The radiation balance of the earth-ocean-atmosphere system

Reading: Stewart chapter 5

(Downloadthe whole book as a PDF from the link on the class website or see the web-based version at: http://oceanworld.tamu.edu/resources/ocng_textbook/contents.html )

The earth receives short-wave (mostly visible wavelengths) radiation from the Sun and re-emits long-wave radiation (mostly infrared wavelengths). 

Long-wave radiation is emitted from the earth, ocean and atmosphere.

[See Stewart Figure 5.6: The mean radiation budget of the earth]

A long term net balance between incoming and outgoing radiation maintains a stable climate, and the equilibrium temperature of the earth-ocean-atmosphere system that maintains this balance is the natural greenhouse effect that makes our planet habitable.

[Ocean Circulation figures 1.4 and 1.5]


See Stewart Figure 5.13: Meridional heat transport:
The radiation balance varies seasonally because the summer hemisphere receives relatively more solar radiation. Averaged over several years, the equatorial region has a net heating, while high latitudes have net cooling. 

The oceanic pattern of annual mean net heat flux shows this, but with additional regional variability that is due to the ocean circulation, as we will see in subsequent lectures.

[Stewart Fig 5.12 - Annual mean net heat flux] 

This implies there is a transport of heat from equator to poles. This transport is performed by the atmosphere and ocean in roughly equal proportions.

Consider a slice of an ocean basin between two latitude lines:

· At low latitudes, net heating at the surface implies the poleward transport is increasing with latitude


· At high latitudes, net cooling implies the poleward transport decreases with increasing latitude

This approach can also be used to map the spatial distribution of ocean heat transport

· map of ocean heat transport vectors


· notice that while the heat transport diverges form the equator in the Pacific and Indian Oceans, it is always northward in the Atlantic

· the divergence of this vector field balances the air-sea flux map

· the integral along latitude lines equals the meridional heat transport

The global wind pattern

If the earth were not rotating, the greater heating at the equator would cause warm air to rise at the equator and subside near the pole. This simple circulation cell has a pressure gradient at sea level that would establish winds blowing from pole to equator in both hemispheres.

But the Earth is rotating, so air moving from the poles toward the equator is deflected toward the west (in both hemispheres) (i.e. an easterly wind) by the Coriolis force.  The ocean has continental boundaries that would block this flow, but winds can circle the Earth at great speed along lines of constant pressure (isobars). This zonal (east-west direction) flow becomes unstable, and turbulent eddies we call cyclones and anticyclones redistribute the atmospheric density to create an intermediate region of local high pressure at mid-latitudes. The reversal of the air pressure gradient creates a band of westerlies.

How does this affect the hemispheric pattern of the vertical convection cells?  

Moist warm air ascending at the equator and subsequently moving poleward is deflected toward the east. This short-circuits the large hemispheric scale atmospheric convection cells of the stationary-earth model.

The deflected air aloft subsides (sinks) at around latitude 30, and moves either equatorward (becoming the Trades) or poleward (becoming the westerlies). 

This vertical circulation is termed the Hadley cell
[Ocean Circulation figure 2.2]
