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The Aeolus Wind Validation Payload at DLR A2D and the Aeolus Measurement Principle

* DLR’s Doppler Wind Lidar (DWL) payload is composed of the ALADIN Airborne soppler shit Complex new technologies of the
Demonstrator (A2D) and a highly accurate scanning heterodyne 2 pm At et Aeolus payload ALADIN (Atmospheric
Doppler wind lidar (DWL), used as a reference system. Laser Doppler Instrument) could be

« Both DWLs have supported the ESA Earth-Explorer Mission Aeolus (2018- tested and validated with the A2D
2023) from pre-launch preparation to the validation of the performance. (airborne and from ground):

 Sequential implementation of Fabry-
Perot interferometers as a Rayleigh
spectrometer

» Thanks to the A2D design and the 2 um reference measurements, Aeolus
wind products, calibration procedures and retrieval algorithms have
been validated and developed, continuing during re-processing activities.

e Fizeau interferometer as Mie channel
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Wavelength 354.8 nm 354.89 nm 2022.54 nm Th t principle of A2D and ALADIN on Aeolus ( |
e measurement principle o an on Aeolus (example . : : .
Laser energy 50-90 m| 50-70 m 1-2ml backscatter spectrum with scattering ratio ~1.01) - H oriZ. | 1N e'Of'S| g ht (H I_O S) & 3 D WIN d

Pulse repetition rate  0RNzVA 50 Hz 500 Hz

Optical layout Transceiver MIOME-SEHIE 1T Transceiver Th e A2 D |ayO Ut featu Fes

active co-alignment

Telescope diameter 1.5m 20 cm 10.8 cm th e releva n‘t Aeol Uus

LOS slant angle 35° 20° 0° - 30° variable

Altitude 320 km (10-11) km technologies:

Platform speed 7.7 km-s 0.2 km-s!

Receiver aerosol Fizeau spectrometer in fringe imaging, Coherent detection on i Deve|0p, teSt & Va | |date

(Mie channel) 16 channels single photodiode

Receiver molecules Double edge Fabry-Pérot interferometer, ) O pe ratl ONa | p roced ures

(Rayleigh channel) 2 channels, sequential
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EVVEEYEN QP IV (376 — 2257) ms (200 —400) ms

Temporal averaging 17 s 14 s (+4 s data 1 s per LOS (500 shots), befo re/d U rl N g/

product (horizontal) gap) 44 s scan (21 LOS)

Horizontal resolution [E¥:N44) 3.6 km (185s) gi ::2 Is:coasn after the m |SS|On

Min. vertical

o 250 m 300 m 100 m e Aeolus-2
Precision 1.5 ms't (Mie), d . d
The A2D and the 2-um DWL mounted in DLR’s Falcon (random error) (1.5-2) msTHLOS  LOS ~ <ims upgraae envisage
aircraft. The inserts show the A2D spectrometers from 1.8 m-s! (Rayleigh)
the Aeolus predevelopment model. Specifications of Aeolus, A2D and the 2-um DWL Selected references (instrument): Reitebuch et al., JTECH, 2009; Witschas et al., JTECH, 2017; Lemmerz et al., Applied Optics, 2017

Results from Pre-Launch Campaigns and Instrument Studies During the Mission

Noise and

alignment
_ dewdeion

Ground « The DWLs tested mission procedures and algorithms for
campaigns for Aeolus in flight (downward looking) — world’s first joint

performance flight of a heterodyne and direct detection DWL in 2008

evaluation

- Activities complemented the pre-launch instrument tests by ESA & space industry

First characterization of Rayleigh-Brillouin > efficient commissioning, fast operational data availability after launch

line-shape in the atmosphere and
characterization of alignment stability
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averaging), range-gate overlap, End-to-End Simulator development and verification, Mie non-linearity correction, ground
returns from sea/land surface reflection/albedo, spectral line shape characterization (= temperature profile measurement),

aerosol retrieval demonstration, speckle noise mitigation, hot pixel investigation, ...

Selected references (pre-launch): Liet al., JAOT 2010; Lux et al., AMT, 2018, Marksteiner et al., Remote Sensing, 2018, Geiss et al., ILRC, 2018; Schéfler et al. BAMS, 2018; Witschas, Optics Letters, 2021
Selected references (mission support): Lux et al., IEEE-CLEO, 2019; Lemmerz et al., SPIE-ICSO, 2023, Witschas et al. Applied Optics, 2023, Lux et al., Applied Optics 2024a,b; Vaughan et al., AMT, 2025

Aeolus Validation Through Airborne Lidars — AVATAR-X Aeolus Best Performance Case During AVATAR-I in 2019
To validate the quality of Aeolus wind observations, DLR performed L2B16 (4 reprocessing) asc. and desc. orbits
four airborne campaigns over Central Europe, Iceland and the Tropics Acolus Airborne Validation Example: North Atlantic 16/09/2019
covering a total of 26400 km along track in 31 underflights: Flight direction N->S ~ 1000 km

»
»

= Performance characterization under various conditions:
Aeolus signal-to-noise, geographical regions and atmospheric dynamics

No EE threshold, only the median-modified Z-score >3 as QC

2-um DWL 1-scan data, gridded to Aeolus L2B

A significant improvement in Aeolus HLOS wind quality is observed:

Aeolus HLOS vs. 2 pm
DWL as reference data outliers error*
822 42 5.9 m/s
Mie-cloudy 608 83 4.2 m/s
847 22 5.4 m/s
Mie-cloudy 649 16 3.2 m/s
. + 3% - 48% - 9%
> Mie-cloudy + 7% - 81% - 30%

2-um DWL

Altitude 0 — 10 km
HLOS wind speed / (m/s)

A2D Rayl.
Median Absolute Deviation (MAD)

Random error given as scaled

Successful airborne validation latest results = B16 main findings:
* Mie: Random error and estimated error products improved, fewer outliers
with a more symmetrical distribution, still potential for increased coverage
 Biases are stable (within the uncertainties of the validation)
» The Rayleigh error estimate product generally better represents the wind error,
has increased error values, which can be too high in few cases
R - QC threshold adaptation, required (e.g., only modified Z-score outlier control)
Activities phase » Validation results inter-comparability depends on multiple aspects incl. vert./hor.

References validation: Lux et al., AMT 2020; Witschas et al., AMT, 2020, Lux et al. & Witschas et al., AMT 2022 coverage and validation strategy, which define different Aeolus data-subsets
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