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Chapter 6 Introduction to General Circulation  

of the Atmosphere 
 

¶ General Circulation ï The Hadley Cell Model (1735) 

 

 

 

 

 

 

 

 

 

 

   

 

  
      

                       (Lutgens and Tarbuck 2004) 

 

The major problem with the Hadley Model!!!  

There is net radiative loss of heat by the atmosphere 

associated with the upper-level flow toward poles.  This cold 

air must subside and spread poleward and equatorward. 

 

Thus the radiative consideration forces a breakdown of the 

single Hadley cell! 
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ü Three-Cell General Circulation Model (Ferrel 1859) 
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¶ The 3-cell circulation was mainly driven by Earthôs rotation 

and radiation on the upper branch of the Hadley cell.  

 

¶ The problem with the three-cell model is that the theory fails 

to account for the fact that the westerlies of middle latitudes 

increase with height! 

 

¶ Rossby has suggested that large-scale turbulence might link 

the upper westerlies of the Hadley cell and the polar cells to 

the upper troposphere of middle latitudes. 

 

 

 

 

 

 

 

 

 

 

 

¶ The fact is that there exists a longitudinal variation of the 

flow, thus the jet stream is not continuous around the globe. 
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ü Modified Three-Cell General Circulation Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7.7 (Lutgens and Tarbuck 2004):  Idealized global circulation 

proposed for the three-cell (Ferrel cell) circulation model of a rotating 

Earth. 
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¶ Observed General Circulation of the Atmosphere 
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¶ Major featur es on sea-level synoptic charts  

 

The major features include cyclones, fronts, and wave-like 

large-scale disturbances.  The complicated patterns are mainly 

due to orography and land-sea contrasts.  
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(Bluestein 1993) 
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¶ Major features on 500-mb charts   

 

The 500-mb charts are much smoother than sea-level 

synoptic charts. There are about 5 lows circling around the North 

Pole, which are associated with baroclinic waves (Fig. 3.1Hess). 

 

 

 

 

 

 

 

 

 
 

Fig. 3.1(Wallace & Hobbs): Distribution of geopotential height on the 500-mb surface at 00 UTC 

20 November 1964. Labels on contours represent geopotential height (in m). The letters H and L 

denote centers of high and low geopotential height, respectively. 

 

 

This type of baroclinic waves is often observed in the 

atmosphere, such as the 500-mb analysis chart shown below.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


