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Ecosystemservices relevant for flood safety 

• Wave dampening 

• Reduction of windspeed 

• Reduction of currents 

• Stabilisation of sediment 

• Increase of sedimentation 

• Reduced erosion 

• Water retention 

• Creation of a physical  

barrier 

 



Why should we do ecosystem-based flood defense 

Why should we make use of natural processes and 

ecosystem services in flood risk mitigation in 

combination with hard engineering?  

1. Cost reduction 

2. Reduces risk on failure 

3. Adaptable 



Adaptable 

1. Self-sustaining and self-repairing 

2. Accretes with rising water levels (peat or sediment) 

3. Dampens waves independent on wave height 

 



Adaptable 

Blum 2011 

1. Self-sustaining and resilient 

2. Accretes with rising water levels (peat or sediment) 

3. Dampens waves independent on wave height 



Adaptable 

1. Self-sustaining and resilient 

2. Accretes with rising water levels (peat or sediment) 

3. Dampens waves independent on wave height 
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Additional benefits 

• Nursery for fish and aquaculture species 

• Food provisioning (fruits, waterfowl) 

• Carbon fixation 

• Firewood production 

• Water purification 

• Water retention 

• Biodiversity 

• Tourism & Recreation 
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Principles of Building with Nature (R. Waterman) 

Emphasis on flexible soft  

structures in harmony  

with the sea,  

like dunes and beaches.  



Marshland kwelders 

Foto paesens-moddergat 

Effective low cost  

low tech method 

produces safety 

& productive habitats 

& more space 

Dutch historical 1000yr large scale land reclamation = 

stabilize mud coast by growing saltmarshes 

Frisian Wadden Sea coast 

BWN stands on long term  

practical understanding 

of natural processes 



Effective low cost  

low tech method 

produces safety 

& valuable habitats 

& more space 

& drinking water 

100’s km Dutch sandy coast protected long term with dunes 

stabilized by vegetation 

Example: 

Isle of Texel 



Traditional knowledge and BWN integrated to build safe 

soft eco levees by reef, marsh, dune, dike combinations 

Long term safety:  

Marshes grow  

with SLR 

reefs 

Marshes, mangroves 

Foreshore & beach sand nourishments 

Use & produce  

ecosystem services  

Limited wave reduction 

Enhanced wave reduction 

Maximized wave reduction 



BWN delivers continuum of concepts and applications  





Hybrid Example: 2010, Ecoshape consortium: foreshore 

protection with oyster reef experiment  

3x 200m x 20m 

Reduce erosion of intertidal flats  

in Eastern Scheldt, maintain  

habitats and protect the dike 
Eastern Scheldt 

Zierikzee 

Eastern Scheldt 



Safety buffer Oesterdam (implemented in 2013) 

• Reduce erosion 

• Promote 

aquaculture 

• Promote nature 

 

 



2011: Conceptual Design ‘Oeverdijk’ 

Door ARCADIS –DELTARES 

 

• Aim1: replace weak dike section with safe and cheap solution 

• Aim2: produce a natural solutions that delivers benefits to other 

functions.  

• Construction: 2018 

Type E, ecologically most effective design 



Soft Example: 2010, Waterboard, RWS, Deltares:  

completely soft green solution replaces existing dike 
Nature development with longshore connectivity and regional relevance 

for recreation and as fish and bird habitat 

depth and material variations 

create diversity, enhanced 

by natural settling and 

compaction. 

Amsterdam 

Hoorn 

80m wide, 15 km, along lake shore 

Final technical design phase 



Forest-Dike combination near Werkendam 

• Aim: reduce waterlevel at peak discharge at city of Gorinchem 

 

• Need to build new dike as part of dike-ring. Klaar in 2015. 

 

• Design of cheap hybrid solution with a low as possible crest heigth.  

 

• Maintain legally required safety level 
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Build a wave reducing forest 

• A willow tree forest is introduced 

 





Willows reduce waves, predicted by 

SWAN-VEG WAVE model 
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Hybrid Example: 2009 RfR programme Noordwaard 

Wavereducing forest- soft dike combi ‘Werkendam’ 

•>70% reduction of wave height in  

healthy willow forest  

•Deltares/RWS design achieves  

required 1/2000 safety standards and  

is now under construction.  

Wave reducing 

willow-tree plantations 

Low cost low tech 

Clay dike 

will be lower than 

traditional design  

100m wide 



Artist impression: hybrid dike near Werkendam 



berm van 2 m breed;  

1:3 helling tot aan kruin van 

de dijk met grasbekleding 

Technical design of forest-dike combi 

60-80m breed, platform 

verhoging 0,8m  

boven bodemhoogte 

1:5 helling van bodemhoogte 

tot 3,5 m +NAP, met klei-gras 

bedekking 
 

Wilgenbos met 

maaien  

Binnen talud van 1:16 

vanaf de kruin 

Hybrid dike replaces traditional design 

Crest height reduced with 0.7m. Completely soft design of slope 



Monitoring…. 

• Regular yearly monitoring 

• growth/health/density 

• Stability of the slopes 

 

• Check status @ extreme 

conditions: 

• Storm events 

• Ice cover/flows 

• Fire 

• Diseases 

8 november 2012 



Maintenance is crucial 

• Use adequate measures for heath issues 

• Chemicals, cutting 

• Regular cutting is part of healthy forest 

management: 

1. After storm season 

2. Half of forest each year (or two years)  

3. Use slow growing species 

4. Replace old trees (they will die after 

about 30-40years) 

 

 

8 november 2012 



Benefits en cost 

• Lower dike 

• No hard cover needed 

• Added natural and landscape values 

• Robust design (climateproof, flexible w.r.t . boundary conditions) 

 

 

• Saved 1500 Eur/m in construction cost) 

• Maintenance 2 Eur/m/y higher (forest,  Eur1.500/ha) 



Our minister of transport and environment is supportive 
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26-04-2013 Werken met de natuur 

Minister Schultz wil ‘werken met de 

natuur’. “Eeuwenlang hebben we de 

natuur met dammen en dijken proberen 

in te perken. Maar we kunnen de 

oplossing niet alleen blijven zoeken in 

het ophogen of verbreden van dijken. Ik 

wil bouwen mét de natuur.  

Volkskrant 26 januari 2013 



Stability of saltmarshes: filling gaps in Hydralab 3 (2012-

2013) 



NWO project BE-SAFE (2014-2017) 

• Focus on dynamic development of foreshore in time 

• We aim to develop new methods to assess how, and how much 

vegetated foreshores can contribute to flood risk reduction. This 

requires integration of knowledge from ecology, 

biogeomorphology, hydraulic engineering, and governance 
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NIOZ, TUD, UT, HKV, Deltares 

End users: RWS, NGO’s, Waterboards 



 

FAST  

Foreshore Assessment using Space 

Technology 

 
EU 7th Framework Programme SPACE 

‘Stimulating development of downstream 

services and service evaluation’ 

 



FAST Challenge 

Challenge: foreshores are currently not included 

in water safety assessments and in levee 

design but can be effective building blocks for 

safety. 

 

Aim: to develop a new GMES/Copernicus 

downstream service by developing products 

based on Sentinel data to gain spatial 

information on foreshore and floodplain 

characteristics, such as morphology, sediment 

characteristics and vegetation properties.  



FAST Steps WP3-4 

• EO data collection of foreshore characteristics 

• On site ground truthing in 4 study areas 

• Setup general relationships between foreshore 

and flood risk mitigation properties will be 

derived and implemented in a GIS based 

software package.  

• Create software that calculates effects of 

foreshores and floodplains on hydraulic and 

bed conditions.  

• Translate effects into to potential reduction in 

levee width and crest height.  



FAST Steps WP5-6-7 

• Develop software in close contact with end-

user groups to ensure commercial uptake and 

long-term continuation of services.  

• Provide tool for integrating levee-landscape 

interaction into cost efficient and safe flood risk 

management strategies.  

• Provide business case and disseminate the 

results 

 



Dissemination to a wide audience 





Building with Nature projects overview 

2009 

2008 

2007 

USA 

Singapore 

2010 

2011-12 

Vietnam 

Bangladesh 

Oysterreefs 

Forest-dike 

combi 

Soft green dike  

Wadden Sea marsh dune dike 

Frisian salt marshes 

Sand Engine German/Danish 

Wadden dikes 

UK managed 

realignment 
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2009-2013 

Ecoshape  

scientists – practitioners 

consortium, 

Building with Nature 

(BwN) 

 

2013-2018 

progress from  

‘Show that it works’ to 

‘Make it happen!’ 

Cooperation is the key to progress and success 



Cooperation is the key to progress and success 

www.ecoshape.nl 



Homework for each week 

• We will setup a wiki page that contains the information presented 

in each lecture 

• The wiki page will be setup in a fixed format 

• It needs to contain the following chapters (if relevant) : 
• Summary 

• Description of the issue that is solved 

• Aim of the project at hand 

• Definition of ecosystem 

• History and location of the problem 

• Relation to legislation and government planning 

• Principles of the solutions 

• Design/description of solutions 

• Techniques of implementation/construction  

• Costing of works 

• Monitoring techniques 

• Maintenance 

• Relation to BWN principles 

• Benefits to nature and other functions 

• A list and definition of concepts (with photos) 
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Prepare a presentation on a  BWN publication 

• Summary 

• Description of the issue that is solved 

• Aim of the project/publication at hand 

• Principles of the solutions proposed or implemented 

• Design/description of solutions 

• Benefits to nature and other functions 
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Questions? 

mindert.devries@hz.nl or 

mindert.devries@deltares.nl 
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