HURRICANE READINESS
L0311

UNIT THREE

Forecast Uncertainty




FORECAST UNCERTAINTY
What, Me Worry?

-
o
-
-
Ll
(o] 0)
=
n
)
(o))
-
&)
=

3 4
Forecast Period (Days)




FORECAST TRACK ERRORS
Improving, but not perfect.
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FORECAST TRACK ERRORS
NHC 5-year Averages

TRACK ERRORS

Increase 40 miles (35 nm) per day
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FORECAST TRACK ERRORS
NHC 5-year Averages

TRACK ERRORS

Increase 40 miles (35 nm) per day
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FORECAST TRACK ERRORS
Based on Initial Intensity

ALL NHC FORECASTS

Track errors increase about
35 to 40 miles per day
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FORECAST TRACK ERRORS
Based on Initial Intensity

WEAK TROPICAL STORMS

Track errors increase about
40 to 45 miles per day
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FORECAST TRACK ERRORS
Based on Initial Intensity

HURRICANES

Track errors increase about
25 to 30 miles per day
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FORECAST INTENSITY ERRORS
Finally, signs of improvement!
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FORECAST INTENSITY ERRORS
NHC 5-year Averages

INTENSITY ERRORS

Increase the first 2-3 days and then level off
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FORECAST INTENSITY ERRORS
NHC 5-year Averages

INTENSITY ERRORS

Increase the first 2-3 days and then level off
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FORECAST INTENSITY ERRORS
NHC 5-year Averages

INTENSITY ERRORS

The 24 and 48 hour NHC intensity forecasts
are on average off by
one Saffir-Simpson

category.

Increasing Error (mph)

2 3 4
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FORECAST INTENSITY ERRORS
Rapid Strengthening

RAPID INTENSIFICATION
Rapid intensification remains a forecast challenge and
often results in very large errors

e Qur ability to recognize conditions that favor rapid
intensification has improved, however forecasting the
extent and timing of that intensification remains difficult.

Example: lota Advisory 7 (2020)

Initial Intensity: 65 mph Initial Intensity: 65 mph
24h Forecast: 105 mph 36h Forecast: 120 mph
Actual Intensity: 105 mph Actual Intensity: 155 mph
24 h Error: 0 mph 36 h Error: 35 mph




HURRICANE CHARLEY
Don’t focus on the skinny black line.
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HURRICANE CHARLEY

Don’t focus on the skinny black line.

805 W 520\ 702 W

F ._____].._ _: _*-_di;‘:-“__-_u'-.'_'\_“ - I'._l"'
e ' = o o S 302N
417:!- W \
B .:‘l_‘.- =
T3 - Hurricane Charley
August 12, 2004 - Advisory 13

1

! 11 AM EDT Thursday
. Ly Current Location 19.7 N 81.2 W
.' ~ Max Sustained Wind 90 mph (Cat 1)
) n : Current Movement 17 mph NW

. r |I o T
* 2 3 'I i?l
i Bahamas
[ /":\._\
— _f,,f E - 252N
1 r L
) P ¢ | LI
g \}\
- X {;'}'. i
e I"'.:;,_ B al

o - — ] = —
ol Lo e . P
4 <~ D A = - .
i L - T
i iy o
ot ﬂ-"&-l'—'—y (:;—' A
Ty - b i e
. — . é__ ;.EI P - Turks and'Caicos/Islands
- s ] 9 2 . "CLIIJ-E-; = \“q__ __* o i
L | B At
h ' o) =
e — B
r .-:r 'l':. -
- o .
| SNy = 202N
7 o — L
'.-":‘ - Ill [
& { { -—
L :I =y
i o = o ) -t
4 / : =_Haiti_ Dominican Republic ™
L | D — T .
. — § - L e T,




HURRICANE CHARLEY
Don’t focus on the skinny black line.
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HURRICANE CHARLEY

: 84 FEMA
Would alternate scenarios help?




WIND SPEED PROBABILITIES
How Likely. Arrival Times. Inland Threat.

FEMA

Tropical-Storm-Force Wind Speed Probabilities
Fior The 120 Bours [5.00 deys] fram 1 AR ST ION OCT 08 10 1 AM COT SAT 0CT 13

¥ T

) &: NATIONAL HURRICANE CENTER

s
/':-

TROPICAL STORM MICHAEL WIND SPEED PROBABILITIES NUMBER 7
NWS NATIONAL HURRICANE CENTER MIAMI FL AL142018
0900 UTC MON OCT 08 2018

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

FROM FROM FROM FROM FROM FROM FROM
TIME 06Z MON 18Z MON 06Z TUE 18Z TUE 06Z WED 06Z THU 06Z FRI
PERIODS TO TO TO TO TO TO TO

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

L
Prabasiling of wreplcal-stomm-lonze wind)

FORECAST HOUR (12) (24) (36) (48) (72) (96) (120) © indicale Tropical Stoem Michmal cnmer o Most Likely Arrival Time of Tropical-Storm-Force Winds é
LOCATION KT

TALLAHASSEE FL 34 X X( X) 1( 1) 6( 7) 68 (75) 6(81) X (81)

TALLAHASSEE FL 50 X X( X) X( X) 1( 1) 41(42) 6(48) X (48)

TALLAHASSEE FL 64 X X( X) X( X) X( X) 20(20) 4(24) X(24)

APALACHICOLA 34 X X( X) 5( 5) 29(34) 57(91) 1(92) X(92)

APALACHICOLA 50 X X( X) X( X) 6( 6) 59(65) 2(67) X(67)

APALACHICOLA 64 X X( X) X( X) 1( 1) 39(40) 1(41) X(41)

PANAMA CITY FL 34 X X( X) 4( 4) 26(30) 60(90) 1(91) X(91)

PANAMA CITY FL 50 X X( X) X( X) 6( 6) 57(63) 1(64) X (64) e ——
PANAMA CITY FL 64 X X ( X) X( X) 1( 1) 37(38) X (38) X (38) ﬁmﬁﬁﬂﬂumWT | AT S —




WIND SPEED PROBABILITIES
Question

QUESTION

The chance of hurricane force winds occurring at Pensacola
during the next 5 days is between

c ool |

4 A. 1% to 10% i
B. 10% to 20% %

C. 20% to 30%
D. 30% to 40%
E. 40% to 50%

\_




WIND SPEED PROBABILITIES
How are they generated?

MORE SCENARIOS

1,000 realistic alternative

scenarios are generated
— Official NHC forecast
— Historical track and intensity
forecast errors

* Weakening over land

 Track model spread
— Forecast track errors are
correlated to the spread of
model guidance




WIND SPEED PROBABILITIES

84 FEMA
How are they generated?

100 of 1,000 scenarios

produce hurricane-force
‘winds at that location.




WIND SPEED PROBABILITIES
How are they generated?

Atlantic City, NJ
100/1,000 = 10%

of hurricane-force winds




WIND SPEED PROBABILITIES
What does 10% chance mean?




WIND SPEED PROBABILITIES

Text Product

@g NATIONAL HURRICANE CENTER }

TROPICAL STORM MICHAEL WIND SPEED PROBABILITIES NUMBER 7
NWS NATIONAL HURRICANE CENTER MIAMI FL AL142018
0900 UTC MON OCT 08 2018

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

FROM FROM FROM FROM FROM FROM FROM
TIME 06Z MON 187 MON 06Z TUE 18Z TUE 06Z WED 06Z THU 06Z FRI
PERIODS TO TO TO TO TO TO TO

187 MON 06Z TUE 187 TUE 06Z WED 06Z THU 06% FRI 06Z SAT |

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

LOCATION KT H H HHH
Location-Specific Probabilities

TALLAHASSEE FL X X( X) 1( 1) 6( 7) 68(75) 6(81)  X(81) *Tropical-Storm-Force

TALLAHASSEE FL 50 X X ( X) X( X) 1( 1) 41(42) 6(48) X (48) *58 mph

TALLAHASSEE FL 64 X X ( X) X ( X) X( X) 20(20) 4(24) X (24) e Hurricane-Force

APALACHICOLA 34 X X( X) 5( 5) 29(34) 57(91) 1(92) X (92) i

APALACHICOLA 50 X X( X) X(X) 6( 6) 59(65) 2(67) X(67)

APALACHICOLA 64 X X( X) X(X) 1(1) 39(40) 1(41)  X(41)

PANAMA CITY FL 34 X X( X) 4( 4) 26(30) 60(90) 1(91)  X(91)

PANAMA CITY FL 50 X X( X) X( X) 6( 6) 57(63) 1(64) X(64)

PANAMA CITY FL 64 X X( X) X( X) 1( 1) 37(38) X (38) X (38)




WIND SPEED PROBABILITIES

Text Product

@g NATIONAL HURRICANE CENTER }

TROPICAL STORM MICHAEL WIND SPEED PROBABILITIES NUMBER 7
NWS NATIONAL HURRICANE CENTER MIAMI FL AL142018
0900 UTC MON OCT 08 2018

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

FROM FROM FROM FROM FROM FROM FROM
TIME 06Z MON 187 MON 06Z TUE 18Z TUE 06Z WED 06Z THU 06Z FRI
PERIODS TO TO TO TO TO TO TO

187 MON 06Z TUE 187 TUE 06Z WED 06Z THU 06% FRI 06Z SAT |

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

LOCATION KT H H HHH
Location-Specific Probabilities

TALLAHASSEE FL 34 X X ( X) 1( 1) 6( 7) 68(75) 6(81)  X(81) *Tropical-Storm-Force

TALLAHASSEE FLé X X(X) X(X) 1(1) 41(42) 6(48)  X(48) *58 mph

TALLAHASSEE FL &4 X X( X) X( X) X( X) 20(20) 4(24) x(24) | e Hurricane-Force

APALACHICOLA 34 X X( X) 5( 5) 29(34) 57(91) 1(92) X (92) i

APALACHICOLA 50 X X( X) X(X) 6( 6) 59(65) 2(67) X(67)

APALACHICOLA 64 X X( X) X(X) 1(1) 39(40) 1(41)  X(41)

PANAMA CITY FL 34 X X( X) 4( 4) 26(30) 60(90) 1(91)  X(91)

PANAMA CITY FL 50 X X( X) X( X) 6( 6) 57(63) 1(64) X(64)

PANAMA CITY FL 64 X X( X) X( X) 1( 1) 37(38) X (38) X (38)




WIND SPEED PROBABILITIES

Text Product

@g NATIONAL HURRICANE CENTER }

TROPICAL STORM MICHAEL WIND SPEED PROBABILITIES NUMBER 7
NWS NATIONAL HURRICANE CENTER MIAMI FL AL142018
0900 UTC MON OCT 08 2018

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

FROM FROM FROM FROM FROM FROM FROM
TIME 06Z MON 187 MON 06Z TUE 18Z TUE 06Z WED 06Z THU 06Z FRI
PERIODS TO TO TO TO TO TO TO

187 MON 06Z TUE 187 TUE 06Z WED 06Z THU 06% FRI 06Z SAT |

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

LOCATION KT H H HHH
Location-Specific Probabilities

TALLAHASSEE FL 34 X X ( X) 1( 1) 6( 7) 68(75) 6(81)  X(81) *Tropical-Storm-Force

TALLAHASSEE FL 5Q X X ( X) X( X) 1( 1) 41(42) 6(48) X (48) *58 mph

TALLAHASSEE FL‘ X X ( X) X ( X) X( X) 20(20) 4(24) X (24) e Hurricane-Force

APALACHICOLA 34 X X( X) 5( 5) 29(34) 57(91) 1(92) X (92) i

APALACHICOLA 50 X X( X) X(X) 6( 6) 59(65) 2(67) X(67)

APALACHICOLA 64 X X( X) X(X) 1(1) 39(40) 1(41)  X(41)

PANAMA CITY FL 34 X X( X) 4( 4) 26(30) 60(90) 1(91)  X(91)

PANAMA CITY FL 50 X X( X) X( X) 6( 6) 57(63) 1(64) X(64)

PANAMA CITY FL 64 X X( X) X( X) 1( 1) 37(38) X (38) X (38)




WIND SPEED PROBABILITIES

Text Product

@g NATIONAL HURRICANE CENTER J

TROPICAL STORM MICHAEL WIND SPEED PROBABILITIES NUMBER 7
NWS NATIONAL HURRICANE CENTER MIAMI FL AL142018
0900 UTC MON OCT 08 2018

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

FROM FROM FROM FROM FROM FROM FROM
TIME 06Z MON 187 MON 06Z TUE 18Z TUE 06Z WED 06Z THU 06Z FRI
PERIODS TO TO TO TO TO TO TO

187 MON 06Z TUE 187 TUE 06Z WED 06Z THU 06% FRI 06Z SAT |

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

LOCATION KT ST
Onset Probabilities

TALLAHASSEE FL 34 X X ( X) 1( 1) 6( 7) 68(75) 6(81)  X(81) *Timing information

TALLAHASSEE FL 50 X X( X) X( X) 1( 1) 41(42) 6(48) X (48)

TALLAHASSEE FL 64 X X( X) X( X) X( X) 20(20) 4(24) X(24)

APALACHICOLA 34 X X( X) 5(5) 29(34) 57(91) 1(92) X(92) l

APATLACHICOLA 50 X X( X) X( X) 6( 6) 59 (65) 2(67) X(67)

APALACHICOLA 64 X X( X) X(X) 1(1) 39(40) 1(41)  X(41)

PANAMA CITY FL 34 X X( X) 4( 4) 26(30) 60(90) 1(91)  X(91)

PANAMA CITY FL 50 X X( X) X( X) 6( 6) 57 (63) 1(64) X (64)

PANAMA CITY FL 64 X X ( X) X( X) 1( 1) 37(38) X (38) X (38)




WIND SPEED PROBABILITIES

Text Product

@g NATIONAL HURRICANE CENTER J

TROPICAL STORM MICHAEL WIND SPEED PROBABILITIES NUMBER 7
NWS NATIONAL HURRICANE CENTER MIAMI FL AL142018
0900 UTC MON OCT 08 2018

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

FROM FROM FROM FROM FROM FROM FROM
TIME 06Z MON 187 MON 06Z TUE 18Z TUE 06Z WED 06Z THU 06Z FRI
PERIODS TO TO TO TO TO TO TO

187 MON 06Z TUE 187 TUE 06Z WED 06Z THU 06% FRI 06Z SAT |

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

LOCATION KT H HH H
Cumulative Probabilities

TALLAHASSEE FL 34 X X( X) 1(1) 6(7) 68(75)  6(8l) X(81) *Total chance through the time period

TALLAHASSEE FL 50 X X ( X) X( X) 1( 1) 41(42) 6(48) X (48)

TALLAHASSEE FL 64 X X( X) X( X) X(X) 20(20) 4(24) X (24)

APALACHICOLA 34 X X( X) 5( 5) 29(34) 57(91) 1(92)  X(92) l

APATLACHICOLA 50 X X( X) X( X) 6( 6) 59(65) 2(67) X(67)

APALACHICOLA 64 X X( X) X(X) 1(1) 39(40) 1(41)  X(41)

PANAMA CITY FL 34 X X( X) 4( 4) 26(30) 60(90) 1(91)  x(91)

PANAMA CITY FL 50 X X( X) X( X) 6( 6) 57 (63) 1(64) X (64)

PANAMA CITY FL 64 X X( X) X( X) 1( 1) 37(38) X (38) X (38)




WIND SPEED PROBABILITIES

5-Day Cumulative Graphic

. ) e *gh'lg‘e
@ Tropical-Storm-Force Wind Speed Probabilities 5@1
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*Tropical-Storm-Force
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Probability of tropical-storm-force winds (1-minute average >= 39 mph) from all tropical cyclones
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WIND SPEED PROBABILITIES

5-Day Cumulative Graphic

QD 50-knot (58 mph) Wind Speed Probabilities @
v For the 120 hours (5.00 days) from 1 AM CDT MON OCT 08 to 1 AM CDT SAT OCT 13 ".»,I_‘t:f',"a‘q
ek
.:“"1:/
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O indicates Tropical Storm Michael center location at 1 AM CDT MON OCT 08, 2018 (Forecast/Advisory #7)
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WIND SPEED PROBABILITIES
5-Day Cumulative Graphic

Hurricane-Force Wind Speed Probabilities

For the 120 hours (5.00 days) from 1 AM CDT MON OCT 08 to 1 AM CDT SAT OCT 13

Location-Specific Probabilities
*Tropical-Storm-Force

*58 mph

*Hurricane-Force

A

th!lﬂxltc ‘;’ l 1 i - }5%

Probability of hurricane-force winds (1-minute average »= 74 mph) from all tropical cyclones

O indicates Tropical Storm Michael center location at 1 AM CDT MON OCT 08, 2018 (Forecast/Advisory #7)
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WIND SPEED PROBABILITIES
5-Day Cumulative Graphic

) &: NATIONAL HURRICANE CENTER

FROM FROM FROM FROM FROM FROM FROM
TIME 06Z MON 18Z MON 06Z TUE 18Z TUE 06Z WED 06Z THU 06Z FRI
PERIODS TO TO TO TO TO TO TO

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

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

CEDAR KEY FL 34 X X ( X) 3( 3) 15(18) 43(6l) 2(63) X (63)
CEDAR KEY FL 50 X X ( X) X( X) 1( 1) 20(21) 1(22) X (22)

CEDAR KEY FL 64 X  X( X) X ( X) X ( X) 7( 7) 1( 8) x

TALLAHASSEE FL 34 X X ( X) 1(1) 6( 7) 68(75) 6(81) X (81)
TALLAHASSEE FL 50 X X ( X) X( X) 1( 1) 41(42) 6(48) X (48)
TALLAHASSEE FL 64 X X ( X) X ( X) X( X) 20(20) 4(24) X|(24)
APALACHICOLA 34 X X( X) 5(5) 29(34) 57(91) 1(92) X (92)
APALACHICOLA 50 X X( X) X( X) 6( 6) 59(65) 2(67) X(67)
APALACHICOLA 64 X X ( X) X( X) 1( 1) 39(40) 1(41) X|(41)

PANAMA CITY FL 34 X X ( X) 4( 4) 26(30) 60(90) 1(91) X (91)

PANAMA CITY FL 50 X X ( X) X( X) 6( 6) 57(63) 1(64) X (64)

PANAMA CITY FL 64 X X ( X) X ( X) 1( 1) 37(38) X (38) X|[(38)
PENSACOLA FL 34 X X ( X) 1(1) 8( 9) 43(52) 2(54) X (54)
PENSACOLA FL 50 X X ( X) X( X) 1( 1) 20¢(21) 1(22) X (22) awico
PENSACOLA FL 64 X X ( X) X ( X) X( X) 9( 9) X( 9) X[ 9) >

- LY ¥ .
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WIND SPEED PROBABILITIES
Time of Arrival of TS Winds

3 Earliest Reasonable Arrival Time of Tropical-Storm-Force Winds &%

e
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Time of Arrival of TS Winds

*Earliest Reasonable
*Most Likely

X : | All Times CDT | ...,
Tropical Storm Michael Storm Location (< 34 kit (38 mph) S.day chance of receiving sustained 34+ ki {39+ mph) winds|

Mon. Oct. 8, 2018 4 am CDT & 34-63 kit (38-73 mph) C e EEEmEmEEE 0
Advisory 7 Wind Speed @ =64 kt (74 mph) 5 10 20 30 40 50 60 70 80 90 100%




WIND SPEED PROBABILITIES
Time of Arrival of TS Winds

Most Likely Arrival Time of Tropical-Storm-Force Winds -
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Time of Arrival of TS Winds

*Earliest Reasonable
* Most Likely
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Tropical Storm Michael Storm Location (< 34 kit (38 mph) 5.day chance of receiving sustained 34+ ki {389+ mph) winds

Mon. Oct. 8, 2018 4 am CDT & 34-63 kt (39-73 mph) B T T T
Advisory 7 Wind Speed @ =64 kt (74 mph) 5 10 20 30 40 50 60 70 80 90 100%




HURRICANE CHARLEY
Don’t focus on the skinny black line.
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HURRICANE CHARLEY

: 849 FEMA
Would alternate scenarios help?




HURRICANE CHARLEY

- £ rEMm
Would alternate scenarios help? A

Chances of hurricane-force winds
at Tampa Bay and Port Charlotte
are both around 30%




WIND SPEED PROBABILITIES (A TEVIA

HURRICANE IRMA

* Advisory 30 —11am EDT
- 6 September 2017

— - — T,
g Hurricane-Force Wind Speed Probabilities S
; For the 120 hours (5.00 days) from 8 AM AST WED SEP 06 to 8 AM AST MON SEP 11 et

4-day position error ‘only’ ~100 miles
— Equal chances of hurricane-force
winds at Marathon and Fort Pierce

Probability of hurricane-force winds (1-minute average »>= 74 mph) froam all tropical cyclones
O indicates Hurricane Irma center location at 8 AM AST WED SEP 06, 2017 (Forecast/ Advisory #30)

T [
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WIND SPEED PROBABILITIES
Hurricane Matthew (2016)

Advisory 35
* Closest point of approach to
Daytona Beach is 24 hours
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WIND SPEED PROBABILITIES
Question

QUESTION

The chance of hurricane force winds occurring at Pensacola
during the next 5 days is between

c ool |

4 A. 1% to 10% i
B. 10% to 20% %

C. 20% to 30%
D. 30% to 40%
E. 40% to 50%

\_




WIND SPEED PROBABILITIES
Question

< Hurricane Force Wind Speed Probabilities (Preliminary)
V For the 120 hours (5.0 days) from 8 PM EDT FRI AUG 24 to 8 PM EDT WED AUG 29

g 7 — 7 .
iy B || Pensacola Is occurring at Pensacola

; TS: 51%

H: 6%

) |
Pensacola

k] : - o ) ]
- - > o , ,.—'——‘f.
— X . { \2
- Mexico
st 75W-, ?:
Probability of hurricane force winds (1-minute average >= 74 mph) from all tropical cyclones el :

O indicates Tropical Storm Isaac center location at 8 PM EDT FRI AUG 24, 2012 (Forecast/Advisory #16) N -
B W E—— R E— i Eis,

5 10 20 30 40 50 60 70 80 90 %




WIND TIMING UNCERTAINTY
Importance and Causes

WIND TIMING

Critical for preparedness and evacuation decision making

Major sources of uncertainty in wind timing:

— Track — Forward speed, direction of motion,
and location of center relative to given location

— Storm Size — How far will TS winds extend from the
center? Difficult to forecast and highly variable

Time of Arrival graphics designed to account for
uncertainty in arrival of TS-force winds and provide

timing information




WIND TIMING UNCERTAINTY

83% increase
in 3 days!




TIME OF ARRIVAL GRAPHIC
How are they generated?

MORE SCENARIOS

1,000 realistic alternative

scenarios are generated
— Official NHC forecast and
historical errors
- Weakening over land
— Track model spread

* Produce information about:
— Chance of wind occurring
— Probabilistic onset timing




TIME OF ARRIVAL GRAPHIC
Earliest Reasonable Onset of TS Winds

EARLIEST REASONABLE

(o) R : - : —— ) .
[ 10 A C h ance of on Set ) Earliest Reasonable Arrival Time of Tropical-Storm-Force er::s @

95w S0W B85W aow 75w TOW 65W 60W 55W
L L

z
__ff‘i\z

— Most conservative timing ; e

e Arrival time of TS winds
— Black contours

* 5-day cumulative TS probabilities
— Color fill

uatema

il ailomin
Tropical Storm Michael Storm Location O < 34 kt (39 mph) a
Mon. Oct. 8, 2018 4 am CDT & 34-63 kt (39-73 mph)
Advisory 7 Wind Speed @ 264 kt (74 mph)




TIME OF ARRIVAL GRAPHIC
Most Likely Onset of TS Winds

MOST LIKELY

* 50% chance of onset
— Equally likely to occur before as after

e Arrival time of TS winds
— Black contours

 5-day cumulative TS probabilities
— Color fill

Storm Location O

&
Wind Speed

IMpxi A
-
Tropical Storm Michael r
Mon. Oct. 8, 2018 4 am CDT
Advisory 7

< 34kt (38 mph) ay ch

34-63 kt (39-73 mph)
264 kt (74 mph)

| | [

5102030405060?08090100%




TIME OF ARRIVAL - TRAVEL DIRECTIONS
National Hurricane Center -> South Beach

TIMING UNCERTAINTY

* Earliest Reasonable
— Absolutely must be there by 5pm;

- Leave by 4:10pm (50 min)

* Most Likely

- Some wiggle room
— Can afford to be a little late if traffic
- Leave by 4:34pm (26 min)

Window to leave: 24 min
4:10pm —4:34pm

East Coast
Buffer Water
Preserve Area

26

M&South Beach
: Miami

11691 Southwest
17th Street

Doral

o)

Miramar

@ fﬁ @ @
Hialeah e

=

22.2 miles Miami Beach

g

.

J

Coral Gables

Biscayne
Bay Aquatic
Preserve




TIME OF ARRIVAL GRAPHIC
Hurricane Michael #7 — Tallahassee, FL

TI M I N G U N C E RTAI N TY @ Most Likely Arrival Time of Tropical-Storm-Force Winds

* Earliest Reasonable IR " PP
— 10% chance of onset

— Most conservative timing
— Tuesday 8pm

* Most Likely

— 50% chance of onset

- Equally likely before as after
- Wednesday 8am

[~

Range of wind arrival: 12 h || =y

Storm Location O < 34 kt (39 mph)

5-day chance of receiving sustained 34+ kt (39+ mph) winds|
Mon. Oct. 8, 2018 4 am CDT & BA-05 Kt (0% 5 mph). B | | TR
Tue 8pm — Wed 8am - —

5 10 20 30 40 50 60 70 80 90 100%




WIND TIMING UNCERTAINTY
Earliest Reasonable, Most-likely, Deterministic

KEY POINTS

The earliest reasonable and most-likely times account for track, intensity,
and size uncertainty; deterministic time does not

The range between TOA products could initially be large but slowly
converges within a day or so of the event

TOA Product Limitations

— Unusually large or small storms may not be handled well, especially
beyond the first 24-36 hours.

- Storms that stall or move slowly (<5mph) can have much earlier onset
times than what is conveyed in the official forecast




TIME OF ARRIVAL OF TS WINDS
Hurricane Michael (2018)

@—® Deterministic TOA
@—® Most Likely TOA

@—® Earliest Reasonable TOA

Advisory 1 2
TSWSP 31% 34%

3
45%

4
63%

5
13%

6
80%

7
91%

Panama City, FL

8 9 10 11 12 13 14
95% 100% 99% 100% 100% 100% 100%

12pm - Oct 10
10am

8am

6am - Oct 10
4am

2am

12am - Oct 10
10pm

8pm

6pm - 0ct 9
4pm

2pm

12pm - Oct 9
10am

8am

6am - Oct 9

4am




TIME OF ARRIVAL OF TS WINDS
Hurricane Michael (2018)

@—® Deterministic TOA
@—® Most Likely TOA

@—® Earliest Reasonable TOA

Advisory 1 2
TSWSP 31% 34%

3
45%

4
63%

5
13%

6
80%

7
91%

Panama City, FL

8 9 10 11 12 13 14
95% 100% 99% 100% 100% 100% 100%

12pm - Oct 10
10am

8am

6am - Oct 10
4am

2am

12am - Oct 10
10pm

8pm

6pm - 0ct 9
4pm

2pm

12pm - Oct 9
10am

8am

6am - Oct 9

4am




TIME OF ARRIVAL OF TS WINDS
Hurricane Michael (2018)

@—® Deterministic TOA
@—® Most Likely TOA

@—® Earliest Reasonable TOA

72-48 hours

/—«

48-24 hours 24-0 hours

Advisory 1 2
TSWSP 31% 34%

Panama City, FL

3 4 5 6
45% 63% 73% 80%

7 8 9 10 11 12 13 14
91% 95% 100% 99% 100% 100% 100% 100%

12pm - Oct 10
10am

8am

6am - Oct 10
4am

2am

12am - Oct 10
10pm

8pm

6pm - 0ct 9
4pm

2pm

12pm - Oct 9
10am

8am

6am - Oct 9

4am




TIME OF ARRIVAL OF TS WINDS
Hurricane Dorian (2019)

@—® Deterministic TOA
@—® Most Likely TOA

@—® Earliest Reasonable TOA

TS WSP

Wilmington, NC

Advisory 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

20% 48% 52% 52% 51% 56% 58% 61% 66% 70% 77% 81% 86% 89% 87%

92% 88% 95% 98% 100%

12pm - Sept 5
10am

8am

6am - Sept 5
4am

2am

12am - Sept 5
10pm

8pm

6pm - Sept 4
4pm

2pm

12pm - Sept 4
10am

8am

6am - Sept 4
4am

2am

12am - Sept 4
10pm

8pm

6pm - Sept 3
4pm

2pm

12pm - Sept 3




TIME OF ARRIVAL OF TS WINDS
Hurricane Dorian (2019)

@—® Deterministic TOA
@—® Most Likely TOA

@—® Earliest Reasonable TOA

TS WSP

Wilmington, NC

Advisory 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

20% 48% 52% 52% 51% 56% 58% 61% 66% 70% 77% 81% 86% 89% 87%

92% 88% 95% 98% 100%

12pm - Sept 5
10am

8am

6am - Sept 5
4am

2am

12am - Sept 5
10pm

8pm

6pm - Sept 4
4pm

2pm

12pm - Sept 4
10am

8am

6am - Sept 4
4am

2am

12am - Sept 4
10pm

8pm

6pm - Sept 3
4pm

2pm

12pm - Sept 3




TIME OF ARRIVAL OF TS WINDS
Hurricane Dorian (2019)

72-48 hours

@—® Deterministic TOA
@—® Most Likely TOA

@—® Earliest Reasonable TOA

48-24 hours

24-0 hours

o~

Wilmington, NC

Advisory 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
TSWSP 20% 48% 52% 52% 51% 56% 58% 61% 66% 70% 77% 81% 86% 89% 87% 92% 88% 95% 98% 100%

12pm - Sept 5
10am

8am

6am - Sept 5
4am

2am

12am - Sept 5
10pm

8pm

6pm - Sept 4
4pm

2pm

12pm - Sept 4
10am

8am

6am - Sept 4
4am

2am

12am - Sept 4
10pm

8pm

6pm - Sept 3
4pm

2pm

12pm - Sept 3




TIME OF ARRIVAL OF TS WINDS
Hurricane Nate (2017)

10am

9pm

@—@® Deterministic TOA gam

7am

©—0 Most Likely TOA 6am - Oct 8
5am

@—® Earliest Reasonable TOA Aam

3am

2am

1am

12am - Oct 8
11pm

10pm

9pm

8pm

7pm

6pm - Oct 7
S5pm

4pm

3pm

2pm

1pm

12pm - Oct 7
11am

10am

9pm

Gulfport, MS :

6am - Oct 7

Advisory 1 2 8 /4§ 5 6 7 8 9 10 11 12 13 14
TSWSP 20% 31% 37% 44% 53% 57% 69% 73% 81%  82% 87% 95%  99%  99%




TIME OF ARRIVAL OF TS WINDS
Hurricane Nate (2017)

10am

9pm

@—@® Deterministic TOA gam

7am

©—0 Most Likely TOA 6am - Oct 8
5am

@—® Earliest Reasonable TOA Aam

3am

2am

1am

12am - Oct 8
11pm

10pm

9pm

8pm

7pm
6pm - Oct 7
5pm

4pm

3pm

2pm

1pm

12pm - Oct 7
11am

10am

9pm

Gulfport, MS :

6am - Oct 7

Advisory 1 2 8 /4§ 5 6 7 8 9 10 11 12 13 14
TSWSP 20% 31% 37% 44% 53% 57% 69% 73% 81%  82% 87% 95%  99%  99%




TIME OF ARRIVAL OF TS WINDS
Hurricane Nate (2017)

72-48 hours 48-24 hours 24-0 hours

9pm

@—@® Deterministic TOA gam

7am

©—0 Most Likely TOA 6am - Oct 8

5am

@—® Earliest Reasonable TOA Aam

3am

2am

1am

12am - Oct 8
11pm

10pm

9pm

8pm

7pm

6pm - Oct 7
5pm

4pm
3pm
2pm
1pm
12pm - Oct 7

11am
10am
9pm

Gulfport, MS |-

6am - Oct 7
Advisory 1 2 3 4 5 6 7 8 9 10 11 12 13 14
TSWSP 20% 31% 37% 44% 53% 57% 69% 73% 81% 82% 87% 95% 99% 99%




WIND SPEED PROBABILITIES

Summary

SUMMARY
* Wind speed probabilities e

- Likelihood of tropical storm and hurricane winds

— Onset timing of wind hazards % __,;-:3"
* NHC'’s forecasts are improving but errors remain £t
— Error cone is not the cure for the skinny black line o

* Incorporates track, intensity
and size uncertainty
- Includes weakening due to land

— Provides an assessment of wind timing
and threat that accounts for NHC
forecast errors

90N B5SH 7 TOM 65 60M 55H



HURRICANE READINESS
L0311

Questions/Comments?



HURRICANE READINESS
L0311

UNIT THREE

Forecast Uncertainty




HURRICANE IVAN

What a difference a bay makes.

= ) o — b o ~OlUMbIa
90° W g 857 W __eatianta N &0
s A Hurricane Ivan
- September 15, 2004 - Advisory 54
MS . AL /
. p GA 5 PM EDT Wednesday
e on . /' eMontgomeny Current Location 28.4 N 88.3 W
/ = Max Sustained Wind 130 mph (Cat 4)
|" ' Current Movement 14 mph N
=
LA - . -
‘ He
. *Nobile
sBaton Roude /| ¢*Tallahassee » Jacksonville
sNEWQrleans - | 30%N
i .
alveston
+ + + + +
FL
+ + + + +
* + + + +
+ + + + +

250N




HURRICANE IVAN

What a difference a bay makes.

Basin: Flliptical Mohile Bay <mob> Storm: c:/sloshpkg/data/rexfiles/i54_mobxex
Stm Tide
ft NGVD

14

-
—10
—8

—6

OBILE BAY

____-H“& » ’—f‘
...._--"'—'— i
Dauphin Island Gulf Shores

, Fort Morgan




HURRICANE IVAN

What a difference a bay makes.

Basin: Flliptical Mohile Bay <mob> | Storm: c:/sloshpkg/data/rexfiles/i54_mobxex
Stm Tide

Deterministic SLOS'H

Limited surge threat to Pensacola area

| rﬁ.{ OBILE BAY

-~ e

=" Gulf Shores

.'- Y .
e

Dauphin Island

, Fort Morgan




HURRICANE IVAN

What a difference a bay makes.

Basin: Pensacola Bay (Old) <pns>

Stm Tide
Tt NGVD ]
14
W
—10 : i AWy
_, s
. :
.: Emvelope of mi
Tide [Qvel: High Water )
151t Sl
bl
& Sy o
Mobile %<
Gl
25
; 2
4 D ~Fea
' JIE€NSACO014
’ Wy 4 '
: % > Santa Rosa Island

Perdido Key

=
o

— Dauphin Island

, Tort Morgs




STORM SURGE

SLOSH Model

Sea,

Lake, and
Overland
Surges from
Hurricanes

A numerical model used to
estimate storm surge heights
for historical, hypothetical,
or predicted hurricanes




STORM SURGE

SLOSH Model

SLOSH

A numerical model used to estimate
storm surge heights for historical,
hypothetical, or predicted hurricanes




STORM SURGE

Probabilistic Storm Surge
(P-Surge)

Potential Storm Surge
Flooding Map

Maximum of the MEOWs Maximum Envelopes of
(MOMs) | Water (MEOWSs)

Storm Surge \Watch/\Narning

Planning / More Forecast Uncertainty More Forecast Certainty




STORM SURGE
Maximum Envelope of Water (MEOW)

MEOWs

 Composite of the maximum storm surge for a given
set of parameters (by basin)

* Used as guidance of planning and operations

|
FORWARD STORM TIDE LANDFALL
SPEED DIRECTION B8 ANOMALY LOCATION

User Selected




STORM SURGE
aximum Envelope of Water (MEOW)

i Dir winw: Cat 3: uph High Tide

A 3 ’i
Pamlico Sound _arCape
- Hatteras

Chesterfield

Tt
i
S
A e
EEm
S S
Jatimite i Syt 3
R T

User selects:

* Category (Cat 3)
Landfall direction (wnw)
Forward speed (15 mph)
Initial tide (High)




o 0 '\4y =
MOMs
* Worst-case for a particular -
category storm .
* Combination of many scenarios . 5
— Forward speed o e
— Angle of approach e - : ‘
— Size (Radius of maximum wind) ' 3
— Initial tide level \;
* No single hurricane will produce ‘ BN,

the regional flooding depictediin
a Maximum of Maximums (MOM

.




PROBABILISTIC STORM SURGE

Multiple Tracks and Landfall Locations

P-SURGE

* Based on NHC official advisory
— Uncertainties based on historical errors

e Accounts for uncertainty in:

— Track (landfall location)

— Size (Radius of Maximum Winds)
- Forward speed

- Intensity

e Accounts for tide

* Heights above ground level



PROBABILISTIC STORM SURGE

Multiple Tracks and Landfall Locations

_ - 5 | B 2%
e : 1 Filewapk
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HURRICANE IRENE . i [ P uy.m- i ,1 rF oy 2
Advisory #22 / il ) s eﬂ. i v
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= = Alternate P-surge Tracks |
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PROBABILISTIC STORM SURGE
Multiple Sizes, Intensities, Forward Speeds

Size (RMW): Small, Medium, Large
Forward Speed: Fast — Slow
Intensity: Strong, Medium, Weak




PROBABILISTIC STORM SURGE
Web-based. Timing. Availability.

P-SURGE

* Available with a Hurricane or Storm Surge Watch/Warning
— 48 hours prior to arrival of TS winds

— Starting in 2021, may be available as early as 60 hours prior to arrival of TS
winds when forecaster confidence is high

Experimental P-Surge 2.0: Probabilistic Hurricane Storm Surge (with tide)

* Approx. 1 hour after advisory ) NATIONAL WEATHER SERVICE A

ADV TIME __ P-SURGE

0500 — 0600 EDT
1100 — 1200 EDT
1700 — 1800 EDT
2300 — 0000 EDT




HURRICANE IVAN

What a difference a bay makes.

Basin: Flliptical Mohile Bay <mob> Storm: c:/sloshpkg/data/rexfiles/i54_mobxex
Stm Tide
ft NGVD

14

-
—10
—8
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Dauphin Island Gulf Shores

, Fort Morgan




HURRICANE IVAN

What a difference a bay makes.

Basin: Flliptical Mohile Bay <mob> | Storm: c:/sloshpkg/data/rexfiles/i54_mobxex
Stm Tide

Deterministic SLOS'H

Limited surge threat to Pensacola area
e 4 feet or less .

| rﬁ.{ OBILE BAY

-~ e

=" Gulf Shores

.'- Y .
e

Dauphin Island

, Fort Morgan




HURRICANE IVAN

What a difference a bay makes.

#
-
-

Probabilistic SLOSH (P-Surge)
Considerable surge threat to Pensacola area
e 40-50% of 8 feet or more

4

»

' .‘. ,-c-
J 'i.. Y




VERTICAL DATUMS
Question

QUESTION

In general, NHC operational storm surge products provide
water levels above which reference level?

~

Mean Sea Level (MSL)
Ground Level (AGL)
NAVDS8S8

Normal tidal levels




VERTICAL DATUMS
It all depends from where you measure.

I Normal Water Levels
B Storm Surge




STORM SURGE
Potential Storm Surge Flooding Map

MAP OF POTENTIAL INUNDATION

* Height above ground that the water

could reach

- Reasonable worst-case scenario for any individual
location

— Values have a 10% chance of being exceeded

* |ssuance with same criteria as P-Surge

* Available 60+ minutes after the advisory
release
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POTENTIAL STORM SURGE FLOODING MAP

Intertidal/Wetlands Mask

Palustrine Scrub/Shrub Wetland

Non-Tidal
(Palustrine)
Wetlands

Cypress Swamp Short Pocosin
Bayou Corne, Louisiana Pocosin Lakes National Wildlife Refuge, North Carolina

Palustrine Emergent Wetland

Sawgrass Prairie
Everglades National Park, Florida




POTENTIAL STORM SURGE FLOODING MAP
Intertidal/Wetlands Mask

Updated Wetlands Mask Previous Wetlands Mask




POTENTIAL STORM SURGE FLOODING MAP
Intertidal/Wetlands Mask

¥ 5

Updated Wetlands Mask
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STORM SURGE
Potential Storm Surge Flooding Map

NHC Potential Storm Surge Floeding Map
Hurricane LAURA (2020) Advisory 27

From 10 AM CDT Wednesday August 26 to 01 PM CDT Sunday August 30

Potential Storm Surge Flooding*
I:I Intertidal Zone/Estuarine Wetland
- Greater than 1 foot above ground
I:l Greater than 3 feet above ground
I:l Greater than 6 feet above ground
- Greater than 9 feet above ground

Leveed area
m Consult local officials for flood risk

Lafayette

Map Layer Options:

Layer Map Opacity Slider
Intertidal Layer

DOW!'I|Dad (-;IS daita Inundation Layer Only Inundation with Intertidal Layer
(Instructions)

*®

e

PﬂtEﬂti3| St[lrm Surge H[mdi"g Greater than

The NWS's potential storm surge flooding map indicates g feet above ground
the height above ground that the water could reach.

1} COASTLINE

“Above Gravod Level” desoribos
fle water [evel of the fonding that
maves inland due to the combined
effect of storm surge and fide.

WATER

weather.zov
hurcanes.goy 1-3 feet
above ground




STORM SURGE
Decision Support Timeframes

TiER 1

ll RESPONSE
< 48 h of landfall

TIER 3

{(3 B Pranning/MITIGATION

» 120 h of landfall




HURRICANE READINESS
L0311

Questions/Comments?
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