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Outline 

• SHIPS Diagnostic Files and Verification 

• SPICE 

• Global Ensemble Diagnostic Files and SPICE 

• Balanced Vortex Model 

• Verification of HWRF synthetic GOES imagery 

• Hybrid Statistical-Dynamical Wind Speed 
Probabilities 
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SHIPS Diagnostic Files 

• Simple ASCII file with SHIPS model 
predictors 

• Input required 
– Model grib files 

• u, v, T, RH, Z at mandatory levels 1000 to 
100 hPa 

• SST field if available  

– Model storm track (A-deck format) 

• Output 
– ~20 kbyte ASCII file per 126 hr forecast  

• Code available from CIRA  
– Currently used by: EMC; GFDL; NRL; 

ESRL; NCAR; SUNY-Albany; UWisc 

• Much easier to generate in real time 
than from archived data 
– e.g., Difficult to extract and read ~500 

gbyte FIM tar files    

• Verification 
– HWRF and GFDL diagnostic files 

(against GFS analysis) monthly during 
2012 season 
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Sea surface temp (RSST) 
850-200 mb shear (SHDC); 200 mb zonal wind (U20C) 
200 mb temp (T200); 850-700 mb RH (RHLO) 
700-500 mb RH (RHMD); 500-300 mb RH (RHHI) 
200 mb divergence (D200); 850 mb vorticity (Z850) 

Key parameters are calculated in prescribed areas...  

This is already done with GFS output to create SHIPS 
“predictor” files available on NHC's FTP server  



Diagnostic File Example 
 

…
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Diagnostic Verification – HWRF and GFDL 2012 AL 
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Diagnostic Verification – HWRF and GFDL 2012 EP 
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SPICE (Statistical Prediction of Intensity  
      from a Consensus Ensemble) 

Model Configuration for Consensus 

• SPICE forecasts TC intensity using 
a combination of parameters 
from: 

– Current TC intensity and trend 

– Current TC GOES IR 

– TC track and large-scale 
environment from GFS, GFDL, 
and HWRF models 

• These parameters are used to run 
DSHP and LGEM based off each 
dynamical model 

• The forecasts are combined into 
two unweighted consensus 
forecasts, one each for DSHP and 
LGEM 

• The two consensus are combined 
into the weighted SPC3 forecast 7 
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Global Ensemble Diagnostic Files and SPICE 
  • In August 2012 CIRA will begin producing diagnostic 

files from the GFS and FIM global ensembles 
– Verification of diagnostic files 

– Input to SPCG (Stream 2 configuration of SPICE using global 
model ensembles) 

 

FIM 10-member Ensemble 
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Determining Tropical Cyclone Intensity Change through 

Balanced Vortex Model (BVM) Applications 

−Based on Eliassen’s (1951) 
work but solves for the 
geopotential tendency 
equation. 
 

−Assumes: Inviscid, 
Axisymmetric, Quasistatic, 
Gradient Balanced, Stratified, 
f-plane. 

− Location of the diabatic 

heating in relation to the 

profile of inertial stability (IS) 

indicates BVM response. 

− Outside the high IS region 

− Near the high IS region 

− Inside the high IS region 
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Diagnosing the Influence of Diabatic Heating on HWRF 

Intensity Change Using a Balanced Vortex Model (BVM) 

− HWRF flight level (700 hPa) wind 

and diabatic heating (DH) are 

applied to balanced vortex theory. 
 

− The tangential velocity tendency is 

computed from HWRF’s DH using 

the geopotential tendency 

equation. 
 

− The HWRF and BVM intensity 

changes are compared showing 

the influence of DH on HWRF’s 

intensity change. 
 

− The intensity change from HWRF 

relates well to the theory which 

shows that the BVM can be used 

as a fast and elegant diagnostic 

tool. 

Hurricane Irene 2011 (24hr Prediction) 
Initial Profile from 00 UTC 25 Aug  

[18 UTC 21 Aug HWRF run (78 hr Fcst )] 
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Infrared TB Verification 

• Use radiative transfer code to calculate synthetic 
infrared (IR) data from HWRF output 
– GOES channel 3 (water vapor) and 4 (window channel) 

• Compare synthetic IR with real GOES data 

• Mean absolute error, bias, brightness temperature 
histograms 

• Compare verification for H212 and 2011 
operational HWRF 

• Preliminary tests with Irene and Maria(2011) cases   
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Comparison of Operational HWRF and 
H212 for 2010-2011 East Pacific Cases 
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Synthetic GOES WV Image 
24 hr HWRF Forecast valid 
at 00 UTC on 13 Sept 2011 

Real GOES WV Image 
at 00 UTC on 13 Sept 2011 



Validation of GOES Ch3 and Ch4 for 
Hurricane Irene and Maria Forecasts 
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GOES Water Vapor TB Histograms for  
48 h Maria Forecasts 
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HWRF Operational                                              HWRF H212 
 
                       (Dashed= Model,   Solid=Observed) 



HWRF Operational and H212 GOES 
WV Imagery Comparison 
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Hybrid Statistical-Dynamical Wind Speed 
Probabilities 

• Methodology similar to NHC’s operational wind speed 
probability algorithm 
– 1000 forecast realizations generated by sampling from NHC track and 

intensity distributions, using radii CLIPER model 

– Serial correlation of errors included  

– Probability at a point from counting number of realizations passing 
within the wind radii of interest  

• Hybrid uses nearly the same methodology except:  realization 
tracks are replaced with global model ensemble tracks 

• Uses up to 93* global model ensemble track forecasts used 
– GFS (control + 20 perturbations) 

– CMC (control + 20 perturbations) 

– ECMWF (control + 50 perturbations) 
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*Not all ensembles available each forecast time 



Hybrid Statistical-Dynamical Wind Speed 
Probabilities (cont…) 

• CIRA will test prototype in real-time beginning in August 2012 

• Will provide diagnostic of global model ensemble TC track forecasts 

– Graphical output displayed on HFIP prototype web page for evaluation 

– 2012 validation will compare Hybrid with Operational WSP 

• Example:  Tropical Storm Debby, 6/24/12 0Z (below) 

– GFS ensembles were split between two types of track; WNW or NE 

– Hybrid WSP (right) capable of representing split track scenario whereas 
operational WSP cannot – potential benefit of using ensembles 

Hybrid WSP model (GFS only) WSP model 
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Summary 
• SHIPS diagnostic files provide easy way to inter-compare model forecasts 

– Provides additional forecast metrics  
– Currently being produced by several model groups 

• SPICE had better error statistics than SHIPS and LGEM in the Atlantic basin 
– Consistent in 2008-2010 Retrospective Runs, 2011 Demonstration, and 2009-

2011 Retrospective Runs 
– SPC3 showed skill improvements of up to 5-10% over SHIPS and LGEM 

• SPICE model should benefit from greater diversity of input models 
– SPCR and SPCG will be generated starting August 2012, from additional 

regional models and global model ensembles, respectively 
– Use model forecast intensity changes and diagnostic files to fit SHIPS 

coefficients for examination of model TC behavior in relation to environment 

• Balanced vortex model being applied to diagnose effect of diabatic heating 
on tropical cyclone intensification in HWRF model 

• Cold bias in HWRF synthetic GOES data 
– Upper tropospheric moist bias 
– More active deep convection   

• Hybrid Statistical-Dynamical Wind Speed Probabilities will be generated 
starting August 2012, available on hfip.org 
– Shows ability to represent bifurcating track forecasts compared to statistical 

wind speed probabilities 19 


