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1 INTRODUCTION

This document describes the results of the SEVIRI solar channel (namely, HRV, VIS0.6, VIS0.8 and
IR1.6) calibration activities that took place during MSG-1 commissioning period. SEVIRI Calibra-
tion Validation Plan (Miiller 2003) foresees a series of four tests listed below:

Testing activity Description
CVT-TT-SSCCVA-ACDATA Data Acceptance Verification
CVT-TT-SSCCVA-LIFE SSCC Functionality Verification

CVT-CO-WARMCH-BIASSSCCAPPLICATION Core Warm Channel Calibration Validation
CVT-LT-WARMCH-BIASSSCCAPPLICATION  Long-term Warm Channel Calibration Validation

This document covers only testing activity CVT-CO-WARMCH-BIASSSCCAPPLICATION. The
objective of this activity is to derive calibration coefficients with a accuracy of +10% during the com-
missioning period whereas the objective of activity CVT-LT-WARMCH-BIASSSCCAPPLICATION
is to monitor the sensor drift and to derive calibration coefficient with +5% accuracy.

The calibration is performed with the SSCC software which is running as a stand-alone facility
in the MSG ground segment. The calibration method is briefly described in Section (3). The results
of the calibration tests are presented in Section (4). The validation of these results are described in
Section (5).

Section (6) describes how to apply the calibration coefficients stored in the SEVIRI level 1.5
file header to the digital count value.
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2 SEVIRI SOLAR CHANNELS CHARACTERISTICS

The East-West and South-North sampling distance at the sub-satellite point is 3x3 km (1x1 km for
HRYV), and the instantaneous field of view is about Skm (2km for HRV). The characteristics of the
channels located in the solar spectral region are given in Table (1), where the pre-launch radiometric
performances are given for the SEVIRI instrument onboard MSG-1. The actual post-launch SNR
performances estimated on 28 May 2003 are within the specifications. Each spectral channel is com-
posed of three detectors, except HRV with nine. The output signal of all channels is coded on 10
bits. The normalized spectral response £(A) of the solar channels is characterized with a mean rela-
tive error of about 1%, which represents a significant improvement with respect to the VIS band of
the Meteosat first generation radiometer. The characterization of the HRVIS band between 0.40 and
0.45pm has been take from SEVIRI Flight Model 3, forcing the response of this latter instrument to
match the original one at 0.45um . Values below 0.40 and above 1.05um have been extrapolated.
The actual HRVIS NSR values used in SSCC are listed in Annex (A). The sensor normalized spectral
responses (NSR) and associated error are shown on Fig. (1). The NSR total error accounts for errors
due to the absolute wavelength calibration uncertainty, the measurement noise and bias of the optic
and detector transmittance.

The radiometric preprocessing of level 1.0 data, i.e., the transformation of raw data to level 1.5
geo-located radiances, includes the linearization of the signal, the equalization of the detector output
of a same channel and finally the pixel geo-location to a reference grid centered at O degree longitude
(Schmetz et al. 2002). The image size is 3712x3712 pixels except for the HRV band which has a
size of 11136x5568 (SN xEW). The geo-location absolute accuracy is expected to be about one pixel
with a root mean square error from image to image less than 0.5 pixel. Ground control points are used
to monitor the quality of the geo-location process.

Channel | Spectral | Dynamic | Short-term | SNR | NSR Cal.
Band (um) | Range | SNR Spec. | Perf. | std. d. | Requ.
VIS0.6 | 0.56-0.71 | 0-533 | SNR>10.1 | 610 | 1.0% | 10.66
VIS0.8 | 0.74-0.88 | 0-357 | SNR> 7.3 70 | 1.0% 7.14
NIR1.6 | 1.50-1.78 | 0—- 75 | SNR> 3.0 11 0.8% 1.50
HRV 037-125| 0-460 | SNR> 4.3 25 | 1.8% 9.18

Table 1: SEVIRI Solar Channel Characteristics. The dynamic range is givenin Wm ™ 2sr'zm~!. The

Signal to Noise Ratio (SNR) is given at 1% of the maximum dynamic range. The standard deviation
(std. d.) of the Normalized Spectral Response (NSR) specification is given in percent. The calibration

requirement is given in Wm ™ 2srtym™1.
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Figure 1: Top: Normalized Spectral Response (NSR) of the SEVIRI solar channels. The response of
the HRV band is shown with a dash-dotted line. Bottom: NSR characterization absolute error.

3 CALIBRATION METHOD OVERVIEW

3.1 General concept

As there is no on board calibration device for the solar channels, their calibration rely on a vicarious
method based radiative transfer modelling over bright desert surfaces as primary calibration target
type. Targets located over sea surfaces are used to verify the consistency and reliability of the results.
This method has been implemented in the SSCC algorithm which is designed to minimize the error
propagation while deriving a calibration coefficient and to verify the consistency of this estimation.
This mechanism requires the processing of a large amount of images to derive a reliable calibration
error. Additionally, the processing of a many images should permit to reduce the errors, provided
that these errors are independent and random, i.e., not systematic. An error reduction methods has
thus been developed and relies on a twofold strategy. Firstly, a target identification process aims at
finding cases where the target parameter error is minimum. Secondly, an error reduction based on
temporal and spatial averaging of the results is applied to detect inconsistent results, if any, and to
reduce the effects due to random errors. It is therefore necessary to discriminate systematic from
random errors. As atmospheric properties are essentially controlled by the aerosol load prescribed
from a climate data set, uncertainty of these parameters are responsible for systematic errors in time,
i.e., over a same target. Similarly, since desert target properties are very stable, any uncertainty in the
characterization of these properties are also responsible for systematic errors in time. Both type of
parameters are however not spatially correlated. All errors are estimated for a given confidence level
set to 95%.
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3.2 Target Identification

For each analyzed image during a processing period, an identification process takes place to select po-
tential targets whose actual properties and observation/illumination angles correspond to cases where
calculated radiance error is minimum. Over desert targets, cloud and sand storm cases are identified
analyzing daily variations of the observed count values. Clear sky pixel detection is performed both
with a threshold method and fitting a second order polynomial to the daily cycle of observations.
Any deviation from this polynomial is interpreted as a cloud contamination, cloud shadow or sand
storm. Observations of that day are disregarded when the remaining number of clear sky slots is too
low after this daily filtering. Sea targets are defined by large search areas in which cloud and aerosol
free potential pixels are identified, looking at uniform and very low digital count values outside the
sun-glint regions. This procedure is used to ensure a very low aerosol optical thickness.

When a target is successfully identified within an image acquired at time ¢, the N, x N, pixels
centered on the target location are extracted from the corresponding image. The average value, min-
imum, maximum and error of the observed pixel count values over that site are next evaluated. The
associated radiometric error is estimated at 95% confidence level accounting for both the instrument
noise and any deviation from the target uniformity. Since targets are very uniform areas, the differ-
ence between the maximum and minimum count value within the target are expected to be very small.
An observation is rejected when it is not the case.

Figure 2: Location of the calibration targets for the 0° nominal sub-satellite position, shown with

€ 9

green “+” symbol. Desert target locations are indicated with the red x symbol and sea search areas
with blue boxes.
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3.3 Calibration
3.3.1 Calibration of individual observations

For all successfully identified targets, TOA radiances are calculated with the 6S code (Vermote et al.
1997) accounting for the illumination and viewing angles at the acquisition time and the surface
and atmospheric properties. Simulated radiance errors are due to individual state variable error and
the Radiative Transfer Model (RTM) intrinsic error, i.e., imprecision of the numerical procedure not
related to errors in the model input parameters (Koepke 1982). Finally, the effective radiance is
affected both by the uncertainty on the sensor spectral response characterization.

The time series composed of pairs of observed count / simulated radiance are accumulated in-
dividually for each target during the period. A calibration coefficient is estimated for each pair of
the time series. The corresponding error is expressed as the quadratic sum of the relative radiance
i.e., surface and atmospheric parameterization error, RTM intrinsic error, NSR error and radiometric
erTors.

3.3.2 Temporal averaging

Only the instrument radiometric noise is responsible for temporal random errors. Calibration coef-
ficients derived over each target are thus temporally averaged to reduce random error effects due to
radiometric noises. An additional test is performed to verify the consistency of the mean coefficients
derived over each desert targets. Simulation reliability is controlled exploiting the anisotropy sig-
nature of the surface responsible for observed count variations (Govaerts et al. 1998). Calculated
radiance daily variations are thus compared with observations. When both simulation and observa-
tion are consistent, it should be possible to retrieve the offset value. This retrieved offset value is
compared with the actual one, derived from deep space observations. When the surface BRF and/or
the aerosol load are not correct, simulated radiance corresponding to high Sun Zenith Angles (SZAs)
might exhibit systematic biases with respect to those calculated for low (SZAs). Such situation will
be responsible for an erroneous retrieval of the offset.

3.3.3 Spatial averaging

All the coefficients temporally averaged over each target are spatially averaged, assuming that the
surface and atmosphere characterization errors are not correlated. Since spectral properties of desert
targets are quite similar, these coefficients should normally be very close, even in case of large errors
in the characterization of the sensor response. Hence, outliers, if any, are expected to result from
modelling errors and are disregarded. The calibration coefficient error is estimated assuming that the
surface and atmosphere errors are not correlated as previously discussed.

3.3.4 Final consistency check

A final test is performed to verify the consistency of the final calibration coefficients and its associated
error. To this end, calibration coefficients are derived over sea in a similar way to the exception of
the daily cycle analysis which is not applied. Calibration coefficients derived over desert and sea
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targets should be similar if 1) the radiometer responds linearly to the incoming radiance intensity, ii)
the characterization of the NSR is correct and finally iii) the radiative transfer simulations are reliable.
When these conditions are met, the difference between the calibration coefficients derived over each
target type should be smaller than the corresponding error. Still, the coefficients derived over desert
and sea targets might be very close but affected by a similar bias. An additional test is therefore
applied to verify the consistency of the results, based on a similar reasoning as in Section (3.3.2) to
retrieve the space counts. This test is performed accounting for all the observations over both sea and
desert that have successfully passed all the previous consistency checks.
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4 COMMISSIONING CALIBRATION ACTIVITY RESULTS

4.1 Test organisation

Commissioning activity CVT-CO-WARMCH-BIASSSCCAPPLICATION includes the following tests:

Calibration coefficient estimation;

Consistency of calibration coefficients derived from IQGSE and IMPF images;

Calibration error budget estimation;

Consistency between calibration over sea and desert targets;

Retrieved space count consistency.

The results presented in this report have been generated with SSCC product number 08.06.01,
which corresponds to the SSCC software release 3.06. Calibration coefficients have been derived
from SEVIRI level 1.5 images processed either by IQGSE or IMPF and delivered by U-MARFE.

4.2 Calibration periods

The calibration commissioning activity is based on the analysis of the following periods:

PERIOD NBR DAYS | LEVEL 1.5
2003 054-055 2 IQGSE
2003 073-075 3 IQGSE
2003 086-087 2 IQGSE
2003 199-204 5 IQGSE
2003 216-220 5 IQGSE
2003 216-220 5 IMPF
2003 234-238 5 IMPF
2003 241-245 5 IMPF
2003 275-279 5 IMPF
2003 302-306 5 IMPF

Full 5 days calibration periods have been available only from Julian day 199. Most of the results
analysis is therefore based on IMPF data received from July 2003.

4.3 Calibration coefficient estimation

The purpose if this first series of tests was to make sure SSCC can handle SEVIRI level 1.5 images
and produce calibration coefficients.

The method presented in Section (3) has been applied to derive calibration coefficients and error
for each solar channel during the commissioning periods. SSCC has been successfully applied on
each selected calibration period. Results are shown on Figure (3) and in Table (2).
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Figure 3: Overall results during the commissioning period. Pre-launch calibration coefficients are
shown with the horizontal dash-dotted line. The x symbol represents the calibration coefficient de-
rived over desert targets. The ¢ symbol represents the calibration coefficient derived over sea targets.
The shaded area corresponds to the decontamination of SEVIRI. Meteosat-7 calibration coefficients
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VIS06
PERIOD CAL. COEFF | REL. ERR. | RET. OFF. || SEA | SEA R. ERR. || DIFF | QI
2003 054 — 055 0.576 4.5 454 0.682 16.2 18.5 | 0.00
2003 073 - 075 0.581 4.3 44.0 0.000 0.0 0.0 |0.05
2003 086 — 087 0.570 4.2 48.0 0.633 16.6 11.1 | 0.02
2003 199 - 204 0.561 3.9 52.9 0.575 143.6 24 1028
2003 216 — 220 0.564 4.2 47.8 0.641 11.8 13.6 | 0.02
2003 241 - 245 0.567 4.0 48.7 0.587 18.1 3.6 |0.31
2003 275 - 279 0.565 4.3 51.5 0.551 18.2 2.5 10.36
2003 302 - 306 0.568 4.6 48.8 0.609 5.4 7.2 | 0.04
VIS08
PERIOD CAL. COEFF | REL. ERR. | RET. OFF. || SEA | SEA R. ERR. || DIFF | QI
2003 054 - 055 0.453 4.7 46.6 0.544 20.6 20.2 | 0.03
2003 073 - 075 0.453 44 46.5 0.000 0.0 0.0 |0.12
2003 086 — 087 0.451 4.5 46.9 0.000 0.0 0.0 |0.18
2003 199 — 204 0.452 4.1 52.5 0.000 0.0 0.0 |0.30
2003 216 — 220 0.459 4.3 50.0 0.000 0.0 0.0 | 041
2003 241 — 245 0.453 4.3 47.7 0.000 0.0 0.0 |0.14
2003 275 - 279 0.449 4.5 50.3 0.000 0.0 0.0 |0.38
2003 302 - 306 0.455 4.8 44.3 0.000 0.0 0.0 |0.02
NIR
PERIOD CAL. COEFF | REL. ERR. | RET. OFF. || SEA | SEA R. ERR. || DIFF | QI
2003 054 - 055 0.087 4.5 50.5 0.000 0.0 0.0 | 048
2003 073 - 075 0.088 4.5 46.3 0.000 0.0 00 |0.24
2003 086 — 087 0.088 4.5 45.3 0.000 0.0 0.0 |0.21
2003 199 - 204 0.087 4.0 55.1 0.000 0.0 0.0 |0.19
2003 216 — 220 0.089 4.7 43.1 0.000 0.0 00 |0.12
2003 241 — 245 0.087 3.9 50.7 0.000 0.0 0.0 | 048
2003 275 - 279 0.086 4.2 52.7 0.000 0.0 0.0 |0.39
2003 302 - 306 0.087 49 47.4 0.000 0.0 0.0 |0.27
HRV
PERIOD CAL. COEFF | REL. ERR. | RET. OFFE. | SEA | SEA R. ERR. || DIFF | QI
2003 054 - 055 0.562 5.0 49.6 0.577 13.0 2.6 |0.25
2003 073 - 075 0.566 4.8 47.7 0.000 0.0 00 ]023
2003 086 — 087 0.556 4.9 45.1 0.548 96.9 -14 10.13
2003 199 - 204 0.556 4.4 534 0.000 0.0 0.0 |0.20
2003 216 — 220 0.557 5.4 529 0.530 13.8 -49 10.16
2003 241 - 245 0.561 4.5 54.5 0.505 27.4 -10.1 | 0.12
2003 275 - 279 0.558 4.9 51.3 0.493 25.8 -11.6 | 0.45
2003 302 - 306 0.558 5.0 46.5 0.586 24.3 49 |0.08

Table 2: Major calibration results during the commissioning period for the SEVIRI solar channels
band. The calibration coefficient is expressed in Wm2sr— ! um~1/DC, the error and the difference
between desert and sea calibration in percent.
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The difference between calibration over desert and sea is calculated with DIF'F = 100(SEA —
DES)/DES. A Quality Indicator (QI) lower than 0.05 indicates the calibration results are not re-
liable. As can be seen, the estimated error is below 5% to the exception of period 216-220 for the
HRVIS band (see Section 4.5 for additional information). The calibration coefficients are fairly stable,
indicating the SEVIRI solar channels are not suffering from any unexpected degradation. Calibration
over sea targets in the VISO8 and NIR band does not take place because the simulation error are too
large and the results not reliable at all. Details on calibration results over each target is shown in
Annex (D) and on the error estimation in Section (4.5).

4.4 I1QGSE/IMPF comparison

The purpose of this test is to verify the consistency of the calibration coefficients derived from Level
1.5 images generated by IQGSE and IMPF facilities respectively. This test has been applied on period
216-220. IMPF includes additional processing steps in the generation of the level 1.5 images such
as the linearization and equalization of the signal from the various detectors. During that period, the
following calibration coefficients have been derived (in Wm~2sr~! yum~1/DC):

BAND | IQGSE | IMPF | REL. DIFF.
VISO6 | 0.571 | 0.564 -1.26
VISO8 0.464 | 0.459 -1.18
NIR 0.890 | 0.089 -0.34
HRVIS | 0.569 | 0.557 -2.13

Note that the slots actually available from the two processing chain were not the same (many IQGSE
slots were missing). The relative difference is estimated as 100(/M PF — IQGSE)/IQGSE. This
difference is about 1%, but in the HRVIS band. This difference is similar to the random noise of the
SSCC calibration method (see Next Section) to the exception of the HRVIS band, where the difference
between IMPF and IQGSE exceeds by 1% the random error contribution.

4.5 Calibration error estimation

The purpose of this test is to estimate the error budget in each solar channel and to analyze the error
reduction during the various SSCC processing steps. When a calibration coefficient is derived over a
single observation (see Section 3.3.1), the total error contribution is due to:

The error on the atmospheric parameters [ATM]

The error on the surface parameters [SRF]

The intrinsic RTM error [RTM]

The NSR characterization error [NSR]

The radiometric error [NOISE]

Since the radiometric error is assumed not correlated in time, the temporal averaging (see Section
3.3.2) over each target results in a change of the radiometric error into a random noise so that the
remaining error contributions are:

The error on the atmospheric parameters

10
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The error on the surface parameters
The intrinsic RTM error

The NSR characterization error
The random error

Atmospheric and surface parameter errors are assumed not spatially correlated so that the remain-
ing error contribution after the spatial averaging (see Section 3.3.3) are:
The intrinsic RTM error
The NSR characterization error
The random error

ATM | SRF | RTM | NSR | NOISE | RAND. | TOT.
DESERT VIS06
OBSERV. 6,¢f 22 [113] 37 [ 13 ] 04 12.3
TIME AVG. §,¢; | 22 | 109 | 3.6 | 1.2 05 | 118
SPACE AVG. é,¢; 36 | 12 09 | 39
DESERT VIS08
OBSERV. 6,¢f 23 |79 ] 37 | 1.8 | 05 9.3
TIME AVG. 6,¢; | 2.5 | 79 | 3.7 | 1.7 06 | 93
SPACE AVG. 6,¢; 37 | 17 1.1 43
DESERT NIR
OBSERV. 6,¢f 13 [122] 28 [ 06 | 05 13.0
TIME AVG. §,¢; | 1.9 | 85 | 3.7 | 0.8 05 | 96
SPACE AVG. é,¢; 37 | 08 1.0 3.9
DESERT HRV
OBSERV. 6,¢f 20 [117] 36 | 22 | 03 12.7
TIME AVG. §,¢; | 2.1 | 11.8| 3.7 | 22 05 | 128
SPACE AVG. é,¢; 37 | 22 14 | 45

Table 3: Relative error (%) contribution on the estimation of the calibration coefficient over desert
targets.

The results of these error budgets are given in Table (3) over desert targets. The mean estimated
error derived in each band is close to 4%. Results over sea targets are given in Annex (B).

The Meteosat-7 calibration error budget is given for information in Annex (C). The improvement
of HRVIS with respect to the Meteosat VIS band translates in a much lower radiometric noise in
particular of sea surface and a NSR error contribution twice smaller.

4.6 Desert and sea target calibration coefficient consistency
The purpose of this test is to verify the reliability of the SSCC RTM, the consistency of radiometric

NSR characterization and finally the linearity of the solar channels. These tests are performed within
the accuracy of SSCC.

11
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If the SEVIRI instrument responds linearly to the incoming radiance and the NSR is correctly
characterized, it is expected that the differences between calibration coefficients derived over sea
and desert targets do not exceed their respective error at the 95% confidence level. This test is only
possible for the VIS06 and HRVIS band. As can be seen on Table (2), this difference is lower than
+5% and +10% for the VIS06 and HRVIS band respectively when the QI is bigger than 0.05. Half
of this difference might be explain by the error on the NSR characterization. Calibration over sea and
desert targets are thus consistent in these two bands.

In other words, within the SSCC accuracy limit, it has not been possible to detect any anomaly in
the NSR characterization and the linearity of the HRVIS and VIS06 bands with this test.

4.7 Retrieved space count

The purpose of this test is to verify the reliability of the SSCC RTM and calibration procedure against
the linearity of the instrument and the offset (space count) characterization. Offset value is fixed to
51 DC in all solar channels.

This test relies on a space count retrieval with a linear regression between the observed count
values and the corresponding simulated radiance. It is part of the SSCC quality control tests. The
slope (L. COEF) of this line should be similar to the estimated calibration coefficient (COEF) and its
intercept with the X axis should give the retrieved offset (R. OFF.). The probability that these two
values are equal is estimated at the 95% confidence level. Results of this test is given below in Table

4.
As can be seen, the estimated accuracy of the retrieved space count is different for each band and

application cycle, but remains most of the time between +5%. This test does not reveal systematic
problem in the retrieval of the space count value.

In other words, within the SSCC accuracy limit, it has not been possible to detect any anomaly in
the offset characterization and the linearity of the SEVIRI solar channels with this test.
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VIS06
PERIOD OFF. | OFF.E. || R. OFF. | ROFF.E. || DIFF | PROB || COEF | L. COEF
2003 054 — 055 || 51.0 0.6 45.4 4.5 -11.0 | 0.01 0.576 0.563
2003 073 -075 || 51.0 0.6 44.0 9.7 -13.8 0.10 0.581 0.565
2003 086 — 087 || 51.0 0.6 48.0 3.0 -6.0 0.04 0.570 0.563
2003 199 -204 || 51.0 0.6 52.9 6.0 3.6 0.56 0.561 0.564
2003 216 —220 || 51.0 0.6 47.8 2.4 -6.4 0.01 0.564 0.559
2003 241 -245 || 51.0 0.6 48.7 2.1 -4.6 0.03 0.567 0.562
2003 275-279 || 51.0 0.6 51.5 2.6 1.0 0.73 0.565 0.565
2003 302 - 306 || 51.0 0.6 48.8 2.2 -4.4 0.05 0.568 0.563
VIS08
PERIOD OFF. | OFF.E. || R. OFF. | ROFFE.E. | DIFF | PROB || COEF | L. COEF
2003 054 - 055 || 51.0 0.6 46.6 4.8 -8.5 0.06 0.453 0.445
2003 073 - 075 || 51.0 0.6 46.5 8.2 -8.8 0.24 0.453 0.446
2003 086 — 087 || 51.0 0.6 46.9 9.3 -8.0 0.36 0.451 0.444
2003 199 - 204 || 51.0 0.6 52.5 53 2.8 0.60 0.452 0.454
2003 216 —220 || 51.0 0.6 50.0 8.3 -1.9 0.81 0.459 0.457
2003 241 —-245 || 51.0 0.6 47.7 6.6 -6.6 0.28 0.453 0.447
2003 275-279 || 51.0 0.6 50.3 53 -1.5 0.77 0.449 0.447
2003 302 - 306 || 51.1 0.6 44.3 7.2 -13.2 0.04 0.455 0.442
NIR
PERIOD OFF. | OFF.E. || R. OFF. | ROFFE.E. | DIFF | PROB || COEF | L. COEF
2003 054 - 055 || 51.0 0.6 50.5 22.9 -1.0 0.96 0.087 0.087
2003 073 - 075 || 51.0 0.6 46.3 14.3 9.2 0.48 0.088 0.086
2003 086 — 087 || 51.0 0.6 45.3 154 -11.2 0.41 0.088 0.087
2003 199 - 204 || 51.0 0.6 55.1 8.3 8.0 0.37 0.087 0.088
2003 216 —220 || 51.0 0.6 43.1 15.6 -15.6 0.24 0.089 0.087
2003 241 —-245 || 51.0 0.6 50.7 10.9 -0.7 0.95 0.087 0.087
2003 275-279 || 51.1 0.6 52.7 11.1 3.1 0.79 0.086 0.086
2003 302 - 306 || 51.0 0.6 474 12.6 -7.1 0.54 0.087 0.086
HRV
PERIOD OFF. | OFF.E. || R. OFF. | ROFF.E. | DIFF | PROB || COEF | L. COEF
2003 054 - 055 || 51.0 0.6 49.6 4.2 -2.8 0.49 0.562 0.558
2003 073 - 075 || 51.0 0.6 47.7 9.2 -6.4 0.46 0.566 0.557
2003 086 — 087 || 51.0 0.6 45.1 11.5 -11.6 0.26 0.556 0.540
2003 199 - 204 || 51.0 0.6 534 53 4.7 0.40 0.556 0.563
2003 216 —220 || 51.0 0.6 52.9 3.6 3.8 0.32 0.557 0.566
2003 241 -245 || 51.0 0.6 54.5 2.7 6.9 0.02 0.561 0.571
2003 275 -279 || 51.0 0.6 51.3 5.4 0.6 0.90 0.558 0.557
2003 302 - 306 || 51.0 0.6 46.5 6.8 -8.8 0.15 0.558 0.546

Table 4: Probability of the retrieved space count value. Offset error and retrieved offset error are
relative errors given in percent. Calibration coefficients are given in Wm 2sr—'ym~1/DC.
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5 VALIDATION
5.1 Radiance simulation accuracy estimation
BAND MERIS | ATSR-2 | SeaWiFS | VGT
BLUE 04 44?2 — 443 BO
GREEN 0.5 560 550 555 —
RED 0.6 665 660 670 B2
NIR 0.8 865 870 865 B3
SWIR 1.6 - - - MIR

The accuracy and precision of these simulations, i.e., the reference against which SEVIRI is cal-
ibrated, have been evaluated comparing simulations with calibrated observations acquired by space-
borne instruments (Govaerts and Clerici 2003). To this end, ERS2/ATSR-2, SeaStar/SeaWiFS, VEG-
ETATION and Envisat/MERIS data have been collected over the desert targets simulated accounting
for the actual observation conditions and spectral response of each instrument (Table 5). This anal-
ysis shows that the monthly mean relative bias between simulation and observation averaged over
all targets remains low, but exhibits a small seasonal trend (Fig. 4). These results indicates that the
reference can be used for the calibration of the SEVIRI solar channels with an expected accuracy of
+5% (Table 6) provided the calibration relies on the processing of a large number of observations.

Table 5: Selected spectral bands for each instrument.

This error is lower than 3% in the SEVIRI VIS0.6 and VIS0.8 bands.

BAND BLUE (0.4) GREEN (0.5) RED (0.6) NIR (0.8) SWIR (1.6)

SENSOR r | B o5 | B oz | B oz T | Bm o5 | Bm o5
ATSR2 - - -1 094 | -2.0 | 510 || 097 | 1.4 | 357|098 | 2.2 | 3.17 - - -
SeaWiFS || 0.95 | 1.4 | 457 || 091 | -2.0 | 4.78 || 0.96 | -1.1 | 297 || 0.96 | 2.7 | 2.97 - - -
VGT 0.96 | 0.5 | 4.81 - - -1 098 | 491|266 | 098 |52 289|092 |-4.1 |4.95
MERIS 096 | 83500 | 093 | 09|455]098 | 28 |1.85| 098 |6.1 |1.75 - - -

Table 6: Comparison between observations and simulations. 7 is the correlation coefficient. 3, is the

mean relative bias in percent. o5 is the standard error of B

14
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Figure 4: Monthly mean relative bias between observations and simulated radiances averaged over all desert targets in the blue, green,

red, NIR and SWIR spectral regions. The standard error is shown with the vertical bars. The sensors are given the following color codes:

ATSR-2 is in red, SeaWiFsS in green, SPOT-4/VEGETATION in orange and MERIS in purple.
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5.2 Comparison with CERES

The HRVIS band has been calibrated at RMIB using CERES radiance (August 2003) as calibration
reference. The calibration coefficients have been derived over different two target types listed in Table

).

Period SCENE NBR OBS | COEFF. | SSCC | REL. DIFF.
Aug. 2003 | SEA 11496 0.563 0.530 -5.9%
Aug. 2003 | BRIGHT DESERT 6931 0.539 0.557 +3.3%
Nov. 2003 | SEA 1672 0.544 0.586 +7.7%
Nov. 2003 | BRIGHT DESERT 4040 0.550 0.558 +1.5%

Table 7: Calibration coefficients derived with CERES over sea and bright desert targets in comparison
with the SSCC values. Coefficients are given in Wm™2?sr~*um~1/DC.

Results over bright desert targets show that the average estimated calibration error for the HRVIS
band (4.5%, Table 3) is fairly realistic.
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6 APPLYING THE CALIBRATION COEFFICIENTS

This section describes the various processing steps to apply the calibration coefficients stored in the

Level 1.5 images to transform the digital count in radiance and reflectance factor. The calibration
coefficients ¢; and offset values Ry are stored in the fields cal_slope [MWm™2sr~!(cm™!)~!/DC]

and cal_offset [mWm ?sr '(cm ') '] of the SEVIRI level 1.5 native format in the file header:
RADIOMETERPROCESSING.Levell 5ImageCalibration (refer to document EUM/MSG/ICD/105).

BAND g o I, I,
pum pm | Wm—2pm~! | mWm—2(cm~1)~!
VIS06 || 0.0744803 | 0.635 1618.0 65.2296
VIS08 || 0.0572863 | 0.810 1113.0 73.0127
NIR 0.1256780 | 1.640 231.9 62.3715
HRVIS || 0.4220080 | 0.750 1403.0 78.8952

Table 8: Relevant ancillary information for the level 1.5 MSG-1/SEVIRI data. §~ is the integral value
of the NSR. ) is the central wavelength of the band. I,, and I,,, are the band solar irradiance at 1 AU
expressed in two different units.

The transformation of the level 1.5 count value K [DC] in radiance R, [mWm2sr—}(cm~1)7!]

is given by
Ry =c; K + Ry (1)
where R, has a negative value in the file header. If needed, this radiance can be converted in

[Wm~2sr~tym~!] with
10 R,
The transformation of radiances R,, or I, acquired at time ¢ in a given location 7 into Bidirec-
tional Reflectance Factor (BRF) 7 [unitless] is given by

TRy, d*(t)  wR,d*(t)

" T cos(0,(t, ) I, cos(0,(t, 7)) ©)

where d?(t) is the actual Sun-Earth distance [AU] at time ¢ and 6, (¢, 7’) is the Sun Zenith Angle [rad]
at time ¢ and location 7.
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7 CONCLUSION

The calibration reference used for the operational vicarious calibration of the SEVIRI solar channels
consists of simulated TOA radiances over bright desert targets, using a data set of surface and atmo-
spheric properties. The accuracy and precision evaluation of this reference relies on a comparison
between calibrated spaceborne data and their simulation. These comparisons reveal that the relative
bias between simulations and calibrated observations does not exceed 3% in the VIS0.6 and VIS0.8
bands with respect to ATSR-2 and SeaWiFS, when a large number of observation are averaged over
all targets.

The SSCC algorithm has already been successfully applied for the calibration of the SEVIRI solar
channels during commissioning. The estimated calibration error is lower to 5% for each band and is
consistent with the accuracy estimation of the radiative transfer modelling and the comparison with
CERES cross-calibration.

Within the SSCC accuracy limit, it has not been possible to detect any anomaly in the NSR
characterization, the linearity of of the response or the characterization of the offset value.

The duration of the commissioning period was not long enough to estimate the drift of the instru-
ment. The solar channels appear however radiometrically very stable.
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A HRVIS SPECTRAL RESPONSE USED IN SSCC
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1.3 0.000156918 0.0000
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B ERROR BUDGET OVER SEA TARGETS

ATM | SRF | RTM | NSR | NOISE | RAND. | TOT.
SEA VIS06
OBSERV. §,.cf 16.1 24 | 1.0 | 04 16.4
TIME AVG. é,¢; | 19.2 3.1 | 1.2 6.4 | 212
SPACE AVG. 6,¢; 32 | 13 17.7 | 18.1
SEA HRV
OBSERV. §,.cf 15.1 26 | 1.7 | 04 15.4
TIME AVG. é,¢; | 18.4 32 | 22 23 | 19.1
SPACE AVG. 6,¢; 34 | 23 27.1 | 274

Table 9: Relative error (%) contribution on the estimation of the calibration coefficient over sea
targets.
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C METEOSAT-7 ERROR BUDGET

ATM | SRF | RTM | NSR | NOISE | RAND. | TOT.
DESERT
OBSERV. §,.cf 1.8 [124| 41 [ 38 | 09 13.9
TIME AVG. 6,¢; | 1.9 [125] 42 | 3.8 04 | 139
SPACE AVG. 4,¢; 41 | 3.8 1.6 | 59
SEA

OBSERV. §,.cf 8.6 31 | 77 | 238 12.0
TIME AVG. 6,¢; | 8.7 32 | 77 23 | 124
SPACE AVG. §,¢; 32 | 717 3.0 8.9

Table 10: Relative error (%) contribution on the estimation of the calibration coefficient over desert

and sea targets for Meteosat-7.
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D CALIBRATION RESULTS OVER EACH TARGET
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Figure 5: Calibration results over each target for RUNID: MSG1.2003_054_3.06.
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Figure 6: Calibration results over each target for RUNID: MSG1.2003_073_3.06.
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Figure 7: Calibration results over each target for RUNID: MSG1_2003_086_3.06.
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Figure 8: Calibration results over each target for RUNID: MSG1.2003_-199_3.06.
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Figure 9: Calibration results over each target for RUNID: MSG1.2003 216_3.06.
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Figure 10: Calibration results over each target for RUNID: MSG1.2003216_220_IQGSE.
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Figure 11: Calibration results over each target for RUNID: MSG1.2003_234 3.06.
32




EUM/MSG/TEN/04/0024

(& EUMETSAT

Doc.:

VERSION 1.0

Issue:

21 Jan 2004

Date :

SEVIRI Solar Channels Calibration

Activity Report

issioning

Comm

METEOSAT
SECOND

GENERATION

VIS06

e
iT 4

,_, 1
0k |

\T 1

Ipns
¢S
7S
131
new
[rew
yan
eqr
aqn
qn
1439
eae
[ere
(o] |
psre
¢s[e
73[e
131e

VIS08

6es
ges
Les

ges —

ces
pes

ces
zes
Tes
Teu

,/
] ,

N 1
RS
0 |

1 ]

T 1

i
N

/
N

(INNOD/;wn,_is,_ W) “4dHOD "IV

w0
\n
s

0 5 0 5
\n = = “@
s s s s

(INNOD/,_um,_is, W) ‘44400 "IV

[pns
¢siu
73
[SIu
new
Treut
Pan
eqr
aqn
qn
1439
zeae
[eIe
S3re
peE
¢se
7318
131e

6es
ges
Les
9es
ges
pes
ces
zes
Tes
Teu

®
=
s

(INNOD/,_tmn,_1s, W) "ATHOD “TVO

0.10—

[pns
¢su
731
[SIu

newr

:&E
PqI
€q1[
zan
Iq1
1433
Nﬂhﬂ
jeJe
G3pe
po[es
€3re
] 1
131e

6es
ges
Les
ges
ces
pes
ces
zes
Tes
Jeu

I S
I e
L Jf/_Mf‘ i
BT R
L Idj‘ ]

IV

\
7

[
e

e

[pns
¢SIu
7S
[SIu
znew
[ew
LatHll
eqil
a1
qu
1439
cere
Jeae
S3e
p3[e
¢se
73[e
I3[®

6es
Qes
Les
oes
ses
pes
ces
7es
Tes
Teu

::::}::::: _::}::::
> =3 =3
% g 2 n 3
0 < < < <

(INNOD/,_wn _1s,_ W) "ATHOD “TVO

Figure 12: Calibration results over each target for RUNID: MSG1.2003_241 3.06.
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Figure 13: Calibration results over each target for RUNID: MSG1.2003_275 3.06.

34



EUM/MSG/TEN/04/0024

(& EUMETSAT

Doc.:

VERSION 1.0

Issue:

21 Jan 2004

Date :

SEVIRI Solar Channels Calibration

Activity Report

issioning

Comm

METEOSAT
SECOND

GENERATION

VIS06

Ipns
¢su
7S
131
gnew
[ew
yan
eqr
(ALl
q1
1439
eJe
[eie
(o] |
p3[e
¢s[e
73[e
131e
6®es
ges
Les
9es
ges
pes
ces
zes
Tes
eu
Teu

VIS08

N2
N

b H
//\

I

DO
\*T ]

,:;:
e

(INNOD/;wn,_is,_ W) “4dHOD "IV

w0
\n
s

\n
s s s

(INNOD/,_um,_is, W) ‘44400 "IV

I @:w
€3
7S
[S1u
N=~w~=
I —-wpc
Pqr
€qr
an
Iq1
1433
Nﬂ.:w
jeJe
G3pe
pares
€dre
] 1
131
6es
ges
Les
9es
Ses
pes
ces
es
Tes
eu
Teu

0.10—

(INNOD/,_tmn,_1s, W) "ATHOD “TVO

Ipns
¢su
731

[SIu

newr

Trew
Pan
eqr
aqn
q
1433
zere
Jeae
(o] |
po[es
¢s[e
73[®e
19[e
6es
ges
Les
9ges
ses
pes
ces
7es
Tes
eu
Teu

T

T
L \#LL’ |
‘ M
H B

L \qdi‘ |
L e b 1

!
|
“
“
|
|

:v:w
€31
7o
[S1u
Nn—ﬂ&
:&E
pqI
€qr|
qn

q1
1439

eae
[eJae
S3re
p3[e
¢se
73[e
13[e
6eSs
ges
Les
9es
ces
pes
ces
zes
Tes
eu
Teu

::::;::::;:: |
2 o S
x® = g
<> < < <

|

oy
i
=]

(INNOD/,_wn _1s,_ W) "ATHOD “TVO

Figure 14: Calibration results over each target for RUNID: MSG1.2003_302_3.06.
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