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4.3.1 GLOBAL AIR CIRCULATION

"

-~

On the very longest scale, air circulation over the planet carries heat from the
warm equatorial regions to the colder polar regions. Outside the atmosphere,
the solar constant, or amount of power delivered by the Sun to a unit area
oriented perpendicular to the Sun’s rays, is approximately 1400 W/m? (based
on Earth’s mean distance from the Sun). Approximately half of this power is
delivered directly to Earth’s surface (see Fig. 2-30). This is an enormous rate
of energy flow; averaged over the globe, it dwarfs the power output of all
engines, generators, power plants, and furnaces combined. Solar heating of
both the atmosphere and the oceans is greatest at low latitudes near the
equator. The warmed fluids (both air and water) tend to rise due to buoyancy,
and cooler fluid coming from the direction of the poles moves toward the
equator to replace the warm, rising air or water. In exchange, the warmed
fluid moves poleward. Planetary-scale convection cells thus are created in
each hemisphere, in both the atmosphere and the oceans, and serve to trans-
port heat toward the poles. If Earth did not rotate, one might expect relatively
simple convective flow of fluids to occur, as shown in Fig. 4-11.

Because Earth does rotate, however, another set of forces also acts on the
fluids; these geostrophic forces are the consequence of the fact that Earth’s
surface forms an accelerating reference frame. Relative to Earth’s surface, all
fluid motions are deflected perpendicular to their velocity by the Coriolis
force; in the Northern Hemisphere, fluid motions are deflected to the right,
and in the Southern Hemisphere, to the left. A parcel of fluid in motion in
the Northern Hemisphere, under the influence of only the Coriolis force,
experiences acceleration equal to

A =2 w(sin ¢)v, [4-13]
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