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WHERE  AMERICA’S  CLIMATE  AND  WEATHER  SERVICES  BEGINWHERE  AMERICA’S  CLIMATE  AND  WEATHER  SERVICES  BEGIN



NHC TodayNHC Today
•• WMO WMO –– RSMC (RARSMC (RA--

IV)IV)
•• NCEP Remote NCEP Remote 

Center (NWS)Center (NWS)
•• CoCo--located with located with 

NWS Miami WFONWS Miami WFO

Located on FIU CampusLocated on FIU Campus
Cat 5 rated structure Cat 5 rated structure 
(designed by Herb Saffir)(designed by Herb Saffir)
Easy media accessEasy media access



NHC Area of Responsibility (AOR)NHC Area of Responsibility (AOR)



Critical AssetsCritical Assets
Tropical Cyclone (TC) monitoring and ForecastingTropical Cyclone (TC) monitoring and Forecasting

•• SatelliteSatellite (both geostationary and low earth (both geostationary and low earth 
orbiting (LEO))orbiting (LEO))

•• Observational (upperObservational (upper--air, surface, buoys, ships and air, surface, buoys, ships and 
aerial reconnaissance).aerial reconnaissance).

•• Numerical Weather Models (NCEP, FNMOC, USAF, Numerical Weather Models (NCEP, FNMOC, USAF, 
CMC, JMA, UKMET, ECMWF and private companies).CMC, JMA, UKMET, ECMWF and private companies).
–– Model fieldsModel fields
–– TrackersTrackers

““We can We can notnot live without satellite data, periodlive without satellite data, period”” –– Max Max 
Mayfield, former NHC Director (2000Mayfield, former NHC Director (2000--2006)2006)



Current Forecast ProcessCurrent Forecast ProcessCurrent Forecast Process
• Locate the cyclone center and determine the motion, 

intensity and size
• Initialize and retrieve guidance models
• Construct forecast of track, intensity and wind radii
• Coordinate information

•• Locate the cyclone center and determine the motion, Locate the cyclone center and determine the motion, 
intensity and sizeintensity and size

•• Initialize and retrieve guidance modelsInitialize and retrieve guidance models
•• Construct forecast of track, intensity and wind radiiConstruct forecast of track, intensity and wind radii
•• Coordinate informationCoordinate information

Ultimately, time is the enemy during the forecast processUltimately, time is the enemy during the forecast process



Tropical Cyclone Forecast TimelineTropical Cyclone Forecast Timeline
Operational Forecast Centers: NHC and CPHCOperational Forecast Centers: NHC and CPHC

Backup Forecast Center: HPCBackup Forecast Center: HPC

Synoptic Synoptic 
(start process)(start process)

00, 06, 12, and 18Z00, 06, 12, and 18Z
Synoptic +01 hrsSynoptic +01 hrs
01, 07, 13, and 19Z01, 07, 13, and 19Z

Synoptic +02 hrsSynoptic +02 hrs
02, 08, 14, and 20Z02, 08, 14, and 20Z

Synoptic + 03 hrs Synoptic + 03 hrs 
(deadline)(deadline)

03, 09, 15, and 21Z03, 09, 15, and 21Z

Tropical Tropical 
Cyclone Cyclone 

Position Fix.Position Fix.

Coordination Coordination 
Conference CallConference Call

Deadline:  all Deadline:  all 
forecasts and forecasts and 
messages must messages must 
be out to worldbe out to world

••Initialize modelsInitialize models

•• submit loadsubmit load--leveler jobs to Super leveler jobs to Super 
ComputerComputer

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

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

Retrieve guidance from Retrieve guidance from 
Super Computer and work Super Computer and work 
on forecaston forecast



Utilize the best Utilize the best ““GuidanceGuidance”” available.available.

Hurricane Isabel (2003)

A relatively A relatively ‘‘easyeasy’’ forecast?forecast?



The Proverbial The Proverbial ““Squashed SpiderSquashed Spider””
GuidanceGuidance

Hurricane Jeanne (2004)

What do What do youyou forecast?forecast?



Advisories ProductsAdvisories Products
(routine and specials)(routine and specials)

Tropical and SubTropical and Sub--tropical Cyclonestropical Cyclones

• Forecast/Advisories Forecast/Advisories 

•• Public AdvisoriesPublic Advisories

•• Discussion Discussion -- forecasterforecaster

•• ICAO Aviation WarningICAO Aviation Warning

•• Wind probabilitiesWind probabilities

•• TC UpdateTC Update

•• TC TC Position estimatePosition estimate

BULLETINBULLETIN
HURRICANE HUMBERTO SPECIAL ADVISORY NUMBER 4HURRICANE HUMBERTO SPECIAL ADVISORY NUMBER 4
NWS TPC/NATIONAL HURRICANE CENTER MIAMI FL AL092007NWS TPC/NATIONAL HURRICANE CENTER MIAMI FL AL092007
1215 AM CDT THU SEP 13 20071215 AM CDT THU SEP 13 2007

...HUMBERTO BECOMES A HURRICANE JUST BEFORE ...HUMBERTO BECOMES A HURRICANE JUST BEFORE 
LANDFALL...LANDFALL...
...HURRICANE FORCE WINDS COVER SMALL AREA ...HURRICANE FORCE WINDS COVER SMALL AREA 
NORTHEAST OF CENTER...NORTHEAST OF CENTER...

AT 1215 AM CDT...0515Z...A HURRICANE WARNING HAS BEEN AT 1215 AM CDT...0515Z...A HURRICANE WARNING HAS BEEN 
ISSUED FROM EAST OF HIGH ISLAND TEXAS TO CAMERON ISSUED FROM EAST OF HIGH ISLAND TEXAS TO CAMERON 
LOUISIANA. THE HURRICANE WARNING FOR HUMBERTO LOUISIANA. THE HURRICANE WARNING FOR HUMBERTO 
MEANS THAT HURRICANE CONDITIONS ARE EXPECTED MEANS THAT HURRICANE CONDITIONS ARE EXPECTED 
WITHIN THE WARNING AREA WITHIN THE NEXT FEW HOURS.WITHIN THE WARNING AREA WITHIN THE NEXT FEW HOURS.

A TROPICAL STORM WARNING REMAINS IN EFFECT FROM A TROPICAL STORM WARNING REMAINS IN EFFECT FROM 
EAST OF SARGENT TEXAS TO HIGH ISLAND TEXAS...AND EAST OF SARGENT TEXAS TO HIGH ISLAND TEXAS...AND 
FROM EAST OF CAMERON LOUISIANA TO INTRACOASTAL FROM EAST OF CAMERON LOUISIANA TO INTRACOASTAL 
CITY LOUISIANA.  CITY LOUISIANA.  



Challenges for the Tropical Challenges for the Tropical 
CommunityCommunity

•• Intensity/Intensity/Rapid IntensificationRapid Intensification
•• Inner core/structure/sizeInner core/structure/size
•• TrackTrack
•• PrecipitationPrecipitation
•• CommunicationCommunication

–– UncertaintyUncertainty
–– PreparednessPreparedness
–– Research Research --> Operations > Operations --> Public> Public



Forecast Information:Forecast Information:
–– Storm Surge (Probabilistic and Deterministic)Storm Surge (Probabilistic and Deterministic)
–– Wind radii / structure out to 120 HRSWind radii / structure out to 120 HRS
–– Day 6 and Day 7 track forecasts (DHSDay 6 and Day 7 track forecasts (DHS--FEMA/DOD)FEMA/DOD)
–– TC Genesis probabilitiesTC Genesis probabilities
–– ImproveImprove intensity prediction intensity prediction –– rapid intensity problemrapid intensity problem
–– Issue Storm Surge watches and warnings(?)Issue Storm Surge watches and warnings(?)
–– Significant wave height forecastsSignificant wave height forecasts

Known Future DirectionsKnown Future Directions

HWRF Model



Getting Ready for GOESGetting Ready for GOES--RR
•• Data processing, image display, computing Data processing, image display, computing 

capabilities, and forecast operations will likely capabilities, and forecast operations will likely 
change in unforeseen ways before GOESchange in unforeseen ways before GOES--R R 
becomes operationalbecomes operational

•• Amount and quality of data from GOESAmount and quality of data from GOES--R will R will 
requirerequire changes, as current existing systems changes, as current existing systems 
(especially in the National Weather Service) are (especially in the National Weather Service) are 
inadequateinadequate

•• NASA MODIS and EUMETSAT SEVIRI data are, NASA MODIS and EUMETSAT SEVIRI data are, 
and will be, used as proxy datasets for testing and will be, used as proxy datasets for testing 
techniques to employ with GOEStechniques to employ with GOES--R dataR data



By the time the GOESBy the time the GOES--R era R era 
commencescommences……

•• Operational TC track, intensity, and size Operational TC track, intensity, and size 
forecasts will likely cover periods of 7 forecasts will likely cover periods of 7 
days or moredays or more

•• TC products will include elements of TC products will include elements of 
deterministic and probabilistic forecastsdeterministic and probabilistic forecasts

•• The forecasts will require much greater The forecasts will require much greater 
data coverage of both the TC and the data coverage of both the TC and the 
environment environment farfar from the TC than what is from the TC than what is 
available todayavailable today



GOESGOES--R will likely upgradeR will likely upgrade……

•• Satellite intensity estimates of Satellite intensity estimates of TCsTCs

•• Analyses of TC convection, wind and Analyses of TC convection, wind and 
moisture structuremoisture structure

•• Data assimilated into numerical weather Data assimilated into numerical weather 
prediction models both near the TC and in prediction models both near the TC and in 
the far environment for improved genesis, the far environment for improved genesis, 
track and intensity forecasts out to 7 days track and intensity forecasts out to 7 days 
and possibly beyondand possibly beyond



Current issue!  Current issue!  ---- Satellite outages Satellite outages 
due to eclipse during landfalldue to eclipse during landfall

GOES series GOES series ableable to operate through the eclipse period from to operate through the eclipse period from 
GOESGOES--13 on, including GOES13 on, including GOES--RR



GOESGOES--R ABI ImagerR ABI Imager

•• Projected scan Projected scan 
strategy: 5 or 15strategy: 5 or 15--min min 
full disk, 5full disk, 5--min CONUS, min CONUS, 
higher frequency rapid higher frequency rapid 
scans (target areas)scans (target areas)

•• 0.5 km VIS imagery and 0.5 km VIS imagery and 
2 km IR imagery2 km IR imagery

•• ABI radiances could be ABI radiances could be 
used directly in used directly in 
numerical weather numerical weather 
prediction modelsprediction models

*

*
*

*

*



MSG SEVIRI as Example of Proxy MSG SEVIRI as Example of Proxy 
ABI DataABI Data

Hurricane HeleneHurricane Helene
18 Sept 200618 Sept 2006



September 14th at 17 :55 UTCSeptember 14th at 17 :55 UTC
Hurricane Isabel  Hurricane Isabel  

MODISMODIS

1000 m 1000 m –– current GOEScurrent GOES--likelike

Meso-vortices may help in 
understanding hurricane 
intensification. The ABI 
will have also have better 
temporal observations 
(routine 5 minute data for 
landfalling TCs).

500 m – ABI-like



GOESGOES--R temporal improvements will provide more R temporal improvements will provide more 
capability to help with TC analysis and forecasts. capability to help with TC analysis and forecasts. 
Eye wall dynamics much more evident in 5 min Eye wall dynamics much more evident in 5 min 

(right) than 15 min imaging (left).(right) than 15 min imaging (left).

Courtesy Tim Courtesy Tim SchmitSchmit (NESDIS/CIMSS)(NESDIS/CIMSS)



SatelliteSatellite--Based TC Intensity Estimates Based TC Intensity Estimates ––
The Dvorak TechniqueThe Dvorak Technique

•• Empirical technique relating Empirical technique relating 
cloud patterns to TC intensity cloud patterns to TC intensity 
by a set of by a set of ‘‘measurementsmeasurements’’
and rules (Dvorak 1984)and rules (Dvorak 1984)

•• Often uses IR window Often uses IR window 
brightness temperatures as a brightness temperatures as a 
proxy for convective strengthproxy for convective strength

•• Comes in manual and Comes in manual and 
automated versionsautomated versions

•• Generally works well despite Generally works well despite 
subjectivity, ambiguity, and subjectivity, ambiguity, and 
imperfect relationships imperfect relationships 
between TC intensity and between TC intensity and 
cloud patternscloud patterns

Katrina (2005)

EYE TYPES



Potential GOESPotential GOES--R Impacts on the Dvorak TechniqueR Impacts on the Dvorak Technique

•• Increased spatial resolution Increased spatial resolution 
will likely have minor impacts will likely have minor impacts 
on intensity estimates due to on intensity estimates due to 
changes in observed cloud changes in observed cloud 
temperatures (temperatures (ZehrZehr et al 2006)et al 2006)

•• Increased temporal resolution Increased temporal resolution 
will likely have some positive will likely have some positive 
impact on automated intensity impact on automated intensity 
estimates (P1.67 by estimates (P1.67 by VeldenVelden, , 
OlanderOlander, and Beven, this , and Beven, this 
meeting)meeting)

•• Unknowns Unknowns –– how the new how the new 
channels and increased channels and increased 
spectral resolution will affect spectral resolution will affect 
cloudcloud--type identification and type identification and 
center findingcenter finding

Wilma Aqua Oct 19  2 km

Wilma Aqua Oct 19  4 km



Dvorak Shear PatternDvorak Shear Pattern

Low-level center

IR shear pattern uses cloudIR shear pattern uses cloud--top temps that could be either active convection or ice top temps that could be either active convection or ice 
debris. New GOESdebris. New GOES--R spectral bands may help resolve this to improve TC intensity R spectral bands may help resolve this to improve TC intensity 

analysis in these conditions.analysis in these conditions.



Hurricane IsabelHurricane Isabel
MSGMSG--1, 7 September 2003, 11:45 UTC 1, 7 September 2003, 11:45 UTC –– slide courtesy of EUMETSATslide courtesy of EUMETSAT

Channel 09 (IR10.8)                     RGB Composite VIS0.6Channel 09 (IR10.8)                     RGB Composite VIS0.6--NIR1.6NIR1.6--IR10.8IR10.8

1

1=large warm ice, 2=large cold ice, 3=small cold ice, 4=small co1=large warm ice, 2=large cold ice, 3=small cold ice, 4=small cold water, 5=large warm waterld water, 5=large warm water

2

3
4

5

New GOESNew GOES--R multispectral imagery could enhance the depiction of active R multispectral imagery could enhance the depiction of active 
convection for improving Dvorak intensity estimatesconvection for improving Dvorak intensity estimates



Potential New Intensity Potential New Intensity 
Estimation TechniquesEstimation Techniques

•• Satellite consensus technique (SATCON) Satellite consensus technique (SATCON) 
combining best of geostationary and lowcombining best of geostationary and low--
earthearth--orbiting (LEO) TC intensity estimates orbiting (LEO) TC intensity estimates 
((VeldenVelden and Herndon, 2006)and Herndon, 2006)

•• HighHigh--resolution eye soundings using resolution eye soundings using 
whatever sounder flies on GOESwhatever sounder flies on GOES--R series R series 
((DeMariaDeMaria 2006)2006)



Enhanced SatelliteEnhanced Satellite--Derived Derived 
Atmospheric Motion VectorsAtmospheric Motion Vectors

•• Increased spatial, Increased spatial, 
temporal and spectral temporal and spectral 
resolution will resolution will 
improve the coverage improve the coverage 
and accuracy of and accuracy of 
satellitesatellite--derived derived 
winds near winds near TCsTCs
((VeldenVelden et al. 2005)et al. 2005)

•• This should improve This should improve 
the the mesoscalemesoscale
analysis of TC wind analysis of TC wind 
structure, especially structure, especially 
in the stormin the storm’’s upper s upper 
levels  and on the levels  and on the 
periphery periphery 



Enhanced SatelliteEnhanced Satellite--Derived Atmospheric Derived Atmospheric 
Motion Vectors Motion Vectors 

•• Increased density of Increased density of 
satellite winds will also aid satellite winds will also aid 
analysis and forecast of analysis and forecast of 
the environment both near the environment both near 
and far from the TCand far from the TC

•• 55--minute full disk scan minute full disk scan 
strategy would provide strategy would provide 
higher quality data for higher quality data for 
input to more demanding input to more demanding 
GOESGOES--R era 4R era 4--dimensional dimensional 
data assimilation systemsdata assimilation systems

•• New ABI channels should New ABI channels should 
provide greater accuracy in provide greater accuracy in 
AMV height assignmentsAMV height assignments



Aerosol/Dust Optical Thickness Retrieval Aerosol/Dust Optical Thickness Retrieval 
Using ABIUsing ABI

Results from SEVIRI@EUMETSATResults from SEVIRI@EUMETSAT

Saharan aerosols can affect Saharan aerosols can affect TCsTCs and local weather in the western Atlanticand local weather in the western Atlantic



Potential GOESPotential GOES--R Sounder ImpactR Sounder Impact

•• This will depend on what sounder instrument This will depend on what sounder instrument 
winds up flying on the GOESwinds up flying on the GOES--R seriesR series

•• High quality GEO sounder data could have major High quality GEO sounder data could have major 
impacts on numerical weather prediction models impacts on numerical weather prediction models 
and resulting TC forecasts, resulting in and resulting TC forecasts, resulting in 
significant sociosignificant socio--economic benefits. Almost $2 B economic benefits. Almost $2 B 
of economic benefits over the lifetime of a of economic benefits over the lifetime of a 
satellite series could be realized beyond the satellite series could be realized beyond the 
current GOES system due to high spectral current GOES system due to high spectral 
resolution enhanced sounder data (Bard et al., resolution enhanced sounder data (Bard et al., 
this conference).this conference).



GOESGOES--R Lightning R Lightning MapperMapper
•• Proposed GOES Lightning Proposed GOES Lightning 

MapperMapper could be used in could be used in 
TCsTCs to differentiate active to differentiate active 
convection vs. cirrus debris convection vs. cirrus debris 
for intensity analysis and for intensity analysis and 
forecasting, as well as for forecasting, as well as for 
forecasts of TC genesisforecasts of TC genesis

•• Limitations: Scan area Limitations: Scan area 
might not fully cover the might not fully cover the 
Atlantic tropics, especially if Atlantic tropics, especially if 
GOESGOES--R deployed to R deployed to 
western slot (may have to western slot (may have to 
wait until GOESwait until GOES--S)S)

Image from Image from BoccippioBoccippio and Schafer (2006)and Schafer (2006)



GroundGround--Based Lightning Data as a Based Lightning Data as a 
Proxy for the Lightning Proxy for the Lightning MapperMapper

Proxy GOESProxy GOES--R lightning data from the World Wide Lightning Locator Network (R lightning data from the World Wide Lightning Locator Network (WWLLN)WWLLN)
Daily strikes Sept 10Daily strikes Sept 10--20, 200620, 2006



Proposed Geostationary Satellites to Proposed Geostationary Satellites to 
Complement GOESComplement GOES--R in TC ApplicationsR in TC Applications
•• GEOSTAR GEOSTAR –– proposed proposed 

microwave imager/sounder microwave imager/sounder 
in geostationary orbit in geostationary orbit 
((LambrigtsenLambrigtsen,, P1.56, this 
conference)

•• NEXRAD in Space (NIS) NEXRAD in Space (NIS) ––
proposed proposed dopplerdoppler radar in radar in 
geostationary orbit geostationary orbit (Tripoli (Tripoli 
et al., JP3.49, Tropical et al., JP3.49, Tropical SympSymp.).)



Future LEO Future LEO 
Contributions to TC Contributions to TC 

MeteorologyMeteorology
•• NPOESS/METOP NPOESS/METOP –– microwave microwave 

imagers/sounders and imagers/sounders and 
scatterometersscatterometers

•• Global Precipitation Global Precipitation 
Measurement mission Measurement mission ––
microwave imagery and radarmicrowave imagery and radar

•• Potential next generation ocean Potential next generation ocean 
surface vector winds missionsurface vector winds mission

•• Similar satellite/instruments Similar satellite/instruments 
launched by other countrieslaunched by other countries



SummarySummary
•• There will be vast quantities of satellite data There will be vast quantities of satellite data 

available for TC analysis and forecasting in the available for TC analysis and forecasting in the 
GOESGOES--R era R era –– orders of magnitude greater than orders of magnitude greater than 
what is currently availablewhat is currently available

•• These highThese high--quality data should have a quality data should have a 
considerable positive impact on TC analysis and considerable positive impact on TC analysis and 
forecastingforecasting

•• Much can be learned about using GOESMuch can be learned about using GOES--R from R from 
currently existing systems before GOEScurrently existing systems before GOES--R is R is 
launchedlaunched



Questions or Comments?Questions or Comments?


