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ABSTRACT: A case-study is presented comparing the Oxford—RAL retrieval of Aerosol and Cloud (ORAC) algorithm.
applied to AATSR and Meteosat-8 SEVIRI data, and the dual-view AATSR aerosol retrieval developed at TNO. The study
compares data from an AATSR overpass of the Northern Adriatic and Po Valley region on 4 September 2004, during which
time there were two AERONET sunphotometer stations operating in the Venice region as part of the ADRIEX campaign.

We present the results of a comparison of the optical depth determined from the two AATSR retrievals and the SEVIRI
retrieval at the time of the AATSR overpass. The comparison shows that the satellite retrievals consistently overestimate
the aerosol optical depth compared to the AERONET site. A possible reason for this over sea is an inability of the
algorithms at present to take into account the ocean colour of coastal waters. Future improvements to the algorithms are

suggested. Copyright © 2007 Royal Meteorological Society
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1. Introduction

Atmospheric aerosols play an important role in determin-
ing both local air quality and the radiative balance of the
Earth’s atmosphere, but their distribution, composition
and evolution are still relatively poorly understood. The
radiative impact of aerosols, both through direct forc-
ing and interaction with cloud processes, is believed to
be a negative forcing (i.e. cooling) of a similar magni-
tude to the forcing due to anthropogenic enhancement
of greenhouse gas concentrations. However, the uncer-
tainty in the aerosol forcing is very large and the level
of understanding very poor (IPCC, 2001; Lohmann and
Feichter. 2005). The use of satellite measurements (o pro-
vide global observations of aerosols is a key element in
improving our understanding of the effects of aerosols on
the Earth’s radiation budget. Additionally, satellite mea-
surements offer the ability to detect and track aerosol
events — which can result in significant air quality prob-
lems — on a regional scale.

Early attempts to measure column aerosol properties
from visible/infrared satellite instruments were limited to
estimating aerosol optical depth (AOD) over the ocean.
by comparing the radiance measured in one or two
narrow wavebands to modelled clear-sky radiances. The
most notable datasets of this nature are those derived
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from the Advanced Very High Resolution Radiometer
(AVHRR) series of instruments flown on the NOAA
satellites since 1981. Initially, AOD was derived from
a single channel. based on the principle that, over dark
surfaces, the variation in upwelling radiance in the visible
is dominated by the AOD (Stowe eral., 1997). The
algorithm has since been extended to include a second
channel and to retrieve the Angstrom parameter as well
as optical depth (Mishchenko er al., 1999).

More recently, instruments such as the Moderate Res-
olution Imaging Spectroradiometer (MODIS, on board
NASA’s Terra and Aqua platforms), Multi-angle Imag-
ing Spectroradiometer (MISR, on board Terra alone) and
(Advanced) Along Track Scanning Radiometer (ATSR-2
on ERS-2; AATSR on Envisat) have utilized multiple-
channel and multiple-viewing-angle algorithms to extend
the coverage of operational aerosol products to the land
as well. MODIS (Remer er al., 2005) utilizes its relatively
high spectral resolution (the instrument has 36 bands in
the visible and infrared) to decouple the surface and atmo-
spheric contribution to the signal. based on empirical
relationships between pairs of channels. Over land, an
aerosol model is then selected from an ensemble, again
using empirically derived relationships between channels,
and a look-up table is used to compute the optical depth
for that aerosol class. Over the ocean a different approach
is taken; here a two-component aerosol is generated by
fitting a radiance look-up table made up of four ‘fine’
aerosol modes and five ‘coarse” ones. The fine—coarse
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mode combination selected is that which provides the
best match to the measurements, as a function of opti-
cal depth, reflectance weighting parameter and aerosol
effective radius. A somewhat similar aerosol algorithm
has also been developed for the Medium Resolution
Imaging Spectrometer (MERIS — a similar instrument to
MODIS — which is on board Envisat; Holler et al., 2003),
however these data are not yet widely available.

The MISR instrument (Martonchik er al., 2002) appro-
aches the problem of variable surface reflectance by
utilizing nine views of the same scene at different viewing
angles and four visible/near-infrared wavebands. These
measurements are then used to fit both the atmospheric
path radiance (related to a series of prescribed aerosol
classes) and the surface reflectance. By selecting the
aerosol class which best matches the measured radiances,
an optical depth and aerosol class are determined.

However, all of these products have limitations — for
instance the MODIS algorithm performs poorly over
bright surfaces, while MISR has relatively poor spatial
coverage due to its narrow swath. These limitations,
added to the need for improved global coverage (due to
the high degree of both spatial and temporal variability
in aerosol), means that there is a clear need for the
development of further satellite acrosol products.

The derivation of aerosol properties from imaging
satellite sensors requires assumptions to be made about
the aerosol composition, size distribution and height
distribution, as well as the radiative properties of the
underlying surface. Such assumptions inevitably intro-
duce errors into the derived aerosol products, and these
are difficult to characterize without extensive validation
against both ground-based and independent satellite mea-
surements. Ground-based measurements (most notably
the Aerosol Robotic Network (AERONET) of sunpho-
tometers; Holben er al., 1998) typically provide high-
accuracy measurements of AOD at several wavelengths,
as well as other derived products, but make measurements
at only one location. Comparing retrievals of aerosol
properties from a single scene using multiple satellite sen-
sors and analysis algorithms, in conjunction with ground-
based measurements within the scene. should provide
more insight into the different satellite products than
a simple comparison with ground-based measurements
alone.

We present one such intercomparison for measure-
ments made by the AATSR and the Spinning Enhanced
Visible Infrared Radiometer (SEVIRI) during the Aerosol
Direct Radiative Impact Experiment (ADRIEX) cam-
paign described in detail in Highwood er al. (2007).
On 4 September 2004, AATSR captured data over the
ADRIEX study area while both AERONET sunphotome-
ters within the area were under clear skies. From the two
instruments, three separate aerosol products have been
generated: the Oxford/RAL Aerosol and Clouds (ORAC)
optimal estimation algorithm has been applied to both
AATSR and SEVIRI data, and the dual-view algorithm
developed by TNO has been applied to AATSR data.

Copyright © 2007 Royal Meteorological Society

Both algorithms used in this comparison have their
own advantages and weaknesses, As the ORAC algorithm
uses an optimal estimation framework (Rodgers, 2000),
it will provide the *best” possible match to the measured
radiances, given all the available information (i.e. it
will provide the a posteriori solution to the problem of
fitting the forward model to the radiances. taking the
a priori information into account). However, as it is a
single-view algorithm, it relies on good knowledge and
accurate modelling of the surface reflectance. The TNO
algorithm is a more ad hoc method and, if the reflectance
characteristics of the surface were well known, ORAC
would be expected to outperform it. However, by using
the dual-view capability of the AATSR measurements
to effectively decouple the surface and atmospheric
contributions, the method is much less dependent on
accurate surface reflectance modelling. By comparing
these two algorithms applied to the same data, and with
independent ground-truth measurements provided by the
two AERONET sunphotometers. the following questions
can be addressed:

e How big a limiting factor is the description of the
land’s surface reflectance in the ORAC retrieval?

e Is the assumption used to decouple the land and
atmospheric signal in the dual-view retrieval reliable,
or is there evidence of areas where the assumption is
not applicable?

e Can the differing approaches of each algorithm reveal
any ways in which they can both be improved?

The addition of ORAC retrievals from the geostation-
ary SEVIRI instrument is another aspect to this study.
Geostationary satellites capable of producing measure-
ments suitable for this type of analysis are a relatively
new development, and one with great potential. Geo-
stationary platforms offer the ability to monitor a large
portion of the globe on an almost continuous basis. Com-
paring results from a geostationary platform with those
from a polar-orbiting instrument using the same retrieval
algorithm could reveal unforeseen effects of the differing
viewing geometry and larger pixel size of the geostation-
ary instrument.

2. Instrument and algorithm descriptions

2.1. AATSR

AATSR is the third instrument in a series of visi-
ble/infrared imaging radiometers and is primarily desig-
ned to measure sea surface temperature to the accuracy
required for long-term climate monitoring. AATSR is on
board the European Space Agency (ESA) polar-orbiting
Envisat platform, which was launched in March 2002.
(The preceding instruments, ATSR-1 and ATSR-2, flew
on board the ESA ERS-1 and ERS-2 satellites. respec-
tively.) One of the unique features of the (A)ATSR instru-
ments is their dual-view scanning pattern, whereby the
same region of the surface is imaged firstly at a zenith
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angle of approximately 55 and then again, approximately
90 s later, in a nadir view,

AATSR has 7 channels at 0.55, 0.67. 0.87. 1.6, 3.7,
11.0, 12.0 um and provides a 512 km swath with a nadir-
view resolution of 1 x I km?. Only channels 1-4 (i.e.
the visible/near-infrared channels) are used for aerosol
retrievals in the analysis presented here (the thermal
infrared channels are used in cloud flagging). Envisat is
in a sun-synchronous orbit with an overpass time of 11:00
local solar time.

The (A)ATSR instrument series provide 11 years (and
counting) of continuous global data suitable for aerosol
retrieval, which means these data predate the MODIS and
MISR datasets by 5 years. Additionally, the dual-viewing
geometry of this instrument makes it ideally suited to
making aerosol measurements over land. The primary
disadvantage of these instruments is their relatively
narrow swath width (a consequence of the dual-view
system), which means they can provide gobal coverage
once every three days at best.

As well as the two algorithms discussed here, a third
algorithm for deriving aerosol properties from (A)ATSR
measurements has been developed by North (2002). This
uses a different approach to both methods used here by
retrieving the AOD and surface reflectance using the dual
view and a parametrization of the variation of the land’s
surface reflectance with viewing angle.

2.2, SEVIRI

SEVIRI (Aminou er al.. 1997) is a line-scanning radiome-
ter located on board the European geostationary meteo-
rological satellites Meteosat-8 and -9. Meteosat-8 was
launched in 2003 and the first data were available in
carly 2004 and it is from this satellite that the data used
here originated. (Meteosat-9 was launched in December
2005 and replaced Meteosat-8 as the primary Meteosat
in mid-April 2007.) The instrument provides data in four
visible and near-infrared channels and 8 infrared channels
with a resolution of 3 km at the sub-satellite point. The
channels used in the analysis presented here are 0.633.
0.81 and 1.6 um. A key feature of SEVIRI is its abil-
ity to continuously image the Earth every 15 minutes,
This allows aerosol events, such as dust storms, to be
tracked in near-real time, which offers a great advantage
over polar-orbiting instruments. The main disadvantage
of this instrument is the susceptibility of the larger field
of view to contamination by cloud and lack of dual-view
capability.

The potential of SEVIRI as an instrument for aerosol
remote sensing has been demonstrated by two indepen-
dant applications of AVHRR-style aerosol retrievals over
the ocean (Thieuleux er al.. 2005: Brindley and Ignatov,
2006). The studies showed promising agreement between
ground-based and other satellite measurements, but the
method is limited to ocean retrievals.

Copyright © 2007 Royal Meteorological Society

2.3, TNO dual-view algorithm

The TNO algorithm for aerosol retrieval over land in
cloud-free conditions (see Robles Gonzalez, 2003, for
cloud screening over land) has been developed to retrieve
aerosol properties such as the AOD and the mixing
ratio of the dominant aerosol classes from ATSR-2
and AATSR data. This procedure is based on aerosol
models describing the aerosol microphysical and optical
properties, determined by the chemical composition, to
calculate the reflectance at the top of the atmosphere
(TOA) using a radiative transfer model. The radiative
transfer model used at TNO is the DAK model (De
Haan er al.. 1987; Stammes, 2001) developed at KNMI.
For this study a bimodal aerosol distribution was used
defined by two log-normal distributions centred at 30
and 50 nm, with optical properties based on those given
by Volz (1972). The TOA reflectance is calculated for
each of the aerosol classes that are expected to occur
in the area of interest, based on a priori knowledge or
on climatology. A further assumption is that the aerosol
particles are spherical so Mie theory (Mie, 1908) applies
for the calculation of the aerosol extinction. The TOA
reflectances determined from the radiance measured with
ATSR are compared with the weighted average of the
modelled reflectances for two different aerosols models
at the wavelengths 0.55, 0.67 and 1.6 um. The error
function for all three wavelengths is minimized for a
range of aerosol class mixing ratios to determine both
the spectral AOD and the aerosol mixing ratio. The AOD
wavelength dependence is expressed by the Angstrom
parameter. The aerosol retrieval algorithm is based on
two assumptions:

e The reflectance TOA due to an external mixture of
two aerosol classes is the weighted average of the
reflectance TOA of each of the aerosol classes (Wang
and Gordon, 1994).

e The reflectance TOA can be approximated as a linear
function of the AOD with the reflectance of an aerosol-
free atmosphere as an offset (Durkee er al., 1986).

With these assumptions and knowledge on the aerosol
optical properties. the AOD can be directly determined
over a dark surface, such as deep ocean or dark vegeta-
tion, using a single view (Veefkind and De Leeuw, 1998).
Over brighter surfaces, the effects of the surface reflection
and the atmospheric reflection on the TOA reflectance
need to be separated. This is accomplished by taking
advantage of the two views provided by ATSR. In the
so-called dual-view algorithm it is assumed that k. the
ratio between the reflectance in the nadir view and the
reflectance in the forward view, is independent of the
wavelength (Flowerdew and Haigh, 1995). A limitation
of this approximation is that it fails at wavelengths where
there is strong reflectance from vegetation. For this rea-
son the TNO algorithm does not make use of the 0.87 um
channel.

The dual-view algorithm has been tested for the
retrieval of the AOD and the Angstrom parameter over
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several regions by comparison with AERONET data
(Veefkind er al.. 1998: Robles Gonzalez eral.. 2000;
Robles Gonzalez et al., 2006). It was developed for the
ATSR-2 and has been updated for using AATSR data.
The single- and dual-view algorithms are combined in a
single quasi-operational algorithm for application to large
datasets. The application of the algorithm to the retrieval
of the mixing ratio of the dominant aerosol classes is
more difficult to test, since this requires information on
the occurrence of aerosol composition over the area. A
first attempt was made over the Indian Ocean, using
data from the Indian Ocean Experiment (INDOEX). The
results show the variation of the mixing ratio with wind
fetch over the ocean, from a single industrial aerosol class
near the Indian continent to an aerosol class dominated
by sea-spray aerosol near the Intertropical Convergence
Zone (Robles-Gonzalez er al., 2006). In this paper we
present only the spectral AOD and its validation using
AERONET data.

24. AATSR ORAC algorithm

The ORAC algorithm (Thomas er al.. 2007) is an opti-
mal estimation scheme designed to allow the retrieval
of aerosol and/or cloud properties from near-nadir satel-
lite radiometers, developed from the Enhanced Cloud
Processor (Watts et al., 1998). The retrieval uses the
Levenburg—Marquardt algorithm to fit modelled radi-
ances to the satellite measurements in a combination
of visible/near-infrared channels. The forward model is
based on the plane-parallel radiative transfer code DIS-
ORT (Stamnes er al.. 1988) and accounts for both gas
absorption (as given by MODTRAN for a single refer-
ence atmosphere (Berk er al., 1998) and Rayleigh scatter-
ing. Aerosol scattering is modelled using Mie scattering
theory and a 30-layer aerosol profile. Aerosol microphys-
ical properties are based on the Global Aerosol Data Set
(GADS) included with the Optical Properties of Aerosol
and Cloud package (Hess et al.. 1998). The scheme uses
surface reflectances based on the MODIS bidirectional
reflectance distribution function (BRDF) product (Jin
et al., 2003) over land and an ocean reflectance model
based on Cox and Munk (1954) wave statistics. Valida-
tion of the ORAC aerosol retrieval is an ongoing process,
with early results being presented in Kokhanovsky et al.
(2007).

The primary parameters retrieved by ORAC are AOD
at 0.55 um and effective radius. In addition, the algorithm
allows small changes in the overall surface reflectance.
although the spectral shape of the surface is fixed. In
the configuration used in this analysis, the retrieval also
returns the optical depth at 0.87 wm. This is calculated
using a look-up table of the extinction coefficient at
0.55 um and 0.87 um for the appropriate aerosol class,
as a function of 0.55 um optical depth and effective
radius. Cloud flagging has been performed using the ESA
operational cloud flag (Birks er al.. 2004) over the ocean,
while land pixels have been cleared using quality controls

Copyright © 2007 Royal Meteorological Society

on the retrieved product. The ability to perform post-
retrieval cloud flagging is a feature which results from
the optimal estimation method employed in ORAC. As
the forward model is unable to accurately simulate the
radiances measured from cloud-filled pixels, the retrieval
will either fail to converge, or will converge with an
abnormally high cost. Filtering the retrieved product by
cost has been found to be a very effective cloud flag
and is particularly useful over land pixels, although it
does add a significant computational overhead. A number
of different aerosol classes (continental, desert. maritime
and biomass burning) were used to estimate the AOD
and the case with the best fit as defined by the algorithm
was used in the comparison with AERONET data.

2.5. SEVIRI ORAC algorithm

The ORAC algorithm has also been applied to SEVIRI
data; however, as SEVIRI lacks a 0.55 um channel, only
the 0.67. 0.87 and 1.6 um channels are currently used
to derive aerosol optical properties. A sub-selection of
the channels is used to determine the cloud mask, using
the operational EUMETSAT cloud flagging scheme,
supplemented by additional quality control from the
optimal estimation algorithm. The same aerosol classes
used in the ORAC/AATSR retrievals were also used in
the SEVIRI retrieval.

3. Air mass trajectories

The trajectories of the air masses arriving at the
AERONET sites in the ADRIEX study area, based on
ECMWEF operational analyses, are shown in Figure I.
The different coloured lines show the origin of the aerosol
at different pressure levels. At the lowest two levels, 900
and 865 hPa, the air mass has passed over continental
Europe, i.e. aerosol is advected from France over the
Swiss and Austrian Alps, Northern Italy, and then for a
very short time over the coastal Adriatic Sea. The tra-
jectory at 700 hPa had a roughly similar course over the
Alps but originated further south over the Mediterranean.
Lidar measurements at Nicelli airport (see Figure 2) con-
firm the different nature of the upper-level aerosol, with
some depolarization, whereas the lower-level aerosol is
likely continentally polluted (Barnaba er al., 2007). In
view of the low wind speeds in the area around the time
of overpass (less than 3 m s~ '), local generation of sea
spray was unlikely.

4. AATSR/SEVIRIVJAERONET intercomparison

Figure 2 shows the Northern Adriatic as seen by AATSR
at 0955 UTC on 4 September 2004. The Venetian estuary
is visible north of the cloud bank which stretches across
the central region of the image. The Po Valley is the area
between the two mountain ranges. the Apennines and the
Alps. The blank area along the eastern side of the image
is outside the AATSR swath.
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Figure 1. ECMWF model trajectories for the air above the Venice
AERONET site on 4 September 2004. This figure is available in colour
online at www.interscience.wiley.com/qj
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Figure 2. The view of the Northern Adriatic captured by AATSR

(using the 0.87 um channel) on 4 September 2004, Locations of the

AERONET stations at the Venice Ocean Tower (Venise) and Nicelli
Airport are indicated with crosses.

In the following sections we discuss the results given
by each instrument/algorithm combination compared to
the others and the AERONET optical depth values for
the overpass time.

4.1. Direct comparisons with AERONET data

Tables 1 and 2 show the comparison of different instru-
ments and algorithms with the Venice Ocean Tower and
Nicelli AERONET sites respectively. Using a spatio-
temporal averaging approach similar to that described by
Ichoku er al. (2002), AERONET optical depths averaged
over =30 min of the satellite overpass have been com-
pared to satellite optical depths averaged over £20 km.
There is no SEVIRI AERONET retrieval coincident with
the AATSR overpass of the Nicelli Airport site as the
coincident area was at the edge of a cloud bank and
flagged cloudy. Aerosol class suggested by the ORAC
results for both SEVIRI and AATSR was predominantly
maritime, despite the continental origins suggested by the
trajectories given in Figure 1.

All satellite retrievals retrieved a higher AOD than
the AERONET AOD. For the Venice Ocean Tower
AERONET site, the SEVIRI measurements produced the
best overall match. This may be because the SEVIRI
aerosol retrieval is less susceptible to sun-glint contami-
nation in this part of the globe and may also have a more
rigorous cloud flagging scheme. The optimal estimation
results from both AATSR and SEVIRI perform better
at the Venice Ocean Tower site than the dual-view algo-
rithm, whereas at Nicelli Airport the dual-view algorithm
shows better agreement with the AERONET value. How-
ever, when temporally/spatially averaged in this way, the
results of all algorithms are within one standard deviation
of each other.

4.2, AATSR ORAC retrieval results

The ORAC retrieval of AOD at 0.55 and 0.87 pum for this
scene is displayed in Figure 3. Pixels flagged as cloud
have been removed from the data and filtering based
on the quality of fit given by the retrieval algorithm
has been applied. There are some important features
in this plot that warrant further explanation. Firstly,
the retrieved optical depths over land are, on average,
much higher than over the sea and are also higher than

Table I. Comparison of satellite AOD with Venice Ocean Tower AERONET AOD.

Algorithm 0.55 um 0.67 um 0.87 um
AERONET Satellite AERONET Satellite AERONET Satellite
ORAC/SEVIRI 0.15 + 0.01 0.18 £ 0.07 0.058 = 0.007 0.09 £ 0.04
ORAC/AATSR 0.15 £ 0.01 0.23+0.04 0.058 £+ 0.007 0.08 = 0.03
TNO/AATSR 0.15 £ 0.01 0.24 £ 0.07 0.11 = 0.01 0.18 £0.06
Table II. Comparison of satellite AOD with Nicelli AERONET AOD.
Algorithm 0.55 um 0.67 um 0.87 um
AERONET Satellite AERONET Satellite AERONET Satellite
ORAC/AATSR 0.17 £ 0.01 0.39 +0.21 0.075 + 0.003 0.254+0.18
TNO/AATSR 0.17 £0.01 0.25 £ 0.09 0.12+0.01 0.19 +0.09

Copyright © 2007 Royal Meteorological Society
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Figure 3. Aerosol optical depth maps at (a) 0.55 um and (b) 0.87 um, as calculated by the ORAC/AATSR combination. Each point corresponds
to a 1x1 km pixel. The optical depths observed at the two AERONET stations are also indicated.

the corresponding values retrieved by the other satellite
analyses presented here, as well as the AERONET
measurements (see Table 2). There is also a larger
variability in the optical depth over the land than over
the ocean. Both of these demonstrate the limitations of
the single-view approach used by the ORAC retrieval
algorithm. Variations in the surface reflectance on a scale
too small (both in space and time) to be captured by
the MODIS BRDF product, as well as the limitations
of the MODIS BRDF model itself, lead to significant
errors in the aerosol properties retrieved by ORAC.
This problem is compounded over brighter surfaces
(such as urban areas and cultivated land) as the aerosol
signal will constitute a small portion of the total TOA
radiance detected and any inaccuracy in the description
of the surface will be greatly magnified in derived
aerosol properties. The absence of this problem is the
main advantage of the TNO algorithm and it is hoped
that inclusion of a dual-view capability in the ORAC

Copyright © 2007 Royal Meteorological Society

algorithm will result in considerable improvements in its
performance over the land (work which is currently under
way).

It should also be noted that a large part of the eastern
portion of the swath has been masked due to sun-glint
contamination. ORAC uses a threshold on the Cox and
Munk based ocean surface reflectance to mask areas of
sun-glint (and, as the Cox and Munk reflectance is used
in the retrieval, small changes in wind speed should be
accounted for). However, the reliability of this method
is limited by the accuracy of the ECMWF wind fields
used to calculate the sea’s roughness and there is some
evidence of residual sun-glint affecting the eastern edge
of the retrievals. Additionally, the AATSR/ORAC results
are consistently slightly higher over the ocean than the
value measured at the Venice Ocean Tower AERONET
site, which is suggestive of a small positive bias over
the ocean in this scene. The most likely explanation
for this difference is that the surface reflectance is

Q. J. R. Mereorol. Soc. 133: (S1) 85-95 (2007)
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being underestimated in the ORAC retrieval. The ORAC
scheme, as used here, is optimized for global processing
of large volumes of AATSR data. The parametrization
used to describe the ocean surface reflectance assumes
deep ocean water. As we are viewing coastal water in
this case, we can expect the water to be carrying a much
higher sediment load than deep ocean waters, which will
increase the surface reflectance. The retrieval accounts for
the resulting increased radiance by increasing the aerosol
loading. In the future the coincident MERIS ocean colour
product could be used to adjust the ocean reflectance to
improve AOD retrievals around the coast.

4.3. SEVIRI ORAC retrieval results

The optical depths obtained from an ORAC retrieval of
SEVIRI AOD, equivalent to the ORAC/AATSR results
displayed in Figure 3, are shown in Figure 4. The results
have had cloud removed and have been filtered based
on the quality control given by the retrieval algorithm.

(a)

While the individual pixels are a lot larger for the SEVIRI
instrument, the area covered is much larger and Europe
is not affected by sun-glint contamination. The sparsity
of data points is due to the cloud masking, i.e. if a
pixel is suspected of cloud contamination it is removed.
Consequently more pixels are removed due to a higher
probability of the pixel viewing cloud. For instance, at
the time of this aerosol comparison, no coincidence was
found with the Nicelli AERONET site because of nearby
cloud cover, while the AATSR instrument did have a
coincidence.

SEVIRI does not have a 0.55 pum channel, hence the
0.87 um optical depth is the more accurate (since the
presence of the 0.81 pum channel better constrains the
retrieval at this wavelength). It is clear that ORAC/
SEVIRI is performing better than the ORAC/AATSR
over land. Although there is again considerably more
variability over land than over sea, this is much less
pronounced in the SEVIRI results, and the discontinu-
ity in the optical depth when moving from land to ocean,
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Figure 4. SEVIRI aerosol optical depth maps at (a) 0.55 pm and (b) 0.87 um, as calculated using ORAC.
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apparent in the AATSR results, is not evident here. The
better performance is most likely due to both the larger
pixel size effectively smoothing out the anisotropic nature
of the surface reflectance and the larger atmospheric path
length, resulting in a stronger atmospheric signal, through
which SEVIRI views the scene. (The viewing angle of
SEVIRI at this latitude is approximately 45°.) Addition-
ally, as SEVIRI does not have a (.55 pm channel, the
difference in the results could indicate a problem with the
ORAC use of the MODIS BRDF product in this chan-
nel, possibly associated with its sensitivity to chlorophyll
absorption. Indeed. tests have shown that if the AATSR
retrieval is repeated with this channel excluded (i.e. the
configuration of the SEVIRI retrieval is emulated), there
is a decrease in the optical depth retrieved over many
land pixels. However, due to the reduction of informa-
tion in the measurement, there is a corresponding increase
in the proportion of retrievals that fail to converge to a
physically reasonable state.

There is some suggestion that SEVIRI is slightly
overestimating the AOD; there is some evidence from
Figure 4 that cloud contamination is an issue even though
the ORAC algorithm has removed additional cloud to the
operational SEVIRI cloud masking. The SEVIRI AOD is
significantly larger at the edge of cloud banks and in some
cases greater than 1.0. A new cloud flagging scheme will
soon become operational at EUMETSAT, which should
reduce some of the effects due to cloud contamination.
Other improvements to be implemented in the SEVIRI
ORAC algorithm include adopting the SEVIRI surface
albedo product currently in development at EUMETSAT.
In addition, since ocean colour measurements change on
long time-scales compared to aerosol retrievals, it will
be possible to remove the effects of changes in ocean
colour with polar-orbiting ocean colour sensors, such as
MERIS.

4.4, AATSR dual-view retrieval results

The corresponding TNO retrieval of AOD at 0.55 um is
displayed in Figure 5. The figure shows good agreement
with the Nicelli AERONET data, with AATSR showing
a slight bias towards higher optical depth. Agreement
with the Venice Ocean Tower AERONET data is also
good, although the bias is slightly larger than seen in the
ORAC/AATSR retrievals. There is some variation of the
optical depth over land, with high values occurring in the
vicinity of clouds. Although some of this will be due to
inaccurate cloud flagging, it is probable that some is also
due to increasing humidity toward the clouds, resulting
in aerosol growth and hence higher extinction. The areas
of elevated optical depth are mostly confined to the Po
Valley and the values vary smoothly over the Adriatic Sea
coastline, i.e. there is little evidence of a sudden change
in AOD values or patterns across the land—sea transition.
However the TNO algorithm does show some unrealistic
features along the eastern edge of the swath. Over the
sea, these can be explained by sun-glint contamination
since, in contrast to the ORAC algorithm, the TNO does
not filter out sun-glint and it is not accounted for in the
retrieval. However, artifacts are also visible over land
pixels in the lower right-hand corner of the image that
are clearly not due to sun-glint. A source of these artifacts
has not been found and they seem to be a pecular feature
of this specific scene, as similar artifacts have not been
found in other scenes processed with the TNO algorithm.

Figure 6 shows the difference between the ORAC and
TNO AATSR retrievals. The general overestimation and
the unrealistic degree of scatter in the optical depth
field given by the ORAC/AATSR combination is very
apparent. However, over the ocean the two algorithms
are more consistent, apart from the sun-glint-affected area
along the eastern edge of the scan.
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Figure 5. Aerosol optical depth map at 0.55 um as calculated by the TNO/AATSR combination. Each point corresponds to a 1x1 km pixel.
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5. Conclusions

Retrievals of aerosol optical depth for 4 September 2004
have been calculated using two instruments, the AATSR
on board the Envisat polar-orbiting satellite and the
SEVIRI instrument on board Meteosat-8, and using two
techniques: a dual-view technique for AATSR and a
single-view optimal estimation technique for AATSR and
SEVIRI The results in each case have been compared to
each other and to two AERONET sites, Venice Ocean
Tower and Nicelli Airport, which were operated during
the ADRIEX aerosol measurement campaign.

The results for the TNO/AATSR and ORAC/SEVIRI
cases were very encouraging with no obvious land/sea
delineation. The ORAC/AATSR combination performed
well over the ocean, but showed elevated optical depths
in the Po Valley. Over the ocean site the satellite instru-
ments measured within 0.1 AOD of the AERONET value
in all cases. Over the land site (Nicelli) the single view
ORAC/AATSR algorithm performed considerably worse
than the dual-view TNO/AATSR method. This is to be
expected, as the dual-view algorithm is less sensitive to
assumptions on the surface reflectance. It is interesting to
note that the single-view ORAC/SEVIRI algorithm per-
formed much better than the ORAC/AATSR. As SEVIRI
does not provide a 0.55 pm channel, this could point to a
problem with the implementation of the MODIS BRDF
product in defining the surface reflectance at this wave-
length. ORAC/AATSR trials with the 0.55 um channel
disabled have shown that lower optical depths are indeed
retrieved over the land. However, despite the reduction
of the bias in the retrieved optical depths, the algorithm
does not perform as well, with a greater number of failed
retrievals. This high bias in ORAC optical depths over
land is a clear indication that improvements are required
in the ORAC forward model. Two improvements that
will be implemented into the algorithm are the inclusion

Copyright © 2007 Royal Meteorological Society

of a full bidirectional treatment of the surface reflectance
and the ability to make use of the (A)ATSR dual-view
measurement.

Compared with AERONET measurements, the dual-
view TNO/AATSR retrieval showed a slight positive bias
over both land and sea. Over sea the optimal estimation
ORAC/AATSR retrieval performs slightly better, also
with a slight positive bias, which can be partly attributed
to the reflectance of these coastal waters being higher than
that of the deep ocean water used in the ocean reflectance
model. The SEVIRI optimal estimation retrieval showed
a positive bias over sea but was more variable over land
with an optical depth range of typically £+ 0.1 about
the mean. High optical depths were retrieved, as with
other retrievals, around cloud edges. Over the ocean, the
ORAC/AATSR algorithm provided a much closer match
to the AERONET measurements in the 0.87 um band
than in the 0.55 pm one, with the relative differences
being 35% at 0.55 um and 28% at 0.87 pum.

Areas of improvement for all instruments and algo-
rithm types have been identified. Comparison of the
ORAC and TNO AATSR results strikingly show the
power of the dual-view measurement system of the ATSR
instruments. Comparing the single-view ORAC retrieval
from AATSR with the dual-view TNO results graphically
shows that, over the land, the a priori surface reflectance
is the limiting factor in determining the accuracy of the
single-view retrieval. This observation is further sup-
ported by the fact that the ORAC/AATSR combination
seems to slightly outperform the ORAC/TNO retrieval
over the ocean. The development of a ORAC algorithm
that makes use of the AATSR dual view is under way
and should greatly improve the retrieval’s accuracy over
land.

The assumptions made in utilizing the dual view in the
TNO algorithm seem, on the basis of the results presented
here, to be working well. The results do show the need
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for sun-glint flagging over the ocean, and also show signs
of cloud contamination. However the unrealistic features
seen over the land are a cause for concern and may point
to a slight numerical instability in the algorithm, but it
is important to note that this scene is the only one in
which the TNO algorithm has produced such artifacts.
It is hoped that further improvements to the analysis
algorithms will allow this dataset. which now provides
more than ten years of continuous measurement, to reach
its full potential as a unique and reliable global aerosol
dataset, both historical and ongoing.
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