
Wind-driven Ekman flow 

What is the response of ocean to the wind 
forcing?



Equation of wind-driven motion
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For steady state:
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Ekman
 

solution
•

 
Consider velocity as two parts, one 
associated with the horizontal pressure 
gradient (Vg) and one with vertical friction 
(Ve)
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The Ekman
 

equations
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Solution of Ekman
 

equations
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Solution of Ekman
 

equations 
(Cont.)

•
 

Vo is the total Ekman
 

surface current, 
•

 
Tauy=magnitude of the wind stress on the sea 
surface (fr. ?)  Tau=Cdρa

 

W2

•
 

|f|=the magnitude of
 

Coriolis
 

parameter
•

 
De the Ekman

 
depth or depth of frictional 

influence

2
1

)
||

2(
f
AzDe π=



Solution interpretation:

•
 

At z=0, the solution become
oVu 45cos

0
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Surface current flows at 45 degree to the right (left) of the wind direction in the
NH (SH). 



Solution interpretation (Cont.)

•
 

Below surface,
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V as z decrease (i.e. water depth increase, note: z<0) 

From ue and ve equations, angle of v

)
4

arctan( z
De

angle ππ
+±=

Current direction changes clockwise (anticlockwise) as water depth increase
in the NH (SH). 





Typical values for De and Az
•

 
Latitude 10: 

De=100m for 10m/s wind speed
De=200m for  20m/s wind speed

•
 

Latitude 45: 
De=50m for 10m/s wind speed
De=100m for  20m/s wind speed
Az:0.012 m2/s, 0.055 m2/s



Similarly, the water beneath the surface, although not dragged directly by the 
wind, is dragged by the surface water (45o to the right) and causes the flow to 
the right of surface current, i,.e at an angle > 45o.
This process continues downward … and forms the Ekman spiral.

At depth De, the direction of 
velocity is opposite to the 
surface velocity. De is called 
Ekman depth

2/1)/(sin4.4 ϕWDE ≈

W is the wind speed and φ

 

is 
the latitude.



Ekman drift and coastal upwelling 

What is the net transport in the wind-driven 
Ekman layer and its consequence in the coastal 

region?



Bottom friction and shallow water 
effects

•
 

Bottom friction generates an Ekman
 

spiral 
current pattern.

•
 

Assume u=ug and v=0 away from BL and 
u=v=0 at the bottom, the solution in the NH
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The flow swings to the left as sea floor is 
approaching due to the unbalance among PGF, 
Coriolis

 
force and bottom friction, i.e. due to the 

decrease of Coriolis
 

F by the bottom friction.

Similarly, surface current will be in the same 
direction as the geostrophic

 
winds.

The De is the atmos. Is 10 times that in the 
ocean, Az

 
is typically 10 times of Az

 
for ocean.

Larger De is atmos. is due to greater wind speed 
and therefore greater vertical velocity shears.



Bottom friction and shallow water 
effects

•
 

Surface and bottom Ekman
 

layers overlap
•

 
Two spirals cancel each other (Can this 
occur in the continental shelf?)

•
 

For water depth deceases to about De/10,
the effect of Coriolis

 
force being swamped 

by the friction.



•
 

Balance of Forces in Boundary Layers
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The net movement of the wind-driven flow, after averaging 
over the Ekman layer, is 90o to the right of the wind.

(averaging effect over De)



Transport by Ekman drift, i.e. Ekman transport (Me) 
is given by

f
M E

τ
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τ is the wind stress at the surface , f is Coriolis parameter.



Relationships between the wind, Ekman drift and coast, as 
illustrated below, lead to the formation of Coastal Upwelling
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