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Notes on Lab Activity #8: Global Patterns of Temperature, Pressure, 
Wind, and Clouds 
 
(Refer to the annual-average heat budget equations for low, middle, and 
high latitudes.) 
 
** Latitudinal Heat Transport by Winds: Contribution to the Annual-
Average Heat Budgets for the Middle and High Latitude Zones 
 The resolution of the problem of unbalanced annual-average heat 
budgets in both middle and high latitudes lies in the atmosphere. There we 
see a series of disturbances (storms) ringing the globe and straddling the 
middle and high latitudes, called midlatitude cyclones. These form along a 
relatively narrow zone of rapid transition in temperature (temperature 
gradient) in the lower troposphere between warm low latitudes and cold high 
latitudes, lying typically in the upper midlatitudes, called the polar front. 
The polar front in both hemispheres has “wobbles” or waves in it that 
propagate eastward. Midlatitude cyclones are located at particular parts of 
the wobble or wave pattern. 
 In the lower troposphere, midlatitude cyclones are characterized by 
relatively low pressure and winds that blow in an inward-converging, spiral 
pattern (counterclockwise around the low pressure center in the Northern 
Hemisphere, clockwise in the Southern Hemisphere). The spiral pattern is 
centered along the polar front, with colder air on the western side forming a 
“tongue” of colder air advancing equatorward, and warmer air on the eastern 
side, forming a tongue of warmer air advancing poleward. (These “tongues” 
of relatively colder and warmer air constitute the “wobbles” or waves in the 
polar front.) 
 The poleward-moving air in the eastern part of midlatitude cyclones 
transports heat poleward, while the equatorward-moving air in the western 
part transports heat equatorward. However, because the poleward-moving 
air is warmer than the equatorward-moving air, the net transport of heat by 
these winds is poleward, out of the middle latitudes and into the high 
latitudes. Hence, the net transport of heat by winds in midlatitude cyclones 
constitutes a sink of heat for the middle latitudes and a source of heat for the 
high latitudes.  
 Quantifying these sources and sinks (which we haven’t tried to do but 
that scientists have done) shows that they largely compensate for the other, 
unbalanced sources and sinks at both midlatitudes and high latitudes. That is, 



the annual-average heat budgets for both the middle and high latitudes 
largely balance. Since the annual average temperatures of each latitude zone 
change only by a small amount from year to year, this heat budgets are 
consistent with the observations of temperature, as we expect. 
 
Annual-Average Heat Budgets for Low, Middle, and High Latitudes Zones 
 In summary, averaged over a whole year, the earth absorbs solar 
radiation differentially, with the greatest absorption at low latitudes and the 
least absorption at high latitudes. This creates a temperature difference 
between low and high latitudes and hence a differential rate of emission of 
radiative energy between high and low latitudes. However, radiative 
emission does not compensate for (that is, balance) the solar absorption at 
either low or high latitudes. Nonetheless, the annual average temperature in 
each latitude zone changes relatively little from year to hear. Hence, we 
know (from the heat budget equation) that additional sink(s) of heat (at low 
latitudes) or source(s) of heat (at high latitudes) must exist to compensate for 
the radiative imbalances. 
 The resolution of this dilemma lies in the fact that temperature 
differences in the atmosphere create pressure differences in the atmosphere, 
which drive winds, which both transport heat and drive ocean currents that 
transport heat. In the middle and low latitudes, the winds drive large ocean 
gyres, which transport more heat out of the low latitudes into midlatitudes 
than in the opposite direction, constituting a sink of heat for low latitudes 
and balancing the heat budget there, but adding a source of heat for the 
middle latitudes.  

Straddling middle and high latitudes, midlatitude cyclones form along 
the polar front, and the winds in these storms transport more heat from 
middle to high latitudes than in the opposite direction, constituting a sink of 
heat for the middle latitudes and a source for high latitudes, balancing the 
budgets for both latitude zones. 
 In the end, the ocean and atmospheric circulation patterns that 
transport heat poleward prevent temperatures at low latitudes from rising 
and temperatures at high latitudes from falling to the point where radiative 
emission balances solar absorption. This reduces the temperature difference 
between high and low latitudes and keeps temperatures livable over a larger 
part of the globe than would otherwise exist. 
 
 
 
 



 
 
Heat Budget for the Planet as a Whole 

If we add up the terms in the annual average budgets for the three 
latitude zones to get an annual average budget for the planet as a while, we 
see that: 

• The left-hand side of the equations sum to approximately zero 
(because the rates of change of heat content for each latitude zone are 
all approximately zero).  
 

• The rates of absorption of solar radiation and rates of emission of 
LWIR radiation for each latitude zone sum to the respective total 
rates for the whole planet.  
 

• The rate of loss of heat by low latitudes due to net transport by ocean 
currents is compensated exactly by the rate of gain of heat by middle 
latitudes by the same mechanism, and the same is true for the net 
transport of heat from middle to high latitudes by winds in 
midlatitude cyclones. That is, transporting heat from one part of the 
earth to another does not change the amount of heat in the earth as a 
whole, as we would expect.  
 

We end up with the following annual-average heat budget for the earth 
as a whole: 
 
Annual-Average Heat Budget for the Earth as a While 
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This is the budget that we already knew applied to the earth as a whole, 
but it’s good to see that it is consistent with the individual budgets for each 
latitude zone. 


