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ABSTRACT 
During the Nor#egian Antarctic Research 

Expedition 1978-79, two experiments were carried 
out to measure flow around icebergs . Drogues 
were equipped with surface markers constructed 
t o drift with the flow at various levels down to 
260 m. They were tracked by a helicopter and a 
Motorola positioning system . As expected, the 
surface-layer (0 to 20 m) flow was wind-induced, 
but even a t great er dept hs a relative mot ion of a 
few cm/s between the wat er and the iceberg was 
measured . Such measurements are important for 
t he de t ermination of drag on icebergs, and for 
melting and erosion processes. 

1. INTRODUCTION 
Recently, interest in the behaviour of 

icebergs in the ocean has increased, not only 
because of the possibility of using them as a 
fresh-water source but also because of more 
general questions . These include the reaction of 
icebergs to wind and currents, and the influence 
of an iceberg on its environment: thus icebergs 
have been used to determine vertically-integrated 
currents in the upper ocean (Vinje 1980, Tchernia 
and Jeannin 1980), and they may supply the 
Sout hern Ocean with water rich in nutrients by 
causi ng upwelling (Neshyba 1977). 

In order to understand more fully the ice
berg-ocean interaction, experiments were con
ducted near Kapp Norvegia in the Weddell Sea, 
Antarctica, to measure the flow around icebergs. 

2. THE EXPERHlENTAL TECHNIQUES 
The relative flow around an iceberg was 

measured using drogues equipped with surface 
markers (Fig. 1). Each drogue consisted of a 
6 m2 reinforced pl astic sail maintained in a 
vertical position by means of a weighted rod 
and supported by a wooden mast. The sail was 
connect ed to a 1 m2 surface float by a thin 
dacron fishing line. The float was made 
of polys t yrene foam sandwiched between a 
cardboard support on which was painted a 
large number for visual identification . The 
lines connecting the sail and the surface float 
\;ere adj usted so that the flow could be measured 
at different depths. The drogues were deployed 
from the ship, and the positions of release rela
tive to the iceberg were determined using ship's 
radar . Simultaneous ly a helicopter \;as used to 
install t\;O transponders of a ~Iotorola posi tion-
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Fig.l. Sketch of drogue. 

ing system on the iceberg. The pOSitions of the 
transponders on the iceberg \;ere marked I and II 
(Figs. 2 and 3) . The subsequent positions of 
the drogues were then determined by a helicopter 
carrying a Motorola receiver. From the heli
copter, each drogue was identified by its number 
and the helicopter remained above the drogue 
until the signals giving the distance from both 
Motorola transponders were received. Thus two 
circles with known radii around positions I and 
11 could be drawn and the position of the drogue 
was at one of the two intersections. Which one 
was often obvious, but in some cases it was dif
ficult to decide. Therefore, during the experi
ment' a rough sketch was drawn by an observer in 
the helicopter . In this way the positions of 
the drogues were determined two to four times . 
It should be noted that a different technique 
(ship's radar) was used to determine the first 
position of the drogues . Since this technique 
is believed to be less accurate, the first 
velocity vector is probably less reliable than 
the rest. 
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Ca) Positions of drogues relative to the iceberg 
for experiment A. The length of the arrows 
indicates the speed. Three surface drogues which 
were deployed upwind from the iceberg remained 
in a cluster during the experiment and are 
therefore indicated by one arrow. At the same 
side, but closer to the iceberg, four drogues 
were deployed at 10, 3D, 80, and 130 m. At the 
north-east side of the iceberg, drogues at 0 and 
80 m are shown, and at the south-west side 
drogues were used at 0, 30, 80, and 260 m. The 
velocity vectors were determined by helicopter 
positioning of the drogues. 
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Cb) As (a), but with the rotation of the iceberg 
subtracted. It is assumed that the centre of 
rotation coincides with the geometric centre. 
Except for a constant vector representing the 
speed of the iceberg the velocities shown are 
absolute velocities. The orientation of the 
iceberg at the beginning of the experiment is 
indicated. 
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Fi g . 3 . As fi gure 2 , but for experiment B. 

abso lute ve loci t y of the i ceberg . 
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The arrow on th e centre of the i ceber g indi cates the 
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3. OBSERVATIONS 
3(a) . Relative velocities 

Two experiments were carried out, one on 
27 February 1979 (experiment A) and the other on 28 
February 1979 (experiment B) . The two icebergs 
were of similar size, 0 .4 and 0.7 km2, both 
rising close to 30 m above the sea surface and 
with an estimated draught of 260 m. Experiment A 
was designed to investigate the vertical struc
ture of the current near the iceberg . Drogues 
were submerged at depths of 0, 10, 30, 80, 130, 
and 260 m. The results are shown in Figure 2a. 
The wind direction at the beginning of the 
experiment is indicated by an arrow. Most sur
face drogues drifted in the direction of the wind 
at about 0 . 2 to 0.4 m/s o The same flow was 
observed at a depth of 10 m, but not at 30 m. 
This indicated that the surface friction layer 
was between 10 and 30 m deep. At depths of 80 m 
and lower the currents were weaker. The deep 
drogues at t he long side of the iceberg showed 
almost no relative motion and appeared to be 
caught in a wake . At the short sides of the ice
berg the deep relative current was of the order 
of 0 . 1 m/so 

In experiment B, the horizontal velocity 
distribution was studied. Based on the experi
ences of experiment A, it was decided to use 
surface drogues to represent the strong current 
in the upper 20 m and drogues at 80 m to 
represent the deep flow. The results are shown 
in Figure 3a. The surface current was approxi
mately in the direction of the wind . The wind 
turned from north to west during the experiment, 
and the corresponding turning of the surface 
current is clearly demonstrated in Figure 3. The 
drogues at 80 m indicated again that a consider
able mass of water was trapped in a wake at the 
sides of the iceberg. The deep flow at the short 
sides of the iceberg showed clockwise circulation 
relative to the iceberg. 

In experiment B a satellite-positioning 
system on the iceberg determined its absolute 
position . Six fixes were obtained during the 
experiment consistent with movement of the ice
berg to the south at a speed of about 5 cm/so 
This is indicated by an arrow at the centre of 
the iceberg in Figure 3. 

3(b) . Absolute velocities (rotation of the 
icebergs) 

Rotation of the icebergs was measured 
during the experiment described above. In experi
ment A the rotation rate was about 10 0 /h and in 
experiment B about 4°/h . Both bergs were rotat
ing counter-clockwise . Absolute velocities were 
obtained from the observed velocities by sub
tracting the velocities due to this rotation as 
well as the observed drift of the berg . Figures 
2b and 3b show the movement of the drogues after 
subtraction of t he rate of rotation . The posi
tions of the drogues are plotted relative to the 
orientation of the iceberg at the beginning of 
the experiment. A comparison of Figure 2a and b 
demonstrates that the deep-water drogues at the 
l ong sides of the iceberg followed the movement 
of the iceberg. The behaviour of the drogues at 
the short sides of the iceberg indicated that the 
deep water had an eastward motion relative to the 
iceberg . This may be accounted for by westward 
drift of the iceberg, consistent with wind obser
vations which showed south-easterly winds in the 
12 h-period before the experiment. 
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Figure 3a and b also indicates a wake at 
the sides of the iceberg . The movements of the 
80 m-level drogues at the s hort sides of the berg 
were clearly related to the iceberg since such 
large horizontal velocity shear is· not observed 
in the open ocean. 
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Fig .4 . Temperature, salinity, and density (Ot) 
curves near iceberg in experiment B. 

4. DISCUSSION 
It was observed that the relative velocities 

between the icebergs and the water, even in the 
sub-surface layer, were surprisingly strong . 
Experiment A revealed velocities of the order of 
0.1 m/s down to 260 m. 

The two deep drogues at the short sides of 
the iceberg in experiment B showed an interesting 
feature. One would expect the counter-clockwise 
rotation of the iceberg to induce a counter
clockwise circulation in the surrounding water 
through friction. This frictional influence would 
decrease with increasing distance from the ice
berg . Thus, the picture shown in Figure 3a seems 
plausible: the drogues show a clockwise circula
tion relative to the iceberg . However, in 
Figure 3b the rotation of the iceberg is sub
tracted and the deep water around the iceberg 
circulates clockwise. That is, during the 
period of observation the iceberg and the sur
rounding deep water rotated in opposite 
directions! Clearly, the simple frictional 
model mentioned above I,here a steady rate of 
rotation has been assumed needs some correction. 
There are at least two possible explanations. 
First, the observation period was not long 
enough to conclude that the berg was in steady 
rotation. Thus the observed clockwise deep-
water flow may be explained by a recent clock
wise rotation of the berg. Secondly, the 
observed motion was obviously related to the ice
berg, and if we assume that the observed counter
clockwise rotation was steady then we must seek 
an explanation of the phenomenon with the ice
berg as a driving force. The temperature, 
salinity, and density curves about I km from the 
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iceberg are shown in Figure 4. The temperature 
was about 0 . 4°C above the freezing point in the 
surface layer. Therefore some melting may have 
occurred giving a distribution of relatively 
fresh and light water near the iceberg. At 80 m 
depth, say, the pressure near the iceberg would 
then be lower than in the surrounding water, and 
the resulting horizontal pressure force would be 
driving water towards the iceberg in the lower 
layer . Under the influence of the Coriolis force 
this flow would be defl ected to the left and 
the ultimate steady-state balance gave a clock
wise circulation as observed. 
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