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IPCC: WARNINGS

Modeling studies project a likeigcreasdan peak wind
intensity and neaistorm precipitation irfuture tropical ¥
cycloneq...] and anincreasen the frequency of thenost  f#

intense storms. w4

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

Sentinell

is the only mission able to provide near réahe and T—

high-resolution observations of tropical cyclones RISK CLIMATE MARITIME
L MITIGATION CHANGE STUDIES SAFETY
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~_ Avallable spaceborne wind observations over TC

Product Acquisition scenario Swath Data Wind Variables
pixel size Iatency validity

Radiometers: ~3040 km  Systematic acquisitions 1000- ~4 No high wind -Wind speed
e.g. SMOS / 1500 km saturation - Wind radii
SMAP / AMSR - MSW
Scatterometers ~1225km  Systematic acquisitions ~1000 ~4H <2025m/s Wind speed & direction
e.g. ASCAT, HY km
2B, CFOSAT,
SCATSAT
GNSSR: ~2040 km  Systematic acquisitions NA no NRT No high wind -Wind speed
CYGNSS saturation - Wind radii
SAR (hand 1 km -No TC obs. with default S1 ~ 250¢ NRT 10 min, No high wind -Wind speed & direction
dual-pol): acquisition strategy 400 km NRT 13H, saturation - Wind radii
e.g. Sentinell, - Ondemand acquisitionbased or 24H - MaximumSustainedwind
RadarSa2, on TC forecast trackuccessfully speed (MSW)
tested, => 200 TC eyes caught - Inner core TCeye+ eyewall
S1in 4 years

=> Can it be made operational?

Connected talks in this session:
D2489 | EGU20209174- An Insitu Reference for High and Extreme Windgl Stoffelen et al.
D2515 | EGU2020628- On the use of crospolarized SAR and GB&hde measurements for wind speed retrieval in tropical cycleeplavsky et al.
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https://meetingorganizer.copernicus.org/EGU2020/EGU2020-19174.html
https://meetingorganizer.copernicus.org/EGU2020/EGU2020-9628.html

The combination of VV and VH channels as
measuredby SARat very high resolution allowsto

provide Ocean SurfaceWind measurementsfrom
space

S1A¢2018/10/10

at highresolution Michael
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~. SARvased cean surface wind speed over TC

with Sentinel-1

01 km

The combination of VV and VH channels as
measuredby SARat very high resolution allowsto

provide Ocean SurfaceWind measurementsfrom
space

at highresolution
In coastal areas (unique capability vs other

spacebornesensors) -
| — | 116°E  118°E
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hut - S1A - 2018/09/14 - From 09:50:35 to 09:52:21 UTC
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~. SARvased @ean surface wind speed over TC

CYMS

with Sentinel-1

The combination of VV and VH channels as
measuredby SARat very high resolutionallowsto ™ > #0707 fromi0zestio 130 0Te
provide Ocean SurfaceWind measurementsfrom
space ol
at highresolution

In coastal areas (unique capability vs other
spacebornesensors)

overextremeHurricane

16°N 4 R

Examplesf category5 onthe SaffieSimpsorscale
Ocean Surface Wind S| [mys]
Irma TCSept 72017 -
MangkhutTC Sept 14 2018
’ . zoOcean ;ourface Cvoma Spesgd [mls]"’o ° so
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~— SARbased @ean surface wind speed over TC

CYMS

with Sentinel-1

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

at highresolution

In coastal areas (unique capability vs other
spacebornesensors)

overextremeHurricane
bringingsynergieswith other sensorqairborne
andspaceborne)

When degradedat medium resolution,
SMOSand SARare in good agreement
but TC eye cannot be described
anymore
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Latitude

IRMA 2017/09/07 SAR sla 10:29:51 SMOS 10:37:00 cat: 5

Sentinel-1 sla
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g CYMS in a nutshell

Sentinel-1: A Copernicus mission could now offer operational TC monitoring services

5SY2YAUN JAIMSIAR GBK2Ya RSYFYRE Y | dzyAljdzS | Of
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 WellkA RSYUAFASR FFLIWIXE AOIFIGA2Yya O0SYSNHSYyOé NBalLkR:
o well-identified users, although demonstrated over a limited dataset (coverage, sampling),
o longterm operations of the & constellation.

A A service in line with European goals: This new service concurs to Sentin®l A & 4 A 2
2dzNJ SYBANRYYSY (X dzyRSNBRUFYR FyR Gl O1fS
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< Strategy to acquire SAR images over TC

CYMS
with Sentinel-1

A CYMSmanage the first operational campaign maximizing ocean
surfaceobservationsat veryhighresolutionoverextremeevents
A Sentinell HurricaneObservatiorCampaigr{SHOC)
A Methodologyinspiredby the CanadiandurricaneéWatchprogramme

Forecasftl Ctracks

formatted TCtracks(kml)

S1 observations

esSaCyms.org
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@ SHOC campaigria)162019)

CYMS

A SHOGoesalreadyincludemore than 200 acquisition®ver TCeyes
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Acqulsition date

[l RADARSAT-2
[ SENTINEL1 A

A Up to 50 % Of SentlnE'I'l 100? 3%4%59338%83 [ SENTINEL1 B
planned acquisitions catch .
TCeyes ]

80T 35%65% 0%
117 32 0 49

A 80TCmonitoredby Sentinet ...
: _

27%52% 21%
9 17 7 33

3% 50%47%
1 15 14 30

2016 2017 2018 2019
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Sensors

I RADARSAT-2 : 34 (17.0%)
[ SENTINEL-1 A : 112 (56.0%)
[l SENTINEL-1 B : 54 (27.0%)

Sensors

¢

I North Indian : 2 (1.0%)
South Indian : 41 (20.0%)
I South Pacific : 6 (3.0%)
South Atlantic : 0 (0.0%)
Il Northwest Pacific : 62 (31.0%)
[ Northeast Pacific : 36 (18.0%)

———
‘ Il Notth Atlantic : 43 (22.0%)
\ [l Caribbean Sea: 3 (2.0%)

Bl Gulf of Mexico : 7 [4.0%)

Basins

Categorles

I dep: 3 (2%)

Il storm : 81 (40%)

W cat-1:35(18%)

W cat2: 28 (14%)
cat-3 : 22 (119%)

[ cat4: 25 (12%)

W cat-5: 6 (3%)

Categories
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% CYMS in a nutshell

ESACYMS a l-year ESAundedproject¢ startedin 02/2020

Objectives:

1. Scalaup anoperationalsolutionbasedon SAR images
recordedthrough Sentinetl, with a SHOC 202tampaign

2. Prepardtsintegrationinto a Copernicuservice.

3. Buildand processisingstate-of-the-art wind algorithms
auniquedatabasef TC SAR observations

esacyms.org

OCEAN SURFACE
WIND FIELD
PRODUCTS

Sentinel-1-derived ocean surface
wind field products acquired
along hurricane forecast tracks:

Mear real-time delivery for
demonstrating operational
use for the upcoming
hurricane season

Reprocessing archive center
delivering a complete,
state-of-the-art and
homogeneous dataset since
the Sentinel-1 launch.

Foster developments for future
Tropical Cyclone seasons and
answer fundamental questions
on Tropical Cyclone physical
processes.

Gpernicus

END-USER UPTAKE

Customized, validated
and fully acknowledged
Tropical Cyclone products

Standardized, interoperable
and harmonized service

.l"n'"- E:“' \Ji‘_‘ll |
INTEGRATED PORTAL
WebGIS platform
and archive center

High-level service presentation
for the general public
& decision-makers

MNear real-time information

Documentation &
selected publications
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~ Raln impact
A Currently nopre-processingf S1 data inorderto maskphenomenahat are notrelatedto the sea
surface and/or neutravind: -
A atmospheridfronts, raincell9
A oceanidinternalwaves slicks, front)
=>Bothappearasinhomogeneousegions

A Anheterogeneitymaskimplementedfrom [Koch 2004]s usedto identifythoseunusablepixels. B T

A Basedon this method, anenhancedversionis proposedwith internal parametersoptimizedfor EW and o,
IW productsusingboth HR/MR (High and MediuRResolution andWV products : -

Referencedataset -

NextGenerationWeatherRadar (NEXRAD): 158&hd highresolution I ,

weatherradars in USA anoversea$34 coasta) with: e AT X

A Basereflectivity (1 km/D 5 min), basevelocity (1 km/D 5 min), onehour : - ”{,32'«'
precipitation (0.25 km/1hour) andhydrometeorclassification (0.25 kmD 5 min). e L

A Basereflectivity is radarcentered product with a radius of 460 kngbtainedat the - o e o
lowest elevationangle of 0.8 | : "

A Note: Altitude of radabeamincreasewith increasingdistancefrom radar center AR fui d
(up to 5 kmnearthe largestradar coverage -> effect not considersofar | - S =2 I ———

=>Databasef 1055 IW GRDH products collocated with range/az NexRAL

base reflectivity
esacyms.org (opernicus €2@sa PMremer LS
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~_ Rain impact an example

with Sentinel-1

i

$-1 @ 701607047101408

NEXRAD TJUA@ 20160704T101700 esecCLS S1A IW GRDH WV eeecLS S1A_IW_GRDH WV with mask eeecCLS
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Rain impact

A In [Koch 2004], #ilters with thresholdscomputedat 3different resolutions
A 200 m, 400 m, 800 m (IW GRDH)
A 320, 640, 1280 m for (EW GRDM)
+ Postprocessingvith morphologicafilter (e.g.avoidareas < 1 km2)

A 1. Are thethresholdsonfilters proposedby [Koch 2004] optimal ?
A 2. Whichresolutiongivesthe bestfiltering performance ?
A 3. How toconsiderualpoldata ?

A Assumingainmaskgivenby NexRADbasereflectivityvalue vith various
minimumthresholdg

A Dependingn Kochbasedthrehold, different Falsealarmsand good
detectionrates carbe found

=>ROQurves(ReceiveOperatingCharacteristi: to find the besttrade-off

betweengooddetectionand falsealarms

=>Criteriafrom either YoudenJ indexnaximizatioror top-left distance

minimization consistenthresholdsound

A If one singldilter: best if Vool @ 400meters
A Little benefitif combinedwith VHpolinformation @ 800neters
esacyms.org
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Koch-based VV detection at 400 m wrt. NexRAD reflectivity
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