
Atmospheric Sciences 321 
Science of  Climate 

Lecture 17:  
General Circulation of  the Atmosphere:  Chapter 6  



Community Business 
�  Mid-Term answer sheet up on Homework page. 

�  Results.   
�  High 107/110, median 85, standard deviation 12.2. 

�  Overall Scores 0.25*HW+0.2*Quiz+0.2*MidTerm 
�  High 98%, median 71%, standard deviation 12% 

�  Less than half  of  the possible points are in this sum, 
so still plenty of  opportunity to change position. 



New Topic 
Chapter 6:  The Atmosphere 
�  The atmosphere is the fastest responder and the 

fastest communicator of  information from region to 
region. 

�  The Energy Balance 

�  In the global mean P=E. 

  

∂Ea

∂t
= Ra + LE +SH − ΔFa



Eddy Fluxes of  Stuff  
�  For example, heat 

�  total = mean meridional circulation + stationary 
eddies + transient eddies 
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Northward Eddy Fluxes in 
Extratropical waves 



Eddy Heat Flux latitude-
height cross-section 

�  Of  
temperature 
flux 

�  Second 
Edition Data 

�  ERA-40 

�  Maximum 
50N and 50S 



Eddy flux of  moisture 
�  Confined near the 

surface like moisture 
itself, of  course 

�  But strongly 
poleward 

�  Maximum around 
40N and 40S 



Water Transport vs Latitude 

�  Water Transport (left) and Convergence(right) 



Types of  Energy 
that the atmosphere can transport 

�  Energy Types, mostly internal and potential 



Energy Transport 
�  Meridional transport of  Energy, on right combine 

sensible and geopotential into dry static energy 



Energy Transport as Function of  Season 
and Latitude  
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Contour interval is 1 PW for total and latent and 3 PW for potential and 
sensible energy. Red is Northward, blue is southward. 



Vertically 
integrated 

Energy 
Transport 

Mean Circulation Eddies 



MMC Transport 
�  It moves heat and latent heat toward the equator, 

potential energy poleward. 



Energy Transport by 
Mean Meridional Circulation 

�  Total energy increases upward, but sensible and 
latent increase downward. 



Mean and Eddy Energy Transports 
�  Transient eddies dominate outside the tropics 



MMC Transport 
�  It moves heat and latent heat toward the equator, 

potential energy poleward. 



Mean and Eddy Energy Transports 
�  Transient eddies dominate outside the tropics 



Angular Momentum 
�  Force times moment arm around the axis of  rotation 

Two Parts: 
• Earth’s angular momentum 
    Due to Rotation 
• Relative angular momentum 
    Due to zonal wind 
 
We measure wind relative to 
the Earth’s spinning surface. 



Torque 
�  Torque is force times moment arm. 

�  Torque wrench in action. 

�  Force = kg ms-2  •    Torque = Force times length = kg m2s-2 



Angular momentum 
�  Angular Momentum is mass•velocity•moment arm 

�  Per unit mass is velocity times moment arm m2s-1 



Equations! 
�  Angular momentum has two parts earth and relative 

�  The total is conserved, so when we change latitude, 
we change both. 

�  The zonal velocity of  dirt at the equator is pretty big, 
nearly the speed of  sound. 

  M = (Ωacosφ + u)acosφ = (uearth + u)acosφ

  

uearth =Ωacosφ = 7.292×10−5  rad s−1 ⋅6.37 ×106 m ⋅cosφ

= 465m s−1 ⋅cosφ



Conservation while moving meridionally 

�  Suppose we conserve AM while moving from one 
latitude to another. 

�  Start at the equator with u=0 and move to another 
latitude,    . 	


�  Since M is constant 

  M = (Ωacosφ1 + u1)acosφ1 = (Ωacosφ2 + u2 )acosφ2

  
M =Ωa2 = (Ωacosφ + uφ )acosφ

  
uφ =Ωa sin2φ

cosφ
= 465ms−2 sin2φ

cosφ

φ

uφ = 134ms
−1 at 30˚N or 30˚S



Meridional Flux of  Angular Momentum 

�  A northerly wind carries angular momentum with it 
as a conserved property, unless torques act on it 

  
υM⎡
⎣

⎤
⎦ = υ⎡⎣ ⎤⎦ Ωacosφ + u⎡⎣ ⎤⎦( )acosφ + ′u ′v⎡

⎣
⎤
⎦ + u *υ *⎡⎣ ⎤⎦{ }acosφ

Mean Meridional Wind 

Earth’s Velocity 

Eddy Flux of  Relative AM 

Moment Arm Mean Relative Velocity 



Eddy Flux of  Zonal Momentum 

�  Meridional Eddy Flux of  Relative Angular Momentum 

Eddies pump angular momentum to middle latitudes!! 



Eddy Momentum Fluxes 
�  Drive and 

Damp Jets 



Mean Meridional Circulation 
�  Zonal Jets,        Hadley and Ferrell Cells 



Surface Drag 
�  Back in Chapter 4 we read about drag laws 

�  Surface stress was written as, 

�  So it is proportional to wind speed squared and 
acts to slow down the wind. 

�  Units of  stress are kg m s-2 m-2 or Newtons m-2  or 
force per unit area 

�  So in regions of  easterlies, westerly momentum is 
transferred from the solid earth to the atmosphere. 

τ 0 = ρCDUr
2



Angular Momentum Balance 
�  Momentum has to move from easterlies to westerlies 

�  Mean and Eddy transports both important 
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Momemtum Summary 
�  Westerly angular momentum moves from the Earth 

to the air in the tropical easterlies by surface drag. 
�  Surface easterlies are generated by the Coriolis 

acceleration acting on the lower branch of  the Hadley 
Circulation 

�  Westerly angular momentum is advected poleward 
in the upper branch of  the Hadley Circulation 

�  Eddies move the momentum across 30N and 
deliver it to the midlatitude westerlies 

�  Westerly momentum is moved downward by the 
eddies and associated Ferrell Cell and return the 
Earth by surface drag. 



Jets and 
Storm tracks 

�  Midlatitude eddies 

�  Appear in the jet 
streams  

�  Northern 
Hemisphere 
example to right 

Zonal Wind 

u

Transient Eddy Heat Flux 

v 'T '



Jets and Storm Tracks 
January Wind Speed July Wind Speed

January Eddy Heat Flux July Eddy Heat Flux

High-Frequency  
Eddies 
period < 10 days 

  v 'T '

 u
time-mean 
zonal wind 



mean 
sea-level 
pressure 

and 
1000 
mb 

winds 

January

July



January

July

Asian 
Monsoon 

Offshore winds 

Onshore winds 



Asian Monsoon Indian Precip. 

Offshore winds Onshore winds 

January July 

January July



Desert Locations 
�  explain why all the deserts are located 

Hyper-Arid
Arid
Semi-Arid
Dry Subhumid



South 
American 
Monsoon
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January
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South and Central American Monsoon 

�  Precipitation follows the Sun. 



Africa and the Sahel Region 
�  Sahel Region is the boundary between the Sahara 

desert and wetter regions closer to the equator. 

�  Above are monthly precipitation bar charts 



African 
Monsoon 

�  SLP and winds 

�  In January  low 
pressure and 
convergence lie along 
the south coast of  
West Africa 

�  During July the low 
pressure is over the 
Sahara, a heat low, 
where it is usually 
too dry to rain. 
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Precipitation in Africa 
�  Examples of  seasonal cycle 

Jan July

Mar Sept



Photos of  Desert 
to Rainforest 

Transition 
�  Fig. 6-25 Three photographs showing the 

variation of  surface conditions from the 
subtropical Sahara Desert to the 
Intertropical Convergence Zone.  

�  Top: the Saharan oasis of  Ghardaia, 
Algeria at 32°N. The water table 
approaches the surface in this 
depression so that date palms can be 
grown by irrigation. The annual rainfall is 
about 75 mm and the surrounding land 
is barren of  vegetation.  

�  Middle: Sahel region grassland between 
Agadez and Tanout, Niger at 16°N. The 
annual rainfall is about 400 mm.  

�  Bottom: equatorial rain forest on the rim 
of  the Congo Basin near Bondo, Zaire at 
4°N. Annual rainfall is about 1800 mm. 

�   (Photos courtesy of  S. G. Warren.) 



Thanks! 


