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The goals of the Heliosat Project of Ecole Nationale Supérieure des Mines de Paris
are: (i) to design a system for the estimation of incident solar radiation at ground
level from images of the Earth acquired by geostationary satellites, (i) to produce
detailed maps of the spatial distribution of the global radiation and (iii) to improve
the system depending upon the results and progress in science.

Among the numerous methods already developed, one of them has been selected
for its accuracy as well as for its simplicity. It has been tested during 30 consecutive
months beginning January 1983.

Operations were performed in a completely automatic, unmanned fashion and
trades-off between routine and accuracy have been adopted. Areas under concern
were Europe and Central-West Africa (1984 only).

This paper presents the results of the tests conducted during 1983. Measurements
of sixteen pyronometers were compared three times a day to the estimates of the
selected method. Different comparisons are presented.

The error in the reconstruction of both the instantaneous hourly global radiation
G, and the monthly average of G, is less than 0.06 kwh/m?. When compared to
other methods, Heliosat ranks as one of the most accurate.
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1 INTRODUCTION

A great number of studies clearly demonstrate that satellite data
can be used succesfully for mapping both the global radiation at
ground level and the cloud converage over very large areas.!:23456

This research phase must now be followed by an operational one
for routine production of global radiation maps or derived data
(cloud coverage, albedo). The first effort reported was by Gautier’
who mapped the hourly global irradiation during three months.
Now many works are in progress for much longer periods. For
example, the French Meteorological Office undertook its routine in
1983 and the German Meteorological Office in 1984.

One of the purposes of the Heliosat project is to define an
operational tool for routine production of radiation maps. Since it
has been shown' that besides. their use in solar climatology such
maps are of great interest in various domains ranging from solar
building architecture to agrometerology, some specifications were
drawn to meet these goals. This tool must be cheap, very simple,
easy to use and to maintain. It also must comprise a direct reception
for Earth observing geostationary satellites (Meteosat, GMS,
GOES). Besides the model for the conversion of satellite data into
global radiation maps, it must also provide some capacities in image
processing, colour display and print-outs.

This paper presents the method selected among the most known
and deals with the results of a test conducted during the whole year
1983. The method chosen derives closely from the method of
Cano.'”* Measurements of sixteen pyranometers from the French
Meteorological Office net were compared three times a day to the
estimates provided by the satellite data.

The symbols used in this paper follow the recommendations of
the Commission of the European Communities.®

2 CHOICE OF A METHOD

Most available methods were examined'® according to the above
specifications. The first criterion deals with accuracy. Table I
compares the accuracy obtained by various authors in the re-
construction of the instantaneous hourly global radiation G, from
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transformation is equivalent to the computation of an image of the
albedo of the system clear sky-ground (planetary albedo for clear
sky) with variable cloudiness. In fact, the exact relationship
between the upward radiance and digital count is unknown, because
the satellite Meteosat has no calibration. However, for con-
venience, we will call albedo the quantity resulting from the
normalization, which is proportional to the actual albedo.

The basic idea of the method is that the amount of the cloud
cover over a given area statistically determines the global radiation
for that area. Thus the processing is divided in two steps. A cloud
cover index is derived for each location (i, j) called a pixel, of the
original satellite image and subsequently used in a second step for a
statistical estimation of the global radiation.

The model makes use of the clear sky model of Bourges' for
which the global radiation at ground G. at instant  is:

G.(t) = 0.7ly;(sin v)*'* (1)

where Iy is the extraterrestrial solar irradiance for the day under
concern, normal to beam and v is the elevation of the sun.

Therefore the irradiance measured by the satellite sensor in
absence of clouds and coming from the system clear sky-ground of
albedo p(t) may be expressed in the following:

E(r) = p(2)0.7L;(sin v)" "5, )

In preparation to the determination of the cloud cover index, a
reference map of the planetary albedo for clear sky is computed.
Given a time-series of images, it is evaluated at each pixel in a
recursive fashion by minimizing the variance between the measured
radiances and the radiances resulting from the clear sky model, the
cloudy cases being eliminated at each step. This reference map is
then daily updated.

The cloud cover index n'(i, j) at point (i, j) for given time ¢ is
defined as a function of the characteristic reference albedo p(@, ),
the apparent albedo at the same point as measured by the satellite
p'(i, j), and the average albedo of the cloud tops p.. It is computed
for each pixel using the following formula:

', j)=(0"G, ) = pG, ) (o = pG, j)). 3)
The reference albedo of the Europe area is determined in the




