
 





Overturning Circulation in the Zonal / Pressure Plane
The Walker Circulation??

July 5, 2011

1 Continuity Equation

The mass continuity equation in pressure coordinates is a diagnostic equation:

�∇ · �v +
∂ω

∂p
=

∂u

∂x
+

∂v

∂y
+

∂ω

∂p
= 0 (1)

in Cartesian coordinates. (u, v) are the components of the horizontal wind �v,

ω = dp
dt gives the Lagrangian rate of change of pressure of a parcel.

In spherical coordinates, this becomes:

1

a cos φ

∂u

∂λ
+

1

a cos φ

∂

∂φ
(v cos φ) +

∂ω

∂p
= 0 (2)
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where λ is longitude, φ is latitude, and a is the earth’s radius.

2 Streamfunction in the zonal / pressure plane

Averaging over latitude from pole to pole (denoted by angular brackets): we

obtain:
1

a cos φ

∂〈u〉
∂λ

+
∂〈ω〉
∂p

= 0 (3)

from which we could define the mass streamfunction that would represent mass

flow in the zonal / pressure plane.

3 Why not the Walker Circulation?

If we average the continuity equation from latitude - φ0 to + φ0

1

a cos φ

∂〈u〉
∂λ

+
∂〈ω〉
∂p

= − 1

cos φ0
(v(φ0) − v(−φ0)) cos φ0 (4)

Hence the circulation depends on meridional inflow / outflow. This is not

represented in all schematic diagrams of the so-called Walker Circulation.
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