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Abstract

This study presents a long-term assessment of inter-sensor radiometric calibration biases for NOAA
OMPS nadir and CrIS instruments using four well-established validation methodologies
implemented through the Inter-Sensor Radiometric Bias Assessment (iSensor-RCBA) portal, a
component of the STAR Integrated Calibration/Validation System (ICVS) monitoring system. Four
validation methods include the 32-Day Average, CRTM-DD, SNO, and Sensor-DD via SNO—to
enhance monitoring and detect radiometric errors. The results demonstrate that the SDR data quality
from three OMPS nadir instruments and three CrIS instruments aboard the SNPP, NOAA-20, and
NOAA-21 satellites has generally remained stable over the long term, meeting scientific requirements
with some margin—mainly during early orbit phases, anomalies, malfunctions, or calibration
updates. Among four methodologies, the 32-Day method excels in identifying limitations of other
used validation methods, particularly in terms of inter-sensor bias geographical coverage. For
instance, the 32-Day method identifies an unusual feature in the NOAA-21 CrIS SDR data over the
high latitudes of the Southern Hemisphere during the spring and summer seasons, which was not
detected using the other three methods due to a limited coverage. The SNO method is particularly
effective for detecting long-term calibration discrepancies in a single instrument. This is illustrated
by an approximately 10-year time series of inter-sensor bias between SNPP OMPS Nadir Mapper and
Metop-B GOME-2, which reveals significant degradation in GOME-2. Using the SNO method, two
significant geolocation problems occurred on SNPP spacecraft were captured in inter-sensor biases
between SNPP CrIS and GOES-16 ABL. Therefore, the iSensor-RCBA portal can serve as a crucial tool
for providing supplemental information about long-term radiometric calibration stability of satellite
radiance data across JPSS and other satellite instruments.

Keywords: long-term inter-sensor radiometric calibration biases; OMPS nadir instruments and CrIS
instruments onboard the SNPP; NOAA-20 and NOAA-21; GOES-18 ABI; Metop-B GOME-2;
Simultaneous Nadir Overpass (SNO); double differences via the third sensor; double differences via
a radiative transfer model; 32-day average of radiance differences; LEO-LEO; LEO-GEO inter-sensor
radiometric calibration biases; inter-sensor calibration and validation monitoring system

1. Introduction

The successful launch of the SNPP satellite on 28 October 2011 started a new era for the NOAA,
which is being followed with four Joint Polar Satellite System (JPSS) satellites from JPSS-1 through
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JPSS-4. The JPSS-1, aka NOAA-20, was successfully launched on November 18, 2017, while the JPSS-
2, aka NOAA-21, was successfully launched on November 10, 2022. Across past more than one
decade, there had been a number of calibration/validation analyses to ensure that the quality of
TDR/SDR data from five types of JPSS instruments (i.e., ATMS, CrIS, OMPS NM, OMPS NP, and
VIIRS) meet scientific requirements (e.g., [1]-[41]). In reality, the quality of the data might be degraded
anytime during each satellite mission due to new anomalies or degradations occurred in spacecrafts,
sensor, calibration algorithm, and SDR/TDR data processing stream. This calls for the necessity of
keeping track of the lifetime performance for satellite spacecrafts, instruments, and scientific
SDR/TDR data during the entire mission. The acronyms used in this study are explained in Appendix
A, if they are not explained in the main body of the manuscript.

In the NOAA/STAR, an operational ICVS Long-Term Monitoring (LTM) web-based system has
been developed for more than one decade to monitor the quality of SDR (TDR) data for more than 30
sensors in a near-real time (NRT) mode [42]. The monitored sensors include the aforesaid five types
of operational JPSS instruments onboard from SNPP to NOAA-21, and heritage POES instruments
(e.g., AMSU-A, MHS, and AVHRR). The baseline functions and sensor-based products in the ICVS-
LTM system will be described in a companion paper [43]. For simplification, ICVS-LTM is frequently
referred to as ICVS. Beyond individual sensor-based data quality monitoring, inter-sensor
radiometric calibration consistency is becoming increasingly essential and will remain crucial for
enhancing the understanding of science product quality, e.g., [44]-[69]. This is because the uncertainty
of SDR (TDR) data records depends not only on the calibration accuracy and LT stability of individual
sensors, but also on their calibration consistency across instruments and platforms. Therefore, a new
portal —the Long-Term Inter-Sensor Radiometric Calibration Bias Assessment (iSensor-RCBA)—has
been developed within the ICVS framework. This portal integrates multiple existing methods to
monitor the mission-long radiometric consistency of SDR (TDR) data across a range of LEO and GEO
instruments and satellites.

The iSensor-RCBA portal covers three basic inter-sensor comparison components: the JPSS
instrument inter-sensor comparison component, including each of the abovementioned five JPSS
instruments onboard the SNPP, NOAA-20 and NOAA-21 satellites; the other two components are
the LEO-LEO and LEO-GEO. The JPSS instruments are categorized as an independent component,
separate from the LEO-LEO component to highlight their significance in supporting JPSS missions.
The LEO instruments in the LEO-LEO and LEO-GEO components include AMSU-A, MHS, IASI, and
GOME-2, while the GEO instrument is ABI onboard the GOES-16 and GOES-18 platforms. The portal
employs four existing methods: SNO [45]-[48], Sensor-double difference (DD), CRTM-DD, 32D-AD
(32-day averaged difference) or 32-day average [51]. The Sensor- DD uses a third sensor on a different
satellite as a transfer and is based on various SNO measurements, CRTM-DD uses the Joint Center
for Satellite Data Assimilation (JCSDA) Community Radiative Transfer Model (CRTM) [70]-[72] as a
transfer. The use of multiple methods leverages the advantage of each method in terms of
geographical coverage and channel usage for inter-sensor radiance difference assessment.

This study will examine the applications of the iSensor-RCBA portal across three OMPS nadir
instruments and three CrIS instruments onboard the SNPP, NOAA-20, and NOAA-21 satellites. The
OMPS nadir instrument consists of two spectrometers, Nadir Mapper (NM) and Nadir Profiler (NP).
In particular, the long-term stability of OMPS NM, OMPS NP, and CrIS SDR data quality is assessed
using time series of inter-sensor radiometric biases between various OMPS and CrIS instrument
pairs. In addition, two further inter-sensor radiance bias analyses will be conducted. The first analysis
is to evaluate approximately ten-year time series of inter-sensor radiometric calibration biases at a
few channels between SNPP OMPS NM and Metop-B GOME-2 to capture sensor throughput
degradation features and derive yearly-average degradation rates of Metop-B GOME-2 at 11
overlapped channels. The resulting values will be further compared with those derived from GOME-
2 Earth radiance and solar flux measurements provided by EUMETSAT’s Pieter Valks (personal
communication). Another analysis is to evaluate time series of inter-sensor radiometric calibration
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biases at 3 ABI-like channels between SNPP CrIS and GOES-16 ABI to address two geolocation error
events occurred on the SNPP CrIS data.

This study is organized as follows. The next section introduces the development of the iSensor-
RCBA inter-sensor comparison portal, including the analyzed instruments, data, and methods.
Section 3 presents the applications of the portal. Summary and conclusions are provided in the final
section.

2. Development of the iSensor-RCBA Portal

The iSensor-RCBA portal leverages SDR and TDR data collected from JPSS instruments, legacy
NOAA POES and Metop microwave sensors, as well as GOES ABI instruments. It applies one or
more analytical methods to estimate long-term inter-sensor radiometric calibration biases for each
instrument pair. A summary of the instruments, datasets, and methodologies used in this study is
presented below, followed by an overview of the iSensor-RCBA functional chart.

2.1. Instruments and Data

The current LTICBA includes the following instruments: the aforesaid five types of operational
instruments onboard from SNPP to NOAA-21 platforms, the ABI onboarding both GOES-16 and
GOES-18, the AMSU-A and MHS from NOAA-18, NOAA-19, Metop-B and Metop-C, GOME-2 on
the Metop-B, the IASI on the Metop-B and Metop-C. Detailed descriptions of the instruments can be
found in [73]-[81]. However, the key channel information for the analyzed sensors in this study are
summarized from Tables B1 to B3 in Appendix B.

The data per satellite sensor are typically divided into three levels: RDRs (level 0), SDR (level 1),
and EDRs (level 2). The radiometric parameter in SDR data is available in one or another unit -
radiance, reflectance, antenna temperature, or brightness temperature - depending upon the sensor
or channel. The SDR data from SNPP, NOAA-20 and NOAA-21 are operationally processed within
the NOAA JPSS Interface Data Processing Segment (IDPS). All operational SDR data are distributed
through the OSPO Production Distribution and Access (PDA) (registration is required) in near-real
time mode, and archived through the NOAA Comprehensive Large Array-data Stewardship System
(CLASS) for the board national and international user community.

2.2. Briefing of Four Validation Methods

In the iSensor-RCBA portal, part or all of four following well-validated methods, 32D-AD,
CRTM-DD, SNO, and Sensor-DD via SNO, are employed to compute inter-sensor radiometric biases,
depending upon select-sensor pairs.

The 32D-AD is a statistical method by calculating 32-day average of radiometric differences
between the same instrument onboard two of SNPP and JPSS platforms [51]. This method is based
on the assumption that, after a satellite completes one orbit repeat cycle, each orbit on the first day
can typically cover the entire globe and return to its initial measurement point, ensuring complete
global coverage by both sensors. Two cycles, or 32 days, are used to minimize diurnal variations
caused by the 50-minute orbital separation between SNPP and NOAA-20. By using SNPP and
NOAA-20 (N20) as an example, the computation equation is expressed as follows.

N20-SNPP _ 1 §i=32/N20 SNPP
AO33p —§Z§=1 (Olth—day - OIth—day)' 1)

The term AONZ~SNPP represents the 32-day average of all quality-controlled daily global

radiometric differences for the same instrument when comparing NOAA-20 and SNPP. In this

SNPP
Olth—day

average global SNPP radiance for the same day; a three-sigma (standard deviation) quality control is

context, O, refers to the average global NOAA-20 radiance on the ith day; denotes the

applied to eliminate outliers from their computations. This approach can also be used to compute

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1548.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 September 2025 d0i:10.20944/preprints202509.1548.v1

4 of 24

(AOYESNPP )y or (AOYZ~N2%) for other instrument pairs. More detailed explanations about this
method can be found in references [51].

The RTM-DD method calculates the double difference of radiance deviations from CRTM
simulations for two selected instruments, as described below.

DDSReT;lAgorl—Sensorz = (Hl)RTM - (EZ)RTMr (2)

where (ARy)gry and (AR;)gry represent the averaged radiance deviations at the 1st or 2nd sensor
respectively, compared to RTM simulations. It is assumed that the averaged simulation errors arising
from RTM limitations and input inaccuracies are comparable for the two evaluated instruments and
largely cancel out in (2). Therefore, the double difference resulting from (2) primarily reflects inter-
sensor radiometric calibration errors between two instruments. In this study, the JCSDA CRTM [70]-
[72] is used. Accordingly, RTM-DD is hereinafter replaced by CRTM-DD.

The SNO method was well presented in [47][48]. The method was initialized based on two polar-
orbiting satellites that circle the Earth at slightly different periods will have simultaneous nadir
overpass (SNO) events, where the satellites view the same nadir location at nearly the same time.
Ideally, identical radiometers flown on different satellites should produce redundant observations at
SNO locations, thus any deviation from these results would be primarily attributable to relative
calibration differences between the radiometers. In this study, this method is applied to SNO analyses
between OMPS NM and GOME-2, CrIS and ABI, CrlS and IASI, and proper quality control criteria
are applied to remove outliers from obtained SNO observations (see Section 3.3 below for details).

The principle of the Sensor-DD method is similar to that of the RTM-DD method, except that a
third sensor, rather than an RTM, is used as the transfer reference. Specifically, inter-sensor
radiometric calibration biases are derived from the double differences of SNO-based inter-sensor
radiometric comparisons using the third sensor as the transfer, as outlined below.

s — _
D DS::;OOT?—Sensorz = (AR13)snos — (AR23)snos (3)

where (AR;3)snos and (AR,3)snos denote the average radiance deviations for the 1st or 2nd sensor
respectively compared to the 3 sensor respectively, which are computed based on collected SNO
observations. An average is utilized to reduce impacts of imperfect SNO observations due to small
differences in time, spatial and spectral response, distance, and azimuthal viewing conditions. Similar
to the SNO method above, different quality control criteria are applied to remove outliers from
computations of (AR;3)snyos and (AR;3)snos depending upon selected instrument pairs (refer to
Section 3.3 below).

2.3. iSensor-RCBA Portal

The iSensor-RCBA comprises three basic components (1) JPSS inter-sensor comparison, (2) LEO-
LEO inter-sensor comparison, and (3) LEO-GEO comparison.

Fig. 1(a) draws its diagram along with the involved instruments within each component. The
JPSS component includes each JPSS instrument pair that onboard on two of the SNPP, NOAA-20 and
NOAA-21 satellites, such as ATMS pair, CrIS pairs, OMPS NM pairs, OMPS NP pairs, and VIIRS
pairs. The LEO-LEO component currently covers the following pairs of instruments: OMPS NM vs.
GOME-2, ATMS vs. AMSU-A, CrlS vs. IASI. Here, AMSU-A is from one of available legacy NOAA
and Metop satellites, GOME-2 is only from Metop-B now, and IASI from Metop-B and Metop-C. The
LEO-GEO component includes sensor pairs such as VIIRS-ABI and CrIS-ABI, with ABI originating
from GOES-16 and GOES-18. Products in both the LEO-LEO and LEO-GEO components are typically
generated from intermediate products produced by the JPSS component, as described in (1) and (2)
above. Additionally, the portal is a web-based monitoring tool. As an example, the website page of
the OMPS portion about NM within the LTICBA JPSS component is described in Fig. 1(b).
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(a) ICVS Long-Term Inter-sensor Radiometric Calibration Bias Assessment (iSensor-RCBA) Portal
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Figure 1. (a) ICVS iSensor-RCBA portal processing diagram and (b) An example of the portal for OMPS portion
about NM within the JPSS component. In (a), NOAA-18 through NOAA-21 are simplified to be N18 through
N21, respectively, while Metop-B and Metop-C are for M1 and M3 to save the space in the box. In (b), the example

figure shows the 32-day averaged normalized radiance differences (%) at all OMPS NM wavelengths between
NOAA-21 and NOAA-20 OMPS NM observations, using the data sets from January 16% to February 17, 2025.

3. Applications of the iSensor-RCBA

The iSensor-RCBA portal offers various long-term inter-sensor comparison results across
numbers of satellite instruments, such as (SNPP) JPSS instruments, legacy NOAA and Metop AMSU-
A and MHS, GOES-16 and GOES-18 ABI. Most of the products are operationally showcased on a
publicly accessible ICVS website (https://www.star.nesdis.noaa.gov/icvs/index.php). The analysis in
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this study will focus on long-term inter-sensor radiance difference assessments for the following
instrument pairs: OMPS pairs and CrlS pairs across SNPP, NOAA-20 and NOAA-21 platforms, SNPP
OMPS NM and GOME-2 pair, SNPP CrIS and GOES-16 ABI pair. Application of the portal in VIIRS
instrument pairs will be given in future studies.

3.1. Inter-Sensor Radiometric Biases between OMPS Instruments

The OMPS NM and NP are two nadir spectrometers onboard the SNPP and NOAA-20 and
NOAA-21 platforms. They measure Earth radiance and Solar irradiance spectra in the UV bands. In
particular, the NM covers wavelengths from 300nm to 380nm for operational observations of nadir
total column ozone, while the NP covers wavelengths from 250 to 310nm for observations of ozone
vertical distributions. An initial analysis of the inter-sensor comparison was conducted using either
the CRTM-DD or the Sensor-DD, based on limited data period in previous studies [24]-[26].
Additionally, a conceptual analysis was given using the 32D-AD for limited data sets between SNPP
and NOAA-20 OMPS NPs [51]. Those analyses have demonstrated agreement in the SDR data for
most channels between the two OMPS NMs and NPs.

This study will extend from existing studies to three OMPS NMs and NPs to assess relatively
long-term stability of inter-sensor radiometric calibration biases among the OMPS instruments
primarily using the 32D-AD method. The CRTM-DD method will not be used here due to its very
poor computation efficiency (about a few days are needed to complete one day of OMPS NM data
radiance simulations). The SNO method will be applied to SNPP OMPS NM and Metop-B GOME-2
inter-sensor comparison analysis. Hence, only three methods, i.e., 32D-AD, SNO and GOME-2-DD
via SNO, are used in the OMPS portion of the JPSS component, depending upon sensors (see Fig. 1(a)
above).

Figs. 2(a) and (b) display averages and standard deviations of long-term inter-sensor normalized
radiance (NR) differences (%) at all channels between NOAA-20 and SNPP OMPS NM and NP,
respectively. Here, the NR is defined as the ratio of Earth-view radiance to solar irradiance. These
results are a statistical analysis of multiple 32-day averages by using the data sets spanning the period
from November 7t, 2019, to January 12th, 2025. As illustrated in the figures, the mean NR differences vary
with wavelength for both OMPS NMs and OMPS NPs. Their magnitudes generally remain within
2% for the NM and NP channels with certain exceptions. For example, the mean NR differences
often exceed +2% at wavelengths between 300 and 305 nm for both NMs, and at wavelengths below
255 nm and between 300 and 305 nm for both NPs. These discrepancies are relevant to one or both of
the residual stray light effect and mis-match of wavelength scales in the dichroic range [41]. Non-
identical OMPS spectral bandpass features between SNPP and NOAA-20 OMPS NP also contribute
to the discrepancies [25]. Fortunately, these large inter-sensor errors don’t impact the quality of
current OMPS NM SDR-derived atmospheric ozone products since the data below 305 nm are not
used.

Figures 2(c) and 2(d) further display time series of 32-day running average radiometric biases
between the two OMPS NMs and NPs at a few channels that are used in the current ozone retrievals
[17]. The results confirm the long-term stability of inter-sensor radiometric calibration performance
between SNPP and NOAA-20 OMPS NMs and NPs in the absence of satellite spacecraft issues.
Apparently, the updates of calibration tables reduce the inter-sensor biases. For example, an updated
NOAA-20 OMPS wavelength table on September 4th, 2020, reduced inter-sensor NR differences
approximately by 1%. In addition, a seasonal pattern appears in the both NM and NP inter-sensor
bias time series. A few factors contribute to this feature, including the high sensitivity of UV radiance
to the solar zenith angle (SZA), the difference in orbit equator crossing times (approximately 50
minutes) between SNPP and NOAA-20 satellites, and seasonal variations in atmospheric
composition (e.g., ozone and aerosols) and surface albedo. As a result, seasonal variations are still
not entirely removed in the inter-sensor radiometric calibration differences between the two OMPS
instruments, even though two orbit-cycles of data (32 days) are used. In contrast to the OMPS
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instruments, this seasonal pattern is not clearly observed for two CrlS instruments (see Section 3.2
below).

(a) Averaged OMPS NM NR Differences and Standard Deviation (%)
between NOAA-20 and SNPP OMPS NM Observations
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(d) Time Series of 32D-Average NR Differences (%) at 7 Channels:
between NOAA-20 and SNPP OMPS NP Observations
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Figure 2. (a) Averages and standard deviations of long-term 32D-AD normalized radiance differences between
NOAA-20 and SNPP OMPS NM in the whole wavelength range from 310 nm to 380 nm, by using the data sets
spanning the period from November 7, 2019, to January 12, 2025. (b) Same as (a) except for OMPS NP in the
whole wavelength range from 250 nm to 310 nm. (c). Time series of 32D-AD running normalized radiance
differences between NOAA-20 and SNPP OMPS NM at 5 wavelengths, covering the period from November 7,
2019, to December 29t%, 2024. (d) Time series of 32D-AD running normalized radiance differences between
NOAA-20 and SNPP OMPS NP at 7 wavelengths, covering the period from November 7%, 2019, to December
29, 2024. In (a), the average is expressed in a thick line, while the standard deviation is expressed in the vertical
direction (average +standard deviation), which are also applicable for Fig. (b). In (c), three labelled numbers from
1 to 3 are to mark approximate positions with occurrences of SNPP spacecraft anomaly, which are applicable for
(d). In addition, in (d), the number with 4 is used to represent the approximate position using the updated
NOAA-20 OMPS NP wavelength table from August 21, 2020.

A similar analysis is conducted for the SNPP and NOAA-21 OMPS-NM and OMPS-NP pairs.
Figures 3(a) and 1(b) show the 32-day average inter-sensor biases from July 2, 2023, to January 12,
2025, for five channels in the two NMs and seven channels in the two NPs, respectively. Compared
to the inter-sensor biases between SNPP and NOAA-20 shown in Figure 2, the absolute magnitudes
of inter-sensor NR biases are significantly decreased in the displayed channels after April 11, 2024,
following the implementation of an updated solar flux calibration table in the NOAA-21 OMPS NM
and NP SDR processing system. The pre-launch albedo calibration of the NOAA-21 OMPS nadir
instruments (NM and NP) was reported to have errors of several percent, varying by wavelength,
either in the OMPS response or in the solar irradiance calibrations [courtesy of Jaros G. in the NASA
for an email communication in 2024]. This issue resulted in significant radiometric calibration errors
in the NOAA-21 OMPS SDRs, averaging 2.2% for the OMPS NM and 4.3% for the OMPS NP [41].
The updated solar flux calibration table was designed to eliminate these average biases in the OMPS
NM and NP SDR data. However, substantial calibration errors still persist in some channels between
300 nm and 310 nm due to strong wavelength-dependent biases in the NOAA-21 solar calibration
coefficients [41]. This also explains why the inter-sensor biases in Figure 3(b) still exceed the +2%
requirement for the NOAA-21 NP channels at 301.8 nm and 305.7 nm.
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(a) Time Series of 32D-Average NR Differences (%) at 5 Channels:
between NOAA-21 and SNPP OMPS NM Observations
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(b) Time Series of 32D-Average NR Differences (%) at 7 Channels:
between NOAA-21 and SNPP OMPS NP Observations
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Figure 3. (a). Time series of 32D-AD running normalized radiance differences between NOAA-21 and SNPP
OMPS NM at 5 wavelengths, covering the period from July 274, 2023, to January 12nd, 2025. (b) Time series of
32D-AD running normalized radiance differences between NOAA-21 and SNPP OMPS NP at 7 wavelengths,
covering the period from July 2nd, 2023, to January 129, 2025.

3.2. Inter-Sensor Radiometric Biases between CrIS Instruments

The CrIS isa hyperspectral infrared (IR) sounder that provides high-resolution, vertical
temperature and moisture profiles of the atmosphere, aiding in weather forecasting. It covers 2211
spectral channels at a full spectral resolution (FRS) mode. The SDR data of CrIS instruments onboard
SNPP, NOAA-20, and NOAA-21 have met the scientific requirements for a while [36]-[38]. The inter-
sensor comparison performance of CrIS data during the limited data sets was also assessed by using
either the CRTM-DD or the Sensor-DD in the previous studies [36]-[38]. A preliminary analysis
covering 32 days of the data was also given for all CrIS channels by using the 32D-AD method [51].
This study extends previous analyses to longer time periods to evaluate the long-term stability of
inter-sensor radiometric biases across three CrlIS instruments.

The CRTM-DD method, detailed in Eq. (1) of Appendix D, calculates the double difference of
radiance deviations from CRTM simulations for two selected instruments. This method is commonly
used to evaluate CrIS inter-sensor radiometric calibration biases within the ICVS iSensor-RCBA
portal, due to its balanced computational efficiency and simulation accuracy for clear-sky
observations over open oceans. Figure 4 presents the long-term stability of SDR data across three CrIS
instruments through time series of daily-average inter-sensor radiometric calibration biases AT, at
five channels. These results are derived by applying CRTM-DD to CrIS observations under clear sky
conditions over ocean regions between 55°S and -55°N to reduce simulation errors due to inaccurate
surface emissivity over land or sea-ice conditions. The simulations use ECMWEF surface and
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atmospheric profiles [82][83] as inputs to the CRTM. An empirical scheme is proposed to exclude
cloud-contaminated CrlIS pixels by analyzing brightness temperature differences at the 925 cm™!
window channel between the central FOV and each of the other eight FOV positions in a 9-FOV array.
A pixel is flagged as cloud-contaminated if any of the eight differences exceeds 0.5 K. Additionally,
if any brightness temperature among the eight surrounding FOVs is below 267 K, the pixel is also
considered cloud-contaminated. Pixels meeting either criterion are excluded from the CRTM
simulation.

Time Series of Daily Mean Inter-Sensor Biases (ATb) across 3 CrlS Instruments
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Figure 4. Time series of daily-average inter-sensor radiometric calibration biases AT}, at 5 channels among 3 CrIS
instruments using CRTM-DD for CrIS observations during the daytime and nighttime under clear skies over
oceans between -55°S and +55°N. In the figure, the results for different pair of CrIS instruments are marked in a
different color, NOAA-20 and NOAA-21 are replaced using N20 and N21 to save space; the data coverage varies
with each pair of CrIS instruments depending upon their availabilities. Five dash boxes with from 1 to 5
respectively in the figure mark approximate positions of the permanent loss in the SNPP SDR data due to
different reasons. (a) 700 cm™. (b) 900 cm™. (c) 1500 cm. (d) 2320 cm™. (e) 2500 cm™.

Generally, observations at three instruments during the analyzed period are in a family with the
averaged differences smaller than 0.2. Certain fluctuations or data gaps were observed, particularly
in relation to the SNPP CrlS instrument issues. Due to the mission extending well beyond its standard
lifetime, the CrIS instrument experienced failures in both the side-1 and side-2 electronics. As a result,
three switches occurred between side-1 and side-2 electronics, as indicated in the figure. Each failure
caused permanent loss of the data in MW band or LW band. For example, the first failure of the side-
1 electronics from March 24 to June 23%, 2019, resulted in permanent loss of the MW bands data (see
the gap labeled as #3 in Fig. 4 (c). The use of the side-1 electronics further caused permanent loss of
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the MW bands data from July 12t, 2021 to August 31¢t, 2023 (see the long gap labeled as # 4 in Fig. 4
(c). An excellent analysis and recalibration about SNPP CrIS SDR data after the side switch was given
in a previous study of SNPP CrIS SDR data [16]. Additionally, the impact of the wrong calibration
table is detected in the long-term inter-sensor biases. For instance, a wrong engineering packet with
aneon laser wavelength default value was set up for a few months until 08/31/2023 for the SNPP CrIS
after its electronics was switched from side-1 to side-2. This resulted in sudden drop by
approximately 0.1K.

The CRTM-DD method provides insights into the quality of CrIS SDR data under clear skies in
low- and mid-latitude regions. However, its effectiveness in detecting regional calibration
inconsistencies remains insufficient, particularly when such deviations occur at non-CRTM
simulation regions. In contrast, the 32D-AD method is suitable for global CrIS observations, thus
identifying an unexpected feature on NOAA-21 observations over high latitudes. Figs. 5(a) and 5(b)
showcase the average inter-sensor biases between NOAA-20 and NOAA-21 CrIS observations from
January 1s to February 34, 2025, by using the CRTM-DD and the 32D-AD methods, respectively. The
computations were performed separately for nighttime (descending data) and daytime (ascending
data) to better assess the impact of potential regional calibration differences on the observations.

(a) CRTM-DD CrlS Inter-Sensor Biases (ATh) at all Channels between N20 and N21
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Figure 5. Averaged inter-sensor radiometric calibration biases AT, between NOAA-21 and NOAA-20 CrIS
instruments, for ascending (daytime) and descending (nighttime) respectively. The data covers the period from
January 5t to February 4, 2025, and the results under clear skies over oceans between —55°S and +55°N using
CRTM-DD method in (a) are an average of 32-day results to provide a consistent temporal period with that using
the 32D-AD method. (a) CRTM-DD. (b) 32D-AD.

Generally, the two methods reveal that the NOAA-20 and NOAA-21 CrlS observations at both
ascending and descending nodes are very comparable: AT, is typically within +0.2K, with an
exception appears around 2350 cm, where |AT, | exceeds 0.2K from 32D-AD method. Another
important feature in the 32D-AD based results is that the differences of AT, around 2500 cm-!
between ascending and descending nodes exceed 0.1K (see Fig. 5b). This discrepancy not found in
the CRTM-DD results. Recall that the CRTM-DD results for both ascending and descending nodes
were computed using data between -55°S and +55°N, thus being unable to identify anomalous
features in the CrIS data outside the CRTM simulation analysis region.

To understand this discrepancy in AT, at 2500 cm! from 32D-AD method between two nodes
(daytime and nighttime) of observations, further analysis was performed. Figure 6 shows the time
series of AT, at2500 cm™, from April 1, 2023 to February 3, 2025, obtained using the 32D-AD method.
The dates in x-axis represent the end dates of the 32-day dataset periods. The large differencesin AT},
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between ascending and descending data are observed primarily from March through September.
This seasonal discrepancy indicates that some inconsistencies might remain in either NOAA-21 or
NOAA-20 CrIS during this period. Based on our analysis, unexpected variations in the calibration
target temperatures of NOAA-21 CrIS have been observed as the instrument transitions from orbital
darkness into sunlight. These variations are believed to contribute to the observed errors in the
NOAA-21 CrIS Earth-view radiances, and are likely responsible for the increase in inter-sensor
radiometric biases between NOAA-21 and NOAA-20 CrIS during the nighttime period, as illustrated
in Figure 6. While a detailed root-cause analysis of this performance behavior is beyond the scope of
the present manuscript, it is being actively investigated in a dedicated study conducted by the
operational CrlS calibration and validation (Cal/Val) team, which is currently under review. That
study explores several preliminary hypotheses related to this behavior. The analysis presented here
complements those efforts by providing independent cross-instrument comparisons and
contributing to the long-term monitoring and assessment of radiometric consistency across CrlS
Sensors.

Time series of 32D-AD CrlS Inter-Sensor Bias (ATD) at 2500 cm™ between N21 and N20
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Figure 6. Time series of 32D-AD average of inter-sensor radiometric calibration biases (AT}, ) at 2350 cm! between
NOAA-21 and NOAA-20 CrIS observations at day-time and night-time separately. The time series of the results
are carried out in a running 32-day of the data sets with one day-shift. The data sets used in the figure cover the
period from April 1st, 2023 to Feb. 3rd, 2025 since the end date of each 32-day dataset in the computation is used

a date index in the figure.

Therefore, the 32D-AD methodology has demonstrated its effectiveness in identifying and
monitoring radiometric inconsistencies, such as the unusual feature observed in the NOAA-21 CrIS
data, even in regions where other methods are unavailable.

3.3. Inter-Sensor Radiometric Biases for Other Instrument Pairs

In addition to the above results about the JPSS instrument pairs, the iSensor-RCBA portal
produces various results of inter-sensor radiometric biases across JPSS (SNPP) and non-JPSS
instruments using the SNO and Sensor-DD methods, as described in the LEO-LEO and LEO-GEO
components in Fig. 1(a). Therefore, we conduct the following inter-sensor comparison analyses to
illustrate scientific applications in identifying issues that impact the quality of SDR data in one SNPP
or non-JPSS instrument: SNPP OMPS NM and Metop-B GOME-2 and SNPP CrIS and GOES-16 ABI.

3.3.1. SNPP OMPS NM and Metop-B GOME-2

The SNPP OMPS NM SDR data shows a long-term stability particularly at wavelengths above
310 nm [84]-[86], which is further confirmed in this study. In contrast, the Metop-B GOME-2 is
undergoing significant sensor degradation over long mission period [87]. Therefore, it is interesting
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to investigate the feasibility of using OMPS and GOME-2 SNO-based inter-sensor biases to estimate
GOME-2 sensor degradation rate.

Figures 7 (a) ~ (c) present time series of SNO-average inter-sensor biases at 317.42 nm, 345.38
nm, 372.93 nm respectively. The SNO observations are selected based on a window with less than
80km spatial distance and 120s temporal difference. The computation procedure is referred to two
previous studies in [88][89]. The inter-sensor biases exhibit a gradual increase with time, having an
obvious wavelength dependency from a smaller trend at longer wavelength to a large trend at short
wavelength. The three channels in the figure span the range of the overlapping wavelengths,
ensuring that the bias trends in the remaining eight channels in Table C3 align with those shown in
Fig. 7 (a) and Fig. 7 (c) (figures omitted).

The SNPP OMPS NM sensor exhibits a long-term stability with a small degradation, less than
0.3% per decade at wavelengths above 310 nm [84]. The SNPP OMPS NM SDR data thus has a good
stability with time: the maximum variation of mean reflectance at wavelengths above 330 nm within
DCC targets is approximately 0.296% per decade [90]. As a result, it is reasonable to assume that the
discovered trends in Figs. 7 (a) to (c) are caused primarily by the degradation of Metop-B GOME-2.
Additionally, the derived inter-sensor reflectance differences increase approximately linearly over
time, suggesting that the GOME-2 sensor degradation rate remains nearly constant throughout the
analyzed period. Hence, the GOME-2 sensor degradation rate can be estimated using the slope of the
linear fit for the inter-sensor reflectance difference trend. Note that the SNO observations between
OMPS NM and GOME-2 were collected at nadir pixels. So, the derived degradation rates represent
the performance of GOME-2 at nadir positions. Figure 7 (d) presents the GOME-2 yearly degradation
rates, estimated at 11 overlapping channels. As a comparison, the results using GOME-2 Earth
radiance and solar flux measurements from EUMETSAT, which was provided by Dr. Pieter Valks in
EUMETSAT, are added in Fig. 7 (d). The yearly degradation rates computed using those two methods
are very consistent. This indicates the reasonability of the above assumptions.

T T T T
(a) 317.42 nm
30

20

10

¢

\
\I\I‘I\I\I\H\‘HI\I\I\I’lI\I\I\H\‘HI\

Reflectance Difference (%)

N
‘D

04/19/2013 03/31/2015 03/12/2017 02/22/2019 02/03/2021 01/16/2023
Time

(b) 345.38 nm
30

20

%

o b B b b

10

Reflectance Difference (%)

""\"‘"“‘\‘""""\"""“‘\“"
%
4

04/19/2013 03/31/2015 03/12/2017 02/2212019 02/03/2021 01/16/2023
Time

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1548.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 September 2025 d0i:10.20944/preprints202509.1548.v1

14 of 24

T
(c) 372.93 nm

< 30 =
(] - ]
Q — 3
= C 3
[ E E
£ 200 E
[m] c 3
[} = 7
Q - =
§ .ol -
dg 10 F ; ) ., > ) |
T o B i N ]
o o g ® -

o
T

04/19/2013 03/31/2015 03/12/2017 02/22/2019 02/03/2021 01/16/2023

Time
— F (d) ) T T T ]
%— 25 EUMETSAT Analysis 7
k| - :& SNO Anclysis wrt SNPP/OMPS ]
r L ]
S 20 ® =
k] C ]
« - 4
& 1.5 e —]
D
[=] C ]
> r b
§ 1.0 s ]
- ¢ o
= 05 -
8 L ]
0.0C . , , ]
300 316 332 348 364 380

Wavelength

Figure 7. (a) Time series of averaged inter-sensor radiometric calibration biases at 317.42 nm, using the SNO data
sets spanning the period from April 19%, 2013 to January 16%, 2023. (b) Same as (a) except for at 345.38 nm. (c)
Same as (a) except for at 372.93 nm. (d) Estimated yearly degradation rate per year at 11 channels, i.e., 310.73,
311.98, 312.41, 313.24, 314.49, 317.42, 322.43, 331.20, 345.38, 359.98, 372.93nm, that were computed using two
methods. Th results marked in blue in (d) was computed using a linearly fitting for the time series of SNO-
averaged inter-sensor biases per channel during almost ten-year period, which was carried out in this study. The
results in red were provided by the EUMETSAT Pieter Valks using Metop-B GOME-2 Earth radiance and solar

flux measurements.

3.3.2. SNPP CrIS and GOES-16 ABI

The SNPP satellite has been in operation for over 13 years since its launch, significantly
exceeding its standard lifespan of six years. Thus, it is expected that the SNPP experiences some
spacecraft problems beyond its standard lifespan. As a fact, the SNPP spacecraft has experienced
several geolocation anomalies in the past year. Notable geolocation incidents occurred at the
following three dates: May 25, 2024, July 9%, 2024, and November 24, 2024. In particular, the last
two GPS anomaly events caused large geolocation problems with the largest errors over 100km
[Courtesy of NOAA STAR VIIRS SDR team]. These two significant geolocation issues led to sudden
fluctuations in long-term inter-sensor radiometric calibration biases between GOES-16/GOES-18 ABI
and SNPP CrIS. The overlapped channels are referred to Table B3 and C1 in Appendices B and C
respectively.

Figure 8 shows time series of daily average of inter-sensor radiometric calibration biases at three
ABI channels using the SNO method for the observations during day and night respectively between
SNPP CrIS and GOES-16 ABLI. In the figure, an existing method in [91] is employed to predict the CrlS
gap channels in comparison with ABI channels. As illustrated in Figure 8, the inter-sensor biases at
the three ABI channels (8 to 10) between SNPP CrIS and GOES-16 ABI remain stable within +0.5K,
except during two periods affected by the aforementioned two SNPP GPS anomalies. On July 12,
2024 and November 6t, 2024, the geolocation errors were over 100km, thus showing unexpectedly
large fluctuations in the inter-sensor biases. A similar feature was observed for the inter-sensor biases
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between SNPP CrIS and GOES-18 ABI (the figure is omitted). This capability stimulates the
development of a new algorithm for quantifying geolocation errors of CrIS SDR data using ABI SDR
data, which will be discussed in a separate manuscript.

Time Series of SNO-Mean Inter-Sensor Biases between SNPP CrlS and GOES-16 ABI
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Figure 8. Time series of daily average of inter-sensor radiometric calibration biases at three ABI channels for the

observations during day and night respectively between SNPP CrIS and GOES-16 ABI. In the figure, the inter-
sensor biases are computed using the SNO method [58][68]. To fill up the spectral gaps between CrIS and ABI,
an existing method in [91] is employed to predict the CrlS gap channels in the figure. (a) ABI Channel 8
(corresponding to the CrIS channel at 1613 cm). (b) ABI Channel 9 (corresponding to the CrIS channel at 1449
cm-1). (c) ABI Channel 10 (corresponding to the CrIS channel at 1370 cm-1).

In summary, the iSensor-RCBA portal has demonstrated its scientific values in monitoring long-
term stability of inter-sensor radiometric calibration biases in SDR data sets that are measured in
three OMPS nadir instruments, three CrIS instruments, and some other non-JPSS instruments such
as Metop-B GOME-2 and GOES-16 ABI. These results provide important supplemental information
to identify occurred problems in spacecraft, instrument, data, and validation methods.

5. Conclusions

This paper develops the iSensor-RCBA portal, which is built within the STAR ICVS monitoring
system, and explores the scientific value of the portal in tracking long-term stability of inter-sensor
radiometric calibration biases in SDR datasets. The analysis of SDR data sets focuses on three OMPS
NM sensors, three OMPS NP sensors, three CrIS sensors, SNPP OMPS NM and Metop-B GOME-2,
SNPP CrIS and GOES-16 ABI. Several important conclusions have emerged from these investigations,
as summarized below.

Firstly, the results within this study reveal the long-term inter-sensor radiometric calibration
consistency of SDR data sets throughout monitored periods at most of the analyzed channels for the
OMPS nadir instruments and CrIS instruments across SNPP, NOAA-20, and NOAA-21 satellites. The
degraded performance typically occurred during early-orbit stages, anomalies, malfunctions,
calibration updates or certain channels. For example, for three CrIS instruments, the averaged inter-
sensor radiance differences are typically smaller than 0.2, with some margins. For the three OMPS
NM and OMPS NP sensors, inter-sensor radiometric calibration biases generally remain within 2%
for the majority of channels, meeting the requirements. Exceptions are observed for OMPS NM in the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1548.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 September 2025 d0i:10.20944/preprints202509.1548.v1

16 of 24

300-305 nm wavelength range, and for OMPS NP in channels with wavelengths below approximately
255 nm.

Secondly, the 32-Day average method excels over the other three validation methods in
identifying inter-sensor radiance biases at the whole instrument channels as well as some
calibration/validation problems. For instance, it detects an unusual feature in the NOAA-21 CrIS SDR
data over the high latitudes of the Southern Hemisphere, which is not clearly observed by other
methods due to restricted computation regions. Moreover, the SNO method is very useful for
detecting calibration discrepancies by comparing an instrument against another with long-term
stability. For example, SNPP OMPS NM data helps determine the nadir degradation rates of the
Metop-B GOME-2 sensor. The annual degradation rates of the GOME-2 sensor, estimated through
linear fitting of long-term inter-sensor radiance biases between the OMPS NM and the GOMES-2, are
consistent with those derived from GOME-2 radiance and solar irradiance data analyzed by
EUMETSAT (with thanks to EUMETSAT Pieter Valks for sharing the results). This consistency
highlights the importance of long-term inter-sensor radiometric bias analysis in identifying sensors
with poor performance relative to a stable reference instrument. Additionally, GOES-16 ABI data is
utilized to capture geolocation problems in SNPP CrIS observations resulting from the spacecraft
GPS issues.

In summary, the iSensor-RCBA portal can serve as a crucial tool for providing supplemental
information about long-term radiometric calibration consistency and accuracy across JPSS and other
LEO satellite instruments. The portal within the ICVS framework is designed to support JPSS
missions, but the results are also interests of non-JPSS users and even the GSICS user community.
The used analysis approaches are also applicable for other satellite missions including future JPSS-03
and JPSS-04 missions. Therefore, the portal demonstrates a good model in providing supplementary
LT assessment information of the data quality for instrument vendors, instrument and data
calibration scientists, LEO and GEO mission scientists, GSICS user community, and other end-
product users.
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Appendix A Acronyms

Table Al. Acronyms used in this study.

Acronym Description
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ATMS Advanced Technology Microwave Sounder
CrIS Cross-track Infrared Sounder
OMPS Ozone Mapping and Profiler Suite
NM Nadir Mapper
NP Nadir Profiler
VIIRS Visible Infrared Imaging Radiometer Suite
AMSU-A Advanced Microwave Sounding Unit-A
AVHRR Advanced Very High-Resolution Radiometer
MHS Microwave Humidity Sounder
SSMI Special Sensor Microwave/Imager
SSMIS Special Sensor Microwave Imager/Sounder
IASI Infrared Atmospheric Sounding Interferometer
GOME-2 Global Ozone Monitoring Experiment-2
ABI Advanced Baseline Imager
GOES Geostationary Operational Environmental Satellite
TIROS Television Infrared Observation Satellite
RDR Raw Data Record
TDR Temperature Data Record
SDR Sensor data record
EDR Environmental Data Record
RSB Reflective Solar Band
TEB Thermal Emissive Band
SNO Simultaneously Nadir Overpass
SCO Simultaneously Conical Overpass
32D-AD 32-day averaged differences
POES Polar-orbiting Operational Environmental Satellite
program
LEO Low Earth Orbit
GEO Geosynchronous Equatorial Orbit
JPSS Joint Polar Satellite System
SNPP Suomi National Polar-orbiting Partnership
DMSP Defense Meteorological Satellite Program
ICVS Integrated Calibration/Validation System
PDA Production Distribution and Access
IDPS Interface Data Processing Segment
GSICS Global Space-based Inter-Calibration System
CLASS Comprehensive Large Array-data Stewardship System
RTM Radiative Transfer Model
CRTM Community Radiative Transfer Model
LT Long-Term
NRT Near-Real Time
STAR Center for Satellite Application and Research
OosPO Office of Satellite and Product Operations
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NOAA National Oceanic and Atmospheric Administration
JCSDA Joint Center of Satellite Data Assimilation
NWP Numerical Weather Prediction
ECMWF European Centre for Medium-Range Weather
Forecasts

Appendix B Key Channel Information for OMPS and GOME-2 Spectrometers

Table B1. Key channel information for OMPS and GOME-2 spectrometers.

Instrument Wavelength | Bandwidth Spectral Spatial Resolution
Coverage: (FWHM): nm | Resolution: (Nadir): km?
nm nm
OMPS NM 300~380nm | 1.0 0.42 SNPP: 50 x 50
NOAA-20:50 x 17
NOAA-21:12 x 10
NP 250 ~310nm | 1.0 0.42 SNPP: 250 x 250
NOAA-20: 50 x 50
NOAA-21: 50 x 50
GOME-2 Band 2B 308-402 nm 0.28 nm 0.64 80 x 40
Note FWHM: Full width at half maximum

Table B2. Key channel information for CrIS Hyperspectral Instruments.

Spectral Range Spectral Range Spectral Nadir Spatial
Band (cm™) (um) Resolution (cm™) Resolution (km)
Longwave 650-1095 15.38-9.14 0.625 14
Mid-wave 1210-1750 8.26-5.71 0.625 14
Shortwave 2155-2550 4.64-3.92 0.625 14
Table B3. Key channel information for ABI.
Band Index | Wavelength (um) Bandwidth
(wavenumber, cm?) | (nm)
1 0.47 40
2 0.64 100
3 0.86 40
4 1.37 30
5 1.6 60
6 22 50
7 3.9um (2564) 200
8 6.2 um (1613) 900
9 6.9 um (1449) 400
10 7.3 um (1370) 200
11 8.4 (1191) 400
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12 9.6 (1042) 200

13 10.3 (971) 500

14 11.2 (893) 800

15 12.3 (813) 1000

16 13.3 (752) 600

Note ABI Spatial Resolution: 0.5 km for 0.64

visible and 1 km for other visible/NIR
channels; 2 km for bands (>2 um)

Appendix C Used Channels or Wavelengths or Wavenumbers in the Analyzed
Instrument Pairs

Table C1. Covered spectral wavenumber range for 2 CrIS instruments

Method Applied Band or Spectral Range

CRTM- Full CrIS spectral wavenumber range; latitudes between -55°S and +55°N; open
DD oceans under clear skies

ABI-DD 10 ABI bands from 7 (2564 cm™) through 16 (752 cm™) (refer to Table B3)

32D-AD Full CrIS channels for global average of inter-sensor biases

Table C2. Covered spectral wavelength range for OMPS instruments.

Sensor Applied Spectral Wavelengths
OMPS NM Full NM spectral wavelengths from 300 nm to 380 nm for global
average of inter-sensor biases
OMPS NP Full NP spectral wavelength range from 250 nm to 310 nm for
global average of inter-sensor biases

Table C3. Covered wavelengths for the OMPS NM and GOME-2 pair.

Method Applied Central wavelength

GOME 2 - NM 11 central wavelengths: 310.73, 311.98, 312.41, 313.24, 314.49, 317.42, 322.43,
331.20, 345.38, 359.98, 372.93nm
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