Hurricane Forecasting in the
Western Hemisphere

o 3y Hurricane Camille )
# NIMBUS-3 Satellite
@ August 16, 1969 @ 1710 UTC




Ancient Mayan Civilization

Mayan Hurricane
Most sites well inland Center?




1800 -1900 forecasting

Vines and others (Cuba)
Observing networks
Climatology of storms

Short term forecasting techniques based on sky
condition, waves, barometric tendency



1900 Galveston

All warnings issued
from Washington

Flags

Door to Door...no
one outside \
Galveston would

Get the “warning”

Galveston 1900




1900 to 1940

Ship to shore radio added observations at sea

Early upper air

Advances in the conceptual models of
hurricane structure, track and intensity

1935 hurricane forecast service decenftralized to
Jacksonville, New Orleans, San Juan, and a
regional responsibility in DC



WW ||

Upper Air observations
Hurricane reconnaissance

Experientially trained
workforce

Many of us benefited by
instruction from WW Il vets
turned professors




1940s advisory

MIAMI WEATHER BUREAU ADVISORY NUMBER EIGHT 2:00PM EST OCT 11, 1947.
HOIST HURRICANE WARNINGS 2:00PM FROM KEY WEST TO PUNTA GORDA.

THE TROPICAL STORM HAS INCREASED TQ FULL HURRICANE FORCE OVER A VERY IMEX
SMALL AREA NEAR THE CENTER. IT WAS VERY NEAR DRY TORTUGAS AT

TWO PM BST 19002 LiTITUDE 24,6 LONGITUDE 82.8 MOVING NORTH NORTHEASTWARD
ABOUT 18 MPH? HIGHEST WINDS AT DRY TORTUGAS ESTIMATED QSR 100 MPH,

THE CENTER SHOULD CONTINUE NORTH NORTHEAST MOVEMENT AND REACH THE COAST
NEAR ERXSIIGNT FT MYERS TONIGHT.

EVERY EMERCENCY PRECAUTION SHOULD BE TAKEN IMMEDIATELY FROM KEY WEST
TO PUNTA GORDA. HEAVY SQUALLS AND GALES WILL BE FELT OVER ALL OTEER
SECTIONS OF SOUTH FLORIDA FROM TAMPA AND DAYTONA BEACH SOUTHWARD DURING
TEE NEXT 24 HOURS.

HURRICANE WARNINGS ARE DISPLAYED FROM KEY WEST TO PUNTA GORDA AND STORM
WARNINGS ELSEWHERE FROM TAMPA AND DAYTONA BEACH SOUTHWARD.

NOKTON WEATHER BUREAU




1950-1970 Observational Tools

Aircraft Recon

Early Satellite
Surface observations
Coastal radar




1970 Forecasting

Climatology, persistence, experiential
(subjective) forecaster input

Early use of computer models (bet the
forecasters accepted them with open arms)

Statistical guidance



1970 products and services

Marine advisory
via teletype

Public advisory
via teletype

24h warning

No formal media
POO|

BULLETIN 1 PM CDT SUNDAY AUGUST 17, 1988

.. CAMILLE...EXTREMELY DAWGEROUS ., CONTINUES T0 MIVE TOWARD THE MOUTH OF THE uzss:sstm RIVER, . THREATENS SOUTHEAST LOUISIARA
COAST EASTWARD TO EXTREME NORTHWEST FLORIDA. ..

HURRICANE WARNINGS ARE IN EFFECT FROM WEJ ORLEANS AND CRAND ISLE LOULSIANA EASTHARD ACRDSS THE MISSISSIFFI.. . ALABAMA .. AND.. NORTH
WEST FLORIDA COAST TO ST, MABKS, GALE WABNINGS ARE TN EFFECT ELSEWHERE FROM MOBGAN CITY TO CEDAR KEYS FLORIDA, PREFARATIONS
AGATNST THIS EXTREMELY DANGEROUS HURRICANE SHOULD BE COMPLETED WITHIN THE KEXT FEW HOURS.

WINDS ARE INCREASING AND TIDES ARE RISING ALONG THE NORTHERN GULF COAST FROM GRAND ISLE EASTWARD. GALES HAVE BEGIN AT THE MOUTH
OF THE MISSISSIFPL RIVER AND WILL BE SFREADING INLARD OVER THE WARNING AREA THIS AFTERNOON WITH WINDS REACHING HURRICANE FORCE
OVER MUCH OF THE AREA FROM SOUTHEAST LOUTSTANA ACROSS CDASTAL MISSTSSTPPI...ALARAMA. . AND INTO EXTREME NORTHWEST FLORIDA LATE THIS
AFTEFROOW OR EARLY TOWIGHT. TIDES UP TO 15 FEET ARE EXPECTED IN THE AREA WHERE THE CENTER CROSSES THE COAST AND TIDES OF 5 TO 12
FEET ELSEWHERE IN THE HURRICANE WARNINC AREA, BEVACUATION OF THE LOW LYING AREA THAT WILL BE AFFECTED BY THESE TIDES SHOULD BE
DOKE AS EARLY AS POSSIBLE BEFORE ESCAPE ROUTES ARE CLOSED. THE CENTER OF CAMILLE I EXPECTED TO PASS CLOSE TO THE WOUTH OF THE
MISSISSIPPL RIVER LATE THIS AFTERNOON AND MOVE INLAND OM THE MISSISSIFPI COAST TONIGHT.

SEVERAL TORNMADDES ARE LIEELY OVER EXTREME SOUTHEAST LOUISIANA EASTWARD TO FOET HlI.!ﬂl FLORIDA AND OF TO 100 MILES INLAND THIS
AFTERNOCN AND TOMIGHT.

HEAVY RAIN WITH LOCAL AMOUNTS B TO 10 IMCHEE WILL SPREAD INTO SOUTHEASTERM MISSISEIPPI, . SOUTHWEST ALABAMA ... AND THE FLORIDA
PANHANDLE THIS AFTERNOON AND TONIGHT. ANY FLOOD STATEMENTS NEEDED WILL BE ISSUED BY LOCAL WEATHER BUREAU OFFICES.

ALL TNTERESTS ALONG THE WORTHEASTERN GULF COAST ARE URGED TO LISTEN FOR LATER RELEASES AND TAKE ALL NECESEARY HURRICANE PRECAUTIONS
IMHEDTATELY

AT 1 PM CDT,,.MURRICANE CAMILIE WAS LOCATED WEAR LATITUDE 28.1 WORTH....LORGITUDE BS8.6 WEST...OR ABOUT 155 MILES SOUTHEAST OF
WEW ORLEANS, CAMILLE WAS MONING NORTH NORTHWEST 12 TO 15 MPH. A CHANGE TO A SLIGHTLY MDRE WORTHERLY COURSE IS LIKELY AS THE
CENTER APFROACHES THE OOAST,

HIGHEST WINDS ARE ESTIMATED 160 MPH MEAR THE CENTER AND LITTLE CHANGE IN INTEWSITY IS EXPECTED.
REFEATTIRG THE 1 PM POSITION...28.1 HORTH,...B88.6 WEST.

THE MEXT ADVISORY WILL BE ISSUED BY THE NEW ORLEANS WEATHER BUREAU AT 5 PM AND A BULLETIN AT 3 PM CDT.
CONNER

ESDA WEALMER BURLAU MAKINL/RVIALLUN AUVIDUKT NUMBLK 2 HUKKIUANE
CAMILLE 1600Z AUGUST 15 1969

HURRICANE CENTER LOCATED NEAR LATITUDE 21.2 NORTH LONGITUDE 83.9 WEST
AT 15/1600Z. POSITION GOOD ACCURATE WITHIN 20 MILES BASED ON ESSA
RECONNAISSANCE SATELLITE AND SYNOPTIC REPORTS.

PRESENT MOVEMENT TOWARD THE NNW OR 340 DEGREES AT 8 KT.
MAX SUSTAINED WINDS OF 95 KT NEAR CENTER.

MAX: WINDS OVER INLAND AREAS 50 KT.

RAD OF 65 KT WINDS 30 NE QUAD

RAD OF 50 KT WINDS 45 NE 20 SE 20 SW 45 NW QUAD.

RAD OF 30 XT WINDS 125 NE 50 SE 50 SW 125 NW QUAD.
REPEAT CENTER LOCATED 21.2N 83.5W AT 15/1600Z.

12 HOUR FORECAST VALID 16/0000Z LATITUDE 22.2 N LONGITUDE 84.2W.
MAX WINDS OF 80 KT NEAR CENTER.

MAX WINDS OVER INLAND AREAS 80 KT.

RADIUS OF 50 KT WINDS 45 NE @ SE 20 SW 45 NW QUAD.

& HOUR FORECAST VALID 16/1200Z LATITUDE 24,3 N LONGITUDE 84.6W.
MAX WINDS OF 100 XT NEAR CENTER.

MAX WINDS OVER INLAND AREAS 35 KT. N

RADIUS OF 50 KT WINDS 45 NE 20SE 20 SW 45 NW QUAD.

STORM SURGE OF UP TO 8 FEET WESTERN TIP OF CUBA.

HEAVY PRECIPITATION WESTERN CUBA.
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: LITTLE IF ANY ERENX TURNING TO THE RIGHT FOR T HE NEXT FEW HOURS
; OND ONLY SLIGHT TURNING THEREAFTER BEFORE LANDFALL. THE HURRICANE HAS
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Computer Guidance 1969

COMPUTE DATA
FHONE T0 NG OL15Z-2115EDT OTLSE-03I5EDT 11SZ-OGISEDE 19152-15180r
SEERESaTON Hmerm/ TURRICANE (¥ DAY /fo MONTH AVGPOSITION apuismas 167
247 N §bul w. 12 HRS AGOJBD NISDW. 2k HRS AGOZN [ N R4 [ W.
FOR LOCAL USE ONLY -| 1000-400 MBS| 1000-300 MBS;1000-200 MBS|1000-100 MBS
CYCLONE - 991 MBS o-97L MB9 MBS OR LESS
CROSS OUT THREE OF THE ABOVE INCREMENTS. TELL NMC TO USE PROG AT 06 & 18Z.

COMPUTE DATA

PHONE TO NMC 0115Z-2115EDT 0715Z-0315EDT 1315Z-0915EDT 1915Z-151EDT

Dmmmmma’ mx/i% (7 Mo POSITION 00Z -& "
ﬂfVN_]__w. 12 18 aco?3.8!x &0 y. 2l mThco 22 31\:8’% W

FOR L Y - 1000-40Q/MBS 1000-) S 1000~ ] 1ooo 100 MBS

CROSS OUT THREE OF THE ABOVE INCREMENTS. TELL NMC TO USE PROG AT 06 & 182.
COMPUTE DATA

PHONE TO NMC OH%—EE&%M 0T7152-03L5EDT 131-53—9915m—r9151.-15nm

msrwfsw/mmnzmﬁ ‘S DA‘! _/'LMO]”I‘H. POSITION €68 06Z }2z—36%-

€. N&ZS V. 12 HRS Acoun_ag_.éw. 2k HRS AGO. *a NSS oW

FOR LOCAL USE ONLY - 0_MBS] 1000-300 MBS; 1000-200 MBS| 1000-100 MBS

CYCLONE - 991 MBS KR-91L MBS| 939 MBS OR LESS

CROSS OUI' THREE OF THE ABOVE INCREMENTS. TELL NMC TO USE PROG AT 06 & 18%7.
COMPUTE DATA

PHORE TO NMC 0115Z-2115EDT O(lig O315EDT 13152-0915EDT 19152~-151EDT

b A
nmmsm‘/‘mmﬁmmum: ‘ DAY JD) MONTHH PO@ITION..IQZ.-
2L P2l v. 12 ms AcoDJ— N)ZW. 2l HRS AGOA%Y N #6OW.
FOR LOCAL USE ONLY - 1000-400 MBS 1000-300 MBS 1000-200 MBS (1000-100 MBS

. ]
CYOTONR: - S ogo-971 MBS  9Y0-970 MBS 39 MBS OK Liss

CROSS OUT TAREE OF THE ABOVE INCREMENTS., TELL NMC TO USE PROG AT 06 & 187.




Hurricane Forecasting -2010




What we forecast

Center position out 120 hours
Watch 48h warning 36h
Forward speed

Maximum intensity

Size out 72 hours

Surge 24-36 hours

Nellgjfe]l

Tornadoes

Approx.

Distance Scale { Statute

50 375 50O
O0H

Hurricane Katrina

August 26, 2005

11 PM EDT Friday

NwW3S TPCiNational Hurricane Center

Advisory 15

Current Center Location 24.6 N 83.6 W

Max Sustained Wind 105 mph

Current Movement WSW at 8 mph
Current Center Location

=
@ Forecast Center Positions
H Sustained wind > 73 mph
5 Sustained wind 39-73 mph
D Sustained wind < 39 mph
& Potential Day 1-3 Track Area
< Potential Day 4-5 Track Area
mmm [ropical Storm Warning

14




“"Products’....

T i weather.goy
National Weather Servic

National Hurricane C

News Organization . earch_
Tropical Storm IDA

Text-only | PDA |Cenl [EACASRATY BT SIFINA
Get Storm Info TTAAOD KNKC DDHEMH

- EULLETIN
::"?:::A::::’ TROPICAL STORM IDA ADVISORY NUMBER 24
Advisory Archive NU3 TPC/NATIONAL HURRICANE CENTER MIAMI FL ALllz00g
.m 300 PM C3T MON NOV 08 2008
Experimental

Mobile Products
E-mail Advisories
Audio/Podcasis

...IDA TURNS NORTHWARD...3HOULD MAKE LANDFALL OVERMNIGHT...

GIS Data | RSS & A TROPICAL STORM WARNING REMAINS IN EFFECT FROM GRAND ISLE LOUISTANA
(TARERN  £ASTUARD TO TEE AUCTLLA RIVER FLORIDA...THCLUDING WEW ORLEANS AHD
LAKE PONTCHARTRAIN. A TROPICAL STORM WARNING MEANS THAT TROPICAL
Marine Forecasts STORM CONDITIONS ARE EXPECTED $SOMEWHERE WITHIN THE WARNING AREA
Atlantic and E Pacific [IERTEe s aPge sy
Analysis Tools
Help with Marine FOR STORM INFORMATION SPECIFIC TO YOUR AREA IN THE UNITED
Hurricane Awareness STATES. .. INCLUDING POSSIBLE INLAND WATCHES AND WARNINGS,..PLEASE
Be Prepared | Learn MONITOR PRODUCTS ISSUED BY YOUR LOCAL MATTOHAL WEATHER SERVICE
Frequent Questions FORECAST OFFICE.
AOML Research
Hurricane Hunters AT 300 PM CST...2100 UTC...THE CENTER OF TROPICAL STORM IDA WAS
T R LOCATED NEAR LATITUDE 28.4 NORTH...LONGITUDE 88.5 WEST OR ABOUT 60
Forecasting Models MILES... 95 KM...30UTHEAST OF THE MOUTH OF THE MISSISSIPPI RIVER AND
SN (] ABOUT 165 MILES...265 KM...30UTH-SOUTHWEST OF PENSACOLA FLORIDA,
Glossary/Acronyms
Storm Names IDA I5 MOVING TOWARD THE NORTH NEAR 1§ MPH...30 KM/HR. A REDUCTION
Breakpoints IN FORWARD 3PEED I§ EXPECTED OVERNIGHT. ON THE FORECAST TRACK...
Hurricane History THE CENTER 0F IDA SHOULD REACH THE NORTHERN GULF COAST TONIGHT.
Seasons Archive AFTER LANDFALL...IDA IS EXPECTED TO TURN EASTWARD ON TUESDAY.
Forecast Accuracy
Climatology MAXIMUM SUSTAINED WINDZ ARE NEAR 70 MPH...LL0 KM/HR...WITH HIGHER
Most Extreme GUSTS. WEAKEWING IS EXPECTED THIS EVENING A5 IDA MOVES OVER COOLER
WATERS PRICR TO MAKING LANDFALL...AND I3 EXPECTED TO MERGE WITH A
Euoulih e iCa FRONTAL Z0NE ON WEDNESDAY.
Mission and Vision

Personnel | Visitors
NHC Virtual Tour
Library

Joint Hurr Testbed
The NCEP Centers

Contact Us — Help

TROFICAL STORM FORCE WINDS EXTEND O IARD UF TO 200 MILES...325 KM
FROM THE CENTER.

THE LATEST MINIMUM CENTRAL PRESSURE REPORTED EY AN ATR FORCE RESERVE
HUFRICANE HUNTER AIRCRAFT WA3 9591 MBE...29.26 INCHES.

RAIN3 FROM IDA ARE ALREADY MOVING ACROS3 THE COAST WITHIN THE
WARNING AREA. TOTAL STORM ACCUMULATIONS OF 3 TO 6 INCHES...WITH
IS0LATED MAXIMUM 3TORM TOTAL3 OF 8 INCHES...ARE POS3IELE THROUGH
WEDNEZDAY EVENING FROM THE CENTRAL AND EASTERN GULF COAST ACROSS THE
SOUTHEASTERN UNITED STATES INTO THE S0UTHERN MID-ATLANTIC STATES.

A DANGEROUS 3TORM TIDE WILL RAISE WATER LEVELZ EY A3 MUCH A3
3 TO § FEET ABOVE GROUND LEVEL ALONG THE COAST NEAR AND TO THE
EAST OF WHERE THE CENTER MAKES LAWDFALL...AS WELL AS IN AREAS OF

0N ay_IN NEAR_THE COAST.,,THE SURGE

Plus one more page...

000
WTUS84 KLIX 092204
HLSLIX

URGENT - IMMEDIATE BROADCAST REQUES
TROPICAL STORM IDA LOCAL STATEMENT
NATIONAL WE, R S /ICE NEW ORLEANS LA
404 PM CST MON NOV 2009

...IDA TURNS NORTHWARD...SHOULD MAKE LANDFALL OVERNIGHT...

.AREAS AFFECT
THIS LOCAL NT PROVIDES IMPORTANT INFORMATION AND
RECOMMENDED ACTIONS FOR PEOPLE IN SELECT LOCATIONS AND COASTAL
WATERS OF SOUTHEAST LOUISIANA SOUTH MISSISSIPPI.

WATCHES /WARNINGS. ..
A TROPICAL STORM WARNING CON
AND MISSISSIPPI COASTAL WA

NUES FOR ALL OF SOUTHEAST LOUISIANA

A TROPICAL STORM WIND WARNING CONTINUES FOR PORTIONS OF INLAND
SOUTHEAST LOUISIANA AND SOUTH MISSISSIPPI.

A FLOOD WATCH IS IN EFFECT FOR PART OF SOUTHEAST LOUISIANA AND
SOUTH MIS SSIPPI.

PLEASE CHECK T
INFORMATION AB

IC AND MARINE FORECASTS FOR DETAILED
HAZARDS.

.STORM INFORMATION...
3 PM CST...
TUDE 28.4 NORTH
OF

TER OF TROPICAL STORM IDA WAS LOCATED NEAR

.LONGITUDE 88.5 WEST...OR ABOUT 60 S
THE MOUTH OF THE MISSISSIPPI RIVER. THIS IS ABOUT
T OF NEW ORLEANS LA...OR ABOUT 140 MILES
GULFPO! MS. STORM M N WAS NORTH OR 355
18 MPH. STORM INTENSITY WAS 70 MPH.

.SITUATION OVERVIEW...

N MAKING DECISIONS...DO NOT FOCUS ON E EXACT FORECAST TRACK.
THE TROPICAL STORM CURRENTLY MOVING R THE SOUTHWEST PASS OF
THE MISSISSIPPI RI . THE TROPICAL STORM IS THEN EXPECTED TO
MAKE LANDFALL TONIGHT NEAR MOBILE, ALABAMA. THE MAIN THREATS FROM
TROPICAL STORM IDA WILL INCLUDE HEAVY RAINFAL . .STRONG
WINDS...AND STORM SURGE ALONG THE COAST AND TIDAL LAKES.

. PRECAUTIONARY/PREPAREDNESS ACTIONS...
NG THE STORM...STAY INSIDE AND AW
VENTURE OUTSIDE WHEN HIGH WINDS ARE OC
LULLS A
INJURY.

\Y FROM WINDOWS. DO NOT
URRING OR DURING TEMPORARY
FLYING DEBRIS CAN EASILY...AND SUD LY...CAUSE

! A WELL CHARGED CELL PHONE NEARBY...KEEPING NETWORK
COMMUNICATIONS AS OPEN AS POSSIB FOR EMER( IES. CLOSELY
NITOR NOAAR WEATHER RADIO OR OT LOCAL NEWS OUTLETS FOR

, STORM INFORMATION. L EN FOR POSSIBLE CHANGES TO THE

. FOR SMALL CRAFT WHO FAILED TO MAKE IT TO SAFE HARBOR OR
AND ARE NOW IN DISTRESS...RADIO YOUR SITUATION ACCORDING

Plus 8 more pages...
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Keys 1o current success

Skill in analysis with satellite and aircraft
Improvements

Better models to exiract tfrack forecast
Computers up to the task

Communication explosion...Internet, wireless
phone

17



Key to warning response

Ability to get info directly — internet, what follows
are quickly assimilated into society (note Central
America since Mitch 1998

Personalize the threat — what's it mean to me?¢
How to clearly convey what is meant

Uncertainty — big nut to crack

18
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it to predictability?
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lke example with current and
future cone (HFIP Goal)

Hurricane IKE
Tuesday September 9, 2008
— | 5 AM EDT Advisory 33
HNWS TPC/Hational Hurricane Center
@ Current Center Location 22.0 N 82.1 W

Max Sustained Wind 80 mph
Current Movement W at 13 mph
Forecast Center Positions:
@ Tropical cycione
M Sustained wind > 110 mph
H Sustained wind > 73 mph
3 Sustained wind 39-73 mph
tential Day 1-3 Track Area
[7-C Potential Day 4-5 Track Area
I Hurrvicane Waming
mmm Tropical Storm Waming
Tropical Storm Watch

Hurricane IKE
Tuesday September 9, 2008
| 5 AM EDT Advisory 33
J| NWS TPC/National Hurricane Center
@ Current Center Location 22.0 N 82.1 W
Max Sustained Wind 80 mph
Current Movement W at 13 mph
Forecast Center Positions:
@ Tropical cycione
M Sustained wind > 110 mph
H Sustained wind > 73 mph
3 Sustained wind 39-73 mph
tential Day 1-3 Track Area
[7-C Potential Day 4-5 Track Area L
I Hurrvicane Waming
mmm Tropical Storm Waming
Tropical Storm Watch

Red dot is landfall - Same relative error to
cone — note much smaller threat area



Intensity Goals for HFIP much more of a

810¢

L102

—_—— 24 h

—_—— A48 h

als

\ |
—

20

9102

T

5102

HFI

7102
¢loc

—e— 120 h

ANVA

1102

0102

6002
8002

L002

9002
5002

7002

€002

¢002

1002
0002

6661

8661

challenge than Track

L661

9661
5661

661

¢661
c661

| | | | _ | | gl 1_ | | M | | |

1661

=) n Q (p)

N - -

(34) 10013 JsBI3104

——— 066}

Year



Rapid intensity change

Current models have little or no shill




“Forecasting can be very
difficult --- particularly
when It involves the
future.”

Yoqgl Berra



ANy Questions?

Hurricane Liaison Team Brief as ke made landfall



