
Rapid intensification:
What is it?

Kaplan & DeMaria (2003)
Kaplan et al. (2011):

~95th percentile
of  over water

24-h intensity change

30 kt (15.4 m s-1)

1989–2019 



Rapid intensification:
Why do we care about it?

Wing and Lee (2016)



Rapid intensity change:
💩 forecasts L



NHC official forecasts:
Track errors



NHC official forecasts:
Intensity errors



“...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.”

2018 NHC Verification Report

NHC official forecasts:
Intensity errors



Rapid intensification:
💩 forecasts L

Fischer et al.(2019)



Rapid intensification:
💩 forecasts L

Fischer et al.(2019)

“Increase the probability of  detection (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 Ten Year Strategic Plan (2014) 



Late 1980s intensity forecasting:
Very little guidance

To help forecast...

We can 
do 

better!



Late 1980s 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 1980s intensity forecasting:
SHIPS is born!

DeMaria and Kaplan (1994)



Rapid intensity forecasting:
SHIPS was 💩 at RI

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)



Rapid intensity forecasting:
The RII

Kaplan et al. (2010)



Rapid intensity forecasting:
A long way from HFIP goals

Kaplan et al. (2010)



Rapid intensity forecasting:
Improvements to RII



Rapid intensity forecasting:
A hint of  improvement

DeMaria et al. (2021)

SHIPS predictability in the 
eastern Pacific is better, 
but still well below 90%

HWRF has lowered
 false alarms, but POD is 

still dismal



Rapid intensity forecasting:
Enter machine learning!

Ko et al. (2023)



Rapid intensity forecasting:
Machine learning (CML): Improved skill

Ko et al. (2023)



Rapid intensity forecasting:
Machine learning (CML): Improved skill

Ko et al. (2023)

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? 



Rapid intensity forecasting:
Why are models so 💩?

1424 ΔV24 732 ΔV24  

Hendricks et al. (2010):
“While some environmental differences were found 

between RI and weakening/neutral TCs, 
an interesting result is that the environments of  RI 

TCs and intensifying TCs is quite similar.”
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Why are models so 💩?
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 💩?
RI environments aren’t so different



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)



Rogers et al. (2013)

ζ

ζ

Internal dynamical processes:
Convective bursts



ζ
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Internal dynamical processes:
Convective bursts

Rogers et al. (2013)

Shapiro & 
Willoughby (1982)



Convective bursts:
Lightning!



TC lightning:
Forecasters are willing to use it!



Lightning in TCs:
Hurricane Earl (20120)

Stevenson et al. (2015, 2016, 2018)

800 strikes 
per hour!!!

Hurricane Earl (2010)



Lightning in TCs:
Hurricane Earl (20120)

Stevenson et al. (2015, 2016, 2018)



Lightning in TCs:
Earl’s burst was upshear and inside the RMW

Stevenson et al. (2015, 2016, 2018)

Hurricane Earl (2010)



Lightning in TCs:
Inside the RMW is key!

Stevenson et al. (2015, 2016, 2018)
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Lightning in TCs:
Inside the RMW is key!

Stevenson et al. (2015, 2016, 2018)

???



Lightning in TCs:
Inside the RMW and in the rainbands!

Stevenson et al. (2015, 2016, 2018)



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



Improvements to RII:
No lightning parameters (yet!) L



Rapid intensity forecasting:
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



RI model with microwave predictors:
Still 💩 forecasts, but better with MW 

Rozoff  et al. (2015)


