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MEYER 1990]. The measuring locations within each of these typical areas
have been chosen in such a way, that each location itself represents the
conditions of a significant part of the total area in respect of the typical
morphological boundary conditions. Main aim of these investigations was to
establish a parametrization for local wave climate in dependence of the distinct
types of morphological boundary conditions of each area as a basis for a more
general approach.

Wave climate in Wadden Seas is characterized by strong hydro-
dynamical-morphological interactions due to restriction of water depths and an
often very complex three-dimensional underwater topography. Waves
propagating from the offshore shelf via ebb deltas towards the flats break
partly or completely experience significant energy dissipation. The generation
of strong waves by local windfields on the intertidal flats depends remarkably
on tidal elevation and on the wind-induced surge set-up. Therefore this effect
is restricted to those limited time intervals for which these necessary boundary
conditions occur. On the one hand a reliable forecasting of wave parameters
is mostly not achievable by using generally known forecasting procedures,
which have been evaluated in areas for less differentiated boundary condi-
tions. On the other hand as useful field data are still very poor the need for
such data is tremendous.

Wave climate in island sheltered Wadden Sea areas is characterized by
three different types of origin
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7// y between  morphologically
stable tidal flats above mean
> sea-level and waves of type
= 3 is characterized by a
Uit strong linear relationship of
local wave heights and water
depths which is also valid for
adjacent supratidal salt
marshes (Fig. 3). The rela-
. tionship is strictly fitting for
- onshore directed strong
% winds and storm but is only

: valid for areas above MSL.
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: i used by NIEMEYER [1987b]
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Fig. 3: Combination of refraction diagram and Morphology and the resulting
map of surface sediments for the Nordemeyer Ssurface sediment distribution
Seegat [NIEMEYER 1987b]; map of surface ~ for the tidal basin of the tidal

sediments by RAGUTZKI [1982] inlet  Norderneyer Seegat
(Fig. 3). The Ilandward

succession of sandy, mixed and muddy flats follows the wave propagation
from the inlet to the main land. The sector of wave propagation with only
modest refraction coincides with the smallest band of mixed and muddy flats
in front of the mainland. Due to the dominant changes the wave climate
experiences on the tidal inlet bar [NIEMEYER 1987a], wave propagation
landward of the inlet is mainly independent from offshore wind direction and
setup above mean high water level [NIEMEYER 1986]. There are also small
muddy and sandy flats landwards in wave direction of the mussel beds.

Although the data of Wadden Sea waves for the areas above MSL fits
generally to the linear relationship H,/h one has to be aware that different
boundary conditions generate distinct spectral energy distributions which is
evident by examples of wave spectra (fig. 4) taken from NIEMEYER et al.
[1992]. For spectrum No. 107 the still water level is about 1m above MHW and
there are wind velocities of 11 m/s from NNW. Energy is distributed over the
range from 15-3 seconds, with even higher energy for lower frequencies. For
the same water level occurring in coincidence with higher wind velocities from
more westerly directions spectrum no. 43 shows a more pronounced peak
energy concentration, but its total energy is only about 20% higher than that
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Fig. 4: Wave spectra for station Norddeich (see fig. 3) for different boundary
conditions [NIEMEYER et al. 1992]
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one of no. 107. Waterdepth and fetch for the spectrum No. 107 were more
convenient in respect of generating higher waves. The high peak in spectrum
No. 43 is due to waves entering from the North-Sea experiencing an energy
shift to higher frequencies. An increase in water level of about 1m and higher
wind velocities from west produced perform the boundary conditions for
spectrum No. 49 with a significant low frequent high peak. For water levels
with this height even longer waves with periods of about 15 s can penetrate
into the Wadden Sea.

Regional characteristics of Wadden Sea wave climate

An detailed study on wave climate in distinct German Wadden Sea areas
[NIEMEYER et al. 1992] reflects their remarkable morphodynamical features
in the different regions causing specific characteristic interactions everywhere.
Regional wave climate in a particular Wadden Sea area is therefore often very
remarkably distinct from that one occurring in another one. Explanatory a
comparison of the wave climate in the Hever tidal basin (fig. 1 + 5) and the
East Frisian Wadden Sea coast is carried out in order to make differences
evident as explained before. The East Frisian Wadden Sea is protected by sea
built barrier islands and with relative small tidal basins. The Hever tidal basin
has comparatively larger extensions (e. g. width up to 25 km), a wider
spreaded tidal inlet and a lower ebb delta with shoals laying 3m below MSL.
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Fig. 5: Hever tidal basin with measuring locations Strucklahnungshérn and
Holmer Siel

150 The islands in this system are

12 remnants of the former mainland.

' According to the hydrodynamical

100 ) S classification of tidal inlets
Eors et [HAYES 1979] both areas are
* o el to mesotidal and characterized by

080 . e mixed energy, tide dominated

T : [NIEMEYER 1990, NIEMEYER et

ool al. 1992].
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induced set-up is plotted for the
stations Norddeich (fig. 3) at the mainland coast of the tidal basin of the
Norderneyer Seegat and the stations Strucklahnungshérn in the tidal basin of
the Hever (fig. 5). At the station Norddeich data represent strictly fitting linear
relationship for the whole range of positive Ah-values with relative small
scattering. The data of the station Strucklahnungshérn (fig. 7) reflect a more
differentiated correlation of both parameters: There is no pronounced relation-
ship between significant wave height and smaller vaiues of Ah. With increasing
Ah two distinct values of both parameters can be distinguished which identify
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Fig. 7: Significant wave height as function
of wind-set-up; Strucklahnungshdrn
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Fig. 8: Significant wave height as function
of wind-set-up; Holmer Siel
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Fig. 9: Strucklahnungshérn [Model:
Hs = -0.633 + 0.347 h]

the transition to a relationship
for an upper and a lower value.
Higher waves increase already
for a lower Ah. Smaller waves
need a larger critical value of
Ah in order to fulfill the same
linear relationship. The scatter-
ing of the data is significantly
higher than for that one of the
station Norddeich, which is also
valid if only higher wind
velocities are taken into con-
sideration.

The station Holmer Siel
(fig. 8) is situated landward of
Strucklahnungshorm. Regarding
the correlation of the same pa-
rameters three distinct values of
Ah mark significant changes.
Similar to the data from
Strucklahnungshorn the signifi-
cant wave heights cover a cer-
tain range of values for set-ups
in the same order of magnitude.
For a wind-set-up of about
0.5 m a rapid increase of the
upper value of significant wave
height variation is obvious but it
remains constant for increasing
Ah until the value of 1.5 m.
Beyond that figure as well the
upper limit as the lower limit of
significant wave height variation
increase with the set-up where-
as the lower one starts already
to increase from a set-up of
about 1.0 m.

It is of great importance to
find a reliable parametrization of
local wave climate in order to

make the results of field data analysis for a broader range of applications
suitable and easily adaptable for coastal managers. Therefore relations are
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Hs =-0.633 + 0.347 h]; r = 0.859
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Fig. 11: Strucklahnungshérn [Model:

Hs=1.757 + 1.231 (U2/g)%'6]
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Fig. 12: Strucklahnungshdrn [Model :
Hs = -1.76 + 1.23 (U2/g)°1%6]; r = 0.84994

required which on the one hand
vary only to a small extent and
can on the other derived from a
small number of parametrizated
boundary conditions. Com-
paring the correlation of the
significant wave-height and
local water depth for the station
Strucklahnungshérn  (Fig. 9)
with the same one island
sheltered tidal flat areas and
salt marshes at the East Frisian
coast, it becomes evident that
the first one in respect of its
statistical quality must be
regarded as insufficient for a
reliable parametrization of local
wave climate in the basin of the
Hever inlet. Correlating signifi-
cant wave heights with local
water-depths and plotting ob-
served against predicted values
(Fig. 10), there are deviations of
more than = 35%. The strength
of the relationship given by the
coefficient of determination is
r? = 0.74. Doing the same for
significant wave heights and
local wind velocities (Fig. 11) for
the station Strucklahnungshém
the relationship is in agreement
with the physical process
nonlinear. The results of the
nonlinear regression model
scatter as well as that one for
the linear wave height / water-
depth regression (fig. 9) in
relation to measured data.
Evaluating the fit of the model
by the correlation of predicted
versus observed values there

are also large deviations and the coefficient of determination has a similar

value: ? = 0.72 (Fig. 12).
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150 The boundary conditions
. o waterdepth and local windfields
" o oA effect the local wave climate
g1 b %&%:f interactively by superimposing
% 026 3 alk each other. These combined
i ° effects are described by the
080 Sto following equation: Hy = f (h, U).
025 s According to the physical
oo ) background the model for the
025 o o0 05 o5 1 125 15 gstimation of the relationship

Predicted Values

has a linear term for waterdepth
and a nonlinear one for the
wind velocity (fig. 13). The
scatterplot of values predicted

Fig. 13: Strucklahnungshérm [Model: Hs =
-0.81 + 0.21 h + 0.16 (U%g)%%7?}; r = 0.950

1.

® | g | " by this model versus observed
P wave heights show much
% smaller deviations of about 25%

e 9 o . . .
§le° in comparison with those ones
1% which estimate significant wave
heights by considering only one
5 35haus boundary condition. The coeffi-
2Bl cient of determination is 1 =
000 P T 1L0 1|75 -1, 0.903 which can directly be
g [m) compared with those ones
Fig. 14: Strucklahnungshom, Models: gained previously, because
Hs = f(U2/g) differentiated for four ranges they are calculated for the
of water depth same data set. But for a reliable

parametrization of local wave
climate this result is still insufficient. In order to improve the empirical
relationship by a more differentiated consideration of boundary conditions we
have to break down the data of water levels and wind into different groups.
The creation of four data subsets for different ranges of water depths allow a
deeper insight into the processes governing local Wadden Sea wave climate
(fig. 14): The significant wave heights are plotted versus the local wind
velocities for four distinct water level subsets. Incorporated are additionally the
nonlinear regression models for the different groups, but the scattering is
significantly large. Due to the limiting condition of the water depth even higher
wind velocities result in lower wave heights for lower water depth. The
limitation of local wave heights due to water depth are stronger than could be
expected in respect of the shallow water breaking criteria. This effect has
already been detected for East and West Frisian Wadden Sea areas
[NIEMEYER 1983] and is obviously a typical feature of wave climate in island
sheltered Wadden Sea areas.
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Fig. 20: Strucklahnungshérn[Model:
Hs= -0.24+0.16 h+0.003 (U%g) %9
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Fig. 21: Strucklahnungshorn [Model:
Hs= -0.63+0.23 h+0.06 (U%/g) *%9
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Conclusions:

- In island sheltered Wadden Sea areas with large onshore-offshore
extensions local wind effects on wave climate cannot be neglected.
The simple wave height / waterdepth relation is therefore no longer

Predicted Values

15

Fig. 22: Strucklahnungshérn[Model:

Hs= -0.76+0.24 h+0.11 (U%/g) %49

r=0.93705

sufficient for a parametrization of Wadden Sea wave climate.

- The maximum wave heights in Wadden Sea areas are limited by
water depths by a critical value below the shallow water breaking
limit. They are independent from wind velocities beyond a certain
level but depend on wind direction in respect of both wave growth

and energy dissipation.



WAVE CLIMATE STUDY 191
References

HAYES, M.O. [1979]: Barrier island morphology as a function of tidal and
wave regime. in: S. P. Leatherman: Barrier islands, Academic Press, New
York, pp. 1-27

NIEMEYER, H.D. [1983]. On the Wave Climate at Island Sheltered Wadden
Sea Coasts (in German). BMFT-Forschungsbericht MF 0203

NIEMEYER, H.D. [1984]: Hydrographische Untersuchungen in der Leybucht
zum Bauvorhaben Leyhém. Jber. 1983 Forsch.-Stelle f. Insel- u.
Kistenschutz, Bd. 35

NIEMEYER, H.D. [1986]: Ausbreitung und Dampfung des Seegangs im See-
und Wattengebiet von Norderney. Jber. 1985 Forsch.-Stelle Klste, Bd. 37
NIEMEYER, H.D. [1987a]: Changing of wave climate due to breaking on a
tidal inlet bar. Proc. 20th Intern. Conf. 0. Coastal Eng. Taipei, ASCE, New York
NIEMEYER, H.D. [1987b]: Seegang und Biotopzonierung in Wattgebieten. in:
Niedersachsischer Umweltminister: Umweltvorsorge Nordsee - Belastungen -
Gtesituation - MaBnahmen -. Hildesheim

NIEMEYER, H.D. [1990]: Morphodynamics of tidal inlets. Civ. Eng. Europ.
Course Prog. 0. Cont. Educ. Coast. Morph., Syll. Delft Univ. o. Tech. Int.-Int.
Civ. Eng.

NIEMEYER, H.D. [1991]: Case study Ley Bay: an alternative to traditional
enclosure. Proc. 3@ Conf. Coast & Port Eng. i. Devel. Countr.,
Mombasa/Kenya . .

NIEMEYER, H.D. ; GARTNER, J. & GRUNE, J. [1992]: Naturuntersuchungen
von Wattseegang an der deutschen Nordseekiiste. SchluBbericht zum BMFT-
Forschungsvorhaben MTK 464 B

RAGUTZKI, G. [1982]: Verteilung der Oberflichensedimente auf den
niedersichsischen Watten. Jber. 1980 Forsch.-Stelle f. Insel- u.
Kistenschutz, Bd. 32





