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Abstract — The Cross-track Infrared Sounder (CrIS) is a 

Fourier transform spectrometer that provides hyperspectral 
soundings of the atmosphere over 3 wavelength ranges onboard on 
both Suomi National Polar-orbiting Partnership (SNPP) and 
NOAA-20 satellites.  Quantifying the radiometric difference and 
creating a calibration link between SNPP and NOAA-20 CrIS are 
crucial for creating CrIS long-term climate data records and 
establishing the space-based calibration standard. This study 
explores the inter-comparison strategy to identify the radiometric 
differences between SNPP and NOAA-20 CrIS along the finest 
spectral scale, including 1) direct comparison and 2) the two 
double difference methods using Infrared Atmospheric Sounding 
Interferometer and radiative transfer calculations as transfer 
targets. Each method has its own advantages and disadvantages.  
The preliminary results based on the above methods suggest good 
agreement generally between SNPP and NOAA-20 CrIS. Some 
consistent findings are disclosed by the above three methods, 
including 1) around the CO2 absorption band at 650-750 cm-1 
range, a consistent warm bias is found on the level of 0.1 K; 2) at 
the water vapor absorption band, the two CrIS instruments are 
well consistent to each other and their BT differences are close to 
zero lines albeit with spectral variation; 3) the largest BT 
difference of more than -0.6 K is found at the spectral line 
transition region (around 2380 cm−1). The root causes still need 
further investigation.  

Index Terms — Calibration, Cross-track Infrared Sounder, 
Inter-calibration 

I. INTRODUCTION 
he Cross-track Infrared Sounder (CrIS) is a Fourier 
transform spectrometer that provides hyperspectral 

soundings of the atmosphere over 3 wavelength ranges: 
longwave infrared (LWIR) (9.14 - 15.38 μm), middle-wave 
infrared (MWIR) (5.71 - 8.26 μm),  and shortwave infrared 
(SWIR) (3.92 - 4.64 μm) bands, which was launched on 
October 28, 2011 on Suomi National Polar-orbiting Partnership 
(SNPP) satellite and on November 18, 2017 on Joint Polar 
Satellite System (JPSS)-1 satellite (renamed as NOAA-20 after 
launch), respectively [1]. The geolocated, radiometrically, and 
spectrally calibrated radiances with annotated quality indicators 
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from CrIS—the so‐called Sensor Data Records (SDRs) — are 
used not only to retrieve atmospheric temperature and humidity 
profiles [2] and trace gases [3], but more importantly to be 
directly assimilated into numerical weather prediction models 
[4]. On the other hand,  given the same spectral measurements 
from the same type instrument, the combination of SNPP and 
NOAA-20 CrIS together will create long-term (more than a 
decade) CrIS hyperspectral infrared atmospheric 
measurements, which can be used for long-term climate 
monitoring and model assessments [5].  Finally, due to its 
hyperspectral nature and accurate radiometric and spectral 
calibration, CrIS has been selected as one of standard 
instruments to assess other narrow- or broad-band instrument 
calibration accuracy in the Global Space-based Inter-
Calibration System (GSICS) framework. Therefore, 
quantifying the radiometric difference between SNPP and 
NOAA-20 CrIS is fundamental to achieve the above goals.  

This paper explores the inter-comparison strategy to identify 
the radiometric differences between SNPP and NOAA-20 CrIS 
along the finest spectral scale, including 1) direct comparison 
and 2) double difference methods. The direct method compares 
CrIS measurements from two satellite platforms at the same 
earth location but with relative large time difference. The 
similar method has been successfully applied to quantify the 
inter-satellite bias of two Infrared Atmospheric Sounding 
Interferometer (IASI) instruments on MetOp-A and -B [6]. The 
indirect method use double differences between a pair of sensor 
radiance biases relative to a common transfer target (e.g., 
transfer radiometer, or radiative transfer calculations). Since 
each method has its own advantages and disadvantages, these 
methods should be combined together to comprehensively 
identify the inter-satellite bias between two CrIS instruments.   
The purpose of this study is to address the following questions 
in the community. Are there any differences between these two 
CrIS instruments, especially in instrument design and 
radiometric performance? Does one expect radiometric 
differences in the spectral domain between SNPP and NOAA-
20 CrIS, given the fact that two instruments are almost identical 
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and both SDRs are processed using the same ground processing 
software? Can these radiometric differences be verified 
independently from different methods?  

This paper is organized as follows. Section 2 introduces the 
similarity and differences of two instruments. Section 3 
presents the inter-comparison method and preliminary results.  
Section 4 concludes the paper. 

II. INSTRUMENTS 

A. Similarity 
Basically, SNPP and NOAA-20 CrIS have almost identical 

instrument design. As a step-scan Fourier transform 
spectrometer, it takes 8 seconds for each scan sweep, each 
collecting 34 Fields of Regard (FORs). Among them, 30 are the 
Earth scenes and 4 are the embedded space and blackbody 
calibration views. The scan mirror stepwise “stares” at the Earth 
step by step in the cross-track direction from −48.3° to +48.3° 
with a 3.3° step angle, generating a 2200 km swath width on the 
Earth. Nine field stops define the 3 × 3 detector array for each 
band, which are arrayed as 3 × 3 0.963° circles and separated by 
1.1°, which also are called Field of Views (FOVs). CrIS 
radiance spectrum (without apodization) covers three IR bands 
with spectral resolutions of 0.625 cm−1 at the full spectral 
operational mode with a total of 2223 spectral channels (before 
anodization). After the spectra are apodized by a Hamming 
function, the effective spectral resolution decreases by a factor 
of 1.82 with a total of 2211 channels. 

For both SNPP and NOAA-20, the SDR products — are 
processed using the same ground processing software [7].  The 
algorithm is an improvement over the previous algorithm that 
had been operationally used until March 2017. Major changes 
include the calibration equation, self-apodization correction and 
resampling matrices, and calibration filter.    

 
B. Improvements 

From an instrument design and radiometric performance 
perspective, several improvements have been made for NOAA-
20 CrIS - compared with previous SNPP CrIS -  toward better 
radiometric performance, including accurate calibration and 
lower noise.  

 
1) Internal Calibration Target (ICT) 

The onboard calibration blackbody has been greatly 
improved with a new design for NOAA-20 CrIS. The cavity 
wedge design of NOAA-20 ICT significantly increases the 
blackbody emissivity as shown in Fig. 1, effectively eliminating 
the radiation contributions from other optical parts within 
instrument and thus simplifying the complicated ICT model 
used in the calibration algorithm. Additional platinum 
resistance thermometer (PRT) has been added (with a total of 
three PRTs) to better provide temperature and gradient 
knowledge of internal calibration target (ICT), compared with 
two PRTs of SNPP, although in current calibration algorithm 
only two PRTs are used to calculate the averaged ICT 
temperature.  

 
Fig. 1.  ICT Emissivity of SNPP (black) and NOAA20 (red) CrIS.    

) Noise Performance 
enerally speaking, NOAA-20 CrIS noise performance is equal 
 or better than SNPP.  Fig. 2 gives the noise equivalent 

ifferential radiance (NEDN) curves for nine FOVs, derived 
om the ICT measurements on August 15 2018. Specifically, 
OAA-20 CrIS noise performance is similar to SNPP in the 
WIR and SWIR bands and all of FOVs are greatly better than 
e specifications.  However, in the MWIR band, both SNPP 
d NOAA-20 CrIS have one detector that is out of family 
ong nine detectors. Specially, NOAA-20 MWIR FOV 9 is 

ut of family but within specification, while noise in SNPP 
WIR FOV 7 is out of family but larger than specification. 
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Fig. 2.  CrIS NEDN performance for SNPP (top) and NOAA-20 (bottom) CrIS on August 15, 2018, in 
which the black line indicates the instrument noise specification.  

3) Detector nonlinearity 
The detector nonlinearity in LWIR and MWIR bands can 

cause FOV-to-FOV variability even all the FOVs sense the 
same target, as found during the pre-launch test. Therefore, a 
radiometric nonlinearity correction has to be applied to the 
complex (un-calibrated) spectra as the first step for SDR 
processing [8].  Shown in Fig. 3 is the final version of on-orbit 
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nonlinearity correction coefficients for NOAA-20 (V115) and 
SNPP (V37) CrIS.  Generally, NOAA-20 CrIS detector 
nonlinearity levels are comparable to or better than SNPP. For 
example, NOAA-20 FOV 5 have the largest nonlinearity in the 
LWIR band, compared to FOV 4 and 9 in SNPP. In the MWIR 
band, NOAA-20 CrIS nonlinearity is greatly improved and only 
FOV 9 shows nonlinearity feature, compared to apparent 
nonlinearity revealed in all the FOVs for SNPP CrIS.   
 To illustrate nonlinearity correction effects, Fig. 4 presents 
the inter-comparison results between CrIS and the Visible 
Infrared Imaging Radiometer Suite (VIIRS) M15 band (10.7 
µm) for both SNPP and NOAA-20 on August 15 2018. Owing 
to CrIS hyperspectral nature and accurate radiometric and 
spectral calibration, CrIS radiance spectra can be integrated 
through the VIIRS spectral response functions (SRF) to 
simulate VIIRS imager radiance measurements. Alternatively, 
high-spatial resolution VIIRS measurements can be spatially 
collocated and then averaged together within CrIS relative large 
FOVs [9]. Therefore, inter-comparison of CrIS and VIIRS on 
the same satellite platform is a common practice to 
independently assess both CrIS or VIIRS radiometric 
calibration accuracy[10, 11]. The CrIS-VIIRS brightness 
temperature (BT) differences for both SNPP and NOAA-20 
reveal the scene-dependent features, which can be caused by 
different instrument characteristics and calibration procedures 
and thus is not the focus here . However, when separated with 
different FOVs, these scene-dependent features should be 
consistent with different FOVs (or detectors). The scatter 
pattern among different FOVs points toward a non-perfect 
nonlinearity correction. Explicitly, when the observed scene 
temperature are above the ICT temperature (~280K), CrIS-
VIIRS BT differences of different FOVs for both SNPP and 
NOAA-20 seem more scatter. However, NOAA-20 CrIS-
VIIRS BT differences are much closer to each other at the 
temperature range from 200 to 280K.  Overall, this indicates 
that NOAA-20 CrIS nonlinearity correction performance is 
better than SNPP.     
         
  

 
Fig. 3 Comparison of quadratic nonlinearity correction coefficients for NOAA-20 and SNPP CrIS for 
LWIR and MWIR bands.  

 
Fig. 4 CrIS-VIIRS M15 BT differences varying with CrIS BTs for 9 different FOVs for SNPP and NOAA-
20.    

III.   INTER-CALIBRATION METHOD AND PRIMARY RESULTS 
After NOAA-20 CrIS was turned on January 4 2018, an 

intensive post-launch on-orbit evaluation and checkout was 
performed by the CrIS SDR team, focusing on optimizing 
spectral, radiometric, and geometric calibration parameters. As 
a result, three versions of CrIS engineer packets (ENGPKT) 
have been uploaded respectively on Jan 17 2018 (V113), 
February 16 2018 (V114), and August 14 2018 (V115). Among 
them, nonlinearity correction coefficients are kept as the same 
values between V114 and V115, while small adjustment have 
been made for instrument line shape (ILS) parameters and 
mapping angles. So the data used for this study are those with 
ENGPKT V114 after February 16 2018. During this period, 
there is no any changes for SNPP CrIS and ENGPKT V37 has 
been used for ground software processing. All the CrIS data in 
this study are apodized full spectral resolution (FSR) data. The 
reason that we only focus on the FSR data is that, the normal 
spectral resolution data (NSR) will be discounted in the near 
future and only FSR data will be generated for current and 
future CrIS instruments.     

NOAA-20 is designed to have the almost identical orbit 
parameter as SNPP except for the half orbit along track 
separation in order to better globally cover the Earth without 
spatial gap. In other words, NOAA-20 and SNPP  follow each 
other with 50.7 minutes’ difference and the simultaneous 
overlapped measurements do not exist. To meet this challenge, 
two inter-calibration strategies are used to comprehensively 
quantify the inter-satellite bias between SNPP and NOAA-20 
CrIS, including 1) direct comparison method with 50.7 
minutes’ difference and 2) double difference comparison 
approach  through a transfer target. In this section, we describe 
these methods and present preliminary results.  
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A. Direct comparison  

The NOAA-20 and SNPP CrIS spectra can be directly 
compared in their overlapped regions between two consecutive 
tracks with ±50.7 minute difference. However, these 
overlapped regions only exist in the off-nadir regions with 
opposite scan angle, in which one sensor is located at the 
beginning of the scan and another sensor is at the end of scan as 
shown in Fig. 5, except to Polar Regions where overlapped 
regions are close to nadir. More importantly, in one side of 
overlapped regions, SNPP is earlier than NOAA-20; but on the 
other side, SNPP is later than NOAA-20 with 50.7 minute 
difference.  Therefore, one needs to deal with two issues: 1) 50 
minutes’ time differences that can cause diurnal variation of 
overserved scenes, and 2) off-nadir geometry. 

4 

length. Since the secant of the zenith angle is approximately 
proportional to the optical path length, the relative difference 
between the secant of the two zenith angles from SNPP and 
NOAA-20 satellites can be used to limit the optical path 
difference, given the stable atmospheric condition. As the last 
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Fig. 5 Two consecutive orbits of SNPP (red) and NOAA-20 (blue) CrIS. SNPP and NOAA-20 satellites 
follow each other with ~50.7 minutes’ difference and their overlapped regions exist either at the   
beginning of the scan or the end of scan dependent on time difference.  

To take care of relatively large time difference, stable scenes 
with homogeneous atmospheric condition during night time are 
selected. Collocated VIIRS pixels within CrIS FOVs are used 
to examine scene homogeneity for both NOAA-20 and SNPP 
CrIS observations [9]. Given the large FOV size of CrIS (14.0 
km at nadir), one CrIS FOV can collect hundreds of VIIRS 
pixels dependent on scan positions. Examination of the standard 
deviation of these collocated pixels (Std_Rad/Mean_Rad < 
0.01) can well characterize the scene homogeneity to ensure 
that no clouds move into overlapped regions during ~50.7 
minutes’ period. In addition, the stability of CrIS spectra at a 
relatively large area (e.g., 300km ×300km) is also checked to 
ensure the stable atmosphere because CrIS spectral radiances 
correspond the temperature and humidity at different altitude. 
The stability of CrIS spectra can be used to characterize the 
stability of the atmosphere condition. 

NOAA-20 and SNPP CrIS “see” the overlapped regions at 
the opposite scan angles. To handle off-nadir geometry, only 
the overlapped observations with close satellite zenith angles 
are chosen, as shown in Fig. 6. Within the infrared spectra 
where CrIS covers, a similar view zenith angle means a similar 
geometric path-length, which implies a similar optical path-

step, the collocated scenes are limited to the area between 
[60°S, 60°N] over ocean to avoid possible diurnal variation as 
well as quick changes of weather conditions in the Polar 
Regions.  

 
ig. 6 Zenith angle distribution SNPP and NOAA-20 CrIS overlapped FOVs, in which only FOVs with 
imilar satellite zenith angles (red) are selected. 

Demonstrated in Fig. 7 are the selected 1136 paired spectra 
or the data on August 17 2018 that meet the above criteria. The 
T histogram for 900 cm-1 is given in the bottom, indicating 

hat BT values are dominant at the range from 270 to 300 K at 
he atmospheric window regions. The preliminary analysis for 
nly one day’s data indicate good agreement between NOAA-
0 and SNPP CrIS. In particular, at the CO2 absorption region 
650 – 750 cm-1), it is found that NOAA-20 is warmer than 
NPP and the BT difference shows arch curve pattern. At the 
ther spectral region at LWIR band, NOAA-20 is slightly 
armer than SNPP. At the MWIR band, though spectral line 

eatures are revealed, the mean BT difference is close to zero 
ine, indicating good agreement between SNPP and NOAA-20. 
t the SWIR band, the largest BT difference of -0.6 K can be 

ound at the spectral transition region 2380 cm-1.  Overall, it is 
romising that this direct comparison method works well based 
n one-day’s preliminary analysis. However, radiometric 
ifferences between SNPP and NOAA-20 still needs further 
valuated based on long-term dataset.          

Fig. 7 a) Spectral distribution for paired SNPP and NOAA-20 spectra on August 17 2018 with a total of 
1136 samples; b) BT histogram at 900 cm-1 as well as the fitting line (dashed black) 
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Fig. 8 NOAA-20 minus SNPP BT difference statistics including the mean (top) and standard deviation 
(bottom)  

B. Indirect comparison through a transfer target 
Another way to compare these two CrIS instruments is to use a
transfer target to perform indirect comparison. The transfer
targets can be either space-born instruments or radiative
transfer calculations.  The SNPP and NOAA-20 CrIS radiance
biases relative to the common transfer target first are computed
Their double differences can be used to quantify the radiance
differences between SNPP and NOAA-20 CrIS by canceling
out the bias of the transfer target.   However, in order to fully 
cancel the calibration bias of the transfer target, the following 
conditions are  expected to meet. First, the transfer radiometer 
or target must be stable during the period when two polar-
orbiting satellites pass overhead. Second, coincident 
observations of two polar-orbiting instruments with the transfer 
target are expected to be sampled in similar atmospheric 
conditions, which can avoid the calibration bias related to 
specific atmospheric environment. 
 
1) Using IASI as a transfer target 

Like CrIS, the  IASI instrument is also an interferometer in 
space measuring the 3.5–16.4 µm (645–2760 cm−1 ) spectrum 
in 8461 spectral channels with a spectral sampling interval of 
0.25 cm−1, successfully launched on MetOp-A in October 2006 
and MetOp-B in September 2012 (hereafter named as IASI-A 
and IASI-B). Given the fact that IASI has a longer optical path 
difference (OPD) (2.0 cm for all three bands) than CrIS (0.8 cm 
for all three bands), high spectral resolution IASI spectra can be 
easily and accurately converted into low spectral resolution 
CrIS spectra for inter-comparison [12].   

SNPP and NOAA-20 CrIS measurements are respectively 
collocated with IASI-A and -B at so-called simultaneous nadir 
overpass (SNO) scenes. Because MetOp satellites are in mid-
morning orbits and SNPP and NOAA-20 are in afternoon 
orbits, the SNOs between MetOp and SNPP or NOAA-20 
occurred roughly every 50 days. Fortunately, once an SNO 
event occurs, their orbits cross each other in a number of 
consecutive orbits when satellites fly to the Polar Regions. 
Therefore, many SNO observations can be collected during 
each SNO event. We use the collocation method based on line-

of-sight vectors to pair CrIS and IASI measurements for both 
nadir and off-nadir observations once their FOV angle distance 
is less than 1/2 CrIS FOV angle (0.963°). Furthermore, the 
temporal difference is limited to two minutes. Similar to the 
previous method, only observations with close satellite zenith 
angles (using the ratio of cosine of two satellite zenith angles) 
with uniform scenes (using the ratio of the standard deviation 
over the mean of collocated VIIRS pixels) are selected.   

Fig. 9 gives the NOAA-20 and SNPP CrIS and IASI-B SNO 
spectral distribution at North Pole after June 30 2018 (after last 
event of  IASI-B ice decontamination), respectively. A total of 
953 pairs SNO spectral are found between NOAA-20 CrIS and 
IASI-B, while 1718 pairs between SNPP and IASI-B. The 
distribution of SNO spectra indicates typical atmospheric 

 spectra at the Polar Regions, where the spectra at window 
region spread with relative large dynamic range (e.g. 900 cm-1) 
and those at the absorption region (e.g. 700 m-1) are condensed 
together. The BT histogram at 900 cm-1 is also given at the 
bottom, in which the BT values range from 240K to 290K with  
similar distributions. It suggests that the SNO spectra between  
SNPP CrIS and IASI-B and those between NOAA-20 CrIS and  
IASI-B were collected at the similar atmospheric and surface  
conditions. In other words, the double differences between . 
SNPP and NOAA-20 BT differences relative to IASI-B can  
cancel out IASI-B bias and thus can be used to quantify the  
radiometric differences between SNPP and NOAA-20 CrIS.  

 

 
Fig. 9 a) NOAA-20 CrIS and IASI-B  and b) SNPP CrIS and IASI-B SNO spectral distribution at North 
Pole, in which the black lines give the mean of all spectra. The BT histogram at 900 cm-1  is also given 
the bottom with the histogram fitting line. 
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Fig. 10 shows the mean and standard deviation of NOAA-20

and SNPP CrIS-minus-IASI-B BT difference for all SNO
spectra at the North Pole. It shows that both SNPP and NOAA-
20 CrIS is slightly warmer than IASI-B at LWIR band but more
consistent to each other at MWIR band, while a considerable
sharp increase can be found at spectral line transition region
(around 2380 cm−1). This finding is consistent to the previous
study [12]. Finally, their double differences are given at the
bottom in Fig. 10. The similar feature can be found at the CO2

absorption region, i.e., NOAA-20 is apparently warmer than
SNPP and the BT difference. Different to the previous results,
at other spectral region of the LWIR band, their BT difference
is very small and close to zero line. The mean BT difference is
close to zero line in the MWIR band but has smaller spectral
variation (than the direct comparison). At the SWIR band, the
largest BT difference of -0.6 K can also be found at the spectral
transition region 2380 cm-1. As a summary, the double
difference method using IASI as a transfer radiometer is very
encouraging and is worthy of being used to continuously
monitor the radiometric difference between SNPP and NOAA-
20.    

 

 
Fig. 10 a) The mean and b) standard deviation of NOAA-20 (red)  and SNPP (blue) CrIS minus IASI-B 
BT difference, and c) the double differences between NOAA-20 and SNPP through IASI-A as a transfer 
target. 

2) Using radiative transfer calculations as a transfer target 
The radiative transfer calculations can also be used as a

transfer target. Basically, the atmospheric profiles either from 
global model outputs or the retrievals (e.g.  GPS radio
occultation) are input to radiative transfer models to simulate 
CrIS spectra. The so-called observations-minus-simulations 
(O-B) can be built up at the collocated locations. It is expected 
that the double difference of O (SNPP)-B and O(NOAA-20)-B 
can cancel out the model simulations based on two reasons.
First, the bias from radiative transfer models can be effectively 
cancelled out because the same coefficients are used for both 

 

 

 

SNPP and NOAA-20. Second, the model fields need to be 
stable during the 50.7 minutes period, which can be easily met 

 for clear sky simulations. 
 In this study, both NOAA-20 and SNPP CrIS full spectral 

resolution radiances were simulated by using the Community 
 Radiative Transfer Model (CRTM) [13-15] and European 
 Center for Medium-range Weather Forecasts (ECMWF) 3-hour 
 analysis/forecast model data. To better collocate the 
 observation and simulation spatially and temporally, the four 
 forecast grid points surrounding the satellite pixel are bilinearly 
 interpolated to the location of satellite pixel location, then a 
 linear temporal interpolation in time is performed using the two 
 forecast fields that bound the CrIS observational time. To 
 effectively remove the possible contamination by clouds and 
 spatially varying humidity in the CrIS observations, a hyper-
 spectral infrared cloud detection algorithm coupled with CRTM 
 simulation is used [16]. This CrIS cloud detection algorithm 
 works very well and is conservative at detecting clear sky [17]. 
 However, due to the large errors in modeling land, ice and snow 
 surface emission and reflection and surface skin temperature, 
 we only consider the clear scenes over ocean within [60°S, 

60°N] at nighttime in this study. 
 Fig. 11 shows the nighttime (descending orbit) global 

distribution and histogram of CrIS  BT for window channel at 
900 cm-1 at clear scenes over oceans on August 2018. Left panel 
is results for NOAA-20, and right panel is for SNPP. There are 
120672 clear data points for NOAA-20 with mean 291.696 K, 
and 123415 clear data points for SNPP with mean 291.698 K. 
The BT global distribution patterns and histogram dynamic 
ranges for NOAA-20 and SNPP are basically the same, 
although there are 50.7 minutes apart. 

 

 
Fig. 11 Nighttime global coverage of CrIS brightness temperature and histogram at clear scenes over 
ocean within [60oS, 60oN] at wavenumber 900 cm-1 on 17 August 2018:  Left, NOAA-20, and right, 
SNPP. 

The statistics of nighttime observed-minus-simulated (O-B) 
BT differences and standard deviation from CrIS channels 
flagged as clear for August 2018 over ocean are shown in Fig. 
12 in the top and middle panels (red curve shows the SNPP 
results and black curve shows NOAA-20 results). The biases 
are primarily contributed from four possible resources, i.e. the 
numerical weather prediction error, instrument noise, radiative 
transfer model error, and undetected cloud contamination. Over 

 the window channels in the LWIR (800 to 980 cm-1), there has 
a 0.2 K negative bias. This bias may partially due to cloud 
contamination in the observations, although very restrict cloud 
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detection algorithm is used. The large standard deviation for 
water vapor channels at MWIR band may mainly come from 
the ECMWF water vapor forecast field. The warm bias (~0.5 
K) for the high peak CO2 channels (both 15 μm and 4.3 μm CO2 
bands) might be due to CRTM error and/or ECMWF 
temperature forecast field error. However, the root cause is still 
under investigation. There are large biases at CO strong 
absorption lines at spectral range 2155 to 2190 cm-1, which is 
due to the forward simulations using default climatological CO 
profile as the CRTM input. 

To better quantify the radiometric differences between the 
two instruments on NOAA-20 and SNPP, double difference 
technique can be used to effectively cancel the model 
simulation error. They have a constant time separation of about 
50.7 minutes between NOAA-20 and SNPP observations. The 
time difference makes them impossible to meet simultaneously 
at the same location in order to perform direct radiance 
comparison. However, the double difference approach is from 
a statistical standpoint instead of pixel-by-pixel comparison. 
There are several merits for this approach: 1) The forward 
model simulates the CrIS channel BTs using the same set of 
coefficient for both NOAA-20 and SNPP and thus the 
uncertainty from the forward model can be effectively 
minimized; 2) The data used to calculate the mean are based on 
large samples - which represent different atmospheric and 
surface conditions – and  so the impact from the observation 
time difference could be largely reduced;  and 3) The 
comparisons can be separated for different times and different 
locations. Fig. 12 bottom panel shows the double difference 
results between NOAA-20 and SNPP using CRTM simulated 
radiance as a transfer target. For majority channels, the 
differences are within ±0.1 K. Excellence agreement could be 
found at LWIR band and MWIR band. Only several channels 
in SWIR exceed the 0.1 K difference. Note that there are ~0.1 
K warm for NOAA-20 at 15 μm CO2 band, which is consistent 
with the founding from the previous inter-calibration methods 
(e.g. direct comparison method and double difference method 
using IASI as a transfer radiometer).     

 
Fig. 12 CrIS nighttime observation minus simulation biases (top panel) and standard deviations (middle 
panel) and double differences between NOAA-20 and SNPP (bottom panel) as a function of wavenumbers 
for clear sky over ocean on 17 August 2018. 

IV.   CONCLUSION  
Given the fact that the measurements from the same type 

instrument CrIS will last more than 15 years, quantifying the 
radiometric difference and creating a calibration link between 
SNPP and NOAA-20 CrIS are crucial for creating fundamental 
climate data records and establishing the space-based 
calibration standard. This study explores the methods that can 
effectively quantify the radiometric differences between SNPP 
and NOAA-20 CrIS along the finest spectral scale, including 
the direct comparison method and the two different double 
difference approaches using IASI and radiative transfer 
calculations as transfer targets. Each method has its own 
advantages and disadvantages. The direct method makes the 
comparison straightforward but has to deal with off-nadir 
geometry as well as the scene changes due the large 
observational time difference (50.7 minutes). On the other 
hand, as a complement, the double difference method can well 
extend inter-comparison by choosing different a transfer target. 
For example, the one using IASI can effectively extend the 
inter-comparison to the Polar Regions, while the other using 
radiative transfer simulations can easily collected large sample 
of the data. However, it should be noted that the results from 
the double difference method must be carefully interpreted 
because two data sets were collected in different time periods 
and the bias from the transfer target may not be totally canceled 
out.  

Though the focus of this study is to explore the inter-
comparison method, the preliminary results based on the above 
methods suggest good agreement generally between SNPP and 
NOAA-20 CrIS. Some consistent finding are disclosed by the 
above three methods, including    

1) At the CO2 absorption band at 650-750 cm-1 range, a 
consistent warm bias is found on the level of 0.1K;  

2) At the water vapor absorption band, the two CrIS 
instruments are well consistent to each other and their BT 
differences are close to zero lines albeit with variation;  

3) The largest BT difference of more than -0.6 K can be 
found at the spectral line transition region (around 2380 cm−1) 

in the SWIR band. 
However, the BT differences at the atmospheric window 

regions from the above methods are slightly different to each 
other, which can be caused by the large spread of BT 
distribution at this region. The root cause still needs the further 
investigation. 

As a final note, we point out that, due to the time limit of 
NOAA-20 CrIS extensive calibration and validation period, this 
study only gives the preliminary analysis. However, the results 
are encouraging enough and ensure that the above methods are 
capable to effectively quantify the radiometric differences 
between NOAA-20 and SNPP CrIS routinely during the 
satellite lifetime. For the way forward, it is possible to generate 
CrIS level-1c data sets by resolving the radiometric differences 
between SNPP and NOAA-20 as well as NOAA-20 and future 
JPSS2. This can be achieved by two steps. First, we can adjust 
calibration parameters (such as non-linearity coefficients and 
blackbody emissivity) within their uncertainty range to force 
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SNPP data to agree with NOAA-20. Second, if there is any 
residual bias existing, it is possible to add another correction 
term to make SNPP data further consistent with JPSS. Based on 
the new developed algorithms, CrIS level-1c data can be 
generated through recalibration efforts. This will be addressed 
by the future study.  
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