
esa-cyms.org

TC observations from SyntheticAperture Radar:
short term perspectives

D 2488 | EGU 2020-17958

2020-05-08

Romain Husson, Nicolas Longepe, HenrickBerger,Charles Peureux, François Soulat: CLS
Alexis Mouche, Olivier Archer: IFREMER



esa-cyms.org

Content

Å TC Spaceborneobservations

Å CYMS presentation

Å CurrentlyavailableSAR-basedobservations over TC and limitations

Å Short termsperspectives for improvingtheseobservations



esa-cyms.org

IPCC:
Modeling studies project a likely increasein peak wind 
intensity and near-storm precipitation in future tropical 
cyclones[...] and an increase in the frequency of the most 
intense storms.

20%
Tropical Cyclonesrepresent around 20% of the damage 
and casualties caused by natural hazards, all phenomena 
included.

Sentinel-1
is the only mission able to provide near real-time and 
high-resolution observations of tropical cyclones
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Connected talks in this session:
D2489 | EGU2020-19174 - An In-situ Reference for High and Extreme Winds- Ad Stoffelen et al.
D2515 | EGU2020-9628 - On the use of cross-polarized SAR and GPS-sonde measurements for wind speed retrieval in tropical cyclones- Poplavsky et al.

Available spaceborne wind observations over TC
Product 
pixel size

Acquisition scenario Swath Data 
latency

Wind 
validity

Variables

Radiometers:
e.g. SMOS / 
SMAP / AMSR-2

~30-40 km Systematic acquisitions 1000 -
1500 km

~4H No high wind 
saturation

- Wind speed
- Wind radii
- MSW

Scatterometers:
e.g. ASCAT, HY-
2B, CFOSAT, 
SCATSAT

~12-25km Systematic acquisitions ~ 1000 
km

~4H <20-25m/s Wind speed & direction

GNSS-R:
CYGNSS

~20-40 km Systematic acquisitions NA no NRT No high wind 
saturation

- Wind speed
- Wind radii

SAR (C-band 
dual-pol):
e.g. Sentinel-1, 
RadarSat-2,

1 km - No TC obs. with default S1 
acquisition strategy
- On-demand acquisitions based 
on TC forecast tracksuccessfully 
tested, => 200 TC eyes caught by 
S1 in 4 years

250 ς
400 km

NRT 10 min,
NRT 1-3H,
or 24H

No high wind 
saturation

- Wind speed & direction
- Wind radii
- Maximum SustainedWind 
speed (MSW)
- Inner core: TC eye+ eyewall

=> Can it be made operational?

https://meetingorganizer.copernicus.org/EGU2020/EGU2020-19174.html
https://meetingorganizer.copernicus.org/EGU2020/EGU2020-9628.html
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The combination of VV and VH channels as
measuredby SARat very high resolution allowsto
provide OceanSurfaceWind measurementsfrom
space

at highresolution

SAR-based ocean surface wind speed over TC

S1A ς2018/10/10
Michael
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SAR-based ocean surface wind speed over TC

The combination of VV and VH channels as
measuredby SARat very high resolution allowsto
provide OceanSurfaceWind measurementsfrom
space

at highresolution
in coastal areas (unique capability vs. other
spacebornesensors)
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SAR-based ocean surface wind speed over TC

The combination of VV and VH channels as
measuredby SARat very high resolution allowsto
provide OceanSurfaceWind measurementsfrom
space

at highresolution
in coastal areas (unique capability vs. other
spacebornesensors)
overextremeHurricane

Examplesof category-5 on the Saffir-Simpsonscale:
Irma TC,Sept. 7 2017.
MangkhutTC,Sept. 14 2018.
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SAR-based ocean surface wind speed over TC

The combination of VV and VH channels as
measuredby SARat very high resolution allowsto
provide OceanSurfaceWind measurementsfrom
space

at highresolution
in coastal areas (unique capability vs. other
spacebornesensors)
overextremeHurricane
bringingsynergieswith other sensors(airborne
andspaceborne)

When degradedat medium resolution,
SMOSand SARare in good agreement
but TC eye cannot be described
anymore.
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Sentinel-1: A Copernicus mission could now offer operational TC monitoring services

5ŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ά{ŀǘŜƭƭƛǘŜ ƻƴ ŘŜƳŀƴŘέ Υ ! ǳƴƛǉǳŜ ŀŎǉǳƛǎƛǘƛƻƴ ǎǘǊŀǘŜƎȅ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ¢/ 
observations successfully tested with ESA

A potential new Copernicus service: This innovative TC acquisition strategy could be developed and 
operated on a daily basis within the Copernicus Program

o well-ƛŘŜƴǘƛŦƛŜŘ ŀǇǇƭƛŎŀǘƛƻƴǎ όŜƳŜǊƎŜƴŎȅ ǊŜǎǇƻƴǎŜΣ ¢/ ŦƻǊŜŎŀǎǘΣ ΧύΣ

o well-identified users, although demonstrated over a limited dataset (coverage, sampling),

o long-term operations of the S-1 constellation.

Å A service in line with European goals: This new service concurs to Sentinel-м Ƴƛǎǎƛƻƴ ǘƻ άƘŜƭǇ ƳŀƴŀƎŜ 
ƻǳǊ ŜƴǾƛǊƻƴƳŜƴǘΣ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ ǘŀŎƪƭŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀƴŘ ǎŀŦŜƎǳŀǊŘ ŜǾŜǊȅŘŀȅ ƭƛǾŜǎΦέ

CYMS in a nutshell
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Å CYMSmanage the first operational campaign maximizing ocean
surfaceobservationsat veryhighresolutionoverextremeevents
Å Sentinel-1HurricaneObservationCampaign(SHOC)

ÅMethodologyinspiredby the CanadianHurricaneWatchprogramme.

TC experts centres
TC tracksforecasting

CYMS team
TC selection, TC trackformatting

ESA S-1 Mission Planning
Lateprogramming

Operational
Users

(TC centres)

ForecastTCtracks

formatted TCtracks(kml)

S-1 observations

Scientific 
Community

Strategy to acquire SAR images over TC
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Å SHOCdoesalreadyincludemorethan200acquisitionsoverTCeyes.

Sensors

Basins

Categories

SHOC campaigns (2016-2019)

Å Up to 50 % of Sentinel-1
planned acquisitions catch
TCeyes.

Å 80TCmonitoredbySentinel-
1



esa-cyms.org

CYMS in a nutshell

ESA-CYMS- a 1-year ESA fundedprojectςstartedin 02/2020

Objectives:
1. Scaleup an operationalsolution basedon SAR images 

recordedthroughSentinel-1, with a SHOC 2020 campaign

2. Prepareits integrationinto a CopernicusService.

3. Buildand process usingstate-of-the-art windalgorithms
a unique databaseof TC SAR observations
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Rain impact

Reference dataset:
Next GenerationWeatherRadar (NEXRAD): 159 S-band high-resolution
weatherradars in USA and overseas(34 coastal) with:
Å Base reflectivity (1 km/ Ḑ5 min), base velocity (1 km/ Ḑ5 min), one-hour

precipitation(0.25 km/1 hour) and hydrometeorclassification (0.25 km / Ḑ5 min).
Å Base reflectivity is radar centered product with a radius of 460 km, obtainedat the 

lowest elevationangle of 0.5°
Å Note: Altitude of radar beamincreasewith increasingdistance from radar center 

(up to 5 km near the largestradar coverage) -> effect not considersofar

=> Databaseof 1055 IW GRDH products collocated with range/az NexRAD 
base reflectivity

Å Currently, no pre-processingof S-1 data in order to maskphenomenathat are not relatedto the sea
surface and/or neutral wind:
Å atmospheric(fronts, raincells)
Å oceanic(internalwaves, slicks, front)
=> Bothappearas inhomogeneousregions

Å An heterogeneitymaskimplementedfrom [Koch 2004] isusedto identify thoseunusablepixels.
Å Basedon thismethod, an enhancedversion isproposedwith internalparametersoptimizedfor EW and 

IW productsusingboth HR/MR (High and Medium Resolution) andWV products.
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Rain impact ςan example
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Rain impact
Å In [Koch 2004], 4 filters with thresholdscomputedat 3 different resolutions:
Å 200 m, 400 m, 800 m (IW GRDH)
Å 320, 640, 1280 m for (EW GRDM)
+ Post processingwith morphologicalfilter (e.g. avoidareas < 1 km2)

Å 1. Are the thresholdson filters proposedby [Koch 2004] optimal ?
Å 2. Whichresolutiongivesthe best filteringperformance ?
Å 3. How to considerdual-poldata ?

Å Assumingrainmaskgivenby NexRADbase reflectivityvalue (with various
minimum thresholds) 

Å Dependingon Koch-basedthrehold, different False alarmsand good 
detectionrates can be found

=>ROC curves(ReceiverOperating Characteristic): to find the best trade-off 
betweengood detectionand false alarms?
=> Criteriafrom eitherYoudenJ index maximizationor top-left distance 
minimization: consistent thresholdsfound

Å If one single filter: best if VV-pol @ 400 meters
Å Little benefit if combinedwith VH-pol information @ 800 meters




