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Summary

Observations have been made, of drift of sea ice off the Okhotsk sea coast of Hokkaido,
using a sea ice radar system at the Sea Ice Research Laboratory. In general ice motion is
so complicated in a small-time scale ‘that simple relations between ice velocity and wind velocity
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or current velocity have not yet been obtained. However, it was found by Ono* that some-
times such a simple nonsteady motion as a inertial periodic motion exists in the motion of
drifting sea ice. The purpose of this paper is to derive a simple model to describe the non-
steady ice motion.

Consider only the case in which the sea surface is covered with ice and ice motion is
homogeneous in the horizontal plane (zy plane). Then the equation of sea ice motion is

ﬂ _ Tax Twz

dr "'f'l)+#:c+ Plhl + pl}ll (1)
dv _ _ Tay_ | Ty

dt — Sutpt p1h p1hs

where (u,v) is the ice velocity, (fv, —fu) is the Coriolis force per unit mass, (taz 7ay) is the
wind stress at the air-ice interface, (rws, Twy) is the water stress at the water-ice interface,
(#tzs pty) is the sum of the pressure gradient force due to tilting of the sea surface and the
tidal force per unit mass, p; is the ice density, and A, is the ice thickness.

The equation of sea water motion is

U _ L afu
G SVt o e )
ﬂ— _fU+ L aT”/ ( )
at - By oy "oz

where (U, V) is the sea water velocity, and pw is the sea water density.
If (U, V1) is the water velocity at the depth free from the influence of wind driven ice
motion, the equation of the sea water motion at the depth is

dUg

. =SVt "
e = Uit

When (4) is subtracted from (1) and (2), we obtain

du’ . , Tax Twe

T_fv-i-pxh; o 5
dv’ - —fu/ Tay Twy

dz pihy o1hi

au, _ 72 L aTZI

ot - fV + Pw 0z (6 )
V4,1 Oy

ot - fU + Ow 0z

where (&', v )=(u—Urv—Vz), and (U, V)=(U-U,, V-V.). These velocities can be con-
sidered as the wind driven component of the ice velocity and the sea water velocity respectively.

To obtain the simple equation so that the wind driven component of the ice velocity is
determined the characteristic velocity (U;, V%) and the characteristic thickness A, are introduced,
which satisfy the equation

Uk, = SU’dz, Vihy = SV’dz (7)
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where the integral is carried from the ice-water interface to the arbitrary depth where (U, V)
vanishes. Using the characteristic velocity, the water stress is assumed to be

Twz = "Pwa(u’_Ug): Twy = _pwa(v,_Vé) (9)

where § is the coefficient of ice-water interaction.
After all, by summarizing (5), (6), (7) and (9), we obtain

du’

_ /_l r_ Iy Taz
e =T WUy
dv’ _ ¢ 0 0 ey Tay
de = '_'fu h(v s)+ Plhl L
dU; [ (10)
- = fVi- - U—w)
dVé 7 5 /4 7
dr = ’“st'—'};(Vs“'v)

as the simple model to describe the nonsteady wind driven ice motion.

Figure 5 shows solutions in a nondimensional velocity space, which was obtained under
the initial condition that z'=v"=U;=V;=0 when the wind stress is constant. The solutions
are characterized by two nondimensional parameter ¢ and &, which are defined by § and A, as

_8 0 _ 8
SR T fhy T fh,

The circle shown in Fig. 5 is the inertial circle whose radius R is in this case

_ _Ta &2
R = oihiF e (25)

which represents the magnitude of the inertial oscillation. The distance from the origin to

the center of the inertial circle is

V. = Ta 1+€%
T ot fY 14ét

which represents the mean velocity of the wind driven ice motion.

(@7)

The unknown parameter 6 and A; should be determined experimentally through actual
motion of drifting ice. If R and V, are measured from the inertial periodic motion, A; and
d can be evaluated by (25) and (27). The results on drifting ice off Mombetsu, which is
about 2m in thickness, are shown in Figs. 8 and 9. The values of A; are 10~20 m.



