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Outline
ÅIntroduction

ÅWhy satellite data are important for TC analysis and forecasting

ÅAvailable satellites

ÅGEO, LEO, SmallSats

ÅOperational use of satellite data

ÅCenter Fixing

ÅIntensity Forecasting

ÅNew satellite applications

ÅGOES/Himawari, JPSS, TROPICS

ÅHands-on Exercise

ÅBe prepared to take notes!
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Other uses of Satellite Data for TC

ÅThere are many uses of satellite data for TCs that are not covered here, including:

ÅGenesis

ÅExtratropical Transition

ÅSubtropical Storm Classification (Hebert-Poteat)

ÅData Assimilation for dynamical models

ÅOur presentation focuses on

ÅTC Center fixing

ÅIntensity and structure analysis

ÅIntensity forecasting

ÅSatellite TC applications developed at CIRA and CIMSS
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Introduction
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NHC Tropical Cyclone Forecasts

Å Center location and maximum surface winds 0 to 120 hr
Å Maximum radii of 34, 50 kt winds in 4 quadrants 0 to 72 hr
Å Maximum radii of 64 kt winds in 4 quadrants 0 to 48 hr
Å Wind watches and warnings
Å Storm surge watches and warnings
Å Probabilities of 34, 50 and 64 kt winds 0 to 120 hr
Å Public advisories, discussion products
Å Graphical products on the NHC webpage
Å Products updated every 6 hr

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



NHC Use of Satellite Data

Å Direct analysis: tropical cyclone location, intensity, storm size, structure; 
tropical waves; wave heights; etc.

Å Indirect use:NWP models; NHC intensity model guidance predictors; 
AI/ML algorithms

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



Why satellite data are important for TC analysis

8From https://upload.wikimedia.org/wikipedia/commons/2/23/Global_tropical_cyclone_tracks-edit2.jpg

Global TC tracks 1985 ς2005,



Why satellite data are important for TC 
analysis and forecasting

ÅMost TCs occur in remote areas away from the land
ÅVery little in-situ data available
ÅSurface stations (e.gASOS wind) only over land
ÅBuoy measurements sparse, close to land
ÅShip reports very limited ςships avoid TCs
ÅExperimental techniques (e.g. Saildrones) ςvery limited coverage

ÅAircraft reconnaissance (Dropsondes, UASs, SFMR)
ÅMostly Atlantic and East Pacific Storms
ÅOnly for storms that threaten land

ÅRadar
ÅOnly close to land where radar sites are available
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Why satellite data are important for TC analysis

10From https://upload.wikimedia.org/wikipedia/commons/2/23/Global_tropical_cyclone_tracks-edit2.jpg

Global TC tracks 1985 ς2005,



Image courtesy of http://www.nrlmry.navy.mil

GEO vs. LEO Orbital Altitude Comparison
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Available Satellite Data - GEO
ÅGeostationary Satellite Data

ÅCurrent: GOES-16, GOES-17, Himawari, Meteosat-8, 
Meteosat-11

ÅFuture: MeteoSat3rd Generation, GeoXO

ÅAvailable online in real-time at RAMMB-CIRA SLIDER, 
https:// rammb-slider.cira.colostate.edu

12

ÅAdvantages:
ÅGlobal Coverage
ÅHigh spatial (0.5 ς2 km) and temporal (10 ς15 minutes) 

resolution
ÅLow latency ( 2-3 minutes for individual channels)
ÅMultiple Spectral Channels, Multispectral and Derived Products

ÅLimitations
ÅOnly IR and VIS data

GeoColor (CIRA)

https://rammb-slider.cira.colostate.edu/
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ÅLow Earth Orbiting (LEO) Satellite Data
ÅCurrent:

ÅJPSS (SNPP, NOAA-20)
ÅAMSR2, GPM, 
ÅMetOp-B, MetOp-C

ÅAdvantages:  instruments that are not available on GEO
ÅMicrowave imagers and sounders
ÅScatterometers (wind measurements)
ÅRadar (Synthetic Aperture Radar)
ÅVIIRS DNB 

ÅLimitations:
ÅVery limited temporal resolution in tropics.

ÅFor a given location 2 overpasses per day  or less
ÅThe swath location shifts from one day to another
ÅTCs could stay between swaths for extended periods 

of time, resulting in large gaps in observations
ÅCannot create high-resolution animated images
ÅLong latency

ÅData cannot be continuously downloaded
ÅMW sensors have very coarse resolution compared to VIS 

and IR (3 ς72 km vs 0.5 ς2 km)

Available Satellite Data - LEO



SmallSats
ÅSmallSats- area of active research
Å Examples of recent missions:

Å TROPICS (The Time-Resolved Observations of Precipitation structure and storm Intensity 
with a Constellation of Smallsats )
Å https:// tropics.ll.mit.edu/CMS/tropics/Mission-Overview
Å Provide rapid-refresh MW measurements over tropics
Å Constellation of CubeSatsin 3 LEO orbital planes
Å Provide T, q profiles, precipitation, and cloud ice  measurements
Å Observe the thermodynamics of the troposphere and precipitation structure for 

storm systems at the mesoscale and synoptic scale over the entire TC lifecycle
Å TEMPEST

Å https://tempest.colostate.edu/
Å Use 8 passive MW sensors
Å Measure the evolution of WV and precipitation over 21-28 minutes

Å CYGNSS
Å https:// www.nasa.gov/cygnss
Å Use 8 satellites to measure wind speed over oceans
Å Use signals broadcast by COPS satellites and reflected GPS signal

Å Advantages:
Å Low cost
Å Can quickly launch multiple satellites
Å Significantly improved temporal resolution due to the large number of satellites

Å Challenges
Å Low reliability
Å Short expected lifetime ςhard to use in operations
Å Long latency

14

TEMPEST

TROPICS

CYGNSS

https://tropics.ll.mit.edu/CMS/tropics/Mission-Overview
https://tempest.colostate.edu/
https://www.nasa.gov/cygnss


Operational Use of Satellite Data: 
TC Center Fixing 

ÅDvorak (1972)

ÅBased on GEO satellite imagery

ÅFirst step in Dvorak is to determined center location

ÅCorrect center location is important for Dvorak intensity estimates

ÅVIS/IR imagery, MW Imagery, Scatterometer, VIIRS DNB, ProxyVis imagery

ÅARCHER (Wimmers and Velden 2016)

ÅInput: MW Imagery, scatterometer, IR/VIS GEO data

ÅCYGNSS (Mayers and Ruf 2019, non-operational)

ÅSAR

ÅVery high resolution

15



Satellite Data  - TC Center Fixing

ÅCenter fixing is 
Åa critical first step in operational TC forecasting
Åis subjective and could have large errors
Åforecast track and intensity could be very 

sensitive to initial center location

ÅCenter fixing data
Åin-situ (aircraft reconnaissance, radar)
Åusually not available

ÅLEO data (MW, scatterometer ) could have gaps 
over 24 hours, especially for remote storms
ÅGEO data ςavailable in most cases, large errors

16

2021 JTWC Center Fixes

From Brian Howell, AMS 35th Conference on Hurricanes and Tropical Meteorology, May 2022



Importance of Center Location

ÅCenter location is critical for:

ÅThe initial motion

ÅInitializing model guidance

ÅAssessing the organization and 
intensity of the TC

ÅDvorak estimates are very sensitive 
to incorrect center locations

ÅEspecially for shared sheared 
systems and systems with 
embedded centers in IR imagery

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

From https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave_MichaelBrennan.pdf

TS Rosa ς9 November 2006



Passive MW imagery

Å37 GHz and 89 GHz MW imagery is widely used for TC center fixes and structure estimates

ÅMW penetrates clouds and can show storm structure not available from IR and Vis imagery

ÅHigher frequency (shorter wavelength) MW (~ 89 GHz) are scattered by ice particles in 

ǇǊŜŎƛǇƛǘŀǘƛƴƎ ŎƭƻǳŘǎΣ ǊŜŘǳŎƛƴƎ ǊŀŘƛŀǘƛƻƴ ǊŜŀŎƘƛƴƎ ǘƘŜ ǎŀǘŜƭƭƛǘŜ όǘƘŜǎŜ ǊŜƎƛƻƴǎ ƭƻƻƪ άŎƻƭŘέύ

Å89 GHz ςlowered Tb caused by ice scattering and rain and cloud droplets within deep 

convection and precipitating anvil clouds 

ÅShows upper or mild-level circulation center

Å37 GHz  - elevated Tb because of minor emission from liquid hydrometeors near or below 

the freezing level

ÅHelps to identify low-level circulation center

18Adapted from https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave_MichaelBrennan.pdf



Passive Microwave Imagery

2021 WP20 Mindulle on 09/24 2021, at 16:40 UTC
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Images from NRL TC web page:  
https://www.nrlmry.navy.mil/TC.html

37 GHz

89 GHz Color 37 
GHz

Color 89 
GHz

IR - Dvorak BD

https://www.nrlmry.navy.mil/TC.html
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From https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave_MichaelBrennan.pdf

Passive MW  - Impact of Resolution

ÅImage resolution affects the ability to resolve low to mid-level eyewall structure

Å37 GHz color composite imagery for Hurricane Maria 
ÅAMSR-E and SSMIS at 1739 UTC and 2018 UTC 15 September 2011



Passive MW imagery

21From https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave_MichaelBrennan.pdf



22From https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/07_Microwave_MichaelBrennan.pdf

Passive MW Imagery 
ςCenter Fixing

ÅThe lowest frequency 
Åcorresponds to the lower 

altitude

ÅLess affected by parallax

ÅShould be always used for 
center fixing



Scatterometer

ÅMW radar on LEO satellites

ÅActively transmits energy towards the Earth surface and measures the energy 
reflected back

ÅSensitive to small-scale roughness of the ocean surface

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

ÅSatellites: MetOp-B/-C (2018/2021)

ÅSensor: MW radar, C-band (5.25 GHz), less sensitive to rain contamination,  
Two 550 ςkm swaths, 670 km nadir gap

23From https://severeweather.wmo.int/TCFW/RAIV_Workshop2022/10_RAIV-HurricaneWorkshop2022_Scatterometer_BradReinhart.pdf



Scatterometer ςTC applications

ÅSensitive to small-scale roughness of the ocean surface
ÅWind speed and direction can be derived from viewing 

the ocean surface from different angles
ÅTC applications:
ÅCenter Fixing
ÅTC intensity (Vmax) for weaker storms
ÅRadius of maximum wind
Å34, 50-km wind radii
ÅGenesis, phase transition

ÅLimitations:
ÅLimited coverage, large gaps between swaths
ÅLimited spatial resolution ςunable to detect peak TC 

winds
ÅUncertainties in derived wind direction

24From https://severeweather.wmo.int/TCFW/RAIV_Workshop2022/10_RAIV-HurricaneWorkshop2022_Scatterometer_BradReinhart.pdf



Scatterometer data access

25From https://severeweather.wmo.int/TCFW/RAIV_Workshop2022/10_RAIV-HurricaneWorkshop2022_Scatterometer_BradReinhart.pdf



JPSS VIIRS Day/Night Band Channel (DNB) 

ÅJPSS (Joint Polar Satellite System) Satellites:
ÅSuomi NPP (Suomi National Polar-orbiting 

Partnership)
ÅJPSS-1 (NOAA-20) November 18 2017, JPSS-2 

(November 1 2022)
Å VIIRS - 2ndƎŜƴŜǊŀǘƛƻƴ ƻŦ Ψƭƻǿ-ƭƛƎƘǘ ǾƛǎƛōƭŜΩ ǎŜƴǎƻǊǎ 

Å based on Defense Meteorological Satellite 
Program (DMSP) Operational LinescanSystem 
(OLS)

ÅSensitivity:
ÅMaximum:  full sunlight reflection (order 10ς2 W 

cmҍнsrҍм) 
ÅMinimum:  airglow at night (order 10ς10 W cmҍн

srҍм)
Å Includes: reflected moonlight, auroras, and 

nightglow
ÅCan detect a single isolated street lamp from 

orbit (~834 km) (Miller et al. 2013)
Å Image quality may change significantly depending on 

the amount of light available
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Å Global visible/infrared (IR) coverage twice daily (sun 
synchronous), 22 channels

Å 750 m resolution across scan width
Å 3040 km swath width: no gaps between orbits! 



VIIRS DNB TC Center Fixing

Å Low level circulation center visible only on DNB image
Å Hard to see the center location from the IR image alone

Center not 
Visible
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Å Nighttime visible-like 

imagery 

Å Primary DNB TC 

applications

ÅCenter location/fixing

Åmost useful for 

weaker systems

ÅEye detection

Å Instantaneous 

lightning 

WP052014 HAISHEN

Center Visible



VIIRS Day-Night Band in 
GOES projection (JPSS PG)

Product:  JPSS (SNPP and NOAA-20) VIIRS Day-Night Band in GOES projection
Å VIIRS DNB is a low-light sensor that provides visible-like imagery at night

Å Pros: 
Å Provides visible-like imagery at night
Å Help to locate TC low-level circulation center in weak and sheared 

systems
Å Cons: 

Å Only available twice per day for a given tropical region
Å Highest quality image is only available for approximately half of the time, 

around the full moon
Å ProxyVis imagery 

Å combines daytime Vis imagery with nighttime IR-based visible-like imagery to 
create seamless visible-like day/night imagery 

Å is used by NHC as a full-disk animated imagery on AWIPS2 and NAWIPS
Significance: VIIRS DNB in GOES projection:

Å Use for center fixing and low-level cloud motion
Å Combine with ProxyVis for real-time verification of ProxyVis imagery
Å Combine with different IR channels
Å The display makes it easy to see when the satellite overpass over a given area is 

expected
Å Product delivery method

Å GOES-16: available in near-real time on SLIDER https:// rammb-slider.cira.colostate.edu
Å GOES-17: in summer 2022
Å AWIPS2: in 2023

Å Developer POCs
Å Galina Chirokova (Galina.Chirokova@rams.colostate.edu), Debra Molenar (CIRA), John 

Knaff (NESDIS/STAR) 28

Product under development

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


2020 Tropical Depression ELEVEN 
(TS Josephine al112020 )
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ProxyVis at NHC

2020-08-12 0800 UTC

IR 10.3 µm ProxyVis GOES-16

Nighttime Geostationary ProxyVis Imagery



ProxyVis Multi-Satellite Composite
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Clarion Island

TC Center

Satellite SubPointComposite GOES-16GOES-17

Clarion Island

Juliette 2019-09-03 03:10 UTC

Product:Composite ProxyVis imagery in ATCF
Å ProxyVis imagery combines daytime Vis imagery with nighttime IR-based visible-like imagery to create 

seamless visible-like day/night imagery 
Å ProxyVis is used by NHC as a full-disk animated imagery on AWIPS2 and NAWIPS

Significance: ProxyVis mutli-sateliite composite imagery:
Å Reduces parallax (Kohrsat al. 2014) for the imagery between 2 GEO satellites (i.e. GOES-16/-17, 

GOES_16/Meteosat-11)
Å Offers some correction to limb effects

Å Product delivery method
ÅWeb pages (Summer 2022):

Å CIRA TC Real-Time https://rammb-data.cira.colostate.edu/
Å Developer POCs

Å Galina Chirokova (Galina.Chirokova@rams.colostate.edu), 
Å Robert DeMaria, Alan Brammer, Mark DeMaria (CIRA), John Knaff (NESDIS/STAR)

Product under development

https://rammb-data.cira.colostate.edu/
mailto:galina.Chirokova@rams.colostate.edu


Automated Rotational Center Hurricane Eye Retrieval (ARCHER)
Products:  Analysis Tropical Cyclone (TC) position and struture

ÅMulti-spectral imagery analysis using Geostationary and LEO 
satellites

ÅAutomated adjustment for parallax effect
ÅOutput of eye size and radius of maximum wind along with TC 

eyewalldiagnostics (ARCHER intensity scores)
ÅFront-end for M-PERC eyewallreplacement cycle model

Significance: 
ÅProvides and additional independent estimate of TC center location
ÅARCHER is integrated into several intensity algorithms (ADT,  MW 

sounders, SATCON and M-PERC)
ÅRecent upgrade includes support for 183 GHz channels on MW sounders 

including AMSU, ATMS and TROPICS
ÅProduct delivery method

ÅWeb display on CIMSS TC page (http:// tropic.ssec.wisc.edu/real-
time/archerOnline/web/index.shtml)

ÅARCHER-derived TC ring scores are displayed via the M-PERC model 
showing eyewall evolution (http:// tropic.ssec.wisc.edu/real-
time/archerOnline/web/index_erc.shtml)

ÅDeveloper POCs
ÅTony Wimmers, Derrick Herndon
ÅWimmers and Velden 2016, https://doi.org/10.1175/JAMC-D-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 ATMS on S-NPP 
(bottom) showing primary and secondary eyewallrings.  Eye diameter 
and and eyewallmagnitude (strength and completeness) are output.

Spiral Centering
ωFits 5° log spiral vector field to 

the IR image
ωCalculates a grid of scores that 

indicates the alignment between 
the spiral field and the IR Tb 
gradients (maximum at the spiral 
center)

Ring Fitting
ωCalculates a grid of scores 

that identifies a ring 
(eyewall), and indicates the 
best fit to a range of possible 
ring positions and diameters 
(maximum at the analyzed 
eye center)

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


Operational Use of Satellite Data: 
TC Intensity Analysis 

ÅDvorak (1972)

ÅBased on GEO satellite IR and VIS imagery

ÅStill used as the main operational tool by all operational TC centers

ÅAdvanced Dvorak (Olander et al 2019)

ÅSATCON (Velden and Herndon 2020) 

ÅInput: TCI (CIMSS), HISA (CIRA), ADT

ÅScatterometer

ÅSAR

ÅSMAP/SMOS

ÅExperimental CIRA and CIMSS products

32



Dvorak Technique

ÅDvorak Technique is
ÅStatistical method for estimating TC intensity from satellite imagery
ÅBased on the assumption that there is some correlation between TC intensity and observed cloud 

patterns
ÅSubjective ςthe results could be different as performed by different analysts
ÅUses as input Visible and IR geostationary satellite imagery
ÅUses known TC cloud patterns and a set of rules
ÅIs used by TC forecast centers world wide

ÅDvorak Technique does not:
ÅProvide a direct measurement of TC intensity
ÅIs not a replacement for in situ observations
ÅIs not rigorously based on physical principles

ÅReferences:
Å Dvorak,V. F.,1972:A technique for the analysis and forecasting of tropical cyclone intensities from satellite pictures.NOAA Tech. Memo. NESS 36, 15 pp. [Available from 

NOAA/NESDIS, 5200 AuthRd., Washington, DC 20333].
Å Dvorak, V. F.,1975:Tropical cyclone intensity analysis and forecasting from satellite imagery.Mon. Wea. Rev., 103, 420ς430.
Å Dvorak, V. F.,1984:Tropical cyclone intensity analysis using satellite data.NOAA Tech. Rep. 11, 45 pp. [Available from NOAA/NESDIS,5200 AuthRd., Washington, DC 20333].
Å Dvorak, V. F.,1995:Tropical clouds and cloud systems observed in satellite imagery: Tropical cyclones.Workbook Vol. 2. NOAA/NESDIS,359 pp. [Available from NOAA/NESDIS, 5200 

AuthRd., Washington, DC 20333].
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Adapted from https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/08_DvorakTechnique_JackBeven.pdf
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From https://severeweather.wmo.int/TCFW/RAIV_Workshop2016/08_DvorakTechnique_JackBeven.pdf


