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Introduction

• There is a continuum of cyclone types that, after 20 years since the advent of the 

cyclone phase space (CPS), it has not been clarified.

• The CPS is not a perfect tool as specific cyclone types in the continuum (e.g., hybrid 

cyclones) can be misclassified.

• One of the most common mis-identification is the confusion between warm 

seclusions and subtropical cyclones (STCs)/tropical cyclones (TCs)

• Examples of Zorbas (2018) or Hurricane Alex (2016)
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Introduction

• Special confusion with the classification/identification of tropical-like and hybrid cyclones. 

Especially over the Mediterranean Sea.

• Warm seclusions potentially mis-classified as medicanes (tropical or tropical-like cyclones).

See poster “Characteristics of some of the most important medicanes in the last 40 years with ERA5 reanalysis data” in 

poster session 1.
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Data and Methods

ERA-Interim reanalysis is used, as part of the methodology derives from an article in 2017. 

But intentions to move to ERA-5.
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Data and Methods

Cyclone Phase Space:

1 and 2 : Frontal
3 and 4: Non-frontal
b: Deep Warm Core
c: Deep Cold Core
d: Hybrid (Shallow Warm Core)

1c Frontal Deep Cold Core (extratropical cyclone)
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Data and Methods

Cyclone Phase Space:

1 and 2 : Frontal
3 and 4: Non-frontal
b: Deep Warm Core
c: Deep Cold Core
d: Hybrid (Shallow Warm Core)

2b Frontal Deep Warm Core (intense warm seclusion?)
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Data and Methods

Cyclone Phase Space:

1 and 2 : Frontal
3 and 4: Non-frontal
b: Deep Warm Core
c: Deep Cold Core
d: Hybrid (Shallow Warm Core)

2d Frontal Hybrid Core (warm seclusion)

MedCyclones Cost Action 2nd Workshopp - 28 June 2023  -  Juan Jesus Gonzalez Aleman



Data and Methods

Cyclone Phase Space:

1 and 2 : Frontal
3 and 4: Non-frontal
b: Deep Warm Core
c: Deep Cold Core
d: Hybrid (Shallow Warm Core)

3c Non-frontal Deep Cold Core (occluded extratropical cyclone)
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Data and Methods

Cyclone Phase Space:

1 and 2 : Frontal
3 and 4: Non-frontal
b: Deep Warm Core
c: Deep Cold Core
d: Hybrid (Shallow Warm Core)

4b Non-frontal Deep Warm Core (tropical cyclone)
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Data and Methods

Cyclone Phase Space:

1 and 2 : Frontal
3 and 4: Non-frontal
b: Deep Warm Core
c: Deep Cold Core
d: Hybrid (Shallow Warm Core)

4d Non-frontal Hybrid Core (subtropical cyclone)
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Data and Methods

Principle Component Analysis: 

Graf et al. (2017)
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Data and Methods

Principle Component Analysis: Graf et al. (2017)
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Results 

PCA results: 

MedCyclones Cost Action 2nd Workshopp - 28 June 2023  -  Juan Jesus Gonzalez Aleman



Results 

PCA results: 

PC1: upper-level, QG omega
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Results 

Here we show the main results for specific initial questions that we initially wanted to 

address, but some other interesting results have been obtained and more are needed 

to be explored.
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Results 

Are CPS parameters related to PCA components?



Results

Can PCA components be used to physically distinguish between similar cyclones 

in the CPS (e.g., warm seclusions vs STCs/TCs)?

Warm seclusions:
VTLf > 0: Frontal shallow warm core

STCs:
VTLnf > 0: Non-frontal shallow warm core



Results

Can PCA parameters be used to help to physically interpret CPS transformations [t0 --> t1] ?

t1

t0

t1

t1

t0
t1

t0
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Results

Can PCA components be used to complement CPS and better classify Mediterranean 

tropical-like cyclones? 



Conclusions

• CPS parameters can be related to PCA components.

• PCA parameters can be used to help to physically interpret CPS transformations.

• PCA can be used to physically distinguish between similar cyclones in the CPS (e.g., warm 

seclusions vs STCs/TCs)

• PCA components could be used to complement CPS and better classify Mediterranean 

tropical-like cyclones.

• Overall, PCA components merged with CPS could potentially contribute to better cyclone 

classification over the Mediterranean Sea and better explain their structure.
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Future work

• Further work is needed, but potential future 5D phase space:

B, VTL, VTU, PC1, PC2 (1-4; a-d; α-δ):
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Future work

• Move to ERA-5

• An operational tool to identify potential cyclone types transformation/cyclogenesis

• A research tool to effectively distinguish between cyclone types and respond 
questions on the environments/dynamics favouring development types

• Try to incorporate/improve with new potential parameters (see Poster 8 in Poster 
Session 1)

• Focus on cyclones with similar representation in the CPS
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THANKS FOR YOUR 
ATTENTION!

QUESTIONS?
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