
Time-dependent, axisymmetric 
model phrased in R space

• Hydrostatic and gradient balance above 
PBL

• Moist adiabatic lapse rates on M surfaces 
above PBL

• Boundary layer quasi-equilibrium
• Deformation-based radial diffusion



Local energy conservation:
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Potential Radius:

Differentiate in time:
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Mass continuity:
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Transform to potential radius coordinates:
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Define ψ0 as streamfunction at top of boundary layer 
and use simple finite difference in vertical:
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PBL flow:
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Angular momentum balance:
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Saturation entropy:
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Downdraft:

Boundary layer entropy:
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Relaxation equation:
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Middle troposphere entropy:

Precipitation efficiency:
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Radiation: ( )* *( 0)radQ s s t≈ − − =

Radial diffusion added to equations 
for , , *,b t mr r s and s
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Note that surface saturation entropy depends on pressure, 
which is calculated from gradient wind balance using V

Complete equations summarized in Emanuel (1995), 
posted on course web page. 



Model behavior



Saturate troposphere inside 100 km in initial state:



Character of control simulation
































