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The Effects of VIIRS Detector-Level and
Band-Averaged Relative Spectral Response
Differences Between S-NPP and NOAA-20

on the Thermal Emissive Bands
Lin Lin and Changyong Cao

Abstract—The Joint Polar Satellite System-1 (renamed NOAA-
20 after reaching the polar orbit) was successfully launched on
November 18, 2017, into an afternoon orbit with a local equator
crossing time of ∼1:30 P.M., in the same orbital plane as the
Suomi National Polar-orbiting Partnership (S-NPP) but with a
time separation of 50 min. The NOAA-20 Visible Infrared Imaging
Radiometer Suite (VIIRS) will become the primary operational
imager succeeding the VIIRS onboard S-NPP, which has been in
orbit for more than six years. Although the VIIRS onboard S-NPP
and NOAA-20 have identical designs, there are small differences
in the relative spectral response (RSR) in most bands. Previous
studies have shown that minor differences in the S-NPP RSRs
at thermal emissive bands (TEBs) can lead to several effects at
the detector level, such as striping in sensor data record (SDR)
products. Such differences may explain the striping pattern found
in S-NPP VIIRS sea surface temperature (SST) products. This
article analyzes the detector-level and operational band-averaged
RSRs for NOAA-20 VIIRS TEBs and examines the radiometric
response to them using the line-by-line radiative transfer model at
a very high spectral resolution for convolving with the RSRs. We
also evaluate the impact of RSR differences between S-NPP and
NOAA-20 for radiometric biases and potential striping in VIIRS
TEB SDR brightness temperature. This article will contribute
toward measurement consistency for long-term observations in the
thermal infrared bands and ensure the quality of retrieval data
produced by VIIRS, such as SST, fire, and other retrievals.

Index Terms—Line-by-line radiative transfer model
(LBLRTM), relative spectral response (RSR), sensor data record
(SDR) product, thermal emissive band (TEB), Visible Infrared
Imaging Radiometer Suite (VIIRS).

I. INTRODUCTION

ON NOVEMBER 18, 2017, the Joint Polar Satellite
System-1 satellite was successfully launched into an
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orbit with an inclination angle of 98.7° to the equator and 824 km
above the earth, joining the Suomi National Polar-orbiting
Partnership (S-NPP) satellite in the same orbit with a separation
of half an orbit or ∼50 min. Onboard both NOAA-20 and
S-NPP satellites is the Visible Infrared Imaging Radiometer
Suite (VIIRS), which is a scanning imaging radiometer that
produces global imagery and radiometric measurements of the
land, atmosphere, cryosphere, and oceans in the visible and
infrared bands with moderate spatial resolutions. VIIRS has
22 spectral bands, covering the wavelengths from 0.4 to 11.8
μm, including 14 reflective solar bands (RSBs), seven thermal
emissive bands (TEBs), and one day–night band (DNB). At the
VIIRS focal plane, each moderate-resolution (M) band has 16
detectors aligned in the along-track direction, and as the rotating
telescope assembly scans the earth, these detectors sweep out
a swath from scan angle −56.28o to +56.28o [1]. A striping
pattern in the imagery of the measured brightness temperature
occurs along the track as a side effect of such a multidetector
arrangement. Tables I–III summarize general information
and calibration specifications (spec) along with the on-orbit
signal-to-noise ratio (SNR), noise equivalent ΔT (NEDT)
performances of the NOAA-20 VIIRS and S-NPP bands.

Since launch, the ground interface data and processing seg-
ment (IDPS) has processed NOAA-20 VIIRS data including cal-
ibration, geolocation, telemetry, and housekeeping. The raw data
processing software, which employs the radiometric calibration
algorithm, converts raw digital numbers from earth view (EV)
observations into various sensor data record (SDR) radiance
products. NOAA-20 VIIRS SDR data were declared at the beta
maturity level on January 25, 2018, the provisional maturity
level on February 19, 2018, and the validated maturity level on
June 15, 2018, after intensive evaluations of the instrument per-
formance and significant improvements in the radiometric and
geometric accuracies. Radiometrically calibrated, earth-located,
and spectrally defined data from one or more VIIRS bands, SDRs
are used as input to retrieve VIIRS Environmental Data Record
(EDR) products. VIIRS provides over 20 EDR products, includ-
ing snow/ice cover, clouds, fog, aerosols, fire, smoke plumes,
vegetation health, and phytoplankton abundance/chlorophyll.
The NOAA JSTAR website provides the maturity level sta-
tus of these products (https://www.star.nesdis.noaa.gov/jpss/
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TABLE I
REQUIREMENTS AND CHARACTERISTICS OF VIIRS RSBS

∗Ltyp: Typical calibration spectral radiance in W/(m2 · sr · μm)∗∗For S-NPP M11,
Ltyp = 0.12 W/(m2 · sr · μm) #SNR: Unitless $HG: High Gain &LG: Low Gain.

TABLE II
REQUIREMENTS AND CHARACTERISTICS OF VIIRS TEBS

∗Ttyp: Typical calibration temperature in K.

TABLE III
REQUIREMENTS AND CHARACTERISTICS OF VIIRS DNB

∗Lmin: Minimum spectral radiance required to meet calibration specification in
W/(m2 · sr · μm).

AlgorithmMaturity.php). VIIRS SDR and EDR products have
been distributed to the user community from NOAA’s com-
prehensive large array-data stewardship systems (CLASS) for
various applications, such as monitoring hurricane/typhoons,
and measuring cloud and aerosol properties, ocean color, sea and
land surface temperatures, ice motion and temperature, active
fires, and Earth’s albedo.

The VIIRS detector-level relative spectral response (RSR) is
measured during prelaunch testing. However, for simplification
and computational efficiency, the IDPS uses the band-averaged
RSR, i.e., the average of all detector-level RSRs [2]. Previous
studies [3], [4] have compared the detector-level and band-
averaged RSRs of the S-NPP TEB M15 (10.7 μm) and M16
(11.8 μm) bands and evaluated the effects of the detector-level
spectral response on striping in the TEB SDRs. Small differences
in the detector-level RSR tends to lead to striping in SDRs. For
example, S-NPP VIIRS level-2 sea surface temperature (SST)
retrievals show a clear striping pattern. Such a striping pattern
would degrade the quality of the SST retrieval and would also
deteriorate the performance of the VIIRS cloud mask product.

In this article, we examine the effects of the detector-level
and band-averaged RSRs on NOAA-20 VIIRS TEBs. We also
assess in detail the impact of the spectral response differences
between S-NPP and NOAA-20 on VIIRS TEBs using radiative
transfer model simulations and SDR brightness temperature
products. Section II introduces the methodology used to sim-
ulate VIIRS TEB radiances/brightness temperatures using a
radiative transfer model. Section III compares the model-
simulated TEB radiances/brightness temperatures from S-NPP
and NOAA-20 band-averaged RSRs. Section IV presents the
impact of detector-level and band-averaged RSR differences
on NOAA-20 VIIRS TEB simulations. Section V discusses the
effects of detector-level RSRs on S-NPP and NOAA-20 VIIRS
SDR striping. Section VI gives a summary and conclusions.

II. METHODOLOGY FOR SIMULATING VIIRS TEB RADIANCES

USING THE LINE-BY-LINE RADIATIVE TRANSFER

MODEL (LBLRTM)

In this article, the LBLRTM developed by Atmospheric and
Environmental Research, Inc., is used to simulate VIIRS TEB
radiances. The LBLRTM is an accurate and flexible radiative
transfer model covering the full spectrum from the microwave
to the ultraviolet [5]–[7]. It employs the Voigt line shape at
all atmospheric levels, the self- and foreign-broadened wa-
ter vapor continuum model, the MT_CKDwater vapor contin-
uum absorption model [8]–[10], and HITRAN line database
parameters [11]–[14]. High-resolution spectral measurements
from the ground [9], [15] and from satellite [16]–[18] have
validated the LBLRTM, and calculations in the thermal in-
frared region are a reference standard for intercomparisons of
radiative transfer models. Moreover, it has been widely used as
the foundation for retrieval algorithms and to train fast RTMs
(such as the community radiative transfer model) employed
in numerical weather prediction data assimilation systems [7].
More details about the LBLRTM including recent updates have
been summarized by others [6], [7].

To represent the range of variations in temperature, water
vapor, and absorber amount in the real atmosphere, six rep-
resentative atmospheric conditions in the LBLRTM (tropical,
mid-latitude summer, mid-latitude winter, sub-arctic summer,
sub-arctic winter, and the 1976 U.S. standard atmosphere) are
used to perform VIIRS TEB simulations. For simplicity, simula-
tions were carried out under clear-sky conditions, and the surface

https://www.star.nesdis.noaa.gov/jpss/AlgorithmMaturity.php
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was set to be an ocean surface with temperatures of 300, 290,
273, 280, 263, and 290 K for the six atmospheres, respectively.

The latest version of LBLRTM V12.8 released in August 2017
is used to simulate the top-of-the-atmosphere (TOA) radiance at
a spectral resolution of 0.01 cm−1 for VIIRS TEBs. Because
the output of the LBLRTM is in wavenumber (ν) space, the
measured detector-level and band-averaged RSRs in wavelength
space r(λ) are converted to wavenumber space r(ν) first. A linear
interpolation in wavenumber is then carried out to ensure an even
wavenumber sampling. After that, the LBLRTM output TOA
spectral radiance R(ν) at wavenumber v is convolved with the
RSR r(ν) (either detector level or band averaged) to obtain the
in-band mean effective radiance R as follows:

R =

∫ ν2

ν1
r(ν) ·R(ν)dν
∫ v2

v1
r(ν)dν

. (1)

The effective brightness temperature (Tb) is then converted
from R using precalculated VIIRS-radiance to brightness-
temperature conversion look-up tables (LUTs). The original VI-
IRS LUTs [19] provide the conversion of radiance in wavelength
units to temperature. However, the spectral radiance output from
the LBLRTM is in wavenumber units. We therefore computed
the spectral radiance L(ν, T ) of wavenumber ν (unit: cm−1)
at the (blackbody) temperature T (unit: K) in the original VIIRS
LUT using the Planck function according to

L(ν, T ) =
c1ν

3

e
c2ν
T − 1

(2)

where c1 = 1.191042 × 108 W/(m2 · sr · ctextm−1), and
c2 = 1.4387752 K · cm. Detector-level and band-averaged ef-
fective brightness temperatures, i.e., Tb (det RSR) and Tb (avg
RSR), respectively, can be converted from radiances using their
corresponding LUTs. The difference between Tb(det RSR)and
Tb(avg RSR) will be investigated to assess the impact of detector-
level RSR differences on striping, possible atmospheric depen-
dence, and detector stability in the following section.

III. DIFFERENCES IN VIIRS TEB BAND-AVERAGED RSRS

BETWEEN NOAA-20 AND S-NPP

VIIRS is a whiskbroom scanning radiometer with a scan angle
range of 112.56o at a nominal altitude of 829 km. It has many
detectors with slightly different RSRs. The band-averaged RSR
is the average of all detector RSRs within a given band, deter-
mined through measurements made during prelaunch testing.
Although VIIRS detector-level RSRs are available, VIIRS SDR
brightness temperature retrievals are derived from radiance data
using the band-averaged RSR for each band by IDPS to simplify
processing and optimize computational efficiency.

The detector-level and band-averaged RSRs for S-NPP and
NOAA-20 are available at the STAR JPSS website (https://www.
star.nesdis.noaa.gov/jpss/VIIRS.php). The S-NPP VIIRS RSRs
have been measured multiple times and independently analyzed
by both the Northrop Grumman and Government teams. In this
article, we chose the S-NPP RSR from instrument-level testing
version 1.0 published in April 2013 (https://ncc.nesdis.noaa.
gov/VIIRS/VIIRSSpectralResponseFunctions.php) and the

Fig. 1. Band-averaged RSRs for VIIRS TEBs M12−M16 on S-NPP (dotted
lines) and NOAA-20 (solid lines).

Fig. 2. Effective brightness temperature differences between using NOAA-20
and S-NPP band-averaged RSRs (TNOAA−20

b
− TS−NPP

b
) in VIIRS TEBs

M12-M16 from LBLRTM simulations for six representative atmospheres.

NOAA-20 RSR published in November 2016 (https://ncc.
nesdis.noaa.gov/NOAA-20/J1VIIRS_NOAA20_SpectralResp
onseFunctions.php). The spectral sample interval of the RSRs
for bands M12, M13, M14, M15, and M16 (band M16 includes
two detector arrays A and B, which are time-delay integrated) is
at 0.0065, 0.0075, 0.02, 0.05, and 0.06 μm, respectively. Fig. 1
shows the band-averaged RSRs of VIIRS TEBs M12-M16
for S-NPP and NOAA-20. Except for M14, the S-NPP and
NOAA-20 band-averaged RSRs differ. This may lead to
radiometric biases between S-NPP and NOAA-20.

Fig. 2 provides a summary of the magnitudes of the Tb

differences resulting from the use of S-NPP and NOAA-20
VIIRS TEB band-averaged RSRs from LBLRTM output for
six atmospheres. The magnitudes in M13 and M16 for all
atmospheric conditions are larger than in other bands (>0.02 K).
The magnitudes of the differences depend on the atmospheric
condition: tropical and mid-latitude cases generally have a larger
magnitude than the subarctic case, except for the subarctic sum-
mer case for M13. In general, the Tb differences show a depen-
dence on the atmospheric condition although the magnitudes of
the differences are less than 0.06 K. When generating long-term

https://www.star.nesdis.noaa.gov/jpss/VIIRS.php
https://ncc.nesdis.noaa.gov/VIIRS/VIIRSSpectralResponseFunctions.php
https://ncc.nesdis.noaa.gov/NOAA-20/J1VIIRS_NOAA20_SpectralResponseFunctions.php
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Fig. 3. Sixteen detector-level (color-coded) and band-averaged (black) RSRs
of NOAA-20 VIIRS M15, M16A, and M16B.

consistent VIIRS TEB observations, careful consideration of the
radiometric biases of NOAA-20 and S-NPP is needed.

IV. DIFFERENCES BETWEEN DETECTOR-LEVEL AND

BAND-AVERAGED RSRS FOR NOAA-20 AND S-NPP
FROM LBLRTM SIMULATIONS

In this section, we analyze the possibility of striping caused
by the difference in the effective brightness temperature (ΔTb)
between the detector-level and band-averaged RSRs, expressed
as

ΔTb = Tb(det RSR)− Tb(avg RSR) (3)

where Tb(det RSR)and Tb(avg RSR)are the Tb computed us-
ing detector-level and band-averaged RSRs, respectively, (see
Section II).

Fig. 3 shows the detector-level and band-averaged RSR func-
tions for NOAA-20 VIIRS M15, M16A, and M16B [1]. The
NOAA-20 RSRs are slightly different among the detectors be-
cause of the staggered detector layout of each channel’s detectors
on the focal plane array. This induces small optical path differ-
ences between detectors not accounted for by the band-averaged
RSR for each channel [20]. Such differences are expected to
affect in-band radiances and hence Tb. Fig. 4 shows the impact
of this detector-level variation on imagery artifacts.

Fig. 4(a) for NOAA-20 M15 shows a clear atmospheric
dependence. An odd/even detector pattern due to the staged

Fig. 4. Effective brightness temperature difference between detector-level
and band-averaged RSRs (ΔTb = Tb(det RSR)− Tb(avg RSR)) for six
representative atmospheres in NOAA-20 VIIRS TEB. (a) M15. (b) M16.
(c) Difference M15−M16.

detector layout on the focal plan [20] is also observed. The
smallest brightness temperature difference ΔTb is at detector
4 (the difference is close to zero), meaning that this detector
matches the band-averaged RSR best. The magnitude of the
variation is 0.018 K for the tropical atmosphere, and 0.033 K for
the subarctic atmosphere. Detectors 1 and 2 deviate most from
the band-averaged RSR than other detectors. TheTbfor detectors
1–3, 5, and 15 are smaller than the band-averaged value, but the
Tb for detectors 6–14 and 16 are larger than the band-averaged
value.

M16 is the average of M16A and M16B [Fig. 4(b)]. There is a
more obvious atmospheric impact on the M16ΔTb. In contrast to
M15 [Fig. 4(a)], the tropical atmosphere has the largest variation,
with a magnitude of 0.036 K, and the subarctic atmosphere ΔTb

variation is 0.012 K. Detectors 1, 2, and 16 deviate more from
the band-averaged RSR than other detectors. Detectors 5 and
14 match the band-averaged RSR better. The odd/even detector
pattern is not as obvious as in M15. Fig. 4(b) also shows that in
the M16 band, Tb for detectors 1–5 and 14–16 are larger than
the band-averaged value, but Tb for detectors 6–13 are smaller
than the band-averaged value.

The differences in observed Tb between M15 and M16
(Tb,M15 − Tb,M16) are used in level 2 VIIRS SST EDR
retrievals [3], [21], [22]. This technique tends to magnify
Tb,M15 − Tb,M16 by roughly a factor of 3–4, which in turn can
amplify system artifacts and propagate into the SST products
[21], [22]. Therefore, the difference between detector-level and
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Fig. 5. Magnitude of brightness temperature difference ΔTb between using
detector-level and band-averaged RSR for six atmospheric conditions.

band-averaged brightness temperaturesTb,M15 − Tb,M16 is also
analyzed [Fig. 4(c)]. The Tb for detectors 1–5, 15, and 16 are
smaller than the band-averaged value, but the Tb for detectors
6–14 are larger than the band-averaged value. There is also an
atmospheric dependence, with the magnitude of the variation in
Tb,M15 − Tb,M16 equal to 0.041 K for the tropical atmosphere
and 0.04 K for the subarctic. In other words, the atmospheric
impact is more obvious in the band difference Tb,M15 − Tb,M16

[Fig. 4(c)] than for a single band [Fig. 4(a) and (b)]. VIIRS Earth
observation data are further analyzed in Section V to examine
whether there are a systematic atmospheric dependence and
detector stability in operational VIIRS SDR radiance products.

Fig. 5 provides a summary of the magnitudes of the Tb differ-
ences resulting from the use of detector-level and band-averaged
NOAA-20 RSRs from LBLRTM output for six atmospheres,
i.e., the maximum variation in ΔTb for all 16 detectors shown
in Fig. 4. The magnitude of Tb,M15 − Tb,M16 is larger than that
in a single band. Comparing M16 and Tb,M15 − Tb,M16, M15 is
much less atmospheric-state dependent. Except for M15 and the
standard atmosphere case, the magnitude has a clear atmospheric
dependence, i.e., the tropical case has a much larger magnitude
than the subarctic cases.

In general, the results from LBLRTM simulations suggest that
atmospheric dependence exists although the magnitude of ΔTb

between detector-level and band-averaged RSR for different
atmospheric conditions is less than 0.06 K. Water vapor also
has an impact on the striping pattern seen in satellite images.
For example, in M16, the variance of ΔTb between using the
detector-level and band-averaged RSRs is the largest for the
tropical case and the smallest for the subarctic winter case. That
is, a warm and moist atmosphere has a larger atmospheric impact
onΔTb than a cold and dry atmosphere. The atmospheric impact
is more obvious in the band difference Tb,M15 − Tb,M16 than
for a single band. The variances of ΔTb for the tropical and
subarctic atmospheres are 0.041 and 0.04 K inTb,M15 − Tb,M16,
and 0.036 and 0.012 K in M16, respectively. Compared to the
band-averaged situation, detectors 1–3 show larger atmospheric
effects, with detector 1 showing the largest difference up to 0.041
K for the optical case. This suggests that these detectors are more
sensitive to gain instability than the other detectors due to the
inherent artifacts induced by the detector-level RSR differences.

Compared with the assessment of the effects of the S-NPP
VIIRS M15/M16 detector radiometric stability and RSR vari-
ations in striping [3], [4] (figures omitted), there are some
similarities and slight differences between NOAA-20 VIIRS
M15/M16. For both S-NPP and NOAA-20, detectors 1 and
2 deviate most from the band average than other detectors at
M15/M16. The atmospheric impact on the Tb difference in M16
is stronger than that in M15, and the tropical atmosphere case
has the largest variation. Apparent odd/even detector patterns
are noticeable as well. At M16, the Tb for detectors 1–5 are
larger than the band-averaged value, but the Tb for detectors 6
and 8–16 are smaller than the band-averaged value. However,
for S-NPP, the smallest Tb difference for M15 is at detector 5
(not detector 4 as for NOAA-20). The magnitudes of the vari-
ations caused by the detector-level RSR are smaller for S-NPP
M15 (0.01 K for the tropical atmosphere and 0.025 K for the
subarctic atmosphere) and larger for S-NPP M16 (0.063 K for
tropical atmosphere and 0.022 K for subarctic atmosphere) and
Tb,M15 − Tb,M16 (0.071 K for the tropical atmosphere and 0.048
K for the subarctic atmosphere). Also, S-NPP VIIRS M15 and
M16 ΔTb are negative at detectors 15 and 16 and positive
at detector 1, leading to a larger ΔTb between detectors 16
and 1, and therefore a larger brightness temperature difference
Tb,M15 − Tb,M16 between detectors 16 and 1. The difference
between M15 and M16 is smaller for NOAA-20 (∼0.055 K)
than for S-NPP (∼0.07 K). The striping in the NOAA-20 TEB
SDRs is thus expected to be ∼20% less than that in the S-NPP
TEB SDRs, which may also be reflected in the SST retrievals.

V. STRIPING PATTERNS IN NOAA-20 AND S-NPP
VIIRS TEB SDRS

The operational IDPS uses band-averaged RSRs to derive
SDR Tb products, under the assumption that the detector-level
RSRs for a given band are not significantly different from the
band-averaged RSR. The LBLRTM simulations presented in
Section IV demonstrated that there is a noticeable impact of the
detector-level and band-averaged RSR differences on the TEBs.
In this section, a sample of operational NOAA-20 VIIRS Tb data
for bands M15 and M16 are analyzed to examine the existence
of the striping pattern in SDR radiance products.

The sample shows a clear-sky “uniform” open ocean surface
near the Bay of Bengal on April 21, 2018 (Fig. 6). It has the size
of 62 pixels along the scan direction and 16 scans× 16 detectors
in the along-track direction.

Fig. 7 was produced by taking the average of each detector
(along the scan direction of 62 pixels) for each of the 16 scans
and then averaging the scan averages on a per detector basis
to assess if the systematic detector-level patterns in Section IV
are seen in this sample case. There is a general sloped structure
from detector 1–16 in M15 and M16 [Fig. 7(a) and (b)] and an
arc-like pattern across the detectors in M15−M16 [Fig. 7(c)].
There is also a clear detector-to-detector odd/even pattern in the
M16 data, though more evident in the M15 data with absolute
average detector-to-detector differences at the noise level of
∼0.02 and∼0.01 K for M15 and M16, respectively. As discussed
previously, the M15−M16 difference plays a critical role in the
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Fig. 6. NOAA-20 VIIRS SDR M15 (left panel) and M16 (right panel) bright-
ness temperatures (unit: K) of the clear-sky open ocean near the Bay of Bengal
on April 21, 2018.

Fig. 7. Detector-averaged brightness temperatures at (a) M15, (b) M16, and
(c) M15−M16, using the data shown in Fig. 6.

VIIRS SST retrieval product. Fig. 7(c) shows that the magnitudes
of the detector-to-detector differences are slightly larger for
Tb,M15 − Tb,M16 (∼0.022 K) compared with the differences
in M15 and M16 [Fig. 7(a) and (b)]. These findings from
operational SDR products are consistent with the LBLRTM
simulations discussed in Section IV and emphasize the need

Fig. 8. Averaged detector-level data (across 62 pixels along the scan direction)
as a function of scan for (a) M15, (b) M16, and (c) M15−M16.

for detector-level processing in both SDR and EDR products
when users seek the optimal radiometric performance of VIIRS
TEBs.

The scan-averaging techniques used to produce Fig. 7 tend
to lose information about detector variability on a scan-to-scan
basis within the 16 scans. To gain insight into the scan-to-scan
detector-level variability, the 16-scan subset data shown in Fig. 6
were averaged across 62 pixels along the scan direction for each
detector (Fig. 8). This was done to reduce noise and possible
scene variations to investigate whether there is a systematic
pattern in the detector-level data. The differences in scans are
larger for M16 than M15, and Tb,M15 − Tb,M16 is smaller than
both M15 and M16. It is admittedly difficult to distinguish a
clear systematic pattern in this limited test case.

To compare striping patterns, S-NPP VIIRS M15/M16 SDR
data from a clear-sky open ocean surface near the Bay of Bengal
on April 21, 2018, were examined as well. The domain also
has the size of 62 pixels along the scan direction, and 16 scans
× 16 detectors in the along-track direction (figures omitted).
Similar to the Tb for NOAA-20 M15 and M16, there is a sloped
structure from higher to lower Tbfor detectors 1–16 [Figs. 8(a)
and (b) and 9(a) and (b)]. The odd/even pattern is not apparent in
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Fig. 9. Same as Fig. 7 except for using S-NPP brightness temperature products
at (a) M15, (b) M16, and (c) M15−M16 of the clear-sky open ocean near the
Bay of Bengal on April 21, 2018.

M16 data, but more evident in M15 data with absolute average
detector-to-detector differences. The variation is larger than that
for NOAA-20 (0.025 and 0.015 K for M15 and M16, respec-
tively). Also, compared to the differences in M15 and M16, the
magnitude of the detector-to-detector differences is larger for
Tb,M15 − Tb,M16 [∼0.03 K, Fig. 9(c)], which is also larger than
that for NOAA-20 [Fig. 7(c)]. This result is consistent with the
LBLRTM simulation results discussed in Section IV, i.e., the
striping in the NOAA-20 TEBs tends to be 20% less than that in
the S-NPP TEBs. Furthermore, the variations among scans are
somewhat sporadic with larger magnitudes for S-NPP than for
NOAA-20 (figures omitted).

VI. CONCLUSION

This article examines S-NPP and NOAA-20 detector-level
and band-averaged RSRs and their impacts on the VIIRS TEBs
using LBLRTM simulations and operational SDR products.

First, a gross check of band-averaged TEB RSRs shows a clear
difference between S-NPP and NOAA-20. LBLRTM simulation
results show that such differences lead to a radiometric bias of

larger than 0.02 K in M13 and M16 for all six representative
atmosphere cases. There is also an atmospheric dependence
although the difference is less than 0.06 K.

Next, the impact of the slight differences between detector-
level and band-averaged RSRs on NOAA-20 VIIRS TEBs are
analyzed. Found are odd/even detector-to-detector patterns, and
LBLRTM simulations show slight atmospheric dependencies,
i.e., theTb difference in the tropical atmosphere case is generally
larger than that in the subarctic atmosphere case. The magnitudes
of the differences between tropical and subarctic atmospheres
are −0.015 K in M15, 0.024 K in M16, and −0.017 K in
M15−M16. For both S-NPP and NOAA-20, of all the detectors,
detectors 1 and 2 deviate the most from the band average at
M15/M16. Detectors 4 and 5 match the band-averaged RSR
better. The atmospheric impact onTb differences is more obvious
in M16 than that in M15, and the tropical atmosphere pattern
has the largest variation. Because the differences in observed Tb

between M15 and M16 are used in the level-2 VIIRS SST EDR
retrieval, we examined Tb,M15 − Tb,M16 as well. The striping
Tb,M15 − Tb,M16 is more apparent than that in single band M15
and M16.

In addition to the LBLRTM simulation analysis, we also
performed a case study to examine the existence of striping
in NOAA-20 VIIRS SDR Tbproducts over a “uniform” region
near the Bay of Bengal. In general, VIIRS SDR Tb observations
are more variable than the model output because EV data are
complex with mixed noise and diverse signals. Results from
NOAA-20 show that ΔTb is ∼0.02 K in M15, ∼0.01 K in M16,
and ∼0.022 K in Tb,M15 − Tb,M16. Results from S-NPP are
larger: ∼0.025 K in M15, ∼0.015 K in M16, and ∼0.03 K in
Tb,M15 − Tb,M16. These results and the LBLRTM simulation
results are consistent.
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