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A successful Track-Record
ESA-Developed Earth Observation Missions
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Aeolus: European Space Agency’s *\&i%esa
Wind Mission

« Launched: 22 August 2018, Kourou
« Launcher: Vega
« Main Payload: ALADIN - DWL @355 nm

« Orbit: Altitude of 320 km, inclination 97°,
sun-synchronous, 7-day repeat cycle, MLT
opm

« Mission Control: ESA/ESOC (DE)

« Ground Station: Kiruna (SWE), Svalbard
(NOR) and Troll (Antarctica)

« Data Processing: Tromsg, (NOR), ECMWF
(Reading, UK), ESA/ESRIN (IT)

« Mission Management: ESA/ESRIN (ITA)
« Mission Life: 3 years
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Aeolus: European Space Agency’s {cesa
Wind Mission

N\

Mission Objectives

. To improve the quality of weather forecasts
by providing global measurements of
horizontal wind profiles in the troposphere
and lower stratosphere

. To advance our understanding of
atmospheric dynamics and climate
processes

Long-term goal

« Demonstrate space-based Doppler Wind
LIDARs capability for operational use




Aeolus: European Space Agency’s f
Wi n d M i S S i O n ECMWF data coveraggz(/?lz 22%s1eév1a2tions) - RADIOSONDE

Total number of obs = 2903

@TEMP-SHIP TAC (1) @ TEMP-Land TAC (624) A TEMP-Land (BUFR) (2249) TEMP-Ship (BUFR) (29)

Motivation

“"Wind observations are scarce in the present
Global Observation Systems which limit our

(s

ability to predict weather especially in the T EéMWFdatacovera;%%(ﬁuzgﬁeganons)-AlRCRAF'T

tropics where atmospheric motions on all = Total number of obs = 146379

@ AIREP (5787) 4 AMDAR (10997) A WIGOS AMDAR (129595)

scales are dominated by the wind field” and
furthermore “expect to obtain information on
aerosol and cloud properties”

(extracted from Aeolus Science Report)

Example of Direct wind observations in the
GOS: radiosondes, surface (conventional,
scatterometers), airplanes, AMVs




&\ aeolus Measurement Principle

» The line-of-sight (LOS) points 35° from nadir to
capture profiles of single component horizontal
wind (projected to HLOS)

» Direct detection UV Doppler Wind Lidar (355
nm) on two receiver channels: Rayleigh to
determine winds from molecular backscatter
and Mie to determine winds from aerosol &
cloud backscatter

Receive;\
. .
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Transmitter
laser

= Vertical wind resolution: 24 vertical bins per
channel, 250m-2km. Configuration of bins are

programmable. TeEE— \
= Horizontal wind resolution: 87 km for Rayleigh, B 4
10 km for Mie
= Several on-ground and in-orbit calibrations are Laser pulse

periodical performed to characterise instrument - ‘—-—- !
performance and improve data output f
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"'\k;"&. aeolus Satellite Platform

= 3 years designed lifetime

= Platform based on heritage from Rosetta, CryoSat
and Mars Express.

= 1300 kg (450kg payload) - 1.4 kW average
required

» Three-axis stabilised using thrusters, reaction
wheels and magnetorquers as actuators and
magnetometers, Coarse Earth Earth Sun Sensors,
Inertial and Rate measurements units, Star
Trackers and GPS as sensors

= Orbit is maintained by 5N thrusters
n nghly autonomous System - Only One ContaCt 2 Coarse Earth-Sun sensor 7 | Inertial measurement t unit 12| Telemetry antenna (S-band)

3 | ALADIN telescope 8 | GaAs solar arrays 13| Power control and distribution unit

req u i red eve ry 7 d ays 4 | ALADIN structure 9 | Hydrazine fuel tanks 14 Li-lon battery

5 | Orbit control thrusters 10| Reaction wheels 15 ALADIN control and data management

“Uata antenna (X-band) 6 11| Laser cooling radiator
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ALADIN: A Technological Challenge “\&%‘esa

One of the most sophisticated instruments
ever to be put in orbit

High-power ultraviolet (UV) laser transmitter
containing ~80 optical functions and
different wavelength conversion

Extreme backscatter sensitivity via 1.5m
telescope, 80 microns field stop and etalon
spectrometers

Doppler Wind Lidar principle
o Af = 2*%f *V 55/C
* Vips=1 m/s
« Af = 5.64 MHz
« Af /f,=6.7 107
« AA=2.4101 m (H* = 1.7 10-1>m)

il - Il = = S im Ivl European Space Agency




Acquisition
Service 5
1 Svalvard

Processing Facility
Tromsoe
Calibration &

Monitoring Facility
(ACMF)

Mission Management
and Planning Facility
MMPE

Surveillance Facility
(APSF/Horus)

Reference Archive (DAS)




In-Orbit Timeline

Working meeting NWP
centers, ESOC - 12
September 2019
confirmed impact on
weather forecast

First Aeolus returns First Aeolus winds CALVAL workshop
(L+14d) (L+21d) (March 2019)

Wind measurements

. .. with FM-B since

GPS reboot anomaly First dynamic bias 28/06/2019
(13/01/2019) correction June 2019

one month downtime Lesson Learnt

Launch
22/8/2018

FM-A: 9 months in operations = 1 Billion shots FM-B =~ 1.2 B million shots so far

IOCR 30/01/2019

Switch to FM-B (17/06/2019)
Procedures benefits from LL &
FM-A experience

TeA internal UV energy (ms)

FM-A switch-on to P
ECWMF Assimilates Aeolus Data
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Aeolus L2B Wind
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Vertical winds profiles from molecular
backscatter (L2B Rayleigh clear)
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Aeolus Products: HLOS Wind
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Vertical winds profiles from particle/cloud
backscatter (L2B Mie cloudy)

Images courtesy Michael Rennie (ECMWF)
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'i'§"~. aeolus Aeolus Products: Aerosol and Clouds \&;esa

st \X/ORLDVIEW

Aeolus L2A Aerosol

MIE USEFUL SIGNAL - MEASURT SCALE + DEM
]

I Mie Useful Signal
—Altitude of DEM Intersection
- — Feature marker

20

center
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= clouds
= i
10
3
= ARSI TR il ] LR Y

Smoke
plume layer

Mie signal: features are clearly

Aeolus orbit (BRC of interest) Scattered . .
clouds visible for smoke plume and low
Courtesy:Dimitri Trapon - MeteoFrance altitude cumulus.
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053“. aeolus

Aeolus L2B wind quality constantly
checked by CAL/VAL teams

Collocation #3, evening 07 Jan: best case

Above-OHP Doppler wind lidar 2019 01 07
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AboVE-OHP 2019 01 07 16:50 - 19:10 UT
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Aeolus - OHPlidar Aeolus - radiosonde E1s
Mean dif./ R correl. Min. hor. Meandif./ R correl. Min. hor. i’;
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Aeolus LOS wind (m/s)

The Importance of Cal/Val

Aeolus wind speed HLOS [m/s]

Comparison
Preliminary Statistics \
Horizontal Co-Location Distance Criteria - Mie cloudy
Radius = 50 km 100 km 150 km

Aeolus-RWP comparison with 123 valid meas Aeolus-RWP comparison with 797 valid meas Aeolus-RWP comparison with 1792 valid meas
2018-09-04 to 2019-03-17 2018-09-04 to 2019-03-17 2018-09-04 to 2019-03-17

living planet |mmax

3-17 May

symposium 2019

200 km

Aeolus-RWP comparison with 3264 valid meas
2018-09-04 to 2019-03-17
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. Bias: 2.51 m/s (50 km) < 3.00 m/s (200 km); MAD: 2.33 m/s 2> 4.11 m/s

- Trade-off between number of measurements and random error (representativeness error
increases with distance)

ESA UNCLASSIFIED - For Official Use Alexander Geiss | LMU | 16/05/2019 | Slide 9
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Comparison of Aeolus Rayleigh winds with radiosonde and Rayleigh
lidar at Observatoire de Haute Provence, France. Courtesy S. Khavkin
et al
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Comparison of Aeolus Mie winds with radar wind profiler at
Lindenberg, Germany. Courtesy A. Geiss et al.
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@ aeolus Quality and Data evolution Q\&é—;esa

Aeolus Data Innovation &
Science Cluster (DISC)

, Instrument \
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"'\l?ﬁ« aeolus Quality and Data Evolution \\\&‘f@iesa

- Constant NWP monitoring of Aeolus data quality (random &
and systematic errors) allows quick reaction to IWH
performance issues. e

15000

« Rapid 6-month processor update cycles of ground
processors allowed swift adaption to lessons learnt and
operational/scientific needs.

10000

Add parameter ...

5000

0 f | v i [ ¥
« Correction found for two major systematic errors: o om0 w0 w0 ww 6 @
. . . 2019-06-14T13:00:00 time 2019-06-14T14:30:00

1. Major patch for Hot Pixel correction deployed June
2019

2. M1 Telescope temperature bias correction discovered
in Fall 2019 and will be applied to the baseline which
will be public released. It is expected to reduce bias
below MRD thresholds

« Random errors are affected by reduced return -8 ] | |
atmospheric signal and lower UV emitted energy 0700 H00 1300 1700

lue: measured, orange: predigted

|
N o
) N

Rayleigh 0-B / m/s
|
S

M1 correction

Images courtesy of DISC
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& aeolus Aeolus Airborne Campaigns (2018-2021)

WindVal III (Central Europe, Nov 2018)
Successfully completed

AVATARE (Central Europe, May 2019)
Successfully completed

AVATARI (Iceland Arctic, September 2019)
Successfully completed

STRATEOLE?2 (Seychelles, Nov. 2019 - Feb. 2020)
Successfully completed

TROPICAL (Cape Verde/Tropics, Summer 2020)
Re-planned for Summer 2021 due to Covid-19
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Global Cal/Val teams results in general

Presented @ NWP Workshop - Courtesy: DWD, ECMWF and NASA GMAO

agreement with monitoring results

Early Dissemination of Aeolus data

through EUMETCAST Nov 2019

ECMWEF starts assimilation of Aeolus data
into their operational systems Jan 2020

150°W 120°W 90°W 60°W 30°W  0O°E

Changes in the u-wind at 250 hPa - ]
Assimilation Aeolus data Aug - Oct 2019 i
Courtesy: DISC, ECMWF G

Establishment of Aeolus Science Advisory
Group

Published Aeolus+ Innovation study I'TTs
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Rayleigh-clear bias compared to short-range forecasts (m/s)

Courtesy: M. Rennie, ECMWF

Mirror temperature difference function (°C)

Normalized atmospheric
path Rayleigh signal
evolution and laser
energy.

Courtesy: O. Reitebuch

Main Challenges

Stabilize Output Energy and
Laser Performance

Reduce Loss of signal of

Atmospheric Receive Path

Biases vs. Telescope M1
(gradient) Temperatures

Minor Pending Platform
issues




Project Schedule — 18 months Outlook

January 2020 September 2020 01 2021

ECMWEF Assimilates Aeolus Data Release of Reprocessed Dataset ? Release L2A Data
1
1
|
|
1
1
1

A
®

Public Release of Aeolus Data Science and Calval Workshop Tropical Campaign
12 May 2020 November 2-6, 2020 July 2021
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Aeolus: Space laser starts chasing the
wind

By Jonathan Amos. Fo“m"g

B8C Science Correspondent
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@esa #Aeolus #EarthExplorer: the first satellite mission acquiring profiles of
Earth’s wind on a global scale
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Improving new Aeolus
wind data for forecasts

BERE o sen News Sport Reel Workife Travel Future

NEWS

9 1974 viEws 36 LIKES

Home =~ Video Word UK = Business | Tech Sclence = Stories | Entetainment & Arts

Science & Environment

Aeolus: Weather forecasts start using
space laser data

By Jonathan Amos
BBC Science Correspondent
® 10 January 2020 f O ¥ & <se APPLICATIONS

COVID-19: Aeolus and
weather forecasts

21/04/2020 1621views 27

ESA/ Applications / Observing the Earth / Aeolus

arth at an &/

In the News




@\ aeolus Summary

The overall performance of the mission is satisfactory. After the switch to FM-B, a number
of issues remain challenging but are not currently undermining the expected instrument
life-time.

Aeolus has been providing global measurements of horizontal wind profiles for almost 18
months (=2B shots). Main bias variations are understood and it is on the right track to
meet its top level mission requirements

Preliminary NWP impact results are quite positive, particularly in the tropics and southern
hemisphere

|ECMWF has started to assimilate Aeolus data into their operational forecast system
already, paving the way to public releases planned for 12 May 2020

Aeolus has successfully demonstrated positive value of space-based Doppler Wind Lidars
technology for operational use and there is a lot of interest to start programmatic steps for
planning an operational follow-on



