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EXECUTIVE SUMMARY
This updated version of the algorithm theoretical baseline document provides an
overview of the principles and modules of the Synergetic Aerosol Retrieval Algorithm
(SYNAER) applied to AATSR and SCIAMACHY onboard ENVISAT.
SYNAER exploits a combination of 2 instruments with complementary information
content due to their respective spatial and spectral resolution and coverage. Through
the combined information of both sensors SYNAER retrieves multi-spectral aerosol
optical depth (AOD) and an estimation of the aerosol type provided as choice of an
aerosol type from a pre-defined representative set of typical atmospheric aerosol
mixtures of four basic atmospheric a e r o s o l components a g r e e d u p o n i n
Aerosol_cci: fine mode weakly absorbing and strongly absorbing,
mineral dust and sea salt.
The combination of these 2 instruments – a radiometer and a spectrometer – was not
designed with the primary goal of aerosol retrieval, but contains unique information.
However, the spatial resolution and temporal coverage are determined by the overlap
of both instruments and thus limited. Therefore, SYNAER was also transferred to a
similar instrument combination onboard METOP (AVHRR/3 and GOME-2) with better
coverage. The specifics of this algorithm version are not covered in this ATBD.
This update reflects algorithm evolution since the start of Aerosol_cci up to the
current algorithm version v4.1i, and in particular: use of the commonly defined aerosol
properties in SYNAER (section 5.3), pixel-level uncertainties provided by SYNAER
(section 9), upgrades to surface treatment in SYNAER (section 5.2) including iterative
correction of the small aerosol signal at 1.6 µm (section 5.1).
After the introduction (section 1) this ATBD starts with discussions of principles in
sections 2-5 (instrument characteristics, scope of the retrieval problem, scientific
background) followed by a summary of the implementation (section 6) with its
preliminary analysis (expected accuracy, input data, output data, error budget
estimates, practical considerations) in sections 7-11 and conclusions (section 12).
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INTRODUCTION

This document describes the theoretical basis for the aerosol retrieval algorithm
developed for the combination of AATSR and SCIAMACHY by DLR. This algorithm is
referred to as SYNAER v4.1i.

1.1 Scope
SYNAER has been extensively described in a series of peer-reviewed papers and
reports [references listed by number in section 1.2.2]. This ATBD aims to provide an
overview of the algorithm with detailed references to the above-mentioned papers and
reports, with summaries of the issues that are important for the aerosol-cci work. It will
not be a comprehensive compilation of all existing literature.

1.2 References
1.2.1

Applicable Documents

[AD1]

The Statement of Work, reference CCI-PRGM-EOPS-SW-12-0012, issue 1, revision 2, dated
June 7th, 2013, and its specific annex C;

[AD2]

The Contractor’s Proposal reference 3010317 revision 1.2 , dated 04 April 2014, s

1.2.2

Reference Documents

[RD1]

Holzer-Popp, Th., Schroedter M., Gesell, G., High Resolution Aerosol Maps Exploiting
the Synergy of ATSR-2 and GOME, Earth Observation Quarterly, 65, 2000

[RD2]

Holzer-Popp, T., M. Schroedter, and G., Gesell, Retrieving aerosol optical depth and type
in the boundary layer over land and ocean from simultaneous GOME spectrometer and
ATSR-2 radiometer measurements, 1, Method description, Journal of Geophysical
Research, 107, D21, pp. AAC16-1 – AAC16-17, 2002

[RD3]

Holzer-Popp, T., M. Schroedter, and G., Gesell, Retrieving aerosol optical depth and type
in the boundary layer over land and ocean from simultaneous GOME spectrometer and
ATSR-2 radiometer measurements, 2, Case study application and validation, Journal of
Geophysical Research, 107, D24, pp. AAC10-1 – AAC10-8, 2002

[RD4]

Myhre, G., Stordal, F., Johnsrud, M., Diner, D. J., Geogdzhayev, I. V., Haywood, J. M.,
Holben, B., Holzer-Popp, T., Ignatov, A., Kahn, R., Kaufman, Y. J., Loeb, N.,
Martonchik, J., Mishchenko, M. I., Nalli, N. R., Remer, L. A., Schroedter-Homscheidt,
M., Tanre, D., Torres, O., Wang, M., Intercomparison of satellite retrieved aerosol optical
depth over ocean during the period September 1997 to December 2000, Atmospheric
Chemistry and Physics, 5, 1697-1719, 2005

[RD5]

Holzer-Popp T., Schroedter-Homscheidt, M., Breitkreuz, H., Klüser, L., Martynenko, D.,
Improvements of synergetic aerosol retrieval for ENVISAT, Atmospheric Chemistry and
Physics, 8, 7651-7672, 2008

[RD6]

Holzer-Popp T., M. Schroedter-Homscheidt, H. Breitkreuz, D. Martynenko, and L.
Klüser, Benefits and limitations of the synergistic aerosol retrieval SYNAER, in
Kokhanovsky A. and de Leeuw G., Aerosol Remote Sensing over Land, Springer, Berlin,
2009
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[RD7]

Martynenko, D., Holzer-Popp, T., Elbern, H., Schroedter-Homscheidt, M., Understanding
the aerosol information content in multi-spectral reflectance measurements using a
synergetic retrieval algorithm, Atmospheric Measurement Techniques, 3, 1589-1598,
doi:10.5194/amt-3-1589-2010, 2010

[RD8]

Holzer-Popp, T., SYNAER validation report, MACC
Composition and Climate) Report D_3.1.2, DLR, 2010

[RD9]

Kriebel, K.T., Saunders, R.W. and Gesell, G., 1989: Optical properties of clouds derived
from fully cloudy AVHRR pixels, Beiträge zur Physik der Atmosphäre, 8, 723-729.

[RD10]

Kriebel K. T., Gesell G., Kästner M., and Mannstein H., 2003: The cloud analysis tool
APOLLO: Improvements and Validation, Int. J. Rem. Sens., 24, 2389-2408.

[RD11]

Saunders, R.W., and Kriebel, K.T., 1988: An improved method for detecting clear sky
and cloudy radiances from AVHRR data, Int. Journ. Rem. Sens., 9, 123-150.

[RD12]

Kokhanovsky, A. A., K. Bramstedt, W. von Hoyningen-Huene, J. P. Burrows, 2007: The
intercomparison of top-of-atmosphere
reflectivity measured by MERIS and
SCIAMACHY in the spectral range of 443-865nm, IEEE Trans. Geosci. Rem. Sens.
Letters, 4, 293-296.

[RD13]

Nagel, M. R., Quenzel, H., Kweta, W., Wendling, P., 1978, Daylight Illumination-ColorContrast-Tables, New York, Academic Press.

[RD14]

Dubovik, O., Holben, B., Eck, T.F., Smirnov, A., Kaufman, Y.J., King, M.D., Tanre, D.,
and Slutsker, I., 2002: Variability of Absorption and Optical Properties of Key Aerosol
Types Observed in Worldwide Locations, J. Atmos. Sci., 59, 590-608.

(Monitoring

Atmospheric

[RD15]

Guzzi, R., Burrows, J., Cattani, E., Kurosu, T., Cervino, M., Levoni, C., Torricella, F.,
1998: GOME Cloud and Aerosol Data Products Algorithm Development - Final Report,
ESA Contract 11572/95/NL/CN.

[RD16]

Hess, M., Köpke, P., Schult, I., 1998: Optical Properties of Aerosols and Clouds: The
Software package OPAC, Bull. Am. Met. Soc., 79, 831-844

[RD17]

Kriebel K. T., 1977: Reflection properties of vegetated surfaces: Tables of measured
spectral biconical reflectance factors, Wiss. Mitt., 29, Universität München.

[RD18]

Rodgers, C.D., 2000: Inverse methods for atmospheric sounding, Theory and Practice,
University of Oxford, UK.

[RD19]

Schnaiter, M., Horwath, H., Möhler, O., Naumann, K.-H., Saathoff, H., and Schöck,
O.W., 2003: UV-VIS-NIR spectral optical properties of soot and soot-containing aerosols,
J. Aerosol Sci., 34, 1421-1444.

[RD20]

Smith D.L. and Poulsen C.A., 2008, “Calibration Status of the AATSR Reflectance
Channels”, Proceedings of MERIS/AATSR Workshop

[RD21]

de Leeuw, G., T. Holzer-Popp, S. Bevan, W. Davies, J. Descloitres, R.G. Grainger, J.
Griesfeller, A. Heckel, S. Kinne, L. Klüser, P. Kolmonen, P. Litvinov, D. Martynenko, P.J.R.
North, B. Ovigneur, N. Pascal, C. Poulsen, D. Ramon, M. Schulz, R.Siddans, L. Sogacheva,
D. Tanré, G.E. Thomas, T.H. Virtanen, W. von Hoyningen Huene, M.Vountas, S. Pinnock,
Evaluation of seven European aerosol optical depth retrieval algorithms for climate analysis,
Remote Sensing of Environment, 2014
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[RD22]

Holzer-Popp, T., de Leeuw, G., Martynenko, D., Klüser, L., Bevan, S., Davies, W., Ducos, F.,
Deuzé, J. L., Graigner, R. G., Heckel, A., von Hoyningen-Hüne, W., Kolmonen, P., Litvinov,
P., North, P., Poulsen, C. A., Ramon, D., Siddans, R., Sogacheva, L., Tanre, D., Thomas, G.
E., Vountas, M., Descloitres, J., Griesfeller, J., Kinne, S., Schulz, M., and Pinnock, S.,
Aerosol retrieval experiments in the ESA Aerosol_cci project, Atmos. Meas. Tech., 6, 1919 1957, doi:10.5194/amt-6-1919-2013, 2013

[RD23]

Klüser, L., Killius, N., and Gesell, G.: APOLLO_NG – a probabilistic interpretation of the
APOLLO legacy for AVHRR heritage channels, Atmos. Meas. Tech., 8, 4155-4170,
https://doi.org/10.5194/amt-8-4155-2015, 2015.
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Acronyms

ATSR-2
Along Track Scanning Radiometer 2
AATSR
Advanced Along Track Scanning Radiometer
AERONET
Aerosol Robotic Network (NASA)
AOD
Aerosol Optical Depth
APOLLO
AVHRR Processing Over Land, cLouds and Oceans
ATBD
Algorithm Theoretical Baseline Document
AVHRR
Advanced Very High Resolution Radiometer
BRDF
Bidirectional Reflectance Distribution Function
CCI
Climate Change Initiative
DFS
degrees of freedom for signal
ENVISAT
European Environment Satellite
GOME(-2)
Global Ozone Monitoring Experiment (2)
MERIS
Medium Resolution Imaging Spectrometer
METOP
Meteorological Operational Platform
MODIS
Moderate Resolution Imaging SpectroRadiometer
NDVI
Normalized Differential Vegetation Index
NDII
Normalized Differential Infrared Index
netCDF
Network Common Data Format
OPAC
Optical Parameters of Aerosol and Clouds
SCIAMACHY Scanning Imaging Absorption Spectrometer for Atmospheric Cartography
SEVIRI
Spinning Enhanced Visible and Infrared Imager
SOS
Successive Orders of Scattering
SYNAER
Synergetic Aerosol Retrieval
WDB2
World Data Base 2
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INSTRUMENT CHARACTERISTICS

AATSR and SCIAMACHY have been acquiring data from onboard the ENVISAT
platform from mid-2002 to early April 2012. The two instruments p r o v i d e
simultaneous observations o f the same area on the globe (note: only part of the pixels
of each instrument overlap with the other one). Both instruments measure the solar
illumination regularly. Consequently, earth reflectances calculated using R = π ·
L / µ0 · E0 can be calculated, where L is the radiance and E0 the solar
irradiance. This significantly reduces calibration errors as compared to the use of
calibrated radiances. In the latest calibration version the cross-correlation of spectrally
and spatially integrated reflectances measured by both instruments and against
another radiometer MERIS (Medium Resolution Imaging Spectrometer) onboard
ENVISAT was found to satisfy high accuracy requirements with deviations on the
order of 1% [RD12].
The combination of a radiometer
and a 1km spatial resolution with
with high resolution is suited to
aerosol path radiance and spectral

with visible to thermal infrared spectral coverage
a spectrometer scanning the full visible spectrum
accurate cloud detection, dark field analysis of
least square fit of different aerosol types.

2.1 The radiometer: AATSR
The Advanced Along Track Scanning Radiometer AATSR measures earth reflected
radiances in 5 spectral bands centered at 0.55, 0.67, 0.87, 1.6, 3.7 µm (at 3.7 µm
also including emitted terrestrial radiation) with bandwidths of 25 to 66 nm and
brightness temperatures in 2 thermal channels at 11 and 12 µm. All observations are
taken under two viewing angles (nadir and approximately 55° forward) with a ground
resolution of approximately 1.1 km2 at nadir.

2.2 The spectrometer: SCIAMACHY
The Scanning Imaging Absorption Spectrometer for Atmospheric Cartography
SCIAMACHY observes near-nadir reflection from the Earth in the range from 240 to
790 nm completely and 1940 to 2380 nm partly with a spectral resolution between
0.2 and 1.5 nm and a nadir pixel size of 60 x 30 km2. SCIAMACHY has a nadir and
an additional limb viewing mode.

2.3 Other suitable instrument combinations
Similar instrument combinations are available from ERS-2 (1995- 2002; ATSR-2 and
GOME) and METOP (since 2007: AVHRR/3 and GOME). With ERS-2 the horizontal
resolution is smaller and coverage is significantly weaker than with ENVISAT,
whereas METOP provides almost daily global coverage. SYNAER was originally
developed with ERS-2 data [RD1 – RD3] and was later also adapted to METOP.
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SCOPE OF THE PROBLEM

In principle direct (by reflecting light back to space) and several indirect (e.g. by
acting as cloud condensation nuclei) climate effects of aerosols are well known, but
large uncertainties exist in the exact values of the forcing. Kaufman, et al. 2002
point out, that the absorption behavior of particles (mainly soot and minerals) needs to
be known to assess their total direct and indirect climate effects (strongly absorbing
particles can regionally reverse the sign of the aerosol direct forcing from cooling to
heating or suppress cloud formation). To reduce the uncertainties, climate monitoring
of aerosols need to take into account the composition of the atmospheric particle
load. Satellite observations of the total aerosol loading have experienced significant
improvements in the last few years thanks to improved instrumentation and
enhanced retrieval algorithms. Thus they offer the potential to regularly monitor the
global aerosol optical depth (AOD) distribution. Secondary information on aerosol
properties can be derived from multi-spectral AOD: Ångström coefficient, fine mode
fraction, composition.
SYNAER was developed to estimate characteristics of the atmospheric aerosol load
– combined into pre-defined representative aerosol types, which are based on major
components of the atmospheric aerosol.
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SCIENTIFIC BACKGROUND

This section summarizes the main principles underlying the SYNAER algorithm,
whereas its implementation is summarized in section 5.

4.1 Information content for aerosol type
The information content of multi-spectral (here: SCIAMACHY) measurements at 10
wavelengths to discriminate between pre-defined aerosol types was investigated in
detail as function of aerosol optical depth, surface type / brightness and solar
elevation angle using information theory after [RD18]. This analysis is based on the
assumption that the quantitative information on aerosol optical depth and surface
albedo at 3 wavelengths can be estimated with reasonable accuracy for any
prescribed aerosol type from the coincident radiometer measurements at 3 visible
channels and one mid-infrared band (i.e. 2 independent degrees of freedom on AOD
and surface brightness are provided). Additional information content is contained in
the combination of 2 instruments at 2 different horizontal resolutions, which capture
(only over inhomogeneous surface reflectance) non-linearity of radiative transfer due to
different absorption and scattering behavior of different aerosol types. However, no
attempt was yet made to quantify this information content.
In summary, this analysis [RD5, section 2] shows that DFS for the aerosol type (after
eliminating the degrees of freedom (DFS) offset of 2 transferred from the radiometer)
exhibits a variation from 0 to 3.5 DFS. These values of DFS correspond only to the
determination of the aerosol type, whereas the offset of 2 degrees of freedom is
related to the first part of SYNAER, where AOD and surface brightness are retrieved
from the radiometer measurements. It should be noted, that based on the retrieved
surface reflectances at 0.55, 0.67, and 0.87 µm in this first part of SYNAER two
vegetation indices are calculated, which are then used to select the surface type, i.e.
one of 12 pre-defined spectral form curves (while the absolute surface reflectance
values are normalized to the retrieved values at the three wavelengths). Thus, in the
second SYNAER part, the spectra simulations are only done for one selected surface
spectrum and only 1 degree of freedom is needed. It is thus theoretically proven that
SYNAER can determine more than 2 independent aerosol properties in addition to
AOD and surface brightness except over very bright surfaces. Also this analysis
provides a deeper insight into favorable conditions and limitations of the aerosol
type retrieval with SYNAER (surface, sun elevation, AOD). Figures 1 – 3 show the
results of this DSF analysis as function of the key retrieval parameters.
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Figure 1: Degrees of freedom of SYNAER (1)
exploiting the 10 wavelengths from 0.415 to 0.675 µm as function of aerosol
optical depth (AOD) at 0.55 µm for a typical retrieval condition with solar zenith
angle 42.5° and surface type “vegetation”.) (from [RD5])

Figure 2: Degrees of freedom of SYNAER (2)
exploiting the 10 wavelengths from 0.415 to 0.675 µm as function of aerosol
optical depth (AOD) at 0.55 µm and solar zenith angle for surface type
“vegetation”. The blue squares indicate the line of a typical retrieval condition
shown in Figure 1 at solar zenith angle of 42.5°. (from [RD5])
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SNOW

Figure 3: Degree of freedom of SYNAER (3)
exploiting the 10 wavelengths from 0.415 to 0.675 µm for aerosol optical depth
AOD at 0.55 µm = 0.35 and solar zenith angle 42.5° for different surface types:
VEGE = vegetation, SOIL = bare soil, PINE = pine forest, WAT = open water,
SNOW = fresh snow, BLACK = black surface. (from [RD5])

A further analysis was conducted to identify, which different aerosol types can be
discriminated with the SYNAER method [RD7]. Its results show, that theoretically
SYNAER is able to differentiate between the major aerosol components mineral dust
and sea salt, polluted and unpolluted fine mode. Figure 4 shows this
differentiation in the space of the first 2 weights of a principal component analysis
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Figure 4: Weights for the first and second eigenvalue component
for 40 aerosol mixtures for all measurement scenarios. Retrieval scenarios with the
same parameters but with varying optical depth are connected with solid lines. The
domain of diesel and biomass burning (red) overlaps with the domains of
polluted aerosol (dark blue and violet). Other domains: maritime (light blue),
continental (black) and desert dust (sienna) are distinguishable from one another.
(from [RD7])

4.2 Surface treatment
The SYNAER radiometer aerosol retrieval rests on one main principle: an extended
dark field method is applied (fully and partly vegetated surfaces), which relies over
land on a correlation of surface reflectances between the 1.6 µm and 670 nm and
over ocean a fixed black surface (except contaminations by chlorophyll, etc.) – in this
approach over land the aerosol signal contribution at 1.6 µm is c o n s i d e r e d s m a l l
( a n d corrected through an iterative approach). With this the accuracy of the retrieved
AOD is largely determined by the accuracy with which the dark surface reflectance
can be estimated as discussed in [RD1]. As is shown in figure 5 the sensitivity of the
top-of-atmosphere signal with growing aerosol optical depth decreases with growing
surface reflectance. Therefore, any dark field method needs to prioritize the
darkest pixels and impose a maximum allowed brightness for suitable pixels.
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Figure 5: Sensitivity of TOA reflectances at 670 nm to aerosol content
for different surface albedos. Top-of-the-atmosphere (TOA) reflectances in the ATSR2 channel at 670 nm are simulated for an aerosol mixture of 80% water-soluble
and 20% soot particles (similar to mix no. 10 in table 1) as a function of aerosol
optical thickness at 670 nm in the boundary layer for different surface albedo values
ranging from 0.005 (lowest curve) to 0.095 (uppermost curve) with albedo steps
of 0.005. Solar elevation is 52°, observation angle 14° and the relative azimuth
116° (a typical condition in a GOME and the corresponding ATSR-2
measurement). (from [RD2])

In order to estimate the surface reflectance at 670 nm, the correlation between the
reflectances at 1.6 µm and 670 nm was analysed and validated by a database of
airborne spectra and of atmospherically corrected AATSR datasets (using adjacent
AERONET stations to prescribe AOD) [RD6]. The result of this analysis is shown in
figure 6 varying with the normalized differential vegetation index (NDVI). In the
implementation it needs to be analysed if / for which surface types the classification by
NDVI provides sufficient accuracy for the surface reflectance estimation and further
information may have to be added.
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Figure 6: Correlation between reflectance at 1.6 µm and albedo at 0.67 µm
for suitable dark fields varying with normalized vegetation index NDVI.
Vegetation surfaces with NDVI > 0.45 and R1.6 < 0.23 were chosen and are
plotted for NDVI intervals of 0.05. The figure shows results based on 2474
automatically selected dark fields from 42 ENVISAT orbits in 2005 with aerosol
optical depth AOD < 0.1 and scattering angles between 140° and 160°.
Regression lines in each plot show the dependence function which is used in
the SYNAER retrieval. (from [RD5])

4.3 Aerosol optical model
The basic assumption underlying the treatment of aerosol properties in SYNAER is
that realistic atmospheric aerosol types can be described as the sum of a limited
number of components each of which is characterized by their size distribution, the
shape of the particles and their optical properties as defined by their chemical
composition. Based on this assumption a small set of major mono-modal components
with log-normal size distributions is defined, which are then used for mixing into a
larger variety of bi- or tri-modal aerosol types covering continental, urban, maritime,
dessert dust and biomass burning aerosol types. The components used were based
on a vast analysis of ground-based observations with the original setup defined
according to the OPAC database [RD16] and later extended with more recent
measurements (e.g. relying on AERONET) [RD14, RD19, RD20]. The original choice
of basic components and its extension are described [RD1] and [RD5].
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Within Aerosol_cci an analysis of different component definitions by the various
algorithm teams and also by external (e.g. NASA teams) was made and a simple
common component definition was agreed upon (which reflects the expected
information content of at best few components). Table 1 summarizes the basic
components currently used in Aerosol_cci.
Table 1 Optical and microphysical characteristics of basic components
used in Aerosol_cci (from [RD21, RD22]), where the size distribution is
defined by
!" !
!"#$%

=

!
!! !"# !

exp −

!
!

!"# !!!"# !! !
!"#$

aerosol
component

refract
index
real part
(0.55µm)

refract
index
imaginary
part
(0.55µm)

reff
(µm)

geom.
st dev
( σ i)

variance mode comments aerosol
radius
layer
(ln σ i)
height
( µm)

Dust

1.56

0.0018

1.94

1.822

0.6

0.788

nonspherical

2-4km

sea salt

1.4

0

1.94

1.822

0.6

0.788

AOD
threshold
constraint

0-1 km

fine mode
weak-abs

1.4

0.003

0.140 1.7

0.53

0.07

(ss-albedo at 0-2 km
0.55 µm:
0.98)

fine mode
strong-abs

1.5

0.040

0.140 1.7

0.53

0.07

(ss-albedo 0-2 km
at 0.55 µm:
0.802)

In terms of absorption the two fine mode components are extremes where reality can be
described as a combination of these two components. Analysing AERONET sun
photometer data, the most frequent effective radius was determined near 0.14 µm for the
fine mode and near 1.94 µm for the coarse mode. In SYNAER the aerosol layer height for
each mixture is implemented as one layer structure for all components:
a) 2km boundary layer for all mixtures except points b and c below
b) 1km boundary layer for all mixtures dominated by sea salt (salt AOD fraction at
550 nm > than 0.5)
c) 2-4 km aerosol layer for all mixtures dominated by mineral dust (dust AOD fraction
at 550 nm > 0.5)
The optical properties of the components are described and discussed in [RD21] and
[RD22].
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4.4 Cloud masking
Cloud masking is a key pre-requisite of any aerosol retrieval algorithm since any
miss-classifications of clouds as cloud-free may lead to significant errors of retrieved
aerosol optical depth. The cloud detection must therefore use all information which is
available to detect all types of clouds (optically thick water clouds, thin cirrus clouds,
strati-form and cumulus clouds, mixed and sub-pixel clouds). Furthermore, there is
another significant risk for aerosol events with large aerosol optical depth to be missinterpreted as clouds and thus excluded from the aerosol retrieval. Again all available
measurements must be used to overcome this difficulty. The cloud algorithms must
be applicable in all climate zones, over a wide range of surface types (visibly dark
ocean to bright desert surfaces) and in all seasons. On the other hand cloud masking
is “just” an important preprocessing step of aerosol algorithms and not the core part
of the aerosol retrieval. For this purpose a combination of threshold tests applied to
all bands from the visible over the mid-infrared to the thermal infrared spectral range
combined with spatial coherence tests and using dynamically defined threshold
values has proven most suitable [RD11].
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IMPLEMENTATION

5.1 Method overview
The synergistic aerosol retrieval method delivers aerosol optical depth (AOD) and an
estimation of the type of aerosols in the lower troposphere over both land and ocean
by exploiting a combination of a radiometer and a spectrometer. In retrieving AOD
the free tropospheric and stratospheric aerosol concentration are kept constant at
background conditions, whereas the boundary layer aerosol concentration and type
and a possible dust layer are varied. The type of aerosol is estimated as percentage
contribution of 4 representative components as defined in table 1. The high spatial
resolution including thermal spectral bands of the radiometer permits accurate cloud
detection. The SYNAER aerosol retrieval algorithm comprises then of two major parts:
(1) In step 1 a dark field method exploits single wavelength radiometer reflectances
to determine 36 values of the aerosol optical depth over automatically selected and
characterized dark pixels for a set of 36 different pre-defined boundary layer
aerosol mixtures. Then, using AOD interpolated between nearby dark pixels the
surface reflectance of every radiometer pixel is retrieved for the same set of aerosol
mixtures. (2) In step 2 these parameters retrieved in the first step are used to
simulate spectra for the same set of 36 different aerosol mixtures with the same
radiative transfer code after spatial integration to the larger pixels of the
spectrometer. A least square fit of these calculated spectra at 10 wavelengths to the
measured spectrum delivers the best estimate of the AOD value (the one AOD
retrieved in step 1 for the aerosol type selected in step 2) and - if a uniqueness test
is passed - the most plausible spectrum and its underlying aerosol mixture. The entire
method uses the same aerosol model of basic aerosol components, each of them
representing optically similar aerosol species. These basic components are externally
mixed into 36 different aerosol types meant to cover a r e p r e s e n t a t i v e
s a m p l e o f t h o s e o c c u r r i n g i n t h e atmosphere. Also the underlying
radiative transfer code (SOS; [RD13]) is consistently used throughout all retrieval
steps. Figure 7 gives a schematic overview of the SYNAER method [RD1 – RD3]
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Figure 7: Flow chart of major processing steps in SYNAER

SYNAER is based on three processing columns: Radiometer reflectances enable
cloud detection, aerosol optical depth retrieval over dark fields and surface albedo
retrieval as input to spectrometer simulations. Measured spectra from a contemporary
spectrometer are corrected for cloud and ozone effects and then used to select the
most plausible aerosol type. The calculations are conducted for a set of typical
atmospheric aerosol mixtures which are composed from a basic set of aerosol
components. The result of this synergistic procedure is the aerosol optical depth and
the aerosol type.
In order to correct the aerosol contribution estimation of the surface reflectance at 0.67
µm (Bsurf) an iterative scheme was added as is shown in fig. 8. In each step the retrieved
AOD670 is used to correct all reflectance channels used in the estimation of the surface
reflectance (here three channels at 0.67, 0.87 and 1.6 µm) and all vegetation indices
derived from those (here the two normalized indices NDVI and NDII between 0.87 and
0.67 µm and 1.67 and 0.87 µm, respectively).
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Figure 8: Iterative scheme to correct aerosol signal at 1.6 µm

5.2 Surface treatment
The major principle of the o r i g i n a l surface treatment used over land relies on
AATSR dark fields selected from R1.6 and NDVI (R1.6 < 0.23 / NDVI > 0.5). Then
R1.6 + NDVI are used to estimate the surface albedo at 0.67 µm A0.67 by
correlation dependent o n a vegetation index (NDVI) and scattering angle (psi)
according to fig. 6:
[eq. 1]

A0.67 = (1.5 NDVI + 1.5) * R1.6 + 0.1 NDVI -0.1;
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Figure 9 shows the frequency distribution of estimated surface reflectance values
(using equation 1) versus fully atmosphere-corrected reflectance values with a
standard deviation of 0.011 (which translates to an aerosol optical depth retrieval
uncertainty of 0.11).

Figure 9: Error histogram of the estimated surface reflectance
against fully corrected (using AERONET AOD) surface reflectance values in an
area around the AERONET station of up to 50km for 13038 real dark field pixels of
ENVISAT AATSR in summer 2005. (from [RD5])

Evidently this surface brightness estimation approach according to equation 1 cannot
be used over b r i g h t s u r f a c e ( e . g . deserts), but it is applicable over f u l l y a n d
partly vegetation covered surfaces. A d a r k f i e l d threshold of R0.67 < 0.085 is used
to avoid dark fields with low sensitivity to aerosol optical depth. Alternative correlation
methods had been tested (using an idl simulator) but yielded no improved results.
BRDF treatment over land is done by use of a fixed indicatrix (normalized BRDF
which is then adjusted to each pixel brightness) “FOREST” from [RD17] for AATSR
dark field pixels used in retrieving aerosol optical depth and for SCIAMACHY at testing
of different aerosol mixtures.
After the AATSR dark field analysis and spatial interpolation an atmospheric
correction of AATSR reflectances for all pixels provides surface reflectance at 550,
670, and 870 nm and surface NDVI for collocated / integrated SCIAMACHY pixels.
Normalized Differential Vegetation Index (NDVI) and Normalized Differential
Chlorophyll Index (NDCI, from 0.55 and 0.67 channels) are then used to select one of
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12 pre-defined surface types after [RD15 and RD17] for spectral inter / extrapolation
to 400 nm and between the 3 channels in the SCIAMACHY spectra. The selected
surface spectrum is finally corrected to match the AATSR collocated reflectances at
the 3 channels, whereas at 300 nm a fixed value is used.

Figure 10: Surface spectra used for spectral inter / extrapolation
over SCIAMACHY pixels after [RD15 and RD17]

Fig. 10 shows the set of surface spectra used to prescribe
dependence for various surface types after [RD15 and RD17].

the spectral

The major principle of surface treatment used over ocean is the assumption that
open ocean is completely dark at 870 nm with an average correction for chlorophyll,
whitecaps and sediments, which is done experimentally by setting a fixed surface
reflectance value of 0.005 – this needs further refinement to take into account spatial
variability of white caps or ocean colour (but so far the focus was on refining the method
over land). Inter / extrapolation of SCIAMACHY spectra between the AATSR channels
is made using the relative shape of a pre-defined ocean spectrum [RD15] which is
adjusted in its absolute values to the co-located AATSR atmospherically corrected
surface reflectances.
The discrimination between land and ocean surfaces is made on the basis of a static
land sea mask (WDB2).
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5.3 Aerosol optical model
The 36 model mixtures used in SYNAER are summarized in table 2. Stratospheric aerosol
is fixed at 0.01 AOD550 with OPAC STRT component used (could be adapted by using
average GOMOS stratospheric AOD, but this is a very small correction). Free troposphere
(above BL) AOD is fixed at 0.02 with OPAC component TRO.
Table 2 Pre-defined external aerosol mixtures
of the basic components (Table 1) which are used in SYNAER

Mix no.
1
2
3
4
5
6
7
8
9
10
11-20
21-30
31-40
41-50
51-60
61-70
71-80
81-90
91-100
101-110
111-120
121-130

All fractions are for AOD at 550 nm
(FMWA+FMSA)/
FMWA /
(FMWA+FMSA+SALT+DUST) (FMWA+FMSA)
1
1
1
0.88
1
0.77
1
0.66
1
0.55
1
0.44
1
0.33
1
0.22
1
0.11
1
0
0.8
as 1-10
0.8
as 1-10
0.8
as 1-10
0.6
as 1-10
0.6
as 1-10
0.6
as 1-10
0.4
as 1-10
0.4
as 1-10
0.4
as 1-10
0.2
as 1-10
0.2
as 1-10
0.2
as 1-10

SALT /
(SALT+DUST)
0
0.5
1
0
0.5
1
0
0.5
1
0
0.5
1

Layer (km)
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
2-4
0-2
0-1
2-4
0-2
0-1

FMWA = fine mode weakly absorbing
FMSA = fine mode strongly absorbing
SALT = sea salt coarse mode
DUST = mineral dust coarse mode
Out of these 130 mixtures SYNAER v4.1i uses 36 to cover atmospheric aerosol variability:
1,4,7,10 (100% fine mode fraction FMF, with 4 SSA values);
11,14,17,20 (80% FMF with 4 SSA values and pure sea salt in coarse mode);
31, 43, 37, 40 (80% FMF with 4 SSA values and pure mineral dust in coarse mode);
41,44,47,50 (60% FMF with 4 SSA values and pure sea salt in coarse mode);
61,64,67,70 (60% FMF with 4 SSA values and pure mineral dust in coarse mode);
71,74,77,80 (40% FMF with 4 SSA values and pure sea salt in coarse mode);
91,94,97,100 (40% FMF with 4 SSA values and pure mineral dust in coarse mode);
101,104,107,110 (20% FMF with 4 SSA values and pure sea salt in coarse mode);
121,124,127,130 (20% FMF with 4 SSA values and pure mineral dust in coarse mode)
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Based on the 4 basic Aerosol_cci components (see section 4.3) mixtures with typically
bi- or tri-modal size distributions are defined [RD22]. Thus, SYNAER relies on Mie
calculations (i.e. spherical particles are assumed) for the fine mode and sea salt, whereas
mineral dust optical properties were calculated with a T matrix thus taking non-spherical
patterns with an assumed shape) into account.
Treatment of relative humidity in the fine mode is implicit through using 2 components
with different absorption which cover the range of realistic values by
mixing water into the particles; however the size is not altered.
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5.4 Cloud masking
Cloud masking is conducted by sophisticated threshold testing with the APOLLO
method [RD9 – 11] of gross temperature, temperature difference, reflectance, spatial
coherence and reflectance ratio with thresholds dynamically chosen from local
histograms, depending on latitude, season and scan-geometry and different over land
and ocean. The overall scheme for cloud detection from these combined tests is shown
in figure 11.

Figure 11: APOLLO schematic overview of cloud tests used (from [RD9])

APOLLO is capable of detecting thin cirrus cloud and glint; a snow / ice discrimination
is also applied. A safety mask is furthermore used to avoid cloud shadow (5 pixels
around cloudy pixels). APOLLO was originally developed for AVHRR and then
transferred to AATSR, SEVIRI and MODIS. APOLLO results have been validated
against synoptic ground observations and it was found that 70% of the pixels agree
within 12.5% for 900000 coincidences with AVHRR in 1995 / 1996.
A new probabilistic version APOLLO_NG cloud masking is used for SYNAER v4.1i with
a probability threshold of 15% set for the flagging of clouds [RD23]. APOLLO_NG has
larger technical flexibility which allowed itself for migration to linux and significant code
speed-up versus the old APOLLO. It provides a generally stricter cloud masking thus
reducing erroneous cloud-induced AOD over-estimations; it may though suppress some
high AOD aerosol plumes, which are filtered out as clouds.
For SCIAMACHY pixels a correction of the cloud contamination is made [RD1], which
was found to be suitable up to cloud fraction of 35%. It is based on a linear unmixing of cloudy and cloud-free parts relying on the knowledge of the partial cloud
contribution in the spectrometer pixel from averaged AATSR reflectances of those
pixels flagged as cloudy.
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EXPECTED ACCURACY

SYNAER results were validated against AERONET sun photometers from the first method
demonstration with ERS-2 [RD2] through its improvements for ENVISAT [RD3]. Initial
inter-comparison to other satellite products over ocean was summarized in [RD4]. A first
multi-annual dataset 2003 – 2009 over Europe, Africa, the Atlantic and parts of South
America was evaluated against AERONET station measurements [RD8]. In Aerosol_cci
4 months of global data (March, June, September and December 2008) were
validated. Correlation coefficients for version 3.1 were found up to 0.59 for AOD and
below 0.2 for ANG, a positive AOD bias of 0.09 was identified and standard deviation was
identified as 0.20. Level2 validation statistics were calculated for all coincidences where
the AERONET measurement lies within ±0.5° and ±30 min from the SYNAER
observation. Table 3 summarizes the evaluation of the latest SYNAER dataset in
A e ro s o l_ c c i (version3.1). A limited validation for September 2008 (more to follow)
shows for the new SYNAER version improved results (figure 12). In figure 12 the few
outliers with large AOD overestimation can be assigned to stations at high altitude above
2000 m (e.g. Mauna Loa), where the satellite pixel of 60x30 km2 sees boundary layer
aerosol while the mountain station only measures upper tropospheric and stratospheric
AOD.

Figure 12: SYNAER v4.1i validation for September 2008
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INPUT DATA REQUIREMENTS

SYNAER needs 2 input datasets for each orbit to be analysed:
-

the radiometer level1b product (AATSR ATS_TOA_1P) n o w v e r s i o n
6 . 0 5 w i t h l a t e s t c a l i b r a t i o n a n d d r i f t c o r r e c t i o n s i s u s e d which
contains calibrated top-of-atmosphere reflectances at 6 spectral bands in nadir
(and forward) direction collocated to a regular grid with observation angles and
geolocation for each pixel.

-

the spectrometer
level1b product (now SCIAMACHY
v8.01 with latest
calibration and polarization corrections is used) which contains calibrated topof-atmosphere nadir (and backward limb) reflectance spectra from UV to the
red edge (and in the mid-infrared) together with observation angles and
geolocation (pixel corners)

Auxiliary data used include a land-sea mask and further algorithm-intrinsic auxiliary
datasets (12 surface type spectra, forest BRDF, aerosol optical properties).
Reflectances exploited must be spatially, spectrally and radiometrically corrected as
far as possible. However, a cross-calibration routine is applied within SYNAER to
assure radiometric consistency between both instruments (AATSR serves as the
standard here).
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ALGORITHM OUTPUT AND POST-PROCESSING

SYNAER provides AOD550 plus an estimation of the aerosol type (provided as
fractions and as parts of AOD550 of the four basic components). Derived quantities
include AOD at three other wavelengths (using the derived aerosol type for the
conversion from 550 nm). An aod550_uncertainty for each pixel is provided
together with a quality index (range 0-1) and further diagnostics (cloud fraction,
surface reflectance).
SYNAER products are provided as netCDF files with metadata according to CF1.4
convention:
- in sensor projection, separate for each orbit (level2)
- in gridded lat-lon (1° x 1°) projection, separate for each day (daily level3)
- in gridded lat-lon (1° x 1°) projection, averaged for each month (monthly
level3)
For the level3 products so far a very simple mean calculation is applied to each box /
month.
The file contains also empty pixels where both sensors provided data, but cloud
fraction exceeds 50% or the retrieval was not successful - here only the geolocation
and the cloud cover contain a physical value.

An experimentally defined quality filtering is applied (also in the validation in figure 12),
which excludes SCIAMACHY / SYNAER result pixels with:
- residual of the least square spectral fit larger than 0.01 (which corresponds to ~5%
reflectance error)
- co-retrieved surface albedo at 670 nm larger than 35% (land) and 5% (ocean)
- ocean pixels with positive NDVI
- pixels with any sun glint detected
For low AOD (where there is no information content on aerosol type), the aerosol type is
defined using the MAC_v3 climatology of Stefan Kinne (AEROCOM model median with
aerosol absorption adapted by AERONET).
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ERROR BUDGET ESTIMATES
Based on the validation and sensitivity studies undertaken so far the following first
estimate of the error budget (noise) for AOD550 has been compiled [RD3 – RD8].
The bias of the entire dataset was assessed by validation against AERONET to be
0.05.
Table 3 Error budget (noise) estimate for AOD550 vs. AERONET
Error source

Absolute error contribution

comment

calibration

TBD

Can be critical, esp. for long record

Radiative transfer

Negligible, except for non-spherical
particles

error due to use of Mie
calculations for dust was
reduced by applying T-matrix
calculations

Noise due to pixel size

on global average 0.05 (shown by a
variogram analysis in [RD7]

The value given here varies
slightly for different continents

Cloud fraction

TBD

Validation showed that
spectrometer pixels up to cloud
fraction of 35% can be exploited
for the aerosol type estimation

Surface reflectance

Land: 0.05 – 0.15 (for visible surface
reflectance from 0 – 0.25)
Ocean: 0.03 – 0.1 (for visible surface
reflectance from 0 – 0.05)

Choice of wrong aerosol
type (spectral extinction,
absorption, phase
function)

0 – 0.2 for AOD550 0. – 1.

Is estimated for each pixel by
identifying ambiguous aerosol
types through comparing quality
of fit with difference between
aerosol types with similar
spectra)

For the aerosol type a quantitative error budget is very difficult. However, the
sensitivity analysis and evaluation of the information content [RD3, RD7, RD8]
provide a first indication of the error budget and product limitations.
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Table 4 Error budget estimate for aerosol type
Error source

Error contribution / limitation

comment

AOD550

Not reliable for AOD550 < 0.15

Relative calibration of
bands

TBD

critical

Radiative transfer

negligible

Error due to Mie calculations for
dust TBD

pixel size

TBD

Depends on homogeneity of
aerosol type

Cloud fraction

TBD

Surface reflectance

Note that the aerosol retrieval results (AOD, aerosol type) for each pixel in the output
file are associated with an estimate of the uncertainty (noise term) and a Q/A index
(ranging from 0 for completely unreliable to 1 for fully reliable).
In SYNAER v4.1i error propagation is conducted over both sensors which are used in the
retrieval. Uncertainties are calculated on SCIAMACHY level by averaging uncertainties of
individual dark fields (assuming them as independent and thus uncorrelated). These are
later propagated to uncertainties of aggregated products (spatially gridded or temporarily
aggregated, e g. monthly) with consideration of correlations between uncertainties.
a. Dark field pixel-level
Uncertainties δAOD of AOD on pixel level are estimated with equation 2 by focusing on the
major sources of uncertainties: errors of top-of-atmosphere reflecances RTOA propagated
with the sensitivities δAOD / δRTOA of AOD to RTOA and the two most critical assumed
auxiliary parameters, namely surface albedo Albsurf and aerosol type (modeled by an
ensemble).

[eq. 2] 𝜎!"# =

(

!"#$
!!!"#

𝜎𝑅 !"# )! + (

!"#$
!!"#!"#$

!"#!$%&! !
𝜎𝐴𝑙𝑏!"#$ )! + (𝜎!"#
) + 𝜎 ! (0)

The first term (uncertainty due to measured top of atmosphere reflectance uncertainties) is
calculated using level 1 reflectance uncertainties provided from sensor modeling teams.
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The second term (uncertainty due to surface albedo estimation uncertainty) is split into
two parts: an uncorrelated part due to propagated uncertainties of 𝑅!"#$
!"# a n d N D V I ,
and a globally correlated term (i.e. fixed value of 0.01, which does not
average out) due to the uncertainty of the dark field parameterization
shown in figure 9.
The third term is estimated by an ensemble of aerosol types as defined
i n s e c t i o n 5 . 3 , where all aerosol mixtures which are fitted to the measured
SCIAMACHY spectrum are retained, which cannot be distinguished within the
SCIAMACHY noise.
On pixel level the uncertainties of following quantities are considered as negligible
(against the dominant source of uncertainties by RTOA, Albsurf, aerosoltype) based on
radiative transfer simulations; they are theoretically included into the 2nd-order uncertainty
term σ2(0) and not estimated quantitatively:
•
•
•
•
•
•

trace gas absorption correction
altitude dependent Rayleigh scattering correction
vertical layering of AOD
look-up table error versus full radiative transfer calculations
interpolation errors between the distinct angular values
interpolation values between the distinct aerosol types

The first term in the square root of equation (2) contains the reciprocal of the sensitivity of
the retrieval target quantity AOD to the measurement quantity RTOA. While scattering by
aerosols increases the top of atmosphere reflectance with growing AOD, extinction of the
reflection from the underlying surface by aerosols decreases the top of atmosphere
reflectance with growing AOD. By the counter-play of these two effects, the sensitivity
depends on the surface brightness and can become very low or even zero at a certain
medium value of Albsurf. Such conditions with weak sensitivity of RTOA on AOD lead to very
large uncertainties and must be avoided. This is the main purpose why using a dark field
approach (for dark surfaces with Albsurf close to zero the sensitivity is highest and
respective AOD uncertainty is lowest). It is also used in prioritizing pixels for their use in
the retrieval, so that lowest possible uncertainties can be produced.
Figure 13 shows examples of the look-up table for one aerosol type (no. 1 in section 5.3 /
table 2) and one geometric condition with a splitting into 4 parts (comparing the polynomial
fit in red with exact radiative transfer calculations), and with an indication of the low
sensitivities (or high uncertainties) by the blue vertical bars at the bottom on the right side.
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Figure 13: Look-up table calculations AOD670 = f ( 𝑹𝟔𝟕𝟎
𝑻𝑶𝑨 )

left side comparison of the polynomial fit (in red), with exact calculations
(differences in green at the bottom) and split in four parts for step-wise fitting
(indicated by the 2 blue lines); right side: indication of high uncertainty cases
(large blue vertical bars at the lower right).
b. Gridded products
In equation (2) each term can be split into an uncorrelated and a correlated part. Since
separate uncorrelated and fully correlated parts (the latter together with a correlation
length) are not available for level 1 reflectances, this can only be applied for the second
term in equation (2) for uncertainties due to the estimated surface albedo, Here the fixed
method-intrinsic uncertainty shown in figure 9 is considered as measure for the fully
correlated residual dark field method uncertainty. It is therefore not averaged out by the
square-root sum when calculating aggregated uncertainties, but a simple mean of those
uncertainty terms is calculated for the larger grid cell. All other terms are assumed
uncorrelated and are calculated as square-root-sum of the values on pixel level. Finally, a
total grid cell uncertainty is calculated by adding up the two terms uncorrelated and fully
correlated according to error propagation law as in equation (3).
[eq. 3] 𝜎!"# (𝑔𝑟𝑖𝑑 𝑐𝑒𝑙𝑙) =

(

!"#$
!"#$

𝜎𝐴𝑙𝑏 !"#$%%&' )! + (

!"#$
!"#$

𝜎𝐴𝑙𝑏 !"##$! )!

In the case of large scale gridded products, uncorrelated uncertainties do average out.
Then small uncertainty terms with large-scale correlation, which have been neglected on
pixel level, may become dominant. This needs to be investigated further. Candidates to be
included are trace gas concentrations (water vapor in the 860 nm channel, ozone in the
670 nm channel, greenhouse gases CO2 and CH4 in the 1670 nm channel). These can
be separated from the radiative transfer calculations and multiplied to the values of RTOA.
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For scales which are large enough to average out all uncorrelated uncertainty
contributions, the uncertainties are then determined by equation (2).

Validation of the uncertainties (comparison to the estimated true error against AERONET)
for the new SYNAER version will follow.

One highly crucial application of the error propagation in the dark field method / AOD
retrieval is the filtering of suitable retrieval conditions, to take into account that the
sensitivity of the top-of-atmosphere reflectances to increasing AOD varies largely with
geometric conditions, surface brightness, aerosol type (size, absorption) and AOD itself.
This is why pixel-level error propagation makes sense. Furthermore, there exist conditions
where the sensitivity is low or close to zero, i.e. even if AOD changes the TOA reflectance
does not or only little. Such conditions are not suitable for aerosol retrieval. They can be
determined by calculating the derivatives of the forward calculations from the look-up
tables as shown in figure 13 (right side) as blue lines and such pixels are then excluded
from the retrieval.
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10 PRACTICAL CONSIDERATIONS FOR IMPLEMENTATION
For processing the entire ENVISAT archive, SYNAER has been migrated to linux and is
operated on 3 machines with a total of 80 CPUs. SYNAER is invoked per orbit and
includes all data preparations (BEAM AATSR extract, extraction of daytime part of orbit,
APOLLO_NG cloud masking, reformatting binary data arrays for SYNAER, SCIAMACHY
level1b extraction and reflectance calibration, SYNAER AATSR and SCIAMACHY
processing, netCDF output creation with quality filtering in post-processing), The control
routine invokes processing for all (~14) orbits of one entire day, which requires about 1014 hours on 1 CPU. Parallel control is conducted with condor software, which distributes
monthly packages to the available set of CPUs.
An idl simulator of the dark field method was used to determine critical conditions for
exclusion and to optimize the settings of the quality filtering in the post-processing.
There is a number of known issues for SYNAER:
Limited spatial resolution and coverage are due to the combination of 2 sensors
(pixel size 60x30 km2, repeat cycle of about 12 days at the equator). Correlation and
noise versus station data (AERONET) are also affected by the pixel size (associated
AOD noise is estimated as 0.05).
The new version (v4.1i) still has a significant weakness over brighter surfaces (above
25% at 670 nm), but works well for darker surfaces with denser vegetation cover. This
weakness can be seen with over-estimated AOD values in central Asia and California.
The output file includes also pixels with low confidence level: bright surface
(land_alb670 > 25% or water_alb670 > 3.5%), large cloud fraction (cloud_fraction >
35%) and high aerosol type ambiguity (aod550_error_aerosol_type > 0.1), to allow
further analysis.
To minimize the impact of known weaknesses in SYNAER applications we
recommend for v4.1i that values with “qa_index” < 0.5 should not be used in the
current version!
The level 2 and level 3 files contain a number of diagnostic variables which can
be used for further analysis or discrimination of pixels suited to a specific application.

SYNAER v4.1i has now correct TAI70 time information (seconds since 01.01.1970 00:00)
– a related bug was corrected.
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11 CONCLUSIONS
SYNAER provides aerosol optical depth and an estimation of the aerosol type with
comparatively coarse spatial resolution and coverage.
Initial validation by the service provider of the latest SYNAER version v4.1i shows a
clear positive bias of 0.05 (due in parts to including mountain / high altitude stations)
and a standard deviation of 0.12 at 550 nm after applying a quality / exclusion filter for
lower quality conditions (high surface brightness, weak spectral fit).
SYNAER is sensitive to the aerosol type through the spectral gradient in the
SCIAMACHY measurements at 10 wavelengths from 405 to 670 nm (size mode) and
due to the non-linear integration of different pixel sizes with AATSR and
SCIAMACHY over heterogeneous surface albedo, i.e. land (absorption). The latter
sensitivity is limited to high AOD and reduced if the dark field AOD retrieval has large
error. By using pre-defined aerosol types (with linked optical properties) a noncontinuous parameter space is tested. On the other hand less variation of aerosol
type is expected in space and time which means that the comparatively weak
sampling of SYNAER/ENVISAT is less critical for aerosol property products.
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