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Validation: Aeolus L2B products with CDL network
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Qualification

Wavelength
Repetition rate
Pulse energy
Pulse width
Detection range
Data update rate
Range resolution

Wind speed accuracy

Wind speed range

Wind direction accuracy

mainly measure wind profiles in atmospheric/planet boundary layer (PBL) and

Specifications

Wind3D 6000
1550 nm
10 kHz
160 W
100 ns to 400 ns
80 m to 6000 m
4 Hz
15mto 60 m

<0.1 m/s

+75 m/s
0.1°

WindMast PBL
1550 nm

10 kHz

100 W
100 ns to 400 ns
30 m to 4000 m

4 Hz
15mto30m

<0.1 m/s

+75 m/s
0.1°

lower troposphere

Latitude (°N)
W
=

20
Aecolus
10 e Ascending Orbits LS X
i—— Descending Orbits; =~ =~
0 | ‘
70 80 90 100 110 120 130 140

Longitude (°E)

Ground-based CDL observation sites of the VAL-OUC campaign from January tc

Aeolus Science Conference 2023, Rhodes Island
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Validation: Aeolus L2B products with CDL network
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Intercomparison strategy

: (Wind3D 6000/10K! | Measurements
- /WindMast PBL v

Products

v

Geolocation Information
(Including latitude, longitude)

Measurements

.

Products
v

Level 2B product

Aeolus

L
A2

Nearest measurements
Horizontal distance < 80 km

Level 2 product
(1 second average results)

Quality control
v
Horizontal velocity and direction,
vertical velocity
(30 minutes average results)

v
Projection onto Aeolus HLOS

direction and vertical averaging
HLOS \'elocif)' from CDL

Vertical velocity correction

Geolocation Observation wind
Information profile
Azimuth ‘
Latitude  Elevation
Longitude

Mie-cloudy / Rayleigh-clear
HLOS wind velocity with
estimated error lower than 4
m/s and 8 m/s, respectively

Altitude

A 4
Aeolus lowest atmospheric Quality

bins removed control flag

Quality control ~ «—

! }

HLOS velocity from Aeolus

Intercomparision

,

Profile comparision

}

Statistical analysis

End

» Profiles match

» Quality control

» Average of CDL wind profiles (time and vertical)
» CDL wind switching to HLOS wind

» Profile comparison and statistical analysis

Aeolus Science Conference 2023, Rhodes Island 4



Validation: Aeolus L2B products with CDL network

Influence of vertical velocity on Vo

5
Velocity direction of satellite ﬂ---Aeolus transit time

. ; i
B ‘ i a Acolus = :
AU PE— 4 :
/ ’-. e A g
Ny : 5 - i :
/.. Satellite : ' =3 ! £
A : T 5 - 3
Vverticat b 3 ! N 0 s
= | - e Ly
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&? 3 v 0- . L . . . “ ‘ . M- L 1 y |
Ground 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)
The influence of V., ON V}y.05 is V, = Vvertical - cos37°/sin37°, Vertical wind measurement case by CDL with a moving average of
i.e. V, = Vvertical - cot37°. 30 minutes, in Qingdao China, on 16 November 2020.

» In the atmospheric boundary layers, where the Vertical
. . _ HLOS retrieved diff _ convections are common, the influence of vertical velocity on
typical vertical velocity: retrieved dirrerence: HLOS wind retrieval can not be ignored.
0 m/s to £0.40 m/s +0.53 m/s . : . . .
: L ) . » The vertical velocity correction of CDL-HLOS is only used in
Maximum/minimum vertical velocity: i ) ] i
around 1 m/s / -1 m/s +1.33 m/s the profiles analysis for the method discussion and the
corrected CDL HLOS results are not used in the statistical

comparison.
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Validation: Aeolus L2B products with CDL network ‘;‘?i. aeolus

20200121T100452(UTC) 20200411T105440(UTC)
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20200918 T231452(UTC) 20201115T220928(UTC)
(€)  Wuwei, China (38.6153 °N 103.0894°E) D___ : 56km (d) Huludao, China (40.4747 °N ,120.7761°E) D : 40km Count
3 3+ 2 2 6 E . . ' : '
55 ‘ Rayleigh-clear vs CDL |
s M6 (b)
25 25 =0 & 4.5 - 15 ]
E E 5 ; 5 ) " I 2 PBL _
: : - : ; » 2 1.5 I 2
3 ] < 2 £ £ i)
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* Red lines: Aeolus L2B Mie-cloudy HLOS profiles; 0 10 20 30 40 50 60 70 80 90 100110 120
* Blue lines: Aeolus L2B Rayleigh-clear HLOS profiles; Count
* Black lines: CDL-retrieved HLOS profiles; Counts of data pairs at different height ranges
* Yellow lines: CDL-retrieved HLOS profiles after vertical velocity correction. 6
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Validation: Aeolus L2B products with CDL network
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Validation: Aeolus L2B products with CDL network Eogn, aeolus

Conclusion and outlook

v" The influence of vertical velocity on V,, o in the wind retrieval should be considered.

v’ As the Baseline updating, the Aeolus L2B HLOS winds (both Mie-cloudy and Rayleigh-clear, mainly in
the PBL and the lower troposphere) fitting with the CDL HLOS winds becomes better.

v’ In the PBL and the lower troposphere, Aeolus L2B Rayleigh-clear channel can also provide reasonable

HLOS wind.

» The CDL network in China has been being developed since 2018. The wind profiles from 2018 to 2023
all over China can still be reliable of Aeolus for the validation of FM-A/FM-B/FM-A reprocessing data
baselines.

Ref.: Wu, S., Sun, K., Dai, G., et al., Inter-comparison of wind measurements in the atmospheric boundary layer and the lower

troposphere with Aeolus and a ground-based coherent Doppler lidar network over China, AMT, 2022, Special issue: Aeolus data

and their Gpp/ICGi'IOH Aeolus Science Conference 2023, Rhodes Island 8



Science exploration: 1/2 Sahara dust aerosol transport observation

Data/models used

Instruments
/Models

Products

ALADIN
/Aeolus

L2A (baseline 10)

Particle optical properties:

» extinction coefficient@355nm

L2C (baseline 10)

» Reanalysis wind vector profiles assimilated with L2B HLOS wind

CALIOP
/CALIPSO

L2 Aerosol profile

» Extinction coefficient @532nm/1064nm
» Backscatter coefficient @ 532nm/1064nm
L2 Vertical Feature Mask

» Aerosol type

ERAS5
/ECMWEF

0.25°%0.25°, hourly, 37 pressure levels
> Wind vector
> Relative humidity

The Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model

Aeolus Science Conference 2023, Rhodes Island
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Science exploration: 1/2 Sahara dust aerosol transport observation 4 «‘.*.. aeo | us
e e T e
¥ e -
ko ust identification ! |
' . Veriial Feature Nk foom || —payspit ALADIN/Aeolus 355nm CALIOP/CALIPSO
. Aqua Dustscorcindex _ CALIPSO Level 2 | Verification with HYSPLIT
| 1| Preliminary determination of dust | _| To match the dust transport route and | = "/ 0 aerosol prOdUCtS 532nmé& 1064nm aerosol prOductS
| i plume coverage and transport CALIPSO footprints i l“’n'cclm“\

E : route D:lerminali(.m of .dus.l coverage and || 4l
| UeeeeceeesoseessTESEEEE theewees N o i Along Acolus Along CALIPSO
:_ B R e R R S S S R S Y e e e e R R tracks tracks
' | Aeolus and CALIPSO s SHCRE, ‘ l Y *
dowmwing colus tracks |
i tracks match to CALIPSO tracks !
i : 0,55 from Aeolus B, from CALIPSO Poe, from CALIPSO
: The distance i v
i th\\«.‘cl‘l the tracks Stop ] | 58sr | 60sr |
[ of Aeolus and — i
! N No ; a,,, calculated @, calculated
| | Generalized crosstvalidation|(GCV) | |

from Miiller et al. (1999) v

Volume concentration

Data Analysis | I

Aeolus Level2C wind vectors
Acolus Level2A aerosol optical properties
(extinction coefficient at 355 nm)
e Analyzing the development of the aerosol
optical properties at 355 nm

v v
L}

ECMWF meteorological data
e Examine the homogeneity of the wind fields
between the tracks of CALIPSO and Aeolus

1
1
1
i CALIPSO Level2 aerosol optical properties
1
|
1
|
1
|
!
|
|
|
|
|
| . . .
1 e Filter data when the relative humidity values are
|
|
)
|
|
|
|
|
1
|
1
1
1
1
1
1
|
1

(backscatter & extinction at 532 nm & 1064 nm )
e Analyzing the development of the aerosol
optical properties at 532 nm and 1064 nm

Typical dust
Y particle density

Mass concentration

ECMWEF wind field
Horizontal wind

Aeolus wind field
>< . .
ECMWEF relative L2C Horizontal wind

humidity

larger than 90%

+
Horizontal dust advection
measurements combining
the CALIPSO data,
Aeolus data and ECMWFE
reanalysis data

\

Horizontal advection average
within the region between the

tracks of CALIPSO and Aeolus

4

Aerosol mass advection calculation

m: acrosol mass concentration
v: horizontal wind speed

Advectionacosol-mass = M-V

Advection calculation

Dust identification, Aeolus and CALIPSO tracks match and data The flowchart of the dust mass advection calculation procedure
procedures Aeolus Science Conference 2023, Rhodes Island 10



Science exploration: 1/2 Sahara dust aerosol transport observation
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- 2020-06-19 Aeolus and CALIPSO Descending Trucks
CALIPSO_ 5 | / ol
Acolus__ 554 / [

(a) g™

CASE 1: Observation snapshot on 19 June 2020 *~ / #

@ AIRS Applications Browse Tool

l:mn:icl) "
S
= ~—
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Longitude (°)

Ig(Exinction Cocfficient, m"' -ALADIN@355nm) 2020-06-19 Descending

IN

Altitude (km)
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ae

)
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0
Longitude (°) 15 -1
lg(Total Backscatter Coefficient, m'lsr'l»('.\Ll()qu 532nm) 2020-06-19 Descending

20200619-Sahara

The Dust Score Index provided by AIRS/Aqua on 19 June 2020 ® "

CALIPSO Scanning 1

From the measurement results on 19 June 2020,
the dust plumes are captured over the emission
region (Western Sahara), the transport region
(middle Atlantic) and the deposition region i
(western Atlantic). e
Indicating that the dust plume area over the
Atlantic on this day is quite enormous and that

this dust transport event is massive and extensive.

A

|
—

—

Altitude (km)
" E

Latitude (°)

CALIPSO on 19 June 2020

Aeolus Science Conference 2023, Rhodes Island

Observation cross-sections of Aeolus and

Dust Advection Values
Lidar Scanning Track

CALIOP
— ALADIN

(a) .

Ed »

Altitude (km)
rS

B 50
25 2 40
0 le-
¢ = -75
H
g 0 Latitude (°) le3
38 3 Longitude (°) 15
£ Dust Advection Directions .
g S
4 3 |Lidar Scanning Track|
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_: >
45 < a
24 ;
E 50 NW
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¥ W
5 0
75 SW
S

in
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. The dust advection calculated with data from
ALADIN, CALIOP
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Science exploration: 1/2 Sahara dust aerosol tre “ GEESEEHE U

CASE 2: whole transport of “Godzilla” event

2 e * - -

The Dust Score Index provided by AIR/Aqua at different stags,
including emission, transport, dispersion and deposition

The ALALIN cross-sections and the CALIOP cross-sections
correspond well to the dust score and HYSPLIT trajectories,
temporally and spatially.

HYSPLIT trajectories
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Science exploration: 1/2 Sahara dust aerosol transport observation
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Summary and Conclusion

v ALADIN has the ability

* on the observations of dust optical properties and wind fields

* on tracking the dust events
* calculating the dust mass advection with the combination of satellite and model data.

v’ The huge dust plumes were trapped and transported in the northeasterly trade-wind zone between

latitudes of 5° and 30° N and altitudes of 0 and 6 km.

v’ Aeolus provided the observations of the dynamics of this dust transport event in the Saharan Air Layer.

Ref. : Dai, G., Sun, K., Wang, X., Wu, S. et al., Dust transport and advection measurement with spaceborne lidars ALADIN and

CALIOP and model reanalysis data, ACP, 2022, Special issue: Aeolus data and their application

Aeolus Science Conference 2023, Rhodes Island 13



Science exploration: 2/2 Correlation between marine aerosol and wind
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Background

Data used

Instruments Products

L2A (Baseline 11-14)
Particle optical properties:

> extinction coefficient

» backscatter coefficient

ALADIN NWP:

/Aeolus | > Relative Humidity (RH)

» Molecular backscatter coefficient

L2C (Baseline 09-14)

» Reanalysis wind vector profiles
assimilated with L2B HLOS wind

CALIOP L2 Vertical Feature Mask
/CALIPSO | » Aerosol type

marine aerosol/sea spray aerosol
» Interaction with solar radiation
» Impact on retrieval of spaceborne ocean color lidar

Wind is the primary driver of the emission of marine aerosol

\ 4

Correlation between marine aerosol optical properties and wind speed

Time range of the data: April 2020 to June 2022

Aeolus Science Conference 2023, Rhodes Island 14



i H Step 1: Selecti f stud ith CALIOP
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Select areas dominated with marine aerosol

stop
lYes
Step 2: Data processing of Aeolus products
Level 2A product NWP model parameters from NWP model winds from
e Extinction coefficient at 355 nm Level 2A product Level 2C product

e U component of wind vectors
e V component of wind vectors

o Backscatter coefficient at 355 nm  ® Relative humidity (RH)
e Molecular backscatter coefficient
Quality control
e Valid data selection with QC flags
e Qutliers eliminaiion with Tukey's test

Cloud screening

. . ] Wind speed
Retain data with: RH < 94%; backscatter ratio < 2.5

Backscatter coefficient correction
Correct with: Depolarization ratio = 2% of marine aerosol

Pure marine aerosol a and l

0-1 km layer (Layer,): corresponding to

the marine atmospheric boundary layer
Optical properties and wind speeds distribution analyses (M AB L)

At two sperate vertical layers (ocean surface to 1 km; 1 km to 2 km) over selected ocean areas
1-2 km layer (Layery): above the MABL

Step 3: Data analyses

Correlation analysis between optical properties and wind speed

e Averaging of optical properties along the wind speed grid of 1 m-s™' *The lowest bins of L2A products are
e Parametric curve fitting of the optical mean properties vs. wind speed absent to avoid the ground return signals’
Derived aerosol optical properties analysis with wind speed contamination

e Aerosol optical depth vs. wind speed

e Lidar ratio vs. wind speed 15



Science exploration: 2/2 Correlation between marine aerosol and wind
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Science exploration: 2/2 Correlation between marine aerosol and wind
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The spatial distribution shows positive
relationship between marine aerosol optical
properties and wind speed at both layers.

- et ,
(a) | - = ( )I e I : 1;}1:
HeHl I ot SI
10 15 20 50 100 150
ws (ms™) Oy (Mm™")
(©) (d) ' ' j
Fed H—e—e1 H—eo—e—H
e+ —e-eo—i —oto—
0 5 10 18 20 22 24 26 28
Boar (Mm-l'sr-l) LRy (sT)

Typical ranges of marine aerosol optical properties at 355 nm
(Prijith et al., 2014; Kiliyanpilakkil and Meskhidze, 2011; Floutsi
a:47 to 180 Mm-1

B:1.3t07.2 Mm-1-sr-1

et al., 2022):
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Science exploration: 2/2 Correlation between marine aerosol and wind

NP SP | sl

150 — 8000 250 — 4000 250
} mean & sd at Layer i mean & sd at Layer { mean & sd at Layer
(a) __.—-"/ § mean & sd at L“."": 200 (a) § mean & sd at Layer: 200 (a) § mean & sd at Lnycr:
~ - ”,5?45'4’ 6000 | am'r=0'270“,1358+63.953 ~ | 0’ |5 3000 | am“=6.06ZW'M”+73.303 ~ s 1500 | am"=4.329w085l+87-698
a é 247 . ‘é ----- a,, =0.121w" 77442365 SE 150 : 69 15‘?:‘ % | 2000 ‘g ----- a,, =4.983w"**453.620 § 150 Ob 1P ?;E - é ----- a, =1.192w' 32467280
- v; -1 “_.tg_‘; ------- 8 counts at Laycrll v; 100 Yo PPPTDo 8 counts at Layerl‘ V; 100 » 8 counts at LayerL
dE 5000 0699 counts at Layer,, dE counts at Layer dE counts at Layer
2000 . 1000 5 500
0 0 0 0 0 0
0 5 10 15 20 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Wind Speed (m/s) Wind Speed (m/s) Wind Speed (m/s)
10 T T I -/"' 10000 § mean & sd at Layer| 15 I 1 i I ' 4000 § mean & sd at Layer, 3 - ¢ mean & sd at Layer,
~ 8 (b) A;-’" 8000 i mean & sd at La_w:rH - (b) § mean & sd at La_\'cr’; ~ (b) { mean & sd at Laycru
E '; ",<>"<; ----- gmr=o,osm'-‘2~‘+z.294 T; %1 3000 L B, =1-831w" 741,148 5 10} oy S et /}mr=0.892\\<°'°“°+3.433
- 6 i 9 6000 2 1404 - 2] ’ 0476 o I 2 iy 0486
g . g ----- ﬁmar=0.034w +1.630 'E " T |- ,[}mar=l.325w +1.136 g )¢ et g ----- ,Hmar—l.282w +1.832
% 4 ¢ O b1 4000 8 SRRt Eayery: E T { di 8 counts at Layer, g’- 10ee 8 counts at Layer
é i > 2924T counts at Layer 4‘53 5 counts at Layer & 5 counts at Layer
Qe : 2000 o 1000 Q 9
0 1 0 1} 0 0 0
0 5 10 15 20 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Wind Speed (m/s) Wind Speed (m/s) Wind Speed (m/s)
» In the same wind speed bins, the marine aerosol optical properties at Layer, are larger than those at Layer,,.
» The gradients at Layer, are larger than at Layer, for the same wind speed.
» The a/B-wind speed relationships can be fitted quite well by power law functions in all cases.
» The SP, Sl area (mid-latitude areas)’s a/B-wind speed relationships are similar, but different from the NP (low-
latitude area)’s.
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Science exploration: 2/2 Correlation between marine aerosol and wind
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» Comparison between CALIOP converted AOD at 355 nm (using
Angstrom exponent) and Aeolus AOD at 355 nm along wind speed.

*CALIOP AOD (532 nm)-wind speed relationship from Kiliyanpilakkil and

Meskhidze (2011)

*Angstrom exponent from Sayer et al. (2012)

» Marine aerosol lidar ratio and its particle size have negative
relationship (Masonis et al., 2003; Haarig et al., 2017)
» the marine aerosol LR-wind speed relationship from Aeolus:
edownward trend at relatively low wind speed
eupward trend at the middle wind speed
stable at the very high wind speed
» Comparison with the LR-wind speed relations from CALIOP (Dawson
et al., 2015) , from model simulation(Sayer et al., 2012)
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Science exploration: 2/2 Correlation between marine aerosol and wind
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Summary and Conclusion

v’ First ever deriving pure marine aerosol optical properties from Aeolus products.

v Acquiring the spatiotemporally synchronous relationship with the aerosol optical properties and the
instantaneous wind speeds, which could indicate the background atmosphere states within and above the MABL
over remote ocean.

4 Conducting analysis at two separate height layers above ocean surface to explore the vertical differences.

Ref.: Sun, K., Dai, G., Wu, S., et al., Correlation between marine aerosol optical properties and wind fields over remote oceans with

use of spaceborne lidar observations, ACPD, Special issue: Aeolus data and their application

Aeolus Science Conference 2023, Rhodes Island 20



N\

7
) Gain, aeolus

THANK YOU!



	Slide 1: Aeolus L2B products validation with ground-based CDLs net over China and products application on aerosol observation
	Slide 2
	Slide 3
	Slide 4: Dragon 5 Mid-term Results Reporting 
	Slide 5: Influence of vertical velocity on VHLOS
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Dragon 5 Mid-term Results Reporting 

