
Lower Atmospheric Winds That Influence Weather and Climate
An 8 hour seminar for the Senior Learning Institute @ College of Central Florida - 

Professor Tonie Ansel Toney (retired) – E-mail = ProfToney@gmail.com, Web-log =  http://cloudman23.wordpress.com/
Find support here:  http://ztechzone.net/slinstitute/

Published Course Description:  Wind is responsible for most weather changes (and has a great influence upon 
climate). Learn the fundamental causes of wind and proceed to the three scales of atmospheric motion which have 
the most profound effect upon weather. Emphasis will be on cause and effect, interactions and interrelationships. 
Expect a relaxed, "no pressure" environment with opportunities to ask questions, make observations, and exchange 
ideas.  This course is similar to the 12 hour presentation, Becoming Weatherwise, completed in November, 2006.

Additional input:  My approach will be mostly descriptive (relatively non-mathematical). It is my intention to employ 
old-fashioned “chalk talks” with enhancements projected on the screen using my laptop so long as circumstances 
permit. There will be times when I will be using my laptop to project images on the screen and I plan to use on-line 
resources (so long as the college provides a connection with support). Two hours of Senior Learning Institute 
teaching/learning pass quickly for me and I often skip taking a break. Please feel free to take your own 
“comfort breaks,” unannounced, at any time. 

THE BOTTOM LINE IS THIS:  
IT ALL STARTS WITH THE LARGEST OBJECT IN OUR SOLAR SYSTEM,

A NORMAL MAIN SEQUENCE STAR – THE SUN!

“Wind” as defined in the American Meteorological Society Glossary:  “Air in motion relative to the surface 
of the earth. Since vertical components of atmospheric motion are relatively small, especially near the 
surface of the earth, meteorologists use the term to denote almost exclusively the horizontal component. 
Vertical winds are usually identified as such.”  

Q & A: What causes the air to move in the first place?
– The earth's surface is unequally heated by solar radiation. The three most important reasons for  

this unequal heating will be discussed.
– Most of the heating of the lower atmosphere comes “from below” - that is, from the earth's surface. 

This is why the air temperature usually decreases with increases in altitude since the higher one 
goes the further one is from the source of the thermal energy. To some, this is a paradox since as 
they climb they are getting closer to the sun.

– The unequally heated surface unequally heats the air above it. This, among other things, causes 
inequalities in the air's density which creates an unevenness in the distribution of air pressure.

– Wind is the movement of air from high pressure toward lower pressure environs – a quest for 
equilibrium (there is a noteworthy exception which will be discussed).

Q & A: What, other than temperature differences, causes the air's density/pressure to vary?
– Differences in the air's water vapor content plays an important role. All other things being equal, 

the greater the water vapor content of a given volume of air, the lower its density! Wow - another 
paradox which will be explained in fundamental terms.

– Air sinking upon a surface increases the surface pressure and air rising from the surface lowers 
the surface pressure.  

– The faster air moves over a surface (in a parallel fashion), the less pressure it exerts upon that 
surface. This will be demonstrated in class.

Q & A:  What is the model for describing the movement of air over our planet earth?
– The single-cell model will lead us to the far more accurate three-cell model.
– The single-cell model omits three important facts: 1) the earth's surface is heterogeneous – not 

uniform, 2) the equator does not get the most intense heating each day of the year, and 3) the 
Coriolis effect plays a powerful role in deflecting the planetary scale winds.

Let's review the Coriolis effect. If all works well you will see on-line demonstrations. It is caused by earth's  
rotation and influences the movement of wind, weather systems, and large scale ocean currents. It creates an 
apparent rightward deflection in the Northern Hemisphere and a leftward deflection in the Southern 
Hemisphere. It does NOT determine the direction that water rotates down a drain.   
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– PLANETARY CIRCULATION OF THE ATMOSPHERE    -
Other synonymous terms = General, Global, Large Macroscale, and Primary circulation.

The Three-cell* Model of Planetary Atmospheric Circulation (put into words).

I challenge you to draw a large circle and try to complete a view of the circulation about to be described 
without looking at the corresponding drawing on the next page. See how close you come. Of course if you do 
not succeed it will not necessarily be on your account. It will depend at least partly upon how accurate and 
well-written the following description turns out to be. IMPORTANT:  Winds are named directionally in 
accordance with where they COME FROM.  A north wind is a wind heading toward the south.

A line/belt of low pressure (due mostly to the air's warmth) circumscribes the globe in the Tropics. High 
oceanic evaporation rates cause a higher than average specific humidity which is another cause for 
decreased pressure. Convergence occurs here because as air rises, something must take it's place. That 
approaching from the north is deflected to the right resulting in the Northeast Trades; that approaching from 
the south is deflected to the left resulting in the Southeast Trades. The belt of converging, rising air where the 
Trades meet is called the intertropical convergence zone (sometimes called the doldrums). As you will 
eventually see, it is further north during our summer than during our winter.

Eventually that rising air becomes stable and diverges aloft flowing over the top of and opposite to the 
direction of the trades. These “antitrades” instead of moving directly toward the poles develop a component of 
motion from the west due to the Coriolis effect. Once that air gets near the 30th parallels it is coming almost 
perfectly out of the west. The core of that westerly flow is the meandering subtropical jet stream.

All of this air coming out of the west has converged partly because it has moved into less of an area than 
when it was over the tropics. Another reason for the convergence is explained this way: “It's similar to what 
happens when several lanes of traffic turn off and exit onto a one-lane exit ramp – they crowd together. This 
convergence aloft causes the air to sink at approximately 30 degrees north and south latitudes.  Actually, 
converging air at the top of the tropopause it can rise or sink but gravity favors the latter.  So air sinks upon 
the surface creating two belts of high pressure, one in each hemisphere – the subtropical highs.

After the air splashes upon the surface it diverges. That which moves to lower latitudes becomes the trades; 
that which moves toward higher latitudes becomes the westerlies. Were it not for the Coriolis effect, that which 
heads toward higher latitudes would move perfectly poleward. But the rightward deflection in the northern 
hemisphere and the leftward deflection in the southern hemisphere gives the air a westerly component of 
motion (or an apparent force from the west). 

At the same time all of this is happening, cold sinking air generates high pressure at the polar highs where the 
air then diverges. The Coriolis deflection, strongest at these high latitudes quickly provides an apparent force 
giving the air an easterly component of motion – thus, the polar easterlies.  

The prevailing westerlies converge with the polar easterlies at the polar fronts.  The collision is not a 
“sideswipe.”  It is more akin to a head-on collision and is far more catastrophic (weatherwise) than the more 
timid glancing impact at the ITCZ. Much of this rising air at the polar front succumbs to the Coriolis deflection 
and travels rapidly aloft out of the west.  The core of this flow is the polar front jet stream.

*the reference to three cells is, more specifically, three cells per hemisphere for a total of 6.
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The three-cell model for air motion and/or forces

NOTES/REMINDERS :  1) the north-south oriented broad gray arrows show the tendency for motion within 
each of the 6 cells discounting the Coriolis effect. 2) the five labeled items on the left side of the global 
outline, e.g. Polar Front, are referred to as pressure belts. 3) The Coriolis effect cannot be shown in the two-
dimensional cross-section at the right margin because the arrows would have to go into and out from the page 
– so even though the winds aloft respond to the Coriolis effect more than do the surface winds - it is not 
apparent in this drawing because the only winds aloft shown are in the cross-section on the right.  4) Think: 
“sinking air = high pressure, rising air = low pressure (with respect to the surface).  5) Also think: “diverging air 
= high pressure at that level and converging air = low pressure at that level.  6) the surface arrows don’t 
necessarily indicate true wind direction; they can be indicating the direction of forces that help to move 
mappable weather systems.  Examples are:  Air masses, frontal systems, and tropical systems.  Look at it this 
way – One can find any wind direction in a hurricane just by moving about from location to location but the 
whole storm might be moving out of the east toward the west because of the “northeast trades force.” 7) In 
class there may be time for elaborations on the migration of the pressure belts, alignment of the belts, and the 
seasonal regularity of the Southern Hemisphere compared to the Northern Hemisphere. 8) Finally, for 
geographical orientation, the center of the roundabout in front of the Ewers Century Center of College of 
Central Florida is 29.16 degrees north latitude – almost at the “idealized” subtropical high pressure belt. Might 
this suggest a climatological paradox? After all, most of the world's deserts are dry in part, because of their 
proximity to the subtropical high. The desert by the Rio Grande river in Big Bend National Park, Texas is at the 
same latitude as Ocala but gets only about 7 inches of annual precipitation. Ocala's climate is of the humid 
subtropical variety with about 50 inches. This paradoxical difference will soon be explained in class.
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ONE STEP CLOSER TO REALITY – THE SEMI-PERMANENT PRESSURE SYSTEMS

These are not conventional weather maps; they represents monthly average pressure distribution over 30 years. 
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“vive la différence!”

Q & A:  At the beach when there is a full sun, which gets hottest, the surface of the dry sand or the 
surface of the water? If you were to go for a barefoot walk on the beach late that night – which would 
feel coldest to you feet, the surface of the dry sand or the surface of the water?

You have hit upon the reality of nature referred to as “differential heating and cooling.” During the daylight 
hours the sand heats up to a temperature warmer than the adjacent sea surface and at night the land cools to 
a temperature colder than the adjacent sea surface. These are called “diurnal” variations.

Q & A:  What obvious “reality” of the earth's surface is NOT taken into account in the 3-cell idealized 
model of planetary circulation? If you have followed my “lead” in the diurnal cycle at the beach, you might 
correctly conclude that the model doesn't account for the fact that the surface is differentiated on a large scale 
by continents vs. oceans. Consequently, there is an annual cycle of temperature inequalities on that scale. In 
that spirit I suggest you equate a hot day at the beach with summer and a comfortable night as winter.

Q & A:  As I see it, the variety of the earth's surface makes for much more interesting weather and 
climatic differences than would occur on a homogeneous earth; thus my proclamation, “Long live the 
difference!” The Northern Hemisphere is 39% land and the Southern Hemisphere is only 19% land. 
Therefore, which of the two hemispheres is most homogeneous?

Q & A:   Comparing  July  pressure  to  January  pressure,  describe  the  differences  you  see  in  the 
distribution of highs and lows in the northern hemisphere. Also notice the change of position of the 
ITCZ and fashion a general rule for its position. For the northern hemisphere: Lows over continents and 
highs over the oceans in July (summer) and the opposite in January (winter).  The ITCZ shifts northward 
during the northern hemisphere summer and southward during the winter.  

FIVE GYRES (G) GENERATED BY THE PLANETARY SCALE HIGHS

SPECIAL NOTE  :    10 important boundary currents will be explained due to their climatological implications. 
Five of them are relatively cold boundary currents and the other five are relatively warm boundary currents. 
The five warm ones are on the eastern margins of the continents and the five cold ones are on the western 
margins of the continents.
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Every  weather  system  shown  in 
previous  diagrams  is  too  large to 
appear  on  conventional  weather 
maps of our nation or continent – the 
ones we see on T.V., in newspapers, 
and on-line.  

On  the  other  end  of  the  spectrum, 
there  are  extremely  important 
circulation systems that  are unseen 
on those maps because they are too 
small!  Yet  without  the  local  scale 
circulation  shown  in  this  drawing, 
Florida would be a desert.

 Q & A:  Why the “d” and the “c” 
within lake Okeechobee? In which of 
the two situations would you expect 
low cloud development over the 
lake? This will be discussed in class.

TOP AND BOTTOM OF A 
HURRICANE

   - Ike centered near Western Cuba.
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The faint gray arrows represent the 
pressure gradient direction while the 
darker arrows correct for the Coriolis 
deflection.

Q & A: Which of the two 
represents the lower portion of 
the storm?

FROM A NATIONAL
WEATHER MAP

(enhanced by T. Ansel Toney)

A middle latitude cyclone near the 
center with an anticyclone on either 
side. Mid-latitude cyclones have fronts. 
Tropical cyclones do not.

Q & A: What is the value of the 
isobar (pressure line) going through 
the middle of Kansas? How about 
the innermost isobar within the 
cyclone? This map uses the most 
common isobar interval for synoptic 
maps – 4 millibars. This can be 
deduced by examining labeled isobars 
that are side by side. So the answers 
are: 1016 mb, and 992 mb.


	“vive la différence!”

