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General Framework of climate 
 adaptation research and adaptation 

 policy in the Netherlands 

•  Climate change research, many 
    national programs since 1990: Knowledge  
    for climate since 2007: eight hotspots ( Wadden 
    Sea is one of them) and 8 research themes; 
    budget is about 100 million euro; 
 
• Climate adaptation policy: Delta program, since 
    2008 / 2010; three major themes and five major  
    hotspots (Wadden Sea is one of them); 
 
•  Interaction between the two at all levels: 
     strategic and at project level; Wadden Sea an 
      example 

 



presentation in four parts: 

1. Climate change and sea level rise; 
 

2. Wadden Sea response; 
 

3. Sediment nourishment as a long term  
     strategy for coastal protection and  
     ecosystem management; 
 
4. International aspects. 
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Some characteristics 
• UNESCO World Heritage Site 

• One of the world’s largest intertidal wetland ecosystems 

• 450 km length 

• Average width intertidal area approx. 10 km 

• High biological productivity 

• Habitat for shorebirds and a major staging 

     area for migrating birdss. 

 

 

 

 

  

CWSS 











Satelliet-waarnemingen van Groenlandse 
ijsmassa 
verlies (Kahn et al., GRL 2010) 
(a) Feb 2003 - Feb 2007; (b) Feb 2003 - Jun 
2009 

Greenland ice-mass loss spreading spatially 







Sea level rise: “plausible high 

end scenarios” 
 

• 2100: + 0.55 -  1.20 m  

• (0.65 – 1.35 incl. soil 

subs.) 

 
• Key importance of adaptive 

management: adapataion 

measures  must be flexible, 

no-regret (robust) and hand 

in hand with monitoring & 

ability to incorporate new 

scientific insights 
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Examples of existing broad (super) 

dikes, “unbreakable dikes” 



Types of navigable storm surge gates 

 



Lifting gates: 

Oosterschelde Storm Surge Barrier, The Netherlands (1) 



Flapgates: Venice Storm Surge Barrier, Italy 
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Nourishment of the 
coastal sand-river 

1. Tidal 

Images Courtesy RIKZ 



 

PORT FLOOD PROTECTION  



Sediment nourishment to keep up the 
 ecological system and flood protection 

works in times of climate change and sea 
level rise 

• What is the philosphy? 
 

• How much is required? 
 

• Where can you find it? 
 

• What are ecological impacts of mining and 
   of feeding? 

 
• Can we estimate the cost? 

 



philosophy 

 
• The present natural filling rate of the Wadden Sea area 
     is just about enough to keep up with present day sea 
     level rise of about 2 mm per year, thus about 12 million 
     cubic meter per year, from Texel to Esbjerg. This  
     creates a moreorless stable situation (only minor net  
     erosion); 
  
•  How will the natural filling rate respond to rising sea 
     levels? 
 
• This depends on the rate of sea level rise, the availability 
    of sediment and the efficiency of the Wadden Sea in  
    absorbing it. 
 
 



• Research suggests that the natural filling rate 
    maybe able to keep up with sea level rise up to about 5 
    mm per year  (50 cm in 2100). 
 
• But, where does the sediment come from? Will it cause 
    erosion along the North Holland coast and the islands ?  
     
•  How much sediment for 1 mm of sea level rise: 
     about 6 million cubic meter per mm of sea  
     level rise for the Wadden Sea area from Texel to  
     Esbjerg; 
 
• In case of 40 to 80 cm by 2100 it would be 25 to 50 
    million cubic meter per year, but time and geographic  
    factors lower this number; a rough estimate 
    is 10 to 20 million m3 by 2020 increasing up to 20 to 40 
    million m3 by 2050. 
     



This sounds like a lot but it is not 

• In recent years more than 300 million m3 of sediment 
    has been put on the Netherlands North Sea foreshore; 

 
• The sediment can be put in places where flood 
    protection works are not meeting present day safety 
    criteria (Prins Hendrikpolder dike Texel, along the  
    Afsluitdijk, along the island’s beaches where erosion 
    occurs). 
 
• The sediment from maintenance dredging can also be 
    used, be it selectively on the basis of quality standards; 
 
• The ecological quality of existing flood protection works 
    can be enhanced by nourishment of sediments in stead  
    of concrete, asphalt and rocky material; 
 
 



Where can you find it? 

• The North sea floor is a geological sink of 
   sediments produced by the rivers in the  
   holocene and earlier geological era;  
 
• Trillions of m3 of sediment have 
   accumulated there; 



What is the ecological impact of  
 

dredging and of nourishment ? 

• Since the dredging of more than 300 million m3 for the 
    Rotterdam port extension data about the ecological  
    effects of North Sea floor dredging are becoming 
    available: when dredging sites are selected carefully  
    ecosystems recover relatively quickly; 
 
• Ecological effects of nourishment depend on the place 
    and time and mixture of sediments. It can de done in  
    ways that resemble the natural processes of sediment 
    movements during storms; additional research is 
    certainly important to explore ways of minimizing   
    ecological effects. 

 
 
 



What would it cost? 

•  The cost of sediment nourishment for the entire 

     Wadden Sea, from Texel to Esbjerg, in order to  
     compensate for a sea level rise of 40 to 80 cm by 2100 
     is in the order of 200 million per year.  
 
• This is equal to 0.5 million euro per year per km of 
     coast line. This is in the same order of magnitude or  
     less than the yearly averaged cost of construction and  
     maintenance of “hard” sea defences elsewhere in the 
     Netherlands; 

 
• On top of this a significant budget is required for 
    monitoring and management. 



Trilateral aspects 

• The Wadden Sea is one dynamic system covering three 
    different national regimes of flood protection and  
    ecosystem management ;  
 
• The quality of the ecosystem and the level of   
    flood protection in times of climate change and sea level 
    rise can be guaranteed at lowest cost when countries  
    cooperate in the development  and implementation of a 
    common strategy; 
 
• A full scale sediment nourishment strategy for  
   flood protection and ecosystems management qualifies   
   as a promising intervention strategy to be considered at 
   political level;  
 

 



In conclusion 

• Long term and large scale sediment nourishment is an 
    attractive way of keeping up the ecosystem and keeping 
    up the flood safety level of the Wadden Sea region in  
    times of sea level rise.  
 
• The cost are equal to or lower than “hard” engineering 
    structures while the ecological impact is much less and 
    can be even positive as compared to the present 
    situation; 
 
• Such a strategy, including it’s cross boundary aspects 
    deserves a further consideration at the trilateral level. 



Finally 

• The wave and storm surge forces in the Wadden Sea 
    are reversely related to the volume of sediment in the 
    system.  
 
• Sediment is much cheaper per m3 than concrete,  
    asphalt or rocky material. Therefore it is economically 
    more attractive to solve present day flood safety  
    problems along the Wadden Sea shores with sediment 
    nourishment than with hard materials; 

 
• Sediment solutions are more effective in the longer term, 
    they are cheaper per m3 and they fit better in a dynamic  
    ecological system. 
 
 

 


