L ecture 8
Ocean Circulation -- Part |







Ekman drift refers to the mechanical response of the ocean to
wind blowing across its surface. The surface water is dragged
along with the wind. However, due to the Coriolis force, it is
deflected somewhat to the right (in the NH). The surface water
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drags along the water
iImmediately beneath it but
at a somewhat slower
speed, and this layer is also
deflected to the right under
the influence of the Coriolis
force. Theresultis a
spiraling pattern in the
current direction with ever
decreasing current speeds
with depth. The net
transport of water is to the
right of the wind.
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The Ekman mechanism is also
responsible for coastal upwelling
and downwelling. In the northern
hemisphere, if one is moving with
the wind and the coast is on the
left, water will be transported
away from the coast by the
Ekman mechanism. Deep water
will be pulled up to compensate
for the lost surface water at the
coast (upwelling).

If one is moving with the wind and
the coast is on the right, water is
transported toward the coast and
the surface waters are driven
downward (downwelling).

One can often see evidence of
upwelling and downwelling by
examining sea surface
temperatures.
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Equatorial Upwelling

— Water movements

Adapted from Thurman, Harold ¥. (1997) Introductory
Oceanography, 8/E. Prentice-Hall, Inc., New Jersey.
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GEOSTROPHY

In atmospheric and oceanic flows, geostrophic balance
or geostrophy is a key concept. Geostrophy prevails
when the forces accelarating a parcel are small
compared to the Coriolis force. It can be derived from a
scaling analysis of the primitive equations of motion of
a rotating fluid. In general, the larger the spatial scale of
the motion or the slower the motion, the greater the
influence of the Coriolis force.

When geostrophy prevails, the pressure gradient force
is balanced by the Coriolis force.

—-p- f-v=0P/dx
p- fu=0JP/dy
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We can use the
concepts of Ekman
Drift and Geostrophy
to piece together a
rudimentary
understanding of the
causes of the near-
surface ocean
circulation.

We begin with the
Antarctic
Circumpolar Current.
This is the most
intense of the
ocean’s currents. The
surface current
speeds approach 1

. m/s and the average

transport through the

*» Drake Passage is

roughly 135
Sverdrups (m3/s). For
comparison, the
world’s rivers
transport about 1 Sv.




The annual-mean surface winds over the Circumpolar
ocean are strongly westerly...

0 30 B0E 90E 120E 1SOE 180 1SOW 120W SOW  60W BQH 0

[ e —— . Attt GON
| R
GON ] ';-nz - '
1. x"Z/ "-,'.:.
30N 1 .
J .
0 1. C Yy
‘&. i N PN Dl ——— §
: I S N k 0 SN
30S bb\ e L N L L 5—:5 T LA S
1 P T D I -’e\_\\{" :’ﬁ-

4 ot RS RS
60S | - \ = e N == ===4"605
) Rl .y ST — T NG ""h

T ANNUAL = > |
908 4—r r—r——r—+ 305

0 30E 60E OQ0F 120E 1S0E 180 1S50W 120 OOH BOW 30H O

Fig. 7.13 Annual mean wind stress over the global oceans depicted as vectors. The arrow at bottom
right corresponds to 5 dyn cm™2 and contours of magnitude of 0.5, 1, 2, and 3 dyn cm™2 are plotted (1 dyn
em™2 = 0.1 N m™2). [From Trenberth et al. (1990). Reprinted with permission from the American Meteo-

rological Society.]



Climatological sea surface height in the circumpolar region.




Sea-Level Pressure and Surface Winds Jul
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Climatological surface winds are organized by zones of high and
low pressure. Note the subtropical high pressure zones over
ocean basins stemming from relatively cool temperatures there.

- 8 - 16 — 32 m/sec



The highs can be seen in the wind stress field...
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Fig.7.13 Annual mean wind stress over the global oceans depicted as vectors. The arrow at bottom
right corresponds to 5 dyn cm™2 and contours of magnitude of 0.5, 1, 2, and 3 dyn cm™2 are plotted (1 dyn
em™2 = 0.1 N m™2). [From Trenberth et al. (1990). Reprinted with permission from the American Meteo-

rological Society.]



NORTHERN HEMISPHERE {a) and (b):

CYCLONIC WIND ANTICYCLONIC WIND movement of
| | | surface waters.

{c) and (d):
shape of sea-
surface and
thermacline.
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Ekman transport

surface convergence

surface divergence  sea-surface o
surface current
Adapted from Open
University {1989)
Ocean Circulation.
Pergamon Press.
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Mean sea surface height of the ocean as given by a
merging of in situ and satellite measurements.



The geostrophic current resulting from the pile-up of water in
the center of the basin is clockwise. This is what generates
the sub-tropical gyres.



Surface Ocean Currents
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