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1. Morphodynamics – <1-100 years (dr. Zheng Bing Wang, Deltares)

2. Evolution: 1000-100 000 years (dr. Albert Oost, Deltares) 
3. Subsurface: Millions of years (dr. Hanneke Verweij, TNO)

1. Human influence
2. Human capriciousness



Dutch-German-Danish Wadden Sea: 
•Highly dynamic unbroken system of tidal flats, saline marshes and 
barrier islands
•Habitat to critical populations of wetland bird species, fish and seals. 
•Dutch-German Wadden Sea: World Heritage site



1. Morphodynamics (<1 -100 years)
The Wadden Sea should be conserved as it is!

But in which state?

As it is at ebb tide? Or as it is during flood?

Ebb and flood are natural dynamics!



New spit developed at Ameland. Do we know why? Is is sustainable?



Oost et al., 2000

Thirty years 
one generation, 
is that sustainable?



Island tail Schiermonnikoog



Natural dynamics: one century, four generations
Growth and erosion on island tail Ameland 1900-1997

Do we understand why? Also sustainable?



Natural dynamics 
Waddenzee: 

Growth Texel 1732-2000,
Is this still sustainable?

We don’t agree with the rate
Nature changes by itself



Natural dynamics Wadden Sea in centuries, 1300-1975
Do we know why? Do we allow it? 



Sustainable?

Unsustainable?

Nature does not distinguish between scales
Only we do.
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The western Wadden Sea originated during an 
exceptional flood in 1170 (All Saints flood)

 

Now we want to keep it as it is  - until the next flood? 



Erosion of beach and dunes related to heavy storm (Ameland, 2006)

Storm surges in the Wadden SeaStorm surges in the Wadden Sea



Buisman: ~ 30 large storm surges in 1000 years 

All Saints flood 1170? Not sustainable? 

Sustainable?



Water movement

Sediment 
transport Changes seabed

Knowledge gaps morphodynamics:



Dynamics of tidal inlet systemDynamics of tidal inlet system

Subsystems:

•Ebb-tidal delta

•Island heads

•Tidal inlet

•Channels

•Inter-tidal flats

Do we understand why this functions like this? 



Sediment balance Sediment balance 
in relation to in relation to 
erosion North Sea erosion North Sea 
coastcoast

Leeuwarden 21  june 2010

•Inaccuracies and 
uncertainties of 
available data
•Frequency  of 
bathymetric 
measurements
•Classification in 
subsystems Wadden 
Sea
•Separate sediment 
balance for sand and 
silt



2. Reconstruction morphological evolution 2. Reconstruction morphological evolution 
Wadden area (1000-100 000 y)Wadden area (1000-100 000 y)

With special focus on development in relation 
to change of climate and sea level 

(Vos and De Vries, Deltares 2009)
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  800 AD

Influence Holocene evolution on present 
Coastal morphology 



 -120m, ice age + 6m, interglacial

20 000 years ago 
Ebb tide

120 000 years ago
Flood tide

Natural dynamics sea level in Homo sapiens time
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Eemian sea level 120 000 years ago,+ 6 m, 
CO2 280 ppm, natural dynamics

Amersfoort 
aan Zee
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Ice cap

Polar desert
tundra

steppe

forest

Last Glacial, 18 000 years ago, 
sea level -120 m, natural dynamics 

?



Migratory birds routes in the ice age? 

vdKam et al., 2001

canute



Maximum rate post-glacial 
sea-level rise: 1-4 m/century, 
Natural dynamics

Present rate:  17-30 cm/century

Postglacial sea-level rise:
Consequences 
for Wadden Sea?



Glacioisostatic uplift: forebulge



11 KA forebulge-height with reference to present 
situation (model Steffen 2006 & Vink et al. 2007)

Glacioisostasy and deglaciation:
do we understand its effects? Future behaviour?

Forebulge 



Wadden islands owe their existence to sea-level rise

Data from Caspian Sea, Kroonenberg et al., 2000)



Reaction of islands to sea level riseReaction of islands to sea level rise

Natural dynamics: 
•Overwash
•Storm erosion
•Eolian transport of sand

 

Washover Schiermonnikoog: transport 
of water and wind 



Most recent sea-level scenarios 
Dutch Wadden Sea (Dutch Delta commission)

Max SLR 40 cm

Max SLR 65-130 cm



We have to choose: either
birds (natural dynamics) or
humans (fix position 
coast and Islands: ->
tidal flats will drown) 

1995

2100?

Natural dynamics 
at sea-level rise:
landward movement of
entire Island-lagoon-coast 
system



3. Subsurface of the Wadden area3. Subsurface of the Wadden area



Heterogeneity subsurface WaddenHeterogeneity subsurface Wadden  

Stratigraphy and tectonic subdivision
Faults (offset 1100 m, still active)
Salt domes (still active)
Fluids (water, gas) (still active
Compaction

Salt /seal

Reservoir
Gas source rock



Impact deep geology  on Holocene & future Impact deep geology  on Holocene & future 
evolution Wadden areaevolution Wadden area

Gemma Frisius Lecture

Coastal indentations correspond to deep structures
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Island head
Dune-

complex
Washover-
complex

Island tail-
complex Beach

 North Sea

Wadden Sea 

Influence pre-Holocene geological structures on Influence pre-Holocene geological structures on 
present-day geomorphology and geomorphological present-day geomorphology and geomorphological 
processesprocesses



4. 4. Human impact as geological force:Human impact as geological force:
coastline shorteningcoastline shortening  

Decrease in length coastline, reconstructed from historical maps
(H Olff, Groningen University, 2009)



Sand suppletion



Subsidence through salt mining

Thickness Zechstein Group: relation faults and salt structures



Subsidence through gas extraction
Uplift through gas storage



Fluid changes through groundwater 
production

Texel island



Temperature distribution at 2500 m depth

T_gradient >40oC/km

 

Thermal changes through geothermal heat 
production, (Jurassic paleovolcano, salt domes)

Heat flow at salt domes

Jurassic
paleovolcano



5. Human capriciousness: 
19th century plans for the Wadden Sea



1959

After the 1953 flood: sustainability = safety



Bron: Eilanden Natuurlijk 

What plans we would have made, had the 
Wadden Sea still the outlines of the Middle Ages? 



Trilateral geoscience research themesTrilateral geoscience research themes
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• (Continuation) of research and monitoring 
surface movements on different time and spatial 
scales 

• Development morphodynamic modelling tools 
for entire Wadden area and modelling of 
sediment balances

• Cross-border reconstruction development 
Wadden area since c. 10 000 BP

• Exchange and alignment of data on physico-
chemical properties of rocks, fluids and faults

• (Continuation) of mapping subsurface and its 
natural resources

• Unifying planning systematics in scenarios



Still a lot of work to be done
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