Schouwen-Duiveland (NL)
Climate change is an issue that affects us all. The changes are already noticeable,
among others in agriculture, nature and water management. By relating them to
topical issues, practical solutions for climate adaptation can be created.
Schouwen-Duiveland is affected by salinisation in times of drought. It seems that
the island would be better off using the annual precipitation excess to provide freshwater. In the long term, major changes are required to the dikes. These changes
must also be considered now, because the space for dike reinforcements must
remain available. Pilots for the harbour town of Bruinisse and the historic Plompe
Toren (Plompe Tower) show that dike reinforcement can be attractively combined
with other spatial wishes. Climate adaptation is a continuous
process that has already started.
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Schouwen-Duiveland
The central question
The island of Schouwen-Duiveland is situated in the
south-western delta of the Netherlands. In the future,
the island will be faced with the consequences of
climate change in many different ways. The project
Climate Proof Areas (CPA) is identifying how the
island can adapt to the changing climate (climate
adaptation). The central question is: what can and
must change in the spatial planning of the island
and how can local policies already respond to this
change?

Schouwen-Duiveland
The island of Schouwen-Duiveland is popular with
holidaymakers because of, among other things, the
extraordinary natural environment. Three large

stretches of open water surround the island: the
turbulent North Sea, the Oosterschelde sea arm
(former estuary) and the salt water Lake Grevelingen.
The island is home to approximately 34,000
people who live in a small-scale social structure.
The villages and the historic towns of Zierikzee
and Brouwershaven lie in an agricultural polder
landscape. An extensive area of dunes along the
North Sea and high dikes along the delta protect the
island from flooding.
In 1953, Schouwen-Duiveland was seriously affected
by flood (the Watersnoodramp). Since then, the
Delta works have provided significantly more flood
protection. Even so, ‘the disaster’ (the floods of 1953)
plays an important role in discussions on climate
change and flood safety.

Process and stakeholders
In the Climate Proof Areas project, regional
authorities and a knowledge institute have together
worked out the opportunities for climate adaptation
for Schouwen-Duiveland: The Province of Zeeland,
Rijkswaterstaat Zeeland, the municipality of
Schouwen-Duiveland, Deltares and the Water Board
Scheldestromen. The project was completed in 2011
with recommendations for the parties that play a
role in making Schouwen-Duiveland climate proof.

►►

The subject of climate adaptation is still in its
infancy, there are no ready-made solutions. To arrive
at creative ideas, the project has followed various
tracks:

►►
►►

►► Acquiring knowledge and translating the
national and regional effects of climate change
into local effects;
►► Sharing knowledge with people working on
other projects on the island;
►► Incorporating climate adaptation in ongoing

►►

projects, by organising workshops and design
sessions, with, among others, the socioeconomic consulting platform for SchouwenDuiveland;
Performing projects with secondary schools.
The pupils of today are the decision makers of
tomorrow, when the effects of climate change
will become clearly noticeable. The pupils
elaborated ideas for the harbour plateau of
Bruinisse, living at the water side and freshwater
supply;
Working out example studies;
Supplying knowledge for the strategic vision
for 2040 of the municipality of SchouwenDuiveland;
Making knowledge accessible to the public
with an exhibition in the ‘Watersnoodmuseum’
(a museum dedicated to the 1953 flood) and
contributing to public events concerned with
climate and safety.

Starting points
The KNMI climate scenarios are the starting
point for this study:
►► The number of hot, summery and
tropical days is increasing. According
to some scenarios, this number is set to
double.
►► All of the scenarios show that
precipitation in winter will increase by
3% to 7%. In summer, there will be 10%
less precipitation, but the chance of
extreme rainfall is increasing.
►► In the ‘hot’ scenarios, there will be
slightly stronger winds, but because of
the fluctuations in wind force this will
be hardly noticeable. The number of
storms from the north or northwest will
not increase.
►► The precipitation deficit in spring and
summer will increase by 150-220 mm,
because of the rise in temperature and
the reduction in rainfall.
►► Until 2050, the sea level will rise by 1535 cm. After that it will increase more
rapidly to 35- 85 cm in 2100.
These predictions are accompanied by
serious uncertainties, the effects can be
smaller, but also larger. The most influential
effects can be expected after 2030, but the
climate is already changing noticeably. To
cope with the consequences in a timely
manner, the island has to respond to them
in the short term.

Products and
results
Challenges
CPA has translated the climate scenarios into
challenges for the water management and spatial
planning on Schouwen-Duiveland:
►► In 40 to 100 years, major modifications will be
needed to maintain the level of flood protection,
because of the rise in the sea level and greater
river discharges. Emergency storage of river
water could be necessary in 30 years or less.
The rise in sea level will also have an influence
on Lake Grevelingen, especially if this area
becomes tidal once more. In the long term, the
storm-surge barrier will need to be replaced. The
preference could possibly be to turn the barrier
into a bridge and to reinforce the dikes around
the Oosterschelde.
►► Agriculture is already facing problems with
drought, salinisation and flooding. These will
increase due to climate change, which will
lead to adaptations being required to business
operations.
►► The rise in sea level, flooding and droughts also
influence the urban environment. The flood
risk must possibly be weighed more heavily

when choosing suitable building locations,
especially when vulnerable or vital functions
are concerned. There are already problems
associated with flooding, which make the
construction of separate sewer systems for
rainwater and sewage necessary. Due to climate
change and the increase in paved areas, the risk
of flooding will increase in the future.
►► The natural environment is already experiencing
the consequences of climate change. The
changing precipitation patterns and the higher
temperatures are causing a shift in the location
of plant and animal habitats. The ability to retain
species, as European directives demand, will
be jeopardized. A vision is needed for nature
management that is in line with the changing
circumstances on Schouwen-Duiveland.

Sub projects
Climate Proof Areas has developed
recommendations for climate adaptation for a
number of sub projects.
►► Climate proof freshwater supply
►► Agriculture on saline soil
►► Safety and spatial quality (harbour plateau
Bruinisse)
►► Safety and spatial quality (historic Plompe
Toren)
►► Climate-proof road and dike structure

Climate proof
freshwater supply
CPA has investigated how the freshwater supply of
Schouwen-Duiveland operates and which changes
can be expected. In addition to desk research
and calculations from a groundwater model, the
experiences of farmers and nature managers were
used.
Agriculture on the island is dependent on rainwater
and a limited amount of fresh groundwater; there
is no external freshwater. Farmers on SchouwenDuiveland have suffered drought damage in recent
years. Both nature managers and farmers have seen
the increase in extreme weather (drought, heavy
rainfall). Climate scenarios predict that these will
become more extreme.
The largest part of the island has saline groundwater
on which a thin fresh rainwater lens floats.
Agriculture is possible due to these rainwater
lenses. However, saline water continuously seeps
up from the deeper ground layers, which salinates
the shallow groundwater. The rise in sea level and
the sinking ground level accelerate this salinisation
process. In dry periods, which will occur increasingly
often, the freshwater lenses will shrink.
Averaged over the year, the island has a precipitation
excess. In wet times, excess rainwater is discharged
through ditches and pumping stations. CPA
recommends performing research into how the
excess precipitation can be better used in zones that
still have fresh groundwater. Water storage and
irrigation are expensive, especially for farmlands that

are far away from the storage locations. Where
saline seepage occurs, it is possible that the deeper
saline groundwater could be discharged instead
of the upper freshwater. This would maintain the
rainwater lens. Moreover, salinisation and drought
could be prevented by retaining the water better
(water board), channelling excess rainwater from
urban areas to agricultural areas (municipality) and
by developing more knowledge about freshwater
supply (agriculture).

Agriculture on
saline soil
Agriculture will suffer more from salinisation,
no matter what. In recent years, Meijer, a potato
breeder from Zeeland, and the Southern Agri-, and
Horticulture Organisation (ZLTO) have tested and
raised the level of salt tolerance of different potato
varieties. This shows that the current potato varieties
yield less when the groundwater becomes salinated.
However, newly developed varieties continue to
thrive well when the groundwater becomes more
salty. CPA has contributed to the development of
knowledge about the freshwater system and the
changes expected to it.

Safety and spatial quality
Harbour plateau
Bruinisse
The municipality of Schouwen-Duiveland has
developed a master plan for the town of Bruinisse in
which the harbour plateau takes a central position.
This plateau is outside the dikes and will flood
more often in the future. CPA and the municipality,
together with the inhabitants, have searched for
designs in which the harbour plateau will remain
multifunctional.
The existing high dike is now on the boundary
between the town and the harbour. If this dike is
retained, the harbour plateau can be protected from
floods by retaining walls. This approach will leave
enough space available for economic development
in the medium to long term.
Because of climate change and the rise in sea level,
the existing dike will not offer enough protection in
the long term. A possible solution is to construct a
sturdy new multifunctional water-control structure
around the harbours of Bruinisse. The new control
structure could offer space for housing and
economic activities. Removal of the existing dike will
also remove the barrier between the town and the
harbour.

Design Public Space Plompe Toren

Plompe Toren
The Plompe Toren is, situated alongside the
Oosterschelde, as a visible remnant of the lost village
of Koudekerke. In the sixteenth century, Koudekerke
found itself outside of the dike when the imminent
threat of a dike collapse made it necessary to move
the dike. The tower remained and was used as a
lighthouse fore some time. The tower is situated
right next to the dike that must be strengthened in
the near future. CPA, together with other parties,
has been considering a climate-proof future for the
Plompe Toren.
The result is an idea whereby the dike with a road
on top will be built around the tower. This idea will
be elaborated into a design that will strengthen the
values of cultural heritage and will be attractive for
recreation. Aim is to make the history of Koudekerke
even more visible in the landscape and to strengthen
the character of this special place.

Climate proof and robust road infrastructure
on Schouwen-Duiveland
CPA, together with all of the parties involved, has
analysed how the road infrastructure on SchouwenDuiveland could be made more flood proof and
robust. The terrain of Schouwen-Duiveland is largely
situated below sea level. In the case of a calamity
with flooding, roads will likely be flooded. Even some
buildings that have been designated as shelters, may
be threatened by water.
The National Waterplan 2009 proposed the concept
of multi-layer safety and this provided the basis of the
analysis. This concept consists of: (layer 1) preventing
flooding through safe dikes, (layer 2) limiting
consequences of flooding through spatial planning
and (layer 3) organizing crisis management in the
event of a flood.

►► Increasing the population’s preparedness and
ability to cope by providing clear information
on the situation (how low do I live), appropriate
actions (where can I go) and evacuation plans.

present situation

The current analysis proposes three models to realize a
more flood proof and robust road infrastructure for the
long term (2050 -2100):
Model 1: Broadening and strengthening the road
along the perimeter of Schouwen-Duiveland,
in combination with a robust and multi
functional flood defence. This strategy
contributes to the desired strengthening of
recreational facilities;
Model 2: A new and flood proof east-west road with
sufficient capacity. This model ensures that,
during floods, a road connection continues to
be accessible in the direction of the mainland
and towards the shelter areas on the island
itself;
Model 3: Strenghtening road infrastructure using
existing landscape structures to create a
flood proof road. In this model the low lying
areas will remain open. During emergency
situations traffic uses high (regional) dikes
and higher grounds.
Beyond the road infrastructure, the current analysis
considered the following additional aspects to make
Schouwen-Duiveland more climate proof:
►► Promoting that new developments are realized on
higher ground or designed to be flood resistant;
►► Improving flood protection for the city of Zierikzee
with a compartmentalization dike;
►► Improving the safety and capacity of current
shelters and creating new shelters (for instance on
mounds (terpen) in the low lying central area;

model 1

model 2

model 3

Policy recommendations
General

increasing due to climate change and are already
causing problems. In discussions concerning
climate adaption, it is useful to make the link with
these current issues. CPA has seen that by doing so
practical solutions can be realised.

For regional and local managers who want to look
to the future, climate adaptation is a difficult subject:
little is known about the concrete consequences of
climate change on a local scale and the effects will
Good examples lead the way: show that climate
only become clearly noticeable in the long term.
adaptation measures also have benefits. Start
This is one of the reasons why climate adaptation
searching now for robust and multifunctional
is not seen as being urgent. Problems that play a
solutions. This will increase the chance that other
role in the short term and are more easily identified
projects will be realised.
receive more attention. CPA recommends investing
in knowledge about climate adaptation at the
regional and local level. Working with scenarios can
Schouwen-Duiveland
help here.
ROUTEKAART KLIMAATBESTENDIG SCHOUWEN
Climate change poses questions for SchouwenThe pilots show that climate adaptation is a
Duiveland that can be elaborated
continuous process that is already happening.
in local area
Sectors such as water safety and agriculture are
continually adapting to the variations in the
climate. Drought, salinisation
and flooding are

DUIV

processes. It makes sense to start with them now;

►► An integral approach to freshwater supply for
agriculture (the sector can take the initiative
here);
►► Further research into the adaptation of crops
and other forms of saline agriculture, such as
aquaculture;
►► Combining the strengthening of the sea
defences with opportunities such as urban
developments (Bruinisse), recreation (Plompe
Toren) and nature;
►► Construct new roads, dikes and other public
VELANDfacilities (sports centres) in such a way that they

can also be used for evacuation or shelter during
(threatening) floods.
In the long term, climate change is expected to
demand radical measures to be taken for the dikes
around the island. The recommendation is to take
the future space requirements of dikes into account
during spatial development and to already start
looking for robust solutions.
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aspects of climate adaptation

Uitdagingen / kansen

protection sandy coastline
and intertidal areas

continuation of sand nourishments

agriculture; droughts

better use of fresh water resources

agriculture: salt seepage

a) better use of fresh water resources
b) change to salt tolerant crops or
aquaculture

freshwater seepage
protection, flood safety

freshwater storage

Bijbehorende oplossingsrichting
integrated coastal zone management

bescherming noordzeekust
availability of/safe roads in
case of flood
zandhonger Oosterschelde

voortzetting
zandsuppleties
constructing
flood-resistant roads

adjustment of shelter locations
landbouw: droogtegevoelig
needed

create shelters, connected to
betere
benutting aanwezig water
flood-resistant roads

landbouw: zoute kwel

a) betere
benutting
aanwezig
water
integrated
design of seawall
in village
b) overschakeling op zoutresistente
of zilte teelten

zoete kwel

opslag zoet water

hoogte / stabiliteit dijk

dijkversterking, integrale aanpak

village meets sea defence

capaciteit en bruikbaarheid

Background
documents

Climate Proof
Areas?

►►
►►
►►
►►

Climate is changing and Europe needs to adapt.
Scientists and civil servants from Belgium,
England, Germany, Sweden and the Netherlands
united in one project: Climate Proof Areas, funded
by European North Sea Region Program.
Their goal? Creating safer, more natural and more
prosperous land use options for future
development.

►►
►►
►►
►►

Atlas of Schouwen-Duiveland
Analysis of Climate change (Dutch WP1 report)
Climate challenges for Schouwen-Duiveland
Design Public Space 'Plompe Toren'
Contributions from: Bosch Slabbers, Royal Rietveld Landscape and Atelier de Lyon
Harbour plateau Bruinisse, where safety and
spatial quality reinforce each other
Freshwater supply Schouwen-Duiveland report,
Quick scan of the current situation, the future,
the possible measures and the sense of urgency
Report on climate-proof road and dike structure
Summary scenario studies for CPA SchouwenDuiveland - Field research salt resistance of
potato varieties

You can find these documents on
www.climateproofareas.com

EU-inspiration
The pilot Schouwen-Duiveland is related to other
EU-projects:
►► Cliwat (Interreg IV): simulations of rainfall due to
climate change;
►► ComCoast (Interreg IIIb): multifunctional spatial
development of coastal areas;
►► Aquarius: the farmer as the water manager in
changing climatic circumstances;
►► Safecoast (Interreg IIIb): sustainable coastal management (protection against flooding);
►► Escape (Interreg IIIB): solutions by working together and planning for flooding;
►► Chain of Safety (Interreg IIIb): working together
and exchanging knowledge in the area of flooding between North Sea countries;

Thirteen partners from these five different
countries joined forces to develop new and
innovative methods and help render threatened
areas ‘climate proof’.
Since 2008, the team has gained insights on:
►► the regional effects of climate change on the
North-Sea Region
►► the implementation of innovative measures in
8 pilot sites
►► recommendations for gaining political
support
►► the necessary tools for building your own
climate proof area
Please visit our website to find our results ...
Time to adapt!

Colophon
Principal: Province of Zeeland
Process management and text: Houtekamer &
Van Kleef, Nelie Houtekamer
Contributions from: Bosch Slabbers, Royal
Haskoning, Rietveld Landscape, Atelier de Lyon,
HKV, Meijer Potato.
Editors: Met Andere Woorden, Arnhem
Translation: Taggers, Arnhem
Maps: Bosch Slabbers, Middelburg
Photos: Houtekamer & Van Kleef, Esther van
Baaren, Willem Woznita en Ben Seelt for Beeldbank Zeeland
Layout and printing: JusBox
The Climate Proof Areas Schouwen-Duiveland
project group and international project partners
contributed to the creation of this brochure.

