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Premise
• Classify global aerosol types using satellite or model data

• Try to find a common definition for aerosol typing which works for both model and satellite 
results – A recurring theme at AEROSAT/AEROCOM to compare satellite and model 
aerosol typing

• Additional goal from (personal) satellite-aerosol point-of-view: can we separate 
anthropogenic pollution from other aerosol types (at least for high-AOD cases)

Contents
• Report the current status of the exercise

• Future plans 



First attempt – Ångström & SSA four-field
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Europe (Eur), Coverage = 86 %
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Asia, East (AsE), Coverage = 73 %
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 Africa, North (AfN), Coverage = 89 %
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Africa, South (AfS), Coverage = 69 %
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Atlantic Ocean, dust (AOd), Coverage = 51 %

CNabs FNabs Cabs Fabs
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

F
ra

c
ti
o

n

Atlantic Ocean, smoke (AOb), Coverage = 60 %
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Fine non-absorbing

SSA > 0.95

Å > 1.0

Coarse non-absorbing

SSA > 0.95

Å < 1.0

Fine absorbing

SSA < 0.95

Å > 1.0

Coarse absorbing

SSA < 0.95

Å < 1.0

Simple and clear classification

• An uncertain variable: Ångström 

exponent

• Another uncertain variable: SSA

• Typing makes some sense

• Results inconclusive when compared 

with global models



Essential step – POPCORN ML correction
• The basic aerosol product (FMI SDV/SSV using S3 SLSTR TOA 

data) provides AOD, Ångström exponent, SSA, and dust fraction

• Correction enhances the AOD validation performance at 550 nm 
and 670 nm

• Compute a corrected 550/670 Ångström – Huge improvement in 
quality

• Still:
• SSA has big uncertainty, results affected by the underlying MACv1 climatology

• Dust fraction: read from the MACv1 climatology
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Ångström, AAOD, AOD, land/sea – Pre-
selection
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• Hypothesis: by isolating high-AOD (AOD > 0.5), 

small particle (Ångström > 1.0) cases, we can 

separate anthropogenic pollution type from 

biomass burning type

• Replace SSA with Absorbing AOD (AAOD)

• AAOD is more independent than the underlying 

climatology(MACv1)-constrained SSA

Pollution Biomass

AOD 0.5949 0.8407

Ångström 1.5892 1.7634

AAOD 0.0347 0.0547

Some redundancy 

between AOD and 

AAOD:

AAOD = (1 - SSA)*AOD



Ångström, AAI, AOD, land/sea – Pre-
selection
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• The retrieved SLSTR SSA is somewhat constrained in the SDV/SSV retrieval by the utilized a priori MACv1 

AERONET/Model climatology → This model dependency is inherited by the AAOD parameter

• In addition, the AAOD and AOD are not independent parameters

• Replace the AAOD with the ESA CCI OMI/TROPOMI Absorbing Aerosol Index (AAI). Being an index, the AAI 

is not very effective in quantification, but it is very much suitable for separating dominantly absorbing particles 

from dominantly scattering particles

• In addition, we expand the previous pre-selection of small particle, heavy aerosol load to super-types:

• Heavy load (AOD > 0.5), Small particles (Ångström > 1.0), Over land

• Heavy load (AOD > 0.5), Coarse particles (Ångström < 1.0)

• “Light” load (AOD < 0.5), this is the rest of the observations



Ångström, AAI, 
AOD, land/sea –
Pre-selection
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Clustering input

1. AOD: aerosol load

2. Ångström exponent: particle size 

distribution

3. AAI: particle absorption

4. Land/Sea Mask (Land fraction): mainly 

to make resulting maps more readable

Clustering options

1. Euclidian distance from a data-point to a 

cluster center as a metric

2. Biggest inertia (sum of distances in a 

cluster) used as a decision parameter to 

bisect a cluster to sub-clusters



Cluster centers
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Ocean 

Background

Ocean

Mixed

Absorbing

Mixed

Land

Background

Dust Anthr. 

Pollution

Biomass

AOD 0.0972 0.1551 0.3330 0.1299 0.6480 0.5868 0.7068

Ångström 0.9193 1.7754 0.9396 1.4947 0.3279 1.4629 1.7666

AAI -0.3504 -0.8704 0.9605 -0.6804 2.5941 -0.7179 0.3171

Land fraction 0.0297 0.0775 0.4651 0.9773 0.9948 0.9499 0.9564

DOMINANT AEROSOL TYPE



Issues
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• AAI is not a parameter which can be compared with global models

• Shape of the aerosol particles is not considered

• There is one type, Absorbing Mixed, which is probably a collection of sub-types

• Analysis done monthly. Seasonal aggregation could lead to better statistics

• The clustering algorithms can have observation weights as an input. The number of aggregated data-points in a grid-box could 

be used for this (bigger number ≈ better statistics → bigger weight)

• The Hierarchical Agglomerative algorithm is very stable but suffocates with large data amounts, as it is a bottom-up method

• The Bisecting Kmeans algorithm can handle arbitrary large datasets but has a random component

• There is a subjective human decision at three places in the cluster-typing process… issue, or not?

• Small sources not caught effectively → Try higher resolution spatial grid?

• Biomass Burning and Anthropogenic Pollution types get mixed sometimes in strange ways, even though they are separated 

clearly by absorption (smouldering fires/aged smoke → white smoke?) 

• There is also an excluded “Dust over ocean” type (AOD = 0.6956, 𝛼 = 0.7119), but it has a very small coverage

• With a 0.5-degree spatial grid, some biomass type pixels can be seen over Siberia. Evaluate with fire products

• While the properties of the aerosol types 

make very well sense, there is one 

suspiciously high Ångström value in an 

ocean type. Potentially an issue of the 

SSV over-ocean SLSTR aerosol retrieval

• Also, the land fraction parameter might 

lead to forced unrealistic typing

• Can be handled somewhat with higher 

spatial resolution clustering



AOD, Ångström, Dust AOD, CO, land/sea – No 
pre-selection
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Restart the exercise!

Clustering input

1. AOD (SLSTR): aerosol load

2. Ångström exponent (SLSTR): particle size distribution. Very unstable variable which could be replaced with 

the fine mode AOD. The FM AOD is not, however, an independent variable.

3. Dust AOD (IASI): detecting/quantifying dust (non-spherical) particles – replaces fine/coarse pre-selection

4. CO (TROPOMI), carbon monoxide: a proxy of the particle absorption – Can be obtained from models

5. Land/Sea Mask (Land fraction): mainly to make resulting maps more readable

Bisecting k-means: Cluster size issue

The biggest inertia criterion is trying to divide the 

clusters to equal inertia → small feasible clusters, 

such as anthropogenic pollution, could be attached 

to some other cluster – number of clusters

Remove all pre-selections – Remove subjective 

classification as much as possible

A first (hesitant) step into satellite/model 

comparisons

• Data from the Copernicus Atmospheric Monitoring 

system (CAMS)

• Re-analysis – large amount of in-situ and satellite 

data assimilated



With CAMS – collocation to satellite results

11

CAMSSatellite collection

DOMINANT AEROSOL TYPE

September 2020

CAMS spatially collocated to satellite results

• Should we also do temporal sampling to satellite overpass times?



Satellite clusters vs. CAMS clusters
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Cluster center values, September 2020

Optionally: to enable applying satellite clustering to 

CAMS/ESM data (or vice versa)

• Sample model data to satellite data

• Scale CAMS/ESM variable values to satellite variable 

values (or vice versa) using global average values

As seen in the previous slide, the satellite and CAMS 

clusters agree quite well

• The assimilated CAMS re-analysis values correspond 

to the satellite values



Regional aerosol types – Comparison
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Africa, South (AfS)
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South America (SA)
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Future

• Find an ESM dataset to classify and compare the resulting aerosol types with the 
satellite results, or apply the satellite clustering on the model data

• Try seasonal aggregation instead of monthly for better statistics
• Generalization of the typing – applicable for any aerosol result in space and time

• Attempt a validation of the satellite aerosol types with AERONET

• Instead of working with monthly/seasonal averages, do the analysis at satellite L2 (per 
orbit/daily)
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Regional aerosol types -- comparison
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September 2020



Apply satellite clustering to CAMS data
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CAMS ClustersSatellite clusters

DOMINANT AEROSOL TYPE

To enable applying satellite clustering to CAMS/ESM data 

(or vice versa)

• Sample model data to satellite data

• Scale CAMS/ESM variable values to satellite variable 

values using global average values (or vice versa)

September 2020
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