
Atmospheric 
circulation

http://science.nasa.gov/science-news/science-at-nasa/2002/10apr_hawaii/

Trade winds 

Atmosphere 
(noun) the envelope of gases (air) surrounding the earth or 

another planet

Dry air:

N2, 78%

O2, 21% Argon, 0.98%

CO2, >400ppm
& rising

Water vapor can be up to 4%



50% below 5.6 km (18,000 ft)
90% below 16 km (52,000 ft)

http://mychinaviews.com/2011/06/into-thin-air.html

Drivers of atmospheric 
circulation

Uneven solar heating

At poles sun’s energy is spread over a larger region

Uneven solar heating

At poles sun’s energy is spread over a larger region



Uneven solar heating

At poles sun’s energy is spread over a larger region

Ways to transfer heat
Conduction:

Transfer of heat by direct contact. Heat goes 
from warmer areas to colder areas.

Ways to transfer heat
Radiation:

Any object radiates heat as electromagnetic 
radiation (light, infrared) based on temperature 

of the object.



Ways to transfer heat
Convection:

Heat carried by a fluid (air, water, etc) from a 
region of high temperature to a region of lower 

temperature.

Convection cell
Warm air rises, then as it cools it sinks back down

Thermal (heat) balance
Heat in = Heat out, for earth as a whole   !

Heat in = Heat out, for latitude bands     "

Redistribution of heat drive atmospheric circulation

Heat in

Heat out
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Increasing heat



So, might expect
Cool air sinking
near the poles

Warm air 
rising

 at equator

Lutgens and Tarbuk, 2001
http://www.ux1.eiu.edu/~cfjps/1400/circulation.html

Turns out a 
3 cell modelis better

Hadley cell  (Tropical cell)

Ferrel cell (Mid-latitude cell)

Polar cell

Polar cell

Hadley cell  (Tropical cell)

Ferrel cell (Mid-latitude cell)

Drivers of atmospheric 
circulation

Pressure Gradients



Air pressure

Weight of column of air 
above

On average = 14.7 psi 
(1.033 kg/cm2) 

at sea level

Pressure Gradient

LH H

Lines 
have 
same 

weight of 
air above 

them

Pressure Gradient
Air moves from regions of high pressure to 

regions of low pressure

Speed of fluid depends on the steepness of the  
Pressure Gradient
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Drivers of atmospheric 
circulation

 part 3Earth rotates

The Coriolis Effect
The Coriolis effect explains the observed 
deflection of moving objects caused by 

the Earth’s rotation.

In Northern Hemisphere 
deflection is to the Right.

In Southern Hemisphere 
deflection is to the Left.

Equator
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Global winds
HighLow
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Dust carries iron

Husar et al., 1997

Why are clouds in lows?
✤ Warm air can hold more water vapor than cool air
✤ Water vapor can be up to 4%
✤ Humid air is less dense than dry air
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Average atomic weight of air = 29
Atomic weight of water = 18



Latent heat 
Ice Liquid Vapor

Energy (heat) needed to break the chemical bonds (phase 
change) does not result in a temperature change (it’s hidden 

or latent).

That energy (heat) is released  when bonds reform.
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Warm wet air rises, 
cools (cooler air 
cannot hold as 

much vapor) so it 
rains.

Latent heat released warms the air and it rises 
faster.

At the equator



Wind belts

Doldrums
Calm equatorial area between two 

Hadley Cells.

Horse latitudes Area between Hadley and Ferrel cells.
Little surface wind.

Trade winds Surface winds of the Hadley cells.

Westerlies Surface winds of the Ferrel cells.

ITCZ Intertropical Convergence Zone.
Atmosphere’s equator.

Storms

Low pressure system rotates 
‘cyclonically’ 

(with Earth’s rotation)

Northern hemisphere

Air is drawn in 
along the surface.

Storms



Hurricane Katrina

Weathermovies
Satellite data from NOAA

Some key ideas
✤ Atmosphere is thin, compared to size of the Earth.
✤ Different amounts of solar energy are absorbed at different latitudes 

(more in tropics than at poles).
✤ Three ways to transfer heat.
✤ Warm air rises. But air cools as it rises, causing clouds to form, and 

releasing heat that pushes air upward even faster.
✤ Air moves down pressure gradients.
✤ Earth’s rotation causes the Coriolis effect. In the Northern Hemisphere 

the apparent motion is to the right. [An object moving north from the 
equator has an initial eastward velocity. In NH objects moving south 
have the land rotate faster under them.]       In the Southern Hemisphere 
the apparent motion is to the left.


