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TIM Innovations Enable Accuracies & Stabilities

The Total Irradiance Monitor, first launched on NASA’s SORCE mission in 2003, introduced
several measurement innovations

Precision aperture at front of instrument

Nickel Phosphorus cavity interiors demonstrate best inherent, on-orbit stablllty of any TSI

instrument S<IRCE y
e, ® . . . . : .' .' :-"ﬂ. %

— Reduces sensitivity to out-of-band noise
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— Servo gain and non-equivalence only need to be known at shutter fundame

* Feedforward maintains cavity thermal stability, improving servo re
* Thermal contributions are measured and modeled
* Pulse width modulation of precision DC voltage reference applj

Digital servo system uses PID control

Digital control of shutters

from (almost) every talk | give

e
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Evolution of the TSI Record

Total Solar Irradiance Data Record

SOVA2 ERBS V-0508
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Evolution of the TSI Record

Total Solar Irradiance Data Record

SOvA2 ERBS v-0508

Monthly Sunspot Number
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Evolution of the TSI Record

Total Solar Irradiance Data Record

Greg’s Rule #1:
Consistency is comforting;
but agreement is not accuracy.

SOVA2 ERBS V-0508
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Evolution of the TSI Record

Total Solar Irradiance Data Record

SOVA2 ERBS V-0508

NOAATD . SORCE /TIM ¥

...until SORCE launched in Jan. 2003

Monthly Sunspot Number
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Diffraction & Scatter Erroneously Increase Signal

All instruments except the TIM put primary aperture close to the cavity

Expanding TRF beam from filling
precision aperture while underfilling
view-limiting aperture to overfilling

view-limiting aperture causes
increase in signal due to scatter and
diffraction from front and interior
sections of instrument

Kopp and Lean, GRL, 2011

all other TSI
instrument geometries

TIM geometry

Measured increases due to uncorrected
scatter/diffraction are surprisingly large

PREMOS-1 0.10%
PREMOS-3 0.04%

Fehlmann et al., Metrologia, 2012
report the WRR measures TSI
0.34% higher than the true SI scale

VIRGO2 0.15%
ACRIM-3 0.51%
SOVAR 0.20%

Tucson, AZ

e
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Evolution of the TSI Record

Total Solar Irradiance Data Record

SOvA2 ERBS v-0508

Monthly Sunspot Number
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Tucson, AZ

27-31Jan. 2020

Evolution of the TSI Record

Total Solar Irradiance Data Record

S0vIM

MOAA1D

PREMOS data released Aug. 2011

Monthly Sunspot Number
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Tucson, AZ

27-31Jan. 2020

Evolution of the TSI Record

Total Solar Irradiance Data Record

S0vIM

! TCTE/TIM V1-14117
WO 10 LSORCE/TIM VI6=1411 .

TCTE data released Mar. 2014

Monthly Sunspot Number
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Evolution of the TSI Record

Total Solar Irradiance Data Record

S0vIM

TCTE/TIM V1-1411"
SSORCE/TIM V16=1411 2
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Tucson, AZ

27-31Jan. 2020

Evolution of the TSI Record

Total Solar Irradiance Data Record

SOVA2 ERBS V-0508

S0vIM

TCTE/TIM V1-1411"
SSORCE/TIM V16=1411 ;
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Evolution of the TSI Record

Total Solar Irradiance Data Record

Greg’s Rule #1:
Consistency is comforting;
but agreement is not accuracy.

SOVA2 ERBS V-0508

S0vIM

TCTE/TIM V1-1411"
SSORCE/TIM V16-1411 :
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3 TIM Missions Currently On-Orbit

L_NIMBUS7/ERB |

Total Irradiance  [ygaag |
Monitor (TIM)  nodhio

EUREKA}SOVA2

SORCE /TIM

Monthly Sunspot Number
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The Current TSI Record

Tatal Solar Irradiance Dato Record
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Status of Current TSI Instruments

Total Solar Irradionce Daoto Record
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TSI Comparison Across SORCE Dota Gap
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G. Kopp, 18 Dec. 2019
r

Monthly Sunspot Number

100

1975 1979 1984 1988 1993 1997 2002 2006 2011 2015 2020 2025
Year G. Kopp, 10 Jan, 2020

Highlights from the SORCE/TIM Greg Kopp - p. 17



Measurements from Current TIM Instruments
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SORCE/TIM Observed the Largest Short-Term TSI Decrease Recorded
TIM Irradiance
| | Minimum Iat 29—0-::1:—2003
0.34% decreose
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Iiradiance ['l'l'-m’l

28 Oct. 2003 X17 SORCE Flare Observations

0.34% TS| decrease

SORCE TIW TSI
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Highlights from the SORCE/TIM
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TiM Irrodionce — 28 Ocl, 2003 11:10

|ﬂlt<]r-;}ltd flare eﬂergyl[erqﬁ] - B.07e+32

Integrated GOES energy [ergs] = 4.35e+30
Froction of lotal in GOES [X] = 0.6
Relative Amplilude of Deriaglive = 48X
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Flgrg It
Bockground

Woods et al., GRL 31, L10802,
2004
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1020 1040 110D T30 Th40 V300 1220
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Perspective
Net flare energy is

<0.008% of what the
Sun emitted in that
~40-min. time range
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Two Venus Transit Measurements by SORCE/TIM

SDRCE_}’TIM Dbsermtuons of Venus Transit = 8 June 2004 SORCE/TIM Observations of Venus Transit = 5-6 June 2012
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Venus transits occur in pairs 8 years apart separated by either 105.5 or 121.5 years
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Venus Transit Detections
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SORCE/TM TSI = v.18

SORCE/TM TSI = v.18

1352 j ; 1.362.5
. 1 '.I_\ T '. 'lI I.ril .‘l" [y i, o |. .-".-_" .
13461 I.I|| - |"""'-' I.I b [¥ er I 117¥ M l.'-"r'-"'r“ " '\“.l\-\||f.*”-"\‘-*-.."\--;‘-"'\ 'Iu/-lI e i I\. | | ] II
i [ L ERIR i Ik 1 } Il f l
- I "’ ! I ! 18 ||. li I ||. M I/ 'L|I'-. Ml bl o, M N il
¥ If = o ".ul | W ""'I "||u"1 |‘|| i ||..||'r'.l Vi l.!.ln.'lh I' I
1358 \ | E rserof¥ W H ‘|' L 1"| 11 I | I’ \ 1 ¥ I‘
I| X I. I I | | I | I
1
1348 13608 “ I [ (i |
I | " a 1l
1387 | 1360.0 | |
|
1356 i i 1354.5 i i i
O Jun 26 Dwc 1% Jud 20 Jan ] 15 i7
2003 005 2004 2005 011 b TF] 2012 i
. , ' . G Mopp, 2V Qed OO0 G Mopp, 2V Qed OO0
£ } |
= I i
L
1359 ) )
1358
1 1 1 1 L " 1 A " 1 A A 1
2004 2006 2008 2010 2012 2014 2018 2018
Year
G. Kopp, 09 Oct. 2019

Tucson, AZ

27-31Jan. 2020

Highlights from the SORCE/TIM

Greg Kopp - p. 22



Mercury Transit “Observations”

SORCE/TIM & TSIS/TIM Observations of Mercury Transit — 11 Nov. 2019
F T T ' T ' T 1 T T T
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What Are the TSI Trends?

Comparisons to SORCETIM Comparisons to SORCETIM Comparisons to SORCETIM
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The SORCE/TIM Has:

Established a lower TS/ value of 1361 W m™
Demonstrated better inherent stability than any other space-borne TSI instrument

Shown lower noise than other contemporary TSI instruments

Helped maintain measurement continuity of the TSI record

Reported the first measurement of a solar flare in TSI

Observed two Venus and four Mercury transits

Recorded the largest short-term decrease ever measured in TSI

e

Tucson, AZ 27-31Jan. 2020 Highlights from the SORCE/TIM Greg Kopp - p. 25



Value of TSI Measurements for Climate Science

1. Are the most stable solar-irradiance measurements
— Achieve stabilities necessary to detect climate-relevant solar variability
2. Provide ~41-year solar-irradiance record of entire radiative input to Earth’s climate
system

SORCE/TIM TSI (V18-2001)

Community=Consensus TSl Composite
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