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Sensitivity of Wind Speed to Turbulence Mixing Length lh

Bryan and Rotunno (2009 MWR)
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Emanuel Potential Intensity Theory
Steady, inviscid, 

axisymmetric,     

pseudo-adiabatic  

equations of

motion projected onto

r-z plane  
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Emanuel Potential Intensity Theory
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Emanuel Potential Intensity Theory
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Components of E-PI

1. Moist slantwise neutrality 

2. PBL Model  

3. Gradient-wind and hydrostatic balance  

Bryan and Rotunno (2009 JAS) 
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Structure of      and  Angular Momentum Me

Bryan and Rotunno (2009 MWR) 

(lh  750m)



Components of E-PI

1. Moist slantwise neutrality 

2. PBL Model  

3. Gradient-wind and hydrostatic balance  

Bryan and Rotunno (2009 JAS) 
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Components of E-PI

1. Moist slantwise neutrality 

2. PBL Model  

3. Gradient-wind and hydrostatic balance

Bryan and Rotunno (2009 JAS) 



Flow with small horizontal diffusion not in gradient-wind balance

Bryan and Rotunno (2009 JAS) 
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Rotating Flow Above a Stationary Disk*

* Bödewadt (1940) (Schlichting 1968 Boundary Layer Theory); see also Rott and Lewellen (1966 Prog Aero Sci)
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Vmax , E-PI, PI+ vs  lh

Bryan and Rotunno (2009 JAS)
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Components of E-PI

1. Moist slantwise neutrality 

2. PBL Model  

3. Gradient-wind and hydrostatic balance  

Bryan and Rotunno (2009 JAS) 



Conclusions

• Simulated TC Vmax > E-PI for weak horizontal diffusion 

• Weak horizontal diffusion         Violation of gradient wind

• Horizontal diffusion & non-gradient wind in natural TCs 

not generally known
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Eliassen & Kleinschmidt (1957):

free atmosphere

PBL

“From these conditions it is probably possible to 

explain the essential features of the hurricane…This 

problem, however, has not been solved.”

Emanuel (1986) solved it.
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Persing and Montgomery (2003) 

Rotunno and Emanuel (1987) Model 

Sensitive to Grid Resolution

lh  3000mRE87 paper

RE87 code lh  0.2  h

Bryan and Rotunno (2009 MWR):
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