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ABSTRACT

This paper addresses the conversion of narrow-to-broadband radiances in the special case of the sensor SEVIRI
onboard the satellite Meteosat-8 of the Meteosat Second Generation (MSG). The advent of this new program
poses the problem of the transfer of operational procedures from the previous satellite Meteosat-7 to MSG.
Among these operational procedures are several different implementations of the Heliosat method to convert
Meteosat data into irradiance maps. An easy-to-implement fast-running method is proposed that combines the
radiances of the two narrow visible bands of SEVIRI to produce broadband radiances that are almost identical to
those observed in the broadband channel of Meteosat-7. A comparison between Meteosat-7 actual radiances and
these simulated-radiances shows errors with a negligible bias and a relative root mean square error (RMSE) of
6%. After combination with the uncertainties found in the calibration procedures (10-13%), the total relative
RMSE on the radiances amounts to 12-14%. It is concluded that the Meteosat-8 images may be used in

operational procedures currently applied to Meteosat-7 images.
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1 NOMENCLATURE

e A wavelength of the radiation, in micron.

* I, solar spectral constant, in W m micron.

e S, normalized spectral response for a sensor.

¢ I, the maximum irradiance observed in a band defined by two wavelengths [A;, AZ] and for

1 astronomical unit, in W m™.
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e I,..,the maximum irradiance observed in the Meteosat-7 broadband, in W m?.

o Lt Lis2 respectively, the maximum irradiances observed in the SEVIRI channels VIS-1
and VIS-2, in W m™.

e K, K, respectively the digital numbers for the channels VIS-1 and VIS-2 (unitless).

* a,b; respectively, the gain and offset in the calibration function for the channel i, in
mW m? sr' cm.

o L Ln respectively the “equivalent integrated solar irradiances” defined by Eumetsat
in the calibration function for the channels VIS-1 and VIS-2, in mW m™ sr! cm.

e (Ly, (L. respectively, the spectral radiances for channels VIS-1 and VIS-2, in mW m™
sl em.

o Ly Ly respectively the radiances for the channels VIS-1 and VIS-2, in W m? sr'’.

o Lioad the Meteosat-7 simulated radiance, in W m? sr'’.

e a, a;and B parameters of the conversion law (unitless).

2 INTRODUCTION

This paper addresses the transfer of operational procedures from the previous series of Meteosat satellites to the
series of the Meteosat Second Generation (MSG) ones. The Meteosat satellites are operated by Eumetsat -and
before by ESA- since 1978 (Anonymous 1996). They cover Europe, Africa and the Atlantic Ocean. The satellite
Meteosat-7 is the last of the first series of sensors and satellites and its operation phase should end in December
2005. These sensors comprise a broadband visible channel (400-1100 nm). The stability of this satellite program
led to the development of several scientific applications of known reputation that are processing large amounts
of broadband data in real-time procedures. Among them, and of interest to solar energy, is the computation of
irradiances at surface level for assessment of radiative budget over the land (Cros et al. 2004; Dickmann et al.
1988; Rimoczi-Paal et al. 1999) or the ocean (Lefévre et al. 2002) and of biomass (Bonifacio et al. 1993;
Rosema 1993).

The advent of the new series of sensors SEVIRI (Spinning Enhanced Visible and InfraRed Imager) onboard the
Meteosat Second Generation (MSG) satellites offers the opportunity of benefiting from a greater time sampling -
0.25 h instead of 0.5 h - and a greater space sampling - 1 km instead of 2.5 km (Schmetz et al. 2002). The fist

MSG, called Meteosat-8, was launched in 2002 and is in full operation since 29 January 2004. The SEVIRI
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sensor comprises a broadband channel (HRV, High Resolution Visible) similar to that of Meteosat-7. However,
the image acquired in this channel is covering only two-thirds of the whole field of view because of limitations in
downlink bandwidth (Fig. 1). In addition, the geometry is peculiar; the upper part of the image is centred on
Europe while the lower part is centred on Africa. Data is missing at the junction of the two parts. Furthermore,
the geographical coverage of Africa is subject to change with short notice (see online at Eumetsat Web site
www.eumetsat.de). It follows that this channel should not be recommended as an input to these operational
procedures if the geographical coverage outside Europe and Mediterranean basin is of interest. One approach to
overcome this problem is to develop an algorithm for producing broadband radiances from the SEVIRI sensor of
Meteosat-8 that simulate broadband radiances of Meteosat-7 by using the two visible narrow channels (or bands)
VIS-1 at 650 nm and the VIS-2 at 800 nm. These simulated radiances may then be used as inputs to the current
applications.

3 PROBLEM STATEMENT

This problem is relevant to the conversion of narrow-to-broadband radiances that has been the subject of many
articles in the past. Let the subscript A denote the wavelength. Figure 2 exhibits the normalized spectral
responses, S), for the broadband channel of Meteosat-7 and the two visible bands of SEVIRI, taken from the

Eumetsat Web site (see at www.eumetsat.de). The solar spectral irradiance incident at the top of atmosphere, /y,,
for 1 astronomical unit is also reported. It is that of Neckel and Labs (1984), read from the software 6S (Vermote
etal. 1997).

Previous studies show that the narrow-bands and broadband radiances are well correlated and that a linear
combination of VIS-1 and VIS-2 would be suitable to assess the broadband radiances (Russell et al. 1997,
Valiente et al. 1995). Russell et al. obtained good results with coefficients of the linear combination that are
independent of the scene. However, they and Hucek and Jacobowitz (1995) point out that scene-dependent
coefficients provide better results. Xiong et al. (2002) and Valiente ef al. (1995) estimate that the use of
universal (i.e., scene-independent) coefficients leads to a relative error of 5-10% in the retrieved broadband
radiances. Li and Trishenko (1999) list the solar zenithal angle as the most significant parameter influencing the
coefficients because the relative contribution from the atmospheric scattering increases as this angle increases.
Other parameters are cloud properties, precipitable water and ozone amounts and aerosol properties. The

coefficients should also depend on the surface type (Hucek, Jacobowitz 1995; Song and Gao 1999). Liang
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(2001) underlines the need for radiative transfer simulations so that many different atmospheric conditions and
surface reflectance spectra can be effectively incorporated in the scene-dependent coefficients for an accurate
conversion.

Meteosat broadband images are currently used to produce irradiance maps in real time. Consequently, the
narrow-to-broadband conversion should be fast enough to process the whole image in approximately 1 min or so.
The use of radiative transfer models is time-consuming and we selected the universal coefficients approach as

more suitable to this technical case.

4 METHOD

Let note K;, L., K> and L., the digital numbers and radiances for the Meteosat-8 channels. Given the
calibration coefficients a; (gain) and b, (offset) of the band i provided by Eumetsat (in mW m? sr' ¢cm, Table 1),
the spectral radiances (L,); and (L,); are computed (in mW m? sr' cm):
(L) =a; K, + b;with (L));> 0 (1)
(Ly): = a; K> + by with (L)),> 0
The maximum irradiance /..., observed in a band defined by [A;, A7] and for 1 astronomical unit is given by

12
Tinax = JIOA Si dA )

1

The maximum irradiance for Meteosat-7, I,..s, is equal to 693.17 W m? while those for SEVIRI, respectively
noted I,;; and I, are respectively equal to 120.45 and 63.46 W m™. I,,; and ,,; are quantities given by Eumetsat
and called “equivalent integrated solar irradiance”, expressed in mW m™ sr' cm (Table 1). The spectral radiances
are converted into radiances L,;; and L, (in W m™ sr'):
Lyisi = [(LA)1 Lisi] / [TTLi] (3)
Lyis2 = [(L): Liis2) / [TT12]
In this equation, the terms (1vis; / 1) and (1,42 / I,2) evaluate to the effective bandwidth of the channel. Denoting
Ly0aa the Meteosat-7 simulated radiance, we assume that
Livoaa = 01 Lyyss + Q2 Lyz + B 4)
where a;, a> and (3 are unitless parameters and are unknown. We assume that
Liroaa = 0, when Ly;;; = Ly;;2 = 0, that implies 8= 0 (5)

and Imm.7 =q; IW'S1 + a; [w'sz
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We also assume that the relative influence of VIS-1 and VIS-2 on Ly is guided by the ratio of 1, to 1

o/ 0 = Ly [ L (6)

It comes

O = Unerr Lisi] / [(Lis)? + (Lis2)?] = 4.49459 (7)

Q> = [Lnerr L2l / [(List)? + (Lis)?] = 2.36764

Twelve days of images Meteosat-8, covering the whole field of view, were acquired between 4 October and 11
November 2003, randomly during the installation phase of our receiver. At that time, the satellite was located at
10.5 W. Images were processed for their geometry by Eumetsat before dissemination to make them look as if
they were acquired at nominal location 0° E. This position at 0° E is that occupied by Meteosat-7.

The receiver is a low-cost one, based on the Eumetcast dissemination system. Only eight bits are used to code the
signal compared to the original ten bits. K; and K; are computed from the readings of the receiver by multiplying
the latter by 4 and adding 2. Then, they were converted into radiances L,;; and L.; (W m? sr') using Eqs (1)-(3).
The radiances are combined using Eqs (4)-(7) to produce a set of Ly..... Given the low resolution of the receiver,
it follows that the resolution in radiance Ly is slightly greater than 1 W m™ sr'. For the same days and same
instant, data acquired by Meteosat-7 were available from the archive facilities at Eumetsat. The digital counts
were converted into radiances by the means of the calibration service available online at Eumetsat.

We kept only images for which the field of view of the SEVIRI is well illuminated, i.e. between 1100 and 1400
UTC. For each image, we selected approximately 10 areas of various sizes, fairly homogeneous, covering
different types of land cover, and offering different viewing and illuminating angles. For the extreme radiances,
we selected oceanic areas, outside the sun glint, which are dark and on the opposite, very thick clouds that exhibit
high values. These areas vary from image to image, depending upon the illumination and the cloud coverage. For
each area, we kept the mean value for the channels VIS-1 and VIS-2 and for Meteosat-7. We thus collected a
series of 188 samples. In addition, five images taken at 0800 UTC were analysed in the same way to control the

non-influence of the acquisition time on our conclusions.

5 RESULTS

Figure 3 displays the correlogram between the observed radiances and L., for the first series. The agreement is

very good - the correlation coefficient is 0.99 - but there is a bias equal to 4.3 W m™ sr”! for a mean value of 65.8
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W m? sr'. The simulated radiances underestimate the observed ones. The root mean square error (RMSE) is 7.9
W m?srl.

The reasons for this bias are not clear. We believe that several physical processes play a role: their combined
effects result in a bias and cannot be separated. We have analysed the possible influence of several physical
parameters. Among them is the solar zenithal angle but no trend appears when sorting out the observations by
classes of angles. The difference in location of both satellites implies that the areas are observed with
systematically different viewing angles. This may partly explain the bias. However, the analysis of the four other
series — discussed later - for which the satellites are almost at the same position, shows similar results and we may
conclude that this influence is small. The third possible reason, as mentioned in Section 3, is that surface type
plays a role. It was not possible to assess this role though no trend was observed when sorting data for land types.
It is possible for pixels over land being contaminated by sub-pixel clouds and we cannot be sure to deal with
homogeneous land types.

The last explanation that we may provide lies in the uncertainties of the calibration coefficients of these sensors.
If the channels VIS-1 and VIS-2 are not well calibrated with respect to each other, this implies a false pre-
eminence of a channel over the other and the original assumptions (Egs. (4)-(6)) are not respected. We have
scrutinized very thick clouds, exhibiting reflectances greater than 0.70. The reflectances of such objects are
deemed to be spectrally constant though there might be a small contribution to short wavelength of the clear sky
layer above the cloud. It appears that in 50% of the cases, the reflectances in the VIS-2 channel are larger than
those in VIS-1 by a quantity greater than 0.05. This may indicate a problem in relative calibration of these bands,
creating a bias. In addition, the Meteosat-7 reflectances seem to be slightly overestimated; this would partly
contradict the assumption about /..., in Eq. (5), resulting into a bias. This finding results from the analysis of the
few cloud free oceanic areas exhibiting broadband reflectances less than 0.05. Such areas exhibit the same
reflectances for Meteosat-7 and VIS-1; the analysis shows that the Meteosat-7 reflectances often exceed the VIS-
1 ones. These uncertainties in calibration may partly explain the bias.

Given the good fit, a correction linear function is computed for the first series by the means of a regression
analysis:

Corrected Liroua = 1.0605 (a; Lyisi + Q> Ly ) + 0.5909 (8)

The second parameter of the right hand side of this equation should be equal to zero to satisfy Eq. (5,) where
=0. However, this parameter is approximately half of the resolution of Ly... (1 W m? sr') and consequently can

be considered as noise; there is no contradiction with Eq. (5). Figure 4 displays the correlogram between the
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observed and corrected simulated radiances. Now the bias is zero and the RMSE is down to 6.1 W m? sr'l, that is
9% of the mean radiance. There is a slight overestimation for the greatest radiances.

To test the proposed model (Eq. 8), we applied it on the four other series of Meteosat-8 data and perform the
comparison with Meteosat-7 data using the same approach than for the initial series. The second series is for the
period 17-25 December 2003. On 28 January 2004, the re-location of the satellite was completed after a few days
and the satellite Meteosat-8 was at 3.4° W. Meanwhile, the calibration coefficients changed (Table 1). Meteosat-
8 was declared operational on 29 January. The three other series are for the last days of January (28-31),
February (26-29) and March 2004 (28-31).

Table 2 reports the correlation coefficient, bias and RMSE and Figure 5 displays the correlogram. In all cases,
the differences display no clear trend with the sun zenithal angle or land type. The correlation coefficient is
greater than 0.99. The bias is very small; it is always negative, showing an overestimation by the model. The
relative RMSE ranges between 5 and 7% of the mean radiance. There is no trend with time. This demonstrates

that the proposed model may be applied to other series of SEVIRI images.

6 CONCLUSION

We proposed and tested a means for creating radiances that reproduce those of the Meteosat-7 broadband
channel by combining the radiances of the VIS-1 and -2 channels of the SEVIRI sensor aboard the Meteosat-8
satellite. This combination is purely arithmetic and thus can be easily and rapidly implemented and operated in an
automatic procedure. It is shown that the relative uncertainty is 6% of the mean value with a small bias of —1%.
This is in agreement with the findings of Valiente et al. (1995) and Xiong et al. (2002). It compares favourably to
the uncertainties found in the calibration procedures applied to the series Meteosat-5 to -7: 10-13% (Govaerts
1999; Govaerts et al. 2001; Rigollier et al. 2002), especially when taking into account the compression factor of
4 applied to the digital counts by the receiving station. Both errors being correlated, an upper limit to the relative
total error is 12-14%. It is concluded that the SEVIRI images, acquired or not by such receiving stations, may be
used in operational procedures that are currently applied to the Meteosat-7 images, such as the Heliosat method
converting images into irradiance (Rigollier ef al. 2004). These simulated radiances offer the same geographical
coverage and approximately the same space resolution: 3 km instead of 2.5 km at satellite nadir; the major gain

may arise from the increase in time sampling: 0.25 h instead of 0.5 h.
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TABLES AND FIGURES CAPTIONS

Table 1. Meteosat-8 calibration coefficients for the period under concern. Source: Eumetsat.

Table 2. Comparison between the observed and corrected simulated radiances for the four independent series. In

W m? sr'. The last column is the average, considering the four series of equal weight. The increase in mean

radiances is solely due to the area selection that varies from one image to the other due to cloudiness.

Figure 1. Example of a HRV image, 11 November 2003, 1115 UTC. Spatial resolution is 1 km at satellite nadir.

Copyright Eumetsat.

Figure 2. Normalized spectral responses for the broadband of Meteosat-7 and the two visible bands of SEVIRL

Also reported is the amplitude of the solar spectral irradiance at the top of the atmosphere (solar constant)

normalized by its maximum at 450 nm.

Figure 3. Simulated vs. observed radiances. The regression line is shown.

Figure 4. Corrected simulated vs. observed radiances. The 1:1 line is shown.

Figure 5. Corrected simulated vs. observed radiances for other series. The 1:1 line is reported.
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VIS-1 VIS-2
2003 0.0227 0.0294
Gain (mW m? sr'! ¢cm)
2004 0.0230 0.0292
2003 -1.1586 -1.5011
Offset (mW m™ sr'! cm)
2004 -1.1705 -1.4900

Equivalent integrated solar
irradiance (mW m sr'! cm) 65.2296 73.0127
(Govaerts and Clerici 2004)

Table 1. Meteosat-8 calibration coefficients for the period under concern. Source: Eumetsat.

Dec 03 Jan-04 Feb-04 Mar-04 Average
Mean value 32.1 36.8 37.9 45.1 38.0
samples
Correlq‘uon 0.99 1.00 0.99 1.00 1.00
coefficient
Bias (relative o o 0 0 0
value) -0.2 (-1%) -0.4 (-1%) -0.6 (-2%) -0.2 (0%) -0.4 (-1%)
Exi]; (relative 52 (%)  22(6%)  27(0%)  22(G%) 23 (6%)

Table 2. Comparison between the observed and corrected simulated radiances for the four independent series.
In Wm? sr!. The last column is the average, considering the four series of equal weight. The increase in mean

radiances is solely due to the area selection that varies from one image to the other due to cloudiness.
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Figure 1. Example of a HRV image, 11 November 2003, 1115 UTC. Spatial resolution is 1 km at satellite nadir.
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Figure 2. Normalized spectral responses for the broadband of Meteosat-7 and the two visible bands of SEVIRL
Also reported is the amplitude of the solar spectral irradiance at the top of the atmosphere (solar constant)

normalized by its maximum at 450 nm.
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Figure 3. Simulated vs. observed radiances. The regression line is shown.
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Figure 4. Corrected simulated vs. observed radiances. The 1:1 line is shown.
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Figure 5. Corrected simulated vs. observed radiances for other series. The 1:1 line is reported.
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