Tidal response shaped by nonlinear topographic control
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o _ _ _ theoretical estimates about the temporal asymmetries. The higher mode oscillations
The principal difference between dynamical balances in the flat near-coastal zones and  reveal the nonlinear response.

the ones in the deep tidal bays is associated with the Stokes drift which becomes im-
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portant if tidal range is comparable with the depth. Under such conditions the current * = 1 =
velocity produces a larger (landward) volume transport near high water, whereas the 10" 210 y g
transport near low water is smaller due to the smaller cross sectional area of the inlet ‘ i - n
(Dyer 1988). The quantification of these asymmetric transports is focal to this paper. 8 B % ' £ 7 £ 7
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Fig. 1: Topography of the East Frisian Wadden Sea (a) and individual basins (b). The thin meridional lines in the ok Svisiieiis WP pioetSn i T
extension of Otzumer Balje in the tidal basin of Spiekeroog Island are sections sampled every 5 minutes from the model e — e
simulations. The first section line gives also the position where ADCP observations are carned out. . period beriod
August 97/ April 98 August 97 April 98
9  Theor Fig. 6: The first (a) and (b) and second (¢) and (d) Fig. 7: The first (a) and (b) and second (¢) and (d)
h 4 EOF corresponding to spring (left plots) and neap (plots PC corresponding to spring (left plots) and neap (plots
on the right) conditions. The analysis is done for loca- on the right) conditions. Positive values correspond to
When the basin area increases with increasing the sea-level, equal transports through tions below 14.5m land ward currents.

the inlets produce different changes of sea-level. At low water level the changes are
larger than at high water level (Fig. 2b). This means that ebb conditions evolve faster ' _ '
than flood conditions. The opposing effect of cross-sectional area is qualitatively il- 4 Numerical simulations

lustrated in Fig. 2c. _ : . .
The General Estuarine Transport Model (Burchard and Bolding, 2000) with a hori-

" zontal resolution of 200 m is used (see for more details Stanev et al., 2003a,b). The

subgrid parameterizations are based on the k£ — e turbulent closure scheme. The lateral
boundaries of the model change with time representing the continuous processes of

Fig. 2: Schematic representation of the bay-inlet system. (a) The bay

has vertical side walls, (b) the area of the bay is a linear function of depth o)k S

%Ma&s 1997), (c) the same as (a), but the height of water parcel is a —

unction of the sea-level height. This case illustrates the effect of vanable 10 e Bl ==
cross-sectional area of inlets. The difference between (cf) and (a) 1s that the - N
volume of water parcels entening the bay changes as a function of sea-level - / Al '
height. Thus the increase of sea level in the bay caused by the second 0 pty R
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water parcel in (¢) 13 larger than the one caused by the second parcel in
(a). Obwviously, this effect is in opposition to the one due to hypsometry

(b) b:] SECTION 2, VELOCITY
1ﬁ f
If we suppose that the forcing signal is almost harmonic ( = a sin wt with frequency p
w (e. g. the semi diurnal lunar tide My) we can compute the tidal response as expressed g "
by the velocity (Fig. 3). o3
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5- x Fig. 3: Temporal asymmetries of the tidal response. (a) sea level and inlet
o current in the case of compensation of hypsometric and cross-section area con-
w trols, (b) currents in the case of hypsometric control (black curve) and control 24- 414
E ~(1.51 b}" the section area of mlet (l‘EE] Clll‘VE). Under h}fpSDHlEtl‘iE control 1t takes a VERTICALLY INTEGRATED VELOCGITY {m?%/s) 0 '1 2  period 0 1' 1 period
~ - longer time for the transition between maximum ebb current to maximum flood * o , SRR v W
54 e : e ! current than in the I‘Eﬂlﬂiﬂiﬂg part of the tidal pEl‘iDd. The situation reverses Flg. 8: ThE tl!T%E mterval between SUbSEl::lUEﬂt plDtS in the left pﬂ«ﬂEl 15 a quarter tld&l pErlDd. Oﬂ the Tlght pHJIEl the
_~period nder control of cross-section a,re&. The results are shown in non-dimensional temporal variability of along-channel velocity at section 1 (a), 2 (b), 5 (¢), and 7 (d) 1s shown. Positive values correspond
il EI; R e orm. Positive VEIJUES mean inward current. o lEmd WﬂId tr&nﬁpt}rt.

STOKES STREAM FUNCTION {m?s™)

3 Observations

Tidal basins undergo morphodynamic evolution triggered by the asymmetry of the
response to oscillations in the open ocean. Many attempts in coastal engineering have

been done to quantify the relationship between geometry of tidal basins (e. g. the tidal
prism) and the cross sectional area of the inlets (O’Brien, 1936). The nonlinear topo-
graphic control caused by the linearly increasing basin area (Fig. 4) is a candidate to

| | . . Fig. 9: Stokes stream function illus-

_ : : _ ; : 3 4 5 8 >.No. * *
explain the nonlinear correlation between the observed tidal prism and cross sectional trating the landward transport in the
, , L . X [ I surface layer and the seaward trans-
areas of the inlets for a wide spectrum of similar tidal basins. 0 0.020.050.10.150.20.250.3 0.4 0.5 port in the deep layer.
e 1 . : . e
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