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1. INTRODUCTION

Though the global radiation measurements network
in developed çountries is still in progress, the av-
erage distance between stations in Europe is about
100 km and is thus too large for the current appli-
cations of solar meteorology. In many other parts
of the world the networks are even sparser, espe-
cially over the oceans.

On the other hand, meteorological satellites pro-
vide extensive and frequent observations of the
earth-atmosphere system, both in the visible and in-
frared wavelengths. The ground resolution depends
upon the satellite sensor and the latitude of mea-
surements, and varies from I to 5 km; the period
ofobservations ranges from 30 minutes to 12 hours.

Adequate processing of these data provides a
wealth of information useful in the production of
solar energy indices, particularly for those areas
where no traditional means of observation are avail-
able. Besides their usefulness in solar energy en-
gineering, such global radiation atlases provide new
scientific information. For example, they can be
used in climatology studies which require accurate
data on the ocean heat flux balance, in which the
sun radiation plays a major role.

Both the Solar Energy R&D of the Commission
of the European Communities (Project F) and the
Agence Française pour la Maîtrise de l'Energie
(AFME) are involved in the determination of global
radiation using satellite data. This paper presents
the work carried out by the authors under these
auspices.

Methods for estimating the global radiation at
ground level using satellite data can be divided in
two categories: a statistical approach based on re-
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lations between satellite and ground data and a
physical approach using radiative transfer models
to formulate a relationship between satellite and
ground measurements.

While more likely to be precise when applied to
small areas, statistical methods are usually less gen-
eral and require comparison with ground data. The
work of Tarpley[l] is perhaps the best known of
these methods. On the other hand, physical meth-
ods use simple models, because satellites only mea-
sure a few parameters arnong the many that govern
radiative transfer. The best known methods are cer-
tainly those of Raschke, Preuss[2] and Gautier er
al.l3l.

The approach now developed here is of a sta-
tistical kind. A training set of ground data is re-
quired to determine the parameters of the regres-
sion model, which in turn will predict the global
radiation. The basic idea of this method is that the
amount of the cloud cover over a given area sta-
tistically determines the global radiation for that
area. Thus, the processing is divided in two steps.
A cloud cover index is first derived for each loca-
tion (i, 7), called a pixel, of the original satellite
image and subsequently used in a second step for
a statistical estimation of the global radiation.

In preparation to the determination of the cloud
cover index, a reference map of the planetary al-
bedo for clear sky is constructed and updated daily.
The cloud cover index map is then derived from the
comparison of the current satellite image and the
referençe albedo map. Following this determina-
tion, the atmospheric transmission factors are com-
puted using pyranometric data and a statistical
regression between these factors and the cloud
cover index at the same locations is then per-
formed. Finally, the global radiation map is com-
puted on a refined grid using an interpolation tech-
nique between ground stations.
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Abstract-A statistical method is presented for the determinatiou of the global solar radiation at ground
level. It makes use of data from the meteorological satellites, which provide extensive coverage as
well as adequate ground resolution. In the first step, a reference map of ground albedo is deduced
from the time-sequence of satellite images. Then, by comparing the satellite data with the computed
albedo map, a cloud coverage index is determined for each ground point of5 km x 5 km. This index
is linearly correlated to the atmospheric transmission factor. The regression parameters are estimated
using a training set provided by ground pyranometers. Tests for two different time periods show a
good agreement between the actual and model-derived hourly global radiation.
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