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Located in Miami, FL, U.S. (Florida International &S Sagt s
University) gt pessT
Same location since 1995

« Building design team included Herb Saffir
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National Hurricane Center (NHC; about @
50 employees)

Tropical Analysis Hurricane Technology and
and Specialist Unit Science Branch
Forecast Branch

Tropical cyclone forecasts Applications development
and warnings and technology integration

Ocean analyses, forecasts

and warnings _ _
Outreach and public Storm surge guidance

Satellite analyses of awareness

hurricanes (Dvorak) Computer systems support

Applied research and

Augment operational training Applied research

support staffing
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NHC’s Area of Responsibility

Tropical Cyclone

[\ Data from 1949 in the Pacific, from 1851 in the Atlantic
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Forecast Error (n mi)

Atlantic Track Errors

NHC Official Track Error Trend
Atlantic Basin

@,

e 1 r 1 1 1 | [ | | ] * Track errors went up sharply
ssol 5-day | in 2023, largely due to
Philippe
300} .
* Long-term decrease in errors
= Time N Track
Error
(n mi)
012 372 23.8
024 333 38.3
036 297 53.2
048 265 70.8
060 235 91.1
072 209 113.4
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 096 166 171.6
Year 120 130 250.2
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Atlantic Intensity Errors @

NHC Official Intensity Error Trend

o AflanticBasin Intensity errors were near record
lows at many forecast lead times
o in 2023
_ Preliminary Intensity records
£ broken in 2023
5 Time N Intensity
= 15& Error
.g (kt)
510 012 372 4.2
| 024 333 6.2
| 036 297 7.2
048 265 8.3
060 235 9.2
10990 19I92 19I94 19I96 19I98 20I00 20|02 20l04 20r06 20I08 20I10 20I12 20I14 20I16 20I18 20I20 20I22 072 209 10.4
oir 096 166 11.7
120 130 13.9
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2023 NHC Hurricane Season @

6

2023 Atlantic and East Pacific Active TCs by Date

'S

Active TCs

\+)

0
6/1/2023

7/1/2023 8/1/2023 9/1/2023 10/1/2023
Date

11/1/2023

Atlantic: 20 named storms,
7 hurricanes, 3 major
hurricanes (Franklin, Idalia,
Lee).

Land impacts: Bret, Harold,
Franklin, Idalia, Lee,
Ophelia, Tammy, TD-21

East Pacific: 16 named
storms, 10 hurricanes, 8
major hurricanes.

Land impacts: Beatriz,
Calvin, Hilary, Lidia, Max,
Norma, Otis
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Presenter Notes
Presentation Notes
Idalia made landfall along Florida Big Bend as a Category 3 hurricane on Aug. 30
�Lee affected the northeast U.S. and Atlantic Canada as it became post-tropical in mid September��
Ophelia made landfall in North Carolina as a tropical storm on Sep. 22 


i 7-day Tropical Weather Outlook

New in 2023

Extended lead time
for storm formation
forecasts to 7 days

0°N

Experimental 0-168 h TC genesis probability
2023-08-19 18Z consensus guidance

Available models in current guidance cycle (init time):
O cMc[c](122) < ECM[E](12Z) © GFS[G] (18Z) € NAV[N](12Z) A UKM [U] (122)

Letters below the genesis probability indicate the models that predicted genesis

o

|
h71%
CGN
+110 h

X +91h g
27% 94% 82% ’
GEGNU °
) EGNO X

+12 /K77 h
+126 h Bl 27%114 h
I Ci114h
+162 h
+165 h

A

Sat Aug 19 22:40 UTC 2023

60°W 50°W

100°wW 90°W 80°W 70°W

https://moe.met.fsu.edu/modelgen
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* Pre-Hilary disturbance
introduced into
Tropical Weather
Outlook almost 1 week

before formation

* Probability raised to high
category 108 hours
before formation

Hilary Genesis
@\

! Seven-Day Graphical Tropical Weather Outlook 3§.;
"H National Hurricane Center Miami, Florida P8

€ Central Pacific All Disturbances

11:00 am PDT
Wed Aug 9 2023

Current Disturbances and Seven-Day Cyclone Formation Chance: $£3 <40% &% 40-60% ¥ > 60%
Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane
@ Post-Tropical Cyclone or Remnants
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Hilary Reconnaissance

H 200
Hurricane HILARY Start ... 15:09 UTC 18 Aug 2023
Recon summary End ... 17:30 UTC 20 Aug 2023
N N N N N N T N N N N N | 180
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0
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Presenter Notes
Presentation Notes
August 16: Formed as a Tropical Storm �August 18: Rapidly intensified to Category 4
August 18: Tropical Storm Watches and Warnings issued for Southern California �August 20: The center passed near Punta Eugenia and then moved near/along California’s southern coast 


Cone Graphic

& 5 ote e cone co e probable p O e 0 enter b doe 0 0 LT

Q) ool oo e M :
m.}j..\ What does this mean?

sun A. Possible Impacts area

Mexico
B. Size of wind field
= Mexico
i
= c. Model spread
Hicarag
D. Past 5 years of track forecast
Tropical Storm Hilary Current information: ® Forecast positions: error
Wednesday August 16, 2023 Center location 12.4 N 102.6 W @ Tropical Cyclone () Post/Potential TC
10 AM CDT Advisory 1 Maximum sustained wind 40 mph Sustained winds: D < 39 mph
NWS National Hurricane Center Movement WNW at 14 mph $39-73 mph H74-110 mph M > 110 mph
Potential track area: Watches: Warnings:
Day 1-3 Day 4-5 Hurricane Trop Storm Il Hurricane [ Trop Storm
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Presenter Notes
Presentation Notes
August 16: Formed as a Tropical Storm �August 18: Rapidly intensified to Category 4
August 18: Tropical Storm Watches and Warnings issued for Southern California �August 20: The center passed near Punta Eugenia and then moved near/along California’s southern coast 


Cone Graphic "/

e L ERROR CONE

e e Probable track of the center of

Sun
i the tropical cyclone
i = o Formed by connecting circles
= centered on each forecast point
e Each circle uses NHC historical
Tropical Storm Hilary Current information: ® Forecast positions: (5-year) traCk errors ACtuaI Stor m
Wednesday August 16, 2023 Center location 12.4 N 102.6 W @ Tropical Cyclone () Post/Potential TC g . . . .
omMCDTAdvEy! | Meimmosenedwnddomon  Saredwnds  O<somh position will be within the circle
Potential track area: Watches: Warnings: 6 7% Of the t[me
Day 1-3 Day 4-5 Hurricane Trop Storm I Hurricane I Trop Storm
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Presenter Notes
Presentation Notes
August 16: Formed as a Tropical Storm �August 18: Rapidly intensified to Category 4
August 18: Tropical Storm Watches and Warnings issued for Southern California �August 20: The center passed near Punta Eugenia and then moved near/along California’s southern coast 


Hilary Track and Intensity Forecast
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Hilary — Rainfall Forecast

&) -
OBSERVED o

72-Hour Day 1-3 QPF
Valid 12Z Fri Aug 18 2023
Thru 12Z Mon Aug 21 2023

1 |issued: 09597 Fri Aug 18 2023
Foracas! tar: WPC

0.25
0.
0

.

. d 3-Day Accumulated Precipitation, 12-12 UTC, 20230819 _20230821 =
B = = T T = e

3 Day Rainfall Forecast from WPC valid 5 AM PDT Aug 18-Aug 21 3 Day Observed Rainfall Totals
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Hilary - Coordination and Messaging

X7 Key Messages for Hurricane Hilary -~
Advisory 5: 9:00 AM MDT Thu Aug 17, 2023

1. Heavy rainfall associated with Hilary may produce S

T
areas of flash flooding and result in landslides over = P i
portions of Baja California Peninsula from late Friday ety -J\: 3

into late Sunday. Rainfall impacts from Hilary within Sl I 1= =N
the Southwestern United States are expected to peak v f.;_ -
this weekend into Monday. Flash, urban, and arrovo \ T Dt
significant impacts. ik

2. Hilary has the potential to bring significant

impacts to the Baja California Peninsula and portions Hurricene Hilary Current information: x  Forecast positions:
of the southwestern United States this weekend and NS N e o L e $ T AT 10 5 b7 0mn
early next week, including after it becomes ety s " mumewe - regm Wheer it W et ]
post-tropical. Although it is too soon to determine [ LN - ——
the location and magnitude of wind impacts, interests _ i sa

in these areas should monitor the progress of Hilary P
and updates to the forecast. Tropical Storm Warnings bl L

and Watches are now in effect for southern portions of
Baja California Sur, and additional watches or .
warnings will likely be required later today.

3. Large swells from Hilary will spread northward
along the coast of southwestern Mexico and the Baja "
California Peninsula during the next several days.

For more information go to hurricanes.gov
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Hilary — Coordination and Messaging

@ Key Messages for Hurricane Hilary g,
Advisory 10: 3:00 PM MDT Fri Aug 18, 2023

1. Heavy rainfall associated with Hilary will begin
well in advance of the center, from the Baja
California Peninsula into the Southwestern United
States. Preparations for the impacts of flooding from
rainfall should be completed as soon as possible, as
heavy rain will increase ahead of the center on
Saturday. In the Southwestern United States, flash,

urban, and arroyo flooding is expected, with the
potential for dangerous and locally catastrophic

impacts.
2. Hurricane conditions are expected within portions —_— T ———
Oty 13 CEE Owr a8 ibiamcans | Trop 5o Ilesmicars [ Toog e bscrvcane 0 T S

of the hurricane warning area along the west-central
coast of the Baja California Peninsula Saturday night
and are possible in the Hurricane Watch area.

reatest Fiash Flodd Risk Ower e Mo § Days

|
B

3. Tropical storm conditions are possible by late
Sunday in portions of southern California where a
Tropical Storm Watch is in effect.

4. Large swells generated by Hilary will affect

portions of the coast of southwestern Mexico, the Baja

California peninsula, and south California over the

next few days. These swells are likely to cause

life-threatening surf and rip current conditions. BTN m st s s g
E&:ﬂﬂlfnm‘ﬂm st dr Lasen B Mademna: Ai Lesst 9%

l-““-!"lﬂm [ T

For more information go to hurricanes.gov
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Hilary — Impacts

Flooding in Cathedral
City, CA (courtesy LA

Times) « Southern California experienced
catastrophic flash flooding and debris
flows, damaged bridges and
railways, and major interstate
closures

* 16 swift water rescues and dozens of
people were rescued after becoming
stranded

« Evacuations ordered along burn
scars and in other flood prone areas

Flooding in Palm
Springs, CA (courtesy
AFP/Getty Images)
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International Coordination

 NHC recommends the
placement of watches and
warnings

« Each country is
responsible for issuing
watches and warnings for
their respective country or
jurisdiction

« Coordinated with
meteorological services
throughout NHC’s AOR
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Challenge:
2023 Atlantic Storm Track Forecasts
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& Challenge Ph|||ppe Track Forecast

45°N P

40°N |
35°N
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25°N »
20°Np— = e
10°NF: S I | |

Tt

75°W 65°W 55°W 45°W 35°W . .
— OFCL + WOI’kIng BeSt nten5|ty played a roie In large track errors

Intensity [kt]
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Presenter Notes
Presentation Notes
Large model guidance spread 
Storm often moved outside of the guidance envelope
Mentioned “uncertainty”, “low confidence”, or model “spread” 58 times in the discussions. 


Challenge: Philippe Track Forecast

Forecast

NHC Official Forecasts - 2023 Atlantic Basin .
300 . . : . : : : 30 Time
Track_ (h)
Intensity
250 25 12
TS Philippe caused a 20-25%
ol increase in track error in the » 24
= | E
E season stats! E 36
5.1 L
u"j 150 15 ?-:. 48
4
100} 10 = 60
w/o 72
20 Philippe &
----- 96
0 1 (] | 1 1 1 | O
0 12 24 36 48 60 72 96 120 120

Forecast Time

(h)

407

363

324

290

260

234

188

148

* Records for accuracy

24.1

38.4

52.2

68.9

89.3

112.4

171.1

251.9

Intensity
Error
(kt)

4.3*
6.3
7.4
8.3
9.2
10.2
11.4

13.1
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Challenge:
Rapid Intensification (and weakening)
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- LI ik 'l LA
24 Oct 2023 22:00Z - NOAANESDIS/: £5 £ost - GEOCOLOR Composke - EPTB0TE

East Pacific (max 24-h change)

Dora: 65 kt 110 kt
Hilary: 55 kt 120 kt
Jova: 75 kt 140 kt
Lidia: 70 kt 120 kt
Norma: 65 kt 115 kt
Otis: 55 kt 145 kt

Atlantic (max 24-h change)

e Franklin: 85 kt 130 kt
e |dalia: 65 kt 105 kt
o lece: 70kt 145 kt
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Presenter Notes
Presentation Notes
30 kt or more in 24-h
9 RI TCs


Otis Track and Intensity Forecast @

20°N| .=

160
140
120
<
15°N > 100
o
c
3 80
=
60
10°N 401 e
v NN Er -,
A
20 !
T ’5 B ) © % B
105°W 95°W oo o o T o
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Presenter Notes
Presentation Notes
RI forecasts have been getting better, but Otis highlights how there is still work to be done


Otis Track and Intensity Forecast @

160

140

120

=
o
o

Intensity [kt]

= = « GFS|

& 5 o @ @I 1 (1 o o 1P

Guidance completely missed Rl
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Presenter Notes
Presentation Notes
Global models missed



Otis Track and Intensity Forecast "/

160

140
120

=
o O
o o

Intensity [kt]
s 3

= = « HFA
« = « HsBI

20

Guidance completely missed Rl
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Presenter Notes
Presentation Notes
Regional models missed


Otis Track and Intensity Forecast @

160

140

120

Intensity [kt]
(=]
o
o

80

60 = =+ SHIP

a0 = = « DSHP
« =+ LGEM

20

Dg:'ﬂ Dr,"fﬁ DL.;;.!.”‘ Dg:'f:' DL.;;I.E' Dﬁcﬂj DL.;;L“ Dﬁ:’f’

Guidance completely missed Rl
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Presenter Notes
Presentation Notes
Statistical models missed it


Challenge: Short Lead Times Q.

Strongest US Hurricanes (150+ MPH) in the last 100 years
were aII Tropical Storms 3 days before landfall

{ U.S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE

1919 -
1932 -
1935 -
— Camille
1992 -
2004 -
2018 -
2020 -
2021 -
2022 -

1969

4% \
‘l.Ka"‘saQ City \\ 5 NORTH ATLANT]C HURRlCANE TRACKlNG CHART
SR ; " S £ ginia~ i
U.S. 150 mph I - : ! < BT oy % i 5 b= .
1 : & e = chmond ” £
Missouri 2 2 Z Cly N
1 Kentuck
3 e £8¥ = Norfalk
L L Nashville = = = o/
Oklahoma .y 9 O Kooy
Oklahoma City'{ A i 4 = 2 e
o | rkansas hi s
I
e | 3
34 o ! 4 1l & S s &
all |
O I

Storm 2
Storm 2
Labor Day

Average time
to become a
hurricane is
50 h before

g e landfall

Andrew
Charley
Michael
Laura

. an Juan
Kingston *.
18° . B &
-
Id a \ P Laura
r
= ] ajor _urrltane Caribh =i
urricane A H L“J'L.L_']Em‘ (1919)
ica r I .Gualemala HONDURAS wed
Ia n 14 ical Depression San/Salvador, \
ave/Low bance O
® Position at TC ~ =~ Ida
—ddpgsition/da Managua  rtheiar e rri g =
#] Storm Number ¥ = 4
Barranquillarg m
96 -9 88 76 72
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Challenge: Communicating Hazards

& Key Messages for Tropical Storm Ophelia
Advisory 8: 5:00 AM EDT Sat Sep 23, 2023

Hurricane-Force Wind Speed Probabilities
For the 120 hours (5.00 days) from 1 AM CDT TUE AUG 29 to 1 AM CDT SUN SEP 03

1. Tropical storm conditions are expected along ) = XL C2
portions of the southeastern and mid-Atlantic | i L

. H U.S. coasts within the Tropical Storm Warning L AARNEY
l I l p a S I Z e area through tonight. Hurricane conditions are =

possible within the Hurricane Watch area early >}’/

this morning.

W a t C h e S’ 2. There is a danger of life-threatening storm I : & )

surge inundation over portions of eastern North
Carolina and southeastern Virginia, including

M Pamlico and Albemarle Sounds, the Neuse and Tropica Serm Ophalla  Curmnk inermation: X Forscastpoations:
W a r l I I l I gs a l I Pamlico Rivers, the lower James River, and the i naars oo eemecree e T STy e o e 118
lower Chesapeake Bay, where Storm Surge Warnings ) B oes e g M s M e

are in place. Residents in these areas should
follow advice given by local officials.

hazard products | o

locally considerable flash, and urban flooding
impacts across portions of the Mid-Atlantic
states from North Carolina to New Jersey through

e Focus on risk

4. Swells generated by this system will affect
much of the U.S. east coast through the weekend,

H H likely causing life-threatening surf and rip
communication, currents.

For more information go to hurricanes.gov
n Ot Ca tego ry’ Understanding WPC Excessive Rainfall Risk Categories

storm status, or No Area/Label SLIGHT

(SLGT)
Flash floods are

track of the Sy Honds possil
storm center

prots | ‘

© indicates Hu

Mainly localized. Most
vulnerable are urban
areas, roads, small
streams and washes.
Isolated significant
flash floods possible.

@NWSWPC

NO Fiash Flooding

@ShThe

Hurricane Idalia User Notes: Water levels along the immediate coast could reach the following heights above ground
Wednesday August 30, 2023 level within the indicated areas. Elevated water levels will likely be accompanied by large and
05 AM EDT Advisory 15 destructive waves. Colors are determined by the highest values in the associated forecast peak surge
NWS National Hurricane Center range. Values shown on this graphic are inclusive of tide.
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Presenter Notes
Presentation Notes
Regional models missed


"

Question:
What’s the deadliest hurricane hazard?
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Direct Fatalities 2013-2022

11 (2.5%)

® Storm Surge

® Freshwater Flooding
Wind

® Tornado

8 (1.8%) 4

® Lightning
52 (11.8%) ® Surf/Rip
® Marine

251 (56.8%) ® Unknown

N=442
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2013-2022 Fatalities by Year

B Indirect [ Direct
415 442

211

250

200

150

100

50

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Direct Fatalities by State - 2013-2022

N\

99 Freshwater
100 Flooding (mostly Wind
25 Harvey) 79 B Marine
s W Storm Surge
Storm Surge @ Rough Surf/Rip Current

(mostly lan)

¥ Lightning
50 \ Unknown
35 _
B Freshwater Flooding
B Tornado
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"

Question:
Who's the most vulnerable to
hurricane hazards?
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0

Direct Fatalities by Age - 2013-2022

N/

B Freshwater Flooding

¥ Rough Surf/Rip
Current

B Marine
W Lightning

59
55
38 40
2 ® Tornado
29 29
25 Unknown
Wind
I 6
—
0 1 20 30 40 50 60 70 80 90

0

B Storm Surge
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WA

paal

Tailoring the Message

Distant Hurricanes
Can Be Deadly

g Hurricanes that are far away can still
create deadly rip currents and waves.

Never assume that the ocean is safe,
even if the weather is nice.

20N

For maximum safety,
swim near a lifeguard.

Check the forecast
« before you go:

weather.gov/beach
7

10N |

Total Rainfall with Potential Tropical Cyclone

Twenty-Two (Experimental)

LR

L

Islas d
4 Bah

o~
Hond&

i
Cayman
Islands:

I

Locally

.
San Andrés

Provwgencwa |

85w

N

RN
Q\,\
zuela

WPC International Desks Storm Total Amounts

Issued: 17 Nov 2023 at 11 UTC

Valid Times: From 12 UTC 17 Nov to 12 UTC 20 Nov

Forecasters: Galvez / Acosta / Alamo

75W

70W

QERTH,

i - -

g ﬂ’ :

u e
Rainfall

inches mm

| 68 150-200
4-6 100150 |

| 25-50

Lowest
Confidence

NOTE
This forecast is for
planning purposes. A
detailed official forecast

will be issued by the
respective National
Hydro Meteorological
Services.
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=% NHC Overview Summary

"

* Track and intensity predictions steadily improving
* Extended the tropical weather outlook to 7 days
* Rapid Intensification remains a challenge

e Example: Otis was completely missed by forecasters and models
* Focused on hazard-oriented messaging

* Provide impact based decision support services

* Examine fatality trends to identify vulnerable
populations and refine communication
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Presenter Notes
Presentation Notes
Forward speed of storms?


How the Tropical Cyclone
Advisory “package” is Built

¥ R & 8 > B 5 X o [
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Tropical Cyclone Products

Fewer Products
Larger Uncertainty

"

> 7 Days

Outlook

5 Day Forecast
Public Advisory
Wind Speed %
Forecast
Discussion
Tropical Storm/Hurricane Watches

Daily Frequency

TS/Hurricane Warnings
TS/Hurricane Local Statements
Operational Storm Surge Products

Detailed Products
Warnings
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U.S. landfall: Idalia

;‘@"& Seven-Day Graphical Tropical Weather Outlook
‘H National Hurricane Center Miami, Florida =

Entered into the NHC

Tropical Weather Outlook
60 h before genesis.

wATH
+* £

Loy,
S 14

7-day formation
probability raised to high
category 36 h before
genesis

ERANKLIN

8:00 pm EDT
Wed Aug 23 2023

Current Disturbances and Seven-Day Cyclone Formation Chance: 33 <40% 32 40-60% ¥ > 60%
Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane
® Post-Tropical Cyclone or Remnants
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Planning Hurricane Recon

Hurricane IDALIA

Recon summa

ry

Start ... 09:44 UTC 27 Aug 2023

End ... 18:04 UTC 31 Aug 2023

/

.

r’;’
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Making a forecast Q.

Track Intensity Wind Radii

Where is the storm How strong will the How big will the storm be
going? storm be? (by quadrant)?

ob
Ky V)
' . NW N
ssr‘l = AR r—, o
) 7 ?lilwa
ms | oL
LA —
30N Srast §
—
; z
w0
c
= @
4
[=
Cuba —
Tropical Storm Idalia Current information: ®  Forecast positions:
Monday August 28, 2023 Center location 20.8 N 85.2 W @ Tropical Cyclone Q) Post/Potential TC
10 AM CDT Advisory 8 Maximum sustained wind 65 mph Sustained winds: D <39 mph
NWS National Hurricane Center Movement N at 8 mph $39-73mph H74-110 mph M= 110 mph
Potential track area: Watches: Warnings:
Day 1-3 Day 4-5 Hurricane Trop Storm Il urricane [ Trop Storm
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SUMMARY OF NWP MODELS USED BY NHC FOR TC TRACK PREDICTION

Global/Regional Horizontal Vertical Levels TR Convective
ATCF ID Tracker Model Name Resolution and Coordinates Data Assimilation Scheme Cycle/Run Frequency CONSENSUS INCLUSION
60 o
Navy Global Spectral o NAVDAS-AR Simplified Arakawa- 6 hr (144 hr)
NVGM/NVGI Environmental Model ~31km HVEESSS’L'I?;“"’" 4D-VAR Schubert (SAS) 00/06/12/18 UTC NO
Finite Volume GSI/4D-VAR Simplified Arakawa-
Cubed Sphere 127 EnKF hybrid Schubert 6 hr (240 hr)
AVNO/AVNI (GFSO/GFSI) Global Forecast system (FV3) Hybrid Sigma- including TC central [Arakawa and Schubert 00/06/12/18 UTC YES
13km pressure ressure (1974) / Pan and Wu
P (1994)]
12 hr (240 hr)
European Centre for 137 .
EMX/EMXI . Spectral Lo Tiedke mass flux 0012 UTC
EMX2 Medium-Range Weather ~oKm Hybrid Sigma- 4D-VAR [Tiedke (1989)] 06/18 UTC tracks YES
Forecasts Pressure : .
available in 2021
, . . 70 UKMET
EGRR/EGRI U.K. Met Office Grid Point Lo 4D-VAR 12 hr (144 hr)
EGR2 Global Model ~10km Hybrid Sigma- | 1o hie Hybrig | [Gregory and Rowntree 00/12 UTC YES
Pressure (1990)]
. N . . 80 K Kain -Fritsch 12 hr (240 hr)
cMmc/eMmcl Canadian Deterministic Grid Point Hybrid Sigma- AD-VAR | eain and Fritsch (1990, 00/12 UTC NO
Prediction System ~25km ensemble Hybrid
Pressure 1993)]
. ' . SAS mom. mix. + GFS 6 hr (126 hr)
. . Grid Configuration 81 ;
HAFSA/HAFSB (ALSO HWRF) Hurricane Analysis and 3 nests Hybrid Sigma- 4D-EnVar shallow convection (6km 00/06/12/18 UTC YES
Forecast System 12-6-2 km Pressure and 18km) Runs commence on
u 2km nest — none NHC/JTWC request
6 hr (126 hr)
Hurricane Multi-scale | Grid Configuration 00/06/12/18 UTC
HMON Ocean-coupled Non- 3 nests 51 None SAS Runs commence on NO
hydrostatic model 18-6-2 km NHC/JTWC request
. o I 6 hr (126 hr)
NRL COAMPS-TC Grid Configuration Kain-Fritsch
cTex/crl (using GFS for IC and 3 nests 40 3D'¥§EF(';/2\F/{3AS) Kain and Fritsch (1990, Rugg’ggg é’;r?cgzg o YES
BC) 45-15-5 km 1993)

NHC/JTWC advisory




Also, consensus models: @
TVCA/TVCE (variable model consensus),
HCCA, (HFIP corrected consensus), and
FSSE (Fla. State University
Superensemble, also a corrected

consensus)
and global model ensembles
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Question:
What’s the best model?
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Answer: It Varies

NHC forecasts (OFCL) were 80

Track Forecast Skill (Early Models)
2023 - Atlantic Basin

close to, but slightly
outperformed by the HCCA and 70-
TVCA consensus aids at most
forecast times.

OFCL
HFAI
HFBI
HWEFI
HMNI
— CTClI
GFSI
EMXI
CMCI
NVGI
AEMI
HCCA
FSSE
TVCA

g:so-

:
EMXI (European Center) best 2 >0
individual model and as good as P
consensus aids at long leads. E 0

;f 30 -
HFBI and HFAI quite good, e
better than HWFI and HMNI 2 20 ;
GFSI notably less skill than EMXI 0
and CMCI outperformed GFSI ol |
after 36 h o 12

(355) (328)

120
(108)

24 36 48 60 72 96
(293) (267) (237) (212) (190) (148)
Forecast Hour / (Sample Size)
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Tropical Storm Idalia
Monday August 28, 2023

10 AM CDT Advisory 8

NWS National Hurricane Center

Current information: ®
Center location 20.8 N 85.2 W
Maximum sustained wind 65 mph
Movement N at 8 mph
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Forecast positions:

@ Tropical Cyclone (O Post/Potential TC
Sustained winds: D <39 mph

$39-73 mph H74-110 mph M > 110 mph

Tropical-Storm-Force Wind Speed Probabilities
For the 120 hours (5.00 days) from 1 PM CDT MON AUG 28 to 1 PM CDT SAT SEP 02
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Probability of tropical-storm-force winds (1-minute average >= 39 mph) from all tropical cyclones

Potential track area: Watches: Warnlngs: O indicates Tropical Storm ldalia center Ilocation :Tt 1PM CDT MON AUG 28, 2023 (Forecast/Advisory #9)
. i __
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& Watches and Warnings

Watch

Hurricane conditions are
possible in a watch area,
generally within 48 hours

Warning

Hurricane conditions are

generally within 36 hours

expected in a warning area,

ciic:

"\45

Legend
m Storm Surge Warning

| | Hurricane Warning

Tropical Storm Warning
[ _' Storm Surge Watch
] Hurricane Watch

Tropical Storm Watch

[

Dplias —l

San Angesa
aaaaaa

San Antanie:

y'a Marco CI'IStObal '
DeIta —Zetd "

,,,,,,

Fassau  Geveinas
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Tropical Storm Idalia User Notes: Water levels along the immediate coast could reach the following heights above ground
Sunday August 27, 2023 level within the indicated areas. Elevated water levels will likely be accompanied by large and

04 PM CDT Advisory 05 destructive waves. Colors are determined by the highest values in the associated forecast peak surge
NWS Mational Hurricane Center range. Values shown on this graphic are inclusive of fide.

Hurricane Idalia — Storm Surge "/

Initial Peak Storm Surge
Graphic, Idalia Advisory 5
4 PM CDT August 27

Initial Storm Surge Watch
issued from Indian Pass to
Chokoloskee
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Translate Forecast into Products

Hurricane IDALIA Pubhc AdViSO

Hurricane IDALIA

ZCZC MIATCMATS ALL
TTAABG KNHC DDHHMM

HURRICAME IDALIA FORECAST/ADVISORY NUMBER 13
NWS NATIONAL HURRICANE CENTER MIAMI FL AL162023
21060 UTC TUE AUG 29 2023

ZCZC MIATCPATS ALL
TTAAGO KNHC DDHHMM CCB

NOTICE... LAND-BASED TROPICAL CYCLONE WATCHES AND WARMNINGS ARE NO
LONGER INCLUDED IN THE TROPICAL CYCLONE FORECAST/ADVISORY...(TCM).
CURRENT LAND-BASED COASTAL WATCHES AND WARNINGS CAN BE FOUND IN THE
MOST RECENTLY ISSUED TROPICAL CYCLONE PUBLIC ADVISORY...(TCP).

BULLETIN

Hurricane Idalia Advisory Number 13...Corrected

NwWS National Hurricane Center Miami FL AL182023
5600 PM EDT Tue Aug 29 2623

HURRICAME CENTER LOCATED MEAR 26.1N 84.8W AT 29/21007
POSITION ACCURATE WITHIN 15 NM

Corrected Tropical Storm Warning area

... IDALIA NOW A CATEGORY 2 HURRICANE...
«..LIFE-THREATENING STORM SURGE AND HURRICANE CONDITIONS EXPECTED
ALONG PORTIONS OF THE GULF COAST OF FLORIDA TONIGHT AND WEDNESDAY...

PRESENT MOVEMENWT TOWARD THE WORTH OR 36@ DEGREES AT 14 KT

ESTIMATED MINIMUM CENTRAL PRESSURE 972 MB
MAX SUSTAINED WINDS 85 KT WITH GUSTS TO 1@5 KT.

155E 1@SW 1@NW.

40SE  2085W  20NW.

120NE 140SE  5@SW 60NW.

12 FT SEAS..156NE 1205E 90SW 98NW.
WINDS AND SEAS VARY GREATLY IN EACH QUADRANT. RADII IN NAUTICAL
MILES ARE THE LARGEST RADII EXPECTED ANYWHERE IN THAT QUADRANT.

SUMMARY OF 5@6@ PM EDT...2100 UTC...INFORMATION

LOCATION...26.1N 84.8W

ABOUT 195 MI...310 KM SW OF TAMPA FLORIDA

ABOUT 30@ MI...480 KM S OF TALLAHASSEE FLORIDA

MAXIMUM SUSTAINED WINDS...100 MPH...155 KM/H

PRESENT MOVEMENT...MN OR 3606 DEGREES AT 16 MPH...26 KM/H

REPEAT...CENTER LOCATED NEAR 26.1N 84.8W AT 29/2100Z MINTMUM CENTRAL PRESSURE...972 MB...28.71 INCHES

AT 29/1800Z CENTER WAS LOCATED NEAR 25.3N 84.8W

FORECAST VALID 38/0600Z 28.3M 84.5W
MAX WIND 18 KT...GUSTS 12@ KT.
64 KT... 25ME 255E 15SW 15NW.
560 KT... 5@NE 5@5E 25SW 25NW.
34 KT...10@NE 16@5E 6OSW 66NW.

WATCHES AND WARNINGS
CHANGES WITH THIS ADVISORY:

A Hurricane Watch has been issued from the mouth of the St. Mary's
River northward to Edisto Beach.

FORECAST VALID 38/180@Z 31.0M 82.9W...INLAND
MAX WIND 75 KT...GUSTS 9@ KT.

64 KT... 15NE 15S5E 10SW ONW.

56 KT... 3BNE 38SE 20SW 15NW.

34 KT... 9GNE 17@SE 50SW ABNW.

Marine Advisory

A Storm Surge Watch has been issued from Beaufort Inlet to Drum
Inlet, Morth Carolina, as well as the Neuse and Pamlico Rivers.

A Tropical Storm Warning has been issued from South Santee River
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Translate Forecast into Products

Hurricane Idalia Discussion Number 13
NWS Mational Hurricane Center Miami FL AL102023
500 PM EDT Tue Aug 29 2823

° The first stages of an eye have been taking shape in visible

Troplcal cyC|one satellite imagery. The hurricane has a relatively small Central
Dense Overcast and a prominent band of deep convection extending

° ° over the eastern semicircle, Peaching across the Florida peninsula

dlscu55|on (TCD) southward across western Cuba. An Air Force Reserve Hurricane
Hunter aircraft just measured a peak 700-mb flight-level wind of 91
kt with the pressure falling to 972 mb. The initial intensity is
therefore set at 85 kt.

Idalia is moving faster toward the north, or 36@/14 kt, between a
o mid-level trough over the northwestern Gulf of Mexico and a
Cha nges In the fo re Ca St subtropical ridge over the Greater Antilles. Idalia is expected to
continue moving northward and turn north-northeastward as it
approaches the Big Bend region of Florida during the next 12-24
hours. There is very little spread among the track guidance, and
the NHC official forecast has been placed very close to the HCCA
and TVCX consensus aids during the first 24 hours. This has
H esulted in a westward shift of about 20-25 n mi compared to the
Unce rtalntv previous forecast, although it should be stressed that additional
shifts to the track will be possible until the center reaches land.

After landfall, Idalia is expected to turn toward the northeast and
then east, moving near or along the coast of Georgia and the
. Carolinas in 36-48 hours. Uncertainty in the track forecast is
Foreca st reason I ng still quite large after 48 hours, with many of the global models
turning Idalia southward, while some of the regional hurricane
models still show the storm moving out to sea. As a result, the

official track forecast continues to show slow motion on days 4 and
5.

The 12-hour intensity forecast shows a 100-kt major hurricane. It

Key messages is imperative to realize that Idalia is expected to continue
strengthening beyond that time, possibly close to the 110 kt shown
in the previous forecast, before the center reaches land.
Weakening is expected after landfall, but due to the system's
expected fast motion, it is possible that Idalia could maintain
hurricane intensity as it moves across southern Georgia and
approaches the coasts of Georgia and South Carolina. After
Idalia's center moves offshore over the western Atlantic, strong
shear is likely to limit re-intensification, and the official
forecast essentially flatlines the intensity on days 2-5.
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Translate Forecast into Products

2aa
FENTZ23 KMNHC 288853
TCANT3

HURRICAME FRANKLIM ICAQ ADVISORY MNUMBER 31
Mls MATIOMAL HURRICAME CENTER MIAMI FL ALBE2023
2208 UTC MOM AUG 28 2823

ggﬁfvaSDRY 20230828/0%08Z ICAO AdViSO ry

TCAC: KNHC

TC: FRAMKLIN

ADNVISORY MNR: 2823/831

0BS5S PSHN: 28/09@87 N2712 Wa7a48 .

vov: i 07KT Automatically

IMNTST CHAMGE: INTSF .

C: 9956HPA I d b d

o UTID: oo mterpo ate ased on our
FCST PSM +2 HR: 28/1208Z7 N2734 We7Fas53 . . .

FCST MAX WIND +3 HR: 105KT determlnlstlc forecast
FCST PSM 4% HR: 28718087 MN2818 Wa7196

FCST MAX WIMD +% HR: 1168KT

FCST PSM +1% HR: 209/00887 N2983 WaF1a3

FCST MAX WIMND +1% HR: 115KT

FCST PSM +21 HR: 29/06887 N2948 WaFles

FCST MAX WIND +21 HR: 115KT

FCST PSM +#27 HR: 29/12087 N3IE42 WOTE36

FCST MAX WIMND +27 HR: 1168KT

RIMK : THE FORECAST POSITION IMNFORMATION IN

THIS PRODUCT IS INTERPOLATED FROM
OFFICIAL FORECAST DATA WVALID AT @@aa...
apoa. . .1260. .. AND 1886%Z.

MXT M5G: 28239528/1500Z

5%
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=3 Key Messaging

& Key Messages for Hurricane Idalia

Advisory 13: 5:00 PM EDT Tue Aug 29, 2023

1. Catastrophic impacts from storm surge inundation of 10

to 15 feet above ground level and destructive waves are
expected somewhere between Aucilla River and Yankeetown,
Florida. Life-threatening storm surge inundation is likely
elsewhere along portions of the Florida Gulf Coast where a
Storm Surge Warning is in effect. Residents in these areas
should follow any advice given by local officials.

2. There is the potential for destructive life-threatening
winds where the core of |dalia moves onshore in the Big
Bend region of Florida, with hurricane conditions expected
elsewhere in portions of the Hurricane Warning area along
the Florida Gulf Coast. Strong winds will also spread
inland across portions of northern Florida and southern
Georgia near the track of the center of Idalia where

'\.I'MH.H Amurrl:
NS Nassonal micans Cense:

B
o .
Pragin ¥

Farecast pasitions:
W Tiopeoa Cyvisns - € PisstPotsntal TG
Swistaned winds O < 30 mgh

5 3873 mph H 74110 mph M 118 mph)

Pedartial Irack snea: Watches:
sy 19 i owy

Areare

el L T e

Warnings: Cusraent wirud lielel mstimaate |

Hurricane Warnings are in effect. Residents in these areas
should be prepared for long-duration power outages.
Damaging hurricane-force winds are possible in portions of
eastern Georgia and southeastern South Carolina where
Hurricane Watches are in effect.

3. Areas of flash, urban, and moderate river flooding, with
locally considerable impacts, are expected across the
Florida Big Bend, central Georgia and South Carolina,
through eastern North Carolina later tonight into Thursday. R s—

Sop
For more information go to hurricanes.gov
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Idalia Track and Intensity Forecast
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Idalia — Preliminary Storm Surge Analysis @

Hurricane Idalia

NHC Storm Surge Analysis (AGL) — Prellmlnary analySiS Of Storm
e =i surge inundation from Idalia
=iz based on observations and a

\ J eChassahowitzka

model simulated hindcast

Tampa
Bay

No Storm Surge Fatalities!
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Thank you!
Questions?

Dr. Richard J. Pasch
richard.j.pasch@noaa.gov

Department of Commerce // National Oceanic and Atmospheric Administration // 56



	Overview of Tropical Cyclone Forecasting at the National Hurricane Center

Dr. Richard J. Pasch�Senior Hurricane Specialist�National Hurricane Center��With Credit to Dr. Lisa Bucci, Hurricane Specialist at the National Hurricane Center
	National Hurricane Center
	National Hurricane Center (NHC; about 50 employees)
	         NHC’s Area of Responsibility
	     Atlantic Track Errors 
	   Atlantic Intensity Errors 
	2023 NHC Hurricane Season
	7-day Tropical Weather Outlook
	Hilary Genesis
	Hilary Reconnaissance
	Cone Graphic
	Cone Graphic
	Hilary Track and Intensity Forecast 
	Hilary – Rainfall Forecast
	Hilary – Coordination and Messaging
	Hilary – Coordination and Messaging
	Hilary – Impacts
	International Coordination
	Challenge: �2023 Atlantic Storm Track Forecasts
	Challenge: Philippe Track Forecast 
	Challenge: Philippe Track Forecast 
	Challenge: �Rapid Intensification (and weakening)
	Rapid Intensification (RI)
	Otis Track and Intensity Forecast
	Otis Track and Intensity Forecast
	Otis Track and Intensity Forecast
	Otis Track and Intensity Forecast
	Challenge: Short Lead Times
	Challenge: Communicating Hazards
	Question: �What’s the deadliest hurricane hazard?
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Question: �Who’s the most vulnerable to hurricane hazards?
	Slide Number 35
	Tailoring the Message
	NHC Overview Summary
	How the Tropical Cyclone Advisory “package” is Built

	Tropical Cyclone Products
	U.S. landfall: Idalia
	Planning Hurricane Recon
	Making a forecast
	Slide Number 43
	Also, consensus models: �TVCA/TVCE (variable model consensus), HCCA, (HFIP corrected consensus), and FSSE (Fla. State University Superensemble, also a corrected consensus)�and global model ensembles��
	Question: �What’s the best model?
	Answer: It Varies
	Translate Forecast into Products
	Watches and Warnings
	Slide Number 49
	Translate Forecast into Products
	Translate Forecast into Products
	Translate Forecast into Products
	Key Messaging
	Idalia Track and Intensity Forecast
	Slide Number 55
	Thank you!�Questions?

