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Jammie Reynolds, “The Human Fly,”on a DC furniture store, 1917
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SORCE Timeline

2000
Solar Max

Rattling 
Delta Wing

Everyone is 
important!

2003
Halloween

Launch Year

Doug teaches 
Bob about Sol’s 

seismology

2008
Cycle 24 >

Grand 
Minimum

Are successive 
solar min 

rising, falling, 
or equal?

2013
Solar Max

“Gap Year” ->

July to Christmas 
2013

A chance to 
re-focus.
“Hybrid 
mode”

2019
Cycle 25 >

Overlap!

TSIS-1 on ISS

powered on Mar 2018, 
now extends SORCE 

TSI and SSI 17 yr record

Venus 
Transit
2004

Venus 
Transit 
2012

Launch!
Jan 25, 
2003

Cycle 23 >

…  personal reflections as NASA SORCE Project Scientist, 1999 — 2015: the build, launch, 
Halloween X-rays, a “Great Minimum” during USA’s “Great Recession,” evolving from 
“Outlier” to “Gold Standard,” dual Venus transits, our “Gap Year,” dual Sol maxima, to a 
fitful winding down of cycle 24, as TSIS-1 takes the baton, and cycle 25 begins. 

Recollections and …

“It's time we stop, hey, 
what's that sound

Everybody look what's 
going down” (Buffalo 

Springfield)

Launch!
Dec 15, 

2017
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Historical Estimates of TSI (aka “solar constant”)

• 19th C à Wide variations : 10–113% > 1500 W/m2

• Narrowed after Bethe’s 1939 paper* : �5% ~ � 70 W/m2 à+2.5%
• Further narrowed after satellites began à� 1%
• Satellites showed TSI out-of-phase with sunspots
• Satellites gradually decreased & tightened estimates
• SORCE lower by 4.5 W/m2 > 0.3%, an“outlier” !
• After 2005, improved scattered light estimates allowed acceptable 

agreement of independent measurements, making other 
measurements line up with SORCE

• SORCE became the new TSI “Gold Standard”

Langley Bethe ERB

TIM/SORCE
Premos/Picard

*H.A. Bethe, “Energy production in Stars,” Phys. Rev. 55, 436 (1939)
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Butler et al., “Sources 
of Differences in On-
Orbit TSI …” J. Res. 
Natl. Inst. Stand. 
Technol. 113, 187-203 
(2008).

NIST Workshop 2005

Morgan and Henrion, 
Uncertainty, 
Cambridge U.P., c1990.

inverse fine structure constant

Planck’s constant

electron charge

electron mass

speed of light
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Global Means from NCAR CCM

From “The Glass Universe,” by Dava Sobel, Penguin Books, c2016.
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Bethe with Bardeen

John Bardeen, Hans Bethe, Chris Pethick, Shau-jin Chang, Gordon Baym, U.Illinois 1977.
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Global Means from NCAR CCM

Mike King,           John Townsend,    Ghassam Asrar,     Mike Luther,            Bob Cahalan,       Gary Rottman, 2002.
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TIM continues the 30-yr total solar irradiance (TSI) climate data record

• Instrument Type: Cavity Bolometer
• Wavelength Range: All
• Absolute Accuracy: 0.035% (350 ppm)
• Long-term Stability: 0.001%/yr (10 ppm/yr)
• Mass: 10.7 kg
• Orbit Average Power: 12.4 W
• Orbit Average Data Rate: 1.0 kbits/s
• Redundancy: 4 ESRs (2 pairs)

Key Technologies
ØNiP black cones

ØIn-phase analysis of ESRs at shutter frequency
ØPrecision aperture at front of instrument 

Total Irradiance Monitor (TIM)

Kopp, G., et al., Solar Physics, 2005

Figure by Greg Kopp, UCO/LASP.
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TSI Record with SORCE TIM

TIM
-4.5 W m-2

Fundamental discovery that the TSI 

is ~1361 W m-2, not 1366 W m-2 

Figure by Greg Kopp, UCO/LASP, 2008.

See Kopp and Lean, GRL, 2011, doi:10.1029/2010GL0457770
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New LASP Facility for End-to-End Calibration
- compare each TSI instrument 
against NIST-calibrated cryogenic 
radiometer in the TSI Radiometer 
Facility (TRF)

Glory TSI agrees to 200 ppm
PICARD PMO instrument at TRF 

late summer

Facility SI Reference Operating 
Conditions

Comments

Table Mountain none •vacuum
•solar viewing
•window transmission
•circumsolar scatter

no link to SI and 
scatter effects limit 
usefulness of 
comparison

World Radiation 
Reference (WRR)

linked to NPL (with 
high uncertainties)

•solar viewing
•air operations
•circumsolar scatter

air operations and 
scatter limit absolute 
accuracy

NRL Cryo 
Radiometer

NIST calibrated cryo 
radiometer

•vacuum
•solar power level

not built

TSI Radiometer 
Facility (TRF)

NIST calibrated cryo
radiometer

•vacuum
•solar power level

proven on Glory/TIM

Figure by Greg Kopp, UCO/LASP.
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Venus transits: 2004 & 2012

Figure by Greg Kopp, UCO/LASP.
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Sco 18 – Sol Twin ?
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Diffraction and Scatter Corrections Affect TSI Results Differently

• All instruments except TIM put primary aperture close to the cavity
– TIM processing makes corrections for diffraction and scattered light
– VIRGO processing makes correction for diffraction but not for scattered light
– ACRIM processing does not make either correction, and each would lower ACRIM values

View-Limiting 
Aperture

Precision 
Aperture

View-Limiting 
Aperture

Precision 
Aperture

SunlightSunlight

TIM

Failure to correct for 
light diffracted into
cavity erroneously 

increases signal

Failure to correct for 
light diffracted out of

cavity erroneously 
decreases signal

ACRIM, VIRGO

View-Limiting 
Aperture

Precision 
Aperture

View-Limiting 
Aperture

Precision 
Aperture

SunlightSunlight

TIM

Additional light 
allowed into 

instrument can 
scatter into cavity

Majority of light is 
blocked before 

entering instrument

ACRIM, VIRGO
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Figure by Greg Kopp, UCO/LASP.
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TIM Instrument Uncertainties

Table by George Lawrence, UCO/LASP.

See also ‘TIM Calibration’ by Karl Heuerman.

Correction Origin Value [PPM] 1σ [PPM]
Distance to Sun, Earth & S/C Analysis 33,537 0.1
Doppler Velocity Analysis 57 0.7
Shutter Waveform Component 100 1.0
Aperture Component 1,000,000 28

Diffraction Component 452 46
Cone Reflectance Component 182 35
Non-Equivalence, ZH/ZR-1 Instrument 782 43
Servo Gain Instrument 2,115 0.0
Standard Volt +DAC Component 1,000,000 15

Pulse Width Linearity Component 800 3
Standard Ohm + Leads Component 1,000,000 25
Dark Signal Instrument 1,645 14
Pointing Analysis 100 10
Measurement Repeatability (Noise) Instrument - 4
Uncertainty due to Sampling Analysis - 12

Total RSS 85.5
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A Contrast in Spectral Variability

Brightening with 
decreasing solar 

activity

Dimming with 
decreasing solar 

activity

Plot by Jerry Harder, UCO/LASP.
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To all who contributed, many thanks!
TSI, Total Solar Irradiance

• TSI from TIM (1361 � 0.8) W/m2,  ~3000 ppm lower than previous accepted
• Why? 

– Diffraction corrections not applied to some instruments
– Scattered light
– TIM measures dark (dark space) signal. Others model it.
– TIM is most precise; intra-cone variance is less than stated accuracy
– First end-to-end calibration should help to resolve this. 

Earth Reflected & Emitted Radiation (CERES)

• Albedo down, ~29% (vs ~31%)
• Shortwave Atmos Absorption up, ~23% (vs ~20%) due to Aerosol & H20 Continuum
SSI, Solar Spectral Irradiance

• Absolute variability in VIS & NIR comparable to that in NUV.
• At some wavelengths, solar cycle variability out of phase with TSI. 

– TSI, the integral over the spectrum, is comprised of spectral regions that have compensating effects. 

• Vertical profiles of spectral heating rates:  
– Mid-visible Chappuis ozone absorption is out of phase with the ultraviolet absorption.


