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Temporal Window Selection
Six  28-day periods of  temporal  overlap were selected for 
comparison, all in the Solar Cycle 24-25 minimum.

SORCE Wavelength Alignment
During  SORCE/SIM observations,  prism non-repeatability  and 
temperature  variations  can  result  in  wavelength  shifts  of  the 
recorded spectra. The pipeline attempts to correct these offsets; 
however,  we perform an additional diode/ESR-dependent zero-
point correction by performing a 2-step cross-correlation of each 
daily spectra. Maximum shifts (and 1𝝈 offsets) given below. 

Periods were selected according to the following criteria:
• Sampling of full overlap of SORCE and TSIS

• R1 & R6 are the earliest and latest possible ranges.
• Near-continuous daily SSI measurements by both 

SORCE and TSIS
• Avoiding ranges where either SORCE/SIM or TSIS/

SIM display obvious spectral features or missing data.
• Minimal variation in SORCE/SIM diode temperatures 

(due to known sensitivity to temperature fluctuations)
• Periods that met the above criteria were examined for 

anomalies in irradiance at 260, 600, 1200, and 2000 nm. 

Spectral Convolution of TSIS to SORCE
To prevent differences in the TSIS/SIM and SORCE/SIM spectral 
resolution from introducing small-scale features, each mean time-
period spectrum was smoothed using a 9-bin boxcar  smoothing 
before  determining  the  final  TAV  ratios.  The  smoothing  was 
performed  using  SORCE  prism-step  bins,  so  the  smoothing 
matches the non-linear SORCE wavelength scale.

Time Range Comparison
R3 and R4 (above) were the most proximate ranges selected. 
Despite their temporal proximity, comparatively large differences 
in SORCE/SIM DIODE and prism temperatures can be seen to 
correlate with an entire ~1 mW difference in SORCE/SIM 
irradiance at 1051 nm (see SSI Ratio Trends).

Table 2: Maximum (and 1𝝈) zero-point offsets in prism steps

Time Period UV VIS IR ESR(IR)

R1 -1.20 (0.39) -0.44 (0.22)) -1.70 (0.62) -4.52 (2.34)

R2 -0.85 (0.35) -0.88 (0.37) 4.06 (1.70) -9.89 (4.25)

R3 -1.58 (0.62) -1.01 (0.30) 4.73 (1.75) -4.06 (1.80)

R4 1.25 (0.44) 0.83 (0.30) -3.04 (1.50) -4.98 (2.84)

R5 1.33 (0.54) 0.66 (0.34) -3.35 (1.22) -8.30 (2.63)

R6 -1.26 (0.24) -0.46 (0.23) 28.59 (4.60) N/A

1) A negative shift is towards shorter wavelengths 
2) A 1 step shift can result in a 𝝙𝝺 shift of  0.001— 0.085nm, depending on diode and prism position
3) The typical maximum shift resulted in an irradiance difference of < 0.5 mW/m2.
4) We are investigating whether TSIS data would also benefit from a post-processing alignment.

Notes: 

R3

Methods
The Spectral Irradiance Monitor (SIM) onboard the Solar 
Radiation and Climate Experiment (                    ) mission has 
been taking daily Solar Spectral Irradiance (SSI) measurements 
from a ~90-minute low-earth orbit (400 miles) since April 
2003. We present a comparison of SORCE/SIM Solar Spectral 
Irradiance (SSI) measurements to near-simultaneous Total and 
Spectral Solar Irradiance Sensor (TSIS) observations. TSIS has 
been taking data from the International Space Station (ISS) since 
March 14, 2018.

SORCE/SIM’s SSI measurements (240–2400nm) have a spectral 
resolution from 0.25nm (UV) to 33nm (IR). SIM uses three 
photoDIODEs, and an Electrical Substitution Radiometer (ESR) 
detector. The DIODEs are referred to as the UV (240–310nm), 
VIS (310–950nm), and IR (950–1600nm) DIODEs.

We selected six distinct 28-day periods of SORCE/SIM-TSIS/
SIM overlap (Mar, Jun, Oct, and Nov 2018, and Feb and May 
2019). During these periods (all ~ Solar minimum), SORCE and 
TSIS produced near-continuous SSI measurements during times 
of low Solar variability. These periods were selected to be 28 
days to each cover a full Carrington rotation (~27.3 days).

Post-processing of publicly available data included:
1) a daily zero-point wavelength alignment of each SORCE/
SIM diode bandpass, and
2) a spectral convolution to account for the spectral resolution 
difference of SORCE/SIM to TSIS/SIM.

SORCE/SIM’s absolute irradiance scale was defined by a 
comparison to the best available solar spectrum at the time 
(Harder et al., 2009). This process was given the name “ALEPH” 
correction, as aleph is the first letter in the Hebrew alphabet. 

Here, we repeat a similar process, but with the TSIS data release 
V01 spectra. As “TAV” is the last letter in the Hebrew alphabet, 
we designate our correction as the TSIS Adjusted Values, or 
“TAV” correction.
The TAV correction allows a re-calibration of the entire SORCE/
SIM mission, resulting in improved constraints on Solar models. 
For example, here we examine its impact on the Solar brightness 
temperature (TB), i.e. solving the Planck equation for brightness 
and temperature based on our corrected SSI measurements.
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Analysis and Results
POSTER NO.

No. Start 
(SD)

End 
(SD)

Start
(yyyy-mm-dd)

End
(yyyy-mm-dd)

Carrington 
Rotation No.

R1 5528 5556 2018-03-14 2018-04-11 2202-2203
R2 5605 5633 2018-05-30 2018-06-27 2205-2206
R3 5732 5760 2018-10-04 2018-11-01 2209-2210
R4 5764 5792 2018-11-05 2018-12-03 2210-2211
R5 5855 5883 2019-02-04 2019-03-04 2214-2215
R6 5956 5984 2019-05-16 2019-06-13 2217-2218

Table 1: Selected Time Period Ranges (R)

Final TSIS/SIM÷SORCE/SIM Ratio

• Using TSIS/SIM V01 data as a baseline, SORCE/SIM tends to underreport SSI 
between 510-750 nm while over-reporting at wavelengths > 750 nm.

• Black dashed lines show the final TAV ratio ± 3σ, where σ is the propagated error 
from generating the combined spectra for R1.

• These lines tend to closely follow the ratio for VIS and IR wavelengths, while 
varying significantly in the UV and ESR.
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SORCE/SIM vs. TSIS/SIM
• Both utilize Féry prism spectrometers with similar DIODEs, ESRs, 

and prisms, which cover 240-2400 nm.
• DIODEs are sensitive to space environment, e.g. temperature.
• Prisms degrade with Solar exposure, and dispersion is temperature-

dependent.
• TSIS/SIM had a full ground calibration, while SORCE/SIM did not.
• At the time of our first test window, TSIS/SIM had been active for ~3 

months, while SORCE/SIM had been active for 15 years.

• R1 was chosen as the best date range for our final ratio.
• We normalize the SORCE/SIM spectra to our final TSIS-Adjusted Values (TAV) by 

applying the ratio to the combined SORCE/SIM spectra over range R1.
• Once TSIS/SIM V2 releases, we will revisit these calculations to carry out our original 

goal of creating a TAV which can then be applied to a recalibration of the full SORCE/
SIM mission.

Conclusions
• We have developed a procedure to recalibrate the absolute irradiance scale of SORCE/SIM using month-long time regions of TSIS/SIM observations.
• This recalibration changes the absolute irradiance in all channels by up to ±5%.
• When viewed in terms of TB, the recalibration agrees much closer to SOLSPEC than the current calibration, but still shows significant differences.
• Our “TAV” recalibration has been shown to give the same results in both the 2008 and 2018 Solar minima, suggesting that the TAV correction can be 

used through the SORCE/SIM mission.
Future work and next steps:

• Re-evaluate TSIS÷SORCE SSI ratio using TSIS/SIM V2.
• The uncorrected trends in TSIS/SIM V01, of up to 0.5% per year, prevent us from evaluating the stability of TAV over time.

• Use TSIS-V01 derived TAV to flux calibrate the UV/VIS gap (306—310 nm), as part of SORCE/SIM data release V26.
• Use TSIS-V02 derived TAV to flux calibrate all SORCE/SIM data by translating TAV to SORCE mission day 453 (April 21, 2004), as required by the 

SORCE/SIM pipeline, for the SORCE/SIM V27 data release.

TSIS÷SORCE Ratio (TAV) Calculation
Procedure:
• Align daily SORCE/SIM spectra within each date range.
• Generate combined spectra for each 28-day window by 

taking the 3σ resistant mean of daily spectra.
• Take ratio of combined TSIS/SIM SSI ÷ SORCE/SIM SSI.

Common Characteristics
• VIS ratio is ~1 except for at shorter wavelengths.
• UV consistently shows a trend of decreasing ratio.
• The UV band consistently shows the widest distribution.
• IR values tend to reside between ~0.95-0.98.
• ESR (IR) values tend to be spread around ~0.92-0.97.

Differences
• Ratios vary visibly from R1-R6 (pun intended).
• R3 and R4 (the two most proximate ranges) display discrepancies in 

the ESR(IR) correlating with instrument temperature fluctuations.
• While the overall distribution of spectral bands stayed relatively 

consistent, the ratio at specific intervals tends to vary, exhibiting an 
overall drop from R1-R6, particularly in the UV and ESR (IR).

Range #3

Range #4

SSI Ratio Trends

Comparison of the six spectral ratios (Rs) revealed the following:
• Subsequent periods exhibit increasingly divergent TSIS and SORCE 

ratios for the UV and VIS diodes.
• TSIS/SIM UV and VIS diodes display a trend of decreasing irradiance 

over our test period; UV, ~ -0.5%, and VIS, ~ -0.2%.
• We believe the above trends may be partially attributed to 

instrument degradation in both TSIS and SORCE.
• As the TSIS/SIM V2 data release has not yet been published, we 

are presently unable to account for the degradation of TSIS/SIM.
• We thus chose R1 as our baseline ratio for final analysis.

• The TSIS/SIM V2 release (anticipated mid-Aug 2019) will allow us 
to better characterize and accommodate for TSIS/SIM’s degradation.

• The R6 ESR(IR) datapoint is omitted from the above plot as SORCE/
SIM did not take any reliable data in the ESR over that date range.

R4

Solar Brightness Temperature Analysis

Our results show substantial differences in Solar brightness temperature between pre- 
and post-adjustment spectra:

•
Planck’s equation for brightness temperature: �

• Using the TSIS-Adjusted SORCE/SIM spectrum for R1 reveals a nearly 200 K 
difference in the ESR(IR) band (𝛌 > 1600 nm).

• Applying the R1 TAV correction to the average SORCE/SIM spectrum from April 
2008 (goldenrod) displays strong agreement with the TAV-corrected R1 spectrum 
from 2018 (navy), suggesting that the TAV-correction is largely time-independent
—a testament to the degradation corrections in the SORCE/SIM V25 data release.

• The apparent time-invariance of TAV allows us to “time-travel” with TSIS/SIM, 
i.e. effectively transferring its extensive ground calibration to SORCE/SIM’s SSI 
measurements before 2018.

• Comparison of the TAV-corrected SORCE/SIM TB data from April 2008 
(goldenrod) to SOLSPEC (green) over the same period suggests that SOLSPEC 
tended to overreport SSI trends in the VIS while underreporting in the ESR(IR) 
band.
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