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Solar Spectral Irradiance Measurements from the TSIS-1 SIM:
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Wavelengths Covered by Level 3 SSI Data (24HR Means) - 518 Spectra Reported Over 653 Days
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Jan 18 2019 Apr 28 2019 Aug 06 2019 Nov 14 2019

Good data -- Quality flag = 0
Back filled data from previous day -- Quality flag = 2
— Missing data -- Reported as irradiance = 0 quality flag = 1

http://lasp.colorado.edu/home/tsis/data/ssi-data
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http://lasp.colorado.edu/home/tsis/data/ssi-data/
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Predicted duration of continuous unobstructed solar viewing [minutes]
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TSIS SIM Ch. A, B, C ESR Irradiance Calibration to Cryogenic Radiometer
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~ TSIS-1 SIM vs. SORCE

200 nm lo 240 nm

1.5 I I T I I
1 TSIS SIM Uncertainty SIMc V2 SOHCE SOLSTICE SORCE SIM V25 . TSIS SIM |_
0.5 -
0 4 0,
os h YN I 1%
~ I L 1 I 1 L
\O 2018 2018.2 2018.4 2018.6 2018.8 2019 2019.2 2019.4 2019.6 2019.8 2020
[=)
— 240 nm to 310 nm
E 0.5 T T
% k oo "W] 0.5%
2 },M"’, r' w iy ll 'r!l lt( I \ll =
cli) i :J
s i .
o 2018 20182 20184 2018.6 20188 2019 20192 2019.4 2019.6 2019.8 2020
Q 310 nm to 500 nm
% 0.2 T T T
©
1 0.1 .
—
© 0 0.2%
— 0 B ol {.-"": San vy, 1
U) .
;E 04 I I I 1 L Fel e BRI N |
2018 2018.2 2018.4 2018.6 2018.8 2019 2019.2 2019.4 2019.6 2019.8 2020
@]
o]
500 nm to 700 nm
% 0.1 T .
% 0.05 -
(_c-:) 0 4 10.1%
-0.05 -
[0
= 01 1 1 1 I 1 I I 1
"a 2018 2018.2 2018.4 2018.6 2018.8 2019 2019.2 2019.4 2019.6 2019.8 2020
[} 700 nm ta 1800 nm_
0 oosf ! T T .
| ’ T{» e M A 0.05%
&/ ! 3, _' - . (]
0 k’\f{ \ws oflts .IQ%J; \f*““ e *-r'Nﬂa
-0.05 | i i E
20182 20184 2018.6 20188 2019 20192 20194 20196 2019.8 2020

& ALASP

Laboratory for Atmospheric and Space Physics
University of Colorado Boulder

Time [Year]

TSIS-1 SIM vs. Models

TSIS SIM Uncertainty

NN-SIM

SATIRE-S = NRLSSI2 .

TSIS SIM

200 nm to 300 nm
T T T

i

o

o
=}
a

o

i S 1S 1 | IS SEE N NN N NEEC NEE S NIEEED N/ S—
2018 2018.2 20184 2018.6 2018.8 2019 2019.2 2019.4 2019.6 2019.8 2020
300 nm to 400 nm
0.1 7 T T T T
01 I I i | I I 1 I
18 20182 20184 20186 20188 2019 20192 2019.4 20196 2019.8 2020
400 nm to 700 nm
0.05 T T T T T T T
|4
0.0! 1 1 1 1 1 1
018 2018.2 20184 2018.6 20188 2019 2019.2 2019 4 20196 2019.8 2020

NG

700 nm to 1800 nm

0.01 -

Relative Change to first 81-days of TSIS SIM [%]

0 o’r\,V\ »«4‘) 5 .}pwk.wmw
-0.01 ;-- . 2!
0.02 -

a s . ! s
2018 2018.2 20184 2018.6 2018.8 2019 2019.2
Time [Year]

2019.4

2019.6

2019.8

2020

]:0.1%

Io.os%

0.05%

0.02%



rSis TSTto | nﬁ@g[r’aitd o

1361.4 —
N —— 100
— =]
7—1
- =
1361.2 _ — 0
=" bl 'S
< —
£ — -
= J\X ! ! Wl\ — &%
= — 100 «
2 | =] by
S 1361.0 —— ! — 2
E 0. 01% ~0ppm/mo. o @
g I Comparison of the TSIS TIM TSI daily averages with the Integrated (200 — J_ —] -200 2,
3 - 2400 nm) Integ. TSIS SIM daily values. — a
g — - A constant offset of 51.6 W/m2is added to account for the ~4% of g
1360.8 spectral irradiance not measured by SIM (wavelengths < 200 nm and > —
' 2400 nm) ——] 300
— . TSIS SIM VO3 Integrated TSI + 51.6000  —]
B v/ Stability agreement better than 100 ppm (<0.01%) over the TSIS TIM TSI —
whole mission to date. —
— -400
1360 ‘ I Y | I Y /\I Y T | I I I/\ | I Y Y I A' [ | L1 |
100 200 300 400 500 600 700

Mission day

@& =LASP A\ =full SIMA B, &C calibration

Laboratory for Atmospheric and Space Physics
Uni v




450 nm

April 1-21, 2019 sunspot passage
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Rotational Variability [%]
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April 1-21 sunspot passage resulted in
0.03% decrease in TSI.

Future model improvements can be
obtained by the superior TSIS SIM precision
over previous SSI measurements

TSIS SIM irradiance variability April 12th - 20th
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Two Channel prism
spectrometer

(200 — 2800 nm) ‘
Absolute ESR and fast
Photodiode detectors
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Solar Spectral Irradiance (SSI) measurements by TSIS-1 SIM and

CSIM during solar minimum period will result in a newly
established SSI reference spectrum for Earth Science applications

CSIM 6U
CubeSat

Absolute SSI Spectrum: TSIS SIM and CSIM
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Ll 1 Obtained first ever on-orbit full SSI absolute validation.
% s - Both TSIS-1 SIM and CSIM have calibration tied to NIST-
g L ] Standards
E 10l 1 Found excellent absolute SSI agreement between the CSIM
T L 1 spectrum compared to the TSIS-1 SIM spectrum.
:;%J am | 1 Absolute Mean differences:
3 r - 300-2400 nm: 0.44 +£0.70 % ]
o+ . _ Abs. Diff <1%
B | | | 71  SSI Weighted offsets:
0 oo is00 2000 2500 300 — 2400 nm: 0.56 + 0.49 %
Wavelength [nm]
@& =LASP Graeme Stephens, et al., “The Emerging Technological Revolution in
Laborson oA o 9 Space Physis Earth Observations”, BAMS, (2019) 10.1175/D-19-0146.1




SOIGI Reference Spectrumm

Reference Solar Irradiance Spectra and CSIM Compared to TSIS SIM
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CSIM TSIS Spectra Comparison 2019-03-29 - 2019-04-18
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CSIM and TSIS Daily
Spectra Comparison

Three weeks of continuous SSI
observations (21 daily spectra).

All spectra (CSIM and TSIS)
plotted on their native irradiance
scale

NO scaling or offsets applied



IS Overlap:

——TSIS SIM Level3

1.0 ——CSIM

CSIM and TSIS Daily Spectra Comparison

Three weeks of continuous SSI observations
(21 daily spectra).

All spectra (CSIM and TSIS) plotted on their
native irradiance scale
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PCSIM ESRe

CSIM ESR Spectrum
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Every 2 weeks we obtain a full
CSIM ESR spectrum

« Ch. A& B deg. corrections
* Photodiode A/W calibration
Still refining S/C pointing
corrections and prism

temperature (index of refraction)
corrections.
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Pointién‘é Stability During Each Sunlight Orbit
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| CSIM pointing offsets are larger than

expected

« The BCT pointing stability is poor, less stability
in the azimuth direction (dispersion direction,
most unfavorable)

* In early September, we completed a BCT star
tracker calibration scan to reset the FSS to star
tracker pointing. This initially cured the offset in
Azimuth, but then drifted back

* Continue to monitor the trends over the next
several months to verify the stability.

* Noise in pointing stability data appears to have
noise "spikes” common to the diode data.

CSIM temperature stability excellent
*  Orbit to orbit stability ~0.2°C
* Mission stability shows no trends
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Demonstration that CSIM and CTIM can fully meet TSIS
requirements in accuracy, stability, and reporting

— Provide a 6 month overlap with TSIS-2

Upgrade CSIM to a 3 channel instrument

CTIM 1 Detector head (4 channels)

Extend LASP 6U CubeSat design to 12U
Improve parts reliability (Screening, Rad. Testing)

Selectively move from CubeSat-class project engineering
and production processes towards Class-D like project
requirements (EEE parts, QA, SE, CM)

Demonstrate regular and reliable mission operations,
data capture, processing through improving automation
and efficiencies from CSIM and CTIM lessons learned

ic and Space Physics
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IDegradation Rates
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