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I. INTRODU CTION

I T IS WELL documented that, when measured by a space-
based instrument, the reflectance of the Earth’s land surface

displays a dependence, known as anisotropy, upon the illu-
mination and viewing geometry between the sun, target, and
sensor [1], [2]. The effectiveness of comparing reflectances over
differing time periods or locations to detect change is reduced
unless such directional effects can be minimized. Typically,
this is achieved through the use of a bidirectional reflectance
distribution function (BRDF) that describes this angular depen-
dence as a function of the viewing and illumination conditions
MODerate resolution Imaging Spectroradiometer (MODIS)
[15], Multiangle Imaging SpectroRadiometer (MISR) [14], [16],
[17], Polarization and Directionality of the Earth’s Reflectances
[18]–[20], and VEGETATION [21] due to the wide range of an-
gular conditions that these sensors encounter. These gather data
over a time period spanning several days, typically 8–16, for use
in generating one BRDF, resulting in a high-quality product—
but one in which rapid land surface changes due to precipitation,
fires, etc., may not be visible. In areas such as the Sahel that
undergo rapid greening of vegetation during the rainy season,
this 16-day retrieval time may be too long to monitor the green-
ing as it occurs. The BRDF models are sensitive to the quantity
of input observations made under differing geometrical condi-
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Fig. 5. Effects of view zenith and azimuth angles upon the Nadir 45 WoDs. The color scale indicates the number of pixels in the full MSG disk that fall intoa
particular angle/WoD bin. (a) Plot of average NWoDs in 2008 against the MSG VZA. (b) Plot of average NWoDs in 2008 against the MSG VAA.

90� or 270� , then much of the BRDF information is lost, and the
quality of inversion is therefore reduced. A plot of WoDN45
against VAA, as shown in Fig. 5(b), highlights this issue. A
peak in the WoDs is visible at a VAA of 180� , corresponding to
the 0� longitude region. As the VAA moves away from 180� , the
WoDs decrease rapidly. This is due to the cross principal plane
problem, evident in Fig. 4, and is a regional problem speciÞc
to satellites that have a Þxed viewing geometry. Despite these
problems in the cross principal plane and at high VZAs, the
majority of the four-day retrieval provides good reßectance data
in this case, including the cloud-prone central Africa region.

For the pixels that show the worst NBAR reßectances, the
WoDs are high, higher than the MODIS threshold, but even
for many pixels that produce NBAR reßectances that are close
to what is expected, the WoDs can still be high, particularly
in the subsatellite zone. This means that applying the MODIS
thresholds directly to the MSG data as a method of quality
control is not feasible, as BRDF retrievals that are good enough
to generate an NBAR may be rejected within the algorithm due
to the high WoD values. A new set of WoD thresholds must
be produced that are both speciÞc to the SEVIRI data set and
tailored to the required output.

When examining a single retrieval rather than a yearly aver-
age, there are numerous pixels that do display a WoD that is
higher than the acceptable MODIS threshold. Primarily, these
occur in the cloud-prone central African region and are also
noticeable at high VZAs in Madagascar and the Arabian penin-

sula. These high values are variable, however, and strongly
depend upon the number of good-quality clear-sky observations
of the land surface that are available within any one acquisition
period. This is highlighted in Fig. 1(c): The majority of pixels
that did not gain a BRDF retrieval failed due to WoD or
RMSE values being too high rather than because cloud cover
meant a complete lack of input data. Typically, the cloud cover
would reduce the number of usable input observations, and
then, WoD or RMSE thresholds would declare the retrieved
BRDF to be bad. This may be due to undetected cloud con-
tamination orÑparticularly in the case of EuropeÑbecause the
combination of having only a few input observations and high
VZA/SZAs means that the resulting BRDF will be of poor
quality. Indeed, during European wintertime, there are many
more failed retrieval, an average of 370 000, than in summer-
time where the average is around 150 000. This is likely due to
both the higher number of clear-sky observations over Europe
in summertime and (because the sun is North of the equator)
the lower SZAs for European pixels compared to wintertime.
Over the whole of 2008, there are an average of 1.8% of pixels
per retrieval that fail due to the WoD/RMSE quality checks.
The highest percentage of failed inversions occurs on December
6 (3.31%) while the lowest occurs on July 4 (0.87%). The
RMSE test fails the largest number of pixels (an average of
1.4% per retrieval) while the weights of determination for white
sky albedo (WoDWSA) and WoDN45 tests fail a signiÞcantly
lower number of pixels (0.48% and 0.04%, respectively). The
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Fig. 6. Comparisons of the MSG and MODIS cloud masks for the cloud-free and cloud-Þlled cases in each month of 2008 for the West African tile (h16v07).
For the MODIS data, the values are divided into categories in which less than 25%, 50%, 75%, or 100% of MODIS pixels within the MSG pixel are marked as
cloud free. (a) Pixels marked as cloud free by MSG. (b) Pixels marked as cloud contaminated by MSG.

WoDN45 test remains fairly constant throughout the year in
terms of the number of pixel failures while WoDWSA fails
approximately 35% more pixels during February and October
than in any other months. We are unsure as to why this is,
but it appears to be related to scene geometry rather than to
cloud contamination. The RMSE tests show the largest seasonal
variation in pixel failureÑthree times as many pixels fail the
RSME tests in January and December than in June and July.

In order to resolve the issue of higher WoD values in the
cross principal plane, additional data are required as an input.
This could take the form of data from other instruments, such as
MODIS, advanced very high resolution radiometer, or others,
but then, problems arise in normalizing the different spectral
bands between sensors. Additionally, because such sensors are
polar orbiting, they will only have one or two overpasses per
day. In cloud-prone regions, this means that it is possible that,
within the window used to generate the MSG BRDF, there
will be no cloud-free looks at the land surface by these other
sensors, necessitating an increased acquisition period. This re-
moves a large advantage of using the MSG platform in the Þrst
placeÑtemporal resolution, as was successfully demonstrated
with the original Meteosat system [61], [62]. Another solution
could be to employ another SEVIRI sensor at a differing orbital
longitude. As of 2013, there are two MSGs in operation, and
the data used within this study are gathered from the MSG-2
platform at 0� E longitude (it has subsequently moved to 9.5� E),
but MSG-1 was in operation at a longitude of 9.5� E. However,
this platform operated in Òrapid scanÓ mode and focuses only on
Europe. One more MSG satellite is planned for launch though,
and it is possible that, if MSG-1 and -2 are still operational,
there may be more than one satellite gathering full-scene im-
ages for Africa at the same timeÑsigniÞcantly improving the
angular sampling input for the MSG-BRDF algorithm.

VI. EFFECTS OFSUBPIXEL CLOUD CONTAMINATION

The relatively large spatial footprint of each SEVIRI pixel
means that subpixel clouds can be an issue, particularly in high-
VZA regions where the pixel footprint is even larger. Even if
a cloud covers a smaller area than an entire SEVIRI pixel, it
can still affect the observed reßectance of that pixel and can
therefore also have an effect upon the modeled BRDF. This
section seeks to explore the effectiveness of the MSG cloud

mask in detecting subpixel clouds through a comparison to the
1-km MODIS cloud mask. The comparison takes place across
two MODIS tiles: h16v07 that covers West Africa (including
the Dahra Þeld site) and h18v03 that covers Southern Scandi-
navia. The Þrst tile is interesting as it enables an analysis for
Dahra that, as has been shown in Section V-C, is likely to be
heavily affected by cloud contamination during the wet season.
The second tile contrasts this by analyzing an area with a much
larger pixel footprint (approximately 6.5 km NorthÐSouth and
3.5 km EastÐWest) and hence is thought to be more prone to
subpixel clouds. To perform the comparison, the MODIS cloud
mask was extracted from the MOD09GA product at a 1-km
resolution for both tiles. The corresponding SEVIRI data were
extracted based upon the solar azimuth angle of the MODIS
data (as it provides an estimate of the overpass time, and hence
which SEVIRI 15-min images to use). Each SEVIRI pixel
contains 12Ð15 MODIS pixels in West Africa and 40Ð50 pixels
in Scandinavia. For both satellites, all pixels ßagged as either
cloud Þlled or cloud contaminated were marked as cloudy. For
the MODIS data, an average was made to give a value between
0 and 1 that indicates the proportion of MODIS pixels within
each SEVIRI pixel that were marked as cloudy. The results
were split into two categories for each tile: one that compares
pixels marked as cloud free by SEVIRI to the associated
MODIS proportion and one that compares pixels marked as
cloud Þlled to MODIS.

Fig. 6 shows the results of this comparison for West Africa.
The MSG cloud mask appears to let through large amounts of
cloud-contaminated pixels [see Fig. 6(a)]. For pixels ßagged as
cloud free by MSG, an average of 35% are ßagged by MODIS
as containing a proportion of more than 0.25 cloud cover. The
situation is particularly bad between June and September as, for
these months, more than 66% of MSG pixels noted as clear are
ßagged as cloud contaminated by MODIS. These Òcloud-freeÓ
pixels are ingested into the BRDF algorithm and will reduce the
quality of the Þnal retrieval. This may well explain a lot of the
uncertainty present in Fig. 3, particularly during the wet season.
The MSG cloud mask also appears too conservative in some
cases [see Fig. 6(b)], with 22% of all pixels ßagged as cloudy
by MSG showing a proportion of less than 0.25 cloud cover in
the MODIS cloud mask. For several months of the year, this
increased to more than 30% of pixelsÑmeaning that a large
number of MSG pixels are ßagged as cloudy even though they
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Fig. 7. Comparisons of the MSG and MODIS cloud masks for the cloud-free and cloud-Þlled cases in each month of 2008 for the Scandinavian tile (h18v03).
For the MODIS data, the values are divided into categories in which less than 25%, 50%, 75%, or 100% of MODIS pixels within the MSG pixel are marked as
cloud free. (a) Pixels marked as cloud free by MSG. (b) Pixels marked as cloud contaminated by MSG.

may actually give usable reßectances. The comparison for the
Scandinavian region is shown in Fig. 7. The results here are
more encouraging: For pixels marked as cloud free by SEVIRI
[see Fig. 7(a)], an average of 80% have a proportion of less than
0.25 MODIS pixels ßagged as cloudy, while for pixels marked
as cloudy by SEVIRI [see Fig. 7(a)], an average of 87% are also
ßagged as cloudy by MODIS. In terms of falsely ßagging pixels
as cloudy, the MSG cloud mask performs worst in December
and January where only 65% of pixels are ßagged as clear by
MODIS. This may well be due to the SEVIRI cloud masks
relying heavily upon reßectance data to determine the cloud
state. In the winter months, the low solar zenith angle precludes
this approach for much of Northern Europe, and the cloud state
must be determined from the thermal bands only. Taken jointly,
the studies at these two sites indicate that there are ßaws in
the SEVIRI cloud mask methods that can allow contaminated
pixels into the BRDF processing chain. There are also signs that
the SEVIRI cloud mask excludes pixels unnecessarily, meaning
that fewer observations of the land surface are available than
are possible. Both of these factors will reduce the accuracy of
BRDF retrievals for affected pixels.

VII. C ONCLUSION AND PERSPECTIVES

This paper has shown that the application of the MODIS DB
BRDF model to SEVIRI geostationary reßectances is success-
ful. The MODIS BRDF model was applied with a daily retrieval
period, resulting in a substantial increase in temporal resolution
compared to the MODIS 16-day BRDF retrievals. These daily
MSG retrievals do not require additional input, unlike the Land-
SAF BRDF products that use multiple satellites. A comparison
to MODIS data showed that, in many circumstances, the MSG
data are of high quality and can produce accurate reßectance
values for much of the full SEVIRI disk. However, several areas
exist in which the MODIS and MSG BRDF-adjusted data differ
substantially. These pixels are situated either at high VZAs
or in cloud-prone areas. A comparison between both MSG
and MODIS data to that gathered by ground-based sensors in
Dahra, Senegal, showed that both display differences to the
in situ data. In the case of the MSG data, this is primarily
due to cloud contamination within the input data series which
could be resolved by the application of a more accurate cloud
mask coupled to stricter criteria within the BRDF method

on which input reßectances are to be used in performing the
BRDF inversion. Despite these uncertainties, the MSG method
is successful at producing BRDF-adjusted reßectances in such
cloud-prone areas. In central Africa, the MSG-BRDF model is
up to 100 times more likely to produce a successful inversion
than MODIS within a given 16-day period. Even if the MSG
selection criteria are redeÞned more strictly, the MSG-BRDF
method will still produce signiÞcantly more successful inver-
sions than MODIS for these cloud-prone regions.

When examining the internal WoD used by the BRDF model
to assess the quality of inversion, there are several areas of
the MSG scene in which the inversion quality is reduced.
These typically occur at high VZAs or in the cross principal
plane (equating to a VAA of 180� ). The cross principal plane
problem is inherent in geostationary data due to the Þxed
viewing geometry as, in this plane, there is a severe reduction in
reßectance variation due to surface anisotropy. This reduction
means that the BRDF Þt in this plane is less stable than in other
regions, such as within the principal plane itself, so the quality
of Þt is reduced. This problem is hard to overcome and will
rely on the addition of other data gathered under a different set
of viewing geometry. Such data could be acquired from polar-
orbiting sensors or from another geostationary sensor located at
a different longitude. Outside of the cross principal plane and
at low VZAs (under 65� ), the quality of inversion by the MSG-
BRDF model is found to be high, and if a suitable cloud mask
is applied, data produced by this method can therefore be used
with conÞdence.
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