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Figure 1  The HN-North Sea model 

The crosses (+) denote grid points of the 

meteorological prediction model. 

The dots (•) represent points for comparisons 

with tide gauge data. 
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grated HN - model (hydrodynamical-numerical model) with a 

grid point distance of about 22 km (Fig. 1). It is formu- 

lated in spherical coordinates. In addition to an earlier 

version it now includes parts of the English Channel. On 

the open boundaries the M- - tide is prescribed. It is 

intended to use later on 10 tidal constituents, but until 

now the results of such tidal computations are not satis- 

fying since the boundary values are not known excactly 

enough. 

In order to correct for meteorologically induced varia- 

tions of water levels on the open boundaries a coarser 

model of parts of the North Atlantic is run parallel to 

our prediction model.   70* N A <(/ 

4) 2°*E 

30*W 

40*N. 

Figure 2 

The External Surge Model 
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The water levels of this model, driven by wind and atmos- 

pheric pressure alone, are taken along the open boundaries 

of the finer model and are added there to the M„-tide 

water levels. It is known that sometimes storm surges are 

significantly influenced by external surges, yielding con- 

tributions to the water levels in the German Bight up to 

the order of magnitude of one meter. 

The meteorological model is an 8-layer baroclinic model 

of the northern hemisphere with an horizontal resolution 

of 1.4-
0
 meridionally and 2.8° zonally, i.e. about 150 km 

in the North Sea area. The lowest computation layer for 

wind velocities lies at about 500m height. It predicts 

wind, pressure, temperature and humidity. Bottom friction 

is assumed to be different over land and sea areas. 

Figure 3a shows the bottom pressure over the northern 

hemisphere on the 2
nd
 of January at 12

00
 GMT (this infor- 

mation belongs to the set of initial values for the com- 

putation) and Fig. 3b gives the predicted field 24 hours 

later. The cyclone on the 10 meridian lies over the North 

Sea. 

On Figure 4 observations and forecasts of bottom pressure 

over western Europe are blown up. For a further comparison 

the predicted bottom pressure of the German Weather Ser- 

vice is added. Both models underestimate the pressure 

gradients. We will come back to this feature when discus- 

sing the predicted storm surge results. 

From the meteorological model the pressure is interpolated 

on the grid points of the North Sea model and then the 

wind stress is calculated. When using observed meteorolo- 

gical data for surge computations, the pressure informa- 

tion is taken from isobars of weather charts. The pressure 

gradients are determined as the slope of triangular planes 

between the isobars and thus can be used directly for 

stress computations in the North Sea model. 

So far we have studied only the already mentioned storm 

https://www.civilenghub.com/ASCE/128873565/Coastal-Engineering-1978?src=spdf
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Initial bottom pressure 
oor field, 2.Jan. 76, 12"
W
GMT 

24 hours forecast of the 

prediction system model 

Observation on 3- Jan. 

12
00
GMT (24 hours later) 

24 hours forecast of the 

German Weather Service 

Figure 4  Observed and predicted bottom pressure 

fields over western Europe 
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rd 
surge of the 3  of January in1976 with this system. This 

storm surge caused the highest water level, at least at 

Hamburg, which was ever observed. 

th 
Calculations of.a series of storm surges from the 19 

st 
through 21   of January, 1976 are under preparation. 

Results 

On figures 5a-g computed and observed residuals of water 

levels for different locations around the North Sea are 

compared. The residual is defined as the difference bet- 

ween water levels as observed or computed with wind, 

pressure and tides and those which were predicted for the 

tide or computed in the model for the Mp-tide alone. 

All plots show a much better correspondence between ob- 

served and hindcasted residuals than between observed and 

predicted ones. Prom the results at Dover one can deduce 

that it is necessary to extend the model into the English 

Channel. 

These first results, yielding the largest prediction errors 

in the German Bight, are of course not yet suitable to 

demonstrate the reliability of our prediction system. The 

discrepancies in the residual forecasts are the direct 

consequence of the discrepancies of the predicted geostro- 

phic winds, being too weak during the period of interest 

(Pig. 6). 

Both surge computations have been carried out with the same 

formulation of wind stresses. Since it is a commom feature 

of many atmospheric circulation models to underestimate 

geostrophic winds, a further surge simulation using the 

forecasted geostrophic wind and a drag coefficient, tuned 

at the maximum water levels, has been carried out. The 

results are looking better, at least up to the maximum 

water level, but since the predicted low did not decay 

quickly enough, the following water levels were overesti- 

mated. 
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Wether such a parameter fit is suitable for our prediction 

system or not, this can only be decided if we have com- 

puted enough events to make a statistical analysis. 

Beside this attempt, other improvements must be considered 

to get better meteorological input. For this purpose three 

projects are under investigation within the Model Group: 
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Figure 6 Comparison of observed and predicted 

geostrophic wind V 
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(a) to improve the meteorological forecast by means of a 

nested, meteorological model of the North Sea area, 

(b) to test wind stress calculations based on resistance 

law formulations for the boundary layer, 

(c) to separate the contributions of wind and wave set-up 

to the storm surge water levels. 

In any case it can be concluded that the meteorological 

data for the North Sea model must be known with high 

accuracy in order to get satisfying storm surge predic- 

tions within the shallow German Bight, which is very 

sensitive to the meteorological input in nature and in 

model simulations. 
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CHAPTER 57 

STORM SURGE PREDICTION IN TIDAL RIVERS: 

A NEW CONCEPTION 

by Winfried Siefert ' 

INTRODUCTION 

The heights of extreme storm surges in the North Sea rise 

up to U  or 5 m above mean high tide. Warning services are 

established along the coast, mainly based on empirical 

connections between weather and tide data. A lot of wrong 

announcements are given especially for places up the ti- 

dal rivers. This can become disasterous for a lot of mo- 

dern, highly sensitive harbour facilities. 

Thus storm surges are the famous plagues of the southern 

North Sea coast. Moreover, the "ten plagues of Germany" 

occurred during the last 16 years. 

So recently a new conception for storm surge prediction 

in tidal rivers was developed - with the result of a lot 

of new understandings of tidal dynamics in rivers (SIE- 

FERT, 1968). We investigated about 130 storm surges, 

hindcasting all of them and forecasting about 20 of them, 

and analysed their behaviour in tidal rivers. Now we are 

able to forecast the upstream heights and even the shape 

of the surge curve in the Elbe with an accuracy of 

± 2 dm, ' 6 hours in advance. In order to do this, informa- 

'Dr.-Ing., Hamburg Port and River Authority, Coastal 
Engineering Research Group "Neuwerk", 2190 Cuxhaven, 
F.R. Germany 
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