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Surface Drag Coefficient
Location Year Ice Surface Pgrametgr loag]t):;ldard I\II{:;nOf
(cm) ’ (cm) Mean Deviation )

Lake Saroma 1977 Flat Ice | 2% 1* 1.95 0.18 18
Saruru 1978 Hummocked Ice 30 22.1 2.72 0.55 48
Lake Notoro 1979 Very Flat Ice 0 0 1.55 0.18 61
Lake Saroma 1980 Surface Modified Ice 5 43| 224 0.19 10
* Estimated by eye.
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o First-Yearlce in Sea of Okhotsk by Shirasawa
¢ Multiyear Ice in the Arctic by Banke et al.(1980)
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Summary

Three different methods of wind stress measurements on -sea ice and drag coefficients
for various types of surface features are discussed in the following.

The wind stress, one of the principal driving forces in the movement of pack ice, was
measured over the snow-covered frozen surface of Lake Saroma on the Okhotsk Sea coast
of Holkaido in March, 1977, simultaneously using the following three methods (Fig. 1): 1)
drag-meter method: the wind force on an ice disk, 3.13 m in radius, floating in a circular
pool in the ice field, was measured by tensions of three steel wires which linked the central
point of the ice disk to three load cells fixed at three points outside the pool. 2) eddy cor-
relation method: the Reynolds stress, i.e. the time average of the products of the horizontal
and vertical fluctuations from the mean wind velocities, was measured by an ultrasonic three-
component anemometer, KAIJO-DENKI PAT-311, set at a height of 1.55m above the snow
surface near the pool. 3) velocity profile method : the Reynolds stress was calculated from the
wind profiles measured by cup anemometers at heights of 0.41, 1.21, 2.31 and 4.51 m above
the ice surface, which were in nearly neutral stratification.

There is an agreement between the values of Reynolds stress by the second method and
those of wind stress which were obtained by timely and spacely averaging the wind force
measured on the ice disk for about 30 minutes by the first method (Fig. 2).

Next, the von Kiarman constant was determined by using the wind profiles from the third
method and the values of Reynolds stress obtained by the second method, for the duration
of about 5 minutes. The mean value of von Kidrman constant of 0.42 and the standard devia-
tion of 0.02 were obtained from 18 runs.

The von Kirman constant was also determined by measurements over the artificially
modified snow-covered frozen surface of Lake Saroma in February, 1980 (Fig. 1). The modified
snow surface had the roughness of 0.15m in depth, 1.9 m in width and 100 m in length in
an area of 100 m X100 m (Figs. 5 and 6). The wind profiles were measured by cup anemo-
meters at heights of 0.47, 0.99, 1.99, 4.99, 6.99 and 10.39 m above the ice surface for the
duration of 5 to 10 minutes, in nearly neutral stratification The Reynolds stress was measured
by an ultrasonic anemometer, set at heights of 0.9 to 3.4m above the surface. The von
Kirman constant determined by using the wind profiles and the Reynolds stress was 0.42
with the standard deviation of 0.03, calculated from 10 runs.

The von Kidrmin constant was 0.42 for both the cases of the flat and rough surfaces.
Then. the values of Reynolds stress calculated from the wind profiles using this von Kérmén
constant of 0.42 agree fairly well with those obtained by the eddy correlation method within
the range of 10% error (Fig. 11).

On the premise that the wind stress is represented in terms of drag coefficient and wind
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speed, the drag coefficients on various surfaces of sea ice were discussed. It is disclosed that
drag coefficients are independent of wind speed. The mean values of drag coefficient at the
height of 10 m, 10°Cpy, were 1.95 with the standard deviation of 0.18 for the flat ice surface
of Lake Saroma in 1977 and 2.24 +0.19 for the modified ice surface of Lake Saroma in 1980
(Fig. 12 and Table 1).

Two additional values were calculated using the von Kdrmén constant of 0.42 and from
the wind profiles measured on a hummocked ice surface at Saruru in 1978 and on a very
flat ice surface of Lake Notoro in 1979 (Fig. 1). The obtained values are 10*Cpy=1.55+0.18
from 61 runs for the very flat ice surface and 10°Cp,=2.72+0.55 from 48 runs for the
hummocked ice surface (Figs. 12 and 15, and Table 1).

As it is known that drag coefficients are dependent on surface topography, the surface
elevation survey was also conducted during each experiment of 1978 at Saruru and 1980 at
Saroma. The mean elevation for the hummocked ice floe was 29 cm with the standard
deviation of 30 cm (Fig. 13) and for the modified ice surface it was 7 cm with the standard
deviation of 5cm (Fig. 6

Parameterization by a drag coefficient dependent on the standard deviation of the surface
elevation as a surface parameter was suggested on the first-year ice in a terrain with a surface
ranging from flat to hummocked in the Sea of Okhotsk (Table 1 and Fig. 16). The drag
coefficients for the model of ice dynamics in the Sea of Qkhotsk can be determined as 10*Cpy =
1.8 for a relatively flat ice surface and 2.5 for a hummocked ice surface.

The surface parameter {, introduced by Banke et al*®” for the surface of arctic sea ice,
was taken for comparing the surface roughness on the first-year ice in the Sea of Okhotsk
and that on the multiyear ice in the Arctic (Fig. 17). It appears that the sharp-edged hum-
mocked ice surface in the Sea of Okhotsk has higher drag coefficients than those of the
surface on the multiyear ice in the Arctic.



