
Atmospheric Convection

A Primer



Buoyancy and Entropy
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Homogeneous Compressible Gases



The adiabatic lapse rate:
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Model Aircraft Measurements
(Renno and Williams, 1995)



Prandtl’s (1925) problem
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Above a thin boundary layer, most atmospheric 
convection involves phase change of water:

Moist Convection



Moist Convection

• Significant heating owing to phase 
changes of water

• Redistribution of water vapor – most 
important greenhouse gas

• Significant contributor to stratiform 
cloudiness – albedo and longwave 
trapping



Water Variables
Mass  concentration of water vapor (specific humidity):
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Vapor pressure (partial pressure of water vapor):    e
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The Saturation Specific 
Humidity
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Phase Equilibria



Bringing Air to Saturation
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2. Decrease e* (T)



When Saturation Occurs…

• Heterogeneous Nucleation
• Supersaturations very small in atmosphere
• Drop size distribution sensitive to size 

distribution of cloud condensation nuclei





Ice Nucleation Problematic



Precipitation Formation:

• Stochastic coalescence (sensitive to drop 
size distributions)

• Bergeron-Findeisen Process
• Strongly nonlinear function of cloud water 

concentration
• Time scale of precipitation formation ~10-

30 minutes



Stability
No simple criterion based on entropy:
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Virtual Temperature and Density 
Temperature

Assume all condensed water falls at 
terminal velocity
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Trick:

Define a saturation entropy, s* :

( )* , , *s s T p q≡

( )*, , ts p qα α=

We can add an arbitrary function of qt to s* such that
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Stability Assessment using Tephigrams:
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Stability Assessment using Tephigrams:

Convective Available Potential Energy
(CAPE):
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Other Stability Diagrams:



“Air-Mass” Showers:







Precipitation Effects:



Buoyancy Reversal:



Summary of Differences Between Dry and
Moist Convection:

• Possibility of metastable states
• Strong asymmetry between cloudy and 

clear regions
• Typically, only thin layers near surface are 

unstable to upward displacements
• Mixing can cause buoyancy reversal
• Large potential for evaporatively cooled 

downdrafts
• Separation of buoyancy from displacement 

can lead to propagating convection



• Buoyancy of unsaturated downdrafts 
depends on supply of precipitation

• Entropy produced mostly through 
mixing, not dissipation

• Internal waves can co-exist with 
unstable convection



Tropical Soundings



Annual Mean Kapingamoronga:

















Radiative-Moist Convective 
Equilibrium



Precipitating Convection favors Widely 
Spaced Clouds (Bjerknes, 1938)



Properties:

• Convective updrafts widely spaced
• Surface enthalpy flux equal to vertically 

integrated radiative cooling
•
• Precipitation = Evaporation = Radiative 

Cooling 
• Radiation and convection highly interactive
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Recovery from mid-level specific humidity 
perturbation
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Speculative Regime Diagram



Non-equilibrium Convection











Klemp and Wilhelmson, J. Atmos. Sci., 1978














