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Abstract: The Netherlands are managing their sandy frontyard. A necessity, with a country that is for
2/3 below sea-level and with pressure on space constantly growing (for living, working, nature,
recreation). The paper discusses coastal characteristics as well as coastal policy and management to
realise sustainable safety. It can be concluded that, as result of the success of the focus on
nourishments in the last 15 years, coastal management in the Netherlands is developing into sand
management. The Dutch will need to continue the nourishments to allow their coast to grow with sea
level rise, but have a seemingly unlimited amount of sand in the North Sea. This fact is the source for
recent innovations like channel-slope nourishments. With the present shift from a small scale to a
large scale approach there are new opportunities, for instance by using the long term required sand
for purposes on the short term.

1. THE NORTH SEA COAST OF THE NETHERLANDS

General Overview

The Dutch coastline along the SE part of the North Sea is about 350 km long (see figure 1).
Commonly the Dutch coast is divided into three regions: the Delta coast in the south, the Holland
coast in the centre and the Wadden coast in the north.
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Figure 1: Position of the Netherlands and sub-secti  ons of the Dutch coast line

Some 15% of the North Sea coast consists of sea dykes and other man made sea barriers, 10%
consists of beach flats along the tips of the northern Wadden islands and 75% consists of dune areas
of varying widths, ranging from less than 100 meters to several kilometres. About 60% of the sandy |

02.3.1



coast is subject to structural erosion. The Holland coast between Hoek van Holland and Den Helder is
typically a wave-dominated straight sandy coast. The Wadden coast consists of barrier islands and
tidal inlets with inlet dynamics that are largely natural. The Delta coast is also tide-dominated, but
heavily influenced by the man-made Delta Works. During the period 1960 — 1986 all tidal inlets in the
Delta have been closed off by dams or semi-open barriers, except for the Western Scheldt. The latter
is heavily influenced by semi-continuous dredging of the navigation channel to the port of Antwerp.

Pressures on space

The primary function of the coast is to protect the low-lying hinterland from flooding. This is clear
knowing that 60% of the country and 80% of its GNP is threatened by floods and the fact that large
cities like Amsterdam and Rotterdam are below mean sea level. The sandy coast represents important
values to other functions as well: e.g. ecological values, drinking water supply, recreation, residential
and industrial functions. The coast is subject to pressures from two sides: coastal erosion (illustrated
by figure 2 showing how half of the village of Egmond has vanished into the sea in three centuries)
and socio-economic developments that have increased explosively in the last century (figure 3).
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Figure 2: Coastline retreat at Egmond (North of Hol  land; at top of fig.3)
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Figure 3: Building development along the Holland co ast

Different management authorities

The Dutch coastal zone is managed by a multitude of public and private-sector bodies. On the main
land the water boards, under the supervision of the provinces, manage the coastal defences that
protect the hinterland against flooding from the sea, which on the Wadden islands is the task of
Rijkswaterstaat (the Directorate-General for Public Works and Water Management) The latter is also
responsible for the maintenance of the coastline and for the management of the North Sea.
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The large number of parties involved make it necessary that decisions on coastal zone policy and
management are discussed in multi stakeholder platforms and consultative committees. Important
instruments in stakeholder participation in coastal management are the provincial consultative
committees on coastal affairs, being important advisory boards for the Minister of Public Works,
Transport and Watermanagement. The committees discuss the yearly national nourishment schemes
(see Figure 6), regional projects on flood safety and other coastal issues and projects. The
committees are made up of representatives of the relevant provincial authorities, water boards,
municipalities and stakeholder organisations.

2. COASTAL POLICY IN THE NETHERLANDS

Traditionally, coastal policy in the Netherlands concerned safety from flooding. The objective after the
storm surge disaster of 1953 was to bring all sea defences to a predefined safety level. Safety levels
have been put down in the Flood Defence Act. The next objective became to stop any further
structural recession of the coast line. To realise this the Dutch Government adopted in 1990 the
national policy of “Dynamic Preservation” (Min V&W, 1990), defining as a strategic objective: a
sustainable safety level and sustainable preservation of values and functions in the dune area.
Implementation was guided by the operational objective: to maintain the coast line at it's 1990
position, with sand nourishments wherever possible.

As a standard of reference a so-called Basal Coast Line (BCL, figure 4) has been defined. The BCL
defines the coast line position as a function of the ten year trends in sand volume of the upper part of
the profile (between dune foot and ca. -5m) (see e.g. van Koningsveld and Mulder, 2004).
Considering that morphological developments at larger scales (e.g. long term developments like sea
level rise) are neglected by the BCL approach, the Dutch Government decided on additional
compensation of sand losses at deeper water, compensating for sand losses in the foreshore (Min
V&W, 1996, 2000). This led to an increase in the amount of sand that is nourished yearly from 6
million m3 for maintenance of the BCL to a coastal management programme of 12 million m3 (see
figure 7)..

Figure 4: The position of the momentary coastline ( B=A/2H ) is calculated yearly and , using
the ten year trend, compared to the Basal Coast Lin e

The recent National Spatial Strategy (NSS, 2004) reconfirmed the large scale approach,
acknowledging sand as ‘the carrier of all functions’. The NSS made the principle of compensation of
sand losses at deeper water operational by defining as an operational objective the preservation and
improvement of the coastal foundation (see Figure 5) and formulates a three-step strategy for the
management of the coastal foundation:

1. Maintaining sediment availability and enabling unhindered longshore and cross-shore sediment
transport (letting go)

2. Where human intervention is necessary, applying sand nourishments (buffer)

3. Using artificial structures to stabilise sand and sediment only as a last resort (consolidate) .
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Figure 5: The coastal foundation defined as the are  a between dunes and the modified —20 m
depth contour (NSS, 2004)

Coast line management

The coastline management tasks for Rijkswaterstaat, including maintenance of the Basal Coastline
and the coastal foundation, are prepared within a group of coastal managers, in cooporation with
coastal scientists. The most important task of the working group is the design and execution of a
yearly nourishment-program to distribute the aforementioned 12 million m3 of sand along the
Netherlands. The program cycle contains measurements, evaluations and nourishment-designs and
stretches out over three consecutive years. Figure 6 illustrates that an actual nourishment in year 3, is
based on the ten year trend out of measurements last done in year 1 and a discussion in the provincial
consultative committees on coastal affairs in year 2. The yearly nourishment-program follows an
official procedure in which stakeholders can make remarks. The absence of formal objections in
recent years may indicate that the consultation earlier in the cycle has been successful.
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Figure 6: The three year cycle for the yearly nouri ~ shment-program
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The success of the Dutch coast line policy is illustrated by Figure 7. Since 1990 the number of
locations exceeding the BCL-standard have declined gradually from 15% to less than 5 %. Due to the
positive results coastal managers in the Netherlands tend to realise more and more that coastline
management basically is sand management. In this light the North Sea sand stock may be considered
to be our white gold. There is plenty of it and its use allows us to grow along with sea level rise.

Figure 7: Developments since 1991: (left axis) the amount of nourishments, split in beach
nourishments (yellow) and other (blue; mainly shore face); (right axis) percentage exceeding
Basal Coast Line (after Roelse, 2002).

3. KNOWLEDGE BASE OF POLICY AND MANAGEMENT

Both coastal policy and —management developments are guided by a close interrelationship with
problem-driven coastal research. The basic concept of this research and the principal topics will be
discussed in this chapter.

The role of knowledge of the natural system

The research programmes that are part of the Rijkswaterstaat coastal management programme
address questions of the coastal manager. Taking account of the dynamic links between policy
development, policy implementation and morphological knowledge development (figure 8), both policy
makers and managers are actively involved in the research programme. In this way it is expected that
the different dynamics of policy- and management cycles and of the scientific cycle may be tuned
optimally.
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Figure 8: Interaction between policy development, p  olicy implementation and morphological
knowledge

The policy cycle (development and implementation) and the scientific cycle have their own elements,
but they can interact as one machine (figure 9). A hypothesis in the scientific cycle can be tested and
evaluated in the implementation phase of the policy cycle by pilot projects that serve as test phase in
the scientific cycle. This mutual development is one of the driving forces in the research programmes
of the coastal management at Rijkswaterstaat. The coastal manager gradually improves the measures
to reach the policy goals. The development of data sets as well as morphological models to support
the analysis are important tools for this constant improvement.
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Figure 9: Policy cycle and scientific cycle

Principal research topics

Interaction of different time scales

Topics for the coastal manager mainly relate to a short time scale and the behaviour and the effects of
nourishments. Important topics for policy development typically have a longer time scale and relate to
the behaviour and the need of sand to maintain the coastal foundation.

The focus of the national policy on the larger timescales is relatively new. During the 1980’s the focus
on safety against flooding and the aim to maintain safety levels that were put down in the Flood
Defence Act led to the development of the concept of minimally required sand volume within the dune
complex to withstand major storm surges (rest strength). This concept is typically valid at the small
spatial scales of meters to tens of meters and small temporal scales of storm events. Once the safety
standard was set , the Basal Coast Line was defined in 1990, with a spatial scale of hundreds of
meters along the shore. Maintenance of the BCL provides a stable base of the maintenance of dune
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safety. The large scale concept of maintaining the coastal foundation with spatial scales of tens of
kilometres alongshore and temporal scales from 50 to 200 years (figure 10) provides in turn a stable
foundation for the BCL..

Figure 10: Schematic representation of the differen  t spatial scales of management concepts for
dune strength (1 year), basal coast line (5—-10 y ears) and coastal foundation (50 — 200 years).

A river of sand or autonomous coastal cells?

For communication purposes in the Netherlands, the concept of the coastal foundation is linked with
the metaphor of the ‘river of sand’. The river-metaphor is used to illustrate the dynamic character of
the coast with a dominant transport of sand in Northeastern direction, and to position the coast as one
coherent system, underlining the need for an integrated approach of the coastal foundation, (see
figure 11, left) and the long term morphological relation with neighboring countries.

Implementation of policy and management however, demand knowledge that is adapted to the various
subsystems of the coastal foundation. Already in 2000 a set of 9 subsystems was proposed [Mulder,
2000]. (see figure 11, right). The ruling hypothesis is that all coastal cells behave as autonomous
systems (sand sharing systems) on timescales of at least 50 years.

— -20m NAP dieptelijn

Figure 11: Large scale concepts of the Dutch North sea coast: (left) the coastal foundation as a
river of sand, (right) nine coastal cells which are autonomous on a 50-year timescale
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Effectiveness of shoreface nourishments ?

The wave-dominated coastal cells of the Holland coast are characterised by sand bar dynamics and
wave-driven alongshore and shore-perpendicular sand transport, with the reaction of the system to
SLR (long term) and the applied sand nourishments (short term) as major subject for study. Since the
implementation of the 1990 policy the use of soft engineering with sand nourishment as the principle
measure has constantly grown in importance. Starting in the mid-90’s nourishments were also
performed on the shoreface. These are cheaper per m3 and cause less disturbance on the beach.
The sea is expected to distribute the sand partly towards the beach. The shoreface nourishments
have been growing in number and magnitude (see figure 7), especially since the principle has been
introduced that wherever possible nourishments are done on the shoreface and only when necessary
nourishments are done on the beach. The shoreface nourishments in the coastal cells of Holland have
gradually evolved. The analysis of the effect of previous nourishments have led to designs of
nourishments schemes that make better use of natural dynamics of the sand bars. The feeding
function of shoreface nourishments could be improved by applying smarter designs compared to a
sand bar. In the near future a method of humplike nourishing on the shoreface will be tested.

How do the sand sharing systems behave?

The morphodynamics of tidal inlets present different challenges for the coastal manager. The principle
of sand sharing systems for these coastal cells is illustrated in figure 11 a and b. When in equilibrium
(figure 12a) the inlet shows migrating tidal channels and migrating and welding sandflats and a
complex pattern of sand transport, without a net sand transport between the outer and inner delta.
Under the influence of sea level rise a net transport of sand into the tidal inlet occurs, and the
shoreline of the Wadden islands migrate landwards. Under all circumstances the migration of tidal
channels on the outer delta causes structural erosion of the shorelines (figure 12b).

Figure 12a and b: Tidal inlets in equilibrium (left ) and with a net import (right)

The measures of the coastal manager to reach the policy goals along tidal inlets have developed
considerably over the last fifteen years. In the past ‘rock-hard’ revetments played an important role as
a coastal protection measure along tidal channels. Recently the applicability of channel-slope
nourishments (figure 13) has been shown. This started with a small-scale nourishment in the Delta
area (Southwest Walcheren) in 2001. Full-scale channel nourishments have been performed in 2003
along the southwest Texel (Wadden) and in 2005 along (again Southwest Walcheren). Their life-cycle
expectancy and possible side effects are monitored and evaluated. It is expected that the channel-
slope nourishments provide the possibility to use soft engineering techniques that clearly contribute to
the sediment volume of the coastal foundation at locations where previously consolidation techniques
were applied .
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Figure 13: Plan view and cross section of a channel  -slope nourishment

A possible next step for tidal inlets may be the application of sand buffers on the heads of the islands.
This possibility needs further investigation, amongst others on the consequences for ecology and
navigation (sedimentation in the entrance channels to the harbours of the Wadden islands).

4. INNOVATION?

The large-scale concept of coastal foundation opens yet unexplored opportunities for coastal
management. Reasoning from large to small-scale is the reverse of the direction in which
management concepts have developed, and a revolution in thinking compared to the traditional
management practice where small-scale issues tend to ask priority. Considering that the large-scale
sets the boundary conditions for development at smaller scales, a large-scale management concept
has the potential to manage these boundary conditions. For example the large-scale management
objective to maintain the sand volume of the coastal foundation, may result in the use of sand
nourishments to reduce the wave impact on coastal structures (harbour dams, dikes). The
nourishments can contribute to a drastic reduction in maintenance cost of these constructions or even
to a total replacement of hard structures by sand. Maintenance of the coastline and coastal foundation
can be combined with other sand demands, like plans for dune restoration land reclamation. Large-
scale sand management provides a chance to plan nourishments over a number of years (projects
come earlier or later) to reach synergy with other developments.

This requires considerable research efforts, to verify the extent to which it is scientifically sound to
regard the large-scale coastal system of the Netherlands as one coherent coastal foundation,
including Wadden Sea, Western Scheldt .
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