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Pressure overhead is related to the density of air times the acceleration of gravity.  
Pressure decreases with height as the density decreases.
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As we lift parcels of air they are surrounded by a less dense atmosphere. So those 
parcels expand and cool adiabatically, without heat exchange.  This leads to the 
adiabatic lapse rate.
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Atmospheric scientists like to work with potential temperature as that is the 
temperature of a parcel of air lifted or dropped adiabatically, from a local pressure, 
P, to the reference, P0, typically at sea level.
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It is important to distinguish the difference between the temperature profile, which 
decreases with the lapse rate, and that of the potential temperature, which is 
constant with height.
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Here is a comparison of data in the real planetary boundary layer. You see 3 layers 
of different thermal stratification.  The lowest is unstable as the air is warmer at the 
surface, than above.  The next is well mixed and neutral.  Above the boundary layer 
we have a stable layer where the potential temperature increases with height.  Note 
air temperature still declines but at a rate less than the lapse rate.
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Important concepts to know.  The distinct differences in profiles of air temperature 
and potential temperature for near neutral, unstable and stable thermal stratification

8



9



10



A--Diabatic, without heating…A– like A-theist…
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If dQ is zero then new balance
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When you hear the word specific in science it tends to be associated with a 
normalization by mass. When you hear about specific gravity of beer or wine, it 
refers to the density of that fluid divided by the density of water. A mass per mass 
per unit volume
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A little algebraic and calculus hocus pocus and re-arranging terms
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We can now get a term of dq as a function of cp dT and dP…things we can 
measure
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Let’s derive potential temperature
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What is the lapse rate
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Latent heat exchange of a moist atmosphere can play a role, too, as with 
Hurricanes.  
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