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The geostrophic — hydrostatic limit
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Global atmospheric circulation
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Wind stress on the sea b —
— — ? T | .
T = cppa|Uio|tio cown £ | Weak winds
e
R e
where: B 'I.!%% e
. . Uion (ms-1)
p, air density (1.3 kg/m?3)
u;, wind speed atl0 m (m/sec ~ 0.003~
¢, drag coefficient (unitless) Moderate winds
0.002 +
Measurements showed that ¢,
is related to the wind speed Co y
(not a constant). Nevertheless,
0.007+
we usually use a constant
value for simplicity. i 2
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Examples of ¢, used:
cp =(029+3.1u) +7.7u;; )10~
for 3m/sec =u,, = 6m/sec
CD = (061 + 00637/!))(10_3 lGXUPO]’, dVSp,Ol C. = (0 60 + O 0701/[ 10—3
p = V. . 10)

¢, =L1x107 acOeveic Gvepot

¢, =14x10”

for 6m/sec =u,, =26m/sec




Evolution of wind-driven circulation theory:

Fridtjof Nansen (1898)
Vagn Walfrid Ekman (1902)
Harald Sverdrup (1947)
Henry Stommel (1948)
Walter Munk (1950)
Kirk Bryan (1963)

The surface wind effect (Nansen theory):

Baowopévog oe mopatnpnoelg )
¢ kivnong maydfovveov

c Wind Drag
W+F+C=0 :
Coriolis

Qualitative theory, currents transport water at
an angle to the wind.

S ns : - Fridtjof Nansen
Quantitative theory for wind-driven transport 18J61—1930
at the sea surface.

Theory for wind-driven circulation in the
eastern Pacific.
Theory for westward intensification of wind-
driven circulation (western boundary currents).
Quantitative theory for main features of the
wind-driven circulation
Numerical models of the oceanic circulation. Corilis
Wind
Wind Velocity of Drag
Iceberg
w
All forces about equal
Coriolis

Drag (Friction) Force

Weak Coriolis force

From Stewart, 2008: Introduction to Physical Oceanography
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Ekman Theory

, s Vagn Walfrid Ekman
Elonoeg epyaoiog: 1874-1054

Conservation of momentum equations:
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Conservation of mass equation:

8u+8v 8w_0
Ox 8y+ 0z




YnoOéoeic:

Kwnoeig peyding (opiovriog) kiipakas: very large L
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U= Ug+ e~/ cos —E—I—z V=0 —Tw/po e/ sin —54—z
VA 5 4 ~ 9 T4y 5 4
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II1. H xatd paBoc ohoxinpopévn petapopa Ekman (Ekman transport):

OLOKANP®VOVTOG TNV TOYVTNTO AOY® ENIFPACNG TOV OVEUOV (U — Uy )OO TNV
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Open sea upwelling/downwelling Ekman Transport
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August 9, 2025

Winds at 10 m (AM&WFG)
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Open sea upwelling/downwelling




IV. Ekman pumping /, /
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Lid rotationrate Q+ ®
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Tank rotation rate Q

Ekman dynamics
in a tank
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Sverdrup’s theory for the wind-driven circulation
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Depth integrated vorticity
equation for the wind-driven and for 7y =0
circulation

ory o< 1 9@ Meridional

BM, = — (wind-stress curl) | 7, = Sverdrup
Oz 0y Y 5 Oy Tansport
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Western boundary
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For eastward intensification:
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The zonal Sverdrup transport

Using the depth
integrated mass
conservation
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Combining M, and M, to estimate
the Sverdrup Circulation
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Sverdrup
Circulation for the
Subtropical Gyre
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Polar Easterlies

Westerlies
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A top view of the wind-driven gyres
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___ Equatorial

A side view of the wind-driven gyres
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Wind-driven gyre dynamics
(the “Stommel Gyre”)
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3 - Stommel Model:
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Atmospheric T
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Input of vorticity/energy

pU

Westward transport of vorticity/energy
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Western
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1

Interior

Which
mechanism is
tranposrting
vorticity/energy
westwards? (see
large-scale
waves)
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