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NOAA-20 VIIRS Reflective Solar Band
Post-launch Calibration Updates Two Years
In-orbit
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Abstract—The NOAA-20 Visible Infrared Imaging Radiometer
Suite (VIIRS) was launched on November 18,2017, and it has been
operational for more than two years and follows the first Joint
Polar Satellite System (JPSS) series of the Suomi National Polar-
Orbiting Partnership (S-NPP) mission. VIIRS has 14 Reflective
Solar Bands (RSBs) covering a spectral range of 0.41 to 2.3um.
The primary source of RSB calibration is the Solar Diffuser (SD)
and time dependent SD degradation is monitored by the Solar
Diffuser Stability Monitor (SDSM). The initial instability of the SD
degradation (H-factor) was resolved by updating SDSM Sun
screen transmittance function combining yaw maneuver data and
on-orbit SDSM data sets. After the H-factor improvements, the
VIIRS RSB calibration coefficients (F-factors) are updated and
applied to the operational Sensor Data Record (SDR) product
generation. To validate the SD F-factors, the lunar F-factors are
calculated by using a lunar irradiance model and compared the
trend differences between them. Over the two years of operation,
decreasing trends have been calculated with the SD F-factors,
whereas constant lunar F-factors were observed in bands M1 to
M4. With these discrepancies, the operational F-factors remained
unchanged since April 2018 because the Deep Convective Cloud
(DCC) and cross-calibration comparison results didn’t show any
further degradations in these bands. All the possible radiometric
calibration sources such as SD and lunar F-factors, DCC trends,
and cross calibration results are monitored, compared, and
applied by NOAA VIIRS sensor data record science team for the
best quality of the VIIRS SDR product.

Index Terms—NOAA-20, VIIRS, RSB, SD, SDSM, SD
degradation, H-factor, F-Factor, radiometric calibration, Lunar
irradiance model, SDR, DCC, Cross Calibration

I. INTRODUCTION

HE National Oceanic and Atmospheric Administration
(NOAA)-20 Visible Infrared Imaging Radiometer Suite
(VIIRS) is a major NOAA'’s earth observing polar orbiting
sensors following the predecessor Suomi National Polar-
Orbiting Partnership (S-NPP) satellite mission under the Joint
Polar Satellite System (JPSS) program. It was launched on
November 18, 2017 in a sun-synchronous polar orbit with an
equator crossing time of 13:25 in ascending node and a nominal
altitude of 829 km providing earth observations of land, ocean
and atmosphere for short-term and long-term monitoring and
forecasting. Similar to S-NPP, NOAA-20 also carries other
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state-of-art instruments called the Advanced Technology
Microwave Sounder (ATMS), the Cross-track Infrared Sounder
(CrlIS), and the Ozone Mapping and Profiler Suite Nadir
(OMPS). NOAA-20 VIIRS provides a complete global
observation daily with a large scan angle of 112 degrees with
the 22 spectral band covering 0.41um to 12.5um with spatial
resolution of 750 and 350 meters for Moderate (M) resolution
and Imaging (I) bands [2-5]. Because of the daily entire earth
coverage per day, the VIIRS Sensor Data Record (SDR)
products have provided many environmental and weather
related products called Environmental Data Records (EDRs)
such as aerosol, cloud, fire, polar wind, sea surface temperature,
snow, vegetation fraction, etc. The detailed EDR product
catalogue and documentations can be found at
https://www.star.nesdis.noaa.gov/jpss/JPSS products.php .

A series of Post Launch Tests (PLTs) had been performed to
check how the VIIRS SDR products were performing within
the JPSS program level 1 Requirements. For RSBs, the
calibration uncertainty in spectral reflectance for a scene at a
typical radiance is expected to be less than 2%, which had been
demonstrated in pre-launch laboratory testing [2]. With this
radiometric requirement, it was necessary to check on-orbit
behavior and performance of the primary RSB radiometric
calibration source of SD and SDSM for its degradation
monitoring. For S-NPP VIIRS, it was found that there were
differences between the prelaunch and yaw maneuver derived
SD and SDSM related transmittance functions. The
transmittance function that were derived from the yaw
maneuver data significantly improved SD degradation and
calibration coefficients called F-factors [6, 7]. Similar to the S-
NPP case, NOAA-20 VIIRS also showed significant
differences in the transmittance function especially for the
SDSM Sun view screen transmittance function [1, 8]. There
were large initial SD degradation (i.e. H-factor) up to 1.6% in
all the 8 detectors because of the problems in the prelaunch
Look-Up Table of the SDSM Sun view screen transmittance
[9]. The operational version of H and F-factors were derived by
adding regular on-orbit SDSM data sets with time dependent
gain change correction in the SDSM detectors 6, 7, and 8 [9].

After the initial update of the screen transmittance and SD
bidirectional reflectance functions, the H and F-factors showed
very consistent trending results [9]. In early 2019, these
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functions were updated again after covering the whole
operational range of the solar azimuth angle. Once the primary
SD F-factors show reasonable trends, they were compared with
the lunar F-factors to validate the long-term detector gain
changes. There were SD and lunar F-factor differences
observed especially in the short wavelength bands. The SD F-
factors indicated inverse detector gain degradation (or gain
increase) over time when they were compared to the lunar F-
factors considering the annual oscillation pattern. To validate
these changes, the DCC trending and cross-calibration results
were checked to track the real detector gain changes. From the
SD F-factors, lunar F-factors, DCC trending and cross-
calibration results, the final operational RSB F-factors were
decided and applied the operational version of the VIIRS SDR
products produced by NOAA.
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Fig. . NOAA-20 VIIRS Relative Spectral Response (RSR) function plot.

II. OVERVIEW OF VIIRS SENSOR

As a cross-track scanning radiometer, VIIRS sensor covers a
spectral range from 410nm to 2,250nm with 3 Imaging (I) bands
and 11 Moderate (M) resolution bands as shown in Fig. 1. Note
that the 12/M7 and I13/M10 are spectrally similar band pairs and
the Day Night Band (DNB) has a wide spectral response range
from 500 to 900nm range.

Similar to the legacy sensors such as Moderate Resolution
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Fig. 2. Cut-out View of the VIIRS Opto-Mechanical Module [10].
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Imaging Spectroradiometer (MODIS) or Very High Resolution
Radiometer (AVHRR), the VIIRS sensor has similar capability
of making continuous observations of the entire earth for
scientific applications of atmospheric, land and ocean studies
[4, 5]. For the accurate earth observations, VIIRS uses a Solar
Diffuser (SD) as a primary source of the RSB radiometric
calibration and the degradation of the SD is monitored by a
Solar Diffuser Stability Monitor (SDSM) as shown in Fig 2

[10].

The primary on-orbit radiometric calibration of VIIRS is
based on the frequent solar observations from the SD and
SDSM in each orbit near the South Pole for about one minute.
Within these 14 or 15 solar observations per day, the sun light
is attenuated by the two SD and SDSM screens and diffusely
illuminates the SD and the Spherical Integrating Sphere (SIS)
in the SDSM and the Rotating Telescope Assembly (RTA) as
shown in Fig 3. These SD observations are used for F-factors
which is radiometric calibration coefficients that correct for the
detector responsivity degradation [2, 10].
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Fig. 3. A simplified diagram of SD/SDSM screens, SD, SDSM and RTA
relations under the Sun illumination [1].

TABLEI
NOAA-20 VIIRS SDSM DETECTOR CENTER WAVELENGTH
[Der#g T 1 [ 2 [ 3 1 4 [ 5 1 6 [ 7 [ 38

[ cwinm] | 4115 [ 448.0 | 489.5 [ 549.5 | 674.0 | 744.5 | 868.0 | 912.0 |

A major assumption of the on-orbit SD calibration is that the
SD has the property of Lambertian surface over its degradation.
The SD degradation process was modeled as the surface
roughness-induce Rayleigh scattering by the Ultra Violet (UV)
exposure of the sun light[11]. The time and wavelength
dependent SD degradation (or called H-factor) is monitored by
the SDSM that measures a relative degradation to the initial pre-
launch condition as a ratioing radiometer between the Sun
observations as shown in Fig 3. SDSM tracks SD degradation
patterns at the SDSM detector center wavelengths as shown in
Table 1. The center wavelengths were calculated from the
middle points of the Full Width at Half Maximum (FWHM) of
the SDSM detector RSR.

The initial version of the SD degradation using the prelaunch
SDSM Sun screen transmittance and SDSM Bidirectional
Reflectance Function (BRF) showed abnormal large
oscillations, greater than 1 percent[1]. To resolve this H-factor
oscillation problem, yaw maneuver data and on-orbit SDSM
data sets were used to develop new sets of SDSM SD and RTA
view SD Bidirectional Reflectance Distribution Function
(BRDF) with SD screen transmittance Look-Up-Tables (LUTs)
and SDSM Sun screen transmittance function LUT. The newly
derived H-factors significantly reduced oscillations from 0.8
percent to 0.2 percent level. After achieving stable H-factors
using yaw and on-orbit SDSM data, they were applied to the
VIIRS calibration equation to derive F-factors, which was also
used in the NOAA’s production system called Interface Data



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 3

Processing Segment (IDPS) to generate VIIRS SDR.

III. VIIRS RADIOMETRIC CALIBRATION METHODOLOGIES

A. Primary Calibration from SD and SDSM

As shown in (1), the Earth View (EV) radiance is determined
by the bias removed DN which is denoted as lower case of letter
dngy, c-coefficients, and the F-factor which compensates
detector changes from the SD observations. The c-coefficients
were carefully determined using a National Institute of
Standard and Technology (NIST) traceable light source. The
band averaged c,/c; showed mean value on the order of 10 for
all RXB bands indicating very small non-linearity of the VIIRS
detectors [12].

__ F(co+cq-dngy+C, -dnky)
Ly = latoraney: M

In (1), RVSEey is Responses Versus Scan angle (RVS) which is
scan angle dependent relative reflectivity response on the Half
Angle Mirror (HAM). For the SWIR bands, a cubic equation is
used to compensate non-linearity issues.

The F-factor is calculated from each SD observation as the
ratio between the calculated at-aperture radiance and the
measured radiance from the dnsp. The F-factor is derived by

Cos(ginc)'Esun'Tsds'BRDFSDRTAILL?'RVSSD
sp = cotc1-dngp+Cardnp ’ @
Here, cos(6;,,) is the projection effect of the sun illumination
to the SD surface, Ej,, is Earth-Sun distance corrected solar
irradiance, Tg4s * BRDFgp,,.,is a combined function of the SD
screen vignetting function and SD BRDF at the RTA
reflectance angle, H(t#)/Hy describes the on-orbit time-
dependent SD degradation, and RVSSD is the relative
reflectivity of the HAM angle at the SD view. We assume that
the SD is a Lambertian surface in the neighboring angles of
RTA and SDSM views, so that the degradation of its surface
can be modulated by the H-factor (H(?)/Hy) as a factor to the
prelaunch measured 7445 * BRDFgp .., function. The H-factor is
defined in following (3) as a ratio of SD and Sun view responses
with the 8 SDSM detectors.

— dcsp'Tspsm 3)
dcsyuncos(0sp)Tsas’BRDFspsyQ

In (3), desp is the digital count (dc) of the SD view, Tgpg) 1S the
vignetting function of the SDSM screen, dcsyy is the digital
count (dc) of the Sun view, cos(8sp) is the projection effect of
the sun illumination to the SD surface, Ty45 - BRDFgpgy 1S a
combined function of SD BRDF at the SDSM view angle and
SD vignetting function, and Q is the solid angle effect of the
SDSM SD view port. The basic idea is that the H-factor is
observing the SD reflectance change by taking ratio the Sun
responses as a reference from the near-simultaneous
observations. Basic assumption is that the physical properties
of the screen transmittance functions are temporally invariant
in (3). Since the H-factor is a relative measure of SD BRDF

degradation, it is normalized to the fist point, Hy, when it is
applied to the F-factor in (2).

B. Alternative Calibration using the Scheduled lunar
collections

As shown in Fig. 2, the Space View (SV) port is located at
the Rotating Telescope Assembly (RTA) scan angle of -65.68
degrees in the clockwise direction relative to the Earth View
(EV) nadir angle. The viewing angle of the SV is about 3
degrees beyond the Earth limb at the nominal altitude of the
VIIRS sensors [8]. The VIIRS sensor can observed the moon
through the SV port on a monthly basis except July to October
since the moon goes below the earth limb. A spacecraft roll
maneuver and EV sector rotation are required to keep the moon
image in the desired location of VIIRS EV frame and a near
constant moon phase angle of -51 degrees [8, 13].

Similar to the SD F-factor concept, the lunar F-factor
requires irradiance and observed average radiance of the moon
in (4).

IGIRO (4)

2
TRinoon _ 1+cos(@)
e Disréat,moon

Epoon =

For each RSB bands, the lunar irradiance value is provided by
the Global Space-based Inter-Calibration System (GSICS)
Implementation of RObotic lunar observatory (GIRO version
1.0.0), and ¢ is phase angle of the moon, R0 1s moon radius,
and Distsu moon 18 distance between satellite and moon. Detailed
GIRO related documentations can be found at
http://gsics.atmos.umd.edu/bin/view/Development/LunarWork
Area.The L., represents averaged radiance of the effective
lunar pixels and it is calculated by following (5).

_ ZEffective Pixels LEffective Pixels
Lapg = (5)
NEffective Pixels

Once the SD and lunar F-factors are calculated, the lunar F-
factors are normalized to the SD F-factors to compare long-term
trends.

C. Post production validation using DCC

Deep Convective Clouds (DCCs) are extremely cold clouds
above which the absorptions due to water vapor and other gases
are minimal in the visible and near infrared (VIS/NIR)
spectrum. DCCs are bright targets and have nearly Lambertian
reflectance. The DCC technique has been widely used for post-
launch calibration and stability monitoring in the solar
reflective spectrum during the past decade [14]. Monthly DCC
statistics (mean and mode) have been used for S-NPP VIIRS
RSB/DNB long-term calibration stability monitoring [14, 15].
Daily DCC time series were introduced at NOAA STAR since
early January 2018 to support NOAA-20 VIIRS post-launch
test [16, 17].

The methodology used for generating daily DCC time series
is similar to that for the monthly DCCs presented in previous
studies, except that the mean and mode of DCC reflectance are
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TABLE II

NOAA-20 VIIRS key activities during the PLT period [1].
Start Date | End Date Event
11/18/2017 - N20 Launch
11/29/2017 - VIIRS activation
12/8/2017 - Electronics self-test
12/13/2017 - Nadir Door Open
12/30/2017 | 1/1/2018 Instrument safe mode
12/29/2017 - Scheduled lunar maneuver

1/3/2018 Cryoradiator door open

1/9/2018 1/12/2018 Extended WUCD
1/20/2018 | 1/22/2018 Compressed WUCD
1/25/2018 | 1/26/2018 Yaw maneuvers
1/27/2018 - Scheduled lunar maneuver
2/2/2018 2/3/2018 Instrument safe mode
2/21/2018 | 2/23/2018 RTA stow
2/26/2018 - Scheduled lunar maneuver
3/12/2018 | 3/14/2018 | Mid mission outgassing event

calculated on a daily basis. The criteria for identifying VIIRS
DCC pixels are summarized as follow: (1) M15 brightness
temperature is less than 205 K; (2) standard deviation of TB11
of the subject pixel and eight adjacent pixels is less than 1 K;
(3) standard deviation of TOA reflectance of the subject pixel
and eight adjacent pixels is less than 3% relative to the mean
reflectance of the nine pixels; (4) solar zenith angle is less than
40; (5) sensor view zenith angle is less than 35 [18]. The
anisotropic effects in the VIS/NIR bands were corrected using
the Hu et al. 2004 Angular Distribution Model (ADM). DCCs
over the entire Inter-Tropical Convergence Zone (ITCZ), with
latitude within £25°, were used.

D. Cross Calibration with S-NPP VIIRS with Simultaneous
Nadir Overpass (SNO)

Simultaneous nadir Overpass (SNO) and extended SNO
(SNOx) are two major techniques used to validate the
radiometric performance of NOAA-20 VIIRS. Details on
predicting SNOs for instrument comparison can be found on
[19]. SNO based inter-comparison is widely used technique and
is performed over high latitude polar region. During SNO event,
there is an orbital intersection between two satellites and thus
the instruments can be compared over near identical solar and
sensor geometry which largely reduces the uncertainties due to
BRDF differences. Although VIIRS instruments don’t have
direct SNOs, each VIIRS has SNO with Aqua MODIS and
hence, each VIIRS can be compared to Aqua MODIS and the
double differencing is performed to evaluate the VIIRS
radiometric agreements [20]. Bias time series of each VIIRS
instrument relative to Aqua MODIS is estimated. The spectral
difference between the two VIIRS instrument is accounted
using the (SCanning Imaging Absorption SpectroMeter for
Atmospheric CHartographY) SCIAMACHY spectra based
Spectral Band Adjustment Factor (SBAF)
(https://satcorps.larc.nasa.gov/cgi-
bin/site/showdoc?mnemonic=SBAF). The difference between

the two bias time series provides the level of radiometric
consistency between the VIIRS.
Steps:
1. VIIRS and MODIS data are collected for each SNO
event
2. TOA reflectance ROI of size 30 by 30 km are extracted
with center at orbital intersection for both VIIRS and
MODIS
3. Compute bias, Bias= (VIIRS-MODIS)*100%/MODIS
4. Extract bias time series for both the VIIRS relative to
MODIS
5. Apply SBAF to NOAA-20 VIIRS to match the S-NPP
RSR equivalent reflectance
6. Analyze the difference in two bias time series to
quantify the VIIRS bias

SNOs are performed over polar region whereas extended
SNOs are performed over low latitude tropical region. SNOx
provide comparison over wide dynamic range. Extended SNO
based inter-comparison over Saharan desert and clear sky ocean
has been demonstrated in the past to evaluate the radiometric
performance of S-NPP VIIRS by Uprety et al. [21]. This
technique is also used to quantify the NOAA-20 VIIRS bias.
The steps used to compute the VIIRS bias using SNOx is
similar to that of SNO. However, the comparison is performed
over the overlapping region between the two instruments that
are extended from the orbital intersections. Methodology
details can be found in past study [21].

IV. RESULTS

A. On-orbit RSB Related Calibration Activities during the
Post Launch Testing (PLT) Period

After the successful launch and activation of NOAA-20 on
November 18 and 28 of 2017, SDSM started its operation in
each orbit near the termination point from November 30, 2017.
The On-Board Calibrator Intermediate Product (OBCIP) files
include SD and SDSM collection information to derive the SD
H and F-factors. The nadir door was opened on December 13,
2017 but the normal Science Data Record (SDR) product only
became available from December 20, 2017 because of the lower
boundary value of the VIIRS-SDR-COEFF-B-LUT in the
production system. On December 29, 2017, the first scheduled
lunar collection was performed but SWIR bands responses were
not available since the cryroradiator door was not opened yet.
After opening cryroradiator door, SWIR and Thermal Emissive
Band (TEB) products were produced normally since January 3,
2018. From January 25 to 26, 2018, a series of 15 yaw
maneuvers was performed to derive on-orbit version of the SD
and SDSM related screen transmittance function and BRDF or
BRF LUTs. The second and third scheduled lunar collection
was performed on January 27 and February 26, 2018,
respectively. Because of the abnormal gain degradation
problems in the TEBs due to the ice buildup on the Focal Plane
Assemblies (FPA), a mid-mission outgassing was suggested
and performed from March 12 to 14, 2018 which restore the
TEB F-factors to the nominal levels. All the NOAA-20 VIIRS
related key events during the PLT period is listed in Table 2.
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B.  On-orbit RSB Related Calibration Activities during the
Post Launch Testing (PLT) Period

After the VIIRS activation on November 29, 2017, IDPS
started producing OBCIP files which includes the SD and
SDSM collections data. Based on the H-factor equation (3), the
initial SD degradation was calculated at each SDSM detector
wavelength as shown in Fig. 4. The H-factor was normalized to
the first SDSM collection point and it showed abnormal
oscillation patterns of SD degradation in each detector.
Considering monotonic SD degradation over time compared to
the S-NPP, these oscillation patterns were caused by prelaunch
measurement errors in the SDSM Sun transmittance screen
LUT (tspsy in (3)) [1]. The scattered points near day 69 when
the yaw maneuvers were performed in Fig. 4 also indicated that
there were problems in the prelaunch version of the SD/SDSM
LUTs. To validate functionality of SD and SDSM, 15 yaw
maneuvers were performed around the termination point near
the South Pole. To cover beyond the operational range called
‘sweet spot’, yaw maneuvers were performed uniformly as
shown in Fig. 5 with its orbit numbers. The NOAA-20 SDSM
Sun view sweet spot was defined as the solar elevation angles
between -1.6 and 1.6 degrees and azimuth angles between -18
and 18 degrees. Even though the maximum sweet spot of solar

NZO VIIRS raw H—factor
L B LA A o

Row H—factor

F +
0.98F x

F[+det 1xdet 2 odet 3 ndet 4 Cdet 5 det B det 7 det 8 |
L 1 1 1 1 1 1
20 30 40 50 60 70
Doys since lounch

Fig. 4. Initial NOAA-20 VIIRS H-factor using prelaunch LUTs.
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Fig. 5. NOAA-20 VIIRS yaw maneuver coverage in terms of SDSM Sun view
elevation and azimuth angles with the sweet spot range. The numbers represent
orbit numbers for all the yaw maneuvers.

azimuth angle was defined to be 18 degrees, it didn’t go beyond
0 azimuth during the two years of on-orbit operations

The yaw derived BRDF functions through the RTA and
SDSM SD view port were very similar to the prelaunch LUTs
within +£0.04 percent levels in different bands and detectors. But
the SDSM Sun transmittance function (tspsy) showed
significant differences at more than +1 percent levels, which
caused significant H-factor oscillations. Initially, the Tgpgpy
function was re-derived by using the yaw data set. Using (3), a
new version of H-factors were recalculated along with the
newly updated tg45 - BRDFspgy LUT. The SDSM detector
dependent degradation patterns were restored but the oscillation
problem was improved although not completely removed even
after applying the yaw maneuver data. To mitigate this H-factor
oscillation pattern, NOAA VIIRS SDR team considered to add
on-orbit SDSM data sets between the yaw maneuver data sets
as shown in Fig 6. All the on-orbit SDSM operations covered
the sweet spot elevation range continuously and the azimuth
angles were seasonally and slowly changed in relation with the
Sun locations to the SDSM Sun screen. As expected, the yaw
maneuver range well covers the on-orbit operational azimuth
range that are shown as green vertical lines in Fig. 6. After
adding the on-orbit SDSM data, the H-factor oscillation
problem was significantly improved to within 0.3% levels in all
the SDSM detectors in Fig. 7. Compared to the H-factors using
the prelaunch LUTs in Fig. 4, the yaw and on-orbit SDSM data
updated H-factors significantly improved the oscillation
patterns and showed expected direction of the SD degradations
over time with the detector dependencies. In addition, the yaw
maneuver points near day 69 in Fig. 7 were tightly clustered
together which validated our yaw maneuver analysis and LUT
derivations. It also should be noted that the update H-factors
were normalized to the day zero point by extrapolating the fits
in all the SDSM detectors. The day zero point is defined as the
NOAA-20 orbit insertion time on November 18, 2017 at
10:45:08 UTC. We assume that the rate of SD degradation had
been constant before the VIIRS activation time (without the on-
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Fig. 6. On-orbit SDSM data is shown in green vertical lines on top of the yaw
maneuver data. The on-orbit SDSM data up to orbit number 5100 (until Nov.
12,2018) lines filled up the gaps between the yaw maneuver lines.
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Fig. 7. Initially updated H-factor by using yaw maneuver and on-orbit SDSM
data. The dotted line near day 30 indicates the VIIRS EV nadir door open time.

orbit SDSM collections) and it can be extrapolated to the initial
point by a function fit in each detector.

Even though the updated tg5psy LUT reduced oscillations,
the detector 6, 7 and 8 H-factors showed abnormally large
degradation rates in Fig 7. compared to the S-NPP case [13].
The H-factors with SDSM detector 7 and 8 at wavelengths of
868 and 912 nm had approximately 0.7 percent degradation
near the 80 days on-orbit. For S-NPP VIIRS case, this rate was
achieved around 5 years of operation. To check this abnormal
detector gains, Fig. 8 shows on-orbit SDSM and yaw maneuver
data values were plotted at solar elevation angle of 1.0 degrees
in SDSM detector 8. The original on-orbit SDSM data sets (red
squares) provided detailed structures between the yaw
maneuver points (black asterisk) as expected [9]. However,
there is a time dependent differences between the yaw and
original on-orbit SDSM data points. The differences linearly
increased starting from the VIIRS mission with -2 degrees of
azimuth angle toward the angle -7 degrees in Fig 8. There was
almost no difference between yaw and original on-orbit SDSM
data near the azimuth angle of -7 degrees since the yaw
maneuvers were performed very close to the on-orbit SDSM
data at -7 degrees. It was also assumed that there was no gain
Using all orbits at elevation 1.00000 in det &
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Fig. 8. On-orbit SDSM and yaw maneuver data time dependent gain
correction. For better visualization, on-orbit SDSM data sets were selected
from the start of the VIIRS activation to orbit number 1034 (until January 30,
2018), which was close to the yaw maneuver date.

changes in either SDSM detectors or VIIRS detectors within
one day of yaw maneuver operations. But for the on-orbit
SDSM data near -2.5 degrees, there was approximately 2-
month time difference which caused time-dependent gain
differences (~0.4%). In each solar elevation angle sampling
point, the time dependent SDSM detector gains were linearly
corrected using the difference between the original on-orbit
SDSM and yaw maneuver data sets. The corrected on-orbit
SDSM profile is shown as green diamonds in Fig 8. After
applying the SDSM detector gain corrections in all the
detectors, the corrected on-orbit SDSM and yaw maneuver data
sets were aligned properly in the figure.

C. H-factor and F-factor updates

Once the SDSM detector dependency correction was applied,
a new version of the tspsy LUT was derived and applied to the
H-factor equation (3) with a full on-orbit operational range. The
updated H-factors are shown in Fig. 9 as of October 9, 2019.
Initially, the on-orbit SDSM collections was performed in every
orbit and it was reduced to every other orbit on December 8§,
2017 (Days Since Launch (DSL) 20). Because there was no
problem with its operations, the frequency was reduced to daily
starting from January 5, 2018. Later on as shown in Fig 9 in the
middle of H-factors, it was further reduced to weekly on
Mondays starting from March 1, 2018. The SDSM BRDF LUT
was updated only using the yaw maneuver results, since there
was no large differences between the prelaunch version and
yaw updated LUT. It should be noted that the H-factor in SDSM
detector 6, 7, and 8 had been back to normal level after the
SDSM gain corrections. The yaw maneuver points were also
nicely clustered around day 69 as expected. The H-factor
oscillation patterns were improved compared to the initial
H-factors in Fig 4.
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Fig. 9. Updated H-factors using yaw and on-orbit SDSM data sets with SDSM

detector gain correction as of October 9, 2019. The collection frequency was
changed from daily to weekly on March 1, 2019.
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When a stable and reasonable H-factor was ready, the F-
factor was derived based on (2) as shown in Fig. 10. The center
wavelength differences between the SDSM and VIIRS bands
were linearly interpolated in the wavelength domain. The
starting points of the VIS/NIR wavelength bands (M1~M?7)
were less than unity as shown in Fig. 10, which means that there
were discrepancies between the theoretical calculated radiance
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(nominator) and observed SD radiance (denominator) parts in
the SD F-factor equation (2). This indicated possible prelaunch
calibration self-deviations which is still under investigation by
prelaunch calibration team. On the other hand, the S-NPP SD
F-factors were very close to the unity in most of the RSB bands
[22].

The F-factors were very stable especially in all RSB bands
mostly within one percent level except band M1. Band M1, the
shortest wavelength, showed approximately 1.5% detector F-
factor decrease (or VIIRS detector gain increase) near DSL 690.
Similar F-factor drops (or gain increases) were observed in
S-NPP VIIRS case within bands M2~M4 approximately after 2
years of operations [22]. These SD based F-factor decreasing
patterns are observed in most of the H-factor applied bands
(M1~M7) and these changes need to be validated with lunar F-
factors and other trends such as DCC, SNO, and cross
calibration results.

Averaged RSB F—factors
T T T T T

e T T T
H+1 %12 am M2 xM3 M4 xM5  OME  AM7]

0.91 =

F—factor

0 200 400 600 800
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Fig. 10. NOAA-20 VIIRS SD F-factors in VIS/NIR bands.

D. Lunar F-factor Results

The scheduled Iunar collections starts with the predictions of
chances to view the moon in the SV with the desired lunar phase
angle (-51 degrees) and spacecraft roll maneuver. The negative
value of the desired phase angle means the moon is in the
waxing phase. Usually there are several chance of the lunar
collections and NOAA VIIRS team calculates the time and roll
angles and validates the collection information with NASA
VIIRS team. When reached agreement of the plan, the lunar
collection information is notified to the mission operation team.
After the lunar collection, the corresponding Raw Data Record
(RDR) granules near the collection time are processed to extract
the moon image as shown in Fig. 11. All the scheduled lunar
collections are listed in Table III. Note that the normal VIIRS
SDR products are masked with a fill values in the EV values
during the roll maneuver.

To be able to compare the SD and lunar F-factors, lunar F-
factors are normalized to the SD F-factors first in each band
individually. Then the SD F-factors are also normalized to
visualize the percent changes as shown in Fig. 12. The GIRO
(or ROLO) lunar irradiance model only can be used for relative
calibration changes, since there was high uncertainties of the
atmospheric correction and the reverence Vega star irradiance

TABLE III
NOAA-20 VIIRS scheduled lunar collections

Date Time [UTC] Lunar phase angle
2017-12-29* 10:03:56 -50.58
2018-1-27 19:22:49 -51.34
2018-2-26 04:47:03 -51.13
2018-3-27 12:32:59 -51.16
2018-4-25 20:21:36 -50.98
2018-5-25 05:53:34 -50.31
2018-6-237 13:43:07 -51.42
2018-11-19 01:54:45 -50.99
2018-12-18 17:56:39 -51.32
2019-1-17 09:59:05 -50.81
2019-2-15 22:44:41 -50.84
2019-3-17° 08:11:05 -51.19
2019-4-15 15:59:10 -51.02
2019-05-14 22:08:01 -50.91
2019-06-13 04:17:20 -50.87

*Moon center was located in the 2-sample aggregation zone.
"No lunar roll maneuver was performed.

values. In addition, the GIRO used Wehrli solar irradiance
model, whereas NOAA-20 VIIRS uses Thuillier solar model
[23]. These solar irradiance model differences may produce
different constant levels in the VIIRS RSBs.

In Fig. 11, all the SD F-factors were normalized to the first
point of the SD F-factor in each band. Corresponding lunar F-
factors were normalized to the second lunar collection because
the Cryoradiator door was closed with the first collection which
created thermal instability. Note that there were large annual
gaps in the lunar F-factors around 300 and 650 DSL because
the moon went below the Earth limb during the summer seasons
(usually July to October in each year). The long-term trends
between SD and lunar F-factors were consistently within one
percent level in each band, however, the lunar F-factors showed
larger annual oscillations patterns compared to the SD F-
factors. With presence of these annual oscillation patterns in
both SD and Iunar F-factors, the SD F-factors had been
decreasing especially in the short wavelength bands of M1 to
M4. In band M1 (black solid line in Fig. 11) which showed
largest drop approximately 1.5 percent around 700 DSL, the
lunar F-factors (black plus signs) did not show the same level
of change even though the large annual oscillation was
considered. Lunar F-factors even showed stable responses
when the same month of the year F-factors were compared
based on the information from Table III.

VISNIR band SD F—factors vs GIRO based Lunar F—factors
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g. 11. Normalized SD and lunar F-factors in VIS/NIR bands.
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E. DCC Trending Results

Fig. 12 shows NOAA-20 daily DCC time series for bands
M1-M4 from January 2018 to September 2019. NOAA-20
VIS/NIR band calibration has been generally stable after the
latest F-factor update on April 27, 2018, and comparable to S-
NPP. Smaller upward trends were observed (~0.3%/year in M1
and M2 and 0.2%/year in M3-M4), but their magnitudes are
similar to uncertainty levels (~ +£0.25%). Trends in bands M5,
M7, and 11-12 are also small (~0.1-0.2%) and similar to their
uncertainty levels. Some variations in NOAA-20 and S-NPP
DCC reflectance are observed in November, 2018, possibly
caused by uncertainties in the calibration parameters and annual
cycles in the DCC reflectance. During the early mission,
manual F-factor updates do caused abrupt calibration changes
in VIS/NIR radiances, especially in M1-M3. Users are strongly
encouraged to use operational NOAA-20 RSB data after April
27,2018.

[ Trend and Uncertainty(% /year, Ssince Apr. 27, 2018)
1.05— M1 0.33+0.25%
FooM2 0.28+0.26%

M4 0.21£0.25%
1.00

osoll N i L‘.h\ %MWW!WWW WWW ,w%l hm\mwﬂww:’w 'R

0.85 —

Daily DCC Reflectance (Mode)

1/2018 3/2‘018 5/2‘018 7/2‘(]18 9/2‘(]18 11/;0]8 1/2‘019 3/2‘019 5/2‘019 7/2‘019 9/2‘019
Fig. 12. NOAA-20 bands M1-M4 daily DCC time series. All statistics shown
in this figure were calculated using data after the latest F-factor update on April
27,2018.

F. Cross Calibration Trending Results over SNOs

Fig. 13 shows the bias time series of VIIRS band M1 relative
to AQUA MODIS for both NOAA-20 (red) and S-NPP (blue).
The difference between the blue and red data indicates the
radiometric consistency between the two VIIRS instruments.
Although it is expected for two VIIRS instruments to be highly
consistent, the study suggests near consistent bias of 2-3% for
the entire reflective solar bands. NOAA-20 VIIRS TOA
reflectance is lower than S-NPP for all the bands, M1-11. Both
SNO (Fig. 13 Top) and SNOx (Fig. 13 Bottom) derived bias
time series indicate a large drop in NOAA-20 VIIRS during
early launch after applying the on-orbit based H-factor in the
operational calibration. Even though the individual VIIRS bias
time series is not constant over time, there is no noticeable
change in NOAA-20 VIIRS bias relative to S-NPP. This
indicates temporally stable NOAA-20 VIIRS calibration
relative to S-NPP.

G. Operational F-factor for NOAA VIIRS SDR production

Based on the SD as the primary calibration source, the F-
factors derived from the solar measurements have shown a
small detector gain increase for the visible and near infrared
bands. These changes were not observed in the lunar F-factors
as shown in Fig. 11 even though the annual oscillation patters
were considered. On top of the lunar trending results, other
long-term DCC, PICS, SNO and SNOx trending results also
didn’t show any evidence of gain changes especially in the short
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Fig. 13. NOAA-20 VIIRS bias time series using SNO and SNOx for M1. The
top figure shows polar snow and the bottom figure shows results from the
Saharan desert.

wavelength bands (M1-M4). The near real-time DCC trending
and other PICS site trending plots are available on the NOAA
Calibration Center (NCO) website at
https://ncc.nesdis.noaa.gov/INOAA-20/VSTS.php. Fig. 14
shows band averaged NOAA operational F-factors delivered to
the VIIRS SDR production system. The initial increases in the
F-factors until January 2018 were caused by setting H-factor to
be one because of the initial H-factor oscillation problems. That
was equivalent to assuming that the observed F factor trends
were due to degradation of the VIIRS RSB radiometric
response and not due to the SD degradation. However, in
hindsight, it is clear that the assumption of response degradation
was incorrect. A better approach would have been to
extrapolate the F-factor trends to the beginning of the NOAA-
20 mission and to use these extrapolated F-factors unchanged
until actual H-factor values became available, assuming in
effect that the F factor trends were only due to the SD

degradation.
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Fig. 14. NOAA-20 VIIRS operational SD F-factors delivered to SDR
production as of October 10, 2019.
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The actual H-factors were first applied in the F-factor
calculations in March 2018 after the processing parameters
were improved based on the SDSM measurements during the
yaw maneuvers and the regularly scheduled collects. The most
satisfactory F-factors were generated only in April 2018 by
applying for NOAA-20 the same -calibration software,
RSBAutoCal, used for Suomi NPP in the NOAA operational
processing of VIIRS SDR [24, 25]. These F-factors have been
applied in the VIIRS SDR production since April 27, 2018.
Based on all the trending results, the RSB F-factors have been
maintained constant since then. Nevertheless, NOAA VIIRS
team is closely monitoring all these calibration sources to
provide best quality of the VIIRS SDR product. Future updates
to the RSB F factors can be expected based on further
improvements in the processing parameters, including those
that may result from the lunar measurements.

V. SUMMARY AND CONCLUSIONS

NOAA-20 VIIRS has been operating normally since its lunch
on November 18, 2018. The functionalities and performances
of the VIIRS sensor were tested and validated through a set of
PLTs. This study showed the radiometric calibration related
issues, updates and on-orbit validations results in the RSBs.

The primary radiometric source of RSB calibration is based
on the SD BRDF with SDS which carried traceability to the
prelaunch radiometric calibration standards. Using the SDSM
collections, the initial SD degradation results showed abnormal
oscillations up to 1.6 percent. To resolve the initial SD
degradation anomalies, the combined yaw maneuver data and
on-orbit SDSM data set was used to re-derive the Tg4ys -
BRDFgpya, Tsqs * BRDFspsy, and tgpgy functions. When they
were compared to the prelaunch measured LUTs, the tspsp
function showed significant differences thought out the
operational ranges of SDSM elevation and azimuth angles more
than 1 percent levels, which directly affected to the SD
degradation. With the time-dependent SDSM detector gain
correction and updated on-orbit SDSM data set, a stable and
reasonable H-factors were achieved and applied to the SD
F-factors using RSBAutoCal. As a result, a set of constant
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operational F-factors were applied to the NOAA-20 VIIRS
SDR production since April 27, 2018.

To monitor the on-orbit detector responsivity changes, the
primary radiometric calibration coefficients, the SD F-factors,
have been compared with the monthly lunar F-factors. Over the
last two years, the lunar F-factors remained mostly in the same
level considering annual oscillation patterns. On the other hand,
short wavelength SD F-factors in bands M1 to M4 showed F-
factor drops approximately 1.5 to 0.5 percent levels. To decide
true detector trends, the DCC responses were checked as a part
of the post SDR wvalidation. Generally, VIS/NIR band
radiometric trends are generally stable after the last operational
F-factor update on April 27, 2018. There were small upward
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the cross-calibration over the PICS using the Aqua MODIS as
a transferring radiometer for S-NPP and NOAA-20 VIIRS
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constant operation SD F-factors updated on April 27, 2018 for
the best radiometric quality of the NOAA-20 SDR products.
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