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Coddington, O., Richard, E., Harber, D., Pilewskie, P., Woods, T., Chance, K., Liu, X., 
and Sun, K, (2021), ÒThe TSIS-1 Hybrid Solar Reference Spectrum”, Geophysical 
Research Letters, :;1,+8989<=9>6?9>@A**.0BCC3/'@/DEC69@698>C8989<=9>6?9>

123245+6272+8'&9"::;+7<#'%)/=<*
March 2022: The Committee on Earth Observation Satellites (CEOS) Working Group on 
Calibration and Validation (WGCV) recommended the TSIS-1 HSRS as the new solar 
irradiance reference spectrum standard [https://calvalportal.ceos.org/events/].
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AFGL: Hall & Anderson, 1991

QASUMEFTS: Gröbner et al, 2017

KPNO: Kurucz, 2005

SPTS: Toon, 2016

TSIS-1 SIM and Compact SIM (CSIM)!"
Richard et al. (2020), #$%&"'$().

Uncertainties
<0.41% < 460 nm; 
0.24% >460 nm
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Coddington, O., Richard, E., Harber, D., Pilewskie, P., Woods, T., Chance, K., Liu, X., and Sun, K, (2021), ÒThe TSIS-1 Hybrid Solar Reference 
Spectrum”, Geophysical Research Letters, :;1,+8989<=9>6?9>@A**.0BCC3/'@/DEC69@698>C8989<=9>6?9>
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TSIS-1 SIM Comparison to other Solar 
Reference Spectra
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Spectrum !"# $!%&"'
()*+ 2,

-'#!
()*+ 2,.

/01'
()*+ 2,

2344
()*+ 2,

5'23446

ATLAS3 ‡ 1333.6 1385.6 1361 + 24.6 + 1.8

LASP-WHI ‡ 1321.0 1373 1361 + 12.0 + 0.9

SOLAR-ISS 1320.8 1372.8 1361 + 11.8 + 0.9

TSIS-1 SIM 1309 1361.0 1361.5 - 0.5 - 0.04

Relative percent difference between TSIS-1 SIM and several other 
commonly used reference spectra.

‡ Excludes normalization to TSI.

Larger magnitude 
than TSIS-1 SIM

Smaller magnitude 
than TSIS-1 SIM
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TSIS-1 HSRS (version 2)

UV Extension

IR Extension ‘B’

IR Extension ‘A’

> 9 orders of magnitude in irradiance
> 3 orders of magnitude in wavelength from 115 nm to FGG'H@6
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! _?&3*A'FGG`',#$%&'@3*3@?@6
• 2009 and 2019 solar minimum 

irradiance indistinguishable, 
within measurement 
uncertainty.

• Smaller measurement 
uncertainties in 2009.
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TSIS-1 HSRS (version 2)
0.202-2.73 μm
∑SSI = 1327.03 W/m2 (97.5% of TSI)

SORCE SOLSTICE (version 18)
0.115-0.202 μm
∑SSI = 0.12 W/m2 (<0.01% of TSI)

IR Extension ‘B’
Kurucz [1997] irradiance model
16.5-200 μm
Scaled (reduced) by ~0.6%
∑SSI = 0.19 W/m2 (0.01% of TSI)IR Extension ‘A’

2.73-16.5 μm
JPL/SPTS solar lines scaled to Kurucz [1997]
Scaled (reduced) by ~0.6%
∑SSI = 35.46 W/m2 (2.6 % of TSI)

SORCE SOLSTICE 
direct measurement 
uncertainty

TSIS-1 HSRS (v2) uncertainty
(unchanged from original, v1)

Uncertainty Estimated
Equal to the relative difference 
between Kurucz [1995] and one 
Fontenla irradiance model [current 
MODTRAN default solar spectrum]; 
ranges from ~1-8%

Coddington, O., Richard, E., Harber, D., Pilewskie, P., Woods, T., Snow, M., Chance, K., Liu, X., and Sun, K, ÒVersion 2 of the TSIS-1 Hybrid Solar 
Reference Spectrum and Extension to the Full Spectrum ”, in preparation - to be submitted to Geophysical Research Letters

N'O#$#"-P)$!"<$Q"1(*$KN/%RL$4<4#4"-$1'(3-#($0>$"$S%//Q$&-48"#'$802'-$(#32A$
&08+"14<:$#*4($(+'&#138$"<2$NRTIIUB$4<$BF5G$(0-"1$84<4838.
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TSIS-1 HSRS (version 2)
0.202-2.73 μm
∑SSI = 1327.03 W/m2 (97.5% of TSI)

SORCE SOLSTICE (version 18)
0.115-0.202 μm
∑SSI = 0.12 W/m2 (<0.01% of TSI)

IR Extension ‘B’
Kurucz [1997] irradiance model
16.5-200 μm
Scaled (reduced) by ~0.6%
∑SSI = 0.19 W/m2 (0.01% of TSI)IR Extension ‘A’

2.73-16.5 μm
JPL/SPTS solar lines scaled to Kurucz [1997]
Scaled (reduced) by ~0.6%
∑SSI = 35.46 W/m2 (2.6 % of TSI)

SORCE SOLSTICE 
direct measurement 
uncertainty

TSIS-1 HSRS (v2) uncertainty
(unchanged from original, v1)

Uncertainty Estimated
Equal to the relative difference 
between Kurucz [1995] and one 
Fontenla irradiance model [current 
MODTRAN default solar spectrum]; 
ranges from ~1-8%

Coddington, O., Richard, E., Harber, D., Pilewskie, P., Woods, T., Snow, M., Chance, K., Liu, X., and Sun, K, ÒVersion 2 of the TSIS-1 Hybrid Solar 
Reference Spectrum and Extension to the Full Spectrum ”, in preparation - to be submitted to Geophysical Research Letters

∑SSI 
.202-2.73 μm

[W/m2]

∑SSI 
.115-200 μm

[W/m2]

TSIS-1 TSI
[W/m2]

Difference
[%]

1327.0 1362.8 1361.5 <0.1

N'O#$#"-P)$!"<$Q"1(*$KN/%RL$4<4#4"-$1'(3-#($0>$"$S%//Q$&-48"#'$802'-$(#32A$
&08+"14<:$#*4($(+'&#138$"<2$NRTIIUB$4<$BF5G$(0-"1$84<4838.
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Current Version v02r01:   pre-SIST, Coddington et al., 
BAMS 2015
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Future Version v03r00:   incorporating multiple 
SIST1,2 &3 results
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Solar Spectral Irradiance Reference Spectrum 
for the 2008-2009 Solar Cycle Minimum
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• The TSIS-1 HSRS provides a new important constraint on the solar 

spectrum for Earth science applications.
• The ‘Full Spectrum’ TSIS-1 HSRS extends the utility of this reference 

spectrum to Earth energy budget studies, radiative transfer modeling, 
(MODTRAN, DART), solar variability modeling, etc.

SIM Integrated Power vs. Wavelength

96% 
TSI

Integrated SSI

>97% 
TSI

Implications for Inclusion in Radiative Transfer Modeling: Increases the proportion of 
integrated total incoming energy contributed by solar irradiance observations than from 
models.

Observation

Current Solar Spectra
in MODTRAN

Full Spectrum 
TSIS-1 HSRS

Model

Observation

Model
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