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NHC Forecast Verification
 NHC verifies all its official tropical cyclone track 

and intensity forecasts each year.

 Why do a forecast verification?
 We have to (Government Performance and 

Results Act [GPRA]).  Monitor performance and 
progress.

 Understanding forecast errors help forecasters 
(and modelers) to reduce them.

 Identify critical issues for the research community.
 Basis for the development of certain products 

(e.g., the wind speed probabilities, storm surge 
probabilities).

 Helps decision makers use NHC products more 
effectively.



NHC Forecast Verification
 System must be a tropical or subtropical cyclone 

at both forecast initial time and verification time.  

 Special advisories ignored (original advisory is 
verified.

 Definitions:
 Track error is the great-circle distance between the 

forecast location and the actual location of the 
storm center (n mi).

 Intensity error is the difference between the 
forecast and actual intensity (kt).

 Forecast SKILL is computed by comparing forecast 
error to the error from a Climatology-Persistence 
model (CLIPER, Decay-SHIFOR).  



Track Error Definition
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2009 Atlantic Verification

Values in green exceed all-time 
records.

•GPRA track measure (48 h error 
for TS/H only) was  70.1 n mi,
well below previous record of 
86.2 and goal of 108 n mi.

•GPRA intensity measure (48 h
error for all TCs) was 17.5 kt, 
well above goal of 13 kt.

VT      NT    TRACK     INT
(h)          (n mi)    (kt)
============================ 
000     144     9.6     1.6
012     120    30.1     6.4
024      96    44.5 11.4
036      75    61.8 14.9
048      61    73.2 17.5
072      49   119.2 20.6
096      38   197.9    19.5
120      22   292.3    16.6

Four- and five day track error was almost 
exclusively along-track (slow).  Sample 
was very small (last year 346 forecasts), 
and five-day sample is the smallest ever.



Atlantic Track Errors by Storm

Bill and Ida accounted for nearly all of the 120-h 
forecasts.



Forecast Variability
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Forecast Variability
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The occasional large forecast 
errors make a significant 
contribution to the mean errors 
and to uncertainty-based 
products, such as cone, wind-
speed probabilities, etc. that are 
used by decision makers.



Atlantic Track Error Trends

Errors have been cut in half over the past 15 years.  
2009 was best year ever at 24-72h.  Smaller samples 
give more erratic trends at days 4-5.



Atlantic 5-Year Mean Errors

Track errors increase by about 50 n mi per day.

Intensity errors level off because intensity is a 
much more bounded problem.  



Atlantic Track Error Distribution

Average Error



OFCL Error Distributions and Cone Radii

How often is the 120 h forecast 
error smaller than 500 n mi?



NHC Forecast Cone

 Represents the probable 
track of the center of the 
tropical cyclone.

 Formed by connecting 
circles centered on each 
forecast point (at 12, 24, 
36 h, etc.) 

 Size of the circles 
determined so that, say, 
the actual storm position 
at 48 h will be within the 
48-h circle 67% of the time.
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NHC Forecast Cone

Forecast 
Period 

(h)

2009 Circle 
Radius (n mi)

(‘04 – ’08 errors)

2010 Circle 
Radius (n mi) 

(‘05 – ’09 errors)

12 36 36

24 62 62

36 89 85

48 111 108

72 167 161

96 230 220

120 302 285



Along- and Cross-Track Errors
(Timing vs. Location)



Along- and Cross-Track Errors

Cross-Track Error
(Forecast too far to the right)
Along-Track Error
(Forecast too slow)

Actual Track

Forecast 



Along- and Cross-Track Errors

Difference is largely negligible at 
the shorter time periods.  At the 
longer ranges, there is more 
difficulty with timing than direction.

Wind speed probability and storm 
surge probability products use 
along- and cross-track errors.



Geographical Domains

Gulf of Mexico

SE United States

NE United States



Southeast United States
Along/Cross Errors Along/Cross Biases

In this region, cross-track errors are 
significantly smaller than the along-
track errors.

Biases are minimal through Day 3.  
Interesting rightward bias develops by 
Day 5.

Mean forward speed = 9 kt. = Statistically significant biases (95%)



Gulf of Mexico
Along/Cross Errors Along/Cross Biases

Along- and cross-track errors are 
about equal.

Left biases through 48 h, while (mostly) 
significant, are still less than ~15 n mi.  
Slow bias in W/W phase is 1-2 h.

Mean forward speed = 10 kt. = Statistically significant biases (95%)



Northeast United States
Along/Cross Errors Along/Cross Biases

In this region, cross-track errors are 
significantly smaller than the along-
track errors.  Timing is especially 
difficult at 5 days.

Forecast tracks tend to be too far to 
the left and too slow (~2 hr at 24-36 h).

Mean forward speed = 18 kt. = Statistically significant biases (95%)



Atlantic Intensity Error Trends

Same as it ever was, same as it 
ever was...



Challenge: Rapid Intensification



Challenge: Rapid Intensification



Intensity Error Distribution

FORECAST 
TOO HIGH

FORECAST 
TOO LOW

If the errors are small, 
they are more likely to be 
overestimates.

On the other hand, really 
big errors are more likely 
to be underestimates!

325238
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OFCL Intensity Error Distributions

How often is the 48 h forecast error smaller 
than one SSHWS category?

Answer: 67% of the time.

So 1 time in 3 the 48 h OFCL intensity error 
will be off by a full category, and 1 time in 
20 it is off by two full categories.



TROPICAL WEATHER OUTLOOK
NWS NATIONAL HURRICANE CENTER MIAMI, FL
200 PM EDT TUE SEP 2 2008

FOR THE NORTH ATLANTIC…CARIBBEAN SEA…AND THE GULF OF MEXICO…

THE NATIONAL HURRICANE CENTER IS ISSUING ADVISORIES ON TROPICAL 
STORM BERTHA….LOCATED ABOUT 190 MILES NORTH-NORTHEAST OF
BERMUDA.

THE AREA OF LOW PRESSURE LOCATED ABOUT 950 MILES EAST OF THE
LESSER ANTILLES HAS CHANGED LITTLE IN ORGANIZATION THIS MORNING. 
ENVIRONMENTAL CONDITIONS APPEAR FAVORABLE FOR DEVELOPMENT
AND THIS SYSTEM COULD BECOME A TROPICAL DEPRESSION DURING THE

NEXT DAY OR SO.  THERE IS A MEDIUM CHANCE…50 PERCENT…OF
THIS SYSTEM BECOMING A TROPICAL CYCLONE DURING THE NEXT 48 
HOURS.

$$
FORECASTER BROWN

Addition of 
explicit probability 
in Tropical 
Weather Outlook

200 PM TUE SEP 2 2008 Satellite Image:  122 PM

(50%)



Genesis Forecasts

Forecasts over three years 
were very well calibrated 
(reliable) with minimal bias.

Refinement distribution 
shows how often the 
forecasts deviated from 
(perceived) climatology.  
Sharp peaks at climatology 
indicate low confidence; 
maxima at the extremes 
indicate high confidence.  
Current distribution indicates 
intermediate confidence.



Verification Web Page
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