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Purpose of RDITT

• Conduct systematic investigation of the impact of aircraft 
reconnaissance data from the inner core of tropical cyclones on 
numerical guidance provided by regional tropical cyclone models
Provide a better understanding of the importance of tail Doppler radar (TDR) 

data
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Test Plan

• Test impact of aircraft reconnaissance data in 3 regional TC models
• PSU EnKF ARW hurricane analysis & prediction system
• EMC operational 3-km HWRF (2013 version)
• HRD HEDAS-HWRF (v3.2)

• Cases: Atlantic storms from 2008-2012 for which conventional aircraft 
reconnaissance data and/or TDR data are available in the TC inner core

• Model runs: Same end-to-end system for all configurations from a particular 
modeling group w/ only difference being data included in the forecast 
initialization

• Control: no inner-core aircraft recon data assimilated - baseline for evaluating recon impact
• Standard recon: conventional recon data (flight-level, dropsondes & SFMR) assimilated

• PSU did not assimilate SFMR 
• All recon: conventional recon data & tail Doppler radar (TDR) data assimilated
• TDR only: only TDR data assimilated (no conventional recon data)

• Additional configuration delivered by EMC & HRD
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RDITT Evaluation by TCMT
Team members: 

Louisa Nance, Barb Brown, Mrinal Biswas, Tressa Fowler, Eric Gilleland, 
Paul Kucera, Kathryn Newman & Christopher Williams
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Evaluation set-up

• No group delivered data for all the cases in the “required” case list – some 
of these differences stem from availability of input data sets needed to run 
their respective systems (e.g., global model for lateral boundary 
conditions).

• Cases delivered varied between the groups w/ EMC delivering the largest 
sample & HRD delivering the smallest sample.

• Evaluation focused on homogeneous samples between control & each 
respective recon configuration for each group – hence, sample size not only 
varies across groups, but also across recon configurations for each group.

• Primarily focused on only those cases for which appropriate recon data was 
available for the initialization – direct impact cases only

• Applied NHC criteria that storm classification must be tropical or 
subtropical in Best Track for case to be included in verification

Bottom line: Samples used for our evaluation will not necessarily match those used by modeling groups
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Statistical Significance – Pairwise Differences
Summary Tables
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Results for configurations 
delivered by EMC
Control (HWCT), Standard recon (HWRC), All recon (HWAR), TDR only (HWDR)
Direct impact only
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EMC configurations: SS tables – direct impact
448 116Standard recon

189 46All recon

86 17TDR only

Sample 
Size
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Presenter
Presentation Notes
Track: 1 SS degradation for RC (0 h) and AR (12 h) and 4 SS improvements (96-114 h) for RC only – no SS improvements for AR and DR configurations.   Basically the same result when using full sample (direct and indirect), except RC also has SS improvements at 120 h.  SS improvements at longer lead times combined with non-SS degradations at shorter lead times raises question about impact of sample given sample at shorter lead times includes a larger sample than that at longer lead times.

Intensity: SS degradations for short lead times (0-18 h for RC and 0-12 h for AR and DR) – no SS improvements for any recon configuration – no change in overall properties for over water only sample




Track errors
EMC configurations – direct impact only
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EMC: Track error distributions
Control & standard recon

Standard recon is 
able to reduce 
errors for Control’s 
largest outlier

Cases associated 
w/ large outliers 
presumably drop 
out of sample 
for longer lead 
times  
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Presenter
Presentation Notes
Comparisons with CT distributions are fairly similar across all 3 recon configurations – 75th percentile (top of box) for recon config tends to be associated with smaller errors than that for the CT – same cannot necessarily be said about the 25th percentile (bottom of box).  Such a distribution will not necessarily lead to SS differences since smaller errors for control do not necessarily correspond to smaller errors in the recon configurations.

96-120 h: large outlier for control – RC configuration is able to produce large improvements for this case (this case not part of sample for other 2 recon configurations.

Note outliers between 54 to 90 h – these cases appear to drop out of sample for longer lead times.




EMC: SS tables for standard recon

448 All direct impact cases 116

116 116Only direct impact cases included in sample at 120 h
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Intensity errors
EMC configurations
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EMC: Intensity error distributions
Control & all recon configurations

Control has initial low 
bias that transitions 
to high bias by 6 h

Recon has larger low bias 
that increases by 6 h, then 
decreases w/ lead time

Recon has some positive 
intensity errors > control, so 
recon does not always 
weaken initial intensity
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Presenter
Presentation Notes
Showing intensity error distributions for control and all recon configurations – basic properties of other recon configurations generally the same.  Control configuration has a small initial low bias, whereas all recon configurations have a larger initial low bias.  Recon configurations do have some positive intensity errors at 0h that are greater than those for CT, so trend of recon data to weaken initial intensity of storm is not always the case…just dominate signature. 

Low bias for recon configurations increases over first 6 h, then gradually decreases with lead time. 



EMC all recon: Conditional aggregation based on 
initial Best Track intensity

SD, TD, SS, TS
Sample Size:  

72 - 37

CAT 1, 2
Sample Size:  

82 - 6

MH
Sample Size:  

35 - 3



Summary for EMC configurations

• Standard recon
• Track: SS improvements over control of 6-7% at 96-114 h, but non-SS impacts 

are negative through 72 h
• Aggregation for only those cases included in the 120 h sample leads to non-SS impacts 

that are positive except for 0-12 h
• Intensity: SS degradations through 18 h, with little impact thereafter

• All recon and TDR only
• No SS improvements for either track or intensity
• SS degradations for intensity through 12 h

• Largest negative impacts for intensity forecasts are associated w/ 
assimilating recon data when the TC is a major hurricane 
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Results for configurations 
delivered by PSU
Control (APCT) , Standard recon (APRC), All recon (APAR)
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PSU configurations: SS tables
Direct impact only

All recon 

Standard recon332

189 

94

30 

18

Presenter
Presentation Notes
Track - 
RC: SS improvements at 0 h & 114-120 h
AR: SS improvements at 0-30 h &  120 h – more consistent signal of improvement for shorter lead times

Intensity – 
RC & AR – SS degradation for 0 h
RC – 4 SS improvements between 30 & 90 h – for water only sample, consistent signature of SS improvements for 30-48 h
AR – only one SS improvement – none for water only sample




Track errors
PSU configurations – direct impact only
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PSU configurations: Track error distributions
Standard recon All recon Large control outliers (Tomas):

recon configurations able to 
substantially reduce errors 
associated w/ these cases 

20

Presenter
Presentation Notes
Large control outliers at intermediate lead times…associated with AL212010 (Tomas) – predominately due to predicting storm to propagate faster than observed (large positive along track errors)

Both recon configurations are able to reduce errors associated with these large outliers – diffs for these lead times may not be SS, but reducing large outliers is a step in the right direction.



PSU: Track error – Frequency of Superior Performance
Control & all recon configurations

In terms of FSP, all 
recon outperforms 
control out to 72 h
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Presenter
Presentation Notes
AR has higher FSP than Control until longer lead times…then not statistically distinguishable.



Intensity errors
PSU configurations – direct impact only
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PSU: Intensity error distributions
Control & all recon configurations

Recon configurations 
transition from over 
prediction for ~ 75% of 
sample at 0 h to at 
least 75% of sample 
under predicting 
intensity at 6 h
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Presenter
Presentation Notes
Recon configurations transition from almost 75% of sample over predict intensity at 0 h to at least 75% of sample under predict intensity at 6-18 h



PSU all recon: Conditional aggregation based on 
initial Best Track intensity

SD, TD, SS, TS
Sample Size:  

81 - 22

CAT 1, 2
Sample Size:  

76 - 6

MH
Sample Size:  

32 - 2



PSU all recon: SS tables
Direct impact cases for both standard recon and TDR 

98

189 

13

30 

Direct TDR impact cases only

98 13Direct TDR impact cases only - Standard recon configuration baseline
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Presenter
Presentation Notes
Top panel same as bottom table on slide 2

Track – aggregating only those cases for which TDR data in the inner core was available at the initial time of the forecast produces a stronger SS signature through 60 h, but difference at 120 h is no longer SS.  Comparing the all recon configuration with the standard recon configuration leads to positive differences (corresponding to TDR data improving forecast) through 90 h with 3 of the lead times out to 36 h corresponding to SS differences.

Intensity – aggregating only those cases for which TDR data in the inner core was available at the initial time of the forecast still produces differences corresponding to degradation out to 12 h, but difference at 0h is no longer SS – signature between 18-66 h is no longer consistently positive, but still 1 SS improvement at 60 h.  Over water only sample also produces 2 SS improvements (30-36h) not found in the full direct impact aggregation. .  Comparing the all recon configuration with the standard recon configuration leads to SS improvements at 0h, indicating TDR data is able to improve initialization over that produced using only standard recon data.  Hint of positive impact for TDR data (not SS) out to 18 h – results rather mixed for lead times longer than 18 h and predominately negative.



Summary for PSU configurations

• Standard recon
• Track: improved forecasts over control for all but 2 lead times, at times by 10%, w/ SS 

improvements at 0 h & 114-120 h
• Intensity: improved forecasts over control after 18 h, w/ several SS improvements noted 

between 30-90 h
• All recon

• Track: improved forecasts over control for all lead times, at times by 20%, w/ SS 
improvements through 30 h & a few near misses after that

• Intensity: 1 SS degradation @ 0 h & 1 SS improvement at 60 h w/ strongest positive impact 
from 30-60 h – impacts for longer lead time mostly negative but not SS

• Conditional aggregations point to negative impacts of recon data for short lead times being associated 
w/ assimilating recon data when the TC is a major hurricane

• TDR direct impact cases – all recon vs standard recon
• Track: SS improvements of ~10-15% at 6, 24 & 36 h, non-SS improvements through 90 h, w/ 

negative (not SS) at longer lead times
• Intensity: SS improvement at 0 h, results beyond that mixed & predominately negative
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Results for configurations 
delivered by HRD
Control (HECT) , Standard recon (HERC), All recon (HEAR) & TDR only (HEDR) –
direct impact only
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Presenter
Presentation Notes
Data delivered by HRD was hourly.  Important to note that cases delivered by HRD did not contain 0 or 1 h guidance…and some times the earliest guidance was even later.  Sample reflects those cases for which the earliest guidance was no later than 6 h (cases with earliest guidance > 6 h were removed based on consultation with HRD).



HRD configurations: SS tables
224 42

83 10

83 10

Standard recon

All recon

TDR only
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Presenter
Presentation Notes
Track:  SS improvements out to 30 h for all 3 recon configurations – no SS degradations

Intensity:  SS improvements out to 24 h (RC, DR) and 30 h (AR)  / SS degradations for RC & DR for longer lead times, but only for the water only sample



Track errors
HRD configurations – direct impact only
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HRD configurations: Track error distributions
Control & all recon configurations

Recon data reduces 
magnitude of outliers, 
as well as errors 
associated w/ central 
portion of distribution
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Presenter
Presentation Notes
Shorter lead times: reduction in magnitude of outliers, as well as the errors associated with central portion of distribution



Intensity errors
HRD configurations – direct impact only
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HRD all recon: Intensity errors
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Presenter
Presentation Notes
Shorter lead times – recon data reduced magnitude of outliers as well as reducing the errors associated with central portion of the error distributions

Behavior of bias for CT and recon configurations is fairly consistent with lead time – do not see signature of degraded intensity guidance for earliest lead times found for other two modeling groups, but also can’t evaluate trend over 1st 6 hours since we don’t have data at the “initial” time.




HRD configurations: SS tables

83 10

83 10All recon configuration w/ control baseline

All recon configuration w/ standard recon configuration baseline
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Presenter
Presentation Notes
Track: Comparison between all recon configuration and standard recon configuration does not produce any SS differences – hint of positive impact 6-18 h but not SS.

Intensity: Comparison between all recon configuration and standard recon configuration produces SS improvement at 0h – differences positive out to 30 h, but only 0h is SS – suggests including TDR data provides some benefit at least early in the forecast – results mixed beyond 30 h.



Summary for HRD configurations

• Control baseline
• Track: SS improvements through 30 h for all 3 recon configurations
• Intensity: SS improvements through 24-30h for all 3 recon configurations

• All recon –vs- standard recon – direct TDR cases only
• Track: no SS differences – mixture of positive and negative non-SS impacts
• Intensity: only SS difference at 6 h, but hints of improvements out to 30 h –

results mixed for longer lead times
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Overall preliminary conclusions

• Given the cost of outfitting the C-130s with tail Doppler radars and 
the mixed impacts found in this test, there does not appear to be a 
compelling argument for recommending this investment

• While standard recon data did result in some SS improvements, 
particularly for track, results lacked consistency in the lead times that 
were improved across the regional models tested.

• Results suggest inner core observations offer promise for improving 
operational TC guidance, but more work lies ahead to make optimal use of 
these data.
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