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National Hurricane Center

• Located in Miami, FL, U.S. (Florida International 
University)

• Same location since 1995
• Building design team included Herb Saffir
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National Hurricane Center (NHC; about 
50 employees)

Tropical Analysis 
and

Forecast Branch

Ocean analyses, forecasts 
and warnings

Satellite analyses of 
hurricanes (Dvorak)

Augment operational 
support staffing

Hurricane 
Specialist Unit

Tropical cyclone forecasts 
and warnings

Outreach and public 
awareness

Applied research and 
training

Technology and 
Science Branch

Applications development 
and technology integration

Storm surge guidance

Computer systems support

Applied research
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NHC’s Area of Responsibility
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• Track errors went up sharply 
in 2023, largely due to 
Philippe 

• 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    
096     166   171.6  
120     130   250.2   

5-day

4-day

3-day

2-day

1-day

Atlantic Track Errors 
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Atlantic Intensity Errors 
Intensity errors were near record 
lows at many forecast lead times 
in 2023

Time     N   Intensity
Error 
(kt)

======================= 
012     372     4.2
024     333     6.2
036     297     7.2
048     265     8.3
060     235     9.2
072     209    10.4
096     166    11.7
120     130    13.9

Preliminary Intensity records 
broken in 2023
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2023 NHC Hurricane Season
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

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 
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7-day Tropical Weather Outlook
• New in 2023

• Extended lead time 
for storm formation 
forecasts to 7 days



Department of Commerce  //  National Oceanic and Atmospheric Administration  //  9

Hilary Genesis
• Pre-Hilary disturbance 

introduced into 
Tropical Weather 
Outlook almost 1 week 
before formation

• Probability raised to high
category 108 hours 
before formation
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Hilary Reconnaissance

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 
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Cone Graphic
What does this mean?

A. Possible Impacts area

B. Size of wind field

C. Model spread

D. Past 5 years of track forecast 
error

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 
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Cone Graphic

ERROR CONE
● Probable track of the center of 

the tropical cyclone 

● Formed by connecting circles 
centered on each forecast point 

● Each circle uses NHC historical 
(5-year) track errors Actual storm 
position will be within the circle 
67% of the time

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 
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Hilary Track and Intensity Forecast 

OFCL Working Best
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3 Day Rainfall Forecast from WPC valid 5 AM PDT Aug 18-Aug 21 3 Day Observed Rainfall Totals

Hilary – Rainfall Forecast
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Hilary – Coordination and Messaging
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Hilary – Coordination and Messaging
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• 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 Cathedral 
City, CA (courtesy LA 

Times)

Flooding in Palm 
Springs, CA (courtesy 

AFP/Getty Images)

Hilary – Impacts
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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: Philippe Track Forecast 

OFCL Working Best Intensity played a role in large track errors

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. 
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* Records for accuracy
Forecast Time 
(h)

w/o 
Philippe

TS Philippe caused a 20-25% 
increase in track error in the 
season stats!

Challenge: Philippe Track Forecast 
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Challenge: 
Rapid Intensification (and weakening)
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Rapid Intensification (RI)

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

Atlan tic (m ax 24-h  change)
● Franklin : 85 kt 130 kt 
● Idalia: 65 kt 105 kt
● Lee : 70 kt 145 kt

Presenter Notes
Presentation Notes
30 kt or more in 24-h
9 RI TCs
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Otis Track and Intensity Forecast

OFCL Working Best NHC and models missed RI

Presenter Notes
Presentation Notes
RI forecasts have been getting better, but Otis highlights how there is still work to be done
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Otis Track and Intensity Forecast

Guidance completely missed RI

GFSI

Presenter Notes
Presentation Notes
Global models missed
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Otis Track and Intensity Forecast

Guidance completely missed RI

HSBI
HFA
I

Presenter Notes
Presentation Notes
Regional models missed
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Otis Track and Intensity Forecast

Guidance completely missed RI

LGEM
DSHP
SHIP

Presenter Notes
Presentation Notes
Statistical models missed it
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Challenge: Short Lead Times

U.S. 150 mph+
1919 – Storm 2
1932 – Storm 2
1935 – Labor Day
1969 – Camille
1992 – Andrew
2004 – Charley
2018 – Michael
2020 – Laura
2021 – Ida
2022 – Ian

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

Average time 
to become a 
hurricane is 
50 h before 

landfall
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Challenge: Communicating Hazards
• Emphasize 

watches, 
warnings and 
hazard products

• Focus on risk 
communication, 
not category, 
storm status, or 
track of the 
storm center

Presenter Notes
Presentation Notes
Regional models missed
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Question: 
What’s the deadliest hurricane hazard?
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Direct Fatalities 2013-2022

N=442

11 (2.5%)

8 (1.8%)
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2013-2022 Fatalities by Year
415 442
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Direct Fatalities by State - 2013-2022

Storm Surge 
(mostly Ian)

Freshwater 
Flooding (mostly 

Harvey)
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Question: 
Who’s the most vulnerable to 
hurricane hazards?
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Direct Fatalities by Age - 2013-2022
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Tailoring the Message
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NHC Overview Summary
• Track and  in tensity p red ictions stead ily im proving
• Extended  the  trop ica l weathe r ou tlook to  7 days
• Rapid  In tensifica tion  rem ains a  cha llenge

• Exam ple : Otis was com ple te ly m issed  by forecaste rs and  m ode ls

• Focused  on  hazard-orien ted  m essaging
• Provide  im pact based  decision  support se rvices

• Exam ine  fa ta lity trends to  iden tify vu lne rab le  
popula tions and  re fine  com m unica tion

Presenter Notes
Presentation Notes
Forward speed of storms?
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How the Tropical Cyclone 
Advisory “package” is Built
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Tropical Cyclone Products

Outlook

5 Day Forecast 
Public Advisory 
Wind Speed % 

Forecast 
Discussion

Tropical Storm/Hurricane Watches

TS/Hurricane Warnings 
TS/Hurricane Local Statements 

Operational Storm Surge Products

> 7 Days

3-5 Days

2-3 Days

1-2 Days

Fewer Products
Larger Uncertainty

Detailed Products
Warnings
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U.S. landfall: Idalia
Entered into the NHC 
Tropical Weather Outlook 
60 h before genesis.

7-day formation 
probability raised to high
category 36 h before 
genesis
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Planning Hurricane Recon
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Making a forecast
Track

Where is the storm 
going?

Intensity
How strong will the 

storm be?

Wind Radii
How big will the storm be 

(by quadrant)?

NW NE

SESW



SUMMARY OF NWP MODELS USED BY NHC FOR TC TRACK PREDICTION
ATCF ID Tracker Global/Regional

Model Name
Horizontal 
Resolution

Vertical Levels 
and Coordinates Data Assimilation Convective 

Scheme Cycle/Run Frequency CONSENSUS INCLUSION

NVGM/NVGI Navy Global
Environmental Model

Spectral
~31km

60
Hybrid Sigma-

pressure

NAVDAS-AR             
4D-VAR

Simplified Arakawa-
Schubert (SAS)

6 hr (144 hr)
00/06/12/18 UTC NO

AVNO/AVNI (GFSO/GFSI) Global Forecast system

Finite Volume 
Cubed Sphere 

(FV3)
13km

127
Hybrid Sigma-

pressure

GSI/4D-VAR                  
EnKF hybrid,

including TC central 
pressure

Simplified Arakawa-
Schubert

[Arakawa and Schubert 
(1974) / Pan and Wu 

(1994)]

6 hr (240 hr)
00/06/12/18 UTC YES

EMX/EMXI
EMX2

European Centre for 
Medium-Range Weather 

Forecasts

Spectral
~9km

137
Hybrid Sigma-

Pressure
4D-VAR Tiedke mass flux 

[Tiedke (1989)]

12 hr (240 hr)
00/12 UTC

06/18 UTC tracks 
available in 2021

YES

EGRR/EGRI
EGR2

U.K. Met Office
Global Model

Grid Point
~10km

70
Hybrid Sigma-

Pressure

4D-VAR           
Ensemble Hybrid

UKMET
[Gregory and Rowntree 

(1990)]

12 hr (144 hr)
00/12 UTC YES

CMC/CMCI Canadian Deterministic 
Prediction System

Grid Point
~25km

80
Hybrid Sigma-

Pressure

4D-VAR
ensemble Hybrid

Kain -Fritsch
[Kain and Fritsch (1990, 

1993)]

12 hr (240 hr)
00/12 UTC NO

HAFSA/HAFSB (ALSO HWRF) Hurricane Analysis and 
Forecast System

Grid Configuration
3 nests 

12-6-2 km

81
Hybrid Sigma-

Pressure
4D-EnVar

SAS mom. mix. + GFS 
shallow convection (6km 

and 18km)
2km nest – none

6 hr (126 hr)
00/06/12/18 UTC

Runs commence on 
NHC/JTWC request

YES 

HMON
Hurricane Multi-scale 
Ocean-coupled Non-

hydrostatic model 

Grid Configuration
3 nests 

18-6-2 km
51 None SAS

6 hr (126 hr)
00/06/12/18 UTC

Runs commence on 
NHC/JTWC request

NO

CTCX/CTCI
NRL COAMPS-TC

(using GFS for IC and 
BC)

Grid Configuration
3 nests

45-15-5 km
40 3D-VAR (NAVDAS)

EnKF DART

Kain-Fritsch
Kain and Fritsch (1990, 

1993)

6 hr (126 hr)
00/06/12/18 UTC

Runs commence on 1st

NHC/JTWC advisory

YES 43
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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 
close to, but slightly 
outperformed by the HCCA and 
TVCA consensus aids at most 
forecast times.

EMXI (European Center) best 
individual model and as good as 
consensus aids at long leads. 

HFBI and HFAI quite good, 
better than HWFI and HMNI

GFSI notably less skill than EMXI 
and CMCI outperformed GFSI 
after 36 h
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Translate Forecast into Products
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Watches and Warnings

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

Warning
Hurricane conditions are 
expected in a warning area, 
generally within 36 hours
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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
Public Advisory

Marine Advisory
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Translate Forecast into Products
Tropical cyclone 
discussion (TCD)

Changes in the forecast

Uncertainty

Forecast reasoning

Key messages
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Translate Forecast into Products

ICAO Advisory

Automatically 
interpolated based on our 
deterministic forecast
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Key Messaging
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Idalia Track and Intensity Forecast

OFCL Working Best
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Idalia – Preliminary Storm Surge Analysis
Preliminary analysis of storm 
surge inundation from Idalia 
based on observations and a 

model simulated hindcast

No Storm Surge Fatalities!
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Thank you!
Questions?

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