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Abstract 
 
The NASA ocean team undertook an evaluation of the impact to ocean color data products of J1 
VIIRS polarization characterization uncertainty and spectral properties.  The evaluation 
involved a sensitivity analysis of the polarization correction to characterization error and a look 
at modeled spectral properties of J1 VIIRS polarization response.  The results for highly 
stressing, but relatively unlikely, scenario for characterization error over open ocean and 
coastal waters caused small, but acceptable error in ocean color products.  Thus, the reported 
characterization uncertainties are acceptable, although it is not clear what the larger 
polarization response of J1 VIIRS implies regarding correction performance, especially 
regarding the uncertainty of the polarization state of the Top-of-Atmosphere (TOA) radiance.  
Modeled spectral variation of band passes with change in polarization state showed band 
centers variation within 0.2 nm of the average case.  Applying this band pass variation to spectra 
that are similar to Rayleigh or Blackbody sources produced small, but anti-correlated, variation 
in radiance.  This suggests that when using a source that is spectrally different than Rayleigh, 
systematic effects stemming from spectral properties of J1 VIIRS polarization response could 
still lead to scan geometry dependent striping, even though the characterization measurements 
are within uncertainty requirements.  Therefore correction coefficients derived from a 
characterization based on a Rayleigh-like source may be preferable to reduce striping.  Further 
study will be required for the ocean data products to address these issues with flight data, but 
there is no obvious concern with the current waiver requested. 
 
Introduction 
 
The correction for the polarization response of the VIIRS instruments to measurement of Top-of-
Atmosphere (TOA) radiance or reflectance is essential to calculating accurate ocean water-
leaving radiance (or remote sensing reflectance), from which all traditional ocean color data 
products are derived.  Without this correction, the ocean data products would show strong scan 
dependent biases and striping that would vary seasonally and hemi-spherically across the globe.  
Previous experience with MODIS Aqua showed that this can also impact global and synoptic 
trends, thus adversely affecting these products as climate data records. 
 



The ocean color processing from both IDPS and NASA has the capability of apply this 
correction to the ocean products (NOAA EDRs or NASA Level-2 products, respectively) by 
applying the correction factor pc, defined as 
 
  𝑝! =
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        Eq. 1 
 
where Lm and Lt are defined as the measured and true TOA radiance, respectively. For most scan 
angles, pc can be calculated as 
 
  𝑝! =

!
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      Eq. 2 
 
where Qt and Ut are the modeled Stokes Vector components of the TOA radiance associated with 
molecular scatter. For scan angles close to nadir, a matrix rotation is needed, as described by eq. 
5 in Meister et al. (2005). This method has been employed for ocean color for a long time and 
experience with it is extensive. Gordon et al. (1997) originally developed this correction 
approach and its implementation for MODIS is practically identical to the VIIRS implementation 
(except of course for the values of the coefficients m12 and m13, which are derived from the 
prelaunch characterization of the respective instruments). 
 
The polarization response correction is applied to the TOA radiance during NOAA EDR or 
NASA Level-2 processing.  Note that it is not applied during Level-1 processing, even though 
the TOA radiance is a NOAA Sensor Data Record (or NASA Level-1) product. The polarization 
characteristics of the TOA radiance must be known in order to apply the polarization correction 
to the input to the Level-2 product. The most important piece of information needed to derive the 
polarization characteristics of the TOA radiance is the amount of Rayleigh scattered light 
present. The Rayleigh amount is modeled using solar and view geometries and pressure 
information. Geometric information is routinely included in the SDR or Level-1 processing.  
Obtaining pressure information in a timely fashion can be rather challenging. However, even if 
the pressure information can be made available during SDR or Level-1 processing, the required 
code modifications would be substantial. Although it seems logical to apply the correction during 
SDR processing, implementation could be costly and challenges to product latency may make 
this impractical. 
 
It has been generally accepted that the correction should work if the sensor polarization response 
is relatively small and has been characterized to within 0.5% uncertainty (i.e., within instrument 
requirements).  However, although J1 VIIRS characterization uncertainty for polarization 
response has been claimed to be within this uncertainty threshold, the response observed for this 
sensor exceeded instrument requirements, and in some cases exceeded that of heritage sensors 
(especially at 551nm).  Furthermore, it was apparent that changes in the spectral response across 
each band pass could further degrade the correction effectiveness.  Therefore, a sensitivity 
analysis of a highly stressing scenario for characterization error was employed to determine 
whether the assumption that the characterization uncertainty was adequate and to evaluate the 
potential impact of apparent the spectral properties of the J1 VIIRS polarization response. 
 



The impact of a greater response would be to magnify uncertainties in the actual correction 
method.  For instance, the current correction method assumes that most or all TOA polarization 
can be attribute to molecular (i.e., Rayleigh) scattering of light.  The effects of small, unknown 
causes of suppression or increase of TOA polarization would be magnified, perhaps large enough 
to become significant, by the much larger polarization response of J1 VIIRS.  However, as we 
cannot estimate the size of these small effects a priori, we can only evaluate the quality of the 
flight data after launch for systematic effects.  In the meanwhile, we must assume any such 
inaccuracies in the polarization correction method will remain small, even in the presence of the 
greater J1 VIIRS polarization response. 

 

 
Characterization Error Sensitivity Analysis 
 
Approach 
The data sets used for this analysis are two granules from NPP VIIRS, corrected for polarization: 
one granule from the open ocean, one from a coastal area (see Figure 1). These two granules 
cover two very different ocean color scenarios: the open ocean has high water-leaving radiances 
in the blue, and low radiances in the green, whereas for the coastal data it is typically the 
opposite. Therefore, we expect the relative impact of the uncertainty due to the polarization 
correction to be higher for the blue bands in the coastal data than in the open ocean data, and to 
be higher for the green bands in the open ocean data than in the coastal data.  These granules 
were processed in the NASA GSFC Ocean color Data Processing System (ODPS) from NOAA 
Raw Data Records (RDR) to NASA Level-1 files, with solar calibration suppressed, using the 
Algorithm Development Library (ADL) developed for processing NPP data products.  NASA 
solar calibration was then applied to the Level-1 granules and processed to Level-2 using the 

Figure 1 – NPP VIIRS scenes used for polarization characterization error sensitivity 
analysis.  To scenes were evaluated to capture the extremes of surface conditions and scatter 
angles: A) Scene taken 22 September 2013 over the open Pacific Ocean, just northwest of 
Hawaii. B) Scene taken 9 January 2014 over the Atlantic Ocean along the coast of the 
northeastern USA. 

A 

B 

GMTCO_npp_d20140109_t1744402_e1746044_b11412 

GMTCO_npp_d20120922_t0028043_e0029285_b04677 



SeaDAS software program.  The Level-2 data files contained water-leaving radiance and 
chlorophyll-a concentration.  The SeaDAS software was also set to include TOA radiance and 
components from the Stokes components. 
 
The data were perturbed to simulate a large and relatively rare instance of error.  This algorithm 
stressing error condition was based on the polarization response characterization uncertainties 
provided by in a report by the NASA VIIRS Calibration Support Team (VCST) (McIntire, 
2014). The NPP VIIRS Stokes coefficients in the SeaDAS look-up tables were altered by an 
amount corresponding to this simulated error.  The ‘Total’ uncertainty provided in the VCST 
report varies by band from 0.13% to 0.38%. Because it was not known how the simulated error 
was distributed between the Stokes components, the entire perturbation was applied to m12, 
without loss of generality.  Initially, the variation was applied in a spectrally coherent way (e.g., 
m12 was increased for all bands). This resulted in rather small variations of the ocean color 
products. It is well known that the current ocean color products used by NASA and NOAA are 
not as sensitive to spectrally coherent errors. Therefore, we decided to select the sign of the m12 
perturbation, with the goal of maximizing the expected impact on the chlorophyll algorithm. The 
selected m12 perturbations are shown in Table 1. M4 has the opposite sign of M1-M3 (the 
chlorophyll algorithm is a ratio algorithm of the blue bands to the green M4 band), and M6 and 
M7 have opposite signs to increase the impact on the aerosol model selection. 
 
Table 1: Modifications of the m12 parameter as evaluated in this study. Note that the above 
approach assumes that all the uncertainty is covered by the m12 parameter, and that the m13 
parameter is perfect. It would be more realistic to assume that both parameters contribute to the 
total uncertainty. Unfortunately, this increases the number of possibilities that need to be 
evaluated tremendously. However, we do not expect that varying both m12 and m13 would lead to 
significantly different conclusions. 
 

VIIRS band M1 
(412 nm) 

M2 
(443 nm) 

M3 
(488 nm) 

M4 
(551 nm) 

M5 
(667 nm) 

M6 
(748 nm) 

M7 
(865 nm) 

 
m12 change 

 
-0.0038 

 
-0.0014 

 
-0.0020 

 
0.0013 

 
0.0019 

 
-0.0014 

 
0.0013 

 
The two test granules were run both with the unperturbed correction parameters and the 
perturbed case of Table 1. We produced a full suite of TOA radiances, water-leaving radiances, 
and chlorophyll-a concentration, and then calculated the differences between the perturbed and 
the unperturbed cases. 
 
Results 
The TOA radiances differed by less than 0.2%, with the highest differences (very close to 0.2%) 
occurring for the M1 band (see Figure 2). This result was expected: the largest uncertainty 
provided by VCST was 0.38%, which would apply to completely linearly polarized light. The 
actual degree of polarization of the TOA radiance is usually less than 70%. 



 
For the open ocean granule, the water-leaving radiances were affected by less than 5% for the 
blue bands, more for green and red band. For the coastal granule, the 410 nm water-leaving 
radiance was affected most (up to 10%). Both the magnitude and the spectral dependence of the 
impact of the disturbance are in line with expectations. 

For the open ocean granule, the chlorophyll-a concentration changes by more than 10% for less 
than 0.3% of the retrievals, and by 0.01 mg m-3 for less than 0.02% of the retrievals. For the 
coastal granule, chlorophyll-a concentration changes by more than 5% for less than 1.1% of the 

Figure 2 – Ratio of perturbed TOA radiance to base case.  
These plots illustrate the relative change induced by the simulated 
highly stressing, but rare error condition as a function of sensor 
zenith angle.  The red markers represent the coastal granule 
results, the black represent the open ocean granule results.   

Figure 3 – Ratio of perturbed EDR or Level-2 products to base case.  These plots illustrate 
the relative change induced by the simulated highly stressing, but rare error condition as a 
function of sensor zenith angle.  The red markers represent the coastal granule results, the black 
represent the open ocean granule results.  



retrievals (with no change larger than 10%), by 0.01 mg m-3 for ~70% of the retrievals, and by 
0.1 mg m-3 for ~1% of the retrievals. 
 
Evaluation of Spectral Effects 
 
Approach 
Spectral transmission over each J1 VIIRS band pass, for five detectors (1, 4, 8, 13, and 16), for 
five polarization states, and seven scan angles, was provided by a Raytheon model of J1 VIIRS 
using the Fred Optical Engineering Software (FRED®).  This modeled transmission was 
evaluated to understand how changes the polarization state of incoming light would affect the 
measurements.  First, the band centers were calculated as the centroid weighted by the modeled 
spectral transmission, which was mostly limited to the in-band region.  Band centroids were 
tabulated by band, detector, scan angle, and polarization states (four polarization angles for 
linearly polarized light and an unpolarized case).  These results can be found in Appendix A.  
Second, the spectral transmission curves were used to calculated a weighted average of radiance 
for a Rayleigh spectrum (i.e., Lt ∝ λ-4) and a 2300°K blackbody radiance spectrum (i.e., 
2hc2λ-5/(ehc/λkT-1), where T=2300°K, h is Planck’s constant, c is the speed of light in vacuo, and k 
is Boltzmann’s constant).  It is recognized that other source spectra were used during 
characterization, but those spectra were not readily available and it was instructive to see the 

extreme cases offered by Rayleigh and blackbody spectra (see Figure 4).   The resulting radiance 
values for both spectra were tabulated by band, detector, scan angle, and polarization state.  The 
relative difference from the average radiance for each band was calculated (the average being 

0.00	  

0.20	  

0.40	  

0.60	  

0.80	  

1.00	  

1.20	  

400	   500	   600	   700	   800	   900	   1000	  

N
or
m
al
iz
ed
	  R
ad
ia
nc
e	  
(u
l)
	  

Wavelength	  (nm)	  

Rayleigh	  Scattering	  

2300K	  BB	  

Figure 4 – Radiance spectra shapes for evaluation.  Curves are normalized to the maximum 
over domain (blackbody spectrum maximum is not shown). 



taken over detector, scan angle, and polarization state).  The resulting relative percent differences 
are given in in Appendix B. 
 
Results 
The FRED® model predicts that the most significant variation in band centroid over detectors.  
This modeled spectral “smile” was seen to be largely symmetric for bands M2 through M7, with 
the highest (longest) wavelength being near detector 8 (i.e., the middle of the focal plane), but 
with slightly shorter wavelength centroid at detector 1 than detector 16 (thus it was an inverted 
“smile”).  This slight asymmetry was much more pronounced for band M1, which had much 
more emphasis on detector 1 and the centroid peak was somewhere between detectors 4 and 8.  
The predicted variation of band center with detector was comparable to measured values for NPP 
VIIRS via observatory tests with Traveling Spectral Irradiance and Radiance Responsivity 
Calibrations Using Uniform Sources (T-SIRCUS) (Brown et al., 2006; McIntire et al., 2011; 
Guenther, 2012). The maximum variation of the smile was generally not greater than 0.2 nm 
from the along-track average for all band, and thus could eventually lead to consistent striping 
on-orbit that can be removed.  For all bands, there was little to no variation of this pattern with 
either scan angle or polarization state.  Only band M1 showed a small shift for all detectors with 
polarization state, and much less so for scan angle. 
 
When these modeled band pass transmissions were applied to the Rayleigh and 2300°K 
blackbody radiance spectra, the results were generally small, but do span a significant range of 
about 1% for M1 down to about 0.3% for M7.  More importantly, the resulting relative percent 
changes from these two spectra were anti-correlated (see the blue/red data bars in Appendix B 
tables).  The model predicted that most of polarization response comes from the edges of the 
band pass. Thus, the anti-correlation was likely caused by the opposite signs of the slope for 
spectral shapes, which would emphasize opposite sides of the band pass. This suggests that 
although different source spectra may yield an overall uncertainty within 0.5%, they can still 
systematically disagree on a larger scale. 
 
Conclusions 
 
The results for the sensitivity analysis show relatively small impact.  Application of an extremely 
unlikely, highly stressing scenarios in this study indicates that any significant uncertainty in the 
ocean color data products will very likely not stem from the reported uncertainty for the J1 
VIIRS polarization response characterization uncertainty.  However, but the analysis only 
accounts for impact from the uncertainty and does not account for the overall higher magnitude 
of the polarization sensitivity of J1 VIIRS.  This would not be problem if our correction 
algorithm were perfect; but it is not.  There are physical phenomena (e.g., aerosol scatter) that 
could affect TOA polarization, but would normally be treated as small and ignored.  However, a 
greater polarization response in J1 VIIRS could magnify these effects enough to possibly impact 
the data quality. 
 
Spectral effects could be a significant source of uncertainty in the polarization correction.  
Systematic effects arising from the spectral shape differences between the TOA spectrum and 
source used in tests could lead to significant additional striping. Thus it is recommended that 



polarization correction coefficients used for on-orbit measurements be based on a source 
spectrum with a similar spectral shape to the Rayleigh spectrum. 
 
With that caveat, and assuming that the uncertainties provided by VCST are realistic, the 
anomalous polarization sensitivity of the J1 VIIRS instrument is expected to a manageable issue 
for the production of ocean color products.  Thus, approval of the waiver appears warranted.  
However, the realization of the potential impact of the spectral properties of polarization 
response merits further evaluation by the ocean color EDR or Level-2 teams.  Effort should be 
made to understand and reduce resulting striping artifacts in the J1 VIIRS ocean color products, 
including exploring different test data sets to determine which minimize the effects of 
characterization source / atmosphere spectral shape differences. 
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APPENDIX A – Modeled Band Center 
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APPENDIX B – Radiance Percent Difference by Source Spectra 
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