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Abstract 

Stability studies of natural tidal basin system demand a regime-oriented 
analysis and a characteristic quantification of the morphological values. 
Hence it was necessary to create relative form parameterization dependent 
on the location by means of a two-dimensional  system of natural coordinates 
(z =elevation, s = gully length coordinate). 

The underlying logic for the determination of the equilibrium of the tidal 
basins and tidal flats is as follows: 
When the continuity equation for non-steady flow at any cross-section 
(s; , Zj.) of a tidal basin, within the mean tidal range is applied, a 
dimensionless relationship between horizontal and vertical cross-sections 
(A and P) and tide-generated mean velocities of current (±u) and tidal rise 
and fall (+ v) can be derived with an accuracy of more than 90 %: 

u ~ A 
v " F 

The analysis of the term on the right-hand side of this equation showed a 
characteristic vertical distribution of the relationship for all investigated 
tidal basins of the German Bight and look rather similar. The reference 
values of the corresponding relationships depend on the area of the tidal 
basin (E) at MHW and the mean tidal range (H). 

The influence of the horizontal extent has been elaborated by varying the 
line of intersection systematically along the gully-length-coordinate (s). 
In addition it was possible to point out the differences between the charac- 
teristics of stable and (well-known) non-stable conditions by means of a 
two-dimensional analysis of the dammed-off tidal river EIDER/German Bight. 

The relations derived may prove to be useful in the planning of future 
constructions and even in understanding and influencing the disadvantageous 
changes in running systems. 
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Introduction 

Stability conditions of tidal basins and tidal flats have been mainly 

observed from natural systems of minimum morphological change. Some well- 

known basic relationships between morphological and hydrological components 

have been empirically derived by making wider comparisons of similar systems.. 

As a fundamental result several investigations have pointed out the most 

important equilibrium relationships between the cross-sectional area of a 

tidal basin inlet and the associated tidal prism or the area of the tidal 

basin (see Ref.). 

However, the entrance is only one particular part of a tidal basin or estuary. 

Cross-sections and tidal prisms schow a characteristic variation during tidal 

rise and fall (z) and along the gully axis (s). As a consequence, and in 

addition to earlier stability investigations, the local distribution and the 

relationship between horizontal (s) and vertical (z) components of the system 

have to be taken into account. 

The present paper concerns a two-dimensional analysis which has been elab- 

orated in order to obtain basic informations about the forecasting-modelling 

of morphological change, i.e. the proof of stability and the calculation of 

sand balances. 

Because of the complicated interactions within these "tidal basins with 

movable bed" attention is focussed on the following three aspects which in 

author's view are the most instructive with the knowledge that is available 

to us at the moment: 

1. The method of analysis 

2. The comparison of the derived form parameters due to stability 

conditions 

3. The proof of instability and time-dependent change of the 

representative form parameters by means of the regime of the 

EIDER, a tidal river in the inner German Bight. 

It is hoped that the relations derived may prove to be usefull in the planning 

of future constructions and even in unterstandlng and influencing the disad- 

vantageous changes in running systems. 

Basic assumptions and analysis 

In contrast to the results of former investigations carried out by various 

authors, this investigation had to elaborate a two-dimensional approach to 

quantifying the tidal-hydrodynamic and morphological characteristics of the 

system as a whole. Therefore natural coordinates were assumed within the 

area of the tidal basin both vertically (z = elevation) and horizontally 

(s = gully length coordinate). 
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The horizontal and vertical cross-sections (A and F) were measured and calcu- 

lated from the maps at a scale of 1 : 10 000. They were mainly analized with- 

in the mean tidal range for the 6 different tidal basins at the seaward 

boundary at the bar with the help of computers (Pig.3). It must emphatically 

be pointed out that a comparision of tidal basins as a whole can only be 

successful if they are taken as a physiographic unit within the seaward 

boundary at the bar!  RENGER, (5,7) 

The physical behaviour of the tidal wave within the basin may be easily de- 

scribed by the continuity equation for non-steady flow. 

u A • dh 
dt (1) 

On the right-hand side of Pig. 1 there is a schematical cross-section over a 

plan view. 

In this elementary tidal basin (section) 

- the inflow volume (Q • dt) equals the increase of the tidal volume (A • dh) 

and 

- the flow (Q) equals the term (P • u). 

- The mean velocity of tidal rise and fall (dh/dt) is substituted by (v) - as 

seen on the left hand side of Pig. 1. 

When these basic equations are combined the mean current velocity (u) in the 

cross-section (P) is derived within a good accuracy as 

(2) u = * • v 
P 

When this equation is transformed into a dimensionless expression, the hydro- 

dynamical components are separated from the morphological ones (Pig. 2) 

A . A (3) 

P 

u 
^morphological 

Lhydrological 

As the values depend exactly on three variables of space and time f (z,s,t) 

a restriction on two variables of space is very useful in this first approach. 

Thus the term on the right-hand side of this equation was preferred for 

analysis. In addition the morphological system shows an integrating character 

from the morphogenetic point of view because of its much greater inertia of 

change. 
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One-dimensional comparison of tidal basins as a unit (E„ ) 

The vertical distribution of the corresponding relationships (A/F) are shown 

in Pig. 1. 

As a first result it can be pointed out that 

- the curves show a characteristic distribution in the vertical and look rather 

similar, 

- the (A/F) varies from about 2,500 at MLW up to 7,000 and more at MHW, and thst 

- there is an optimum near MHW, which has to be pointed out for future analysis. 

In order to make the systems comparable the distribution functions were made 

uniform in both variables. Therefore the vertical component (z) was shifted 

to MLW (z') and related to the mean tidal range (H), with ( f = z'/H).  (M) 

The abscissa (A/F = !f   ) was related to the optimum value of (X ), with 

¥*=   [(A/F)/(A/F)R]  . (5) 

This dimensionless relationship 

r*=  f (f) (6) 
is used as a basic relationship for every further comparison (see Fig. 5). 

The following 4 parameters are of main interest for the stability analysis: 

- the vertical distribution curve ( Jf (f )) 

- the range of the ( fK     ) 

- the range of the corresponding (AR) ( meaning a "measuring area" 

for modelling purposes) 

- the mean tidal range (H) 

As a first result of this investigation about morphological similarity it was 

posible to work out some significant attributes: 

- The vertical distribution-curve (Jf*(Y>) shows a rather uniform 

characteristic, 

- The ( yR ) (at the optimum) was found to have an average value of 

about 5,200 for the inner German Bight with a mean tidal range of 

about 3 m (cf. table on Fig. 5 and upper graph of Fig. 10). 

- One investigated tidal basin of an area with a smaller mean tidal 

range of about 2,2 m (Borndiep, The Netherlands) showed a greater 

fn  -value. 

- The A„-value was found mearly to be almost equal with the area of the 

tidal basin (E) at MHW-level. 
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Two-dimensional comparison of tidal basins within the physiographioal unit (E„) 

In order to ascertain the horizontal variation of .the relationships within 

the tidal basins, the sections were iteratively varied along the gully axis 

(see Pig. 6); in other words: 

the A(z) becomes an increasing variable due to the gully-length coordinate (s) 

(Ref. 7). Precisely the procedure of analysis was carried out at every section 

as explained before. 

The vertical variation (fit))  due to the gully length (s) of three investi- 

gates tidal basins of very different size and type is shown in the next three 

graphs (Pigs. 7,8,9). 

Pig. Tidal basin Area at MHW (EQ) Mean tidal range (H) 

7 

8 

9 

SUderhever, 1966 

Born^diep (ND1967 

Jade-Estuary 1960/70 

11)2 km2 

320 km2 

416 km2 

3,0 m 

2.2 m 

3.3 m 

One most important result is that in every example the set of curves look 

rather similar and the curves always coincide very well. 

The horizontal variation of the morphological characteristics only shows 

differences in the jj-value. The dimensionless reference parameter seems to 

depend mainly on the mean tidal range (Pig. 10). On the one hand it is 

dependent on the order of the tidal range in general and on the other hand 

it seems to increase due to the decreasing tidal range along the gully length 

coordinate from land to sea. 

The proof of instability 

Referring to the last graphs on Fig. 10 we find some irregularities and 

deviations which may be of different origins, such as: 

- methodical errors or mistakes 

- influence of simplification (2 variables of space) 

- individual attributes of the system that are not covered by the approach 

- or even a certain degree of instability. 
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However, this is an open question at the present, and the deviations must 

be analized systematically by future investigations. 

For these reasons we have to appreciate all the more the measurements of a 

tidal regime in the nature of which the non stability is well-known from its 

time-dependent change in the past towards an equilibrium state. The change 

of the characteristic form parameters are to be proved by the tidal river 

EIDER in the inner German Bight, which was dammed off at km 78 in 1936 (note 

the black part on Fig. 11.) 

To get some idea about the change of the regime during the following 30 years 

the very heavy accumulation of about 50 Mio m' of silt has been observed out- 
p 

side the barrage over an area of about 25 km and 30 km length. 

In the lower part of the graph 3 time-stages of the investigated change of 

the regime are shown schematically (1935, 1936 and 1967). As an example the 

three time-stages are pointed out for the selected profiles nos. 78 and 115 at 

km 10 and km 20 in front of the barrage which are to be discussed subsequently 

in the next two graphs (Figs. 12 and 13). 

The related (A/F)-distribution y*( f) is mearly the same just before and 

just after the damming off in 1935 and 1936 as can be shown on both profiles. 

But in contrast, the  J° ( *f )-curve of the situation 31 years later in 1967 

after the heavy accumulation mentioned above is not quite similar. 

The corresponding fK -distribution due to the length-coordinate (s) is given 

in the next graph (Fig. It). It is surprising to find that the X -values of 

the non-influenced tidal river EIDER as a constant almost exactly the same 

as the average value of about 5,200 that was analized from tidal basins, 

although the y"( f )-curve was very different. 

At the second time-stage just after the damming-off the reference values were 

found to be drastically diminished, as can be seen from the dotted line near 

the abscissa. Within the next 31 years the values had increased slowly 

towards the original level of 5,200 due to the accumulation of silt that had 

taken place. 

At the moment we are not quite sure about the degree of non-stability 

(instability) because the type of the tidal basin has changed too much. But 

for other reasons a certain accumulation in consequence of the damming-off 

is still to be expected. 
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Conclusions 

Morphological change of tidal regimes is, to be precise, dependent on four 

variables: 

- 3 variables of space and 

- 1 variable of time 

In addition complicated boundary conditions of the regime have to be covered. 

As a consequence a certain simplification due to the approach and a certain 

selection of parameters as well as a drastic data reduction is necessary and 

even possible. 

In order to apply the method, morphological data (maps) in particular, as 

well as mean tidal conditions, must be known. The extensive quantity of data 

can only be handled with the help of computers, as has been pointed out in 

earlier publications. 

Because of open boundary conditions in tidal flats, stability criteria must 

specified by further systematic investigations, and with reference to the 

boundary conditions. The universal application of these investigations to other 

tidal basin systems may result in similar equilibrium characteristics. 

At the momant there are only a few results, and these have only exemplary 

significance. But these first results promise to be a good tool in stability 

analysis and forecasting modelling of tidal flats and tidal basins due to 

man-made influences on the regime. 
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