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Overview

A Relevance, earth system science, dynamical coupling ocean and atmosph
A Missions (share and enjdy )

ESA ERE ER, EUMETSAT ASCAT, SCA, ocean vector winds, sea ice, soil moisture, rain
NASAQuIikScatISRO OSCAR2(ScatSat k o2 b { h!' { I , H! K. K/ K5Z b
NSOAS/CNES CFOSAT, ®lRad ocean vector winds, sea ice, soil moisture, rain

NASA CYGNSS, ocean wind speed, ocean waves

ESA EE10 HARMONY, ESA &&4d3tarocean winds, ocean currents, SST, cloud motion

ESA Aeolus, winds and aerosol and clouds

ESAEarthCare3D clouds and radiation

Cloud Motion Winds, GEO & LEO

A Involved in mission design, development, Cal/Val, NWP calibration
A Geophysical processing, services
A User applications (extremes, waves, surges, weather, climate processes,

climate monitoring, economy, energy, civil protection, . . .)
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A Climate change
— Temperature/radiation?
— Atmospheric stability?
— Humidity/clouds/rain?

A Dynamics change?
-1 dzZNNAX OF Yy Sa«k i
— Jet streams/climate zones
— Ocean carbon exchange
— Ocean heating
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Protecting people and mfrastructuréw“w
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- Weather losses are
frequent, deadly and
costly global disasters
- Subject to climate change
- More vulnerable
. () Numib2r of regaoried deatlhs
infrastructure Total = 2 061 928 desths
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Weatherforecastscontinually improve
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U Better use of observations
U Bigger computers
U Better weather models
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Actively assimilated observations

- Infrared sensors

- Microwave sensors

- Atmospheric motion vectors
D Radio occultation

Wind lidar (Aeolus)

- Aircraft

I ] Radiosondes

- Others

ECMWEF uses ~100

different satellite
INStruments In
near-real time

U Still new instruments

U What observations are
particularly needed ?

www.ecmwf.int



http://www.ecmwf.int/
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USER REQUIREMENTS
from WMO/CEOS database and
EUMETSAT Post-MSG/post-EPS

WMO G(C)OS gap analysis

WMO
GCOS
GOOS
ICSU

IGBP
IOCCG
UNEP
UNOOSA
WCRP
EUMETSAT

NWP, Global
NWP, Regional

S & IA monitoring
Synoptic met
Nowcasting
Aeronautical met
Agricultural met
Atmos. chemistry
Hydrology

SATELLITE PERFORMANCES

(as evaluated in the
GOS Dossier Vol. IV)
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Sounding

Clouds, precip, land
Oceanography
Atmos. chemistry
Climate
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working/india_agrosol_orbit_2277/AE_OPER_ALD_U_N_2B_20190113T111826_20190113T124826_0001.TXT

8 20.8 26.8 32.8 38.7 4.7 50.6 56.6 62.5 68.3 74.3 9.2 3.2 2.8 8.
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Aeolus winds

L2B Rayleigh Clear results from file: o . L2B Mie Cloudy results from file:
working/india_aerosol_orbit_2277/AE_OPER_ALD_U_N_2B_20190113T111826_20190113T124826_0001.TXT

:] 148 208 26.8 328 38.7 44.7 50.6 56.6 62.5 68.3 74.3
7 74.0 721 69.8 66.4 64.3 36.0 84.9 838 826 817 5 795 2 771 5.7 74.0 2.1 69.8 66.4 64.3
Mean=15.75 Std. dgiv =16.32 Count=2036 OSwind O (m.f ) Mean 11.17 Std. de'v =14.55 Count=563
T T B

0.00 20.00 40.00 60.00 -40.00 -20.00 0.00 20.00 40.00 60.00

Molecular clear air (Rayleigh) winds are the mission driver
Cloud/aerosol particle (Mie) winds are complementary

No winds below optically dense clouds

Aeolus atmospheric return factor 3 too low



FSOI Scores showing impact of Aeolus at ECMWF,

reprocessed 27 Sept 2019
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What NWP impact can we expect from

Aeolus?2 DWL with enhanced signal ?

10 ECMWF F50I statistics for L2B Rayleigh-clear HLOS winds

Curve-fit: y=c((a™2+b"2)/(x~2+b"2)); rel. FSOI functional form
g_
L2B Rayleigh-clear

Seems to be a
reasonable
mode/ fit where
data exists

Approximate relative FSOI % for Rayleigh-clear
un

2 3 a4 s & 1 8
Mean assigned HLOS wind observation error per day (m/s)

- 15

-10

A
A

FSOI is a measure for-Bdur forecast
error variance reduction

Compute enhanced variance contribution
(green ling

Alternatively:

o oo oo I» Do

Models of dynamical error growth are
linear in first 24 hours

A factor of 2 for small changes and scalable
w.r.t. FSOI

Analysis erros , = sgrt[6 o*+Sg2)/S *-S )]
Background errosgis about 2 m/s, x =
observation erross,

y = improvement or cs(, - Sg): red line
Scales sampling and ignores changes in
samplingw.r.t. s

Can we use OSSE to address this
extrapolation?

Figure courtesy of Michael Rennie, ECMWF



Exchanges of heat

, gas ,
unbalance between ocean and atmosphere that are modulated by many

at the air -sea interface depend on the

thermal

, chemical

small -scale processes

Processes at the agea interface

that substantially

moderate these exchanges.

/ Air-sea fluxes \

gt x> Cloud street
L depend on
Organized Large
Eddies (OLEs)"z_ M\ __\_Cloud-free . \ - Surface stress
RN Sy :\ (impacted by ocean
Flux anomalles t **Mj ?\ ,":i w"‘ﬁir\i\ L Top of velocity and by air
(Momentym :-\ S ,,W,?.\ the MABL velocity, which is
',\ ' e affected by SST)
1 'I\
' - Boundary layer
Current T R Secondary———- | . ,
. feedback éThermaI ~ circulation ‘ O(Tkm) thickness (which
> ! fee ck
, NN T — cedngSws, : ;
Wind-waves-currénts S ?r ) ! varies by 2 orders of
interactions A Sﬁ“‘-s d”ft =— e Q&C%" == B magnitude in
) ‘Surface w = ~Ur | UeERUES \i%\i‘\[“ Un=Us- U™ A'Qm : g -
glargggggna o j"__“es T Co  [Suckman = XMgeostrophic [Sea different stability
TurbGT ! \splra‘,‘;\ x4 “Girculation _ /| Mixed Layer conditions)
ulence Entrainment — Instabilities ' ‘Depth
St resense o - Km-scale ocean
A ) (eddy) dynamical
Atmosphere and ocean are dynamically coupled through circulations and

parameterlzatlons with errors
AB 1Tmr> 2F SI NI

KQa

a dzNJF |

OS

\phenomena

J

A Tropical modes are poorly described (EI Nino, MJO, Tropical Instability Waves
A Will these modes change in a changing climate? With what consequence?



Ocean/ice dynamics

€he New Hork Eimes

3D circulation/

transport, mixing Rising From the Antarctic, a Climate Alarm

Affects heat/carbon Wilder winds are altering currents. The sea is releasing

budgets carbon dioxide. Ice is melting from below.
Melts sea ice, By HENRY FOUNTAIN

and JEREMY WHITE

accelerates land ice
Sea level rise

Crucial for climate
change impact and

understanding

Satellite capability
limited to surface

Interior dynamics by s
ARGO floats &7



https://www.nytimes.com/interactive/2021/12/13/climate/antarctic-climate-change.html

EUMETSAT

@ OSI SAF F Satellite Wind Servié

OCEAMN AMD SEA ICE |

. 24/7 L2 Wind services (EUMETSAT

SAF)
¢ International constellation of satellite
¢ High quality winds, QC
¢ Timeliness 30 mirg 2 hours
¢ Service messages
¢ QA, monitoring

. L2 software services (NWP SAF)
¢ Portable Wind Processors
¢ ECMWF model comparison

L2/L3/L4 Climate Data records

o W UserS:NHC, JTWC, ECMWF, NOAA, NASA, NRL, B

I ﬁ' ?: UKMetO, M.France DWD, CMA, JMA, CPTEC, NCAR,
i 1 B %
} Al R
i‘qv % ! g‘-; % = e ' “i . .
dieiti e sy More information:

LY Ay scatterometer.knmi.nl
AL

Z:“x-‘.@*‘ 4.
iLEY L\ L R g ‘ s S Wind Scatterometer Supporscat@knmi.



https://scatterometer.knmi.nl/
mailto:scat@knmi.nl
http://www.osi-saf.org/
http://www.osi-saf.org/

ASCAT-B: 20210829 16:30Z ASCAT-C: 20210829 15:30Z ASCAT-A: 20210829 14:

Royal Netherlands
Meteorological Institute

Ministry of Infrastructure and the
Environment

0210829 1

x 5 scatterometerscapturelandfallof Ida

i X Strengthconsistentwith NHCadvisoriesbut . .

X Hurricanein-situ wind speedcalediffersfrom
mooredbuoys our in-situ speedeference
www.eumetsat.int/ CHEE®olverariS &1 | f

W x The insitureferencewind speedscalealso

determinesoceandragandfluxes NWP ulO

iy < Scatterometemwindsdo not needlong waves



https://osi-saf.eumetsat.int/community/stories/wind-scatterometer-constellation-captures-landfall-hurricane-ida
http://www.eumetsat.int/CHEFS
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Needfor accurate extremeninds

Sea surface temperature K 2017-09-05 00:00:00

A Nowecasting where dropsondesare theadoptedwind speed
reference if the wind speedeferencewould change,
hurricanecategorieschangetoo, aseverythingrelieson
dropsonde wind speedalibration(SFMRDvorak passive
satelliteoceanwinds, ..)

A NWP to formulate dragand air-seainteractionstresses

A Oceanographyto determineoceanmixing depth in
hurricaneqseedeepcoldwater trackbehindhurricane=>)

A Climatemonitoring,to determineclimatechangeat the
extremes i.e.,recalibratepast records

A Climateprediction, to well describecomplex extratropicaland
tropicalcoupledoceanratmospheredynamic§CQ, heat, HO,
X 0

A Improveddescriptionof hurricanedynamics

300.0 300.8 301.6 302.4 303.2 304.0 304.8 305.6

U Satelliteoceansurfacewind speeccalibrationfor activeand —
passivanicrowave remotesensing 0l Tony MCNa”y ECMWE



60°E 120°E 180° 120°W 60-"W
Figure 2: Annual mean merndional [a)} wind speed difference and (b} transient wind speed difference

between scatterometer (Metop-A ASCAT) and collocated ECMWF ERAS for 2018.



Southern Ocean Storms - Zephyr
Measuring Southern Ocean Winds from Space to Close the Carbon Budget

BEFORE, the Southern Ocean
was a carbon sink:

pushed
7 The
wils taking
up half the carbon
absorbed by the
planet’s sea

necth, The
DO wate
IS rOse L0 Lake
s pade sored

« Hoats
take critical
unclerwater

' data, bt cannot
& collect atmospherk

measurements .
Y Extreme
WS are

will map
tappeng ancent

the massing
extreme winds
INwintsrtime
storms

EPHYR

e pshng more
neetn
putling up the

whixhcarnes far
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9 | NJIpyh&ricsrom Space

Windsdeterminehurricanesweather, wavesandsurges electricity, ocean
forcing heatandcarbon budgetseaicedecling climateOK | y 3 S X

Are used by marine forecasters, in NWP, by oceanographers, wind enginee
off-shore industry, safety authorities, climate scientists, . . .

A

A

A More becomeavailablethroughinternationalexchange (virtuatonstellatior)
A Ongoingechnicaldevelopment ofcapability
A
A
A

We canwell usenew satellites but certainlymore resourcegor improved
exploitationof existingsatellitesin society

Open serviceandcomputercloudsallow earth collaborationandfurther
scientificprogress

Datasciencas prominentandadvancedstatisticalphysicsinformed methods
have beerdevelopedfor instrument monitoring, retrievahndapplications

A Sharethe earth, A (s&éllites A (s€emnceandA (s€ndces!



= Google Scholar

Further
Information . .

Ad Stoffelen FOLLOW

Active Instruments group leader, Satellite Division, KNMI
Verified email at knmi.nl - Homepage

Wind satelite NWP data assimilation

Services: TITLE CTEDBY  YEAR
Scatte rometer kn m I . nl Evaluation of Aeolus L2B wind product with wind profiling radar measurements and 2022

. - numerical weather prediction model equivalents over Australia
OS Fsaf. eu metsat. I nt H Zuo, CBE Hasager, | Karagali, A Stoffelen, GJ Marseille, J de Kloe
Wind field and gust climatology of the Persian Gulf during 1988-2010 using in-situ, 2022

_ _ Atmospheric Measurement Techniques Discussions, 1-27
Mmarine.copernicus.eu
reanalysis and satellite sea surface winds
ESA Aeol us DISC E Owlad, A Stoffelen, P Ghafarian, S Gholami

Regional Studies in Marine Science, 102255

Intercomparison of wind cbservations from ESA's satellite mission Aeclus, ERAS reanalysis 2022

and radiosonde over China
B Liu, J Guo, W Gong, Y Zhang, L Shi, ¥ Ma, J Li, X Guo, A Stoffelen, ...
Atmospheric Measurement Techniques Discussions, 1-32

Correlating Extremes in Wind Divergence with Extremes in Rain over the Tropical Atlantic 2022
GP King, M Portabella, W Lin, A Stoffelen
Remote Sensing 14 (5), 1147

Support vector machine tropical wind speed retrieval in the presence of rain for Ku-band 1 2021

wind scatterometry
X Xu, A Stoffelen
Atmospheric Measurement Techniques 14 (12), 7435-7451

Investigation of near-global daytime boundary layer height using high-resolution g 2021
radiosondes: first results and comparison with ERAS, MERRA-2, JRA-55, and NCEP-2
reanalyses

J Gue, J Zhang, K Yang, H Liao, S Zhang, K Huang, ¥ Lv, J Shao, T Yu, ...
Atmospheric Chemistry and Physics 21 (22), 17079-17097

CWDP L2A processor Specification and User Manual 2021
CWD Processor, Z Li, A Verhoef A Stoffelen

CWDP Test Plan and Test Report 2021

CWD Processor, Z Li, A Verhoef, A Stoffelen

Numerical Weather Prediction Ocean Calibration for the Chinese-French Oceanocgraphy 1 2021

Farr | S VAl rey 4 A NA e ol T mdem LI | 4



https://scatterometer.knmi.nl/
https://osi-saf.eumetsat.int/
https://marine.copernicus.eu/
https://earth.esa.int/eogateway/activities/aeolus-disc
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T

¢ 2 R Is@at@sdof KNMI wind processin

ASCARA, MetOp-A : 2007- 2021
ASCAB,MetOpB : 2012 healthy
ASCAT,MetOp-C : 2018 healthy
OSCA®D, ScatSat 2017 Feb 2021
OSCA-B, OceanSat3 : Q1 2022
HSCAB, HY2B : 2018 healthy
HSCALC, HY2C . 2020 healthy
HSCA-D, HY2D : 2021- healthy
CSCAT, CFOSAT : 2019 demo
WindRad FY3E : p K T kKh@althy

https://scatterometer.knmi.nl/proc status/

Vector wind CDRs for ERS (29999),QuikSca({19992009),
ASCAT (200)f OSCAT (2014+), needed to monitearalyses

Reanalyseare subject to changing inputs

https://scatterometer.knmi.nl/archived prod/

9:30 LST, Enof-service announced

9:30 LST

9:30 LST, Excellent for wind changes in convecti
8:45 LST, Excellent for Ku/C intercalibration
12:00 LST

6:00 LST

Not sunsynchronous, regresses

Regresses, commissioning

Stability issues, nadir issues

5:30 LST, comm|SS|on|ng st

https://scatterometer.knmi.nl/hy2d_2
5_prod/index.php?cmd=monitoring&p
eriod=week&day=0&flag=yes


https://scatterometer.knmi.nl/proc_status/
https://scatterometer.knmi.nl/archived_prod/

The BeauFort Scale

“Over thousands of years sailors have learnt to estimate the speed of the wind just by
looking about. This technidque matured into what we now call the Beaufort scale. The universe
tells you everything you need to know about it as long as you are prepared to watch, to

listen, to smell, in short to observe . Howtoons 2006
FORCE| SPEED Ripples with the appearance of scales | |FORCE| SPEED Small wavelets. Crests have a glassy FORCE| SPEED Large wavelets. Crests begin to break.
SEA
i) SEA | Sea like a mirror s Knoce SEA | are formed, but without foam creste 46 Krioks appearance and do not break 7210 kross | SE2 | Foam of glassy appearance.
© mph 2 i 1 1-3 mph Direction of wind shown by smoke but 2 H-7 ot Wind felt on face; leaves rustle; 3 8-12 mph Leaves and small twigs In constant
o pet LAND | Smoke rises vertically 1-6 kv | AN | riot; by wind vares 7-tkmm | YANP | ordinary vane moved by wind 12-19 km/n | “ANP | otion; wind extende g flag

FORCE| SPEED | gy | Small waves, becoming longer, fairly SPEED | ggp | Moderate waves, taking a more pronounced FORCE | SPEED oea | Large waves begin to form; tne white foam | | FORCE| SPEED | gy | Sea heaps up and white foam from breaking
1-16 Kriots frecuent white horses 17-21 Krobs long fonm; many white horees are formad. 22-27 Knozs crests are more extensive everywhere. 28-33 Knovs Waves starts to blow in streaks with wind.
q B mph | o | Raises dust and loose paper; small 19-24meh | o] Small trees in leaf beain to sway; 6 ST1men | o | LArge branches In motion; whistiing heard in 7 P23 men | | o | Whole trees in motion; umbrelas discarded;
branches are moved 30-39 km/n wavelets form on inland waters telegraph wires; umbrellas use difficult. inconventience felt when walking

x & g
777\ “Near Gale”

’\*-— = Gale”|

) 1R
A

«r{w B
= mv@f;- uﬂﬂ»h
rgw

T

YO

//fﬁaiuuﬁf / ( _;

FORCE | SPEED SEA | Moderate high waves of greater length; edges FORCE | SPEED SEA | High waves. Crests of waves begin to tumble FORCE| SPEED ZA Very hign waves. Surface of the sea takes on| | FORCE| SPEED SEA Exceptionally high waves. The sea is covered|
34-4O Knots of crests begin to break into spindrify. 41-47 Kriobs| and roll over. Spray may affect visioilicy 48-55 Knots a White appearance. Visibility affected 56-63 Kros with long white patches of foam.
8 39-Hemh | o |Breaks twigs off trees; generally 9 H7-54 mpn Slight structural damage occurs, 10 55-63 mpn Seldom experienced inland; trees uprooted; 11 ©4-72 mph Very rarely experienced on land;
63-75 kn/n impedes progress 76-87 kenvn | “ANC [ chimney pots and slates removed 88-102 km/n | FAN? | considerable structural damage occurs 103-17 kv | AN | accompartied by widespread damage.
N7 e
&Y k-
ﬁ; IR 4N

Huge waves; alr Is fllled with foam and spray. Sea white
with driving spray; visibilicy very seriously affected

Countryside is devastated

“Hurricane”




Scatterometer research partnerabroad

Marcos Portabella, khandscatterometry 8 years at KNMI

WenmingLin, 7 years at ICM, wind variability/rain; now at NUIST on CFOSAT
Ana Trindade, ERA*, ICM

GiuseppeGriecq 3 years at KNMI, 1 year at ICM, now CNR
FedericocCossyuEUMETSAT wind fellow at ICM

ZhixiongWang, Ku GMF with SST correction, product comparison Ku/C, now
prepares data foECMWHlata assimilation experiments aMidindRag NUIST
XingouXu at NSSC, Machine Learning, Beijing

NOAA hurricane hunters, USA

IFREMER MAX&30bCurrent SAR winds

Sean Healy, data assimilation, ECMWF

Scatterometer Cal/Val: EUMETSAT, NASA, ESA, ISRO, NSOAS, CMA, CNE

To o o Po Po Po oo Do Do Do Do Do



@ Radar
© @ Scatterometer?
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dB

Scatterometersare very stable

A ASCAT beams stay within a few hundreds of a dB (eq. to m/s)

A Cone position variation due to seasonal wind variability

A Reference for climate research (to cheelnalyses

0.10

0.05

-0.05

-0.10

0.00 f5

reprocessed ASCAT A beam offsets from CONE METRICS (relative to mean 2013)

——FORE right
~MID right

——AFT right

= = FORE left
= = MID left
= = AFT left

2007 2008 2009 2010 2011 2012 2013

The EUMETSAT
Network of
Satellite
Application
Facilities —
Ocean and Sea ke



» UV Doppler wind Lidar operating at 355 nm
and 50 Hz PRF in continuous mode, with 2
receiver channels (HSRL):

— Flight direction

= Mie receiver (aerosol & cloud backscatter)

» Rayleigh receiver (molecular backscatter)

Fliaht altitude
320 km

» The line-of-sight is pointing 35° from nadir to
derive horizontal wind component

» The line-of-sight is pointing orthogonal to the
ground track velocity vector to avoid
contribution from the satellite velocity

» Spacecraft regularly pointed to nadir for
calibration

European Space Agency



Measurement Principle (2/2)
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Height (km)

Aeolus: What did we expect in 1999~
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ADM-Aeolus was ready in 2017

A Aeolus: the first Doppler wind lidar in
space, no heritage in design and
testing

A Most of the novel technological
developments completed and
qualified for flight

A Most demanding is the high energy
transmitter laser:
i 120 mJ pulses (80 mJ initially) with Power Laser Head
- 50 Hz pulse repetition rate,
- single frequency at
- 355 nm wavelength,
designed for long lifetime (3 years)

A This is pushing laser technology in
many areas, like
- optical coatings,
- harmonic crystals,
-pump | aser diodesé

A And, e.g., satellite gyroscopes . .. Inside the Power Laser Head



