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Dunes are natural flood protection 

 Dunes protect 200 km of Dutch 
coastline 

 Dune development driven by 
climatic variables 

 Climate-change scenarios 

 

 What are the effects on 
foredunes? 

 

Min V&W 2000 



26/09/2014 

2 

Dune building depends on several 

processes 

 Wind-blown sand 

 Storm surges 

 Bio-physical feedback 

Dune-building processes are influenced by 

climatic changes 

 Increased drought 

 

 Sea-level rise 
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Model simulates dune-building processes 

 Based on cellular automaton DECAL (Baas 2002, 2007) 

 Additional rules for wave run-up and inundation 

 3 modules: 

● Wind-blown sand 

● Waves 

● Vegetation 

 

Model extent 

Model is simple is its formulations 
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Wind-blown sand (Werner 1995, Baas 2002, 2007) 
One direction, probability-based 

Wave run-up (new) 
Erodes beach and dunes, removes vegetation 

 

Vegetation (Baas 2002, 2007) 
Relationship between 
sedimentation balance and 
vegetation growth 

Output 
Beach and dune topography and 
vegetation cover 
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Test model vs. reality 

 Sensitivity analysis 

 Calibration with 2 parameters (1 sites) 

 Validation (2 other sites) 

 Scenarios (3 sites) 

 

www.bing.com 

What are the optimal settings? 

 Model input (2002): tide levels, initial profile 

 Compare model output (2011) with observations 

 Vary wind and wave climate 
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Model reproduces observations 

 Model input (2002): tide levels, initial profile 

 Compare model output (2011) with observations 

 Vary wind and wave climate 

 

Two Scenarios: ‘no change’ and ‘climate change’  

 

 Sea level rise: seasonal variation + linear trend 

 

 

 

 

 

 

 Drought: reduction in vegetation growth (25% lower) 

 Two sites: narrow beach (90 m) and medium beach (150 m) 

 

 

 

 

+ = 
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Dune-building in climate-change scenario 

 

narrow / stable site 

wider / accreting site 

No change: dune moves to equilibrium 
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Climate change: different behaviour 

Climate change: different behaviour 

ȹx 

ȹx 
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Increased surge levels are dominant 

ȹx 

What are the climate-change effects on 

coastal dunes? 

 Climate-change effects are clear, with slower and less 
seaward expansion, followed by gradual retreat 

 Increased surge levels are dominant contribution 

 Time at which landward retreat starts differs between 
sites 

 By 2050 flood protection is reduced on narrow/stable 
sites, but not (yet) on wider/accreting sites 
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For more information:  

Joep Keijsers (joep.keijsers@wur.nl)  
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Scenarios: tendency to equilibrium position 
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