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JHT project goals: 

• Transition a new model to operations that provides probabilistic 
forecasts of eyewall replacement cycle events in hurricanes. 

 
• Utilize low-level aircraft reconnaissance data to expand the general 

climatology of intensity and structure changes associated with eyewall 
replacement cycles. 
 

• Apply the new climatology toward constructing new operational tools to 
forecast intensity and wind structure changes associated with eyewall 
replacement cycles. 
 

• Continue model development toward increasing skill. 
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Statistical/empirical model transitioned to operations prior to the start of 
the 2010 hurricane season. 
 
Executes within SHIPS using environmental and satellite-based 
features ( F ) as input. 
 
Provides probability of the onset of an eyewall replacement cycle within 
lead-time periods: 0−12h, 12−24h, 24−36h, 36−48h. 

Model: probability of ERC onset  

Kossin, J. P., and M. Sitkowski, 2009: An objective model for identifying secondary 
eyewall formation in hurricanes. Mon. Wea. Rev., 137, 876-892. 
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Year N (ERC) 00-12 hr 12-24 hr 24-36 hr 36-48 hr 
2011 5 +21% +18% +14% +19% 

2010 9 +27% +23% +11% +10% 

2009 3 −6% −2% −1% +5% 

2008 4 +14% +12% −5% +2% 

2008-2011 21 +18% +16% +6% +10% 

Model verification 

Brier Skill Score (operational) 
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Eyewall replacement cycle climatology: 
  three phases of an ERC 
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Climatology of intensity 
and structure changes 

Sitkowski, M., J. P. Kossin, and C. M. Rozoff, 2011: Intensity and structure changes 
during hurricane eyewall replacement cycles. Mon. Wea. Rev., 139, 3829-3847. 
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New models 

Amount of weakening: 
Δv1 = f (VMX, LAT, SHRD) 
R2 = 68%, RMSE = 3.6 kt 

Kossin, J. P., and M. Sitkowski, 2012: Predicting hurricane 
intensity and structure changes associated with eyewall 
replacement cycles. Wea. Forecasting, to appear. 

Storms that are stronger, or located 
at higher latitudes, or embedded in 
higher shear tend to weaken more 
during an ERC. 

Model 1 
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New models 

Duration of weakening: 
Δt = f (IR00_17) 
R2 = 49%, RMSE = 6.2 hr 

Kossin, J. P., and M. Sitkowski, 2012: Predicting hurricane 
intensity and structure changes associated with eyewall 
replacement cycles. Wea. Forecasting, to appear. 

The duration is longer when the 
coldest cloud tops are located 
farther away from the storm center. 

Model 2 
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New models 

Rate of re-intensification: 
dv2/dt  = f (VMPI, IR00_02) 
 R2 = 47%, RMSE = 1.3 kt hr –1 

Kossin, J. P., and M. Sitkowski, 2012: Predicting hurricane 
intensity and structure changes associated with eyewall 
replacement cycles. Wea. Forecasting, to appear. 

Lower PI and colder cloud tops are 
associated with faster rates. 

Model 3 
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New models 

Total expansion of RMW: 
ΔRMW = f (VMPI, TWAC) 
 R2 = 51%, RMSE = 9.9 km  

Kossin, J. P., and M. Sitkowski, 2012: Predicting hurricane 
intensity and structure changes associated with eyewall 
replacement cycles. Wea. Forecasting, to appear. 

Higher PI and weaker broad-scale 
tangential wind is associated with 
greater expansion. Higher PI may 
control re-intensification through its 
effect on RMW. 

Model 4 
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Summary 

The P(ERC)-model was successfully transitioned into NHC operations 
and has performed skillfully at all lead-times during the 2010 and 2011 
seasons. Overall operational skill for the period 2008-2011 is quite good. 
Improvements to the P(ERC)-model improve the skill further. 
 
Flight-level data were used to construct a climatology of intensity and 
wind structure changes associated with eyewall replacement cycles. 
This has been used to construct new intensity forecasting tools that are 
now ready for transition into operational testing. 
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P(ERC) model improvements: 
(optimal feature selection) 

1997 – 2010 
BSS = 24%  

Features selected:  
 

measures of 
    intensity 
    shear 
    vertical motion 
    relative humidity 

In progress: logistic regression and 2-member ensemble  
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Rapid Intensification Index (RII) 

Annular Hurricane Index (AHI) 

Probability of Onset of an 
Eyewall Replacement Cycle 

Operational SHIPS text 
output file 

Intensity forecasts 
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