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The Dutch coast
The Dutch North Sea coast is made up of dunes, dikes and
other water barriers. Together they protect the low areas of
the Netherlands against the North Sea. Dune areas represent
about three-quarters of this line of defence, varying in width
from less than one hundred metres to several kilometres. The
dunesr together with the beach and the shoreface, offer a
natural, sandy defence to the sea. Under the influence of the
forces of nature, this barrier is constantly moving; advancing
seaward in some places and receding landward in others. The
patterns of coastal accretion and coastai erosion are now well
known.
Current policy with regard to coastal protection (dynamic
preservation) utilises the natural processes along the coast
wherever possible, This allows our coast to maintain its
characteristic appearance, with special natural values for
north-west Europe. In addition, other interests and values in
the coastal region (drinking water supply, recreation and
residential and industrial functions) are also safeguarded.

Dunecoast South of Noordwijk

However, if the entire length of the coast was given over to
natural processes, hundreds of hectares of dune would be
affected by erosion in the long run, while the safety of the
polders lying landward of the dunes would be endangered.
Important nature reserves might be lost, and other interests
on the beach and in the dunes would be threatened.
In 1990, Parliament adopted the envisaged policy of the
Dutch government to stop any further structural coastal
recession. In future, the coastline would be preserved at its
position early in 1990. This policy choice (dynamic
preservation) is described in the document 'A new coastal
defence policy for the Netherlands'.
The evaluation of this choice, described in 'Kustbalans 1995',
confirms that it was correct. Over the last few years it has
proved possible to maintain virtually all parts of the coastline.
Losses of dune and beach areas have been halted.
For the dikes, dynamic preservation of the coastline means
that the dike remains strong and in place. For beach flats,
dynamic preservation offers maximum freedom for natural
processes.

Behind the beach flats, at the extremes of some of the
Wadden islands, there is no low-lying polderland which needs
to be protected against flooding. It is better to give nature a
free rein here, provided the islands continue to exist as a
whole. Examples of such beach flats are the Hors on Texel
island and the Boschplaat on Terschelling island. For the
dunes, dynamic preservation means that the Minister of
Transport, Public Works and Water Management has
established a standard of reference which cannot be
compromised any further. This reference standard is known as
the basal coastline. If it looks as if the basal coastline will be
breached by ongoing coastal erosion, preventive measures are
taken in advance. In practice, this means that sand
nourishments are carried out. Every year, the position of the
coastline is measured and compared with the reference
standard. The result is used as a basis for the annual sand
nourishment programme. In this way, dynamic preservation is
put into practice.

Hondsbossche Seadefence near Petten

Beach flat near Kroonpolders on the island Vlieland

Coastal monitoring
The Dutch coast has been monitored for over a hundred
years. Since the mid-sixties, this has been done systematically.
The results are used to guarantee the safety of inland areas
and as an objective means of establishing the nature of
changes in the coastal zone morphology.
Since the middle of the last century, the coast has been
monitored every year. These measurements are carried out
along sections perpendicular to the coast. The position of
each section is marked by a beach post. These are the familiar
wooden posts that are encountered on the beaches along the
entire North Sea coast from Cadzand in the south to
Rottumeroog in the north, at intervals of 200 to 250 metres.
For a whole century, only the positions of the dune foot and
the high and low water line were measured. Since 1963, the
Ministry has directed that the coastal profile must be
measured every year along every section. This implies that the
height/depth values are determined up to a distance of about
800 metres seaward from the posts, and up to some 200
metres landward from the first line of dunes. Once every
three years, one profile in each kilometre stretch is extended
for up to 2 to 3 kilometres in a seaward direction .

Measuring a beach profile

New technological advances, such as aerial laser altimetry and
interpretation of radar satellite images, will soon make it
possible to measure the height/depth of large areas (km^) of
the coastal zone in a single step.
The results of these annual coastal measurements (known as
JARKUS measurements) are stored in the Ministry's DONAR
database. Over the years, extremely valuable basic data about
the Dutch coast has been collected in this database. With the
support of these data, it is possible to monitor the fluctuations
in the coastline over a period of time. This offers an insight
into which sectors are subject to coastal accretion (sand
sedimentation) and at which sectors there is coastal retreat
(erosion). This database provides the Netherlands with a
package of basic data which is unique in the world.
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Intermezzo
The annual coastal
measurements are carried out
per section. The 'wet' part of the
profile is recorded by the
Ministry's Survey Department or
by the water boards, using an
automatic sounding system in
combination with a
computerised location system.
The 'dry' part of the profile is
determirted by the Ministry using
stereo photogrammetry. In the
spring, the entire coastal strip is

photographed from the air, each
photograph overlapping the
other by 60%. These photos
allow the height of the
topographical surface to be
determined. Passpoints serve as
a reference; the height of these
passpoints is known preciseiy.
Since 1994 height measurements
of the beach and the first line of
dunes {the foredune) have been
taken using a laser scanner on
board an aircraft. The laser scans

a given area and the distance
from ground to aircraft is
measured many times a second.
Analysis of the results produces a
Digital Elevation Model (DEM)
from which the heights at the
location of the reference sections
can be determined. The DEM
contains one altitude figure per
10 m2.
When height and depth data are
combined, the end result for
each section is known as the
JARKUS profile.

The Ministry processes the
JARKUS profrles by computer to
carry out morphological
analyses. For example, the
JARKUS profile data, taken over
a period of years, can be used to
calculate average rates of
erosion/sedimentation or to
draw up a sand 'balance' fora
particular section of coastline.

Coastal development
Using the resuits of coastal monitoring, the Ministry can
follow the development of the coast from one year to the
next and see, for exampie, whether the beach is becoming
narrower, whether the shoreface is becoming steeper and
how much sand is being lost from the coastal system.
In order to obtain a good impression of coastal development,
it is important not only to consider the beach, but also the
first line of dunes (the foredune) and part of the shallow sea
floor (going down to approximately 8 m; the shoreface). The
foredune, the beach and the shallow shoreface together form
the active coastal system. This system is subject to the
exchange and relocation of sand. As long as the sand is not
lost from the coastal system, it is playing a role in coastal
protection.

Annual increase of sand volume
CD >0,5 min mVj
CZ1 0-0.5 min m3/]
Annual decrease of sand volume
0-0.5 min mVj
>0.5 min m3/j

Based on the information gained from the annual coastal
measurements and the knowledge about coastal processes
built up over time, it is possible to predict coastline
developments in coming decades with a reasonable degree of
accuracy.
Large-scale sand balance studies of the Dutch coast have
shown that the slope of the coast of the provinces of North
and South Holland - between Hook of Holland and Den
Helder - is becoming steeper.
In the region of the Wadden islands and the tip of North
Holland, the North Sea coast appears to be relinquishing sand
to the Wadden Sea. In the area around the islands of Zeeland
and South Holland, the 'Voordelta' is in the process of
deveiopment. As a result of the (partial) closure of the tidal
inlets, sedimentation of sand is occurring in the remains of the
gullies and the sandbars are increasing in height. Shifting
gullies close to the coast are making many beaches in the
south-west of the Netherlands subject to erosion. Examples
include the beaches of south-west Walcheren, ZeeuwsVlaanderen and the tip of Schouwen-Duiveiand. The
(accelerated) rise in sea level is likeiy to increase the
movement of sand into the Wadden Sea and the sea inlets,
increasing sand losses in both the shaliow and the deeper
parts of the coastal zone. Up to the year 2000, research will
be conducted to establish how sand losses in deeper water
can best be compensated in order to prevent any
undermining of the foundations of the coast.

There are two forms of coastal recessiort: relentless, day-today erosion and the incidental damage resulting from storms.
When you walk on the beach after a storm, you may notice
that part of the dune front has been washed away. This often
looks quite alarming. In fact, such storm damage is less serious
than ongoing 'creeping' erosion.
The policy of coastline management is primarily intended to
compensate for this ongoing erosion. Structural damage to
the beach and dunes can be prevented by adding sand to the
coastal system (sand nourishment) before the damage has
gone too far. The question of whether - and if so, how much
- sand nourishment is needed is reviewed over periods
covering several years.

Storm damage to dunes is different from the ongoing erosion
of the coastline. In the case of 'creeping' erosion, sand
disappears from the system and is no longer available. A
storm merely redistributes the sand.
During a storm, sand from the dunes is transported to the
beach and the shallow shoreface. During periods when the
weather is calm, the waves return the sand to the coast.
Provided these natural processes can take their course, the
storm damage to the dunes will repair itself in time. So storm
damage to the dunes is not permanent and usually no action
needs to be taken, though in some cases it may be advisable
to accelerate the process of natural recovery, for example by
installing sand drift screens or by planting marram grass.
Therefore, the policy of coastline management accepts that
some damage to the dunes may occur during storms. One of
the characteristics of a natural dune coast is that a fresh-cut
duneface is occasionally seen.
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The basal coastline
Dynamic preservation of the coastline is a deliberate policy to
achieve both enduring protection against flooding and
sustainable preservation of functions and values in the dunes.
The dune area functions as a flood defence for three-quarters
of the Dutch coast.
in order to achieve both these aims, a decision has been taken
not to allow the coastline to move further landward than its
position on 1 January 1990. This means that the 1990
coastline, known as the basal coastline, is the standard for the
policy of coastline management. The basal coastline is first
and foremost a (technical) aid for the implementation of the
policy of dynamic preservation.
The basal coastline has now been calculated for the entire
Dutch coast using a method specially developed for this
purpose. The position of the basal coastline is established on
the basis of technical and administrative considerations. No
basal coastline is established for dikes without seaward
beaches, or for the closure dams in the Delta area. Likewise,
there is no basal coastline for beach flats at the extremes of
the Wadden Islands, while at places with broad beaches the
basal coastline is moved landward. Sand nourishment would
serve no useful purpose here; impeding of natural processes
will be avoided.

Coastline chart 13
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In places where the safety of inland areas may be at stake, a
decision has been made to shift the basal coastline seaward
and in a few particular situations - as at Bergen and Egmond
aan Zee - this has also been done in order to reduce the risk
of storm damage to built-up areas. Experience so far suggests
that the positron of the basal coastline can still be improved in
some places. Forthis reason, itwiil be re-evaluated in 1999.

Each year, the position of the coastline is assessed, based on
the resuits of the coastal measurements of previous yearsr to
check that the reference standard has not been breached, and
is not likely to be breached. Where necessary, corrective
action is taken. In practice this means that sand nourishments
are carried out. However, sand nourishment is not always the
best way to prevent landward movement of the coastline. In
three locations other solutions have now been implemented:
Texel-Eierland, the western tip of Ameland and the northeastern corner of Vlieland. In each case the solution consists
of a combination of 'soft' and 'hard' coastal defences (sand
nourishment in combination with a dam set perpendicular to
the coast or placing stone on the shoreface).
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Integrated coastal zone management
The maintenance of the coastline must be seen as part of
general coastal zone management. In order to do full justice
to all the various interrelated values and functions of the
coastal zone, greater integration is being pursued in the field
of coastal zone management. Close cooperation between the
various authorities and management bodies concerned is
essential in this respect.

Ameland, near beachpole 7

The choice of sand nourishment as the primary method of
coastline preservation is in line with recreational and nature
conservation/development aims. Sand nourishment has
stabilised and in some places actually increased the width of
beaches, providing potential benefits for recreation and
tourism. At the same time, nourishment programmes offer
scope for the encouragement of natural processes in the dune
area. Controls on (permanent) real estate development are
desirable from the point of view both of coastal defence and
nature conservation.
It is undesirable that there should be any strict segregation of
functions in the dune area. Subdivision into different zones
would lead to abrupt and unnatural transitions in the dune
landscape. The demarcation of a broad sea defence zone
permits closer integration of functions in the dune area and in
particular offers opportunities for encouraging the play of
natural dynamic forces. In broad dune areas, for example, the
decision to adopt a broad sea defence zone means that the
aeolian transport of sand out of the foredune need not
present a problem from the point of view of flood protection.
In narrow dune areas, of course, such tolerances do not exist.
In projects focusing on specific areas, the aim is to achieve the
closest possible integration of sea defences, nature
development, recreation and physical planning. Such projects
provide a practical means of placing dynamic preservation in a
broader context. Over the next few years, central
government will strive to achieve the implementation of such
projects, with the provinces preferably taking the lead in
them. The results can be integrated into future regional and
local development plans.

Basal coastline at the island of Ameland

H = height difference dune foot - mean low water [m]
A = area for volumetnc [ntegration [m J ]
C = distance dune foot - reference iine [m]
B = * H [m]
reference line
B + C = distance transient coastline - reference line [m]
transient coastlmrexpettation: ba?al coastline will be crossed in 1998
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Intermezzo
To calculate the basal coastline,
a special method has been
developed. This is based on the
presence of a given amount of
sand on the beach and shallow
shoreface. The calculation
method is illustrated in the two
figures above.
Each year, the profile of the
coast is monitored at each
monitoring section. The positions
of the dune foot and the high
and low water are therefore
known, as are the height/depth
values of the beach and the
shoreface. Based on the dune
foot and mean low water, a
triangle can be constructed with

a certain area. Dividing the size
of this area by twice the distance
H (= the difference in height
between the dune foot and the
mean low water line) produces
the average (horizontal) position
of the transient coastline. This
calcuiatiort of the transient
coastline is performed annually
for every monitoring section
along the Dutch coast.
If sand disappears from the
coastal profile, the area to be
calculated will be reduced, as will
the position of the transient
coastline in relation to the
reference line. This means that
the coastline shifts landward

(coastal recession). By artfficially
adding sufficient sand to the
coastal profile (sand
nourishment), the coastline can
be shifted seaward again. The
reason why sand disappears may
be systematic erosion, but can
also be incidental storm damage
or sand being blown inland by
the wind. To 'filter out' these
chance events or incidents from
the caïculation, a trend is
calculated for a period of 10
years. A trend line of this kind
has been calculated on the basis
of the position of the 10 points
for the annual transient coastline
over the period between 1980
and the end of 1989.

The position of this trend line on
1 January 1990 represents the
position of the basal coastline.
The annual assessment is carrred
out in a similar manner. For the
1996 assessment, for example,
the trend line is calculated over
the period from 1986 to 1995.
The position of this trend line on
1 January 1996 shows the
'assessed coastline1 for that
year. If the assessment indicates
that the basal coastline is likely
to be breached in the next few
years, a sand nourishment is
planned to prevent this.
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Sand nourishment
Sand nourishments have been carried out along the Dutch
coast ever since the 1970s. This means that at those locations
where the coast is receding, sand is added to the beach.
Before 1990, this was usually done to repair damage
sustained by the coast, but now that a policy of dynamic
preservation has been chosen the nourishments are primarily
intended to function as a sand supply. A kind of 'buffer' layer
is added to prevent coastline recession for a certain period of
time, e.g. 5 years. The sand in this buffer layer disappears
over time but its temporary presence nevertheless allows the
original beach and the dunes to remain intact.
The sand used for sand nourishment is taken from the bottom
of the North Sea. In order to minimise disruption of life on the
sea floor, and to ensure that the foundations of the coast are
not undermined, the sand is extracted at depths greater than
20 metres, or at locations more than 20 km from the coast.
Trailing suction hopper dredgers are used to carry out sand
nourishments. Since 1990, some 5 to 7 million cubic metres of
sand have been added to the Dutch beaches every year. If
there is an accelerated rise in sea level, these operations will
have to be stepped up in future.

Beach nourishment at the island of Texel

From experience gained to date, it appears that sand
nourishment has a number of advantages compared with
other methods of coastal protection. The principal advantages
are as follows:
-sand nourishments are economical in comparison with dikes
or groynes. This is mainly because sand is a cheap material,
despite the fact that sand nourishment has to be repeated on
a regular basis;
-sand nourishments are appropriate to the natural character
of the coast. The natural processes along the coast remain
virtually undisturbed, and there are no negative consequences
for neighbouring areas (as is often the case with dikes and
groynes);
-sand nourishment is a very flexible approach to combating
coastal recession: the method can be utilised virtually
everywhere, can easily be tailored to circumstances as regards
the volume of sand applied and allows the costs of coastal
protection to be spread.

Beach nourishment at the island of Texel
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Intermezzo
Trailing suction hopper dredgers
are used to carry out sand
nourishment: these are selfpropelled vessels with a hold
capacity varying from less than
1000 to over 7000 cubic metres.
These ships suck up sand from
the sea floor into their hold,
similarto a vacuüm deaner, and
then transport the sand to the
coast. Close to the coast, the
ships are connected to a fixed or
flexible pipeline. The sand,
mixed with water, is then
pumped onto the beach via this
pipeline. Sometimes it is more
economical for the trailing
suction hopper dredger to dump

the sand via doors or valves in
the bottom of the ship onto the
shatlow sea floor, after which a
stationary dredger positioned
over the deposit pumps the sand
up onto the beach.
A new method of sand
nourishment makes use of the
'drawing pin' set-up. This is a
sealed housing on a pipe
permanently anchored off the
coast. The pump inside the
housing sucks up sand via the
pipe from the surrounding area.
The housing is coupled to a
shoreward pipeline, through
which the sand is pumped up

onto the beach. A trailing
suction hopper dredger regularly
brings sand from further
offshore to fill in the hole
created in the seabed. The
advantage of this method is that
it may be less heavily dependent
on weather conditions than the
other methods.
To keep the cost per cubic metre
to a minimum, it is better to
apply large quantities of sand at
one time, preferably a volume of
one million cubic metres or
more. Such large-scale
nourishments have already been
carried out. Familiar locations for

sand nourishment in the
Netherlands include: the islands
of Ameland and Texel, the tip of
North Holland, Hook of Holland
and the islands of Goeree,
Schouwen and Walcheren in the
south-west. A total of over 50
sand nourishment projects have
been carried out along our coast
since 1970, involving the
addition of over 70 millton cubic
metres of sand to the shore.
Sand nourishment is also used
abroad to combat coastal
recession, for example in
Belgium, Germany, Denmark,
the United States and Australia.
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Planning the nourishment works
To carry out coastline management, a number of instruments
are available: the annual coastal measurements and the
acquired knowledge of coastal processes, the basal coastline
(the standard) and annual assessment, the technique of sand
nourishment and an annual budget for coastline management.
The legal framework for coastline management is laid down in
the Water Defence Act.

Data storage
and
management

Coastal
monitoring

Assessed
coastline

Indicatieve
work
programme

Final work
programme and
contracting

Coastal
nourishment

V

Basal coastline

Budget

The process from coastal monitoring through to indicative
work programme has been accelerated so much over recent
years that a better interface has been established with the
planning process. At the same time, it is now possible to use
the latest data when preparing specifications for nourishment
operations. The relationship between the above instruments
for coastline management can be described as follows:
-each year, coastal measurements are carried out to establish
the position of the front line of dunes, the beach and part of
the shallow sea floor (example: 1996). These data are placed
in the DONAR database. In the case of our example, the
1996 data are included in the DONAR database at the end of
September;
-based on the coastal measurements over the last 10 years,
the assessed coastline is calculated (on 1-1-1997) to see
whether or not the basal coastline will be breached in the
coming years. The results of the annual assessment are
presented in the Coastline Charts report 1997;
-based on the Coastline Charts and the noted trend in coastal
development, the Ministry draws up an indicative work
programme for nourishment projects (example: Dec.
1996/Jan. 1997). In addition, an indicative long-range
programme for coastal nourishments is drawn up;
-the indicative work programme is discussed in the Provincial
Consultative Bodies for the Coast (the 'POKs'), where all
parties involved in coastline management can express their
opinion. The POKs report to the Minister, who then
determines the programme of nourishment works for the
following year (example: the nourishment programme for
1998 is determined, and the programme for 1997 is modified
if necessary);
-the work is then contracted out to dredging companies who
carry out the sand nourishments required (in this example:
work completed in spring/autumn 1998).
This example shows that there is a two-year interval between
coastal monitoring and coastal nourishment. Because the trend
in coastal development determines the planning of
nourishment works, it is acceptable to work with 'older'
measurement data. In addition, the preparation of work
specifications can also take into account the measurements for
the subsequent year (example: coastal monitoring operations
for 1997).The sequence of activities as described above is
repeated every year. To complete our example: the coastal
measurements carried out in 1996 will eventually lead to the
nourishments carried out in 1998, and a modification of those
in 1997, and so on.
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Eierlandse dam at the island of Texel
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Intermezzo
Over the period 1991 through
1995, sand nourishment
involved an average of over 6
million m3 of sand each year.
In addition, several 'hard' coastal
protection structures were built.
There are various ways in which
the implementation of sand
nourishment operations might
be further improved. This could

be done by optimising the
volume, timing and placing
(dune foot, beach or shallow
foreshore) of nourisbments and
by making coastal monitoring
data more rapidly available for
the planning of nourishment
programmes. In addition,
nourishment operations will in
future be integrated into
contracts for maintenance

dredging wherever possible and
the feasibility of long-range
nourishment contracts will be
examined.
Possible ways of influencing the
sand transport system in the
coastal zone will also be studied.
One example of such research
concerns the possibility of
accelerating the accretion of

offshore sandbanks so that less
sand would need to be added
to the system in future. Other
research issues are the use of
temporary sand deposits and
innovative sand nourishment
techniques.
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Provincial consultative bodies for the coast
Proper implementation of the policy of dynamic preservation
would be impossible without cooperation between central
government, the provincial authorities and the water boards.
This cooperation is effected through the Provincial
Consultative Bodies for the Coast ('POKs')- The
responsibilities of the three parties are divided as follows:
- central government safeguards the position of the coastline
and combats structural erosion;
- the water boards see to the upkeep of the sea defences
(except on the Wadden islands, where central government is
responsible both for coastline preservation and for the sea
defences);
-the provincial authorities are responsible for overall
coordination and for integration with other areas of policy,
such as physical planning. The provincial authority also chairs
the POK.
In all coastal provinces - Groningen, Friesland, North Holland,
South Holland and Zeeland - Provincial Consultative Bodies
for the Coast are now in operation. In Groningen, matters
concerning the coast are dealt with in the Provincial
Committee on Water Management (PCWG) and in Zeeland in
the Zeeland Consultative Body on the Water Defences
(ZOW). The membership of the POKs includes representatives
of coastal municipalities, in addition to representatives of the
Ministry, the coastal water boards and the provincial
authorities.

Province

J
State
(Rijkswaterstaat)

Water Board

In principle, POKs deal with all matters relating to coastal
protection. They increasingly pay attention to the links
between coastal protection, nature development, recreation
and physical planning. After all, the policy of dynamic
preservation applies not only to coastal protection and
coastline preservation but also to the maintenance and
development of all the functions of the coastal zone. The
POKs advise the Minister of Transport, Public Works and
Water Management with regard to the various aspects of
coastal management. Matters which may arise include:
- the position of the basal coastline;
-the annual indicative programme of nourishment works and
the indicative long-range programme;
- plans for alternative methods of coastal protection;
- plans for developments within the coastal zone, e.g. nature
development projects.
The implementation of integrated coastal management at
regional level demands close cooperation between the
authorities and managers concemed. Effective cooperation is
a precondition for achieving the aims of coastal policy:
sustainable protection against flooding and sustainable
preservation of dune areas. From unity comes strength: it is,
after all, the battle against the sea that has taught us that.
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The National Institute for Coastal and Marine Management/R/KZ
is a technical specialist division of the Ministry of Transport, Public
Works and Water Management.

RIKZ provides advice and information in relation to the
sustainable use of estuaries, coasts and seas, and protectlon
against flooding from the sea.

To this end, RIKZ develops and maintains a knowledge and information infrastructure. As a centre of expertise, RIKZ also provides
services for other parts of central government in the Netherlands
and participates in various forms of international cooperation.

