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Extratropical transition:

Another significant forecast issue


NHC ET forecasts have a positive time bias: �
~14.5 h


ET occurs earlier than the NHC forecast


WHY?




Beven et al. (2012); WMO IWET III Report (2006)
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Extratropical transition:

What is it?


CIMSS Tropical Cyclones Group


...as does the WMO (no operational definition)
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Which five are officially tropical cyclones? 
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Klein et al. (2000):

Conceptual model of  West Pac ET




Klein et al. (2000):

Steps of  the transformation stage of  ET


Step 1: �
Decreased SSTs &�

cooler, drier 
environmental air





Step 2: �
Increased�

 vertical wind shear




Step 3: �
Interaction with 
baroclinic zone & 

frontogenesis
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Main features of  the transformation stage of  ET


# 1: �
Equatorward flow of  

cool, dry air �
(open cell cumulus)
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Klein et al. (2000):

Main features of  the transformation stage of  ET


# 3: �
Poleward flow of  warm, 

moist air �
(maintains convection; 
overrunning of  θ lines)














# 4: �
Ascent of  warm, moist 
air over tilted θ lines of  

baroclinic zone 




Klein et al. (2000):

Main features of  the transformation stage of  ET


# 3: �
Poleward flow of  warm, 

moist air �
(maintains convection; 
overrunning of  θ lines)














# 4: �
Ascent of  warm, moist 
air over tilted θ lines of  

baroclinic zone 




Klein et al. (2000):

Main features of  the transformation stage of  ET
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Ascent, producing�
cloud bands to the�

west of  the TC, 
undercut by descent
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Sharp-edged cirrus 
shield interacting�

with the jet
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Klein et al. (2000):

Step 3


Fogarty (2012)
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ET:

The phase space diagram
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Thermal asymmetry
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Phase space parameters:

Thermal wind
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Phase space parameters:

The diagram
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Cyclone phase space:

Floyd (1999)
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Cyclone phase space:

Floyd (1999)
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Cyclone phase space:
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ET 
ends
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Cyclone phase space:

Floyd (1999)


Bob Hart’s phase space archive�
http://moe.met.fsu.edu/cyclonephase/archive/




Bob Hart’s phase space archive�
http://moe.met.fsu.edu/cyclonephase/archive/


Cyclone phase space:

Many flavors of  ET




Cyclone phase space:

Forecasting tool


Hart and Evans (2002)



