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The atmosphere in motion

Al'l atnospheric notion of significance originates from
differential heating between | ow and high latitudes,

| and and ocean nmasses etc, the energy for which cones
from absorbed sol ar energy. However, to gain an
under st andi ng of the changes in wi nd patterns over
periods of a few days for exanple, we need to consider
bal ances and i nbal ances of the forces action on the

at nosphere. These forces are:

1) gravity (the atnosphere has mass)

2) pressure gradients (air wants to nove from high
to | ow pressure)

3) friction (due to the roughness of the surface)

4) the Coriolis force (an apparent force resulting
fromthe rotation of the earth)

As an exanpl e, buoyant rise of air parcels results from
an i nbal ance between gravity and the gradi ent of
pressure in the vertical
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The warnmed parcel of air decreases in density as it
expands so that the gravitational force decreases and
is overpowered by the upward pressure gradient. An
upward accel eration would result.

Wnd notions are predominantly in the horizonta
direction because of the constraint of the earth’s
surface. The driving force is the horizontal pressure
gr adi ent .
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X (towards E)

dp . . . . .
- aE is the pressure gradient in the direction

n
per pendi cular to the isobars and directed towards | ower
pressure. The m nus sign appears because the force is

in the direction of decreasing pressure (the positive
n-di rection).

Conparing pressure gradients in the vertical and
hori zontal directions, we quickly see that there is an
enornmous difference in their magnitudes.

Near the ground
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wher eas, inspection of surface weather charges reveal s
that the horizontal pressure gradient

P 1 nb/100 km
dn

which is a factor of 10% smaller. Yet, horizontal air
nmotion is nmuch stronger than vertical notion.
Hori zontal wi nds are often tens of nis over very |large

areas, while |arge-scale vertical notions rarely exceed
a few cnis.

The difference, of course, is that the vertical
pressure gradient is al nost exactly bal anced by
gravity, while air is much nore free to nove
horizontally wi thout such restriction.
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