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ESA’s Earth Observation Satellites
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Aeolus Mission Objectives dcesa

Scientific objectives

= To improve the quality of weather forecasts

» To advance our understanding of atmospheric dynamics
and climate processes

Explorer objectives

» Demonstrate space-based Doppler Wind Lidar potential for
operational use

Observation means

» Provide global profiles of winds in the troposphere and
lower stratosphere

= Spin-off product: Atmospheric backscatter and extinction
profiles

Payload
= ALADIN: Atmospheric LAser Doppler INstrument
ESA UNCLASSIFIED - For Official Use ESA | 20/04/2018 | Slide 4

— 0l b =™ = := "Il D 1 mm i1 = == g I+l European Space Agency



Mission characteristics

» Orbit: sun-synchronous

= Mean altitude: —320 km

» Local time: 18:00 ascending node
» Inclination: 96.97°

» Repeat cycle: 7 days / 111 orbits
» Orbits per day: —16

» Profiles per day: —64000

= Mission lifetime: 3 years

ESA UNCLASSIFIED - For Official Use ESA | 20/04/2018 | Slide 5
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Measurement principle (1/2) \\\\\\“\\ eSa

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

» Mie receiver (aerosol & cloud
backscatter)

it = Rayleigh receiver (molecular

\ backscatter)

» The line-of-sight is pointing
= 359 off nadir to derive horizontal
wind component
= orthogonal to ground track to avoid
satellite velocity contamination

= Spacecraft regularly pointed to nadir for
calibration (1/3 orbit per week)
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Aeolus measurement principle (272)
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Mie channel: Rayleigh channel:
= Aerosol/cloud = Molecular
backscatter backscatter
» Imaging * Double-edge
technique technique
Receiver
Transmitter laser
‘ Atmospheric Spectrum Atmospheric Spectrum
Telescope
oo pdley cel % Mie Signal E‘
g — 8
Rayleigh + Background
Wavelength a
Backscattered light Doppler shift Fizeau EtDa'IJ:rLs
<100 m/s Spectrometer (Filter A&B)
CCD Recorded Signal CCD Recorded Signal
Laser pulse Mie backscatter » » Filter A Filter B
z g g
<} ks
5 g
£ E
2 z

Wavelength CCD Pixel Number CCD Pixel Number
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Aeolus data processing and distribution (1/72) Qk eSa

wind

/1

ECMWEF
—> Met Centres
Science

T&p,
calibration —3 Air quality
Forecasts
Science

Data preparation
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Aeolus data products ‘\\&\\— eSda

1. Primary product (L2b): -

Horizontally projected LOS (HLOS) wind profiles (no vector)
— Approximately zonal at dawn/dusk (6 am/pm)
— 87 km observation from 3 km subsamples — scene classified
— 0-30 km altitude in 24 vertical layers
— Random errors: < 1-2(PBL), 2(Trop), 3-5 (Strat) m/s
— Bias: < 0.7 m/s
— L2c product: ECMWEF forecast wind vectors after assimilation

of Aeolus L2B winds, not to be used for assimilation!!)

2. Spin-off product (L2a):
Optical properties profiles
— co-polar B, o, lidar ratio

— <85 km observation averages from 3 km subsamples
ESA UNCLASSIFIED - For Official Use
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Aeolus L2B winds, test dataset 1 Oct. 2015

Molecular (Rayleigh) winds Particle backscatter (Mie) winds

- L2B Rayietgh clear HLOS wind (m/s) Courtesy M. Rennie (ECMWF) 2B Mie-cloudy HLOS wind (m/s)
fworking/CAL_VAL_dataset_orbit_1/AE OPEE“% U_N_ 2B enlsmolmmm _20151001TO14212_0001, TXT fwarking/CAL_VAL_dataset_orbit_1/AE._ OIB’E"I‘% fﬂsuﬁvngmm?mmwonnza 20151001T014212_0001.TXT

Underestimate number of Mie winds in
PBL because of no aerosol in simulator

Haight (krm)

Height (k)

-1

3638 7.9 71.34 X . B . -35.42
-85.66 -106.87 -11368

045  Std.dev.=16.11 Count=1634
T

Lo g, - ; : : ! 35/ 70, £9.02 -35.42 0.38

80,88 8757 11146 93.96 80,51 7382 66.10 45.29 85,56 105,97 11359 80.68 G767 11148 P 8051 7382 6610 4629

Mean=284  S5td dev.=33.58 Count=8432 HLOS wind O (m/s) Maan
L T T T

HLOS wind O (mi's)
T

L I
-107.27 -T6.34 -45.41 -14.48 16.45 4738 7832 10727 76.34 4541 14.48 16.45 47.38 7832

L2B algorithm development: J. de Kloe (KNMI), M. Rennie (ECMWF), G.J. Marseille (KNMI)
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Data processing and distribution (2/2) \‘\&Q\;esa

» Data processing from L1-L2 at ECMWF

» Usersget Aeolus L2B winds in NRT (for
use in assimilation) from
» ESA Data Dissemination Serverin ESA
Earth Explorer (EE) binary format +
BUFR convertor

= EUMETSAT in BUFR format (still to be
implemented)

= Data quality monitoring at ECMWF

= ECMWEF assimilates Aeolus L2B winds,
= model forecastwind vectors at
Aeolus measurementlocation ->
L2C product

ESA UNCLASSIFIED - For Official Use ESA | 20/04/2018 | Slide 11
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Aeolus Data Dissemination Server

&\k\“\k esa Online Dissemination

ESA Earthnet

Directory Tree View - L2B_Products

L2B_Products

Collection L2B_Products
Baseline 2B03
Year-Month 2007-10

Day 30

Available products :

AE_OPER ALD_U_N_ZE_MD71030T033729 20071030T050941_0002

: EO-SIP EOProduct Browsemage Metadata

AE_OPER_ALD_U_N_2B_20071030T155029_20071030T172341_0002

>
ESA UNCLASSIFIED - For Official Use
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Welcome Guest

Collections

== 1

{zesa

http://aeolus-ref-addf.eo.esa.int/addf/

Automatic download of data can be set
up with scripts (see help pages)

Aeolus wiki’s:

ESA: https://wiki.services.eoportal.org/tiki-
index.php?page=Aeolus%20Wiki (coming soon)

ECMWEF:
https://software.ecmwf.int/wiki/display/AEOL/
ESA | 20/04/2018 | Slide 12
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Aeolus data use

AMV vector wind
AMV wind projected on Aeolus HLOS

w

» For comparing AMV vector winds and Aeolus HLOS winds, a projection to Aeolus HLOS using

L2B “LOS_ Azimuth” () is needed

= A westerly wind will be negative in descending and positive for ascending orbits in the

Aeolus L2B wind product

ESA UNCLASSIFIED - For Official Use
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Expected Aeolus impact

Saturday (23 Seplerrhar 2071 00 UTC ECMVF Forecast 1424 YT:Sunday 04 September 2101 00 UTC Model level 1 Verically ivagrated total enargy
o s [ - i - e s v s sscs wow ren eco

W W 12w 100w BeW EW W =ow &E 20°E 05 [ LS [T 14°E e

Figure 4: The reduction of mean total energy of the 24h forecast error (TEFE)., when HLOS (zonal
wind) data are assimilated. Only the contours of the largest values are displayed.

Horanyi et al, 2014, IFS total energy error reduction
based on thinned u observations from aircraft. Impact
shown is limited to aircraft coverage areas
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Figure 6. ECMWF actively assimilated u-component
wind observations, available in the longitude range
140°W -120°W, for the 12 hour data assimilation cycle
at ECMWF on 14" March 2014. Showing that large
parts of the equatorial wave feature are not observed.

From Rennie 2018, https://www.epj-
conferences.org/articles/epjconf/pdf/201
8/11/epjconf_ilrc28 02015.pdf

ESA | 20/04/2018 | Slide 14

— European Space Agency

— EEE %E - I*I



Aeolus schedule
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Aeolus on-ground performance testing in Q‘“ eSa
Thermal Vacuum (1/3)
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Aeolus on-ground performance testing in
Thermal Vacuum (2/3)

i
Vol AR\ | "\\
el | - S
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Aeolus on-ground performance testing in
Thermal Vacuum (3/3)
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High-level questions before on-ground test
= Are the lasersstill operational? (15t time after mechanical tests)

= Bothlasersturned On

How do the laser function with the satellite cooling system? (15t time ever)

= Bothlaserswere operated at high energy, stable

Are the lasers still aligned? (15ttime after mechanical tests)

= Light received through internal and emission path

Are the spectrometersstill function? (15t time after mechanical tests)

= Spectral measurements performed with both channels

Can on-ground characterization equipment be aligned to Aladin for all test cases?

ESA UNCLASSIFIED - For Official Use ESA | 20/04/2018 | Slide 19
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Non-conformance still under investigation

=  Emit transmission increased for both Laser transmitters

= Receive transmission decreased

= Current hypothesis “losses caused by on-ground characterization
equipment”, not yet proven. Tiger Team assessing test outcome and re-
characterizing on-ground test set-up.

» Frequency stability more noisy than expected

= Conclusions expected in May

» intermediate results show system requirements still met in most cases
(random error slightly above 2 m/s at some altitudes)
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Aeolus CAL/VAL teams {zesa

o — * Data calibration and
| - validation will be
| performed by teams
world wide using:

» Correlative ground-
based (remote
i sensing) wind and
aerosol
observations

> Airborne
observations

South
FPacific
Ocean

Mew
Zealend

| » Comparisonto
SDQ‘;?:;:” mOdels

Ocean 4

* Gaps:

i ANTARCTICA i .
Cresis s » Tropicsand SH
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Aeolus CAL/VAL Announcement of
Opportunity call reopened 15 March 2018

{cesa

/(//

https://earth.esa.int/aos/AeolusCalVal

esa Earth Online

Missions ~ Earth Topics ~ Data Access «

You are here  Homee » Pl Community » Apply for Data » AD's

- Announcements of Opportunity

Asclus CalVal Call OsED

Welcome to the submission area for the AO for Aeolus
Calibration and Validation
ESA is pleased to announce the reopening of the Announcement of Opportunity (AO) call
for the Aeclus Mission,
The abjective of the CLeNt rEcpening 1S
= toirmibe worldwide scunbsts, new groups and mdnaduals, o partpate n Acolus
CALMVAL throughout the mission ifetime

Fiease nole thal aiready for the other calls released in
2007 and 2014 reran vald and do nof need fo be resubmitfed

Funding of the activities solicited through this AQ shall be covered by nationalinstitutional
respurces. As a CALVAL Pl or co-Pl, access to Aeclus product quality information will
become avatable to you first-hand and before the official product release. Furthermare,
you will be given the oppenunity 1o quckly leam cooperate directly with ather Aeolus
CALMVAL Pis and o perform joint activities.

° et descnpbion of the Asalus CALVAL AD cal
o - Awolus CALIVAL AD call invitation letter
@ - Aeolus CALNVAL call detailed description and instructions

8 Asalus Mismian [

ESA UNCLASSIFIED - For Official Use
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Explore more... -
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Search Results and Projects
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Fast Registration
Full Proposal
Service Request
Campaigns
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3rd Party
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Toolboxes

Training

Proceedings

Events
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MyEarthnet

© List of free datasets
© ESA TRn
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“Aeolus Exploitation for NWP and Future Needs s
for Satellite Wind Observations” &\\' esa
= Joint ESA and EUMETSAT Workshop
= 29 May 2019 at EUMETSAT
= Programme:
= Aeolus mission and products
= Expected impact of Aeolus in global models

= Expected impact of Aeolus in limited area models

= Preparations for assimilation and impact analysis of Aeolus at ECMWF, KNMI,
MetOffice, DWD, MeteoFrance, Norwegian Meteorological Institute

= Aeolus lessons learnt
= Follow-on concepts

= Plenary discussion on impact assessment coordination in Europe, future satellite
winds, synergies and gaps, possible Aeolus-2
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Conclusions

= Aeolus will be the first Doppler Wind lidar in space

= Aeolus is scheduled for launch on 21 August 2018

= Commissioning phase: 3 months, first data for CAL/VAL teams —L+2 months
= Aeolus data release is expected around L+6 months

=  Mission lifetime: 3 years (lifetime beyond 4 years not expected)

= Aeolus L2B product will be delivered within 3 hours of sensing in

= ESA Earth Explorer binary format from ESA (NRT)
=  BUFR format by EUMETSAT (NRT to be confirmed)

=  NWP monitoring, assimilation and impact experiments will be done at ECMWF
under ESA funding

= The potential for an Aeolus follow-on will be followed up by Aeolus Mission
Manager via an Aeolus Mission Advisory Committee
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Anne.Straume@esa.int https://aeolusweb.wordpress.com/ \&\.: esa

y

http://www.esa.int/esalP/LPadmaeolus.html
https://wiki.services.eoportal.org/tiki-index.php?page=Aeolus%620Wiki (coming soon)
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Spares
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(dp)
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ESA Aeolus campaigns
WindVal I and 1l in 2015 and 2016

v

TDS underflight September / October 2016

Calibrations
over (sea) ice

Jet stream | #
measurements  ASCAT underflight May 2015 TR fosches Zentrum

German Aerospace Center
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windVal Il Iceland 2016

Flight through jet stream
(remnants of TC Karl, 27/9/2016)

L2B Rayleigh geolocations
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Courtesy M. Rennie
(ECMWF) and U.
Marksteiner and O.
Reitebuch (DLR)

< ECMWF DLR
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Aeolus campaigns data, A2D airborne

\\\\\l\\x
demonstrator, processed with Aeolus L2B proc. \& esa

L2B Ra |e'h _LOS wind (m/s DLR A2D Raylelgh WiINAS e

A2D Rayleigh wmds (ms?)
T T T T - 30
104 b

oo
N

o
1

rs
n

Altitude / km

~
1

[

=

e
1030 1040 1050 1100 1110 1120 1130 1140 1150 1200 1210 1220 1230
a

-
= e UTC time
o s i St i
o oy pren prms 10¢a pem e

(0-B) i.e. (L2B — ECMWF)

N.B. all
non- .
missing i
results
shown
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Aeolus WindVal 11, Iceland-Greenland, 2016 \\Q““ @Sa

Distance/km
0 200 400 600
e E— e ———

Comparison of DLR 2-pm and LATMOS/IPSL RASTA
wind data over the complete common flight leg
(Courtesy O. Reitebuch et al., DLR)

2-pm Doppler wind lidar (2 pm wavelength, (c) )
* Horizontal resolution: 8.4 km (scan mode)

>SREBBERLLLESLESE S

H « Vertical resolution: 100 m

?-é « Sensitive to particles with pm-size

o (good coverage in cirrus clouds in the upper #
= troposphere) DLR

 Horizontal resolution: <0.2 km
* Vertical resolution: 60m
* Sensitive to particles with mm-size
(good coverage in water clouds in the mid and lower

Altitude / km

: troposphere)
0015 0030 045 i 1oioo 10:15 LATM@S
ime mm ..
N ) . Data courtesy of J. Delanoé&, J. Pelon o
*Schafler et al., The North Atlantic Waveguide and and Q. Cazen)gve (LATMOS 7 IPSL 7 UvsQ) Uit w e’w

Downstream Impact Experiment, BAMS, accepted (2018)
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