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2019 Atlantic Hurricane Season

• Dorian impacted the 
northern Bahamas as a 
category 5 hurricane 
producing catastrophic   
wind and water damage

• Hurricanes Humberto and 
Lorenzo affected Bermuda 
and the Azores, respectively

• 6 storms affected the U.S. 
including Dorian and Barry 
as hurricanes  

18 named storms, 6 hurricanes, including 3 major hurricanes 





Lesson 1. No Such Thing as a “Fish” Storm



Behind Dorian, which 2019 Atlantic basin named 
storm was the second deadliest of the season?
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Second Deadliest 2019 Atlantic Basin Storm
Lorenzo – 19 Direct Fatalities – All Water Related

Sinking of Bourbon Rhode
11 fatalities 

Hurricane Lorenzo

8 rip current 
fatalities in the 
United States

• 11 offshore deaths due to 
sinking of the tug boat 
Bourbon Rhode
• 3 crewmen rescued

• 8 rip current deaths in the 
United States from Florida 
to Rhode Island
• Including the passing of  

NOAA employee



4/30/20 10:06 AM www.nhc.noaa.gov

Tropical Analysis and Forecast Branch
NWS National Hurricane Center

TAFB IDSS Efforts
Bourbon Rhode Sinks in Hurricane Lorenzo: September 26 – October 5, 2019

• Offshore tug sank in 
Hurricane Lorenzo

• NOAA reconnaissance 
aircraft supported French 
Navy’s SAR efforts

• 35 marine spot forecasts 
provided by TAFB

• Three mariners rescued 
from life raft in central 
Atlantic Ocean

Photo courtesy: Marine Nationale
via gCaptain



No Such Thing as a “Fish” Storm
Lots of Ships/People Offshore Everyday



Ship Traffic Before Dorian Avoidance for the Hurricane

Dorian

No Such Thing as a “Fish” Storm

"I cannot overstate how 

much your [NHC/TAFB] 

insight into the storm’s 

effects is vital to our 

planning and response 

efforts.”

CAPT Eric Smith

Chief, Incident 

Management Branch

CG District Seven



Dorian

NHC’s TAFB Life-Saving Mission

Coast Guard coordinates 

multiple day rescue of 

injured fisherman 1300 

miles southwest of San 

Diego

More than 50 life-saving spot forecasts provided in 2019

Air Force medical team 

parachuted to save 

injured crewmembers 

“NWS, SPOT Report received.  This information is truly impacting operations.  Thank you for the quick response.” 
- Douglas Samp
Search Mission CoordinatorUSCG District Eleven Command Center



Lesson 2.  Be careful looking at your favorite 
model

“Ah yes, all those lines miss us, we’re good”

“Oh no, one of those lines hits us in 10 days”

“This model was best last time”



Leaps in Track Forecasting

1960s
1970s
1980s

1990s
2000s

2010s

Advances in track 
forecasting are a 
testament to 
improvements in 
observational networks, 
computing power, and 
modeling. 

True scientific success!



NHC vs. Global Models in 2017 & 2018

2017 2018

NHC more skillful than the GFS, ECMWF, and UKMET  

NHC
NHC

*Skill vs Climatology and Persistence (OCD5)



NHC vs. Global Models in 2019
NHC neck and neck with ECMWF through 48 h, but 

NHC more skillful at days 3, 4, and 5

*Skill vs Climatology and Persistence (OCD5)

2019

NHC NHC



No “real” model of the day or storm!

Models have their good 
and bad days (storms) 
too!

A reason why NHC 
depends on consensus 
models. 



Spaghetti Models vs. NHC Forecasts

vs. 



Spaghetti Models vs. NHC Forecasts

vs. 

About 175 years of experience 
combined!



Atlantic Track Error Trends

24- and 48-h track 
errors up slightly in 
2019, but overall 
trend continues to 
show significant 
improvements over 
the longer term.   



2019 NHC Track Forecasting Off to a Good Start 

All but Erin & Gabrielle’s 
mean 2-day track errors 
were above the 5-year 
average. 

*Only includes storms with verifying 48-h forecasts

Mean 2-day track error 55 n mi
Below the previous 5-year mean



Didn’t Finish as Well

Pablo & Sebastien were 
late-season, high latitude 
storms that NHC and the 
models struggled with.

*Only includes storms with verifying 48-h forecasts

2019 mean 2-day track error 75 n mi
Much higher previous 5-year mean

Hurricane Pablo



Track Forecast Success During 
Florence’s Approach to the U.S.



Hurricane Florence 
In-house 6- and 7-day Forecasts

Some long-range forecasts suggested Florence 
would re-curve over the central Atlantic

NHC Experimental 6- and 7-day forecasts



Improvements in Track Forecasting
3-day Forecasts in 1990



Improvements in Track Forecasting
3-day Forecasts in 1990



Lesson 3. It’s About the Impacts

Hazards Extent Far From the Center!
A Hurricane is Not a Point!
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WFO Threats and Impacts Graphics
Successes of New NHC/NWS Products

Examples of Wind, Storm Surge, Rainfall, and Tornado threat 
graphics for Hurricane Irma (2017)



5-day Average Track Error



4-day Average Track Error



3-day Average Track Error



2-day Average Track Error



1-day Average Track Error



2-day Average Track Error
Outside RMW, significant storm surge



2-day Average Track Error

Direct hit, highest surge and strongest winds



2-day Average Track Error



2-day Average Track Error

X

XX



It’s About the Impacts

Since 2010 in the U.S., 
Category 1 hurricanes*

175 direct deaths
$105 billion 

*Irene, Isaac, Sandy, Hermine, Matthew, Nate, Florence, Barry, Dorian



Time of Arrival Graphics
Lesson 4.  Social Science Matters

• Earliest Reasonable and Most 
Likely graphics provide range 
of potential TS-force wind 
arrival times

• Accounts for typical forecast 
track, intensity, and size 
uncertainties 



Storm Surge Products
Using Physical and Social Science Together

• Storm Surge Watch and 
Warning

• Watch/Warning to aid in 
public response

• Potential Storm Surge 
Flooding Map

*Reasonable worse case 
scenario to aid in decision 
making 

Storm Surge Watch/Warning graphic 
with forecast storm surge amounts



Storm Surge Products 
Provide

“Reasonable Worse-
Case” Scenario

Using Physical and Social Science Together



What’s Influencing Evacuation Decisions
From Dr. Laura Myers Research



Communicating Risk Challenge

Sandy study by Jennifer Marlon, Yale University



Public Risk Perception Based on Previous Experience

• “My house is elevated, I thought we would be just fine”

• “It’s never flooded here before”
• “They always turn”

• “I thought these floods come once in a 100 years”

• “It’s just a tropical storm”
• “I live a hundred miles from the coast, I didn’t expect this”

• “This didn’t happen last time”



Public Risk Perception Based on Previous Experience

• “I didn’t know it would be this bad, I’ll never stay again”

• “This wasn’t that bad, I’ll never leave again”
• “It was nothing when I looked a few days ago” (anchoring)



Lesson 5.  Intensity Forecasting is Difficult

- Errors decreased for 
the short lead times, 
but spiked upward at 
days 4 and 5 in 2019.

- Second largest annual 
error at 5 days – mostly 
because of Dorian





Track Forecast Success During 
Florence’s Approach to the U.S.



Hurricane Florence 
Intensity Forecast Difficulty

Struggled with period of rapid strengthening and 
then over-forecast intensity near landfall

NHC Intensity Forecasts – Florence (2018)



Track Forecasts Very Consistent in 
Showing Threat to the Florida Panhandle



Intensity Forecasting Struggles
NHC Forecasts Major Hurricane but Too Low 

NHC forecast above guidance 
but not high enough



Track Error by Intensity 

As the initial intensity
of the storm 
increases, 
NHC track errors on 
average get smaller.



Lesson 6.  Lots of Potential Error in Genesis Phase
Dorian’s Track and Intensity

Dorian 48 h track guidance 8/27 1200 UTC 

Short-term track forecast difficulty 
occurred when Dorian’s center reformed 
farther northward on 27 August.  Multiple 

centers during genesis Resulted in short warning lead time 
for the Virgin Islands 



Dorian’s Track and Intensity

• Difficulty in Dorian’s 
intensity forecast:

• 100 kt error in 5 day 
intensity forecast

• No model even a had 
major hurricane

Dorian intensity guidance 8/27/18z

2019 Forecast Successes & Challenges



Dorian’s Track and Intensity

• Why such large intensity 
errors?

• Most of the track 
guidance initially 
predicted significant 
land interaction

2019 Forecast Successes & Challenges



Hurricane Dorian – Bahamas

• Most intense hurricane to 
make landfall in the Bahamas

• Struck Abaco Islands on 1 
September, then became 
nearly stationary near Grand 
Bahamas for more than 24 
hours

• Catastrophic wind and storm 
surge damage – death toll still 
unknown

Image courtesy of AP

Courtesy of Getty Images



Hurricane Dorian – United States

• Coastal impacts from Florida 
through the Carolinas

• Made landfall at Cape Hatteras 
as a category 1 hurricane
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Post-Tropical Dorian – Canada

• Hurricane-force winds in 
Atlantic Canada with center of 
the storm moving over Halifax

• Over half-million power 
outages with 80% power loss 
in Nova Scotia





Dorian What If’s
Scenario  1:  Dorian moves 
along the south side of the 
cone and over Hispaniola. 

Result: Significant disruption 
or dissipation of the storm



Dorian What If’s
Scenario  2:  Dorian moves 
near the official forecast and 
has some interaction with 
Puerto Rico & Hispaniola.

Result: Some weakening but 
time for re-strengthening



Dorian What If’s
Scenario  3:  Dorian moves 
north of the cone and avoids 
significant land interaction

Result: Intensifying hurricane 
over the western Atlantic



Dorian What If’s
Outcome:  Dorian misses 
land and become a category 
5 hurricane before reaching 
the northwestern Bahamas  



Dorian Official Forecasts
Outcome:  Dorian misses 
land and become a category 
5 hurricane before reaching 
the northwestern Bahamas  

Average NHC track 
errors (nm) 
for the forecast 
made from 00Z 29 August 
through 
00Z 3 September:

Day 5: 87.4
Day 4: 58.9
Day 3: 31.0
Day 2: 26.0
Day 1: 16.4



3-day NHC Average Track Error



3-day NHC Average Track Error



How Far Have We Come Since Floyd?

NHC Track Forecasts for Floyd from 
06Z 13 Sep - 06Z 16 Sep 1999

• Average 3-day NHC track 
forecast error of 236 n mi for 
forecasts issued within 3 days 
of landfall in North Carolina

• Triggered the largest 
evacuation in U.S. history at 
the time – 2.6 million coastal 
residents from 5 states

2019 Forecast Successes & Challenges



How Far Have We Come Since Floyd?

• Average 3-day NHC track 
forecast error (preliminary) of 
35 n mi for forecasts issued 
during the 5 days prior to 
landfall in NC

• No watches/warning for 
Miami-Dade County, and no 
Hurricane Warning for 
Broward County

NHC Track Forecasts for Dorian from 
06Z 1 Sep - 06Z 6 Sep 2019

2019 Forecast Successes & Challenges

As many as 3 million did NOT have to evacuate (preliminary data)



How Far Have We Come Since Floyd?

Difference in 
average 3-
day track 
forecasts for 
Floyd (1999) 
and Dorian 
(2019)

2019
1999

2019 Forecast Successes & Challenges



When you close your 
eyes, what do you see 
when you think of a 

hurricane?



Lesson 7. Water is What KILLS!!!

Water 
accounts 
for about 

90% of 
the direct 

deaths 

Rappaport 2014

Rain
27%

Surf 6%

Offshore 6%

Wind 8%

Tornado 3%

Other 1%



Water is What KILLS!!!
2016-18 Fatalities*

Other

Water Related

83% Water Related 
Most Inland Flooding – Only 4% Storm Surge Related

*excludes Maria due to uncertainty related to causes of direct deaths



Water is What KILLS!!!
• During the past three seasons, 

more than half the U.S. 
tropical cyclone water-related 
fatalities were vehicle related!

2016-18 U.S. Tropical 
Cyclone Water Related 

Fatalities 



Barry’s Swath of Heavy Rainfall
2019 Forecast Successes & Challenges

• Area of 20-25 inches of 
rainfall over portions of 
southern Louisiana, but 
heaviest generally missed 
large population centers

Excessive Rainfall Outlook issued July 13 



Another Record Setting Rainfall Event
2019 Forecast Successes & Challenges

Houston Port Arthur

Radar estimated storm total rainfall

40-45 inches 

Courtesy Chron.com

• 44.29 inches near Fannett, TX
• 4th wettest tropical cyclone in 

Texas history, 5th wettest in 
continental U.S.



On the Heels of These Record Setting Events
Hurricanes Harvey, Florence, and Lane each set state records 

for tropical cyclone rainfall with Harvey’s rainfall of 60+ 
inches setting the U.S. record 

Harvey (2017) - 60.58 inches
Texas & US Record

Florence (2018) – 35.93 inches
North Carolina Record

Lane (2018) – 52.02 inches
Hawaii Record



Hurricane Florence 

Excellent Forecasts – Yet 16 out of 17 flood 
related fatalities were in vehicles!

5-day Rainfall Forecast Observed Rainfall 



Storm Surge Forecasting

*excludes Maria due to uncertainty related to causes of direct deaths

Most Inland Flooding – Only 4% Storm Surge Related (2017-2018)



Lesson 8. It isn’t over till it’s over

“The storm is past me, I’m safe now”



Indirect Fatalities  
Longer-Term Impacts

Most frequent factors: cardiovascular, loss of electricity,                  
vehicle accident, and evacuation



>60 31
-6

0

0-30

1963-2012 indirect deaths (heart attacks, 
power problems (e.g., no A/C, lights, 
medical equipment), etc.). Outnumber 
direct deaths in some storms.

Based on Rappaport and Blanchard (2016)

58%

14%

28%

8 times as many 
victims age over 
60 as under 21 
years old

U.S. Tropical Cyclone Indirect Deaths by Age



Leading Causes of Indirect Fatalities 
Over 60 years old
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Lesson 9.  Storms don’t care 
about your timeline

Hurricane Florence

10 days plus



Storms don’t care about your 
timeline

Hurricane 
Michael

3-4 days



Where were the nation’s most 
powerful hurricanes three days before 

landfall?



Labor Day 
40 mph

Where were the nation’s most 
powerful hurricanes three days before 

landfall?



Labor Day (1935) 
40 mph

Camille  
65 mph

Where were the nation’s most 
powerful hurricanes three days before 

landfall?



Labor Day 
40 mph

Camille 
65 mph

Andrew
50 mph

Where were the nation’s most 
powerful hurricanes three days before 

landfall?



Labor Day 
40 mph

Camille
65 mph

Andrew
50 mph

Michael
50 mph

All tropical storms! 
All rapidly strengthened!!

Where were the nation’s most 
powerful hurricanes three days before 

landfall?



Lesson 10.  Message in Many Ways

Social Media to provide live 
storm updates

2018 Season Web Hits: 9,632,372,000

2018 Max One Day Hits:  Sept 12, 2 days before 
Florence landfall, 739,965,060

June 1 to November 30 unique devices: 
32,155,492

Live Internet Broadcasts in Florence and Michael: 
2.5 million viewers.  
In 2019, Dorian resulted in 6 million views.



Key Messages

Use of Twitter, Facebook, and 
Facebook Live to provide live 

storm updates



Michael Brennan
Branch Chief, Hurricane Specialist Unit, National Hurricane Center

NOAA Southeast and Caribbean Regional Collaboration Team Webinar
29 April 2020

National Hurricane Center Product Changes for 2020



NHC Product Changes for 2020

• Storm Surge Watch/Warning for Puerto Rico and U.S. Virgin 
Islands (became operational in 2019)

• Experimental peak storm surge forecast graphic

• New 60-h forecast information
• Same advisory issuance times, but additional local time zones 

for eastern Atlantic

4/29/2020 SECART Webinar 96



• Expanded to Puerto Rico and 
USVI in 2019

• Storm Surge watch/warning 
will appear on graphic on NHC 
webpage

• No inundation graphic for 
PR/USVI in 2020

Storm Surge Warning

4/29/2020 SECART Webinar 97



Experimental Peak Storm Surge Forecast Graphic
• Visual representation of peak storm surge 

forecast values from NHC Public Advisory (TCP) 
for U.S. East and Gulf coasts, PR, USVI
– Same approach and interpretation as values in 

TCP
– Areal threat (i.e. somewhere within specified 

area) not point or location specific
– Includes/assumes peak storm surge occurs at high 

tide
– Includes wave setup for areas with steep 

bathymetry (i.e., PR, USVI)
• Primarily for media and social media applications 

where point probabilities and/or high-resolution 
inundation mapping not easily displayed

• Experimental for 2020 – NHC interested in 
comments and feedback

4/29/2020 SECART Webinar 98
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HURRICANE DORIAN FORECAST/ADVISORY NUMBER 21
NWS NATIONAL HURRICANE CENTER MIAMI FL AL052019
1500 UTC THU AUG 29 2019

FORECAST VALID 31/1200Z 26.3N 73.4W
MAX WIND 110 KT...GUSTS 135 KT.
64 KT... 20NE 10SE 10SW 10NW.
50 KT... 30NE 30SE 20SW 30NW.
34 KT... 80NE 60SE 40SW 60NW.

FORECAST VALID 01/0000Z 26.7N 75.2W
MAX WIND 110 KT...GUSTS 135 KT.
50 KT... 40NE 30SE 20SW 30NW.
34 KT... 80NE 70SE 40SW 70NW.

FORECAST VALID 01/1200Z 27.0N 76.9W
MAX WIND 115 KT...GUSTS 140 KT.
50 KT... 40NE 40SE 30SW 30NW.
34 KT... 90NE 80SE 50SW 80NW.

FORECAST POSITIONS AND MAX WINDS

INIT 29/1500Z 21.4N 67.2W  75 KT  85 MPH
12H 30/0000Z 22.9N 68.1W  85 KT 100 MPH
24H 30/1200Z 24.5N 69.6W 100 KT 115 MPH
36H 31/0000Z 25.6N 71.4W 105 KT 120 MPH
48H 31/1200Z 26.3N 73.4W 110 KT 125 MPH
60H 01/0000Z 26.7N 75.2W 110 KT 125 MPH
72H 01/1200Z 27.0N 76.9W 115 KT 130 MPH
96H 02/1200Z 27.5N 79.8W 115 KT 130 MPH
120H 03/1200Z 28.1N 81.5W  65 KT  75 MPH...INLAND

NHC will begin providing 60-h forecast 
information in 2020: position, intensity, 

and 34-kt and 50-kt wind radii

Tropical Cyclone Forecast/Advisory

Tropical Cyclone Discussion Table

New for 2020
60-h Forecast Information

4/29/2020 SECART Webinar
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60-h Forecast Information 
on Cone Graphic

60-h forecast information also 
used as input for PSurge and for 

TC wind speed probabilities

New for 2020
60-h Forecast Information

4/29/2020 SECART Webinar



• Public Advisory
• Discussion
• Update
• Time of Arrival 

Graphics

New for 2020
Local Time Zones in NHC Products

Products Using 
Local Time

Central Eastern

Greenwich

Cape Verde Time

Atlantic

Still 5 AM, 11 AM, 5 PM, 11 PM Eastern Daylight Time!
4/29/2020 SECART Webinar 101



• Public Advisory
• Discussion
• Update
• Time of Arrival 

Graphics

New for 2020
Local Time Zones in NHC Products

Products Using 
Local Time

Central Eastern

Greenwich

Cape Verde Time

Atlantic

11 AM
EDT

10 AM
CDT

11 AM 
AST

3 PM
GMT

2 PM
CVT

Local Time when NHC Issues an advisory at 11 AM EDT 

Still 5 AM, 11 AM, 5 PM, 11 PM Eastern Daylight Time!
4/29/2020 SECART Webinar 102



Questions/Comments

Michael.J.Brennan@noaa.gov
4/29/2020 SECART Webinar 103



What’s Next in Storm Surge?

• Storm Surge model improvements
– Puerto Rico storm surge modeling – 2019 Watch/Warning and Potential 

Inundation Forecast
– Southern California (waves too)
– Higher resolution work in Florida (superbasin)
– Moving towards incorporation of waves and expanding from 48 to 72 hours

• NOAA/OFDA/USAID partnership to further expand storm surge 
capability
– Dominican Republic (2018) and Haiti (2019)
– Belize and Yucatan Peninsula (2021)
– Bahamas will be next starting.  (Start 2021, completed 2023)
– Vision is to develop storm surge capability throughout the RAIV Caribbean 

nations



What’s Next in Social Science?
Improve hazard guidance and risk communication based on social and behavioral 

science to modernize the tropical cyclone product suite for actionable lead-times for 
storm surge and all other threats

• Hurricane Forecast Improvement Project
– Web-based survey on economic value of improved forecasts
– Use study for the Cone of Uncertainty

• Supplemental
– Wait, that forecast changed? – Assess consumption and processing of a changing forecast
– NHC website – Optimizing tropical cyclone information
– Minding the Gap – looking at the product suite by evaluating partner needs
– There’s a Chance of What? – numeracy analysis of forecasters, partners, and the public 

when it comes to uncertainty products




