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Observing Aerosols: New perspectives and 
implications for global modelling



Chemical transport 
information



Motivation:

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

aerosol assumptions are
=   or



Component 
approach 

directly infer 
composition 
information

MAP

Aerosol components: 
BC, BrC, SOL (fine, coarse), Iron, INSOL/DU (fine, coarse)  

Optical properties



AERONET and NASA/GSFC 
(1997 – 2006)

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



\
     
 

 

Angular aspects of different observations

Multi-angular 
polarimeter

Single-view 
radiometerLidar - active

MODIS

Neph-
elometer

  P11 – intensity, P12 , P22 -  state of polarization 
             size, shape, absorption, 
                                                            refraction 6
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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;

over Land and Ocean for 2004 – 2013 years (Chen et al., 2020)

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

POLDER/ GRASP



CONSLUSIONS from POLDER aerosol product analysis :
ISSUE of baseline AOD products from  first POLDER/GRASP 

processing;

R=0.908
RMSE=0.157
GCOS=33.2%
BIAS=0.07

R=0.898
RMSE=0.120
GCOS=46.1%
BIAS=0.02

R=0.870
RMSE=0.126
GCOS=48.8%
BIAS=-0.01

R=0.874
RMSE=0.125
GCOS=48.1%
BIAS=-0.03

POLDER/ GRASP-HP MODIS/DT MODIS/DB MODIS/MAIAC_0.1

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



Models 𝐚𝐩𝐩𝐫𝐨𝐚𝐜𝐡

1. 5 LNBins
2. Total Concentration
3. Non-spherisity
4. Spectral CRI

5 log-normal bins: 
Full Microphysics 

approach

5	𝐬𝐢𝐳𝐞	𝐛𝐢𝐧𝐬	𝒓𝐢
Log-normal

Model 
Evolution

no
bins

!

1. Aerosol component 
     concentrations
2. Total concentration

GRASP:  aerosol
 models approach

Aerosol type
Fine mode Coarse mode Refractive 

index at 
500nm

𝑐!
" 𝑟#

" 𝜎$
" 𝑐!% 𝑟#% 𝜎$%

Fine non-absorbing 0.72 0.175 0.38 0.28 3.27
5

0.7
5

1.395–
0.003i

Fine moderately 
absorbing 0.91 0.1200 0.40 0.09 3.95 0.7

5 1.51–0.05i

Fine strongly absorbing 0.52 0.16 0.43 0.48 3.32 0.63 1.47-0.15i

Coarse spherical 0.30 0.140 0.42 0.70 2.78
0

0.7
3

1.37–
0.0001i

Coarse non-spherical 0.05 0.12 0.4 0.95 2.32
0

0.6
0 1.56–k(l)i*

Kyoto 1999

Desert Dust Bahrain/ Persian Gulf  (1998 –2000) Solar-Vil./ Saudi Arabia(1998-2000) Cape Verde (1993 –2000)

Number of meas.  (total)
Number of meas.  (for ω0, n, k)

1800
100

1500
250

1500
300

Range of optical thickness;<τ> 0.1 ≤ τ(1020) ≤ 1.2, <τ(1020)>= 0.22 0.1 ≤ τ(1020) ≤ 1.5; <τ(1020)>= 0.17 0.1 ≤ τ(1020) ≤ 2.0; <τ(1020)>= 0.39
Range of Ängstrom parameter 0 ≤ α ≤  1.6 0.1 ≤ α ≤ 0.9 -0.1 ≤ α ≤ 0.7
<g> (440/ 670/ 870/ 1020) 0.68/ 0.66/ 0.66/ 0.66 ± 0.04 0.69/ 0.66/ 0.65/ 0.65 ± 0.04 0.73/ 0.71/ 0.71/ 0.71 ± 0.04
n 1.55 ± 0.03 1.56 ± 0.03 1.48 ± 0.05
k(440/ 670/ 870/ 1020) 0.0025/  0.0014 / 0.001/ 0.001  ± 0.001 0.0029 /0.0013 /0.001/ 0.001   ± 0.001 0.0025/ 0.0007/ 0.0006/ 0.0006 ±0.001
ω0(440/ 670/ 870/ 1020) 0.92 / 0.95/ 0.96 / 0.97 ± 0.03 0.92/ 0.96/ 0.97/ 0.97 ± 0.02 0.93/ 0.98 /0.99 /0.99 ± 0.01
rvf   (µm);    σf 0.15 ± 0.04;    0.42 ± 0.04 0.12 ± 0.05;    0.40 ± 0.05 0.12 ± 0.03;      0.49 + 0.10 τ ± 0.04
rvc   (µm);    σc 2.54 ± 0.04;    0.61 ± 0.02 2.32 ± 0.03;    0.60 ± 0.03 1.90 ± 0.03;     0.63 -  0.10 τ ± 0.03
Cvf  (µm3/µm2)  0.02 + 0.1  τ(1020)  ± 0.05  0.02 + 0.02  τ(1020) ± 0.03 0.02 + 0.02 τ(1020) ± 0.03
Cvc   (µm3/µm2) -0.02 + 0.92 τ(1020) ± 0.04 -0.02 + 0.98  τ(1020) ± 0.04 0.9 τ(1020)              ± 0.09

Dubovik et al. 2002

Based on Dubovik et al 2002 and evaluated 
by Chen et al., 2020 and Lopatin et al., 
2021



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. 

R=0.772
RMSE=0.425

R=0.686
RMSE=0.443

GRASP/Models – simpler retrieval (mixture of components)

GRASP/ModelsGRASP/HP

>>

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

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

R=0.924
RMSE=0.121
GCOS=53.2%
BIAS=0.00

GRASP/Models

R=0.908
RMSE=0.157
GCOS=32.4%
BIAS=0.07

GRASP/HP

<<
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Fine mode :

Coarse mode:

AERONET like
(Dubovik and King, 2000)

GRASP/Components
(Li et al., 2011)

Schuster et al. 2005



GRASP approach – 5LNBins + Chemical Component

5LNBins

Fine mode

Coarse mode

Maxwell Garnett 
effective medium approximation

BC
BrC
Non-absorbing soluble 
Non-absorbing insoluble   
Water 

Absorbing insoluble (Iron oxides)
Non-absorbing insoluble (Dust)
Non-absorbing soluble (SS, etc)
Water 

Fine mode

Coarse mode

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

R=0.947
RMSE=0.111
GCOS=49.8%
BIAS=-0.02

R=0.858
RMSE=0.319

RMSE=0.034
CR(+/-0.03)=66.9%
BIAS=+0.01

By using prescribed 
spectral refractive 

index of components, 

GRASP/Component 
approach provides 

consistent and stable 
results for AOD as well 
as detailed properties.

GRASP/Component Validation (2008)

or
Volume weighted



GRASP approach – 5LNBins + Chemical Component

5LNBins

Fine mode

Coarse mode

Maxwell Garnett 
effective medium approximation

BC
BrC
Non-absorbing soluble 
Non-absorbing insoluble   
Water 

Absorbing insoluble (Iron oxides)
Non-absorbing insoluble (Dust)
Non-absorbing soluble (SS, etc)
Water 

Fine mode

Coarse mode

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

By using prescribed 
spectral refractive 

index of components, 

GRASP/Component 
approach provides 

consistent and stable 
results for AOD as well 
as detailed properties.

GRASP/Component Validation (2008)

or
Volume weighted



CAMEO – Copernicus Atmosphere Monitoring Service EvOlution

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

Total

Aerosol Absorption
Optical Thickness

Fine     mode   

AAOD(440)

Coarse mode   

BrC - OMBCFeOx

contributions of 
different components

can be identified

EXAMPLE of aerosol 
absorption from 

polarimeter 

RESULT: The aligned retrieval 
allows direct retrieval of 
different aerosol components 
from satellite observations 

September 2008



Comparison: 

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 𝝺-independent strong absorbing BC column dry mass loading

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

CAI Iron Coarse mode 𝝺-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+ +  NO3
- + SO4

= + SS + OC  column dry 
mass loadingFNAS Soluble F Fine-mode non-absorbing soluble

AERONET/GRASP and POLDER/GRASP Components 
with 

GEOS/GOCART model simulation



AOD monthly mean 
POLDER and AERONET: AOD ~440nm  GEOS: AOD 550nm

Al
l m

on
th

s
Al

l m
on

th
s

AERONET 
data 
superimpose
d

Colors representing land regions (domains on top)



AAOD monthly mean 
POLDER and AERONET: AAOD ~440nm  GEOS: AAOD 550nm

Al
l m

on
th

s
Al

l m
on

th
s

High 
AAOD in 
Southern 
Ocean?

AERONET 
data 
superimpose
d

Colors representing land regions (domains on top)



BC monthly mean 
POLDER and AERONET: Ambient  GEOS: Dry

Al
l m

on
th

s
Al

l m
on

th
s

High BC  
in 
Southern 
Ocean?

AERONET 
data 
superimpose
d

Colors representing land regions (domains on 
top)



BrC monthly mean 
POLDER and AERONET: Ambient  GEOS: Dry

Al
l m

on
th

s
Al

l m
on

th
s

High BrC  
in 
Southern 
Ocean?

Model 
puts BrC 
only in 
smoke 
aerosols

AERONET 
data 
superimpose
d

Colors representing land regions (domains on top)



Iron monthly mean 
POLDER: Iron  AERONET: CAI  GEOS: Hematite + Goethite

Al
l m

on
th

s

Iron 
contents 
over 
ocean 
seems 
high

(Note: GEOS iron simulation 
only tested for 2009)

Al
l m

on
th

s

AERONET data 
superimposed

Colors representing land regions (domains on top)



Normalized 
counts

POLDER/GRASP  vs GEOS/GOCART 

2012 year
LAND

OCEAN

AOD
AODAAOD AAOD

BC
BC

BrC BrC

DU
DU SOL SOL

MASS MASS



Observations and thoughts from components comparisons
● AERONET-POLDER and AERONET-GEOS comparisons (over land and 

ocean):

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

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

○ Initial comparisons of  components mass loading is very encouraging

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

○ 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

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

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



Aerosol properties in CAMS and GRASP/PARASOL

Cycles: 
CAMS

CAMS C42R1
Reanalysis

CAMS C49R2
Forecast

Modes Fine Coarse Fine Coarse

Species BC
OM
SU

DU
SS

BC
OM
SOA
SU

DU
SS

2. GRASP 5LN Chemical 
Component approach

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

CRI: Maxwell Garnett 
effective medium approximation

1. 5 LNBins
2. Non-spherisity
3. Chemical Components mixture 

SolubleIron 
Oxide

QuartsBrCBCVolume 
Concent-
ration

Size 
distributio
n

✔✗✔✔✔✔3 LN binsFine 
mode

✔✔✔✗✗✔2 LN binsCoars
e 
mode

Effective refractive index:
1. Maxwell-Garnet
2. Linear volume mixture

Fine mode

Coarse mode

!"!"""#$! = !"%&$%&'(#) +!"%*&$%*& +
!"+,-*./$+,-*./"#$! +!"01)$01) +!"2-.!*$2-.!*

"#$!
Fine mode :

Coarse mode: !"!""31-*4!

= !"+,-*./$+,-*./31-*4! +!" 5*1$$6!78
+!"01)$01) +!"2-.!*$2-.!*

31-*4!

CAMS GRASP/PARASOL

Year: 2008
Months: 
 February, May, 
 August, November 



GRASP/PARASOL vs CAMS 
C42R1 and C49R2 

1. AOD from CAMS reanalysis C42R1 corresponds better to GRASP/PARASOL              Spectral AOD assimilation is crucial 

2. Underestimated fine mode in C42R1 and C49R1 vs GRASP/PARASOL

SD for BC, OM, SU should be adjusted

3. Gaps in CAMS AE between 
fine and coarse particles

Intermediate SD bins in 
CAMS?

4.  Coarse mode is biased in 
CAMS at high AOD

Assimilation of FAOD 
and CAOD 

AOD
AOD

AE AE

C42R1 C49R2



CAMS vs GRASP/PARASOL: SSA 

Underestimated global 
absorption in CAMS or 

overestimation in GRASP? Too absorbing Dust in CAMS?



Feedback of the comparisons: 

1. Refractive index 
a) BC: Bond-2006
b) BrC: Brown-2018
c) Dust: mineralogy flexibility and non-sphericity?

    (in GRASP:1-2% FeOx and 99-98% Quartz)
2. Size distribution:

a) Underestimated fine particles in CAMS ?:
■ SD for BC, OM, SU should be adjusted

b) Gap in CAMS AE between fine and coarse mode: 
■ An intermediate SD bin (around 0.3 µm, volume SD)) 
   is recommended for SU (soluble component) in CAMS

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?

too wide

too large?

missed
SD bin 

(SU, AM,NI)
0.3 µm 

(volume SD) 



Harmonization platform 

Modeling consistency?
 

Agreement with reality?
 



Surface simulation: BRDF and BPDF

29



Synthetic dataset
Based on CAMS aerosol model
§ Pressure, Relative, humidity profiles
§ Mass mixing ratio
§ 11 aerosol tracers and level concentration 

for 5 aerosol species : Sulphate (SU), 
Desert dust (DU), Sea Salt (SS), Organic 
(OC) and Black Carbon (BC) 

30



GRASP/Component approach performance
POLDER-3 retrieval (2008) MERA-2 synthetic data inversion

Remote sensing 
approach
works well 

both on

Over land

31

real data 

and on
synthetic data 



Conclusions, Questions 
and Actions: 

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

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 



BACK-UP SLIDES



CAMS C42R1 vs GRASP/PARASOL: Volume concentrations (unharmonized)

Overestimated in CAMS Globally Similar Underestimated  in CAMS Underestimated in 
GRASP?

Globally Similar



CAMS C49R2 vs GRASP/PARASOL: Volume concentrations (unharmonized)

Globally Similar? Underestimated  in CAMS? Underestimated in 
GRASP?

Underestimated  in CAMS? Globally Similar ?



Harmonization CAMS/MERRA-2 Remote sensing: multi-angular polarimeter

1 Aerosol species
Harmonization is 
necessary

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

2 Refractive index
Harmonization is 
necessary

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

Defined for each species

3 Size distribution
Harmonization is 
necessary

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

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

4 Aerosol mixing
Can be improved

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

External, Internal or hybrid mixture

5 Aerosol profile
Can be improved

• Mass Mixing ratio for each tracer at 
each level

• Vertical dependence of aerosol 
characteristics with RH

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

6 Non-sphericity/
Inhomogeneity
Can be improved

Not accounted yet
Effects the aerosol optics and 
atmospheric radiance calculations

Accounted with different models

Aerosol model harmonization summary



1.2 3 aerosol modes: Dust and Sea Salt in separate modes

SD:
5 LN Bins

Size 
distributio
n

Volume 
Concentr
ation

BC
Hydro-
philic

BrC
Hydro- 
philic

SU Water Sea Salt Dust

Iron 
Oxide

Quarts

Fine 
mode 

Bin1, Bin2 ✔ ✔ ✔ ✔ ✔

Coarse 
mode 1

Bin2, Bin3 ✔ ✔ ✔

Coarse 
mode 2

Bin4, Bin5 ✔ ✔ ✔

Effective refractive index:
Fine mode:

Fine mode 2:

Coarse mode:

0𝑚$%%
%70$ = 0𝑚89𝛿89
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%70$  

0𝑚$%%
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0𝑚$%%
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Dust and Sea Salt in different modes: (performance on 
PARASOL measurements) Improved performance

38



POLDER/PARASOL
2004-2013
4 products

Ocean and land

Winter 2009

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

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

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

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



POLDER/PARASOL
2004-2013
4 products

Ocean and land

Winter 2009

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

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

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

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



CONSLUSIONS from POLDER aerosol product analysis :
ISSUE of baseline AOD products from  first POLDER/GRASP 

processing;

R=0.908
RMSE=0.157
GCOS=33.2%
BIAS=0.07

R=0.898
RMSE=0.120
GCOS=46.1%
BIAS=0.02

R=0.870
RMSE=0.126
GCOS=48.8%
BIAS=-0.01

R=0.874
RMSE=0.125
GCOS=48.1%
BIAS=-0.03

POLDER/ GRASP-HP MODIS/DT MODIS/DB MODIS/MAIAC_0.1

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



CONSLUSIONS from POLDER aerosol product analysis :
Detailed properties - AE, fine /coarse AOD (ocean), from  MAP 

generally  notably more accurate than from MODIS like instruments;

M
O

D
IS

AE , 2008 (LAND) 
, 

~

Angstrom Exponent, 2008 (LAND) Validation against AERONET


