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Abstract. This paper deals with a method for mapping the apparent ground
brightness on a pixel basis. It makes use of geostationary satellite visible data and
generalizes the earlier work of Cano (1982). The detection of clouds larger than
one pixel is performed in a time series by comparing the cloud-induced sensor
response to the signal which would occur if the pixel were cloud-free by means of
an iterative and adaptive filtering. To illustrate the method, Meteosat data either
received by means of a WEFAX-type receiver connected to a personal computer
or provided by ESOC have been processed. Maps of apparent ground brightness
are presented for Europe and Africa with 5km resolution.

1. Introduction

Cloud detection is usually performed using at least two spectral bands. The visible
band and the 10-5-12-5 um range are mostly employed. Usually, clouds are very bright
and cold and generally these characteristics enable their detection. Sophisticated
methods have recently been developed by Saunders and Kriebel (1988) and Dedieu
et al. (1987).

Some methods for cloud detection make use only of the visible band and rely upon
the fact that the cloud albedo is usually greater than the ground albedo. Therefore the
appearance of a cloud in the field of view of the sensor will result in increased
measured radiance. Cloud detection can thus be performed by considering the
difference between the cloud-induced response and the corresponding signature of the
ground under a clear sky, provided the cloud surface is larger than a pixel. The
method presented here is of this kind. It has been developed within the framework of
the Heliosat Programme of the Centre de Télédétection et d’Analyse des Milieux
Naturels (CTAMN) de I’Ecole Nationale Supérieure des Mines de Paris (Cano et al.
1986, Monget et al. 1983, Diabaté et al. 1988 a). The aim of this programme is the
detailed mapping of global radiation received at the ground and of its direct and
diffuse components, making use only of visible geostationary satellite data. Maps
of apparent ground brightness are required to detect large clouds and the method
presented here has been developed for this purpose. To validate the Heliosat method,
routine construction of maps of solar radiation has been carried out for Europe from
1983 to mid-1985 and for central West Africa during 1984 (Michaud-Regas 1986).
Maps of apparent ground brightness for these periods and areas have therefore been
produced weekly. The maps for central West Africa have been discussed by Diabaté
et al. (1988 b).

The method presented here originates from the work of Cano (1982). Cano
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studied three different ways for cloud detection making use of planetary albedos for
clear sky conditions. His study was restricted to Europe. This paper presents an
improvement of the best performing method of Cano. Atmospheric corrections are
added so as to deal with apparent ground brightness. Viewing geometry is also taken
into account and the method applies to any area.

Using a time series of images both detection of clouds larger than one pixel and
determination of the apparent ground brightness can be achieved at the same time by
an iterative and adaptive filtering. This results in the construction of a map of
apparent ground brightness. Further, in routine processing, each new image is
compared to this map and the clouds are detected. The map is updated by weight
averaging a new cloud-free pixel with previously determined cloud-free pixels.

First, the conversion of satellite data into albedo values is presented. Atmospheric
effects for clear sky are removed and an empirical relationship between corrected
satellite data and actual albedo values taken from literature, is computed. Then the
method for cloud detection and apparent ground brightness determination is dis-
cussed. Finally, apparent ground brightness maps for Europe and Africa are pre-
sented. Where possible, notations and symbols follow the recommendations of the
Commission of the European Communities (Dogniaux ef al. 1984).

This method does not take into account the effects of partial sub-pixel cloud cover
and approximates the non-Lambertian behaviour of the surfaces. Therefore, it
provides a quantity which is close to the albedo but is not strictly speaking the surface
albedo. Following the suggestion of one referee of this paper, this quantity is called
apparent ground brightness. '

2. Converting satellite digital counts into albedo values

This conversion is usually made in two steps. The satellite counts are first
converted into radiance. Then these radiances enter a model which removes the
atmospheric effects and gives the ground albedo values.

In-flight sensor calibrations are not usually provided by satellite operators and
must be determined empirically. These procedures are either based on numerical
solutions to the radiative transfer equations or on comparisons with some reference
sources. Unfortunately, such useful relationships cannot be used in this study. Indeed,
the satellite data we are dealing with originated from Meteosat but were received in
the WEFAX (Weather Facsimile) analogue format by a secondary data user station
(SDUS) located at CTAMN. The analogue signal was then changed into digital
counts by an analogue/digital converter. This converter has been especially designed
at CTAMN and is a board to be installed into a personal computer of the IBM/PC
type.

Usually satellite data are modified by the satellite operators before being re-
transmitted into the WEFAX format in order to enhance the display of the WEFAX
image on to a video monitor. In the case of Meteosat, this enhancement is made by
the European Space Operations Centre (ESOC) (the Meteosat satellite operator) in
the following fashion. For the visible range, values between 0 and 20 are set to black,
values over 220 are set to white and grey shades are linearly distributed<between 20
and 220. For the infrared range, values over 190 are set to black and grey shades are
linearly distributed between 0 and 190, the value 0 being white. Both enhancements
are constant whatever the dynamics of an image, and were set up several years ago.
Careful examinations of the dynamics of the signal received at our own SDUS have
been made periodically since 1980 and they show no change with time in the
conversion of the satellite data into WEFAX format.
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It would have been possible to compare the WEFAX data to digital data directly
provided by ESOC, the Meteosat satellite operator, and then to use a calibration
procedure as defined above and proposed by Kriebel (1981) or Koepke (1983) for
example. However, doing that would cumulate the errors due to each conversion and
we preferred to proceed differently. WEFAX digitized counts are first corrected for
atmospheric effects. Albedos of different typical sites known from literature are then
compared to corresponding corrected counts and an empirical linear relationship is
derived. Finally, corrected counts are transformed into albedos or apparent ground
brightness.

Since the data are converted into albedos, these particular aspects of our data sets
do not alter the generality of the method presented in this paper. It will apply to any
area and any satellite provided one takes into account the visible spectral range of the
satellite sensor and also the characteristics of both the sensor and the ground receiver
outputs. This generality is partly demonstrated in this paper and the method is
illustrated by the processing of digitized WEFAX Meteosat images as well as of raw
Meteosat digital data provided on tapes by ESOC.

The ground albedo, p,, is expressed as the ratio of the exitance to irradiance. Most
continental surfaces act approximately as a Lambertian reflector for the angles under
concern (except water and snow-covered surfaces) within a small error range
provided the Sun elevation is greater than 40° (see, for example Pinker and Razgaitis
1983, Reeves et al. 1975). For very clear skies, that is, skies for which scattering of
solar light is negligible, the ground albedo can be written

pe=[mL()/(K(1)g()]/[K ()]s f;sinv] )

where L(y) is the radiance reaching the satellite sensor, y is the elevation of the satellite
for the pixel in question, v is the elevation of the Sun for the pixel in question, K () is
the total transmission factor for clear atmosphere and angle 0, I, is the filtered solar
constant for the spectral range in question, f; is the eccentricity correction factor of
the Earth’s orbit for the day j and ¢(y) is a function which takes into account the
dependence of the signal upon y to correct partly the non-Lambertian behaviour of
the surfaces.
Usually the satellite sensor responds linearly or quasi-linearly to radiance

L=(1/n)(cDC+d) ?2)

with ¢ being the quantization step and d the offset, or, if DC, is the digital output one
observes for the outer space

L=(c/m)(DC—DCy) (3)
Therefore equation (1) becomes
pe=c(DC—DCp)/(K(»)K(v)g(y)sin vl f;) 4
If the corrected count, CC, is defined as
CC=(DC—DCy)/(K (1)K (v)g(y) sinvf;) . (5)

then the ground albedo is proportional to the corrected count,
pe=(cCO)/Ip;=eCC ()

The computation of the corrected count consists of normalization of the satellite
count by the solar irradiance which would be measured by the satellite sensor after it







