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Rapid intensification:

Why do we care about it?


Wing and Lee (2015)
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Rapid intensification:

Crappy forecasts L


“...a decrease in intensity errors over the past�
few years; however, these recent improvements �

are likely part due to a lack of  rapidly intensifying 
hurricanes, which are typically the source of  the 

largest forecast errors.”




2014 NHC Verification Report




Rapid intensification:

Crappy forecasts L


“Increase the POD for RI to 90% at day 1, 
linearly decreasing to 60% at day 5. �

RI is the highest-priority forecast challenge 
identified by NHC.”




HFIP Year Five to Ten Strategic Plan (2014) 




NHC intensity verification:

Going no where fast...
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Late 1980’s intensity forecasting:

Very little guidance


To help forecast...


We can 
do 

better!




Late 1980’s intensity forecasting:

SHIPS is born!


The Statistical Hurricane 
Intensity Prediction Scheme 

(SHIPS)




Combines predictors from 
climatology, persistence, �

the atmosphere, and the ocean�
to estimate changes in�

TC intensity 


DeMaria and Kaplan (1994)




Late 1980’s intensity forecasting:

SHIPS is born!


DeMaria and Kaplan (1994)




Rapid intensity forecasting:

SHIPS was bad L


Kaplan and DeMaria (2003)


During the development of  
SHIPs, TCs with the largest�

48-h intensity change:




1)  were smaller

2)  experienced weaker shear


3)  had less upper-level forcing




4)  were further from their MPI


Rapid Intensity Index (RII)
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Kaplan et al. (2010)
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Rapid intensity forecasting:

Verification


Kaplan et al. (2010)




Rapid intensity forecasting:

A long way from HFIP goals


Kaplan et al. (2010)
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Microwave data


Kieper (2008)




Rapid intensity forecasting:

Microwave data


Lee et al. (2002); Kieper and Jiang 2012


NRL-developed 37 GHz color composite




Polarization correction temperature (PCT)�
of  the vertical and horizontal 37 GHz channels





Warm ocean (green), cold ice (pink), �
shallow clouds (cyan)




Rapid intensity forecasting:

Improvements using microwave data


Kieper and Jiang 2012; Tao and Jiang (2015)


37 GHz ring is a good predictor of  RI when�
the environment is favorable (SHIPS)





82% of  RI cases have a ring at, or before, the start of  RI




 Ring is precipitative, mainly shallow convection
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Fischer et al. (2014); Zagrodnik and Jiang (2014); Tao and Jiang (2015)
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Rapid intensification:

Microwave-based signals  


Fischer et al. (2014); Zagrodnik and Jiang (2014); Tao and Jiang (2015)
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Rapid intensity forecasting:

Welcome Badgers!


Rozoff  et al. (2014, 2015)




Rozoff  et al. (2015):

Change of  color table L


Rozoff  et al. (2015)




Rapid intensity forecasting:

Rozoff  et al. (2015)


Intensification




Rapid intensity forecasting:

Rozoff  et al. (2015)
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Rapid intensity forecasting:

RI model with microwave predictors 


Rozoff  et al. (2015)
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RI model with microwave predictors 


Rozoff  et al. (2015)
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Rapid intensity forecasting:

RI model with microwave predictors 


Rozoff  et al. (2015)


Less warm 
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Rapid intensity forecasting:

RI model with microwave predictors 


Rozoff  et al. (2015)


Less warm 
in the eye???





Storm 
doesn’t yet 

have an eye?


Further from 
MPI?




Rapid intensity forecasting:

RI model with microwave predictors 


Rozoff  et al. (2015)




Rapid intensity forecasting:

RI model with microwave predictors 


Rozoff  et al. (2015)


Small radius 
of  maximum 

convection


85 GHz
37 GHz




RI model with microwave predictors:

Still crappy forecasts! 


Rozoff  et al. (2015)




Rapid intensity forecasting:

Improvements to RII


Kaplan et al. (2015)
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Rapid intensity forecasting:

Improvements to RII


Kaplan et al. (2015)


Inner core dry air 
predictor:




(q10layer– q10) * VMAX0




Dry air mixing down to 

the surface




Rapid intensity forecasting:

Improvements to RII


Kaplan et al. (2015)




Rapid intensity forecasting:

Improvements to RII


Kaplan et al. (2015)




Rapid intensity forecasting:

Still crappy after all these years...L


Kaplan et al. (2015)




Rapid intensity forecasting:

Still crappy after all these years...L


Kaplan et al. (2015)


Why are forecasts of  RI so poor?




What is missing from the models?




Are there observational signals of  RI of  which 
forecasters are not taking notice? 
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Hendricks et al. (2010):




“While some environmental differences were found 
between RI and weakening/neutral TCs, �

an interesting result is that the environment of  RI TCs 
and intensifying TCs is quite similar.”


Why are models so crappy?

RI environments aren’t so different




Hendricks et al. (2010):




“...RI is mostly controlled by internal dynamical 
processes. These processes are inherently less 

predictable; therefore, RI may never be well predicted 
by mesoscale models.”


Why are models so crappy?

RI environments aren’t so different




Rapid intensification:

Internal dynamical processes


Rogers et al. (2013)


Steady State (±10 kt in 24 h) 
 Intensifying (≥ 20 kt in 24 h) 




Rapid intensification:

Internal dynamical processes


Rogers et al. (2013)


That’s RI!


Steady State (±10 kt in 24 h) 
 Intensifying (≥ 20 kt in 24 h) 




Rapid intensification:

Internal dynamical processes


Rogers et al. (2013)




Internal dynamical processes:

Convective bursts


Rogers et al. (2013)
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Rogers et al. (2013)
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Internal dynamical processes:

Convective bursts




Convective bursts:

Lightning!




Convective bursts:

Inner core discrepancy...?


DeMaria (2012)




The RII:

Lightning predictors have an impact


DeMaria (2012)




The RII:

Lightning predictors have an impact


DeMaria (2013)�
Schumacher and DeMaria (2015)


2005–2012


2014




TC lightning:

Forecasters are willing to use it!




Lightning in TCs:

Beyond DeMaria et al. (2014) and GOES-R


Stevenson (2015, 2016)


Hurricane Earl (2010)




Lightning in TCs:

Beyond DeMaria et al. (2014) and GOES-R


Stevenson (2015, 2016)




Convective bursts:

HWRF


Chen and Gopalakrishnan (2015)


EARL (2010)




Convective bursts:

HWRF


Chen and Gopalakrishnan (2015)


HWRF
OBS




Convective bursts:

HWRF


Chen and Gopalakrishnan (2015)


 Inner 200 km


 Inner 50 km




Convective bursts:

HWRF


Chen and et al. (2016)




Convective bursts:

HWRF


Chen and et al. (2016)


RI �
members


Non-RI 
members


RMW2km
 Shear
 w




Convective bursts:

HWRF


Chen and et al. (2016)



