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Dealing With The Unknown

• Tropical Cyclones and the surrounding 
environment are constantly evolving.

• These changes are virtually impossible to track 
on a continuous basis.

• Uncertainty is a part of EVERY Tropical 
Cyclone forecast.

• Probabilities can help draw a clearer picture 
of what can be a confusing scenario.
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Workshop Outline

• NHC Wind Speed and Intensity Probability 
Products/Applications

• Local NWS Office (WFO) Probability 
Products/Applications

• Q & A
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Wind Speed and Intensity      
Probabilities

Michael J. Brennan
National Hurricane Center

2010 Florida Governor’s Hurricane Conference
WS51 – Understanding Tropical Cyclone 

Uncertainties
27 May 2010

Tropical Storm Force

50-kt 

Hurricane Force
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How can You, as Decision Makers, Deal 
with Forecast Uncertainties? 
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NHC probability products can help 

Verifying 5-day 
Position of Ida

TD 11 (later 
Hurricane Ida) 

Advisory Number 1

Issued 10:00 AM EST 
4 November 2009

5-day position error 
about 600 miles

5-day NHC 
Forecast



Available Probability Products
1. Wind Speed Probability Product

– Text and Graphics

• Depict location-specific probabilities for wind events 
(tropical storm force, 50 kt [58 mph], and hurricane 
force)

2. Intensity Probability Table
– Graphical Table

• Shows probability of tropical cyclone intensity 
(maximum wind) falling in various categories

– Tropical depression, tropical storm, hurricane, and 
hurricane categories 1-5



How the Probabilities are Created
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• 1,000 realistic alternative 
scenarios created using 

– Official NHC track, intensity 
and size (wind radii) forecasts

– Historical NHC track and 
intensity forecast errors

– Climatology and persistence 
wind radii model

• Probability of exceeding 
34, 50, and 64 kt wind 
thresholds computed

• Accounts for inland wind 
decay



Wind Speed Probabilities

Show the chance of a particular 
event occurring at a specific location
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U.S. Hurricane Watch and Warning 
Statistics (2000-2008)

• Average storm-total watch length                      477 miles
• Average storm-total length w/ hurricane winds     89 miles

for cases when watch issued
• Probability of hurricane winds at point under watch 19%

• Average storm-total warning length 403 miles
• Average storm-total length w/ hurricane winds   99 miles

for cases when warning issued
• Probability of hurricane winds at point under warning  25%

Courtesy Andrea Schumacher



Reading and Interpreting the 
Wind Speed Probability 

Products
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Wind Speed 
Probability Text 

Product
(abbreviated)
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34 kt 
probabilities 
at Charlotte 
NC

What is the chance that winds of tropical storm force (34 kt or greater) will 
occur at Charlotte NC during the next five days?

Example Interpretation of Output
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34 kt 
probabilities 
at Charlotte 
NC

What is the chance that winds of tropical storm force (34 kt or greater) will 
occur at Charlotte NC during the next five days?

42%

Example Interpretation of Output
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34 kt 
probabilities 
at Charlotte 
NC

What is the chance that winds of tropical storm force (34 kt or greater) will 
occur at Charlotte NC during the next five days?

42%
When are these winds most likely to start?

Example Interpretation of Output

16



17

34 kt 
probabilities 
at Charlotte 
NC

What is the chance that winds of tropical storm force (34 kt or greater) will 
occur at Charlotte NC during the next five days?

42%
When are these winds most likely to start?

From 18Z Sun to 18Z Mon (18% chance)

Example Interpretation of Output
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What the Probabilities can tell 
you that that the Error Cone 

doesn’t
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Note that chances of 
hurricane-force winds 
at Tampa Bay and Port 
Charlotte are both 
around 30%!

Tampa

Port Charlotte
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Impacts can Occur 
Well Outside the Cone
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Impacts can Occur 
Well Outside the Cone
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Hurricane Katrina (2005)
• Two examples of how 

probabilities evolve

1. Landfall of a marginal hurricane 
in South Florida
– Small probabilities of hurricane 

force winds over much of south FL 
due to uncertainty in track and 
intensity

2. Landfall of a major hurricane 
along the Gulf Coast
– Initially small probabilities at 

locations along the Gulf Coast 
increase markedly along the track 
of Katrina as landfall approaches

– Hurricane conditions are almost a 
certainty somewhere
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Katrina
Advisory 5

10% chance of 
hurricane force winds at individual 

locations in SE Florida

36 hour forecast
intensity = 80 mph

category 1 hurricane
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Magnitudes of Cumulative Probabilities Vary 
Greatly But Realistically

Katrina Advisory #9
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Magnitudes of Cumulative Probabilities Vary 
Greatly But Realistically

Katrina Advisory #14
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Katrina Advisory #18

Magnitudes of Cumulative Probabilities Vary 
Greatly But Realistically
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Katrina Advisory #24

Magnitudes of Cumulative Probabilities Vary 
Greatly But Realistically
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Hurricane Bill (2009)
• Strong hurricane 

approaching the coast of 
New England but not 
expected to make landfall

• A “hit or miss” scenario, 
where some coastal areas 
could see tropical storm 
force winds, or nobody 
would (at least in the 
northeastern U.S.) 

• Small changes in the 
forecast track or wind field 
in the western semicircle 
resulted in large changes in 
the wind speed probabilities 29



Hurricane Bill 
Advisory 22 – Issued 5 pm EDT 20 Aug 2009
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Cumulative 120-h 34-kt wind probabilities
Nantucket: 24%
Hyannis: 20%



Hurricane Bill 
Advisory 28 – Issued 5 am EDT 22 Aug 2009
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Cumulative 120-h 34-kt wind probabilities
Nantucket: 40%
Hyannis: 29%

Tropical Storm Warning Issued



Hurricane Bill 
Advisory 31 – Issued 11 pm EDT 22 Aug 2009
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Cumulative 120-h 34-kt wind probabilities
Nantucket: 10%
Hyannis: 5%

Tropical Storm Warning



Hurricane Bill
Verification – A Close Call!
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Tropical Storm Force winds measured by the SFMR came very 
close to the coast of Cape Cod around 07 UTC 23 August



Lesson
• Recurving storms can result in an “all or 

nothing” scenario
– Some area may receive winds (e.g., NC Outer Banks, 

SE Massachusetts) or winds may not impact any land 
areas

• Small changes in the track forecast may result in 
large changes in the probabilities for any given 
location 
– “Small” probabilities are important!

– Be prepared to act quickly if the forecast changes 
and threat increases for your area
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Using the Probabilities for 
Timing Uncertainty
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Onset of 34-kt Winds
Katrina (2005)

• Onset of 34-kt winds based on 
deterministic forecast from Advisory 
16

– New Orleans, LA – Monday 29 Aug. 
08Z (3:00 AM CDT)

– Gulfport, MS – Monday 29 Aug.
11Z (6:00 AM CDT)

Deterministic wind field from Hurrevac
valid at 12Z (7:00 AM CDT) 29 August 

36



Wind Speed Probabilities
Katrina (2005) Advisory 16

- - - - WIND SPEED PROBABILITIES FOR SELECTED LOCATIONS - - - -
FROM    FROM    FROM    FROM    FROM    FROM    FROM 

TIME          06Z SAT 18Z SAT 06Z SUN 18Z SUN 06Z MON 06Z TUE 06Z WED 
PERIODS          TO      TO      TO      TO      TO      TO      TO

18Z SAT 06Z SUN 18Z SUN 06Z MON 06Z TUE 06Z WED 06Z THU 

FORECAST HOUR  (12)      (24)    (36)    (48)    (72)    (96)   (120) 

NEW ORLEANS LA 34 X     1( 1)   9(10)  28(38)  34(72)   5(77)   X(77) 

GULFPORT MS  34   X 1( 1)   8( 9)  23(32)  35(67)   5(72)   1(73)
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Wind Speed Probabilities
Katrina (2005) Advisory 16

- - - - WIND SPEED PROBABILITIES FOR SELECTED LOCATIONS - - - -
FROM    FROM    FROM    FROM    FROM FROM    FROM 

TIME          06Z SAT 18Z SAT 06Z SUN 18Z SUN 06Z MON 06Z TUE 06Z WED 
PERIODS          TO      TO      TO      TO      TO TO      TO

18Z SAT 06Z SUN 18Z SUN 06Z MON 06Z TUE 06Z WED 06Z THU 

FORECAST HOUR  (12)      (24)    (36)    (48)    (72)    (96)   (120) 

NEW ORLEANS LA 34 X     1( 1)   9(10)  28(38)  34(72) 5(77)   X(77) 

GULFPORT MS  34   X 1( 1)   8( 9)  23(32)  35(67) 5(72)   1(73)

Most likely period of onset of 34-kt winds at New Orleans and 
Gulfport is between 06Z (1:00 AM CDT) Monday 29 Aug. and 

06Z (1:00 AM CDT Tuesday 30 Aug. 
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Wind Speed Probabilities
Katrina (2005) Advisory 16

- - - - WIND SPEED PROBABILITIES FOR SELECTED LOCATIONS - - - -
FROM    FROM    FROM    FROM FROM    FROM    FROM 

TIME          06Z SAT 18Z SAT 06Z SUN 18Z SUN 06Z MON 06Z TUE 06Z WED 
PERIODS          TO      TO      TO      TO TO      TO      TO

18Z SAT 06Z SUN 18Z SUN 06Z MON 06Z TUE 06Z WED 06Z THU 

FORECAST HOUR  (12)      (24)    (36)    (48)    (72)    (96)   (120) 

NEW ORLEANS LA 34 X     1( 1)   9(10)  28(38) 34(72)   5(77)   X(77) 

GULFPORT MS  34   X 1( 1)   8( 9)  23(32) 35(67)   5(72)   1(73)

However, the probability that 34-kt winds will start prior to 
06Z (1:00 AM CDT) Monday 29 Aug. at both New Orleans 

and Gulfport is nearly as large!
39



What Actually Happened?
• Onset of 34-kt winds occurred between 00Z 

and 06Z Monday 8/29 at New Orleans and 
Gulfport

– At least 3 hours earlier than shown by Hurrevac at 
New Orleans

– At least 5 hours earlier than shown by Hurrevac at 
Gulfport
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Lesson

• Important information about the onset 
of wind conditions contained in the 
probabilities beyond what you see in 
Hurrevac

• Examine trends from advisory to advisory
– How are probabilities of onset changing?

– Are chances of onset nearly equal between two 
consecutive time periods?
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Changes to Probability Products for 2010

• Wind speed and intensity probability products will 
better reflect the actual track forecast uncertainty 

• Old method sampled all previous NHC track forecast 
errors regardless of the situation

• New method will sample different errors depending 
on how much spread there is in the track model 
guidance

• Situations where track model spread is small should 
have narrower probability swath
– Larger probabilities along track forecast

– Smaller probabilities along the edges
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How would New Probabilities Look for Bill?
Advisory 28 – 5 am 22 Aug 2009
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Current New



How would New Probabilities Look for Bill?
Advisory 28 – 5 am 22 Aug 2009
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Difference•Reduction in probability of TS 
winds of 3-6% along the 
western flank of the track of 
Bill

•Increase of probability by 
3-6% along Bill’s forecast track

•This case had “low” track 
model spread
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Intensity Probability Table

• Small Probabilities Matter

• Probabilities lower (realistically) for 
strong storms when they are forecast to 
be near land

– Example:  Katrina’s Louisiana landfall
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Hurricane Ike Intensity Probability Table
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Small Probabilities of Category 4 Hurricane

2% chance of category 4 hurricane verifies47



Katrina
Advisory 14

<1%     <1%      <1%     <1%       8%      46%     58%

<1%     <1%      <1%     <1%     13%      26%    20%

1%        3%       4%       5%       20%     13%      6%
99%     97%      96%     94%      58%     15%     17%

26%     21%     19%     18%     14%       3%      2%
60%     47%     34%     26%     12%       2%       4%
13%    25%     34%      34%     19%       5%       5%

1%       3%      7%       14%     12%       4%        4%

<1%    <1%     1%        2%        3%        1%       1%

Maximum Wind Speed (Intensity) Probability Table
From NHC Advisory 14
5 PM EDT Aug 26, 2005

Official NHC Intensity Forecast
72 hour forecast- 135 mph (cat. 4)

Verifying
Intensity

NHC Forecast    105     110    115     120    135     40       30

cat. 1

Katrina Landfall Intensity 130 mph   cat.  3

48

72 h forecast
position



Summary
• NHC probability products help you deal with the 

uncertainty inherent in forecasting tropical 
cyclones

• Provide additional information beyond what is 
available in deterministic forecasts and in 
Hurrevac for:
– Timing of event onset
– Likelihood of various wind speeds occurring at your 

location
– Likelihood of tropical cyclone intensity

• “Low” probabilities of extreme events often 
warrant action!
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Use of Probabilistic Information 
in WFO Products During 
Tropical Cyclone Events

Pablo Santos 
NOAA/NWS Miami, FL

FL Governor’s Hurricane Conference 2010PS/DS

“HURRICANE CONDITIONS EXPECTED.”
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Contents of Presentation

• Review of Wind Speed Probability Products and 
how you can access this data

• Use of Probabilistic Information in WFO 
Forecast Products During Tropical Cyclones
– Public Forecasts
– Hurricane Local Statement (Text and Graphical)

• Winds 
• Surge 
• Inland Flooding
• Tornadoes
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Wind Speed Probability 
Definitions

• Cumulative – The probability of sustained winds reaching or exceeding the 
specified wind speed threshold between the 00 hour forecast and a specified 
forecast hour.  

• Available in NHC’s PWSAT# text product as well as in graphical form.

• Also Available through the NDFD Website.

• Individual (Interval) – The probability of sustained winds reaching or exceeding 
the specified wind speed threshold beginning during an individual 12 hour forecast 
period ending at the specified forecast hour (e.g., period of onset).

• Available in NHC’s PWSAT# text product. 

•Available from the NDFD Website also.

• Incremental –The probability of sustained winds reaching or exceeding the 
specified threshold during the 12 hour forecast period ending at the specified 
forecast hour.

• Available through the NDFD Website.
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Impacts Can Be Felt Well Outside 
The Cone

53

Based on 1938 Long 
Island Express 

Hurricane - a large 
fast-moving storm

Tropical Storm Force 
wind probabilities are 

almost certain in a 
large area from the 
Carolinas to New 

England well outside 
the cone!
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Impacts Can Be Felt Well Outside 
The Cone

54

Based on 1938 Long 
Island Express 

Hurricane - a large 
fast-moving storm

Hurricane-force winds 
extended outside the 
cone over much of 

NJ, srn NY, LI, and CT
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Wind Speed 
Probability Text 

Product
(abbreviated)
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Individual Period ProbabilitiesCumulative Probabilities
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Note:
• Go to weather.gov
• Click on Graphical Forecasts
• Scroll to the Bottom
• Click on Tropical
• Notice both Cumulative and 
Incremental Probabilities are 
available here
• Notice the Resolution
• What About Interval                     
or Individual Probabilities?
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How Can I get the grids from 
the NDFD

• Download DeGrib (NDFD GRIB2 Decoder from):

• http://www.weather.gov/mdl/NDFD_GRIB2Decoder/register.php

• Then go to this site and read on how turn the NDFD gridded 
data into GIS Files (Creating GIS files from the downloaded 
NDFD grids):

• http://www.weather.gov/ndfd/gis/ndfd_GIS_tutorial.html

http://www.weather.gov/mdl/NDFD_GRIB2Decoder/register.php�
http://www.weather.gov/ndfd/gis/ndfd_GIS_tutorial.html�
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How Do We Use This Probabilistic Data 
in WFO Forecast Products?

• Public Forecasts
– 7 Days
– Sky, Weather, Wind, 

MaxT, MinT, and PoP or 
Probability of Precipitation

– Versions:
• Zone (ZFP product)
• Click Point (interactive web)

– Application of Incremental 
Wind Speed Probabilities

• Hurricane Local 
Statement
– Text - emphasis on likely or even 

expected conditions based on latest 
forecast and ensuing impacts. 

– App. Of Cumulative and Individual 
Wind Speed Probabilities.

– App. Of Probabilistic Surge, Rainfall 
Probabilities, and Tornado 
Probabilities.

– Graphical - emphasis on depiction 
of the POTENTIAL impact relative 
to the uncertainty of the forecast 
conditions. 
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Public Forecasts
(Point and Click Versus Zone Version)
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• HURRICANE CONDITIONS *
• HURRICANE CONDITIONS  EXPECTED
• HURRICANE CONDITIONS  POSSIBLE
• TROPICAL STORM CONDITIONS  *
• TROPICAL STORM CONDITIONS  * WITH HURRICANE CONDITIONS POSSIBLE
• TROPICAL STORM CONDITIONS EXPECTED
• TROPICAL STORM CONDITIONS EXPECTED WITH HURRICANE CONDITIONS POSSIBLE
• TROPICAL STORM CONDITIONS POSSIBLE
• TROPICAL STORM CONDITIONS POSSIBLE WITH HURRICANE CONDITIONS ALSO POSSIBLE

Note:
• The  * phrases represent imminent or ongoing conditions as stated in the 00-12 hour

period simultaneously by the hazard, wind, and probability grid information.   
• The word EXPECTED is used in situations mainly during the Warning period, but is 
also selectively used in the Watch period (e.g., Day 1 & 2, or out to period 4).

• The word POSSIBLE is used during the extended period (e.g., Day 3 - 5), but is also  
used in specific situations within Watch/Warning period. 

• Also, certain situations require compound phrases (e.g., Tropical Storm Warning with 
a Hurricane Watch).

Tropical Cyclone 
Expressions of Uncertainty
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Tropical Cyclone Situations
(Going Back To Hurricane Charley Example)

A Hurricane Warning
means the sustained 
wind is expected to be 
64 knots or greater 
somewhere in the 
warned area within 24 
hours…but not 
everywhere.

However, the NHC 
wind forecast (e.g., 
radii) is a main driver 
for the local Public and 
Marine wind forecasts 
during tropical 
cyclones situations.

Hurricane Charley (2004)



Example…00-12 Hours, First Period

CHARLEY (ZFP)

Advisory Time: 20040813_1500 (0-12 Hours – First Period)



Example
Advisory Time: 20040902_1500 (25-36 Hours – Third Period)

FRANCES (ZFP) FRANCES (Click Point)
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Hurricane Local Statement
Background Information

• Text (Show Suiter Example)
– Segmented Preceded by an 

Overview
– Overview contains information 

that is applicable to the County 
Warning Area

– Segments contain information 
specific to a subset of zones 
within the County Warning Area

– In the segments, Hazard 
specific Information according to 
latest forecast is provided for at 
least the following Hazards: 
Wind, Surge, Inland Flooding, 
and Tornadoes. Some offices 
include Marine.

• Graphical 
– Tropical Impact Graphics
– Created for all Hazards 

addressed in the Text HLS and 
accounting for uncertainty. 

– They are based on a Threat 
Assessment of meteorological 
conditions and presented via 
the web as a Potential Impact 
Graphic in color codes. 

– Graphics dynamically linked to 
Text sections of the HLS for a 
given zone.
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• http://weather.gov/ghls/
• Feedback/Survey: http://www.weather.gov/survey/nws-survey.php?code=TCIG
• How do we create the Impact Graphics that go into this product?

Graphical 
Hurricane Local 

Statement/Tropical 
Impact Graphics

Web Links

http://weather.gov/ghls/�
http://www.weather.gov/survey/nws-survey.php?code=TCIG�
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Typical Confidence Wind Threat Scenario
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Higher Confidence Wind Threat Scenario
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Potential Wind Impact Graphic

High Wind Impact
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Impact Level Definitions

69

High Wind Impact
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Impact Level Definitions

70

Note: During 2007, the color for ‘Very Low’ was changed from light yellow to blue. 

High Wind Impact
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Coastal Flooding/Surge – Tool Inputs

http://www.weather.gov/mdl/psurge/

http://www.nhc.noaa.gov/HAW2/english/surge/slosh.shtml

SLOSH PSURGE

http://www.weather.gov/mdl/psurge/�
http://www.nhc.noaa.gov/HAW2/english/surge/slosh.shtml�
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Typical Confidence Storm Threat or 
Potential Impact Depiction 
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Potential Coastal Flood Impact Graphic

Coastal Flood Impact

HIGH Confidence
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Impact Level Definitions - Florida
(Traditional)
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Impact Level Definitions - Florida
(Traditional)
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Inland Flood – Tool Inputs/Potential Impact 
Depiction

WFO QPF
RFC Gridded Flash

Flood Guidance

ERP Grid

QPFtoFFGRatio

HPC

Inland Flooding Impact
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Inland Flooding Impact Level 
Definitions - Florida
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Tornado - Inputs

78

Use the SPC tornado probabilities with local enhancements, 
with consideration for strongest potential tornado (category).  
Cyclone forecast uncertainty must also be factored in for 
event duration.    
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Tornado Impact Level Definitions
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Thank You

Comments or 
Questions?

Feedback/Survey: http://www.weather.gov/survey/nws-survey.php?code=TCIG

Also Email: Robert.Molleda@noaa.gov, Pablo.Santos@noaa.gov

http://www.weather.gov/survey/nws-survey.php?code=TCIG�
http://www.weather.gov/survey/nws-survey.php?code=TCIG�
http://www.weather.gov/survey/nws-survey.php?code=TCIG�
mailto:Robert.Molleda@noaa.gov�
mailto:Pablo.Santos@noaa.gov�
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