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ABSTRACT

Detailed knowledge of the irradiance of the Sun at ground locations
is essential for the design and evaluation of solar energy conversion
systems. The primary source of such data is the global network of
weather stations. Such stations are often too far apart-and for most
locations the data available are only daily total irradiance or monthly
averages. Solar energy conversion programs require insolation data
with considerably higher geographical and temporal resclution. Mete-
orological satellites gather routinely extensive data on the energy re-
flected and scattered into space by the Earth-atmosphere system. A
program has been initiated to use such data for deriving ground inso-
lation for energy conversion. Some of the preliminary results of this
program will be discussed.

INTRODUCTION

Solar energy conversion systems require a knowledge of the energy available
at the location where the systems are to be built. The primery source of such
data is the global network of m eteorological weather stations. The instrument
most widely used at weather stations is the pyranometer which records the irra-
diance on a horizontal surface due to the Sun and the sky. This is referred to as
the global irradiance as opposed to direct solar irradiance which is the irradiance
due to the Sun 2lone received on a surface expos ed normally to the Sun's rays.
Daily totals and monthly averages of the global irradiance aze available from
many weather stations around the world. These measurements are coordinated
through the World Meteorological Organization (WMO). Fram the point of view
of solar energy conversion these data have certain drawbacks. The stations are
too far apart. In continental United States there are about 99 stations, that is, on
an average one station for about 105 km?2. An excellent surzey of irradiance over
the whole Earth was made by Lof, Duffie and Smith [1,2]. They obtained pyra-
nometer data from 668 stations and for 233 other stations wiere only data for
sunshine hours were available, they us ed approximation mefhods to derive the
global irradiance. This total of 901 stations provides on anaverage one station




for 1.5 x 10° km?. This average is somewhat misleading as shown in Figure 1.
There is a large concentration of stations in some areas like western Europe

and Japan. In many parts of the world, for example, France, West Africa, East
South America, India, only sunshine recorders are available. :

There is a high degree of uncertainty in these data. The instruments are of
many different types; calibration factors change with time; data logging techniques
are also different. The insolation data of the U. S. weather stations provide an
example of the degree of uncertainty. The National Climatic Center (NCC), of the
National Weather Service of NOAA used to publish monthly and yearly records of
the solar irradiance collected at the stations. However, in recent years, errors
ranging from 5 to 30 percent were discovered in these data, so that in September
172, the NOAA requested the NCC to stop publishing the data. Currently insola-
tion data are archived but not included in the routine publications of meteorological
data of the NCC.

Another disadvantage of the WMO records is the lack of adequate time reso-
lution. Most stations record only the daily totals. For the energy absorbed by a
sloping surface as that of flat plate collector, the incident energy during the hours
when the Sun's rays are nearly normal to the surface is congiderably more im-
portant. Data are needed on the variation of irradiance with hours of the day.

AN ALTERNATE METHOD FROM SATELLITE DATA

In this paper we present an alternate method of deriving ground insolation
data with considerably higher geographical and time resolution. Areas as small
as one km? can be scanned and with time resolution of one half hour. The tech-
nique is to use the data on the radiation reflected and scattered back into space
by the Earth-atmosphere system (the Earth albedo). Such dazta are routinely
gathered by the synchronous meteorological satellite (SMS). Other satellites of
the Nimbus or Tiros series also can be used. They have the advantage of having
been launched several years earlier and hence the techniques of collecting their
data and adapting them to specific needs have been better dewveloped. But they
have a smaller spatial resolution and view a given spot on the Earth far less
frequently.

A program was initiated by NASA about a year ago to dewvelop a method of
obtaining ground insolation from satellite telemetry. There are three parallel
approaches in this program. Our group at Goddard Space Flight Center has the
responsibility of monitoring this program, and the three gromups engaged in this
are the department of Atmospheric Science, Colorado State . (T. Vonder Haar),
the Remote Sensing Laboratory, U. of Miami (H. W. Hiser) and the Applications
Directorate, NASA/GSFC (M. P. Thekaekara).
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Global Distributions of Stations where Solar Irradiance Data are Collected.

Figure 1.

anometer stations and dots indicate sunshine recorder stations).

(Crosses indicate pyr







