
Surface potential intensity in simulated axisymmetric hurricanes

1) Objectives:

A. Introduce a new PI bound on 
the magnitude of the surface 
winds based on the idea of a 
differential Carnot cycle (𝑷𝑰𝒔). 

B. Diagnose 𝑷𝑰𝒔 for surface, and 
diagnose existing PI forms for  
gradient (𝑷𝑰𝒈) and azimuthal 
(𝑷𝑰𝒂) 1 wind, in numerical 
simulations.

C. Compare the validity of the 
various PI bounds.

4) Differential Carnot cycle PI:

• Take two Carnot cycles:

∙ A-B-C-D-A   and   A-B’-C’-D-A

• Points B’ and C’ incrementally outwards of B 
and C. 

• Points A and D common to both cycles (located 
in regions of weak gradients of entropy and 
momentum). 

• Take the difference between both cycles

• Integrate around B-C-C’-B’-B

∙ Doesn’t require Carnot assumptions for the 
rest of the cycles.

• Makes no assumption of gradient or 
hydrostatic balance.

2) Methodology:

• Simulations using an idealized 
axisymmetric model (ASPECH).

• Vary horizontal mixing length 
over 6 simulations, from       
𝑙ℎ = 2000 m to 𝑙ℎ = 63 m, to 
simulate a transition to inviscid 
limit.

• Diagnose PI and compare each 
PI form with the bounded 
quantity.

3) Hurricane Carnot Cycle:

6) Results:

6.1) Magnitude of the surface winds and 𝑃𝐼𝑠 timeseries for 𝑙ℎ = 2000 𝑚 to 𝑙ℎ = 62.5 𝑚

6.2) Maximum magnitude of the surface winds (left), azimuthal winds (center) and gradient 
winds (right) and the associated PI bounds (dashed) averaged over days 8-12, as a function of 𝑙ℎ.

5) Results:

5.1) Sensitivity study time series of the maximum 
azimuthal  wind speed for 𝑙ℎ = 2000 𝑚 to 𝑙ℎ = 62.5 𝑚

• All forms of PI are within 5% of the quantity they bound at small mixing lengths.
• Surface PI is a useful bound to consider since:
• It does not rely on diagnostics of the dynamics, whereas azimuthal PI does, but 

on thermodynamics only.
• Gradient wind represent an ideal construct, not a real wind.

• As 𝑙ℎ decreases, the surface wind magnitude ( 𝐕𝟏𝟎 ) progressively reaches 𝑷𝑰𝒔.

• At low 𝑙ℎ, 𝑷𝑰𝒔 increases and covaries closely with 𝐕𝟏𝟎 .  

• Similar results for comparisons between the azimuthal wind (𝑉) and 𝑷𝑰𝒂, and 
the gradient wind (𝑉𝑔) and 𝑷𝑰𝒈.  
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7) Summary:
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