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SOLAR RADIATION MEASUREMENT:

TECHNIQUES AND INSTRUMENTATION**

M. P. THEKAEKARA*

ABSTRACT

A general survey is presented of solar radiation measurement, the techni-

ques and instrumentation. The importance of determining the total and spectral

irradiance of the Sun is examined in the context of the energy crisis and utiliza-

tion of solar energy. The survey includes the extraterrestrial solar fluxes,
4

surfaces on the ground, major types of instrumentation and the radiation scales

to which the measurements are referred. The type of insolation data available

from the National Weather Service of NOAA and from other sources is reviewed.

Alternate techniques of deriving insolation data with high space time resolution

are discussed with reference to solar energy conversion requirements. Energy

received on the ground can be computed from known values of the extraterrestrial

solar spectrum and of the spectral absorption parameters of the atmosphere.

Another technique is based on measurements made by meteorological satellites

of the cloud-cover and of the solar energy reflected and scattered back to space

by the Earth-atmosphere system.

*NASA Goddard Space Flight Center, Greenbelt, Md., 20771, U.S.A.
ial Lecture" delivered at the First Session of the 1975 International Solar
Society Congress, July 28-Aug, 1, 1975, University of California,
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the Sun changes.

The pyranometer and the NIP are not self-checking or absolute instruments;

their sensitivity, output in millivolts per mW of irradiance, should be
4%

determined by comparing them with some other "standard' instrument. Two

standards commonly used in meteorology are the Angstrém compensation

pyrheliometer and the Abbot silver disc pyrheliometer, referred to for the sake

of brevity as the Angstrém and Abbott silver disc, respectively. The Angstrém

6618 which was used in the GSFC determination of the solar constant is shown in

Figure 13 along with its electrical control unit. In principle the Angstrém is an

absolute instrument. It consists of two blackened metal strips, one of which is

exposed to the Sun and the other is shielded from the Sun but is heated by an

absorbance of the strips and the electrical input energy are known, the irradiance

can be calculated. But there are several difficult correction factors and hence

in practice the "standard" Angstréms of different countries are calibrated

veriodically with reference to a few "primary standards. In the Abbott silver
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bnal Space Science Data Center, Code 60 , NASA/GSFC. An empirical

tion has also been developed which gives the irradiance at ground level as

hction of the atmospheric parameters. Further information about these

butational techniques and their results may be found in Chapter 2 of ref.

nnd in ref. [24]. A highly abridged version of the results, giving the total

Hiance at ground level is shown in Table 3. Twelve sets of parameters

t four columns) are considered. The solar irradiance values in Wm~? for

face exposed normally to the Sun's rays for five values of air mass are

in columns 5 through 9.

Attention should also be drawn to tables of solar irradiance published in

ASHRAE Handbook of Fundamentals [25]. The units are Btu ft-? hr-'. These

Ps are in a form more convenient for engineering use and do not require

putation of the air mass. Solar irradiance on a surface normal to the Sun's
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rays and global irradiance on a horizontal surface are given for the 21st day of

each month and for different values of latitude. Typical values of the water

vapor in the atmosphere for each date have been assumed and variations in

Sun-Earth distance have been taken into account, but not variations in ozone and

turbidity. Another approximation which has been assumed is that the logarithm

of solar irradiance varies linearly with air mass; this is strictly true only for

monochromatic radiation outside the molecular bands. The ASHRAF Handbook

cites the NASA/ASTM value of the solar constant, 353 Wm~', but the tables of

irradiance on the ground are based on the work done many years earlier by

different authors. Though it is highly desirable that the ASHRAE data be up-

dated in the light of more recent measurements and computations, the micro-
4

climate variations of the atmosphere and the complexity of ground insolation

are such that the handy form of the ASHRAE tables makes them highly valuable

tor engineering design. The ASHRAE Handbook as also Chapter 2 of reference

[2] discuss in some detail the related problem of irradiance on a sloping surface.

REMOTE SENSING TECHNIQUES

Theoretical computations from extraterrestrial solar fluxes provide one

alternate method for adequate space time coverage of insolation data. Another

alternate method now being developed is to make use of the abundant data

gathered by meteorological satellites of the energy scattered and reflected into

space by the Earth-atmosphere system. From these it should be possible to

survey insolation as a function of location, seasons of the year and time of day,

to select optimum sites for large scale energy conversion systems and to make

insolation maps of high spatial resolution of selected areas. Key factors in this

are that global irradiance is primarily determined by cloud cover an
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