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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/].

. CEOS WGCV recommends the Total and Spectral Solar Irradiance Sensor-1 (TSIS-1) Hybrid Solar Reference Spectrum
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TSIS-1 Hybrid Solar Reference Spectrum (HSRS)
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— HSRS Variant at 0.1 nm resolution
— HSRS Variant at 1 nm resolution
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, :;1,+8989<=9>6?9>48*.0BCC3/'@/DEC69@698>C8989<=9>679>
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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 specitra.
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Smaller magnitude
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ATLASS3 # 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

T Excludes normalization to TSI.
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Full Spectrum Extension of the TSIS-1 HSRS
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TSIS-1 HSRS (version 2)

I

IR Extension ‘A’

UV Extension

0.1 1.0 10.0 100.0

Wavelength [um]

> 9 orders of magnitude in irradiance
> 3 orders of magnitude in wavelength from 115 nm to FGQH@b

"HSOR'()*+,-".)/01(#)2-3*4(10$-562--17 9BO-
3*.-8988



1.0

0.0 F

-0.5
-1.0
15

8'5900: &*;*:<*#)*(+,+ - */+0+
| =07 #*, 0*$'2:2*/#4.)9+#/2 >

| I"HSYE SHEE(+.,' %' @3,.%1('8' @%2('./%.'3@-%+., /(&Y%23H@ (.&3+
1%, ($3*(L(.J("FGF'%*2'F:G"* @6
| 1"H$&6'K-2%.(, /(LMN"M7"/3A/ -(+.8%$'&(#$7.3#$3%(,’
JH#&'OPQG*@'#*J%&2' #./($%.(,.'0(&,3#* RS6 THH*E'

.- TUU@%&IV, 2*6W-$6*%, %6 A#0U #HHHASHEKE U &2 @6/.@$

20

1 1 1
240

1 I | |
260
Wavelength [nm]

1 I 1 1
280

1 | 1
300

2.5

2.0

15

1.0

0.5

B.

Ratio of SPTS (v2016) to SPTS (v2020)

'ﬂg"'l""l""

~1-1.3um | ~1.6um

Aot a—site

_I|IIII|IIII|IIII|IIII|II_

IIII|II[

A

"

\I(IIIIIIIlIlllll

spectra range of JPL/SPTS|used in TSIS-1 HSRS

IIIIIII

500

1000 1500 2000 2500

Wavelength [nm]



?@+AB.<)C/")

SOLSTICE V18 Irradiance

| Z3*%$'90;[<"\C>5"\N"78>5' 10.000000 v e TR T

1.000000

2%%')#&'”]'/\ FGF'*@61I|<O?$.#$ ~  0.100000
" @$10-.$I*A(. @$BFBB$KI3(#$+3=-4(* 2Lk 0.010000

0.001000

1 N 1 é —
I 2&3*A'FGG ' #$5%&'@3*3@7?@6 = o.000100 o
« 2009 and 2019 solar minimum s I
: : : : : H 0'000001100 150 200 250 300 350
irradiance indistinguishable, am
within measurement
uncertainty.
SOLSTICE V18 Fractional Irradiance Uncertainty
« Smaller measurement e L R A I I
uncertainties in 2009. 0F | 3
R 20:— | 1'*, 3
10F g
(_)l():OI = I1%0I = I2(|)0I rlm; I2&'[0I I ITI;(T)OI = I3:50

"HSOR'()*+,-".)/01(#)2-3*4(10$-562--17 9BO-
3*.-8988



0*=>?2#'&9%:.&* @A
| <O#*7,?7>@A,/(,BCD, >
| F32,792%/'#4,'#/0(,;2/3(+,07,)72+,/(,:'0*&,GHII<HF<,

7(4#',40%2,+#/#,/(,132K))SL M,BNN@,0"#+0#*$2,7$#42>

| 8a0(.8&%+(B?&?+E";P' #'=\_7Cdea,f  *(J12&62%.gE'(D+(-.
J#&'N:GhVG*@6"

| F32*M,#,0P>CQ,'2+)$/0(*,RS#1242*83+292*+2*/U,
2'&27,132,'27)41,72#,427745,/(,/32,F<V<TB,W<6<,#/,
?>@K;, #*+,9'272'127,/32,73#92,(X,/32,K))$L
$(*/0%));,0"#+0#*$2>

"HSOR'()*+,-".)/01(#)2-3*4(10$-562--17 9BO-
3*.-8988



O0*=>?#'&9%:&*BA
| <9#*7,BC>D,/(,?PFE; >
| <(4245,/32K))$L M,BNN@,0"#+0#*$2, +#/#>,

| Y12'H#44M,S#1242*&03+292*+2*/,'2+)$/0(*,R:5,0P>CQU,
I(,72#;427745,:2'&2,/(,V6,Z2[/2*70(*,8Z,#/,BC>D,
0%'(*7



W/m2/um

%

u
TTTT IIIIIIIIIIIIII

()'*1 2"$$+3'4#5"6 7*(+,+-.*/+0+

Full Spectrum Extension of the TSIS-1 HSRS
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Full Spectrum Extension of the TSIS-1 HSRS
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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.

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