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Outline

Alntroduction
AWhy satellite data are important for TC analysis and forecasting
AAvailable satellites
AGEO, LEG@mallSats

AOperational use of satellite data
ACenter Fixing
Alntensity Forecasting
ANew satellite applications
AGOES/Himawari, JPSS, TROPICS

AHandson Exercise
ABe prepared to take notes!
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Other uses of Satellite Data for TC

AThere are many uses of satellite data T@ghat are not covered here, including:
AGenesis
A Extratropical Transition
A Subtropical Storm Classification (HebBudteal)
AData Assimilation for dynamical models

AOur presentation focuses on
ATC Center fixing
Alntensity and structure analysis
AlIntensity forecasting
ASatellite TC applications developed at CIRA and CIMSS
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Introduction
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NHC Tropical Cyclone Forecasts

Center location and maximum surface winds 0 to 120 hr
Maximum radii of 34, 50 kt winds in 4 quadrants 0 to 72 hr
Maximum radii of 64 kt winds in 4 quadrants O to 48 hr
Wind watches and warnings

Storm surge watches and warnings

Probabilities of 34, 50 and 64 kt winds 0 to 120 hr

Public advisories, discussion products

Graphical products on the NHC webpage

Products updated every 6 hr

Slide provided by Stephanie Stevenson (NOAA/NWS/NHC)



NHC Use of Satellite Data

A Direct analysistropical cyclone location, intensity, storm size, structure;
tropical waves; wave heights; etc.

A Indirect use:NWP models; NHC intensity model guidance predictors;
Al/ML algorithms

Slide provided by Stephanie Stevenson (NOAA/NWS/NHC)
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Why satellite data are important for TC analysis

From https//upload.wikimedia.org/wikipedia/commons/2/23/Global_tropical cyclone traekit2.jpg




& @IRA &

Why satellite data are important for TC
analysis and forecasting

AMost TCs occur in remote areas away from the land
AVery little insitu data available
A Surface stationse(gASOS wind) only over land
ABuoy measurements sparse, close to land
A Ship reports very limited ships avoid TCs
AExperimental techniques (e.§aildrone¥c very limited coverage
A Aircraft reconnaissance (Dropsondes, UASs, SFMR)
AMostly Atlantic and East Pacific Storms
A Only for storms that threaten land
ARadar
AOnlyclose to land where radar sites are available



From https//upload.wikimedia.org/wikipedia/commons/2/23/Global_tropical cyclone traekit2.jpg




GEO vs. LEO Orbital Altitude Comparison

Geostaticonary Satellite ’ '
35,800 km altitude

mean distamnce io moon = 38,400 km

sarth radius = 6 370 km

typical shuttle orlit = 225 — 250 lkm R . ".'s’?'
Hubble Space Telascope = 600 km '

Polar Orbiting Satellite
850 km altitude

110.8°

R —
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Avallable Satellite Dat&dGEO

A Geostationary Satellite Data A Ad,\ﬁl\a?stﬁ?aesl:c
: - : obal Coverage
A K:Aléireeon;éﬁ?E$6' GOES/7, Himawarl, Meteosas, A High spatial (0.§ 2 km) and temporal (1@ 15 minutes)
resolution
A Future:MeteoSat3 Generation,GeoXO A Lowlatency ( 23 minutes for individual channels)
A Available onlinen reakttime at RAMMRBCIRASLIDER, A Multiple Spectral Channels, Multispectral and Derived Product

A Limitations
A Only IR and VIS data

@ RAMMB/CIRA SLIDER: Himaw: X 4 (u] X . t

https:// rammb-slider.cira.colostate.edu
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“"=  Available Satellite Datd EO

A Low Earth Orbiting (LEO) Satellite Data
A Current:
A JPSS (SNPP, NCzO)
A AMSR2, GPM,
A MetOp-B, MetOpC
A Advantagesinstrumentsthat are notavailable on GEO
A Microwave imagers and sounders
A Scatterometers (wind measurements)
A Radar (Synthetic Aperture Radar)
A VIIRS DNB
A Limitations:
A Very limited temporal resolution in tropics.
A For a given location 2 overpasses per day or less
A The swath location shifts from one day to another
A TCs could stay between swaths for extended periods
of time, resulting in large gaps in observations
A Cannot create highesolution animated images
A Long latency
A Data cannot be continuously downloaded
A MW sensors have very coarse resolution compared to VIS
and IR (& 72 km vs 0.5 2 km)




SmallSats

A SmallSats area of active research
A Examples of recent missions:
A TROPICS (The TiResolved Observations of Precipitation structure and storm Intensity
with a Constellation of Smallsats
A https:// tropics.ll.mit.edu/CMS/tropics/MissioDverview
A Provide rapigrefresh MW measurements over tropics
A Constellation ofcubeSatin 3 LEO orbital planes
A Provide T, q profiles, precipitation, and cloud ice measurements
A Observethe thermodynamics of the troposphere and precipitation structure for
storm systems at the mesoscale and synoptic scale over the di@ildecycle
A TEMPEST
A https://tempest.colostate.edu
A Use 8 passive MW sensors
A Measure the evolution of WV and precipitation over2d minutes
A CYGNSS
A https:// www.nasa.gov/cygnss
A Use 8 satellites to measure wind speed over oceans
A Use signals broadcast by COPS satellites and reflected GPS signal
A Advantages:
A Low cost
A Can quickly launch multiple satellites , —
A Significantly improved temporal resolution due to the large number of satellites e
A Challenges
A Low reliability
A Short expected lifetime hard to use in operations
A Long latency

™
-



https://tropics.ll.mit.edu/CMS/tropics/Mission-Overview
https://tempest.colostate.edu/
https://www.nasa.gov/cygnss
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Operational Use of Satellite Data:
TC Center FIxing

ADvorak (1972)

ABased on GEO satellite imagery

AFirst step in Dvorak is to determined center location

ACorrect center location is important for Dvorak intensity estimates
AVIS/IR imagery, MW Imagery, Scatterometer, VIIRS DNB, ProxyVis imagery
AARCHERVNimmers and Velden 2016)

Alnput: MW Imagery, scatterometer, IR/VIS GI&Ea

ACYGNSS (Mayers and Ruf 2019;emerational)
ASAR

AVery high resolution
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Satellite Data- TC Center Fixing

2021 JTWC Center Fixes

A Center fixing is
Aa critical first step in operational TC forecasting Total PGTW Fixes by Sensor
Ais subjective and could have large errors T
Aforecast track and intensity could be very — T
sensitive to Initial center location =

ASCT (705)
. AMS2 (567)
- ATMS (427)
METS (378)
 MMHS (309
GPMI (234)
SSMI (185)
MET7 (118)
GOES17 (118)

A Center fixing data
Ain-situ (aircraft reconnaissance, radar)
Ausually not available
ALEO data (MW, scatterometer ) could have gar
over 24 hours, especially for remote storms
AGEO datg available in most cases, large errors|  7sstotal fixes generated by JTWC

From Brian Howell, AMS 8&onference on Hurricanes and Tropical Meteorology, May 2022
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Importance of Center Location

sa¢ 9 November 2006

9 INETEEN
-E_COMPOSITE
-12 IR

A Center location is critical for:

A Theinitial motion
A Initializingmodelguidance

A Assessinghe organization and
intensity ofthe TC

A Dvorakestimates are very sensitive
to incorrect centedocations

A Especially for shared sheared
systems and systems with

embedded centers in IR IMagery . e me T e

FNMOC http://tcweb.fnmoc. :navg .mil/tc b tc _home.cgi
Red=89PCT Green=89H Blue=89V

There is a large difference in the Dvorak intensity estimate if the
center is located in the deep convection or exposgesdl to the west

From httpg/severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave MichaelBrennan.pdf
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Passive MW imagery

A 37 GHz and 89 GHz MW imagery is widely used for TC center fixes and structure estimates
A MW penetrates clouds and can show storm structure not available from IR and Vis imagery
A Higher frequency (shorter wavelength) MW (~ 89 GHz) are scattered by ice particles in
LINSOALIAGF OGAY 3 Of 2dzRaX NBRdAzOAY3I NI RALFOGAZY
A 89 GHz lowered Tb caused by ice scattering and rain and cloud droplets within deep
convection and precipitating anvil clouds
A Shows upper or mikievel circulation center
A 37 GHz- elevated Tb because of minor emission from liquid hydrometeors near or below
the freezing level
A Helps to identify lowlevel circulation center

Adapted from httpg/severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave MichaelBrennan.pdf
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Passive Microwavenagery

2021 WP2Mindulle on09/24 2021, at 16:40 UTC

WP20 MINDULLE at 2021-09-24 12:00:00, NRL-Monterey
HIMAWARI-8 AHI IR-BD at 2021 09-24 16:40:00
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WP20 MINDULLE at 2021-09-24 18:00:00, NRL-Monterey
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GCOM-W1 AMSR2 color89 at 2021-09-24 16:43:55
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https://www.nrlmry.navy.mil/TC.html
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PassivéW - Impact of Resolution =

A lmage resolution affects the ability to resolve low to Hegel eyewall structure

A 37 GHz color composite imagery for Hurricane Maria
A AMSRE and SSMIS at 1739 UTC and 2018 UTC 15 September 2011

09/15/11 1800Z 14 MARIA 09/15/11 18002 14L MARIA
09/15/11 1739Z AMSR-E COMPOSITE36 0 N 09/15/11 2108Z SSMIS COMPOSITE

09/15/11 17452 GOES-13 VIS ! - 09/15/11 2045Z GOES-13 VIS

20
From httpg/severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave MichaelBrennan.pdf
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Passive MW imagery

37-GHz Parallax

H

»®

e

Warm ocean

500-2000 km

Release of
latent heat

= Moist air

Parallax

Effective
Level of

85-GHz Parallax

Release of
latent heat

Parallax

Effective

Level of
hydrometeors

i Ice Crystals

Raindrops

From https//severeweather.wmo.int/ TCFW/RAIV_Workshop2016/07_Microwave MichaelBrennan.pdf
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P = 3 U.S.NAVAL
- 2 . ESEARC

2 h‘\ LABORATORY

Passive MW Imagery
¢ Center Fixing

AThe lowest frequency

A corresponds to the lower
altitude

A Less affected by parallax

A Should be always used for
center fixing

h Lab wwnrlmrgr navy<1 sat_products.hl
89H Brightness Temp "(Kelvin) -

245 25 265 275

)
il

From https//severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave MichaelBrennan.pdf 2>
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Scatterometer

AMW radar on LEO satellites

A Actively transmits energy towards the Earth surface and measures the energy
reflected back

A Sensitive to smakcale roughness of the ocean surface

AWind speed and direction can be derived from viewing the ocean surface from
different angles

A Satellites: MetOgB/-C 2018/2021)

ASensor: MW radar,-Band (5.25 GHz), less sensitive to rain contamination,
Two 550ckm swaths, 670 km nadir gap

From https//severeweather.wmo.int/ TCFW/RAIV_Workshop2022/10 RAlxficaneWorkshop2022 Scatterometer BradReinhart.pdf



& @IRA &

Scatterometer TC applications

A Sensitive to smabcale roughness of the ocean surface
AWind speed and direction can be derived from viewing
the ocean surface from different angles
A TC applications:
A Center Fixing
A TC intensity (Vmax) for weaker storms
A Radius of maximum wind 0
A 34, 50km wind radii
A Genesis, phase transition
A Limitations:
A Limited coverage, large gaps between swaths
A Limited spatial resolutiog unable to detect peak TC
winds

. . ) . . . . Do the \.peaﬂASCAT W.i;'nds
A Uncertainties in derived wind direction (66 kt) represent the

intensity of Grace?

FZ T AR

From https//severeweather.wmo.int/ TCFW/RAIV_Workshop2022/10 RAUXficaneWorkshop2022 Scatterometer BradReinhart.pdf



Scatterometer data access

NOAA/NESDIS EUMETSAT

https://manati.star.nesdis.noaa.gov/ https://scatterometer.knmi.nl/tile prod
(25- and 50-km ASCAT wind vector products) (Public, operational HY-2B, -2C winds)
ASCAT(METOP—8) 25KM NOAA Winds 20200826 descending L | . ~ASCAT-C:-20220131 17:30Z lat lon: -16.0 66.0 IR: 17:30
B e TE B 0 K, Y =
M F
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Note: 1; Timaa are GUT Z)Tirmes clong boktom correspond to meosurament ot 25N
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NO2&/NESDIS /Cantae Tor Sotalits Spplicaticns and Ressarch (€1 2023 BUNE TS AT, ORI SAF, MM

From https//severeweather.wmo.int/TCFW/RAIV_Workshop2022/10 RAMlXicaneWorkshop2022_Scatterometer_BradReinhart.pdf
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JPSS ViIRay/Night Band Channel (DNB)

First Complete Global Image From Suomi NPP VIIRS 24 Nov 2011

A JPS®Joint Polar Satellite Syste@tellites:
A Suomi NPP (Suomi National Pasabiting
Partnership)
A JPS9 (NOAA20) November 18 2017, JRSS
(November 1 2022) B,
A VIRS2€W3I Sy SN} G ARNVIRF &KX 250 S C s
A Dbased on Defense Meteorological Satellite '
Program (DMSP) OperatioriahescarSystem

(OLS)
A Sensitivity:

A Maximum: full sunlight reflection (order $0W
cb Kspk

A Minimum: airglow at night (order 3 W cn# * NARA
sty

A "?C'r‘;dleg reflected moonlight, auroras, and A Global visible/infrared (IR) coveraggice daily (sun
nightglow

A Can detect a single isolated street lamp from synchronous _22 channels _
orbit (~834 km) (Miller et al. 2013) A 750 m resolution acrosscan width

A Image quality may change significantly depending on A 3040 km swath width: no gaps between orbits!
the amount of light available



onnecting Models and Observations

VIIRS DNBC Center Fixing

WP052014 HAISHE
wJ/\{I?OSZG)ILI b126317?20140?0%1?267e201404051634, N,'EST=999136
(. N I . o

r_‘\
10°N S

WP052014 b12631 t201404051626 201404051634, N, LST=060136
B ' :

A Nighttime visiblelike -
imagery .

A Primary DNB TC
applications

£
.

A mostuseful for
weakersystems
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A Eyedetection | -;,,-\ z \églble Q
A Instantaneous ol S s

e

lightning

A Low level circulation center visible only on DiNBge

A Hardto see the center location from the IR image alone
27
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VIIRS DaMight Band in
GOES projection (JPSS PG)

Product under development

Product JPSS (SNPP and N@QBAVIIRS Dayight Band in GOES projection

A VIIES DNB is a ldight sensor that provides visiblé&e imagery at night
Pros:

A Provides visiblike imagery at night

A Help to locate TC lovevel circulation center in weak and sheared
systems

A Cons:
A Only available twice per day for a given tropical region

A Highest quality image is only available for approximately half of the time
around the full moon

2022-02-14
07:00:20 UTC
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A ProxyVismagery

2022-02-14 07:00:20 UTC

VIIRS DNB

A combinesdaytime Vis imagery with nighttime 4ased visibldike imagery to
create seamless visiblike day/night imagery

A isused by NHC as a falisk animated imagery on AWIPS2 and NAWIPS
SignificanceVIIRS DNB in GOES projection:

A Use for center fixing and lo¥evel cloud motion
A Combine with ProxyVis for retilne verification of ProxyVis imagery
A Combine with different IR channels

A The display makes it easy to see when the satellite overpass over a given are
expected

A Product delivery method

2022-02-14
07:00:20 UTC
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A GOES6: available in neareal time on SLIDERpps:// rammb-slider.cira.colostate.edu
A GOES7: in summer 2022
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Hide
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A AWIPS2: in 2023
A Developer POCs
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VIIRS DNB
and ProxyVis



https://rammb-slider.cira.colostate.edu/
mailto:Galina.Chirokova@rams.colostate.edu

) GIRA

Nighttime Geostationary ProxyVis Imagery

ProxyVist NHC 2020 Tropical Depression ELEVEN
(TS Josephine al112020 )

Tropical Depression Eleven Discussion Number 7
NWS Mational Hurricane Center Miami FL AL112020
500 AM AST Thu Aug 13 2020

Proxy-visible GOES-16 satellite imagery and data from an earlier
scatterometer pass indicated that the low-level center of the
depression is displaced to the south of the main area of deep
convection. Recently, however, some new convection is forming

ProxyVis GOH%®

202008-12 0800 UTC




SILITY Prox¥Vis MukiBatellite Composite
roduct under development

Product:Composite ProxyVis imagery in ATCF
A ProxyVis imagery combines daytime Vis imagery with nighttinim$Rd visibldike imagery to create
seamless visibleke day/night imagery
A ProxyVis is used by NHC as adisgk animated imagery on AWIPS2 and NAWIPS
SignificanceProxyVis mutisateliite composite imagery:
A Reduces parallaXphrsat al.2014) for the imagery between 2 GEO satellites (i.e. GBES?,
GOES_16/Meteosdit1)
A Offers some correction to limb effects
A Productdelivery method
A Web pages (Summer 2022):
A CIRATCRealTimehttps://rammb-data.cira.colostate.edu/
A DevelopePOCs
A Galina Chirokova3alina.Chirokova@rams.colostate.eu
A Robert DeMaria, Alan Brammer, Mark DeMaria (CIRA), John Knaff (NESDIS/STAR)

e

B oo
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https://rammb-data.cira.colostate.edu/
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Automated Rotational Center Hurricane Eye Retrieval (ARC

Products Analysis Tropical Cyclone (TC) positionsandure I wFitSm(%p‘Sf)‘i'rgl—mﬂiel o
A Multi-spectral imagery analysis using Geostationary and LEO LR TN N thelRimage

satellites
A Automated adjustment for parallax effect
A Output of eye size and radius of maximum wind along with TC
eyewalldiagnostics (ARCHER intensity scores)
A Frontend for MPER@yewallreplacement cycle model
Significance Ring Fitting
A Provides and additional independent estimate of TC center location “g5 a5 91 e’ seores

A ARCHER is integrated into several intensity algorithms (ADT, MW  (eyewal}, and indicatethe

wCalculates a grid of scores that
indicates the alignment between
the spiral field and the IR Tb
gradients (maximum at the spiral
center)

sounders, SATCON andR&RC) bestittoa range of possibioll
A Recent upgrade includes support for 183 GHz channels on MW SOUNEBES et theanalyzed
mcludmg AMSU, ATMS and TROPICS eyecenter)

A Productdelivery method

A Web display on CIMSS g&e hitp:/ tropic.ssec.wisc.edu/real
time/archerOnline/web/index.shtm)

A ARCHERerived TC ring scores are displayed via thEBERC model
showing eyewall evolutiorh(tp:// tropic.ssec.wisc.edu/real
time/archerOnline/web/index_erc.shtn)jl

A DevelopePOCs
A Tony Wimmers, Derrick Herndon
A Wimmers and Velden 2018ttps://doi.org/10.1175/JAMED-15-0098.1

Caption: ARCHER fix score fitting includes a spiral fitting score and a
ring fitting score. These scores are combined to produce a final
ARCHER score (top). ARCHER analysis of 183 GHz for ANWP®on S
(bottom) showing primary and secondayewallrings. Eye diameter
and andeyewallmagnitude (strength and completeness) are output.



http://tropic.ssec.wisc.edu/real-time/archerOnline/web/index.shtml
http://tropic.ssec.wisc.edu/real-time/archerOnline/web/index_erc.shtml
https://doi.org/10.1175/JAMC-D-15-0098.1
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Operational Use of Satellite Data:
TC Intensity Analysis

ADvorak (1972)
ABased on GEO satellite IR and VIS imagery
A Still used as the main operational tool by all operational TC centers

A Advanced Dvorak (Olander et al 2019)

ASATCON (Velden and Herndon 2020)
Alnput: TCI (CIMSS), HISA (CIRA), ADT

A Scatterometer

ASAR

ASMAP/SMOS

AExperimental CIRA ai@IMS$roducts
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Dvorak Technique

A Dvorak Technique is
A Satistical method for estimating TC intensity from satellite imagery
A Based on the assumption that there is some correlation between TC intensity and observed cloud
patterns
A Qubjectivec the results could be different as performed by different analysts
A Uses as input Visible and IR geostationary satellite imagery
A Uses known TC cloud patterns and a set of rules
A 1s used by TC forecast centers world wide

A Dvorak Techniqueaks not:
A Provide a direct measurement of TC intensity
A 1s not a replacement for in situ observations
A 1s not rigorously based on physical principles

A References:

A DvorakV. F.1972:A technique for the analysis and forecasting of tropical cyclone intensities from satellite pitN@84&Tech. Memo. NESS 36, 15 pp. [Available from
NOAA/NESDIS, 528@th Rd., Washington, DC 20333].

Dvorak V. F.1975:Tropical cyclone intensity analysis and forecasting from satellite imagery. Wea. Rey103, 420¢430.

Dvorak V. F.1984:Tropical cyclone intensity analysis using satellite dd@AA Tech. Rep. 11, 45 pp. [Available from NOAA/NER2DRuth Rd., Washington, DC 20333].
Dvorak V. F.1995:Tropical clouds and cloud systems observed in satellite imagery: Tropical cy@lmmkbook Vol. 2. NOAA/NESB59 pp. [Available from NOAA/NESDIS, 5200
AuthRd., Washington, DC 20333

o To 3>

Adapted from https://severeweatherwmo.int/ TCFW/RAIV_Workshop2016/08 DvorakTechnique JackBeven.pdf
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From https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/08 DvorakTechnique_JackBeven.pdf



