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Aeolus Validation Through Airborne Lidars - AVATAR-X The Aeolus CalVal payload at DLR

To validate the quality of Aeolus wind observations, DLR performed DLR's Aeolus CalVal payload is composed of a direct detection wind
four airborne campaigns over central Europe, Iceland and the Tropics, lidar (ALADIN airborne demonstrator, A2D) [1] and a highly accurate
deploying two different Doppler wind lidars on board the DLR Falcon aircraft. scanning coherent 2-uym wind lidar [2,3] used as a reference system.
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With this payload, both the Aeolus wind products as well as specific
calibration and retrieval algorithms can be validated.

AVATAR-l 2019 f(/ AVATAR-E 2019 N DLR bzi]s be_en using this payload for 15 years already for pre-launch
09/09 — 01/10 24/05— 05/06 activities since 2007.

DLR A2D DLR 2-ym DWL

Campaign # of flights # of UFs Sat track/km
354 .89 nm 2022.54 nm

WindVal-llI 6 4 3000
AVATAR-E 9 6 4400 , . N e o
AVATAR-I 19 10 8000 ¥ - N o 2L Zu0lnz
| , » = i 400-500 ns
AVATAR-T 18 11 11000 ™ : , | | 20 ns (FWHM) e
Sum 52 31 26400 3 20 ¢m 10.8 cm
*flight hours including test and transfer flights
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0.2 km LOS,
8.4 km scan

Precision 1.5 m-s1 (Mie)
(random error) 2.5 m-s' (Rayleigh)

© Google Earth |

Flight tracks of the Falcon aircraft during the previous Aeolus CalVal campaigns performed by DLR. 3 e The A2D and the 2-um DWL mounted in DLR’s Falcon aircraft Specifications of the A2D and the 2-um DWL

Comparison procedure of 2-um DWL measurements and Aeolus observation

wind speed/(m/s)

Due to the different horizontal/vertical resolutions of 2-um DWL distance/(km) S —
2_ m DWI_ z_um DWI_ AeOIUS ) 10 17 132 247 362 . 4?7 . 5SI92 . 7(.)7 . 8%2 . 9?7 . 10.52 _
M measurements (e.g. 8.4 km/100 m) and Aeolus observations (e.g. 90 km Y @]
Wind speed Wind direction HLOS wind (Rayleigh) and down to = 10 km (Mie), 0.25 to 2 km), averaging and S s =
projection procedures have to be applied before comparison: = = N
v v v 1. 2-uym DWL wind speed/direction are averaged to the Aeolus grid by using ° — E—— om g e
the top/bottom altitudes and start/stop latitudes (L2B data). A 2-um R e —
4 ) 4 N DWL d o/ . : % gl 2 MM DWL HLOS wind speed (b)
: : : : ata coverage threshold of 50% is used to consider the averaged 3 — _
* Averaging to Aeolus grid * Estimated error filter . . Es ]
_ _ _ _ data point as valid. 3 . ]
(data coverage threshold) e Extracting points with valid _ T _ N ]
« Projection onto Aeolus HLOS 2-um DWL measurements 2. The_averaged wind speeds/directions are projected onto the e
\_ /) U ) horizontal LOS of Aeolus. Z [ Aeolus HLOS wind speed ©) ]
© _ ]
3. Aeolus HLOS winds (Rayleigh-clear and Mie-cloudy) are extracted for % )
e Calculate difference and areas of valid 2 um DWL measurements. =
. oL, . . ey
systematic and random error 4. Beforehand, the Aeolus data is quality controlled by means of an o
estimated error threshold. Additionally, outliers are sorted out by applying Wind observations obtained during the WindVal Ill campaign (17 Nov. 2018). (a)
Sketch of the processing steps used to compare 2-um DWL measurements with Aeolus observations [3]. d mod|f.|ed Z-score threshold of 3 (for further details see poster by ai-du;TroIJ?:::/tLe;vg]r?tsFi)';evoilé\sxt/)ia]s-cklli?;gi\évnl_. ?Sigg?ﬂ:g;ﬁ&?ii;? \t/\r/]i(ra\c'IA\seionlurzggigﬂs
Lux/Witschas et al. about the Aeolus QC) where 2-um DWL data are available for comparison [3].
o - ng
s " 4 | ] ] [ ] u u
P Results from the statistical comparison of 2-um DWL measurements and Aeolus observation during AVATAR-l and AVATAR-T
RS Sy
S wEh . : : ] .
F afje?. AVATAR-I (Sept./Oct. 2019, Iceland) + During the AVATAR-I campaign, 10 coordinated flights along Y.
L) “ Y ! - 4 - i'
,":‘ . 100 Rayleigh valid (# 1155) © Rayleigh outlier (# 18)|asc. and desc.; only overflights\ 11 ' ' ' 27‘ ' ' 11 - 2-7 - - - - - the AeOIUS traCk WEre CondUCted ( 8000 km Of tqe AeO|US Swath)
Mie valid (# 701 o Mie outlier (# 30 . i - . - - . =
' 80 |- - = f-tR(w _gh) R S R L 10 /_7{_\ 0l K\,  During AVATAR-T 11 flights could be performed (~11000 km ) _
ine-fit Raylei Mie cloudy: 5.5 m/ o : AR ) ] - “ ] : - : -
60 | Line-it e i TS | 9 9 mi « The acquired data set from both campaigns enables the validation "
20 ° 527 ' ol \ ol H’ﬁl ' of the Aeolus wind product during different time periods of |
PN o C s 90 . . 3 . . .
é o ulahees” , , 0 - the mission, in different geographical locations and under =
= 20 el o B € i ] different meteorological conditions (clear air and high wind e
g 0 Tooﬁ,i T /: ® § 6 | \ § 6 & _ speeds in Iceland, or in aerosol-loaded air around Cape Verde). s
B X o S s E : .
3 20 ] = | = T 100 _  Accurate wind measurements were performed with the 2-um DWL, . ‘
T 40! o pag FEE7 5, o ' ar Pt “r s _ leading the 1155 / 439 data points for Rayleigh-clear wind
ol 3 \i 3 > comparison and 701 / 132 data points for Mie-cloudy winds. -
ol & . 21 / 27 é § 1 * A statistical comparison yields a systematic/random error of -
| ) |\L 1PN -0.8 m/s / 5.5 m/s (Ray.-clear, AVATAR-I) and 0.0 m/s / 7.2 m/s —
i i = | -
100 e - ol v o T A I D N A A (Ray.-clear, AVATAR-T) n
) ) ) 15 -10 -5 0 5 10 15 1.0 1.5 2.0 25 3.0 35 4.0 45 | £ : My
HLOS ., wind Ligar/(M/S) Error/(mis) Backscatter ratio * The increase of the random error_between both campaigns
can be assigned to the decreased signal levels as well as the
AVATAR-T (Sept. 2021, Sal, Cape Verde) enhanced aerosol-load observed during AVATAR-T. This is .
50 also verified by the shown backscatter ratio profiles (right). .
Rayleigh valid (# 439) © Rayleigh outlier (# 11)|asc. and desc.; only overflights| 11 : : ; 16 ; ; ; 11 — : ; . s
pg |7 Ml (132) o Mieouller (+9) [EE treshold 1 ol NN 1 . Hég§  The systematic error of 0.0 m/s obtained for the AVATAR-T data
- T X= Rayleigh clear: 8.5 m/ —— ! . .
Line-ft Rayeigh Vie cloudy: 5.0 mis ] | P 1 ' e is remarkable. The -0.8 m/s obtained for AVATAR-I might be a
ne-ti e _ | 9 9 — n u =
30 . % o L _ _ \/ \/2: _ _ /%ﬁ/ result of regional discrepancies that are not fully covered by
—~ 20 o - . - 8 \ \ 8 ( // the M1 bias correction.
n ‘ _ - _ - ] I |
‘\Efn 10 ooy T Y. lae =l Y—K—\ =1 \ !2 _ * The systematic/random error of for Mie winds (only from high-
= | 5D g o s avto < 6 u” = 6 \\\ SNR cloud returns) is determined to be -0.9 m/s / 2.7 m/s
] - - 42 - 1
5 ol \ S . X S . QTEFZ (AVATAR-I) and -0.6 m/s / 2.6 m/s (AVATAR-T)
(:,—:'D - ST © <, I Ve '/ ' < 4 éé} ' « The random error (2.7 m/s (AVATAR-I) and 2.6 m/s (AVATAR-T))
Rl BRI shaa A - o 2 </ 53 \j ' 3 \g.a% ' is less affected as the Rayleigh-clear winds, as the signal levels
-30 o l N 29 ( , = are still sufficient during AVATAR-T (larger aerosol-load)
27 A ! g
-40 L) &31 . « The obtained systematic error (-0.9 m/s (AVATAR-I) and
50 L . . . . . . . B - Y | : -0.6 m/s (AVATAR-T)) is comparable.
25 -20 -15 -10 -5 O 5 10 15 20 25 T T e o T S T o T R A Ao : . .
HLOS ms) 15 <10 5 0 5 10 15 10 15 20 25 30 35 40 45  « The altitude-dependent analysis of the systematic/random error
: : S i . .
21 Wind Lidar Error/(m/s) Backscatter ratio demonstrates, that the random error is negatively affected by
Aeolus HLOS Rayleigh-clear winds (Iight_—blue) an_d Mie-clpudy winds (yellow) plotted against the Systemqtic and rand(_)m error (_Ieft) and _backscattering ratio taken from the L1B data |arge|‘ aerosol-loads - Cross talk is not corrected sufficiently_
2-um DWL data projected onto the horizontal viewing direction of Aeolus for the data sets of product (right) depending on altitude retrieved from the AVATARI data set (top) and the
AVATARI (top) and AVATART (bottom). Line fits are indicated by the light-blue and yellow lines, AVATART data set (bottom), respectively. The uncertainty bands (colored areas) represent
and the x=y-line is indicated in gray. Outliers with a modified Z-score > 3 are indicated in red and the scaled MAD that is calculated for the respective altitudes. The given numbers at each E?ﬁf’;fgf N o i e R L 1 o e e T e Ve, W B
dark red. 11 underflights performed during AVATART. Data points are color coded with respect to altitude denotes the number of available data points. 2] Witschas et al., 2017, JTEC, Airborne Wind Lidar Measurements of Vertical and Horizontal Winds for the Investigation of Orographically Induced Gravity Waves.
the Aeolus estimated error. The X=y line is indicated by the dashed line. [3] Witschas et al., 2020, AMT, First validation of Aeolus wind observations by airborne Doppler wind lidar measurements.
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