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Motivation:

Remote sensing

- passive
- active

- satellite
- ground-based
- airborne
- etc.

Transport Modeling / Reanalysis:

Spatial and temporal distributions of
aerosol
microphysical
properties

aerosol assumptions are

S

or

o Gap between aerosol modelling approaches used in different remote
sensing algorithms and in the global climate models.



Component Optical properties
approach

direCtly infer AOT (565) Angstrom SSA (670) Scale Height.
composition e -
information

= GRASP

Different aerosol
assumptions /
L ;
Retrieval aerosol
properties

B e BT T
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Aerosol components:
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@/ AERONET (AErosol RObotic NE Twork)-

UM AERONET and NASA/GSFC
«( Lipermns (1997 — 2006)

= GRASP is highly versatile and very suitable
for multi-instrument synergy retrieval

AERONET retrieval

X http://aeronet.gsfc.nasa.gov
Holben et al. Flux measurements

RSE, 1998 Direct - A=340, 380, 440, 500, 670, 870, 940, 1020 nm

Holben et al. Diffuse - A=440, 670, 870, 1020 nm (alm, pp, pol)
JGR, 2001

Geostationary Polarimeters
IRS/Sentinel- ER-1,-2&-3
Sl AHI/HIMAWARI-8 3MI/EPS-SG
\ MAP/CO2M

Polar orbiting
MERIS/ENVISAT
HARP/Cubesat.

> DPC/GF-
TROPOMI/Sentinel-5 5 SGLI/GCOM-C

Calibration and processing information

Cloud screening and quality control

Aerosol

Clouds o
, > Gases . . AATSR/ENVISAT
- _— Surface / : e - 1 ol \isk/Terra
_Eck = Aerosol optical depth and lidars rom groung | Verta x\. <
JGR, 1999 perceptible water computations . Chemical SN
| composition

F T ri<ra Inversion products
JGR, 2000

Dubovik et al. refractive index, single scattering albedo
JGR, 2000 (A=440, 670, 870, 1020 nm), fraction of
M GRL, 2002, JGR 2006 gy TS5 § P 8 L)

CALIOPE/CALIPSO
ATLID/EarthCARE
Nephelometers ALADIN/AEOLUS

Volume size distribution (0.05<R<15 pm),

P




Angular aspects of different observations

MOD)
Single-view Multi-angular
radiometer polarimeter

Neph-
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A Atmospheric
6\5 Measurement
B Techniques

Model
Evolution:

22 size bins r;

Size Distribtuion Approximation
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dVv/dinR (r)
//
7
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A0 AN

0.1 1
Particle Radius (um)

A. Lopatin'?

Statistically optimized inversion algorithm for enhanced retrieval

of aerosol properties from spectral multi-angle polarimetric satellite
observations
0. Dubovik', M. Herman!, A. Holdak!, T. Lapyonok', D. Tanré!, J. L. Deuzé', F. Ducos’, A. Sinyuk’, and
!Laboratoire d’Optique Atmosphérique, UMR8518, CNRS — Université de Lille 1, Villeneuve d’Ascq, France

2Institute of Physics, Laboratory of Scattering Media, 68 Nezavisimosti avenue, Minsk, 220072, Belarus
3NASA/GSFC, Greenbelt, MD, USA
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CONSLUSIONS from POLDER aerosol product analysis

Detailed properties - AE, fine /coarse AOD (land), SSA, AAOD are available from
MAP and generally not from MODIS like single- or bi- viewing images;

POLDER/ GRASP over Land and Ocean for 2004 — 2013 years (Chen et al., 2020)

AOD fine (550) AOD coarse (550) AE ( 440 - 870) SSA (670)

(b) GRASP/HP (Land and Ocean) (b) GRASP/HP (Land and Ocean) (b) GRASP/HP (Land and Ocean)
10 -
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CONSLUSIONS from POLDER aerosol product analysis

processing;

ISSUE of baseline AOD products from first POLDER/GRASP

AOD(550) over Land for 2008 year (Chen et al., 2020)

POLDER/ GRASP-HP MODIS/DT MODIS/DB

MODIS/MAIAC_0.1

(d) MODIS/MAIAC _0.01 (Land)
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jemomn  Validation of GRASP algorithm product from Based on Dubovik et al 2002 and evaluated
< .
o e iData POLDER/PARASOL data and assessment of by Chen et al., 2020 and Lopatin et al.,
I - . -
. multi-angular polarimetry potential for 2021
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- Oceanic Aerosol (Hawaii)

5 log-normal bins: GRASP: aerosol
Full Microphysics

approach models approach
1. Aerosol component
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2. Total concentration

067 o8 102 0.
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CONSLUSIONS from POLDER aerosol product analysis :

MAP algorithms are complex, and need specific tuning for different products:

- e.g., most general algorithms provide - AE, fine /coarse AOD (land), SSA, AAOD
but struggle with issues in baseline AOD products.

GRASP/HP

GRASP/Models

(c) GRASP/Models (Land)

200 (b) GRASP/HP (Land) 200
Y=0.938X40.078 ' Y=0.989X+0.005 )
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150 ' . 150 ,
: :
1) 125
i 15 @
[a) [a)
(e}
<O( 1.00 : e S
o« e & o
a Gy 8 o7
=0.908 : =0.924
a . —_ o —
0s0] RMSE=0.157 050 RMSE=0.121
—_ 0, — [
: GCOS=32.4% GCO0S=53.2
BIAS=0.07 BIAS=0.00
025 050 075 100 125 150 175 200 025 050 075 100 N5 150 175 g
AERONET AOD 550 nm AERONET AOD 55
0.14{ £ Total: Bias=0.06 ; Std=0.14; N=4777; GCOS=1549 (32.4%) 0.14{ £ Total: Bias=0.00 ; Std=0.12; N=3111; GCOS=1655 (53.2%)
T <0.2: Bias=0.07 ; Std=0.08; N=2617; GCOS=909 (34.7%) [ <0.2: Bias=0.01 ; 5td=0.06; N=1851; GCOS=1238 (66.9%)
0121 5 [0.2,0.7): Bias=0.06 ; Std=0.14; N=1782; GCOS=517 (29.0%) 0121 — 0.2,0.7): Bias=-0.01 ; Std=0.14; N=1060; GCOS=339 (32.0%)
2010 £ >0.7: Bias=0.02 ; Std=0.36; N=378; GCOS=123 (32.5%) > T >0.7: Bias=0.02 ; Std=0.31; N=2005,GCOS=78 (39.0%)
£ 2010
§ 0.08 Soms
g oo So0s
Q0,04 E.o 04
0.02 0.02
0.00 0.00
020 -015 -010 005 000 005 010 015 020 -020 015 -010 -005 000 005 010 015 020

POLDER - AERONET

POLDER - AERONET

Over Land for 2008 year (Chen et al., 2020)

GRASP/HP - complex retrieval (size, complex ref. index, etc.)

GRASP/Models - simpler retrieval (mixture of components)
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dv/dinR (r)

AERONET like

(Dubovik and King, 2000)

22 size bins; Inspiration of
Size Distribtuion Approximation Greg SChUSter
03 work
0.25 0.25
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GRASP/Components

(Li et al., 2011)

22 size bins r;
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GRASP approach — 5LNBins + Chemical Component

Approximation by Log-Normals

gr%'ne mode

POLDER/GRASP AOD

. ! T (L. Lietal., ACP, 2019)
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GRASP approach — 5LNBins + Chemical Component

Approximation by Log-Normals
20

av(r) T . dv (r)

(L. Li etal., ACP, 2019)
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Example of the aerosol composition retrieval from satellite remote
sensing observations: POLDER-3/GRASP (Li et al., 2019)

Absorbing Aerosol Optical Depth for 443 nm 0

EXAMPLE of aerosol e ——nmmmm—— > September 2008

POLDER-3 rption from _—_—;-?’_jfﬁ_LJ‘ |ﬂ| -
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~ e § i Optical Thickness
_A o e Y L AAOD(440)
RESULT: The aligned retrieval e Vi L R (L ‘
allows direct retrieval of SO T e
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Comparison:
AERONET/GRASP and POLDER/GRASP Components

with

GEOS/GOCART model simulation

AERONET POLDER Definition (AERONET & POLDER) Model output

AOD_440nm AOD443 (565) AOD AOD at 550 nm

AAOD_440nm | AAOD443 (565) | AAOD AAOD at 550 nm

BC Soot Fine mode A-independent strong absorbing BC column dry mass loading

BrC BrC Fine mode A-dependent absorbing BrC column mass dry loading (BB only)

CAl Iron Coarse mode A-dependent absorbing (FeOx) insoluble Hematite + goethite column dry mass loading

CNAI Insoluble_C Coarse mode non-absorbing insoluble (non-abs dust+aged OA) DU column dry mass loading (compared with
CNAI+FNAI)

FNAI Insoluble_F Fine mode non-absorbing insoluble

CNAS Soluble_C Coarse-mode non-absorbing soluble NH4* + NO4 +S0,= +SS +0C column dry

FNAS Soluble F Fine-mode non-absorbing soluble mass loading




AOD monthly mean

POLDER and AERONET: AOD ~440nm GEOS: AOD 550nm
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POLDER and AERONET: AAOD ~440nm GEOS: AAOD 550nm i .
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POLDER and AERONET: Ambient GEOS: Dry SR
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BrC monthly mean

POLDER and AERONET: Ambient GEOS: Dry
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Iron monthly mean
POLDER: Iron AERONET: CAl GEOS: Hematite + Goethite
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LAND

GEOS AOD

MASS

1

GEOS BC (mg m?)

GEOS INSOL (mg m?)

POLDER/GRASP vs GEOS/GOCART
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Observations and thoughts from components comparisons

o« AERONET-POLDER and AERONET-GEOS comparisons (over land and

ocean):
o Orders of agreement (best to worst): AOD, AAOD, BC, SOL, INSOL, BrC

o For most of components more than half of data points agree within a factor of 2
(100%) in every regions

o Initial comparisons of components mass loading is very encouraging

o Main differences between remote-sensing products and GEOS can be
explained by differences in the assumptions:

o BrC: GEOS assigns all BrC to biomass burning and none to anthropogenic OA. GRASP
could also have included some fine mode absorbing dust in BrC

o GEOS INSOL (dust) is different from the optical signature in INSOL (non-absorbing, low
water vapor) by GRASP. lt is also likely that GRASP overestimated INSOL over ocean.

o efc.
ICAP 2026 Meeting, ECMWF | Robert-Schuman-Platz 3, 53175 Bonn | 10-12 June 2026



Aerosol properties in CAMS and GRASP/PARASOL

CAMS

CAMS C42R1 CAMS C49R2

Cycles:

2. GRASP 5LN Chemical

Component approach
(L. Li et al., ACP, 2019)

GRASP/PARASOL

Size Volume BC BrC | Quarts | Iron Soluble
distributio | Concent- Oxide
n ration
Fine 3 LN bins | V v v v X v
mode
Coars | 2 LN bins v X X v v v
e
mode

@

Reanalysis Forecast . 5LNBi
CAMS y i Non—slglferisity
3. Chemical Components mixture
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GRASP/PARASOL vs CAMS
C42R1 and C49R2
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CAMS vs GRASP/PARASOL: SSA
a) SSA: CAMS C49R2@440

90°N
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Feedback of the comparisons:

too large?
1. Refractive index _ :SUE
a) BC: Bond-2006 - o
b) BrC: Brown-2018 € o]
c) Dust: mineralogy flexibility and non-sphericity? SE
(in GRASP:1-2% FeOx and 99-98% Quartz) .
2. Size distribution: 10 10 10
a) Underestimated fine particles in CAMS ?: \ / A
m SD for BC, OM, SU should be adjusted too wide ~ ™Missed
b) Gap in CAMS AE between fine and coarse mode: SD bin
m An intermediate SD bin (around 0.3 um, volume SD)) (Sl;’;‘M’NI)
3 um

is recommended for SU (soluble component) in CAMS (volume SD)

3. Big difference in SSA between remote sensing and CAMS - luck of flexibility in
modeling absorption in CAMS

4. No absorbing coarse particles (BB) in CAMS - is it real?



Harmonization platform

om Desert Dust

Modeling consistency?

BC SeaSalt SU

3

TEST-1: Nature run retrieval
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Surface simulation: BRDF and BPDF

GRASP/PARASOL yearly climatology [2005-2013] - BRDF1 865nm
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Synthetic dataset

Based on CAMS aerosol model

- Pressure, Relative, humidity profiles
- Mass mixing ratio
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GRASP/Component approach performance

POLDER-3 retrieval (2008) MERA-2 synthetic data inversion

AOD 550 Land AOD 555nm
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AT AEROL:?\!? ER

The Cmm for Mo’ol ﬂtu:vcn at NASA's Coadafd Space anm Cmtw

Conclusions, Questions

and Actions: AeroCom

Conclusions:
= Models (for remote sensing).

- help satellite teams improve their classification of aerosol components and types;
- provide insightful physics-based information on aerosol composition,

- help assessing the confidence level of remote-sensing component products, suggest improvements;
= Remote sensing (for models):

- help to improve quantitative agreement with observations - “real world”;

Challenges and Questions:
= Comparisons provide meaningful suggestions, e.g., BrC/OC partitioning, dust iron fraction, etc.,
but quantitative comparison remains difficult and no “ground truth” to verify?

= How hard should we try to “match” the components and ”harmonize” remote sensing and
models?

Actions:
=  Should we make efforts to understand the differences, find common grounds,
assess the values of the products the way, and decide the next move?

ICAP 2026 Meeting, ECMWF | Robert-Schuman-Platz 3, 53175 Bonn | 10-12 June 2026
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CAMS C42R1 vs GRASP/PARASOL: Volume concentrations (unharmonized)

Total volume concentration (AOD565>0.01): Reanalysis: C42R1
20080801_20080831
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CAMS C49R2 vs GRASP/PARASOL: Volume concentrations (unharmonized)

Total volume concentration (AOD565>0.01): Reanalysis: C49R2
20080801_20080831

a) Soot_Fine b) BrC_Fine c) Soluble_Fine d) Iron Oxide+Quartz_Coarse e) Solube_Coarse
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Aerosol model harmonization summar

- Harmonization

Aerosol species
Harmonization is
necessary

Refractive index
Harmonization is
necessary

Size distribution
Harmonization is
necessary

Aerosol mixing
Can be improved

Aerosol profile
Can be improved

Non-sphericity/
Inhomogeneity
Can be improved

CAMS/MERRA-2

Remote sensing: multi-angular polarimeter

Several aerosol species:
BC, OM, SU, SS, Dust, Nitrates, SOA etc

Several aerosol species similar to CAMS
Limitations: some soluble components may
be indistinguishable: SeaSalt, Nitrate, SU, etc

Defined for each species
Refractive indices can be adapted
from remote sensing (Dust)

SD for each aerosol bin
Should be adjusted according to
feedback from remote sensing

External mixture
Internal mixture in CAMS? (OM, Dust)

Defined for each species

Retrieved size distribution parameters or few
bins for each of 1-3 modes (usually for fine
and coarse modes)

* Mass Mixing ratio for each tracer at
each level

* Vertical dependence of aerosol
characteristics with RH

Not accounted yet
Effects the aerosol optics and
atmospheric radiance calculations

External, Internal or hybrid mixture

1-3 concentration profiles
1: the same for all components
2: different for each modes

Accounted with different models
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3 aerosol modes: Dust and Sea Salt in separate modes

Size Volume
distributio C:ncentr BC BrC SuU Water Sea Salt Dust
: ation Hydro- Hydro-
philic philic Iron Quarts
Oxide
Fine Binl, Bin2 | V v v v v
mode
Coarse Bin2, Bin3 | V v v
mode 1
Coarse Bin4, Bin5 | V v v
mode 2
Effective refractive index:
SD:
5 LN Bins Fine mode: mg}e = MpcOhe + MarcOpre + Msydsy + MiwaterSpyater
Fine mode 2: mg;?rsel = MseasOseas T+ MwaterOwater
Coarse mode: s ° = Mouartz06uarsy + MironSreox
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Dust and Sea Salt in different modes: (performance on

PARASOL measurements) mproved performance
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POLDER/PARASOL
2004-2013
4 products

Winter 2009

Ocean and land

Chen et al., 2020
Lietal., 2019
Zhang et al. 2021
Dubovik et al. 2021

Angstrom SSA (670) Scale Height.

AOT (565)

o 1000 3000 3000 4800 S00C

AEROSOL:

SURFACE:

AOD spectral, AOD fine/coarse, Angstrom, SSA, AAOD,
aerosol height, spectral index of refraction, sphericity fraction.

land BRDF spectral, BPDF spectral;
ocean wind speed and water leaving radiances, etc.

Important features of GRASP retrieval:
- Globally the same initial guess for aerosol;
- Globally the same set of a priori constraints;

- No location specific assumptions;
- Retrieval on 6 km resolution, no averaging;
- Surface retrieved simultaneously
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aerosol height, spectral index of refraction, sphericity fraction.

land BRDF spectral, BPDF spectral;
ocean wind speed and water leaving radiances, etc.

Important features of GRASP retrieval:
- Globally the same initial guess for aerosol;
- Globally the same set of a priori constraints;

- No location specific assumptions;
- Retrieval on 6 km resolution, no averaging;
- Surface retrieved simultaneously




CONSLUSIONS from POLDER aerosol product analysis

processing;

ISSUE of baseline AOD products from first POLDER/GRASP

AOD(550) over Land for 2008 year (Chen et al., 2020)
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MODIS AE(470-660)

CONSLUSIONS from POLDER aerosol product analysis :

Detailed properties - AE, fine /coarse AOD (ocean), from MAP
generally notably more accurate than from MODIS like instruments;

Angstrom Exponent, 2008 (LAND) Validation against AERONET AE | 2008 (LAND)

MODIS/DT

(d) MODIS/DT (Land)

Y=0.372X+0.514
—— R=0.390 RMSE=0.599
N=2589

R=0.390
RMSE=0.599

00 05 10 15 20
AERONET AE(470-660)

MODIS/DB
(e) MODIS/DB (Land)

MODIS AE(470-660)

Y=0.650X+0.444
—— R=0.563 RMSE=0.573

N=3239

" R=0.563, RMSE=0.573

POLDER/ GRASP

AE 440/870 (Land)

“ % R=0.825, RMSE=0.366

00 05 10 15 20
AERONET AE(470-660)

AERONET

\
MODIS

MODIS/DT AExp (470/660)

H
AExp (Land) AOD>0.2 2008 JAN_NOV

Y=0.926X+0.478

R=0.475 RMSE=0.636
T N=3059146 Optimal=1160800 (37.9%)
Target=1661980 (54.3%)

— e

0.0

05 10 15
POLDER/GRASP AExp (443/670)

20

25



