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ABSTRACT 

The Suomi National Polar-orbiting Partnership (SNPP) Visible Infrared Imaging Radiometer Suite (VIIRS) has 
been on-orbit for more than 6 years. VIIRS has 22 spectral bands, among which fourteen are reflective solar bands 
(RSB) covering a spectral range from 0.410 to 2.25 μm. The SNPP VIIRS RSB have performed very well since 
launch. The radiometric calibration for the RSB has also reached a mature stage after almost six years since its 
launch. Numerous improvements have been made in the standard RSB calibration methodology. Additionally, a 
hybrid calibration method, which takes the advantages of both solar diffuser calibration and lunar calibration and 
avoids the drawbacks of the two methods, successfully finalizes the highly accurate calibration for VIIRS RSB. The 
successfully calibrated RSB data record significantly impacts the ocean color products, whose stringent 
requirements are especially sensitive to calibration accuracy, and helps the ocean color products to reach maturity 
and high quality. Nevertheless, there are still many challenge issues to be investigated for further improvements of 
the VIIRS sensor data records (SDR). In this presentation, SNPP VIIRS RSB calibration and performance in the past 
six-year since launch will be presented.  
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1. Introduction 

The Suomi National Polar-orbiting Partnership (SNPP) Visible Infrared Imaging Radiometer Suite 
(VIIRS) onboard the satellite was launched on 28 October 2011 [1,2]. VIIRS has 22 spectral bands 
covering a spectral range from 0.410–12.013 µm.  Among the 22 VIIRS channels, 14 are reflective solar 
bands (RSBs) with 3 imaging bands (I-bands) of higher spatial resolution and other 11 moderate 
resolution bands (M-bands). Among the 11 M-bands, 6 are dual-gain bands while other M-bands as well 
as all 3 I-bands are single-gain bands. The central wavelengths of the 14 SNPP VIIRS RSBs, their center 
wavelengths, key specifications, and major applications are listed in Table 1 [3]. The RSB are calibrated 
on-orbit with an on-board solar diffuser (SD) and a SD stability monitor (SDSM) system for RSB [4-9]. 
The VIIRS RSB on-orbit changes are also monitored with scheduled monthly lunar observations through 
the instrument’s space view (SV) port [10–12], which is also used to provide the instrument’s dark scene 
response. 
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The ocean color EDR products [13-15] are highly sensitive to the accuracy of the SDR and hence to 
that of the RSB calibration [16]. We have demonstrated that the RSB calibration coefficients (F-factors) 
obtained from the SD/SDSM calibration have long-term biases, especially in short wavelength bands, due 
to the “non-uniformity degradation effect” of the SD and other mechanisms [17,18].  The lunar 
calibration does not have the long-term bias issue since the reflectance of the lunar surface is very stable 
in the VISible (VIS) and Near-InfraRed (NIR) spectral range [11,12]. A hybrid approach has been 
developed by us to combine SD-based and lunar-based calibration coefficients to generate a set of hybrid 
F-factors, which finally remove the long-term drifts observed in the ocean color EDR and meet the ocean 
color EDR’s stringent requirement for the RSB calibration [21,22]. The ocean color EDR has been 
successfully reprocessed a couple of times with the hybrid F-factors since 2014, which significantly 
improves the quality and accuracy of the ocean color EDR products [20,22]. 

In this paper, the VIIRS RSB calibration and its improvements are briefly described, the 
performance of the RSB is reviewed. In Section 2, RSB SD calibration and lunar calibration 
improvements are reviewed and the calibration results are shown. In section 3, hybrid calibration 
coefficients are reviewed. Section 5 summaries and concludes the work.     

2. SD and SDSM Calibration 

The SNPP VIIRS SDSM calibration was performed for every orbit in the first few months on orbit, 
and then the operational rate was reduced to once per day, and further reduced to once every two days 
after 16 May 2014. So far, more than 2120 SDSM measurements have been performed for VIIRS. The 
SDSM has eight detectors with different center wavelengths tracking the SD degradation at the eight 
wavelengths which are listed in Table 1. Figure 1 shows the SD degradation derived from the SDSM 
measurements in symbols. They change smoothly over time except for those measured by the SDSM 
detectors D7 and D8, which show more noise [9]. Solid lines in Figure 1 are either the exponential 
functions of time fitted to the measured data (detectors D7 and D8), or the linear connections of the 
measured data (all other detectors). Both the symbols and solid lines are normalized at the time of launch, 
28 October 2011. The solid lines for the SD degradation at eight different wavelengths and their linear 
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interpolations for other wavelengths within the spectral coverage are used to derive the SD F-factors 
[6,9]. As expected, the SD degrades faster at shorter wavelengths. In the past six plus years since VIIRS 
first flight, the SD has degraded about 39.0%, 31.5%, 25.7%, 17.0%, 7.7%, 5.0%, 2.5%, and 2.1% at 
wavelengths of 412, 450, 488, 555, 672, 746, 865, and 935 nm, respectively. The SD degradation for the 
shortwave infrared (SWIR) bands, or wavelengths longer than 935 nm, is beyond the spectral coverage of 
the SDSM, as seen in Table 1, and typically is assumed to be null for wavelengths beyond this range. 

The SD is fully illuminated whenever the instrument passes the southern pole from the nightside of 
the Earth to dayside, as mentioned previously, generating about 14 SD calibration events daily, from 
which 14 sets of RSB calibration coefficients can be derived. The F-factors are calculated for each RSB, 
detector, gain status, and HAM side. Figures 2 shows the F-factors for bands M1 with high gain and 
HAM side 1, where D1, D2, . . . , and, D16 denote detector 1, 2, . . . , and 16, respectively. The F-factors 
are clearly detector- and time-dependent. In the last five plus years, they have changed about 3-6% for 
band M1. The F-factors displayed in Figure 2 are stable and the level of noises or fluctuations in them are 
within ~0.2%.  

   
Figure 1. SNPP VIIRS SD degradation. Figure 2. SNPP VIIRS band M1 high gain HAM 

side detector averaged SD F-factors. 

The detector-averaged F-factors for VIS/NIR bands with high-gain status and HAM 1 are displayed 
in Figure 3. The F-factors for non-SWIR bands are normalized at the first measurement. The F-factors 
shown in this figure and all figures in following as well as the H-factors in Fig. 1 are the calculated values 
from each individually selected SD measurement without any averaging over different events. From 
Figure 3, it is seen that the F-factors of bands I2 and M7 have the largest increase, of about 72.0%. M6 
has the second largest F-Factor increase of about 35.0%. The F-factor of band M3 has the least increase 
and is actually a modest decrease of about 0.5% in the last six plus years. The F-factor of band M1, which 
has the shortest wavelength among all RSB, has only increased ~4.5% since launch. Since VIIRS on-
orbit, the F-factors of bands M2, M4, I1, and M5 have increased about 2.5%, 1.0%, 10.0%, and 16.0%, 
respectively. The gain of a band is inversely proportional to the F-factor of the band. Thus, the increase of 
a band’s F-factor means the degradation of the band and a larger increase of the F-factor indicates a larger 
degradation of the band’s gain. Generally, the NIR bands have degraded much faster than VIS bands. The 
degradation of the NIR bands is mainly due to the degradation of the RTA, which has the largest 
degradation, around a wavelength of 1000 nm [25-27]. Among bands M1-M3, which have the shortest 
wavelengths, the band with the shorter wavelength has the larger degradation. The degradations of these 
bands are mainly due to the degradation of the HAM, which degrades faster at a shorter wavelength [6]. 
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3. Lunar Calibration 

The Moon is known to have a very stable reflectance in the VIS and NIR spectral regions [29,30] 
and has been widely used to track the RSB on-orbit gain changes [31–33]. Since the lunar surface is not 
smooth, the lunar irradiance instead of the lunar radiance is used for RSB calibration [30]. The lunar 
irradiance strongly depends on the viewing geometry. The Robotic Lunar Observatory (ROLO) model 
[25,26] can provide the predicted lunar irradiance, which can be used to account for the geometric effect. 
The relative uncertainty of the irradiance predicted by the ROLO model over the entire view geometry is 
about 1% [34], which may induce a seasonal oscillation in the derived lunar F-factors.  The oscillation 
with amplitude of ~1% or less are indeed seen in the derived SNPP VIIRS RSB lunar F-factors [11,12]. 
With careful analysis, we found the oscillation can be related to the lunar librations and introduced a 
correction based on the lunar libration angles to remove the seasonal oscillation in the lunar F-factors 
[21,22]. With the correction, the oscillation pattern in our lunar F-factors is removed and the uncertainty 
of geometric effect correction is further reduced.   

The F-factors, derived for SNPP VIIRS VIS and NIR bands from the scheduled lunar observations, 
are shown in Figure 4 as symbols. Similar to SD F-factors, the lunar F-factors are strongly wavelength-
dependent and increase with time. As expected, the largest increase occurs in the F-factors for bands I2 
and M7, and changes in those for short wavelength bands are small. Among the three shortest wavelength 
bands M1-M3, band M1 has had the largest increase in lunar F-factors in the last four years. Compared to 
those reported in literature [11,12], the lunar F-factors in Figure 4 are indeed much smoother and less 
noisy due to the correction beyond the ROLO model prediction. The SD F-factors are also drawn in 
Figure 4 for VIS and NIR bands with solid lines for comparison. The lunar F-factors are normalized to the 
SD F-factors corresponding to the April 2012 lunar observation. It can be seen that the F-factors from the 
two calibrations are in general agreement but with observable differences. The differences between the 
two sets of F-factors also increase with time.  For a more clear demonstration of the differences, Figure 5 
shows only the F-factors for bands M1–M4.  Among the four bands, the largest difference occurs in the 
band M4, which is about 2.0%, and band M3 has the second largest difference, which is about 1.7%. The 
differences for bands M1 and M2 are about 1.5% and 1.2%, respectively.  The exact root causes of the 
differences between the SD/SDSM calibration and the lunar calibration are difficult to identify. However, 
in our previous works using both SDSM and RSB measurements from SD observations, it has been 
demonstrated that the SD degrades non-uniformly with respect to incident direction, especially for short 
wavelength bands [6,17,18]. This indicates that the SD degradation derived from the SDSM calibration 
may not be exactly the same as the SD degradation for the RTA view direction, resulting in errors 
featured as a long-term drift in the SD F-factors. The lunar calibration based on irradiance, however, faces 
no degradation issue and, in principle, should provide more reliable and accurate long-term RSB gain on-
orbit changes. Thus, the non-uniformity of the SD degradation should be one of the main reasons for the 
discrepancy of the two sets of F-factors and should be the primary one for short wavelength bands. 
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Figure 3. SNPP VIIRS RSB high gain HAM side 
detector averaged SD F-factors. 
 

Figure 4. SNPP VIIRS detector-averaged RSB F-
factors: Symbols, lunar F-factors; Solid lines, SD  
F-factors. 

 

4. Hybrid RSB F-factor LUTs  

SD/SDSM or lunar calibration alone has its advantages and disadvantages. Lunar calibration 
provides more accurate and reliable long-term VIIRS RSB on-orbit gain changes but is less frequent, only 
about nine times each year, and have greater measurement uncertainty due to difficulty in accurately 
correcting the viewing geometry effect on the lunar irradiance. On the other hand, the SD/SDSM 
calibration can provide VIIRS RSB on-orbit change for each orbit and is smooth and stable in a short time 
frame, although the derived F-factors demonstrate long-term bias due partly to the degradation non-
uniformity effect [6,18]. A hybrid approach has been proposed and applied to combine the two sets of F-
factors by using the lunar F-factors as the long-term baseline and the SD F-factors for short-term gain 
variation [21]. 

  
Figure 5. SNPP VIIRS detector-averaged bands 
M1-M4 F-factors: Symbols, lunar F-factors; Solid 
lines, SD F-factors. 

Figure 6. SNPP VIIRS F-factor ratios, lunar F-
factors over SD F-factors. 
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Figure 7. SNPP VIIRS detector-averaged bands 
M1-M4 F-factors: Symbols, hybrid F-factors; Solid, 
SD F-factors. 

Figure 8. SNPP VIIRS detector-averaged bands 
M1 F-factors: Symbols, hybrid F-factors; Solid, SD 
F-factors.

In the hybrid approach, the ratios of the lunar factors and the SD F-factors for an RSB are calculated 
first, and then the ratios are fitted to a quadratic form of time. Figure 6 shows the band-averaged ratios of 
the two sets of F-factors and fitted functions for VIS and NIR bands, where symbols are the measured 
ratios and solid lines are fitted functions. It is clearly shown that the ratios are band-dependent and 
increase with time. The non-negligible differences between the SD and lunar F-factors for short 
wavelength bands are as expected according to the non-uniformity degradation of the SD. It is also 
noticeable that there are non-negligible differences between the two sets of F-factors for other bands with 
longer wavelengths. This indicates additional and unknown mechanisms contributing to the differences of 
the F-factors besides the non-uniformity of the SD degradation.  

The hybrid F-factors are calculated by multiplying the SD F-factors and the quadratic form. The new 
set of F-factors averts the errors of the SD F-factors caused by the SD degradation non-uniformity effect 
and other unknown reasons, but keeps the frequency and smoothness of the SD F-factors. Figure 7 
displays the band-averaged hybrid F-factors for bands M1-M4 and the SD F-factors. As expected, the 
hybrid F-factors are larger than the SD F-factors and the differences between the two sets of F-factors 
increase with time. It is also seen that the differences between the two sets of F-factors for the band M4 
are larger than those for the other three bands. This is consistent with the ratios of the lunar and SD F-
factors displayed in Fig. 7. The hybrid approach is not applied to the time period before April 2012 due to 
the inaccuracy of the lunar F-factors induced by the partial observations of the lunar surface [11,12]. 

5. Summary

The SNPP VIIRS RSB on-orbit calibration and performance in the past six years since launch are
presented and reviewed.  The SD degrades continuously degrades with time and degrades larger at shorter 
wavelength.  The SD has degraded 40% at shortest wavelength of 411 nm.  All RSB smoothly degrade 
with time as expected with largest degradation of 70% occurred at bands I2 and M7.  The SD and lunar F-
factors agree with each other in general but continuously diverge to each other with time for all RSB.  The 
differences between the two sets of F-factors are band dependent.  Band M4 has largest difference among 
all RSB, which is about 2%.  The hybrid F-factors derived from the SD and lunar F-factors using a hybrid 
approach are presented and reviewed.   
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