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EXECUTIVE SUMMARY 

This document evaluates the most recent versions of ESA supported aerosol retrievals for 
ATSR (SLSTR in future) and MERIS (OLCI in future) sensors, also in comparison to 
commonly used retrievals for NASA sensors. The focus is on the performance of ATSR 
retrievals by U. Swansea (v4.32), FMI (ADV v3.11) and RAL (ORAC v4.10) and of MERIS 
retrievals by IUP (XBAER v.2.3) and DLR (v6.5).  
 
Except for an investigation with level 2 data over China, most evaluations are done with 
averaged (1x1deg) gridded daily / monthly level 3 averages for AOD - and if provided also 
for AODf and AODc. The evaluations are done for the year 2008. Reference data-sets are 
AERONET and CARSNET sun-photometer network data and monthly averages of the 
MACv2 aerosol climatology, which has been adjusted to include year 2008 specific (by 
MODIS and MISR indicated) anomalies for AODf and AODc. 
   
The seasonal differences to MACv2 and MISR reveal many deficiencies. And the provided 
(either retrieved or diagnosed) split into AODf and AODc often reveals even larger problems. 
A common bias in ATSR retrievals is a too high AODf over oceanic dust outflow regions to 
cover for missing AODc. Progress could be expected, if most retrieval-groups would revisit 
assumptions to their applied aerosol models, as for instance fine-mode absorption in ATSR-
SU is too weak.   
 
Among the three ATSR retrievals in their current versions of the SU retrieval maintains its 
top spot - especially with a good performance at lower AOD values. At higher AOD cases 
the current ATSR-OX has made big improvements. 
 
Among the different MERIS retrievals XBAER and GRASP share the top spot, while the 
DLR retrieval is at best in a developing phase. Still, even for the better MERIS retrievals, 
their skill remains clearly below those for ATSR, MODIS, MISR and even SeaWiFS, which 
has to deal with similar spectral limitations as MERIS. 
 
Almost all retrievals show an overall skill improvement over time. Only the current ATSR-FI 
seems degraded, but only because the quality filter of the previous version was not applied. 
Similarly the MODIS c6.1 seems degraded back to the retrieval skill of MODIS c5.0, while 
MODIS c6.0 retrieval skill was higher. Particular interesting is the reprocessed MISR v32 
retrieval, because now most high AOD biases of the older MISR v22 over oceans have 
disappeared while maintaining a top performer status among tested AOD retrievals over 
continents.  
 
Overall MISR and ATSR-SU are the top performer for AOD retrievals (The better global 
combination score of ATSR-SU is attributed to the poor MISR performance over polar 
regions). Still many AOD retrieval biases remain.  
 
To find reasons for apparent AOD retrieval biases, it was demonstrated that information on 
AODf and AODc was very useful. In addition, also (not necessarily retrieved) information on 
aerosol absorption assumptions for both fine-mode (AAODf) and coarse mode (AAODc) 
would is needed to address fine-mode absorption bias and coarse mode aerosol size bias. 
For all four aerosol optical properties (AODf, AODc, AAODf and AAODc) reference data 
exist, either from sun-/sky-data of AERONET or from output of AOD constrained aerosol 
component models.  
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1 DEFINITIONS AND ABBREVIATIONS 

 
This section summarizes the major definitions relevant for the validation report. 
 
 

AAOD (Absorption Aerosol Optical Depth) is the vertically normalized atmospheric column 

integrated aerosol absorption at a certain wavelength (usually at 550 nm, the reference 
wavelength in global modelling) [note, AAOD = AOD*(1-SSA)] 

 

AeroCom is an open science initiative founded to inter-compare aerosol modules in global 

modelling and evaluate overall model performance as well as the treatment of specific 
aerosol processes against available (and trusted) observations.  

 

AERONET represents a federated network of globally distributed ground-based CIMEL 

sun-/sky-photometers, which is maintained (calibration facility, data processing and aerosol  
and water vapor products access) by NASA (National Aeronautics and Space 
Administration) and PHOTONS (PHOtométrie pour le Traitement Opérationnel de 
Normalisation Satellitaire)  

 

AOD (Aerosol Optical Depth) is the vertically normalized atmospheric column integrated 

aerosol extinction at a certain wavelength or waveband (usually at 550nm, the reference 
wavelength in modelling). AOD is also often referred to as Aerosol Optical Thickness (AOT). 

 

ATSR (Along Track Scanning Radiometer) was a multi-channel imaging radiometer (with 

dual view capabilities in the visible and near-IR solar spectrum). Two versions are used for 
aerosol retrieval: ATSR-2 on board of the European Space Agencyôs ERS-2 satellite (1995-
2002) and the advanced ATSR (AATSR) on ESAôs ENVISAT satellite (2002-2012). 

 

CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) is a two-wavelength 

polarization-sensitive backscatter lidar that provides high-resolution vertical profiles of 
aerosols and clouds onboard NASAôs CALIPSO satellite. 

 

CF (Climate and Forecast) naming convention metadata are designed to promote the 

processing and sharing of files created with the NetCDF API. 
 

CMUG (Climate Model User Group) is a part of ESAôs Climate Change Initiative (CCI) and is 

composed of members of major climate research institutes in Europe. The group is tasked to 
oversee the usefulness of new climate data records produced for CCI selected ECVs. 

 

ECV (Essential Climate Variables) are geo-physical quantities of the Earth-Atmosphere-

System that are technically and economically feasible for systematic (climate) observations.  
 

ENVISAT ("Environmental Satellite") is a now inoperative ESA polar-orbiting (ca 10am local 

overpass) satellite, which supplied between 2002 and 2012 atmospheric data, including for 
aerosol remote sensing relevant AATSR, MERIS and GOMOS sensor data. 
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FCDR (Fundamental Climate Data Records or simply CDR) represent long-term records of 

measurements or retrieved physical quantities from remote sensing. FCDRs require 
consistency across multiple platforms with respect to (1) calibration, (2) algorithms, (3) 
spatial and temporal resolution, (4) quantification of errors and biases and (5) data format. 
FCDRs also need to manifest applied ancillary data. 

 

FMF (Fine Mode Fraction) is the fraction of the total AOD which is contributed by aerosol 

particles smaller than 1mm in diameter. Due to their smaller size these aerosol particles are 
referred to as fine-mode aerosol, in contrast to larger or coarse model aerosol particles.  
 

GCOS (Global Climate Observing System), located at WMO in Geneve, is intended to be a 

long-term, user-driven operational system capable of providing the comprehensive 
observations required for (1) monitoring the climate system, (2) detecting and attributing 
climate change, (3) assessing impacts of, and supporting adaptation to, climate variability 

and change, (4) application to national economic development and (5) research to improve 

understanding, modelling and prediction of the climate system.  
  

GOMOS (Global Ozone Monitoring by Occultation of Stars) is an instrument on board the 

European satellite ENVISAT. The main scientific objective of this stellar occultation 
instrument is to monitor ozone and ozone trends as function of altitude in the upper 
atmosphere (stratosphere, mesosphere). GOMOS also measures atmospheric parameters 
related to (stratospheric ozone) chemistry like NO2, NO3, H2O and aerosol as well as ozone 
dynamics like temperature, air density and turbulence. 
 

IASI (Infrared Atmospheric Sounding Interferometer) on European MetOp platforms senses 

the thermal heat emission from the Earth (with a Michelson interferometer) mainly to provide 
atmospheric temperature and humidity profiles. 
 

ICAP (International Cooperative for Aerosol Prediction) is an international forum for aerosol 

forecast centers, remote sensing data providers, and lead systems developers to share best 
practices and discuss pressing issues facing the operational aerosol community.  
 

MACC (Monitoring Atmospheric Composition and Climate) were EU-funded projects for the 

development of a chemical weather forecast service. Now in its operational phase, 

Copernicus predicts global distributions and long-range transports of greenhouse gases 
(carbon dioxide, methane), of aerosols that result from both natural processes and human 

activities and of reactive gases (tropospheric ozone, nitrogen dioxide). Copernicus also 
evaluates how these constituents influence climate and estimates their sources and sinks. 
 

MAN (Marine Aerosol Network) is the ocean branch of the AERONET network, based on 

handheld solar attenuation measurements with calibrated MICROTOPS-II sun-photometers.  
 

MERIS (MEdium Resolution Imaging Spectrometer) was one of the main spectrometers on 

board the European Space Agency (ESA)'s Envisat platform. 

 

MISR (Multi-angle Imaging Spectro-Radiometer) is a multi-spectral sensor on NASAôs EOS 

Terra platform with (9) multi-directional view capabilities.  
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MODIS (Moderate Resolution Imaging Spectro-Radiometer) is a multi-spectral sensor on 

NASAôs EOS Terra and Aqua platforms. 

OLCI (Ocean and Land Color Instrument) on Sentinal 3 is based on the opto-mechanical 

and imaging design of ENVISAT's MERIS instrument.  

 

OMI (Ozone Monitoring Instrument) is a UV multi-spectral sensor on NASAôs EOS Aura 

platform. 

 

POLDER (POLarization and Directionality of the Earth's Reflectances) is a passive optical 

imaging radiometer and polarimeter for studies on radiative and microphysical properties of 
clouds and aerosols on the French CNES PARASOL (Polarization and Anisotropy of 
Reflectances for Atmospheric Sciences coupled with Observations from a Lidar).  

 

SCIAMACHY (Scanning Imaging Absorption Spectrometer for Atmospheric ChartographY) 

was a high spectral resolution passive sensor (in the UV and the visible solar spectral 
region) with both nadir and limb measurement capabilities on the ESAôs ENVISAT platform. 

 

SENTINEL The Sentinel satellite provide Earth Observations from space as part of ESAôs 

Copernicus program, formerly GMES (Global Monitoring for Environment and Security)  

 

SLSTR The SLSTR instrument on SENTINEL-3 maintains the continuity with the (A)ATSR 

series of instruments. The design supports the basic functionality of AATSR, with the 
addition of a wider swath, new channels dedicated to fire detection.  

 

SSA (Single Scattering Albedo) quantifies the likelihood of scattering during an attenuation 

(or óextinctionô) event by an atmospheric particle of given size and shape at a certain 
wavelength (most important at 550 nm, the reference wavelength in global modeling). The 
remaining fraction, 1-SSA referred to co-single scattering albedo, quantifies the likelihood of 
absorption during an attenuation (or extinction) event.   
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2 INTRODUCTION 

ESAôs aerosol CCI effort supported aerosol retrieval development, so that for European 
sensors new retrieval algorithms could be developed or already existing retrievals could be 
improved. This evaluation here focuses on the most recent ATSR and MERIS retrieval 
efforts, also as a guide in selecting those retrievals that will be chosen to continue the past 
ATSR and MERIS (ENIVISAT) data-records with SLSTR and OLCI sensors on the new 
Copernicus Sentinel-3 platforms.  

Several approaches are applied to address retrieval skill or failure. Focusing on year 2008 
retrieval data, different data references have been applied. The preferred reference are 
highly accurate data (but globally uneven distributed) sun-photometer data. While most of 
these sun-photometer references are based on AERONET and (oceanic-) MAN network 
data, one evaluation study with focus on retrievals over China was allowed to apply 
CARSNET data. The other major reference is the MACv2 aerosol climatology for 2008. This 
MACv2 aerosol climatology extends multi-year monthly statistics for AERONET and MAN 
with spatial context from detailed aerosol component modeling. And the associations to the 
year 2008 is done by imposing year 2008 AOD anomalies according to MODIS and MISR 
2001-2016 data records separately for fine-mode AOD (AODf) and coarse-mode AOD 
(AODc) contributions. This climatology offers reference data not just for amount (i.e. AOD) 
but also for other important (and in retrievals often assumed) aerosol properties of size (i.e. 
AODf, AODc) and absorption (i.e. AAOD) and even more importantly has globally complete 
coverage. In addition, also comparisons to mature retrievals are offered, in particular to the 
recent MISR v32 retrieval.      

First annual average maps for the mid-visible AOD of available aerosol retrievals for the year 
2008 are compared for a more general comparison of differences in values and coverage. 
Then global maps of available reference data are introduced before seasonal difference 
maps of all test-data to these references are shown to deduce seasonal and regional biases. 
Hereby not only seasonal difference maps for total AOD are presented but also for AODf 
and AODc - and even AAOD. The added information is not always retrieved and provides 
added insights on AOD biases or offsetting AODf and AODc biases.  

Then statistical methods are applied. First, AOD case statistics to site data over the greater 
China region is examined. Then, monthly worldwide AOD and AODf site statistics is 
explored. Finally. rank based scores against daily AOD, AODc and AODf site averages as 
well as against monthly AOD, AODc and AODf statistics regionally and globally are 
determined and ranked according to the assigned combination score.  

For comparison purposes the statistical evaluations of other common used aerosol retrievals 
are included and also the statistical performances of older retrieval versions are included to 
demonstrate progress.  
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3 OVERVIEW 

For an initial impression year 2008 global maps of annual averages of evaluated retrievals 
for (A)ATSR and MERIS are compared to each other and in the context of existing data-set 
of NASA retrievals in Figure 3.1 (with associated labels explained in Table 3.1). 

 

Figure 3.1 comparison of global maps for year 2008 annual averages for mid-visible (550nm) AOD 
data for the most recent versions of ATSR and MERIS retrievals in comparison to different retrievals 
for US satellite sensors ï including those for different MODIS and MISR version. Applied labels are 
summarized in Table 1. Values below the labels indicate global averages.  

Table 3.1 label for tested retrievals 

label retrieval version group label retrieval version group 

ATE ATSR ensemble DLR, Munich MI_n MISR v2.3 NASA JPL 

ATS ATSR SU 4.32 Swansea MI MISR v2.2 NASA JPL 

ATF ATSR ADV 3.11 FMI, Helsinki SeaW SeaWiFS NASA, GSFC 

ATO ATSR OX 4.10 RAL, Harwell AVH AVHRR NASA, GSFC 

GR P GRASP Polder LOA, Lille MO 61 MODIS c6.1 NASA, GSFC 

GR M GRASP Meris LOA, Lille MO 6 MODIS c6.0 NASA, GSFC 

ME B MERIS XBEAR 2.3 IUP, Bremen MO 5 MODIS c5.0 NASA, GSFC 

ME D MERIS DLR 6.2 DLR, Munich PMD PMAp EUMETSAT 
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4 REFERENCES 

Five global reference data-sets have been selected. Aside from high accuracy sun-/sky- 
photometer data at globally unevenly distributed sites (AERONET and MAN) also four data-
sets with lower accuracy but better global coverage were selected. These include more 
mature satellite retrievals (MISR v3.2 and MODIS c6.1) and climatologies based on MACv2. 

AERONET/MAN offers high quality data on aerosol column properties via 

measurements of solar radiation at cloud-free conditions. Direct solar attenuation data 
provide highly accurate data of AOD at different solar wavelengths so that even mid-visible 
(550nm) AOD attributions to (1) super-micron size (coarse-mode) aerosol (AODc) as by 
mineral dust and sea-salt and to (2) sub-micron size (fine-mode) aerosol (AODf) as by 
pollution and wildfires can be assigned. Particular informative are complementary sky-
radiance samples (at more than 400 AERONET continental of island sites worldwide) which 
in combination with direct attenuation data provide detailed information on aerosol size (22 
bin size-distributions) and on aerosol composition (refractive indices and thus SSA). While 
most AERONET sites have good data coverage over all seasons, the site distribution over 
land is highly uneven and often missing in important regions. This also includes China, 
where actually existing sun-photometer data of CARSNET are not openly shared. 
Fortunately a Chinese co-laboration produced evaluation results with CARSNET data over 
the larger China region. To address oceanic references, the MAN group offers data of about 
200 research voyages over the last decade. The spatial unevenness is illustrated for 
AERONET/MAN averages for AOD, AAOD, AODf and fine-mode effective radius (REf) in 
Figure 4.1.  

 

 

Figure 4.1 AERONET/MAN annual averages for mid-visible column amount (AOD, upper left), for 
aerosol absorption (AAOD, lower left, multiplied by 5), for mid-visible AOD of sub-micrometer aerosol 
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sizes (AODf, upper right) and for effective diameter of sub-micrometer sizes (lower right, 2 times the 
effective radius). AOD and AODf have a better data-coverage due to MAN coverage over oceans. 

 

MISR offers advanced aerosol retrievals with its multi-spectral and multi-viewing 

capabilities. In past retrieval comparisons, the older MISR v22 AOD retrieval was a top 
performer over continents but displayed a strong AOD high bias over oceans. In the new 
MISR v32 retrieval not only pixel resolution was improved but also the ocean bias was 
largely removed. Still, MISR has limited spatial daily coverage and its monthly statistics 
(even at 1x1 degree spatial resolution) is poor compared to polar orbiting satellite sensors 
with a wider swath. Thus, only larger differences that are consistent over larger regions 
should be discussed in more detail. AODf is here represented by MISR assigned AOD to 
small aerosol sizes, AODc represents the MISR assigned AOD to mid and larger aerosol 
sizes and AODdu refers to MISR assigned AOD to non-spherical aerosol. Annual MISR 
maps for year 2008 mid-visible total AOD, fine-mode AOD (AODf), coarse-mode AOD 
(AODc) and dust AOD (AODdust) and corresponding seasonal maps are presented in 
Figure 4.2.  

 

       

Figure 4.2  MISR v32 annual (left) and seasonal (right) maps for year 2008 AOD, AODf, AODc and 
AOD_dust. Due to poor statistics the displayed MISR data over some regions are occasionally rather 
noisy. Values below the labels indicate global averages.   

 

MODIS is the most widely used satellite sensor based aerosol product data-set (e.g. AOD, 

fire counts), (1) as global coverage (with at least two daytime overpasses) is among the best 
(an important element in data assimilations), (2) the retrieval (improved over two decades) 
has reached a higher level of maturity and (3) its retrieval data can be relatively easy 
accessed. As retrieval over brighter (land) surfaces remain difficult, there appears (despite of 
pulling information from two different [deep blue and dark target] approaches) a tendency to 
overestimate AOD over continents. In this study MODIS aerosol data of the most recent 
collection 6.1 processing are applied. As data for AODf in that processing are (officially) only 
offered oceans, AODf estimates for MODIS over land were added based on a method by 
P.Ginoux were added, which also provides AODdu estimates over continents. AODc is 
simply defined by the difference: AOD minus AODf. Annual MODIS maps for year 2008 mid-
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visible total AOD, fine-mode AOD (AODf), coarse-mode AOD (AODc) and dust AOD 
(AODdust) and corresponding seasonal maps are presented in Figure 4.3. 

 

       

Figure 4.3  MODIS c6.1 annual (left) and seasonal (right) maps for year 2008 AOD, AODf, AODc and 
AOD_dust. Values below the labels indicate global averages.   
 
 

MACv2 is a monthly aerosol climatology with global coverage for all aerosol properties of 

amount, size and absorption by combining trusted local monthly statistics of sun-/sky-
photometry for years ranging from 1998 to 2015 with spatial context provided by modeling. 
Hereby, applied modeling maps are represented by an ensemble median of aerosol 
component global (AeroCom) simulations with current emissions. The merged optical 
properties address mid-visible aerosol properties of amount (AOD) and absorption (AAOD) 
along with a separation of these properties associated with sub-micrometer (AODf, AAODf) 
and super-micrometer aerosol sizes (AODc, AAODc). Annual and seasonal MACv2 maps for 
mid-visible AOD, fine-mode AOD (AODf), coarse-mode AOD (AODc) and dust AOD 
(AODdust) and corresponding seasonal maps are presented in Figure 4.4. 

 

      

Figure 4.4  MACv2 annual (left) and seasonal (right) maps for mid-visible aerosol column properties of 

AOD, AODf (fine-mode only), AODc (coarse-mode only) and AOD for mineral dust. Values below the 
labels indicate global averages.   
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As aerosol absorption is quite relevant for aerosol retrievals, MACv2 seasonal absorption 
potential for fine-mode (SSAf) and coarse mode aerosol (SSAc) is presented Figure 4.5. 

       

Figure 4.5  MACv2 seasonal maps for mid-visible absorption potential for sub-micrometer aerosol 
sizes (SSAf, left) and super-micrometer aerosol sizes (SSAc, right). Global averages below the labels 
are less meaningful, because they are not AOD weighted.  
 
The MACv2 reference offers complete global coverage for all relevant aerosol properties in a 
consistent way. However, year specific anomalies are not considered. To correct for that 
bias a 2008 year specific MACv2_08 aerosol climatology was developed. In the MACv2 
version for the year 2008 (MACv2_08) year 2008 anomalies are included based on multi-
annual retrieval records by MODIS and MISR. Hereby locally for each month scaling factors 
are applied based on the ratio of the 2008 value to the multi-annual (2001-2016) average. 
After local smoothing (especially for sparser MISR data) the average scaling factor of 
MODIS and MISR is applied. Annual and seasonal MACv2_08 maps for mid-visible AOD, 
fine-mode AOD (AODf), coarse-mode AOD (AODc) and dust AOD (AODdu) are presented in 
Figure 4.6. 
 

        

Figure 4.6 MACv2_08 year 2008 annual (left) and seasonal (right) maps for mid-visible aerosol column 
properties of AOD, AODf (fine-mode), AODc (coarse-mode) and AODdu (mineral dust). Values below 
the labels indicate global averages.   

 

In sub-sequent evaluations, the year 2008 (daily) AERONET / MAN data and the (monthly) 
MACv2_08 climatology are applied as the the primary references.  


