=

Tropical Cyclone . |
Satellite Meteorelogy Jj’f

the GOES-R Era

- JACK BEVEN e S
TROPICAL PREDICTIONtCENTER - NATlON/}LfﬁURRIG:ANE CENTEE:Q‘_;.

With contributions from ., —~ e A

Ch'ris_ye[dg_g_1¥niv. )] WisE:'c’)_ﬁéin/CI'I\/L:’éiSfj_, e 5
_—Mark DeMaria -\NOAA/NESDIS/RAMMB
i IIr

I e
WHERE AMERICA’S CIHIQ!ATE AND WEATHER SERVICES BEGIN
i S .

ﬂ"\l‘ﬁ"‘ﬂn‘-

'




NHC Today

¢« WMO — RSMC (RA-
V)

 NCEP Remote
Center (NWS)

Co-located with
NWS Miami WFO

Located on FIU Campus

Cat 5 rated structure
(designed by Herb Saffir)

Easy media access




NHC Area of Responsibility (AOR)
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i e NHC tropical cyclone forecast area
NHC Tropical Analysis and Forecast Branch forecast area
NHC Tropical Analysis and Forecast Branch surface analysis area §
NHC backup area for Ocean Prediction Center
NHC backup area for Central Pacific Hurricane Center
NHC backup area for Weather Forecast Office Honolulu
NHC backup area for Aviation Weather Center




Critical Assets
Tropical Cyclone (TC) monitoring and Forecasting

o Satellite (both geostationary and low earth
orbiting (LEO))

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

« Numerical Weather Models (NCEP, FNMOC, USAF,
CMC, JMA, UKMET, ECMWEF and private companies).

— Model fields
— Trackers

ET Proaram ]

“We can not live Withouf’gellie ata, peribd” — Max
Mayfield, former NHC Director (2000-2006)




Current 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

Ultimately, time is the enemy during the forecast process




Tropical Cyclone Forecast Timeline

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

Synoptic
(start process) Synoptic +01 hrs Synoptic +02 hrs

Synoptic + 03 hrs

(deadline)
00, 06, 12, and 18Z 01, 07, 13, and 197 02, 08, 14, and 20Z 03, 09, 15, and 21Z

| | | |
™ d |

Tropical Coordination Deadline: all
Cyglone_ Conference Call forecasts and
Position Fix. messages must
be out to world

eInitialize models ) )
Retrieve guidance from

« submit load-leveler jobs to Super Super Computer and work
Computer 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.




tilize the best “Guidance” available.

e

- ric abel (2
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W B9W  BBW B7W  BBW  B5W B4W  B3W B2W B1W  B0W  538W  58W  E7W  5BW  55W  54W

A relatively ‘easy’ forecast?




The Proverbial “Squashed Spider”
Guidance

Hurri Jeanne (200

What do you forecast?




Advisories Products
(routine and specials)

Tropical and Sub-tropical Cyclones

BULLETIN ) .

HURRICANE HUMBERTO SPECIAL ADVISORY NUMBER 4 ® FO reC aSt/AdVISO rl eS
NWS TPC/NATIONAL HURRICANE CENTER MIAMI FL AL092007
1215 AM CDT THU SEP 13 2007 2 2 2
e Public Advisories

...HUMBERTO BECOMES A HURRICANE JUST BEFORE
HANDEALL.. e Discussion - forecaster

...HURRICANE FORCE WINDS COVER SMALL AREA
NORTHEAST OF CENTER...
* [CAO Aviation Warning

AT 1215 AM CDT...0515Z...A HURRICANE WARNING HAS BEEN
ISSUED FROM EAST OF HIGH ISLAND TEXAS TO CAMERON _ .
LOUISIANA. THE HURRICANE WARNING FOR HUMBERTO e \Wind pro babilities
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

EAST OF SARGENT TEXAS TO HIGH ISLAND TEXAS...AND A -

FROM EAST OF CAMERON LOUISIANA TO INTRACOASTAL ¢ TC POSItI on eStI m ate
CITY LOUISIANA.




Challenges for the Tropical
Community

Intensity/Rapid Intensification
Inner core/structure/size
Track

Precipitation
Communication

— Uncertainty
— Preparedness
— Research -> Operations -> Public




Known Future Directions

Forecast Information:

Storm Surge (Probabilistic and Deterministic)

Wind radii / structure out to 120 HRS

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

TC Genesis probabilities

Improve intensity prediction — rapid intensity problem
Issue Storm Surge watches and warnings(?)

Significant wave height forecasts

Q6 Hr Fm—ecqst Katrina |mt|:|\ Time:2005082512 Experimental Tropical Cyclone Storm Surge Probabilities
Wmd :pned in knots Chance of Storm Surge >= 10 feet at Individual Locations “”

Hu |r‘r‘1cane Katrina (2005) A. iv1sor‘J 25
Sur

Probability 5% 18% 28%




Getting Ready for GOES-R

 Data processing, image display, computing
capabilities, and forecast operations will likely
change in unforeseen ways before GOES-R
becomes operational

« Amount and quality of data from GOES-R will

require changes, as current existing systems
(especially in the National Weather Service) are
Inadequate

NASA MODIS and EUMETSAT SEVIRI data are,
and will be, used as proxy datasets for testing

technigues to employ with GOES-R data




By the time the GOES-R era
COmmEences...

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

 TC products will include elements of
deterministic and probabilistic forecasts

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




GOES-R will likely upgrade...

o Satellite intensity estimates of TCs

« Analyses of TC convection, wind and
moisture structure

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




Current iIssue! -- Satellite outages
due to ecllpse durlng Iandfall

ﬂ.

GOES series able to operate through the eclipse period from
GOES-13 on, including GOES-R




GOES-R ABI Imager

Future GOES Central MNominal
imager (ABI) R wavelength | subsatellite Sample use
band range (Lm) (um) IGFOV (km)
® P I OJ ecte d Scan | 045-0.49 047 | v, cometl
water mapping
strategy: 5 or 15-min k2 | omow | ow | o5 |Dwinmedmiismo
. . Daytime vegetation/burn
full disk, 5-min CONUS, R N o
= = 4 1.371-1.386 1.378 2 Daytime cirrus cloud
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MSG SEVIRI as Example of Proxy
ABI Data

® Hurricane Helene
18 Sept 2006




1000 m — current GOES-like

Meso-vortices may help In
understanding hurricane
Intensification. The ABI

will have also have better
temporal observations
(routine 5 minute data for
landfalling TCs).

September 14th at 17 :55 UTC
Hurricane Isabel

500 m — ABlI-like

MODIS




GOES-R temporal improvements will provide more
capability to help with TC analysis and forecasts.
Eye wall dynamics much more evident in 5 min
(right) than 15 min imaging (left).

4 B ¢

Courtesy Tim Schmit (NESDIS/CIMSS)




Satellite-Based TC Intensity Estimates —

The Dvorak Technigue

.. : _ DEVELOPMENTAL TROPICAL STORM [HURRICANE PATTERN TYPES
Empirical techniqgue relating PATTERN TYPES [STORM | (i) (swono) | (Minimal)  (Strong)  (Super)

cloud patterns to TC intensity Tges | vas 735 [T a5 155 Tes .19
CURVED BAND

by a set of ‘measurements’ PRIMARY PATTERN TYPE @ c@“ @)l

&,
d rules (Dvorak 1984) ~ s
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o |2/
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| 21 A

Q EYE TYPES

Often uses IR window CDO PATTERN TYPE
brightness temperatures as a
proxy for convective strength |Riatisealliia Rl

s e 9]l
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UW-CIMSS ACDT Troplical Cyclone Intensity Estimate

A TGS RONT Tropicn Duelons Inte
Comes in manual and ey =
automated versions Katrina (2005) |
Generally works well despite (i
subjectivity, ambiguity, and 1xd
imperfect relationships fus
between TC intensity and
cloud patterns
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Potential GOES-R Impacts on the Dvorak Technique

» Increased spatial resolution  ¢% :
will likely have minor impacts # "
on Intensity estimates due to
changes in observed cloud
temperatures (Zehr et al 2006)

Increased temporal resolution
will likely have some positive
Impact on automated intensity
estimates (P1.67 by Velden,
Olander, and Beven, this
meeting)

Unknowns — how the new
channels and increased *y
spectral resolution will affect [ L #
cloud-type identification and o W L

center finding v op AR W




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




Hurricane Isabel

MSG-1, 7 September 2003, 11:45 UTC — slide courtesy of EUMETSAT
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Channel 09 (IR10.8) RGB Composite VIS0.6-NIR1.6-IR10.8

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

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




Potential New Intensity
Estimation Techniques

o Satellite consensus technigue (SATCON)
combining best of geostationary and low-
earth-orbiting (LEO) TC intensity estimates
(Velden and Herndon, 2006)

 High-resolution eye soundings using
whatever sounder flies on GOES-R series
(DeMaria 2006)




Enhanced Satellite-Derived

Atmospheric Motion Vectors

* |Increased spatial,
temporal and spectral
resolution will
Improve the coverage
and accuracy of
satellite-derived
winds near TCs
(Velden et al. 2005)

This should improve
the mesoscale
analysis of TC wind
structure, especially
In the storm’s upper
levels and on the
periphery




Enhanced Satellite-Derived Atmospheric

Motion Vecto
* Increased density of
satellite winds will also aid &=
analysis and forecast of
the environment both near
and far from the TC

5-minute full disk scan

strategy would provide
higher quality data for
Input to more demanding
GOES-R era 4-dimensional
data assimilation systems

New ABI channels should
provide greater accuracy in -
AMV height assignments ©




Aerosol/Dust Optical Thickness Retrieval
Using ABI

Results from SEVIRIQEUMETSAT

L i
ELIMETSAT MSG

1.5 2 25 3 3.5 4
Optical Thickness at -—-104063 :114500

Saharan aerosols can affect TCs and local weather in the western Atlantic



Potential GOES-R Sounder Impact

e This will depend on what sounder instrument
winds up flying on the GOES-R series

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




GOES-R Lightning Mapper

e Proposed GOES Lightning
Mapper could be used In
TCs to differentiate active
convection vs. cirrus debris
for intensity analysis and
forecasting, as well as for
forecasts of TC genesis

Limitations: Scan area
might not fully cover the
Atlantic tropics, especially if
GOES-R deployed to
western slot (may have to

wait until GOES-S)
Image from Boccippio and Schafer (2006)




Ground-Based Lightning Data as a
Proxy for the nghtnlng I\/Iapper

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




Proposed Geostationary Satellites to
Complement GOES-R In TC Appllcatlons

In geostationary orbit
(Lambrigtsen, P1.56, this
conference)

NEXRAD in Space (NIS) —
proposed doppler radar in

geostationary orbit (Tripoli
et al., JP3.49, Tropical Symp.)

&
28N




Future LEO . L
Contributions to TC ‘ S
Meteorology

NPOESS/METOP — microwave
Imagers/sounders and
scatterometers

Global Precipitation
Measurement mission —
microwave imagery and radar

Potential next generation ocean
surface vector winds mission

Similar satellite/instruments
launched by other countries



Summary

 There will be vast guantities of satellite data
available for TC analysis and forecasting in the
GOES-R era — orders of magnitude greater than
what is currently available

These high-quality data should have a

considerable positive impact on TC analysis and
forecasting

Much can be learned about using GOES-R from
currently existing systems before GOES-R Is
launched







