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Tropical cyclone intensity: an overview
f T 1
* Emanuel’s (1986) potential intensity: v}, (Lour ’fT )
40
* 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

* AX = Ay=4 km

* RCE with f=10*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
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Parcel vs environment

* Buoyancy variations in CTRL decomposed into parcel and
environmental contributions
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Parcel vs environment
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* Buoyancy variations mostly due to environment

* Upper level warming and cooling phases



Diabatic upper level warming

* MSE.upper > MSEsL not only convective heating
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Diabatic upper level warming

* MSE.upper > MSEsL not only convective heating

* No clear signal of strong radiative heating
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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
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Upper level cooling

* Upper level cooling destabilizes the troposphere before re-
Intensification

* What If radiation was not interactive?
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* Upper level cooling destabilizes the troposphere before re-
Intensification

* What if radiation was not interactive? FIXRAD simulation
~ . with imposed Qrag =
Qraa (2), from non-
rotating RCE
simulation



Upper level cooling

* Upper level cooling destabilizes the troposphere before re-
Intensification

* What if radiation was not interactive? FIXRAD simulation
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Radiative cooling: CTRL vs FIXRAD

CTRL

| —— FIXRAD
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* Qrag (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...
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Abstract

Some of the classical models of tropical cyclone intensification predict tropical cyclones
to intensify up to a steady intensity, which depends on surface fluxes only, without any
relevant role played by convective motions in the troposphere, typically assumed to have
a moist adiabatic lapse rate. Simulations performed using the non-hydrostatic, high-
resolution model System for Atmosphere Modeling in idealized settings (rotating
radiative-convective equilibrium on a doubly periodic domain) show early intensification
consistent with these theoretical expectations, but different intensity evolution, with the
cyclone undergoing an oscillation in wind speed. This oscillation can be linked to
feedbacks between the cyclone intensity and air buoyancy: convective heating, radiative
heating, and mixing with warm low stratospheric air warm the mid and upper
troposphere of the cyclone stabilizing the air column and thus reducing its intensity. After
the intensity decay phase, mid and upper tropospheric cooling, mostly through cold
advection from the surroundings, cooled by radiation, rebuilds Convective Available
Potential Energy, that peaks just before a new intensification phase. These idealized
simulations thus highlight the potentially important interactions between a tropical
cyclone, its environment and radiation.
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Estimating the intensity of tropical cyclones has been a critical research topic in the field.
Theoretical models such as the potential intensity (P1), first introduced by Emanuel 1986 [1],
provide an upper bound for the intensity a tropical cyclone can achieve based on pre-storm
conditions. However, Pl and other similar models are based on idealized settings that may
not always match real-world conditions, such as assuming a neutral atmosphere to moist
convection. Using simulations from the high resolution cloud resolving model SAM [3] in
rotating radiative-convective equilibrium settings, we assess the validity of the idealiza-
tions of the PI theory. We find that upper level processes are responsible for the intensity
oscillations of the tropical cyclone in the simulations, as confirmed by a recent study [5]. We
further show that when accounting for the upper level processes, it is possible to modify

Pl such that it approximately follows the observed intensity evolution.
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* HOMORAD:
Qrag INteractive
but horizontally
homogenized

* Oscillations are
there: Qrag
domain mean
matters more
than local Qraq
In the cyclone
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Upper level cooling: CTRL vs FIXRAD
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