Ocean: #3
Wind-driven circulation



Averaged wind speed

January SCOW Vector Averaged Wind Speed (m s ) and Direction




Averaged wind stress
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I Wind and wind stress

Wind = wind stress ?

Weak stress



I Wind and wind stress

Wind = wind stress ?

Moderate stress
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I Wind and wind stress

Wind = wind stress ?

Strong stress
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I Wind and wind stress

Drag coefficient

Wind stress = Cpp i | Uiy — Uypater (uair B uwater)
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Wind stress ¢x U, ..



I How does the ocean feel the wind stress?
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I How does the ocean feel the wind stress?
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Wind stress decreases rather rapidly with depth.



I Dynamics Iin the Ekman layer
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I Dynamics Iin the Ekman layer
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Dynamics Iin the Ekman layer

North hemisphere
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I Dynamics Iin the Ekman layer

e Transport of the water in
the Ekman layer is to the

Wind gurtace walter
right of the wind stress /L/'

direction in the northern =
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e Transport of the water in

the Ekman layer is to the ,
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left of the wind stress

direction in the southern

hemisphere.

* Ekman spiral



Ekman spiral
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I Wind stress structure

Surface Wind Stress (N/m?)
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I Wind stress structure
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Northern H. : divergence - Northern H. : convergence
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I Wind stress structure
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I Wind stress structure
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I Wind stress structure

Surface Wind Stress (N/m?)
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I Ekman pumping / suction

Anticyclonic Cyclonic
applied stress applied stress
N | Ng—
> A AT
Convergence / Divergence
and { and
Downwelling _ Upwelling

\\‘}/ LT VR

Exman fransport

® fo ® ®




Latitude
80°'S 0°'S 0 30°N 80'N 90'N

80°'S

Ekman pumping / suction

Ekman suction (m/y)

Pt
»

. (
“i \

120'E 150°E 180 150'W 120'W 0'W 60°'W 30'W 0 30°E 60'E 90'E 120°E 150°E
Longitude

Copyright © 2008, Elsevier Inc. All rights reserved.




Ekman pumping at the equator

Ekman transport (northward)

Northern
Hemisphere
Trade Winds Equator

¢ + Southern
Hemisphere

Ekman transport (southward)

® Trade
Winds
Sea surface
warm e ma——— warm
Ekman (— - qld _—~» —) Ekman
transport transport
Upwelling

Thermocline

Southern Northern
Hemisphere Equator Hemisphere



400 200

Depth [m]

800

1000

Ekman pumping / suction and temperature

Zonal Average Temperature in World Oceans ('C)
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