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Outline of the talk

= Aeolus mission, highlights and
performance

" Aeolus processor and product
evolution

= Validation of Aeolus products,
communication and tools
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Aeolus Data Innovation and Science Cluster (DISC) \‘\W cSa
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Aeolus wind and aerosol observations

polar orbit, sun-synchronous altitude 320 km
7 day repeat cycle with 111 orbits
= 16 orbits / day

- 6200 wind profiles of e - f’ﬂjﬂrﬁi{{.ﬁ —
1 wind component - g g altitude up to 30 km
per day : 5-6 times SR - resolution 0.25-2km
more than radiosondes % - . ; | *i{h _ 24 range bins
= ‘e o ""3-"'.f“f‘-.jf_'_,=".7 N /[
. . . . ’."" 5 . /(/l z ) ,,..-r-
Level 1B: calibration, signal levels . %, =
Level 2A: aerosol product: ATB, B, a, S . 3'{—,,7 \ requirements:
Level 2B: HLOS wind speed ;#" /90 s ~__— random error 1 -2.5m/s
Level 2C: ECMWF model winds along track - '{"b systematic error <0.7 m/s
Fig. ESA / ATG-medialab ' ; a '!. 4 : v




Aeolus highlights during first 33 months in orbit

-

Launch on
22/08/2018

P —

AEOLUS TROPICAL
CAMPAIGN 2021
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Data release
to Cal/Val
teams on

18/12/2018

First wind on 12 Sept 2018

Commis-

Public
release of
L2A product
in June 2021

Preparation of
Aeolus Follow-On
started in 2020

- For Official Use
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sioning Phase
E1 Review
January 2019

Hot-Pixel fix operational on 14/06/19

rayleigh

.= DISC

40
25000 a0 i'j
3
€ 20000 zu =
£ 0oz
2 . 8
'g 10 =
< E
20 5
550 7 wa Second laser boosts
00 time 2019-06-14T1-
Aeolus power
June 2019
APPLICATIONS
Aeolus winds now in
daily weather forecasts
May/June 2020: 9 January 2020
Aeolus winds are used by
national weather services 20 April 2020:
(DWD, Météo France) for i
12 May 2020: M1 temperature correction

daily weather forecasts
(also caused by the
decline in aircraft data)

Gesamtanzahl in Mitteleuropa

Alle Beobachtungen

Jan  Feb  Mar  Apr

2020 2020 2020

May

2020 2020

Feuchisbeobachtungan

Reduction in meteorological observations
from aircraft in Europe © DWD

= - OH 10

Public release of wind products activated in Aec_)lus processor )

Aeolus Space Mission Goes Public — Already Hailed a
Success

Wind bias before and after implementation of the
M1 temperature correction © ECMWF

2nd ESA EarthCARE Validation Workshop | 25-28/05/2021 | Slide 6

5% wm | Fig. compiled by I Krisch (DLR)




=
=
7

—_—
—

/¢

Monitoring of wind data quality at ECMWF -@CSd

ECMWEF operational monitoring of Aeolus Rayleigh and Mie winds

5 2.0
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O-B: Difference
random error is currently in the order of 5.5-6.5 m/s for Rayleigh winds and 3.5-4.5 m/s for Mie winds (mostly clouds): between Aeolus
random errors in both channels increased since launch and show some decrease due to L2B processor improvements observation and

. . . . . . . Lo ECMWEF forecasted
systematic errors (bias) for both Mie and Rayleigh winds (several m/s) showed strong slow drifts, orbital variations, HLOS wind
differences for ascending and descending orbits, and occurrence in some range-gates

» Since 20 April 2020 global mean bias for both channels around 0 m/s
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Evolution of ALADIN laser energv and signal levels

FM-A FM-B
> >
1.2
>70 mJ
Signals were normalized
to 26/07/19 (UV: 67.0 mJ) ' - j'r\
1.0+ o UV laser energy
u . | . _
© 0.8 ~internal path[signal
2 atmospheric | , |
S path signal | |
© s
=
S
2 0.4
—— Laser energy
0.2 1{— INT signal
— ATM Signal Fig. O. Lux (DLR) and
On-ground scaling factors of the emit energy for FM-A and FM-B were not considered. Lux et al. (2020), Opt. Lett.: laser
0.0 2 2 !
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4 maJor causes for W|nd bIaS . H(Tt pixel correction implemented on 14-06-2019
identified and corrected * *

Combination of several unexpected error sources with
different temporal characteristics

24

1. Higher dark current rates for some “hot pixels” | | |
= Corrected on 14 June 2019 e L TR I A L e

n""l IRAIRT 'l‘ il (Lt
SR Gl oW BT T Weiler etall,

o
Rayleigh HLOS wind speed / m/s

2. Errorin the on-board software in calculation of residual o - b = L,
projection of the satellite ground speed on the line-of- Time [HH
sight LOS

11.95

= Corrected with Baseline 11 (08 October 2020) jSo

11.90

3. Slow drifts in the illumination of the Rayleigh/Mie
spectrometers causing a slowly, linear drifting constant s

M1Temp./° C

bias 15° 11.85
= Corrected with Baseline 09 (20 April 2020) 120 s
4. Thermal variations of the M1 telescope mirror j;’
= Corrected with Baseline 09 (20 April 2020) o0 e
2 remaining causes for Rayleigh/Mie winds identified ;Z 1170
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I Reprocessed Aeolus (hil5) 607

FSOI (Forecast

Sensitivity -

Observation Impact)
for period 3 July to
27 Sept 2019 by
instrument type

Aeolus has second i
highest impact of
any satellite
instrument — after
NOAA 20 ATMS
radiances; =
Metop-B IASI

Observations per cycle in Reprocessed Aeolus (hil5)

Aeolus L2B

—

- g g

4 6
Relative FSOI [%]

[l

8 10

W

d:esa

Aeolus mission objective
to demonstrate positive
impact on NWP is achieved

7

= For this period with good atmospheric signal with
reprocessed L2B, Aeolus provides 4.8% relative FSOI
Aeolus =~ radiosondes, > scatterometer & GPSRO

= Shows the importance of wind profile observations
in NWP even with higher random errors than
requirements => impact could be even significantly
higher for mission requirements

Fig. M. Rennie (ECMWF) et al., 2021, QJRMS, revised
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Outline of the talk

= Aeolus processor and product
evolution
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N

Aeolus operational processors and data product ‘&Lesa
baseline updates every 6 months |

= New processor versions from DISC and baseline il e T
update for NRT and reprocessing every 6 Simulator E2S Processors Processor
months with improvements in data qualityfor | o T J _______________________
all products from LO-L1A-L1B-L2A-L2B and e L0 o LA o L8 )| 28 Wind

. . Processor Processor Processor Processor
calibration processors J
= Next baseline update to baseline 12 product's ”iﬁﬂ"vﬂé’m‘ﬁ”?“
. . mode
will take pIace on May 26, 2021 => publlc data analysis, background

. R ing further enhances data qualit
release of L2A aerosol products in June 2021 eprocessing TUrther enhances data quatity

=  First re-processed data set FM-B period 2019 > >> > >
was made publicly available in October 2020

= Currently second re-processing campaign is on- [ FS 2019 } [ oo J l F-A data J [ Complete J
going covering FM-B period until October 2020:
will be available in September 2021 L1B+L2A processor by D. Huber (DoRIT)

L2B processor by J. de Kloe (KNMI)
ACMF calibration processors by ABB+S&T
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Exploitation of synergies between Aeolus and EarthCARE (s
for the first High-Spectral Resolution Lidars in Space \

ATLID (Heliere et al. 2012)

ALADIN (ESA 2008)
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< Operational

- L2A Aeolus

. Feature Mask

. FM probabilities

Figure by D. Huber
(DoRIT)

CSd

EarthCARE Feature Mask was
adapted and refined by KNMI
(DD, GJvZ) to Aeolus needs
using and re-coded for
operational L2A processor

V. 3.12 by DoRIT/Reissig
(February 2021); is available in
L2A products for baseline 12

\&

Currently Aeolus version of the
ATLID Optimal Estimation
algorithm (DD) is implemented
in operational code for summer
delivery of L2A V3.13: will be
available for baseline 13 in
Sept. 2021
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available in L2A

b A ,.ﬂ.hu_..mf"m.m‘h i

| |I__:_1 : ) -
L2A product SCA i H‘, 5
oMy g R £ f 10
=
5
e " S
x . i L WL & 0
e (Rl © KRR PO W P VN |
Sept 2021 c o AT YO h‘hﬁua‘.‘ : ‘L“-ﬂ A .'L'..lii il ol ) 5
in L2A < =
% O 10-1
products £ 9
AEL [E y TR O §
PRO L il '-F "' "‘I A il ? Y & "ll' |
Ji o R g ,ﬂ’ A
Le-vel 2B 0 100 200 300 400 Orbit 6142
wind L2B (Sept 2019)
processor
optical OPC " '
properties ; -*",,.ju PR T T |
code 100 200 BRC 300 400
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Outline of the talk @Sda

End-to-End Calibration L2A Aerosol
Simulator E2S Processors [ : Processor
. LO L1A L1B J » 2B Wind
Aeolus Satellite > > >
Processor Processor Processor Processor

= Validation of Aeolus products,
communication and tools
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Validation of Aeolus aerosol product with ground based lidar Q‘“ @SAa

Gooplyend Geophysical Research Letters 0
ot e SEARCHLETTER  Californian Wildfire Smoke Over Europe: A First . :
mosmmcusn | Example of the Aerosol Observing Capabilities of Acolus =  Ground-based lidars measuring backscatter

Compared to Ground-Based Lidar

eyt el o it e e and extinction coefficient and depolari-

Alain Dabas® ', Dimitri Trapon®, Oliver Reitebuch’ ©, Sebastian Bley", and Ulla Wandinger* . . .
zation at 355 nm are key for the validation

of the Aeolus aerosol products L2A

TROPOS, Lefpzig, Germany, 2020-09-11 16:49:11.224904 TROPOS, Lelpzig, Germany, 2020-00-11 16:45:11.224904 TROPOS, Leipzig, Germany, 2020-09-11 16:4%:11.224904
Orbit location: 51.8168N 1188 E Onrbit location: 518168 N 11.88E Orbit location: 518168 N 1188 E
Lidar location: 51.35N 1243 E Lidar location: 51.35N 1243 E Lidar location: 5135 N 1243 E
Distance to lidar: 64 km Distance to lidar: 64 km Distance to lidar: 64 km
8y — 181 —L_ 18 = =  Ground-truth needed for assessment of
B ] : ;il?yﬂ.dag Snm Raman FR total B : ::;::yli‘t:dj 55nm Raman FR [ —@- :{o::v':"fd}’ak rim Raman total H H
T e | '° +,_H oectirotitoiost I ) Y il oo Aeolus radiometric performance (,,photon
14t — . .
v budget”) for Mie channel (on-going)
12 12
£ g £
= 10| 2 =% . . .
3 e - = Routine observatations over longer period
= B b=} A .
< g < < (>1 yr) needed due to only few colocations
4r 4t
| ] )l %‘L = Active Cal/Val teams (funding!) with
0 N N N I . . ; . expertise in data product quality
0 1 2 3 4 5 0 100 200 300 400 0 50 100 150
Backscatter coefficient (Mm ™' sr™') Extinction coefficient (Mm ') Lidar ratio (sr)
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Airborne validation with 2 wind lidars on DLR Falcon

~ AVATARI 2019
09/09 — 01/10

WindVal-lil 2018

17/11 — O9fF2
AVATARE 2019

24/05 — 05/06

AVATART
Aeolus orbits

L September 2021

=>» Three campaigns since Aeolus
launch: 34 research flights; >15000
km along the satellite track;
different locations, seasons and
Aeolus mission phases
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AVATARI example: North Atlantic Jet Stream
east of Greenland on 16/09/19

HLOS wind
speed (m/s)

Flight direction

Aeolus L2B Rayleigh winds
L s mm s B

L2B Rayleigh
8- A20 Rayleigh | _|
— A 2-m DWL
E & ECMWE modl
=< 64 |
@
3
£ 4
<L
2-
0T T

Latitude (N) HLOS wind

2-pm DWL winds speed (m/s) :

Altitude (km)

| ELIS U BN LI L TR B
-60 -50 40 -30 -20 -10 0O 10

70 69 68 67 66 65 64 63 62
HLOS wind speed (m/s)

Latitude ("N)

Validation of wind errors and their occurence analyzed with
nominal and reprocessed Aeolus data = recommendations for
Aeolus processor evolutions; QC advice for the Cal/Val community

_/

Witschas et al. (2020), AMT, Lux et al. (2020), AMT

| Figure: Ch. Lemmerz (DLR) |y
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Balloon campaigns for wind validation in stratosphere \\\\w cSa

TAPAPA/
Stratéole2

- Fig. A. Hertzog (LMD) et al., 2020, Cal/Val workshop

Google
Loon

© LN
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" | Fig. S. Bley (ESA, TROPOS) | <
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Interactive exploitation of Aeolus via VIirES

https://aeolus.services

*m
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Communication — WIKI, workshops, papers @L eSa

Latest News Data qua[ity

LA ' | Please be aware of temporary L2B wind date blocklistin i
05-24T19:20:00.000000 and Stop UTC=P202 1%5—28'{23:59:59_000000. " Weekly dat? qua.llty reports

. 1 Take note of an open position at ECMWF for the Aeolus / * Data Exclusion List

. Deadline extended: The deadline for submission of the Cal * NWP monitoring of HLOS winds

. || Get ready for a major processor update (Baseline 12) taki e Data quality assessment
processor improvements for Baseline 12 ). e First Aeolus performance document

. 21-( | Please be aware of temporary L2B wind date blocklistin:
May 2021 23:59 UTC due to tests which might affect data quality.

® [20: Please be aware of temporarty blocklisting on 11 May 2

Cal/Val projects

Aeolus mission calibration and validation is essential in or
teams will perform diverse and widespread activities, inclu
intercomparisons, model and NWP impact assessment sty

Overview of Cal/Val proposals

Synthesis of Cal/Val activities and results

Predicted overpasses for Cal/Val stations

Cal/Val stations file available at the Cal/Val ftp serve
Upload portal for Cal/Val Reference measurements:
QOverview of Cal/Val campaigns

Half-Yearly Cal/Val reparts

Instrument and measurement status of Cal/Val mea
EVE lidar system

Discussions

I T

‘ EGU & Atmospheric Measurement Techniques
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8 accepted, 23 under review

The Cal/Val confluence discussions are addressing different topics, ple
heavy analysis reports are expected to kept out of this board and shot
Guidelines for the discussion boards.

e Aeolus products L1B, Wind Product L2B/L2C, Aerosol and Clouc
e Satellite and Instrument related discussions

e NWP impact assessment

General tools, VirES, CODA, EVDC, Data reading, etc.

Orbit and overpass prediction, ESOV, ZoneQverpass etc.
Overview, feedback, reports and updates on Cal/Val projects
Cal/Val campaigns discussions

e Atmospheric sampling

e Communication and Publication https ://WWW- anI US . esa " I nt/

e Aeolus Cal/Val FAQ
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Summary of some lessons learned

= Monitoring tools for instrument parameters (laser,
temperatures, satellite), and product Level 1 and 2
are essential after launch; NRT monitoring using
model output from ECMWF was key for bias correction

= Aeolus performance showed expected and unexpected
behavior: laser, lidar signals, satellite, detector, thermal
=> we are in continuous “commissioning” phase

= Strong team of engineers/scientist with laser/lidar
expertise, algorithm, operational processor development,
NWP monitoring and impact within Aeolus DISC

= Strong support of cal/val teams is essential for mission
success, e.g. ground, airborne, balloon, model => join
Aeolus validation in preparation of EarthCARE

= Enhance cooperation between Aeolus and EarthCARE
teams for the benefit of both missions and in support

of an operational follow-on mission for Aeolus
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