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Tab.1 Differences between ALADIN and A2D
instruments'*
Item ALADIN A2D
Transmitter Nd:YAG, tripled, diode-pumped
Wavelength/nm 355
Operation Burst-mode Continuous
Repetition rate/Hz 100 50
Energy per pulse/mJ 150 70
Telescope/m 1.5 0.2
Receiver FOV/prad 15 100
Nadir angle/(°) 35 20
Altitude/km 408(320) 10

%2 A2D WiEESD
Tab.2 A2D validates the activity

Year Equipments

Results

October A2D

2005 single-frequency operation'

November A2D and
2007 2 um DWL

A2D and
2008 2 ym DWL
2009 2 ym DWL

A2D and
2015 2 ym DWL
2016

2 ym DWL

Flying at an altitude of 8 to 10 km for about 4 h, the laser single pulse energy is only about 20 mJ and does not provide stable

[14-15]

The number of photons in the analog signal on the Rayleigh receiver differs from the measured value by a factor of 2.5 to 4"

At altitudes between 4 and 17 km, the difference in the number of electrons between the simulated signal and the actual
measurements is a factor of two!'*

A2D and  The systematic and random errors of Rayleigh channel are —0.7 m/s and 1.9 m/s, respectively, and those of Mie channel are

1.1 m/s and 1.3 m/s, respectively!

16]

Confirm the performance of A2D and the expected calibration applicability of Aeolus satellite, and further improve the
satellite wind profile inversion algorithm and correction file

[17]

A2D and Show the wind observation dataset in dynamic complex scenarios, such as strong wind shear conditions, to prepare for Aeolus
data calibration and validation!

18]

2 Aeolus IRMF A
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211 R&%IAfRE

Aeolus 1 & F 2018 4 8 A & 4t Th45, ,\?%Frﬁhtﬂ/ﬂ
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ZABATHUE R N 320 ko BUIE TRAE S TR R L
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Fig.3 Optical architecture of ALADIN®

2.12 ALADIN 3 K3 R

ALADIN B30t a8 72 8 R Nd:YAG B0t
7, K% 1064 nm FEAOE = 544815 355 nm 19 48 51 ik
OO, Bk b e 80 mJ, ELA LR T AT DL &%
ik 2410 SIFRIARTR A — A%, B FHoea s AR r

e, TR S 0 1 AR R i 2 S ik e, A8 %%
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20 s B2 K B T AR ] B Ay 2
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2 I e B AR B, R ANy 55 kg™,

ALDIN {0 XUEZ Al BT 79 S (] A 45 48 %
A, 509 R £ BB AR AT F-P(Fabry-Perot) %45 2%, H
T8 Mie #51 H1 Rayleigh i 5 19 2 3% 8 i 5% &
Mie {5 38 38 /Y B WPl 20 Bk RO 100 MHz(AH 24
18 m/s) ¥ Fizeau T ¥ X 41, H1F Fizeau T ¥ B
P B AR T AR, 2 S I TR 5 i A IR
BL, ASTRLB 2 1) O 23 FE AR IR A B AS [R) 67 8 7 A= 1
W, I A T W RS0, MR m S 2 3 3 TV 28U
%, T 2 8CFE Mie B 38 1) ACCD(Accumulation
Charge Coupled Device) #ll & A%, #0215 ]
WG 5 77 A — Ak S, HoA 8 5 X B A
5, WG FH AR B0 B O B E

Rayleigh T 51 38 18 (1) 22 WS HL R H — > WU 18 1)
F-P T AL, ¥ & 4 56 2 GHz, A B %% \] 1
5 GHz, KA F15 F i AFRHLIE, X3 T 5 H 53
77, AR T Se il — A F-P i@, — &5k A
ACCD, — #f 43 [ 4§ If- 3 o 55 — /> F-P i@ i 15 i A
ACCD, J¥ BL3% 22 Wil (4 3 F-P, {55 £ ACCD I %,
GO HATE 5 R BE G B 4, AN [ B (55 2 il
P38 8 B AR R {5 5 0R BE, f i il 2ot 25 78 5 R
A5 WA 38 IE P55 50 EE LU (B 225 e, 791~
T A B T FEL AR AT LA SRR [25]. [26] /905
HTAE, Aeolus RGN ERSHUNE 3 FrRP,

% 3 Acolus ZpHrSH1Y

Tab.3 Partial parameters of Aeolu

§1271

Satellite ALADIN Telescope/Front optics Laser transmitter
. Slant angle at Vertical Primary mirror Receive Energy per .
Mean altitude/km satellite resolution/km diameter/m FOV/prad Wavelength/nm pulse/mJ Repetition rate/Hz
320 35° off nadir 0.25-2 1.5 1 354.8 80 50.5
Mie spectrometer Rayleigh spectrometer Detection unit
Fizeau useful spectral Fizeau FWHM/nm Filter separation/pm Filter FWHM/MHz Q”amum Dark‘ 1
range/pm efficiency  current/e -(pixel-s)
0.66 67 233 1551/1 53 1(direct/reflected) 85% 1.9
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3 Aecolus #B4S1E R M

3.1 HIRHHE
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Bl a5 AR B 5 B, B R LAZ 25 SOk 23],
Horpr, L1B Bidls o © 2852 58 73 b BRANAR I A Kt , 0
5 HLOS K. i T Tl 35 040 ™= i Jo A 400 25 . L2
PTG T L4 (5 B9 HLOS WA, Il
M. ECMWEF(European Centre for Medium-Range Wea-

20,08 = |
a7 (@) | fi il
25 I
242 1 1 T

Height/km

Lat: 224 462 698 838 618 380 141 99 ~782 =717 49,
Lon: ~1582-1632-172.9 663 246 175 130 87 ~40.8 ~145.7 164
HLOS wind O (m/s)

ther Forecasts) (1 £ 5% 5t 345 (4 52 B i g 1R 38

R KH A HEF TR 2218 1E . L2 C 8 £ 2 A& 7
ECMWEF [l 4k L2 B 7 il J5 3145 1 KU 4R A5 B, L4
Aeolus Hi T HI (37 1 4% i F12E 1] ALK k) T, L2
C 7= fh 1 B0 & ] H O NWP R A 5 802 i) 1y
Acolus ) L2 B XUERZE 7™ il I L2 A 7 ity WL &) 4, Horp
ML2 B 7 b AT RIOULGE S I B 2078, AL L2 A iR
] AEEE B Z 1R R

Extinction to backscatter ratio+SNR based QC flags

50 60 70 80 90 100 10 120 130 140 150

574°N 49.6°N 41.7°N 338°N 259°N 18.0°N 10.I°N 22°N -58°N -13.7°N -21.6°N

240°W 265°W 285°W 302°W 31.8°W 332°W 34.6°W 36.1°W 37.5°W 39.0°W 40.7°W
Acolus basic repeat cycle (BRC)

[ 4 (a) Aeolus L2 B = /#; (b) Aeolus L2 A j=f BFEAR 5 Y65 Il B FLEGE, 2020 4F 6 A 19 H XLDUAH0A P72 35 50 K g 42

Fig.4 (a) Aeolus 2 B product®; (b) Co-polar extinction-to-backscatter ratio data from Aeolus L2 A product, observing Saharan dust across the Atlantic

Ocean on June 19, 2020

3.1.1 L1B/L2 B #4E 442

1E Acolus T8 BN &S5, VAR ER —Fotil X
TR, X HR ] (4 e B B R AT SR, AT 55 2K
Mk 4 FroR®l, [[E, A1 55 2R U 7E LR WL 3 h
PN Tt b RO SR AL 2 A OCHILAS, 21 ECWMERY,

Aeolus $U 45 7= & [ 2018 4F- 1] 2022 4F B 4 & 7
T 4B FRRRAS o RGN E], S 2 AL X
Aecolus %) L1 % L2 H A 47 T KE R 5k T
PEPO2, Acolus 1923 T8I Hh 23 X $ic 4 k47 3 26
/1M Rayleigh_clear, Rayleigh cloud. Mie_clear £l Mie
cloud, il % H1 F Rayleigh_cloud il Mie_clear %54 i
S, ZESE TR R Ak AN s ek B S 0] |- 29K i
WIS H i 5 57 . #& 4K I Rayleigh i i £ i & 2 K F
Mie 3 186 %0405, 16 Mie 38 40 B AR BT i T 4F . R4
it AR FEHT B4 55 TP Be, o TR S, BEHESC
-8 Z E#0PE, Rayleigh Al Mie i 18 2 [A] £7 75 8 PR
N, &S g A T BUBIE , H2 A O S 3wl 1
SRS, L2 B 204 19 Rayleigh i 18 XU AL

PR G IRE AN 1.5 m/s, FEPLIR 2220l 4.84 m/s,
Mie i i WA R G012 22 240 1 os, B BL IR 22 29 K
1.58 m/s. B4l )5 2] 2022 4 4 H, Aeolus [ L2 B
B AE 4 BRE BN Y B ML IR 25 8 Rayleigh 8 8 2
6 m/s, Mie il il 2 3.3 m/sP*®, {2 22 K Ui 1 5 Rayleigh
T TE AR ME R PR R I Bl ok Y BE LR 25
SEOL AT BRI B MR 22 WA 5. i TR AE Ak
PSS 720 e L XU, DR I B 1R 2 Bl L M A
TR AR, [ BB R 25 A2 B = 1 52

£ X Aeolus 19 L2 B = & 51 b Bz ) 30 A ) R
ESA it 48l 42 147 B A B, [ s X Bk A Ak B a0
17 T80, X F-P T AU A& re e e AT 4k,
I 25 b 0 XU A B ECWMF Y RS A BX 72
Y 5 25 HEAT B T DA B Y, AE 2019 4R
6 H ESA 4t 1O & 5T 4% FM-B, H FM-B {0t
R SHEOE, K Bk b BE BN 40 mI 2 T 2] 67 mIPT,
B2 J5 B B 8 56 0E 1% oh 2 B, B0H o 2 4 AR R 5 3
FE2019 4 6 H, 7E55 o L2 B #idls 2 kAT
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FEALFRESE, X5 DU S 5w A 2 B KU 1 22 0k TR
HEAT T IER. & XF 2021 4F B9 815 22 FH 55, ESA

FAHE T N/P BEUE, ¥ Rayleigh 195 i $2 5

T 15%%,

& 4 Aeolus FHERBEE K™

Tab.4 Aeolus data accuracy requirements'™!

Mission requirements

Parameter
PBL Troposphere Stratosphere
Vertical domain/km 2-16 16-20
Vertical resolution/km 1 2
Horizontal domain Global
Minimum horizontal track data availability (before QC) 95%
Precision HLOS component/m-s™' 2.5 3(3-5)
Unknown bias (HLOS)/m-s ™" 0.7 (Errors that cannot be eliminated by instrument correction and ground calibration)
Probability of gross errors 5%
Data availability, timeliness/h 3

x5 WIEAED

Tab.5 Validation activities

Activities

Rayleigh/m-s'(SD) Mie/m-s '(SD)

WindVal III(2 um DWL), 201 ge4l
AVATARE, 20191
De Haute-Provence, 2019"!
The Atlantic ocean, 2018
RWP network over China, 20201

Long-term validation in Japan, 2019-20214%

Ground-based coherent Doppler Lidar network over China, 202217

La Réunion Island and the Observatoire de Haute Provence, 20221

475 2.95
527 3.02
32 .
4.84 1.58
42 6.82
9.19(B12) 5.98(B12)
7.07 3.15
6.49 .

3.12 L2 A #3E4HFE

LA I TIE S5 R F W] L2 A P AR RE S R I F)
HEMIRE, W W%, FNELT AT
RERS SRS R IMOL TR K LR AT R o 25, (AR B die
Jr AN EAR . L2 A Bl A 3 km DU R 252 BB
M, 7 il RS L 8 i 1) B 2R B R AELAR /N, X TR
i S B UKL, B 1% 25 35 1) 30%70, HE T A5
LAY, ESA XF L2 A 7 iR T4, ALFE X P
A 3 TE FSORIL Y 4 SR A AR B TR AL IE T 2R,
P R AL SRAT T A S bR VA TSR0, 87 it i
F1 2 M AR A 2 21 78 2021 4F A K WK 36 v, L2
A 77 EHIRAEAE 2 km DUR Y BAFAEROR 2 2% | Hidla
G| Py P R/ R LT TS

3.1.3  F B R4S AFAE

Aeolus F 4 77 [ X514 T e A5 31 T 50,
2020 4 Aeolus [ L2 B £ 405 F1 3 5] 11t 1 K& UG 26 7
IKFIHEAT T B, 455 R TR B R A AR b X
R 43 M DX ) ot D JRHSC 48 SR — B, [ 4
111 Aeolus £UH Al L itk B (148 25 B4R 8K A ERAS 4
P 0] Lb 25 A AR 3] T AL S5 IREA, R TR R Y
FF 2238 S RGO R 35, B TR = g b s AR A
RARIE X2 B AT T X b, 85 R s L
AR ZE /N T P REPUEY,
32 HIENA

Aeolus 1 MBI %2 53 303 7] XURR 4R 50 di , Hok
P 7 3T UGEEUE R AR . KA 2o
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GYYIESY . HAT ECMWEF, f8ES 4R . ikEA %
Jay LA R e R R AE H R Bl 55 R AR, B4k
B TR ER L VR VDM X KU KA
HESh 7T R HLIX . R BRI R B
TIPS,

T 56, Acolus $ (b 1) 42 35k — 2 XSS Ze £ o i
BO{E T E B2 AR T AR R 5Tk . ECMWE K Aeolus
BARTEM 55 AT [FAL RS , Pk b DA 67 38R0 2R 1 AL
0 TR 22 08D T2 2%, B AR ERIED T 2%~3%1,
2020 4F, HEESZ R FACEHE 5, 2BKIEE R 3 h K
ik 1 2550 S A PR Ml DX A R A R AR R T 5%~
10%"", NOAA(National Oceanic and Atmospheric Ad-
ministration) ] H Aeolus & XF 2019 4F 1 4z 17 &0 ¢
72 1Y W& XL Dorian BT #E A7 B A% [ 4k T4z, 10 K A9 M
AU T4 5% 25 B S R RS, SR AR TR P
(NCMRWF) 7E 48— R A AL P A T 2019 45 8 —
11 A W%, X8 X Nisarga A9 148 A5 2 9817 T 1F
58, (A AL AR 5 A R AUL L A B XL 42 6 1R 22 Y e
B RIKE] T 75 km™,

HIR, Aeolus I ELHE 32 220 HAE KR8 124058
JiT . 2020 4F, 78 E 28 24 iR s BG4t gy K
R AR B, TR X TR OCT R
TE AR AR MR RIS I, R T AR X Y A K
AR TR [RI4E, RRIR 5 S8 Ir ik sE T
Aeolus ¥l GE % 42 L HE AR Z % (QBQ) H Bt i 4 it
T2, 2020 4 7 A, ECMWF A8 [ 1328 K24 AL
o3 AT W, Aeolus FICHI 1S 5 1 X0 i J2 Tl g ik 12 1)
AR X AR, i T EAL R R P A R

BRI Z 4h, Aeolus 1 KUBE B4R 45 & L2 A 19
VISP i BRI X RO S 4R I — e I 2% . 2020 4F,
ESA %&1ii T H Aeolus T2 FIH 12 Sentinel-5 P T2
A L 2] K P 7 A R Vb R SRk, e
Acolus FHEHRAL T A0 2 R B RN ELYE B AR .,
XA BT AR ETHENEE, 20224 1 1,
ESA BX &5 ECMWF 5 HLH P45 T Aeolus XUEHE ] 1k
XoF AR 7 70 24 1) A PG A I B SO AR A 52 T, I
BT A TR A X 4R M IX | b v A 2 3 i X b2 A8
P A T BRI, 2021 4F 3 7, th E W ERE R
19 55 — TS W UE B T Aeolus $H af LAAR 1 1 s il
TR 1 1 i % A8 R B )

3.3 Aecolus 554

FfiZ Aeolus 1 5 B 78 BB 18] B & 8030 T8
F71ir, ESA FIERIM < 4 T2 4141 (EUMETSAT) & fii
T AR ) 2L R R, EUMETSAT 940 53X
HA T IR S8AT 45 AP =B LA, Bk 10~15 45,
FEITHRIFE 2029 &k G5 —F TR . Aeolus-2 1A Y
ACES T 1) JE B 2 B R PR b R F ALADIN 133,
LGP B AR BT, X LT & B [n) it adt
fiflifk . Aeolus-2 $& 5 T H7 4T 55 2K (3¢ 6), HAl
ALADIN S5 A BN IE ZEAR 3 55 SR 470, iR
PR HOE & STHRE R 2] 125~150 ml, [7] A 3EAG B w4 e
AR 4 TE B DA B 2 38 K (i B R S 107 Ay 2
i AR A AT LA R UTHIE (W) &) BRI, AT
AL ACE Ko = 115 S, AT DA% e — 2 AL A
H S 22 A B A Y, AT A5 ERCRE 22 i KU 2k

fHE.

% 6 Aeolus 1 Aeolus2 fEEZERKIFEL

Tab.6 Comparison of Aeolus and Aeolus2 mission requirements'®”!

Aeolus Aeolus-2
Range of observation/km 0-20 0-30
0-2 km: 1 0-2 km: 2
Requirement/m-s ™' 2-16 km: 2.5 2-16 km: 2.5
16-20 km: 3-5 16-30 km: 5
Number of vertical bins 24 75
0-2 km: 250 0-2 km: 250
Vertical resolution/m 2-16 km: 1000 2-16 km: 500

16-20 km: 2 000

Horizontal resolution/km

Wind range/m-s™' +100

87(Rayleigh)/10(Mie)

16-30 km: 1000
1-16:<100(Rayleigh) 10(Mie)
16-30:<200

+150
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4 RRERE WOLTE IS ISR L . 2B # %3 T Rayleigh i 8 9 &

4.1 M Aeolus FFEIH 258

AR Acolus & — NN MR TR, T
B ESRH T LA HIXH et i F A, 405 SR X F-P 440
Z Y5, 1F Mie 138 @ 1] Fizeau T WX ME N 44 2%,
i FH T ACCD 2302 11 7 10 Bl 43 J2 A R 4, (H
HiHia I VA 35 BB AR, AL IR 2 1 35 Jr A
KFFE R 0.7 m/s. =B AR R 2 & 85 B30
e B 50~65 mJ, /N T HUIAE A 80 mJ JfRfLkaE
W, [ 055, REALIR 253 K, BAR ESA M AT i
SRBUT — R B R, AR 43 1 R 22 AT 88 AN mT

Aeolus [ Ji T & 5k 3 A4 00 X T3 2 A o 2 1t
TR 258 A2 AR T ) 58 I B T S 14 I
WXy 58 mT DAAR G- i i T AL XL, 2 T X A~
J&, 218 Aeolus 1 T1FJFH, [F]E 254 1 P9 A9 F 58 31
AR, ACCD B fe Ryt A1 A8 (FR41)(PMT), LA

Cumulative number=500

30
(a) — HLOS error e
-l /’/'/.._
/’///
E 20 + *i; 3
) P
E 15 s
< 10 | ¥
.'!J
5 /
0 — — X X X
0 1 2 3 4

Wind error/m-s™!

ATy S AT TR, B S HCR A5 R an &l 5
Ro Z M Aeolus Y5 5, IHUR S50 F SIS+
T AE SR A SEAE AR S X F-P SR s A
WSE. Kbl LA ), R R/NESR B 3 PR &
J PR I 2 A WY A 90/ (0~3 km 3 B #< R 500 m,
3~16 km 43 HEF K 1 km, 16~28 km 43 3EFH 2 km), I
Bl 22 h ok B 22, XU R 22 AR /N, BT DL 0~
30 km B9 RAHEATHRI o AEAE SEBREED e, K2 R
RESH TR G R4 K% 2%, Acolus
AR UE S 73X Fh 7 28 X0 T 004 9 1 ) 5% 0, {H AR
PR A 50 W0 A Bk FG, 1 SR B, X T
[F] — A L o5 B A — A e T ) Ay KU, ALV
T L 52 B 1 4R KT K e B AT — RO B s 5L
Bie A i IR B, X W R R E . 7 h
R T ORUEAR MR b, A Y LA HER LU RORL, P A
AN JE DU A = 4 i 9 9 A, X T /N RUBE () Bl if 5
2% MIEA =,

Cumulative number=700
(b) — HLOS error e

25} g

30

Altitude/km
I
VAN

0

0 0.5 1.0 1.5 2.0 2.5
Wind error/m-s™!

5 AL E T 500 Ykl 700 ki K iR 2

Fig.5 Cumulative wind speed errors with 500 pulses and 700 pulses simulation

EUHT, [ BRASG AH ZUR 1 R AR A A 1y FH T 5 1
e FL PR FZ A0 1 km, SFHZ 2R 2 km, H
HAERLE 1Y 1~6 h 7 5 Y0 1B 9 A 7K 7 KUK Bl 8K
2 mys, AR FI 4 1 K 5 B s K
(1 HASTCARRAE, 5 2 AR SO & 5 1 s AR B i
THAZ R, BUIE B B, T AE R R BT 12:00, 5
M 7 B A, AEL PR AIE [l 15 5 A5 e L, s 2R
AR 2 S e U0, 2 R 38 XU S L 5K 1 AN
P e, DA SRR A B 0 XU T R, Rk 3R I AR

XL A B, 7T A Aeolus & 153 L A 4 56

(1) e 2 i Jk b B8 B R 9IRS R Y O A 5
DAL B iR 1) (0030 55, S92 B e g 2 ) DXL 5 5

(2) e ZE AT LA A B R T XU 2 N 1) vy 2R A
JE R iy 58 ST A, R 5 I g 04 2 BRI K P B
I,

(3) T 2T 5E G WO G AR BT 22, iIX /& Aeolus
S5 — PR 09 SRR, [R5 A AR R R e
S5 8 1) O AR 1R 2 A TE B, LAk A i
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Aeolus HILHE 1 148 B2 B 23 308 A1) UG 1% 25 [ A

(4) L3I0 RBE AR W] LA S B 200 XL, 355 nm )%
Ko F i@ B2 R T REA RAFRCR;

(5) WF il — 2 A A% 1 AL 28 J5 280 R B J2 R T 19 56
S TR RG EEEAT R A, ZE AN R SR 2R A | K
SEREET A TOUIRG, A58 3 2 4R AR, AT AEfh
TEA S IE 2 B ) U iy U85 85

(6) Aeolus FY L1 Fll L2 &b B 28 4 Ab 5 58 FiF AR P,
AT LASEIE 3 h PR 5 Ak B A4 iy 1) 1 544 M i R 52
A1, X R A B A B AR AR T DA SR Y N 2

(7) TR A VA AR I J7 SR AR T B R0 F) N
2, AR BT T 0]

42 EBREHIXIREARES

W HOL TR IB N H T E 802 -0 TR EE K HE
TE KW TAE, T 2P M 7 8, S Bl |
oS R BRRERLIGUE . AL L R 45 AR A B
TR — RGN H AR A RE LI & 70,

A, [ PN 2 58 LA AR 257 1 60 KUBO 7 i
MBS, AHCH AR OB R, Aok B ki) 28
FE T HEARIER. 2006 4F, i BB B L BOLS R %L
WWFSEITGE T 35T 3 F-P (1% 1064 nm B A 2235
BN XGEOEE IK, FEXT R Z AT T = 2 R I,
2007 4F, R R 2 SE R T IS — 6 8 dEH T
I REOE TR IR, 2010 4F, o Ji R F- BB i it il
T—E MW ROEHIE, KEAHER AT LIEAE] 50 mP™,
2013 47, R R EBE G FAE B AL I 4 T
— PP E IR T IO 26EF . & 55 1540 nm Jik
FEI BT O, T % R R AR T 225 i X%
IR, 2019 4R, h EGVE R AR I T — R G
RO T IR B R Ak 5 2k, BF9E T s %t e R AL K
EINE AT

FE B RO TR IR I XU L T AR D5 T, [N 2 R R
P HEAT TAIC TAE . Horp, Jb st B TR 24 %) 2 20 A
I RO TR A H AR AT AT AT T AT AT, S
T3 R A 2 R 0 RGO T A A K ST X D
JRUT) 152 2 1T AR R R A T 1R 25 PEAR U o [ I 7 K
A BAEE S T 8L TR R 5, Wit T — B
1 B B DU RO B AR LR 4, X B R i 24
FER 22 PEAT AR TS, rp R 24 BE 1 24 K 25 HLAR
W55 i B A7 BIF ) B 4 60 22 38 3 30 I XL R Gk

(DWL) JFHFEAL, FHT45 8im i 25 8] AT &%, %R
K WAL 355 nm, FEHAE SR AT E-P AT H 550
i 2B RS, BRI AR PMTU7, [R] i 20T e 1
ZE LR Vi KRBt 2 pm I B 4 [ A OG AR B R B
DAk B 28 s DI IO T A BT A IR R Y Ol
o A AR,

FR T Aeolus B ELHZI X7 ¥, 5 SbPIRD =220 T
T R 9% AR A TR G R I XURO B 3K (Hybrid Do-
ppler Wind Lidar, HDWL)™ 1 H <4 H i AH 0 XUk
75 ik (Coherent Doppler Wind Lidar, CDWL)®!Y, HD-
WL A il (3 4800 77 %8 vh 8 Hh R 2 pm (8RR T R0
AR AT ZS BRI, 75528 W0 42K FH 355 nm A B 080,
PR 368 3 PRI T B B, T) s FRE 5 DA A (] £ 2 1
AT A, DAORUEXT [R]— 4000 5 4 T P IR A
JEAS [ B4 0] i >k 52 K7 R i I 4 . CDWL A1l
PRI J7 3 S SR TR TR0 7 2, T 28 9 1> £ B2 AN [
P ERITE 5 , oF []— A 8 R S XU R A I ok 5 Bl — 4
KR o [ B Bk I 2 AT AR = A [ 1) A2 28 0
WARTIEAT T 256 W VEAS, 25 R W], HDWL 4§ (1)
T3 58T LAAR U 22 19 K37 8580, HLPR I i 18 RE 6 7
L FZ R, BE 2 Aeolus T EAYIUAE, CDWL
T AR, (R ORAE R B BRI B FR = H iAot
FET7 ] TR A AT 0 A D XU AR, e A3 55 % T 0~
6 km fiff FHAH T-4h 25 K, 3~30 km fif F X F-P 14 4270
JE A AR A PRI XU 7 28 04T T TE 4 B LR
SAEEL RN T O R A AT R e

5 #RiIF

SCHR LR T R P AN R TR A T A 0 R A R
ARBL, B FEHGR T ADM-Aecolus 1T 55 #545 (14 M — 2.1
ALADIN {9 JFRIHLEE T, o v 00 8 A b 2l ot 7 LA
S ALADIN FIZ5H FIBEEA TAR AR, B85 T Aeolus %X
P By KR4S JE . Aeolus BY B3N & St S 5 B 4
I RURH AR A 25K, B 1 B Tt DA 52 B 1) T R G T AR
RN ARG P AR B SIE I T L I XU 2 28 AL
i A AT e, 454 Aeolus AL A M FIECHE 45 451,
HAEZ BOHT 2IFANE A 3R [ 0 B 200 XURH 52 75 [l
AHASZ T, TR A ARl A2 2 I XU fE 34 o B 8, A 3R
5 G B (1 iy W = 1 2 5 Rl B = o Sl v
JRG B WA 72 T R AL 5T 3 I 2 AR F 5% i 45 B A3
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Review of the progress of Aeolus space-borne wind measurement lidar

Hu Zhongyu'?, Bu Lingbing'*"

(1. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of

Information Science & Technology, Nanjing 210044, China;

2. School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract:

Significance Atmospheric wind field is a crucial element in meteorology and a primary driving factor for global

carbon cycling, aerosol transport, energy exchange, and weather changes. Although satellite-based atmospheric

observations have a history of several decades, progress in measuring the global 3D wind field has been slow. A

clear need for improving this situation is to establish a globally covered, high-resolution atmospheric wind

observation system. Currently, the primary observation method for wind profiles is by using radiosondes, but it is

impossible to obtain corresponding sounding data for regions where instruments are difficult to install and
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maintain, such as oceans or deserts. Therefore, wind measurement in these regions is usually performed by
carrying sounding instruments on flights or ships, which is costly and subject to the conditions of detection.
Satellite-based Doppler wind lidars can achieve wide-range, high-precision, and uninterrupted wind field
measurements, which are not affected by terrain and time compared with ground-based and airborne detection.
Satellite-based wind measurement is of great significance for improving numerical weather forecast accuracy,
long-term climate research, pollutant transport, and environmental protection. Research on satellite-based Doppler
wind lidars has been underway for nearly 30 years since the last century, and Aeolus is currently the only
successfully launched satellite for satellite-based wind measurement.

Progress In the 1980s, research on laser radar technology was conducted in space, followed by some research on
coherent wind measurement in the 1990s. However, due to its technical difficulty, it has not been successfully
applied so far. In the 1990s, the ADM-Aeolus project was proposed. Starting in 2000, EADS-Astrium, a
subsidiary of the European Aerospace and Defense Group, and more than 30 European companies jointly
conducted research and development on the ALADIN payload principle prototype (Fig.2). In 2001, ESA
developed a direct-detection lidar simulator for the ADM-Aeolus instrument. The simulator has a resolution of 15 m
and incorporates the latest design of ALADIN in real-time. Before the official launch, ESA conducted six
airborne testing activities to observe atmospheric wind profiles for various atmospheric scenarios (Tab.2) and to
test, verify, optimize the data quality control algorithm, evaluate the measurement error of line-of-sight wind
speed, and propose a series of data inversion optimization schemes for different situations. Aeolus was
successfully launched in France in August 2018.

Conclusions and Prospects This paper summarizes the main data verification activities and results of the Aeolus
satellite since its launch. Until April 2022, the global random error of the L2 B data product for the Rayleigh
channel is about 6 m/s and for the Mie channel is about 3.3 m/s. However, in long-term experiments, the L2 A
product has significant errors in the backscatter coefficient under 2 km due to cloud interference and other factors
including but not limited to low laser emission energy, calibration defects, and fluctuations in thermal pixels. This
paper focuses on the practical application of the Aeolus data product and quantifies the improvement of numerical
weather forecast accuracy, advancement of atmospheric dynamics research, and progress on pollutant and
environmental research. Based on the Aeolus design, parameter optimization and simulation were conducted, and
the simulation results were presented. Finally, the data characteristics of Aeolus were analyzed, and seven factors
that need improvement were proposed based on China's research progress in satellite-based wind measurement
and wind measurement requirements in the meteorological field, including laser emission energy, data inversion,
and equipment development. The paper also analyzed the characteristics of coherent lidar wind measurement and
hybrid lidar wind measurement schemes. Among them, the hybrid lidar wind measurement scheme has
advantages in the accuracy and quantity of the detection data, and can be considered as the main direction for

China's future development of satellite-based wind measurement.
Key words: spaceborne;  Aeolus;  wind field measurement;  Doppler wind lidar
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