos etc

From climatescan community



map your climate adaptation 
measures in 1 day 



>3000 SUDS/WSC projects

www.climatescan.nl

Country Top 10

Results: >3000 projects

>10.000 international users (2 years)

http://www.climatescan.nl/


www.climatescan.nl, can you infiltrate in Holland (/Riga)? 

swales: >100Permeable pave-

ment >75
Green roofs

>75

Watersquares

>10

infiltration in low lying Holland

Internationaal, citizen science

http://www.climatescan.nl/


Target group: educational SuDS

• (Young) professionals

More than 60% of the users is younger than 34 years users resulting in engagement with an important 

target group: young professionals

AGE M/F

Female Male



Learning from SuDS:

Full scale testing



Vintage SuDS: social media

2001

2001
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Vintage SuDS

vintage #Swales/#SuDS challenge 

https://twitter.com/hashtag/Swales?src=hash
https://twitter.com/hashtag/SuDS?src=hash
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Vintage SuDS
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Innovative SuDS & EU projects



Top views on climatescan (info BMPs)



international knowledge exchange tools (Erasmus):

experience: interactive, V+A (augmented) reality, serious gaming, …



5/22/2018

58

Challenge Method Results

Urban floods Mapping floodings and

infiltration capacity

measurements with

infiltrometertest

• Measurements on

infiltration capacity (see

next paragraph

• map with measurements

www.climatescan.nl,

figure 1 and 2

Hittestress Dynamic and static

measurements of

temperature on several

surfaces in the urban

dense area with

heatcameras and

sensors

• Map with heatstress in the

urban dense and green

areas in the city

urban waterquality mirco

polutants

apps and teststrips and

underwaterdrones with

camera’s and sensors

• maps with results of grab

samples of nutrients in

urban water

• 3D-scans of waterquality

with continuous sensors

with indication of

pollutant sources

urban waterquality marco

polutants; plastic waste

‘square method’ the

type and amount of

plastic waste is

determeined at 1m2

• detailed insight in waste

per m2

• optimized method to be

used at projects in Ambon

(Indonesia) and Cebu City

(Philippines)

The City Climate Scan 
methodology: to measure, map, 
scan and assess different 
parameters that provide insight 
into the vulnerability of urban 
areas and neighborhoods. 

For the Rotterdam City Climate 
Scan (September 2017), the 
following challenges were 
selected: risk of flooding, heat 
stress, water quality (micro-
pollutants and plastic waste) 
and air quality. 

Cityscan: 

http://www.climatescan.nl/


Video impression

• https://www.youtube.com/watch?v=S2rLYT48Vrs
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Airquality

Method                                     Results



heatstress

Method                                     Results



Floodmodels: infiltration capacity

Method                                     Results

The Infiltration Capacity of 
urban spaces were measured 
at multiple locations in the 
city. The open green spaces 
show a 3-6 higher infiltration 
rate that paved areas. From 
detailed flood maps and 
flood models, locations have 
been selected to implement 
green and blue measures 
BMPs. 



Method                                    Results

Parameters that were assessed in Rotterdam are: urban 
water quality (several parameters such as: nutrients, ph, 
conductivity, temperature, turbidity, oxygen), and waste 
pollution (plastic waste).  

Waterquality



Map BMPs



Results of other challenges
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Challenges in urban climate change
Help out with your knowledge

waterqualityFloodings Heatstress

Airquality

urbanisation

Floodings

https://www.globalcitizen.org/en/content/smog-filtering-bikes-china-air-pollution/


The City Climate Scan method was tested in different cities around the globe with groups of young professionals 
and stakeholders in rapid urban appraisals. (Philippines, Indonesia, Taiwan, …)

International triple helix Cityscan: 

Join us….



Messages to take home

• Think positive 

• We share challenges lets share solutions

• Climate adaptive strategy: A^3

• Cost effective multifunctional long term urban planning

• Use international knowledge exchange tools

• Join. More info?



THANK YOU…

see more?

www.climatescan.nl

twitter.com/Climate_Scan

dr.ir. F (Floris) Boogaard PhD

professor spatial transformations: 

Floris@noorderruimte.nl

+31651556826

更多信息？
问题与交流

http://www.climatescan.nl/
mailto:Floris@noorderruimte.nl
http://www.hanze.nl/+31651556826
https://twitter.com/FlorisBoogaard


Thank you

Suggestions: floris@noorderruimte.nl

use/register (free participation and scientific 

results): www.climatescan.nl

Follow: https://twitter.com/Climate_Scan

mailto:floris@noorderruimte.nl
http://www.climatescan.nl/
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Green roofs
(source: www.climatescan.nl)

Swales/ bioretention
(source: www.climatescan.nl)



From Copenhagen to Malmo (Sweden) 15 min

https://www.climatescan.nl/projects/198/detail


Ekostaden Augustenborg

Fotos Antal Zuurman



multifunctioneel ‘sustainalbe building Azie’

• Solarpannels

• Wind energy

• Phytoremediation

• PP

• ….. 

• Kosteneffectief (aanleg en beheer)
• Hoog rendement
• Minimaal beheer
• Lange levensduur
• Minimaal ruimtegebruik
• Multifunctioneel
• Duurzaam (materiaal gebruik)
• Participatie
• Esthetisch
• (Inter-)nationale ervaring
• Innovatief/creatief
• Flexibel, modulair
• Informatief
• Educatief
• Sociale adhesie
• …. Wat wel? 

https://www.climatescan.nl/projects/222/detail


Vintage SuDS

• Kosteneffectief (aanleg en beheer)
• Hoog rendement
• Minimaal beheer
• Lange levensduur
• Minimaal ruimtegebruik
• Multifunctioneel
• Duurzaam (materiaal gebruik)
• Participatie
• Esthetisch
• (Inter-)nationale ervaring
• Innovatief/creatief
• Flexibel, modulair
• Informatief
• Educatief
• Sociale adhesie
• …. Wat wel? 

https://www.climatescan.nl/projects/136/detail


https://www.climatescan.nl/projects/1/detail

Waterstorage, purification and infiltration Holland: 

Purmerend



https://www.climatescan.nl/projects/1485/detail

Example Amsterdam

SUDS & constructed wetlands



https://www.climatescan.nl/projects/2127/detail



Climate adaptation 2.0

• Kosteneffectief (aanleg en beheer)
• Hoog rendement
• Minimaal beheer
• Lange levensduur
• Minimaal ruimtegebruik
• Multifunctioneel
• Duurzaam (materiaal gebruik)
• Participatie
• Esthetisch
• (Inter-)nationale ervaring
• Innovatief/creatief
• Flexibel, modulair
• Informatief
• Educatief
• Sociale adhesie
• …. Wat wel? 

https://www.climatescan.nl/projects/64/detail
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Internationaal voorbeeld: Flooding?

22-5-2018 Kenniscentrum NoorderRuimte bureau NoorderRuimte
Source: www.telegraph.co.uk/news
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Source: www.telegraph.co.uk/news

Budget: Quick wins



Web-based international knowledge exchange tool on 

urban resilience and climate proofing cities: 

www.climatescan.nl

F. Boogaard
1

, J. Tipping
1

, T. Muthanna
2

, A. Duffy
3

, B. Bendall
4

, J. Kluck
5

1
Hanze University of Applied Science, Spatial transformation, Groningen, Netherlands2
NTNU, Department of Civil and Environmental Engineering, Trondheim, Norway3
Abertay university, Urban Water Technology Centre, Dundee, United Kingdom4
The River Trust, water governance, Cornwall, United Kingdom

5
University of applied science Amsterdam, water, Amsterdam, Netherlands



Conclusions climatescan

• Results:

• >2000 projects and >5000 users

• Most impact/interaction with social media 

• Twitter, facebook, instagram

• Most appreciated:

• Free/Open source

• Manage your own categories/BMPs

• Threats:

• No coordination/international format

• Most used for: 

• Workshops, international field visits, EU projects 
(literature, dissemination)

• also: contests, benchmark, vintage SUDS



Next steps (changes for cooperation)

• Updates

– Format, App

• Analyse data

– Most viewed projects 

• Setting up climatescan community

– Enable contact between users

• New International projects ‘wp dissemination’

• Suggestions/ cooperation: floris@noorderruimte.nl

– use/register (free participation and scientific results): 

www.climatescan.nl

– Follow: https://twitter.com/Climate_Scan

mailto:floris@noorderruimte.nl
http://www.climatescan.nl/


Example triple helix project RECONNECT: competitive and innovative project featuring 36 

international partners, 16 international advisors, 44 letters of support, 10 Demonstration sites in Europe, 4 European 

and 12 International Collaborators.

Budget: 14,5 kEUR

RECONECT aims to contribute to European 

reference framework on Nature Based Solutions 

(NBS) by demonstrating, referencing and upscaling 

large scale NBS and by stimulating a new culture for 

'land use planning' that links the reduction of risks 

with local and regional development objectives in a 

sustainable way. To do that, RECONECT draws 

upon the network of carefully selected 

Demonstrators and Collaborators that cover a range 

of local conditions, geographic characteristics, 

governance structures and social/cultural settings to 

successfully upscale NBS throughout Europe and 

Internationally. The RECONECT consortium is a 

transdisciplinary partnership between researchers, 

industry partners (SMEs and large consultancies) 

and responsible agencies at the local and 

watershed/regional level dedicated to achieve the 

desired outcomes of the project.

Enclosure Partners
1 

STICHTING IHE DELFT 

Netherlands 

2 

TECHNISCHE UNIVERSITAET 

HAMBURG-HARBURG 

Germany 

3 

TAUW BV 

Netherlands 
4 

INTERNATIONAL WATER ASSOCIATION 

United Kingdom 

5 

EUROSENSE BELFOTOP N.V. 

Belgium 

6 

NATIONAL CHENG KUNG UNIVERSITY 

Taiwan 

7 

UNIVERSITAET INNSBRUCK 

Austria 

8 

DANMARKS TEKNISKE UNIVERSITET 

Denmark 

9 

FREIE UND HANSESTADT HAMBURG 

Germany 

10 

Agència Catalana de l'Aigua

Spain 

11 

Hydrometeorological Innovative Solutions 

Spain 

24 

UNIVERSITE DE NICE SOPHIA ANTIPOLIS 

France 

25 

RAMBOLL DANMARK A/S 

Denmark 

26 

ARHUS KOMMUNE 

Denmark 

27 

Ente Parco di Portofino 

Italy 

28 

CONSIGLIO NAZIONALE DELLE RICERCHE 

Italy 

29 

ODENSE KOMMUNE 

Denmark 

30 

Regional administration Varna 

Bulgaria 

31 

ERASMUS UNIVERSITEIT ROTTERDAM 

Netherlands 

32 

Preduzece za projektovanje, inzenjering i konsalting

IWA  CONSALT DOO, Beograd(Vracar) 

Serbia

33 

HELMHOLTZ-ZENTRUM FUER UMWEL

TFORSCHUNG GMBH - UFZ 

Germany 

34 

Instituto Tecnologico de Aeronautica

Brazil 

35 

HOFOR AS 

Denmark 

36 

HAFENCITY UNIVERSITAT HAMBURG 
Germany

12 

THE UNIVERSITY OF EXETER 

United Kingdom 

13 

MONASH UNIVERSITY SUNWAY CAMPUS 

MALAYSIA SDN BHD 

Malaysia 

14 

HYDROLOGIC RESEARCH BV 

Netherlands 

15 

GISIG GEOGRAPHICAL INFORMATION SYSTEMS 

INTERNATIONAL  GROUP ASSOCIAZIONE 

Italy 

16 

EUROPEJSKIE REGIONALNE CENTRUM EKOHYDROLOGII 

POLSKIEJ AKADEMII NAUK 

Poland 

17 

Regionalny Zarzad Gospodarki Wodnej w Warszawie

Poland 

18 

Amphi International ApS

Denmark 

19 

FACULTY OF CIVIL ENGINEERING 

Serbia 

20 

PRONING DHI d.o.o. 

Croatia 

21 

HYDRO AND AGRO INFORMATICS INSTITUTE 

Thailand 

22 

Black Sea - Danube Association for Research and Development 

Bulgaria 

23 

Inter Act industrial automation B.V. 

Netherlands 



1001 eco based

solutions



www.climatescan.nl
welcomes Texel 
with 10 new climate
adaptation projects

swales

Floating solar panels

http://www.climatescan.nl/
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INXCES is a result of COST, the partners are:
Technical University of Civil Engineering of Bucharest (UTCB-CCIAS)

the Norwegian University of Science and Technology (NTNU)

University of Applied Sciences Groningen (HUAS)

Lulea University of Technology (LTU)

the Geological Survey of Norway (NGU)

relevant workpackages:

* technological innovations and tools

* Dissimination and Outreach

•Twitter: INovationXCES
•Facebook: INovationXCES
•Research Gate: INXCES

The need for INXCES 
INnovations for eXtreme Climatic EventS

https://www.hanze.nl/eng
https://twitter.com/INovationXCES
https://www.facebook.com/groups/1576553089309266/?fref=ts
https://www.researchgate.net/project/INXCES-INnovations-for-eXtreme-Climatic-EventS
https://www.linkedin.com/in/floris-boogaard-64b2212
https://www.researchgate.net/profile/Floris_Boogaard
https://twitter.com/FlorisBoogaard


Multi-layer

22-5-2018
Kenniscentrum NoorderRuimte bureau NoorderRuimte

=

Mapping

•Flooding

•Heat

•mobility

•Air quality

•…

+

Water                     heat combi

National climate adaptation
example combination of models

• Flooding
• Heatstress
• Drought
• Damage (cost)
• Subsidence
• Pollution
• Waterquality
• (im)mobility
• Opinion (social media)
• …. etc



Several other functions

workshops

Dissimination

books

City scansClimate stresstest

Quiz



Using social media for calibration of models

• 27 juli 2014 ‘flooding’



National climate adaptation



Dissimination: Fieldtrips

Wetlands Amsterdam

22-5-2018 Kenniscentrum NoorderRuimte bureau NoorderRuimte

The webtool has been used during international fieldtrips with participants 

from countries such as Denmark, Australia, UK, Sweden, Norway and USA. 



international knowledge exchange tools (Erasmus):

experience: interactive, V+A (augmented) reality, serious gaming, …



National climate adaptation
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Top views on www.climatescan.nl
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Map BMPs

More than 25 climate adaptation 
Best management practices (BMPs) 
mapped on www.climatescan.nl. 

Some of the BMP’s have been 
tested: infiltration rates permeable 
pavements considered very low. 

The discussion of this and other 
results in the triple helix 
consortium has led to a detailed 
strategy for the city to be more 
resilient.

http://www.climatescan.nl/

