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The goals of the Heliosat project of Ecole Nationale supérieure des Mines de paris
are:.(i) to design a s)'stem for the estimation ori;;ide;;;larr"àir'ri""ï,îâ,1"0
level.from images of the Earth lcquired uy g.ortutionury sateilites, (ii) to produced.etaited maps of the spatial distribution or'trtT giàuui *.ii"iià"-""à'rili ;; ii;.".the system depending upon the results and p.ogi"r, in r"r.n...

Among rhe numerous methods already deveroped, one of them has been selecledfor its accuracy as welr as for its simpricity. It ttà! ui-"n tested during 30 consecutivemonths beginning January 19g3.

. 
operations were performed_ in a completely automatic, unmanned fashion andtrades-off between routine-and accuracy'have'ue"n-uooptéd. ar"ui unà"i-rîn""rnwere.Europe and Central-West Africa lilS+ ontv).

^This paper presents the results of thê tests càiâucted during r9g3. Measuremenrsof. sixteen pyronometers were compared three times a day to the estimates of theselected method. Different compariions ur. p..."nt.à.
The error in the reconstruction of both the instantaneous hourly global radiationG, and the monjhly average of G, is less than 0.06 kwh/m2. wir"î-""-ùià't"

other methods, Heliosat ranks as on'e of the most accurate.
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1 INÎRODUCTION

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.1,2.3,4,s,6
- This research phase must now be followed by anlperational one
for routine production of global radiation maps oi derived data
(cloud coverage, albedo). The first effort reportèd was by GautierT
who mapped the hourly global irradiation during threâ months.
Now many works are in progress for much longer periods. For
example, the French Meteorological office undertôok its routine in
1983 and the German Meteorological Office in 19g4.

one of the purposes of the Heliosat project is to define an
operational tool for routine production of iadiation maps. since it
has been shownl'3 that besides their use in solar crimaiology such
maps are of great interest in various domains ranging froii solar
building architecture to agrometerology, ro*" tpeéifiéations 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 re"epiion
for Larth observing geostationary satellitès (Meteosat, ôUS,
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 methoô of
cano.1'3'8 Measurements of sixteen pyranorneters 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.e

2 CHOICE OF A METHOD

Most available methods were examinedlo according to the above
specifications. The first criterion deals with accuracv. Table I
compares the accuracy obtained by various authors in the re-
construction of the instantaneous hourly global radiation Go from
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satellite data. Some of the published results cannot be compared to
the, others because of their nature or of the units they are expressed
l n . - " ' -

The following criteria deal with computing-time, possible level of
automatization, the kind of data required by ihe model and
real-time and operational constraints.

Physical modelling needs powerful computer and time. For
example the model of Môser and Raschkel3 iequires about 2 hours
to run on a mainframe (CDC Cyber)l or 20 hours on a minicompu_
ter (DEC PDP)14 while the physico-statistical model of cano runs
on a minicomputer (HP 1000) in about 20 minutes.l Most of the
methods using physical modelling also require data not available
from the weather satellites. At last most ôf the methods require
accuracy in calibration of the satellite data which "unnoi b"
provided during a long period.

The above considerations make us choose the method of cano. It
is one of the most accurate.l'l. Furthermore it is easy to implement
and it runs in a short time. It needs only data from the weather
satellites and its own computation of an updated map of ground
albedo makes it accept without any chânge in accuraËy the
variations in calibration of the satellite data.

3 SHORT DESCRIPTION OF THE METHOD OF CANO

The method of Cano has been abundantly described1,3,s,r0 and here
is only provided a short description of it.

The basic remote sensing data are taken from the geostationary
satellite Meteosat observations, both in the visible and th" thermal
infrared.spectral ranges. Each satellite image is pre-processed using
geometric correction with landmark correlation,-noiie filtering, and
normalization of digital counts by the direct spectral irraàiance
which would be measured on an horizontal planl located at each
pixel under clear sky.

Because the digital counts can be directly related to the upward
radiance, this normalization is equivalent to ttte computation of a
bidirectional reflectance factor. Furthermore, since moit continental
surfaces may be considered as lambertian for the observation angles
under concern (except for water and snow) within a small error.-the
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transformation is equivarent to the computation of an image of the
albedo of the system clear sky-ground (planetary arbedo ior clear
sky) with variable cloudiness. In faci, the exact relationship
between the upward radiance and digital count is unknown, because
the satellite Meteosat has no caiibration. However, for con-
venience, we will call albedo the quantity resulting from the
normalization, which is proportional to the actual albedà.

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 (r, i) called a pixel, of the
original satellite image-and subsequently uréâ in a second stép for a
statistical estimation of the global radiaiion.

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

G.(t) :0.710;(sin v)1'1s (1)
where 16; is the extraterrestrial solar irradiance for the dav under
concern, normal to beam and y 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(t) = p(r)0.7lçr(sin v)1.1s. (Z)
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 eactr pixei in a
recursive fashion by minimizing the variance between theïeasured
radiances and the radiances resulting from the clear sky model, the
cloudy cases being eliminated at eaih step. This refeience map is
then daily updated.

The cloud cover index n'(i, j) at point (d, i) for given time r is
defined as a function of the characteristi. ràf"t"n"""albedo p(r,i),
the apparent albedo at the same point as measured by the rutàitt"
p'(i, j), and the average albedo of the cloud tops p". Ii is .ornput"d
for each pixel using the following formula:

n'(i, i): (p,(i, j) - p(i, j))l(p" _ p(i, j)). (3)
The reference albedo of the Europe area is determined in the


