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Overview 

• Introduction (purpose of SBUV instruments, 
implications of design for solar research) 

• SBUV/2 instrument description 
• Calibration and long-term characterization 
• Data products (spectral irradiance, solar proxy 

indexes) 
• Status and future prospects 

Presenter
Presentation Notes
SBUV solar measurements were designed for on-orbit calibration, then developed into research product.



Introduction [1] 

• Backscattered ultraviolet (buv) instruments designed to 
measure stratospheric profile and total column ozone, using 
backscattered radiation at 12 discrete wavelengths in mid-UV 
(252-340 nm). 

• Solar measurements used for calibration by directing 
irradiance into nadir-viewing aperture using diffuser plate 
(only possible at terminator). 

• Ozone retrieval algorithm uses normalized albedo 
(radiance/irradiance).  Since diffuser is only new element in 
optical path for solar measurements, characterizing changes in 
reflectivity is critical for producing accurate ozone product. 

• No provision for end-to-end characterization of instrument 
response changes. 



SBUV Solar Measurement History 

Presenter
Presentation Notes
Arrow heads indicate active instruments.NOAA-14 SBUV/2 collected solar data, but not very useful for research (no sweep, no Mg II).



Introduction [2] 

• Nimbus-4 BUV (launched April 1970) exposed diffuser 
continuously  40% reflectivity degradation in first 2 months 
of operation.  No useful solar irradiance data. 

• Nimbus-7 SBUV (launched October 1978) stowed diffuser 
when not in use, added continuous scan (sweep) mode 
covering 160-405 nm. 

• SBUV/2 series (8 instruments, first launch December 1984) 
changed to programmable grating drive for wavelength 
selection, added on-board calibration system with mercury 
lamp to track diffuser reflectivity changes. 

• SSBUV began as engineering model of SBUV/2, modified for 
use on Space Shuttle (transmission diffuser, quartz halogen 
lamp) to underfly orbiting SBUV/2 instruments and provide 
calibration check.  8 flights between October 1989 and January 
1996. 

Presenter
Presentation Notes
FM#2 instrument on NOAA-13 (launched August 1993) did not collect data due to spacecraft failure.



TIROS Spacecraft with SBUV/2 

Direction of flight 



SBUV/2 Measurement Modes 

Presenter
Presentation Notes
Key items to note are Earth view (> 98% of measurements), solar view.Mercury lamp is the “moving part” for diffuser calibration sequence.



SBUV/2 Instrument [1] 

• Double monochromator, bandpass = 1.1 nm FWHM, 
wavelength range = 160-405 nm.  Field of view = 11.3  x 
11.3 . Photomultiplier tube (PMT) detector, current converted 
to counts for output. 

• Solar measurements:  Only possible when satellite reaches NH 
terminator (p.m. orbit).  Deploy diffuser with high incidence 
angle (53 , 62 ), view Sun until θ > 90 .  Absolute diffuser 
reflectivity is < 2%. 

• Discrete mode:  Measure 12 discrete wavelengths (e.g. 252-
340 nm, 277-283 nm) during 32 second scan, 1.25 second 
sample integration time.  8-12 solar scans per orbit. 

• Sweep mode:  Measure 1680 wavelengths over 160-405 nm 
(~0.15 nm sampling) during 192 second scan, 0.1 second 
integration time.  2 solar scans per orbit. 

Presenter
Presentation Notes
Any set of discrete wavelengths can be programmed for measurements.Sweep scan duration is fixed, so can’t do partial scans over smaller wavelength region.Position mode (sit at single wavelength) is also available.  Used for specific calibration tasks.



SBUV/2 Optical Path 

Earth 

CCR 

Presenter
Presentation Notes
Note two gratings, 12 optical surfaces (gratings + mirrors).CCR receives ~10% of overall incoming signal.Modification of depolarizer to use air gaps (rather than optically contacted glass) affects on-orbit response changes, due to surface absorption of water vapor.



SBUV/2 Instrument [2] 

• Three electronic gain ranges (slight overlap) required to cover 
106 dynamic range in measured signal with < 1% non-
linearity.  Discrete mode reports all ranges simultaneously, 
sweep mode output is pre-selected on-board. 

• Range 1 and 2 data (most sensitive) are taken from PMT 
anode.  Interrange ratio IRR12 has no wavelength dependence 
or time dependence. 

• Range 3 (least sensitive):  Taken from PMT anode for 
Nimbus-7, PMT cathode for NOAA-9  NOAA-16, either 
source (usually anode) for NOAA-17 and onward. Interrange 
ratio IRR23 has minimal wavelength dependence, no time 
dependence for anode data. 

• PMT gain has wavelength dependence relative to cathode (5-
10%), time dependent degradation (10-30%).  No wavelength 
dependence to long-term change. 



Prelaunch Calibration 

• Irradiance calibration (flight diffuser, NIST lamps). 
• Radiance calibration (external diffuser, same lamps).  

Remember that albedo is primary measurement objective. 
• PMT non-linearity (all gain ranges). 
• Temperature sensitivity. 
• Interrange ratio (12, 23). 
• Wavelength calibration (emission lines from multiple lamps). 
• Diffuser goniometry (grid of spacecraft-centered angles). 
• And more! 



On-Orbit Calibration 

• Diffuser reflectivity (more details on next slide). 
• Interrange ratio. 
• Wavelength calibration (Hg lamp, solar Fraunhofer lines). 
• PMT gain change (IRR23C). 
• Diffuser goniometry.  Force elevation dependence during 

sequence to be flat.  Azimuth dependence can show 
(repeatable) seasonal cycle  possible long-term impact due 
to orbit drift. 



Diffuser Reflectivity (SBUV/2) 

• Take alternating sweep mode measurements with Hg lamp 
closed over aperture [direct view], open to illuminate solar 
diffuser [diffuser view].  Run sequence at SZA > 120  to avoid 
Earthshine contamination. 

• Relative reflectivity change from “Day 1” is target  only 
need short-term (~20 minutes) lamp stability during each 
sequence. 

• Successive sequences (typically weekly) can show noise due 
to lamp arc orientation, polarity switching, diffuser 
positioning. 

• System did not operate successfully for NOAA-9, was 
improved for NOAA-11 and later SBUV/2 instruments. 



SSBUV Calibration 

• Most radiometric tests were performed multiple times before 
each flight (up to 2 months before launch) and after each flight 
(within 2 months after return). 

• On-orbit characterization included solar measurements, Hg 
lamp (wavelength scale), quartz halogen lamp (sensitivity 
change). 

• Shuttle environment had more opportunity for contamination 
(begin observations only 1-2 days after launch, thrusters near 
instrument) and thermal effects (temperatures up to ~35 C  
sensitivity change, wavelength shift). 

• Mg II proxy model allows correction for short-term solar 
activity changes during each flight. 



SSBUV Calibration:  Results 

Overall sensitivity change (SSBUV-5) 

Solar exposure drift rate (all flights) 

Outgassing drift rate (wavelength 
dependence) 

Cebula et al. [1998] 



SSBUV Solar Irradiance 

Presenter
Presentation Notes
All calibration adjustments applied (outgassing, sensitivity changes).No adjustment for solar activity changes between flights.Flight-to-flight agreement better than +-1% for WV > 290 nm.



Long-Term Characterization:  
NOAA-11 

• Correct NOAA-11 sweep mode data for wavelength scale 
drift. 

• Determine absolute calibration difference between NOAA-11 
“Day 1” (Dec 1988) and SSBUV-2 (Oct 1990), adjusted for 
solar activity (ΔMg II = 0.4%). 

• Take ratio between SSBUV and coincident NOAA-11 solar 
data for first 7 flights (200-400 nm), adjusted for “Day 1” 
difference. 

• Fit time dependence of these ratios with smooth function 
(limited temporal sampling) for all wavelengths. 

• Estimate correction for 170-200 nm by backing out Mg II 
proxy model (validated at 200-220 nm). 

Presenter
Presentation Notes
Note that last item is needed because SSBUV prelaunch calibration (in air) only covered 200-406 nm.



NOAA-11 Long-Term Calibration 

• Absolute calibration difference 
between NOAA-11 “Day 1” 
irradiance (December 1988) 
and SSBUV-2 flight average 
irradiance (October 1990). 

Cebula et al. [1998] 

• Ratios between SSBUV flight 
average solar data and 
coincident NOAA-11 solar 
data, adjusted for “Day 1” 
difference. 



NOAA-11 Long-Term Calibration 

• Fit time dependence of 
coincidence ratios with 
smooth function for all 
wavelengths. 

• Estimate correction for 
170-200 nm by backing 
out Mg II proxy model. 

Presenter
Presentation Notes
Analysis of sensitivity change with no diffuser degradation applied gave same overall time-dependent correction to ~0.1%.Some problems with SSBUV-1 comparisons at short wavelengths.



NOAA-11 Irradiance Time Series 

DeLand and Cebula [1998] 

Presenter
Presentation Notes
Note that variation at 330-340 nm is less than 1%.



Long-Term Characterization:  
NOAA-9 

• Sweep mode measurements cover Mar 1985 – May 1997 (full 
solar cycle). 

• SSBUV flights cover Oct 1989 – Jan 1996, so derive 
irradiance ratios for these dates like NOAA-11. 

• Assume no long-term solar change during minimum activity 
periods (Mar 1985 – Dec 1986, Aug 1996 – May 1997). 

• Rotational minima of Mg II vary by < 0.5%  Assume 
measured irradiance changes during these intervals are due to 
instrument response. 



NOAA-9 Long-Term Calibration 

DeLand et al. [2004] 

Sensitivity change 
time dependence at 
different wavelengths 

Mg II index rotational 
minima during 1985-1986 



Solar Cycle Spectral Dependence 

DeLand and Cebula [2012, JASTP on-line] 

Presenter
Presentation Notes
To examine many wavelengths, use averaged spectra (1 month each at maximum and minimum).  Look at 2 instruments (different cycles) and 1 model.Distinctive spectral features can be seen:  Al ionization edge at 207 nm, Mg ionization edge at 261 nm, Mg II and Mg I absorption lines at 280 nm and 285 nm.Some isolated features visible longward of 290 nm, but most changes are below long-term calibration limit.Similar ratios for intermediate levels of activity show same spectral features.NOAA-9 data are NOT “tuned” to NRLSSI model!



Solar Minima Comparison – 
Single Instrument 

• NOAA-9 SBUV/2 
data cover two 
minima (1985-1986, 
1995-1996). 

• Ratio of average 
spectra shows ~1% 
difference for most 
wavelengths. 

• Observed changes 
below 260 nm less 
than prediction based 
on ACRIM TSI trend. 

DeLand et al. [2004] 

Presenter
Presentation Notes
Best chance to evaluate solar minimum changes is to use data from same instrument.NOAA-9 SBUV/2 measurements include minimum between Cycles 21-22, Cycles 22-23.If ACRIM derivation of TSI change between solar minima is correct, this implies specific changes in different spectral ranges as well. UV component estimated here based on Lean et al. [1997], where del_UV(200-400) = 0.3*del_TSI.Prediction exceeds uncertainty below 207 nm.



Long-Term Characterization:  
Nimbus-7 

• Wavelength drift correction updated. 
• Periods of accelerated diffuser deployment (every orbit for 2-4 

months) between 1980-1986 provide statistical leverage to 
determine exposure-dependent, time-dependent degradation 
rates using multiple regression fits.  Coefficients first 
determined in 1985, extended in 1992, updated in 2001. 

• PMT gain changes first determined relative to reference diode, 
later based on 391 nm solar data. 

• Corrected irradiance data show quasi-annual periodic variation 
at λ < 270 nm. 



Nimbus-7 Long-Term Calibration 

Cebula et al. [1988] DeLand and Cebula [2001] 

Schlesinger and Cebula [1992] 

Presenter
Presentation Notes
Left figure shows “raw” solar data at 273.6 nm (PMT degradation only) [top panel], accumulated diffuser exposure time [bottom panel].Top right figure shows variations of sensitivity change coefficient with time (at 205 nm).Bottom right figure shows residual periodic variation after removing solar proxy model estimate (wavelength-dependent amplitude).



Solar Cycle Amplitude 
Instrument ΔF(205 nm) ΔF(250 nm) Solar cycle and 

phase 
Reference 

SME 6( 4)% 3( 4)% Cycle 21 desc. Rottman (1988) 

Nimbus-7 SBUV 8.3( 2.6)% 4.9( 1.8)% Cycle 21 desc. DeLand and Cebula 
(2001) 

NOAA-9 SBUV/2 9.3( 2.3)% 5.7( 1.8)% Cycle 22 
complete 

DeLand et al. (2004) 

NOAA-11 
SBUV/2 

7.0( 1.8)% 3.5( 1.8)% Cycle 22 desc. DeLand and Cebula 
(1998) 

UARS SUSIM 6( 2)% 4( 2)% Cycle 22 desc. Floyd et al. (2003) 

UARS SUSIM 4.5( 2)% 3.5( 2)% Cycle 23 asc. Floyd et al. (2003) 

UARS SOLSTICE 6( 2)% 3( 2)% Cycle 22 desc. Rottman et al. 
(2001) 

 
 

 

DeLand and Cebula [2012, JASTP on-line] 

Presenter
Presentation Notes
Many published results have quoted irradiance changes at 205 nm (upper stratospheric impact), 250 nm.Compare published values for different cycles (and phases) with quoted uncertainties.Average of Cycle 21 values (2 instruments) and Cycle 22 values (4 instruments) are very similar, although NOAA-11 data do not cover a full cycle.  Similar magnitude between cycles is consistent with proxy results.Cycle 23 ascending results from SUSIM are smaller than Cycle 22 descending results from same instrument.



SBUV(/2) Solar Data Products 

• Nimbus-7, NOAA-9, NOAA-11 spectral irradiance data are 
published and available on-line 
(http://sbuv2.gsfc.nasa.gov/solar/). 

• These data were combined with SME, UARS SUSIM, UARS 
SOLSTICE to make composite UV irradiance data set 
(http://lasp.colorado.edu/lisird/cssi/cssi.html). 

• Discrete Mg II index data sets using “classic” algorithm 
(Nimbus-7, NOAA-9, NOAA-11, NOAA-16, NOAA-17, 
NOAA-18) available on-line at 
http://sbuv2.gsfc.nasa.gov/solar/mgii/. 

• Sweep mode Ca II K index data sets from NOAA-17, NOAA-
18 available at same web site. 

• Derivation of Mg II index scale factors for all phases of Cycles 
21-23 is in progress [Fall 2011 AGU] 



SBUV(/2) Irradiance Data 

DeLand and Cebula [2008] (updated w ith SORCE data) 

Presenter
Presentation Notes
Best products from instruments (all calibration corrections applied) are shown.Absolute calibration estimates [2 sigma] at 200 nm are 10-15% for SME, SBUV, SBUV/2, ~5% for SUSIM and SOLSTICE.Absolute differences are visible on plot, time-dependent differences are observed with comparisons.  Offsets and drifts are spectrally dependent, time-dependent.What can we conclude from these data sets about SOLAR CYCLE variations?



SBUV(/2) Mg II Index Data 

Presenter
Presentation Notes
No absolute adjustments applied.



SBUV/2 Ca II K Index Data 

Presenter
Presentation Notes
Note size of scale bar for variations.Would like to extend this product to other instruments, but poorer signal-to-noise prevents direct index calculation.



Future SBUV/2 Measurements 

• Current operations for NOAA-16, NOAA-17, NOAA-18 
expected to continue indefinitely (NOAA-17 diffuser in 
shadow for next 3 years). 

• Fully calibrated irradiance data from these instruments would 
require external reference for comparisons (or operation until 
next solar minimum? ). 

• NOAA-19 SBUV/2 Hg lamp door jammed in closed position 
in Apr 2010, recovered in 2 days.  Solar measurements 
restricted since then (weekly sweep, discrete ozone;  no Mg II) 
to minimize diffuser degradation. 

• OMPS on NPP (launched October 2011) includes SBUV/2 
follow-on (nadir profiler).  Solar calibration measurements 
only made weekly to limit degradation over nominal 7-year 
lifetime. 



More Results Slides 



Validation Comparisons 

Presenter
Presentation Notes
Dotted lines show locations of transitions between instruments.No rescaling or trend adjustments made, only renormalization.Problems with NOAA-9 data in 1986-1988 pointed out by Lockwood et al. [2010].Residual drifts between data and NRLSSI are generally small fraction of solar cycle amplitude  difficult to assign to either data set as “error”.



Composite UV + SOLSTICE 

SOLSTICE data normalized to composite in September 2003 

DeLand and Cebula [2012] 

Presenter
Presentation Notes
SOLSTICE data can be compared with composite UV product.Normalize SOLSTICE data to composite values in September 2003 to remove calibration issues. 185-190 nm shows good consistency with previous solar minima. 200-205 nm minimum values are lower by ~30% of solar cycle amplitude. 230-235 nm values are lower by ~100% of cycle amplitude. 290-295 nm values show no cycle minimum value through early 2010 (increasing slope?). Therefore, SOLSTICE results appear to be inconsistent with solar UV proxy data.



Composite UV + SIM 

SIM data normalized to composite in April 2004 

DeLand and Cebula [2012] 

Presenter
Presentation Notes
SIM data can be compared with composite UV product.  Only data for WV > 240 nm available.Normalize SIM data to composite values in April 2004 to remove calibration issues.240-245 nm:  Decrease (over ~1/3 of solar cycle) = Cycle 22 amplitude.270-275 nm:  Decrease (over ~1/3 of solar cycle) = Cycle 22 amplitude.315-320 nm:  SUSIM time period (after Dec 1991) has better calibration and less noise than Nimbus-7 + NOAA-9 period.  SUSIM data show very little change.380-385 nm:  Same situation re calibration.  This band does include Fraunhofer line  solar cycle variation in SUSIM data may be real..



Irradiance Change (Cycle 23) 

Updated from DeLand and Cebula [2012] 

Presenter
Presentation Notes
Remake Haigh plot to show percent change vs. wavelength, rather than absolute irradiance change.NRLSSI spectral dependence has solar cycle shape, smaller magnitude (~1/3 of cycle amplitude).SIM spectral variation shows sharp increase for WV < 280 nm, large values in near-UV.SOLSTICE spectral variation has large structure at WV < 250 nm, sharp drop at WV > 290 nm.Claim of agreement between SIM and SOLSTICE only possible for limited spectral region (250-290 nm), does not mean that both instruments are correct.



Irradiance Change (Cycle 24) 

Presenter
Presentation Notes
Look at available results for rising portion of Cycle 24.Updated SOLSTICE data has different spectral dependence and amplitude.



Cycle 23 Scale Factor Results 

DeLand and Cebula [2012] 

Presenter
Presentation Notes
Dotted line shows “reference” data from Nimbus-7 and NOAA-9 results during Cycle 21-22.All concurrent irradiance data sets (solid lines) binned to 1 nm average give consistent results for Cycle 23, with same spectral dependence as previous scale factor values AND solar cycle variations.SUSIM results have more small-scale structure than other instruments, but large-scale structure is still very consistent.Difference in magnitude may be due to data sampling as discussed earlier, OR may be real due to different solar cycle and phase.  Come to Fall AGU for more analysis!
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