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The ASKOS experiment for Aeolus Cal/Val:
Focusing on aerosol products
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Aeolus is a flagship European mission that provided wind
profiling from space for the first time using the lidar technique

Aeolus has a high impact on NWP, through the assimilation of
wind fields, especially in the free troposphere

Aeolus rayleigh wind velocity (m/s)
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The Aeolus mission — Aerosol/Clouds .\ @Sa
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Aeolus delivers additionally an aerosol and cloud product (L2A).

Besides the enhancement of applications for atmospheric
composition studies, the simultaneous observation of wind and
aerosol fields by Aeolus allows for synergistic retrievals of new
products from space (i.e. aerosol deposition and emission fields).

Before its use for applications the aerosol product went through a
thorough validation effort
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ASKOS experiment — Aerosol Cal/Val
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WHERE:

Mindelo, Sao Vicente island of
Cabo Verde

WHEN:

June 2021: initial setup and
first ASKOS experiment

September 2021: Along with
other experiments in the

framework of JATAC

June 2022: Collocated with
the ERC D-TECT experiment

September 2022: Along with
NASA CPEX experimental

campaign
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ASKOS experiment
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eVe in ASKOS
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eVe lidar for Aeolus <
Cal/Val

The mission The launch

Aeolus is the first satellite mission to acquire profiles of Earth’s wind on a global Date: 22 August 2018

scale. These observations are being used to improve weather forecasts and Site: Kourou, French Guiana
climate models. The Aeolus satellite carries just one large instrument — a Doppler

Rocket: Vega
wind lidar that will measure the winds sweeping around our planet.
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BPat comparison from 10 September 2021

OSCM, CV (16.8782° N, -24.9951° E, 2m)
AEOLUS L2A12: 10 Sep 2021 19:36:31 UTC
eVe: 20:41:00 - 21:09:00 UTC

OSCM, CV (16.8782° N, -24.9951° E, 2m)
AEOLUS L2A01: 10 Sep 2021 19:36:31 UTC
eVe: 20:41:00 - 21:09:00 UTC

OSCM, CV (16.8782° N, -24.9951° E, 2m)
AEOLUS L2A12: 10 Sep 2021 19:36:31 UTC
eVe: 20:41:00 - 21:09:00 UTC

OSCM, CV (16.8782° N, -24.9951° E, 2m)
AEOLUS L2A01: 10 Sep 2021 19:36:31 UTC

OSCM, CV (16.8782° N, -24.9951° E, 2m)
AEOLUS L2A01: 10 Sep 2021 19:36:31 UTC

eVe: 20:41:00 - 21:09:00 UTC

eVe: 20:41:00 - 21:09:00 UTC
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— eVe total —— eVe total | — eVe total | — eVe total | i —— eVe total
b —— eVe AEOLUS like —— eVe AEOLUS like *E —— eVe AEOLUS like *E —— eVe AEOLUS like <;: —— eVe AEOLUS like
SCA Ray SCA Ray Ik —— AEL-PRO 14 —— AEL-PRO 4 :' —— MLE
—— SCA Mid —— SCA Mid 1 E 1 E 1 E:
1 1 1
8- 8- 81f 81f 81+
4’ 4’ 4’ 1
SCA Ray and SCA Ray and 'AEL-PRO from B12 'AEL-PRO from B15 '\ MLE from B15
4 4 > L :
from B12 from B15 I :
— 67 i — 67 i — — —
€ S € € S
X > > > >
- - - - -
< < < < <
)] )] )] )] )]
T T T T T
T, T, T T T
2_
— 1: f -
| Ty | L
0 rrr|jrrrryrrrr|prrrrjprrrrprrre 0 rrr|yrrrryprrrrJrrrrr|yrrrrrrrrr 0 r{frrrr|yrrrrrrrrr|prrrrrrrrr Tr|rrrrrrrrr|prrrr Tr|rrrrrrrrrprrorr
0 5 10 15 20 25 30 5 10 15 20 25 30 0 5 10 15 20 25 30 15 20 25 30 15 20 25 30

prarticle 355nm [Mm~1sr—1]

prarticle 355nm [Mm~1sr—1]

prarticle 355nm [Mm~1sr—1]

prarticle 355nm [Mm~1sr—1]

prarticle 355nm [Mm~1sr—1]

ASKOS ESA study, P. Paschou
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10Jul2019 16:19:10UTC

—— SCA_mid_bin
------ SCA_mid_bin-err
— SCA
------ SCA-err
= GRD beta355

GRD beta355-err
= AEOLUS-like beta355
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Backscatter coefficient (Mm~1sr1)

PANACEA, A. Gkikas, 2022

W
Aeolus L2A Cal/Val \=CSa

Aeolus underestimation due to the undetected
cross-polar component

Latitude (de

Longitude (deg)
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L2A+ Dust aerosol product

Raw profiles

Cloud screenin Aerosol profiles Aerosol typin
[aerosol + cloud] g P yping
mmm—mmmm————— - i bl bty i e e e e ' e e I
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1 | 1 1
e F e ] N I. _______ F e e F
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L ) . . P g » Definition of dust LR » L2A+ extinction profiles > -
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Validation
I'_ ------- -
1 eVe :
> ¢
1 PollyXT 1
== 1
! I

» | Numerical simulations — Assimilation experiments | |«

L2A+ ESA study, K. Rizos, A. Gkikas
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AEL-FM product (courtesy Dave Donovan, KNMI)
Longitude | k]
-17.37 175.53 163.56 79.61 -15.59 -27.30 -119.62 148.12 136.39 40.52
20.00 + . : . . Clouds
most likely clouds
very likely clouds/aerosols
15.00 - more likely clouds/aerosols
— - likely clouds/aerosols -
E - low altitude aerosols g
= - unlikely clouds/aerosols
5 10.00 ‘ ‘ o ’ - likely molecular g
] ‘ ) w - very likely molecular B
I ’ ‘ } - most likely molecular @
05.00 | molecular only
Attenuated
- Wi‘jﬂ k No retrievals
00.00 d ! L. Surface
68.93 50.34 -9.94 -81.08 -30.49 29.74 85.37 29.72 -30.56 -81.06

Latitude [*N]

L2A+ ESA study, K. Rizos, A. Gkikas
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Cloud-filtering based on MSG SEVIRI Asolus Ascending orbit (17 Sep 2021}
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LZA+ ESA study, K. Rizos, A. Gkikas
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Aeolus Ascending orbit [17 Sep 2021] Aeolus Ascending orbit [17 Sep 2021]
Time (TAI) Time (TAI)
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L2A+ ESA study, K. Rizos, A. Gkikas
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Godzilla, in collaboration with BSC
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Applications for Desert Dust Research: Assimilation
HARMONIA
Comparison of hprh, hs5w, hrox, hr8k, hrwl & hrpl and L1.5 Aeronet AOT at 500nm over
90°W 60°W 30°W 0° 30°E Mindelo_ OSCM (16.88°N, 25.00°W). Model: 00 & 12UT, 4-30 Sep 2021, T+3 to T+12. 12hr means.
| | | | | L1.5 Aeronet — AOD-IA — AOD+F-IA — AOD+P-IA AOD — AOD+F — AOD+P
2
40°N "L.;_. LR e 400N 1.8 Dust Dust Dust
Kr Sy Pl 161 Event I Event I1 Event I11
R R RSN ) E soen 141
Y/ $ . V A oy A~ Y
/] » 1.2 1
20°N - W\ ¥ - — 20°N 1
| ‘, | 0 8 )I.} ,',
10°N —{~ Py > : f‘k‘ \ P — 10°N 0.6 - \\\/é&'@ /"’l \\
""" 041~ W
0° — 0° 0.2
| | | | 1 | L e I —
60°W 45°W 30°W 15°W 0° 15°E 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Sep
0,65 0.1 0.2 0?4 0.8 1.2 1.6 1.8 2 25 .
ADD-CROSS EUMETSAT study, A. Gkikas

L2A improved the columnar optical depth, for dust events Il and Ill, when the Aeolus full
(cross+co-polar) backscatter is assimilated
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L2A assimilation affects Wind fields

400
'2.0
500 - 1.5
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700 - I I I I 0.0
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ADD-CROSS EUMETSAT study, A. Gkikas
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L2A assimilation affects Wind fields

2.0
Full-Parallel (700hPa) . Full-Parallel (700hPa)
2021-09-18 00:00 UTC 1.5 2021-09-18 06:00 UTC
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ADD-CROSS EUMETSAT study, A. Gkikas
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FSOI split by instrument type

Use both L2B and L2A data assimilation within the same regional o e | P
coupled model to reveal the synergistic impact on NWP o SR L 1=,

AQUA AMSUA Radiances
NOAA 18 AVHRR IR AMV
BUFR TEMP DROP

BUFR LAND PILOT
COSMIC-6 GPSRO
Ground-Based Radar
GOES 15 GEOS Radiances
BUFR SHIP SYNOP
TanDEM-X GPSRO

AQUA MODIS AMV

ORI ST T SO T T SO0 S S A S S T T 1

highest impact of

METOP-8 GPSRO 61006

METEOSAT 11 AMV 39141
257388

60339

10188

150240

any satellite
instrument — after
NOAA 20 ATMS ¢

e The Data Assimilation Research Testbed (DART) toolkit will be used to L e
assimilate the L2A and L2A+ products into WRF-L. METORC A 2350
. . . T . NPP AMV 16634
e DART is maintained by the Data Assimilation Research Section at NCAR. METOP.C IAS| Radiances 1926
. M . . Eu'opLL:T;:‘A Wind Profiler 465539
@ Model State e \Various ensemble assimilation algorithms are already implemented, HOMPSAT's GPSRO {2518
. . . . A0C S -7 .r. -
including Ensemble Adjustment Kalman Filter (EAKF). Japanese Wind Profiler 1o883 2
« Model Run X m__;rcmahr: METAR 1445638 =
Automatic Land SYNOP 43628 B
FY-3C GPSRO 435044 3
Dual-Metop AMVs 413589 j
AIREP 422486 o
NPP CRIS Radiances 4207640 2
. . . FY-3B MWHS Radiances 142441 o
Assimilation step METEQSAT B GEOS Allsky Radiances {55052
METEOSAT 11 GEOS ;\JISé((,:ER;?Sal(;R? h ?;;ég =
Slightly perturbed _ Expected measurement . u Lang pLoT A e O/US /788 secoh d Jio g
initial states [ based on model analysis epeat: METOP.C GFSRO 1350 =
[ METOP-A GPSRO {56586 =
\ METECSAT 8 AMV 31498 -
] a
] s
] 2z
- [=]

NOAA 18 AMSUA Radiances
GOES 16 AMV

e GOES 16 GEOS Radlances

DMSP 18 SSMIS Radiances Alksky

- New Manual Land SYNOP

- METOP-A AMSUA Radiances

. MHS NOAA 19 MHS Radiances S

adjusted Himawari 8 GEOS radiances

- . MHS METOP-A MHS Radiances All-sky

. el ana|y5|s > GCOM-W1 AMSR-2 Radiances Alksky
A“
|
|

[ ! +

O MHS METOP-B MHS Radiances All-sky E
i MHS METOP-C MHS Radiances Alksky 4112208
Run the regional GPM GMI Radiances Alk-sky - d : . A~ {96518
model n times, get . : BUFRLAN DR raaiances,; = 157002
. . i METOP-A ASCAT 431258
slightly different Observation plus FY-3C MWHS2 Radiances All-sky A/ Z. B /A S/ 4354530
| uncertainty _ _ _ METOP-B ASCAT /e O/J - g 32744
t=0 results t=t t=t t=t t=t NOAA 19 AMSUA Radiances 4197858
1 1 2 J 2 BUFR LAND TEMP 4293871
NOAA 20 CRIS Radiances 4903893
METOP-B AMSUA Radiances 4214374
Land TEM 455243
METOP-A IAS| Rad 41496332
NOAA 15 AMSUA Radiances 4152605
Py Aeolus L2B| 1%
METOP-C AMSUA Radiances 4226497
DMSP 17 SSMIS Radiances Al-sky 4185447
BUFR DRIFTING BUOYS 49451
AQUA AIRS Radiances 41241278
o NPP ATMS Radiances 446867
METOP-B IAS| Radiances 42589881
L2A+ ESA study, T. Georgiou seoilE o Wneev 5 isee:
NOAA 20 ATMS Radiances 4452083
WIGOS AMDAR 4901714

) 6
Relative FSOI [%]
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T Bridge the space missions to deliver dust climate datasets

Nay %
CALIPSO =G [ BB —— i decin ) B —— o drecion 2 SR N Ay Nasa
. ABS 57 R
” e
Ka & W DopplerR N5

= o .
Microwave Radiomater, | Aos"} AR
HSRLLidar, Polarimeter, Backscatter Lidar,
0 TICFIRE Spectrameter, 4 _:Miéfowave Radiometer,

i " blarimeter,
UVVIS Spectrbmeter Sie-liddy

NG
A0S
W, Ku Doppler Radar,
Stereo (amera/

= 1 o e

CALIPSO Aeolus EarthCAR Aeolus FO AOS

LIVAS ESA study ’_’:> The LIVAS project
Lidar Climatology of Vertical Aerosol Structure for

Space-Based Lidar Simulation Studies

CALIOP observations at 532 nm >
The LIVAS concept: Quality Filtering =

. P - Conversion Factors = T1ILT]]] 1 w
Bridge multi wayelength d.us.t S OALIOP ot 355 m L 3
products from different missions.

Hoight ()

Buckscatter Conficient (s Number of Asrorel Observatont

Feasible due to the weak
wavelength dependence for dust
(355-532nm) for dust, and
trustworthy aerosol typing through
depolarization (ESA-LIVAS study)

IVAS: a 3-D multi-wav
'ALIPSO and EARLIN

gth aerosol/cloud database based on

oy
TRO POS"g
oTER
Leibniz Institute for
Tropospheric Research

Source: http://lidar.space.noa.gr:8080/livas/climatology.html
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Future plans for EarthCARE
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ACTRIS

AEOCLUS

eVe

25
B
EARTHCARE

* Pointing on Aeolus track and at 37.6¢ off-zenith
* Use of circular depolarization measurements

* Harmonize eVe profiles with Aeolus L2A

Aeolus

Sun

— Flight direction

Emission of circularly [§ ;
polarized light at
355 nm

L2A products:
Aparticle

<
%
Flight altitude °/::p
320 km .’%(,'

¢ Bparticle

] * Lidar ratio
Detection only of the

co-polar component

= ";T‘f’

eVe products:

Uparticle...

eVe configuration S ®
| | t 1

Laser 1

@ @
o

Future plans:

Upgrade of eVe lidar to a multi-
wavelength system (2 + 2a + 26)

ESA lidar systems (eVe and EMORAL)
characterization as ACTRIS reference
(ATMO-ACESS) i

enhancing EarthCARE Cal/Val

* Pointing on EarthCARE track and at 3¢ off-zenith

* ATLID: Use of linear depolarization measurements
at 355 nm

EarthCARE/ATLID

L2 aerosol products:

Emission of linearly o, % 1,
polarized light at .-U,l.f i ~ ey,
355 nm ]

Aparticle

* Bparticle
* Lidar ratio
* Linear depol. ratio

a &
Detection of the co-
and cross-polar
components

eVe products:
Aparticle

. B . e
particle :

* Lidar ratio , xS
. . (7)

* Linear depol. ratio "'u,% -

Image credits: Héliere et al., Proc. SPIE 10564, 2017
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ATMO-ACCESS European project will invest to setup ACTRIS for EarthCARE Cal/Val

Rehearsal campaign Cal/Val campaign

o Coordination ‘e Setting up optimized

e Setting up specific tools _ _ configurations . .
and configurations * Observations at fixed * Optimizing previous « Observations at fixed
* Enabling NRT locations datasets locations
« Harmonizing formats * Testing workflows * Mobile observations
* Dataflow
* Analysis
Preparations t Preparations (Cal/Val
(rehearsal campaign) campaign)
Jun, 2023 Sep. 2023 Nov. 2023 Apr. 2024 Sep. 2024 ——

Intercalibration with reference systems
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Extremely narrow
sampling volume

Small
correlation
length of
target features

Need for
airborne in-situ
Measurements
of microphysical

Validation needs are discussed in ACPV

s

{cesa

Needs for synergies
to validate higher

Product
Diversity

spaceborne
data records




“ e NASA, ESA and JAXA coordination in ACPV for comn @
HARMONIA best practices for Cal/Val o

Cal/val community contributors
(networks, Research Infrastructures) A T R | S

0 L ¢-esa |

Implementation Group

K\\U %ﬂ Foster community convergence on best
= \= esa y T8
o \X common Cal/Val practices for ACPV
e N s » Document the consensus and the best
g ; b . T j practices for ACPV for CEOS

Promote the implementation of ACPV
Additional
EarthCARE
Teams

O™

]

best practices in the wider communities
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° Similar to ASKOS experiments are planned for the

aaevona  Mediterranean to further advance our knowledge on ARI/ACI

eSa

il LTE
INSTALL

&‘ Radar & Weather Forecast
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"% Similar to ASKOS experiments are planned for the \\\&\gesa

aarvona  Mediterranean to further advance our knowledge on ARI/ACI

Airborne platforms will participate to
support ground operations

Tae Cyrrus
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