
Western intensification



Ocean topics

ÅBalance of three forces

ÅWind driven circulation

ïUpwelling (colder on eastern sides)

Links to El Nino

ïWestern intensification 

Warmer and faster on the western sides

ÅDeep ocean circulation (thermohaline)

(Next class)



Subtropical gyres







Final answer





Average sea level elevation seen from space

Ekman transport allows water to ñpile upò in center of ocean basin

This forces geostrophic currents on the large scale

These are the anticyclonic ocean gyres



Final answer





Warm
Cold

Upwelling

Upwelling explains many aspects of why ocean 

temperature varies from east to west
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Normal Conditions

Ekman transport to the 

RIGHT in NH

Ekman transport to the 

LEFT in NH

Therefore, must have 

equatorial upwelling of 

cold water.



Equatorial Upwelling ïNormal Year

Notice wave like 

pattern

(see next lecture)
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Changes





Rossby Waves
ÅThere are many types of waves in the ocean.

ÅFamiliar swell waves (i.e. surf) rely on gravity as a 
restoring force.
ïWater above usual height, gravity pulls it back down.

ïWater below normal height, buoyancy pulls it back up.

ÅCan we have waves with other forces?

ÅYes - other waves rely on the Coriolis Force as a restoring 
force. 

ÅIn the open ocean these waves are called Planetary Waves 
or Rossby Waves.

To understand this, we need to look at the spin of the 
ocean water (or air!) and the spin of the earth.



Vorticity (ñspinò) on weather maps
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Vorticity
Maximum
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Vorticity Maximum: Along the trough axis to 

left of the strongest flow. Both shear and 

curvature terms are positive.

Vorticity Minimum: Along the ridge axis to right 

of the strongest flow. Both shear and curvature 

terms are negative.

ridge
axis

trough
axis

Look at maps http://grads.iges.org

HIGH

(anticyclone)

(subtropical gyre)

LOW

(cyclone)

(sub polar gyre)



Vorticity on a spherical planet
Because earth is a sphere, you 

spin more as you get closer to 

the pole. 

At the equator, there is no 

spin around the local vertical.

Water (and air) likes to have 

the same vorticity (spin) as 

the plant.

If non-spinning water is 

shoved northward, it must 

spin the opposite way from 

the planet to stay balanced. 

This gives us Rossby waves!

Total vorticity is conserved.

Spin of planet plus spin of water is constant



Rossby Waves (2)
Rossby waves have some very special properties:

(1) Longwavelength Rossby waves propagate rapidly 
westwards

(2) Shortwavelength Rossby waves propagate very slowly 
eastward

(This is because the earth only spins in one direction)

(3) At a western ocean boundary (continental east coast) long 
RWsreflect as short RWswhich means that energy 
accumulatesalong the western boundary. 

This leads to so-called ñwestern intensificationò and the 
formation of a western boundary current.



Long Rossby Wave (Fast)

Short Rossby wave (slow)
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Western Boundary Reflection

Big, fast Rossby wavemove lots of every from east to west.

Small, slow Rossby wavesmove less energy from west to east.

As such, energy builds up. This accelerates the flow on the western 

side where energy is dumps, and slows the flow on the eastern side 

where energy is removed.



Shorter Kelvin wave (Very slow)

Eastern Boundary Reflection

Long Rossby Wave (Fast)

Now long westward moving Rossby wavesremove lots of 

energy from the east, while short Rossby wavesdeposit only a 

little. With less energy, the flow is weaker.
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Rossby Waves 3

ÅThe dynamics of the ocean circulation along 

the eastern and western continental margins 

is fundamentally different because of 

Rossby wave dynamics. 



Westward Long RW Propagation


