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One question comes up again and again: how viable 
is the EU’s policy on nature conservation and nature 
remediation where the Wadden Sea is concerned? 
The report does not provide an answer; rather, it 
represents the start of a search for answers.

We hope that this report will be inspiring and 
help understand how we can together protect our 
beloved World Heritage and ensure that it has a 
future.

Prof. C.J.M. Philippart 
Director of the Wadden Academy

A.M. Brok
Chair of the Stakeholder Council of the Wadden 
Sea Region

Climate change is one of the most important issues 
of our time, with global effects that are becoming 
clearer every year. Concern is growing, including 
for the vulnerable Wadden Sea area.

In 2009, the Wadden Academy presented its agenda 
Kennis voor een duurzame toekomst van de Wadden 
[Knowledge for a Sustainable Future for the Wadden 
Area]. That publication examined the consequences 
of climate change for the ecology of the Wadden 
Sea area. Ten years on, the question arises as to how 
things stand now. Does science provide tools that 
policymakers can use?

This question has prompted the Wadden Academy 
and the Stakeholder Council of the Wadden Sea 
Region (the recently established advisory body for 
the Policy Board of the Wadden Sea Region in the 
Netherlands) to produce an accessible, scientifically 
up-to-date report on the ecological effects of rising 
temperatures and the ensuing climate changes. The 
report is intended for the parties that are members of 
the Stakeholder Council of the Wadden Sea Region 
and will also be of great interest to administrators 
and other interested parties.

The science journalist Rob Buiter surveyed the 
situation by interviewing a number of experts. He 
describes the latest scenarios for the Wadden Sea, 
their ecological effects, and the prospects for taking 
action. The Wadden Academy responds to these 
results in a synthesis.

PREFACE
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Climate and climate change are inextricably linked 
with the origins and the dynamics of the Wadden 
Sea area. Climate warming after the ice ages 
resulted in a rising sea level, with the sea advancing 
ever further into the initially dry North Sea basin. 
This process was responsible to a large degree for 
the form and structure of today’s Wadden Sea. It 
initially produced a coast with sand barriers or 
barrier islands – a system that gradually shifted 
landwards with the rising sea level. With the sea 
level rise there was also a rise in the groundwater 
level in the hinterland, and extensive peat layers 
were formed. Due to human reclamation and 
natural erosion, these peatlands ultimately fell 
prey to the water, enabling the formation of the 
western Wadden Sea of today, with its tidal inlets 
and islands, tidal flats and channels, and the mud 
flats and salt marshes. The natural process of 
landward migration of the system of tidal flats was 
subsequently brought to a halt by numerous land 
reclamation works and embankments, and this often 
set in train a reverse, seawards trend.

It is now impossible to imagine life without the issue 
of climate change and our society is confronted with 
the effects of this change on an almost daily basis. 
In the Wadden Sea area, climate change implies 
first and foremost changes in local wind conditions, 
air and water temperatures, and precipitation and 
evaporation. But above all, climate change, together 
with land subsidence, is responsible for a rising sea 
level and the possible “drowning” of the Wadden 
Sea over the long term. Climate change therefore 
affects a great many functions and policy areas in the 
Wadden Sea area, for example in relation to ecology, 
nature, fisheries, coastal protection, fresh water 
provision in relation to agriculture and recreation, as 
well as tourism and health.

Climate change in the Wadden Sea was therefore 
the subject of one of the first position papers of the 
Wadden Academy (2009), shortly after the Academy 
was established in 2008. More than a decade 
has now passed and our existing knowledge and 
understanding need to be updated. However, there 

was a conscious decision to use a different structure 
for the report, with a form that is better aligned 
to the speed with which certain developments are 
currently unfolding. It is a form that also takes 
account of the multitude of reports that have already 
been published in recent years and those that will 
appear next year.

In 2017, the Common Wadden Sea Secretariat (CWSS) 
published two reports on the impact of climate 
change on the Wadden Sea. These were Quality 
Status Reports on Climate Ecosystems (Philippart et 
al, 2017) and Geomorphology (Oost et al., 2017). 
In addition, in 2019 the IPCC’s Special Report on 
the Ocean and Cryosphere in a Changing Climate 
(SROCC) was published, which is particularly 
important for the Wadden Sea in the context of 
a possible acceleration of the sea level rise. This 
report, among other documents, formed the basis of 
a position paper for the Wadden Academy and the 
Programme towards a Rich Wadden Sea (PRW), 
dealing with current and future sea level rises along 
the Dutch coast (Van den Hurk and Geertsema, 
2020).

In 2021, the IPCC’s Sixth Assessment Report (AR6) 
is expected, containing the latest results of Working 
Group 1 (The Physical Science Basis) as well as Working 
Group 2 (Climate Change: Impacts, Adaptation and 
Vulnerability). These reports will doubtless also be 
used to make additional regional projections for 
climate developments, as is done, for example, by 
the Royal Netherlands Meteorological Institute 
(KNMI).

INTRODUCTION
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The report begins with a brief, up-to-date overview 
of the most important changes in the global climate, 
as reported in 2020 by the UN, in cooperation with 
a number of its sister organisations, such as the UN 
Environment Programme (UNEP) and the World 
Meteorological Organization (WMO). It gives 
the background and outlines a broader framework 
within which the changes in the Wadden Sea area 
need to be interpreted. For the Wadden Sea it is 
important to note that, in many cases, regional and 
global climate trends do not correspond with each 
other.

The report continues with a large number of 
brief interviews with authoritative scientists and 
coastal managers. In the form of brief exchanges, 
the interviewees, based on their areas of expertise, 
give their views on recent climate developments 
and the possible effects on the Wadden Sea area. 
The first part deals mainly with the most recent 
climate scenarios for the Netherlands from 2014 
(the “KNMI’14 scenarios”) and any new or changed 
insights that have become available. The influence 
of wind, temperature and precipitation on the 
Wadden Sea are then examined in more detail. The 
topic of the rising sea level is also addressed. The 
manner in which the morphology of the Wadden 
Sea will react to climate change and the sea level 
rise is the subject of discussion in three interviews 
on the transport of sand and silt from the North Sea 
to the Wadden Sea.

The influence of climate on the ecology is covered 
in three reflections, first on the influence of 
temperature rises on bottom dwellers, followed 
by the future of mud flats and salt marshes, and 
nature’s ability (resilience) or inability to cope with 
climate change. Finally, from the perspective of 
coastal management, there are observations on the 
role of climate change compared with the major 
influence of human intervention on the Wadden 
Sea system. There is a call for a greater focus on the 
relationship between the Wadden Sea system and 
the hinterland.

The final part of the report is a brief reflection by 
the Wadden Academy on the collection of essays. 
Specific aspects are explored or explained in greater 
depth and placed in a broader context. This part of 
the report is also used to identify important gaps 
in our knowledge. To supplement and underpin 
the interviews, a number of relevant references are 
provided for each theme. This gives the reader the 
opportunity to learn more about specific aspects.

STRUCTURE OF THE REPORT
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Climate change and recent  
global trends

Greenhouse gasses and CO2 emissions
Concentrations of the most important greenhouse 
gases CO

2
, CH

4
, and N

2
0 increased further in 2019 

and 2020.
Reduced emissions in 2020 will only lead to a 
limited reduction in the annual increase in those 
greenhouse gases that persist in the atmosphere for a 
long time.
In 2019, global emissions of fossil CO

2
 reached a 

new record value of 36.7 gigatonnes in 2019. This 
meant that the emissions are 62% higher than in 
1990.

Global climate in the period 2016-2020
On the basis of the available measurements, it 
is expected that the period 2016-2020 will be 
the warmest ever recorded. The global average 
surface temperature has reached a value that is 1.1 
°C above that of the pre-industrial period (1850–
1900). Compared with the 2011-2015 period, the 
temperature has risen by 0.24 °C (+/- 0.10 °C).
Extreme weather conditions and climatological 
events have had a major influence on the Earth’s 
system. In many of these extreme events, the 
influence of climate change caused by human 
activity can be identified.

The ocean and the cryosphere (ice sheets 
and glaciers)
The level of the global average sea level – based 
on satellite altimetry (1993-2020) – shows an 
acceleration in the sea level rise. Over the period 
1993–2020, the increase was 3.2 ± 0.3 mm/yr; for 
the period 2011–2015, this value rose to 4.1 mm/yr, 
and for 2015-2020 it rose to 4.8 mm/yr.
The increase must be ascribed to a greater loss of 
ice masses from the ice sheets, alongside the more 
or less stable rise resulting from the expansion of 
seawater due to warming.

IPCC (2019) reports an average increase of 3 to 
4 mm/yr for the years 2006 to 2015. This rise is 
therefore 2.5 times greater than the long-term trend 
over the period 1901-1990.
The declining trend in the area of Arctic sea ice is 
continuing unabated, with a reduction of 13% per 
decade.

Water and the cryosphere
The change in the climate leads to a rise in water-
related natural catastrophes, contributes further to 
an increase in water stress for areas that are already 
vulnerable to that problem, and will lead to a rise in 
deaths due to declining water quality.
Either a shortage or an excess of water is a threat to 
much of humankind. Floods and periods of drought 
are responsible worldwide for 90% of the impact of 
natural catastrophes
Water plays a crucial role in issues of adaptation, 
because the impact of climate change will manifest 
itself most strongly in a change in hydrological 
conditions (rainfall, evaporation, snow and ice 
dynamics).

SOURCE: United in Science (2020)
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In the most recent climate scenarios, the Royal Netherlands 
Meteorological Institute (KNMI) and the UN climate panel (IPCC) 
forecast a further rise in temperature and sea level. The acceleration 
in the sea level rise can already be seen clearly around the world, 
but off the Dutch coast – and certainly also in the Wadden Sea – this 
acceleration cannot yet be ascertained due to the large year-on-
year variations. “But we must be wary of being too strongly fixated 
on the figures measured,” warns Professor Pavel Kabat of the World 
Meteorological Organization. “The worldwide trend is clear.”

A second uncertainty in the climate scenarios is 
the prevailing wind direction. Van Dorland: “Here 
too, there are broadly two options: a high or a low 
value – H or L – for the change in air flow patterns. 
If we combine these two temperature and air flow 
options, we have in fact four possible scenarios: M

H
, 

M
L
, W

H
, and W

L
.” (see figure 1, KNMI 2014)

Figure 1, KNMI 2014

Climate scenarios for the Wadden Sea

The most recent climate scenarios for the 
Netherlands are summarised in what are called 
the “KNMI’14 scenarios”, from 2014. “The most 
uncertain long-term factor is greenhouse gas 
emissions,” says Rob van Dorland, senior climate 
researcher at the KNMI in De Bilt. “In our 
scenarios, we take account of two possibilities. 
In the moderate scenario M, measures are taken 
worldwide to restrict greenhouse gas emissions 
and the rise in temperature remains limited to two 
degrees in 2100 compared with the end of the 20th 
century. In the warm scenario W, the temperature 
rises by four degrees.”
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Less fresh water in a warmer Wadden Sea

According to Van Dorland, various elements of the 
scenarios will have consequences for the Wadden 
Sea. “First of all, our country will face more 
frequent heatwaves. Due to the cooling effect of 
the North Sea, these will be somewhat fewer in the 
coastal region than inland, but the Wadden tidal 
flats will definitely face more frequent periods of 
extreme heat. At the same time, harsh winters will 
be less frequent.”

“In addition, it appears that the likelihood of 
drought in summer will increase, especially inland. 
It is also expected that the supply of water in the 
major rivers will be reduced on average due to a lack 
of precipitation in the river basins, while in winter, 
conversely, more water will flow into the catchment 
areas. The discharge of fresh water into the saline 
Wadden Sea will therefore decrease in summer 
and increase in winter. This effect can be further 
enhanced if the water authorities retain more water 
in the IJsselmeer in summer for times when fresh 
water is scarce,” says Van Dorland.

Figure 2: The above table summarises the main changes 
for the four different scenarios (KNMI, 2014).
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More sunshine and maybe more wind from 
the east

The KNMI models project that the Wadden area 
will probably have more sunshine in summer 
in the coming decades. Van Dorland: “There is 
great uncertainty about the extent of changes to 
depressions and the paths of storms over Europe 
in the winter season. The year-on-year variations 
are much greater than the changes in the climate 
models.” Van Dorland is also carefully hedging his 
bets with regard to wind direction. “A cautious 
trend is visible towards more wind from the east in 
summer, which would have consequences for the 
sea level in the Wadden Sea, but on this subject, too, 
the models are not yet unequivocal.”

As with the direction, there is also still considerable 
uncertainty about the strength of the wind. Van 
Dorland: “The number of periods with strong wind 
in the Netherlands – from wind force 6 on the 
Beaufort scale inland and from wind force 7 on the 
coast – has declined since the 1960s. At the end of 
the 20th century, there was a temporary revival of 
storms. As the criterion here we use wind force 7, 
because events with wind force 8 and higher are too 
rare for statistically significant statements to be made. 
All in all, wind remains a complicated matter.”

Level of the Wadden Sea rising less quickly

The global sea level rise is currently around 4 mm 
per year. This rise can easily be explained by the 
effects of melting icecaps and glaciers, and the 
expansion of water in the seas and oceans due to the 
rise in temperature. Van Dorland: “However, the 
sea level rise shows regional differences due to slow 
changes in marine currents, through changes in the 
salt content and differences in heat uptake. There 
are also gravitational effects of melting ice masses 
in Greenland or Antarctica, which can actually 
cause the sea level in the vicinity of those ice masses 
to fall following the ice melt, while elsewhere it 
rises faster. Off our coast we measure a rise in the 

sea level that is still limited to 2 mm per year. For 
the North Sea, too, we cannot yet see any clear 
acceleration in the sea level rise beyond natural 
variations. Over the long term, this will definitely 
become visible,” says Van Dorland.

What Van Dorland and his colleagues cannot 
explain is the rise in the level of the Wadden Sea. “It 
is even more limited than the changes off the North 
Sea coast. This is possibly related to changes in the 
effects of the tides and in wind direction, resulting 
in more water being blown out of the Wadden Sea, 
but we don’t fully understand it.”

“In practice, the sea level is rising less quickly than 
projected in the latest KNMI’14 scenarios,” says 
Bart van den Hurk, climate researcher at Deltares 
and endowed professor of Climate Interactions with 
the Socio-Ecological System at the Vrije Universiteit 
in Amsterdam. “The enormous variation in the 
sea level measured makes it virtually impossible to 
draw up very precise scenarios for the short term. 
But it is also difficult over the longer term. Due to 
the gravitational effects, in the northern hemisphere 
we will specifically be looking at the ice melt in 
Antarctica. If ice disappears from Antarctica, the 
global sea level will naturally rise, but around 
Antarctica itself, the sea level will actually fall. In 
the northern hemisphere, we will therefore see an 
extra sea level rise.”

Van den Hurk expects that there will be some 
adjustments in future KNMI climate scenarios. “In 
particular, the upper limit will be raised slightly as a 
result of the acceleration revealed by global sea level 
measurements.” According to Van den Hurk, the 
fact that measurements are currently lagging behind 
the scenarios is in no way a reason for complacency. 
“There is of course also no reason for panic, but in 
its policy, our government is definitely taking this 
limited sea level rise into account. The sea level is 
ultimately a net result of the height of the water and 
the subsidence of the land, and in some places the 
latter is more pronounced than the rise in the water 
level.”
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On the tidal flats, the effective sea level rise is a net 
result of the water level and the supply of sand and 
silt. “At the moment, the tidal flats are still well 
able to keep up with the limited water level rise,” 
says Van den Hurk, “although you can already see 
differences between the various parts of the Wadden 
Sea.”

In common with Van Dorland and Van den Hurk, 
climate hydrologist professor Pavel Kabat, a member 
of the World Meteorological Organization and co-
founder of the Wadden Academy, warns that with 
all the uncertainties and natural variation, we should 
not focus too strongly on the absolute numbers. “It 
is of course in itself good news that the sea level in 
the Wadden Sea is rising less quickly and that the 
scenario of drowned tidal flats does not appear to 
be imminent. At the same time, we must prepare 
ourselves properly for the rising level of the Wadden 
Sea, because the international trend is unequivocal.”

“The challenge,” adds Kabat, “is to make use of the 
flexibility of the Wadden within the climate-nature-
culture triangle. Since 1953, with the Eastern 
Scheldt storm surge barrier and the other Delta 
Works, we have opted for a rigid, fixed solution. 
The dynamic system of the Wadden Sea requires a 
flexible approach in order to deal with the changes 
in the climate, but also to meet the changing needs 
of users, while continuing to provide the necessary 
nature protection. Nature can protect coastlines and 
also support use, for example through tourism. In 
this flexible way, our tidal flats can be an example of 
how to tackle climate problems in intertidal areas in 
the rest of the world,” says Kabat.

The KNMI is currently working on new climate 
scenarios for the Netherlands, which will be 
published in 2023.

14



Taking into account the two extremes in the 
KNMI’14 scenario – the moderate scenario with 
a rise of just two degrees in 2100 and the warm 
scenario with a rise of four degrees – there are 
two conceivable extremes for the tidal flats in the 
Wadden Sea, explains marine geologist Ad van der 
Spek of Deltares. “In the first case, only 1 or 2% of 
the tidal flats will disappear around the turn of the 
next century and in the other case, it will be 40%.”

In spite of the current extremely modest sea 
level rise in the Wadden Sea, the tidal flats in the 
eastern part of the Wadden Sea are continuing to 
grow. “One of the notable places where we see 
this happening is around Ameland,” says Van der 
Spek. “As a result of gas extraction, you can see 
that a sort of basin has been created, which is some 
30 centimetres deep at its deepest point. But on 
the tidal flats, at the edges of this basin, you can 
no longer see any sign of this subsidence. On the 
contrary, so much sand is still being brought there 
from the coastal zone of the North Sea that there is 
no subsidence at all, but even a slight rise.”

Van der Spek and his colleagues cannot yet fully 
explain this growth of the tidal flats in the eastern 
part. “Since the Zuiderzee and the Lauwerszee have 
been closed off, the currents through the tidal inlets 
between the islands have changed. This has had 
consequences for the inflow and outflow of sand. 
In practice, the outer deltas, which are the areas on 
the seaward side of the inlets between the islands, 
have become less active as suppliers of sand. And 
yet, there is still more sand arriving than we can 
explain.”

The picture is radically different in the western 
part of the Wadden Sea, according to Van der Spek: 
“There we actually see less sand arriving than we 

would expect on the basis of our models. In the 
deeper parts of the Wadden Sea there is ample room 
for growth, but even so, continuous monitoring 
shows that hardly any extra sand is being deposited 
there.”

Sustainable nourishment

Van der Spek does not dare posit an absolute figure 
for a “critical sea level rise”. “As coastal engineers, 
we can compensate a great deal through sand 
nourishment. This does not suddenly stop at, say, a 
10 mm annual rise in the water level. It’s a constant 
balancing of interests. More nourishment efforts 
also consume more energy and increasingly have an 
adverse impact on the benthos. Up to what point 
does this compensation remain sustainable? And 
that is without mentioning the quality of the coast, 
which would be turned into a permanent building 
site by increasingly extreme sand nourishment.”

Although Van der Spek mainly wishes to radiate 
some optimism in relation to the Wadden Sea’s 
hunger for sand, he does not want to close his eyes 
to the more extreme scenarios for a future rise in 
the sea level. “Two years ago at Deltares, we did the 
calculations for such an extreme scenario. In that 
case, the moment comes when water management 
and especially flood protection begin to demand a 
substantial budget. Many problems then coincide. 
Suddenly you have to organise the distribution of 
fresh water differently. You have to compensate 
for the effects of the sea level rise on the discharge 
of river water. The salinisation of polders and 
coastal areas becomes a problem. And so on. In 
this context, the problems of the Wadden Sea are 
perhaps not yet a major safety problem. Indeed, 
through the presence of tidal flats, the Wadden 

With the rising sea level, there is an increasing likelihood that 
over time, tidal flats will “drown”. But so far this is not happening 
anywhere, insists marine geologist Dr Ad van der Spek of Deltares. 
“At the moment, many tidal flats are actually still growing.”

EASTERN WADDEN SEA CAN STILL 
SATISFY ITS HUNGER FOR SAND
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Sea protects the coasts of Friesland and Groningen 
against waves that are too high. But the potential 
loss of ecological value due to the disappearance of 
40% or more of the tidal flats is naturally a serious 
ecological problem, with far-reaching consequences 
for migratory birds, for example.”

Following the sand

Besides the migratory birds, the problems in the 
Wadden Sea are more likely to be something that 
will affect Van der Spek’s grandchildren or even 
great-grandchildren. “But that does mean that we 
have to do something now.” As a researcher, he 
cannot do much more himself than to continue 
monitoring and trying to understand why the 
tidal flats behave in the way that they do. “In the 
coming years, we want to deploy a new instrument 
for this purpose. Together with researchers from 
Wageningen University & Research, we literally 
want to follow sand that we are going to deposit 
in front of the entrance to the tidal inlet between 
Terschelling and Ameland. By looking at the natural 
radioactivity of grains of sand, we are currently able 
to see almost exactly where an individual grain of 
sand comes from. We hope in this way to gain an 
increasingly better understanding of the dynamics of 
the sand in the North Sea and the Wadden Sea. Our 
models will also continue to improve and we will be 
able to make more reliable scenarios for the future 
of the tidal flats.”
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Outer delta is still able to act as  
a sand reservoir

For research institute Deltares, coastal morphologist 
Edwin Elias is studying the dynamics of sand in 
what are known as the outer deltas. “You have 
to see such an outer delta as sort of tidal flats and 
channels on the North Sea side of the tidal inlets 
between the Wadden Islands. They are just slightly 
deeper than the Wadden Sea itself, so that they 
hardly ever dry out. They also consist mainly of 
sand. In the tidal inlet of Ameland, for example, 
there is an unimaginable amount of sand over an 
area of 15 by 5 kilometres.”

“That sand in the outer deltas is the key reservoir 
where the tidal flats satisfy their hunger for sand. In 
theory it is conceivable that, at some point, the sea 
level could rise so high that sand no longer moves 
from the outer deltas to the tidal flats, but that is 
really an extreme scenario. If the balance shifted too 
far and the sand transport to the flats were reduced, 
there would still be the option of ‘feeding’ the outer 
deltas with sand. Currently, it is mainly the beaches 
that are replenished. This is relatively expensive and 
also disrupts the natural environment of the coast, as 
well as tourism. In 2018, Rijkswaterstaat [Directorate 
General for Public Works and Water Management] 
conducted an initial experiment to supply sand, not 
to the beach but to the outer delta off the tidal inlet 
of Ameland. This involved ‘only’ five million cubic 
metres of sand. A huge mound indeed, but still a 
small amount compared to the 35 million cubic 
metres that are moved by Mother Nature every 
year.”

“In my research, I try to follow where all that sand 
goes. We do this partly by using what are called 
tracers. This is literally coloured sand that we 
can detect again after the sand has been dispersed 
naturally. With these tracers, we’re developing 
and testing computer models with which we are 
constantly improving our understanding of the 
underlying morphological processes, so that we can 

also reliably predict future sand movements. We’re 
not there yet. But I would already dare to draw one 
conclusion: for the time being, I have no worries 
about the capacity of the outer deltas to satisfy the 
appetite of the Wadden Sea for sand.”
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For a long time, the view was that the dynamics 
of the Wadden Sea were mainly determined by 
the recurring tide. Only in the past decade has 
it become clear that the wind, due to its great 
variability, makes the dynamics of the Wadden Sea 
area erratic. “Take the Marsdiep,” says Gerkema. “If 
the wind comes from the south-west, a maximum 
amount of water is blown into the western Wadden 
Sea. If there were either more or less south-westerly 
wind in future, this would have consequences not 
only for the water level in the Wadden Sea, but also 
for the discharge of fresh water through the sluices 
of the Afsluitdijk. The transport of silt would also 
change if the prevailing wind direction were to 
change in future.”

With the help of German colleagues, Gerkema’s 
team at the Royal Netherlands Institute for Sea 
Research (NIOZ) in Yerseke recently collected new 
data based on model calculations of the dynamics of 
the Wadden Sea area. “Until recently, we worked 
with models that only covered three years. Within 
such a short time period, natural variation is so great 
that we can never identify the long-term effects 
of, for example, the wind from such models. With 
the supercomputers of our German colleagues, 
we are now analysing datasets covering 40 years. 
With those datasets we will be able to obtain more 
specific information over the coming years about 
the influence of the wind, and also determine the 
average state of the various parts of the Wadden Sea 
over a longer period.”

Salt and silt

One of the factors that Gerkema and his colleagues 
are looking at is the salt content of water in the 

Wadden Sea. “Researchers often look at the average 
values in a specific spot, but that is only of relative 
significance. The extremes are also important 
for the question of whether an organism can live 
somewhere. We therefore want to study how wind 
strength and wind direction affect, for example, 
the discharge of fresh water from the sluices and by 
extension the salt content at various places in the 
Wadden Sea.”

Another important point for Gerkema’s study is the 
transport of silt. “Silt is brought from the reservoir 
that is floating in the water column off the North 
Sea coast. Model calculations have already shown 
that the wind direction also has a major influence on 
silt transport. If more or less silt is brought from the 
coastal zone, this has consequences for the growth 
potential of the tidal flats that become dry at low 
tide in a Wadden Sea that is rising very slowly.”

Basins

For his research, Gerkema divides the Wadden Sea 
into various tidal basins: areas that are fed by the 
tidal inlets between the Wadden Islands and that 
are bounded by the relatively shallow tidal divides 
behind the islands. “The Borndiep, for example, 
behind Ameland, is influenced by the wind in a very 
different way from the Marsdiep. To get extra water 
behind Ameland, you need wind coming straight 
from the north, and that occurs less frequently in 
our area than the dominant south-westerly wind 
direction that is most favourable for moving water 
through the Marsdiep. As a result, the replacement 
times of the water in the various basins of the 
Wadden Sea probably differ very strongly. While a 
drop of North Sea water in one place might already 

How high is the water? How does fresh water spread through the 
Wadden Sea? And how much sand and silt are brought in or removed 
by the tide? “In all these questions, the wind plays a crucial role,” says 
physical oceanographer Theo Gerkema of NIOZ in Yerseke, in the 
Province of Zeeland.

WIND MAKES THE DYNAMICS OF 
THE WADDEN SEA ERRATIC

19



have flowed back out of the Wadden Sea within a 
few days, in another place this can take dozens of 
days. This also has consequences for the supply of 
nutrients that shellfish and other organisms need in 
order to live.”

Sea level

According to Gerkema, the influence of wind 
on the annual average sea level along the Dutch 
coast and in the Wadden Sea can be expressed 
as approximately one decimetre more or less, 
depending on the prevailing wind direction. “Due 
to the variable annual wind behaviour, in the short 
term this variation is therefore more important than 
the global sea level rise, which is still measured in 
millimetres per year. In the longer term, say towards 
the end of this century, the global sea level rise 
will probably surpass the effect of the wind on the 
Wadden Sea. But in the shorter term, it is important 
for us to gain a good understanding of the effects 
of wind, in order to know what can happen in the 
Wadden Sea area in a changing climate.”

20





Higher nesting due to more  
summer storms

Martijn van de Pol, ecologist at the Netherlands 
Institute for Ecology, NIOO-KNAW, is working 
on a long-running study of oystercatchers on the 
island of Schiermonnikoog. “The study has been 
running since 1983! One of the things that we 
look at is the influence of extreme weather on the 
birds’ breeding success. While the KNMI’s [Royal 
Netherlands Meteorological Institute] climate scenarios 
may not yet be able to show any significant increase 
in severe storms through the year, we already see 
oystercatcher nests increasingly being washed away 
from the salt marshes by the spring tide and a strong 
westerly wind in spring and summer. Whereas in 
the past, this would happen around once every 
10 years, it is now about twice every seven years. 
Ironically, damage to the population by storms is 
not really increasing, but this is mainly because 
other problems, such as predation and food scarcity, 
have grown even more strongly.”

“The period in which oystercatchers are least likely 
to be swept away is between April and early August. 
Ideally, they should start laying in the first half of 
May. However, in all these years we have seen that 
they only begin in the second half of May. In spite 
of the increased chance of ‘water damage’, we don’t 
really see the first eggs being laid earlier. We do 
see that young animals nesting for the first time are 
increasingly choosing slightly more elevated places. 
Young birds seem to like settling in spots where in 
previous years, they heard or saw the largest number 
of calling chicks. Therefore, there does appear to 
be a kind of learning effect and the oystercatchers 
are adapting somewhat to the changing weather 
conditions.”
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Not 62 micrometres, not 64 micrometres, but 
exactly 63 micrometres! That is the clear-cut 
boundary that marks the difference between the 
larger grains of sand and the smaller silt particles. 
“Yes, that does perhaps sound rather definite,” 
admits sedimentologist Thijs van Kessel of Deltares. 
“It’s a rather pragmatically chosen boundary. In the 
laboratory you have sieves with different mesh sizes 
and at some point it was agreed that everything 
that stays inside the ‘63-micrometre sieve’ will be 
called sand and everything that fits through the 
mesh will be called silt. Apart from this particle 
size, another characteristic of silt is that, in addition 
to small silt and clay particles, it also contains more 
organic material – typically up to around 10 per 
cent. This organic material is in turn essential for 
the ecosystem. Through flocculation, these particles 
can sometimes grow in the water column to become 
larger than 63 micrometres and then they will 
remain trapped in the sieve.”

In the daily practice of the tidal flats, these 
differences between sand and silt, however arbitrary, 
are definitely relevant. Van Kessel: “Grains of 
sand sink to the bottom more quickly and the silt 
particles continue to float in the water column for 
longer. That makes a lot of difference to distribution 
and transport! The transport of sand is greatly 
determined by the local conditions for waves and 
currents. This connection is weaker for silt transport 
and ‘demand and supply’ in particular play a major 
role. If a deep basin appears somewhere on the 
tidal flats, it can quickly be filled by silt particles. 
This can easily involve a metre of growth per year, 
but for this to happen, the silt particles have to be 
there!”

Apart from the supply, the silting up of channels, salt 
marshes and tidal flats also depends on the speed of 
the current, says Van Kessel. “Silt is easily deposited, 
but also washes away more easily. Above all, you 
see a lot of silt deposited in areas sheltered from the 
current, such as salt marshes and tidal divides (the 
watershed between two tidal basins), but also in 
harbour basins. When salt marshes are flooded due 
to a rising sea level, or the shelter from the current is 
reduced in another way, you lose the silt again very 
quickly.”

In places where the deposit of sand depends 
partly on human activities, such as replenishment 
operations, silt can now relatively easily fill any 
remaining holes, if there is a sufficient supply and 
shelter from currents. However, Van Kessel warns 
that this system is not open-ended. “Measurements 
show that every year, 10 to 20 million tonnes of 
silt comes along our coast. That is more than half 
of what is brought via the Strait of Dover. The 
Wadden Sea currently needs a few million tonnes of 
silt, which is not a problem. However, if the demand 
for silt were suddenly to increase tenfold due to land 
subsidence or a sea level rise, there would definitely 
be a shortage of silt on the tidal flats and in the salt 
marshes.”

Increase in the Wadden Sea

The increase in demand need not be caused only 
by a rise in the sea level or land subsidence. “There 
is increasing discussion about deploying nature 
in the protection of our coasts. In that respect, 
there are limits to letting new salt marshes silt up, 

In addition to sand, the channels and the parts of the Wadden 
Sea that are dry at low tide also consist of fine silt. Unlike sand, 
the silt is not actively replenished in the event of scarcity. “In 
order to know whether there is enough silt to meet future natural 
demand, we must also consider where we are going to draw the 
boundaries of the Wadden Sea,” says Thijs van Kessel, senior 
researcher at Deltares.

ENOUGH SILT FOR A LARGER  
WADDEN SEA?
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because we do not want to take away too much 
from the Wadden Sea. An alternative is what are 
called ‘wisselpolders’, i.e. rotation polders. These 
are areas between two dykes which we could 
once again allow to be flooded by the tide. In 
this way, the sea would bring silt to the rotation 
polders twice a day, thus creating a growing area 
for nature, coastal protection and perhaps even for 
agriculture. This is currently only being done on 
a very small, experimental scale, but if we were to 
deploy these rotation polders for coastal protection 
on a major scale, we would have to put down the 
increased demand for silt as an item in the coastal 
‘bookkeeping’,” warns Van Kessel. ‘If we establish 
rotation polders on a large scale, we will actually 
extend the boundaries of the Wadden Sea, with the 
demand for silt associated with that.”

Fresh water attracts silt

Changes in the discharge of fresh water via the 
Wadden Sea will have repercussions for the silt 
balance, says Van Kessel. “In marine engineering, 
there is the rule: ‘Fresh water attracts silt’. This is 
understandable if you consider that the relatively 
lightweight fresh water coming out of the sluices in 
the Afsluitdijk mainly flows away over the surface. 
Salt water with relatively more silt then comes 
back into the Wadden Sea via the sea bed. An 
increased discharge of fresh rainwater in winter and 
a reduced discharge in summer might therefore have 
consequences for the net silt transport: more silt in 
winter and less silt in summer. But the dynamics of 
wind and waves, as well as biological effects on the 
fall velocity and stability of silt, also play a role. It’s 
hard to put all the pieces of this puzzle together to 
create a coherent whole.”

Aside from the silt movements caused by nature, 
the removal of sand and silt by humans, for example 
while dredging shipping channels or harbours, 
has a significant effect on water levels. Van Kessel: 
“Deepening channels facilitates tidal movements. 
In the estuaries of the Scheldt and the Ems rivers, 

you can see that in upstream areas, the water rises 
markedly higher after we humans have deepened 
the shipping channel. That effect is currently even 
greater than the natural sea level rise.”

“Ultimately,” says Van Kessel, “we must monitor 
a lot more, do research and refine models in order 
to understand precisely what the changing climate 
is doing with our silt in our tidal areas. And that 
understanding is essential in the long term. Just as 
in the case of sand, with silt you are talking about 
the capacity of the Wadden Sea to grow. Moreover, 
we must also look at sand and silt in combination, 
because there are hardly any areas that consist 100% 
of one or the other.”
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“May I just express it very boldly?” asks Albert 
Oost, sedimentary geologist at Deltares in Delft. “In 
my opinion, the sea level rise is currently a rather 
overstated problem, certainly for the Wadden Sea. 
Against the current worldwide sea level rise of 3.4 
mm per year, we see a rise of 2 mm for our North 
Sea coast, and in the Wadden Sea it is even less, at 
1.3 to 1.75 mm. It isn’t completely clear where the 
difference comes from. The rise is influenced, for 
example, by the movable Earth’s crust. A few years 
ago, an international research team, from Delft 
University of Technology among others, showed 
that the Earth’s crust is somewhat flexible. Due to 
the changing pressure as a result of the ice masses of 
Greenland and the Arctic region melting, in some 
areas the ground is rising by several millimetres a 
year. Our country sits right on a boundary, which 
is actually experiencing some extra subsidence. But 
due to such movements of the Earth’s crust, the sea 
level worldwide is rising around 10% less than you 
would expect based on the amount of water. And 
interwoven with this, there are also the gravitational 
effects. If the Greenland ice were to melt, this 
would reduce gravity, which would cause the sea 
level here to fall slightly. Conversely, ice melting in 
Antarctica causes an extra rise here.”

All in all, Oost certainly does not want to play 
down the problem of the rising sea level. “The great 
uncertainty is in Antarctica. If large masses of land 
ice melt there, it will definitely have major effects in 
our country. It is only that I think there are already 
other climate effects here and now that we should 
pay more attention to in the Wadden Sea area.”

According to Oost, extra precipitation and rising 
temperatures are already having a significant 

influence on life in and around the Wadden Sea. 
“We see longer periods of extreme drought, 
which cause plants to die and create bare patches 
in the dunes. Heavy precipitation with torrential 
downpours then washes away these patches, making 
the area more susceptible to sand drifting. Is that 
good or bad? There has been hardly any research on 
this.”

“Less fresh water enters the Wadden Sea during dry 
spells, while in addition, there are higher peaks in 
the discharge of fresh water in autumn and winter. 
The effect of these fluctuations on the living and 
non-living environment is not known. The growing 
season of plants has also become measurably longer. 
This is of great importance on the islands, where it 
boosts plant growth, which could facilitate further 
overgrowth of the vegetation. The algae on the 
tidal flats are also influenced by rising temperatures, 
although it is not yet clear exactly how. Algae help 
to fix the sediment. In addition, there are algae that 
float in the water and can help with the flocculation 
of floating sediment, so that it settles more quickly. 
In this way, the rising temperature potentially also 
has an effect on silt deposits,” says Oost.

Looking through frosted glass

In order to measure the precise effects of the 
temperature on silt deposits, for example, 
Rijkswaterstaat, among others, is carrying out 
measurements of the various tidal basins in the 
Wadden Sea. “But we do not perform these 
measurements very often, so we cannot see clearly 
how the processes work. So far, we have been 
looking through frosted glass, as it were,” says 

With higher temperatures and, on balance, also more 
precipitation, the growing season of plants is lengthening. “What 
this means for the single-celled algae on the tidal flats remains to 
be seen,” says geologist Albert Oost of Deltares. “But at present 
such effects are much more profound than the as yet slow sea 
level rise in the Wadden Sea area.”

PRECIPITATION AND TEMPERATURE NOW 
GREATER CONCERN THAN SEA LEVEL
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Oost. “We really can’t see things clearly enough. 
It has recently become possible to use satellites to 
look very regularly at the amount of algae and the 
numbers of tidal flats in the various parts of the 
Wadden Sea. Rijkswaterstaat is having research 
done on this and we shall have to make much 
more use of it. Only in this way will we be able 
to get the film of the Wadden Sea area into sharp 
enough focus. Then you’ll be able to see the system 
‘breathing’, with sand and silt that are deposited in 
summer and sediment that comes into suspension 
again in winter.”

One of the specific matters about which Oost 
would like to have more detailed information is the 
amount of silt in the system. “For the time being, 
sand is not really a problem. It can be supplied 
through sand replenishment. But how much silt is 
there in the system along the coast of Holland and 
the British coast? And how much of that is removed 
from the system through natural accretion, but also 
through dredging work? In this respect, silt is a 
trilateral problem, which we must look at together 
with all the countries of the Wadden Sea.”

Resilient Wadden Sea

According to Oost, in order to absorb future 
challenges in the Wadden Sea area, it is essential 
to make nature more resilient. “On the islands, 
the shortage of fresh water in summer is already a 
major challenge. For example, by filling in ditches 
and replacing coniferous woods with deciduous 
woodland, with less net evaporation, you can 
increase the buffer capacity.”

Another measure that Oost is considering involves 
gradual transitions in the natural environment, for 
example between fresh and salt, high and low, or 
wet and dry. “If we restore connections between 
the various parts of the Wadden Sea system, plants 
and animals will have more opportunities to move 
along these gradients when climate change makes 
it necessary. An example would be summer polders 

that could revert to salt marshes. There have been 
positive experiences of this on the German Wadden 
island Langeoog. Where the restoration of this 
connectivity is not possible, you could perhaps 
create other alternatives for plants and animals. 
The chain of new nature conservation areas on the 
landward side of Texel island’s Wadden dyke is a 
good example.”

Collaborate

Oost emphasises that there must be trilateral 
cooperation on climate research in relation to the 
Wadden Sea. “In the Netherlands, we have around 
eight tidal inlets with tidal basins behind them. In 
the complete Wadden Sea system there are another 
24 tidal inlets towards the east. And who knows 
what will change there in the distant future. If the 
sea level rises according to projections, we are right 
to be concerned over the long term about the loss of 
tidal flats that are dry at low tide and areas that are 
still above average high-water levels. But it is also 
clear that the sea level is still going to continue to 
rise for centuries. Over that long term, it is possible 
that extra tidal systems will be added in a situation 
of rising sea levels. If this doesn’t happen around 
the Wadden Sea, then it will certainly happen 
elsewhere.”

26





For 50 years now, Wageningen Marine Research has 
been counting the fish in the Wadden Sea and in the 
North Sea Coastal Zone in September. Researcher 
Ingrid Tulp: “The measurements were originally 
intended to be used for observing the increase in 
young flatfish. For quite a long time now, we have 
seen a steady decline in the number of young fish. 
Because we always measure at the same time, it is 
of course possible that, due to the warming of the 
Wadden Sea, we’re currently measuring ‘too late’. 
We have therefore compared our data with the daily 
fish trap measurements of NIOZ [Royal Netherlands 
Institute for Sea Research] at the southernmost point of 
Texel. This comparison shows the arrival of fish in 
the Wadden Sea becoming later rather than earlier.”

“A possible explanation for the decline in the 
number of young flatfish in the Wadden Sea is its 
warming. Higher seawater temperatures stimulate 
the metabolism of cold-blooded fish. As a result, 
they need more food in order to grow, but if there 
is not enough, their growth stagnates. We see this 
happen over the course of the summer. Because they 
can no longer grow well, young plaice currently 
depart much earlier in their lives for the deeper, 
cooler North Sea.”

“The food of flatfish is also feeling the consequences 
of the changing climate. For example, previous 
research by NIOZ shows that in warmer years, 
shellfish spawn earlier and the larvae also attach 
themselves earlier to the flats. But in such years, the 
shrimp also appear earlier on the tidal flats, where 
they eat shellfish larvae on a massive scale. In colder 
years, the shrimp arrive later and the shellfish are 
already too big for them. In warm years, shrimp 
therefore make huge inroads into the number of 
shellfish. Those young shellfish are also food for 
young flatfish.”

“It’s interesting to see whether – and if so, how – a 
shift in the timing of shrimp and other bottom 
dwellers is linked to the developments in flatfish. 
To that end, measurements should be made more 
frequently than once a year. Therefore, last year we 
also began monthly monitoring on a modest scale. 
We hope this will enable us to obtain a clearer 
picture of timing in relation to climate change.”

Is the timing of flatfish shifting?
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The last few summers were perhaps examples of 
the “new normal” that the Wadden Sea will have 
to deal with: hot and dry! “Heat is the new cold,” 
wrote Katja Philippart above her inaugural lecture 
in 2018, with which she accepted her professorship 
in Productivity of Coastal Marine Ecosystems at 
the Faculty of Geosciences of Utrecht University. 
“In the past, an extremely cold winter was a crucial 
factor impacting the richness of the benthic fauna 
in the Wadden Sea, for example. In recent years, 
we have increasingly seen that heat appears to be 
the problem,” says Philippart. “For example, in the 
summer of 2018, the average temperature just above 
and just below the seabed of the tidal flats was four 
degrees higher than in 1974!”

When asked what this higher temperature means 
for the microalgae living on the bed of the Wadden 
Sea and in the water column, Philippart has to 
grin a little. “That’s just like asking what the heat 
on land means for ‘the birds’. For a spoonbill, the 
story is very different than for a house sparrow. It’s 
the same for algae. There is not only a difference 
between bottom-dwelling algae and algae in the 
water column, there are also very many different 
species, each of which deals in its own way with 
heat, drought, nutrients and salinity.”

“One approach would be to take a good cross section 
of this big ‘black box’ full of hundreds of species of 
algae,” adds Philippart. “We have previously tried to 
collect such data about the 20 most common species 
from the literature. However, there were only limited 
data there or none at all, and it therefore turned out 
to be impossible to explain conclusively the changes 
in the biomass of the algae present, let alone to make 
sound predictions for the effects of climate change.”

Summer dip in algal growth

Whereas the heat on land appears to lengthen the 
growing season of plants, this is probably not yet 
the case for the bottom-dwelling algae, argues 
Philippart. “The growing season of algae is to a 
great extent determined by the amount of light 
and the presence of nutrients. The first cautious 
observations suggest that there is no extension of 
the growing season due to the heat, but in contrast, 
there is an extra dip in growth in summer. It 
could be that these few extra degrees have brought 
the temperature just above the optimum for 
many species of bottom-dwelling algae. Because 
microscopically small algae in the seabed and in 
the water are literally the basis of the food chains 
on the tidal flats, this potentially has far-reaching 
consequences.”

One of the groups of animals that will be the first 
to feel the changes in the supply of algae are the 
shellfish. Philippart: “We can already see a dip in 
the number of larvae in summer for various species 
of bivalves, such as cockles, mussels, razor clams 
and sand gapers. We are also seeing more frequent 
mass die-offs of adult cockles on the tidal flats. It 
is tempting to blame this on the heat, but we do 
not yet know the exact cause. The temperature 
is definitely not yet over their ‘fatal’ upper limit. 
It’s possible that the problem lies in the supply of 
their food, that is to say algae. Heat stimulates the 
metabolism of the cold-blooded shellfish and as a 
result, they need more food. Was the amount of 
algae perhaps a limiting factor, due to a combination 
of high demand and low supply?”

Changes in temperature and precipitation have already had an 
impact on the microalgae and bottom dwellers in the Wadden 
Sea. “The Wadden Sea will shift to a ‘new normal’, with associated 
winners and losers,” says ecologist Katja Philippart of the Royal 
Netherlands Institute for Sea Research and Utrecht University.

CONDITIONS WILL BE HOT AND DRY  
FOR BOTTOM DWELLERS
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Dry conditions

Another explanation for the changes on the tidal 
flats may be connected with the dry conditions. 
“You must look at this in two ways,” says Philippart. 
“A hot summer with a lot of easterly wind blows 
water out of the Wadden Sea. As a result, the tidal 
flats are dry for longer and warm up more under the 
baking sun. On the other hand, life in the Wadden 
Sea also has to deal with the drought conditions 
inland. Because in summer we store the scarce fresh 
water for longer, for example in the IJsselmeer, 
less water is discharged into the Wadden Sea. In 
consequence, fewer fresh-water algae enter the 
Wadden Sea in summer. The natural salt gradient, 
which has already been severely disrupted by the 
construction of the Afsluitdijk, is also coming under 
further pressure as a result. During hot summers, 
salinity on the Wadden Sea side of the Afsluitdijk is 
at times even higher already than in the North Sea. 
Different algae and also shellfish will deal with this 
in different ways.”

“Ultimately,” notes Philippart, “there will be 
winners and losers in the food web of the Wadden 
Sea due to the changing climate. The Wadden 
Sea area is by definition dynamic, so in any case 
we must not act as if there was a stable state that 
is being knocked off balance by the changing 
conditions. For specific bivalve species, we are 
perhaps moving towards a situation like the one 
that we have already known for a long time on the 
south coast of England. There you see mass die-offs 
of older cockles every year, which leaves plenty of 
space for one-year-old shellfish. Maybe those will 
be the shellfish with a better ratio of meat to shell, 
which will make them more attractive as food for 
wading birds? Or is the total production of shellfish 
decreasing? Who can say?”

Humans definitely have a strong influence within 
the changing conditions. “Due to the heat, southern 
species will move slowly to the north. But if we ride 
roughshod over the environment, for example by 
introducing exotic shellfish species, either in ballast 

water or even deliberately, for farming, this can 
have far-reaching consequences. This is evidenced 
by the story of the American razor clam, which 
probably came here in ballast water, and the Pacific 
oyster, which was introduced by oyster farmers. The 
exotic razor clams have established themselves in the 
‘front row’, on the edges of tidal flats, where they 
are first in line to filter pelagic algae from the rising 
tide. The large Pacific oysters, which are almost 
impossible to crack, have taken over part of the 
niche of native shellfish, from which the birds can 
then gain very little benefit.
We should limit as much as possible our influence 
within the interactions on the tidal flats, which are 
in any case already undergoing change. Natural 
adaptations to the new circumstances will then 
be able to proceed without too many hitches. 
The Wadden Sea will then be able to continue 
performing its important functions for humans and 
nature.”
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Fish becoming smaller due to climate 
and fishing

US biological oceanographer Myron Peck recently 
became head of the Coastal Systems department of 
the Royal Netherlands Institute for Sea Research. 
“I study the impact of the changing climate on 
marine life, for example fish stocks. There appears 
to be a clear interaction between climate effects and 
fisheries: they both make fish smaller on average. 
Fisheries do this because they have removed the 
largest individuals from the populations, and the 
climate because larger fish have more problems 
coping with rising temperatures. A large fish 
consumes more oxygen, which only makes things 
more difficult when a higher water temperature 
stimulates the metabolism of the cold-blooded fish. 
This creates ‘evolutionary pressure’ in favour of 
smaller adult fish.”

“For fish species that are at the southern boundary 
of their distribution range in the North Sea and 
the Wadden Sea, such as cod or herring, climate 
change may give just that extra nudge in the wrong 
direction. At the same time, this could perhaps 
present an opportunity for other species. Anchovies 
or sea bass are at the northern boundary of their 
distribution range here, so perhaps they will fare 
better. But in places where the climate is reinforcing 
the negative impact of the fishing industry, it is in 
any case important to monitor the management of 
fish stocks especially carefully.”
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As an earth scientist with a special interest in salt 
marshes and mangroves, Stijn Temmerman studies 
coastal wetlands in various places in the world. “If 
I compare the coastal areas on the east coast of the 
United States and the salt marshes in the Rhine 
Delta and the Wadden Sea, then we do not look bad 
at all,” he says. “While some salt marshes in North 
America are already drowning, in our country they 
are still growing in many places.”

Temmerman thinks that one of the “lucky breaks” 
is the strong tide. “In the Wadden Sea area, there 
is a tidal range of three metres. In the Scheldt 
river, it can even reach six metres. This means that 
every tide can potentially bring a huge amount of 
sediment with it. Moreover, in the Delta we also 
receive a lot of sediment via the rivers. The amount 
is less in the Wadden Sea area, but there too, there is 
still a big flow of silt and sand via the North Sea.”

In an article in Nature in 2018, Temmerman and 
his colleagues also wrote that the loss of coastal 
wetlands around 2100 as a result of the rising sea 
level will remain considerably more limited than 
in the more pessimistic scenarios that are now 
doing the rounds. “Based on models, we think that 
between 0 and 30% of wetlands along the coasts 
worldwide will be under threat. But please note: 
this is based on models and they are only as good as 
the information that we put into them.”

However, Temmerman certainly does not want 
to call himself an optimist. “The fact that around 
2100, the situation might be better than feared 
does not mean that things don’t look sombre in the 
long term. And in that respect, there are more than 

enough reasons to be especially worried about the 
Wadden Sea. Compared with other ‘coastal barrier 
systems’, the Wadden Sea area has, for example, 
few salt marshes behind the islands and off the 
coast. The Venetian Lagoon, to name just one area, 
has proportionally a much larger number of salt 
marshes. Or at least it still has.”

Moreover, the relatively optimistic estimates of 
Temmerman and his colleagues in Nature were 
based on the possibility that wetlands could 
move further inland with a rising sea level. “This 
possibility is of course limited in the Wadden Sea 
area, due to dykes and other constructions. In this 
context, ‘rotation polders’ (‘wisselpolders’), which are 
currently under discussion, are interesting. Opening 
the outer dyke and letting the tide onto the land 
between two dykes creates an area that will grow 
naturally with the sea level rise. In this way, you 
have nature do some of the work for you.”

In any case, Temmerman turns out to be a big fan of 
the solutions that nature itself offers. “Things often 
go wrong as soon as you constrain natural forces. 
In the Venetian Lagoon, for example, you can see 
that the tidal inlets between the barrier islands are 
contained too much by hard structures. As a result, 
the transport of sediment from the sea to the lagoon 
declines and the whole system becomes steadily 
weaker.”

The resilience of the Wadden Sea and other coastal 
ecosystems can best be strengthened by letting 
nature take its course more, suggests Temmerman. 
“And if sand nevertheless needs to be replenished, 
a concept such as the ‘sand motor’ is a good, 

In the current sea level rise scenarios, a large part of the 
wetlands would appear to be threatened. Earth scientist 
Professor Stijn Temmerman of the University of Antwerp is 
somewhat less pessimistic. “Based on models, we think a 
more likely estimate is 0 to at most 30% of the wetlands along 
the coasts. But this is a worldwide average. For the Wadden 
Sea, I am cautiously optimistic.” 

GIVE NATURE MORE OF A CHANCE 
TO FIX ITSELF
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semi-natural alternative. Wind and currents then 
distribute the sand in a more or less natural manner, 
from a place that we have created.”

Another place where nature can be given a helping 
hand, according to Temmerman, is off the Wadden 
Sea coast of Groningen and Friesland. “I hear that 
colleagues are reluctant to ‘steal’ space from the 
tidal flats of the Wadden Sea that are dry at low tide 
by stimulating the growth of salt marshes. I do not 
share this fear. As I have said: from an international 
point of view, the Wadden Sea has relatively few 
salt marshes. Therefore, it wouldn’t do any harm 
to restore the old salt marsh works here and there. 
With salt marshes, you also create more spawning 
grounds for fish and shrimp, and high water refuges 
for migratory birds. And they protect the dykes 
behind them from the impact of waves during 
storms.’

How and where the salt marshes grow best is 
something Temmerman hopes to learn in the area 
around Ameland over the next few years. “Together 
with colleagues from Wageningen University, who 
have already been doing research there for a long 
time, we want to study the effects of gas extraction. 
In fact, this is an unintentional experiment, 
in which the ground subsides and the sea level 
therefore rises relatively more rapidly. Some parts of 
salt marshes do grow quickly along with the relative 
sea level rise, while other parts do not. We must 
learn from this what the crucial factors are for fast 
or slow growth. We also want to learn how much 
carbon is sequestrated in salt marsh systems. In this 
way, salt marshes can help not only to counter the 
consequences of climate change, but perhaps also to 
fight the causes a little.”
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Ecologist Peter Herman is not a man to let himself 
be distracted by doomsday scenarios. Drowning 
tidal flats? “There will continue to be a declining 
energy gradient from the North Sea to the 
Wadden Sea for a very long time to come. As 
long as we maintain the North Sea coast through 
sand replenishment, sand and silt will continue to 
precipitate in the Wadden Sea. In that case, the 
tidal flats will continue to grow, unless the sea level 
really starts to rise a lot faster than it is doing now.” 
Warming sea and seabed in the Wadden area? “If 
there are productive tidal flat systems in Portugal, 
then surely there should also be a future for our tidal 
areas?”

Herman simply wants to say: “Change is not in 
itself synonymous with problems. The species pool 
is large, so if the plaice is replaced by the dab, for 
instance, this is not necessarily a problem. You could 
even say that invasions by exotic species can be 
useful in this respect.”

However, Herman does have some concerns 
regarding climate change around the Wadden 
Sea. “The greatest concern is of course the loss of 
essential ecological functions. The place of our 
Wadden Sea in the lives of many migratory birds 
is such an essential function. But then, of course, 
we are forced to conclude that our scope for action 
is limited. We can help the migratory birds as best 
we can, for example by keeping other harmful 
activities, such as bottom trawling, out of the 
Wadden Sea area. In the light of climate change, we 
have to make pragmatic choices in our policy. What 
are the consequences of our actions and are there 
things that we can do or not do in the light of the 
changes that are coming?”

“At the same time, we are already seeing a huge 
amplification of the rising temperature in the Arctic. 
Whether we can still do anything about it is very 
much open to question. It isn’t just a problem for the 
migratory birds that nest there. Maybe we should 
worry a lot more about the amounts of methane that 
are escaping from the permafrost.”

As an ecologist who specifically studies coastal 
dynamics, Herman is primarily concerned about 
the connection between the landscapes on either 
side of the dykes in the Wadden Sea area. “With the 
growing salt marshes and tidal flats, the polders on 
the landward side of dykes are becoming ever lower 
in relative terms. I believe that we will have to start 
thinking about broad ‘sea-defence landscapes’. We 
currently have narrow dykes that actually form a 
fairly useless strip in the landscape. If we consider 
‘rotation polders’ (‘wisselpolders’: areas between two 
dykes that are allowed to be flooded by the tide), 
which grow along with the rising sea level between 
double dykes, we can create a broad transition area 
in the landscape, which can benefit both nature and 
the economy.”

However, such solutions cannot be implemented 
from one day to the next, warns Herman. “Such 
a ‘rotation polder’ grows by millimetres – at most 
centimetres – per year. This is therefore a solution 
for the more distant future, but one that we must 
already think about or make decisions about.”

The fish migration river that is going to be 
constructed over the coming years in the renovated 
Afsluitdijk is one such ‘gradual transition’ that has 
potential value, according to Herman. “I will be 
following with great interest how the fish migration 

Climate change in the Wadden Sea is not synonymous with 
death and damnation. This is the opinion of Peter Herman of 
Deltares. “After all, in warmer countries such as Portugal you 
also have productive tidal flat systems. However, we will have 
to watch over the essential ecological functions of our Wadden 
Sea, such as those for migratory birds.”

BOTH NATURE AND HUMANS 
ARE RESILIENT
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river develops, although I also have serious questions 
about how valuable this system can be. In any case, 
it will not be the whole story, because what will 
happen when fish are able to migrate through the 
Afsluitdijk, but then swim head-first into the many 
barriers that we have erected in our major inland 
waterways?”

“Ultimately,” says Herman, “the present is more 
interesting than worrying. We are talking about 
changes that could really become pressing at the 
end of this century. Make no mistake: this is a 
timescale that is short and formidable in the light 
of the changes that are coming. At the same time, 
it means that there will still be another three or 
four generations of engineers who can work on 
solutions. We are under an obligation to apply this 
creativity. But in any case, we must take action now. 
The feeling of urgency – or rather the lack of such 
a feeling of urgency – is something that does really 
scare me.”

36





Mudflats are a link in an  
international chain

Jan van Gils – a researcher at the Royal Netherlands 
Institute for Sea Research and endowed professor at 
the University of Groningen, studies knots – in their 
overwintering area in Mauritania, in their breeding 
grounds in Siberia and in their stopover habitat in 
the Wadden Sea. “We have discovered that knots 
are currently arriving in the breeding areas too late 
to benefit optimally from the supply of insects for 
the chicks. Due to the rapidly changing climate in 
the Arctic region, those insects are emerging from 
the ground increasingly early. As a result, the young 
birds do not have enough time to grow and they are 
underweight when they depart for the south. These 
too small juveniles subsequently have a measurably 
worse survival rate in Africa.”

“Colleagues are observing something similar in 
the bar-tailed godwit, which also overwinters in 
Africa and breeds in Siberia. Only in their case 
the problem is with the adult birds. They fill up 
quickly in the Wadden Sea in early spring and then 
set off for the breeding areas in great haste and with 
inadequate fat reserves. In consequence, we’ve seen 
the survival rate of the adult bar-tailed godwits 
worsen over recent years.”

“The great common denominator is the Wadden 
Sea as a filling station, halfway through a long 
migration route between the Arctic and Africa. 
Changes on the tidal flats that have consequences for 
the shellfish also have repercussions for the chances 
of the knots. And when we disturb the soil of the 
tidal flats, which affects the presence of worms, it 
has consequences for the bar-tailed godwits, which 
are having to deal with a changed climate. There 
are thus clear international ecological consequences 
for everything that happens on the tidal flats.”
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The summer of 2020 showed it clearly yet again: 
when there is less rainfall, as much fresh water as 
possible has to be held back in order to supply water 
for drinking and for irrigating the parched land. 
Therefore, in the recent dry summers, less water 
was discharged into the Wadden Sea, for example 
through the sluices in the Afsluitdijk. This has 
already led to major changes in the salinity of the 
Wadden Sea, where, following various large marine 
engineering works, there is no longer a gradual 
gradient from fresh water to salt water. “As a result, 
the changes in precipitation are magnified by our 
own interventions in water management around the 
Wadden Sea,” says Ernst Lofvers, a geomorphologist 
working at Rijkswaterstaat Noord-Nederland. “We 
tend to look mainly at the climate if the gradient 
from fresh to salt in the Wadden Sea is involved, but 
human interventions in water management have a 
much more direct effect.”

The influence of discharging or not discharging 
fresh water may be relatively clear to many people, 
but this is not the case for numerous other human 
interventions, adds Lofvers. “A lot of people do not 
know that the construction of the Afsluitdijk in 
1932 still has a huge impact on the dynamics of the 
Wadden Sea nearly a century later. The channels 
and tidal flats are still rearranging themselves! 
The western Wadden Sea is filling up rapidly with 
sand and silt as a result. The total impact of the 
Afsluitdijk has still not completely worked its way 
through.”

According to Lofvers, something similar is true 
of the construction of the Lauwersmeerdijk, with 

effects on the Wadden Sea area as well as the island 
of Schiermonnikoog, and even the North Sea 
coastal zone. “Even older interventions, such as 
the salt marsh works and embankments along the 
coast of Groningen and Friesland, are still having 
an effect to some degree. In many places, we see 
trends towards a ‘drying’ Wadden Sea, but we do 
not yet completely understand how these trends will 
continue. Things become extremely complicated if 
you have to factor in the climate effects such as the 
accelerating sea level rise. This accelerating rise is 
plausible, but the scope is still extremely uncertain, 
let alone the effects on the Wadden Sea.”

However, according to Lofvers, the Wadden Sea 
shows that the system has the potential to reset itself 
repeatedly following changes caused by external 
factors. “We see that it is mainly human water 
management interventions along the edges of the 
Wadden Sea area over the past 1,000 years that have 
played a dominant role in determining the size 
and outward appearance of the Wadden Sea. This 
impact has been greater than that of the changing 
climate. It is therefore important that, in addition to 
the possible impact of climate change, we continue 
to look carefully at our own actions in and around 
the area.”

This broad view is wholeheartedly endorsed by 
Robert Zijlstra, an adviser on flood protection 
and morphology who, like Lofvers, also works at 
Rijkswaterstaat Noord-Nederland. “Considering all 
the major interventions and the projected changes in 
the climate, we want to give more space to natural 
processes where possible. This will also make the 

With the current speed of its rise, the sea level in the Wadden Sea does 
not appear to be the prime concern of its manager, Rijkswaterstaat 
[Directorate General for Public Works and Water Management]. 
However, the changing temperature and the declining discharge of fresh 
water in dry periods are raising specific questions for the short term. 
“Moreover, we must still consider the consequences of changes in the 
past, such as the construction of the Afsluitdijk,” say Ernst Lofvers and 
Robert Zijlstra of Rijkswaterstaat Noord-Nederland.

THOSE WHO POINT TO THE CLIMATE ARE 
ACTUALLY POINTING AT THEMSELVES
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Wadden Sea more resilient to a changing climate. 
In the ‘Programmatische Aanpak Grote Wateren’ 
[Programme-based Approach to Large Water Bodies], we 
are preparing the measures to be carried out in this 
area. This concerns questions about the Wadden 
area, but through the problem of fresh water supply, 
for example, it also touches on the IJsselmeer and 
therefore also the major rivers.”

Focus on the hinterland

Zijlstra and Lofvers argue that the hinterland, 
including the dyke that protects that hinterland, also 
deserves greater attention in relation to questions on 
the impact of the climate on the Wadden Sea area. 
“In essence, the dynamic tidal flats are themselves 
already very resilient,” says Zijlstra. “Certainly in 
comparison with other large Dutch water systems, 
the Wadden Sea is still capable of responding 
relatively well to climate changes. If you consider 
all the things that nature regulates itself in terms of 
sand and silt transport and the ‘self-raising capacity’ 
of the ground, we get off very lightly in the Wadden 
Sea area if you compare it with, for example, the 
expense of the sand replenishment operations 
by Rijkswaterstaat on the North Sea side of the 
islands.”

The biggest challenges in the Wadden Sea area 
in the shorter term are therefore not in a rising 
sea level, let alone drowning tidal flats. On the 
contrary: the tidal flats are currently rising faster 
on average than is the sea level. This leads not 
only to the steady expansion of tidal flats, but also 
results in shipping channels silting up. Lofvers: “It 
is very likely that in future, we will need to carry 
out increasing dredging to keep the channels at the 
agreed depth. For example, for many years now 
we have been continuously dredging the shipping 
channel between Holwerd and Ameland. This 
not only costs millions per year, but it also leads 
to turbidity and other negative ecological effects. 
There will probably be similar developments 
elsewhere. Therefore, you need to ask yourself 

whether the current way of doing things is really 
so efficient and sustainable. Due to the current 
development of the Wadden Sea becoming 
shallower, we should perhaps consider using different 
ships that have a less deep draught, and see whether 
we can better follow the natural path of channels in 
the Wadden Sea, so that we don’t have to move as 
much sand and silt.”

These problems of the silting up of shipping 
channels are also linked to human intervention, 
says Lofvers. “Due to the changed dynamics 
following construction of the Afsluitdijk and the 
Lauwersmeerdijk, part of the tidal basin behind 
the islands has been reduced in size. To counter 
somewhat the relatively rapid filling in of the 
Wadden Sea, we could explore whether we would 
be able to restore these tidal basins to some extent. 
For example, in a controlled fashion, we could once 
again give the tide limited access to parts of North 
Friesland and North Groningen, through openings 
in the sea dykes. With the supply of fresh silt, you 
create new land on the landward side of the dykes, 
which slowly increases in height. This land grows for 
free as the sea level rises and it can become valuable 
natural tidal areas and later also fertile agricultural 
land. It is all still very speculative, but in this way 
you would obtain a kind of rotation culture – 
rotation polders (‘wisselpolders’), as they are known.”

Zijlstra agrees “To compensate for the effects of 
the changing climate, our task, and therefore our 
prospects for action on both flood protection and 
ecology, is based both in front of and behind the 
dykes. To arrive at a more climate-resistant water 
system, we must ensure that we soften the areas 
with hard borders between the land and the Wadden 
Sea. These are tasks that are not only for water 
management, but also to ensure sufficient nesting 
opportunities for birds and areas for fish to live in, 
with natural transitions between fresh and salt water. 
The fish migration river in the Afsluitdijk is a good 
initial move to ensure that the gradient between 
fresh and salt water again follows a more natural 
path.”
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In addition to the opportunities – especially in 
the hinterland – to compensate for the effects of 
the changing climate in the shorter term, both 
managers also invite their colleagues to “manage 
beyond the grave”. “Over the long term, the rising 
sea level will naturally become an issue, especially 
in relation to safety and general water management 
inland. The Wadden Sea will certainly not drown 
in the very near future, but in order to prevent this 
in the distant future as well, we shall have to take a 
good look now at the impact of our own actions.”
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Climate change and climate scenarios for the 
Wadden Sea

In this discussion on climate change, the starting 
point is the Dutch Wadden Sea area as a whole, with 
no distinction being made between the Wadden 
Islands, the Wadden Sea itself, and the adjoining 
mainland. Where the difference is relevant – for 
example when the water temperature in the Wadden 
Sea is concerned – this is clearly stated.

The most recent forecasts for development of the 
climate in the Netherlands were summarised by 
the KNMI in 2014 in the form of four scenarios 
(the “KNMI’14” scenarios). The temperature 
will increase by between 2 and 4 degrees by 2100 
compared to at the end of the 20th century. There 
is also uncertainty about the development of 
circulation patterns in the atmosphere and thus the 
prevailing wind direction.

Temperature development

It is clear that the annual average temperature in 
the Netherlands has risen fairly consistently over 
the past century (PBL, 2020). In 2019, it was 2.1 
± 0.6 °C higher than over a century ago, in 1907. 
The past 25 years have seen a steady rise of 0.04 °C 
per year. It should be noted that warming is not 
uniform across the different seasons. It is much more 
apparent in summer, with a 2.7 °C temperature 
increase over the period 1907–2019. In winter, 
warming has so far been limited, although the 
variability is greater in winter, namely 1.8 ± 1.3 °C 
(PBL, 2012).

The rise in the annual average temperature in 
the Netherlands therefore exceeds the global 
temperature trend. The literature cites a number 
of causes that could explain the difference (PBL, 
2020):

• More rapid warming in the Netherlands 
because land masses warm up more than the 
oceans;

• Since 1950, the wind climate in the 
Netherlands has been characterised by more 
westerly/southwesterly winds in late winter 
and early spring and less cloud cover;

• Rising temperatures of the North Sea water 
and an increase in the amount of insolation 
due to cleaner air in spring and summer.

The picture sketched by Van Dorland (p. 11), with 
an increase in heatwaves in summer and more wet 
periods in winter, corresponds to the trends noted 
above. Less inflow of fresh water into the Wadden 
Sea in summer and more in winter is therefore a 
logical consequence. The occurrence (as in recent 
years) of heatwaves and periods of extreme drought 
also affects nature. Oost (p. 24) notes that prolonged 
periods of extreme drought on the islands have led 
to plants dying off and the formation of bare patches 
in the dunes.

Wind climate

The wind climate in the Wadden Sea area plays 
an important role as regards flood protection, the 
dynamics of the Wadden Sea itself, and landscape-
forming processes on the islands. The changes in the 
wind climate seem for the present to be only minor, 
being highly dependent on how circulation patterns 
in the atmosphere develop in the future. Wind speed 
and direction combined with sea level rise are the 
main factors affecting storm surges in the Wadden 
Sea area. Gerkema (p. 18) emphasises that the wind 
also plays a role in the wave climate and has a major 
influence on circulation patterns and transport 
processes in the Wadden Sea. Transport of sand by 
the wind, sand drift, and dune formation are also 
of great significance for the islands. A change in the 
wind climate therefore has consequences for such 
processes as dune formation and wind erosion of the 
foredunes.

DISCUSSION 
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Sea level rise along the Dutch coast

Changes in sea level also vary on the global scale, 
via the national scale, to the regional scale (Van den 
Hurk and Geertsema, 2020). Given the complexity 
of the sea level rise process, this is unsurprising. 
Whereas the global trend in sea level rise is 4 mm 
per year, that along the Dutch coast is considerably 
less, namely 2 mm per year. Sooner or later, 
however, what has been observed globally will 
unavoidably be reflected in accelerated sea level rise 
along the Dutch coast too. It is striking, however, 
that the trend in the Wadden Sea is even lower than 
along the North Sea coast; with annual figures of 
1.3 to 1.7 mm, the increase has so far been only 
limited (Van den Hurk and Geertsema, 2020; NJG 
Themanummer 2018).

To date, it is unclear why there is that difference 
between the North Sea coast and the Wadden Sea. 
It is a fact, however, that in many places the Wadden 
Sea is still affected by morphological changes 
due to land reclamation, dyke construction, and 
closures (Zuiderzee, Lauwerszee). In the eastern 
Wadden Sea, for example, deposition rates are 
greater than the rise in sea level, leading to the 
tidal basins becoming generally shallower. In the 
western Wadden Sea, there is still an expanding 
area of tidal flats at the expense of channels. All this 
may influence the physical properties of the tides 
(amplitude, propagation speed, nature of the tidal 
wave – standing or running) and thus the dynamics 
of water levels.

The interaction with wind effects is also expected 
to be highly significant. Gerkema and Duran-
Matute (2017) note that the annual variation in 
mean sea level in the Wadden Sea is to a great extent 
explicable by the west-east component of the net 
wind energy vector. In the short term, an annual 
variation in wind conditions can lead to a 10 cm 
rise or fall in the annual mean sea level, and this 
variation is thus considerably larger than the current 
trend in mean sea level rise (Gerkema and Duran-
Matute, 2017). Their conclusion is also remarkable 

that in the past century the rise in mean sea level 
during the winter half-year, for all the stations 
studied, has been greater than during the summer 
half-year.

This is in any case an important issue that requires 
further investigation:

• What processes and factors are responsible for 
the difference in sea level rise between the 
North Sea coast and the Wadden Sea?

Another question with, for the time being, a more 
open-ended character is:

• When will the global trend of an accelerated 
rise in sea level also manifest itself along the 
Dutch North Sea coast and in the Wadden 
Sea?

Flow and circulation patterns in  
the Wadden Sea

Gerkema (p. 18) notes that the classic picture of 
tidal basins filling up during high tide and emptying 
out during low tide via the tidal inlets and under 
the influence, above all, of the tides is a picture that 
needs to be revised. The influence of the wind on 
flow and circulation patterns in the Wadden Sea 
can be large, and is still greatly underestimated. 
Recent modelling studies for the western Wadden 
Sea (Duran-Matute et al., 2016) show that it is 
above all the wind that is responsible for the net 
transport of water through the tidal inlets. In the 
case of the Marsdiep tidal inlet, for example, there is 
a strong net import of water when there is a strong 
westerly wind. Net outflow, on the other hand, 
is mainly a result of a strong northerly wind. The 
reverse pattern applies in the case of the Vlie, the 
tidal channel between the islands of Vlieland and 
Terschelling, with net seaward transport reaching 
a maximum when the wind is westerly and inflow 
reaching a maximum when it is northerly. This 
aspect is also mainly related to the exchange 
(connectivity) of the different tidal basins.
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Modelling studies also show that when there is a 
strong westerly wind the water level in the western 
Wadden Sea can easily rise by as much as 1.3 m, so 
that the tidal divide below Terschelling is no longer 
an obstacle to the flow and a large net transport can 
take place from the western to the eastern Wadden 
Sea.
When there is a strong easterly wind, the opposite 
occurs: the water level drops, tidal flats dry up for 
longer periods, and the tidal divide then becomes an 
obstacle to the exchange between the tidal basins in 
the east and the west.

The inflow of water from the North Sea into the 
Dutch Wadden Sea takes place not only via the tidal 
inlets but also partly over (“overwash”) and through 
the sediment (“inundation”) of the “tails” of the 
eastern Wadden Islands in particular (Engelstad et 
al., 2018). With an outgoing tide, the tidal inlet 
in particular will once again function as the main 
route for the outflow, making it seem as if more 
water is flowing out of than into the Wadden Sea.

Changes in wind-driven flows – whether or not 
in combination with waves – are also expected 
to have a major impact on the distribution and 
mixing of fresh and salt water in the Wadden Sea, 
the degree of water renewal in the tidal basins, and 
the transport of sand and silt (for example Sassi et 
al., 2015; Schulz et al., 2020). The effect of waves 
is not explicitly mentioned, but it is known that 
wave action can make a major contribution to 
the swirling up and transport of sediment in tidal 
basins. It is important to note that this is partly a 
combination of circumstances in the weather and 
currents. In the western Wadden Sea, for example, a 
strong westerly wind not only leads to higher water 
levels and north-eastward net flows but is then also 
accompanied by strong wave action (Donker, 2014).

Changes in wind fields are therefore also to a great 
extent responsible for the variation in dynamics 
of the tidal flat system, both between seasons and 
between years. The big question that Gerkema (p. 
19) rightly poses is whether it is possible to identify 

periods over longer time scales (decades) within 
which one can still speak of a kind of average 
situation.

Important issues that arise in this context are:
• What is the influence of the wind on the 

import, transit, and export of water and 
sediment in the Wadden Sea? What are the 
differences between the western and eastern 
Wadden Sea in this respect?

• What is the influence of the wind on the 
water renewal rate (as a percentage of total 
volume per tidal period) in tidal basins?

• What is the influence of the wind on the 
distribution of fresh and salt water in the 
Wadden Sea, including as regards the 
occurrence of extremes? How are these 
extremes further affected by a decrease in 
fresh water supply in dry summers and an 
increase in wet winters? And what does this 
mean for organisms in de Wadden Sea?

• How important is the wind for the 
connectivity of the basins in the western 
and eastern Wadden Sea? In other words, 
how important is the transport of water and 
sediment over the different tidal divides 
under the influence of the wind?

• What is the influence of wave action on the 
above processes?

• To what extent and in what way will a 
change in wind climate along the North Sea 
coast of the islands affect the above processes?

Sediment balance of the Wadden Sea system

The sediment balance of the Wadden Sea area is 
characterised by a highly dynamic interplay of tides, 
wind, and human activity. The behaviour of sand, 
silt, and mixtures of both under the influence of 
these processes literally determines the appearance 
of the Wadden Sea. While sand is supplied mainly 
from the coastal zone of the North Sea, the outer 
deltas and the heads of the islands, the availability 
of silt is mainly determined by supplies from the 
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Strait of Dover in the southern North Sea basin. 
Silt performs an important role in the Wadden 
Sea. It acts as a construction material and substrate, 
whereby it is partly responsible for the buildup 
of tidal flats, mud flats, and salt marshes. Silt also 
influences the food web by supplying organic 
material and providing a substrate for bottom-
dwelling microalgae. However, high concentrations 
of silt in the water column also determine the 
turbidity of the water column and thus affect the 
penetration of sunlight and consequently primary 
production.

Gerkema (p. 18) points out that the supply and 
sedimentation of silt from the North Sea is also 
influenced by wind, which implies that changes in 
prevailing wind directions have led to changes in 
the supply of sediment. Van Kessel (p. 22) also raises 
the question of whether there will be sufficient 
silt available in the future for the Wadden Sea to 
function properly. Deltares recently began a study 
to map this out for the entire Dutch, German, and 
Danish Wadden system in the form of a Trilateral 
Silt Balance (Wadden Academy and the Programme 
towards a Rich Wadden Sea (PRW) position 
paper, in preparation). The study was intended to 
determine how much silt is actually introduced into 
the Wadden Sea system, how much of it is deposited 
in the tidal basin areas, and how much is removed 
from the system by human action (Van Maren et al., 
2016). 

Understanding the silt balance is important in view 
of increasing human activity in the area and the 
expectation that an increase in sea level will also 
be accompanied by an additional demand for silt. 
Oost, Temmerman, Herman, Lofvers, and Zijlstra 
(p. 25, 32, 34 and 38) indicate that enlarging the 
Wadden Sea by involving the hinterland to a greater 
extent (the “wisselpolders” or double dyke approach) 
could help to compensate for some of the effects of 
sea level rise. Seawater flowing over former low-
lying polders brings in fresh silt, allowing the land 
on the landward side of the dykes to grow along 
with the rise in sea level and providing space for 

valuable natural tidal areas (with gradual fresh-salt 
transitions) and fertile agricultural land.

Important questions needing to be answered in this 
connection are:

• Based on the current silt balance, is the supply 
of silt from the southern North Sea sufficient 
to meet the demand for silt in the Trilateral 
Wadden Sea?

• How will this silt balance develop in the 
future, and what does that mean for the 
availability of silt for human use and for an 
increasing demand for silt in the context of 
rising sea levels?

• What is the effect of a future landward 
strategy – with, for example, wisselpolders to 
cope with the effects of sea level rise – on the 
demand for and availability of silt?

Although silt import is important for the functioning 
of the Wadden Sea, the import of sand is many 
times greater and currently amounts to an estimated 
4.5 million m3 of sand per year (Elias, 2018). This 
sand import therefore plays an important role in 
the accompanying growth of tidal flats and thus 
in compensating for the rise in sea level. There is, 
incidentally, an inexplicable difference between 
developments in the eastern and western Wadden 
Sea, as pointed out by Van der Spek (p. 14). In the 
eastern Wadden Sea, more sediment is supplied than 
is strictly necessary to keep up with rising sea levels, 
which is why the tidal basins are currently becoming 
shallower. This general process of becoming 
shallower is partly responsible for the problems with 
the shipping channel out to the island of Ameland. 
Lofvers (p. 38) notes that in the western Wadden 
Sea the Afsluitdijk still influences the dynamics 
of channels and tidal flats almost a century after it 
was constructed. More sediment can be deposited 
here than is currently being brought in. In both 
situations, the current morphological modelling 
tools are insufficient to predict and explain these 
developments. A distinction must be made between, 
firstly, complex physical models for the relatively 
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short term (tide cycles of up to a few years) and, 
secondly, the highly simplified and schematised 
morphological models for the long term (decades – 
centuries).

For the first category of models, two major 
improvements are necessary when formulating the 
biophysical processes in the models. This concerns, 
on the one hand, the interaction of sand and silt 
fractions in sediment transport processes and, on the 
other, the influence of biota on sediment mobility. 
Organisms – for example benthic algae, seagrasses, 
and salt marsh plants – have the capacity to retain 
sediment but also to increase its mobility as a result 
of erosion (Donker et al., 2015; Herman et al., 
2018; de Vet et al., 2020b). Changes in organisms 
– whether or not climate-driven – can thus bring 
about changes in the mobility of sediment and 
therefore also in local erosion and sedimentation 
rates and consequently in the sediment balance of 
the Wadden Sea.

If the long-term rise in sea level is no longer kept 
pace with by sedimentation, the tidal flats will start 
to be “drowned” and their associated natural values 
will be lost. Important questions in this regard are: 
when will the critical point of sea level rise for 
“drowning” the tidal flats be reached – i.e. the point 
when the maximum imported volume of sediment 
can no longer meet the need for sediment in the 
Wadden Sea – and is it possible to slow down or 
compensate for this development (Van der Spek, 
2018)? In order to make well-founded statements 
about this, researchers have until now relied mainly 
on a highly schematised morphological model, the 
“ASMITA model” (Stive et al., 1998; Kragtwijk 
et al., 2004; see also Wang et al., 2018; NJG 2018 
Themanummer NJG 2018).

However, this model has significant limitations and 
makes only limited use of recent knowledge of the 
processes and morphological developments in the 
Wadden Sea. For example, it is based only on tidal 
action (average conditions) and takes no account 
of the effects of wind and waves, and consequently 

not of the exchange of water and sediment between 
tidal basins either. The model is unable to work 
with sand and silt fractions and its spatial resolution 
also leaves much to be desired. There is therefore 
sufficient reason to pursue development of a new-
generation morphological model for the longer term 
so as to better understand the effects of sea level rise 
and of (large-scale) human intervention.

According to Van der Spek (p. 14) and Elias (p. 
17), sand replenishment in the coastal zones above 
the Wadden Islands and the outer deltas in the tidal 
inlets may perhaps be able to satisfy the Wadden 
Sea’s hunger for sand for a while but, given the costs 
and the consequences for natural values, it does not 
seem to offer a sustainable solution.

Because such prospects for action require large-
scale long-term investment (scientifically based), 
it is urgent to already include these options in 
management of the Wadden Region.

Issues to be investigated are:
• What is the effect of sea level rise and climate 

change on the Wadden Sea area in terms of 
water levels (including extreme levels), tidal 
and wave action, the supply and distribution 
of fresh and salt water, the change in water 
and air temperature, and the related transport 
of sand and silt?

• What geomorphological developments can 
be expected on that basis, and to what extent 
will these in turn influence water movement 
via positive or negative feedback in the 
Wadden Sea system?

• What is the potential (large-scale) role of 
plants and animals on rates of erosion and 
sedimentation in the Wadden Sea?

• To what extent can interventions such as 
sand replenishment, eco-engineering using 
organisms, and the landward expansion of 
the Wadden Sea system – for example by 
creating gaps in the sea dykes – slow down or 
compensate for the consequences of a rise in 
sea level?
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Changes in the natural values of  
the Wadden Sea

Besides the effects of sea level rise in the longer 
term, the Wadden Sea is currently already 
experiencing the effects of climate change. The 
frequency and timing of extremes of weather such 
as ice winters, heatwaves, storm surges, summer 
storms, and downpours are changing. The observed 
effects of climate change on the natural values of 
the Wadden Sea – such as temperature rise, sea level 
rise, and changes in precipitation patterns – can be 
divided into four categories, namely “GTST”.

1. Changes in Geographic distribution, whereby 
habitats, and thus the associated species, 
generally shift towards the poles, so that in 
a location such as the Wadden Sea one sees 
more and more species entering from the 
south and other species departing toward the 
north (Herman and Philippart, p. 34 and 28);

2. Changes in the Timing of annually recurring 
events in the life of plants and animals (Chen 
et al., 2011), such as the time at which young 
flatfish swim back to the North Sea (Tulp, 
p. 27) and the time at which migratory birds 
visit the Wadden Sea so as to fatten up during 
their migration (Van Gils, p. 37). This can 
cause uncoupling of links in the food web, 
such as those between prey and predators 
(Temmerman, p. 32);

3. Selection between and within species, due 
in part to shifts in geographical distribution 
but also to the adaptability of species to new 
local conditions (Lurgi et al., 2012; Cheung 
et al., 2013). In the case of fish, for example, 
warming seems to lead to smaller individuals 
(Peck, p. 31), and oystercatchers seek higher 
ground to reduce the risk of their nests being 
inundated during a summer storm (Van de 
Pol, p. 21);

4. Teleconnection whereby local effects of 
climate change have a knock-on effect on 

a large spatial scale. It has been observed in 
the case of migratory birds, for example, that 
limited growth of chicks due to lack of food 
in the Arctic is ultimately followed by higher 
mortality in their tropical overwintering 
grounds (Van Gils, p. 37; van Gils et al., 
2016). The possibility cannot be ruled 
out that such long-range effects also exist 
as regards other species that have a large 
distribution range during their lifetime, such 
as eels.

Plant and animal species and their habitats are 
often affected by a number of the above impacts 
simultaneously. The effects may also be further 
amplified by other consequences of human activity, 
i.e. cumulative effects, but these are as yet little 
understood.

Recent findings regarding the influence of strong 
winds on the exchange of water between the tidal 
basins (Gerkema, p. 18) are also important for the 
simultaneous exchange of saltwater organisms, such 
as suspended algae and shellfish larvae (Folmer et 
al., 2014). This means, for example, that for local 
protection measures (such as guaranteeing enough 
shellfish on tidal flats as food for migratory birds) 
one needs to consider not only the local conditions 
but also management in the nearby tidal basins. 
Management measures in the hinterland (such as 
a discharge regime) and in the coastal zone of the 
North Sea (such as sand replenishment and closing 
areas to fishing) will also influence the development 
of nature in the Wadden Sea.

Important issues that need to be investigated are:
• What shifts in habitats and species can be 

expected as a result of climate change, and 
what are the consequences of this for the 
ecological functions of the Wadden Sea area?

• What developments outside the Wadden Sea 
area – for example fresh water discharge from 
the IJsselmeer, North Sea infrastructure, 
climate change in the far north and deep 
south – are potentially relevant for the 
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habitats, species, and ecological functions of 
the area? 

• What other human influences (such as 
discharge regimes and bottom trawling) may 
interact with the effects of climate change on 
the Wadden Sea?

Tackle or leave alone

An important issue as regards these developments 
is how we can and should deal with the changes in 
natural values resulting from climate change. Nature 
conservation legislation is not consistent about 
this (Philippart et al., 2020). For example, both 
the “guiding principle” of the Trilateral Wadden 
Sea (“the most natural possible development and 
preservation of the dynamics and geomorphology 
of the area, quality of soil, air and water, and the 
related flora and fauna”) and two of the three 
criteria for the Outstanding Universal Value (UUV) 
of the Wadden Sea World Heritage Site (criterion 
xiii referring to a dynamic landscape and criterion 
ix referring to undisturbed ecological processes) 
seem to offer room for development towards a 
warmer coastal ecosystem.

However, the Natura 2000 conservation objectives 
and the third UUV criterion (criterion x referring 
to important habitats for protection of species) 
would seem to result in obligations to take measures 
to prevent, mitigate, restore, or compensate for the 
local effects of climate change on species and their 
habitats. This potential contradiction calls for joint 
decision-making on how we wish to deal with the 
effects of climate change on the Wadden Sea area, 
and how such decision-making can take account 
of the potential changes in species, habitats, and 
functions (such as primary production as the basis 
for the food web, the “nursery” function for young 
fish, and the “filling station” function for migratory 
birds).

Where local measures aimed at helping preserve 
and strengthen species, habitats and/or ecological 
functions are concerned, we also need to know 
more about the extent to which such measures can 
reinforce or weaken one another. For example, 
seaward expansion of salt marshes will protect dykes 
located behind them against the impact of waves 
during storms (Temmerman, p. 32) but will do so at 
the expense of the surface area of tidal flats. It may 
also affect the hydrodynamics and geomorphology 
of the tidal basin concerned.

Issues that therefore need to be investigated are:
What are the options for, and the effects of, 
preserving and strengthening the species and 
habitats in the Wadden Sea area that are to 
be protected, and what are the consequences 
(ecological, administrative, spatial, and financial)?
What are the scenarios for permitting shifts in 
habitats and species as a result of climate change? 
And what are their consequences for the ecological 
functions of the Wadden Sea area?
What are the options for strengthening the 
resilience of the Wadden Sea’s natural values (for 
example landward expansion, reducing other 
human activities), and what should be the scale 
of those measures in order to make a relevant and 
positive net contribution (i.e. also taking account of 
potential negative effects of the measures)?
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Climate change is already having its effect on 
the ecology of the Wadden Sea on a daily basis. 
The effects of temperature increase are already 
apparent, resulting in shifts in species, the features 
of those species, and the ecological functions of 
the area, such as the “nursery” function for young 
fish and the “filling station” function for migratory 
birds. This does not alter the fact that the effects 
of changes in patterns of wind and precipitation 
(and therefore of river discharge) influence, and 
will continue to influence, flows and waves and 
thus, among other things, the exchange between 
tidal basins and fresh-salt transitions. By means of 
sediment dynamics, there are also effects on erosion 
and sedimentation in channels, on tidal flats, and 
in salt marshes. Species’ habitats will also change 
due to variations in water salinity and in the length 
of time it takes for tidal flats to fall dry. A shift in 
species and habitats in the Wadden Sea would seem 
to be inevitable. The question is whether, and if 
so how – based on sufficient knowledge – we can 
allow this transition to occur in such a way that the 
ecological functions remain intact.

The most important question in this regard is what 
we can expect in terms of changes, and how we 
can manage them in such a way as to guarantee 
sustainable protection and development of the 
Wadden Sea as a nature conservation area and to 
preserve its unique open landscape. We also need to 
ask ourselves what this means for current legislation 
and regulations. The EU’s nature conservation 
and remediation policy focuses on specific species. 
This has been of major significance for the current 
natural values of the Wadden Sea, but it is coming 
under increasing pressure due to climate change. 
Any amendment of this nature conservation policy 
must not lead, however, to developments that are 
detrimental to natural values.

In the longer term, we will be faced with an 
accelerating rise in sea level. The effects of this 
will be partly determined by current measures and 
interventions. If, for example, we wish to continue 
to protect and use the Wadden Sea and the Wadden 

area, large-scale measures will be required, such as 
perhaps sand replenishment or gaps in the current 
dykes. This kind of large-scale intervention needs 
to have a solid scientific basis, making it possible 
to estimate the costs and benefits as effectively as 
possible in advance. It also calls for public discussion 
of what is considered acceptable and what is not. 
It is advisable to initiate this discussion as early 
as possible, for example on the basis of realistic 
scenarios. That would allow the current measures, 
interventions, and investments needed for a resilient 
Wadden Sea to be taken into account in the various 
other challenges facing the area, such as space for its 
inhabitants and the energy transition.

CONCLUSIONS
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