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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 the 3.7-15.4 um spectral region with spectral resolution of better than 1200. Key
channels from the AIRS Level 1B calibrated radiance product are currently assimilated into operational weather
forecasts at NCEP and other international agencies. Additional Level 2 products for assimilation include the AIRS cloud
cleared radiances and the geophysical retrieved temperature and water vapor profiles. The AIRS products are also used
to validate climate model vertical and horizontal biases and transport of water vapor and key trace gases including
Carbon Dioxide and Ozone. The wide variety of products available from the AIRS make it well suited to study
processes affecting the interaction of these products.
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1. INTRODUCTION

The Atmospheric Infrared Sounder (AIRS) is a hyperspectral infrared instrument on the EOS Aqua Spacecraft, launched
on May 4, 2002. AIRS has 2378 infrared channels ranging from 3.7 um to 15.4 um and a 13.5 km footprint. 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 science investigations'. 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 CO,, CO, SO,, O; and CH4. AIRS data are used for weather
forecasting, climate process studies and validating climate models®. For more information see http:/airs.jpl.nasa.gov.

1.1 Standard Products

A list of the primary AIRS/AMSU/HSB standard deliverable products from Version 5.0 are given in Table 1. The
horizontal resolution and the current best estimate summary of the performance of the product and are listed in the
second and third columns respectively. The fourth column lists the validation status of the product to identify the
regions where the product has been demonstrated to be valid. Products are provided globally regardless of their
validation status.

The products are divided into three types. Level 1B products are calibrated and geolocated upwelling radiances from the
four major subsystems on the AIRS/AMSU system. There are 2378 infrared AIRS radiances, 4 Vis/NIR AIRS spectral
channel radiances, 15 microwave channels from the AMSU, and 4 from the HSB. HSB data are still available for the
first 9 months of the mission, but since the HSB is no longer operational, recent data are unavailable. The second type of
data are the Level 2 products. Level 2 products are geolocated geophysical quantities, usually offered on the scale of the
AMSU footprint which is approximately 45 km at nadir. The third type of product are Level 3 products. Level 3
products are gridded spatially (1 degree latitude and longitude bins) and temporally (1 day, 8 day and monthly) and
usually contain all standard Level 2 products. We also list research products for AIRS (at a low state of validation) at
the bottom of the table. Definitions of the validation types is given below the table, but generally products are ready for
scientific investigations when their validation status has reached stage 2.

1.2 Data Access

All AIRS products are available at the Goddard Earth Sciences Data and Information Services Center (GES/DISC) at
http://daac.gsfc.nasa.gov. In addition to data products, data readers, user guides and verification/validation reports are
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also available at this location. Additional information on the AIRS Project and science applications can be found at the
AIRS home page http://airs.jpl.nasa.gov.

Table 1. AIRS Standard and Research Products and their Validation Status

Resolution Uncertainty Estimate

AIRS Product Validation Status (Version 5)

(km) (Version 5)
Radiances
AIRS IR Radiance 13.5 <0.2% Stage 3
AIRS VIS/NIR Radiance 23 15-20% Stage 1
AMSU Radiance 45 1-3K Stage 3
HSB Radiance 13.5 1-3K Stage 3
Core Products
Cloud Cleared IR Radiance 45 1.0K Stage 2
Sea Surface Temperature 45 1.0K Stage 2
Land Surface Temperature 45 2-3K Stage 1
Temperature Profile 45 1 K/km Stage 2
Water Vapor Profile 45 15% / 2km Stage 2
Total Precipitable Water 45 5% Stage 2
Fractional Cloud Cover 45 20% Stage 2
Cloud Top Height 15 1 km Stage 2
Cloud Top Temperature 45 20K Stage 2
Neccesary Products*
Total Ozone Column 45 5% Stage 2
Ozone Profile 45 20% Stage 2
Land Surface Emissivity 45 10% Stage 1
IR Dust** 45 05K Stage 1
Research Products
Carbon Monoxide 45 15% Stage 2
Methane 45 2% Stage 1
Carbon Dioxide** 45 1-2 ppm Stage 1
OLR 45 5 W/m2 Stage 1
HNO3** 45 0.2 DU Stage 1
Sulfur Dioxide** 45 1DU Stage 1

Validation Status Definitions (Common to all Aqua Instruments)

Stage 1: Validation Product accuracy has been estimated using a small number of independent measurements obtained from selected
locations and time periods and ground-truth/field program effort.

Stage 2: Validation Product accuracy has been assessed over a widely distributed set of locations and time periods via several ground-
truth and validation efforts.

Stage 3: Validation Product accuracy has been assessed, and the uncertainties in the product well-established via independent
measurements made in a systematic and statistically robust way that represents global conditions.

2. WEATHER FORECAST IMPROVEMENT

The most fundamental product from AIRS are the calibrated radiances and geolocation in the Level 1B data product.
The upwelling infrared spectrum contains a wealth of information about the state of the atmosphere including
temperature profile, water vapor, and the trace gases mentioned above. The AIRS radiances are assimilated into Global
Circulation Models (GCM's) at weather prediction centers worldwide including NCEP, ECMWF and the UK Met
Office. A significant positive impact has been achieved. Six hours on the 5 day forecast has been achieved by
assimilating 1 in 18 footprints [2, 3] an additional 5 hours on the 5 day forecast has been shown to be possible. AIRS



radiances are also being assimilated into regional weather forecast models with significant forecast improvements of
regional scale processes and local precipitation estimates out to 48 hours.

Operational agencies assimilating the AIRS radiances usually assimilate upper atmospheric channels less affected by
clouds. Techniques are under development to assimilate information down to the cloud tops. Also available in the Level
2 product are “Cloud Cleared Radiances (CCR’s)”. The CCR’s make use of a methodology to remove the effects of the
cloud using 3x3 AIRS FOV’s and a first guess usually based on regression on the cloudy radiances against ECMWF.
The CCR’s offer significantly more FOV’s and early research indicates that additional forecast improvement can be
achieved assimilating them directly. Understanding the error estimate that go along with the CCR’s is required for this
assimilation to be successful. Dialogue is underway in this area.

Another way to get significant forecast improvement from the AIRS is to assimilate directly the temperature and water
vapor profiles. Recent work has shown that assimilation of temperature profiles offers considerable improvement that
was not realized before [4]. Modelers at NASA’s SPoRT have found that assimilation of temperature and water vapor
into the regional models can improve prediction of pressure anomalies and rainfall [5]. Additionally, AIRS temperature
and moisture profiles are being used operationally by NWS weather forecast offices in their Advanced Weather
Information Processing System (AWIPS) as a supplement to the coarsely spaced twice daily weather balloon
observations. These asynoptic profiles provide mesoscale spatial resolution information of changing moisture and
stability fields important for convective weather development over the continental United States. At this time,
assimilation of water vapor channel radiances or water vapor profiles has a negative affect on the forecast models, it is
believed because the models are not yet ready to assimilate this type of information.

3. CLIMATE MODEL VALIDATION

Global climate change is of critical cost to our world as the consequences of climate change affect the lives and
livelihood of millions of people. Quantifying the climate forcings due to increased greenhouse gas emissions are
relatively straightforward in climate models, but the largest uncertainties are associated with the cloud and water vapor
feedback processes. Models require validation of their “climatology”, and usually use reanalysis from forecast centers.
Like the weather models, the water vapor fields in the reanalysis are limited in their accuracy. Results have shown that
several major climate models have considerable errors in the vertical and horizontal distribution of water vapor on an
annual climatology [6, 7, 8]. It is believed this is a consequence of compensating errors in the vertical distribution of the
water vapor climatology. Drier lower troposphere air is compensated by a wetter upper troposphere in the models to
produce an overall correct outgoing longwave radiation (OLR) [9].

Clouds also play a very important role in climate science. Solar reflective sensing instruments such as MODIS, GOES
and MISR provide vital information on the cloud shortwave response to the climate system. Cloudsat provides
exceptional cloud profiles and phase information. Infrared also has an important role in understanding clouds. In
particular, the hyperespectral infrared is particularly good at detecting cirrus clouds [10]. These clouds have a tendency
of providing a negative feedback (warming effect) since they radiate at a lower temperature and are not as effective in
shielding solar radiation. Scientists have improved the understanding of the process of supersaturation in the
stratosphere using AIRS data; an important result for understanding the role of clouds on global warming [11].
Scientists have related reduced cloudiness and downwelling radiation to the associated ice loss in the arctic region [12].

4. ATMOSPHERIC COMPOSITION

The profile of ozone and the total burden are produced from the AIRS retrieval as a necessary part of the temperature
and water vapor retrieval. Scientists have successfully retrieved other trace gases including, CO, CH4 and CO2 from
AIRS because of the value to Earth Science and paucity of available data sets from other observational platforms.

AIRS measures the total column and profile of ozone with approximately 2 pieces of information in the boundary
between the tropopause and the stratosphere. This makes the AIRS ozone ideal for studies of stratospheric-tropospheric
exchange during severe convection events and the global transport of ozone through the Brewer-Dobson circulation.
AIRS ozone data have undergone rigorous validation using aircraft data and ozonesondes [13]. AIRS’ 1600 km cross-
track swath and cloud-clearing retrieval capabilities provide daily global CO maps over approximately 70% of the Earth.
Validation indicates AIRS CO retrievals are approaching the 15% accuracy target set by pre-launch simulations [14].



The most significant trace gas retrieved by AIRS for the study of anthropogenic effects on climate is carbon dioxide.
AIRS CO2 retrievals use an analytical method for the determination of carbon dioxide and other minor gases in the
troposphere from AIRS spectra. The AIRS data have been shown to be accurate to £1.20 ppmv of the aircraft
observations [15]. Global monthly maps of CO2 have been generated (Figure 1), and identify global transport patterns
in the mid-troposphere. These results will aid climate modelers in parameterization of mid-tropospheric transport
processes of CO2 and other gases. The accuracy of AIRS CH4 is about 1.2-1.5% depending on different altitudes, which
should be able to map seasonal variation of CH4 and can provide valuable information of atmosphere in mid-upper
troposphere [16]. AIRS Scientists have observed a significant summer enhancement of CH4 in high northern
hemisphere which correlates well with soil temperature and is most likely due to northern wetland emission in summer.

AIRS Mid-Tropospheric CO2. July 2003, V514 Day 16 x 31
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Figure 1. AIRS Mid-Tropospheric Carbon Dioxide for July 2003. These data aid in understanding global distribution
and transport of CO2 in support of climate modeling. Overlaid on the figure are geopotential height contour lines and
wind vectors.

5. CONCLUSIONS

Calibrated radiances from the Atmospheric Infrared Sounder on the EOS Aqua spacecraft are used routinely for weather
forecast at Numerical Weather Prediction centers worldwide. Geophysical products retrieved from the AIRS instrument
include temperature and water vapor profiles, surface properties, cloud properties and atmospheric composition. These
products are particularly useful for understanding processes used in climate models. The AIRS data are joined by the
European Infrared Atmospheric Sounding Interferometer (IASI) on MetOp and soon to be joined by the Cross-track
Infrared Sounder (CrIS) on NPOESS. AIRS has demonstrated the value of hyperspectral infrared to the weather and
climate communities and has paved the way for effective use of these instruments in the future.

ACKNOWLEDGMENTS

The authors would like to acknowledge the AIRS Science Team for the development of the AIRS Products, and Dr.
Ramesh Kakar at NASA Headquarters for guidance, direction and support. The research described in this paper was
carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with the National
Acronautics and Space Administration.



REFERENCES

I T.S. Pagano, et. al., “Version 5 product improvements from the Atmospheric Infrared Sounder (AIRS)”, Proc. SPIE 6408-02,
October, 2006

(21 J. LeMarshall, J. Jung, J. Derber, R. Treadon, S. Lord, M. Goldberg, W. Wolf, H. Liu, J. Joiner, J. Woollen, R. Todling, R.
Gelaro Impact of Atmospheric Infrared Sounder Observations on Weather Forecasts, EOS, Transactions, American Geophysical
Union, Vol. 86 No. 11, March 15, 2005,.1175/BAMS-87-7-891

(3] McNally, A.P., Watts, P.D., Smith, J.A., Engelen, R., Kelly, G.A., Thepaut, J.N., and Matricardi, M., 2006, The assimilation of
AIRS radiance data at ECMWF, QJR Meteorol. Soc., 132, 935-957. doi: 10.1256/qj.04.171

M 0. Reale, J. Susskind, R. Rosenberg, E. Brin, E. Liu, L.P. Riishogjaard, J. Terry, J.C. Jusem, Improving forecast skill by
assimilation of quality controlled AIRS temperature retrievals under partially cloudy conditions, Geophysical Research Letters, Vol.
35, L.08809, doi:10.1029/2007GL033002, 2008

Bl Zavodsky, B., et al., The impact of atmospheric infrared sounder (AIRS) profiles on short-term weather forecasts, Proc. SPIE.
Vol 6565, May 2007

1 Pierce D. W., T. P. Barnett, E. J. Fetzer, P. J. Gleckler (2006), Three-dimensional tropospheric water vapor in coupled climate
models compared with observations from the AIRS satellite system, Geophys. Res. Lett., 33, L21701, doi:10.1029/2006GL027060.

' John, V.O. and Soden, B. I., Temperature and humidity biases in global climate models and their impact on climate feeedbacks,
Geophys.Res. Lett., 34, L18704, doi:10.1029/2007GL030429

Bl Gettleman, Collins, Fetzer, Eldering, Irion (2006), Climatology of Upper-Tropospheric Relative Humidity from the Atmospheric
Infrared Sounder and Implications for Climate, J. Climate, 19, 6104-6121. DOI: 10.1175/JCLI3956.1

0 Huang, Y., Ramaswamy, V., Huang, X.L., Fu, Q., Bardeen, C., A strict test in climate modeling with spectrally resolved
radiances: GCM simulation versus AIRS observations, Geophys.Res.Lett., 2007, 34, 24, L.24707

(191 Kahn, B.H., Liang, C.K., Eldering. A., Getteman, A., Yue, Q., Liou, K.N., Tropical thin cirrus and relative humidity observed by
the Atmospheric Infrared Sounder, Atmos.Chem.Phys., 8, 1501-1518, 2008

U Gettleman, Fetzer, Eldering, Irion (2006), “The Global Distribution of Supersaturation in the Upper Troposphere from the
Atmospheric Infrared Sounder”, J. Climate, 19, 6089-6103. DOI: 10.1175/JCLI3955.1

[12] Kay, J. et. al., The contribution of cloud and radiation anomalies to the 2007 Arctic sea ice extent minimum, GRL (submitted),
2008
U31 Bijan J., A. Gettelman, H. Chen, L. L. Pan (2007), Validation of satellite ozone profile retrievals using Beijing ozonesonde data,
J. Geophys. Res., 112, D06305, doi:10.1029/2006JD007502.

U4 McMillan W. W., C. Barnet, L. Strow, M. T. Chahine, M. L. McCourt, J. X. Warner, P. C. Novelli, S. Korontzi, E. S. Maddy, S.
Datta (2005), "Daily global maps of carbon monoxide from NASA's Atmospheric Infrared Sounder", Geophys. Res. Lett., 32,
L11801, doi:10.1029/2004GL021821.

51 Chahine, M.T., Chen., L., Dimotakis, P., Jiang, X., Li, Q., Olsen, E.T., Pagano, T., Randerson, J., Yung Y.L., Satellite Remote
Sounding of Mid-Tropospheric CO2, Geophys.Res.Lett., 2008, 35, L17807, doi:10.1029/2008 GL035022

06 Xjong, X.Z., Bernet, C., Maddy, E., Sweeney, C., Liu, X.P., Zhou, L.H., Goldberg, M., Characterization and
validation of methane products from the Atmospheric Infrared Sounder (AIRS), Journal of Geophysical Research -
Biogeoscienes, 2008, 113, GOOAO1



