CHAPTER 41
SOME CHARACTERISTICS OF THE DUTCH COAST

Ir. ToEdelnan and Drs. DQNOW
Constal Reseaxrch Division
Rijkawaterstaat, The Hague, Netherlands.

1., INTRODUCTION

The Dutch coast is over its whole length a sandy coast. Along
such a coast the changes in shape of the coast-line are determined by
transport of sediments, in casu sand, along the coast. This transport
is brought about by water and by air. The latter, the eclian transport,
though it may have same importance, has been neglected in this study.
The marine transport along the Dutch coast is caused by currents and
by waves; we do not know which is the most important.

In this study the transport by waves is considered tc de the
effoct of waves, moving in one predominant direction; the transport
by ourrents is taken intec account as a transport by tidal currents

We should like to underline here the very general charaoter of
the following considerations.

2. GENERAL TRANSPORT-FORMULAE
From the continuity-condition it follows that

3 (-]

- 3
= the quantity cf tranasported material per unit of time
= the time

& oonstant.
e x=axis has been taken along the coast-line,

The facter 2% is the veloaity, with which the coast-line moves.
Ercsion will coour if 2% s positive, soaretion if 5% 1is negative.
1t 2 20, the coast-line will not alter its situation.

The equilibrium-oondition cf the coast-line, therefore is:

29
ox =0

gb«ro

or: the coast-line is in egquilibrium if in every aross~section of the
coast the sane quantity of material is transported.
If the quantity transported increases in the transport~directiom,

-%-2 is positive, and thus -g-% is positive, s0 erosion ocours. If the

quantity transported decreases in the transport-direction, there will be
acoretion.
It may be allowed to suppose that along a non-disturbded coast
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(4+c¢ a coast without inlets, groins, jetties etc.) in each cross-section
the quantity Q transported equals the transport-cepacity Q_. In that osse
the changes in the shape of the coest-line depend only on %he chenges in
the transport-capacity along the coast, i.c. on changes in wave-direotion
or wave-intensity, or on changes in the tidal capacity.

This does not hold good along a disturbed coast, where in same
parts a difference may exist between the quantity actually transported
and the transport-capacity. A certain stretch (the length of which we do
not know) is needed to bring Q into accordance with Q.- If Q>Q acore-
tion coours, if Q <Q, there will be ercsion along the’stretch of disturb-
anoce. The erosicn stretch may be relatively longer than the accretion
stretch, since a surplus may be deposited quicker than a deficit is sup-
plied. 3
We sassume that it is allowed to superimpose the —% curves of
the disturbances linearly on the general _g_x curve of Qc .

t

3. EFFECT OF A TIDAL CURRENT (N A NON~-DISTURBED COAST

The transport-capacity of a tidal current will inorease witbh the
tidal range. If, therefore, the tidel range increases along the coast
in the direction of propagation of the tidal wave the coast will be
eroded. A decressing tidal rsnge in that direction will cause an accre-
tien.

. EFFECT OF WAVES (N A NON-DISTURBED COAST

Along large stretches of a coast the average intensity and the
average dominant direction of the waves will not change very much. The
angle a , between the wave direction and the perpendicular on the coast-
line, however, does change if the coast~line is not a straight line.
Therefore, Qg ¥ill be a function of a .

Q= Q f(a)
If we put f(x) s sin2a , then
Q= Qysin2a .

Q= Q uaaf‘. Q=0 ife=0 andifas=x

iR
[

Along a concave coast (see figure IA) Q =°&.in M, and M, ;
Q, * 0in 4, B, and B, Therefore, the waves e an erosion along
tBe stretohes B, M, afid B, M, and an accretion along ¥, A X, .

Along a convex coast “(see figure IB) it is the opposite. Along
31 11 and Bz ll2 acoretion occurs and l(1 A M, will be eroded.

We see that waves tend to straighten a curved coest-line.
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5. BFFECT OF DISTURBANCES

Tidal owrrents mostly cause erosion on both sides of a disturbance.
The eroded materiel moves into deeper water, where shoels are formed.

The effect of waves on both sides of an inlet is similar. Jetties,
groins and such disturbances, however, mostly show an accretion on the
leo-side and an erosion on the windwardside.

6. THE DUTCH COAST-LINE

1)u a vhole, the Dutch occest-line consists of four parts (see fi-
gure 1I).

1. A straight line, from the Belgian frontier to Hoek van Holland.

2. A conceve part between Hoek van Holland and the Marsdiep-inlet.

3. A convex part from Marsdiep to Borndiep.

4. A faintly ocurved concave part from Borndiep towards Germany.

Part 1 is disturbed by 5 inlets: Westerschelde, Oosterscheldse,
Brouwershaven~inlet, Haringvliet and Nieuwe Waterweg. A reel coest-line
hardly exists here.

Between Hoek van Holland and Marsdiep there are no inlets, but
some disturbances are caused by the harbour jetties of Scheveningen and
Limuiden, and by the bulwark (groins) of the Hondsbosse Seawall.

The curves of the Wadden-islands (part 3 and 4) are disturbed by
large inlets: Marsdiep, Eyerland-inlet, Vlie, Borndiep, Ameland-inlet,
Louwers and Eems.

7. EFFECT OF TIDAL CURRENTS

The tidal range decreases from the Belgian frantier until the
Marsdiep-inlet and increases from Marsdiep to Germany. Since the direo-
tion of propagation of the tide is from Belgium towards Germany, the
tidal currents tend to bring about an accretion along part 1 and 2, and
an erosion along part 3 and 4.

8. EFFECT OF WAVES

The effect of waves on the Dutch coest depends mainly on what may
be considered as the dominant wave direction with regard to the trans-
port of sediments. In figure 111 we have constructed the effect of waves
if the dominant wave direction would be N.W. and W., respectively.

9. EFFECT OF DISTURBANCES

By the simplified and general method applied, it will be impossi-
ble to analyse the changes of the coast-line in part 1 snd part 4, since
on these parts of the coast the disturbances caused by the meny large
inlets will surpass by far the normel effects of waves and tidel ocurrents.

On the islands Texel, Vliieland or Texschelling perhaps sme stret-
ches may be found on which the influence of the tidal inlets may be ne-
glected.

With the disturbances along the concave part between Hoek van Hol-
lapd and Marsdiep we are dealing in more detail in paragraph 12.

759



COASTAL ENGINEERING

£ voune oume rommation

[l Ancient oune Fommation

Fig. 3. Effoot of waves .on the Dutch comst-line. Fige4. The "ancient dune
formation™ between Hoek wvan
Holland and Marsdiep.

T T

HONDSBOSSE SEAWALL

TER HEYDE

3
ACCRETION IN METERS PER CENTURY

NIEUWE WATERWEG
-
L \~
‘\

asjoie?
o 8

: —
} —t
s 2 8 8 ¥ R’ ¢ 8 g

. £ el
H H g

< ° 4 40 W
b 4 [
< 2 «
~N 9 wf
2
=

[}

4 80 ¢
[}
] I
g 1100 z
§ :
Oy 120 9
\ 3
140 &

{1e0

180
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10, EFFECTS TO BE EXPECTED

1. Belgian frontier -~ Hoek van Holland.

Acoretion by tidal currents; equilibrium by waves (straight line);
hoavy disturbances by many large inlets, which probably will prevent a
proper analysis.

2. Hoek van Helland - Marsdiep.
Acoretion by tidal ocurrents; accretion by wave action; disturb-
ances by Jjetties and groins which will probebly not prevent an analysis.

3. Marsdiep - Vlie,
Erosion by tidal ourrents; erosion by waves; heavy disturbances
by inlets.

4o Vlde - Bomdi.po
Erosion by tidal currents; erosion by waves from N.W., acoretion
by waves fram W., perhaps a stretch where the influence of the inlets

may be negligible.

50 mdi@p - Eems.

Erosicn by tidal ourrents; light accretion by waves from N.W.,
light ercsion by waves from W., heavy disturbances by large inlets,
which probably will prevent a proper analysis.

This is, in a general way, what may be expected frem theorstical
considerations. We twxn now to the faots and we will see in how far they
affirm our expectations,

11. GECQLOGICAL DATA

In former times, probably, a sandy ccestal barrier existed along
the whole Duteh coast. This coastal barrier must have been interrupted
by inlets, through which the rivers debouching into the lagune behind
the barrier brought their water into the sea. This ancient berrier show-
ed a weak surface relief, that may be desoribed best as a series of low
dune ridges, parallel to the coast-line, with oblong coastal plains be-
tween them. Afterwards (perhaps during the ninth century) this "ancient
dune formation" has been partly covered by high dunes, the "young dune
formation". These young dunes do nct show a cleer morphology; they have
not been deposited in longitudinel ridges.

Between Hoek van Holland and the Marsdiep the ancient dune form-
ation still exists. At the sea~-side it is partly covered by the young
dunes, but behind this regiom the uncovered ancient dune formation
reaches landwards over one kilometre and more. Cities as The Hague,
Haoarlem and Alkmaar have been founded on the anelient d&une ridges; the
famous bulb-fields are situated neerly exclusively upon this anocient
formation,

From figure IV it may be seen, that in the neighbourhood of the
inlets (i.0. between The Hegue and Hoek van Hollend, and south of the'
Marsdiep) the uncovered ancient dune formation tends to disappear. The
morphology of the coastal barrier as a whole suggests a coast, which is
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since very remote times and whioch only at both its ends has been
eroded under the influence of the bordering inlets. This is in accord-
ance with the expectations, stated in paragraph 40.

Along the ocast south of Hoek van Holland, only very few remains
of the atoient dune farmation are present. If extant (as for instance on
the island of Schouwen) the ancient formation is always covered by young
dunes. This gives the impression, that this coastal section, since oen-
duries, is subject to ercsion. Without any doubt, this erosion is caused
by the large inlets.

It is a remarkable fact, that along the Belgian coast the uncover-
ed ancient dume formation is still in existence, from which we may per-
haps oonclude, that the average daminant wave direction is more likely
to be N.W. than V.

In sharp contrast with the above mentioned parts of the coast,
there are no traces of an ancient duhe formation along the Dutch oocest
Norkk of the Msrsdiep. Even on the island of Texel, the southern part of
which consists of a very resistent boulder clay, an ancient dune form-
ation does not exist. We are dealing here with an eroding occest, its
ocoestal barrier must always have been whirled up and thrown back by weves
and ourrents.

So far, geclogical and morphologicel data are in good accordance
with our theoretical derivations.

12. COASTAL MEASURBMERTS

Since more than one hundred years the position of the L.W.~line,
the H.¥W.~line and the dune foab, once a year, has been measured every
one thousand metre along the Dutch coast. Especially between Hoek van
Holland and the Marsdiep a beautiful series of data results, from which
the movenents of the occast-line during the last century can be studied
in detail.

The data about the dune foot provide the most regular series.
From this series, therefore, we derived figure V, in which the resulting
movenent of the dune foot fras + 1850 till & 1950 is plotted. At first
we cbtained a rather irregular curve in which, howsver, the disturbances
caused by the jetties of IJmuiden and Scheveningen, by the Hondsbosse
Seawnll and a few others, can be clearly distinguished. After subtract-
ion of the disturbances and after some flattening, the dotted aurve of
figure V energes. The outer parts of this cuwrve represent the border-
disturbances due to the southern system of inlets and to the northern
inlet of the Marsdiep. The southern disturbance extends to about km 90;
the northern ons is longer and extends to about ka 55 (Ijmuiden). Be-
tween kn 55 and kn 90 there are no border- disturbances present; in this
soction the undisturbed coast-line proves to have migrated seawards over
about 60 n (as an aversge) during the last cne hundred years.

Thus, by studying the measured data, we have been able to esti-
mate quahtitatively an accretion, the existence cof whioh we derived qua~
litatively from theoretical consideratioms.
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Similar data of the Wadden-islands yield only a very confused pio-
ture. No clear evidence of a permanent tendency of a landward movement
of the ocast~line could be found. The measured data of the islands of
Ameland and Schiermmonnikoog rather seem to indicate an accretion of their
northern coasts.

13. HISTCRICAL DATA

Historical data throw scme more light on the behaviour of the
Wedden~1islands. It is known, for instance, that formerly the western part
of Vlieland was situated far more northwards than to-day. This part, with
high dunes upon it, has been destroyed by the sea during the 17th and
18th centuries; from the remaining sand the sea built up a flat sand-
bank, without any dunes: the present-day southwestern part of the island.
Since that time, the eastern part of Viieland was so heavily attacked by
the sea, that the coast had to be protected by 54 groins in order to stop
the ever inoreasing erosion.

During the last centuries the comat of Teraschelling has not shown
very great alterations. The island has been lengthened in easterly direo-
tion and the northwestern point has shown a slow acoretion. A tendency
of landward movements of the coast-line is not evident.

From ancient sea-charts it can be derived that the islands of Ame-~
land and Schiermomnikoog move in eastward direction (erosion at the wes-
tern end; accretion at the eastern end). Archaeological data point in the
same direction. As an average over many oenturies, the eastbound velocity
way have been some hundred metres per century. Again, there is no evi-
dence of a movement in a southerly direction.

The behaviocur of the little island of Rottumeroog, especislly du~-
ring the last 150 years, is well-known. The island moves in easterly di-
rection at a rate of 10 or 20 metres per year. Bvery 25 or 30 years the
house of the guardian has to be rebuilt upon the eastern side; after due
time it finds itself standing on the western shore, where it is attacked
by the sea.

The available data suggest, that during the last centuries the
Datch coast between Vlie and Eems, in sharp contrast with the coast be-
tween Marsdiep and Vliie, has not endured an acoretion or an ercsiom of
any importance. After all, the coast-line in this part is nearly a
straight line, so that the waves are hardly able to cause an importent
ageretion or erosion. Material, however, is transported to a large amount
along this section. So we tend once more to the conclusion, that the ave-~
rage dominant wave direction is more likely to be N.W. than W.

14+ CANCLUSIN

From the contimuity-condition it follows, that the changes of the
transport-capacity are respomsible for erosion or acoretion along a ssndy
coast.
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The transport-capacity of tidal currents depends on the tidal
range. The transport-capacity of waves changes with the direction in
which the waves approach the coast. This means that, if a dominant wave-
direction exists, the curvature of the coast must be responsible for
erosion or accretion by wave action.

Since the pattern of the tidal range along the Dutch coast is
well-known, as well as the curvature and the general shape of this coast,
a general and qualitative prediction could be given about the behaviocur
of the coast-line.

Disturbances by inlets, groins, jetties, etc., however, spoil the
picture and have even prevented in some cases a proper prediction.

However, investigation of available geological, morphological
and historical data and an analysis of data from coastel measurenents
prove, that such data are in good accordance with predictions derived
as mentioned above. Our simple theory, therefore, may perhaps be con-
sidered to give a rough explanation of the behaviour of the Dutch coast-
line.
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