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Validation of Aeolus L2B produCts In the lower troposphere
‘by aground-based CDL network over China
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Overview of the validation campaigns (VAL-OUC)

N

Latitude (°N)
w
[—

eolus

— Ascending Orbits
— Descending Orbits

North/China

sion: AEOLUS /First Orbit: 8407 (2020-02-04T00:49:33) /iLast Orbit: 8564 (2020:02-13123:57:31)

920 100

Longitude (°E)

110

esa

from January to December 2020

Location
Dunhuang
Lanzhou
Zhangye
Jingzhou
Pinggu, Beijing
Changji
Jiulong, Sichuan

Jiaozhou, Shandong
Qingyuan, Guangdong
Xidazhuangke, Beijing

Yizhuang, Beijing
Huludao

Wuwei

Lanzhou

South China University
of Technology

Urumaqi

Qingdao

Latitude, Longitude,
Altitude
40.12°N, 94.66°E
1.15 km
36.05°N, 103.91°E
1.51 km
38.97°N, 100.45°E
1.46 km
30.11°N, 112.44°E
0.03 km
40.15°N, 117.22°E
0.05 km
44.01°N, 87.30°E
0.58 km
29.01°N, 101.50°E
2.90 km
36.14°N, 119.93°E
0.02 km

23.71°N, 113.09°E

0.03 km
40.52°N, 115.78°E
0.91 km

39.81°N, 116.48°E

0.04 km
40.47°N, 120.78°E
0.10 km
38.62°N, 103.09°E
1.37 km
36.05°N, 103.83°E
1.53 km
23.16°N, 113.34°E
0.03 km
43.85°N, 87.55°E
0.84 km
36.07°N, 120.34°E

Measurement period
From 07 Jan. 2020 to 29 Dec.

2020

From 07 Jan. 2020 to 29 Dec.
2020

From 05 Jan. 2020 to 27 Dec.
2020

From 24 June 2020 to 22 July
2020

From 21 Apr. 2020 to 02 June
2020

03 Dec. 2020

21 Dec. 2020

From 12 May 2020 to 27 Aug.
2020

From 7 Jan. 2020 to 31 Mar. 2020

From 01 Nov. 2020 to 28 Dec.
2020

From 04 Jan. 2020 to 26 Dec.

2020

From 02 Nov. 2020 to 28 Dec.
2020

Instrument type
WindMast PBL
WindMast PBL
WindMast PBL
Wind3D 6000
Wind3D 6000

Wind3D 6000

From 24 Oct. 2020 to 29 Nov. 2020 Wind3D 6000

Wind3D 6000

Wind3D 6000

Wind3D 6000

From 07 Apr. 2020 to 25 Aug. 2020 Wind3D 6000

Wind3D 6000

From 11 Apr. 2020 to 26 Dec. 2020 Wind3D 6000

Wind3D 6000

From 13 Oct. 2020 to 29 Dec. 2020 Wind3D 6000

From 14 Oct. 2020 to 24 Dec. 2020 Wind3D 6000

Wind3D 6000

Measurement
mode

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS

DBS
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Ground-based Coherent Doppler wind lidar (CDL) Cesa
O Specifications of 3D scanning PCDL (Wind3D 6000/WindMast PBL)

Specifications

Qualification _ _
Wind3D 6000 WindMast PBL

Wavelength 1550 nm 1550 nm

Repetition rate 10 kHz 10 kHz

Pulse energy 160 uJ 100 uJ

Pulse width 100 ns to 400 ns 100 ns to 400 ns

Detection range 80 m to 6000 m 30 m to 4000 m
Data update rate 4 Hz 4 Hz

Range resolution 15 mto 60 m 15mto 30 m

Wind speed accuracy <0.1 m/s <0.1 m/s

Wind speed range *£75m/s *75mls

Wwind direction accuracy : 0.1°
4
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Wind speed from Wind3D 6000, m-s™

Wind speed from WindMast PBL, m-s™

Wind speed Correlation-Ave 10min-50m
24
. (a) Wind speed validation of Wind3D 6000
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R*=0.999
SD=0.14m’s
BIAS=0.07m's
n=1077
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Wind speed from Anemometer, m-s™

Wind speed Correlation-Ave 10min-50m
24
. (c) Wind speed validation of WindMast PBL

———
20 y=0.053+1.003x
y=1.009x
18 | - scatter

16

R?=0.998
SD=0.14m/s
BIAS=0.07m/s
n=371

|

0 2 4 6 8 10 12 14 16 18 20 22 24

Wind speed from Anemometer, m-s™

Wind direction from Wind3D 6000, °

Wind direction from WindMast PBL, °

Wind direction Correlation-Ave 10min-50m
(b) Wind direction validation of Wind3D 60

360
y=x
) y=0.875+0.984x
315 y=0.99x
ey scatter

270

225

180

135 |

R*=0.998
SD=2.75
BIAS=-1.21

n=1077
0 45 90 135 180 225 270 315 360
Wind direction from Anemometer, °

Wind direction Correlation-Ave 10min-50m

[(d) Wind direction validation of WindMast PBL

360 |
yx
~ y=0.049+0.996x
3157 ¥=0.996x
5 scatter

270 |

225

180 |

135

R%=0.998
SD=2.12
BIAS=-0.54

n=571

0 45 90 135 180 225 270 315 360

Wind direction from Anemometer, ©

Specifications Wind3D 6000
N points 1077
Correlation 0.999
SD 0.14 (m/s)
BIAS 0.07 (m/s)
“y=ax” Slope 1.007
“y=ax+b” Slope 0.993
‘y=ax+b” Intercept  0.122 (m/s)
o C1D1610]0]0 divia

Wind3D 6000

1077
0.998
2.75 (°)
-1.21 (°)
0.99
0.984
0.875 (°)

571
0.998
0.14 (m/s)
0.07 (m/s)
1.009
1.003
0.053 (m/s)

Wind speed from Wind direction from Wind speed from Wind direction from
WindMast PBL

WindMast PBL

571
0.998
2.12 ()
-0.54 (°)
0.996
0.996
0.049 (°)



Inter-comparison strategy and quality control

Start

J w— °

Wind3D 6000/10K | Measurements - Measurements Aeolus
/WindMast PBL v : il
Products . Products
Geolocation Information : Level 2B product
(Including latitude, longitude) <
# :
Nearest measurements - Geolocation Observation wind
Horizontal distance <80 km Information profile

Level 2 product . « Latitude ‘,{Zu.m?th
. © Longitude Elevation
-« Altitude Mie-cloudy / Rayleigh-clear
Quality control . HLOS wind velocity with
v & estimated error lower than 4
Horizontal velocity and direction, - m/s and 8 m/s, respectively
vertical velocity 3 18

(1 second average results)

s . ® \/
(30 minutes average results) i Aeolus lowest atmospheric Quality

v . bins removed control ﬂag
Projection onto Aeolus HLOS
direction and vertical averaging

Quality control

HLOS velocity from CDL

s = v
Vertical velocity correction 1- HLOS velocity from Aeolus

Inter-comparision Profile comparision Statistical analysis

] == 4 +
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Influence of vertical velocity on Vy os Eesa

Velocity direction of satellite

Aeolus

CDL-HLOS—Aeolus-HLOS:

HLOS pgolus =HLOScpL +Vvertical - €0t37°

The LOS component of vertical velocity is V, = Vvertical - cos37°.

Result from the definition of Aeolus HLOS wind (Vy, o5 = VLOS/sin37°), the influence of V, on V|, o5 IS V5, =
V,/sin37°.

Consequently, the influence of V, . ica1 ON Vi os IS V, = Vvertical - cos37°/sin37°, i.e. V, = Vvertical - cot37°.

€ The vertical velocity correction of CDL-HLOS is only used in the profiles analysis for the method discussion and the corrected
CDL HLOS results are not used in the statistical comparison.
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Influence of vertical velocity on Vy os Eesa

5 - . - -
(== Acolus transit tme i typical vertical velocity:
O m/s to £0.40 m/s

HLOS retrieved difference:

=

(78]

up to £0.53 m/s

(9

Maximum/minimum vertical velocity:

g
=t
)
QO
o
=
QED
oo
T

Vertical velocity, m's

[

around 1 m/s/ -1 m/s

HLOS retrieved difference;
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 23:59
Time, LST (UTC+8h) +1.33m/s

Vertical wind measurement case by CDL with a moving average of 30 minutes

8

I == 4 + < —_ = » THE EUROPEAN SPACE AGENCY

_— ] ™ 4+ e =



Measurement cases over China esa

20201116T094952(UTC) e 110
Qingdao, China (36.0679 °N ,120.3412°E) D__:75km as€line
o Aeolus L2B Rayleigh-clear HLOS profile:
CDL(30 mins) = -
e e o s I O In the atmospheric boundary layer and the lower

troposphere are almost trustable
O The lowest height bin of Aeolus Rayleigh-clear HLOS

profile has a large bias

19
n

Aeolus L2B Mie-cloudy HLOS profile:

Altitude, km
Altitude, km

g
=
<
=
=
=
=

[ ]

O In the range of Aeolus estimated error

30-minute averaged vertical velocity profile:
O vertical velocity: mainly in the range of £0.30 m/s

O HLOS retrieved difference: around £0.40 m/s

i i
-1510-5 0 5 1015202530354045 -10-8-6 4-20 24 6 810 -0.50.40.30.20.1 0 0.10.20.30.40.5

HLOS velocity, m's™ HLOS velocity,m's™ Vertical velocity, m-s™
9
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Measurement cases over China

Baseline 07

(after M1 bias correction)
On 21 Jan. 2020

Baseline 10

(after M1 bias correction)
On 18 Sep. 2020

Altitude, km

Altitude, km

20200411T105440(UTC)

esa

Baseline 08

(after M1 bias correction)

On 11 Apr. 2020

HLOS velocity, ms”

HLOS \vlucil).m*s'l

Vertical velocity, ms”!

HLOS velocity, m-s™

HLOS velocity,m-s”

20200121T100452(UTC) . & >
(@) Xidazhuangke, China (40.5219 °N ,115.7841°F) D : 52km (b)) Lanzhou, China (360464 °N ,103.8305°E) D, 30kom
| P e = K S s B e B | k) i et e e e b vt e e e e e e SSFT T T 65F T T—T—T—T
4 Acolus L2B Mie [ |
B4 Acolus L2B Rayleigh i 3 |
20 - 24 CDL (30 mins) |
CDL YV, Correction (30 mins) ‘ 1 of . 6 =
] |
| ] 16 a 4 ssf 4
Z.S‘* 25
16} \
\ st
i 2y 1 45
12} 2 z2 =2 z =
g g E E g 4
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-5 0 5 1015-5 25303540 4550 1086420246810 -0.50.403020.1 0 0.10.20.30.40.5 -16-12-8 4 0 4 8 121620 24 1086420246810 -0.40.30.20.1 0 0.10.20.30.40.50.6
HLOS velocity, ms”! HLOS \clncil).m-s" Vertical velocity, ms”! HLOS velocity, ms! HLOS \clrp(‘il_\‘.m*s'I Vertical velocity, ms”!
20200918T231452(UTC) 20201115T220928(UTC)
(c) Wuwei, China (38.6153 °N ,103.0894°E) D_  :56km (d) Huludao, China (40.4747 °N ,120.7761°E) D_  : 40km
20— — T T — —— o e e e 20 o —T T —T T T
3 ; 3 2 2k
16 ‘ 16
\
[ L5 L5+
251 ‘ 25
12 ‘ ‘ 12
5 | ,. E 5 5 :
< ‘ < S < <
= = - = -
g e -] & =]
3 | & 3 £ El
8 [ 8t
2 J‘ 2r
A |
4 ‘ 4 0.5 0.5
| i
| L5 ] { 15F [ 25N
; vt } —
ol jiczs] . et jevipid] S B 31 L B e B ik T i T B 15 e ) O vt b . L L
-60 -50 40 -30 20 -10 0 10 20 0246 8101214161820 -0.50.40.30.20.1 0 0.10.20.30.40.5 -3530-2520-1510-5 0 5 10152025 6-4-2024 6810121416 05 0 0.5 1

—— " -1
Vertical velocity, m's

Baseline 11

(after M1 bias correction)

On 15 Nov. 2020
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Statistical comparison

===y =0.93x
——y=-0.33 +0.92x
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S B o
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SD =3.15m-s™!
BIAS =-0.25m"s”!
MAD = 2.64m-s™!
n=>52
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Aeolus L2B Rayleigh HLOS Wind Speed, m-s™!
[—)

—y=-1.2 + 0.96x (C)

R =0.62
SD =7.07m-s™!
BIAS =-1.15m"s”!
MAD =5.77m-s™"
n =387
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Aeolus L2B Rayleigh-clear HLOS & Mie-cloudy HLOS vs CDL HLOS
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HLOS wind. m-s

80
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Mie-cloudy:
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50

(b)
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Count

Counts of data pairs at different height ranges

-26-24-22-20-18-16-14-12-10 -8 6 -4 2 0 2 4 6 8 10 12 14 16 18 20 22 2426 |\/|a|n|y in the atmosphenc boundary
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Statistical comparison

0 Rayleigh-ascending/descending

Ascending/Descending Ascending Descending

127

0.65
5.83 1.47
4.9 6.06
-0.16 -2
1.02 0.97
1.03 0.78

254
0.51

N points
Correlation
SD (m/s)
Scaled MAD (m/s)
BIAS (m/s)
‘y=ax” Slope
‘y=ax+b” Slope

‘y=ax+b” Intercept (m/s) -0.23 -2.61

The standard deviation, the scaled
MAD and the bias on ascending tracks
are lower than that on descending
tracks

m-s!

Aeolus L2B Ravleigh HLOS Wind Speed,

Aeolus L2B Rayleigh HLOS Wind speed, m-s”!

W &
wn o

===y =1.02x
—y=-0.23+1.03
-2+ 1o (g)

1 —— N N W
nmouwme e o

R =0.65
SD =5.83m-s™!
BIAS = -0.16m-s™"
MAD =4.9m-s’!
n=127

-40 ~
240 35-30-2520-15-10 5 0 5 10 15 20 25 30 35 40

CDL HLOS Wind Speed, m*s L
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0 —5~ 2.61+0.78x (¢)

R =0.51

SD =7.47m-s™!
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n =254

-40 TS
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i EECDL |
(d) Il Acolus Rayleigh-clear -
Descending

‘JJ%%%%Q
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HLOS wind, m- s
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' 40

Statistical comparison .

45
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(b) Bl Acolus Rayleigh-clear
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Count
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. o <. R=0.39 15
N points 156 106 100 s e “I i
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Correlation 0.39 0.75 0.86 4 .n] AN | |IJ J i
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Summary Eesa

€ 52 measurements for Mie-cloudy and 387 Rayleigh-clear cases compared with ground based CDL network (17 CDLS) over

China from January to December 2020.

€ Both Rayleigh-clear and Mie-cloudy L2B HLOS winds are almost trustable in the atmospheric boundary layer and the lower

troposphere, especially after the employment of the processor Baseline 09.
Mie-cloudy winds: correlation: 0.83; Random error: 3.15m/s, the scaled MAD: 3.15 m/s; bias: -0.25 m/s

Rayleigh-clear winds: correlation: 0.62; Random error: 7.07 m/s, the scaled MAD: 5.77 m/s; bias: -1.15 m/s
Ascending: correlation: 0.65; Random error: 5.83 m/s, the scaled MAD: 4.9 m/s; bias: -0.16 m/s
Descending: correlation: 0.51; Random error: 7.47 m/s, the scaled MAD: 6.06 m/s; bias: -2 m/s

€ The vertical velocity correction is necessary in the wind retrieval and the validation process for case study.

Special Issue: Aeolus data and their application (AMT/ACP/WCD inter-journal Sl)
Title: Inter-comparison of wind measurements in the atmospheric boundary layer with Aeolus and a ground-based coherent

Doppler lidar network over China
Author(s): Songhua Wu, Kangwen Sun, Guangyao Dai,et al. MS No.: amt-2021-260
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