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Transient Ekman slope currents and significance of the
geostrophic approximation

Hidekazu Yasuda

Abstract : Although the slope current under the Earth rotation effect has been well known at the steady
state, the transient developing process of the slope current has not yet reported fully, and thus even the

geostrophic current or wind is usually applied at the steady state only. This study has solved the time-

dependent slope currents analytically and clarified the developing process from the initial stage. As shown in

the previous paper” in which the wind driven current has been reported changeable with the inertia period,

it is revealed that the slope current is also grown with the inertia-periodical variation and that such variation

is kept for a long duration. It might be a warning to the idea of the usual geostrophic current and wind with

no consideration of the transient process.
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Fig. 1. Growing process of two typical currents with no
Coriolis effect. (a) Transient slope current
normalized by Fh*/2v and (b) wind-drift current
normalized by Tyh/v. In each figure, five thin
solid lines show the vertical profiles at every
K/30v from the initial state and a bold light line
is the steady state.
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Fig. 2. The vertical profile of the slope current
with the Coriolis effect at the stationary
stage in the basin the whole depth of
which is 7 = 10 x ™.




180 LT —

z=0
— — —1—
o lo @ ® |® Fig. 3. Development of the vertical profiles of the x-directional
® @ ® slope current during the initial stage in the basin of /4
® T = 10B™(or A*[= Bh] = 10). The time interval of each
® (@) vertical profile is 7,/12. (a) from the initial to ¢ = 7,/2
/ /B : / and (b) from ¢t = 7T,/12 to t = T,,.
z=h
0 I A R
@ (b)

Fig. 4. The vertical profiles of the y-directional slope
current in the same case as Fig. 3. (a) from

the initial to ¢ = 7,/2, (b) from ¢ = 77,/12 to
t =T, and (c) from ¢ = 13T,/12 to t = 3T,/2.
1
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(a)z' = h(10B7")
: ! 0.5
] .
i P, ;
f@y /@9 0
‘ 0.5
ol NF ol ™
1 1 Fig. 5. Hodographs of the transient slope
-0.5 current from the initial at (a) the sea
surface (' = h), (b) the friction depth (z'
(¢)z =p! (d) 2 =0.5xp! (e)z' = 0.2xp"! =B8N ()2 =p"(d)z =05p"and (e

near the sea floor z = 0.2 .
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0] i 2
-1
(b) h*=10
0.5
) Fig. 6. Hodographs of the depth-averaged
velocity of the transient slope current.
(d)a*=1 (a) the normalized water depth, #* (=
-0.5 Bh), is 20, (b) A* is 10, (c) Bh is m and (d)
) h*=mx h* is unity.
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