Wind Speed and Intensity
Probabilities

Hurricane Force Wind Speed Probabilities
For the 120 hours (5 days) from 8 AM AST Sun Aug 29 to 8 AM AST Fri Sep 3
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Atlantic 5-Year Mean NHC Forecast Errors

NHC Official Forecasts - 2007-11 Atlantic Basin

I
Track
Intensity

Track errors increase 40-50 n mi per day,
5-day errors approaching 200 n mi

Intensity errors increase quickly to 15 kt
by 48 and then level off

N
(=

17

o —
= <3

=
= o
s =

L
= (5
w =

®
S c
® 7]
s R
= £

=
=
o
=1
o

(Number of Cases)

15121347 1181 1027 896 706
0 12 24 36 48 72
Forecast period (h)




How Can You, as Decision Makers, Deal
with Forecast Uncertainty?

Mote: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur

Tropical Storm Irene Verifying 5-day
Advisory Number 12 § position of Irene /

Issued 5:00 AM EDT
23 August 2011

outside of the cone.

5-day NHC
Forecast

Hermuda

5-day position error
about 270 miles
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Current Information: @
Center Location 20.3 N 70.1 W
Max Sustained Wind 100 mph
Movement WKW at 12 mph

Forecast Positions:

@ Tropical Cyclone (O Post-Tropical
Sustained Winds: D <39 mph

S 3973 mph H 74-110 mph M > 110mph

Potential Track Area:
(> Day 13 (ZZ Dayas

Watches:

Hurricane

Warnings:

- Hurricane - Trop.Storm

NHC probability products can help




Overview of Wind Speed
Probability Products




How the Wind Speed/Intensity
Probabilities are Created

e 1,000 realistic alternative 88 __s4 80 _76 7> __ss _-6i__60__55
scenarios created using |

— Official NHC track, intensity
and 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 R e
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Influence of Track Forecast Uncertainty
on Probability Products

Different historical NHC track forecast
errors are sampled depending on how
much spread (disagreement) there is
in the track model guidance

If track model spread is small (good
model agreement)

— Probability swath will be narrower
with higher probabilities along the
official NHC forecast track and lower
values along the edges

If track model spread is large (poor
model agreement)

— Probability swath will be wider, with
lower values along the NHC official
forecast track and a wider area of low
probabilities along the edges
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Impacts Can be Felt Well Outside the Cone
e The cone only displays L
information about track

uncertainty

It contains no information
about impacts!

Impacts can occur well
outside the area enclosed et e LAY ¢
by the cone Lisag . s g TAA

827/1145 GOES13 IR4

— Storm center is expected to
move outside the cone
about 1/3 of the time

— Cone narrows near the time
of greatest impact due to
decreaSIng OffICIal traCk Hurricane Irene Forecast Positions:
forecast errors o ddsory 254 Vi Sustained Wind 85 mph. e vmtor ot mae!
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Available Probability Products
1. Wind Speed Probability o E I

NEW YORK CITY 64 10 1) {2 X({2 X2
P rod u Ct NEVARE NJ 34 26(26) 9(35) X(35) X(35)
NEWARK NJ 50 zi2) 3( 85 X( S5 X5
TRENTON NJ 34 25(26) 6(32) X{(32) X(32)

TRENTON NJ 50 3(3) 1{4) X(4) X{ 4

ATLANTIC CITY 34 44(48) 3(51) X{51) X{51)

e Depicts location-specific
. ATLANTIC CITY S0 9 9) 2(11) X(11) X(1ll)
probabilities for 34-kt ATLANTEC CITY o4 A da xte x4

BALTIMORE MD 34 3(3) 14(17) 1{18) X(18)  X(18)

(TS-force), 50-kt (58-mph), omr o v mon s xom o
and 64-kt (hurricane-force)

DOVER DE 64 X({ X) 1( 1) Xi 1) X( 1) X( 1)

~ Tropical Storm Force Wind Speed Probabilities

N/
U For the 120 hours (5 days) from 2 AM AST Tue Aug 31 to 2 AM AST Sun Sep 5
3 : : . & : : I : :

winds e e

e Text product contains NEN R
cumulative and individual time g n,
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period onset probabilities for a
fixed set of locations

Graphic depicts cumulative
probabilities for points over a FERN
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< indicates HURRICANE EARL center location at 2 AM AST Tue Aug 31 2010 (Forecast/Advisory #24)
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Available Probability Products

Intensity Probability Table

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

Tropical depression, tropical storm, hurricane, and Saffir-Simpson
Hurricane Wind Scale categories 1-5

Available at the top of the wind speed probability text product
and as a stand-alone graphic

I. MAXIMUM WIND SPEED (INTENSITY) PROBABILITY TAELE \,\“M“’eﬂ
4 Intensity (Maximum Wind Speed) Probability Table =
CHANCES THAT THE MAXIMUM SUSTAINED (l-MINUTE AVERAGE) WIND SPEED OF g Hurricane Earl Advisory Number 25 %@
THE TROPICAL CYCLONE WILL BE WITHIN ANV OF THE FOLLOWING CATEGORIES R 4 11:00 AM AST Aug 31 2010 et
AT EACH OFFICIAL FORECAST TIME DURING THE NEXT S5 DAYS.
PROBABILITIES ARE GIVEN IN PERCENT. X INDICATES PROBABILITIES LESS
THAN 1 PERCENT. Forecast Time

12 hour | 24 hour | 36 hour | 48 hour | 72 hour | 96 hour | 120 hour
for for for for for for for

- - - MAXIMUM WIND SPEED (INTENSITY) PROBABILITIES - - - Wind Range (mph) 8PM Tue | 8 AMWed |8 PMWed | 8 AM Thu | 8 AM Fri | 8 AM Sat | 8 AM Sun

VALID TIME 06Z THU 18Z THU 06Z FRI 18Z FRI 18Z SAT 18Z SUN 18Z MON Dissipated <1% | <1% | <1% | <1% 1% 6% 15%
FORECAST HOUR 12 Tropical Depression (<39) [ 19, | <1% | <1% | <1% 2% 1% | 13%

DISSIPATED Tropical Storm (39-73) <1% | <1% 1% 2% 19% 44% | 43%
TROP DEPRESSION X
TROPICAL STORM

Humicane (all calegories) | ggoy, | 99% | 99% | 98% | 78% | 39% | 30%
~ Category 1 (74-95) <1% 2% 6% 12% | 33% | 27% | 20%
- Gategory 2 (96-110) 3% 7% 7% | 24% | 24% 8% 7%
~Category 3(111-130) | goo, | 47% | 48% | 39% | 16% 3% 2%

{
(

~Category 4 (131-186) | 35e;, | 40% | 24% 20% 5% 1% 1%
(

-~ Category 5 (>155) 2% 5% 4% 4% 1% <1% | <1%

FCST MAX WIND 11SKT  110KT  10OKT

Forecast Maximum Wind | 135 mph| 140 mph| 135 mph| 135 mph| 1156 mph| 90 mph | 65 mph




Why do Small Probabilities of
Extreme Events Matter?




U.S. Hurricane Watch and 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%




Approx. Distance Scale Statute Hiles
[

Hurricane lke

e 2239 T8 800 September 9, 2008
11 PM EDT Tuesday
NS TPC/National Hurricane Center
Advisory 36
Current Center Location 23.2 N 84.3 W
tMax Sustained Wind 80 mph
Current Movement WHNW at 9 mph

@ Current Center Location

@® Forecast Center Positions

H Sustained wind > 73 mph

D Sustained wind < 39 mph
Potential Day 1-3 Track Area
£_ € Potential Day 4-5 Track Area
mmm Tropical Storm Warning

S Sustained wind 39-73 mph [

BN e e .

30N

Mexico

200

1058 100w 95K 001 Baiize 85u : 80H 750
Probability of hurricane force surface winds (1-minute average >= 74 mph) from all tropical cyclones

< indicates HURRICANE IKE center location at 8 PM EDT Tue Sep 9 2008 (Forecast/Advisory #36)
[ | [ I [ ]
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D urricane Force Wind Speed Probabllities .
_V For the 120 hours (5 days) from 8 PM EDT Tue Sep 9 to 8 PM EDT Sun Sep 14 B
: L |

Ky : NV

ZCZC MIAPWSAT4 ALL
TT4a00 ENHC DIDHHEMM

HURRICANE IEFE WIND SPEED PROEBAEILITIES NUMEBEER 36

Mirs TPC/MATIONAL HURRICANE CENTER MIAMI FL

0300 UTC WED SEF 10 2003

ALOSZ005

| 4T 0300Z THE CENTER OF HURRICANE IEE Wi3 LOCATED NEAR LATITUDE Z3.2

NORTH. ..LONGITUDE §4.3 WE3T WITH MALXTHMOM 3USTAINED WINDS NEAR YO KT3

...30 MFH...130 KM /HE.
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Chance Of Svancing D

Most |lkely to win
tournanmeent

1. Loulsvilla
2. Imdiana
3. FRornda
4, Kansas
5. Duke

Wiichita 51

‘Wisnonsin

Mississip

Kansas 51

100% chance
someone is
going to win

Kansas
W. Konfucly

MNardh Cardin

Willanawa

W.CU.
Maran

Michigan
& Dakota 51

U.CLa

Mirnzsota

Flarida

David=an

llinais

Colorada

Miami {Flanc

Paaic




Oragon

Michigan 51

Dk e

Whchala St

Anzona

Ohao 5t

Ti%

S54%

Most likely to win
tournament

1. Louisville
2. Florida
3. Indiana
4. Ohio 5t
5. Duke

32.4%
21.3%

10.9% 54.9%

5.8%
5.9%

b2 B

Wichigan

A Gulf Coast

Syracuse

Margueiis

Miami {Florida)



Who Is going to get hurricane force winds?

Golden Beach 1

Apalachicola “I—

Intracoastal City g

Destin | I—

Chokoloskee 5

Suwannee Riveriz I—

Lake Okeechobees
Tarpon Springs 13

Englewood [}
Aucilla River 11 I
Fort Pierce 3

Matagorda 14 I—

New Smyrna Bch 7

San Luis Pass 1ﬂ|

Jupiter Inlet 2
St. Augustine 15|—
Ocean Reef 1

Yankeetown mI |

Pascagoula L.

Morgan City 5| )

Flamingo 5
Sabine Pass 12'
Vero Beach 4

Ann Maria Island 13 I—

Dry Tortugas ]

Keaton Beach 11 I—

1 Hallandale Bch

Iiﬁ- Sargent

8 MS/AL Border

IiI Mouth Pearl R.

5 Cocoa Beach

—Iii Anclote Key

Key Largo 3

Port O’Connor 1"I

Titusville T

Indian Pass WI—

Deerfield Beach

Baffin Bay ] S—

4 Craig Key

—Iu High Island

B Key West

—IH Steinhatchee R.

3 Florida Bay
—Iu Corpus Christi

T Sebastian Inlet
18 Mouth MS River

2Card Snd Bridge

180chlockonee R.

1 Boca Raton

—Iiﬁ Freeport

& Grande Isle

| .
19 Panama City

5 Bonita Beach

—Iii Bayport

4 E Cape Sable

5 day forecast

—Iu Longboat Key

B 7-Mile Bridge

—IH Cameron

3 Stuart

—Ii-l- Port Aransas

T Flagler Beach

—IW St. Marks

2 Ocean Reef Cstl

—Iiﬁ Port Mansfield
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Interpreting the Wind Speed
Probability Text Product




Wind Speed Probability Text Product

ZCZC MIAPWSATZ ALL

TTAAOD KNHC DDHHMM

HURRICANE EARL WIND SPEED PROBABILITIES NUMBER 24
NWS TPC/NATIONAL HURRICANE CENTER MIAMI FL  ALO72010
0900 UTC TUE AUG 31 2010

AT 0900Z THE CENTER OF HURRICANE EARL WAS LOCATED NEAR LATITUDE 20.5
NORTH...LONGITUDE 66.7 WEST WITH MAXIMUM SUSTAINED WINDS NEAR 115
KTS...135 MPH...Z21l5 KM/HR.

Z INDICATES COORDINATED UNIVERSAL TIME (GREENWICH)
ATLANTIC STANDARD TIME (AST)...SUBTRACT 4 HOURS FROM Z TIME
EASTERN DAYLIGHT TIME (EDT)...SUBTRACT 4 HOURS FROM Z TIME
CENTRAL DAYLIGHT TIME (CDT)...SUBTRACT S HOURS FROM Z TIME

I. MAXIMUM WIND SPEED (INTENSITY) PROBABILITY TABLE

CHANCES THAT THE MAXIMUM SUSTAINED (l-MINUTE AVERAGE) WIND SPEED OF
THE TROPICAL CYCLONE WILL BE WITHIN ANY OF THE FOLLOWING CATEGORIES
AT EACH OFFICIAL FORECAST TIME DURING THE NEXT 5 DAYS.
PROBABILITIES ARE GIVEN IN PERCENT. X INDICATES PROBABILITIES LESS
THAN 1 PERCENT.

- = - MAXIMUM WIND SPEED (INTENSITY) PROBABILITIES - - -

VALID TIME 18Z TUE 06Z WED 18Z WED 06Z THU 06Z FRI 06Z SAT 06Z 5UN

FORECAST HOUR 12 24 36 43 72 96 120
DISSIPATED X X X X X 3 2l
TROP DEPRESSION X X X X 1 8 29
TROPICAL STORM X X 1 2 13 39 40
HURRICANE 99 99 99 98 86 50 10
HUR CAT 1 X 2 4 1z 30 33 9
HUR CAT 2 2 7 12 25 25 11 1
HUR CAT 3 38 48 45 38 22 5 1
HUR CAT 4 57 38 33 19 8 1 X
HUR CAT 5 3 5 5 4 1 X X

FCST MAX WIND 120KT  120KT  120KT  115KT  105KT 85KT 60KT

- - - - WIND SPEED PROEABILITIES FOR SELECTED LOCATIONS - - - -

FROM FRON FROM FROM FROM FROM FRON

TIME 06Z TUE 18Z TUE 06Z WED 18Z WED 06Z THU 06Z FRI 06Z SAT
PERIODS TO TO TO TO TO TO TO

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

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

LOCATION KT

EASTPORT ME 3 X X(X) X{ X) X X) X X) 5( 5) 27(32)
EASTPORT ME 50 X X(X) X X) X X) X X) 1( 1) 13(14)
EASTPORT ME 64 X X({ X) X{ X) X({ X) X({ X) X{ X) S{ 5)

BAR HARBOR ME 34 X X( X) X{X) X(X) X(X) 707 22(29)
BAR HARBOR ME 50 X X({ X) X{X) X(X) X(X} 1l{1) 10(ll)
BAR HARBOR ME 64 X X{ X) X{ X} X(X) X{X} X(X) 5{5)

II. WIND SPEED PROBABILITY TAELE FOR SPECIFIC LOCATIONS

CHANCES OF SUSTAINED (1-MINUTE AVERAGE) WIND SPEEDS OF AT LEAST
...34 KT (39 MPH... 63 KPH)...
...50 KT (56 MPH... 93 KPH)...
...64 KT (74 MPH...119 KPH)...

FOR LOCATIONS AND TIME PERIODS DURING THE NEXT S5 DAYS

AUGUSTA ME 34 X XX OX(X) O X(X)y X(iXy 77 15(22)
AUGUSTA ME 500X X(X) O X(X) X(X) X(X) X(X) 8(8)
AUGUSTA ME 64 X X(X) X(X) O X(X) XiX) X(xX) 2(2)
PORTLAND ME 34 X X{ X} X{ X X{X) X{X 10(l0) 11{21)
PORTLAND ME 50 X X{X) X{X X{X) X(X 2(2) 57
PORTLAND ME 64 X X( X) X(X) X(X) X(X) X(X 3(3)
CONCORD NH 34 X X(X) X(X)  OX{X)  X{X) 1l{ll)  7(18)
CONCORD NH 50 X X(X) X(X) X(X) X(X) 2(2) 3(5)
CONCORD NH 64 X X(X) X(X) O X{X) X(X) XXy Ll{l)
BOSTON MA 34 X OX(X)  OX(X)  X{X) X{X) 18(18) 9(27)
BOSTON MA 50 X X(X) X(X) X{X) X(X) 5(S5 6(1l1)
BOSTON MA 64 X X(X) X(X) O X(X) X(X) 2i2) 2(4)
HYANNIS MA 34 X OX(X) X(X) O X{X) X{X) 29{29) 9(38)
HYANNIS MA 50 X X( X)) X(X) X{X) XXy lo{l0)  7(17)
HYANNIS MA 64 X X(X) X{X) X{X) X(X) 4( 4 4( 8)
NANTUCKET MA 34 X X{ X)] X{ X} X{X) X{X 33(33) 10(43)
NANTUCKET MA 50 X X{ X)] X{ X X{X) X(X 13(13) 8{21)
NANTUCKET MA 64 X X{ X} X{ X X{X) X( X 5(5 5{(l0)




Example Interpretation of Output

FROM FROM FROM FROM FROM FROM FROM

T IME 18Z FRI 06Z SAT 18Z SAT 06Z SUN 18Z SUN 18Z MON 187 TUE
PERIODS TO TO TO TO TO TO TO

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

FORECAST HOUR (12) (24) (36) (48) (72) (96) (120)
LOCATION
34 kt RALEIGH NC 34 X X( X) 2( 2) 10(12) 8(20) 10(30)

RALEIGH HC 50 X X( X) X( X) 2( 2) 3( 5) 5(10)
RALEIGH NC 64 X X( X) X( X) X( X) 2( 2) 2( 4)

probabilities
CAPE HATTERAS 34 X  X( X) 1( 1) 4( 5) 3( 8) 7(15)
at Charlotte CAPE HATTERAS 50 X X X) X( X) X( X) 1( 1)

NC e e e e e
HC 50 X X( X) 4( 4) 6(10) 1
CHARLOTTE NC 64 X  X( X) X( X) X( X) 2( 2) 2( 4) 2( 6)

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

FROM FROM FROM FROM FROM FROM
T IME 187 FRI 06Z SAT 18Z SAT 06Z SUN 1BZ SUN 18Z MON| 18Z
PERIODS TO TO TO TO TO TO
06Z SAT 18Z SAT 06Z SUN 18Z SUN 18Z MON 18Z TUE

FORECAST HOUR (12) (24)
LOCATTIOHN
34 kt RALEIGH NC 10(12) 10(30)

RATLEIGH HC ! 2( 2) ! 5(10)
RATLEIGH HC X( X) 2( 4)

probabilities

CAPE HATTERAS 4( K) ?‘15}
at Charlotte CAPE HATTERAS | X( X)
\'[e

CHARTOTTE HC

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

FROM FROM FROM FROM FROM FROM FROM

T IME 18Z FRI 06Z SAT 18Z SAT 06Z SUN 18Z SUN 18Z MON 187 TUE
PERIODS TO TO TO TO TO TO TO

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

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

LOCATION

RALEIGH NC 34 X) 2( 2) 10(12) 8(20) 10(30)
34 kt

RALEIGH HC 50 X) X( X) 2( 2) 3( 5) 5(10)
RALEIGH NC 64 X) X( X) X( X) 2( 2) 2( 4)

probabilities
CAPE HATTERAS 34 X) 1( 1) 4( 5) 3( 8) 7(15)
at Charlotte CAPE HATTERAS 50 X) X( X) X( X) 1( 1) 2( 3)

NC 34 X dtay ety Y d iy
! X({ X) X( X) 4( 4) 6(10) 4(14)
X({ X) X( X) 2( 2) 2( 1) 2( 6)

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

FROM FROM FROM : FROM FROM
TIME 18Z MON 18Z TUE

PERIODS TO TO
18Z TUE 18Z WED

LOCATION

34 kt RALEIGH NC 113(512) 8(20) 10(30)
RALEIGH HC ! 2L 93 3( 5) 5(10)
RALEIGH NC Xx( x) 2( 2) 2( 4)

probabilities
at Charlotte GADE mATTERRE ) s 1y 23

\\[® CHARLOTTE
CHARLOTTE
CHARTLOTTE 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)




Case Example
Hurricane Katrina (2005)




Hurricane Katrina (2005)

e 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 Hurricane Katrina
21:00 Tue August 23, Tue August 30, 2005 UTC

WN \
|

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




Magnitudes of Cumulative Probabilities Vary Greatly
But Realistically

Katrina Advisory #5

.{g .Hh, F
Tropical Storm Katrina
August 24, 2005
5 PM EDT Wednesday

NWS TPCiNational Hurricane Center 10% chance of hurricane-force
Advisory 5

Current Center Location 25.6 N 7.2 W winds at any individual point along
Max Sustained Wind 45 mph SE Florida coast

Current Movement MW at 9 mph
@& Current Center Location
@ Forecast Center Positions
H Sustained wind = 73 mph
§ Sustained wind 39-73 mph b gy .
CA Potential Day 1-3 Track Area S
[_Z£ Potential Day 4-5 Track Area
Hurricane Watch
mmm [ropical Storm Warning
Tropical Storm Watch

100
90
, oAt 2 PM Thu P
% 70
5 WY SO 55 60
N/ % 50
\ A s . BN N 2
30 U = ___.
36 hour forecast o
o intensity = 80 mph .
- &= category 1 hurricane A
at 30.00H

5 R

KATRINA 64-KT WIND PROBABILITIES FOR 5 DAYS ENDING 18 UTC 29 AUGUST 2005

rue
SH 125 250 375 50T
[ I I

Approx. Distance Scale ( Statute Hiles )
7 850 = §0W

Low probability of hurricane-force winds due to small size of hurricane force wind

field and uncertainty as to whether Katrina will even be a hurricane at landfall 2s



Approx. Distance Scale { Statute Hiles )}
[— — |

SH 125 250 375 500
T, 0.0

72 hour forecast

intensity = 90 mph
category 1 hurricane

Tue
FL M Fri
2 PH

\ \
Ty

=0 ..“‘h""-'.:

N & - - =

” i

y & Potential Day 1-3 Track Area

Hurricane Katrina

August 25, 2005

5 PM EDT Thursday

NWS TPC/Mational Hurricane Center

Advisory 9

Current Center Location 26.1 M 79.9 W

Max Sustained Wind 75 mph

Current Movement W at & mph

{® Current Center Location

& Forecast Center Positions
H Sustained wind = 73 mph
S Sustained wind 39-73 mph
D Sustained wind < 39 mph

- Potential Day 4-5 Track Area

B Hurricane Warning
mmm [ropical Storm Warning
Tropical Storm Watch

Hurricane-force probabilities > 10% at all S}f
coastal locations due to track and intensity :
forecast uncertainty

______________

____________

a -ﬂ"‘

| |
-90 -85 P e T L
KATRINA 64-KT WIND PROBABILITIES FOR 5 DAYS ENDING 18 UTC 30 AUGUST 2005

Low probability of hurricane-force winds due to uncertainty in track

and whether Katrina will be a hurricane at landfall 29




Magnitudes of Cumulative Probabilities Vary Greatly
But Realistically

Approx. Distance Scale { Statute Hiles )}

3 [— S—— |
o su 125 250 375 500
' e at 30,004

72 hour forecast
intensity = 100 mph
category 2 hurricane

|5

Katrina Advisory #11

Point locations from the mouth of the Mississippi
River to the Big Bend have roughly the same chance
(5-15%) of hurricane-force winds

9ou L

Probabilities begin to increa

15

Hurricane Katrina
August 26, 2005
5 AM EDT Friday
NWS TPC/Mational Hurricane Center
Advisory 11
Current Center Location 253 N 81.5 W
Max Sustained Wind 75 mph
Current Movement W at 5 mph
{® Current Center Location
@® Forecast Center Positions
H Sustained wind = 73 mph
S Sustained wind 39-73 mph
D Sustained wind < 39 mph
Potential Day 1-3 Track Area
£.-C Potential Day 4-5 Track Area

‘| mmm Tropical Storm Warning

Tropical Storm Watch

H

. 3, 70m 65M

I
i |
-85 P N T Tl
KATRINA 64-KT WIND PROBABILITIES FOR 5 DAYS ENDING 06 UTC 31 AUGUST 2005

se due to increase in intensity forecast even though track

uncertainty remains similar — becoming more likely that hurricane-force winds will occur

somewhere

30




Magnitudes of Cumulative Probabilities Vary Greatly
But Realistically

= SH 12

i

N

2 PM Sun 0%

5PMF
90 = 850

72 hour forecast
intensity = 130 mph
category 4 hurricane

Approx. Distance Scale { Statute Hiles )}
[— E—
5 250 375 50O

0, 00H

Katrina Advisory #14

(3 ~ . %‘*ﬁg
G

5P

5 Sustained wind 39-73 mph
D Sustained wind <39 mph
& Potential Day 1-3 Track Area
| 7€ Potential Day 4-5 Track Area
mmm [ropical Storm Warning

Hurricane Katrina
August 26, 2005

EDT Friday
MWS TPC/Mational Hurricane Center
Advisory 14
Current Center Location 248 M 829'W
tax Sustained Wind 100 mph
Current Movement W3W at 8 mph
® Current Center Location

& Forecast Center Positions

H Sustained wind = 73 mph

H

. ™y, 70W

65H

Highest probabilities now focused from
SE Louisiana to the FL panhandle

KATRINA 64-KT HWIND PROBABILITIES FOR 5 DAYS ENDING 18 UTC 31 AUGUST 2005

Probabilities increase further due to continued increase in intensity forecast and

slight decrease in track forecast uncertainty with landfall forecast in about 72 h 31




Approx.
[— .|
SH 125 250 375 500

48 hour forecast .
intensity = 145 mph
category 4 hurricane

Distance Scale { Statute HMiles )

AL

-~
o
-

1 PM Sun

Hurricane Katrina
August 27, 2005
4 PM CDT Saturday

NWS TPCiNational Hurricane Center

Advisory 18

Current Center Location 24.6 M 85.6 W

Max Sustained Wind 115 mph

Current Movement W at 7 mph
@ Current Center Location
@® Forecast Center Positions

H Sustained wind = 73 mph

S Sustained wind 39-73 mph

D Sustained wind < 39 mph
Ll.l Potential Day 1-3 Track Area
£-€ Potential Day 4-5 Track Area

Hurricane Watch

4 PM Sat
0 85 751

o

651

|
. 71, 700

|
60T

Chance of hurricane-force winds increasing at
locations over southeast Louisiana
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PROBABILITIES FOR 5 DAYS ENDING 18 UTc 1 SEP 2005



Magnitudes of Cumulative Probabilities Vary Greatly
But Realistically

Katrln Advisory #24

Approx. Distance Scale ( Statute Miles ) ) ) .
sn 175750 378 500 s Hu.rrlcane-force winds nowlllkely at
S ' locations from southeast Louisiana well
inland into south-central Mississippi

12 hour forecast
intensity = 165 mph
category 5 hurricane

Hurricane Katrina
August 28, 2005
4 PM CDT Sunday
MWS TPC/Mational Hurricane Center
Advisory 29
Current Center Location 269 N 89.0'W
tax Sustained Wind 165 mph
Current Movement NW at 13 mph
{@® Current Center Location
& Forecast Center Positions
H Sustained wind = 73 mph
5 Sustained wind 39-73 mph
D Sustained wind < 39 mph ||
CL Potential Day 1-3 Track Area
- Potential Day 4-5 Track Area
B Hurricane Warning
Hurricane Watch

mmm [ropical Storm Warning

y *Wamas 700 65H 6O 55H KATRINA 64-KT WIND PROBABILITIES FOR 5 DAYS ENDING 18 UTC 2 SEP 200

LandfaII now within 12 to 24 h, hurricane force winds almost a certainty along

forecast track given large size and strength of Katrina along with small short- range
track uncertainty




Timing Information About
Wind Onset




Onset of 34-kt Winds
Katrina (2005)

Onset of 34-kt winds based on
deterministic forecast issued

with Advisory 16

— New Orleans, LA —8/29 (Mon.) 08Z
— Gulfport, MS - 8/29 (Mon.) 11Z

lgQust 27, 2005 '.- Deterministic wind field from
ol Hurfeane Centr | F-‘ l Hurrevac valid 12Z 29 August




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
PERI1ODS T0 T0 T0 T0 T0 T0 T0
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 1C 1) 9(10) 28(38) 34(72) S5(77) X({77)

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




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
PER10ODS T0 T0 T0 T0 TO T0 T0
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)| 57 X7
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 Monday 8/29 and
06Z Tuesday 8/30




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
PERI1ODS T0 T0 T0 T0 T0 T0 T0
18Z SAT 06Z SUN 187 SUNj 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 Monday 8/29 at both New Orleans and
Gulfport is nearly as large!




What Actually Happened?

e Onset of 34-kt winds occurred between 00Z

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

— At least earlier than shown by the official
forecast at New Orleans

— At least earlier than shown by the official
forecast at Gulfport




Lesson

 Important information about the onset of
wind conditions is contained in the
probabilities

e Examine trends from advisory to advisory

— How are probabilities of onset changing?

— Are chances of onset nearly equal between two
consecutive time periods?




Intensity Probability Table
Examples




Hurricane Danielle Intensity Probability Table
Advisory 16 — 11 AM EDT 25 Aug. 2010

Intensity (Maximum Wind Speed) Probability Table
Hurricane Danielle Advisory Number 16
11:00 AM AST Aug 25 2010

Forecast Time

Wind Range (mph)

12 hour

for

8 PM Wed

24 hour

for

8 AM Thu

36 hour

for

8 PM Thu

48 hour

for

8 AM Fri

72 hour

for

8 AM Sat

96 hour

for

8 AM Sun

120 hour

for

8 AM Mon

Dissipated

<1%

<1%

<1%

<1%

<1%

1%

1%

Tropical Depression (<39)

<1%

<1%

1%

1%

1%

2%

6%

Tropical Storm (39-73)

8%

12%

19%

17%

14%

17%

38%

Hurricane (all categories)
-- Category 1 (74-95)
-- Category 2 (96-110)
-- Category 3 (111-130)
-- Category 4 (131-155)

-- Category 5 (>155)

92%
76%
13%
2%
<1%

<1%

88%

57%

22%
7%
1%

<1%

81%

49%
21%
8%
2%

<1%

82%
1%
23%
14%
3%
1%

Forecast Maximum Wind

85 mph

90 mph

90 mph

85%
31%
24%
21%
7%
1%

81%
32%
24%
19%
5%
1%

55%

32%
14%
7%
2%

<1%

100 mph

110 mph

110 mph

100 mph

Official NHC 48-h
intensity forecast:
100 MPH
(Category 2)
Verifying intensity:
135 MPH
(Category 4)

3% chance of category 4 hurricane in 48 h verifies




Impact of Land Interaction on
Intensity Probabilities

e Even if the official track forecast does take the TC
over land, many of the 1,000 track realizations can
move over land to track uncertainty

* This often occurs in the western part of the Atlantic
basin due to numerous islands and large
landmasses

When this occurs, the intensity probabilities will
often spread out over a large range of possible
intensities, particularly late in the forecast period




Impact of Land Interaction on

Intensity Probabilities
Hurricane lke — 11 PM EDT 5 Sep 2008

WEAT Y
“p

Intensity (Maximum Wind Speed) Probability Table é"&
o
:A-
¥

Hurricane ke Advisory Number 20
11:00 PM AST Sep 5 2008 ot

Forecast Time

12 hour | 24 hour | 36 hour | 48 hour | 72 hour | 96 hour | 120 hour
. for for for for for for for
Wind Range (mph) 8AMSat | 8PMSat [ 8 AM Sun | 8 PM Sun | 8 PM Mon| 8 PM Tue | 8 PM Wed
(=74

1
Hurricane (all categories) 79% 65%

w
£

o o o

- Category 1 (74-95)

o™ o~ O

-- Category 2 (96-110)

N

®

&=

Dapresslon ~ Category 3 (111-130
Tro Storm x | gory 3 ( )
Nen_ Oj o -- Category 4 (131-155)
: S HureS Al

—
[o)]
<0
o~

-- Category 5 (>155)

Fl /o

Official forecast shows lke avoiding significant land interaction and remaining

a major hurricane through 5 days
Probabilities show the potential for land interaction as intensity probabilities

spread out across categories 1-4 by days 4 and 5




Impact of Land Interaction on

Intensity Probabilities

 The intensity probability table CANNOT be used to
estimate the intensity at landfall

* Probabilities are valid at a specific TIME — not location

— Some realizations will move faster than the official forecast

and already be inland at the time of landfall in the official
forecast

— These inland realizations will be weaker and contribute to

lower intensity probabilities at the forecast time period
closest to landfall

e We are working with a new tool that computes the
probability of landfall occurring in specific categories




Hurricane lke
Advisory 38 — 10 AM CDT 10 Sep 2008

St
-Non—lﬁ:j-.---H
Majiih

Depression | [
liro oMK |
Ui St |
SHares 4

Hurricane ke Advisory Number 38

Intensity (Maximum Wind Speed) Probability Table s &
10:00 AM CDT Sep 10 2008 Nrast

12 hour | 24 hour | 36 hour | 48 hour | 72 hour | 96 hour | 120 hour
| 0% |

Hurricane (all categories)
-- Category 1 (74-95)
-- Category 2 (96-110)
-- Category 3 (111-130)

-- Category 4 (131-155)

-- Category 5 (>155)

Forecestasimum 1 | 105 mph) 110 mph| 120 mph| 125 mptd 120 motl] 40 mph | 30 m |

Official Forecast shows landfall around 72 h with forecast intensity of

120 mph (Category 3)

Many realizations are already well inland by 72 h, and intensity probabilities
shows nearly equal or higher probability of category 1 or 2 at 72 h

Actual landfall intensity: 110 MPH (Category 2)

Intensity at 72 h (12Z 13 September): 100 MPH (Category 2)




Summary

 Wind speed probability products help you deal
with the uncertainty inherent in forecasting
tropical cyclones

* Provide additional information beyond what is
available in deterministic forecasts for:
— Timing of event onset

— Likelihood of various wind speeds occurring at your
location

— Likelihood of tropical cyclone intensity

e “Low” probabilities of extreme events often
warrant action!




e https://cdp.dhs.gov/femasid




