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ABSTRACT

The present status of our knowledge of the total and spectral irradiance of
the Sun is briefly reviewed. The currently accepted NASA/ASTM standard values
of the solar constant and the extraterrestrial solar spectral irradiance are pre-
sented along with a discussion of how they were derived. The uncertainties in
these values are relatively high. Data on the variability of the solar constant are
conflicting and inconclusive. The variability of solar spectral irradiance is
almost totally unknown and unexplored. Some of the alleged Sun-weather rela-
tionships are cited in support of the need of knowing more precisely the varia-
tions in total and spectral solar irradiance. An overview of the solar monitoring
program of NASA is presented, with special emphasis on the Solar Energy
Monitor in Space (SEMIS) experiment which has been proposed for several of the
spacecraft missions. It is a combination of a solar constant detector and a prism
monochromator. Measurements from outside the atmosphere are essential for
determining the absolute values and the possible variations of the total and

spectral solar irradiance.

*Bosed on a presentation at the Solar Constant Workshop, Big Bear Lake Observatory, Ca,"
. May 19-21, 1975 ‘
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1. INTRODUCTION

This gathering is entitled a solar constant workshop, but from the titles of the
papers and from this morning's discussion one would think it should rather be
entitled a workshop on the solar inconstant. All who have tried to measure it have
come up with different values. At the turn of the century, Hann's Handbook of
Meteorology published without preference three values of the solar constant,
Pouillet's 1230 Wm™2 , Angstrm's 2717 Wm ™2 and Langley's 2051 Wm™2. That
was indeed a very wide spread of values. The long series of measurements made
by C. G. Abbot resulted in values close to 1350 Wm 2 . Subsequent to Abott's
work and prior to the more recent measurements made from high altitude plat-
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forms, two values which were widely accepted were Johnson's 1396 Wm “ and

Nicolet's 1380 Wm™2.

2. THE NASA/ASTM STANDARD OF TOTAL AND
SPECTRAL SOLAR IRRADIANCE

A listing of the values proposed as a result of measurements made from
research aircraft, balloons and spacecraft is given in Figure 1. They are grouped
according to the three radiation scales to which they are referred, the International
Pyrheliometric Scale of 1956, the Absolute Electrical Units Scale and the Thermo-
dynamic Kelvin Temperature Scale. Each of these values is the result of a long
series of measurements. The horizontal lines indicate the degree of uncertainty
claimed by each author. The principal authors are Kondratyev, Murcray and

Drummond for the first three entries, the NASA/GSFC team of the Convair 990




flights for the values from the two Angstriim pyrheliometers, the GSFC cone and

the Hy-Cal, Plamondon for the JPL Temperature Controlled Flux Monitor (TCFM)

and Willson for the JPL Active Cavity Radiometer. Most of these measurements
were made from aircraft and balloons. Only one, the JPL, TCFM, was from
spacecraft, the Mars Mariner 6 and 7. It would seem that the energy from the Sun
has all along been a low priority item for the scientific community and hence for
NASA. The late Dr. Abbot used to protest this quite strongly, but his was a lone
and weak voice; he was in his nineties when spacecraft technology was sufficiently :
advanced to make solar irradiance measurements from entirely outside the Earth's
atmosphere. The highly absorbent and variable atmosphere had been all along a
large source of uncertainty for ground based measurements.

Out of these measurements from high altitude platforms resulted a revised
value of the solar constant, 1353 Wm 2. This has been accepted as the design
criteria for NASA space vehicles' and as the engineering standard of the Ameri-
can Society of Testing and Materials (ASTM)” The NASA/ASTM standard in-
cludes also values of solar spectral irradiance, which are shown in tabular form
in Table I and as a graph in Figure 2. This is based mainly on measurements
made by the GSFC CV 990 team who used five large spectral irradiance instru-
ments of different types. Table II gives a listing of the instruments along with
the detectors, aircraft window material and wavelength range of each. The spec-
tral curve obtained from the GSFC data was modified slightly in the range 0.3 to

0.7 um with the aid of the filter radiometer data obtained by the Eppley-JPL team




and thus was defined the NASA/ASTM standard. The GSFC measurements cov-

ered the spectral range 0.295 to 15.0 u m. For the two extremes in the UV below

0.295 . m which contains one percent of the energy and in the IR above 15 p m

which contains 0.02 percent of the energy, other sources of data from Hini:e:cegger,3

Heath,! Parkinson and Reeves; and Shimabukoro and Stacey® were used.
Before going on to the inadequacies of the NASA/ASTM standard, a brief
mention might be made of some other derived tables which were developed in
response to user requests. One of these is the solar spectral irradiance at 1 A
intervals for the range 3000 to 6100 A. This is based on the measurements made
by the Perkin-Elmer monochromator but normalized to the standard curve.
The values in the standard table for this range are at wavelengths 50 A apart,
and are averages over 100 A bandwidth centered at those wavelengths. There
are also available® several tables and graphs for solar irradiance at ground
level. Four of these graphs are shown in Figure 3 for air mass 1, 4, 7 and 10.
The atmospheric parameters are 20 mm of precipitable water vapor, 3.4 mm of
ozone and a rather high value of turbidity. Turbidity or aerosol scattering is
expressed by the two Angstrﬁm coefficients o and 8. The total irradiance when
the Sun is at the zenith, air mass one, is 800 Wm' ?; the values are naturally
lower for greater solar zenith angles. Most of the absorption bands in the in-
frared are due to water vapor. This is a rangevwhere extrapolation to zero air
mass from ground based measurements is highly uncertain partly because the
water vapor content is variable and partly because the absorbance is not gov-

erned by the exponential law. Even at the altitude of CV990 flights where the
3




water vapor in the line of sight is one thousandth of that from the ground, the

H,O bands were found to be a serious correction factor.

Solar spectral irradiance tables and total solar irradiance have been com-
puted for a large variety of parameters of H,0, O,, turbidity, altitude above sea
level and air mass. The NASA/ASTM standard table and most of the derived tables
are available as punched card decks. User organizations can obtain them from the

National Space Science Data Center at GSFC.

3. UNCERTAINTIES IN CURRENTLY ACCEPTED VALUES

A closer look at the currently accepted values of the total and spectral
irradiance of the Sun outside the atmosphere shows that these values are by no
means final and considerably more work needs to be done especially through
measurements from spacecraft. The NASA Space Vehicles Design Criteria are
reissued periodically; the current edition of Solar Electromagnetic Spectrum
first printed in 1971 and since then reprinted twice is a revision of an older
monograph of the same title which had presented the Johnson curve. The ASTM
Book of Standards is reprinted annually and corrections are introduced as
needed. The value 1353 Wm ° is significantly lower than those of Johnson and
Nicolet, but rather close to those proposed more recently by Labs and Neckel,9
Makarova and Kharitonov'~ and Stair and Ellis!’ And it is close to the earlier
Smithsonian value of Abbot. But one observes that it is based on nine values

which range between 1338 Wm 2 and 1368 Wm'™ 2 , and the two extreme values

are those which according to the respective authors claim least uncertainty.
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The NASA/ASTM value of the solar constant has a stated uncertainty of +21 Wm~

or +1.5 percent, which is rather large for an important constant of geophysics
and astronomy, when we consider that most other constants like the velocity of
light, Planck's constant or electron charge are quoted to an accuracy of a few
parts in a million. The uncertainty in the spectral irradiance is considerably
greater than in the solar constant itself and varies with the wavelength range.
In the visible and near IR the GSFC experimenters used four instruments which
did not yield identical spectral curves, though all four instruments used the NBS
standards of spectral irradiance for calibration.

There were greater differences between the GSFC data and the Eppley-JPL
filter data as shown in Figure 4. Each horizontal line refers to one of the filter
channels, the length of the line shows the width of the pass band and the displace-
ment along the y-axis shows the ratio of the irradiance as measured by Eppley-
JPL to the energy derived by integrating the earlier GSFC curve!? over the same
pass band. Thus, for example, the filter with low wavelength cut-off at 0.295, m
gave a value 11% higher than that measured by the GSFC team. The wide scatter
of these lines above and below the 1.00 ratio line is rather surprising, especially
since both sets of data were based on long series of measurements. The reference
radiation scale for Eppley-JPL was the IPS 56 and hence ultimately the AEUS;
that for GSFC was the NBS irradiance lamps (1964 scale) which through Planck's
equation are traceable to the TKTS. In 1973 the NBS introduced a new scale of

spectral irradiance for the wavelength range 0.25 to 1.6 . m. Comparisons




between the two scales show that over most of the range significant downward
correctibns have to be applied to the 1964 scale especially in the UV and IR.

If those corrections are proved genuine and are applied, the scatter of the lines :
in Figure 4 would be greater, not less. The continuous curve shown close to the
1.00 line gives the ratio by which the GSFC spectral irradiance values were
multiplied to derive the NASA ASTM values.

Equally disturbing, if not more so, are the differences between the NASA/
ASTM curve and those published earlier. In Figure 5 is shown a comparison
with two of the earlier widely used curves, those of F. S. Johnson (upper curve)
and of Labs and Neckel (lower curve). The wavelength range is 0.25 to 2.5 x m.
The y-axis gives the ratio of spectral irradiance as a function of wavelength.

A normalizing factor has been applied to equalize the area under the curves
being compared, so as to show the difference in spectral irradiance independently
of that in the solar constant. In the visible range the Johnson values are about

5 percent higher and the Labs and Neckel values are about 10 percent lower than‘
that given by the NASA/ASTM curve. There are larger differences in the IR and

UV.

4, SOLAR VARIABILITY, INCONCLUSIVE EVIDENCE

One conclusion that emerges strongly from these different proposed values
of the total and spectral irradiance of the Sun is that the accuracy of the measure-
ments is significantly poorer than what should be required for so important a

parameter of the physical world and can be expected from state-of-the-art in




radiometry. In many of the applications of the solar irradiance values, both total

and spectral, a question of major concern is the variability of these values. The
changes in the solar irradiance in the UV below 0.3 »m and in the microwave
range between 2 cm and 10 m have been well established. As for the solar con-
stant itself the variability is over a smaller range, probably one or two percent,
or perhaps less; but the data available in literature do not permit any firm con-
clusions. A precision considerably better than what is possible for absolute
accuracy is required to determine the variability of the total and spectral ir-
radiance of the Sun. Measurements made from sea level and even from mountain
tops and research aircraft do not have the required accuracy and precision be-
cause of the highly variable atmospheric attenuation and the errors inherent in
extrapolation to zero air mass.

The most extensive data on the solar constant are those collected by C. G.
Abbot and his coworkers at the Smithsonian Institution. They cover a period of
over 50 years. There have been numerous attempts at an analysis of these data
to determine whether the solar constant varies with the sunspot number, the
magnetic field or any of the other observable features of the Sun. The sunspots
have the well known 11 year cycle. In addition there are several other cycles,
those of solar rotation, the solar magnetic field, the magnetic sector boundaries,

the longer periodicities of 90 years and more. There are also the sporadic and

unpredictable events which last for periods from a few minutes to several days.




A few of the major contributions to the analysis of the Smithsonian data for
correlation between the sunspot number, N, and the solar constant, E, are given
in Table III. The Table lists the authors, the period of the Smithsonian data which
they considered, the year of publication, the serial number of the publication in the
list of references at the end of this paper and the main conclusions which the
authors have derived. This summary statement of the main conclusions does not
do full justice to the wealth of information contained in the respective publications.
It is obvious that different authors examining the same data come to entirely dif-
ferent conclusions. Reference 20, one of the latest in Abbot's monumental work,
is of special interest because it cites a number of observations which at best are
puzzling and gives a complete list of 10 day averages of the solar constant from
August 1, 1920 to December 31, 1950.

Three studies which are independent of the Smithsonian data should also be
cited. Bossolasco et al?® made an analysis of ground based measurements at four
stations, Uccle (Belgium), Jerusalem (Israel) Krippenstein and Sonnblick (Austria)
over the period 1956 to '60 and concluded that E has a pronounced maximum for
N2~ 160 and that it decreases by 15 to 17% as N increases to 250 or 300. The
decrease of E for low values of N is less clear. Kondratyev’? attributes this
finding to increased atmospheric absorption; there is a close correlation between
the nine dates of observations of Bossolasco et al with N > 250 and the dates of
the U. S. nuclear tests of the 1956-58 period. From the Leningrad balloon data

Kondratyev and Nikolsky22 conclude that E is maximum for 80 < N < 100 and




that there is a decrease of N of 2 to 2.5% for higher and lower N values: They

N of much the same shape and Thekaekara's value of the solar constant based on
measurements made in August 1967 when N was 96 is in general agreement with
the Leningrad data. The TCFM of JPL'' was flown on two Mars Mariner Missions
in 1969. Data were available on a period of 200 days, but the signals normalized
to one astronomical unit showed a steady downward slope, decreasing from 1352.5
Wm~ 2 at launch to 1288 Wm™ 2 at encounter with Mars. The probable cause was
instrument drift which could be corrected by making a pitch turn of 100° after
encounter and determining the shift in the zero of the instrument. Major conclu-
sions from the TCFM were that there are variations in E of the order of tenths
of'1% whichare random—, that the largest observed variation was 0.4%, and that
long term cyclic variations of several percent were not observed.

In 1952 Aldrich and Hoover 16 concluded their paper '"The Solar Constant"
with the following remark: "There is currently much interest in travel beyond
the stratosphere. When this is accomplished, direct measurements of the solar
constant, unhampered by an ever-changing and complex atmosphere will follow."
Travel beyond the stratosphere is a reality. Apart from the TCFM no attempt
has been made from spacecraft to determine whether the solar irradiance, total
and spectral, is changing along with all the other observable features of the Sun
which are known to be changing. The question is not a new one. The opening

paragraph of a paper published in 1966 by C. G. Abbot, Solar Variation, a




Weather Element,?’ is well worth quoting: ''The eminent astronomer Dr. Samuel
Pierpoint Langley, third secretary of the Smithsonian Institution, at Dr. George E.
Hale's invitation, sent me to Mt. Wilson Observatory in 1905 to observe the radi-
ation of the Sun. Langley suspected that this might be variable, and that its vari-
ation might be a cause of weather changes. If the suspected solar variations
proved periodic, they might lead to long-range weather forecasts of great value
to agriculture and water supply."
While there a great deal in literature about changes in the solar constant and
their effects on weather, a great deal that is conflicting and inconclusive, there
is hardly any mention of changes in the spectral distribution in the visible and
near IR where the energy output of the Sun is the greatest. The reason is not
that changes do not exist, but that they are totally unknown and unexplored. Almost
all solar energy effects on the atmosphere and the Earth are wavelength dependent.
Localized radiation balance and the transport of large masses of air, increase of
- atmospheric pollution and its sink mechanisms, the making of weather and climate
and the numerical modelling required for predicting weather, changes in ozone
and their erythemal effects on humans, T;111 depend on some limited portions of
the solar spectrum more than on others. The atmosphere is far from being a
neutral density filter, nor is the land and ocean surface of the Earth a grey
absorber. The Earth albedo spectrum is very differeﬁt from the solar spectrum.
Ozone production is due to solar UV. Chlorophyll photosynthesis essential for

all life support is due to wavelength bands centered around 450 and 650 nm, with
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half-intensity bandwidths of about 30 nm. Other resonance phenomena are photo-
morphogenic responses like seed and flower development, shape and size of leaves,
plant height, leaf movements as in mimosa, phototropism; the associated wave-
lengths are nearly the same, but with slightly greater bandwidths. Absorption by
water vapor with all its major effects on the making of weather is in narrow-
wavelength bands, all beyox'ld 700 nm which is the more poorly known part of the
spectrum. If the solar constant is shown to be changing, we would want to know
what spectral ranges are causing this change. Nor there is any reason to assume
that the changes in solar spectral irradiance over limited wavelength bands are as

small as in the solar constant itself.

5., RELATION TO TERRESTRIAL PHENOMENA

If it is known with sufficiently high precision what are the changes in solar
radiant flux, in what wavelength ranges and with what periodicities, that would
provide a solution to many intriguing correlations which have been observed be-
tween solar activity and terrestrial phenomena. Among such phenomena are
wintriness index of northern hemisphere sea level pressure, the annual march of
temperature of different cities of Europe, the changes in meridional sea level
pressure, the annual frequency of Etesian winds over Greece. Thus, for example,
the number of days per year when Etesian winds, winds from the NE and NNE as
opposed to sea breeze, blew over Athens in the period 1893 to 1961 followed the
same trends of maxima and minima as the annual mean sunspot numbers. The

geomagnetic disturbances have a periodicity of 27 days superposed on an 11-year
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period. Long period correlations have been observed in such weather related
phenomena as the water level in rivers and lakes, annual growth rings of petri-
fied and living trees, the advance and retreat of glaciers, the frequency of light-
ning strikes on the electrical power grid, the annual rainfall in different locations.
In 1953 Brooks and Carruthers observed: "There is a correlation coefficient of
+0.88 between the number of thunderstorms recorded in Siberia and the annual
mean sunspot relative number. Since it is inconceivable that thunderstorms in
Siberia cause sunspots, it is reasonable to assume that sunspots or some other
solar phenomenon associated with sunspots cause thunderstorms." The litera-
ture on this subject is voluminous and it must also be stated that there are serious
investigators who fail to see the correlations or their significance. In a recent
review article J. W. King - has brought together a large mass of data on Sun-
weather relationships. He says: "Even the most sceptical scientist who investi-
gates the literature thoroughly will be forced to concede that important aspects

of lower atmosphere behavior are associated with solar phenomena ranging from
short-lived events such as solar flares, through 27-day solar rotations to the
11-year, 22-year, and even longer solar cycles. The complicated pattern of Sun-
weather relationships undoubtedly needs much further clarification, but progress
in this field will be hindered if the view prevails that such relationships should not
be taken seriously simply because the mechanisms involved in explaining them are
not yet identified."" If these Sun-weather relationships are proved to be genuine, an

essential factor in finding the mechanisms involved is the precise determination of

the variations, if -any, in totél'éﬁd spectral solar irradiance.
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6. PROPOSED MEASUREMENTS FROM SPACECRAFT, SEMIS

In view of the above discussion it would seem to be of the utmost importance
to measure the total and spectral irradiance of the Sun from outside the atmos-
phere. What is needed is an instrument or a complex of instruments on a satel-
lite to monitor the solar flux almost continuously and over a long period of time
with sufficiently high accuracy and precision and adequate spectral resolution.

Several instruments are being developed or are in the planning stage in the NASA

program; they are mainly for the solar constant. Table IV gives an overview of
the NASA solar monitoring program; it was prepared by the Meteorology Program
Office of NASA/GSFC. Some of the instruments listed here have been documented
extensively. The first on the list is the Earth Radiation Budget (ERB) experiment of
NIMBUS-F, a spacecraft which was launched on June 12,1975. It has 10 solar view-
ing channels. The spacecraft has a Sun-synchronous, high noon, near polar track
(81° inclination) orbit. The ERB experiment views the Sun when the spacecraft is
over the South Pole, just before it starts the northward trip on the daylight side of
the Earth. The spectrum is measured mainly by five interference filter channels in
the wavelength ranges (units in nm) of 250-300, 280-350, 300-400, 350-450 and 400
to 500. The experiment has just been turned on as this is being written.

Two other instruments, the ESP and the SCSD, also plan to use interference
filters with wide-band resolution similar to that of ERB.

We shall discuss here in little more detail an instrument, the Solar Energy

Monitor In Space, SEMIS, with which our group at GSFC is more directly concerned.
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It is a combination of a total irradiance detector and a prism monochromator. |

This is the only proposed experiment with adequate spectral resolution over the
entire wavelength range. An optical schematic of the SEMIS is shown in Figure 6.
The total irradiance detector is either a thermopile of the type used in ERB or an
absolute radiometer, the GSFC cone radiometer, similar in principle to the ACR
and PACRAD. The SEMIS is designed to be a compact, light-weight, low data

rate instrument which can be readily accommodated on a large variety of space-

craft missions. One model of the instrument has been built and been used exten-
sively for monitoring the solar simulation in space environment simulators at
GSFC. Another model has been built for aircraft use; it will be flying piggy-
back on all routine missions of the NASA-U-2 aircraft at an altitude of 20 km. It
will start gathering solar data in the fall of 1975. The wavelength range of the
spacecraft model is from less than 0.2 um to over 40 nm for the total irradiance
detector and from 0.25 . m to 2.6 pum for the prism monochromator. Over 99.99
percent of the Sun's energy is contained in the wavelength rage of the total irradi-
ance detector. The monochromator has quartz optics so that 0.2% of the energy
in the UV and 3.3% of the energy in the IR will not be spectrally scanned. An
added reason for limiting the spectral range is that spectral irradiance standards
of sufficient accuracy are not available outside this range. The bandwidth or spec-
tral resolution varies with the spectral range and slitwidth. Representative

values for a slitwidth of 0.1 mm are 0.0012 xm at 0.25 xm, 0.0l m at 0.6 um

and 0.05 um at 2.6 um. The value of A\/A\ varies between 200 and 50. The
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wavelength resolution is not as high as can be obtained with a large monochromator
with double prism or grating as the dispersing element, but is adequate for moni-
toring solar spectral variability. Larger instruments can be located on the ground
or on aircraft and their absolute spectral irradiance levels can be determined
from the spacecraft instrument. For studying the variability of solar flux it is

essential that identical instruments be flown on several missions spanning a com-

plete solar cycle of 11 or 22 years. Hence the SEMIS has been designed to be
small in size and weight; it can fly on a non-interfering basis on most spacecraft
missions. The experiment has been proposed for Landsat, Solar Maximum Mis-
sion, Applications Explorer Mission and’ the Space Shuttle. The Space Shuttle pro-
vides the advantage of retrieving the package for recalibration after flight. The
Solar Maximum Mission provides a spacecraft which unlike those of applications
area is pointed towafds the Sun. The accuracy goal for the solar constant detector
is between 0.5 and 0.1%. For spectral irradiance the accuracy will be close to that
of the NBS standards of spectral irradiance, that is, between 2 and 5 percent,
depending on the wavelength range. The precision or repeatability will be con-
siderably better than the absolute accuracy. Precision rather than absolute
accuracy is what is required for monitoring solar variability. There are a few
internal and external checks for the degradation, if any, of the spacecraft instru-
ment. The solar constant monitor and the prism monochromator provide a mutual
éheck, since the integral of the spectral curve is the solar constant. There is also

the well-known variation of +3.5% with the ellipticity of the Earth's orbit. An
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external check is provided by the SEMIS on U-2 which during flight is above 95%

of the Earth's atmosphere and above nearly half of the ozone and which can be

recalibrated periodically on the ground.

7. CONCLUSION

There is a renewed interest in the measurement of solar radiant flux, both
total and spectral. The current energy crisis and the possibility of direct con-
version of solar energy for man's use is one of the reasons. Another is a new
awareness that solar variability may be one of the most important parameters for
prediction of weather and climate. Nor can it be ignored that solar energy is
part of solar physics. Modelling of the Sun's atmosphere and the Sun's interior,
determining whether the Sun is a variable star, explaining the departure at cer-
tain wavelengths of the solar spectrum from that of an equivalent blackbody, the
dependence of the energy output or the lack of it on variable solar phenomena
like sunspots and faculae and the many known solar periodicities, all these can
benefit from an accurate knowledge of the total and spectral solar irradiance.
The Sun is the nearest star, the only one about which detailed direct measure-
ments are possible at present. Ground based measurements of solar flux are
necessary and will continue to be made. Though they yield more information
about the Earth's atmosphere than about the Sun itself, they are an essential
complement to the data from spacecraft instruments which at present are neces-

sarily much simpler than those on the ground. A great deal more can be ex-

pected from the Space Shuttle which will be operational in the 80's. With few
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constraints on weight, size and power, with man in the loop, with long observing
periods, a considerably greater accuracy and precision can be expected in the

measurement of the total and spectral irradiance of the Sun.

17




10.

11,

12,

e

REFERENCES

. Anon, Solar Electromagnetic Radiation, NASA Space Vehicles Design Criteria,

SP 8005, Washington, D. C., May 1971.

. Anon, Standard Specification for Solar Constant and Airmass Zero Solar

Spectral Irradiance, ASTM Standard, E470-73a, 1974 Annual Book of ASTM

Standards, Part 41, pp 609-615, ASTM, Philadelphia, PA, 1974.

H. E, Hinteregger, Am. Geophys. 26 (2) 547-554, 1970.

. D. F. Heath, J. Atmos. Sec. 26 (5) 1157-1160, 1969,

. W. H. Parkinson and E. M. Reeves, Solar Physics, 10, 342-347, 1969.

. F. J. Shimabukoro and J. M. Stacey, Astrophys. J. 152 (6), 777-782, 1968.

. M. P. Thekaekara, Ap. Optics, 13 (3), 518-522, 1974.

M. P. Thekaekara, Ed., Energy Crisis and Energy from the Sun, Inst. of

Env. Sc. 1974,
D. Labs and H. Neckel, Z.f. Astrophys. 69, 1-73, 1968.

Ye. A. Makarova and A. V. Kharitonov, NASA Technical Translation,

TT F-803, Washington, D, C., 1974,

R. Stair and H. T, Ellis, J. Ap. Met. 7 (8) 635, 1968.
M. P. Thekaekara, R. Kruger and C. H. Duncan, Ap. Optics, 8 (8) 1713~

1732, 1969.

18




13.

14,

15,

16.

La7E

18.

19,

20.

21,

22.

23.

24.

25.

26.

A. j&ngstr'dm, Astrophys. J. No. 1, 55, 24-29, 1922,

C. G. Abbot, L. B. Aldrich and W. H. Hoover, Ann. Astrop. Obs. Smiths. Ins.

6, 1942,

L. B. Aldrich, Smiths. Misc. Col. 104 (12) 1-5, 1945.

L. B. Aldrich and W, H, Hoover, Science, 116 (3024), 2, 1952.

L. B. Aldrich and W. H. Hoover, Ann. Astrop. Obs. Smiths. Inst. 7, 1954.

C. W. Allen, Quart. J. R. Met. Soc. 84, 307-318, 1958.

T. E. Sterne and N. Dieter, Sm. Contr. Astrop. 3 (3), 9-12, 1958.

C. G. Abbot, Sm. Contr. Astrop. 3 (3), 13-21, 1958.

A. Angstrtim, Tellus 22, 205 1970.

K. Ya. Kondratyev and G; A. Nikolsky, Quart. J. R. Met. Soc. 96, 509-522, 1970.
M. Bossalasco, et al., Pure and Ap. Geoph. 62 (111), 207-214, 1965,

J. A. Plamondon, JPL Space Program Summary, 37-59, pp. 162-168,

Qect. 1969.
C. G. Abbot, Proc. Nat. Ac. Sc. 56 (6), 1627-1634, December 1966.

J. W. King, Astron. and Aeron. pp 10-19, April 1975.

19




SOLAR CONSTANT ON DIFFERENT RADIATION SCALES
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Figure 1. Values of solar constant derived from high altitude measurements
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Figure 2. The NASA/ASTM standard curve of
extraterrestrial solar spectral irradiance
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Figure 3. Solar spectral irradiance for air mass zero
and at ground level for air mass 1, 4, 7 and 10 (H,0
20 mm; O; 3.4 mm; a 0.66; 50.17)




! EPPLEY/JPL SOLAR DATA COMPARED TO GSFC DATA
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Solar Spectral Irradiance — Standard Curve

A - Wavelength in micrometers
E)\ - Solar spectral irradiance averaged over small bandwidth centered at A, in Wm 2 um -
o-A - Integrated solar irradiance in the wavelength range o to A, in Wm 2

Do—X — Percentage of solar constant associated with wavelengths shorter than A

Solar constant - 1353 Wm 2

Note: lines indicate change in wavelength interval of integration
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Table II

Spectralerradiance Instruments Aboard the NASA 711 Aircraft
(GSFC Convair 990 Measurements)

Energy Aircraft | Wavelength
- Instrument Type of Instrument | Window Range
Detector :
Material (« m)
Perkin-Elmer 1P28 Tube LiF Prism Sapphire| 0.3-0.7
Monochromator | Thermocouple 0.7-4
Leiss EMI 9558 QA |Quartz Double Prism |Dynasil 0.3-0.7
Monochromator | PbS Tube 0.7-1.6
Filter Radiometer | Phototube Dielectric Thin Films|Dynasil 0.3-1.2
P-4 1P28 or R136 |Soleil Prism Infrasil 0.3-0.7
Interferometer | PbS Tube 0.7-2.5
I-4 Thermistor Michelson Mirror Irtran 4 2.6-15
Interferometer |Bolometer
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Table IV

Experiments Proposed for the NASA Program of Measuring the Total

and Spectral Irradiance of the Sun from Spacecraft

Pro? ki Measurement | Accuracy | Instrument hiop osm-g and/or
Instrument Flight Cognizant
Totl Spect (Goal) Status* T
System Organization(s)
Earth Radiation Budget (ERB) Nimbus-F/G X X <1% A-Nimbus | NOAA/NASA
Solar and Earth Radiation Monitor | Tiros-N X — ~1% P-OSIP NOAA/CSU/
(RCR/SERM) NASA
Active Cavity Radiometer (ACR) ERBOS X = 0.2-0.5% | F-SR&T Univ. of Wis./
NASA
Primary Active Cavity LZEEBE/ X - 0.2-0.5% | A JPL/NASA
Radiometer (PACRAD) CLIMSAT
Eclectic Satellite Pyrheliometer | AEM/Shuttle X X 0.2% F-AAFE NASA
(ESP)
Solar Energy Monitor in Space LANDSAT/ X X 0.5 0.1% | P NASA
(SEMIS) Solar Max.
Mission/
AEM/Shuttle
Total Solar Irradiance Tiros-N X - 0.1% i) NOAA-ARL
Measurements (TSIM) :
Solar Constant and Spectral TBD X X 0.5% P Faraday Labs
Distribution (SCSD)
Solar Irradiance Cavity CLIMSAT/ X 0.2% P NASA/NBS
Radiometer (SCIR) Shuttle

*A — Available, F — Funded Study, P — Proposed Study




