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Observation History

• Looking outside – Long history
• 1644 systematic weather observations in North 

America
• Hurricane movement from Philadelphia to Boston 

documented by Benjamin Franklin in 1743
• 1776-1800 volunteer weather observers.  By 1891, 

there were 2,000 stations
• 1814 the order was given to collect weather 

observations at Army posts
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Observation History

• 1885 marked the first weather balloon and U.S. 
Weather Bureau began to use weather kites in 
1898 then balloons in 1909.

• 1926, U.S. Navy and Weather Bureau observations 
from aircraft. Aviation observations at sea, 1927. 
U.S. Coast Guard ship weather observations 1939.

• Hurricane Hunters start on July 17, 1943.
• First weather radar operations in 1954 by the U.S. 

Army.  First Weather Bureau radar in Miami, 
1959.

• First weather satellite, April 1, 1960. 3



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N

Observation History

• Moored weather buoys since the 1950s
• Drifting weather buoys since 1979
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Hurricane Hunters

hurricanes.gov 5

First Flight in 1943
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Hurricane Hunters

hurricanes.gov 6

Carla was the first 
tropical cyclone 
to have its entire 
life history 
recorded by 
research flights.  
September 1961
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Hurricane Hunters

hurricanes.gov 7

NOAA OMAO Aircraft 
Operations Center 
(AOC) Hurricane 

Hunters fly the P3 and 
G-IV, with the US Air 
Force Reserve flying 
the WC-130J, all for 

hurricane surveillance 
and in-situ data 
reconnaissance
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Hurricane Hunters

hurricanes.gov 8

NOAA LCDR Waddington and CAPT Twining piloting a G-IV hurricane surveillance mission
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Forecast Accuracy

hurricanes.gov 9

Dropsondes
• Developed in conjunction with 

the NOAA Gulfstream-IV jet 
aircraft.  First systematic use for 
intensity was in 1998’s Hurricane 
Bonnie.

• 1772 dropsondes deployed 
during the 2020 hurricane season

• Combined with vital radiosonde 
balloon releases at WFOs (and 
many non-synoptic releases in 
2020)

• Data to help model accuracy
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Forecast Accuracy

hurricanes.gov 10

Evolving Satellite data
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Forecast Accuracy

hurricanes.gov 11

Evolving 
Satellite 
data
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Forecast Accuracy

hurricanes.gov 12

Forecast Models

Track Models used for 
Agnes in 1972:

CLIPER – Climatology and Persistence
HURRAN – Analog
NHC67 – Statistical-Synoptic
NHC72 – Statistical-Synoptic
SANBAR - Barotropic
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Forecast Accuracy

hurricanes.gov 13

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

True scientific success!
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Forecast Accuracy

hurricanes.gov 14

Hurricane Laura

Not just forecast accuracy, but 
consistency in NHC forecasts 
help decision makers
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Better Observations…

Better Services
Better Decisions
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La Voz de Cuba.  La Habana, Cuba, September 
12  1875

“Partes telegráficos de St. Thomas y Puerto-Rico recibidos ayer 
noche en la Comandancia General de Marina y que el 
Excelentísimo Sr. Comandante de Marina ha tenido la dignación de 
comunicarme por conducto de su digno Secretario, anuncian un 
huracán que se ha originado en el Sur, en las Islas de Barlovento. 
Yo creo lo más probable que este huracán avance con dirección N.O. 
[noroeste] y que no llegue á alcanzar la longitud de La Habana, en 
cuyo caso cruzaría al N.E. [nordeste] de ella y á mucha distancia. 
Hacia el 13 á más tardar, pudiéramos tal vez sentir muy marcada 
su lejana influencia.  

El barómetro, que se había mantenido estos días pasados más alto 
de lo ordinario, tiene actualmente marcada tendencia á un 
constante descenso, bien que no rápido. Bueno es que estén 
advertidos del peligro los capitanes de los buques que tuvieran que 
hacer rumbo al E. [este] ó al N. [norte]. Con respecto á la 
navegación al O. [oeste] y en el Golfo [de México] creo que no ofrece 
peligro por ahora. 

Estas no pasan de ser apreciaciones mías, fundadas únicamente en 
las leyes generales de las tormentas jiratorias (sic.) y en mi corta 
experiencia de algunos años de observación. 

Quedo en remitirle á V. [Usted] las observaciones y tenerle al 
corriente de las diversas fases del meteoro á medida que vayan 
estas presentándose. Los datos que hasta ahora tenemos del 
huracán son insuficientes para fijar con precisión la dirección de su 
trayectoria. 

Soy de V. muy atento y Seguro Servidor quien besa su mano, 

Benito Viñes, S. J. 
Observatorio del Colegio de Belén. Habana 12 de setiembre de 
1875”

The First Hurricane Warning
11 September 1875
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History of the Signal Service with Catalogue of Publications, Instruments, and Stations.  
U. S. Signal Office, 1884.  

Commencement of Signals on the Sea-Coasts and 
Lakes

24 October 1871

General Albert J. 
Myer 
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Cautionary Signal
“premonishing (advance warnings) dangerous 
winds to blow from any direction”

Cautionary Offshore Signal
“premonishing off-shore winds, likely to drive 
vessels out to sea”

Official danger, distress, and storm-signal codes for Signal Service sea-coast stations and mariners.  
Washington:  Government Printing Office, 1883.
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• Hurricane winds may endanger 
area within 24 to 36 hours

• Used when
• Hurricane conditions may 

develop rapidly or
• The location and movement 

of a hurricane are uncertain

• “If reports indicate an incipient 
hurricane disturbance that may 
develop rapidly and affect the 
coast within 24 to 36 hours, but 
indications are not yet sufficient 
to justify definite warning”

Preliminary Hurricane Alert
1 September 1943
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4 March 1955

• Experience from 1954 season 
suggested that alerts should 
be used more frequently

• Carol
• Edna
• Hazel



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O NHurricane Watch
17 February 1956

• Studies showed that people mistook “alert” as 
synonymous with “warning”

• Reduce interpretations which came from 
different uses of “alert” in storm advices and in 
civil defense and military practices

• First Weather Bureau use of “Watch”
• Severe thunderstorm/tornado 1966
• Flash floods 1969
• Winter storm 1973/74

From “Alert” to “Watch” in Weather Bureau 
Verbiage.  The Baltimore Sun.  Jan 3, 1956.

The United States Weather Bureau has 
acknowledged the influence of semantics upon our 
everyday living and dropped the word “alert” from its 
system of hurricane advisories.  Henceforth what 
the storm forecasters had called a “hurricane alert” 
will be known as a “hurricane watch.”  There was 
too strong a connotation of imminent danger in 
the term “alert,” they decided.

Our English word, according to Webster’s New 
International Dictionary, comes down through the 
French “alerte” from the Italian “all’erta,” 
meaning on the watch, “erta” being a lookout 
position.  Thus, “on the alert” and “on the 
watch” originally would seem to have had the 
same meaning. But our language is not static and 
words grow or die like living things.  The call that 
once summoned the sentry to his watch tower is 
much more forceful today with the threat of sudden, 
surprise attacks by jet and rocket aircraft.

The News and Courier, January 3, 1956, 
Charleston, SC
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New York Times.  New York, 
New York, August 13, 1895.

The News and Courier.  Charleston, 
South Carolina, June 23, 1912.

Communicating the Warning

The Independent.  St. Petersburg, 
Florida, December 2, 1935.



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O NTropical Storm Watches and Warnings
1987 Hurricane Season

Hurricane Warnings Changing
South Florida Sun-Sentinel.  April 2, 1987.

The system used to warn coastal communities of 
tropical storms and hurricanes will be changed this 
year to eliminate confusion, weather service 
officials said Wednesday.

The National Hurricane Center, based in Coral 
Gables, will issue watches and warnings for tropical 
storms and hurricanes, but gale warnings will not 
be issued for tropical weather disturbances, said 
Robert Sheets, who in June will become acting 
director of the hurricane center.

Forecasters define a gale as winds between 39 and 
54 mph -- part of the tropical storm range -- but 
mariners use a different definition, Sheets said. The 
new system ``makes the definition much cleaner,`` 
he said.

Under the old system, the hurricane center may 
have issued gale warnings, storm warnings and 
hurricane warnings for different parts of the coast, 
all because of one weather system. Now, the 
center will post either a tropical storm watch or 
warning or a hurricane watch or warning.

For 2010 Hurricane Season:

Watch      36 to 48 H

Warning  24 to 36 H
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Potential Tropical Cyclone Advisories

• Allows timely issuance of watches and warnings before a 
tropical cyclone has formed

• Earlier NHC advisories for systems that pose a long-range threat 
to the United States or other land areas
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Observations to Make a Hurricane Forecast

25
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• Geostationary Satellites
• Help determine center location (with varying 

degrees of confidence)
• Apply Dvorak technique to imagery to                                 

estimate a system’s intensity
• Allows forecasters to see features that might 

influence the future track/intensity

• Low-Earth Orbiting Satellites
• Can be used to look at storm structure
• Other instruments can provide intensity estimates

• Reconnaissance Aircraft
• Flight-level winds
• Dropwindsonde Data
• Surface wind data from the SFMR

Data for Analysis
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• Surface observations
• Ship and buoy reports
• Land based observing sites

• Radar 
• Provides reflectivity and velocity data
• Useful for “now-casting” during an event and a 

few hours prior) but little forecast utility

Sounds like a lot of data but…

Only a tiny fraction of the storm circulation is
sampled and the chances of encountering the   
storm’s peak winds are very small

Data for Analysis
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Today

hurricanes.gov 28

Forecast Cone/Wind Warnings/Size Wind Speed Probabilities Time of Arrival of Winds

Storm Surge Warnings Storm Surge Potential Inundation Weather Prediction Center Rainfall
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Timelines

hurricanes.gov 29

Example:  Emergency Manager
You are now in the hot seat.  You have some decisions to make.  You will brief the media with 
the governor and mayor twice a day and you are accountable and judged on the response.

Evacuate or not evacuate?
Evacuate a hospital, assisted living center?  Consider some patients cannot be moved.
Evacuate a prison, your largest has a population of 6300 prisoners and 1800 staff?
Do we have state police begin contraflow preparation of major highways and interstates, and when?
Do we need to evacuate oil rig staff in the Gulf of Mexico via helicopter and shut down oil production?
What shelters should we open?  (general population, other states, special needs, special requirements)
Do we need to activate the bus contract, whether you use it or not you will have to pay?
Where to put emergency food, medicine, water, tarps, gasoline, Diesel, pumps, and generators?
Do we need swift water teams and where should they stage?
Where do we stage charity organizations so they can get in quickly, but remain safe?
Do I activate the contract to feed and house emergency operations center staff?
Do we need to close gates to keep water out and what levees need extra height?
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Timelines

hurricanes.gov 30

Example:  New Orleans
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Timelines

hurricanes.gov 31

Example:  New Orleans



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N

Timelines

hurricanes.gov 32

Example:  New Orleans
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Timelines
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Example:  New Orleans
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Timelines
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Example:  New Orleans
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Forecast Intensity Challenge

hurricanes.gov 35

9 Atlantic TCs in 2020 underwent 
RI, several just before landfall 
and several rapidly weakened 
and/or fluctuated

Largest 24-h intensity change:

• Hanna: 30 kt (50 -> 80 kt)
• Laura: 40 kt (90 -> 130 kt)
• Sally: 20 kt in 12 h (70 -> 90 kt)
• Teddy: 35 kt (85 -> 120 kt)
• Delta: 65 kt (55 -> 120 kt)
• Epsilon: 45 kt (55 -> 100 kt)
• Zeta: 40 kt (55 -> 95 kt)
• Eta: 70 kt (60 -> 130 kt)
• Iota: 70 kt (70 -> 140 kt)
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Forecast Intensity Challenge

hurricanes.gov 36
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2020 CONUS Landfall Tracks
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Hurricane Laura
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Hurricane Sally
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2020 LA Surge
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2020 LA Surge

Unsurvivable
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Communicating the Danger

hurricanes.gov 42

It’s All About the 
Impacts
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Little Wiggles Matter

hurricanes.gov 43
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Forecast Accuracy

hurricanes.gov 44
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Forecast Accuracy

hurricanes.gov 45
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Why does it matter?

hurricanes.gov 46

Track – Intensity – Storm Structure - Speed

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

2.6 million people evacuated

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

As many as 3 million people NOT evacuated
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Thank you from the National Hurricane Center!

Ken Graham
NOAA/NWS National Hurricane Center

kenneth.graham@noaa.gov
hurricanes.gov
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