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Abstract. The boundary between land and seain The Nether-
lands changes continuously. Every kilometre of the present
position of the Dutch sandy coastline is the result of the
interface between natural dynamics initiated by the sea and
man-made action on land.

Before 1990, each year ca. 20 ha of dunes disappeared
through coastal retreat. In 1990 the Dutch government decided
to stop any further long-term coastal recession and chose for
‘dynamic preservation’, which primarily aims at ensuring
safety against flooding and sustainable preservation of the
values and interests attached to the dunes and beaches.

Five years later, afirst review of the benefits and bottle-
necks of the new coastal defence policy could be presented.
The overall conclusion is that the 1990-choice for dynamic
preservation was right. The considerable losses of dunes and
beaches do not occur any longer. Sand nourishment is an
effective method of coastline maintenance, which also serves
the functions of the beach and dune area for human society.

However, serious erosion of the deeper part of the shore-
face threatens the coastline of the 21st century. Nearly a
doubling of the nourishment volume is necessary to prevent a
renewed landward shift of the coastline. An anticipated ac-
celerated sea level rise (ca. 60 cm/century) will increase the
sand losses by another 25 %.

Plans are being finalized for large-scale land reclamation
in front of the coastline as an answer to growing spatial
problemson land. In other plans polders, now safely protected
by sea dikes, will be returned to the sea in order to restore
ecologically valuable salt marshes and mud flats.

The position of the coastlinewill continueto changeinthe
coming decades. Besides natural dynamics, human use of the
coastal zone will certainly affect this process: measures to
maintain the coastline at its 1990 position need to be seenin
perspective: the coastline as a part of the coastal zone.

K eywords: Beach nourishment; Dune; Dynamic preservation;
Erosion; Policy; Salt marsh.

Dynamic preservation of the Dutch coastline

The boundary zone between land and sea in The
Netherlands is the most dynamic area in the country.
Society interacts with the sea in its ‘claims on the
coastling, the form of which is shaped by the forces of
nature but also by technologica devel opments.

The hinterland of The Netherlands, comprising ca.
55 % of the country’ sarea, isto alarge part Situated below
mean sea level with the deepest points at dmost — 7 m.
Nevertheless, the country isconsidered safefrom flooding
by storm surges. Eight million people (ca. 60 % of the
population) areliving in thispolder land. Ca. 65 % of the
National Gross Product is earned here and the estimated
value of capital investment hereis 2500 billion USD.

The coastline of The Netherlandsis ca. 350 km long.
Ca. 290 km consists of dunes and beach flats, while the
remaining 60 km is protected by dikes, dams and storm
surge barriers. The beaches and shore-face, in fact the
‘foundation’ of the Dutch coastal zone, almost completely
consist of sand. Morethan half of the coastlineis subject to
coastal erosion. Theremaining part is stable or advancing.

The Dutch coast can be divided into three sections,
which can be called Delta coast, Holland coast and
Wadden coast (de Ruig & Hillen 1997). See Fig. 1:

Inthe Deltaareain the Southwest, the coastal zoneis
dominated by dams, storm surge barriers and drainage
sluices, closing off the tidal inlets (technical construc-
tions resulting from the ‘ Delta plan’).

Behind the central part of the coastline, comprising
the uninterrupted coastline of the provinces South Hol-
land and North Holland, about half of the National
Gross Product is earned. The sea defence measures
guarantee that a storm surge level can be withstood —
which has a probability of only 1/10 000 a year.

Inthe Wadden areain the North, the Wadden islands
suffer from asignificant loss of sand to the Wadden Sea;
beach flats, occurring at the extreme ends of theislands,
are very dynamic in character.

Until 1990 coastal defence was directed towards
maintaining the defensive structure of the coastlineagainst
the sea, and solving only the most acute erosion prob-
lems. This should be seen against the background of
large losses in the past. In the course of time, entire
settlementshavedisappeared. Particularly inthe 17thand
18th centuries, coastal retreat occurred at many places,
for instancein North Holland (Fig. 2). Inthelate 1980sit
was generally understood that all functions of the coastal
areafor human society are affected by long-term (struc-
tural) coastal erosion. Therefore a new national coastal
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defence policy was devel oped which involved morethan
safety alone (Hillen & de Haan 1993). In 1990 the Dutch
government decided to stop further coastal retreat. The
choice for this ‘preservation’ alternative implied that the
coastlinewill at least be maintained at its 1990 position: al
erosionwill becounteracted. Thispolicy isprimarily aimed
at combining safety against floodswith sustainabl e preser-
vation of the vaues of the dunes and on the beaches. The
coadtline will be maintained within certain margins, in
order to preserve part of the naturd dynamics of the coastal
zone. The chosen dternative was specified and called * dy-
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Fig. 1. The coast of The Netherlands, subdivided
into the southwestern Delta region, the uninter-
rupted Holland coast and the Wadden tidal flat
coast.

namic preservation’ (Anon. 1990).

The most important aspect of ‘dynamic preservati-
on’ isthat the seaward boundary of The Netherlandsis
maintained at its 1990 position, thereby creating aprereg-
uisite for other forms of human use of the coastal area,
such as housing, recreation, drinking water supply and
nature conservation. The main method to counteract |ong-
term erosion isbeach nourishment, i.e. sand supply to the
beach. In this way impoverished coastal sections can be
supported in a flexible way, preserving the natural dy-
namicsto alarge extent (Hillen & Roelse 1995).

coastline 1996

Egmond aan zee

/AN SPEYK'S light house
O 1833

St Agneskerk

Fig. 2. Reconstruction map show-
ing the impact of coastal erosion
on the original village of Egmond

aan Zee, province of North Hol-
land. Parcels of land and homes
were lost to the searegularly.
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Fig. 3. Exampleof acoastlinemap of apart of the Wadden island of Texel. Themap presents theresults of the assessment on January

1st, 1996 (the origina isin colour).

For the implementation of ‘dynamic preservation’
the concept of ‘basic coastline’ hasbeen developed. The
basic coastline is in fact the 1990 coastline to be pre-
served; it has been calculated for the entire Dutch coast-
line. Each year, the actua location of the coastline is
recorded at intervals of 250 m and then compared with
the location of the basic coastline. The results of the
yearly assessments are presented on the * coastline maps
(Fig. 3). Themaps allow arapid insight into the changes
of the coastline position (thetrend) for each section of the
coast (van Heuvel & Hillen 1994). The comparison is
used to determineif and whereit is necessary to build up
the beach. Sand is deposited in places where it has been
washed away. Monitoring, coastal studies and beach
nourishment cost roughly 60 million NLG per year.

The second policy memorandum on the coast, enti-
tled ‘Kustbalans 1995’ (‘ Coastal balance 1995'; Anon.
1996), was presented in April 1996. This governmental
document evaluated the dynamic preservation policy
and found it to be successful. In general, sand nourish-
ment is an effective method of coastline preservation,
which also serves other uses of the beach and dune area
(Fig. 4). Sand nourishment can be planned in aflexible
manner on the most urgent places and moments,
diminishing the costs of maintenance of groines and
sea-defending dunes and dikes (Hillen & Roelse 1995;

de Ruig & Hillen 1997). The sea serves as an aly of
man: Its bottom delivers the millions of m3 sand used to
compensate for coastal erosion initiated by its waves
and currents. The cost per m3 of sand, including dredg-
ing and nourishment is about 5 USD.

The'perfect’ coastline position

Long term landward shift of the coastline now be-
longs to the past. However, concern about coastal de-
fence will never end, since large parts of the coast are
still liable to erosion and sealevel will continueto rise.

On the other hand, schemes have been drawn up
for large-scale coastal intervention. For instance, lost
ecological values by large infrastructural works might
be compensated by returning land to the sea, allowing
gradient-rich tidal zones to develop. Attention has also
been given to plansto extend the coastline seaward: the
coastal zone can act as a source of space for needs such
as housing, industry and recreation.

As expected, the coastline position will continue to
change in the coming decades. In fact, the equilibrium
between the interests of socio-economic development
and the maintenance of anatural, dynamic system deter-
mines the ‘ perfect’ coastline position.
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Sand losses in deeper waters

Analyses of long-term measurements revealed
serious erosion of the low-lying parts of the shore-face
(more than 6 to 8 m below sea level). The slope of the
Holland coast seems to steepen (Fig. 5): sand from the
deeper zone is transported to the shallow zone and,
above all, to the Wadden Sea. Moreover, the natural
supply of sand from the bottom of the North Seato the
coastal zone is limited: less than 3 million m¥year. In
the long run this could have serious consequences for
the‘foundation’ of The Netherlandswhichisslowly but
steadily being undermined.

In the region of the Wadden idands the coast looses
sand to the Wadden Sea, ca. 5 to 6 million m3/ yr. This
refersespecidly tothe ebb tidal deltas. Inthe Deltaareain
the southwest part of the country, sand isdepositedin front
of the closure dams in the former estuaries. As aresult of
the shifting of tidal channels towards the coast, about 40
km of beaches are subject to erosion (de Ruig 1995).

T T T T T T
1991 1992 1993 1994 1995 1996

Fig. 4. Sand nourishment volumes along The
Netherlands coast between 1991 and 1996.

To compensatefor thetotal sandlossesinthe coastal
zone, including deeper waters (—12to—6 mMSL) and
theebbtidal deltas, asand nourishment volume of about
11 million md3/yr is necessary. This is almost twice the
present quantity. Asaconsequence, the government has
already decided to raise the ‘dynamic preservation’
budget by the year 2000.

Land reclamation

An increasing number of plansfor land reclamation
along the coast have been, and are being devel oped asan
answer to the growing need for space. However, these
plans are not always necessary from a coastal defence
point-of-view. They rather will provide space for hou-
sing, industry, recreation, infrastructure and/or disposal
sitesfor dredged material. In particular in the Rijnmond
area, west of Rotterdam, a series of developments (in-
cluding large land reclamation projects) is being inves-
tigated (Fig. 6).
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(Natural) coastal accretion has build up wide beaches
and vast stretches of sand (beach flats) on the Wadden
Idands in the north of The Netherlands. Because these
areas have a considerable value concerning nature and
landscape, they will be left undisturbed. Here, natural
dynamics rule the position of the coastline without inter-
ference of civil engineers.

The wide gtretch of sand south of the breakwaters of
IJmuiden along the Holland coast will meet a different
future. This expanse of sand has been assigned a recrea
tiona function. A yacht harbour and tourism amenities
have aready been developed (See Waterman et al. 1998;
thisissue).

Over the past few years, most attention has been
devoted to plans regarding the seaward extension of the
coastline by deliberately increasing the land surface.
One such proposal is the reclamation of new land sea
ward of the 15-km long coastal stretch between The
Hague and Hook of Holland. The idea of incorporating
the seascape into the landscape was first proposed over
20 yr ago. The present plan has become appealing in
light of the growing need for space to develop housing
in the densely populated ‘Randstad Holland’ (‘Rim-
city’ including Rotterdam, The Hague, Amsterdam and
Utrecht) and the concomitant desire to leave the rela
tively open area in-between these cities, the ‘Green
Heart of Holland’ open. This area is valuable from a
landscape- and environmental point-of-view and de-
serves to remain more or less intact. An offshore re-
clamation project might lower the pressure on the Green
Heart.

The extension of the already existing Maasvlakte,
near Rotterdam harbour is another option. The demand
for space, particularly for large industrial plants, is
bigger than the Rotterdam harbour area can provide. At
present, a feasibility study is under way, accompanied
by a discussion on the need for, and use of, a seaward
expansion of the Maasvlakte. Some negative effects of
the new land reclamation are conceivable: water move-
ment, change in the transport of sand and mud, and a
possible degradation of the natural dynamicswithin the
present dune area. These effects have to be weighed
againgt the benefits of having more space. Currently, the
government policy for the Rotterdam harbour area pur-
suestwo aims. Oneisto reinforce the economy; the other
isto improve the environment (nature and recreation).

Plans for land reclamation could be best considered
in an integrated way by the authorities concerned with
land use planning. They should always be judged in a
broader perspective, i.e. the long-term effects on the
total coastal system should be taken into account.
The coastal zone is not a dumping place for spatial
problems on land; land reclamation plans should lead
to an overall increase of the quality of the coastal zone.

Theextracosts for maintaining the coastline, both at

sand volume increase

. cos

sand volume decrease

Fig. 5. The sand budget of the Dutch coast (1965-1992); sand
nourishment has been excluded (Anon. 1996). Deeper waters:

— 12to— 6 mMSL (mean sealevel); shallow coastal zone: — 6
m MSL to top of foredune.
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Fig. 6. Actud and potential projects and plans within the
Rotterdam harbour region. These projects will have effectson
the coastline position and the entire Dutch coastal zone. Mid-
dle tone gray indicates dunes.
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Nature Development Hedwige polder

Fig. 7. Nature development plan in order to restore ecological damage by dredging of the shipping channnel of the Westerschelde
(Western Scheldt) estuary. Exampleof aselected ‘ depoldering’ (= ontpoldering) area: Hedwige polder (320 ha) near the Bel gium border

(Anon. 1996b).

thereclaimed siteand the neighbouring coastal sections,
should be part of the land reclamation project. The
project plan should also foresee in compensation of
natural values and the reduced resilience of the existing
coastal system.

‘Sea reclamation’ or ‘depoldering’

The Dutch do not stick to one coastline philosophy.
Besidesthe'dynamic preservation’ strategy, thereisroom
for land and seareclamation. In thislast option, polders,
now protected by dikes, will be openedto theestuariesand
Wadden Seain order to restore ecologically valuable salt
marshesand mudflats. Anadditiona effect of this' depolde-
ring' is the increase in the buffering capacity during
storm surges; thus this decreases the risk of flooding.

Wewill now haveacloser look at the Westerschelde
case. The Netherlands have agreed to cooperate in the
effort to deepen the shipping channel of the Westerschel-
de, which isthe seaway to the Belgium port of Antwerp.
The dredging work will devastate valuable natural areas
along the estuary such as sat marshes and mud flats.
Being aware of this effect, the Dutch government has
approved the plan to deepen the channel on the condi-
tion that compensation will be made for the ecological
damage. Such compensation could entail abandoning
several polders and returning land to the sea (Fig. 7).

From an environmental perspective, this decision

would be both logical and desirable. However, thereare
not only ecological motivesat stake, but also emotional
factors. The struggle against the water is deeply embed-
ded in Dutch history and culture. Land reclamation and
accretion are essential to that heritage. Surrendering
land to the sea is not part of that legacy. It is not
surprising that the idea of relinquishing the polders
incites strong opposition from the local people.

The coastline as part of the coastal zone

The combined effort of theoverall * dynamic preserva
tion" policy and local land and sea reclamation will
determine the future position of the coastline. The ques-
tion is whether we can anticipate this process by defin-
ing a perfect coastline position. Therefore, measures to
maintain the coastline need to be seenin perspective: the
coastline as a part of the coastal zone.

In The Netherlands, whereformal physical planning
as such has been in existence for more than a century,
coastal zone management has never been defined as a
separateissue. It has matured through gradual harmoni-
zation and coordination of administrative and legisa
tive frameworks.

Since the beginning of the 19th century, coastal
management has been restricted to water management,
shipping and protection against flooding. Thisincluded
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Fig. 8. Cooperation between coastal partners within the Pro-
vincial consultative bodies.

the building of seawalls, dikes, sluices, harbour moles,
shipping channels, and the execution of coastal protec-
tion works such as jetties, breakwaters and artificial
dunes.

After World War 1l new challenges arose, such as
finding solutions for increased pollution, the need for
deeper channelsfor seagoing vessels, increasing decline
of habitats and resources, and large scale coastal erosi-
on. The answer to these challenges was. step-by-step
building up of an ‘integrated water management sys-
tem’, including all functions, values and needs. Impor-
tant elements of this system are flood protection and
coastal protection (Misdorp & Terwindt 1994).

The ‘dynamic preservation’ policy offers oppor-
tunities for a more integrated management approach in
the coastal zone asimplied by Agenda 21 (Anon. 1992;
Bijlsmaet al. 1993; Misdorp & Terwindt 1997). Essen-
tial elements are a multisectoral and multidisciplinary
approach and input from national, provincia and local
authorities, academicinstitutes, coastal engineering con-
sultancies and non-governmental stakeholders. Since
1990, in all coastal provinces so-called Provincia Con-
sultative Bodies (in Dutch POKs) deal with all matters
relevant to coastal protection and the preservation of the
coast (Hillen & de Haan 1993). Members of the POKs
are representatives of the central government (Ministry
of Transport, Public Works and Water Management),
provincia authorities, waterboards, and representatives
of coastal municipalities and nature conservation or-
ganisations (Fig. 8).

Lawsfor flood protection and national policy docu-
ments on water management and physical planning give
guidelinesabout land- and water usein The Netherlands
at different levels of planning: national, subnational-
regional and local planning. The tasks of the POKs are
setinthe Water Defence Act. The central governmentis
responsible for counteracting long-term erosion. The
waterboards have the task maintaining the strength of
the seadefences (dunes and dikes) and the provincesare
in charge of the overall coordination and physical plan-

ning policy. At the loca leved, the municipalities, a-
though supervised by the provinces and national govern-
ment, have a substantial influence over area develop-
ment.

A close cooperation between the POK-membersis
needed. In fact, all relevant partnersin the coastal zone
should beinvolved, to achieve aproper integrated man-
agement. For this purpose, other partners and repre-
sentatives of socia interests need to participate in the
POKs. This may involve a broadening of the POKs by
other governmental and non-governmental organisa
tions. Thisintroduces possibilitiesfor integrated coastal
zone management instead of coastline management,
and for more ecological, social and economic manage-
ment issues instead of technical aspectsonly.

At present, certain zones in the dunes are set aside
for coastal defence purposes or reserved for drinking
water supply. Other zones have nature conservation or
recreation as a main function. For the coming years a
more integrated and therefore a more efficient (less
scattered) management of the dune area, aimed at
larger management units will be stimulated. Regional
pilot projects seem to offer the best possibilities to
realizeintegrated management in the coastal zone. The
initiatives will be taken by the provinces in close
cooperation with the local authorities and regional
representatives of the central government. An impor-
tant step in this process is the coordination of adminis-
trative and legal instruments (Fig. 9).

Kop van Ameland P

Kop van Terschelling %
7]

Bergen - Schoorl
Bergen - Egmond

Bloemendaal-Kennemerduinen ¢y

Noordwijk
Den Haag-Katwijk * proposed regional projects

@ nossible regional projects

Fig. 9. Regional integrated management pilot projects in the
coastal zone as suggested in the second governmental coastal
report.
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Conclusions

The position of the coastline isin adelicate balance
between the pressure of land-based human use and sea-
initiated natural dynamics. Both parts tend to extend in
the narrow coastal zone, abeit in opposite directions.
Even if the Dutch authorities have agreed upon the
maintenance of the basic coastline, schemes have been
developed for large-scal e coastal interventions.

The most important aspect of the 1990 ‘dynamic
preservation’ policy is that the seaward boundary of
The Netherlands is maintained at a more or less fixed
position, thereby creating a prerequisite for other func-
tions of the natural environment of the coastal area,
notably urban development, recreation, drinking water
supply and nature conservation. This policy has been
successful. It also requires avision on coastal develop-
ment. The questions “What makes our coastal zone so
valuable?’ and “What are the weaknesses of the present
coastal zone?’ are essential in order to give direction to
thisvision.

The value of the present Dutch coastal zone has four
components. space, safety againg flooding, neture and
economy. They should be harmonized in order to reach
sustainable development. This results in the following
elementsof anintegrated vision on coastline management:
« the coastal zone offers opportunities for a further
development; however, the coastal zone is not adump-
ing placefor spatial problemson land; land reclamation
plans should lead to an overall increase of the quality of
the coastal zone;

* the safety against flooding of the mainland must be
guaranteed; the extra costs for maintaining the coast-
line, both at the reclaimed site and the neighbouring
coastal sections, should be part of the land reclamation
project;

« high-quality ecosystems such as the Wadden Sea will
be preserved; losses of natural values will be compen-
sated; on the other hand, ‘ smart plans’ will give oppor-
tunities to increase the ecological and morphological
resilience of the coastal system;

« plansfor land reclamation could best be considered in
anintegrated way, aiming at an equilibrium between the
interests of socio-economic devel opment and the main-
tenance of a natural, dynamic system with a natural
resilience to adjust to future devel opments such as sea
level rise; this requires close cooperation between au-
thorities concerned with water management and land
use planning.

Plans for land reclamation could best be considered
in an integrated way by the authorities concerned with
land use planning. They should always be judged in a
broader perspective, i.e. the long-term effects on the
total coastal system should be taken into account.

The relationship between the Dutch and the seais
entering a new era. In fact, the Dutch rediscovered the
possibilitiesgiven by the coastal systemin helping them
to create new land and to defend their country against
flooding. The challenge for the next century isto find
the balance between man-made engineering and natural
self-organization.
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