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Extratropical, Remnant Low,

Tropical Cyclone
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NHC MISSION

To save lives, mitigate property loss,
and improve economic efficiency
by issuing the best

watches, warnings, forecasts and analyses of
hazardous tropical weather, and by
increasing understanding of these hazards

NHC VISION

To be America’s calm, clear and trusted
voice in the eye of the storm,
and, with our partners,
enable communities to be safe
from tropical weather threats




Nature's great heat engine...

Outflow
Energy

Release
_(“Cylvinders’}f




What is a Hurricane?

A type of Tropical Cyclone

Closed surface circulation

Winds rotate counter-clockwise

Produces organized thunderstorm activity

= Tropical Depression
Sustained winds are less than 39 mph

= Tropical Storm
Sustained winds are between 39-73 mph

= Hurricane
Sustained winds are 74 mph or greater




Saffir-Simpson Hurricane Scale

Categorizes hurricanes by wind speed

39-73 mph 74-95mph 96-110 mph 111-130 mph 131-155 mph > 155 mph
(34-63 kt) (64-82 kt) (83-95 kt) (96-113 kt) (114-135 kt) (> 136 kt)
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Alberto Katrina Frnces Katrina Charley Andrew
(2006) (FL - 2005) (2004) (LA - 2005) (2004) (1992)

Allison Claudfe Isabel Wllma Hugo Camille
(2001) (2003) (2003) (FL- 2005) (1989) (1969)




Saffir-Simpson Hurricane Wind Scale <

Surge, rainfall, and pressure fit the scale
like a square peg in a round hole

http://www.nhc.noaa.gov/aboutsshs.shtml
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Coastal County Population, Texas to Maine
1900 - 2000

50,000, 000

45,000, 000 53% of the U.S. population
now live within 50 miles of
the coast
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U.S. Coastlines: Then and Now

1926 Great Miami Hurricane: $140-157 Billion Today
Miami Beach 1926

&= Wendler Collection Joel Gratz © 2006




I gl [
\ L ™
(10 15 20 25 30 34 407#)5\0 55 64 80 | 798

A Typical Day in 2011 - ¢ —— T

021 T o 79\;‘}"

Data Available at NHC R

172 _1545 08 6— &Lﬂ(ﬁ
|

Y
hdy 1106

[
|
|

146 071

B0
| | 259

o- T T s/ - 245 9fo3 - -

ly
- 1 — —w\-245— =

300

D e —
— - i_ N —“_27—5 B
9,

087120

0 BRBK SHSL




A Typical Day in 2011 —
Data Available at NHC
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Dvorak Classifications

Katrina August 24 Rita September 18

GOES1Z VYIS 25.2 -77.1 20050824_1745 GOES12 VIS 22. 72.6 20050918_1745




0430 UTC 27 August GOES 10 IR
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15 COMPOS ITE B
i

20N g_
N
o -% ; %

0600 UTC Classifcation
“Really an embedded center but |
constrained to not use it”
3.5/3.5 = 55 kt




A Typical Day in 2011 —
Data Available at NHC
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Within the Eye of Hurricane Georges

eyewall

"low clouds above_

sea-surface

=




GPS DROPWINDSONDE

* Developed in conjunction with the
NOAA Gulfstream-1V jet aircratft.
First use for hurricane was late in 1996
TS ot Cnslaton season.

4 Satellites in each Plane
20,200 km Altitudes, 55 Degree Inclination

GPS dropsondes provide, for the first
time, direct measurements of the winds

atlow levels in the hurricane eyewall.

* Dropsonde data reveal that the
structure of the eyewall is very
complex, and can vary tremendously
from storm to storm.
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Stepped-Frequency Microwave Radiometer

Measures nadir brightness
temperature at 6 C-band
frequencies.

Geophysical model function
relates emissivity to wind
speed. Emissivity depe&ds on

_surface foam coverage and
rain rate.

Calibrated with GPS
dropsonde data.
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Wind Speed (ms™")

Hurricane Lili (2002/10/02)
Cross-Track Winds and Rain

Rain Rate (mm hr")

60 r— : I Y T v T T . . 60

SFMR Sfc. Wind (1)

FIt. Lvl. Wind (2)

SFMR Rain (3)
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G-IV Aircraft Synoptic Surveillance

MISSIOh and GPS Dropsondes

V FgHET ck for Hurricane Bill ( AL032009 )
Y B :
62260 the storm was centered at 29.5;-67.5




Tropical Cyclone Forecas

Approx. Distance Scale Statute Miles \XL J
Hurricane lke
September 8, 2008
8 AM EDT Monday
NWS TPC/National Hurricane Center
Intermediate Advisory 29A
Current Center Location21.1 N 77.9'W
Max Sustained Wind 100 mph
Current Movement W at 14 mph
@ Current Center Location
® Forecast Center Positions
H Sustained wind > 73 mph
S Sustained wind 39-73 mph
& Potential Day 1-3 Track Area
Potential Day 4-5 Track Area
Hurricane Warning
Hurricane Watch
Tropical Storm Warning
Tropical Storm Watch

SH 125 ; 250 375 500

Naval Research Lab http://www.nrimry.navy.mil
<== IR %w«ratu% SRi%)

-30 =20




Graphical Tropical Weather Outlook

= became operational in 2009
= will provide exact chance for formation

Graphical Tropical Weather Outlook g%

National Hurri_cgne Center Miami, Florida

Outlined areas denote current position of systems discussed in the Tropical Weather
Outlook. Color indicates probability of tropical cyclone formation within 48 hours.

C— Low <20% E Medium 20-50% N High >50%

Shows on satellite pictures the current locations of areas of
disturbed weather and provides categorical estimates of
development potential over the next 48 hours.




N e U o T G G

B Genesis of Bill was well predicted by the GFS (another case of good GFS forecasts
== of eastern tropical Atlantic genesis). This is a series of model forecasts of sea level
. pressure and 850 mb winds/vorticity, starting from 126 hours out, all verifying at the

:‘ time of genesis (0600 UTC 8/15/09).
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A AL, /N S L e 1 A S AR e I S R SR )
Claudette’s formation was not well anticipated by the GFS or by the NHC forecasters %
4 (another case of models underforecasting Gulf genesis). This is a series of model

-!, forecasts of sea level pressure and 850 mb winds/vorticity, starting from 126 hours
{ out, all ver|fy|ng at the tlme of geneS|s (0600 UTC 8/16/09). .
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NHC Forecast Cone

Represents the probable
track of the center of the
tropical cyclone.

Formed by connecting circles
centered on each forecast
point (at 12, 24, 36 h, etc.)

Size of the circles determined
so that, say, the actual storm [ September 13, 2004

10 PM CDT Monday

position at 48 h will be within g s el i Cne

; Current Center Location 22.0 N 85.4 W
- \ Max Sustained Wind 160 mph
th e 48- h CI rC| e 6 7 % Of th e J‘ =] Current Movement NW at 9 mph
@ Current Center Location
= @® Forecast Center Positions
tl m e . ' H Sustained wind > 73 mph
D Sustained wind < 39 mph
BT CL. Potential Day 1-3 Track Area
| Potential Day 4-5 Track Area
s I Hurricane Warning
Hurricane Watch
Tropical Storm Watch




Hurricane lke Track models
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= Improvements in Forecast Models and Increased Satellite Data has Led to -~

II

a Large Reduction in NHC Track Errors

NHC Official Track Error Trend

Atlantic Basin
400 ] —

i —e—24 h o—-—\ )
350 | A —e—48h [ )

Forecast Error (n mi)

1990 >
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000 [ 2
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010




Guidance Trends — 2 Days

48-h Track Forecast Guidance Trends
Atlantlc Basm

‘GFS/GFDL/EGMWEF are traditionally the
better performers whlle NOGAPS has
o behinc

_ /\ lagge¢ l in recent years. —— GFEDI |

250

150

Forecast Error (n mi)

100

2008 AW
2009
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Skill Relative to CLIPERS (%)
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Skill Relative to CLIPERS (%)

70

60

50

40

30

Track Forecast Skill (Consensus Models)
2010 - Atlantic Basin

28i0

246

219

(Nuimber of Casés)

16

140
|

103

74

12

24

36

48 60

Forecast Period (h)

72

84

96

108

120



Cone versus
Size & Impact

The Cone
DOES NOT
denote
area of
impact....




Cone versus
Size & Impact

...as lke’s
hurricane
force winds
demonstrate




Tropical Cyclone Wind Field

» became operational in 2009

~ Surface Wind Field of Hurricane lke
Sustamd Wlpds as of 500 PM EDT‘Sun Sep 7, 2008 Adylsory Number 27

Shows:
Wind field
Past track
Current

watches/
warnings

Watches: Warnings: Sustained Winds: Position:
Hurricane Watch I Hurricane Warning Il Hurricane Force © Center as of 500 PM EDT
Tropical Storm Watch Il Tropical Storm Warning Tropical Storm Force == Past Track




Forecast Error (kt)

NHC Official Intensity Error Trend
Atlantic Basin

30

—e— 24 h

No progré

vith

intéens:;ty forec

Year

[ 24-48 h inte brecasts are likely to

ST be off by one SSHS category, ana
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Wind Speed (kt)

Wind Speed (kt)

GHMI Forecasts

160
150

Hurricane Felix (2007)
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Skill Relative to Decay-SHIFORS (%)
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Wind Speed Probabilities
Hurricane Bill 20 Aug 2009 00 UTC

al032003 032000 BILL 34kt 1000 Reaglizations Cumulative O — 120hrs
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Probabilities

ropical Storm Force Wind Speed Probabilities &
For the 120 hours (5 days) from 8 AM EDT Mon Sep 8 to 8 AM EDT Sat Sep 13 b

ZCZC MIAPWSAT4 ALL
TTALODO KNHC DDHHMM
HURRICANE WILMA PROEABILITIES NUMBER 20

NWS TPC/NATIONAL HURRICANE CENTER MIAMI FL
0900Z THU OCT 20 2005

.THIS IS AN EXPERIMENTAL PRODUCT FOR 2005...

AT 0900Z THE CENTER OF HURRICANE

WILMA WAS LOCATED NEAR LATITUDE 18.3 NORTH...

LONGITUDE &5.0 WEST WITH

MAXIMUM SUSTAINED WINDS NEAR 130 KTS...150 MPH...240 KM/HR.

CHANCES OF EXPERIENCING WIND SPEEDS OF AT LEAST : Mexico
.34 KT (39 MPH... 63 KPH)... :
.50 KT (58 MPH... 93 KPH)...
.64 KT (74 MPH...119 KPH)...

FOR LOCATICNS AND TIME PERIODS DURING THE NEXT 5 DAYS

PROBABILITIES FOR LOCATIONS ARE GIVEN AS IP(CP) WHERE
IP IS5 THE PROBABILITY OF THE EVENT BEGINNING DURING
AN INDIVIDUAL TIME PERIOD (INDIVIDUAL PROEBABILITY)
(CP) IS THE PROBABILITY OF THE EVENT OCCURRING BETWEEN
06Z THU AND THE FORECAST HOUR (CUMULATIVE PROBABILITY)

: ced Probabilities &
T Mon Sep 8 to 8 AM EDT Sat Sep 13 e
15H - L sacheocsanasaaaa
1080 00H
Probability of tropical storm force surface winds (1-minute average >= 39 mph) from all tropical cyclones

< indicates HURRICANE IKE center location at 8 AM EDT Mon Sep 8 2008 (Forecast/Advisory #30)
| — T T 1 T
—— 2 90%  100%

PROBABILITIES ARE GIVEN IN PERCEN]

mioms mooenrres v wl - Shows the chance of a particular
event occurring at a specific location

PROBABILITY IS AT LEAST 2.5 PER
Hurricane rorce wind o
For the 120 hours (5 days) from 8 AM EDT N

Z INDICATES UNIVERSAL COORDINATED

- - - - WIND SPEED PROBEAEILITIES FOR SELECTED LOCATIONS - - - -

FROM FROM FROM FROM FROM FROM FROM

TIME 06Z THU 18Z THU 06Z FRI 18Z FRI 06Z SAT 06Z 3UN 06Z MON
PERIODS TO TO TO TO TO TO TO

18Z THU 06Z FRI 18Z FRI 06Z S3AT 06Z SUN 06Z MON 06Z TUE

FORECAST HOUR (1z) (24) (36) (48) (72) (96) (120) Probability of 1-minute average 50-knot (58 mph) or grea!er surface winds from all tropical cyclones
—————————————————————————————————— < indicates HURRICANE IKE center location at 8 AM EDT Mon Sep 8 2008 (Forecast/Advisory #30)
LOCATION KT s% lo% _20% 0% ao% ] e oo%_70x

MIAMI FL 34 X h: A 4] X% 2( 2) 16(18) 23(41) 5i46)

MIAMI FL 50 X i X XX DA 4] 6{ 6) 11(17) 3iz0)

MIAMI FL 64 X i %X XX (0 x) 2( 2) 50 1( 8)

IKEY WEST FL 34 X i X 2i{ 2) 7( 91 26(35) 18(53) 3(56)

KEY WEST FL 50 X i X XX 1( 1) 14(15) 11(286) 1(27)

KEY WEST FL 64 X h: 4] X% X% 8( 8) 5(13) 1(14)

MARCO ISLAND 34 X X{ X} X( X) 5{ 51 20(25) 23(48) 4{52)
MARCO ISLAND 50 X X{ X X( X} 1{ 1) 10{11) 12(23) 2{25) : : : : :
Mirce rLum E2 ® 2L ®) Ei @ xi®  StS) ey xita IO N o e s

Probability of hurricane force surface winds (1-minute average >= 74 mph) from all tropical cyclones
< indicates HURRICANE IKE center location at 8 AM EDT Mon Sep 8 2008 (Forecast/Advisory #30)
I T I I
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%




Storm Surge Probability

* became operational in 2009
* available in 1-ft increments from 2 to 25 ft
* run when a Hurricane Watch or Warning is in effect

Chance of surge > 2 ft Chance of surge > 10 ft

X
Chance of Storm Surge >= 2 feet at Individual L A " Chance of Storm Surge >= 10 feet at Individual Locations 2
Hurricane Ike (2008) Advisory 43 Wi Hurricane Ike (2008) Advisory 43
Valid from 05 PM EDT Thu Sep 11 to 10 PM EDT Sun Sep 14 _ VYalid from 05 PM EDT Thu Sep 11 to 10 PM EDT Sun Sep 14

Experimental Tropical Cyclone Storm Surge Probabilities ;’ " Experimental Tropical Cyclone Storm Surge Probabilities ;’ "
o ions 3 ] s 3




Hurricane Hotline
Other NWS/NCEP National
Centers (HPC, OPC, SPC)
Local NWS Offices

Forecast Coordination

.

DOD
Other federal agencies




WORLD METEOROLOGICAL ORGANIZATION
Regional Association IV (RA-IV) Coordination

RSMC= =7
Regional Specialized Meteorological Center;§

RA-IV countries include Caribbean area, G N\
Central America, Mexico, Canada, and Bermuda. % "




Hurricane Dean watches and warnings

Hurricane Warning
Hurricane Watch

mmm [ropical Storm Warning
Tropical Storm Watch




OPERATIONAL COMMUNICATIONS

WITH KEY DECISION-MAKERS WITH THE MEDIA

i

\\K ) White House Photo

President George W. Bush and Deputy Chief of Staff
Joe Hagin, center, during a video teleconference
with NHC and emergency managers

WITH INTERNATIONAL PARTNERS

T441293:5067 X402 .| | Antigua

Sl

Bahamas

L BERMUDA
T Barbados

Bormuda [ 1-441-293.5067 x402, x400 (Director)
Dominican |
Ropublic | 1-809-788-1122

France. o118
ot

Nethoriands ]
Antiles 011599-9-839 3367 and 3360
St.Lucia 56-454-6550

Trinidad 1-868-669.5465, 4727, and 3964

L lus Halt 1.787-253-4501
DOMINICAN =~

| RepuBLIC
. , PUERTD /
RICO' s I [011-599-9-839 3367
ST.CROI|© X
| 1-787-253-4501 ||

[1-268-462-3229|

- _aaS
VALID FOR 120 HOURS FROM
2 PM EDT Wed Aug 24 ...TO...2 PM EDT Mon Aug 29
1-345.949-4528 and 945.5773 :
cuba 011.537-8670708 and 8670712 GRENADA
Jamaica 1876.960-8990 or 924-8040

| ToBAGH
Mexico  [T]  011-5256.263-64758 (thru 61) ) <

{ TrinpaD U




OUTREACH AND EDUCATION

** National Hurricane

' /.
/?, & Preparedness Week

NATIONAL HURRICANE
NATIONAL WEATHER S < FEMA WOFkShOp for

emergency managers
* Hurricane Awareness Tours

*+ National Hurricane
Conference (& others)

| < WMO workshop for
>, - International meteorologists

t A A\ - (@ % U.S. Interdepartmental

=2 " <« Hurricane Conference




Possible Changes for 2012 and Beyond

Coastal County Population,

7/ Day Track and Intensity Forecasts ]
_ . Texas to Maine
- TeSt|ng IN 201 2 st 537 of the U.S. population

45,000,000 . . . .
now lives within 50 miles of

bRl the coast

35,000,000
30,000,000

Track, Intensity and Size Forecasts
BEFORE Genesis

~ Testing in 2011 e RN | I I I I

O O O OO OO O
Q G & °) () '\ ‘b Q’ Q
) \& NN I

Year

25,000,000

Population

Five Day Genesis Forecasts
— Testing in 2009-2011

Hurricane Katrina
. - August 28, 2005
Storm Surge Warnings 7 AM CDT Sunday
| { NWS TPC/National Hurricane Center
. . . ¢ _ i Advisory 22
— Testl ng | n 20 1 2 o X ¥ Current Center Location 25.7 N 87.7 W
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Millions of Coastal Residents

Florida Population and Major Hurricanes
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Millions of Coastal Residents
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Forecasting at
the National Hurricane

g

g Center

‘Chtis'Landsea

_'_.S,‘ciehce and Operations Officer
| INational Hurricane Center
_ CMMAP Workshop
10 January, 2012
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NOAA’s 2010 Atlantic Hurricane Outlook

Season and May 2010 Aug 2010 Observed
Activity Type Outlook Outlook Activity Climatology

RRYZ
Chance Near Normal 10% RRYZ
Chance Below Normal 5% RRMZ)

Named Storms 14-23 & 14-20
Hurricanes 8-14 8-12

Major Hurricanes 3-7 4-6
ACE % of Median 155-270% 170-260%

Cllmale Prediction COIIIBI'
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National Oceanic dAlm spher! Administrafion 4 y
Atlantic Occanoqraphlc and Meteoroloqncal Laboraﬁ')rv

Hurricane Research Division




May Forecast - Hurricanes
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Tropical Analysis Forecast
BIEIfIC n \Lﬂ e Forecasts




TAFB produces 57 graphic products
& 48 text products each day.
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Wave Helght & Surface Wind Forecasts

*[24HR WIND(KT)/WAVE (FT) FORECAST
i |ISSUED: 05:59 UTC NOV 15 2007

: [IVALID: 06 UTC NOV 16 2007

« 3|FCSTR: MUNDELL




Wave Period & Direction Forecast
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‘ Suite of Marine Radiofax Charts Produced by TAFB
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‘THE NATIONAL HURRICANE CENTER:

°Is the Regional Specialized Meteorological
Center (RSMC)for the World Meteorological
Organization (WMO) Region=IV Hurricane
Committee

*Has overall U.S. National/ Weather; Service
responsibility for tropicallcyclone forecasts and
warnings for; the Atlantic and| Eastern Pacific
Oceans east of 1405 West longitude (

)

s|ssues marineforecasts and graphical
products for portions, of the Atlantic and
Eastern Pacific/(

)




Experimental Gridded Marine Forecasts

> Winds and waves - http://www.nhe.neaa.gov/tafb/gridded_marine/
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