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ABSTRACT 

To provide near-real time monitoring of SNPP and 
NOAA-20 data inter-sensor biases, this study 
extends the GEO-LEO intercalibration method 
established in [1] to the Visible Infrared Imaging 
Radiometer Suite (VIIRS) Sensor Data Record 
(SDR) data at six reflective solar bands (RSBs) and 
three thermal emissive bands (TEBs) bands via the 
STAR Integrated Calibration and Validation System 
(ICVS) framework. The GOES-16/17 Advanced 
Baseline Imager (ABI) is used respectively as a 
transfer to calculate double difference (DD) of 
VIIRS-ABI Simultaneous Nadir Overpass (SNO) 
pairs for the SNPP and NOAA-20 VIIRS SDR data 
biases cross-calibration. A series of sensitivity 
analyses on the dependence of the results to quality 
assurance, viewing geometries, spectral difference 
corrections, latitudinal variation, and cloud screening 
are conducted to produce more accurate inter-sensor 
biases. The findings are further verified by other 
independent approaches, namely the 32-day average 
difference method (32Day-AD) [2] and DD with 
radiative transfer model as a transfer (RTM-DD) 
method. 

Index Terms – S-NPP and NOAA-20 VIIRS 
Sensor Data Records, Near Real Time 
Cross-Calibration Bias Calculations, Integrated 
Calibration and Validation System, Double 
Difference via GOES-16/17 ABI 

1. INTRODUCTION 

In celebrating its 10-year Anniversary in 2020, 
National Oceanic and Atmospheric Administration 
(NOAA) JPSS ICVS has served broad satellite 
science and operational communities with its vision 
of “Satellite observations are intercomparable and 

tied to international standards for weather, climate, 
ocean and other environmental applications”. With 
its uniqueness of monitoring multiple sensors across 
multiple platforms, ICVS’s long term monitoring of 
multiple sensors provides unprecedented opportunity 
to compare multi-sensor observations and to assess 
any persistent relative bias between instruments for 
cross-calibration. With the S-NPP launched in Oct 
2011 and NOAA-20 launched in Nov 2017, it 
becomes imperative to better understand the 
consistency and discrepancy between the S-NPP and 
NOAA-20 SDRs that are crucially important for 
instrument stability, data quality assurance, and long 
term climate data record continuity. 

Onboard of both S-NPP and NOAA-20, VIIRS 
features 13 reflective solar bands (RSBs), one 
day/night band (DNB) and 8 thermal emissive bands 
(TEBs) [3]. Cross-calibration of the VIIRS SDR 
from the two sensors has been conducted in the past 
studies with the implications that the radiometric 
accuracy and instrument stability of both sensors are 
well within the specification [1][3]-[8]. Considering 
the different orbital overpassing time of the two 
sensors, double difference calculated using the SNO 
from a 3rd sensor as transfer is frequently used for 
intersensor cross-calibration [1][4]. Latest research 
investigated the bias assessment uncertainty 
associated with quality assurance and use of 
methodologies, and highlighted the consistency and 
discrepancy in the findings from various 
cross-calibration approaches and a fused inter-sensor 
comparison methodology [9-11]. Based on these 
previous studies, this study further expands the 
GEO-LEO cross-calibration method in [1] to both 
RSB and TEB for both GOES-16 and GOES-17 for 
SNPP and NOAA-20 VIIRS cross-sensor bias 
assessment in near-real time (NRT) mode via the 
ICVS, and explores the result consistency to other 
independent assessment methods. 



2. METHODOLOGY 

To compare the S-NPP and NOAA-20 VIIRS SDR 
radiometric observations, the double difference using 
the ABI SNO as a transfer (ABI-DD) is calculated. 
As shown in the following schematic diagram, the 
ABI-DD method calculates the radiometric 
differences of the SNOs between VIIRS and ABI, 
for S-NPP and NOAA-20 respectively. A double 
difference is then calculated to gauge the radiometric 
differences between the two VIIRS instruments [1]. 

Fig. 1. Schematic diagram of the ABI-DD method 
with VIIRS-ABI SNO matchup and DD calculation 

The spectral bands from S-NPP and NOAA-20 
VIIRS and GOES-16/17 ABI that are assessed in this 
study are listed in Table 1. 
Table 1. The spectral RSB and TEB bands from 
VIIRS and ABI assessed in the ABI-DD method 
Spectral 
Region 

Center 
Wavelength (µm) 

VIIRS 
Bands 

ABI 
Bands 

RSB 0.488 M3 Ch 1 
RSB 0.672 M5 Ch 2 

RSB 0.865 M7 Ch 3 
RSB 1.378 M9 Ch 4 
RSB 1.61 M10 Ch 5 
RSB 2.25 M11 Ch 6 
TEB 3.7 M12 Ch 7 
TEB 8.55 M14 Ch 11 
TEB 10.763 M15 Ch 13 

Fig. 2 illustrates how the VIIRS daytime 
observations (granules in red box and orbits in red 
dotted line) are matched up with ABI SNOs (nadir in 
the center of background ABI images). Regions of 
interest over tropical ocean areas are in black boxes. 

Fig.2. Illustration of the VIIRS vs. ABI inter-sensor 
SNO matchup (left: VIIRS vs. G16 ABI; right: 
VIIRS vs. G17 ABI). 

Two other independent satellite instrument 
validation methods are discussed for result 
verification, including the 32-day averaged 
differences (32Day-AD) in [2] and the double 
difference using radiative transfer model simulations 
as a transfer (RTM-DD). The 32Day-AD method 
took into account that S-NPP and NOAA-20 
observations are approximately 50 minutes apart and 
their direct comparison is only feasible over the 
features that have stable radiometric characterization 
over time and space. Thus the SDR means over 32 
Day (two full global coverage cycles by VIIRS) of 
these features after quality assurance stratifications 
are calculated and compared for cross-calibration 
bias assessment. The detail of this method is referred 
to [2]. Taking the advantage of the RTM are 
simulating the same instrument and atmosphere as 
S-NPP and NOAA-20 VIIRS observations were 
taking place, the RTM-DD method uses RTM 
simulations as a transfer and compare VIIRS 
observations and RTM simulations for S-NPP and 
NOAA-20 VIIRS respectively, and then a double 
difference (DD) is calculated to assess the 
radiometric differences between the two VIIRS 
instruments. 

3. RESULTS AND DISCUSSIONS 



Assessed by both the ABI-DD and 32Day-AD 
methods, six VIIRS RSB bands are cross-calibrated 
between NOAA-20 and S-NPP. Double difference 
percentage (DDP, %) is calculated as the deviation of 
NOAA-20 VIIRS SDR in reference to S-NPP. As 
shown in Fig 3, both methods agree that NOAA-20 
VIIRS RSB observations appear lower than the 
S-NPP counterparts, while the results from the 
32Day-AD method tend to agree better with the 
results from previous independent studies [1][4]. The 
bias of NOAA-20 SDR deviated from S-NPP using 
ABI as a transfer are larger than that in the 
32Day-AD method, attributable to spectral bias 
correction, collocation data stratification, and low 
reflectance nonlinearity correction in the method 
implementation [9]-[11]. 

Fig 3. Reflectance double difference percentages 
between six RSB bands of NOAA-20 and S-NPP 

3rd VIIRS as inferred from the 32Day-AD and 
Sensor-DD methods 

Similarly, three VIIRS TEB bands are assessed 
for daytime and nighttime observations respectively 
by ABI-AD, 32Day-AD and RTM-DD methods. The 
findings from three methods showed that NOAA-20 
VIIRS observations agree with S-NPP VIIRS very 
well, with very low absolute brightness temperature 
biases (<0.10 K) and a very small DDP (<0.03%). 
However, the results from the two methods are not 
always tracking each other very well for all bands, 
and more investigations on the uncertainty 
associated with quality assurance and data 
stratification procedures are warrantied. 

Fig 4. Absolute brightness temperature differences 
between three TEB bands of NOAA-20 and S-NPP 
VIIRS as inferred from the ABI-DD, 32Day-AD and 
RTM-DD methods, for daytime and nighttime 
respectively 

4. CONCLUSIONS AND FUTURE WORK 

Based on the methodology from previous study in 
[1] for the VIIRS RSB bands, more radiometric 
cross-calibration between the NOAA-20 and S-NPP 
VIIRS SDR observations, including 6 RSB bands 
and three TEB bands, were conducted using the 
ABI-DD method with GOES-16/17 ABI as a transfer 
radiometer. The results are also compared to two 
other independent methods, 32Day-AD and 
RTM-DD. The findings from difference methods are 
compared in terms of consistency and discrepancy, 
and result uncertainty associated with the 
methodologies are discussed. The methods agree that 
NOAA-20 VIIRS RSB bands tend to be only slightly 
lower than S-NPP, and NOAA-20 VIIRS TEB bands 
agree with S-NPP with very low absolute brightness 
temperature biases. However the result discrepancies 
remain non-negligible due to the uncertainty 
associated with quality assurance, data stratification, 
spectral bias correction, assessment criteria, SNO vs. 
non-SNO comparisons, and even the definition of 
double differences (DD) that should be corrected in 
future work. Further analysis is needed. Moreover, 
taking the advantage of the ICVS’s near real time 
multisensor SDR performance monitoring capability, 
we are implementing this study to provide the near 
real time monitoring of the SNPP and NOAA-20 
VIIRS data intersensor cross-calibration, which is 
crucial for instrument stability, sensor data quality 
assurance and long term climate data record 
continuity assessment. 

5. REFERENCES 



[1] S. Uprety, C. Cao, and X. Shao, "Geo-Leo 
intercalibration to evaluate the radiometric 
performance of NOAA-20 VIIRS and GOES-16 
ABI," Proc. SPIE 11127, Earth Observing Systems 
XXIV, 111270S; doi: 10.1117/12.2528468, Sep. 2019. 

[2] B. Yan, M. Goldberg, X. Jin, J. Huang, N. 
Sun, D. Liang, W. Porter, L. Zhou, and C. Cao, 
“S-NPP and NOAA-20 Global Inter-Sensor Bias 
Assessments within ICVS Framework”, 2020 IEEE 
International Geoscience and Remote Sensing 
Symposium, Hawaii, Jul. 2020. 

[3] C. Cao, F. J. De Luccia, X. Xiong, R. Wolfe, 
and F. Weng, “Early on-orbit performance of the 
visible infrared imaging radiometer suite onboard the 
suomi national polar-orbiting partnership (S-NPP) 
satellite,” IEEE Trans. Geosci. Remote Sens., vol. 
52, no. 2, pp. 1142–1156, 2014. 

[4] S. Uprety, C. Cao, X. Xiong, S. Blonski, A. 
Wu, and X. Shao, “Radiometric Intercomparison 
between Suomi-NPP VIIRS and Aqua MODIS 
Reflective Solar Bands Using Simultaneous Nadir 
Overpass in the Low Latitudes,” Journal of 
Atmospheric and Oceanic Technology, vol. 30, no. 
12, pp. 2720–2736, 
doi:10.1175/JTECH-D-13-00071.1, 2013. 

[5] T. Choi, Shao, X., Cao, C., and F. Weng, 
“Radiometric stability monitoring of the Suomi NPP 
visible infrared imaging radiometer suite (VIIRS) 
reflective solar bands using the Moon”, Remote 
Sensing, vol. 8, no. 1, pp. 15, 2016. 

[6] S. Uprety, C. Cao, S. Blonski, and X. Shao, 
"Evaluating NOAA-20 and S-NPP VIIRS 
radiometric consistency," Proc. SPIE 10781, Earth 
Observing Missions and Sensors: Development, 
Implementation, and Characterization V, 107810V, 
doi: 10.1117/12.2324464, Oct. 2018. 

[7] C. Cao, J. Xiong, S. Blonski, Q. Liu, S. 
Uprety, X. Shao, Y. Bai, and F. Weng, “Suomi NPP 
VIIRS Sensor Data Record Verification, Validation, 

and Long-Term Performance Monitoring,” Journal 
of Geophysical Research: Atmospheres, vol. 118, pp. 
11,664–11,678, doi:10.1002/ 2013JD020418, 2013. 

[8] S. Uprety, and C. Cao, “Suomi NPP VIIRS 
Reflective Solar Band On-Orbit Radiometric 
Stability and Accuracy Assessment Using Desert and 
Antarctica Dome C Sites,” Remote Sensing of 
Environment, vol 166, pp. 106–115, 
doi:10.1016/j.rse.2015.05.021, 2015. 

[9] J. Huang, B. Yan, N. Sun, X. Liang, and C. 
Cao, “Advancing the Integrated Calibration and 
Validation System (ICVS) for Visible Infrared 
Imaging Radiometer Suite (VIIRS)”, Eos Trans. 
AGU, AA33L-2943, Fall Meeting Suppl., San 
Francisco, Dec. 2019. 

[10] J. Huang, B. Yan, N. Sun, X. Liang, C. Cao, 
and S. Uprety, “Use of ABI As a Transfer to 
Evaluate the S-NPP and NOAA-20 VIIRS SDR 
Consistency with the STAR Integrated Calibration 
and Validation System (ICVS)”, #231, 2019 Joint 
Satellite Conference, Boston, Sep. 2019. 

[11] B. Yan, X. Jin, J. Huang, D. Liang, N. Sun, 
W. Porter, M. Goldberg, and L. Zhou, “A Newly 
Developed Fused Inter-Sensor Comparison 
Methodology For Consistent Quality Assessment of 
S-NPP and JPSS SDR Data”, to be submitted to 
International  Journal of  Remote Sensing, 2020 

6. ACKNOWLEDGEMENT AND 
DISCLAIMER 

We appreciate the JPSS Program Office for the 
funding support and the VIIRS SDR Team and the 
GOES ABI Team for their collaboration on this 
study. The contents of this paper are solely the 
opinions of the authors and do not constitute a 
statement of policy, decision, or position on behalf of 
NOAA or the U.S. government. 


