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Tropical cyclone intensity: an overview
 Emanuel’s (1986) potential intensity: 
 Rotating radiative-convective equilibrium simulations (Wing et al. 2016, 

Muller & Romps 2018) showed non-monotonic/oscillating intensity 
evolution.
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Research questions and simulation setup
 Which are the most relevant processes in shaping the oscillating 

intensity evolution of tropical cyclones in RCE?
 Are upper-level processes more important than low-level dynamics?
 What’s the role of the interactive radiation feedback?

 System for Atmospheric Modelling (SAM,cloud resolving)
 1024 x 1024 x 27 km doubly-periodic domain
 SST=300 K uniform and not interactive
 Δx = Δy= 4 km
 RCE with f = 10-4 s
 CTRL run with interactive radiation



CAPE-wind oscillations
 Clear intensity oscillations during CTRL run
 Undiluted, pseudo-adiabatic CAPE (computed between two 

angular momentum surfaces) oscillates out of phase with the 
wind



Parcel vs environment

 Buoyancy variations in CTRL decomposed into parcel and 
environmental contributions



Parcel vs environment

 Buoyancy variations mostly due to environment
 Upper level warming and cooling phases



Diabatic upper level warming
 MSEupper > MSEBL   not only convective heating
  
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Diabatic upper level warming
 MSEupper > MSEBL   not only convective heating
 No clear signal of strong radiative heating 

  



Stratospheric MSE transport
 Net MSE downward transport from the stratosphere during the 

intensification phases
 Convection overshoots into the stratosphere, leading to mixing 

with high-MSE stratospheric air 



Upper level cooling
 Upper level cooling destabilizes the troposphere before re-

intensification
 What if radiation was not interactive? 
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Intensity and CAPE 
oscillations are 
damped!
Weaker cooling



Radiative cooling: CTRL vs FIXRAD

 Qrad (domain mean) 
during weak phase of 
the CTRL cyclone 
(days 40-55) much 
stronger than in 
FIXRAD

 Sharp difference at z 
>10 km



Conclusions
 Intensity oscillations of tropical cyclones in cloud-resolving, 

rotating RCE simulations were linked to an upper level 
warming-cooling cycle

 Warming (including mixing with the stratosphere) stabilizes the 
atmosphere and leads to intensity decay

 Interactive radiation feedback fundamental to generate strong 
radiative cooling that destabilizes the troposphere again, before 
a new intensification 



Thank you for your attention and...



...check out our paper and ...
 https://doi.org/

10.1029/2024MS004613



...Alex’s poster (tomorrow!)
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MSE CTRL vs FIXRAD



 HOMORAD: 
Qrad interactive 
but horizontally 
homogenized

 Oscillations are 
there: Qrad 
domain mean 
matters more 
than local Qrad 
in the cyclone



Upper level cooling: CTRL vs FIXRAD
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