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Background & Motivation

Solar reference spectra have broad applicability to Earth science

applications.

e The Totaland Spectral Solar Irradiance Sensor (TSIS-1) Spectral Irradiance
Monitor (SIM) and the CubeSat Compact SIM (CSIM) instruments have
observed the solar spectrum to higher accuracy across the spectrum.

e The TSIS-1 Hybrid Solar Reference Spectrum (HSRS) is a composite spectrum.

e CEOS/WGCV formally recognized the TSIS-1 HSRS as a new solar irradiance
reference standard.

Extending the TSIS-1 HSRS to the full spectrum expands its

utility for climate modeling, Earth energy budget science, and
radiative transfer modeling.

e The magnitude of differences of the full spectrum TSIS-1 HSRS from MODTRAN
solar reference spectra could hold implicationsfor the above applications.



Methodology

The spectral ratio method is used to adjust high spectral-resolution solar line datasets to the
absolute irradiance scale of a lower resolution, but higher accuracy, spectrum.
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The TSIS-1 HSRS uncertainty is the root-sum-square of the SIM total measurement uncertainty
and the 1-o standard deviation of the relative percent difference from the SIM instruments.

Data Access: https://lasp.Colorado.edu/lisird/data/tsis1_hsrs

Coddington, O., Richard, E., Harber, D., Pilewskie, P., Woods, T., Chance, K., Liu, X., and Sun, K, (2021), “The TSIS-1 Hybrid Solar
Reference Spectrum”, Geophysical Research Letters, 48, e2020GL091709. https://doi.org/10.1029/2020GL091709
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TSIS-1 SIM Comparison to other Solar Reference

Spectra

Relative percent difference between TSIS-1 SIM and several other

commonly used reference spectra.

30 11
20 |

10

[%]

I I I I ! I I I T T I I I ! T I T T T

— ATLASS [Thuillier et al., 2004] %
-~ SOLAR ISS V2 [Meftah et al., 2020] #
— LASP WHI [Woods et al., 2009]

\ Larger magnitude
than TSIS-1SIM

Smaller magnitude
than TSIS-1 SIM

IIII|IIIIIIIfI 11018

1000 1500

Wavelength [nm]

2000

Spectrum

ATLASS3*

LASP-WHI %
SOLAR-ISS
TSIS-1 SIM

+ Excludes normalization to TSI.

9/02/22

Scalar offset:i.e., the unmeasured part of spectrum

205-2390 | +52 Adopted | Diff from | % Diff.

(W/m?) (W/m?2)* | TSlvalue TSI
(W/m?) (W/m?)

1333.6 1385.6 1361 +24.6 +1.8

1321.0 1373 1361 +12.0 +0.9

1320.8 1372.8 1361 +11.8 +0.9

1309 1361.0 1361.5 -0.5 -0.04

CEOS WGCV IVOS 34 6



The ‘Full-Spectrum’ TSIS-1 HSRS

Extending the TSIS-1 HSRS to the full spectrum expands its utility for climate
modeling, Earth energy budget science, radiative transfer modeling, and solar
irradiancevariability modeling.

\ Full Spectrum Extension of the TSIS-1 HSRS
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> 9 orders of magnitude in irradiance
> 3 orders of magnitude in wavelength from 115 nm to 200 um.

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

e ..isanincremental update.
* Areprocessing changes the radiometricbaseline between 202 and 210 nm.

* Updates the JPL SPTS high spectral resolutionlines to the latest version
[G. Toon, https://mark4sun.jpl.nasa.gov/toon/solar/solar_spectrum.html]

Comparison of V2 TSIS-1 HSRS Relative to Original

I|I\IIIIIII|ITIIIII[IlIIWIIIIII|II1IIIIII

— 1.02

@

< 101 \

S 1.00

£ 0.99

&

0.98
Ill\IIIIIII|IJIIIIIll|IIJIIIIIl|IIJIIIIII
200 300 400 500 600

Wavelength [nm]

Ratio [Unitless]
o
©
||||||||\‘||||||||||||||||||| TTTTTTTIT

1 1 1
00 1500 2000 25
Wavelength [nm]

I
00

9/02/22 CEOSWGCVIVOS 34



UV Extension

SOLSTICE V18 Irradiance
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IR Extensions “A” & “B”

* Extension A
* Spans 2.73to0 16.5 um; 2.6% of TSI

* The spectral ratio method normalizes the JPL/SPTS observed solarline data
to the Kurucz (1995) irradiance scale.

* An overall~0.6% reduction merges the extension to the TSIS-1 HSRS. This
preserves the shape of the Kurucz continuum irradiance.

* Extension B
* Spans 16.5 to 200 um; 0.01% of TSI
* Solelythe Kurucz (1995) irradiance.
* An overall~0.6% reduction merges the IR extensionstogether



The ‘Full-Spectrum’ TSIS-1 HSRS

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

reference spectra

13 MODTRAN solar reference spectra obtained courtesy of Lex Berk, who attributes other
colleagues (Gail Anderson and Prab Acharya) for their efforts over the years

MODTRAN has 6 solar spectra of “Kurucz heritage” and an additional 7 solar spectra of Fontenla.




MODTRAN Solar spectra “linked” to Kurucz

The “link” to Kurucz is implicated by filename, but R. Kurucz was not personally involved in the
development of any of these spectra (personal communication).

These MODTRAN spectra all span 0-50000 cm™ (0.2 to > 200 um)

SSI = 1368.04 SSI = 1376.23 SSI = 1362.17

*Above 876 nm, all these spectra are identical.
In other words, “newkur” is an IR baseline (i.e. “the link” for all
of the other spectra.

fSSI = 1359.75
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Traceability: from MODTRAN to Kurucz’'s Website
of Data and Pa PErsS (http://kurucz.Harvard.edu/sun/)
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Fontenla Spectra




All MODTRAN Fontenla Spectra

Semi-empirical approach that determines best fit of observed (at moderate spatial
resolution) and simulated spectra from a 1-D radiative transfer model with varying
temperature & density.

All Smoothed w/ 20 nm FWFM Gaussian Kernel
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These models are described in a series of papers (The Astrophysical Journal, 2006, 2009, 2011) and references within.

SUNO1med2irradwnNormt.datis the current MODTRAN default spectrum
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Integrated SSI of MODTRAN Fontenla Spectra

Integrated SSI Comments

200-100,000 nm

[W/m?]
SUNO1fontenla.dat 1361.25
SUNO1llowirradwnNormt.dat 1361.15
SUNO1medlirradwnNormt.dat 1358.96
SUNO1med2irradwnNormt.dat 1361.15 The MODTRAN “default”
SUNO1highlirradwnNormt.dat 1361.80
SUNO1high2irradwnNormt.dat 1361.07

SUNO1peakirradwnNormt.dat 1361.11



All Smoothed w/ TSIS-1 SIM ILS
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All Smoothed w/ TSIS-1 SIM ILS
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Comparisons of the
Theoretical Kurucz and
Fontenla Spectra
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* Llargest differences (30-40%) below 400 nm. Differences are 2-
8% in the infrared with Fontenla spectrum systematically smaller
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Kurucz, Fontenla, &
ATLAS-3 Compared to
TSIS-1 SIM




All Smoothed w/ TSIS-1 SIM ILS
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Summary

* The TSIS-1 HSRS provides an important new constrainton 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.

* Afutureversion of the NOAA Solar Irradiance CDR will incorporate the TSIS-1 HSRS (plus

additional changes)

Implications for Inclusion in Radiative Transfer Modeling: Increases the proportion of
integrated total incoming energy contributed by solar irradiance observations than from
models. Only a very small (<0.1%) adjustmentis needed to be consistent with TSI.
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Observation
>97%
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The proportion of total incoming energy informed by

models vs. observations.

(*The FS TSIS-1HSRS to 16.6 micronsis~99.9% of TSl and a
combination of modeland observedlines.) 35




