European \ul\\..
erc o \a cCSa
""" ACTRN &

ASKOS experiment for desert dust research

"i'-" ey ; s.i*qﬁ»ﬁ
&) TROPOS
Outline: e - Ak
% It , & Leibniz Instntute for
 ASKOS/JATAC datasets (and how can be used for): ot Tropospheric Research

O Validation and Enhancement of satellite products (
o & ECMWF

] Data Assimilation

Barcelona
Sup rcomput ing

[ Advance knowledge on atmospheric dust processes

O Improve dust modeling pmod wre
é‘ll”
U [NOe oz Oms
2000




\Nl\k

ASKOS experiment \
ACTRIS

CSd

Mindelo, Sao Vicente, Cabo
Verde

Cabo Verde Islands

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




dcesa

ACTRIS

JATAC experimental campaign

LNG
Light Aircraft T

Nephelometers CLIMAT
Filter light Optical particle -

sbs. phctom. 2
CPEX-AW &

DAWN
HALO APR-3




\uug

d=esa

R ASKOS Remote Sensing Facilities @~ € |
Q"f»f;.s-,;-;;'_.-\-;-_kw_“{=":" A T R | S

ACTRIS

Exploring the Atmosphere

AERONET
Sun- Microwave

photometer — s radiometer

Distrometer

.
-ﬂ"

THE CYPRUS
INSTITUTE




WS
Cyl drones erc N" €Sa
ACTRIS

OPCs and filter sampling

THE CyPRUS

INSTITUTE A* T |

e —
o

Impactor

Impactor 2 POPS
- UCASS 1 %

UCASS 2™

COBALD - particle backscatter sensor

AACTRIN

Trans-National Access Framework




eVe lidar for Aeolus Cal/Val

eVe lidar / for Aeolus
Cal/Val

M Paschou et al., AMT, 2022
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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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Emits linearly- and elliptically-
polarized light at 1064 nm

Designed to measure particle
preferential orientation

Tsekeri et al., AMT, 2021
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ASKOS measurements - examples
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Typical aerosol lidar products and inversion retrievals
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ASKOS measurements - examples
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ASKOS measurements - examples
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Validation and Enhancement of satellite products
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Radiosonde and Aeolus L2B wind
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LR importance for CALIPSO retrievals
LR spatial variability within the dust belt

Saharan Dust
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Enhancement of CALIPSO retrievals: variability of dust LR
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Enhancement of CALIPSO retrievals: variability of dust LR vs PLDR
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PLDR spatial variability within the dust belt
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Spatial variability of the intensive properties could be related to the mineralogy
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CALIPSO dust retrievals following the POLIPHON concept
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CALIPSO dust retrievals following the LIVAS concept
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Enhancement of CALIPSO retrievals using regionally-dependent LRs
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CALIPSO dust retrievals following the LIVAS concept
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CALIPSO dust retrievals following the LIVAS concept
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Validation and enhancement of satellite products
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CALIPSO dust retrievals following the LIVAS concept
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CALIPSO dust retrievals following the LIVAS concept
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Ny [7 kM < Ht < 8 km]

CALIPSO dust IN retrievals following the LIVAS concept

Nye [6 km < Ht < 7 km]
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Validation and enhancement of satellite products

CALIPSO dust IN retrievals following the LIVAS concept

Good agreement between the
in-situ and lidar-derived n,5¢ 4
within the lidar uncertainties
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CALIPSO dust deposition retrievals following the LIVAS concept DOMOS ESA Study
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Validation and enhancement of satellite products

CALIPSO dust deposition retrievals following the LIVAS concept

N

g "3 Synergy of dust products: Synergy of dust products:
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2 =mng . And And
e B : MIDAS Metop-1ASI-ULB
CALIPSO-based LIVAS
; ' !
LIVAS Dust Deposition / Annual 207—2020

nual 2007-2020 ULB Dust Deposition / Annual 2007-2020

40 o

MIDAS Dust Deposition / An

1000

R

30 30

20 [NELS 20
R 10 _ 10 - NE_
é'm %-10 é- - 100 ;%
720 E .20 - éﬂ

-30 -30 . a

-40 -40

-50 -50

60 5 -60 -
-100 90 -80 -70 -60 -50 40 -30 -20 -10 0O 10 20 30 6_0100 90 -80 -70 -60 -50 -40 -30 -20 -10 0O 10 20 30 -100 90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30
Longitude (deg) Longitude (deg) Longitude (deg)




ey,

\tesa

Validation and enhancement of satellite products - erc \§
. ACTRIS

LIVAS and MIDAS

MIDAS DOD
ANNUAL (2007-2015)
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Temporal resolution: Daily
Temporal availability: 2003 — 2017
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Project: DUST-GLASS [(H2020-MSCA-IF-2016)] Gkikas et al., AMT, 2021; 2022



https://zenodo.org/record/4244106#.Y8EJwhVBwtw
https://cordis.europa.eu/project/id/749461
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LIVAS and MIDAS Trend in DOD - Arithmetic Mean
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MIDAS for DA

SDS: 0od550du Type: ensemble-stats Metric: MEAN
Model configuration: INCREMENTS

Period: 01-Jan-2012 31-Jan-2012 Validation against AERONET data (January 2012)
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Use of ASKOS-like measurements for:

Data Assimilation and related Operators
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Dust transport model MONARCH: forecast improvement through LIVAS assimilation
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Dust transport models: how we test the impact against observations?

AOD and AE
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Radi Version 3

Basart et al., CPM, 2012
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Dust transport models: DREAM vs LIVAS for NAMEE \\7
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Aeolus impact on dust transport models

Deepening of the low-pressure system, centered eastwards of
Cape Verde, in the hel4 run

| NEWTON & L2A+
B % ESA Studies
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Aeolus impact on dust transport models
hel4 - hell
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NEWTON & L2A+
ESA Studies

L Large deviations of the dust emission
rates in the main Saharan dust
sources

 Departures on dust emission rates
become more evident at lead times
close to Aeolus overpass
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Aeolus impact on dust transport models

hel4 - hell
NOA WRF hel4-hell Init time: 15 Sep 2021 12:00:00 UTC
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NEWTON & L2A+
ESA Studies

O Variations on wind speed and
direction drive the Saharan outflows
patterns

O DOD differences up to 0.4, in
absolute terms, are evident in
downwind areas
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Data Assimilation

Winds

Change in mean error in VW (With IA-No IA)

4- Seﬁ—2021 to 29-Sep-2021 from 22 to 26 samples. Veritied against own-analysis.
Cross-hatching indicates 95% confidence with Sidak correction for 20 independent tests.
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ADD-CROSS
EUMETSAT Study

O The blue shaded areas
indicate a better
performance of the
experiment with
interactive aerosols

O The cross-hatched
areas indicate statistical
significance at 95%
confidence level
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Operators and dust radiative properties

e Dust particles modeled as spheroids

Dubovik et al., 2006

e Dust particles modeled as ellipsoids

Huang et al., 2022

- EarthCARE, Aeolus
CALIPSO, AOS

e TAMUdust2020: dust particles ‘ ‘ v . ‘. ‘ A9ND
modeled as irregular hexahedrals
flasbAdIHED

Saito and Yang, 2021

S 3N

Although the above databases reproduce well the optical properties of dust at non backscattering angles, they do not manage to
reproduce (all) backscattered properties (LR, depol)
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Operators and dust radiative properties

A B C e Dust particles modeled using the irregular shapes proposed in Gasteiger et al., show promising
results for reproducing the backscatter properties of dust
e Limited size and refractive index range due to costly calculations (size parameter up to 60, real part

of Rl 1.6 and 1.48, imaginary part of RI 0 and 0.002) Lo

0—0 Fennec ISAL[pm’cm‘i‘]
Gasteiger et al., 2011 oal— AERONET Cape Verde [pm® ymg
D E F . Song et al., 2018 ‘
2 0.6

Scattering calculations with ADDA for £ ADDA PO

. . 0.4}

irregular particles and super-coarse g

mode are under way |

work in progress at NOA 0.0 s : ,
(contact: Alexandra Tsekeri) 10 10 Raditg [um] 1 10

ADDA: Advanced Discrete Dipole Approximation (Yurkin and Hoekstra, 2011)
PO: Physical Optics approximation (Konoshonkin et al., 2016)
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. . Size -resolved tical pr rties, 10.8um
Super-coarse mode and radiation —eemresoves Spica properues, Tokm |

Absorption

©

IIIlIIIlJIIlJIIlIIIlI

— Cxtinction

Super-coarse dust particles are found at greater distances
than anticipated from model simulations
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Super-coarse mode and radiation Dust refractive indices
.y dV/dlogR 25 L Balkanski et al,, 2007 3
10 ' . . . . —WMO, 1983
: — desert Dust size distributions 2F | —opac ;

acquired from
measurements above

103 L

Real RI
[
L

5 . Sahara (“desert”) and N i
El SAL (“ocean”), during | |
. -1 0 1 2
% 0! the Fennec campaign 10 10 10 10
3
.‘“‘“‘ . .
= Max dust size used in 100 F . . e
10° models (radius of 10 B
re
um). >,
107! S a2L i
107! . . £ 10
\is Max dust size considered :
in this study (radius of =
50 l"lm)' 10-4— L I
107 10° 10t 10*
Fennec- Wavelength (um)
Sahara '
- Tsekeri et al., in preparation Refractive indices that cover most of the range

provided in the literature.
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DRE at TOA (W/m?) DRE at TOA (W/m?)

DRE at TOA (W/m?)
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Physical Processes
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Direct radiative effect at TOA:

1 The underestimation of super-coarse in TOA radiation modeling
exhibits a warming effect above deserts

[ The impact is only minor during the transport above ocean, due
to the small number of super-coarse particles simulated.
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Use of ASKOS-like measurements for:

Decoding atmospheric dust processes
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Drakaki et al., 2022
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Super-coarse mode

Processes suggested:

Dynamics related to numerical diffusion

and turbulence
Dust asphericity, shape

Electrostatic forces & particle orientation

Stratified Layer
‘Saharan Air Layer
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Day 0 Day 2 Day 2
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Water vapor impact on convection
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Super-coarse mode: asphericity
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Super-coarse mode: numerical diffusion and asphericity
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Super-coarse mode: particle orientation and electric charge
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Super-coarse mode: particle orientation and electric charge
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Particle orientation as a RS tracer for super-coarse particles
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Particle orientation as a RS tracer for super-coarse particles

Range-corrected signal - 1-orientation flag - ’ fpct
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Super-coarse mode and updrafts

Radial velocity - Halo, 17 Sep 2022
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Super-coarse mode and updrafts
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Super-coarse mode and updrafts
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No orientation: SAL is more humid. The WV profile is almost constant throughout the SAL. No strong inversions between
MBL and SAL. AOD at 0.45-0.6 at 440nm.
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Yes orientation: SAL is drier, with low RH at the bottom of SAL and high RH at the top of SAL. Stronger inversion between
MBL and SAL. AOD at 0.3 at 440nm.




POLKL
OO

ey,

S Physical Processes I s \&&- CSd

s %
= 7
o 3

No orientation: SAL is more humid. The RH profile is almost constant throughout the SAL. No strong inversions between MBL
and SAL. AOD at O.45—O7at 440nm.
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Yes orientation: SAL is drier, with low RH at the bottom of SAL and high RH at the top of SAL. Stronger inversion between
MBL and SAL. AOD at 0.3 at 440nm.
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O We haven’t solved the coarse mode paradox yet, but we will continue working on it!
O ASKOS/JATAC provide an unprecedented dataset for desert dust research
O Similar experiments would be very important in support of the future flagship missions EarthCARE and AOS

O Studies from the dust community over ASKOS/JATAC datasets are more than welcome, the datasets are open,
and we will support their use
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