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Introduction - elastic beam approach 
The influence of ocean tides on an ice shelf was first described by Robin (1958). He observed 
the vertical movement of the Maudheimisen (today: Quarisen) during the Norwegian-British-
Swedish Antarctic expedition from 1949 to 1952. A simplified model for the description of 
the tidal influenced behaviour of ice shelves was introduced in Glaciology through 
Holdsworth (1969, 1977). His approach was based on the work from Hetényi (1946). This 
standard elastic beam approach deals with small displacements of a thin elastic beam (s. fig. 
1). The acting forces are caused from ocean tides. The input data for this model are mean ice 
thickness h, tidal signal for one site wa and the assumption of a fixed grounding line (hinge 
line). A detailed application of this approach is published in Holdsworth (1974) for Erebus 
glacier tongue. 
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Figure  1: Holdsworth model (1969) for a glacier tongue derived from Hetényi (1946)
he bending for every position w(x) can be formulated as: 

 

 
with: E Young�s modulus 

β damping factor 
υ Poisson�s ratio 
ρw density of water 
g gravity acceleration.

aughan (1995) compiled different studies with results for Young�s modulus. The published 
andwidth showed values from 1 to 10 GPa. He examined further the relation between β and 
he effective ice thickness and reanalyzed these studies with the result of a mean Young�s 
odulus of 0.88 GPa.  

mproved mechanical model 
ield observations have shown that the influence of ocean tides do not end at the grounding 

ine, rather vertical movement can be observed 2km behind the grounding line on grounded 
ce (Vaughan 1994, Riedel et al. 1999). Therefore it is necessary to develop a model that can 
escribe the complete elastic behaviour of ice shelves caused from the ocean tides. The 
bjectives for the development of such a model being the incorporation of all geometrical 
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information to describe the object, to get a best fit between observed and modelled deflections 
and to derive a value for the Young�s modulus without an assumption for an effective ice 
thickness. 
 
A two dimensional finite-element model (s. fig. 2) was developed with a description for the 
ice body through iso-parametric four sided elements with a mesh width of 220m*500m 
(Riedel 2002). As input data for the finite element mesh, served discrete values for the ice 
thickness and the surface topography from field observations (s. fig. 4). The vector of forces 
is replaced through the vector of displacements (the observed tidal signals, s. fig. 5). The 
boundary conditions are a fixed model rim at the limit of tidal influence on grounded ice (A1 
in figure 2), a kind of till layer that allows ice - bedrock interaction in form of a flexible zone 
with a different feather stiffness in relation to the feather stiffness for the ice shelf swimming 
on the ocean.  
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Figure  2: Two dimensional finite element model for Ekstroemisen grounding zone. 
 
For the different model runs only a subset of the vertical displacements of the different sites 
was used, i.e. the vector of displacements consisted of the tidal signal for one site on 
grounded ice and one position on the ice shelf. The displacements for the other sites were 
calculated and compared with the observations. To get a best fit between model and 
observation the value for the Young�s modulus was adapted. 
 
 
Results - model comparison with field data 
During the Polarstern expedition ANT XIV/3 in the austral summer 1997 a combined 
geophysical and geodetic field program was carried out in the vicinity of the Ekstroemisen 
grounding line. The work was done in close collaboration with the AWI geophysics and is 
published in Nixdorf et al. (1998a, 1998b), Riedel and Vogel (1998). The position of the 
grounding line was well known from former expeditions and investigations (Karsten and 
Ritter 1990, Mayer 1996). An overview of the investigated area and the distribution of 
observation and model sites is given in figure 3. 
 
The main objectives of this field study were to determine exactly the position of the 
grounding line, to derive the geometry of the ice body out of terrestrial, seismic and GPS 
observations. A further objective was the study of the influence and the range of ocean tides 
onto the ice body with continuous observation methods, like GPS, gravity and tiltmeter 
surveys. 
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Figure 3: Map of Ekstroemisen grounding zone with observation sites. 
he geometrical observations served as input data for the two dimensional finite element 
odel. The combined three dimensional ice surface topography with the georeferenced ice 

hickness model describes exactly the geometry of the ice body. A vertical cross section 
hrough this model, see figure 4, served as the geometrical model for the finite element mesh. 
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Figure  4: Three dimensional geometrical model for the surface topography and the ice thickness for the 
Ekstroemisen grounding zone. The grey vertical cross section describes the geometrical input data set for 
the finite element mesh.
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The build up of the vertical displacement vector for the mechanical model was difficult, 
because the observations in the field were not recorded simultaneously on all sites and the 
data sets for the time series analyses were short and interrupted (Riedel and Heinert 1998, 
Riedel et al. 1999). Therefore not the original observations were used, but the signals of 
synthetic waves were introduced in the model calculations (Riedel 2002). These synthetic 
waves were composed from Fast Fourier Transformations and optimised amplitude 
estimations, see figure 5, which shows the range of ocean tides on grounded ice over a 
distance of 2km. The semi diurnal amplitudes (S2,M2) of the synthetic waves reach values up 
to 7mm for the position km2. 
 

If the standard elastic beam approach is compared with the two dimensional finite element 
model, one will get as a result for the Young�s modulus 0.9 GPa instead of 2.7 GPa with the 
elastic beam approach for the Ekstroemisen grounding zone.  
A further comparison between the synthetic signals and modelled signals shows at the 
different sites, which were not included in the displacement vector that this new mechanical 
model describes very well the tidal deflection for the grounded ice body. The differences for 
the vertical displacement between the finite element model and the observations are less than 
6mm.  
The differences in the vertical deflections at the different sites for the ice shelf area are less 
than 4.5 cm for the finite element approach and less than 6cm for the bending of the elastic 
beam approach. 
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Figure  5: The synthetic signals for the different observation sites, derived from short time tidal analyses. 

-2 

-1 

0 

1 

2 

3 

4 

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
day of year 1997

di
st

an
ce

 fr
om

 g
ro

un
di

ng
 li

ne
 [k

m
]

 

am
plitude [m

]

-2 

0 

2 

4 

6 

8 



FRISP Report No. 14 (2003) 

 

5

Karsten, A. und B. Ritter (1990): Trigonometrisches Nivellement 1987 auf dem Ekström-Schelfeis. In Miller 
und Oerter (Hrsg.): Die Expedition ANTARKTIS-V mit FS Polarstern 1986/87 - Bericht von den 
Fahrtabschnitten ANT-V/4-5. Berichte zur Polarforschung Nr. 57, S. 76-81, Bremerhaven. 

Mayer, C. (1996): Numerische Modellierung der Übergangszone zwischen Eisschild und Schelfeis. Berichte zur 
Polarforschung Nr. 214, Bremerhaven. 

Nixdorf, U., A. Lambrecht und D. Steinhage (1998a): Geopysical-glaciological studies in the grounding zone 
area of the Ekström Ice Shelf (EIS). In Oerter, H. (Hrsg.), Filchner-Ronne Ice Shelf Programme 
(FRISP), Report No. 11, S. 51-54, Alfred-Wegener-Institut für Polar- und Meeresforschung, 
Bremerhaven. 

Nixdorf, U., B. Kulessa, A. Lambrecht, M. Nolting, B. Riedel, G. Stoof, D. Vogel und J. Wehrbach (1998b): 
Geophysikalische Messungen im Aufsetzgebiet des Ekström-Schelfeises. In Jokat, W. und H. Oerter 
(Hrsg.): Die Expedition ANTARKTIS-XIV mit FS Polarstern 1997- Bericht vom Fahrtabschnitt ANT-
XIV/3.} Berichte zur Polarforschung Nr. 267, S. 114-124, Bremerhaven. 

Riedel, B. und D. Vogel (1998): Geodätische Messungen an der Grounding Line des Ekström-Schelfeises. In 
Jokat, W. und H. Oerter (Hrsg.): Die Expedition ANTARKTIS-XIV mit FS Polarstern 1997 - Bericht 
vom Fahrtabschnitt ANT-XIV/3.} Berichte zur Polarforschung Nr. 267, S. 125-131, Bremerhaven. 

Riedel, B. und M. Heinert (1998): First results of GPS array observations in the grounding zone of Ekstroem Ice 
Shelf. Report No. 12, Filchner- Ronne- Ice Shelf Programme, Alfred-Wegener-Institut für Polar und 
Meeresforschung, Bremerhaven, 1998. 

Riedel, B., U. Nixdorf, M. Heinert, A. Eckstaller und C. Mayer (1999):  The response of the Ekstroemisen 
(Antarctica) grounding zone to tidal forcing. Annals of Glaciology, 29:239-242. 

Riedel, B. (2002): Modelle zur Beschreibung des gezeitenbedingten Bewegungsverhaltens von Schelfeisen in 
der Übergangszone, Ph.D. thesis, Geodätische Schriftenreihe der TU Braunschweig, Heft 17. 

Robin, G. de Q. (1958): Glaciology III. Seismic shooting and related investigations. Norwegian-British-Swedish 
Antarctic Expedition, 1949-52, Scientific Results, Vol. V. Norsk Polarinstitutt, Norway. 

Vaughan, D.,G. (1994): Investigating tidal flexure on an ice shelf using kinematic GPS. Annals of Glaciology, 
20:372-376. 

Vaughan, D.,G. (1995): Tidal flexure of ice shelf margins. Journal of Geophysical Research. 100(B4):6213-
6224.


	The elastic behaviour of Ekstroemisen grounding zone
	Björn Riedel
	Introduction - elastic beam approach
	Improved mechanical model
	References



