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ABSTRACT  

The Atmospheric Infrared Sounder (AIRS) on the EOS Aqua Spacecraft was launched on May 4, 2002.  AIRS acquires 
hyperspectral infrared radiances in 2378 channels ranging in wavelength from 3.7-15.4 um with spectral resolution of 
better than 1200, and spatial resolution of 13.5 km with global daily coverage.  The AIRS is designed to measure 
temperature and water vapor profiles for improvement in weather forecast accuracy and improved understanding of climate 
processes.  As with most instruments, the AIRS Point Spread Functions (PSFs) are not the same for all detectors.  When 
viewing a non-uniform scene, this causes a significant radiometric error in some channels that is scene dependent and 
cannot be removed without knowledge of the underlying scene.  The magnitude of the error depends on the combination 
of non-uniformity of the AIRS spatial response for a given channel and the non-uniformity of the scene, but is typically 
only noticeable in about 1% of the scenes and about 10% of the channels. The current solution is to avoid those channels 
when performing geophysical retrievals.  In this effort we use data from the Moderate Resolution Imaging 
Spectroradiometer (MODIS) instrument to provide information on the scene uniformity that is used to correct the AIRS 
data.  For the vast majority of channels and footprints the technique works extremely well when compared to a Principal 
Component (PC) reconstruction of the AIRS channels.  In some cases where the scene has high inhomogeneity in an 
irregular pattern, and in some channels, the method can actually degrade the spectrum.  Most of the degraded channels 
appear to be slightly affected by random noise introduced in the process, but those with larger degradation may be affected 
by alignment errors in the AIRS relative to MODIS or uncertainties in the PSF.  Despite these errors, the methodology 
shows the ability to correct AIRS radiances in non-uniform scenes under some of the worst case conditions and improves 
the ability to match AIRS and MODIS radiances in non-uniform scenes. 
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1. INTRODUCTION  

1.1. AIRS and MODIS on Aqua 

The Atmospheric Infrared Sounder (AIRS) measures atmospheric temperature and water vapor profiles from space.  AIRS 
resides on the EOS Aqua spacecraft launched in May 2002.  The AIRS is a “facility” instrument developed by NASA as 
an experimental demonstration of advanced technology for 
remote sensing and the benefits of high resolution infrared 
spectra to weather forecasting and atmospheric process 
studies.  The AIRS, in conjunction with the Advanced 
Microwave Sounding Unit (AMSU), produces temperature 
profiles with 1K/km accuracy on a global scale, as well as 
water vapor profiles and trace gas amounts for CO2, CO, 
SO2, O3 and CH4

1.  AIRS continues to provide high forecast 
impact2,3 and is widely used for scientific investigations4 
including climate model validation5,6. 

Figure 1 shows a schematic of the AIRS scan pattern and 
flight geometry.  AIRS scans a single nearly circular 13.5 
km Instantaneous Field of View (IFOV) in the cross-track 
direction as it traverses the orbit.  A total of 90 IFOV’s are 
obtained per scan.  After 3 scans, a set of 3x3 AIRS  
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Figure 1.  AIRS scans cross-track with 90 IFOV’s.  
The IFOV’s rotate with scan producing a 
complicated PSF. 
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To highlight the issue with misregistration, Figure 2 shows two sample spectra from AIRS acquired on April 1, 2014.  The 
radiance spectra have been converted to brightness temperature in the figure. We show the 800-1050 cm-1 spectral range 
where the effect is most prominent.  The upper plot in Figure 3 shows a low-contrast, warm scene.  In this plot, the channel-
to-channel variability is small and compares well with a principal component (PC) reconstruction also shown in the figure 
for that spectrum.  The PC reconstruction is trained on simulated spectra and applied to the radiance spectra shown prior 
to converting to brightness temperature.  The channel-to-channel variability is low since the scene contrast is low, 
mitigating any issue with channel-to-channel PSF variability.  The lower plot in Figure 3 shows a high contrast scene.  
Here we see significant differences compared to the PC reconstruction.  Differences can be as high as 15 degrees. 

In prior work we showed how the AIRS PSF’s can improve the intercomparison of radiances between AIRS and MODIS 
in non-uniform scenes16,17.  In this work we use the AIRS spatial response and the MODIS radiance data to actually correct 
radiometric errors in the AIRS data due to scene inhomogeneity and misregistration in affected channels and footprints.  
We use knowledge of the AIRS in-flight spatial response, or Point Spread Function (PSF), MODIS radiances, and AIRS 
and MODIS geolocation data to correct AIRS radiances in non-uniform scenes. 

2. METHODOLOGY 

2.1. Radiometric Normalization 

Given knowledge of the spatial response of AIRS (PSF’s) and the scene radiance distribution (from MODIS) we should 
be able to correct the negative effects of variable co-registration amongst all channels.  We do this by multiplying the 
calibrated radiance by a factor that corrects for the scene inhomogeneity and the variability in the AIRS response functions.  
The spatially averaged radiance from AIRS depends on the scene and AIRS spatial response: 

 𝐿𝐴𝐼𝑅𝑆,𝑖 =
∑ ∑ 𝐿𝑖(𝑥,𝑦)𝑦 𝑅𝑖(𝑥,𝑦)𝑥

∑ ∑ 𝑅𝑖(𝑥,𝑦)𝑦𝑥
 (1)  

where 

LAIRS,i = AIRS L1B radiance in the ith channel (W/m2-sr- μm) 
Li = Scene radiance in the ith channel (W/m2-sr-μm) 
Ri = AIRS Point Spread Function (unitless) 
x,y = Longitude and Latitude of the AIRS PSF Grid (deg) 

If we know the scene radiance, we can correct for an irregular spatial profile by normalizing it to the signal that would 
result using an “average” spatial profile (i.e. Flat-Field AIRS Response) 

 𝐿′𝐴𝐼𝑅𝑆,𝑖 =
∑ ∑ 𝑅𝑖(𝑥,𝑦)𝑦𝑥 ∑ ∑ 𝐿𝑖(𝑥,𝑦)𝑅𝑜(𝑥,𝑦𝑦 )𝑥

∑ ∑ 𝐿𝑖(𝑥,𝑦)𝑦 𝑅𝑖(𝑥,𝑦)𝑥 ∑ ∑ 𝑅𝑜(𝑥,𝑦)𝑦𝑥
𝐿𝐴𝐼𝑅𝑆,𝑖 (2) 

where 

L’AIRS,i = Spatially Corrected AIRS Radiance in the ith channel (W/m2-sr- μm) 
Li = Scene radiance in the ith channel (W/m2-sr-μm). 
Ro = Average AIRS Point Spread Function over all channels 

For the scene radiance, Li, we use a MODIS window band radiance, LM at 11.017 μm.  At first we used the MODIS band 
closest in wavelength to the AIRS channel being corrected, but found that choice of band only leads to a change in the 
applied correction of less than 10%.  This is most likely due to the fact that the scene contrast is very similar in most 
channels since the contrast is due to clouds and clouds have a slowly varying spectral signature.  Use of a single MODIS 
band for all channels makes the operational implementation of the algorithm simpler. 

If we wish to compare MODIS radiances and AIRS radiances, the MODIS radiance must also be weighted by the 
average AIRS PSF.   

 L′M =
∑ ∑ LM(x,y)y Ro(x,y)x

∑ ∑ Ro(x,y)yx
 (3)  



 

 
 

 

2.2. Spatial Alignment 

Before the correction algorithm is applied the PSF spatial grid must be aligned with the scan and track directions of 
AIRS.  The PSF grid also must be scaled to the local latitude and longitude grid and centered on the AIRS footprint.   

Rotation:  The AIRS PSF’s are acquired on a 39 x 39 element grid with increment 0.04º.  They are acquired in the scan 
and track directions.  For each IFOV, there is a unique angle, θj,k, measured counter clockwise between the AIRS scan 
plane and the local parallel that can be calculated from the AIRS geolocation for the two points immediately adjacent to 
the IFOV in the along scan direction. 

 tan(𝜃𝑗,𝑘) =
𝑑𝑙𝑎𝑡

𝑑𝑙𝑜𝑛
 (4) 

where 

 𝑑𝑙𝑎𝑡𝑗,𝑘 = [(𝑙𝑎𝑡𝑗+1,𝑘 − 𝑙𝑎𝑡𝑗,𝑘) + (𝑙𝑎𝑡𝑗,𝑘 − 𝑙𝑎𝑡𝑗−1,𝑘)] 2⁄  (5) 

 𝑑𝑙𝑜𝑛𝑗,𝑘 = [(𝑙𝑜𝑛𝑗+1,𝑘 − 𝑙𝑜𝑛𝑗,𝑘) + (𝑙𝑜𝑛𝑗,𝑘 − 𝑙𝑜𝑛𝑗−1,𝑘)] 2⁄  (6) 

and j is the scan direction index and k is the track direction index.   

Scaling and Centering:   We then need to scale the PSF grid to the latitude and longitude grid.  We know the AIRS grid 
is acquired on 1.089º increments in the scan direction and can compute the corresponding scale factor between scan angle 
and latitude and longitude.   

 𝑆𝑗,𝑘 =
𝑑𝑙𝑜𝑛𝑗,𝑘 𝑐𝑜𝑠(𝜃𝑗,𝑘)⁄

1.089°
 (7) 

 𝑇𝑗,𝑘 =
𝑑𝑙𝑎𝑡𝑗,𝑘 𝑠𝑖𝑛(𝜃𝑗,𝑘)⁄

1.089°
 (8) 

The resulting latitude and longitude grid of the PSF can now be computed with the rotation angle and scale factors above.   

 𝑙𝑜𝑛𝑃𝑆𝐹,𝑗,𝑘,𝑙,𝑚 =   𝑥𝑙,𝑚 ∙   𝑆𝑗,𝑘 ∙ cos(𝜃𝑗,𝑘) − 𝑦𝑙,𝑚 ∙   𝑇𝑗,𝑘 ∙ sin(𝜃𝑗,𝑘) + 𝑙𝑜𝑛𝑗,𝑘  (9) 

 𝑙𝑎𝑡𝑃𝑆𝐹,𝑗,𝑘,𝑙,𝑚 =   𝑥𝑙,𝑚 ∙   𝑆𝑗,𝑘 ∙ sin(𝜃𝑗,𝑘) + 𝑦𝑙,𝑚 ∙   𝑇𝑗,𝑘 ∙ cos(𝜃𝑗,𝑘) + 𝑙𝑎𝑡𝑗,𝑘 (10) 

Where xl,m, and yl,m are the angular coordinates (39 x 39) of the PSF from pre-flight testing and range from -19*0.04º = -
0.76º to +0.76º in 0.04º  increments. 

Figure 3 shows the result of rotating the AIRS PSF grid to match the scan and track directions of the AIRS and MODIS 
instruments.  The PSF grid is centered on the central 
AIRS pixel in the image.  The next step is to resample 
the MODIS data to the AIRS PSF grid.  We then have all 
the information in the right format to perform the 
summations in equation (2). 

3. DATA 

This section provides additional detail on the AIRS PSFs 
and the AIRS and MODIS data used in the analysis.  All 
data are available at the NASA GES/DISC, 
https://disc.gsfc.nasa.gov 

3.1. AIRS PSFs 

AIRS has a complex optical system driven by the 
infrared linear detector array technology of the time of 
development (1990’s).  AIRS uses 17 individual linear 
arrays of detectors (modules) to cover the spectrum and 
multiple afocal relay telescopes in a pupil-imaging 
configuration to coregister all detectors to a single IFOV 
on the ground.  Figure 4 shows the centroids of the AIRS 

 
Figure 3.  AIRS (*) and MODIS (x) data grid, and AIRS 
PSF grid projected on the ground (o).  The black and red 
icons are the pixels of the first and last rows respectively 
in the first column of the AIRS and MODIS data files. 
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spatial response “tophat” functions acquired prior to launch with the instrument not scanning18.  While accurate 
coregistration is achieved for the vast majority of channels, we see as much as 10% misregistration in some channels with 
the biggest deviation in the elevation (track) direction. Channels with detectors at the ends of modules show the largest 
deviations.  The tophat functions for these channels are the most irregular, likely due to vignetting of the pupil.  

The tophat functions are truncated, rotated and convolved with the integration 
blur to make an in-flight PSF for each channel and each footprint of the AIRS17.  
The average PSF over all AIRS channels is shown in Figure 5 for 9 representative 
footprints, as well as a PSF for channel 776 at the end of scan.  We can see from 
the figure that the centroid for channel 776 (913.4 cm-1

, 10.59 μm) is considerably 
different than the average shown in the lower right corner of the 3 x 3 average 
footprints in the figure.  The PSF’s are oriented in the data file with scan and 
track as shown in Figure 6.  We also show the orientations of the AIRS 
geolocation grid.  In order to use the AIRS PSF’s, they must first be rotated by 
180° prior to use in equation 2 above. 

3.2. AIRS and MODIS Data 

To test the above correction algorithm, we look at data acquired from AIRS and 
MODIS on May 1, 2014 acquired over central Africa.  We use the AIRS 
AIRIBRAD, and the MODIS MYD021KM fully calibrated radiance data products, and corresponding geolocation file 
for MODIS (geolocation is contained within the AIRS data file).  AIRS granule 124 and MODIS granules 1220 and 
1225 were used in the analysis. We use two 
MODIS granules to ensure we cover the entire 
region covered in the AIRS granule.  The 
AIRS granule and one of two MODIS granules 
is shown in Figure 7.   

The MODIS radiances are acquired over a 
significantly wider spectral bandpass than the 
AIRS data, however the normalization applied 
in equation 2 results in only the scene contrast 
as being significant, and mitigates the 
significant bias differences in the raw 
radiances.  MODIS radiance data are converted 
from W/m2-sr-μm to mW/m2-sr-cm-1 to be 
consistent with AIRS radiances. 

  
Figure 7.  Granules used to demonstrate correction algorithm 
acquired May 1, 2014. (Left) AIRS Granule 124 channel 776 
(Right) MODIS Granule 1225 Band 31  . 

 
Figure 5.  AIRS Point Spread Functions (PSF’s), include static 
pre-flight “Tophat” measurements combined with the motion 
of the scan mirror.   
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Centroid is defined as the position 
weighted integral of the AIRS Point 
Spread Function in two dimensions

 
Figure 6.  Orientation of 
PSF and AIRS radiance 
scan and track relative to 
MATLAB index. 
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Figure 4. The centroids of the AIRS Tophat 
functions measured pre-flight can be off by as 
much as 0.1° (10% of a pixel) in elevation. 



 

 
 

 

For each AIRS footprint, the closest MODIS footprint is found in the granule.  Then a 40x40 grid of MODIS pixels 
around the AIRS pixel is fed into an interpolation routine to determine the value of the radiance at the location of the 
AIRS PSF projected on to the ground.  Since each MODIS pixel is 0.08°, we are certain to cover all locations in the PSF 
grid (39 x 39 at 0.04°).  The experiment was repeated using descending granules 148 for AIRS and 1450 for MODIS. 

4. RESULTS 

The resampled MODIS data, the AIRS PSF’s and the 
AIRS radiances were used in equation (2) above to 
determine a corrected radiance for AIRS.  The footprints 
with the greatest contrast were first used to see how well 
the result works on an individual footprint.  Statistics 
were calculated for the worst spectral channels over all 
footprints, and for all footprints and all channels. 

4.1. Single Footprint Results 

Figure 8 shows radiances for the highest contrast 
footprint in the ascending granule for a region of the 
spectrum with the most atypical PSF’s.  Inset in Figure 8 
is an image of the MODIS data within the AIRS PSF 
region.  This figure is the same as Figure 2 but we have 
added the radiances for Level 1C (L1C) and for the 
MODIS corrected (MODIS Corr) AIRS L1B per 
equation (2) and a PC reconstruction.  The AIRS L1C 
replaces dead or bad channels that exceed a threshold 
with a PC reconstruction..  First we see that the 
significant outliers near 850 cm-1 and 910 cm-1 are 
eliminated in the MODIS corrected AIRS data. The L1C 
and the PC reconstructed data follow a similar curve but 
differ from the MODIS corrected AIRS radiances, 
particularly near 875 cm-1 and 1100 cm-1.  It is believed 
that the reconstruction produces a small bias in these 
regions as it attempts to fit the uncorrected AIRS data.  
Figure 9 shows the algorithm applied to a descending 
granule for AIRS and MODIS.  Again, the reconstruction 
in L1C follows the uncorrected data resulting in small 
biases in the 900 cm-1 region. 

Figure 10 shows the algorithm applied to the 2560 cm-1 region.   In 
this region, two AIRS detector modules cover the same region, or 
“overlap”.  Level 1C does a good job of correcting the overlap but 
may introduce biases since the result appears to be higher than the 
reconstruction and the MODIS corrected radiances.  The MODIS 
correction does not handle bad or dead detectors.  As a solution to 
both problems, it may be possible to run the MODIS correction prior 
to running the radiances through L1C. 

 
Figure 8.  MODIS corrected AIRS spectrum, shows 
improvement for worst footprint in ascending granule 
compared to uncorrected, AIRS Level 1C and PC 
Reconstruction.   

 
Figure 9.  Same as Figure 8 for descending granule.   

 
Figure 10.  Same as Figure 7 for 2540-
2480 cm-1.  Results demonstrate the 
effectiveness of the MODIS correction to 
the AIRS radiances.   



 

 
 

 

Not all AIRS footprints showed an improvement with the 
correction.  Figure 11 shows the AIRS spectra for scan 3 
footprint 41.  This scene has high contrast but also a 
complex distribution.  The fact that the correction does 
not work as well here indicates that we may have 
alignment problems between AIRS and MODIS that 
make more of a difference for this type of scene, or that 
we may have errors in our PSF.  In the next iteration of 
this analysis, we will derive PSF’s from AIRS and 
MODIS scene data thereby correcting for alignment 
errors between AIRS and MODIS and uncertainties in 
the PSF.  

To further explore the question of how many channels 
improved, an experiment was performed where the L1C 
for AIRS ascending granule 124, May 1, 2014 (same as 
above) was processed on MODIS corrected AIRS 
radiances.  The results showed that the overall number of 
cases requiring replacement was reduced by 12%, and of 
those that were due to scene inhomogeneity, a 90% 
reduction was observed.  On the other hand, 11 channels 
actually had more footprints that required replacement 
with the L1C.  For the footprint identified in Figure 11, 
L1C identified 3 channels that required replacement in 
the L1B, and 149 in the MODIS corrected AIRS radiances.  We can look at the statistics of the entire granule to see how 
many channels improve or get worse and by how much. 

4.2. Granule Level Statistics 

The MODIS correction to the AIRS radiances was applied to all channels and footprints in the ascending granule (granule 
140 for AIRS).  This allows us to evaluate the improvement under normal scenes as well as highly spatially inhomogeneous 
scenes.  It also allows us to look at the impact on other channels rather than the worst case channels. 

Figure 12 shows the results for the worst case channel 776 considering all footprints in the granule.  Here we plot the 
standard deviation of the difference between AIRS and MODIS as an indicator of radiometric error due to scene 
inhomogeneity.  The standard deviation of AIRS-MODIS 
is plotted against the variability in the scene (as indicated 
by the MODIS standard deviation in the AIRS footprint). 
The standard deviation of AIRS-MODIS is calculated 
several ways as follows: 

1) Uncorrected:  AIRS L1B compared to MODIS 
L1B averaged over an ideal 1.1° circular AIRS 
PSF. 

2) MODIS Corr:  AIRS L1B compared to MODIS 
L1B weighted by the average AIRS PSF prior to 
averaging. 

3) MODIS and AIRS Corr:  AIRS L1B corrected 
using MODIS data and the AIRS PSF, 
compared to MODIS L1B weighted by the 
average AIRS PSF. 

4) AIRS Level 1C compared to MODIS L1B 
weighted by the average AIRS PSF. 

5) AIRS PC reconstruction compared to MODIS 
L1B weighted by the average AIRS PSF. 

 
Figure 12.  Standard deviation of the difference 
between AIRS and MODIS brightness temperature vs 
standard deviation of MODIS data within the AIRS 
footprint for channel 776 (worst case channel). 
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Figure 11.  AIRS spectrum, uncorrected and corrected,  
for a footprint with high irregular inhomogeneity, 
compared to AIRS Level 1C and PC Reconstruction.  
In this footprint, the MODIS correction may have 
degraded the spectrum most likely due to alignment 
errors between the two instruments 



 

 
 

 

The results show that for this channel, the benefit of 
weighting the MODIS data by the average AIRS PSF 
accounts for about 15-20% of the improvement in the 
comparison.  We then see a big improvement when we 
correct the AIRS radiances using MODIS and the AIRS 
PSF for that channel.  The improvement holds from low 
scene variability to the most highly variable scenes.  The 
MODIS corrected AIRS radiances result in a slightly 
better match to the MODIS data than the L1C or the PC 
reconstruction. 

Figure 13 shows the standard deviation of the difference 
between AIRS and MODIS as a function of footprint in 
the AIRS scan.  The PSF has a high degree of variability 
as the scan progresses.  This figure shows that the 
residual difference are radiometrically consistent with the 
PC reconstruction, indicating that our residual spatial 
inhomogeneity errors are small, since the reconstruction 
should be independent of these errors.  The residual shape 
of the scan angle dependence between MODIS and AIRS 
could be due to a number of other effects, including AIRS 
radiometric bias vs scan angle (due to polarization 
effects), or MODIS Response vs Scan angle effects, also largely due to mirror polarization in the infrared12.   

Figure 14 (left) shows the bias and standard deviation of the correction applied to all channels in the granule.  The residual 
bias is less than 60 mK for all channels despite corrections of up to 10K in some channels.  The nature of the residual 
biases has not been explored but in general the corrected data looks a little colder for channels with large corrections.  
Residual biases could be due to the use of only one granule in the analysis and may be different for different granules.  
Figure 14 (right) shows the standard deviation of the correction applied to the AIRS data.  This figure gives an idea of how 

much correction is applied across the spectrum.  

As a measure of the improvement or degradation, Figure 15 shows the difference in the standard deviation of the difference 
between AIRS uncorrected and MODIS and the standard deviation of the difference between AIRS corrected and MODIS. 

∆𝑇 = 𝜎[𝐵𝑇(𝐿𝐴𝐼𝑅𝑆) −  𝐵𝑇(𝐿′
𝑀𝑂𝐷𝐼𝑆

)] − 𝜎[𝐵𝑇(𝐿′
𝐴𝐼𝑅𝑆) −  𝐵𝑇(𝐿′

𝑀𝑂𝐷𝐼𝑆
)] 

 
Figure 14. (Left).  Residual bias between AIRS Corrected and Uncorrected brightness temperatures in granule 140. 
(Right) Standard deviation of the difference between AIRS Corrected and Uncorrected brightness temperatures in 
granule 140.  Despite large corrections being applied (up to 10K), residual biases are low. 

 
Figure 13.  Standard deviation of the difference 
between AIRS and MODIS brightness temperature for 
ch. 776 vs AIRS footprint.  No footprint dependence 
of the correction methodology is seen. 



 

 
 

 

This difference, if positive, represents the improvement in 
the variability between AIRS and MODIS.  Even though 
the variability depends on the contrast difference between 
the individual AIRS band and the MODIS band, an 
improvement is consistent with less scene variability due 
to scene inhomogeneity.  All channels have ΔT between -
0.15K and 1.2K, with apparent noise on the order of < 50 
mK.  Less than 10 channels have statistically significant 
increase in variability and may be due to uncertainties in 
the PSF or alignment differences.  No correction for 
alignment difference between AIRS and MODIS was made 
in this analysis. 

PSF uncertainties can come from the fact that the pre-flight 
test data were acquired in a particular state where A and B 
detectors were “on” for those channels where both 
detectors were “good”.  Some channels have degraded and 
are now in an A only or B only state with unverified PSFs.  
Alignment and PSF uncertainties will be improved in the 
next version through training the PSF on the MODIS 
radiances. 

5. SUMMARY AND CONCLUSIONS 

A method has been developed to reduce the effect of scene inhomogeneity and instrument misregistration on the calibrated 
radiance spectra in the AIRS instrument.  The problem manifests as discontinuities in the spectrum with scenes that have 
high contrast.  Affected channels are those with the most asymmetry in their PSFs.  The process involves first aligning the 
AIRS PSF’s to the AIRS scan and track directions, and resampling the MODIS to the AIRS PSF’s.  The AIRS radiances 
are then corrected by multiplying by the theoretical response with an average PSF, and dividing out the theoretical response 
for the individual PSF of the channel being corrected.  The worst affected channels in AIRS are improved considerably 
with a noise reduction of greater than 5x in the most inhomogeneous scenes.  The method works well in most channels 
showing a reduction in variability relative to MODIS at the granule level, however, a few channels showed an increase. 
Most channels with degradation show an increase in variability of less than 150 mK and may be due to the introduction of 
random noise by the process, but may also be due to uncertainties in the PSF or alignment with MODIS in these channels.  
In flight the A/B redundancy configuration (AB-state) has changed several times throughout the mission and it is possible 
the PSF’s are no longer representative for some channels.  Additionally, small misalignments between AIRS and MODIS 
have not been corrected in this analysis.  Despite the few channels that are slightly degraded, the vast majority of channels 
are improved with this method.  With further refinements, we hope this work will facilitate use of the AIRS data in non-
uniform scenes, and the use of MODIS data with AIRS data for scientific investigations in all scene types. 
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