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1. INTRODUCTION

The Atmospheric Infrared Sounder (AIRS) is a facility instrument, selected by NASA to
fly on the second, Earth Observing System polar-orbiting platform, EOS-Aqua. The EOS
Aqua was launched on 4 May 2002, from Vandenberg, CA, into a 705-km altitude,
circular polar orbit, with 1:30 AM ascending node. The same platform also carried the
NOAA operational Advanced Microwave Sounding Unit (AMSU) and the microwave
Humidity Sounder of Brazil (HSB). AIRS is designed to meet the requirements of the
NASA Earth Science Enterprise climate research programs and the NOAA operational
weather-forecasting plans. AIRS, AMSU and HSB were put into the operational, routine
data-gathering state on 31 August 2002. AIRS and AMSU have worked perfectly since
then, but the scan motor of HSB failed in February 2003, causing the loss of the HSB

data.

The launch of AIRS on the EOS Aqua spacecraft opened a new era in imaging,
hyperspectral infrared sounding. Other hyperspectral infrared sounders have preceded
AIRS: the Infrared Interferometer Spectrometer (IRIS) experiment on Nimbus 3 and 4
(Conrath, et al., 1970) collected data from April - July 1969 and April 1970 - January
1971. The Infrared Monitor for Greenhouse Gases (IMG) (Kobayashi, et al., 1999)
collected data from October 1996 - June 1997. Both instruments sounded at the sub-
spacecraft point only and were Fourier Transform Spectrometers (FT'S), which operated
for less than one year. The AIRS design, a cooled grating-array spectrometer, with no
moving parts, was selected for its exceptional reliability, operational simplicity and
radiometric qualities. AIRS is a +/-50-degree cross-track scanner, i.e., the data can be
used to create hyperspectral images. Since the start of routine data gathering on 31

August 2002, AIRS has returned 2.9 million spectra of the upwelling radiance each day.

Details of the AIRS design and measurement objectives are provided in Aumann, et al.,
(2003); details of the prelaunch testing and on-board performance analysis are given in
Pagano, et al., (2003); Lambrigtsen (2003) describes the AMSU and HSB instruments.

An overview of results, obtained with the first three years of AIRS data, is given in
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Chahine, et al., (2006). The accuracy of the geophysical parameters, derived from the
Atmospheric Infrared Sounder/Advanced Microwave Sounding Unit as a function of

fractional cloud cover, using the V4.0 Level 2 algorithm, is analyzed in Susskind, et al.,
(2006).

In the following document we present the theoretical basis of the AIRS Level 2 products
algorithm. The Level 2 products algorithm is designed such that all AIRS data products
will simultaneously satisfy the measurements in a least-squares sense. This requires a
complex interaction between algorithms for the various products. For this reason, all
products are discussed in one document. The overall flow of data is shown in Figure 1,
with reference to chapters in the ATBD. The algorithm described in this document has
been implemented as the AIRS Level 2 Product Generation Executive (PGE), Version
4.0, at the Goddard Space Flight Center (GSFC) Distributed Active Archive Center
(DAAC).

AIRS is an imaging hyperspectral sounder, which covers 80% of the globe twice per day,
during the ascending (day) and the descending (night) overpasses. However, the images
are in scan coordinates, with considerable overlap at high latitudes and gaps near the
equator. Level 3 products use the position-tagged Level 2 products to create eight-day
and monthly mean images, which will ultimately be used to create the AIRS climatology.
Separate fields are produced for each of the ascending (day) and descending (night)
orbits. The Level 3 algorithm and production rules, using the Level 2 quality flags, are

described in Appendix B.

Some results, obtained with the first three years of AIRS data, are shown in Appendix C.
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2. AIRS/AMSU-A/HSB DATA PRODUCTS

2.1 Standard Products
The AIRS Level 2 PGE produces four different files in EOS HDF Swath format:

e Standard Product

e (Cloud-Cleared Radiance

e Support Product

e Quality Assessment Support Product

Successive files provide increasingly detailed information about the AIRS Level 2

retrievals.

It is worth noting that each file encompasses one ‘granule’ of AIRS data. Granules are
formally defined as the smallest aggregation of data that is independently managed (i.e.,
described, inventoried, retrievable). An AIRS granule has been set as 6 minutes of data,
corresponding to exactly 45 scanlines of AMSU data or 135 scanlines of AIRS and HSB
data. The UTC start time of the N-th granule of each data is (146+(N-1)*360)/3600
hours. The orbit repeat pattern of the EOS Aqua is 16 days, 1.e. the spatial coverage of the

Nth granule is repeated (almost) exactly 16 days later.

The Standard Product consists of retrieved estimates of cloud and surface properties,
plus profiles of retrieved temperature, water vapor, ozone and a flag indicating the
presence of cloud ice or water. Estimates of the errors associated with these quantities
will also be part of the Standard Product. The profile vertical resolution is 30 points total
between 1000 mb and .02 mb; WMO pressure levels are used in the troposphere and
lower stratosphere. The Standard Product contains quality assessment flags in addition to
retrieved quantities. The Standard Product will be generated at all locations atmospheric

soundings are taken.

Cloud-Cleared Radiances are produced along with the AIRS Standard Product, as they
are the radiances used to retrieve the Standard Product. Nevertheless, they are an order
of magnitude larger in data volume than the remainder of the Standard Products and,

many Standard Product users are expected to have little interest in the Cloud Cleared
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Radiance. For these reasons they are a separate output file, but like the Standard Product

will be generated at all locations.

The Support Product includes higher vertical resolution profiles of the quantities found
in the Standard Product, plus intermediate output (e.g., microwave-only retrieval),
research products such as the abundance of trace gases, and detailed quality assessment
information. The Support Product profiles contain 100 levels between 1100 and .016 mb;
this higher resolution will simplify the generation of radiances using forward models,
though the vertical information content is no greater than in the Standard Product
profiles. The intended users of the Support Product are researchers interested in
generating forward radiance, or in examining research products, and the AIRS algorithm
development team. The Support Product will be generated at all locations as Standard

Products.

The final AIRS Level 2 data product is the Quality Assessment Support Product. This
output is intended to provide insight into the detailed workings of the AIRS retrieval
algorithm, and will contain a large number of intermediate retrieved quantities, their
estimated uncertainties, and associated quality assessment parameters. Because of its
large size, the quality assessment Support Product will be generated only at those
locations where the AIRS retrieval algorithm is known to be functioning poorly, based
upon quality assessment information. The intended users of the Quality Assessment
Support Product are the AIRS retrieval algorithm development team, and scientists
validating the performance of these algorithms, primarily at the Team Leader Science

Computing Facility (TLSCF) at JPL. It will not be generated at the GSFC DAAC.
2.2 Research Products

AIRS will produce a number of research products that will be developed and tested after
launch. Primary among these are trace constituent profiles of CO and CH,, Outgoing
Longwave Radiation (OLR) and Clear Sky Outgoing Radiation (COLR), and possibly
total CO, burden. As opposed to the standard products, research products are more

experimental not only for the algorithm, but also for the validation. The intent is to
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ultimately upgrade those research algorithms which pass peer review to standard

products.
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3. INPUT QUALITY CONTROL AND ANCILLARY
PRODUCTS

Key to the quality of the Level 2 products is careful quality control of the calibrated
radiances. The quality control is divided into inter-instrument QC, microwave QC,

infrared QC, and visQC.

The inter-instrument QC simply validates that valid data for a 3x3 ensemble of AIRS
footprints exist. For all instruments whose data are present and marked valid with state =

0 (PROCESS), the algorithm checks:
1) Time is later than Jan 01, 1994.
2) Latitude is in {-90.1, 90.1}.
3) Longitude is in {-180.1, 180.1}.
If any data are bad, that instrument is marked bad.

Of those that pass the first test, pair-wise comparisons are made of timestamps and
locations to make sure the observations are synchronized. If any comparisons fail, then

all data for this FOV are considered bad.
4) AMSU distance to central AIRS FOV is greater than 45 km.
5) AMSU distance to central AIRS FOV is greater than 17 + 1/cos(satzen) km.
6) ITime(AMSU) - Time(AIRS) - 0.66667 secl > 2 sec
7) AMSU distance to central HSB FOV is greater than 45 km.
8) AMSU distance to central HSB FOV is greater than 17 + 1/cos(satzen) km.
9) ITime(AMSU) - Time(HSB) - 0.52167 secl > 2 sec

10) HSB distance to central AIRS FOV is greater than 45 km.
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11) HSB distance to central AIRS FOV is greater than 17 + 1/cos(satzen) km.

12) ITime(HSB) - Time(AIRS) - 0.145 secl > 2 sec

3.1 Microwave QC
AMSU-A data is screened for the following problems:
1) AMSU-AL Sta