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Progress and Challenges in Predicting Rapid Intensification

Significant improvements in limited area 3-d full physics models
• Although these models exhibit a relatively low probability of detection (POD) and high false alarm rate (FAR), these models can now 

occasionally predict rapid intensification (RI)
– Hurricane Weather Research and Forecasting System (HWRF) 
– Coupled Ocean/Atmosphere Mesoscale Prediction System for Tropical Cyclones (COAMPS®-TC) models. 

Statistical techniques and data mining
• Machine learning is starting to show some promise, however, such models come with their own special challenges. 

– SHIPS, LGEM, DTOPS
– Marbleri (Gagne et al. 2020)
– Hurricane LOGistic Regression Model (HLOG, MacDaniel et al., 4B.10  3:50 PM   May 10)

Global models and ensembles
– Forecasts of Hurricanes using Large-ensemble Outputs (FHLO, Lin et al. 2020; 4B.8  3:40 PM  May 10)
– COAMPS-TC ensemble

Nature of RI
• Environment (e.g., MPI, shear) vs. internal processes
• Deterministic vs. stochastic
• Role of vortex structure, SWAMI (Hendricks et al.; Poster 9, 2:00 PM May 10)

Have we framed the problem correctly?
• Case-based vs. event-based  

It remains a grand challenge to 
obtain an RI prediction technique 
that is both reliable and accurate

Can we improve upon current 

models with a new prediction 

framework which accounts for the 

probabilistic nature of RI?
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Objectives of Current Work

1. Formulate a post-processing framework that combines existing forecast aids in a 
way that accounts for the probabilistic nature of RI

2. Demonstrate that such performance can be potentially useful for improving 
deterministic predictions of RI

3. Such a framework should improve upon the reference model’s Probability of 
Detection (POD) for RI without introducing large biases or significantly increasing the 
False Alarm Rate
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Patricia (EP20)

00 UTC 22 Oct 2015

60 kt -> 150 kt

90 kt increase in 24 h
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Patricia (EP20)

00 UTC 22 Oct 2015

60 kt -> 150 kt

90 kt increase in 24 h
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Meranti (WP16)

06 UTC 10 Sep 2016

35 kt -> 155 kt 

120 kt increase in 60 h
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Generalized Rapid Intensification Prediction Framework (GRIP) Components

• Reference model
– Any model that generally does well at deterministic intensity prediction

– Does not need to be good at predicting RI

– Candidates: 

• HWRF

• Consensus aids such as HCCA and IVCN

• Upper bound model
– Coupled Hurricane Intensity Prediction Scheme (CHIPS, Emanuel et al. 2004) ensemble

• Member 6 - CHP6: initial intensity enhanced by 3 m/s in previous 24-hr period (ramped up) with vertical wind shear 
set to zero at all times 

– Provides a time-varying plausible upper bound for the intensity forecast

– An alternative upper bound model could be provided by FHLO or a full physics ensemble

• Probabilistic RI model
– Hurricane LOGistic Regression Model (HLOG) MacDaniel et al. 2021, 4B.10 3:50 PM   May 10



A Generalized Rapid Intensification Prediction Framework

Jonathan Vigh     Paper 4B.5       10 May 2021

GRIP Configurations

• Naïve baseline for comparison
– GBHC: Simple average of HWRF and CTCX

• Weighted averages with fixed weights (half GRIP)
– GH6N: HWRF with CHP6 upper bound at fixed blending percentages varying from 10-90%: GH6[0-9]

– GC6N: HCCA with CHP6 upper bound at fixed blending percentages varying from 10-90%: GC6[0-9]

– GI6N: IVCN with CHP6 upper bound at fixed blending percentages varying from 10-90%: GI6[0-9]

• Full complexity GRIP
– GH6L: HWRF with CHP6 upper bound with varying blending percentage based on HLOG RI probabilities

– GC6L: HCCA with CHP6 upper bound with varying blending percentage based on HLOG RI probabilities

– GI6L: IVCN with CHP6 upper bound with varying blending percentage based on HLOG RI probabilities

NOTES
– the full complexity GRIP forecasts are only available 2018-2019 due to limitations on HLOG availability

– HLOG currently only provides the probability of RI at 24 h
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Verification Protocol

• Atlantic-only storms

• Post-season best tracks from NHC/JTWC for 2013-2016

• Post-season best tracks from NHC for 2016-2019

• Provisional best tracks for 2020

• Over water (land cases excluded)

• Models included for comparison: HWRF, HCCA, IVCN, CHP6, CTCX, OFCL

• Used the Model Evaluation Toolkit for Tropical Cyclones (MET-TC) v9.1
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Performance for RI
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Perfect forecast
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Summary

1. Formulate a post-processing framework that combines existing forecast aids in a way that accounts for the 
probabilistic nature of RI

• GRIP framework has been developed to combine the best attributes of multiple forecast input sources. 

• GRIP combines the proven general intensity forecast skill of existing 3-d full physics models with the substantial 
skill in predicting RI provided by probabilistic forecast techniques. 

2. Demonstrate that such performance can be potentially useful for improving deterministic predictions of RI

• Several GRIP candidates show potential in this regard. 

• In particular, GC6L demonstrates that application of the GRIP framework can maintain the quality of HCCA’s 
consistent deterministic forecasts while improving its performance during RI.

3. Such a framework should improve upon the reference model’s Probability of Detection (POD) for RI without 
introducing large biases or significantly increasing the False Alarm Rate

• Early generation GRIP candidates do not yet show a significant improvement for RI, but this may be due to our 
limited options for probabilistic forecast aid (just HLOG and only for 24 h). 

• Need to evaluate intensity error characteristics during RI episodes and examine case studies.



A Generalized Rapid Intensification Prediction Framework

Jonathan Vigh     Paper 4B.5       10 May 2021

Future work

1.  Develop GRIP configurations with existing operational probabilistic RI models such 
as SHIPS-RII, Analog Ensemble (via ATCF e-decks)

2.  Run for other basins (e.g,. Western Pacific) and compare to other 
probabilistic -> deterministic schemes (e.g., RIPA)

3. Develop an internally consistent version of GRIP that is based entirely from  FHLO 
Use FHLO’s mean as reference, 99th %-ile as upper bound, FHLO’s % of members undergoing RI as 
the probabilistic component

4.  Develop an extended version of the GRIP framework which incorporates forecast 
information from one or more global ensemble prediction systems
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