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EUROPEAN SPACE AGENCY

Optical models and data assimilation ~* ;54%4 Qesa

\ N Model Size Emission Load Deposition
[pm] [Tgyr™!]  [Tg]  [Tgyr ']
1 CAM 0.1-10 4313 257 4359
2 GISS 1507 290 1488
3 GOCART (bins) 3157 295 3178
4  SPRINTARS 3995 172 3984
5  MATCH 981 173 1070
Optical 6 MOZGN 2371 21.1 2368
Optlcal p Model MaSS 7 UMI 1688 193 1691
. Model . 8 ECMWF 0.03-20 514 68 750
Properties Concentrations ;
9 LOA (bins) 1276 137 1275
(Operator)
10 UIO.CTM 0.03-25 (bins) 1572 217 1571
11 LSCE 1158 203 1156
12 ECHAMS-HAM modes 664 82 676
13 MIRAGE 2066 220 2048
CCN/IN/Deposition/... il 1683 93 1682
15 AEROCOM MEDIAN - 1123 158 1257

AEROCOM Dust Intercomparison (N.
Huneeus et al. 2011)
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New dust properties to reproduce e #*A Cesa

EUROPEAN SPACE AGENCY

spectral lidar data

Random non-realistic

shape ensembles 5 : : i
P ~ Simulated lidar o
Spheroids & Irregular related i —— S el
hexahedral mixtures | rti 5 & =" o= e /
i propertues : & [ ASH .
(S,, d,) | Yo mas
pr =P A — = [ § 5aam (See also Marinou et al., 2023

_,i
! Source: ESA

\@ oY ™~ |

€ ’ C < | | Location: Cabo Verde

o) ; 5 Period: Sep. 2021, Jun., Sep. 2022
| | Dataset:

] B ASKOS lidar i - Results ~
Dust climatology | observations |
- ’ Sp ) i | A Successfully
] ' Ya reproduces 3+3+3
BT\ - = P lidar observations
0 LR\ Gialitaki et. al., N
Nirchingth | us e |n preperatlon .“_-:ﬂm L B VN .|
\ 35 --1'.1.“.:“_‘:]‘"1;"1 fum] /
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https://evdc.esa.int/publications/askos-campaign-dataset/

-21% dust mass needed for same

optical depth with the new model e =

Column dust loading — Spheres optics Column dust loading — CERTAINTY optics
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Dust AOD 550nm — identical for both optical models (2024-08-12T17)
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Testing in an assimilation system A x4 Qoesa

EUROPEAN SPACE AGENCY

Cycling Assimilation System

« WRF-CHEM v4.7.1
* Morrison two-moment microphysics WRF-CHEM HRlEEE:
* Dust-aware IN/CCN
« GOCART Aerosols (Desert dust and sea salt only)
e 27km horizontal resolution

« NCAR DART
« Ensemble Adjustment Kalman Filter (EAKF)
« 30 member ensembles, initialised by the IFS

Ensemble forecasts

« Dust field initialised by the CAMS Global Atm.

Operator
w/ opt.
model

Cycling script

Composition forecasts Analysis
« Spatial emission perturbations .

* Observations 1::?2:
« EarthCARE ATLID EBD, Baseline BA e
 Verification: VIIRS Deep Blue AOD, AERONET, Cyce N |

GRASP HARP2 AOD retrieval Gyl M e

EarthCARE 2026 Science and Validation Workshop | 8 — 12 June 2026 | Rhodes House | Oxford, UK 5



What is the right prior? Depends on e 9 Cesa

your optical model g

Optimal dust_alpha shift between optical models
(full domain, EBD without SAL mask)
GRASP HARP2 AOD 550nm (ocean only) 1 optical model [ 9

@® spheres
@ CERTAINTY

Changing the
optical model
VIIRS AOD 550nm | @ » means you must
also reduce your

emissions by
~42%

AERONET AOD 500nm { @ 9o

ATLID EBD ext. 355nm (domain-wide) - o o

0.3 0.4 0.5 0.6 0.7 0.8 0.9
a* (zero-bias crossing)
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Different emissions for different 254*'4 Cesa

regimes (PACE HARP2 DA) ,

Assimilating a GRASP-retrieved Coarse-
mode AOD from PACE HARPZ2 reduces
the next day’s forecast RMSE agaisnt

HARP2
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Different emissions for different

o e esa
regimes (PACE HARP2 DA) , i

But comparing the next day’s forecast
with VIIRS Deep Blue AOD shows

: : 0.100
improvement in some areas and =
Q
degredation in others 0075 §
3
40°N ™ 0050 1l
= o
3 30°N - 0.025 £
ET S
n
0.006 - . -
= 20°N - 0.000 £
' post-spin-up G
= 0.004 - mean = 0.004 10°N n
5 - —0.025 =
C '
S 0.002 - 0° =
hl o
w , - —0.050 £
C
= 0.000 40°W 20°W 0° 20°E 40°E 60°E S
Q@ A0 Ad Al AD Al 4D A0 Al 4D —-0.075 W
®° @ @ @ @ @ @ @ @ o 5 Aenous o Imesmeo st s Z
Date 51 ;:l HARFZ coarlse(";"?e |an=;9212':‘=ld2=923923)2) m
ol ' : C 1 VIRS (median=0.377, N=30186) _0100
.l i
ey i Lr
PP
Total AOD o T e _
Ao tlo oo saszas S
0 0.0 0.2 0.4 0.6 0;8 le 1.2 1.4 1.6

EarthCARE 2026 Science and Validation Workshop | 8 — 12 June 2026 | Rhodes House | Oxford, UK 8



EUROPEAN SPACE AGENCY

Overpass assimilation example ~xa  Qesa

o EarthCARE ATLID EBD - QC passed observations > EarthCARE ATLID EBD - QC passed observations 0302 EarthCARE EBD
£ :
025 = profile
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E € 020 §
> - a DA w/ DA w/
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Assimilating the EarthCARE Extinction profile
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- i o 0s 9
E € i ' 2 H
- - - - ¢  what the POLIPHON method estimates.
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Overpass assimilation example

Cesa

EUROPEAN SPACE AGENCY

Lon. -7.94°, Lat. 24.97° Lon. -9.13°, Lat. 19.17°

----- EC ATL Poliphon | - ECATL Poliphon

20.0 20.0 4

~== WRF Forecast -== WRF Forecast

—— WRF Sph Analysis —— WRF Sph Analysis
17.5 1 \ —— WRF SphHex Analysis 17.5 ——— WRF SphHex Analysis
15.0 1 1 15.0

\
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Height (km)
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o
(<)
Height (km)
—
<)
=)

7.5 1 7.5 1
5.0 5.0 1
2.5 4 2.5 1
0.0 1 0.0 4
(') 2(')0 460 6(')0 6 2(')0 4(')0 660

Dust Mass Conc. (pg/m?) Dust Mass Conc. (pg/m?)

EarthCARE EBD

profile
DA w/ DA w/

Spheres Mixtures

POLIPHONl

Dust Concentration
Profile

| | |
v

Assimilating the EarthCARE Extinction profile
seems to bring the mass concentrations closer to
what the POLIPHON method estimates.

Analysis - Spheres | | Analysis - Mixtures
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Next steps ' 44#64 esa

EUROPEAN SPACE AGENCY

New dust mass means new aerosol direct/indirect effects

« Radiative closures (BBR) and IN concentrations as indirect valdation

Quantify the 3D improvement of lidar assimilation on the dust field

Deal with different bias regimes over the ocean (transport) and the desert
(emissions)

Extend the operators to assimilate EarthCARE Lidar Depolarization and lidar ratio
within DISC

s
AR ;5

Parts of this work were supported by ESA through the AIRSENSE project (Contract No. 4000142902/23/1-NS), the CERTAINTY EU HORIZON project (Grant Agreement
No 101137680), the EarthCARE - DISC ESA project (Contr. No. 4000144997/24/I-NS), and by ECMWEF through the use of computational resources

Thank you!
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