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The method for objective comparison

• But WHY ??? 
• What are the sources of the intensity errors 

in the models?

• Do the models properly reflect the physical 
processes and their interactions?
• Is the representation of the precipitation 

structure correct?
• Is the storm scale and asymmetry 

reflected properly

• Recognizing an urgent need for more accurate 
hurricane forecasts, NOAA recently 
established the multi-agency 10-year 
Hurricane Forecast Improvement Project 
(HFIP).  

Current state-of-the-art hurricane understanding & prediction
l 67% reduction in 48 hour track error over the past 

20 years

l Intensity forecasts have not improved as much.

Observations 
• provide critical information to evaluate and validate the models
• alone cannot provide full understanding of the multi-scale interactions

Models - provide significant insights on processes and 
interactions … but only when their forecasts are realistic!
• Deterministic forecasts have limitations due to the uncertainty in the 

representation of the physical processes and initial conditions.  
• Use of high-resolution ensembles is one of the most crucial recent 

improvements 
• Using different perturbed initial states and different physical 

parameterizations, cloud-resolving models are used to generate a 
representative set of outcomes – the members of an ensemble.

• The ensemble members 
• can be used to obtain the ensemble mean which provides a more reliable 

forecast than any of the individual members. 
• The ensemble itself provides also a measure of the uncertainty. 

• Yet, the ensemble forecast could be further improved, by 
keeping only the most realistic members.  

• This begs the questions: 
• How to select realizations that are most representative of the complex 
hurricane processes?

• Can we use satellite observations to sub-select the most realistic 
members with the goal to decrease the uncertainty of the forecasts ?

Goals:
To use observations and models to: 

• Advance the still-lacking understanding 

of the governing processes

• Evaluate and improve models

Our approach: 
• Use of high-resolution ensembles (used HWRF). 
• In a hind-cast – sub-select a few of the most realistic forecasts and a few of the least realistic 
• Develop metrics for objective comparison of models and simulations based on measures of similarity between 

the observed and forecasted structures of precipitation, using Wave Number Analysis to reduce the 
dimensionality of the problem

• Determine whether precipitation structure of the good forecasts is closer to the observations than that of 
the bad

• Determine the skill of forecasting the track to provide “guidance on guidance”
• Future:  analysis of the mutli-scale interactions using the members with the best predictive skill 

The way forward:
Results
• Determined that the precipitation 

structure of the more realistic 
intensity forecasts is closer to the 
observations than that of the less 
realistic ones!

• Evaluated the predictive skills in the 
track.

• Confirmed expectation: the ensemble 
members with a more-realistic 
distribution of precipitation have 
better skill in forecasting not only 
the intensity but also the track of 
the storm.

These results suggest that we 
can use satellite observations 
of the precipitation structure 
to determine the more realistic 
members from an ensemble of 
model forecasts.  

Sub-selecting only those members to 
generate an ensemble mean would 
then improve the mean and decrease 
the uncertainty in the forecast, 
providing “guidance on guidance”. 

NOTE the similarity!!
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