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GEOPHYSICS

E. N. MIKHAILOVA, A. 1. FEI’ ZENBAUM, N. B. SHAPIRO

ON THE CALCULATION OF ICE DRIFT AND
CURRENTS IN THE ARCTIC BASIN

(Presented by Academician L. 1. Sedov, 15 XI 1966)

Let us consider the stationary problem of determining ice drift, current velocity,
temperature, and salinity of the water in the Arctic basin. The ice cover, with
possible compressions and rarefactions taken into account, will be represented
as a continuous medium that behaves as a solid body in the vertical direction
and as a fluid in the horizontal directions (*~©).

The initial system of equations and boundary conditions is as follows:
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poSy + phvy, = Q; (18)

A - (19)
In (1)—(19), u, v, w are the components of the current velocity along the Carte-
sian coordinate axes X,Y,Z; T,,T, and R, R, are the components of the
tangential stresses on the upper and lower surfaces of the ice; p is pressure; p is
density; 7 is temperature; s is salinity; J is the coefficient of compressibility; g is
the acceleration due to gravity; €2 is the Coriolis parameter; A is the kinematic
coeflicient of vertical exchange of momentum; »_ and %, are the coefficients of
turbulent diffusion; h is the ice thickness; H is the depth of the basin; z = ( is
the equation of the lower surface of the ice*; n is the direction of the normal to
the contour of the basin L, bounding the area o; S,, S, are the components of
the total transport:

H H
S, :/ udz, S, :/ vdz; (20)
< ¢

the subscripts 1 and a refer to ice and atmosphere; p, is the mean density of sea
water.

The quantities a, b, f, ) must be chosen so that the condition of stationarity of
the problem is not violated: there must be no accumulation of heat, salt, or
water mass in the basin.

Condition (18) is formulated, as in the case of an ice-free sea (7), on a contour
some distance from the coast. On the part of the contour where the normal
meets the shore, @ = 0 is assumed. On liquid boundaries the quantity @ is
in most cases taken equal to the water discharge, since the first term in the
left-hand side of (18) is usually considerably larger than the second.

The right-hand sides in (9) are taken to be independent of z. Taking into
account that the velocity of the geostrophic wind is approximately 100 times
greater than the ice-drift velocity, from (9), (10), (11) we obtain with sufficient

accuracy
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From (2), (13), (15) we obtain
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where the conditions (13) have been approximately referred to z = 0; the quanti-
ties with asterisks are due to the inhomogeneity of the water and the nonlinearity
of equations (2) (7, 8).

* The Z-axis is directed vertically downward. The origin of coordinates is chosen
so that condition (5) is satisfied.

Substituting (22) into (20) and taking the lower limit of integration in (20) equal
to zero, we obtain, with sufficient accuracy,

S, =-nR, —mR, +99( [0z + \d(' [0y + S5, (23)
S,=mR, —nR,—\o¢ [0x +90( [0y + ;.
Equation (6) makes it possible to introduce the function ¢ (z,y):
PoSy + pihu, = —0¢ /0y, PoSy + pihvy = 0 /0. (24)

From conditions (12), referred approximately to z = 0 (index 0), and (22), we
obtain
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Substitute (25) into (1) and solve the resulting system of equations with respect
to Ry, Ry
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We now substitute (26) into (23), (25), and then the result into (24). We obtain
ao¢’ a¢’ 10y
AR S T D
013x+028y b@y+ IRt

(29)
o L o¢ _ 1y .
cre te oy box MEEREEE

where

c; = (po¥ + ph©q) /b — (ph Ny + pen)ph [(QAg — g) (1 + Qph M)+
+ Q2ph©0 No| + (pih My + pom) phQ(QAg — g)phNo—
— Oy(1 + QphMy)],
¢y = (poh + pihlo) /b + (pgn + phNg) ph Q[ (1 + Qpyh M) —
— (QAg — 9)phNo] — (pgm + pih M) pih[Q? phO No+
+ (QAg — 9) (1 + QpghMy)], (30)
c3 = — (poA + pihdg) /b + (pom + pih M) pih[(2Ag — g) (1 + Qpyh M)+
+Q%p O Ny + (pon + phNo) phQ[(Q2Ag — g)phNg—
— Oy(1 + QphM,)],
¢y = (po¥ + p1h©q) /b — (pom + pihMy) ph QO (1 + Qp M) —

— (A — g)phNo] — (por + phNo ) A2 ph© Ny +
+ (QAg — 9)(1 + QphM)];

Fy = [=(pon + pihNo) (1 + Qph M) + (pgm + pihMo)Qp h-No| T, — (31)
— [(pon + phNo)Qp,hNy + (pgm + pih M) (1 4 Qph M) T,

Fy = [(pom + pgh My ) (1 + QpghMy) + (pon + pehNo)Q2phNo | T, + (31)
+ [(pgm + pghMy)p,h N — (pon + phNo ) (1 + QpghM)IT 5

Fi = —(poS; + pehuy) /b — (pon + pghNo ) [(Fy + Qpghvy) (1 + Qp,h M)+
+ (1 = Qpehu”)Qp hNol + (pom + pghMo)[(Fy + Qpehvg ) QpghNo—
— (F) — Qpghuy) (1 + Qpyh M),
F} =

— (poSy + pchvy) /b + (pom + ph Mo)[(Fy; + Qpohvy) (1 + Qpgh M)+

+ (Fy — Qpghu”)QpehNo| + (pon + pehNo)[(Fy + Qpehvy)QphNo—
— (Fy = Qpghu”) (1 + QpyhMj)).

(32)

sovietrxiv.org/items/ru-196701.49922 Machine Translation


https://sovietrxiv.org/items/ru-196701.49922

Solving (29) with respect to 9¢’/dx and 9¢’ /Dy,

0¢'[0x = — ¢4 O /0x — ) O /Dy + bey Fy — by Fy + bey FY — beh Fy, (33)
08’ /0y = ¢1 0Y/0x + ¢5 01 /0y + be Fy — bes Fy + bel Fiy — bes FY,
where
¢; = ¢;/b(crey — cye3) (i=1,2,3,4). (34)

Eliminating ¢’ from (33), we obtain the basic equation
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The boundary condition (18) can be written in the form
v =Q (L), (36)

where @’ is a known function.

If the fluid is homogeneous and the problem is linear, then all quantities with an
asterisk vanish. In this case equation (35) is first solved under condition (36),
and then all the sought functions are calculated from the formulas obtained,
analogously to how this is done for an ice-free sea (?). The nonlinear problem
for a homogeneous fluid is solved by the method of successive approximations
(19). If the density field is known from observations*, then the problem is
solved in an analogous way. Finally, if the temperature and salinity fields are
to be found, then a system of equations is solved that includes (7), (8) (8). We
note that in this case it is important to choose correctly the dependence of
X:, and x,, on z. It can be determined in advance when solving the problem
from the temperature and salinity fields of seawater known from observations,
if horizontal diffusion is neglected.
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* A similar problem for an ice-free ocean is considered in (11).
Note: Figure translations are in progress. See original paper for figures.
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