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Diurnal Asymmetry in the GERB SW Fluxes
Cédric Bertrand, Joanna Futyan, Alessandro Ipe, Luis Gonzalez, and Nicolas Clerbaux

Abstract—The launch of the Geostationary Earth Radiation
Budget (GERB) instrument onboard the Meteostat 8 allows a di-
urnal sampling of the Earth’s Radiation Budget for the first time,
providing a unique and important addition to polar-orbiting mea-
surements. However, preliminary data from the GERB instrument
exhibit systematic asymmetry in the short-wave (SW) flux diurnal
variation. Such asymmetries are not found in the Clouds and
the Earth’s Radiant Energy System angular distribution models
used to convert the directional broad-band GERB SW radiances
to fluxes. Comparison between angularly matched estimations of
reflected SW flux at the top of the atmosphere from the Spinning
Enhanced Visible and Infra Red Imager (SEVIRI) and GERB
data indicates that the SEVIRI spectral modeling could be a major
issue. In addition, the results indicate that other factors such as
the GERB SW geolocation, the GERB detector spectral response
functions, the GERB nominal footprint resolution, and cloud cover
could also potentially have an influence on the diurnal evolution of
the GERB SW fluxes, as they can erroneously impact on the GERB
SW correction factor.

Index Terms—Remote sensing, satellites, solar energy, solar
radiation.

I. INTRODUCTION

B EGINNING in the mid-1960s, Earth-orbiting satellites
began to play an important role in making mea-

surements of the Earth’s radiation flux (see, e.g., [11]).
Raschke et al. [15] developed radiation budget maps using
measurements from a scanning radiometer that had a number
of relatively narrow-bands (NBs). Because of the intermittent
operation of the instrument, it was necessary to accumulate
a month of data in order to produce a map of albedo and
outgoing long-wave (LW) radiation (OLR). A major accom-
plishment of the 1980s was the design, launch, and data
processing of satellite-based moderate resolution broad-band
(BB) fluxes in the Earth Radiation Budget Experiment (ERBE)
[1]. However, it is known that ERBE observations have some
fundamental flaws, including imprecise angular models used
to convert directional radiances to fluxes, limited scene iden-
tification capabilities needed to accurately estimate cloud ra-
diative forcing, and very limited diurnal sampling [19]. The
Clouds and the Earth’s Radiant Energy System (CERES) [20]
experiment marked the beginning of a new generation of instru-
ments and greatly improved radiation budget products. CERES
instruments were launched aboard the TRMM in November
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1997 and the EOS Terra and Aqua satellites in December 1999
and May 2002, respectively. CERES is designed to provide
multiple view angles to allow for better transformation of
radiances to fluxes and uses improved scene identification to
aid in improved estimates of cloud radiative forcing. Although
the processing of CERES data is coordinated with three-hourly
geostationary satellite imaging data, the maximum of four
observations per day does not allow the diurnal cycle to be fully
resolved.

This latter problem is being approached with the Geo-
stationary Earth Radiation Budget (GERB) [10] instrument
aboard Meteosat-8 (hereinafter, “MS-8”) together with the new
Spinning Enhanced Visible and Infra Red Imager (SEVIRI)
[17]. GERB is designed to exploit the geostationary orbit
to make unique Earth radiation budget (ERB) measurements
over Europe and Africa. The high time resolution possible
from this orbit resolves the problem of diurnal sampling of the
ERB and provides a unique and important addition to polar-
orbiting measurements. However, preliminary data from the
GERB instrument exhibit systematic asymmetry in the short-
wave (SW) flux diurnal variation. Such asymmetries are not
found in the angular distribution models (ADMs) built from
a statistical analysis of nine months of CERES-TRMM mea-
surements [13] (hereinafter, “CERES-TRMM ADMs”) used to
convert the directional BB GERB radiances to fluxes.

In this paper, we investigate the possible origin(s) of such
asymmetries. This is done by analyzing both GERB and GERB-
like fluxes (i.e., reflected SW flux values computed from
SEVIRI data only). Before focusing on the flux asymmetry, we
first start by briefly describing the method implemented at the
Royal Meteorological Institute of Belgium (RMIB) to estimate
the reflected SW GERB(-like) fluxes at the 3 × 3 SEVIRI pixel
resolution from the combined use of SEVIRI and GERB data.

II. DERIVATION OF THE TOP-OF-ATMOSPHERE (TOA)
REFLECTED GERB SW FLUX

When estimating the radiative fluxes at the TOA, the prime
instrumental characteristics of importance are the spectral
response functions and the radiometric calibrations of the
channels, as any calibration error will propagate through the
processing up to the final products.

A. Instrument Characteristics

The SEVIRI instrument is a 12-channel imager that observes
the full disk of the Earth with a repeat cycle of 15 min. SEVIRI
has eight channels in the thermal infrared (IR) at 3.9, 6.2, 7.3,
8.7, 9.7, 10.8, 12.0, and 13.4 µm, three channels in the solar
at 0.6, 0.8, and 1.6 µm, and a high-resolution visible (HRV)
channel (about 0.4 to 1.1 µm). The SEVIRI spatial resolution
is 4.8 km at nadir, except for the HRV channel, whose spatial
resolution is 1.67 km at nadir. The thermal IR channels have
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an onboard black body calibration with an accuracy better
than 1 K. The solar channels are calibrated postlaunch with an
operational vicarious procedure that incorporates stable desert
targets and aims at an accuracy of 5% [18].

The GERB instrument is a visible-IR radiometer. It measures
the SW radiance in the solar waveband from 0.32 to 4 µm
and the total radiance from 0.32 to 100 µm. Knowledge of
the GERB TOTAL and SW channel spectral response (the
product of instrument throughput and detector responsivity)
is required for converting the measured detector voltages into
radiances for the TOTAL and SW channels. The measurements
necessary to formulate this spectral response were made during
the preflight ground calibration [14]. Data from the onboard
black body source and solar diffuser (integrating sphere) allow
the ground calibration of GERB to be continually reevaluated
in flight. With a nominal pixel size of about 45 km by 40 km
(north–south × east–west) at nadir view, it obtains an absolute
accuracy that is better than 2.4 W · m−2 · sr−1 (< 1%) in the
SW [18]. The cycle time for the full disk is 5.38 min for both
channels (16.55 min for full radiometric performance).

B. Unfiltering

Accurate estimation of the unfiltered reflected solar radiances
requires that the variations of the instrument sensitivity with
wavelength are removed from the filtered directional SW radi-
ance measurements Lf

SW. Unfiltered reflected SW radiance is
defined as follows:

Luf
SW =

∞∫
0

Ir
λdλ (1)

where λ (in microns) is the wavelength and Ir
λ (in watts per

square meter per steradian per micron) represents the reflected
spectral solar radiances. The unfiltered SW radiance is deter-
mined from the measured filtered SW radiance, which can be
modeled as

Lf
SW =

∞∫
0

SSW
λ Iλdλ (2)

where SSW
λ is the SW spectral response function of the instru-

ment (0 ≤ SSW
λ ≤ 1.0) and Iλ is the spectral radiance incident

on the instrument. The averaged spectral response functions for
the GERB detectors are shown in Fig. 1.

SEVIRI NB measurements are used to retrieve information
about the spectral distribution of the observed radiation. The un-
filtered radiances Luf are estimated by multiplying the filtered
GERB measurements Lf

GERB by the corresponding SEVIRI
unfilter factor Luf

SEVIRI/L
f
SEVIRI as

Luf
GERB =

(
Luf

SEVIRI

Lf
SEVIRI

)
· Lf

GERB

=Luf
SEVIRI ·

(
Lf

GERB

Lf
SEVIRI

)
= Luf

SEVIRI · CL (3)

where Lf
GERB is the basic filtered BB GERB SW radiance

measurement. Lf
SEVIRI is the estimate of the filtered BB

Fig. 1. Averaged spectral response functions of the GERB instrument. The
prelaunch or laboratory measured values are given in black, while the gray lines
indicate a postlaunch refined version.

GERB SW radiance measurement, which is estimated from the
SEVIRI spectral radiances only. Luf

SEVIRI is the corresponding
estimate of the unfiltered BB radiance, which is estimated from
the SEVIRI spectral radiances only. CL is the pixel-dependent
correction factor (CF) (i.e., Lf

GERB/L
f
SEVIRI) at the nominal

GERB spatial resolution.
The BB SEVIRI filtered radiance Lf

SEVIRI and the SEVIRI
unfilter factor Luf

SEVIRI/L
f
SEVIRI are estimated from the

SEVIRI imager through NB-to-BB conversion and convolution
with the GERB point spread function (PSF). The spectral
conversion (NB-to-BB) is performed by way of polynomial
regressions on the NB radiances, i.e.,

Lf
SEVIRI = a+ b1L0.6µm + b2L0.8µm + b3L1.6µm

+ c11L
2
0.6µm + c21L0.8µmL0.6µm

+ c22L
2
0.8µm + c31L1.6µmL0.6µm

+ c32L1.6µmL0.8µm + c33L
2
1.6µm (4)

Luf
SEVIRI = a′ + b′1L0.6µm + b′2L0.8µm

+ b′3L1.6µm + c′11L
2
0.6µm + c′21L0.8µmL0.6µm

+ c′22L
2
0.8µm + c′31L1.6µmL0.6µm

+ c′32L1.6µmL0.8µm + c′33L
2
1.6µm. (5)

The regression coefficients in (4) and (5) are obtained from a
regression analysis of theoretically derived filtered and unfil-
tered radiances. The simulated radiances are inferred from a
spectral radiance database of Earth scenes generated by running
the SBDART [16] radiative transfer model (RTM) for a large
set of Earth-atmosphere conditions [6]. The radiative transfer
computation was performed at 279 wavelengths that cover the
solar spectrum and for 2310 conditions of the Earth-atmosphere
system. For each element in the database, the main inputs for
the radiative transfer computation were: 1) the Earth surface
type characterized by its spectral albedo (four types of Earth’s
surfaces were considered: snow, ocean, sand, and vegetated
surfaces; 2) the atmospheric profiles of temperature, pressure,
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TABLE I
REGRESSION COEFFICIENTS a, bi, AND cij (WHERE i, j = 1, 3) USED IN (4) TO ESTIMATE THE SEVIRI BB

FILTERED RADIANCE Lf
SEVIRI FROM THE SEVIRI SPECTRAL RADIANCE MEASUREMENTS.

THE COEFFICIENTS ARE GIVEN AS A FUNCTION OF SZA θs

TABLE II
REGRESSION COEFFICIENTS a′, b′i, AND c′ij (WHERE i, j = 1, 3) USED IN (5) TO ESTIMATE THE SEVIRI BB

UNFILTERED SW RADIANCE Luf
SEVIRI FROM THE SEVIRI SPECTRAL RADIANCE MEASUREMENTS.

THE COEFFICIENTS ARE GIVEN AS A FUNCTION OF SZA θs

water vapor, and ozone concentrations (they were extracted
from the TIGR-3 database [5]); and 3) the cloud cover (which
was generated randomly and may contain up to three over-
lapping layers, each characterized by a random height, optical
thickness, phase, and drop size distribution). It is important to
note that Clerbaux’s database assumes Lambertian surfaces and
does not represent the anisotropy due to broken cloud fields.
Unfiltered radiances were determined by integrating spectral
radiances over the appropriate wavenumber interval. In a simi-
lar way, filtered radiances are computed by integrating over the
product of spectral radiance and spectral response function.

Because Lambertian surface reflectances were assumed
when running the RTM to generate the spectral radiance data-
base, the regression coefficients in (4) and (5) are neither de-
pendent on the viewing zenith angle (VZA) nor on the relative
azimuth angle (RAA) and vary only with the solar zenith angle
(SZA). They were evaluated for ten SZAs independently of
surface type and cloud conditions (Tables I and II). The error
at 1 − σ (RMSE) of the NB-to-BB fit (e.g., Luf

SEVIRI/L
f
SEVIRI)

to the theoretical calculations is of the order of 0.3% [10].
This value must be treated with caution, as it does not take
into account the difference between the model and the data.
The real error in unfiltering may therefore be significantly
underestimated. The failure to include the full range of potential
viewing conditions in the database used to derive the NB-
to-BB fit through the use of Lambertian surface reflectance
could therefore have the effect of producing an artificially low
estimate of the RMSE error.

Note that the SEVIRI HRV channel is not used in the RMIB
GERB SEVIRI processing (hereinafter, “RGSP”) even though
it covers a greater part of the SW spectrum than the three

separate spectral visible bands used to calculate the SEVIRI
BB (un)filtered SW radiance. This is primarily to ensure spatial
homogeneity in the flux computation within our processing, as
the HRV channel covers only half of the full MS-8 disk in the
EW direction. In addition, the geocoding accuracy for the HRV
was found to be in the order of several pixels. Moreover, the
HRV image is slightly warped, and the error, therefore, does
not take the form of a simple translation.

C. Radiance-to-Flux Conversion

Because spaceborne radiometers do not measure the Earth’s
outgoing fluxes directly, ADMs are required to relate the SW ra-
diance actually measured to flux at a given solar angle, satellite-
viewing geometry, and surface and atmospheric conditions,
such that

FSW(θs) = π · L
uf
SW(θs, θv, φ)

RSW(θs, θv, φ)
(6)

where θs and θv are the SZA and VZA, respectively, φ is
the RAA, and finally, RSW(θs, θv, φ) is the BB SW ADM
anisotropic CF.

The CERES-TRMM BB SW ADMs [13] are used to per-
form the SW radiance-to-flux conversion. The anisotropy of
the Earth’s scenes generally varies with the viewing geometry
and the cloud/clear-sky properties in a continuous manner.
However, CERES-TRMM ADMs are defined for discrete an-
gular bins and scene types. Therefore, the CERES-TRMM
anisotropic CFs (hereinafter, “ACFs”) are adjusted to avoid
introducing large instantaneous flux errors or sharp flux dis-
continuities between angular bins or scene types. Assuming
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that the ADM ACF for a given scene type in a given angular
bin corresponds to the midpoint of the discrete angular bin, we
estimate ACFs by linearly interpolating the bin-averaged ACFs
to each observation angle (θs, θv , φ).

The conversion of a footprint’s BB radiance into the corre-
sponding flux therefore requires that each footprint is charac-
terized in terms of surface type and cloud cover properties (i.e.,
cloud fraction, cloud phase, and cloud optical depth) to properly
select the adequate ADM. This information is retrieved from
the spectral SEVIRI measurements (see [3] for further infor-
mation). The Global Land Cover Map (version v1.2) produced
by the International Geosphere Biosphere Program (IGBP, [2])
is used to select one of the six CERES classes (e.g., ocean,
moderate-to-high vegetation, low-to-moderate vegetation, dark
desert, bright desert, or ice/snow) for each SEVIRI pixel. This
is done by merging the IGBP surface types into the CERES
surface types.

Because the CERES BB radiometer footprint size on TRMM
is about 10 km × 10 km at the subsatellite point, FSEVIRI

fluxes are not retrieved at the native SEVIRI resolution (3 km
at the subsatellite point). Instead, the GERB-like SEVIRI flux
F3∗SEVIRI is estimated from the mean of 3 × 3 SEVIRI pixel
SW radiances using the appropriate CERES-TRMM ADMs
based on the average scene identification (i.e., surface type and
cloud properties) from the 3 × 3 SEVIRI pixel box.

1) Resolution Enhancement: The resolution enhancement
involves the enhancement of the GERB flux resolution to
the high 3 × 3 SEVIRI pixel resolution using the SEVIRI
F3∗SEVIRI flux estimation. Basically, it relies on an upsam-
pling1 of the filtered GERB radiances from the nominal GERB
footprint resolution (50 km at nadir) to the 3 × 3 SEVIRI pixel
box resolution (9 km at nadir). However, rather than directly
interpolating the filtered GERB radiances, we use the CF CL =
Lf

GERB/L
f
SEVIRI, as introduced in (3). The CFs computed at

the GERB nominal spatial resolution are spatially interpolated
to derive CFs at the 3 × 3 SEVIRI pixel resolution cH .

In the first step, the fluxes at the GERB footprint reso-
lution are derived from the 3 × 3 SEVIRI-pixel-based flux
estimates as

FGERB(i, j)=

(∑
x

∑
y

PSF(i,j,x,y)·F3∗SEVIRI(x,y)

)
·CL(i,j)

(7)

where FGERB(i, j) is the flux at the GERB footprint resolu-
tion (i, j = 1, . . . ,m) and F3∗SEVIRI(x, y) is the flux at the
3 × 3 SEVIRI pixel resolution (x, y = 1, . . . , n, with n > m).
PSF(i, j, x, y) is the PSF of the GERB pixel (i, j).

In the second step, the spatial resolution of the GERB
fluxes is improved by the use of SEVIRI high-resolution in-
formation. Basically, this requires one to find CF cH(x, y),
which, when applied to the high-resolution flux estimates,
allows one to reproduce the low-resolution GERB fluxes after
integration, i.e.,

FGERB(i, j)=
∑

x

∑
y

PSF(i, j, x, y)·cH(x, y)·F3∗SEVIRI(x, y)

(8)

1Upsampling is a process of generating intermediate samples between dis-
crete samples.

where cH(x, y) is the CF at the high-resolution (3 × 3 SEVIRI
pixel) or resolution-enhancement factor. Finally, the GERB flux
at the 3 × 3 SEVIRI pixel resolution is given by

FGERB/3∗SEVIRI(x, y) = cH(x, y) · F3∗SEVIRI(x, y). (9)

2) Temporal Averaging: Because SEVIRI and GERB im-
ages are recorded at different times, a temporal matching
between SEVIRI and GERB images is required prior to any
comparison or combination of the two data types. First, SEVIRI
data are interpolated (simple linear interpolation) to the GERB
acquisition time, and the CFs are estimated at the GERB
nominal spatial resolution CL(i, j). Then, in order to produce
flux estimates at the SEVIRI acquisition time, a time-weighted
average of the CF images over a 15-min time interval that is
centered on the SEVIRI acquisition time is performed (e.g.,
time weighted of the 5.38-min GERB images of CF). Further
information regarding the RMIB GERB-SEVIRI processing
can be found in [3].

III. DIURNAL ASYMMETRY

Fig. 2 presents the monthly mean (for April 2004) clear-sky
SW flux difference at the high 3 × 3 SEVIRI pixel resolution
between the flux value at local noon and that at local noon
±2 h for each footprint within the MS-8 FOV (color fig-
ure available at ftp://gerb.oma.be/cedric/GERB_ASYM_Fig2_
color.pdf). Morning differences and afternoon differences
are displayed on the left-hand side and right-hand side of
Fig. 2, respectively. The results are given for GERB (e.g.,
FGERB/3∗SEVIRI in panels A and B) and GERB-like SEVIRI
(e.g., F3∗SEVIRI in panels C and D) data and for the corre-
sponding CERES-TRMM ADMs flux values (panels E and F),
respectively. For each footprint, local noon is taken as the time
of minimum SZA on a 15-min slot basis. This explains why
vertical line patterns are found in some areas and why the ADM
morning and afternoon plots (panels E and F) are not exactly
symmetric. More attention should therefore be given to the sign
than to the magnitude of the flux differences shown in these
panels. In an ideal situation (e.g., diurnally symmetric flux), the
morning and afternoon flux differences will be positive, as illus-
trated in the ADM plots (panels E and F, respectively).

The negative patterns in Fig. 2 tend to indicate possible
deficiencies in the GERB and GERB-like SW flux compu-
tations at least over a clear ocean surface. The negative
patterns found over Africa (e.g., at the junction between the
savanna and the green forest and over the African green forest
area) probably originate from an erroneous cloud-screening
procedure (e.g., cloudy footprints retrieved as clear). Further
information regarding the cloud-screening algorithm applied
can be found in [12]. Over the ocean surface, the asymmetry
problem is most clearly apparent in the GERB-like SEVIRI
fluxes (panels C and D). As an example, to the west of the disk,
the maximum TOA reflected SW flux (equivalent to a minimum
TOA albedo value) occurs after local noon (determined as
the time of minimum SZA), so a positive flux difference is
found before local noon (see panel C) and a negative one is
found afterward (see panel D). Inversely, the maximum TOA
reflected SW flux occurs before local noon in the eastern part
of the disk, leading to a negative flux difference before local
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Fig. 2. Monthly mean (for April 2004) clear-sky SW flux differences between the 3 × 3 SEVIRI pixel footprint SW flux values at local noon and at local noon
±2 h. Panel A exhibits the difference between the GERB flux (FGERB/3∗SEVIRI) values at local noon and at local noon minus 2 h, while panel B displays the
flux difference between local noon and local noon plus 2 h. The same is shown in panels C and D but for the GERB-like SEVIRI fluxes (F3∗SEVIRI). Similarly,
panels E and F give the corresponding clear-sky CERES-TRMM ADMs SW flux differences at local noon ±2 h. The flux difference is given in watts per square
meter. In addition, the geographical locations of the nine selected ocean footprints in the SEVIRI FOV are indicated in panel E as follows: (1) [38.74N, 41.08W],
(2) [37.00N, 0.00E], (3) [37.70N, 25.41E], (4) [11.97S, 28.09W], (5) [11.69S, 0.00E], (6) [12.43S, 46.78E], (7) [20.80S, 26.62W], (8) [20.36S, 0.00E], and
(9) [21.37S, 41.29E]. (Color figure available at ftp://gerb.oma.be/cedric/GERB_ASYM_Fig2_color.pdf.)

noon (see panel C) and a positive one afterward (see panel D).
While less marked than for the clear-ocean GERB-like SEVIRI
fluxes, such trends can also be found in the GERB plots
(panels A and B).

Fig. 3 displays the monthly mean diurnal evolution (from
sunrise to sunset) of the GERB (FGERB/3∗SEVIRI) and
GERB-like SEVIRI (F3∗SEVIRI) clear-sky SW fluxes (gray
and black solid lines, respectively) for nine ocean footprints
selected in the MS-8 FOV (see panel E in Fig. 2 for a spatial
distribution of the footprints within the SEVIRI disk). The
corresponding CERES-TRMM all-wind-speed clear-ocean
ADM (ADM number 5) SW fluxes (dashed lines) are also
shown for comparison. Because the asymmetry in the flux can

be masked by the large diurnal variation in the incoming solar
flux, the monthly mean diurnal variation of the TOA albedo
for the nine selected ocean footprints is provided in Fig. 4. As
we can see, SW flux estimation from the SEVIRI NB radiance
measurements over clear ocean footprints located in the western
part of the SEVIRI FOV (solid black lines in panels 1, 4, and
7 in Fig. 3) exhibit an upward trend from sunrise to sunset. In
contrast, GERB-like SEVIRI SW fluxes computed over eastern
clear ocean footprints (solid black lines in the panels 3, 6, and 9
in Fig. 3) present a downward trend from sunrise to sunset. Such
an upward/downward trend in the reflected SW flux at TOA is
clearly not found in the ADM flux time series (dashed black
lines in Fig. 3), which are instead quite symmetric around local
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Fig. 3. Comparison between the diurnal evolutions (from sunrise to sunset) of the monthly mean clear-sky GERB (G3), GERB-like SEVIRI (S3), and
corresponding CERES-TRMM ADM 5 (ADM) SW fluxes. The comparison is given for April 2004 and for the nine ocean footprints (3 × 3 SEVIRI pixel
resolution) located within the SEVIRI FOV defined in Fig. 2 (panel E). The dashed lines are for the CERES-TRMM ADM 5 fluxes, while the solid gray and black
lines are for the GERB and GERB-like SEVIRI fluxes, respectively.

noon whatever the footprint location within the MS-8 FOV may
be. The magnitude of the GERB-like SEVIRI fluxes computed
over clear footprints located in the middle part of the MS-8
FOV (solid black lines in panels 2, 5, and 8 in Fig. 3) appears to
be overestimated during the morning and afternoon periods and
somewhat underestimated at noon. In contrast, CERES-TRMM
BB clear-ocean SW ADMs indicate an increased amount
of reflected SW fluxes at local noon, as shown by the time
evolution of the CERES-TRMM ADM 5 fluxes displayed in
Fig. 3. Regarding the diurnal evolution of the estimated GERB
SW fluxes, the gray lines in Fig. 3 indicate that the asymmetry
problem is less systematic than that seen for the GERB-like
SEVIRI fluxes. This is further apparent in Fig. 4, where the time
evolution of the GERB TOA albedo appears to be more similar
to the ADM time series than that found for GERB-like SEVIRI
albedo. The high-frequency noise seen in the GERB and
GERB-like data is due to cloud contamination, as discussed in
Section III-B.

A. Normalization Factor and Aerosol Correction

It is worth pointing out that in addition to the adjustment of
the ADM ACF applied prior to the performance of the radiance-
to-flux conversion (6), the CERES algorithm accounts for an
additional correction not originally implemented in the RGSP.
This correction (the ADM normalization factor) allows the bias
introduced in the mean flux when linear interpolation is used to
adjust the ADM ACF (due to the fact that the actual ADM ra-
diance varies nonlinearly within an angular bin) to be removed
[13]. Moreover, because the anisotropy of clear ocean scenes
depends on aerosol optical depth (AOD) (adding aerosols gen-
erally leads to a more isotropic ADM), the CERES algorithm
also includes an aerosol correction when estimating the SW flux
from the measured directional SW radiance over a clear ocean.

To assess the potential impact of these corrections on the
GERB and GERB-like SEVIRI SW flux estimates (i.e., Are
they able to solve the asymmetry found in the SW fluxes?),
the reflected TOA SW flux over some selected clear ocean
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Fig. 4. Comparison between the diurnal evolutions (from sunrise to sunset) of the monthly mean clear-sky GERB (G3), GERB-like SEVIRI (S3), and
corresponding CERES-TRMM ADM 5 (ADM) TOA albedo. The comparison is given for April 2004 and for the nine ocean footprints (3 × 3 SEVIRI pixel
resolution) located within the SEVIRI FOV defined in Fig. 2 (panel E). The dashed lines are for the CERES-TRMM ADM 5 TOA albedo, while the solid gray
and black lines are for the GERB and GERB-like SEVIRI TOA albedos, respectively.

footprints (at the 3 × 3 SEVIRI pixel resolution) was recal-
culated according to the CERES formulation [13] as

F (θs) =
πL�(θs, θv, φ)

R̃j(wj ; θs, θv, φ)
[

Rth(wj ;L�)

Rth(wj ;L̃)

] + δFj(wj ; θs, θv, φ)

(10)

where the ADM-interpolated ACF R̃j(wj ; θs, θv, φ) is deter-
mined from the wind-speed-dependent ADM of scene type
j. Rth(wj ;L�) and Rth(wj ; L̃) are the theoretical ACFs in-
ferred from the measured radiance L�(θs, θv, φ) and the in-
terpolated ADM radiance L̃(θs, θv, φ), respectively. Basically,
Rth(wj ;L�) and Rth(wj ; L̃) are determined by comparing
L�(θs, θv, φ) and L̃(θs, θv, φ) with the lookup tables (LUTs)
of theoretical SW radiances stratified by AOD in order to es-
timate the level of radiance contamination by aerosols. Hence,

Rth(wj ;L�) and Rth(wj ; L̃) correspond to the AOD values for
which the theoretical radiances match the measured and ADM
radiances, respectively. Finally, δFj(wj ; θs, θv, φ) is the ADM
normalization factor.

For the ADM aerosol correction to be implemented, wind
speed information above the ocean surface is required. Un-
fortunately, this cannot be retrieved from the MS-8 platform.
To overcome this difficulty, an invariant wind speed value of
7 m · s−1 was applied. Fig. 5 presents for three of the nine
selected ocean footprints (a western, central, and eastern ocean
footprint, respectively), and given clear-sky days, the impact
of the ADM aerosol correction and normalization in the time
evolution of the high-resolution GERB and GERB-like SEVIRI
SW fluxes. The numbers in brackets above each top panel in
this figure indicate the footprint location within the MS-8 FOV,
as given in Fig. 2 (panel E), and the associated dates provide
the selected day. For each of the three ocean footprints, panels
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Fig. 5. Impact of the ADM aerosol corrrection and normalization on the estimated high-resolution GERB and GERB-like SEVIRI reflected clear-sky SW fluxes
at TOA over the clear ocean surface. The numbers in brackets above each top panel indicate the footprint location within the SEVIRI FOV, as given in Fig. 2
(panel E), and the associated dates provide the selected day. Panels A display the time evolution of the footprint acquisition angles on the selected day (solar zenith
angle, SZA; viewing zenith angle, VZA; relative azimuth angle, RAA). Panels B compare the diurnal evolutions of the GERB SW radiances (G3 in gray) and
the estimated BB unfiltered SW SEVIRI radiances (S3 in black) for each of the three selected clear ocean footprints, together with the corresponding clear-ocean
CERES-TRMM BB ADM 3 SW radiances (ADM dashed black lines) and the aerosol uncontaminated theoretical SW radiances (LUT_0, dotted black lines). The
retrieved levels of aerosol contamination in the estimated BB SEVIRI SW radiances and in the ADM radiances are provided in terms of AOD in panels C (the
solid and dashed black lines, respectively). Finally, panels D compare the ADM flux (ADM dashed black line) time evolutions of the GERB (G3 in gray) and
GERB-like SEVIRI (S3 in black) flux time series computed with and without accounting for the ADM aerosol correction and normalization. The solid lines are
for fluxes computed without adding any corrections. The dotted line is for fluxes computed with the ADM aerosol corrections (Ac). The dotted–dashed lines are
for fluxes computed with the ADM aerosol correction and normalization (Ac + N).

A display the time evolution of the footprint acquisition angles
(e.g., SZA, VZA, and RAA) for the selected days, while the
corresponding GERB and GERB-like SEVIRI SW radiances
are given in panels B. The corresponding CERES-TRMM SW
ADM 3 (clear-ocean ADM defined for a wind speed interval of
approximately 5.5–7.5 m · s−1) radiances (dashed black lines)
and the aerosols uncontaminated theoretical SW radiances
(dotted black lines), as retrieved from the LUTs of theoretical

SW radiances used in the ADM aerosol correction process
(10), (hereinafter, “reference LUT_0 radiances”), are provided
in panels B. Panels C give the level of the aerosol contamination
(expressed in terms of AOD at λ = 0.55 µm) inferred from
the ADM radiances (dashed black lines) and the SEVIRI SW
radiances (solid black lines), respectively.

The AOD values retrieved from the BB unfiltered SEVIRI
SW radiances show a distinct diurnal cycle pattern with AOD



BERTRAND et al.: DIURNAL ASYMMETRY IN THE GERB SW FLUXES 3593

values of up to 0.8 (central panel C), which seems to be
an artifact. In contrast, the ADM displays a reduced aerosol
contamination in the SW radiances, which in addition does
not vary much through the day for a given footprint (about
τaero ± 0.05). The fictitious sinusoidal shape of the AOD di-
urnal cycle found in the SEVIRI SW radiances appears to
be a function of the sine of the RAA. Panels A in Fig. 5
indicate that the footprint acquisition geometry are mainly in
the backward hemisphere, and panels C reveal that the aerosol
contamination is minimum at φ = 180◦ when the SEVIRI SW
radiances underestimate the ADM radiances and maximum at
φ = 90◦ when the SEVIRI SW radiances overestimate the
ADM radiances.

The comparison between the diurnal evolutions of the GERB
and GERB-like SEVIRI SW fluxes in Fig. 5 (gray versus black
lines in panels D) reveals that neither the aerosol correction
(dotted line) nor the ADM normalization or their combination
(dot-dashed line) is sufficient to solve the asymmetry problem
found in our SW fluxes. Moreover, because the GERB flux is
estimated in the RGSP by correcting the SEVIRI SW flux esti-
mation with the SW CF (9) and not by directly converting the
GERB SW radiance (i.e., the SEVIRI SW radiance corrected
by the SW CF) into flux, the corrected GERB SW flux time
series displayed in Fig. 5 (dotted-dashed gray lines in panels D)
is not rigorously correct. Our use of (11) to estimate the high-
resolution GERB SW flux implicitly leads to a modification
in the ADM-dependent normalization factor δFj value, which
does not make sense physically. In addition, due to the ADM
aerosol correction, estimation of the GERB SW flux using (11)
or even its corrected form (12) will differ substantially from a
radiance-to-flux conversion actually performed on the corrected
SEVIRI BB SW radiances L3∗SEVIRI · cH (i.e., the GERB SW
radiances), as in (13), because of the nonlinearity of the system,
i.e., Fcalc(θs) 
= Fcor(θs) 
= F (θs) or

Fcalc(θs) =

(
πL3∗SEVIRI(θs, θv, φ)

R̃j(wj ; θs, θv, φ)
[

Rth(wj ;L3∗SEVIRI)

Rth(wj ;L̃)

]

+ δFj(wj ; θs, θv, φ)

)
· cH (11)

Fcor(θs) =


 πL3∗SEVIRI(θs, θv, φ)

R̃j(wj ; θs, θv, φ)
[

Rth(wj ;L3∗SEVIRI)

Rth(wj ;L̃)

]

 · cH

+ δFj(wj ; θs, θv, φ) (12)

F (θs) =
π (L3∗SEVIRI(θs, θv, φ) · cH)

R̃j(wj ; θs, θv, φ)
[

Rth(wj ;L3∗SEVIRI·cH)

Rth(wj ;L̃)

]
+ δFj(wj ; θs, θv, φ) (13)

where R̃(wj ; θs, θv, φ) is the ACF determined from
the wind-speed-dependent clear-ocean CERES-TRMM
ADMs. Rth(wj ;L3∗SEVIRI), Rth(wj ;L3∗SEVIRI · cH), and
Rth(wj ; L̃) are the theoretical ACFs inferred from the
estimated SEVIRI BB SW radiance L3∗SEVIRI(θs, θv, φ),
the corrected SEVIRI BB SW radiance estimation
L3∗SEVIRI(θs, θv, φ) · cH , and the interpolated ADM radiance

L̃(θs, θv, φ). δFj(wj ; θs, θv, φ) is the ADM-dependent
normalization factor.

The high AOD values and variabilities found in the estimated
BB unfiltered SEVIRI SW radiances (solid lines panels C in
Fig. 5) could indicate issues with our assumption of an invariant
wind speed value of 7 m · s−1 when retrieving the level of
aerosol contamination as, this approach is not consistent with
the scene identification technique used to derive the empirical
CERES-TRMM ADMs. However, it is worth pointing out that
the wind-speed dependence of the clear-ocean CERES-TRMM
ADMs is essentially only an issue near sun glint (see, e.g., [4]).
More probably, the AOD variability and magnitude are due
to deficiencies in our NB-to-BB conversion. The use of Lam-
bertian surface reflectance, which fails to include the full range
of potential viewing conditions in the database of theoretical
radiances, makes the ADM ACF adjustment sensitive to more
than just the presence of aerosols.

B. NB-to-BB Conversion and Unfiltering Weaknesses

The radiance plots in Fig. 6 show that the diurnal variation
of the estimated SEVIRI BB SW radiances (solid black lines)
does not look like that of the ADM radiances (dotted black
lines), and the conversion to flux amplifies the difference, as
highlighted in Fig. 3. Nevertheless, multiplying the unfiltered
SEVIRI BB SW radiances by the SW CF cH [namely, the
resolution enhancement factor in (8) and (9)] allows part of
the disagreement between the estimated and the ADM radiance
time series to be removed (gray versus black solid lines in
Fig. 6). The SW CFs cH and CL offer an efficient way to assess
the effectiveness of our NB-to-BB process as a function of the
acquisition angles and scene types. Fig. 7 presents for (1) all
scene types and (2) the clear ocean surface found within the
MS-8 FOV throughout a given day the bin-averaged CFs at
the high and low resolutions as a function of (A) SZA, (B)
VZA and, (C) RAA (the gray and black solid lines in Fig. 6,
respectively). For each angle, the same discrete angular bins as
those considered in the CERES-TRMM BB SW ADMs have
been used. Note that while Fig. 7 presents results computed
from all available GERB and SEVIRI slots from sunrise to
sunset on April 25, 2004, essentially the same results are found
for the other days of the month.

What is interesting and comforting to note in Fig. 7 is the
very good agreement between cH and CL when averaged over
all scene types (gray versus black solid lines in the left panels
of Fig. 7). Clearly, this is no longer the case when focusing on
the clear ocean surfaces (gray versus black solid lines in the
right panels of Fig. 7). The slight difference between cH and
CL reported in the left top panel A for the SZA discrete angular
bin 80◦–90◦ is an artifact as for computational handling, cH
has been set to 1 when undefined. In contrast, the differences
between cH and CL over the clear ocean surface are due to
the unavoidable cloud contamination of cH over clear scenes.
When determining CL over clear ocean, only clear GERB SW
radiances and thus (because of the larger GERB footprint size)
clear SEVIRI SW radiances are involved in the computation.
Unfortunately, this is not necessarily true when computing cH ,
as a cloud-free zone at the 3 × 3 SEVIRI pixel footprint
does not automatically imply that it is still the case at the
GERB nominal footprint resolution. Note that such a cloud
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Fig. 6. Comparison between the diurnal evolutions (from sunrise to sunset) of the monthly mean clear-sky directional unfiltered GERB (G3), GERB-like SEVIRI
(S3), and corresponding CERES-TRMM ADM 5 (ADM) SW radiances. The comparison is made for April 2004 and for nine ocean footprints (3 × 3 SEVIRI
pixel resolution) located within the SEVIRI FOV, as defined in Fig. 2 (panel E). The dashed lines are for the CERES-TRMM ADM 5 radiances, while the solid
gray and black lines are for the GERB and GERB-like SEVIRI radiances, respectively.

contamination in the clear-sky CF cH occurs in all partly cloudy
GERB footprints, regardless of surface type. Nevertheless, such
contamination is likely to be more problematic above the clear
ocean surface due to the enhanced albedo contrast between the
cloud and the underlying dark surface. This cloud contamina-
tion of cH over the clear ocean surface explains why the GERB
SW radiance and flux time series displayed in Figs. 4 and 6
appear noisier than the corresponding SEVIRI SW radiances
and fluxes (gray versus black solid lines in Figs. 4 and 6).
Such contamination is also clearly apparent in the SW GERB
radiance and flux time series displayed in Fig. 5 (gray lines in
panels B and D, respectively).

Because the resolution enhancement is performed indepen-
dently of the scene types and because the NB-to-BB equations
have been derived independently of the cloud condition, the
difference between cH and CL over clear scenes does not
result from any systematic cloud retrieval errors (e.g., at low

zenith angles). The cloud contamination of cH over clear scenes
is thus a purely random process that is caused by the cloud
contamination of the measured GERB radiance at the native
GERB footprint resolution. In contrast, part of the noise in the
monthly mean time series displayed in Figs. 3, 4, and 6 is due to
some deficiencies in the cloud-screening procedure, as it can be
detected in both the GERB and GERB-like SEVIRI time series.
Finally, it is worth pointing out that the geolocation accuracy
of the GERB SW filtered measurements may be reduced in
the vicinity of sunrise and sunset as the amount of information
available for geolocation computation dramatically decreases at
those times.

The comparison between the left (all scenes) and right (clear
ocean) panels in Fig. 7 reveals that the asymmetry problem we
pointed out above the clear ocean surface may still be serious,
although less obvious, in other scenes as a similar angular
dependence is found in the bin-averaged CFs in the all-scene
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Fig. 7. Bin-averaged CF at high (cH , solid gray lines) and low (CL, solid black lines) resolutions as a function of (A) SZA, (B) VZA, and (C) RAA for (1) all
scene types and (2) the clear ocean surface found within the MS-8 FOV for April 25, 2004. The bin-averaged ratios of the GERB and GERB-like SEVIRI high-
resolution SW radiances to the corresponding CERES-TRMM ADM radiances (LG3/LADM in dotted lines and LS3/LADM in dashed black lines, respectively)
are also plotted.

plots as in the clear-ocean plots (although the variation is a bit
more pronounced in the latter case). This is not particularly sur-
prising, as a single fit of coefficients is used for the NB-to-BB
conversion (Tables I and II) for all scenes, regardless of surface
type and cloud conditions. Panels B in Fig. 7 indicate that the
CFs present a well-distinguishable angular dependence in VZA.
Although of smaller magnitude, an angular dependence is also
found in SZA (panels A) and RAA (panels C), where a concave
and convex form, respectively, can be easily identified in the
CFs time series.

The bin-averaged ratios of the GERB and SEVIRI SW
radiances to the corresponding ADM radiance (e.g., the dotted
and dashed black lines in Fig. 7, respectively) are also plotted
in Fig. 7. Clearly, correcting the SEVIRI-based spectral
modeling by the GERB SW measurement allows only part of
the modeling errors and limitations (i.e., angular dependence)
to be removed. In an ideal situation, the ratio of the GERB SW
radiances to the corresponding radiance models derived from
the CERES-TRMM data should be represented by a horizontal

line. Instead, a systematic angular dependence is found in all of
the observation angles, although this is of reduced magnitude
compared to what is observed for the uncorrected SEVIRI SW
radiances (dotted versus dashed lines in Fig. 7) whatever the
scene type may be.

IV. REFINED SPECTRAL MODELING APPROACH

To reduce the modeling errors and limitations inherent to
the NB-to-BB conversion process, a new spectral modeling ap-
proach using empirical relations [8] was tested. These relations
were derived from a database of coangular CERES BB SW
radiances and spectral SEVIRI data. The CERES ERBE-like
(ES8) Edition-2 data for the FM2 (on Terra) and FM3 (on Aqua)
instruments for the months of March, April, and July 2004
were considered. The criteria used to select the data were based
on: 1) the angle between the CERES and MS-8 direction of
observations (≤ 3◦); 2) the time difference between the SEVIRI
and CERES observations (< 450 s); 3) the spatial homogeneity
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TABLE III
REGRESSION COEFFICIENT ci USED IN (14) TO PERFORM THE SURFACE-TYPE-DEPENDENT NB-TO-BB CONVERSION

Fig. 8. Bin-averaged CF at high (cH , solid gray lines) and low (CL, solid black lines) resolutions as a function of (A) SZA, (B) VZA, and (C) RAA for (left)
all scene types and (right) the clear ocean surface found within the MS-8 FOV for January 15, 2006. The bin-averaged ratios of the GERB and GERB-like
SEVIRI high-resolution SW radiances to the corresponding CERES-TRMM ADM radiances (LG3/LADM in dotted lines and LS3/LADM in dashed black
lines, respectively) are also plotted.

(the CERES PSF was modeled using a circular PSF with a
radius of six SEVIRI pixels—about 18 km at the subsatellite
point—and the spatial homogeneity in the neighborhood of
the observations were estimated through the variation of the
PSF averaged SEVIRI 0.6-µm spectral values); and finally,
4) a glint angle (e.g., the angle between the reflected ray and the
specular ray) that is larger than 25◦ in order to remove the risk
of sun glint contamination. A NB-to-BB regression was derived
independently of the cloud conditions for each of the following
surface types: ocean, dark vegetation, bright vegetation, dark
desert, and bright desert surfaces.

For each surface type, the regressions have the follow-
ing form:

Luf
SEVIRI = c0 + c1L0.6µm + c2L

2
0.6µm

+ c3L0.8µm + c4L1.6µm + c5θs + c6γ (14)

where θs is the SZA and γ is the sun glint angle [cos γ =
µsµv +

√
(1 − µs)2

√
(1 − µv)2 cos(φ)], where µs and µv are

the cosines of the SZA and VZA, respectively, and φ is the
RAA. Table III provides the regression coefficient ci (i =
1, . . . , 6) for each of the five NB-to-BB equations.
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Fig. 9. Comparison between the diurnal evolutions (from sunrise to sunset) of the 16-day mean (January 15–31, 2006) clear-sky GERB (G3), GERB-like
SEVIRI (S3), and corresponding CERES-TRMM ADM (ADM) TOA albedo. The comparison is given for eight of the nine ocean footprints (3 × 3 SEVIRI pixel
resolution) located within the SEVIRI FOV defined in Fig. 2 (panel E). The dashed lines are for the CERES-TRMM ADM TOA albedo, while the solid gray and
black lines are for the GERB and GERB-like SEVIRI TOA albedo, respectively.

Because Clerbaux et al. [8] reported a large NB-to-BB
error of about 5% (up to 10% at grazing observation angles
and at the subsatellite point) for the ocean surface, a CF [7]
was applied to the NB-to-BB conversion over the clear ocean
surface. It is defined as being the difference between the clear-
ocean CERES-TRMM ADM 3 BB SW radiance LADM and
the corresponding median value (the percentile at 50%) of
the Luf

OCEAN estimations from (14) using theoretical filtered
SEVIRI spectral radiances at 0.6, 0.8, and 1.6 µm, which were
obtained from a total of 153 SBDART RTM simulations, i.e.,

C(θs, θv, φ) = LADM(θs, θv, φ) − Luf
OCEAN,50%(θs, θv, φ).

(15)

The correction is simply added to the estimated high-resolution
SEVIRI BB unfiltered SW radiances over the clear ocean
surface obtained from (14).

Because it is not possible to derive empirical relations to es-
timate the SEVIRI BB filtered SW radiances from a database of
coangular CERES and SEVIRI data, Lf

3∗SEVIRI was estimated
as follows:

Lf
3∗SEVIRI,j = Luf

3∗SEVIRI,j/αth,j (16)

where Luf
3∗SEVIRI,j is the estimate of the SEVIRI BB unfiltered

SW radiance over the surface of type j, as given by (14)
(with the addition of a correction term C(θs, θv, φ) in case
of the clear ocean surface), and αth,j is a theoretical unfilter
factor (Luf

th_SEVIRI,j/L
f
th_SEVIRI,j) calculated from a database

of theoretical spectral radiances that are very similar to the one
used to derive the regression coefficient in (4) and (5) (the major
change rely on the inclusion of a [9] scheme for simulating
ocean surface roughness).
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Fig. 10. Comparison between the diurnal evolutions (from sunrise to sunset) of the 16-day mean (January 15–31, 2006) clear-sky directional unfiltered GERB
(G3), GERB-like SEVIRI (S3), and corresponding CERES-TRMM ADM (ADM) SW radiances. The comparison is made for eight of the nine ocean footprints
(3 × 3 SEVIRI pixel resolution) located within the SEVIRI FOV, as defined in Fig. 2 (panel E). The dashed lines are for the CERES-TRMM ADM radiance,
while the solid gray and black lines are for the GERB and GERB-like SEVIRI radiances, respectively.

A. Results

The new SEVIRI spectral modeling was incorporated within
the RGSP in mid-January 2006, together with the refined post-
launch GERB spectral response functions provided by Imperial
College, London, U.K. The comparison between the averaged
preflight and refined postlaunch GERB spectral response func-
tions in Fig. 1 (solid versus dotted lines, respectively) indicates
that the magnitude of the GERB SW radiances could have been
underestimated when using the uncorrected preflight calibra-
tion. Indeed, both the preflight and postlaunch spectral response
functions are from the same preflight measurements; the dif-
ference is the measurements were corrected for artifacts in the
original measurements that were only discovered postlaunch.

Similar to Fig. 7, Fig. 8 displays the bin-averaged CFs as a
function of (A) SZA, (B) VZA, and (C) RAA for both (1) all
scenes and (2) the clear ocean surface from all the available
MS-8 slots on January 15, 2006. It appears from Fig. 8 that
except in VZA (panels B), the angular dependence of cH (solid

gray line) and CL (solid black line) in SZA (panels A) and
RAA (panels C) has been largely reduced in both the all-scene
plots (left panels) and clear-ocean plots (right panels). While
noticeably reduced over the clear ocean surface compared to
that found with the previous spectral modeling scheme, an
angular dependence in VZA of cH and CL is still apparent in
Fig. 8 (gray and black solid lines in panels B).

Analysis of the bin-averaged ratio of the estimated SEVIRI
BB unfiltered SW radiances with the corresponding ADM
values for the clear-ocean case indicates that at least in SZA
(dashed line in right panel A in Fig. 8) and in the first two
discrete angular bins in VZA (dashed line in right panel B
in Fig. 8), an angular dependence is still observed in spite of
the angular-dependent correction applied to (14) for the clear
ocean surface. Correcting the SEVIRI-based spectral modeling
with the GERB SW measurement does not actually remove all
the angular dependence, rather it tends to increase the SEVIRI
BB SW radiances by 8%–10%. The situation does not differ
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too much when focusing on the all-scene plots (dotted versus
dashed lines in the left panels in Fig. 8). Presumably, the
apparent poor correction by GERB originates from the lack of
functionality of the theoretical unfilter factor αth,j [see (16)],
with azimuth and VZA as well as with the cloud condition.
Over the clear ocean surface, the problem could also be related
to the cloud contamination of the clear-sky SW CF cH and
to the assumed SW spectral response of the GERB detectors
[note the relatively large modification between the preflight and
postlaunch averaged GERB SW spectral response functions
displayed in Fig. 1 (solid versus dotted gray lines)] but is
unlikely to result from limitations in the spectral modeling, as
the new RTM simulations account the ocean surface roughness.
The magnitude of the GERB SW radiances over the clear
ocean surface could be overestimated when using the refined
postlaunch SW spectral functions.

Nevertheless, because of the improved NB-to-BB conver-
sion, the asymmetry problem in the SEVIRI BB unfiltered
SW radiances is reduced, leading to an improvement in our
estimated GERB SW flux values. This asymmetry reduction is
clearly apparent in the 16-day mean (January 15–31) diurnal
evolution of the clear-sky GERB and GERB-like SEVIRI TOA
albedo displayed in Fig. 9 (gray and black lines, respectively)
for eight of the nine ocean footprints previously selected
(16 days being insufficient to retrieve clear-sky data on a 15-min
slot basis for all the selected ocean footprints). The comparison
with the corresponding CERES-TRMM ADM TOA albedo
values reveals a quite good agreement in the time evolution of
the GERB and the ADM (gray versus dashed black lines) data
except in panel 2. Errors in the GERB geolocation could be an
issue here as the SEVIRI estimates do not differ much from
the ADM values (solid versus dashed black lines). Part of the
noise in the GERB time series (e.g., panels 3 and 6) certainly
originates from cloud contamination in the retrieved clear SW
radiances (Fig. 10) due to erroneous cloud-screening detection,
as similar fluctuations are found in the GERB-like SEVIRI data.
Finally, the signature of a sun glint contamination in the SW ra-
diances (Fig. 10) can also be identified in the GERB and GERB-
like SEVIRI TOA albedo time series in Fig. 9 (e.g., panel 5).

V. FINAL DISCUSSION AND CONCLUSION

Analysis of the diurnal variation of SW flux as observed from
the GERB instrument has highlighted an unexpected asymme-
try that is inconsistent with the flux models derived from the
CERES data. While this is most apparent over clear oceanic
regions, our analysis indicates that although the problem is less
obvious in other scenes, it may still be serious. Scrutinizing
the method implemented at RMIB to calculate the GERB SW
fluxes from a combined use of SEVIRI and GERB data, we
found that the primary cause of the problem is the SEVIRI
spectral modeling. The use of Lambertian surface reflectance
in the theoretical RTM simulations, from which the NB-to-
BB conversion was derived, is a major issue as the NB-to-
BB ratios can be dependent on viewing geometry. The lack
of functionality with azimuth and VZA appears to be a major
contributor to the large asymmetries found. The use of a single
fit of coefficients for all scenes, independent of surface type and
cloud conditions, in the NB-to-BB conversion of the SEVIRI
radiances is also a major issue. Empirically derived surface-

type-dependent NB-to-BB equations have shown their useful-
ness in the reduction of the asymmetry problem. Separating
clear from cloudy conditions in the surface-type-dependent
NB-to-BB conversion will certainly improve the effectiveness
of the SEVIRI spectral modeling and will presumably remove
the need for a correction term over clear ocean surfaces. Uncer-
tainty in the GERB detector spectral response functions could
also be an issue. Work is ongoing within the GERB project team
to address these remaining data quality issues.

Deficiencies in the cloud-screening algorithm (e.g., cloud-
contaminated radiance retrieved as clear) and, hence, in the
scene identification essentially lead to add a high-frequency
variability (noise) in the GERB and GERB-like time series
rather than contribute to the systematic asymmetry in the diur-
nal evolution of the SW fluxes. While being a random process,
the unavoidable cloud contamination in the clear-sky SW CF
at the high 3 × 3 SEVIRI pixel resolution is more problematic
as the efficiency of GERB in correcting the SEVIRI spectral
modeling is reduced. This could be a nonnegligible issue,
especially over dark scenes due to the enhanced albedo contrast
between the cloud and the underlying surface. Accounting for
a scene-type-dependent resolution enhancement process within
the RGSP will allow to solve the cloud contamination in
the clear-sky CF cH . Additionally, due to GERB geolocation
issues, the SW CF can be contaminated by numerical noise
(e.g., in coastal zone, in the vicinity of sunrise and sunset, and
at the cloud edges), which unfortunately impacts on the GERB
SW flux estimation.

Because of the structure of the RGSP algorithm and
the unavoidable lack of consistency with the CERES scene
identification technique regarding wind-speed estimation, im-
plementing the interpolation adjustment in the clear-ocean
CERES-TRMM BB SW ADMs to account for the SW radiance
aerosol contamination is not recommended. In contrast, the
ADM normalization factor has been implemented in the RGSP.
Finally, confirmation of the corrections applied to the GERB
detectors spectral response functions will ensure that part of
the remaining asymmetry is not due to the use of inappropriate
spectral response functions within the RGSP.
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