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Archimedes Principle: Warm air rises, cold air sinks. 

Balloons are used as analogs for parcels 
of air, and to illustrate buoyancy. 

As long as air is warmer than its  
surroundings it will rise. 

Is the same true for balloons?  As long as 
the air inside a balloon is warmer than the 
surrounding air, will it continue to rise? 

Buoyancy force = weight of displace air. 





Under stable atmospheric conditions, an air parcel that is 
displaced in the vertical direction will return to its original 
position. 

Neutral stability occurs when the air parcel will remain at it’s 
displaced position without any additional forces acting on it. 

For unstable conditions, an air parcel that is displaced in the 
vertical will continue to move in the direction of the 
displacement. 

Conditional instability occurs when a significant displacement 
of the air parcel must occur before instability can occur. 



  Lifting mechanisms 
  Air parcel temperature 
  Air parcel moisture 



 When air rises, it expands and cools adiabatically. If air is lifted 
sufficiently high, it will eventually cool to its dew-point temperature 
(temperature at which air becomes saturated), and clouds will develop.  

 There are 5 mechanisms that cause air to rise are  

(1) Localized convective lifting, where unequal surface heating causes 
localized pockets of air to rise because of their buoyancy. 



When air rises, it expands and cools adiabatically. If air is lifted sufficiently 
high, it will eventually cool to its dew-point temperature, and clouds will 
develop.  

There are 5 mechanisms that cause air to rise are  

(2) Frontal wedging, where warmer, less dense air is forced over cooler,  
     denser air along a front,  



When air rises, it expands and cools adiabatically. If air is lifted 
sufficiently high, it will eventually cool to its dew-point temperature, 
and clouds will develop.  

There are 5 mechanisms that cause air to rise are  

(3) Orographic lifting, where air is forced to rise over a mountainous 
barrier, 



When air rises, it expands and cools adiabatically. If air is lifted sufficiently 
high, it will eventually cool to its dew-point temperature, and clouds will 
develop.  

There are 5 mechanisms that cause air to rise are  

(4) Convergence, a pile-up of horizontal airflow resulting in an upward 
flow, and   



When air rises, it expands and cools adiabatically. If air is lifted 
sufficiently high, it will eventually cool to its dew-point temperature, 
and clouds will develop.  

There are 5 mechanisms that cause air to rise are  

(5) Turbulence can also lift air on very small scales, and can lead to 
small clouds. 



  Any factor that causes air near the surface 
to become warmed in relation to the air 
aloft increases the air’s instability.  

  The opposite is also true; any factor that 
causes the surface air to be chilled results 
in the air becoming more stable.  

  Most processes that alter atmospheric 
stability result from temperature changes 
caused by horizontal or vertical air 
movements, although daily temperature 
changes are important too.  

  Changes in stability occur as air moves 
horizontally over a surface having a 
markedly different temperature than the air. 

  Furthermore, subsidence (a general 
downward airflow) generally stabilizes the 
air, while upward air movement enhances 
instability. 







Lapse Rate vs. Inversion


 A lapse rate is the rate 
at which temperature 
decreases with increasing 
altitude.


 Inversion when the 
temperature of  layer 
increases with height




What is the rate of temperature decrease for dry air? 
 Dry Adiabatic Lapse Rate (DALR) 

DALR typically -10oC/kkm 



Dry versus Wet (Saturated) Adiabatic Lapse Rate (SALR) 



When air rises, it cools and can eventually produce clouds. Stable air resists vertical  
movement, whereas unstable air rises because of its buoyancy.  

The stability of air is determined by the environmental lapse rate, i.e., 
the temperature of the atmosphere at various heights.  

The three fundamental stability conditions of the atmosphere are  

(1) absolute stability, when the environmental lapse rate is less than the wet adiabatic rate,  
(2) absolute instability, when the environmental lapse rate is greater than the dry  
 adiabatic rate, and  
(3) conditional instability, when moist air has an environmental lapse rate between the  
 dry and wet adiabatic rates.  

 In general, when stable air is forced aloft, the associated clouds have little  
 vertical thickness, and precipitation, if any, is light. In contrast, clouds associated  
 with unstable air are towering and frequently accompanied by heavy rain. 



Stable Conditions 



Absolute Stability: Parcel of air is always heavier 
than surrounding air. 



Absolute Instability: Parcel is always lighter than 
surrounding air.  



Conditional Instability: Depends on the surrounding air.  





  Temperature inversions represent a 
situation in which the atmosphere is very 
stable and the mixing depth is 
significantly restricted.  

  When an inversion exists and winds 
are light, diffusion is inhibited and high 
pollution concentrations are to be 
expected in areas where pollution 
sources exist.  

  Surface-temperature inversions form 
because the ground is a more effective 
radiator than the air above.  

  Inversions aloft are associated with 
sinking air that characterizes centers of 
high air pressure.  

Temperature Inversions 











1000 mb 

950 mb 

1.  Isobars are roughly horizontal lines that represent the 
pressures on the Skew-T/Log-P.  They are plotted 
every 10 mb and are labeled every 50-100 mb 



1000 mb 

950 mb 

2.  Isotherms are nearly straight lines running from the lower 
left to the upper right that represent the temperatures.  Both 
temperatures and dew point temperatures are plotted using 
the isotherms.  Isotherms are plotted every 1°C and are 
labeled every 5°C. 



1000 mb 

950 mb 

Adiabats 

3.  Dry adiabats are nearly straight curves running from the lower right 
to the upper left that represent the Dry Adiabatic Lapse Rate.  
Unsaturated air parcels move vertical along the adiabats as they are 
lifted or sink.  The temperature of an unsaturated air parcel moving 
vertically during and adiabatic process can be determined by 
following the adiabat 



1000 mb 

950 mb 

Adiabats 

Pseudoadiabats 

4. Pseudoadiabats are curves running from the bottom of the 
diagram and gradually curving toward the upper left that 
ultimately become nearly parallel to the dry adiabats.   







1000 mb 

950 mb 

Adiabats 

Pseudoadiabats 

Mixing ratios 

5. The mixing ratios are also plotted as straight dashed lines 
running from the lower left to upper right more steeply than the 
isotherms.   







•  Skew-T/Log-P 
disadvantages 
–  Temporal 

resolution (only 
available twice a 
day (00Z & 12Z), 
i.e., weather can 
change 
dramatically 
between 
soundings 

–  Sounding does 
not give a true 
vertical dimension 
& instantaneous 
measurements 
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–  Thermals will form, but will not rise 
high enough to condense, NO 
THUNDERSTORMS WILL 
DEVELOP. 

–  Thermals will rise high enough to 
condense, YES POSSIBLY 
THUNDERSTORMS WILL 
DEVELOP. 





Stable – Stratus Unstable - Cumulus  







Temperature (oC) 





Temperature (oC) 





LI only provides information about the possible 
stability/instability of a parcel that is lifted to 500 
mb. 













Index Probability of Thunderstorms 

K < 15 0% 

15 to 20  20% 

21 to 25 20 – 40% 

26 to 30 40 – 60% 

31 to 35 60 – 80% 

36 to 40 80 – 90% 

K > 40 Near 100% 





28 Isolated Thunderstorms 

29 to 32 Few Thunderstorms 

32 Scattered Thunderstorm 







< 44 No Thunderstorm Activity 

45 - 50 Weak Potential for Heavy Thunderstorms 

50 - 55 Moderate Potential for Heavy 
Thunderstorms 

> 55 Strong Potential for Heavy Thunderstorms 

•  More reliable predictor of severe thunderstorm activity 



(courtesy F. Remer) 








