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The National Hurricane Center

. WMO — RSMC
> - (RA-IV)

« NCEP Remote
Center (NWS)

« Co-located with
NWS Miami WFO

= Located on FIU Campus

= Cat 5rated structure
(designed by Herb Saffir)

= Easy media access




NHC Tropical Cyclone Forecast Parameters

Forecast Hour Position and 34 ktwind 50 ktwind 64 kt wind

Intensity radii radii radii
Issuance time)
17 I R
402y B
3 I
120 (Day 5) _




Tropical Cyclone Forecast Timeline

Operational Forecast Centers: NHC and CPHC
Backup Forecast Center: HPC

Synoptic Synoptic + 03 hrs
(start process) Synoptic +01 hrs Synoptic +02 hrs y (dpeadline)

00, 06, 12, and 18Z 01, 07, 13, and 19Z 02, 08, 14, and 20Z 03, 09, 15, and 21Z
Tropical Coordination Deadline: all
Cyc_:lone_ Conference Call forecasts and

Position Fix. messages must
be out to world

e initialize models ) )
Retrieve guidance from

* submit load-leveler jobs to Super Computer || Super Computer and work
on forecast

e guidance run and collected (~4 min per storm)

Additional — During Hurricane watch and warning phase, intermediate
forecasts are sent out every 3 or 2 hours continuously.



Advisories Products
(routine and specials)

For Tropical and Sub-tropical Cyclones

BULLETIN:

HURRICANE HUMBERTO SPECIAL ADVISORY NUMBER 4

NWS TPC/NATIONAL HURRICANE CENTER MIAMI FL AL092007
1215 AM CDT THU 13 SEP 2007

Forecast/Advisories

Public Advisories

... HUMBERTO BECOMES A HURRICANE JUST BEFORE
LANDFALL ... : '
... HURRICANE FORCE WINDS COVER SMALL AREA DISCU Ssion - fo recaSter

NORTHEAST OF CENTER ... . _ .
ICAO Aviation Warning

AT 1215 AM CDT ... 05157 ... A HURRICANE WARNING HAS
BEEN ISSUED FROM EAST OF HIGH ISLAND TEXAS TO
CAMERON LOUISIANA. THE HURRICANE WARNING FOR
HUMBERTO MEANS THAT HURRICANE CONDITIONS ARE
EXPECTED WITHIN THE WARNING AREA WITHIN THE NEXT

FEW HOURS. « TC Update

A TROPICAL STORM WARNING REMAINS IN EFFECT FROM oy :
EAST OF SARGENT TEXAS TO HIGH ISLAND TEXAS ... AND « TC Position estimate
FROM EAST OF CAMERON LOUISIANA TO INTRACOASTAL

CITY LOUISIANA.

Wind probabilities



& Hurricane Force Wind Speed Probabilities
For the 120 hours (5 days) from 2 AM AST Sun Sep 7 to 2 AM AST Fri Sep 12

Wind Speed Probability Products

& 50-knot Wind Speed Probabilities
For the 120 hours (5 days) from 2 AM AST Sun Sep 7 to 2 AM AST Fri Sep 12

Tropical Storm Force Wind Speed Probabilities
Forthe 120 hours (5 days) from 2 AM AST Sun Sep 7 to 2 AM AST Fri Sep 12

; . I " . . .

Probability of tropical stoj ,-,.?fmm"!-m a2y te average 50-knot (S8 mph) or greater surface winds from all tropical all ropical cyclones
iy tag HURAICAME IKE carter lacation a1 2 AM AST Sun Sep 7 2008 (Ferasastifdvisory #25) isary #25)
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NHC Graphical Advisory Products

IIATIOHAL WEATHER SERVICEII IATIOHAL HURRICAHE CENTER

= TROPICAL STORM AND HURRICANE FORCE WIND SWATHS OF IKE
FROM ADVISORIES 1 THROUGH 49

© Wind speed probabilities

® Forecast track and threat area
e Intensity forecast table

o Cyclone size graphic

e Wind swath graphic

ATMOS,,
ol B

Intensity (Maximum Wind Speed) Probability Table
Hurricane Ike Advisory Number 29
5:00 AM EDT Sep 8 2008

H 0]

Surface Wind Fi Id of Hurricane ke Q.)

Sustained Winds as of 400 AM CDT Fri Sep 12, 2008  Advisory Number 45

g

Forecast Time

12 hour | 24 hour | 36 hour | 48 hour | 72 hour | 96 hour | 120 hour

for for for for for for for

Wind Range (mph) 2PMMon| 2AM Tue | 2 PM Tue |2 AMWed | 2AM Thu | 2 AM Fri | 2 AM Sat
Bl <1% | <1% | 3% 3% 4% 2% | 27%
Tropical Depression (<39) <1% o0 129, 4% 39, 8% 13%
Tropical Storm (39-73) 1% | 57% | 60% | 35% | 20% | 15% | 20%
Hurricane (all categories) 89%, 42% 259, 599, 74% B5% 40%
— Category 1 (74-95) 79% | 37% | 21% | 37% | 30% | 18% | 13%

- Category 2(96-110) 995 | 4% | 3% | 14% | 21% [ 17% | 1%
~ Category 3 (111-130) | 49 1% | 1% 5% | 17% | 20% | 10%

—Category 4 (131-155) | q¢; 1% <1% 2% 5% 10% 6%
- Category 5 (>155) <1% | <1% | <1% <1% 1% 1% 1%
ForecaSt MaXimum WInd 85 mph 75 mph 70 mph 85 mph 105 mph 115 mph 115 mph wat}j:rﬁ:eine Watch ﬁr:::ngczne Warning S-us}—ttaulrrr.\lcei:\;rl:is Pgsgi::lrt-le:r as of 400 AM CDT

Tropical Storm Watch -Trupica\ Storm Warning -Tmpical Storm Force === Past Track



Forecast Track/Threat Area

Approx. Distance Scale ( Statute HMiles
[

Approx. Distance Scale Statute Hiles
1 L
SH 125 250 375 500 Hurricane lke

Hurricane lke
B e 2% Jov 378 800 September 8, 2008
5 AM EDT Monday
NWS TPC/Mational Hurricane Center

NWS TPC/National Hurricane Center
Advisory 37 Advisory 29
Current Center Location 23.5 M 84.9W

Max Sustained Wind 85 mph
Current Movement WNW at 8 mph
@ Current Center Location

@ Forecast Center Positions

Current Center Location 21.2 N 77.3 W
Max Sustained Wind 105 mph

Current Movement W at 15 mph

@ Current Center Location

e <
H Sustained wind = 73 mph 4

Forecast Center Positions

H Sustained wind = 73 mph

S Sustained wind 38-73 mph
(. Potential Day 1-3 Track Area
€ Potential Day 4-5 Track Area
I Hurricane Warning

Hurricane Watch

mmm Tropical Storm Warning
Tropical Storm Whatch

Potential Day 1-3 Track Area
mmm Tropical Storm Warning

3-day 5-day

The cone is formed by enclosing the area swept out by a set
of circles along the forecast track, with the size of each circle
set so that two-thirds of historical official forecast errors over

a 5-year sample fall within the circle.



Other NHC Products

* Tropical Cyclone
Position Estimate
(as needed)

* Tropical Cyclone
Update (as needed)

* Tropical Weather
Outlook (graphical
and text products,
Including regularly
scheduled and
special versions)

"

Local Torecast by

“Cily, 1" or "ZIP™
Texd-onhywersion

et Storm Info
Salellite | Radar
Aircraft Recon
Advisory Archive
Experimental
Mobile Products
E-mail Advisories
GIS Dala | RSS @
Help with Adwisories

Marine Forecasls
Atlantic and E Pacific
Forecast and
Anahysis Tools

Help with Marine

Hurricane Awareness
He Prepared | Learn
Frequent Questions
ADML Research
Hurricane Hunters
Saflir -Simpson Scale
Forecasting Models
Eyewall Wind Proflles
GlossaryAcromms
Storm Names
Breakpoinls

Hurricane History
Seazons Archive
Forecast Accuracy
Climateiogy
Mosi Exiremea

Aboud the NHE
Mission and Vision
Personnel | Visitors
Library
Joint Hurr Testbed
The NCEP Centers
NOAR Locatar
W{4NHC Radio

Contact s —Help

National Weather Service

wEather fov
VA Ty
-+ }'

Example 1 Graphical Tropical Weather Outlook

Place yaur rmouse cursar ower aress of inferest far make Infolmation

- Lyt - g i VRPN
UOCT 11 2007 Satellite Image: 0322 PM EDT

200 PM EDT TH
Color indicates probability of tropical cyclone formation within 48 hours.
Cutlined areas denote curmrent position only.

T Low <20% N Medium 20-50% I High =50%

The highlighted and numbered areas, if any. indicate current locations
of weather systems discussed in the Tropical Weather Outlook below.

ano

ABNTZO FIWHC LDEZINH

TUOAT

TRIPICAL WEATHER OUTLOOE

s TPC/WATTONAL WURRTCANE CENTER MIAMT FL
200 PM EDT THU OCT L1 2007




Changes for 2009

Extend lead time for watches to 48
hours and lead time for warnings to
36 hours

Graphical tropical weather outlook
(TWO) becomes operational

— Text TWO to include three-tiered
categorical genesis forecast

— “Special” TWOs to be issued
Instead of the Special Tropical
Disturbance Statements

Probabilistic storm surge graphic
becomes operational

Development of storm surge
Inundation products

Tropical cyclone wind field graphic
becomes operational




Tracking and Forecasting
of Hurricanes

» Technology for tracking the initial
motion, intensity, and size

Forecast guidance models for track,
Intensity, and wind radii

/5 Constructing forecast of track,
Intensity, and wind radii —the buck
stops with the hurricane specialist!

& Coordinate forecasts and warnings
before the advisory goes public



NHC Observational Tools

Avallablility of different data sources depend on the
storm location and/or if the storm is threatening land




NHC Satellite Resources

e Geostationary GOES-11,
GOES-12, and METEOSAT-9
(VIS, IR, WV every 15-30 min)

e Additional data from NOAA
polar orbiters, DMSP polar
orbiters, NASA TRMM, METOP,
NASA QuikSCAT, NASA Aqua,
and Coriolis/Windsat




Satellite-Based TC Intensity Estimates:
The Dvorak Technigue

DEVELOPMENTAL |PRE  [TROPICAL STORM |HURRICANE PATTERN TYPES
Empirical technique relating PATTERN TYPES |STORM [ \iimal)  (Strong) | IMinimal)  (Strong)  (Super)

) ; Y 12.5 3.5 745 15.5 T6.5 . 18
cloud patterns to TC intensity Pl

CURVED BAND @’ @ @ ©)

CURVED BAND
EIR ONLY

by a set of ‘measurements’ PRIMARY PATTERN TYPE R N
2/

and rules (Dvorak 1984
( ) R
Often uses IR window CDO PATTERN TYPE | 5

@ ﬂ%h m@m cre@:
brightness temperatures as a

proxy for convective strength  [SHEAR PATTERN TYPE é) Q EYE TYPES

UW-CIMSS AODT Tropical Cyclone Intensity Estimate
Legend & —RAdT# —CT# —HindSpd

\
NEEE

Comes in manual and T
automated versions Katrina (2005) § =
Generally works well despite i
subjectivity, ambiguity, and 1=t
imperfect relationships El
between TC intensity and E
cloud patterns

0008121800068 12 180008 12 180006 1218 0008 12 18 00 08 12 18 00 08 12 18 00 (UTC)
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NHC Aircraft Resources
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« Aircraft usually flown in CYClONE Semmnst | |
west of 55°W that threaten land NOAA P-3 flight track in
Hurricane Dolly

» Aircraft provide in situ data on
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Prlmary Aircraft Data

Winds (along the aircraft track and
dropsondes)

e Surface pressures (extrapolated and
dropsonde)

« Surface winds from the Stepped
Frequency Microwave Radiometer

« Aircraft Doppler Radar winds (from
the P-3s)

Hurricane Floyd

collects the data from
GPS satellites used to calculate
wind speed and direction

Pressure sensor

Humidity sensors
and temperature sensor

Sonde Dimensions
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Katrina Synoptic Surveillance Missions
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Radar Tracking of Hurricanes

NEXRAD LEVEL-II

KAMX - MIAMI, FL
08/19/2008 00:02:10 GMT
LAT: 25/36/40 N

LON: 80/24/45 W

ELEV: 13 FT

VCP: 212

REFLECTIVITY
ELEV ANGLE: 0.49

Legend: dBZ (Category)

>= 4+ 75 (18)
+ 70 (15)
+ 65 (14)
+ 60 (13)
+ 55 (12)
+ 50 (11)
+ 45 (10)
+ 40 (9)
+ 35 (8)
+ 30 (7)
+ 25 (6)
+ 20 (5)
+ 15 (4)
+ 10 (3)
+ 5 (2)
<=0 (1)

WSR-88D LOCATIONS

CONAGUA



Cyclone Size Data
Aircraft wind data R 'f”""“*ﬂ < '
stations of opportunity S T A

Scatterometer data
(QuUIKSCAT, ERS-2,
ASCAT)

Passive microwave data
(SSM/I, TRMM, AMSU)

Pressure analysis from
surface maps

HRD surface wind analysis




Wave Height Data

« TPC and the Ocean [T A=
Prediction Center [ T
analyze 12 ft seas
radii for the initial
time of the
forecast/advisory

* Analysis based on
ships, buoys, and
satellite data

available wave height data



Constructing the Forecast

 Based on the knowledge and experience
of the forecaster combined with model
guidance and all available data

* Important to maintain consistency with
the previous forecast

" Also important to remember that the
guidance could be wrong!

» Track forecast guidance has the
greatest skill. Intensity guidance has
less skill, while the skill of size guidance
IS still being evaluated.



Utilize the Best “Guidance” Available

"
M= I
=
o
=
o Ty

- wE

T --F%-\_' .
B - X Jf:i*—"—::_‘;—;n--..___

I
—

T

70M BAW  BBW E7W  EBBW  BEW AW .ES'J-" gZW  B1W

Hurrig

BOW

A relatively ‘easy’ forecast?

ane Isabe

Cowns

28w

| (2003)

E7W  BEW

CoW EaW




The Proverbial “Squashed Spider”
Guidance




Forecast Error (n mi)

NHC Track Forecast Errors

NHC Official Track Error Trend NHC Official Track Forecast Error by Storm
Atlantic Basin 2008 - Atlantic Basin
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Since 1990 2008 cases

NHC Track forecasts have seen about a 50% decrease in
errors since 1990. However, large errors are still possible for
any given storm.



Forecast Error (kt)

NHC Intensity Forecast Errors

NHC Official Intensity Error Trend

Atlantic Basin
30 I T T T T T T T T T

—— 24 h
—e— 48 h

=—a—120h

st
2838888888838 888§E2§8H§?8
Year

Since 1990 - little
Improvement noted.

Pressure (mb)

Hurricane Charley Minimum Central Pressure
9 - 14 August 2004

1020
1010
1000
990
980
970 ‘
BEST TRACK
960 [~ m  Sat (TAFB)
r O  Sat(SAB)
950 & Sat (AFWA)
F H  Obj T-Num
940 v AC (sfc)
L A Surface ‘ : i .
930 L L ‘ L L L L L L ‘ L L L ‘ L L L i L L L i L L L
8/9 8/10 8/11 8/12 8/13 8/14 8/15

Date (Month/Day)

Charley deepened from
964 mb to 941 mb
In 4 h 35 min near
landfall - NIGHTMARE!

8/16



Issumg Wwarnings

Surface Wind Field of Hurricane Katrina
U Sustained Winds as of 1000 AM CDT Mon Aug 29, 2005 Advisory Number 27

@ Surface Wind Field of Hurricane Charley
Sustained Winds as of 500 PM EDT Fri Aug 13, 2004  Advisory Number 19

(AVERAGE 24-HOUR FORECAST ERROR IS NOW ~60 MILES) g T—

Warning Size is based on:
e Forecast track and storm size

e Known uncertainties in the forecasts

e Orientation of the forecast track with
respect to the coast plays a major

role in the Size Of the Warnlng area ...................... o N : J \ ' ........... T
e Wind speed probabilities may become S A
guidance for warnings L T .

I Tropical Storm Watch Il Tropical Storm W nnnnn ing I Tropical Storm Force == Past Track



Advisory Coordination

Forecasts and warnings are coordinated with:

©® The Hydrometeorological
Prediction Center (HPC) and
Ocean Prediction Center (OPC)
In Washington, DC

® Local National Weather Service
offices in the potentially affected
area

©® The Storm Prediction Center
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® Department of Defense (DoD) .Hurricane Hotline Locations,
offices

(International coordination
by telephone)

© International meteorological
offices



International Coordination

World MET. ORGANIZATION — Regional Association |V Coordination

RSMC= ‘
Regional Specialized Meteorological Center,

RA-IV countries include Caribbean area, >
Central America, Mexico, Canada, and Bermuda. }*~




The Future

« Aircraft:
UAS of various types
Wave height altimeter

» Satellites:
GOES-R
NPOESS

e FO reC aSt I n fo r m atl O n : Q€ Hr Farecast, Katrina Initial Time:2005082512

Wind radii / structure out to 120 HRS| = =

Day 6 and Day 7 track forecasts
(DHS-FEMA/DOD)

TC Genesis probabilities I
Improve intensity prediction —rapid | .|(
intensity problem (HFIP) :

Issue Storm Surge watches and
warnings(?) = | s

Significant wave height forecasts

a5

HWRF Model



Reference

Dvorak, V.F. 1984. Tropical cyclone intensity analysis using
satellite data. NOAA Tech. Rep. NESDIS 11. 47 pp.
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