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[11 AIRS and MODIS on the EOS Aqua spacecraft collect global observations of the
Earth’s upwelling infrared radiance for numerous remote sensing and climate related
applications. This paper presents comparisons of the AIRS and MODIS radiance
observations and illustrates the utility of using high—spectral resolution observations to
create a highly accurate assessment of broadband sensor calibration. In the analysis, the
high—spectral resolution AIRS spectra are reduced to MODIS spectral resolution, and
the high—spatial resolution MODIS data are reduced to AIRS spatial resolution for global
data collected on 6 September 2002 and 18 February 2004. Spatially uniform scenes
are selected, and the observed differences are characterized as a function of several
parameters including scene temperature, sensor scan (view) angle, and solar zenith angle.
The comparisons are in general very good with respect to the expected radiometric
accuracies of the sensors, with mean brightness temperature differences of 0.1 K or less for
many of the MODIS bands. Uncertainties of these determinations range from near 0 K
for window region bands to as large as 0.2 K for other bands. For MODIS water vapor
bands 27 (6.8 um) and 28 (7.3 pm) and temperature sounding bands 34 (13.7 um), 35
(13.9 pm), and 36 (14.2 pm), the differences exhibit a dependence on scene temperature,
with peak differences exceeding 1 K for bands 27 and 36. Differences as a function of
scan angle are 0.4 K or less for all bands, and scan angles but clear trends are defined.
Results for the 2 days demonstrate good reproducibility with changes in mean differences

of 0.1 K or less for most bands.
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1. Introduction

[2] The Atmospheric Infrared Sounder (AIRS) and the
Moderate resolution Imaging Spectroradiometer (MODIS)
on the sun synchronous polar orbiting NASA’s Earth
Observing System (EOS) Aqua platform measure the up-
welling infrared radiance of the earth and its atmosphere for
numerous remote sensing and climate related applications
[Parkinson, 2003]. AIRS [Aumann et al., 2003] is a hyper-
spectral grating spectrometer which measures the thermal
infrared spectrum with 2378 spectral channels covering the
3.75-4.59 pm (2181-2665 cm ™ '), 6.20—-8.22 pm (1217—
1614 cm™ "), and 8.8—15.4 pm (650—1136 cm™ ') spectral
regions with resolving power (MAX) ranging from 1080 to
1590. It has infrared footprints approximately 13.5 km in
diameter at nadir and utilizes cross track scanning to collect
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90 cross track footprints every 2.667 s with a swath width of
~1650 km. MODIS [Barnes et al., 1998] is a high—spatial
resolution, multispectral cross track scanning radiometer
with 16 infrared spectral bands with spectral centroids
ranging from 3.78 to 14.22 pm (703 to 2649 cm™ ') and
resolving power ranging from 20 to 50. The infrared foot-
prints are 1 km in diameter at nadir and cross track scanning
of 10 along-track detectors per spectral band is used to
collect 1354 cross track samples yielding a ~2320 km
swath. Figure 1 displays a sample AIRS brightness temper-
ature spectrum measured on 18 February 2004 at 1629 UTC
overlaid with the Aqua MODIS detector averaged Spectral
Response Functions (SRFs). Central wavelengths and band-
widths of the MODIS spectral bands are also listed in
Table 1.

[3] Both AIRS and MODIS have high radiometric accu-
racy requirements for achieving their climate and remote
sensing goals. In addition to extensive prelaunch character-
ization of the sensors, there have been several postlaunch
validation studies focused on characterization of AIRS
[e.g., Aumann et al., 2003; Pagano et al., 2003; Revercomb
et al., 2003; Tobin et al., 2003, 2006; Larar et al., 2005;
H. H. Aumann et al., unpublished manuscript, 2006] and
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Figure 1. A sample AIRS brightness temperature spectrum (solid curve) collected on 18 February 2004

at ~0630 UTC off the east coast of Florida with the detector averaged Aqua MODIS SRFs (shaded
curves) overlaid. The MODIS spectral band numbers are noted along the top of each panel.

MODIS [e.g., Moeller et al., 2003a, 2003b; Xiong et al.,
2003; Wan et al., 2004] radiances. On the basis of these
studies and the inherent advantages offered by high
spectral resolution for radiometric [Goody and Haskins,
1998] and spectral calibration, we believe that the high—
spectral resolution AIRS should be considered the primary
standard when comparing AIRS and MODIS radiances.
However, rather than focus on the assessment of the
absolute accuracy of either sensor, the primary purpose
of this paper is to provide a characterization of the differ-
ences between the AIRS and MODIS observed radiances.
This is important for various climate related studies which
rely on the accuracy of the sensors, for understanding
biases between AIRS Level 2 products and MODIS Level
2 products, and for development of applications that utilize
radiance data from both AIRS and MODIS. Relevant
examples of the latter are recent AIRS cloud-clearing
studies incorporating infrared MODIS data [Huang and
Smith, 2004; Goldberg et al., 2004; Smith et al., 2004; Li
et al., 2005b] and the synergistic use of AIRS and MODIS
for cloud property retrievals [Li et al., 2004a, 2004b,
2005a]. Demonstration of a technique for creating precise
and accurate comparisons of a high—spectral resolution

sensor with a broadband sensor is also important consid-
ering the next generation of high—spectral resolution
infrared observations from geostationary orbit, which have
the potential to be used as a reference for accurately
intercomparing all polar orbiting sensors.

[4] The remainder of this paper presents a detailed com-
parison of AIRS and MODIS infrared radiances collected on
6 September 2002 and 18 February 2004. Section 2 is a
description of the analysis techniques. Section 3 describes
what data are used. Section 4 presents the AIRS-MODIS
differences with a discussion of the analysis and results, and
section 5 is a summary.

2. Data Analysis

[s] With both AIRS and MODIS mounted on the same
polar orbiting platform, making measurements at the same
view angles that are collocated very well in space and time,
the process of intercomparing AIRS and MODIS radiances
is relatively straightforward. It involves reducing the high—
spectral resolution AIRS spectra to match the MODIS band
spectral responses and reducing the high—spatial resolution
MODIS data to lower spatial resolution suitable for com-
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Figure 2. Convolution corrections computed for the AIRS channel sets used for the (top) 6 September
2002 and (bottom) 18 February 2004 data processing for the six standard atmospheres (squares indicate
tropical, circles indicate midlatitude summer, diamonds indicate midlatitude winter, pluses indicate

subarctic summer, crosses indicate subarctic winter, and asterisks indicate U.S. Standard).

the largest dependence of CC on atmospheric state. Further
discussion of the uncertainties associated with the convolu-
tion corrections is included in section 4.

[7] The AIRS-MODIS comparisons are presented in
terms of equivalent brightness temperature rather than
radiance. From both the polychromatic observed MODIS
radiances and from R, |z, brightness temperatures (BTars,
BTmopis) are computed using the Planck function supple-
mented with linear monochromaticity correction coeffi-
cients [Weinreb et al., 1997] computed for the Aqua
MODIS bands.

2.2. Spatial Collocation of MODIS and AIRS and
Selection of Uniform Scenes

[8] Foreach AIRS FOV, the 1 km resolution MODIS data
are degraded to lower spatial resolution by (1) representing
the AIRS geolocated footprint as an oversized circular
footprint, (2) determining MODIS pixels that are geolocated
within the AIRS footprint, and (3) computing the mean of
these MODIS radiances for each MODIS band (Ryopis)-
The standard deviation of the MODIS data within each
AIRS footprint is also computed and retained for selection
of spatially uniform scenes.

[v] The actual AIRS instantaneous angular FOV is 1.1 X
0.6°. Assuming a circular FOV of 1.1° yields a geolocated
nadir footprint 13.5 km in diameter. For off nadir scan
angles these footprints become elliptical, and at the maxi-
mum scan angle of 49.5° the major (cross track) and minor

N w
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N
o

latitude (deg)

-68.5
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longitude (deg)

<73 <725 72 -69.5 -69

Figure 3. MODIS band 31 (11 um) brightness tempera-
tures (collected on 18 February 2004 at ~0630 UTC off the
east coast of southern Florida) overlaid with approximate
representations of the AIRS footprints (magenta circles)
used in the collocation process. The MODIS brightness
temperatures are displayed with a gray color scale going
linearly from 255 (black) to 295 K (white).

4 of 15



D09S05

TOBIN ET AL.: AIRS ASSESSMENT OF MODIS CALIBRATION

D09S05

count
= - n
o v o= v v o
o
N

200 220 240 260
BT (K)
— 1 :
3 €)
B
o 05
o)
= 0
(2]
3
=
€ .05 '\
2]
o
< 4
200 220 240 260
BT (K)

-1 -0.5 0 0.5
AIRS-MODIS (K)
4
10
3x
d)
2.5
2
€
§ 15
1
05 /
0
-1 -0.5 0 05 1
AIRS-MODIS (K)
= I
< D
&
0 0.5
S
= 0
(2]
3
£
£ .05 Z“/M'
2]
o8
<
-50 0 50

Scan Angle (deg)

Figure 4. Brightness temperature comparisons for MODIS band 34 (13.7 pm) on 6 September 2002,
including images of the descending (nighttime) (a) MODIS observed brightness temperatures and
(b) brightness temperature differences (AIRS minus MODIS) for the selected uniform scenes,
(c) histograms of the AIRS and MODIS observations, (d) a histogram of the brightness temperature
differences, (e) the differences as a function of scene temperature, and (f) the differences as a function of
scan angle. Vertical error bars in Figures 4e and 4f are the uncertainty in the mean for each bin.

(along track) axes are approximately 21 and 33 km respec-
tively. For this application, the AIRS footprints are repre-
sented as circles with diameter increasing from 14.85 km
(10% larger than 13.5) at nadir to 36.3 km (10% larger than
33) at 49.5° off nadir. This is illustrated in Figure 3, which is
an image of MODIS band 31 (11 pm) brightness temper-
atures collected on 18 February 2004 at ~1629 UTC off the
east coast of Florida overlaid with approximate AIRS foot-
prints. Representing the footprints as circles leads to a
significant computational efficiency when collocating the
MODIS data. When determining which MODIS data are
geolocated within the AIRS footprints, the MODIS foot-

prints are assumed to be of infinite spatial resolution with
positions given in the 1 km geolocation files (i.e., fractional
MODIS footprints on the edges of the AIRS footprints are
not considered). Because of the scan patterns of both AIRS
and MODIS, the number of collocated MODIS pixels varies
with scan angle, increasing from roughly 170 for nadir
AIRS footprints to over 320 at 49.5° off nadir.

[10] Combined with a scheme to select spatially uniform
scenes, this efficient and approximate method for represent-
ing the AIRS FOVs as oversized circles is adequate for
collocating the AIRS and MODIS data; by selecting spa-
tially flat fields, the comparisons are not sensitive to the

5o0f 15
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approximations introduced here. Spatially uniform foot-
prints are selected by requiring that the standard deviation
of the MODIS scene brightness temperatures within the
AIRS footprints is less than a threshold value. The threshold
is 0.2 K for all bands with the exception of fire detection
band 21 which has a threshold of 1.0 K because of its higher
noise level. With the exception of yield, there are no
significant changes in the results presented in section 4 if
these thresholds are increased by a factor of 2, implying that
this spatial collocation approach is appropriate. The scene
selection is done independently for each MODIS band,
resulting in more retained footprints for bands which sense
higher in the atmosphere. This selection also does not
necessarily exclude cloudy scenes or scenes over land.
Images of the selected uniform footprints are shown in
section 4 and the total number of uniform footprints are
listed in columns 7 and 12 of Table 1.

3. Data

[11] This section describes the version of various data,
SRF, and other files used in this study. The MODIS L1B
radiance and 1 km geolocation data are “collection 3”
processing for 6 September 2002 (e.g., MYDO021K-
M.A2002249.1815.003.2002251013129.hdf) and “collec-
tion 4> for 18 February 2004 (e.g., MYDO21KM.
A2004049.1850.004.2004050195816.hdf). AIRS L1B
processing is version 2.6.7 (e.g., AIRS.2002.09.06.
026.L1B.AIRS Rad.v2.6.7.3.A02249222409) for
6 September 2002 and version 3.0.10 (e.g., AIRS.2004.
02.18.027.L1B.AIRS Rad.v3.0.10.0.G04049222941.hdf)
for 18 February 2004. For the comparisons presented here,
which are averages over many spatially uniform scenes, the
differences between collections 3 and 4 processing for
MODIS, and between L1B versions v2.6.7 and v3.0.10
for AIRS, are negligible. For example, maximum differ-
ences of ~5 mK were found when comparing collection
3 and collection 4 MODIS band 36 brightness temperatures
for 6 September 2002.

[12] Not all of the 2378 AIRS spectral channels are
included in the analysis. Using AIRS channel properties
files provided by the AIRS team, channels that are not
recommended for use in Level 2 processing are excluded
(using the “L2 Ignore” flag). These channels have unusu-
ally high noise levels, exhibit a non-Gaussian noise behav-
ior called “popping,” have SRF centroids or shapes which
do not match the AIRS sensor model, and/or have spatial
centroids which are more than 0.25° from the nominal
boresight. Different channel properties files are assigned
for use for different time periods throughout the AIRS
mission. For 6 September 2002, the L2.chan prop.
2002.10.22.v6.6.4.anc file is used and 2096 channels are
retained. For 18 February 2004, L2.chan_prop.2003.11.19.
v8.1.0.anc is used and 2102 channels are retained. (For 18
February 2004, in addition to the channels excluded on the
basis of the channel properties file, another eleven channels
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were also found to be frequently out of range and are also
excluded). The convolution corrections (equation (1)) are
evaluated separately using these two channel sets, as shown
in Figure 2, and used for the 6 September 2002 and
18 February 2004 comparisons respectively. Note that with
the convolution correction treatment used here, it is neces-
sary to use the same channel set for all spectra on a given
day; otherwise CC would be required to be updated as
useful channels are selected on a FOV by FOV or granule
by granule basis.

[13] The AIRS SRFs used in evaluating equation (1) are
provided by the AIRS team and given in the file “srfta-
bles m135 fringes.hdf.” These SRFs are computed with
a sensor model for the on-orbit grating temperature
of 155.13 K, a grating/detector focal plane offset of
—13.5 microns, and filter window temperature of 156.16 K
[Strow et al., 2003b]. AIRS SRF data files are available
online at http://asl.umbc.edu/pub/airs/srf/srthdf.html and
http://www.ssec.wisc.edu/~paulv/Fortran90/Instrument
Information/SRF/Data_Files.html.

[14] The MODIS SRFs used in equation (1) are linear
averages of the ten individual detector SRFs. The individual
detector SRFs are provided by the MODIS Calibration
Support Team and are available online at ftp:/ftp.mcst.ssai.
biz/pub/permanent/MCST/. The detector averaged SRFs are
the same SRFs used in the production of MODIS Level 2
atmosphere and cloud products. These SRFs are contained
in the file modis aqua.srf.nc which is available online at
http://www.ssec.wisc.edu/~paulv/Fortran90/Instrument_
Information/SRF/Data_Files.html. Note that although there
is little variability among the individual detector’s SRFs for
a given band, the use of detector averaged SRFs is consis-
tent with the MODIS spatial averages described in section
2.2, which include contributions from all ten detectors.

4. Results and Discussion

[15] Following the data analysis techniques presented in
section 2 and using the data described in section 3, the
resulting AIRS-MODIS comparisons are presented and
discussed here. Example comparisons for MODIS band
34 (13.7 pm) are shown in Figure 4, which includes images
of the MODIS observed brightness temperatures and AIRS-
MODIS brightness temperature differences, histograms of
the AIRS and MODIS brightness temperatures and bright-
ness temperature differences, and plots of the differences as
a function of scene temperature and scan (view) angle.
Figures 5-10 contain similar images and plots (and also
differences plotted as a function of solar zenith angle), but
for all of the MODIS bands. Table 1 lists various parameters
summarizing the mean brightness temperature comparisons
including, for each band, the mean observed brightness
temperature, mean and range of the convolution correction,
ensemble mean and standard deviation of the brightness
temperature differences, number of selected uniform foot-
prints, and the change in mean brightness temperature

Figure 5. Descending (nighttime) (left) MODIS brightness temperatures and (right) AIRS minus MODIS brightness
temperature differences on 6 September 2002 for MODIS bands 36 through 30. The left hand tick marks of the color scale
apply to the MODIS brightness temperature images, and the right hand tick marks apply to the brightness temperature

difference images.

6 of 15



D09S05

TOBIN ET AL.: AIRS ASSESSMENT OF MODIS CALIBRATION

D09S05

Figure 5

7 of 15



D09S05

TOBIN ET AL.: AIRS ASSESSMENT OF MODIS CALIBRATION

D09S05

Figure 6. Same as Figure 5 but for MODIS bands 28 through 21.
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Figure 7. Histograms of AIRS minus MODIS brightness temperature differences for each band for
(left) 6 September 2002 and (right) 18 February 2004. Distributions of differences computed without the
convolution corrections are included (the dashed shaded curves) to illustrate the size of the corrections.
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Figure 8. AIRS minus MODIS brightness temperature differences presented as a function of scene
brightness temperature for each band for (left) 6 September 2002 and (right) 18 February 2004. For each
band, the horizontal grid lines denote 0 K (e.g., each curve is offset in the vertical), and each vertical tick
mark represents a change of 1 K. The mean AIRS minus MODIS difference (for all scene temperatures)
is subtracted from the plotted values. Means are computed for 5 K scene temperature bins, and the
vertical error bars are the uncertainty in the mean for each bin.
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Figure 9. AIRS minus MODIS brightness temperature differences presented as a function of scan
(view) angle for each band for (left) 6 September 2002 and (right) 18 February 2004. For each band, the
horizontal grid lines denote 0 K (e.g., each curve is offset in the vertical), and each vertical tick mark
represents a change of 1 K. The AIRS minus MODIS difference at nadir is subtracted from the plotted
values. Means are computed for the 90 AIRS scan angles, and the vertical error bars are the uncertainty in

the mean for each angle.

differences from 6 September 2002 to 18 February 2004.
The overall mean brightness temperature differences are
also plotted in Figure 11.

[16] The comparisons shown in Figure 4 for band 34 on
6 September 2002 demonstrate the statistical robustness and
straightforwardness of this analysis. Uniform scenes are
selected over ocean, land (including desert), polar regions,
and clouds. With over 1.3 million footprints covering a wide
range of conditions included in this comparison, dependen-
cies of the differences as a function of scene temperature,
scan angle, and solar zenith angle are clearly defined.
Vertical error bars in each of the plots are uncertainties in
the mean values. The comparisons for band 34 show a mean
brightness temperature difference of —0.34 K (MODIS
warmer than AIRS) with the differences decreasing from
~0 K for scene temperatures of 200 K to —0.6 K for scene
temperatures of ~270 K. The differences also have a clear
dependence on scan angle for scan angles between —30 and
—50° (at end of scan for MODIS). The remainder of this
section includes more detailed discussion of the compar-
isons for all of the bands and a discussion of the absolute
uncertainties of the comparisons.

[17] When considering sources of absolute error associ-
ated with the determination of the AIRS-MODIS differ-
ences presented here, the limiting uncertainty is associated
with the convolution corrections. The only other contrib-
utors are collocation related errors, which are considered to
be negligible (random with zero mean) given the large

number of resulting footprints included in the comparisons.
Bands for which the variation of the convolution correction
with atmospheric state is large (e.g., band 28) have larger
uncertainty. This results from using the mean convolution
correction (of values computed over the six standard atmos-
pheres) for all scenes. Absolute uncertainties in the AIRS-
MODIS brightness temperature differences are estimated as
half the full range of the convolution corrections over the
six atmospheres. When computing the uncertainty of the
change in the mean differences between 6 September 2002
and 18 February 2004 (column 13 of Table 1), the uncer-
tainties are not additive since the variability of the AIRS
spectra are very similar on both days (i.e., the same
systematic error is present in both differences) and the
uncertainty in the changes are computed as the mean of
uncertainties from both days. These are thought to be
conservative (high) estimates, since the variability of the
correction is largest for clear sky scenes. Note that for bands
34 and 23 the use of the convolution corrections actually
increases the size of the AIRS-MODIS differences. Con-
sider band 34, however, which used significantly different
AIRS channel sets on 6 September 2002 and 18 February
2004. The resulting convolution corrections are significantly
different on the 2 days (0.11 K versus 0.49 K); however,
the final comparisons in Figure 7 for these 2 days are very
similar, empirically giving confidence in the approach. A
more accurate but significantly more computationally ex-
pensive treatment of the convolution correction, to be
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Figure 10. AIRS minus MODIS brightness temperature differences presented as a function of solar
zenith angle for each band for (left) 6 September 2002 and (right) 18 February 2004. For each band, the
horizontal grid lines denote 0 K (e.g., each curve is offset in the vertical), and each vertical tick mark
represents a change of 1 K. The AIRS minus MODIS difference for solar zenith angle of 90° is subtracted
from the plotted values. Means are computed for 5° angle bins and the vertical error bars are the

uncertainty in the mean for each bin.

considered in future investigation, involves calculation of
the corrections independently for each field of view (i.e.,
requiring knowledge of the surface, clouds, and atmospheric
state for calculation of Ryono Vvia direct calculation or
regression).

[18] Since only spatially uniform scenes are used in the
comparisons presented here, the comparisons are not sensi-
tive to geolocation errors, including characterization of the
spatial response functions of either sensor. The comparisons
also do not characterize any type of radiometric errors
associated with nonuniform scenes. The AIRS project at

the Jet Propulsion Laboratory is developing a set of AIRS
spatial response functions for all scan angles that are
required to coregister MODIS and AIRS data in nonuniform
scenes.

[19] Mean values of the AIRS-MODIS differences for all
bands can be seen in Figures 7 and 11 and are also listed in
Table 1. Taking the uncertainty estimates into account,
agreement of 0.1 K or better is found for bands 21, 22,
23, 25, 31, 32, and 33 on 6 September 2002 and for bands
23, 25, 31, and 33 on 18 February 2004. Mean differences
for ozone sensitive band 30 are —0.4 + 0.1 K and —0.7 +
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Figure 11. Mean AIRS minus MODIS brightness temperature differences and uncertainties for 6

September 2002 (open squares) and 18 February 2004 (solid circles).
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0.1 K (MODIS warmer than AIRS) on the 2 days. As
discussed further below, differences for water vapor bands
27 and 28 and temperature sounding bands 34, 35, and 36
exhibit a clear dependence on scene temperature. Combined
with bipolar distributions of the scene temperatures, this
produces difference distributions that also become bipolar,
as seen in Figure 7. The differences for longwave temper-
ature sounding bands grow from near zero for band 33 to
over —1 K for band 36 (MODIS warmer than AIRS).
Differences for water vapor bands 27 and 28 exceed 0.5 K
on both days (AIRS warmer than MODIS).

[20] Periodic validations of AIRS spectral radiances with
underflights by the airborne Scanning High-resolution In-
terferometer Sounder (Scanning-HIS) [Tobin et al., 2006]
have shown AIRS to be accurate to better than ~0.2 K
throughout the infrared spectrum. In addition, assessments
of Aqua (and Terra) MODIS calibration by Moeller et al.
[2003a, 2003b] have shown differences for the longwave
CO, bands 35 and 36 which are similar to those reported
here. These findings suggest that the significant AIRS-
MODIS differences observed here for longwave CO, bands
34, 35, and 36 should be attributed to MODIS. Furthermore,
as presented below, the mean differences and the scene
temperature dependence of these differences can be nearly
eliminated by introducing spectral shifts for the MODIS
SRFs for these bands.

[21] Taking the uncertainty estimates into account,
changes in the mean brightness temperature differences
from 6 September 2002 and 18 February 2004 are found
to be 0.1 K or less for all bands with the exception of three
bands. As discussed later, the dependencies on scene
temperature, scan angle, and solar zenith angle are also
very similar for the 2 days. This suggests that, at least to
first order, time-independent biases can be used to account
for the differences between AIRS and MODIS for these
bands. For bands 21, 27, and 30, the changes are 0.42 +
0.00 K, —0.38 £ 0.11 K, and —0.29 + 0.13 K, respectively.
For band 27, small changes in the mean scene temperature
between the 2 days, combined with the signal level depen-
dence of the differences, may account for some of the
change observed for this band. A known dependence of
the band 27 SRF on the intermediate stage window tem-
perature is probably contributing to the change in bias from
3 September 2002 to 18 February 2004. Aqua MODIS
telemetry shows that the window temperature has risen by
about 2 K between these dates, and the band 27 linear gain
term (by) has decreased by 1-2%. If the b, decrease is
assigned entirely to SRF change, it would result in about a
0.5 K offset in the MODIS band 27 calibrated radiances.
The change in the band 21 (fire band) results is largely due to
updates in the MODIS band 21 gain term of the calibration,
which is evaluated quarterly using the special OBC-BB
warm-up and cool-down mode of operation. The band 21 gain
term was changed twice (11 September 2002 and 31 July
2003) between 6 September 2002 and 18 February 2004.
Future work in this area involves extending these compar-
isons to include 1 day per season (e.g., winter and summer
solstice, spring and fall equinox) and tracking the changes (or
lack thereof) over the entire Aqua mission.

[22] The AIRS-MODIS differences are presented as a
function of scene temperature in Figure 8. Even for bands
that sense the lower atmosphere and surface, a large number
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of uniform footprints are selected, covering a wide range of
typical scene temperatures. The scene temperature depen-
dence of the differences is similar on both days; an
exception is for band 36 which displays a clear dependence
on scene temperature on 6 September 2002, but not as clear
on 18 February 2004. As mentioned previously, significant
dependence of the AIRS-MODIS differences on scene
temperature can be seen for bands 27, 28, 34, 35, and 36,
and to some extent also for bands 23 and 33. Although the
convolution corrections vary in size with changes in the
atmospheric state, this is not considered to be an interpre-
tation issue given the relative size of the observed scene
dependence and size and variability of the convolution
corrections. For example, consider band 35 for which the
AIRS-MODIS differences vary by over 1 K for scene
temperatures ranging from 200 to 260 K while the convo-
lution corrections have a range of less than 0.1 K for a wide
range of atmospheres. These observed differences are also
found to increase linearly with contrast to the window
region brightness temperature (i.e., for band 35,
BTairs 35-BTmopis 35 increases linearly with BTyvopis 35-
BTwmobis 1), which can be indicative of an uncharacterized
radiometric nonlinearity or possibly an indication of an error
in the knowledge of the MODIS SRF positions. AIRS can
resolve individual absorption lines and its spectral calibra-
tion is known with high absolute accuracy [Strow et al.,
2003b]. Investigation of the spectral shift hypothesis is
presented in Figure 12, where a small shift in the MODIS
SRF position is introduced for band 35. For one orbit of
data, instead of convolving the AIRS spectra with the
nominal MODIS SRF, the convolutions are performed with
the SRF shifted by +0.8 cm™' (15.5 nm). This value was
determined by iteration and finding the shift which provides
best agreement with AIRS. Differences without the shift
clearly show a scene temperature dependence and a bimodal
distribution, with a mean value of —0.55 + 0.28 K.
Introducing the shift removes the scene temperature depen-
dence of the differences almost completely, tightens the
distribution, and reduces the mean difference to +0.07 +
0.09 K. Similar improvements are found for bands 27, 28,
34, and 36 using shifts of approximately 5.0 cm™' (22.9 nm),
2.0 cm™ ! (10.7 nm), 0.8 cm™' (15.0 nm), and 1.0 cm™"
(20.2 nm) respectively. The MODIS instrument spectral
calibration was performed with the instrument in a thermal
vacuum chamber and the grating spectrometer source in
ambient, illuminating the MODIS through a ZnSe window.
Inadequate characterization of the long-wavelength
response of the ZnSe window is one possible explanation
for the spectral shifts. Despite the improvements in AIRS-
MODIS agreement with these shifted SRFs, it should
be emphasized that this investigation is not conclusive
regarding the physical source of the observed differences,
and further investigation into other possible causes (e.g.,
radiometric nonlinearity, SRF out-of-band response) is
recommended.

[23] Dependence of the AIRS-MODIS differences on
scan (view) angle is shown in Figure 9. (Note that the
difference at nadir for each band is subtracted from the
plotted values). The observed scan angle dependencies are
very similar on 6 September 2002 and 18 February 2004.
Differences for bands 21, 22, 27, 28, 31, and 32 show no
appreciable dependence on scan angle. Bands 24 and 25
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Figure 12. Band 35 (13.9 um) brightness temperature differences using the nominal detector averaged
MODIS SRF and using the SRF shifted by +0.8 cm ™' (15.5 nm) for one orbit on 6 September 2002. (top)
Images of the brightness temperature differences (right) with and (left) without the shift, and (bottom) the
scene temperature dependence and histograms of the differences with (red) and without (black) the shift.

show a highly symmetric dependence on scan angle with
maximum differences of approximately —0.35 K (MODIS
warmer than AIRS) at both ends of the scan (with respect to
the difference at nadir). Band 23 also shows a symmetric
dependence of similar magnitude but with AIRS warmer
than MODIS at the ends of scan. The behavior for bands 30,
33, 34, and 35 are similar. For these bands, differences for
positive scan angles have little systematic dependence on
scan angle while for scan angles between —30 and —50°,
the differences increase to —0.1 to —0.35 K at —49.5° off
nadir (MODIS warmer than AIRS). Band 36 shows behav-
ior similar to band 35 for negative scan angles but also has
significant positive differences for positive scan angles,
increasing to +0.25 K at 49.5° off nadir. As can be seen
in Figure 12 (top right), it should be noted that introduction
of the MODIS SREF shifts does not remove the scan angle
dependence of the observed differences, as might be
expected if the scan angle dependence was caused by a
combination of scene temperature-dependent differences
and limb darkening for larger scan angles. AIRS reported
scan angles are used here; —49.5° off nadir is near the end
of scan for MODIS and +49.5 is near the beginning of scan
for MODIS. The MODIS scan mirror experiences larger
angles of incidence at the end of scan relative to the
beginning of scan, while AIRS utilizes a 45° mounted scan
mirror and therefore has the same angle of incidence for all
scan angles. Errors associated with AIRS scan angle depen-
dence are therefore expected to be small and if present

would most likely be symmetric with scan angle, while
those associated with MODIS would most likely be asym-
metric with scan angle, with largest uncertainty at the end of
scan. Information regarding the AIRS and MODIS polari-
zation corrections is provided by Pagano et al. [2000] and
Xiong et al. [2002, 2003] respectively. In the former paper,
the AIRS scan angle dependence is verified to be calibrated
to better than 0.1 K prior to launch. Using nonpolar clear
sky swaths of data, the scan angle asymmetry of the AIRS
and MODIS observations (rather than the dependence of the
AIRS-MODIS differences on scan angle) for upper level
bands 24, 33, 34, 35, and 36 has been examined. This
analysis shows that the AIRS observations for all bands
display scan asymmetries that are consistent with local time
differences from one side of the swath to the other. For band
24, this is also true for MODIS. For the longwave bands
33-36, however, the observed MODIS scan asymmetry is
nonphysical for larger scan angles. This is more pronounced
for the longer wavelengths. This finding, combined with the
asymmetric nature of the observed AIRS-MODIS differ-
ences versus scan angle, suggests that the scan angle
dependence of the observed AIRS-MODIS differences for
bands 34, 35, and 36 should be attributed to MODIS. For
bands 23, 24, and 25, however, the scan asymmetry of the
MODIS observations is physical, the observed AIRS-
MODIS differences are symmetric with scan angle, and
these MODIS bands are expected to have good calibration
accuracy as a function of scan angle. Therefore, regarding
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the source of the AIRS-MODIS differences observed as a
function of scan angle for these shorter wavelength bands,
these analyses are not conclusive and further investigation is
required.

[24] Figure 10 displays the AIRS-MODIS differences as
a function of solar zenith angle. (Note that the difference
at 90° solar zenith angle is subtracted from the plotted
values). Larger solar zenith angles are local nighttime and
smaller angles are local daytime. Noting that solar zenith
angles of ~60 to ~120° correspond to data collected near
or over the colder polar regions, and considering the
previously described scene temperature dependence of
the observed differences, accounts for the behavior seen
in Figure 10.

[25] The high accuracy of the comparisons presented here
is made possible by the high spectral resolution of AIRS
and careful filtering of spatially nonuniform scenes. With
only small corrections to account for spectral gaps within
the AIRS spectra, the AIRS spectra can simply be con-
volved with the broadband SRFs to create the comparisons.
With the forthcoming generation of high—spectral resolu-
tion infrared observations from geostationary platforms,
promise exists for making analogous comparisons with
polar orbiting sensors to characterize the intersensor biases
for the entire infrared global observing system. Currently,
intercomparisons of the operational geostationary and polar
orbiting broadband sensors are made routinely [Gunshor et
al., 2004]. The intercomparison of sensors on different
platforms naturally requires a more selective geocolocation
process than what is required for the comparison of sensors
on the same platform. In addition, while the SRFs for many
of the broadband operational sensors are similar, they are
not the same, and the comparison technique must rely on the
incorporation of computed radiances for each sensor. This
limits the comparisons to clear sky scenes and more
importantly introduces various absolute uncertainties
(which are difficult to estimate) and decreases the absolute
accuracy of the comparisons. AIRS observations are
now being incorporated into the intercalibration project
[Gunshor et al., 2003]. As mentioned previously, the largest
source of absolute uncertainty for the AIRS-MODIS differ-
ences presented here are due to spectral gaps in the AIRS
spectra; this should be considered when selecting the
spectral coverage and resolution of future sensors if accurate
intersensor comparisons is a desired application.

5. Summary

[26] A detailed comparison of EOS Aqua AIRS and
MODIS infrared radiances for spatially uniform scenes
collected on 6 September 2002 and 18 February 2004 has
been presented. An approach to account for spectral gaps in
the AIRS spectra when convolving with the MODIS SRFs
has been introduced. Estimates of the absolute uncertainty
of the comparisons are 0.1 K or less for the majority of the
MODIS bands. Mean differences between AIRS and
MODIS are ~1 K or less for all bands and many bands
show agreement of 0.1 K or better. At the same time, only
band 22 (3.9 pm) shows good absolute agreement and no
significant dependence on scene temperature, scan angle, or
solar zenith angle. Differences for MODIS bands 27, 28, 34,
35, and 36 display clear and significant dependencies on
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scene temperature. While not conclusive regarding the
physical source of these differences, introduction of MODIS
SRF spectral shifts for these bands greatly improves the
agreement with AIRS. Small differences as a function of
scan angle are also clearly defined; for the longwave CO,
bands these differences are attributed to MODIS, while
further investigation is required to determine the source(s)
of error for bands 23, 24, and 25. Results for the 2 days are
very similar, with changes in mean differences of 0.1 K or
less for most bands.

[27] Continuation of this study will include AIRS-
MODIS comparisons performed for 1 or more selected days
per season per year, which will allow the biases to be
tracked over the entire Aqua mission. We plan to incorpo-
rate longwave observations by Clouds and the Earth’s
Radiant Energy System (CERES) on Aqua into these
comparisons. Following the launch of the National Polar
Orbiting Environmental Satellite System (NPOESS) Prepa-
ratory Project platform, similar radiance comparisons be-
tween the high—spectral resolution Cross track Infrared
Sounder (CrIS) and the high—spatial resolution Visible
Infrared Imaging Radiometer Suite (VIIRS) will also be
performed. Finally, comparisons performed using future
observations from a high—spectral resolution infrared sen-
sor in geostationary orbit are expected to lead to an
improved understanding of intersensor biases for the entire
infrared observing system.
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