
Unraveling the Rare
Tropical Transition of
Cyclone Akará in the South
Atlantic
Danilo Couto de Souza

4th Workshop on Waves, Storm Surges and Coastal Hazards



CENPES (Petrobras) group
Marcelo Andrioni, Wellington Ceccopieri Belo, Eric Oliveira Ribeiro

Victor A. Ranieri
Meteorology undergraduate student at
USP and INPE 

L. Andrés R. Flores
MSc. student at USP

Pedro L. da Silva Dias
Full professor at USP

Danilo C. de Souza
Post-doctoral researcher, Meteorology Department,
University of São Paulo (USP)
Climate Risk Scientist at IRB(re)

Ricardo de Camargo
Full professor at USP

Research team



Overview
03

Objectives04

Data and methods for analysisng cyclones06

Background on tropical cyclones05

Akara life cycle10

16 Next steps

17 SWOT preliminary results 



Objectives

Understand why tropical
cyclones are rare in the
South Atlantic and the

causes of the few
exceptions.

Objective 1 Objective 2 Objective 3
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Analyze and investigate the
mechanisms related to the

tropical transition of Cyclone
Akará in February 2024.

Investigate the impacts of
such a system on the SST

and wave fields



Warm SST > 27ºC

Wind induced latent
heat release Condensation latent

heat release

Vigorous ascent

05How do tropical
cyclones form?
(the ultimate oversimplification)

(adpted to the southern hemisphere)



Subtropical
high

Typical cyclone path

Jet stream

SST < 27ºC

H

06Tropical cyclones in the
South Atlantic

(not quite a love story)

(despite being in a cyclogenesis region)

 ⬆️ vertical wind shear +
⬇️ SSTs = 🚫 tropical

cyclogenesis

High vertical wind shear



Temperature
tendency

Temperature h.
advection

Adiabatic
compression/

expansion

Latent heat
release

Heat budget
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Our analysis



08Our analysis

Vorticity budget

ζ tendency

 ζ h. advection

ζ v. advection

 Advection of f

 stretching term (ζ
contr.) tilting term

friction
 stretching

term (f contr.)

ζ = relative vorticity
f = planetary vorticity (Coriolis)



09Our analysis

Lorenz Energy Cycle Cyclone Phase Space
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 Akará development

Frontal region: baroclinic
environment with deep
convection
High ocean-atmosphere thermal
contrast → convection → latent
heat release
Later: coupling with cutoff-low  
(high altitude, cold core) →
enhcanced convection
Subtropical cyclone

Cyclogenesis
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 Akará development

Low-level convergence and
upper-level divergence
High SSTs (> 28°C)
Barotropic conversions on mid
to low atmosphere
Tropical transition with deep
warm core

Intensification
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Displacement towards low SSTs
This would make convective
activity decrease and
development to stop

But during intensification....

 Akará development



Stratospheric intrusions

Low level barotropic
conversions (hurricane-like)

2 PVU line → tropopause
red shading → descent

Stratospheric incursions 13
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 Akará development

Increase in vertical wind shear → decrease
in convective activity
Cyclone approaches a baroclinic zone

Barotropic conversions change  from
surface levels to upper levels.

Subtropical transition marked by:
Cooling in the mid-to-upper
troposphere
Movement over colder waters (< 23°C)

Displacement into a colder atmospheric
region

Decay
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Next steps
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Oceanic analysis
1.Analysis of upwelling and the Ekman pump

(was there a cold wake associated?)  
2.Compute ocean heat content and

intensification potential (was it anomalous?)  
3.Swell propagation generated by the cyclone to

the coast (would it have been threatening to
coastal communities if its track was less
southward?)
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SWOT + ERA5 Hs

Just few observations when
we filter out rain and low
quality flag points

Dataissues 
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SWOT + ERA5 Hs

Bias in ERA5 or in SWOT?
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SWOT x ERA5 Hs
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