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ABSTRACT: For 10 selected tide gauges at the German North Sea Coast, the time series of the mean 
high water (MHW) and mean low water (MLW) were analysed. Since about 1950, both levels deviate 
from earlier trends; MHW shows an accelerated rise, while MLW even fell after an earlier rise. 

INTRODUCTION 

In earlier investigations, the mean  secular rise of the sea level  at the German  North 
Sea coast was found to be be tween  20 and 30 cm/100 years (Schfitte, 1935; Liiders, 1936; 

Hensen,  1938; Rohde, 1977). It was in terpreted formerly as a sinking of the land due to 

set t lements and tectonic movements .  Repeated  geodet ic  surveys (Gronwald, 1960) have 

shown, however ,  that the observed rise of water  levels, could only be expla ined  by 

changes  of the water  level  itself as the primary cause. 
It had previously been  assumed that mean  high water  (MHW), mean  sea level  (MSL) 

and mean  low water  (MLW) had the same increase rate, but Liese (1978) found that the 

MLW was rising more slowly than the MHW. For the last decades  a clear anomaly was 
found, showing that the rate of increase for MHW was accompanied  by a decrease  of 

MLW (Fiihrb6ter, 1982; Siefert, 1982; Jensen,  1984; Fiihrb6ter & Jensen,  1985; Ffihrb6ter, 

1986). 

MATERIAL AND M E T H O D S 

Recently, 10 gauges  at the German  North Sea Coast were  selected for a detai led 

study of tidal water  levels  (Jensen, 1984; F/ihrb6ter & Jensen,  1985). 
The selection was based on the requi rement  that the t ime series of data should be as 

long as possible and free of significant man-made  effects, such as those caused, for 
example,  by dredging,  training works, etc. The gauges  selected are located both on 

islands and on the mainland (Fig. 1). 
The series of the annual  mean  high water  (MHW) of 10 gauges  is shown in Figure 2, 

of the mean  low water  levels (MLW) in Figure 3 and of the mean  tidal ranges  (MTR) in 

Figure 4, respectively. 

* Presented at the VI International Wadden Sea Symposium (Biologische Anstalt Helgoland, 
Wattenmeerstation Sylt, D-2282 List, FRG, 1---4 November 1988} 
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Fig, 1. Locat ion  m a p  of g a u g e s  s e l ec t ed  for the  s t u d y  of t idal  w a t e r  l eve l s  

R E S U L T S  

Generally, the following tendencies can be seen in Figures 2 to 4: 

(I) For the annual MHW was well as for the MLW, characteristic yearly fluctuations 

at all I0 stations exist. These fluctuations are mainly due to the mean meteorological 

conditions (barometric and wind effects), and appear simultaneously for MI-{W and MLW 

at all gauges. Note particularly the strong negative peak in 1947 which is known as a year 

with predominant high barometric pressures and prevailing easterly winds. 

(2) In order to eliminate local effects, such as errors of the reference levels, the time 

series of average values from the I0 gauges are shown in Figures 2 and 3. 

(3) Time averages of the mean residuals, like the 5-year running mean for MHW and 

MLW (Figs 2b and 3b), display in both cases long-period fluctuations. Up to about 1950, 

MHW and MLW rise uniformly. Since about 1950, however, the MHW increase has 

accelerated while the MLW has decreased. This is still evident from the 19-year running 

mean for MHW and MLW (Figs 2c and 3c). 
(4) The fluctuations in the annual mean tidal range MTR (Fig. 4), the differences 

between MHW and MLW, appear to be weaker because they involve both the time series 

with similar fluctuations of MHW and MLW (see Figs 2 and 3). As a consequence of the 

rising MHW and the falling MLW in the last decades, a strong rise in the MTR occurs for 

all I0 gauges. This is particularly evident in the longer-term averages in Figures 4b and 

4c. 
In the 5-year running mean the well known nodal tide with a period of 18.6 years is 
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Fig. 2. Time series of the MHW at the German North Sea coast for the 10 gauges studied. Time series 
of yearly mean high water, MHW (left). Average MHW for the 10 gauges (right). a: annual mean 
values; b: as (a) plus a 5-year running mean (e.g. 1985 = mean 1981 to 1985); c: as (a) plus a 19-year 

running mean (e.g. 1985 = mean 1967 to 1985) 

clearly present.  The 19-year running mean  el iminates this period and the changed  

secular t rend in MHW and MLW is clearly ev iden t  in the strong rise of the MTR after 1960 
(Fig. 4c). 

This MTR anomaly also occurs on the eas tern  part of the coast of the Nether lands  and 

on the southern Danish North Sea coast. Nei ther  meteorological  nor astronomical 

inf luences can be  made responsible for this phenomenon.  A possible explanat ion is a 
non-hnear  reflection of the tidal wave,  especial ly from the tidal fiats (Wadden Sea), in 

response to the rising global sea level. This hypothesis  will be  examined  by a numerical  

tidal model  of  the complete  North Sea with its special  boundary  conditions. 

It may be of interest  to observe the response of the Baltic Sea which, connected  with 
the northern North Sea by Skagerrak  and Kattegat,  acts like a moderate  tidal gauge.  In 

Figure 5, the sea level  t rend at the station Travemfinde  (see Fig. 1) is in genera l  

ag reemen t  with the mean  trend for the M H W  of all 10 gauges  at the North Sea (see 
Fig. 2), while the correlation to the MLW (see Fig. 3b) is weak,  as indicated by the 

correlation coefficients k = 0.84 for the MHW and k = 0.45 for the MLW (North Sea) (Figs 



328 Al f red  Ff ihrb6ter  

-- ris 51 , 

f ! 
A ~ A i ~  6 -  , f  

V V~" "~ge~ ,! 
y - ,  . 

%~ vl?v 

AI 

'198~ 

AI 
�9 r o s s  

J 
1850 1900 1950 2000 

YEAR 
DATA FROM JENSEN (1984) 

~-l~ocm MLW 11 YEAR) {-1961 

-180 ~ 
.21 r/] [ 'Y 

MLW(s YEARS) 
-1 I E I ~ I I , I ~ I 

-15! 

-190 ' 

-20 

NN-160c~- 
MLW m Y~RS 

i . l i 
-lm I T 

ill"~ L, , 
" 1850 1900 1950 2000 

YEAR 

Fig. 3. Time series of the MLW at the German North Sea coast for the I0 gauges studied. Time series 
of yearly mean low water, MLW (left). Average MLW for the 10 gauges (right). a: annual mean 
values; b: as (a) plus a 5-year running mean (e.g. 1985 = mean 1981 to 1985); c: as (a) plus a 19-year 

running mean (e.g. 1985 = mean 1967 to 1985) 

5b a n d  c). Thus,  M H W  of the Nor th  S e a  r e p r e s e n t s  the  m e a n  t rend  of t he  Bal t ic  Sea  be t t e r  
t h a n  c o m p u t e d  MSL wh ich  conta ins  the  M L W  wi th  its n o n - l i n e a r  c o m p o n e n t s  (see Fig. 3). 

T h e  rise in MSL is also conf i rmed  by  the  da ta  f rom the  U S A  At lant ic  coast .  T h e  da ta  

by  Barne t t  (1984) f rom 24 stat ions c o v e r i n g  abou t  50 years ,  f rom 1926 to 1975, ind ica te  an  

a v e r a g e  inc rease  ra te  of 33.7 _+ 7.2 c m / l O 0  years .  For  the  s a m e  t ime  pe r iod ,  the  M H W  
from the  10 g a u g e s  on the  G e r m a n  Nor th  Sea  coas t  (accord ing  to Fig. 2a) g ives  32.5 ___ 

9.5 cm/100  years ,  w h i c h  is in good  a g r e e m e n t  wi th  t he  US da ta  f rom F i g u r e  6. 

Here ,  also, the  ques t ion  has  to b e  p o s e d  r e g a r d i n g  a fu ture  sea  l e v e l  r ise  d u e  to 
c l ima te  c h a n g e s  ( inc lud ing  h u m a n  impacts) .  As  d i scussed  by Barne t t  (1984) the  def in i t ion  

of a g loba l  r ise of a "Wor ld  O c e a n "  is v e r y  difficult.  H e  e v a l u a t e d  f rom a s e l e c t e d  n u m b e r  

of s ta t ions a round  the  earth,  w i th in  a set  of restr ict ions,  a m e a n  sea  l eve l  r i s e  of 14.3 ___ 

1.4 cm/100  years  for t he  pe r iod  of 100 yea r s  f rom 1881 to 1980 and  of 22.2 _ 2.3 cm/100  

yea r s  for the  pe r iod  f rom 1930 to 1980 (51 years).  His  es t imat ion  is tha t  a t e n d e n c y  for 
acce l e r a t i on  as low as I0  % could  be  d e t e c t a b l e  f rom m e a s u r e m e n t s  of o n l y  o n e  m o r e  

decade .  
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Fig. 4. Time series of the MTR at the German North Sea coast for the 10 gauges studied. Time series 
of yearly mean tidal range, MTR (left). Average MTR for the 10 gauges (right). a: annual mean 
values; b: as (a) plus a 5-year running mean (e.g. 1985 = mean 1981 to 1985); c: as (a) plus a 19-year 

running mean (e.g. 1985 = mean 1967 to 1985) 

E v a l u a t e d  (after the  m e t h o d  of leas t  squares} f rom the  M H W  da ta  of the  10 s tat ions at 
the  Nor th  Sea,  a c c o r d i n g  to F igure  2, the  resul ts  are:  

100 yea r s  f rom 1886 to 1 9 8 5 : 2 5 . 4  4- 4.0 cm/100  yea r s  

50 yea r s  f rom 1936 to 1 9 8 5 : 3 0 . 4  4- 6.4 cm/100  yea r s  

25 yea r s  f rom 1961 to 1 9 8 5 : 4 3 . 8  4- 14.8 cm/100  yea r s  

It mus t  be  s t rongly  e m p h a s i z e d  that  t he  n u m b e r s  d e r i v e d  f rom 50- a n d  25-yea r  ser ies  

a re  only  inc rease  ra tes  and  not  p rognoses .  Also, t he  ea r l i e r  m e n t i o n e d  n o n - h n e a r  
re f lec t ion  b e h a v i o u r  m u s t  be  d i scussed  wi th  its a p p a r e n t  ampl i fy ing  effect .  H o w e v e r ,  

cons ide r ing  all the  factors  w h i c h  i n f luence  the  short-  and  l o n g - p e r i o d  f luc tua t ions  of the  

t ime  ser ies  for M H W  (see Fig. 2), the  l i k e h h o o d  of a t e n d e n c y  towards  an  acce l e r a t i on  in 
the  r ise  of the  s ea  l eve l  is p resent .  
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DISCUSSION 

The extremely important  consequences  for the future will not be t reated here (see 
Bruun, 1962}, but  the results presented are already significant for the present.  Since in the 
last 25 years the mean  high water  levels (MHW) have risen more than 1 dm, accom- 
panied  by a fall in the MLW, the mean  tidal range  has increased by 1.5 dm or more, and 
the consequences  for coastal defence works and  waterways are already be i ng  felt. The 
consequences  for the Wadden  Sea are, a higher wave energy supply to the tidal flats, 
higher velocities in the tidal channels  due to increasing tidal volumes, and consequent ia l  
acceleration of erosion processes. For the gauge at List/Sylt, Pigure 7 shows the develop- 
ment  of duration (Pfihrb6ter, 1979} of water levels higher than NN + 200 cm. The long 
durations after 1960 are also partly a product of increased storm surge activities during 
the last decades, an aspect which can only be touched on here (Ptihrb6ter, 1976). 
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Fig. 6. MSL at the US Atlantic coast. Sea level rise at 24 stations {Data after Barnett, 1984} 
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Fig. 7. Increase of water levels higher than NN + 200 cm at List (Sylt) 

Be ing  a v e r y  sha l l ow  sea, the  Nor th  Sea  m i g h t  be  r e g a r d e d  as a sens i t ive  m e a s u r i n g  

d e v i c e  for g loba l  c h a n g e s  in c h m a t e  and  w a t e r  leve ls ;  therefore ,  the  d e v e l o p m e n t s  at this 

si te shou ld  be  o b s e r v e d  ve ry  careful ly.  
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