CHAPTER 175

LONG-TERM MORPHODYNAMICAL DEVELOPMENT
OF THE EAST FRISIAN ISLANDS AND COAST

Hanz D. Niemeyer'

Abstract

The morphology of the East Frisian Islands and Coast has experienced enormous changes
in the course of the last centuries. The resedimentation of medieval sturm bays has played a
dominant role within these morphodynamical processes which could no longer only be credited
to the impacts of littoral drift. Reconstructions of former coastal morphology have been used to
guantify the long-term development of significant parameters for the tidal basins of the East
Frisian Wadden Sea. Additionally also the tidal volumes for situations since 1650 could be
determi?ed. On this basis the long-term stability of common empirical relationships was
checked.

Introduction

The East Frisian Islands and Coast are part of the Frisian Wadden Sea which ranges from
the eastern part of the Dutch across the German to the southemn part of the Danish North Sea
coast (fig. 1) and consist of a chain of seven barrier islands separated by tidal inlets from each
other through which the tidal basins with intertidal areas and supratidal salt marshes are filled
and emptied during each tidal cycle. The tidal range is about 2,5 m and the yearly mean
offshore significant wave height is about 0,7 to 1,0 m. It is therefore a mixed energy tide-
dominated coast according to the classification of HAYES [1975]. The littoral drift is pre-
dominantly eastward directed.

The East Frisian Islands and Coast have been performed at the end of the holocene trans-
gression [KRUGER 1911; LUDERS 1951; STREIF 1990] and have experienced enormous
morphological changes since then. Though no detailed information is available for that time
firstly a superposition of human impacts on this natural development is expected to have been
effective when the mainland coast was closed consecutively against the sea by constructing sea
dykes since the beginning of this millenium {[HOMEIER 1969]. Later on and particularly for the
last 350 years the morphological behaviour of the East Frisian Islands and Coast is well
documented by the horizontal position of the morphologically represantative markers tidal low
and high water lines, dune foot and border lines of supratidal salt marshes [HOMEIER 1962].
Additionally there is even information with lesser accuracy on certain areas available concerning
situations until more than 600 years ago (fig. 2). The migration of tidal inlets and barrier islands

VCoastal Research Station of the Lower Saxonian Central State Board for Ecology
Fledderweg 25, 26506 Norddeich/East Frisia, Germany

2417



2418 COASTAL ENGINEERING 1994

has been superimposed interactively by further large scale human impacts interferring with the
natural processes. In the course of the last centuries the two most important ones have
were:
1. Adificial acceleration of resedimentation of the medevial storm surge bays at the
mainland coast in respect of land reclamation and afterwards consecutively executed
partial enclosures of these areas by dyking.

2. The fixation of the four migrating ones of the six tidal inlets separating the East Frisian

barrier islands since the middle of the 18th century in order to protect there developing
holiday and health resorts.
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Figure 1. East Frisian Islands and Coast with inserted overview of the North Sea

F — : These large scgle morphodynamical
. merTeer S monTHetA - i processes have mainly taken place in the
‘ | westemn and eastern part of the East Frisian

Wadden Sea whereas the tidal inlet
Accumer Ee and its basin in the central part
have remained rather stable in the course
of the recent centuries. Beside geological
boundary conditions it is also remarkable
that in this area no large storm surge bay

1 was ever existent. A detailed knowledge
about the background of these devel-
opments is of high interest. Not only for im-
proving backward directed process know-
ledge but also for the development of long-
2 term prognostic tools like empirical morpho-
dynamical models. In order to create a data
basis for this purpose the charts containing
historical reconstructions of coastal morpho-
logy elaborated by HOMEIER [1962] and
hydrographic charts have been transferred
, ) .. into a Geographical Information System
Figure 2. Reconstruction of the western East Frisian GIS) which is used as a database for

Wadden Sea since 1350 by HOMEIER [1964]  further evaluation and parametrization.
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The reduction after 1960 is an effect of the dyking of salt marshes. Between 1750 and 1912 salt
marsh areas in the tidal basin of the Harle have as well decreased as the fotal basin area due
to resedimentation and partial enclosures of the Harle Bay. Until 1960 then a certain growth
appeared in tune with the stabilization of the tidal basin which only experienced a slight
reduction after 1960 due to dyking of salt marshes.

Evaluation of fidal volumes

The parametrization of Wadden Sea areas in the framework of the project WADE was
carried out in order to establish empirical relationships between these parameters describing
morphodynamical equilibrium condifions. A parametrization of morphological parameters like
areas must is insufficient for that purpose, the evaluation of hydrodynamical parameters is
additionally necessary for reaching the aim. The most common hydrodynamical parameter used
in empiral morphodynamical relationships is the fidal volume. The evaluation of tidal volumes for
defined areas is no problem if detailed surveys or maps are available and the represantative
tidal high and low water peaks are known. But in the case of the reconstructed historical coastal
morphology of 1650, 1750 and 1860 by HOMEIER [1962] there are only the contour lines of
mean tidal high and low water and the border lines ot the supratidal salt marshes available.
Furthermore measurements of tidal water levels providing reliable data have been carried out
in the East Frisian Wadden Sea since the end of the 19th century (fig. 14). Therefore the
evaluation of tidal volumes for these dates requires extra efforts,

The substitution of complex tidal basin morphology by only mean high and low water contour
lines has been exercised by WALTHER [1972] in order to avoid enormous computational efforts
without the aid of modern computers:

Vr=TR - (Ay,Ay)/2

Since there is nothing repor-
ted about the accuracy of this
method a calibration fest for
recent data sets was carried out
with the data of all six East
- Frisian tidal basins from the

surveys of 1960, 1975 and 1990.
Surprisingly the deviation from
( data being evaluated with the aid
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of a GIS was on the average
about 6 % (fig. 12) which is in the
same or even in a lower order of
magnitude as the measuring ac-
curacy of data from hydrographic

|
|
i
s
! | ) surveys. Based on these results
T s o the method of WALTHER [1972]
e e ~+we is a suitable tool for the evalua-
o0 yes! tion of tidal volumes for the situa-
] tions of 1650, 1750 and 1860 for
1 i the reconstructed coastal mor-
o] % phology. In order to keep the
. o data comparable the tidal vol-
Figure 12. Reconstructed historical mean high tide and  umes for the surveys since 1912
storm surge water levels and long-term trends, island were also determined by the
of Wangeroog, tidal inlet Harle [LUDERS 1977) same method.
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Figure 13. Yearly mean high water levels and tidal ranges since
1896 and corresponding mean trends, island of Nordemey, tidal
inlet Norderneyer Seegat
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Beside the before
mentioned data of tidal
water levels there are also
reconstruction of historical
mean higher water and
storm surge levels avail-
able. A very valuable data
set has been elaborated
by LUDERS [1977] for the
island of Wangerooge at
the shore of the tidal inlet
Harle (fig. 1) based on his-
torical levellings being
transferred to present da-
tum and metric scale (fig.
13). These long-term data
set has nearly the same
rising velocity as that one
being measured in the
course of the last 100
years at the tidal gauge at
the island of Nordemey in

the tidal inlet Nordemeyer Seegat (fig. 1 + 14). The measured data make also a paralell
increase of tidal range with rising high water levels evident (fig. 14). Referring to the documented
rise of high water levels since 1570 it is reasonable that the tidal range has increased since then
by nearly the same order of magnitude as for the last century. Based on this assumption the
tidal volumes for the morphological situations of 1650, 1750 and 1860 have been evaluated by
taking into account an increase of tidal range between 1650 and 1900 of 10 cm per century (fig.
15, tab 5). This figure is used in order to consider the long-term tendency of tidal boundary
conditions of the morphodynamical development in the investigation area. The evaluated tidal
volumes are quantitative not very sensitive against a possible inaccuracy of + 5 cm/century, the
fluctuation of the tidal volumes is therefore less than 2,5 %.
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Figure 14. Comparison of tidal volumes computed with a GIS
from detailed morphological maps and evaluated by the metod
of WALTHER [1972]

The tidal volumes of
the tidal basins in the
East Frisian Wadden
Sea have in total
remained nearly con-
stant over the regar-
ding the long-term
development. The in-
crease of tidal range
measured since the
end of the 19th cen-
tury {fig. 14) and expec-
ted to have also oc-
cured with a similiar
coincidence to the rise
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since the beginning of this one. The fixing of four of the six inlets since the beginning of this
century and particularly the coincidently nearly finnished resedimentation and land reclamation
in the areas of the medevial storm surge bays has effected that development. Therefore mor-
phodynamical changes in the East Frisian Wadden Sea occur not only self-evidently on much
lower time scales but also on smaller length scales leading to a morphodynamical guasi-
equilibrium, which in the long run is expected to be only temporarily. But nowadays a mid-term
dynamical equilibrium could be assumed which is expressed by a number of well-established
semi-empirical relationships being evaluated on a data basis with sufficient density for that
purpose. That method for a functional parametrization of morphodynamical processes has
proved as a success for coastal research and for coastal engineering planning since decades
[O'BRIEN 1931; WALTHER 1972; EYSINK 1979, 1991; NIEMEYER 1991]. One of the important
relationships describing a morphodynamical equilibrium is that one between total basin area and
tidal volume which has been introduced by EYSINK [1979] and was used in the framework of
the Dutch coastal defense study as a tool for the estimation of the impacts of an accelerated
relative sea-level rise.

In order to get a deeper insight
into those documented long-term
morphodynamical processes oc-
curing at the East Frisian coast
since 1650 these relationship has
also been adapted to the eval-
uated parameters being available
for all situations from 1650 to 1990
beside that one of 1912 for which
not a complete data set was avail-
able. Though the incorporated as-
sumption of a dynamical equi-
librium could not be assumed as
valid for the situations between
1650 and 1860 the relation e. g.
N between tidal volumes and intake
100 4 areas of the basins are for all
situations rather strict (fig. 16). In
so0l # respect of the experience gained
from recent data [EYSINK 1979,
1991] this result is not trivial, be-

0 - cause these data sets incorporate
0 100 200 300 400 500 600 700 also a variation in tidal range due
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at the data sets from 1960, 1975

o 1650 “w._ 1750 s 1860 and 1990 including also the sub-
systems of the tidal basins for the

“o. 1930 “a. 1960 0. 1975 e 1990 same parametrization for the East

i ) , Frisian Wadden Sea this effect is
Figure 16. Correlation of total basin areas evident only for the larger values
Ay, and tidal volumes V- since 1650 of 1990 (fig. 17). A first explanation

of this discrepancy is the only use
of data for mid-term developments: As tidal ranges varies to a much lesser extent than for the
long-term time scale, statistal scattering is of the same or even bigger order of magnitude than
the structural differences due to tidal range variation.
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Figure 17.Correlation of basin areas and tidal volumes
for the tidal basins and subsystems in the East Frisian
Wadden Sea (surveys 1960, 1975, 1990).
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Further emphasis will be
laid on finding a reliable
explanation and detecting the
mechanism  steering that
process. The solution to this
problem is of high importance
because these relations pro-
vide the basis for conceptual
or empirical model like the
Box-model of VAN DONG-
EREN & DE VRIEND [1994]
being up to now the only
promising tool for morpho-
dynamical modelling of future
mid- and long-term develop-
ment. A successful treatment
will therefore deliver a valu-
able basis not only for current
problems with structural ero-
sion but also for the foreca-

sting of prospected long-term morphodynamical processes due to changing boundary conditions
like an expected acceleration of relative sea-level rise.

Coefficient a of A yypwy =@ " Vr

An obvious explanation would be a change of hydrodynamical boundary condition.
Considering that possibility the changes of tidal range over the time were taken into account
though no measured data before 1891 were taken into consideration and the figures for 1860,
1750 and 1650 were evaluated on the basis of an assumption. But this assumption is regarded
as rather sound and in every case as a sufficient basis to look for indications for a qualitative
change of empirical relationships for morphodynamics: The data reflect a pronounced
correlation of the factor a of the relationship

Ab =a-V-|-

East Frisian Wadden Sea
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Figure 18.Correlation of the coefficient a
from A, = ae V; with tidal range TR

and tidal range range TR (fig.
18). Obviously those correlations
depend particularly on the anti-
cipated change of tidal range be-
fore 1891. In order to estimate
the effect of a misjugdement a
variation of + 5 cm per century is
taken additionally into conside-
ration. The result makes evident
that the tendency of the corre-
lation is still evident (fig. 18).
Therefore it must be concluded
that for long term investigations
in the same area the variation of
the tidal range must be taken into
consideration in order to describe
the relationship between total
basin areas and tidal volumes
with sufficient accuracy.
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Conclusions

The resedimentation of storm surge bays at the East Frisian mainland coast has been a major
steering impact of morphodynamical processes in five of the six tidal basins of the East Frisian
Wadden Sea during the last centuries. As well the shifting of basin watersheds, the migration of
inlets as the changes in size and position of the barrier islands can no longer only be credited to
littoral drift. Furthermore they could not be regarded as a cYcIic process which would have continu-
ed without the fixing of tidal' inlets since the middle of the last century.

. Areliable czuantitative approximation of tidal volumes is also possible for the reconstructions of
historical coastal morpholo?y of Wadden Sea areas. The accuracy of these figures is sufficient for
use in the framework of empirical relationships used for empirical and conceptual mor-
phodynamical modeling. It has become evident that relationships being used for empirical or
conceptual modeling which have been established for data sets covering only a period of a few
decades or even less could not in every case be regarded as valid for long-term periods like
centuries, This was demonstrated for the well known relationship of tidal basin areas and tidal
volumes which is in the long run dependent on tidal range variations.
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