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Designation: E 891 – 87 (Reapproved 1992)

Standard Tables for
Terrestrial Direct Normal Solar Spectral Irradiance for Air
Mass 1.51

This standard is issued under the fixed designation E 891; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

These tables utilize the recently revised(1)2 extraterrestrial spectrum of Neckel and Labs(2) and
replace the previous standard based on Standard E 490. In addition, refinements were made to
absorption and scattering calculations in the computer code(3, 4) used to calculate the spectrum.
These refinements consist of a change in the depolarization factor in the Rayleigh scattering
calculations, a more accurate sampling technique for calculating scattered irradiance, and a better
choice of wavelengths to perform the calculations. Comparisons with the previous standard based on
Standard E 490 have shown that approximately a 5 % difference can exist in narrow band widths of
the specimen, but for the integrated total little difference is apparent.

1. Scope

1.1 These tables define an air mass 1.5 solar spectral
irradiance distribution for use in all solar applications where a
standard terrestrial spectral irradiance is required for the direct
normal radiation. A similar standard for global irradiance on a
37° tilted surface is given in Standard E 892.

1.2 These tables are modeled data that were generated using
a zero air mass solar spectrum based on the revised extrater-
restrial spectrum of Neckel and Labs(1), the BRITE (3, 4)
Monte Carlo radiative transfer code, and the 1962 U.S.
Standard Atmosphere(5) with a rural aerosol(6, 7, 8).Further
details are presented in Appendix X1.

1.3 The air mass zero (AM0) spectrum that was used to
generate the terrestrial spectrum was provided by C. Fröhlich
and C. Wehrli(1) and is a revised and extended Neckel and
Labs(2) spectrum. Neckel and Labs revised their spectrum by
employing newer limb-darkening data to convert from radiance
to irradiance, as reported by Fröhlich(9), citing the study by
Hardrop (10). Comparisons by Fröhlich with calibrated sun-
photometer data from Mauna Loa, Hawaii, indicate that this
new extraterrestrial spectrum is the best currently available.

1.4 The development of the terrestrial solar spectrum data is
based on work reported by Bird, Hulstrom, and Lewis(11). In
computing the terrestrial values using the BRITE Monte Carlo
radiation transfer code, the authors cited took the iterations to
2.4500 µm only. We have extended the spectrum to 4.045 µm
using sixteen Elivalues from the original Standard E 891 – 82.

Irradiance values in Standard E 891 – 82 were computed from
the extraterrestrial spectrum represented by Standard E 490.
The additional data points were added to account for the solar
irradiance in this region that account for approximately 1.5 %
of the total irradiance between 0.305 and 4.045 µm. The errors
propagated by doing so are insignificant.

1.5 An air mass of 1.5 and a turbidity of 0.27 were chosen
for this standard because they are representative of average
conditions in the 48 contiguous states of the United States.

2. Referenced Documents

2.1 ASTM Standards:
E 490 Solar Constant and Air Mass Zero Solar Spectral

Irradiance Tables3

E 772 Terminology Relating to Solar Energy Conversion4

E 892 Tables for Terrestrial Solar Spectral Irradiance at Air
Mass 1.5 for a 37° Tilted Surface5

3. Terminology

3.1 Definitions (from Terminology E 772):
3.1.1 air mass(AM)— ratio of the mass of atmosphere in

the actual observer-sun path to the mass that would exist if the
observer were at sea level, at standard barometric pressure, and
the sun were directly overhead.

NOTE 1—(Sometimes called air mass ratio.) Air mass varies with the
zenith angle of the sun and the local barometric pressure, that changes
with altitude. For sun zenith angle,Z, of 62° or less, and local atmospheric
pressure,P, where Pois standard atmospheric pressure, AM. sec Z
(P/Po).

1 This standard is under the jurisdiction of ASTM Committee G-3 on Durability
of Nonmetallic Materials and is the direct responsibility of Subcommittee G03.09.

Current edition approved July 31, 1987. Published December 1987. Originally
published as E891 – 82. Last previous edition E891 – 82.

2 The boldface numbers in parentheses refer to the list of references at the end of
this standard.

3 Annual Book of ASTM Standards, Vol 15.03.
4 Annual Book of ASTM Standards, Vol 12.02.
5 Annual Book of ASTM Standards, Vol 06.01.

1

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Full document details: ASTM E891-87(1992)

http://www.avadocuments.com/doc/astm-e891-87-1992
http://www.avadocuments.com/doc/astm-e891-87-1992


C

3.1.2 solar irradiance, direct (Es )—solar flux coming from
the solid angle of the sun’s disk on a surface perpendicular to
the axis of that solid angle.

3.1.2.1 Discussion—In conventional instruments the accep-
tance cone includes a plane angle of about 6°.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 air mass zero (AM0)—describing solar radiation

quantities outside the Earth’s atmosphere at the mean earth-sun
distance.

3.2.2 meteorological range—distanceV at which the thresh-
old contrast,e, between a black and white target is 0.02.

V 5
1
sln

1
e (1)

Therefore,V is a function only of the atmospheric extinction
coefficients.

3.2.3 solar irradiance, spectral(El)—solar irradiance per
unit wavelength interval at a given wavelengthl. (Units
W·m−2·µm−1.)

El 5 dE/dl (2)

4. Significance and Use

4.1 Absorptance, reflectance, and transmittance of terrestrial
solar energy are important factors in solar thermal system
performance, photovoltaic system performance, materials stud-
ies, biomass studies, and solar simulation activities. For each of
the optical properties, the initial measurements are normally a
function of wavelength, which requires that the spectral distri-
bution of the solar flux be known before the solar weighted
property can be calculated. In order to compare the perfor-
mance of competitive products, a single standard solar spectral
irradiance distribution is desirable.

4.2 These tables provide an appropriate standard spectral
irradiance distribution to be used in determining relative
performance of solar thermal, photovoltaic, and other systems,
components, and materials where the direct irradiance compo-
nent is desired.

5. Solar Spectral Irradiance (Air Mass 1.5)

5.1 Table 1 presents the direct normal spectral irradiance in
tabular form from 0.305 to 4.045 µm that is falling on a
surface. The sun is at AM 1.5. The first column gives the
wavelength (l) in micrometres; the second gives theDl
integrating interval in micrometres; the third gives the direct
irradiance in W·m−2·µm−1; the fourth gives the integrated solar
irradiance in the wavelength range from 0.3 µm tol iin W·m−2;
and the fifth gives the fraction of the direct normal solar
irradiance in the wavelength range 0 toli. There is an
insignificant amount of radiation reaching the earth’s surface
below 0.3 µm. A plot of the results is shown in the Appendix.

6. Application

6.1 The output per unit area,Os, of a device or system
exposed to solar irradiance is the integral over wavelength of
the product of the appropriate spectral response,R (l) (photo-
voltaic, photochemical, optical absorptance, reflectance, trans-
mittance, etc.), and the solar spectral irradiance,El as follows:

Os 5 *0

`
R~l!Eldl (3)

6.2 The solar responseRsof a device or system is the
weighted average spectral response with the solar spectral
irradiance as the weighting function as follows:

Rs 5
*0

`
R~l!Eldl

*0

`
Eldl

(4)

6.3 Since the spectral response or property and the spectral
irradiance are not known as algebraic expressions in general,
the integration must be performed as summations so that eqs 1
and 2 become, respectively,

Os 5 (
i 5 1

N

R~li!El iDli, and (5)

Rs 5 (
i 5 1

N

R~li!EliDl i/ (
i 5 1

N

El iDli (6)

where:
li 5 wavelength of theith point out of N for which the

spectral data is known.
6.4 Weighted Ordinate Method—The summations are per-

formed as indicated in Eq 5 and Eq 6 by using the values ofli,
Dli, and Eli given in Table 1. Interpolation between nearby
values of the spectral response,R (l), is often required since
the wavelengths of the digitally recorded response curves may
differ from those given in the table.

6.5 Selected Ordinate Method:
6.5.1 In the selected ordinate method the solar spectral

irradiance is divided intom wavelength intervals, each con-
taining l/m of the total solar irradiance,E0–̀ and having a
centroid wavelengthlj. This makes all the products
EljDljequal toE0–̀ /m, allowing them to be factored from the
summation. Eq 5 and Eq 5 respectively reduce to the follow-
ing:

Os 5
E 0–̀

m (
j 5 1

m

R~li!, and (7)

Rs 5 l/m (
j 5 1

m

R~li! (8)

6.5.2 Appropriate values for the centroid wavelengths for
100 and 50 selected ordinates are provided in Table 2 and Table
3. For devices with spectral responses that are relatively
smooth, the 50-point selected ordinates are adequate. For
devices with spectral responses that contain complex structure
the 100-point selected ordinate or weighted ordinate method
should be used.

7. Bias

7.1 In the spectral region of interest to most solar users (0.3
to 4.045 µm), the BRITE Monte Carlo computer code has not
been adequately verified with experimental data. A comparison
of the direct normal irradiance resulting from this code has
been compared with other rigorous codes. The comparison
indicates that the various models agree within65 % in spectral
regions where there is significant radiation present. Almost all
of the differences in the results of these rigorous codes can be
traced to differences in the molecular absorption coefficients
used as input to the codes.

7.2 The direct normal irradiance presented is the same as
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that measured with a 5.8 field-of-view normal incidence
pyrheliometer that allows a small amount of circumsolar
(diffuse) radiation to be detected. For the type of atmospheric

conditions modeled, this circumsolar radiation adds approxi-
mately 1 % to the measured direct irradiance.

TABLE 1 Direct Normal Irradiance—Standard Curve

NOTE 1—li 5 wavelength, µm.
Eli 5 direct normal spectral irradiance at wavelengthli (centered atli and calculated using absorption data with a resolution of 20 cm−1), W·m−2·µm−1.
E 0 − li 5 integrated direct normal irradiance in the wavelength range 0 toli, W·m−2.
E0 − l n 5 integrated solar irradiance over all wavelengths included in Table 1, W·m−2.

li Eli E0 − li Fli li Eli E0 − li Fli

0.3050 3.4 0.02 0.0000 0.9800 549.7 518.10 0.6743
0.3100 15.6 0.07 0.0001 0.9935 630.1 526.06 0.6847
0.3150 41.1 0.21 0.0003 1.0400 582.9 554.26 0.7214
0.3200 71.2 0.49 0.0006 1.0700 539.7 571.10 0.7433
0.3250 100.2 0.92 0.0012 1.1000 366.2 584.69 0.7610
0.3300 152.4 1.55 0.0020 1.1200 98.1 589.33 0.7670
0.3350 155.6 2.32 0.0030 1.1300 169.5 590.67 0.7688
0.3400 179.4 3.16 0.0041 1.1370 118.7 591.68 0.7701
0.3450 186.7 4.08 0.0053 1.1610 301.9 596.73 0.7767
0.3500 212.0 5.07 0.0066 1.1800 406.8 603.46 0.7854
0.3600 240.5 7.34 0.0095 1.2000 375.2 611.28 0.7956
0.3700 324.0 10.16 0.0132 1.2350 423.6 625.26 0.8138
0.3800 362.4 13.59 0.0177 1.2900 365.7 646.96 0.8421
0.3900 381.7 17.31 0.0225 1.3200 223.4 655.80 0.8536
0.4000 556.0 22.00 0.0286 1.3500 30.1 659.60 0.8585
0.4100 656.3 28.06 0.0365 1.3950 1.4 660.31 0.8594
0.4200 690.8 34.80 0.0453 1.4425 51.6 661.57 0.8611
0.4300 641.9 41.46 0.0540 1.4625 97.0 663.06 0.8630
0.4400 798.5 48.66 0.0633 1.4770 97.3 664.46 0.8648
0.4500 956.6 57.44 0.0748 1.4970 167.1 667.11 0.8683
0.4600 990.0 67.17 0.0874 1.5200 239.3 671.78 0.8744
0.4700 998.0 77.12 0.1004 1.5390 248.8 676.42 0.8804
0.4800 1046.1 87.34 0.1137 1.5588 249.3 681.15 0.8866
0.4900 1005.1 97.59 0.1270 1.5780 222.3 685.87 0.8927
0.5000 1026.7 107.75 0.1402 1.5920 227.3 689.01 0.8968
0.5100 1066.7 118.22 0.1539 1.6100 210.5 692.95 0.9019
0.5200 1011.5 128.61 0.1674 1.6300 224.7 697.31 0.9076
0.5300 1084.9 139.89 0.1810 1.6460 215.9 700.83 0.9122
0.5400 1082.4 149.93 0.1951 1.6780 202.8 707.53 0.9209
0.5500 1102.2 160.85 0.2094 1.7400 158.2 718.72 0.9355
0.5700 1087.4 182.75 0.2379 1.8000 28.6 724.33 0.9428
0.5900 1024.3 203.87 0.2653 1.8600 1.8 725.24 0.9439
0.6100 1088.8 225.00 0.2928 1.9200 1.1 725.32 0.9441
0.6300 1062.1 246.51 0.3208 1.9608 19.7 725.74 0.9446
0.6500 1061.7 267.74 0.3485 1.9850 84.9 727.05 0.9463
0.6700 1046.2 288.82 0.3759 2.0050 25.0 728.15 0.9477
0.6900 859.2 387.88 0.4007 2.0358 92.5 729.91 0.9500
0.7100 1002.4 326.49 0.4249 2.0650 56.3 732.14 0.9529
0.7180 816.9 333.77 0.4344 2.1000 82.7 734.57 0.9561
0.7244 842.8 339.08 0.4413 2.1480 76.2 738.39 0.9611
0.7400 971.0 353.23 0.4597 2.1980 66.4 741.95 0.9657
0.7525 956.3 365.27 0.4754 2.2700 65.0 746.68 0.9719
0.7575 942.2 378.82 0.4816 2.3600 57.6 752.20 0.9790
0.7625 524.8 373.69 0.4864 2.4500 19.8 755.68 0.9836
0.7675 830.7 377.08 0.4908 2.4940 17.0 756.49 0.9846
0.7800 908.9 387.95 0.5049 2.5370 3.0 756.92 0.9852
0.8000 873.4 405.77 0.5281 2.9418 4.0 758.34 0.9870
0.8160 712.0 418.46 0.5446 2.9730 7.0 758.51 0.9872
0.8237 660.2 423.74 0.5515 3.0050 6.0 758.72 0.9875
0.8315 765.5 429.30 0.5580 3.0560 3.0 758.95 0.9878
0.8400 799.8 435.95 0.5674 3.1320 5.0 759.25 0.9882
0.8600 815.2 452.10 0.5884 3.1560 18.0 759.53 0.9886
0.8800 778.3 468.04 0.6092 3.2040 1.2 759.99 0.9892
0.9050 630.4 485.65 0.6321 3.2450 3.0 760.08 0.9893
0.9150 565.2 491.62 0.6399 3.3170 12.0 760.62 0.9900
0.9250 586.4 497.38 0.6474 3.3440 3.0 760.82 0.9902
0.9300 348.1 499.72 0.6504 3.4500 12.2 761.62 0.9913
0.9370 224.2 501.72 0.6530 3.5730 11.0 763.05 0.9932
0.9480 271.4 504.45 0.6566 3.7650 9.0 764.97 0.9957
0.9650 451.2 510.59 0.6646 4.0450 6.9 767.20 0.9986

>4.0450 768.31 1.0000
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