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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/
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EXTRATERRESTRIAL SOLAR SPECTRAL IRRADIANCE

MS-11A
MS-11B
These data sets are contained on 2 files on one 9-track, 1600 BPI,

ASCII magnetic tape created on the MODCOMP IV computer from card images.
The first file contains solar spectral irradiance data covering the
wavelength range 0.115 to 1000 micrometers. The second file covers the
range 0.3 to 0.61 micrometers. These data were originally created at 556
BPI, 7-track, BCD on the IBM 7094 computer but were converted to 9-track
ASCIT because of the phasing out of 7-track tape drives. The document

numbers for these data sets are B-15796-000A, B-15797-000A, and B-15798-000A.

i The D and C numbers follow below:
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D-12248 C-09473




SOLAR SPECTRAL IRRADIANCE

Tr: e data are in two card decks giving waveleigyin (A) ans
s;-+7ral irradiance due to the Sun at 1 AU over a smalii
banawidth centered at & (EK)' The first deck has 211 pai:s

of values, 71 cards, in format (6 F 10.0), covering the
wav:length range 0.115 to 1000 um; the values of A are at
int=rvals of 5 nm for 0.225 um < A < 0.605 um, and at widcer
intervals for the rest of the range. The second deck has

3101 pairs of values, 388 cards, in format (16 1 =, , Lovering
the ¢t .nge 0.3 to 0.61 um; the values of A are at inter . as

o1 - .. am (1 A). The first deck is the extrateriest;;ai

50.ar spectrum recommended for NASA Space Vehicles Design
Ciriteria and adopted as standard for ergineering use by tr-
American Society for Testing anc Mater.als (ASTM). The .
spectral irradiance values, as alsc the .ntegral of the
spectril curve, EZ EA d\, which is the solar constanﬁii%&;n

SN i .y. altitude measurements from CV 990, B~%7E X~-15, callioon.
ana Maxr s Ma-iner made by different observers .a. che recom—
menuat on or an ad -oc Committee on Sol-. Ein . gnetic
Rad:iation. The sociar constant is 1353 w m“z@ The second

deck is based on the data of ﬁhe~Pérkin~Elmer monochromator

on hoard CV 990; the data have been normalized to the standard
“uws e The irradiance scales to which é?se values are referred
are iPS f56 for .he solar constant, NBS lamps for spectral
irradiance in the range 0.25 um < A < 2.5 Mm and high tempera-

ture blackbodies for A > 2.5 um. The c¢stimated error is




1.5% for the solar constant, 5% for spectral irradiance for
0.25 < A < 2.5 uym. More details about these standards are
given in NASA SP 8005; NASA TR R 351; M. P. Thekaekara and

A. J. Drummond, Nature, Phy. Sc., 229, 6, 1971; Optical
Spectra 6, 32, 72; A. J. Drummond and M. P. Thekaekara, Eds.,
"Extraterrestrial Solar Spectrum," IES, Mt. Prospect, Ill.,
1973; NASA SP 298, Paper 82, p. 955; "Solar Constant and

Solar Spectrum” in Encyclopedia of Physics, Van Nostrand

Reinhold, 1973.
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The Extraterrestrlal Solar Spectrum, ! 3000-6100A
at One Rngstrom Intervals

Matthew P. Thekaekara
Goddard Space Flight Center, Greenbelt, Maryland 20771

ABSTRACT

Standard values of the solar constant and extra-
cerrestrial solarvspect:um are reviewed. In the visible ana
near UV, this listing ofiaverage irradiance over 100A band-
widths at 50X intervals was found to be inadequate for many
applications. A more detailed spectrum obtained from solar
scans with a Perkin—Elmer; Model 112, monochromator was found
to give sufficient detail. A normalization program was
developed to make the Perkin-Elmer curve agree with the
standard cufve. vValues of extraterrestrial solar spectral
irradiance at one Xngstram intervals in the range 3000 to

61004 ‘have been derived. The results are presented in

tabular form an& as apectral charts.
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/. INTRODUCTION

L

Onc of the principal wéfkers in solar constant studies
during the past ten years was A. J. Drummond, as was
obsorved by Howard and?baring in a recont rovicw papor.l

2,3,4
His measurements during the Eppley-JPL program .3

and his work in the ad hoc committee on Solar Electromagnetic
Radiation were largelyﬁinstrumental in developing the values
of the solar constant and extraterrestrial solar spectral
irradiance which are now currently accepted. These values
have become the standard adopted by the American Society

for Testing and Materials5 and the design values for NASA
space vehicles design criteriéﬁ. The value of the solar
constant is 1353 W m'z; it is the average of many series of
measurements made at high altitude from CV 990, and B-57B

air-raft, X-15 rocket aircraft, from balloons and the Mars

'Marner spacecraft. The table of values of the extra-

ter estrial solar spectral irradiance is based mainly on the
data from the CV 990 flights made by NASA/GSFC7 and from the
aircraft flights of the Eppley-JPL program2'3. Details
about the derivation of the standard solar spectrum are
given in Reference 8 where an abridged version of the table
was published. The cémplete version is given here in Table
I. A project was undertaken recently to develop a more
detailed spectral irradiance table for the wavelength range
0.3 to 0.61 um. This [paper discusses briefl} how this

table was developed and presents the results.
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THE STANDARD TABLS

S

Table I follows closély‘the format of an carlier table
published by the GSFC experimenters as Table III of Ref.
(7)., which is also available in the current edition of the
American Institute of Physics Handbookg. over a great part
of the wavelength range the earlier Spectral irradiance
values have been retained. A comparison of the GSFC data
with those obtained byrDrummon& showed that in the wavelength
range of A >0.7 pm prummond '’ s integral value obtained from
cut off filters was exactly the same as the GSFC value.
In the wavelength range 0.3 pm < A <0. 7 um, the results £from
Drummond’s band pass interference filters were in fairly
close agrecment with the integrals over the respective
. ranges from the GSFC curve, but thore wero fow difforoncos.
Hence a weighted average of the GSFC data and the Drummond
o | data was taken to derive the standard curve of Table I.
%§§ ' The maximum changes from the GSFC curve are +2.3% at 0.34 pm,
-0.7% at 0.45 um and +l 6% at 0.63 um, and percentages
varying between zero and these maxima at intermediate wave-
lengths of O. 3 pm < A < 0.7 pm. With these changes the
integral under the spectral curve was raised from the GSFC
value, 1351 W m 2, to the revised solar constant, 1353 Wm .
For the wavelength range 0.3 um > A > 15 um which was not

adequately covered by the measurements of GSFC or Drummond

the data of Hlntereggeriog Heath11 and Shlmabukoro and Staceylz

' i

were used. [

For Table I the spectral irradiance values, E,, are averaged

over finite bandwidéhs gentered at A, the bandwidths being

A SR
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(all units in um) 0.0l for 0.3 <% < 0.75; 0.05 for 0.75

<) < 1.0; 0.1 for, 1.0 <A <5. The entries areé at intervals
of 0.005 for 0.22 < x < 0.605 and at wider intervals for

tho rest of the range. This mode of presentation was chosen
sn order to limitvthe Table to one page and to present the
spectral irradiance independently of the Fraunhofer

ctructure which different instruments show differently

according to their wavelength resolution.

put for many practical applications this mode of presentation
at wide intervals is inadequate, especially in the visible
and near UV where line absorption in the solar atmosphere

.5 most pronounced and the extraterrestrial solar specctrum

is most widely applied. Thus, for example, in filtex

. adiometry of the Eppley- JpL program OIr the Earth Radiation
Budget experiment of Nimbus F, an important parameter is

the filter factor ngefined by’ |

{
' H

o
F = sz B, A

/ f Aog, T, A (1)
AL '

where By is spectraliirradiance, ™ is spectral transmittance
and Ajy. Aoy are the 11m1t8 of non-zero transmittance. For
an 1nterference filter having Ty nearly constant over a
range of a few hupdred Angstroms put dropping rapidly to
zero, the evaluation of F requires By to be known to a few
Xngstrams. Other applxcatlons, as shown bY feedback from
the users of the spectral irradiance table, are atmospheric

‘modelling, transmit@ance and scattering in the atmosphere,

e
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source and sink mechanismsbof pollutants, radiation budget,
chemical processes in the upper atmosphere, cceanographic
surveys, night sky radiance, solar energy at ground level,
etc.

The spectral irradiance values of Table I in the near UV

agd visible ranges are based on the data of four instruments,
a Perkin-Elmer monochromator, Model 112, a Leiss quartz
double prism monochromator, an Eppley Mark V filter radiom-
eter (modified by GSFC, with 22 narrow band pass filters in
the range 0.3 to 0.6 um) and multi-channel filter radiomcters.
The first three were flown in the GSFC CV 990 program and
the fourth in the Eppley-JPL program. Of these the Perkin-
Elmer was the most complex and versatile instrument, had

the best wavelengthiresolution, and yielded the most abundant
d,ta13. The data wére recorded on strip charts and on
magnetic tapes, the latter for computer analysis. Spectral
c.cves based on these charts and tapes were published as '
Figures 13 and 14 of Ref.(7) but no detailed spectral
irradiance tables were prepared or published. The curves
are based on the data froﬁrabout 70 scans. The wavelength
resolution, while not sufficient to show the line shapes of
the Fraunhofer lines is aaequate for many computer programs;
the value of A/ON varied from 1100 at 3000A to 455 at 50003.
A complete mapping of the Fraunhofer lines would require a
resolution of 60,000 or better. Such data areiavailable in
the Minnaert atlasl% and other sources. The S§ectral curve
obtained from the Perkin-Elmer does not agree é; all wave-
lengths with the standard curve of Table I, siﬂ;e the latter

is a weighted average of the data from four instruments.

i
i
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4 NORMALIZATION PROGRAM

A normalization program was undertaken to shift the Perkin=-
Elmer curve up ox down parallel to the y~axis, so that the
curve remains everywhere continuous, wavelengths of flexion
points are not shifted, and the integrals over 50A intervals

are the same as in the standard table.

! .
The normalization procedure is briefly reviewed. An

enlarged version of thé Perkin-Elmer curve was produced.

It was traced manuallygwith a cross hair locator and the
y-coordinate {irradiance) was punched on IBM cards. Let

these values be designated e, . Let Ap be the average of

50 consecutive valuos of ey from A=24 to A+25 (A in RngstrSms),
and let b be the diﬁ?erence Ey - Ap' where E, is the standard
spectral irradiancefﬁt A in Table I. Let a and ¢ be the
corresponding values of the difference in two 50 A ranges

rust below and abOVG A, that is in ranges centered at A-50

and A+50. A correctlon factor D is added to each e, from

A-24 to A+25 such that (1) for the first e,, D is E%E, (2)
for the 50th e s D lis 2%9, and (3) the average of D's for

all 50 ek's is b.

These conditions can be satisfied;if D is of the form

Dn = o + Bn + Yn? j ’j (2)

Thus, for f
n=1, a + B+ Y5= Q%E ‘ (3)
n =50, o+ 508+ 50%y = -‘?—g—‘-’— (4)

n = l' 2' 00050' E :F
i
!
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L [ sox# (pn)B+ @hn2)y y1 =0 (5)
7 /”1
Vs
Equation (5) can be simplified as
« + 25.58 + 858.5y =b | (6)

From equations (3),%4) and (6).

!

- c+a-2b | c~a~4998¥ . - atb o _
Tsee ‘P T oe P e B ¥ (7)

Using equations (2) and (7) the correction factor D is
computed for each wavelength at one A intervals and adéed

to e, to give the normallzed value of the spectral irradiance.

This procedure proved satlsfactory over the whole range
2000 to 6100k, except petween 3926} and 4025}, where the
¥y values of Table I, which are averages over 100A band,
1ail to show the sharp discontinuity of the Perkin-Elmer
curve. Here the first computer output showed a spurious
inflection around 3970k. Values of E, at 39504 and 40004
were adjusted by subtracting a small amount from the first
and adding the same to the second, and new values of the

difference E, - A, were computed.

RESULTS ;

The results are presented in Table II and Figures 1 and 2.

Table II is in the format of trigonometric tables. Wave-

lengths are in Xngstroms and irradiance in W m -2 um’l or

H
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W m™4 nm~l. The accuracy is estimated to be + 5%, the

L came as in the stahdard table. In Figures 1 and 2 the

dashed curve gives the standard values of Table I.

The spoctral irradilance data of Tables I and II aro available
in the form of punéhed cards to any organization which has
need of this type of data. The cards give A and E,, three
pairs per card for Table I and eight pairs per card for

Table II. They can be obtained from National Space Science

Data Center, Code 601, NASA/GSFC, Greenbelt, Md. 20771.
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CAPTIONS FOR TABLES AND FIGURES

% L i
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[

Table I (No extra caption is needed if the whole 8x10
is reproduced. If only the table is reproduced, type set
the legend given on éopaof the table).

Table II The extraterrestrial solar spectrum, 3000 to 61004,
at one Xngstrom intervals. Wavelength in A; spectral
irradiance in nW mfz nm~t, Spectral irradiance values are

given in the format of trigonometric tables.

Both Tables I and II should be given a full page each.

Figure 1. Solar spectral irradiance, 3000 to 4000A; dashed

line shows standard values of Table I.

Figure 2. Solar spectfal irradiance, 3600 to GlopL: dashed

A
5,
&
’ﬁig

iine shows séan&ar& values of Table I.
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SOLAR SPECTRAL IRRADIANCE = STANDARD CURVE

ki
< * - Wavelength in mictomotars
?k « Solar apectral irradisnca averaged over small bandwidth centered at Ay dn W n‘: u\m-x
. ‘o~ w Inteqrated solar irradianca in the wavelength range o to A, in¥W m
ﬁn__,& = Percentage of solar constant associated with waveiengtha shorter than %
ggf‘%ﬁ Solar constant = 1353 W m 2
s .
gf;’ totes lines indicate cHange in wavelength interval of integration
| ,
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High-altitude observations,

made in response to space-age needs,
indicate the need for reassessing some
long-accepted values based on

previous ground-based measurements of

the sun’s energy and spectral distribution.

Op1ic AL SPECTRA AS A FIELD OF RESEARCH began
with rhe discovery by Sir Isaac Newton that the white
light of the sun is made up of many different colors.
The encrgy from the sun and its spectral distribution
has been and still is a fruitful and elusive field of
rescarch

Recent measurements from high altitude observing
platforms have produced converging evidence that the
values accepted earlier need significant revisions. The
values most commonly accepted in the United States
had been those proposed in 1954 by Francis S.
Johnson.' These values were based mainly on an
analysis of the ground-based data of the Smithsonian
Institution. supplemented for the ultraviclet by rocket
data of the Naval Rescarch Laborator .

In all ground-bascd measurements, the dust, haze,
and smoke of the atmosphere, the permanent gases and,
above all. the highly variable and absorbent water
vapor are a source of uncertainty. These measurements
are made at varying zenith angles of the sun and the
readings are extrapolated to what they would have been
in the absence of the earth’s atmosphere. Since the
extinction due to the atmosphere varies with wave-
fengths. the spectral irradiance is determined in narrow
wavelength ranges and the integral energy is computed
to give the solar constant. The solar constant, as is well
known, is the encrgy due to the sun incident on unit
% area exposed normally to the sun’s rays at the average
sun-carth distance in the absence of the earth's
atmosphere. The solar spectral irradiance is the
distribution of this energy as a function of wavelength.
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by Matthew P. Thekaekara

Evaluations of the solar constant derived from
ground based measurements cover a wide range from
1323 W . m " of Parry Moon (1940) to 1428 W . m - of
Stair and Johnston (1954} and 1418 W -m~ of
Makarova and Kharitonov of USSR (1969). F. S.
Johnson's value was 1395 W-m . All carlier obscrvers
have also derived zero air mass solar spectral irradiance
curves based on their data. The differences between
authors for speciral irradiance values are even greater
than for the solar constant. In the ultraviolet range
discrepancies arc as high at 40%. In the wavclength
range longer than 0.7 um, which contains more than
half of the solar energy. the water vapor of the
atmosphere is a strong absorbent and most authors,
following the fcad of Parry Moon. had assumed the
solar spectrum to be that of a 6000K blackbody.

Space-age requirements

With the advent of the space age the need for a more
reliable set of values of the solar constant and the solar
spectrum  began to be realized. The temperature
equilibrium of satellites and space probes, the electrical
output of solar cells. the degradation of surface
coatings, the torques due to radiation pressure. the
irradiance fevels to be maintained in solar <imulation
chambers for pre-launch testing of satellites. all require
design values about the sun’s energy. both total and
spectral. These are also necessary in many arcas of
astronomy, astrophysics, metcorology. oplics. spectros-
copy. geophysics, illumination engincering, etc.



A group of cxperimenters from NASA Goddard
Space Flight Center made extensive measurements of
the solar constant and solar spectrum from a rescarch
atrcraft, NASA 711 Galilco, at 11.6 km“ . They made
six flights in August 1967, had about 15 hours of
observation and used 11 different instruments, five for
total and six for spectral irradiance. The instruments
represented different measuring techniques and incor-
porated some of the best available techniques in
radiometry. Their results, as well as data from other
independent observers in the U. S. and abroad, were
reviewed by a Committee on Solar Electromagnetic
Radiation sponsored by the Space Vehicles Design
Criteria Program of NASA and by the Solar Simulation
group of the Institute of Environmental Sciences. The
results of the committee’s findings were published in
May. 1971, as a monograph in the NASA Space
Vehicles Design Criteria series, entitied “Solar Electro-
magnctic Radiation.” (NASA SP 8005).* They are
also being proposed for engineering use in general by
the American Socicty of Testing Materials and the
Institute of Environmental Sciences.” and are currently
being used for design and testing in many laboratories.
This paper will present these values and review briefly
how they were derived.

The committee’s values

The value of the solar constant is §353 W.m 2 The
estimated error s =21 W-m-Z In units of calories
cm -~ - min-! the value is 1.940. This is 3% lower than

the Johnson value. The independent measurements o
the basis of which the solar constant was derived av
shown in Table I. They are all values based «
mecasurements from high altitude observing platforny
aircraflt or balloons, or from spacecraft. The instre
ments were total radiation detectors. The radiatic
scales to which these values are referred are that of

blackbody radiator for the Hy-Cal pyrheliometer, th
scale of absolute electrical units for the GSFC cone an
JPL cavity radiometer, and the international pyrhelis
metric scale IPS '56 for the five other instruments. Th
three scalcs are in agreement within the limit ¢
accuracy of these measurements,

The zero air mass solar spectral irradiance curve -
given in tabular form in Table 11 and graphically ¢
Figure 1. In the wavelength range of 0.3 to ISum
which contains nearly 99% of the energy of the sur
these values are based mainly on the measurement
made by the GSFC team from the rescarch aircrals
The instruments used were a Perkin-Elmer model 11
spectrometer with a lithium fluoride window. a Lei
double quartz prism monochromator. a flter radic
meter. a polarization type interferometer and. for th
infrared range beyond 4pum. a Michelson typ
interferometer. In the wavelength range 0.3 to 2.6y
an independent sei of data are available from th
Eppley-JPL mecasurements, made with a filter radic
meter during several series of flights of Convair 99
and B57B and one flight above the ozonosphere by th
X-15 rocket aircraft.” In the wavelength range abov
0.7um the Eppley-JPL integrated value was practicall’

Table I

Measurements from which solar constants were derived.

Solar Constant

U. of Denver Balloon

Platform Detector Year W em-2
NASA 711 Aircraft GSFC Hy-Cal Pyrheliometer 1967 1358
NASA 711 Aircraft GSFC Angstrom 7635 1967 1349
NASA 711 Aircraft GSFC Angstrom 6618 1967 1343
NASA 711 Aircraft GSFC Cone Radiometer 1967 1358
Soviet Balloon U. of Leningrad Actinometer 1961-1968 1353

Eppley Normal Incidence Pyrheliometer 1969 1338

X-15, BS7B, CV990 Eppley Normal Incidence Pyrheliometer 1966-1968 1360
fé%jiffy Aircraft
L Mariner VI & VI JPL Cavity Radiometer 1969 1353
Spacecraft N .
JPL Balloon JPL Cavity Radiometer 1968-1969 1368

Average 1353




TABLE 12
SOLAR SPECTRAL IRRADIANCE - PROPOSED STANDARD CURVE

i
s

7 » = Wavelength in micrometers
£(1) - Solar spectral irradisnce averaged over smail bandwidth centered at L, in “‘m“g. um’z

E({o-k} - Area under .the solsy spectral irradiance curve in the wavelength vange O to X in w.m-Z

Dlo-i} - Percentage of the solar constant associated with wavelengths shorter than X

Solar Constant - 113153 W'm‘-z

. B Efa-A) Dlo-2} v B} Efo-d) | plo-b) X £(x) Efo-t} Blo-t)
“120 .100 . 005999 L0006t § «525) 1852 352.591 | 26.0%9 1.70] 202 1221.23 90.261%
L1080 ~030 007299 L00053] .530f 1862 365.826 | 26,702 1.75] 180 1236.78 a0.967
L1560 .07 .00780 000571 -535) 181X 370.976 | 27.%18 1.80] 159 1239.25% 91.593
L1180 .23 .00930 coooes} .senf 1780\] 379.979 | 2s.084 1.85) 162 1266,78 92,149
178 «63 «01360 .00100f L565] 1756 386.821 | 28,737 1.90] 126 1253.48 92,644
<180 1.25 82300 .00169) 550} 1725 397,539 | 29.380 1.95] 11% 1259.48 93.088
190 2.71 #0280 .00316f .555] 1720 ©06.131 | 30.017 z.00] 103 1266, 90 93.u83
.20 10.7 10983 00811 ] .560] 1695 616,669 | 30,648 2,10 a0 1274455 96.202
« 281 ?22.9 27785 +02053 «565] 1705 ©23.163 31,276 2.20 79 1283.0¢ Gh.B26
.27 57.5 67985 056260 5700 1732 831.731 | 31.907 2.30] ©9 1290.40 95,173
225 64,9 <Ya5RS 0728 .575] 1719 440.289 | 32.541 2.0 2.0 1296.95 95,8580
MERL 6.7 f.31485 0971 .580) 1715 LB 876 ] 33,176 2.5 5.0 1302.8¢0 96,2303
AL 59.3 1462385 L1204 .585] 1712 “57.661 1 331,809 2.6 8.0 1307.95 96,6710
Y 631.8 1.93560 L 30 .590) 1700 465,971 | 36,639 2.7 43.0 1312.%6 97.8073
T 72.3 2.27385 1680 <595} 1682 W76, 826 | 35,060 2.8 39.0 1316.60 97.3103
L2523 70.6 2.63060 LI «600] 1666 482,796 | 35,683 Z.9 5.8 1320.30 97.5838
.56 | 10 1.06660 L2286 L605) 1667 ©91.879 | 36,295 3.0 3t.0 1323.60 97,8277
.o 128 1,65160 2698 L6181 1835 499,266 | 36,902 3.1 26,6 1326445 98,5383
. 1r5 463910 L3280 LBH20] 1602 515,669 | 28,098 3.2 22.6 1328.88 98,2179
L7 232 5, LKE1BO 8051 R0 1570 531.329 } 39,270 3,3 19,2 1336.97 9h. 3726
75 2on &.571t J857 L6 15kt 546,899 | 0,621 I.6 6.6 1332.7¢ 98.5067
IR e 7.6366 JShal ) 1511 562 4T | 41.550 3.5 f6.6 1330, 32 98,6200
.- AR L) A.9791 L6616 «bh 1u86 577,159 | 42,657 3.6 13.% 1335.72 98,7238
Lo ] wrr 10,9716 LAL119 67 1456 5931863 | 43,766 1.7 12.3 1337.02 qR. 8197
N L 13,6366 . 0078 T8 LT 606,288 § L, B850 5,8 1.1 1315.19 9%, 3056
100 Ste 16,3816 1.2107 . 5H3 §662 670.429 1 45,855 3.9 £6.3 $319.2¢ 98,9867
« 195 503 19,1706t 16871 <70 1369 Biu,286 ] w6, 679 G, 0 9.5 13648.25 99,0579
LS ELL 22,u0bi 1.6558 W71 1346 64T B4 [ K7,A82 LT3} 8.7 361, 1€ 99.1252
. 115 [ 26,0306 1,9741 72 01310 665,139 ] wB.86L e ? 7.8 1341,98 99,1864
£ %28 LI 36.8216 2.2108 73 1290 674,453 1 L9.826 PO 7.4 1362.73 99,2612
.
Lrosl 7 $h.536% 2.5%¢ W7l 1260 586,909 | 50,769 R 5.50 RS FSLE 99.,291507
L3I0 ] 1159 39.6191% 2.928 .75 1235 599,384 | 51.691 . 5.90 1366, 0361 949,33733%
LJITR POt Wh, 9691 3,323 76 1231 751.614 57,595 (98 Se30 1366,5%61 99,378721
FRLLE B R EAS 50,3566 Y.721 44 1185 723.%94 | s3.um0 (4 .80 134%.0991 99,416065
s | 1969 55,7161 wott? o7 1159 735.316 ] Su,346 [} 4,50 1165.5601 99, 50613
Lran b inal 61,1191 4,517 «79 1130 Tuh. 779 55,194 4,9 4,10 1365,9G61 99 ,%8219%
LT BELS 66,5521 .919 1 1109 757,994 | 56,023 5,0 3.83 1366,.3996 1 99.5115080
3671 1068 71.9364 5,316 o1 inas THR.366 1 Sk, 630 6.0 £.75 1369.1806 qq,717708
foeves 1132 77,4366 5,72% LK 1060 779.694 | 57,627 7.0 «99 1356,.5506 | 99.818965
L3170 ] r1a 43,2591 6.150 .83 1036 790,174 ] SR, 401 8.0 &0 1351.368586 G9.A7T7723
376 ] 1157 ARG, 06LY 6.5827 Bt 1013 800.619) 59,554 9,0 380 1351.6358% 99,91 33239
L180  1120 G4, 7566 . 7.003 85 990 10,436 59,899 10,0 #250 1352.1506 99,937:74
YRG5 1 179% £00.3016 Tl LAB LT BP0, 220 6F.622 i4.0 470 1352, 1608 G%,452 762
.1m 1098 £05.7916 7.819 A7 47 §29.799 | 61.330 12.0 -126 1352.5056 5 39.961e59
L3951 11893 111.5091 8,201 BB 326 §39.166 } £2.022 13,0 087 1352.6091 9%,971558
L8] 1?29 118, 05061 8.725 NG 908 848,334} 62.700 [ L8055 13152.6801 99,9761%¢
Lun5 | 1hLG 125, 7256 9,293 « 30 A9y 257,329} £3,36% 15.0 069 1152.7221 99,988139
Jet9 ] 1751 136.2261 3.920 .91 LLY 866,188 ] 66,019 16,0 LO38 1352,7756 99,3836 1k
Lui5 1776 163, 03648 10.571 .02 569 876.929] 66.665 17.9 0318 13%2.8198 9%, 985956
el 1767 151.8391 11.222 +93 858 BAZ.G60 ] 65,304 15.0 026 1352.8376 99,387937
L6025 ] 1593 160, 6391 11.458 «9h [1%4 832.08 £5.9 34 19.9 L02000f 1352.8596 699,9896723
ALE IR 168,.7691% 12.673 <35 837 310.50 66,556 20,0 L01600] 1352,.877% 99,3939%3
L6 F 1663 177.0208 13,083 .96 820 908,79 67.168 25410 L00610f 1352,9328 93,3950137
Lewd | 1810 185, 7066 13.725 14 803 916,90 67,768 30.0 L00300] 13%2.95586 99,396718
Luus | 1922 135. 8166 14,615 9N 78S 24 Bh 68,355 35,0 L00160f 1352.9671 99,997568
Le51 ) 2908 204, 8566 15,1460 .99 767 332,60 68.928 40.0 «0009%] 1352.973% | 99.998037
L6551 7387 215, 0101 15,891 1.00 768 9uD.18 69,488 5040 .00038] 1352.9R800 99,99852%
w60 ] 2986 22%5.3216 16,651 i.05 6568 975,58 72.105 £0.0 200019 1352.9829 99,998738
LubS | 2008 235.6066 17.413 1.10 593 1 1007.10 Tuak3S 80.0 .g0007) 1352.985% 99,998928
fB70 ] 2013 265,807 18,167 1,15 513% 103%,30 76.589 106,08 L00003] 1357.9865 99.999002
W75 1 26% 256,001 18.921 1.20 «85 | 1060.80 78.606 § 1000,0 .00000] 1353,0000 ji00.000000
Lano ] 2076 266,296 19,681 1.2% W38 1083.88 86.189
%95 ] 1976 276,624 20,630 1.30 3197 110%,7% 81.652
L1 ] 1350 286.236 21.155 f.35 ], 3% 1123.63 23,067
695 | 1760 296,011 Z1.878 1,40 337 1181.00 84,331
509 ] 1962 305,756 22.%99 1,65 312 1157.23 85.5130
.55 ) 1920 318,421 23.312 t.50 2a8 1172.23 B6.539
511 ) 1882 3126.926 24.01% 1.5% 267 1186,10 87.665
L5165 ] 1833 136,210 26.701 1.60 263 1198.90 88,611
5201 1933 363,379 25.379 .} 1.8% 223 1210.60 89.675
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Figure 1. The solor spectral rrodiance curve for zero air mass
tolso given in tabular form in Table 11},

the same as that of GSFC, and there was very close
agreement in the range 0.3 to 0.7um. The GSFC values
were modified slightly in the light of the Eppley-JPL
values. thereby raising the solar constant from the
GSFC value of 1351 W.m*~ 10 1353 W .m ¥ as given
earlicr on the basis of total irradiance data.

Practically all the other spectral irradiance curves
available in literature are derived from ground-based
measurements. and were not considered sufficiently
significant to alter the mutually confirming data of
GSFC and Eppley-JPL. The radiation scales to which
these values are referred are that of the NBS standards
of spectral irradiance for the GSFC data and the IPS 56
for the Eppley-JPL data. The wavelength ranges below
0.3um and above [5um were not covered in the GSFC
and Eppley-JPL mecasurements. The values given in
Table Il for these ranges are based on Hinteregger,
i'arkinson and Reeves and Heath for X-ray and UV
regions and on Shimabukoro and Stacey for IR and
microwave regions. For more detailed information on
the sources on which values of the solar constant and
its spectral components are derived and for compari-
son of these values with earlier estimates, References 2,
3.5 and 6 as also the bibliography given there should
be consulted. [}
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