
Hadley and his explanation for 

the easterly trade winds



From previous lecturesé
Å Globally, we have an energy balance

Å But locally, incoming need not equal outgoing radiation. 

Å So, there MUST be some other energy transport to make the balance. 

Å Mostly by the atmosphere, but also by the ocean. 
This is what the atmosphere and ocean does: transports energy

Å Pressure is a measure of mass. Add more molecules, the pressure goes 
up!

Pressure always decreases with greater altitude

1. When air is compressed(pressure increased), the number of molecules 
stays the same, and the temperature increases

2. When air is decompressed(pressure decreased), the number of molecules 
stays the same, and the temperature decreases



Surface wind: January
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Surface wind: July
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Energy balance with latitude

ET=sT4

Tropics (f= 0 to 30Á)

IT > ET i.e., energy surplus

IT=I cos(f) EP=sT4

Polar region (f= 60 to 90Á)

IP < EP i.e., energy deficit

IP=I cos(f)

So there MUST be a poleward transport of energy!

Horizontal 

energy flux

I= (1-a)S/4

This is achieved by atmospheric and oceanic motions.



How does the transport come about?

What we knowé

1) Radiation balance

Å In the tropicsinsolationlarger than longwave emission, 
so net heating

Å In the polar regionslongwave emissionlarger than insolation,
so net cooling

2) Pressure force

Å Air (and water!) wants to move from high pressure to low pressure

3) Temperature, pressure and volume related

Å Pressure is a measure of mass

Å For same mass, é
ïHeating air expands(larger volume)

ï Cooling air contracts(smaller volume)



Heating and pressure force

ÅTemperature change changes volume
(height of column, recall ideal gas: pv = mRT)

ÅNow there is a difference in pressure. 

ÅAir flows from high to low
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What about the bottom?

ÅAir moves out of the topics

ÅSince pressure is related with weight of 
atmosphere, less air, means lower pressure

ÅAgain, air moves from high to low pressure
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Circulation cells (the Hadley cell)

heating
cooling cooling

Convergence: Where the air comes together

Divergence: Where the air spreads apart



Inter-Tropical 

convergence zone

(ITCZ)



Inter tropical convergence zone (ITCZ)



How to we get the Hadley cell?

ÅTemperature variations can lead to pressure variations

ÅTemperature and pressure variations can give buoyancy

ÅPressure variations allow horizontal motion

(air flow from high pressure to low pressureé.as the balloon)

ÅThis, combined with heating, allows formation of circulation 

cells. 

ÅThe ñHadley cellò

This is not the end of the storyé we also need to worry about 

what the earthôs rotation does to the motion.

(especially outside the tropics, recall animation?)



Hadley cell and surface wind
ÅHadley wrote a 4 paragraph paper in 1735

(you can read it on the class web site!)

ÅWas interested in explaining the surface winds 

ÅThe ñeasterly trade windsò 

along the equator

ÅñDoldrumsò region of subtropics

ÅAnd the ñwesterliesò of the mid-latitudes

ÅHis cell was able to do thisé. almost.


