
This project has received funding from the 
European Union’s Horizon 2020 research and 
innovation programme under grant agreement 
No 640276. www.gaia-clim.eu 

Aerosols	  in	  the	  Virtual	  Observatory	  
	  

Jacques	  Descloitres,	  Anne	  Vermeulen	  
AERIS/ICARE	  Data	  and	  Services	  Center	  –	  University	  of	  Lille	  



This project has received funding from the 
European Union’s Horizon 2020 research and 
innovation programme under grant agreement 
No 640276. www.gaia-clim.eu 

Satellite Observations 
PARASOL/POLDER-3, POLDER-1, POLDER-2 X X X X 

Terra/Aqua/MODIS, Aqua/AIRS, MSG/SEVIRI, 
Suomi-NPP/VIIRS X X X 

CALIPSO/CALIOP/IIR/WFC, Terra/MISR, Aura/OMI, 
Envisat/ATSR/AATSR X X 

CloudSat/CPR X 

METEOSAT-7, GOES-E, GOES-W, GOES-SA, 
MTSAT, Himawari X X 

Megha-Tropiques/MADRAS, TRMM/TMI, DMSP/
SSMI, DMSP/SSMI/S, Aqua/AMSR-E X 

Megha-Tropiques/SAPHIR, NOAA/AMSU-A , 
METOP/AMSU-A, NOAA/AMSU-B, METOP/AMSU-
B/MHS, Aqua/HSB, NOAA/HIRS, METOP/HIRS, 
Suomi-NPP/ATMS 

X 

Megha-Tropiques/ScaRaB, CERES X 

Envisat/MERIS X 

Ground-Based Observations 
AERONET, IAOOS X 

ACTRIS, ORAURE X X 

ROSEA X X 

Model Analyses and Forecasts 
MACC X X 

ECMWF, GMAO X X X 

AERIS/ICARE	  Data	  Catalogue	  

Geostationary products	  

POLDER/PARASOL	  

CALIPSO/CALIOP/IIR	  

Megha-Tropiques / SAPHIR / ScaRaB	  

DARDAR (CALIPSO/CloudSat)	  

• Satellite	  database	  
• 300	  disGnct	  products	  (400	  GB/day)	  collected	  rouGnely	  
• 800	  derived	  products	  and	  associated	  quicklooks	  (1	  TB	  /	  day)	  
• Data	  sets	  from	  50+	  sensors	  
• 90	  million	  files	  available	  online,	  volume	  2600	  TB	  

• Ground	  Database	  
• 23	  French	  observaGon	  sites	  (ACTRIS-‐FR)	  +	  AERONET	  (AERONET-‐Europe),	  99	  instruments	  
• 222	  products,	  13	  million	  files,	  volume	  3.2	  TB	  

Ground-Based and In-situ Observations!
Particle Sizers (APS, OPS, SMPS)! X!
Particle Counters and Mass Concentration 
Meters (CPC, OPC, TEOM)!

X!
Aethalometer, Nephelometer, MAAP! X!
On-line Spectrometers (AMS, WRAS)! X!
LIDARs (Aerosol, Wind, H2O)! X! X! X! X!
Sun Photometers! X!
ACSM! X! X!
GPS! X!
RADARs (UHF, VHF)! X! X!
Sky Imagers! X!
Weather Station, Ultrasonic Anemometer! X!
On-line CO, CO2, NOx, COV Analyzers! X!
Filter Collection Analysis! X!

Satellite	  

Ground-‐based	  
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Candidate	  aerosol	  products	  for	  the	  VO	  

MODIS:	  17-‐year	  data	  record	  –	  2	  dayGme	  overpasses	  each	  day	  –	  AOD	  (inc.	  some	  
uncertainty)	  +	  AE	  +	  typing	  
	  
ATSR-‐2/AATSR:	  17-‐year	  data	  record	  –	  AOD	  (inc.	  uncertainty)	  +	  FMAOD	  +	  AE	  +	  AAOD	  +	  SSA	  
	  
PARASOL:	  9-‐year	  data	  record	  –	  robust	  retrieval	  (polarizaGon	  +	  direcGonality)	  –	  AOD	  +	  
FMAOD	  +	  AE	  +	  non-‐sphericity	  –	  new	  advanced	  products	  under	  evaluaGon	  (GRASP)	  with	  
new	  parameters	  (inc.	  AAOD,	  SSA,	  size	  distribuGon,	  uncertainty)	  
	  
MSG/SEVIRI:	  13-‐year	  data	  record	  –	  15-‐min	  retrieval	  –	  AOD	  +	  AE	  –	  3	  operaGonal	  
algorithms	  
	  
CALIPSO:	  11-‐year	  data	  record	  –	  VerGcal	  exGncGon	  profiles	  +	  aerosol	  characterizaGon	  –	  
DayGme	  and	  nighcme	  observaGons	  
	  
AERONET	  sunphotometers	  (AOD	  +	  size	  distribuGon	  +	  SSA),	  including	  AERONET-‐Europe	  
advanced	  products,	  ACTRIS-‐FR	  observaGon	  network	  (inc.	  lidar	  and	  in-‐situ)	  
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Satellite/Model/Ground	  co-‐locaGon	  
Pinboard visualization tool 
http://www.icare.univ-lille1.fr/browse/gaia-clim 
User-driven “pinboard” approach to visualize 
heterogeneous material available for a given 
geographic location or region (ground-based 
observations, satellite observations, model 
forecasts/analyses) 
	  

Multi-sensor browse interface 
http://www.icare.univ-lille1.fr/browse 

Designed for direct satellite-to-satellite or satellite-to-model 
comparisons (2D/2D) using re-gridded products 
Direct access to AERONET-Europe sunphotometer 
observations 



This project has received funding from the 
European Union’s Horizon 2020 research and 
innovation programme under grant agreement 
No 640276. www.gaia-clim.eu 

Satellite-‐to-‐ground	  co-‐locaGon	  
Extract tool 
http://www.icare.univ-lille1.fr/extract 

Designed	  for	  2D/1D	  satellite	  to	  ground-‐based	  comparisons	  (one-‐site	  ground-‐based	  
observaGon	  compared	  to	  surrounding	  satellite	  pixels)	  
	  
User-‐specified	  parameters:	  

  Time	  range	  of	  sat.	  observaGons	  
  Extract	  radius	  around	  sites	  
  Extract	  site	  or	  network	  of	  sites	  

	  
Output:	  all	  original	  satellite	  observaGons	  (i.e.	  naGve	  geometry)	  within	  the	  specified	  
vicinity	  of	  any	  site	  of	  the	  selected	  network	  over	  the	  selected	  Gme	  period	  

Author's personal copy

correlationwith AERONET. TheMERIS algorithm is designed primarily
for atmospheric correction of ocean color retrievals. The aerosol
correction probably includes contributions from other perturbations,
such as clouds, glint or sediments so that the aerosol products should
not be used for aerosol studies (Ramon & Santer, 2008; Vidot et al.,
2008). Similarly, there is poor agreement between CALIPSO AOD and
AERONET. One may recall that the comparison with the other sensors
is somewhat unfair, firstly because the data used here do not include
nighttime retrievals, when CALIPSO performs best, and also because
there is, on average, a much greater distance between the spaceborne
and surface observations than with the other sensors. Nevertheless,
solely based on the AERONET reference, it seems that the CALIPSO
daytime AOD product provides little information on the total column
AOD.

At the other extreme, POLDER and MODIS retrievals show a rather
high correlation with the sunphotometer data (0.91 and 0.85
respectively). Although POLDER correlation is the highest, MODIS
Gfrac is significantly better (57% vs 45%). This is because of a high bias
in POLDER retrievals that is apparent for the clean atmosphere (lower
left corner of the far left plot in Fig. 2). As a consequence, and because
the “clean” case is the most frequent, a large fraction of POLDER
retrievals fall outside the valid retrieval limits. Also note that POLDER
seems to retrieve more high AODs than MODIS does (at least with the
quality index criteria), which favours a high correlation.

Finally, SEVIRI retrievals are not as good as those from POLDER or
MODIS, but they are nevertheless highly correlated with the
sunphotometer data (0.72). There is a clear slope in the comparison
(large AODs are slightly too large) which may indicate a bias in the
aerosol phase function that is used for the retrievals. As a consequence,
and although the correlation is high, Gfrac is only 34%. There seems to be
a larger proportion of high AODs with SEVIRI than with POLDER or
MODIS, but this may result from the geostationary satellite field of view
that is centered on locations affected by the Saharan dust transport.

4.2. Fine mode AOD over the ocean

POLDER and MODIS provide an estimate of the fine mode AOD. As
expected, the range of values is smaller than for the total AOD. An
analysis distinguishing between several Ångström exponent ranges
(not shown) demonstrates that the large optical depth values are

most often found with small Ångström exponent, which indicates the
presence of dust. The proportion of fine mode in the dust is small,
which explains the lower values. The performance of POLDER and
MODIS retrievals are similar with no significant bias, a Gfrac around
53%, and a correlation around 0.76. The performances in terms of fine
mode AOD are nevertheless lower than those for the total AOD which
indicates the difficulty in deriving size information from the spectral
or directional reflectance. There may also be some ambiguity between
the definition of “fine mode” between the sunphotometer and
satellite products (Kleidman et al., 2005).

4.3. Total AOD over land

Three total AOD products derived from MODIS, MERIS and SEVIRI
are evaluated here. It is clear from the scatter plots that only MODIS
has the most value over land. It shows a rather high (0.86) correlation
with the ground-based measurements. Although there is a slight
positive bias (0.02), the density plot indicates a small underestimate
for the clean cases. Note that the correlation is slightly better than that
found over the oceans, although the density histogram appears more
dispersed. This is because a few points with large AOD, off scale in
Fig. 4, tend to pull the correlation. Gfrac is also significantly better
than it is over the oceans, but this is only due to less stringent
requirements over land.

As over the oceans, MERIS retrievals are much too large and result
in large positive biases. On the other hand, there is some value in
SEVIRI retrievals, with a correlation of 0.63 and a Gfrac of 52%. As over
the ocean, the SEVIRI product is not as good as that from MODIS, but
its high temporal resolution may be useful for some applications and
therefore compensate somewhat its higher noise.

4.4. Fine mode AOD over land

POLDER and MODIS provide a fine mode AOD estimate over land
(Fig. 5). Theyboth showa significant correlationwith the sunphotometer
measurements (0.84 and 0.75). For this particular case, all statistical

Table 5
Same as Table 4, but for the POLDER/Parasol product. Over land, the statistics are based
on the fine mode optical depth at 550 nm.

Land Ocean

0!Q!0.2 1567/0.112/0.154/52.5 1180/0.508/0.307/29.2
0.2!Q!0.4 1736/0.272/0.119/55.5 952/0.915/0.110/36.9
0.4!Q!0.6 5228/0.370/0.114/59.5 2764/0.875/0.115/45.6
0.6!Q!0.8 17766/0.678/0.114/63.7 6410/0.879/0.105/50.3
0.8!Q!1.0 18846/0.882/0.121/71.3 1222/0.886/0.106/51.6

Fig. 2. Density histograms of the spaceborne estimates of the AOD670 (Y-axis) against sunphotometer measurements (X-axis) for oceanic retrievals. The dashed lines indicate the
limits for a “good” retrieval which are used to estimate Gfrac. The numerical values are reported in Table 6. Calipso retrievals are for both land and oceans. The color scale of the
density histogram is shown in Fig. 3.

Fig. 3. Same as Fig. 2 but for the Fine Mode AOD at 550 nm. Only POLDER and MODIS
provide such estimate.
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