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Abstract: The Visible Infrared Imaging Radiometer Suite (VIIRS) is a key instrument onboard the
Suomi NPP (S-NPP) and the NOAA-20 satellites that provides state-of-the-art Earth observations for
ocean, land, aerosol, and cloud applications. VIIRS Reflective Solar Band (RSB) Sensor Data Records
(SDR, or Level 1b products) are calibrated and produced independently by The National Oceanic
and Atmospheric Administration (NOAA) and the National Aeronautics and Space Administration
(NASA) VIIRS science teams. Multiple versions of S-NPP and NOAA-20 VIIRS SDRs are available to
date. This study evaluates the long-term calibration stability, biases, and inter-channel consistency of
S-NPP and NOAA-20 VIIRS SDRs generated by NOAA and NASA over Deep Convective Clouds
(DCC) to support downstream applications, especially climate data record studies. Five VIIRS RSB
SDRs were analyzed in this study: (1) NOAA version 2 S-NPP VIIRS reprocessed SDRs (NOAA-NPP-
V2, 2012–2020), (2) NASA Collection 1 S-NPP VIIRS SDRs (NASA-NPP-C1, 2012–2021), (3) NASA
Collection 2 S-NPP VIIRS SDRs (NASA-NPP-C2, 2012–2021), (4) NOAA constant F-factor calibrated
NOAA-20 VIIRS SDRs (NOAA-N20-ConstF, 2018–2021), and (5) NASA Collection 2 NOAA-20 VIIRS
SDRs (NASA-N20-C2, 2018–2021). The DCC time series analysis results indicate that the calibrations
of the three S-NPP VIIRS RSB SDRs are generally stable, with trends within ±0.1%/year for all RSBs,
except for M3–M4 (all three S-NPP SDRs) and I3 (NASA-NPP-C1 only). The calibration of NASA-
NPP-C2 SDRs is more uniform at individual detector levels. NOAA-NPP-V2 and NASA-NPP-C1
SDRs exhibit non-negligible time-dependent detector level degradation in M1–M4 (up to 1.5% in
2020–2021), causing striping in the SDR imagery. The biases between NOAA and NASA S-NPP
VIIRS RSB SDRs are from 0.1% to 2.4%. The calibrations of the two NOAA-20 VIIRS RSB SDRs
are also generally stable, with trends within ±0.16%/year. Small downward trends were observed
in the visible and near-infrared (VIS/NIR) bands, and small upward trends were observed in the
shortwave infrared (SWIR) bands for both NOAA and NASA NOAA-20 SDRs. The biases between
NOAA and NASA NOAA-20 VIIRS RSB SDRs are nearly constant over time and within ±0.2%
for VIS/NIR bands and ±0.7% for SWIR bands. There exists large inter-satellite biases between
S-NPP and NOAA-20 VIIRS SDRs, especially in the VIS/NIR bands (up to 4.5% for NOAA SDRs
and up to 7% for NASA SDRs). In addition, the DCC reflectance of S-NPP VIIRS RSB spectral bands
is more consistent with that of the SCanning Imaging Absorption SpectroMeter for Atmospheric
CHartographY (SCIAMACHY) than that of NOAA-20. Bands M4 and M9 seem out of family in all
five S-NPP and NOAA-20 RSB SDRs evaluated.

Keywords: Visible Infrared Imaging Radiometer Suite (VIIRS); Suomi NPP (S-NPP); NOAA-20; Deep
Convective Clouds (DCC); Reflective Solar Bands (RSB); Sensor Data Records (SDR); level 1b (L1B)
products; calibration stability and biases; inter-satellite biases; inter-channel calibration consistency
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1. Introduction

The Visible Infrared Imaging Radiometer Suite (VIIRS) is a key instrument onboard
the Suomi NPP (S-NPP) and the National Oceanic and Atmospheric Administration-20
(NOAA-20) satellites. VIIRS has 14 Reflective Solar Bands (RSB), 7 Thermal Emissive
Bands, and 1 Day–Night Band, covering a spectrum range from 0.41 to 12 µm. With strong
heritages from the Moderate-Resolution Imaging Spectroradiometer (MODIS) and the
Advanced Very-High-Resolution Radiometer (AVHRR), VIIRS RSB Sensor Data Records
(SDRs, or level 1b products) are used for a wide variety of environmental and climate data
records, such as cloud and aerosol properties, ocean color, vegetation indices, and surface
reflectance/albedo.

The on-orbit calibration of VIIRS RSBs is complex, primarily depending on the onboard
Solar Diffuser (SD) and Solar Diffuser Stability Monitor (SDSM) [1,2]. VIIRS RSB on-orbit
calibration factors (F-factors) are derived using SD observations when the SD is fully
illuminated by the Sun over the Antarctic region. Due to solar exposure, SD degrades over
time, especially in shorter wavelengths. The degradation of SD is estimated and corrected
using the ratio of SDSM observations in the SD view and solar view. Due to the uncertainties
in on-orbit calibrations, the calibration accuracy, stability, and relative bias of the NOAA-20
and S-NPP VIIRS reflectance are continuously evaluated using vicarious methods over
stable targets, such as the Moon, deserts, and Deep Convective Clouds (DCC), to ensure
high-quality RSB SDRs for data users. Vicarious calibration results from the lunar and
DCC trendings are also used in the decision making of operational calibration updates [3,4]
and in the recalibration analyses [5]. To address inconsistencies due to the calibration
algorithm and parameter updates over time and to mitigate residual degradations in
the operational processing, S-NPP and NOAA-20 VIIRS SDRs have been reprocessed to
support downstream applications. Multiple versions of S-NPP and NOAA-20 VIIRS SDRs,
calibrated and produced independently by NOAA and the National Aeronautics and Space
Administration (NASA) teams, are available to downstream data users (see Section 2).
However, limited evaluation results are available so far.

The purpose of this study is to evaluate the long-term calibration stability, bias, and
inter-channel calibration consistency of the reprocessed VIIRS RSB SDRs using the DCC
methods. DCCs are stable Earth targets, and the DCC methods have widely been used for
the on-orbit calibration stability monitoring of satellite radiometers in the solar reflective
spectrum [4,6–14]. In this study, we also used DCCs to evaluate the biases between
NOAA-20 and S-NPP VIIRS SDRs, SDRs calibrated by different science teams, and the
inter-channel calibration consistency. Ten years (2012–2021) of S-NPP VIIRS RSB SDRs
were analyzed; four years (2018–2021) of NOAA-20 VIIRS SDR data were analyzed. The
results from this study are useful for supporting downstream climate and environmental
data record studies. This paper is organized as follows. Section 2 introduces the S-NPP and
NOAA-20 VIIRS SDRs evaluated in this study. Section 3 presents the DCC methods for
VIIRS. The results are discussed in Section 4. Section 5 summarizes this study.

2. S-NPP and NOAA-20 VIIRS SDRs

VIIRS has 14 RSBs, including 9 visible near-infrared (VIS/NIR, M1–M7, and I1–I2)
and 5 short-wave infrared (SWIR, M8–M11, and I3) bands. VIIRS M1–M5 and M7 are
the dual-gain bands, while M6, M8–M11, and I1–I3 are single-gain bands. M1–M11 are
moderate-resolution bands (M-bands, 750 m at nadir); I1–I3 are imagery resolution bands
(I-bands, 375 m at nadir). There are 16 M-band detectors and 32 I-band detectors. The spatial
and spectral characteristics of VIIRS RSBs, including spatial resolution, center wavelength,
gain stage, typical radiance (Ltyp), minimum radiance (Lmin), and maximum radiance (Lmax)
specifications, are summarized in Table 1.

NOAA-20 and S-NPP VIIRS SDRs are independently calibrated and produced by the
NOAA and NASA teams. The NOAA VIIRS SDRs are calibrated by the NOAA STAR VIIRS
radiance team, while the NASA VIIRS SDRs are calibrated by the NASA VIIRS Calibration
Support Team (VCST). In addition, VIIRS RSB SDRs are also calibrated by the NOAA and
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NASA ocean color teams for ocean color applications [15–22]. During the past 10 years,
extensive efforts have been made to recalibrate/reprocess S-NPP and NOAA-20 VIIRS RSB
SDRs to generate consistent data records for downstream applications [5,18,19,22–26]. In
this study, five reprocessed VIIRS SDR products, calibrated by the NOAA and NASA VIIRS
radiance science teams, were analyzed: (1) NOAA STAR S-NPP version 2 reprocessed
VIIRS SDRs, (2) NASA Collection-1 S-NPP VIIRS SDRs, (3) NASA Collection-2 S-NPP
VIIRS SDRs, (4) NOAA STAR constant F-factors calibrated NOAA-20 VIIRS SDRs, and
(5) NASA Collection 2 NOAA-20 VIIRS SDRs. These five datasets are summarized in
Table 2. VIIRS RSB SDRs are calibrated independently by the NOAA and NASA VIIRS
science teams using different methodologies, which may result in differences in the NOAA
and NASA VIIRS SDRs.

Besides the five reprocessed VIIRS SDRs, NOAA operational (near real-time) SDRs
for S-NPP (NOAA-NPP-OPR, 2012–2021) and NOAA-20 (NOAA-N20-OPR, 2018–2021)
were also used in this study. Note that there exist significant inconsistencies in the NOAA
operational VIIRS SDRs due to the calibration algorithm/parameter updates over time,
especially during the early missions [5,11,27,28]. Therefore, the two NOAA operational
SDRs were used for comparison purposes only. It is not recommended to use them for
long-term environment and climate data record studies.

Table 1. Spatial and spectral characteristics of NOAA-20 and S-NPP VIIRS RSBs. The unit of Ltyp

(typical radiance), Lmin (minimum radiance), and Lmax (maximum radiance) is W/(m2·µm·sr). M1–M5
and M7 are dual-gain bands: H (high-gain) and L (low-gain) I1–I3, M6, and M8–M11 are single-gain
bands (S).

Spatial Resolution at Nadir (m)
Center Wavelength (µm)

Gain Ltyp Lmin Lmax
S-NPP NOAA-20

V
IS

/N
IR

M1 750 0.411 0.412
H 44.9 30 135

L 155 615

M2 750 0.444 0.445
H 40 26 127

L 146 687

M3 750 0.486 0.489
H 32 22 107

L 123 702

M4 750 0.551 0.557
H 21 12 78

L 90 667

I1 375 0.639 0.644 S 22 22 718

M5 750 0.672 0.667 H
L

10
68 9 59

651

M6 750 0.745 0.746 S 9.6 5.3 41

I2 375 0.862 0.867 S 25 25 349

M7 750 0.862 0.868 H
L

6.4
33.4 3.4 29

349

SW
IR

M8 750 1.238 1.238 S 5.4 3.5 165

M9 750 1.375 1.375 S 6 0.6 77.1

I3 375 1.602 1.604 S 7.3 7.3 72.5

M10 750 1.602 1.605 S 7.3 1.2 71.2

M11 750 2.257 2.258 S 0.12(NPP)
0.1 (NOAA-20) 0.12 31.8
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Table 2. S-NPP and NOAA-20 VIIRS RSB SDRs evaluated in this study.

Name Time Period Note

S-NPP

NOAA-NPP-V2 2012–2020 NOAA Version 2 Reprocessed S-NPP VIIRS SDRs.

NASA-NPP-C1 2012–2021 NASA Collection 1.0 SIPS S-NPP VIIRS level 1B data.

NASA-NPP-C2 2012–2021 NASA Collection 2.0 SIPS S-NPP VIIRS level 1B data.

NOAA-20
NOAA-N20-ConstF 2018–2021 NOAA constant F-factor calibrated NOAA-20 VIIRS SDRs.

NASA-N20-C2 2018–2021 NASA Collection 2.0 SIPS NOAA-20 VIIRS level 1B data.

2.1. S-NPP VIIRS RSB SDRs

S-NPP VIIRS was launched on 28 October 2011, with the nadir door opened on 21
November 2011, cryoradiator door opened on 20 January 2012, and cold focal plane assemblies
reaching the nominal temperature on 22 January 2012. S-NPP VIIRS RSBs have experienced
significant on-orbit degradations due to tungsten oxide contamination on the RTA mirrors [2],
especially in the M7–M8 wavelengths, which showed degradations ~60% since launch by
the end of 2021 [29]. Ten years of S-NPP VIIRS SDRs (from February 2012 to December 2021)
generated by NOAA and NASA were analyzed and compared in this study.

The NOAA S-NPP VIIRS SDRs evaluated in this study are the version 2 reprocessed
data (NOAA-NPP-V2) [5,24]. Nine years of NOAA-NPP-V2 data records (2012–2020)
are available to date. The calibration methodologies for NOAA-NPP-V2 RSBs are well-
described in a previous study [5]. The NOAA-NPP-V2 dataset originally covers a time
period from launch to February 2017. It was recently extended to December 2020, calibrated
using the same methodologies. The 2021 data has not been reprocessed yet; therefore,
they were not considered here. The consistent Thuillier solar irradiance model [30] was
used for the entire NOAA-NPP-V2 data record. The long-term calibration stability of the
VIS/NIR bands was improved using a Kalman filter-based approach that incorporates
calibration results from on-board solar calibrations [31], lunar calibrations [32], desert
sites [33], VIIRS-MODIS SNOs [34], and DCCs [4,11]. For the VIS/NIR bands, the SD
degradation factors (H-factor) were derived using an automatic calibration procedure
(RSBAutoCal) and the latest calibration parameters that are currently used by NOAA
operational processing [4,31]. A SD Surface Roughness Rayleigh Scattering model was
used to account for the SD degradation in the SWIR bands [35]. Two versions (the prelaunch
and the 5 April 2013 versions) of relative response functions (RSR) were used to account
for the on-orbit changes caused by the different rates of degradation of the VIIRS optical
components (especially RTA) at different wavelengths. In addition, the 24 February 2019
SD measurement anomaly was resolved by applying the updated SD degradation factors
for the SWIR bands [36]. The 16 to 17 January 2020 RSB anomaly due to solar vector
error was fixed by applying the updated ephemeris look-up table (LUT) [37]. Five years
of NOAA-NPP-V2 data (from February 2012 to February 2017) were evaluated using a
monthly DCC time series [5]. In this study, nine years of data were analyzed and compared
with the S-NPP VIIRS RSB SDRs produced by NASA.

Two versions of the NASA S-NPP VIIRS SDRs were evaluated: (1) NASA-NPP-C1 and
(2) NASA-NPP-C2. Both versions are calibrated by the NASA VCST and produced by the NASA
Land Science Investigator-led Processing System (SIPS). The on-orbit radiometric calibration
algorithms for NASA-NPP-C1 are given by [26,38–41]. The MODTRAN 4.3 solar irradiance
model is used for both NASA S-NPP VIIRS RSB SDRs. Time-dependent (or modulated)
RSRs were derived and used to account for the on-orbit changes caused by the different
rates of degradation of the VIIRS optical components at different wavelengths. Improved SD
degradation factors (H-factor) and F-factors were developed using the yaw maneuver data and
regular SDSM on-orbit calibration data. H-factors at the SWIR wavelengths were determined
using a wavelength power law. The annual undulation of F-factors was corrected by accounting
for the solar angle dependences of the H-factors. The performances of NASA-NPP-C1 VIIRS
RSB TOA reflectance were evaluated over the Libya-4 desert sites by comparing them with the
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NASA NOAA-20 VIIRS Collection-2 (see Section 2.2) data and the matching MODIS bands
(Collection 6.1) [25]. The calibration algorithms used for NASA-NPP-C2 RSB SDRs are similar to
those used in NASA-NPP-C1. The major improvements in NASA-NPP-C2 include the removal
of image striping caused by nonuniform degradation of the SD [13,42,43], improvements to
the method for combining lunar and SD data, the mitigation of the 24 February 2019 SD
measurements anomaly, and the estimation of the SD degradation in the SWIR spectrum and
fitting strategy improvements for look-up table delivery [23].

2.2. NOAA-20 VIIRS RSB SDRs

NOAA-20 VIIRS was launched on 18 November 2017. Its nadir door was opened on
13 December 2017, cryoradiator door was opened on 3 January 2018, and cold focal plane
assemblies reached the nominal temperature on 5 January 2018. Four years (6 January 2018
to 5 January 2022) of NOAA-20 VIIRS RSB SDRs, generated by the NOAA and NASA teams,
are analyzed in this paper. Different from S-NPP, the on-orbit instrument responsivity
degradations of NOAA-20 VIIRS RSBs have been very small based on various vicarious
trending results, including lunar calibrations [3,20,44–46] and daily DCC time series [3,4].

The NOAA generated NOAA-20 VIIRS RSB SDRs (NOAA-N20–constant F) consist
of 4 months of reprocessed SDRs during the beginning of the mission and 3 years and
2 months of operational data. The SDRs from 6 January 2018 to 4 November 2021 were
calibrated using consistent constant F-factors, which were derived from the improved
F-factors during the early mission, which were updated using H-factors derived by the
improved SDSM sun screen transmittance function combining yaw maneuver data and
on-orbit SDSM datasets [3]. Small upward trends were introduced to the F-factors used in
the NOAA operational processing since 4 November 2021 to mitigate the recently observed
slow degradations in the NOAA-20 VIIRS VIS/NIR bands [47]. In this study, only 2 months
of data were calibrated using the updated F-factors, and the impacts of this update can be
ignored (less than 0.02% or 0.005%/year). Note that the entire NOAA-N20-ConstF SWIR
bands data records are calibrated using constant F-factors.

NASA Collection 2 NOAA-20 VIIRS SDRs (NASA-N20-C2) were also evaluated in
this paper. The RSB calibration algorithms for NASA-N20-C2 are described in [46,48,49].
Improved H-factors (for the SDSM view) were used in the calibrations by using SD and SDSM
attenuation screen transmittance functions obtained by using calibration data collected during
both the yaw maneuver and a small portion of regular orbits. Moreover, the H-factor for the
RTA view, which was derived from the H-factor for the SDSM view and the S-NPP VIIRS
results, was used in the calibrations.

3. The Monthly and Daily DCC Methods for VIIRS

DCCs are extremely cold clouds over the Inter-Tropical Convergence Zone (ITCZ).
They are stable Earth targets with near-Lambertian reflectance and can be identified using
a single thermal band centered at ~11 µm (VIIRS M15). The DCC technique has widely
been used for on-orbit calibration stability monitoring of satellite radiometers in the solar
reflective spectrum [4,7–11,14,50,51]. It is a statistical-based method. Traditionally, monthly
DCC mode time series are used for VIS/NIR individual band calibration stability analyses,
and the mean time series are used for SWIR individual band stability analyses. Moreover,
DCC mean ratio time series are also used for inter-satellite bias study. Besides the traditional
monthly DCC time series, daily DCC time series that use daily DCC statistics were also
developed for VIIRS operational calibration monitoring and re-calibration analyses [4,52].
The trend derived using daily DCC time series is similar to the monthly DCC time series,
while the uncertainty of the trends is smaller due to the higher temporal resolution. It is
more suitable for trending relatively short time series, such as for NOAA-20 VIIRS RSB
SDRs. The same DCC identification criteria are used for the daily and monthly DCC
methods for VIIRS. These criteria are the same as we used in our previous studies [4,11]:
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1. Latitude: ±25◦;
2. TB11 (M15, center wavelength 10.7 µm) ≤205 K;
3. σ (TB11) of the subject pixel and its eight adjacent pixels ≤1 K;
4. σ (ref) of the subject pixel and its eight adjacent pixels ≤3%;
5. Solar zenith angle (SZA) ≤40◦;
6. View zenith angle (VZA) ≤35◦.

The anisotropic effects in the VIIRS VIS/NIR bands were corrected using an Angular
Distribution Model (ADM) developed by Hu et al. [7]. A DCC seasonal cycle climatology
derived using 4 years of NOAA version 2 reprocessed S-NPP VIIRS SDRs was used to
further reduce the seasonal cycles in the daily and monthly DCC time series for both
NOAA-20 and S-NPP VIIRS [4]. The mean and mode of the band-averaged daily and
monthly DCC statistics (mean and mode) were calculated and used for characterizing
VIIRS RSB long-term calibration stability, biases between different VIIRS SDRs, and inter-
channel calibration consistency of the VIIRS RSBs. The mode of daily/monthly DCC
reflectance was used for the VIS/NIR individual-band calibration stability assessment,
while the mean of the daily/monthly DCC reflectance was used for the assessment of SWIR
individual bands. Moreover, detector-level monthly DCC time series were used to assess
detector-dependent degradation trends in the SDR products.

The mean of the DCC reflectance was also used to calculate the band ratio time series
for inter-satellite or inter-SDR comparisons. The spectral differences between NOAA-20
and S-NPP VIIRS spectral bands (see Table 1) were corrected using the Spectral Band Ad-
justment Factors (SBAF), which are computed from algorithms and online tools developed
at NASA-LaRC with the SCanning Imaging Absorption SpectroMeter for Atmospheric
CHartographY (SCIAMACHY) V7.01 data obtained from the European Space Agency
Envisat program [53,54].

Besides assessing the long-term calibration stability and biases, we also evaluated
the VIIRS RSB inter-channel consistency using multi-year SCIAMACHY spectra-derived
pseudo-reflectance, which were calculated with SCIAMACHY DCC spectra and
NOAA-20/S-NPP VIIRS RSRs using the NASA SCIAMACHY spectra tool [53,54]. Only
SCIAMACHY spectra within the range of VIIRS DCC observation-derived solar zenith
angle, solar azimuth angle, and sensor view zenith angle were used. For VIIRS VIS/NIR
bands, the averaged DCC reflectance was calculated using the monthly DCC mode time
series. For VIIRS SWIR bands, the averaged DCC reflectance was calculated using the
monthly DCC mean time series.

There is a concern about the impacts of VIIRS RSB saturations on the results of DCC
trending. In this study, we analyzed DCC radiances for S-NPP and NOAA-20 during 2012
and 2021 using the reference band-based method developed in [55]. Our results indicate
that there is no significant RSB saturation over DCCs for the VIIRS dual-grain bands
(M1–M5 and M7). For the single-gain RSBs, only M6 has a low saturation radiance [55],
and it is not considered in this study. More analysis results about VIIRS radiances over
DCCs will be given in Section 4.5.

4. Results and Discussions
4.1. S-NPP VIIRS RSB SDRs
4.1.1. Long-Term Calibration Stabilities of S-NPP VIIRS RSB SDRs

Ten years of S-NPP VIIRS observations are available to date. The long-term calibration
stability of S-NPP VIIRS SDRs was evaluated using a monthly DCC time series. Figure 1
shows the VIS/NIR band monthly DCC time series for (a) NOAA-NPP-V2 (2/2012–12/2021,
9 years), (b) NASA-NPP-C1 (2/2012–12/2021, 10 years), and (c) NASA-NPP-C2 (2/2012–12/2021,
10 years). The trends and 95% confidence intervals (CI) for the three datasets and two time periods
(2012–2020 and 2012–2021) are summarized in Table 3. The trends for the NOAA-NPP-OPR
M-band RSB SDRs are also given in this table for comparison purposes only. The long-term DCC
time series for the operational NOAA-NPP-OPR trending at NOAA STAR was generated using a
similar DCC method as the monthly DCC method used in this study, except that only a quarter
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of the global DCC pixels (latitude: 25◦S to 25◦N; longitude:150◦W to 60◦W) were used [11], due
to computing resource limitations. Our analysis results indicated that the trends derived were
generally consistent with those derived using global DCCs, while the uncertainty of the trends
was larger [5] because of the smaller number of DCC pixels used. In addition, long-term DCC
time series for NOAA-NPP-OPR I-band RSBs (I1–I3) were not available.

Figure 1. Monthly DCC time series of S-NPP VIIRS VIS/NIR bands: (a) NOAA-NPP-V2 (2012–2020),
(b) NASA-NPP-C2 (2012–2021), and (c) NASA-NPP-C2 (2012–2021).

Our results suggest that the three reprocessed S-NPP VIS/NIR band SDRs evaluated
in this study are generally stable in NOAA and NASA processing, with trends within
0.1%/year for the majority of the bands. No significant trend was observed in three NOAA-
NPP-V2 bands (I2, M9, and M11); five NASA-NPP-C1 bands (M2, I1, and M9–M11); and
seven NASA-NPP-C2 bands (M7, I2, M8–M11, and I3). The trends in the remaining bands
are significant (exceeding the 95% CIs). The 10 years of NOAA-NPP-OPR M5 and M7 SDRs
are also stable, with no obvious trends observed. The trends for NOAA-NPP-OPR M3
(~−0.1%/year) are smaller than those in NOAA-NPP-V2/NASA-NPP-C1/NASA-NPP-C2.
The trends for M1 and M4 are comparable to the three reprocessed data records. On the
other hand, larger trends were observed in NOAA-NPP-OPR M2 and M8–M9, with trends
up to ~0.2%/year for M2.
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Table 3. Summary of the trends and 95% confidence intervals (CI) of S-NPP VIIRS RSB SDRs
generated by NOAA and NASA. Cases with trends larger than 0.1%/year are in bold.

Trend ± 95% CI
Unit: %/year

NOAA-NPP-OPR
2012–2020/2012–2021

NOAA-NPP-V2
2012–2020

NASA-NPP-C1
2012–2020/2012–2021

NASA-NPP-C2
2012–2020/2012–2021

V
N

IR

M1 −0.07 ± 0.05/−0.04 ± 0.04 0.08 ± 0.02 0.07 ± 0.02/0.06 ± 0.02 0.05 ± 0.03/0.11 ± 0.03

M2 −0.20 ± 0.04/−0.18 ± 0.04 0.05 ± 0.02 0.01 ± 0.02/−0.01 ± 0.02 0.05 ± 0.02/0.06 ± 0.02

M3 −0.11 ± 0.04/−0.09 ± 0.04 0.14 ± 0.02 0.17 ± 0.03/0.15 ± 0.02 0.16 ± 0.02/0.16 ± 0.02

M4 −0.14 ± 0.04/−0.11 ± 0.04 0.13 ± 0.02 0.11 ± 0.03/0.09 ± 0.02 0.13 ± 0.03/0.11 ± 0.02

M5 0.00 ± 0.03/0.01 ± 0.03 0.07 ± 0.02 0.07 ± 0.02/0.06 ± 0.02 0.08 ± 0.02/0.08 ± 0.02

M7 0.00 ± 0.03/0.00 ± 0.03 0.05 ± 0.01 −0.03 ± 0.02/−0.03 ± 0.02 0.01 ± 0.02/0.01 ± 0.01

I1 - 0.05 ± 0.02 −0.01 ± 0.03/−0.02 ± 0.03 0.06 ± 0.02/0.05 ± 0.02

I2 - 0.01 ± 0.02 −0.07 ± 0.02/−0.06 ± 0.02 0.01 ± 0.02/0.01 ± 0.01

SW
IR

M8 0.12 ± 0.07/0.14 ± 0.06 −0.05 ± 0.04 −0.07 ± 0.04/−0.05 ± 0.03 −0.05 ± 0.04/−0.02 ± 0.03

M9 0.18 ± 0.14/0.19 ± 0.12 −0.03 ± 0.06 0.01 ± 0.07/0.04 ± 0.06 −0.02 ± 0.07/0.01 ± 0.06

M10 0.12 ± 0.15/0.13 ± 0.12 −0.09 ± 0.05 −0.06 ± 0.06/−0.02 ± 0.05 −0.06 ± 0.06/0.00 ± 0.05

M11 0.09 ± 0.13/0.09 ± 0.10 −0.05 ± 0.05 −0.04 ± 0.05/−0.02 ± 0.04 −0.04 ± 0.05/−0.01 ± 0.04

I3 - −0.09 ± 0.06 −0.19 ± 0.07/−0.15 ± 0.04 −0.05 ± 0.06/−0.02 ± 0.05

The DCC trending results derived in this study are generally consistent with an
existing study [56], which reported that the 10-year NASA-NPP-C2 RSB VIS/NIR SDRs
are stable within 1% based on PICS-based approaches. However, our DCC time series
showed that M3–M4 trends exhibited persistent larger trends in all three data records
evaluated, ranging from 0.11 to 0.17%/year. In addition, M3 showed larger trends than
M4. Figure 2 shows a normalized monthly DCC time series for the two bands to better
reveal the trends. The mode of monthly DCC reflectance was normalized to the first data
point (February 2012). Lunar-based F-factors are also used for the long-term calibrations of
M3–M4 [5,23,26]. VIIRS lunar observations were at a high gain (HG, low radiance) while
the DCC observations were at a low gain (LG, high radiance) for the dual-gain VIS/NIR
bands, such as M3 and M4. We compared the prelaunch test data-derived nonlinearity
of the S-NPP VIS/NIR bands. The results indicate that the HG and LG nonlinearities
for M3–M4 (especially M3) have significantly larger differences compared to the other
VIS/NIR bands. The rates of instrument responsivity degradation in LG and HG may also
be different. The results from this study indicate that the Lunar-based F-factors may not
work well for the S-NPP M3–M4 at LG. We will further discuss this topic in Section 4.2.1.

Moreover, relatively larger separations between the NOAA-NPP-V2 and NASA-NPP-
C1/C2 M4 normalized DCC time series were observed from mid-2013 to early 2017. The root
cause of the separations is still unknown. Our previous study indicated that NASA-NPP-C1/C2
F-factors in the beginning of the mission show larger curvature, while NOAA-NPP-V2 F-factors
are more flat [5]. The F-factor difference may cause a separation of the DCC time series after they
are normalized to the first point. Moreover, NOAA-NPP-V2 DCC time series were generally
stable during 2013–2015, while the NASA-NPP-C1/C2 DCC time series showed gradual trends
during the same period. We will further investigate the root cause in the future.
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Figure 2. Normalized monthly DCC time series for S-NPP VIIRS bands (a) M3 and (b) M4. All data
points are normalized to February 2012.

Besides M3–M4, the NASA-NPP-C2 2012–2021 M1 DCC time series also showed a
relatively larger trend (0.11%/year) compared to the trends in the 2012–2020 time series
and in the NASA-NPP-C1 data. The larger NASA-NPP-C2 M1 trend was mainly caused by
the 2021 data (see Figure 1c), with the DCC reflectance obviously higher than the previous
9 years. In addition, the monthly DCC reflectance of the first two months (February and
March 2012) in the NASA-NPP-C1/NASA-NPP-C2 M1–M3 and NOAA-NPP-V2 M3 and
I2 time series were ~1% lower than that of the other months and may require further study.

The long-term calibration trends of the S-NPP VIIRS SWIR SDRs were also very stable,
with trends less than 0.1%/year in all the bands, except I3 of NASA-NPP-C1 (see Table 3).
The M8–M11 stability of the NASA-NPP-C1 and NASA-NPP-C2 SWIRs were very close to
each other. The calibration stability of I3 was significantly improved in the NASA-NPP-C2
data, with the trend reduced from ~0.15%/year to −0.02%/year for the 10-year data records.
Our analysis results showed that the DCC reflectances for the two SDRs were very close to
each other from early 2018 to 2021. There were larger differences from 2012 to 2017, with
the NASA-NPP-C1 I3 DCC reflectances higher than NASA-NPP-C2. Bands M10 and I3 of
the NOAA-NPP-V2 also showed relatively larger trends (−0.09 ± 0.06%/year). The 95%
CIs indicate that the trends in the two bands are significant.

4.1.2. Detector Level Calibration Stability of S-NPP VIIRS SDRs

In Section 4.1.1, the band-averaged (averaged over all detectors) monthly DCC time
series showed that the calibrations of three S-NPP VIIRS RSB SDRs are generally stable. This
subsection looks into the S-NPP VIIRS RSB residual degradations at the individual detector
levels. Figure 3 shows an example of the M1 detector level monthly DCC time series for
the three SDRs. It can be observed that the detector level DCC reflectance values are more
consistent with each other near the beginning of the mission, with the divergence within
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1%. However, the detector-level divergence increased over time, especially in NOAA-
NPP-V2 (Figure 3a) and NASA-NPP-C1 (Figure 3b). Similar patterns were observed
in bands M2–M4, though the magnitudes of divergence were smaller in M3–M4. The
results for NASA-NPP-C1 are generally consistent with the detector-to-detector differences
reported by [13,16,43]. On the other hand, the detector level divergence is much smaller
in the NASA-NPP-C2 dataset (see Figure 3c), due to the removal of striping caused by
nonuniform degradation of the SD [13,23,42,43]. Upward trends in the NASA-NPP-C2 M1
DCC detector level reflectance was observed since early 2021, which are mainly caused
by the increase of F-factors used in the calibrations. No similar increase of F-factors was
observed in the other NASA-NPP-C2 RSBs. The detector-level calibrations of other RSBs
(M5, M7, and I1–I2) and all SWIR bands are more consistent in the three S-NPP SDRs. In
addition, the magnitude of detector-level divergences in NOAA-NPP-OPR RSB SDRs are
similar to those in NOAA-NPP-V2.

For the NOAA-NPP-V2 M1–M4, the calibrations of the middle detectors (D6–D9) are
generally more stable than that of the edge detectors (such as D1–D2 and D15–D16), which
show detector level degradations up to ~±1.5% for M1–M2 and ~±1% for M3–M4, relative to
the middle detectors. Similar larger degradations for the edge detectors were also observed in
NASA-NPP-C1 M1–M4. While the detector-dependent degradations do not have a significant
impact on downstream applications that mix data from all detectors, they do cause striping in
the VIIRS RSB imagery and affect applications using individual pixels.

Figure 3. Detector level monthly DCC time series for S-NPP VIIRS M1.
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4.1.3. NASA/NOAA S-NPP VIIRS RSB Calibration Biases

While the long-term calibration stabilities of the three S-NPP VIIRS RSB SDRs are sim-
ilar, calibration biases exist between the NOAA and NASA data. The 2012–2020 averaged
biases between the NASA-NPP-C2 and NOAA-NPP-V2 RSB SDRs were about 2.3% (M1),
1.8% (M2), 1.5% (M3), 1.0% (M4), 2.3% (M5), 2.4% (M7), 0.2% (M8), 0.3% (M9), 0.7% (M10),
0.1% (M11), 0.3% (I1), 2.0% (I2), and 0.6% (I3). The VIS/NIR bands exhibited larger biases
(up to 2.4%) compared to the SWIR bands (up to 0.7%). Moreover, the biases were nearly
constant over time for the majority of bands.

Figure 4 compares the DCC and F-factor ratio time series between NASA-NPP-C2 and
NOAA-NPP-V2 for the representative bands. It can be observed that the DCC ratio time
series followed closely by the F-factor ratio time series, indicating that the biases between
two SDR products are primarily caused by the F-factors developed by NOAA and NASA
science teams. M1 and M11 DCC and the F-factor ratio time series are more consistent with
each other, while the M3–M4 F-factor ratios are slightly higher than DCC ratios. The biases
between NASA-NPP-C2 and NASA-NPP-C1 SWIR RSB SDRs are very small.

Figure 4. NASA-NPP-C2/NOAA-NPP-V2 ratio time series for bands M1, M3–M4, and M11: filled
cycles (DCC ratio) and solid lines (F-factor ratio).

4.2. NOAA-20 VIIRS RSB SDRs
4.2.1. Long-Term Calibration Stabilities of NOAA-20 VIIRS SDRs

Different from S-NPP VIIRS, the on-orbit degradation of NOAA-20 VIIRS VIS/NIR
bands has been very small since the launch [3,4,44,52]. Figure 5 shows the monthly VIS/NIR
DCC time series for the NOAA-N20-ConstF and NASA-N20-C2 VIIRS SDR products.
The long-term calibration stabilities for all RSBs are summarized in Table 4. Since there
are only 4 years of NOAA-20 data records available to date, we also analyzed the daily
DCC time series for NOAA-20. The trends derived using the daily and monthly DCC
methods are very close. The uncertainties of trends derived using daily DCC time series
are smaller than those derived using a monthly DCC time series, consistent with the
results reported in our previous study [4]. In addition, 2018–2021 trends for the NOAA-
N20-OPR were also evaluated using the same daily and monthly DCC methods used for
NOAA-N20-ConstF and NASA-N20-C2, and the results are also given in Table 4. Note that
significant calibration changes exist in the operational processing before NOAA-20 VIIRS
achieved validated maturity status (30 April 2018) [4]. The NOAA-N20-OPR trends are for
comparison purposes only.
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Small downward trends exist in the NOAA-20 VIS/NIR DCC time series in both
NOAA-N20-ConstF and NASA-N20-C2 SDRs. However, the trends for the NOAA-N20-
ConstF SDRs are insignificant for all bands, except I1. The trends in I1 are significant (ex-
ceeding the 95% CIs): −0.08 ± 0.04%/year (daily DCC time series) and 0.10 ± 0.08%/year
(monthly DCC time series). The trends in the NOAA-N20-ConstF VIS/NIR DCC time
series are generally consistent with the lunar calibration results from the NOAA VIIRS
SDR science team. Note that constant F-factors were used in NOAA operational processing
from 27 April 2018 to 4 November 2021. Based on the lunar and DCC trending results,
small upward trends were introduced to the NOAA operational VIS/NIR F-factors since
4 November 2021 to correct the small trends in the VIS/NIR bands, but the impact of the
update on this study can be ignored. Note that the DCC and lunar trending results do not
agree in S-NPP VIIRS bands M3–M4. However, no such disagreement was found in the
NOAA-N20-ConstF M3–M4 SDRs.

Figure 5. NOAA-20 VIIRS VIS/NIR bands monthly DCC time series: (a) NOAA-N20-ConstF and
(b) NASA-N20-C2.

Relatively larger downward trends exist in the NASA-N20-C2 VIS/NIR DCC time
series, especially for bands M2–M4 and I1. The trends in the I1 daily (−0.1%/year) and
monthly (−0.17%/year) DCC times are significant and similar to those of NOAA-N20-
ConstF. The trends in M2–M4 (−0.1–−0.15%/year) are also significant, with trends exceed-
ing the 95% CIs for both the daily and monthly DCC time series. Twedt et al. [46] evaluated
the NASA-N20-C2 RSB trends over the Libyan-4 desert site and DCCs for the first three
years of the mission. Similar small downward trends in VIS/NIR SDRs were reported (less
than 0.2%/year).

The trends in NOAA-N20-OPR VIS/NIR SDRs are much larger than those in NOAA-
N20-ConstF and NOAA-N20-C2 for the majority of bands. Only M5 and M7 are stable
and comparable to the two reprocessed SDRs. M1–M4 and I1–I2 exhibit significant trends
(up to ~0.3%/year in M1) because of the operational calibration updates during the early
NOAA-20 mission. Note that the calibration of NOAA-N20-OPR RSB SDRs from May to
December, 2021 are stable and consistent with the NOAA-N20-ConstF data.

Different from the small downward trends in the NOAA-20 VIIRS VIS/NIR bands,
small upward trends were observed in the NOAA-N20-ConstF and NASA-N20-C2 SWIR
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SDRs. However, these trends are within or only slightly above the uncertainty levels. M10
and I3 show relatively larger trends in both NOAA and NASA SDRs. NASA-N20-C2 M8
and M11 also exhibit trends slightly higher than the uncertainty levels in the daily DCC
time series. The NASA-N20-C2 M8 trends are similar to the values reported by [46]. For
M10/I3, the trends derived in this study are larger (~0.15%/year), while no significant was
reported by [46]. On the contrary, significant trends were observed in the NOAA-N20-OPR
M9–M11 and I4 SDRs, more than 0.3%/year in M10 and I3. These larger trends are also
caused by the operational calibration updates in the early NOAA-20 mission. Similar to the
VIS/NIR bands, the SWIR trends derived using daily and monthly DCC time series are
generally consistent with each other.

Table 4. Summary of the trends and 95% confident intervals (CI) of NOAA-20 VIIRS RSB DCC
time series for the NO-AA-N20-ConstF and NASA-N20-C2 products. Cases with trends beyond the
uncertainty levels are in bold.

Trend ± 95%CI Unit:
%/year

NOAA-N20-OPR
Daily/Monthly

NOAA-N20-ConstF
Daily/Monthly

NASA-N20-C2
Daily/Monthly

V
N

IR

M1 −0.29 ± 0.05/−0.16 ± 0.14 −0.00 ± 0.04/−0.05 ± 0.08 −0.05 ± 0.05/−0.10 ± 0.08

M2 −0.20 ± 0.05/−0.11 ± 0.10 −0.03 ± 0.05/−0.08 ± 0.08 −0.10 ± 0.05/−0.13 ± 0.08

M3 −0.17 ± 0.05/−0.17 ± 0.11 −0.01 ± 0.05/−0.02 ± 0.09 −0.12 ± 0.05/−0.12 ± 0.08

M4 −0.14 ± 0.05/−0.16 ± 0.11 −0.03 ± 0.05/−0.05 ± 0.10 −0.13 ± 0.05/−0.15 ± 0.10

M5 −0.05 ± 0.04/−0.06 ± 0.09 −0.04 ± 0.04/−0.07 ± 0.08 −0.07 ± 0.04/−0.06 ± 0.08

M7 0.03 ± 0.03/0.05 ± 0.07 0.01 ± 0.03/0.03 ± 0.07 −0.05 ± 0.03/−0.06 ± 0.06

I1 −0.08 ± 0.04/−0.11 ± 0.08 −0.08 ± 0.04/0.10 ± 0.08 −0.10 ± 0.05/−0.17 ± 0.09

I2 −0.08 ± 0.03/−0.13 ± 0.09 −0.01 ± 0.03/0.01 ± 0.06 −0.02 ± 0.03/−0.04 ± 0.05

SW
IR

M8 −0.03 ± 0.05/−0.04 ± 0.15 0.01 ± 0.05/0.00 ± 0.15 0.06 ± 0.05/0.04 ± 0.15

M9 0.18 ± 0.11/0.10 ± 0.24 0.05 ± 0.10/0.05 ± 0.23 0.09 ± 0.10/0.08 ± 0.23

M10 0.31 ± 0.11/0.15 ± 0.23 0.12 ± 0.11/0.09 ± 0.24 0.16 ± 0.11/0.14 ± 0.24

M11 0.18 ± 0.09/0.05 ± 0.20 0.04 ± 0.08/0.01 ± 0.24 0.14 ± 0.09/0.12 ± 0.20

I3 0.36 ± 0.11/0.22 ± 0.23 0.14 ± 0.11/0.11 ± 0.24 0.16 ± 0.11/0.13 ± 0.25

Figure 6 shows examples of the daily DCC time series for bands M2 and M10. Raw
daily DCC time series are shown by gray lines. Black lines are moving averages with a
window size of 7 days to better reveal the time-dependent trends in the daily DCC time
series. Overall, there is no significant trend in the NOAA-N20-ConstF M2 daily DCC time
series, while NASA-N20-C2 M2 shows a relatively larger downward trend of −0.10%/year,
exceeding the uncertainty level. The NOAA M2 daily DCC time series also revealed that the
trends vary with time, with a smaller upward trend during 2018–2019, a small downward
trend in 2020, and mostly flat response in 2021. M10 SDRs generated by NOAA and NASA
are close to each other, with a small upward in the daily DCC time series (0.12%/year for
NOAA-N20-ConstF and 0.16%/year for NASA-N20-C2).

Note that significant detector-level residual degradations were observed in S-NPP
M1–M4. We also analyzed the NOAA-20 VIIRS detector-level monthly DCC time series.
The results indicate that no significant detector level degradation was found in NOAA-20
RSB SDRs, different from S-NPP. SDR imagery analysis further confirms that no obvious
striping exists in NOAA-20 VIIRS RSBs.
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4.2.2. NASA/NOAA NOAA-20 VIIRS Calibration Biases

We also analyzed the calibration consistency between NOAA and NASA NOAA-20
VIIRS RSB SDRs over DCCs. Figure 7 shows the NASA/NOAA DCC ratio time series.
Different from S-NPP VIIRS, NOAA-20 VIIRS RSB SDRs generated by the two agencies
show very good agreement, with averaged biases within 0.2% for M-band RSBs and within
0.7% for I-band RSBs. The M-band biases derived in this study are consistent with a
previous study, while I1–I3 biases over DCCs are slightly larger [57]. In addition, the biases
are nearly constant over time for the majority of the bands. The biases in I1–I2 decrease
significantly during September–November 2021 compared to the previous months. We also
compared the NASA/NOAA F-factors ratio time series to the daily DCC ratio time series.
The two ratio time series match well with each other.

Figure 6. Examples of daily DCC time series for NOAA-20 VIIRS M2 and M10. Raw daily DCC time
series are shown by gray lines. Black lines are moving averages with a window size of 7 days. Linear
regression trends are shown as blue (downward trend) or red (upward trend) dashed lines.

Figure 7. Monthly DCC ratio time series for the NASA-N20-C2 and NOAA-N20-ConstF SDRs.
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4.3. Inter-Satellite Biases between NOAA-20 and S-NPP VIIRS RSBs

While the NOAA and NASA-generated VIIRS RSB SDRs are generally stable, their
absolute radiometric calibration accuracies are still not well-quantified to date. NOAA-20 and
S-NPP VIIRS inter-satellite biases show how the measurements from two VIIRS sensors agree
with each other and, therefore, may provide some useful information about their absolute
calibration accuracy. Figure 8 shows inter-satellite biases between the S-NPP and NOAA-20
VIIRS RSBs in the NOAA and NASA SDRs for M-band RSBs. Intersatellite biases for all
RSBs are given in Table 5. The biases between NOAA-NPP-OPR and NOAA-N20-OPR
(May 2018–December 2021) are also listed in Table 5 for comparison purposes only. The
S-NPP RSB reflectances are higher than that of NOAA-20 over the DCCs for all NOAA and
NASA-produced SDRs.

Figure 8. NOAA-20 and S-NPP VIIRS inter-satellite biases: (a) NOAA-NPP-V2/NOAA-N20-ConstF
and (b) NASA-NPP-C1/NASA-N20-C2.

The biases between NOAA-NPP-V2 and NOAA-N20-ConstF are up to 4.5%. Moreover,
the biases were nearly constant from 2018 to 2020. Bands M1, M4, and I1 exhibited larger
biases, more than 4%. The biases in the NOAA operational SDRs were also nearly constant
from May 2018 to December 2021, consistent with the results from previous studies. The
DCC-based biases in the operational data presented here are consistent with those reported
in our previous study [52]. While the NOAA-N20-ConstF RSB SDRs are very close to the
NOAA-N20-OPR data after 30 April 2018, the NOAA-NPP-V2 SDRs are significantly different
from the operational version. For M1–M4 and I1, the biases between NOAA-NPP-V2 and
NOAA-N20-ConstF are higher than those in the operational data. For M5, M7–M11, and I2–I3,
the biases are ~1.5–2% lower than the biases in the operational data [5]. RSB biases in the
NOAA operational SDRs were also analyzed over SNO/SNO-x (with Aqua MODIS/GOES-R
ABI as the transfer radiometers) [58,59], the Libyan-4 site [52,58], and the Dome-C site [52].
For the NOAA operational SDRs, the biases derived using the DCC method are generally
consistent with those derived other methods, with differences within ±1% in the majority of
cases. The NOAA-20 and S-NPP inter-satellite biases are likely caused by the differences in the
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prelaunch calibration methodologies used for characterizing the SD Bidirectional Reflectance
Factor (BRF) [60].

Table 5. Summary of the NOAA-20 and S-NPP inter-satellite biases in the NOAA and NASA-
generated VIIRS RSB SDRs.

Biases (%)
NOAA-NPP-OPR/
NOAA-N20-OPR

(5/2018–2021)

NOAA-NPP-V2/
NOAA-N20-ConstF

(2018–2020)

NASA-NPP-C1/
NASA-N20-C2 (2018–2021)

NASA-NPP-C2/
NASA-N20-C2 (2018–2021)

V
N

IR

M1 3.6 4.3 7.0 6.7

M2 1.9 3.4 5.5 5.5

M3 2.6 3.9 5.6 5.7

M4 2.8 4.5 5.8 5.8

M5 4.6 2.9 5.5 5.4

M7 3.6 1.5 4.0 4.2

I1 3.2 4.1 5.1 5.2

I2 4.0 1.8 4.5 4.7

SW
IR

M8 3.0 1.6 1.9 1.9

M9 1.7 0.5 1.0 1.0

M10 3.6 2.2 2.9 3.0

M11 2.6 2.1 2.0 2.0

I3 4.9 3.5 4.5 4.5

The inter-satellite biases in the NASA VIIRS RSB SDRs are even larger. The biases
between NASA-NPP-C2 (or NASA-NPP-C1) and NASA-N20-C2 SDRs are higher than 4%
in all VIS/NIRs and band I3. M1 exhibits the largest biases, 7% and 6.7%, for NASA-NPP-
C1 and NASA-NPP-C2, respectively. The differences in the biases between NASA-NPP-
C1/NASA-N20-C2 and NASA-NPP-C2/NASA-N20-C2 were very small (within 0.3%).
Xiong et al. [56] analyzed M1–M2, M4, M7, and I1–I2 biases in the NASA NOAA-20 and
S-NPP VIIRS SDRs, using observations over SNOs (with Aqua MODIS as the transfer
radiometer), Libyan-4, and Dome-C. The M1–M2 and M7 biases over the DCCs derived in
this study agree well with [56]. The M4 bias over DCCs is similar to that of the Dome-C
site; both were ~2% higher than the biases over SNOs and Libyan-4. For I1–I2, the biases
over DCCs were ~1% and 1.5 % higher than the values reported by [56].

4.4. Inter-Channel Calibration Consistency of NOAA-20 and S-NPP VIIRS RSBs

We also studied the inter-channel calibration consistency of the VIIRS RSB SDRs using
SCIAMACHY spectra-derived DCC reflectance (convolved over VIIRS RSRs) as a reference.
Figure 9 compares the VIIRS DCC reflectance with SCIAMACHY DCC reflectance for
different NOAA-20 and S-NPP RSBs. The results for NASA-NPP-C1 are similar to that of
NASA-NPP-C2; therefore, they are not shown. Note that NOAA-N20-ConstF and NASA-
N20-C2 agree well with each other. For VIIRS VIS/NIR bands, the multiyear averaged DCC
reflectance was estimated using monthly DCC mode time series. For VIIRS SWIR bands,
the multiyear averaged DCC reflectance was estimated using a monthly DCC mean time
series. M11 is not covered by the SCIAMACHY spectra; therefore, it was not considered.

The DCC reflectance of VIIRS RSBs correlates strongly with SCIAMACHY-derived
DCC reflectance, with a correlation coefficient of ~0.995 for the three S-NPP VIIRS SDRs and
~0.993 for the two NOAA-20 VIIRS SDRs. The shape of NOAA-NPP-V2 DCC reflectance
matches best with that of SCIAMACHY. The shape of the NASA-NPP-C2 DCC reflectance
also matches well with SCIAMACHY, better than NOAA-20 SDRs. Thompson [61] analyzed
the liquid and ice absorption of a cloud at a spectral range covered by VIIRS M10 and I3. The
results showed that the TOA reflectance of icy cloud is ~0.2, very close to the VIIRS M10/I3
averaged DCC reflectance derived in this study and SCAMARCHY DCC reflectance.
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The M4 and M9 reflectance over DCCs seems out of family in all five VIIRS SDRs
evaluated. SCIAMACHY-observed DCC reflectance drops monotonically for spectral bands
from 0.41 µm (M1) to 0.86 µm (M7). A similar monotonic drop of DCC reflectance for the
similar spectral range was also reported by [62], based on the radiative transfer simulation
results. However, M4 DCC reflectance is lower than M5. On the other band, NOAA-20 and
S-NPP M9 DCC reflectance seems too high. The cause of the out of family VIIRS M4 and
M9 DCC reflectance needs to be further investigated.

Figure 9. Inter-channel calibration consistency of the NOAA-20 and S-NPP RSBs: (a) S-NPP VIIRS
VIS/NIR bands, (b) NOAA-20 VIIRS SWIR bands, (c) S-NPP VIIRS SWIR bands, and (d) NOAA-20
SWIR bands.

4.5. Typical VIIRS RSB Radiances over DCCs

The on-orbit calibration performances of a satellite radiometer may vary slightly with
the radiance levels. Figure 10 shows typical DCC radiances and ratios between typical DCC
radiances and Lmax specifications (see Table 1). For dual-gain RSBs (M1–M5 and M7), Lmax
specifications for low gain were used. Note that VIIRS-observed maximum good quality
radiances are usually higher than the Lmax specifications for the RSBs analyzed in this study.
The typical DCC radiances were estimated from 10 years of S-NPP and 4 years of NOAA-20
VIIRS SDRs used in this study. The VIIRS-observed raw radiance over DCCs was used
(no correction was applied). For VIS/NIR bands, typical radiances over DCCs are ~80%
of the Lmax values, except for M5 and I1 (~60%). For SWIRs, DCCs are less reflective, with
typical DCC radiances of ~55% of Lmax values for M8 and ~25% of Lmax values or less for
M9–M11 and I3. The DCC analysis results presented in this study may better represent the
long-term calibration stability and biases at these typical DCC radiance levels.

The VIIRS long-term calibration stability and bias analysis results derived using the
DCC methods are generally consistent with those derived using other vicarious methods,
such as lunar calibration, PICSs, and SNOs [3,52,59,63]. However, some disagreements
were observed for S-NPP M3–M4 (see Section 4.1.1). The S-NPP M3–M4 results from
this study may better represent the VIIRS calibration performance at high radiance levels
compared to that of the lunar calibration. This topic will be further studied in the future.
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Figure 10. (a) Typical VIIRS RSB radiances over DCCs, and (b) ratios between typical VIIRS RSB
DCC radiances and Lmax specifications. The unit of DCC radiance is W/(m2 sr µm).

5. Summary

This study evaluated the long-term calibration stability, bias, and inter-channel cali-
bration consistency of NOAA-20 and S-NPP VIIRS RSB SDRs using the DCC methods to
support VIIRS RSB SDR downstream data users. Five VIIRS SDR datasets, calibrated and
produced independently by the NOAA and NASA teams, were analyzed: (1) NOAA-NPP-V2
(2012–2020), (2) NASA-NPP-C1 (2012–2021), (3) NASA-NPP-C2 (2012–2021), (4) NOAA-N20-
ConstF (2018–2021), and (5) NASA-N20-C2 (2018–2021).

The three S-NPP VIIRS RSB SDRs generated by the two agencies were generally stable,
with trends within ±0.1%/year for all bands, except for M3–M4. S-NPP M3–M4 show
persistent larger trends over DCCs (0.11 to 0.17%/year) in all three data records, which are
likely due to the different rates of instrument degradation in low gain and high gain in the
two bands. We will further study this topic in the future. No significant trend was observed
in the three NOAA-NPP-V2 bands (I2, M9, and M11); five NASA-NPP-C1 bands (M2, I1,
M9–M11); and seven NASA-NPP-C2 bands (M7, I2, M8–M11, and I3). The trends in the
remaining bands are significant (exceeding the 95% CIs). The calibration biases between
NOAA and NASA RSB SDRs are nearly constant over time, up to 2.4% for the VIS/NIR
bands and up to 0.7% for the SWIR bands.

NOAA-20 VIIRS RSB SDRs generated by NOAA and NASA are also generally stable
and comparable with each other. VIS/NIR bands exhibit small downward trends, less
than −0.08%/year for NOAA-N20-ConstF and less than −0.13%/year for NASA-N20-C2.
SWIR bands show small upward trends, less than 0.12%/year for NOAA-N20-ConstF and
less than 0.16%/year for NASA-N20-C2. No significant trend was observed in the NOAA-
N20-ConstF RSB SDRs, except I1 (exceeding the 95% CIs). The trends in NASA-N20-C2 I1
and M2–M4 were also significant, exceeding the 95% CIs. The calibration biases between
NOAA-N20-ConstF and NASA-N20-C2 were very small, within 0.2% and 0.7% for M-band
and I-band RSBs, respectively.

Large inter-satellite biases exist between NOAA-20 and S-NPP VIIRS RSB SDRs, with
the S-NPP RSB reflectance bias higher than NOAA-20 RSBs. The inter-satellite biases
for VIS/NIR bands are larger, up to 4.5% for NOAA-generated SDRs and up to 7% for
NASA-generated SDRs. The inter-satellite biases in the SWIR bands are within 0.3% for
M8–M11. The biases in I3 are larger (more than 3.5%). In addition, these biases are mostly
constant over time. The inter-channel calibration consistency of VIIRS RSBs was analyzed
using SCIAMACHY-based DCC reflectance as the reference. The S-NPP VIIRS RSB DCC
reflectance values were slightly more consistent with those of SCIAMACHY compared
to NOAA-20. Bands M4 and M9 seem out of family in all five S-NPP and NOAA-20 RSB
SDRs and require further investigation.
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