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Abstract. A method is described for the automatic calibration of the successive
operational Meteosat sensors in the visible range since 1985. As a starting point,
the absolute vicarious calibration for only one image in the whole time-series is
needed, which can be provided by previous published works. The automatic
method performs on a daily basis and is based on a statistical analysis of two
images, one when the Sun illuminates the entire field of view of Meteosat, the
other during night-time. This approach does not require any information about
atmospheric and surface parameters, and therefore can be easily performed either
on archived data, or in quasi-real time when receiving the images. Our results
are fully consistent with previous studies. Several tests have been performed to
validate the method and check its robustness and reliability.

1. Introduction

Sensors aboard the satellites observing the Earth are measuring the energy
reflected or emitted by the system ground-atmosphere. A raw image does not have
any scientific or quantitative meaning value per se if not calibrated, since the calib-
ration function describes the relationship between the digital count and the actual
geophysical value of the object seen. Scientists and any other persons working with
satellite images are usually dealing with calibrated images. Further, when dealing
with time-series of images, comparisons are made between images acquired at very
different instants. These images should be well-calibrated with respect to each other,
in order to ensure that any variation in time is due to change in the signal coming
from the observed target, and not from a change in calibration of the observing
system. The accurate calibration of the Earth observation systems in space is now
recognised as a major component of the quality of an image (Abel 1990). The
efficiency of the utilisation of remote sensing data by the scientific community for
the study of the global changes or by private bodies for land management and other
purposes is directly related to the performances of the calibration procedures. For
example, the applications of multi-spectral imaging data impose more and more
demands on the quality of instrument calibration (O’Mongain et al. 1983).

The Earth viewing calibration approach has been recently developed as a backup
solution to the possible failure or unreliability of on-board calibration devices. It is
based on the knowledge of physical characteristics of some Earth phenomena as
well as upon the processing of the digital imagery flowing down from the sensor
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itself (Kopke 1982, 1983; Frouin, Gautier 1987). It has also been proposed as an
alternative to the on-board calibration devices for the monitoring of the post-launch
calibration. Such an approach has the following advantages: decrease in complexity
and weight, less energy consumption, decrease in cost. Each type of approach may
be phased from time to time with on-ground radiometric measurements or perfectly
calibrated airborne measurements ( Hovis and Knoll 1985; Kriebel and Amann 1993).

Several techniques have been proposed to solve this calibration problem and
have been applied to different types of sensors, either for Sun-synchronous satellites
(e.g. Holben et al. 1990) as for geostationary satellites (e.g. Kopke 1982). In the
following, we are interested in calibrating the visible channels of geostationary
meteorological satellites, and more precisely of the Meteosat satellite-series. Because
these satellites have no onboard calibration system, added to the lack of prelaunch
calibration, an absolute calibration of the radiometer in orbit for the VIS channel
has to be performed to allow for accurate radiance measurements.

2. Background

Assuming a linear response of the sensor, the relation between the emerging
radiance from the atmosphere and measured by the sensor, L, and the numerical
count, N, is:

Lyu =0 (N—No) (1)

where o is the calibration coefficient (in Wm ™2 st ™! N™1); N, is the offset numerical
count of the calibration.

The determination of the radiance reaching the satellite radiometer can be per-
formed by solving the equation of radiative transfer which requires knowledge of
atmospheric and surface parameters. This vicarious calibration, by means of calcu-
lated radiances, has been applied to Meteosat 1 and Meteosat 2 visible (VIS) channels
by Kopke (1982, 1983). Frouin and Gautier (1987) have performed a similar method
to calibrate GOES-5 and GOES-6 VISSR (Visible-Infrared Spin Scan Radiometer)
visible channels. Here vicarious calibration means that a portion of the Earth viewed
by the instrument becomes a calibration source (for selected scenes).

Another technique—also named vicarious calibration—consists in comparing
the counts from a radiometer with data from a similar calibrated radiometer carried
by an aircraft or a satellite. Kriebel (1981), Kriebel, Amann (1993), and Kriebel
et al. (1996) performed a vicarious calibration of respectively Meteosat 1, 2, 4 and
5 by means of airborne comparison measurements, assuming that the absolutely
calibrated radiometer aboard the high-flying aircraft looking into the same direction
as the Meteosat radiometer is similar to the radiance seen by the satellite radiometer.
This type of calibration is suitable for short-wave cloud free radiation budget (Kriebel
and Kopke 1987), but not for others applications like desert dust quantitative studies
as emphasised by Moulin et al. (1996) because the resulting calibration depends on
the spectral behaviour of the surface reflectance which affects the satellite and the
comparison radiometer signals differently. Moreover, this kind of calibration does
not allow to take into account the drift of the various Meteosat sensors_over a long
period, and their differences in spectral responses.

Brisson et al. (1990) proposed to calibrate Meteosat visible channels by a survey
of Meteosat visible counts over desert targets to derive surface insulation. They
estimated the sensitivity of the radiometers of Meteosat 2, 3 and 4 with a year to
year comparison of the counts measured over the same homogeneous, high albedo
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area for clear sky conditions. They made thus the assumption that the spectral
response of Meteosat 2, 3 and 4 visible channels are similar, which is not the case
as shown in figure 1. To calibrate Meteosat 4 sensor in 1990 and 1991, Cabot et al.
(1994) used a method which relies on the analysis of long term series of reflectance
measured over radiometrically stable areas, and assuming that the temporal evolution
of the calibration of the instrument obey a continuous law. These authors stated
that most of the developed methods, principally those based on desert areas, suffer
diverse constraints, particularly the need for reproducible geometric conditions.
These requirements limit the possibility of a continuous monitoring of the gain drift
of the instruments. The method of Cabot et al. seems to be adapted to the monitoring
of the calibration over long term period, using desertic stable areas, but needs many
input parameters into models describing atmospheric optics and surface directional
effects.

As outlined by Eumetsat (1996), the VIS channels calibration coefficients are not
dynamically adjusted within MPEF (Meteorological Products Extraction Facility).
According to the results of two different calibration methods proposed by
Kopke (1982, 1983) and by Kriebel (1981), Rossow et al. (1992) use an « of
0.58 Wm™2 sr™' N' and a N, of 2. They used the same calibration relation for
all the Meteosat sensors within the ISCCP project. Actually, they developed an
intercalibration method for geostationary satellites using the results obtained with
a NOAA/AVHRR satellite of reference (Desormeaux et al. 1993).

However, the operational Meteosat sensors in the visible domain show significant
variations of their spectral band (cf. figure 1) which imply a temporal variation of
the calibration coefficient o, at least between each successive sensor. Moreover, sensor
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Figure 1. Figure 1. Normalized spectral responses for the various Meteosat sensors, as a
finction of the wavelength in um.







