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Philosophy

Weighting multiple metrics and techniques provides clearer product validation comparison

It also allows unequal weighting if certain metrics are deemed more important. Currently, equal 
weighting is used.

Results are tentative. Focus more on strategy and technique for discussions.

Metrics are combinations of two general categories: statistical and outliers



• Concept generated from frustration to distinguish top-tier ocean models. Early 
ranking concept shown below for drifter direction, but also computed for moored 
buoys, different seasons, current speed, different vertical levels, etc. 

• Also wanted a parameter easy for non-technical decision-makers to use 

• Today’s presentation focuses on 2016 and 2017 Atlantic tropical cyclone forecast 
products, but can be applied to any set of forecast guidances needing comparisons.

Ocean model validation report available at: 
http://www.ngi.msstate.edu/about/documents/progressReport2013.pdf

http://www.ngi.msstate.edu/about/documents/progressReport2013.pdf


Tropical cyclone 
product comparisons



• Error distance did not allow proper usage of all the metrics, as its scalar and positive

• Validation is done in a vector fashion: 
1. By magnitude (nm)
2. By direction (compass deg relative to observed track).

• Distance computed using Haversine formula. West and East quadrant discontinuities 
handled by adding or subtracting 360 in a consistent fashion. 

Track by magnitude and direction

Track also by along- and cross-track

Validation is done in a vector fashion:

• However, many metrics are not possible, generally limited to absolute error



• ∆𝑉𝑚𝑎𝑥

Intensity

Structure (Radius of 34-knot winds)
• R34, right-front quadrant
• However, fewer products to examine



Outlier metrics
• Absolute error percentage –

➢ For track: percentage within 35 nm and within 7 deg for 48-h.
➢ For track: percentage within 50 nm and within 12 deg for 72-h. (0 to 100%, 100% best)
➢ For intensity: percentage within 20 kts for 48-h, and 25 kts for 72 h
➢ For R34: percentage within 25 nm for 48-h, and 50 nm for 72 h

• Outlier metrics outside these thresholds  (>=0, 0 best in all cases)  

1) Positive outlier percentage

2) Negative outlier percentage

3) Percentage within tolerance

4) Number of occurrences with consecutive positive outliers

5) Number of occurrences with consecutive negative outliers

6) Maximum duration of consecutive positive outliers

7) Maximum duration of consecutive negative outliers

Difference metrics computed as forecast minus observed



Statistical metrics

• Statistical metrics –

1) Model efficiency factor (<= +1, +1 best)

2) Pearson correlation coefficient (-1 to +1, +1 best)

3) Kendall’s Tau (-1 to +1, +1 best)

4) Reliability index (>= +1, +1 best)

5) Multiplicative gross error (>= 0, 0 best)

6) Root mean squared difference (>= 0, 0 best)

7) Bias (any number, 0 best)

8) Absolute error (>= 0, 0 best)

Difference metrics computed as forecast minus observed



Track (2016)

Only 72-hr shown, but other forecast 
intervals have been computed



Track products evaluated

• AEMN (GFS ensemble mean)
• GFDL
• GHMI (previous cycle GFDL, “early” interpolated)
• HWRF
• HWFI (previous cycle HWRF, “early” interpolated)
• Basin-scale HWRF (HB16)
• LBAR
• NHC official
• TVCA (consensus of variants for at least two of the following:  UKMET, HWRF, 

ECMWF, GFS, GFDL)



72-h ranking, magnitude

Sample size 243



72-h ranking, direction

Sample size 243



Rankings, along- and cross-track

48-h
Sample size 302

72-h
Sample size 243



Intensity (2016)



Intensity products evaluated

• AEMN (GFS ensemble mean)
• DSHIPS
• GFDL
• GHMI (previous cycle GFDL)
• HWRF
• HWFI (previous cycle HWRF)
• Basin-scale (HB16)
• IVCN
• LGEM
• NHC official
• SHIPS



72-h ranking

Sample size 243



Structure (2016)

Only 4 products available



72-h ranking

Sample size 164



2017 hurricane season tentative results



Track magnitude, 72 hrs

Track direction, 72 hrs

Intensity, 72 hrs

Structure (R34), 72 hrs

Sample 
size 214



What if interpolated “early” version of basin-scale HWRF [HB7I] included?
(smaller sample size)

Sample 
size 156



Validation for Hurricane Irma

Sample 
size 27



Conclusions and Future work 
Conclusions
• Multi-metric ranking is possibly an effective, flexible technique to compare forecasts products, 

including measures of extreme outlier events and consistency, into a single quantity
• Designed to drive model separation in validation comparisons 

Tropical cyclone product comparisons
• Track – Consensus often best, but the experimental basin-scale HWRF is showing more skill 

than operational HWRF at 72 hrs. In 2017, GFS ensemble mean skill lagged more than in 2016. 
• Intensity – HWRF began exceeding statistical schemes in 2016, and continued in 2017.
• Structure – In 2017, HWRF products exceeded NHC’s empirical schemes for the first time.

Future
• Looking for operational center partners
• Validate with vector correlations. See:
Zaron, E. D., P. J. Fitzpatrick, S. L. Cross, J. M. Harding, F. L. Bub, J. D. Wiggert, D. Ko, Y. Lau, K. Woodard, and C. N. K. Mooers, 2015: 
Initial evaluations of a U. S. Navy rapidly relocatable Gulf of Mexico/Caribbean ocean forecast system in the context of the 
Deepwater Horizon oil spill disaster. Frontiers of Earth Science, 9, 1-32. DOI: 10.1007/s11707-014-0508-x: 1-32.

• Weighted averaging? Other metrics?



Extra slides



Reliability index is exp(RMSLE)



𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑣𝑒 𝑔𝑟𝑜𝑠𝑠 𝑒𝑟𝑟𝑜𝑟 =
100
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Track products evaluated
• AEMN - GFS Ensemble Mean

• GFDL - GFDL Hurricane Model

• GHMI - Previous cycle GFDL, adjusted using a variable intensity offset correction that is a function of 
forecast time. Note that for track, GHMI and GFDI are identical.

• HWFI - Previous cycle HWRF, adjusted

• HWRF - HWRF Hurricane Model

• LBAR - Limited Area Barotropic Model

• NHC official – National Hurricane Center official forecast

• TVCA – consensus; average of at least two of EMXI, GFSI, EGRI, GHMI, and HWRI
1. EMXI – Previous cycle of ECMWF, adjusted
2. GFSI – Previous cycle of GFS, adjusted
3. EGRI – Previous cycle of UKMET with subjective QC for tracker, adjusted
4. HWRI – Previous cycle of HWRF, adjusted

• HEAD – HEDAS, all data assimilated. HEDAS is HWRF Hurricane Ensemble Data Assimilation System



Compass north, 0 deg

Compass west, 270 deg

𝜃𝑜𝑏𝑠

𝜃𝑚𝑜𝑑𝑒𝑙



48-h ranking, magnitude

Sample size 302



48-h ranking, direction

Sample size 302



48-h ranking

Sample size 301



48-h ranking

Sample size 206


