
AIRS Science Accomplishments
Version 4.0/

Plans for Version 5
H. H. Aumann

Jet Propulsion Laboratory
California Institute of Technology

Pasadena, California 91109

H. H. Aumann -IPL



AIRS/AMSU/HSB

AIRS Project Objectives
1. Support Weather Forecasting
2. Climate Research
3. Atmospheric Composition

and Processes

EOS Aqua
AIRS, AMSU, HSB,
MODIS, CERES,
AMSR-E
May 4,2002
Boeing Delta II
Intermediate ELV
5 years
Moustafa Chahine

Launch Date:
Launch Vehicle:

Mission Life:
Team Leader:

Spacecraft:
Instruments:



•
This talk is about accomplishments with AIRS data

and what we have learned from almost three years of data

what part of this is emerging in Version 4.0

what part we would like to see filtering into Version 5.0

and what part constitute limitations in the AIRS requirements, such as
spectral and spatial resolution, which have to be deferred to the
wish list for the next generation hyperspectral sounder.
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• AIRS Calibration and Radiometric Performance

The AIRS calibration accuracy at the 1OOmK and stability at the 6 mK/year
level are amazing. It establishes the unique capability of a cooled grating
array spectrometer in Earth orbit for climate research.

Data which are sufficiently clear to match the radiometric accuracy
of the instrument, have a yield of less than 1%. This is OK for calibration.
The 2616cm..1 window channel combined with the RTG.SST for tropical
ocean allow excellent assessment radiometric calibration accuracy and
stability.

For absolute calibration verification 100mK is the limit due to cloud
contamination. The 10 micron window channels can be used for stability
assessment, but accuracy is limited at 300mK due to water continuum
absorption uncertainties.
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•
2 years of AIRS SST compared to RTGSST
shows impressive measurement stability

c8.b1 e 200209-200408 night Ilat«30 ocean
1.--------.--------r------.,.....-------,

••

the rtgsst at night
is 0.4K warmer
than the skin
measured by AIRS

>3K outlier rate is
less than 1:1000

stdev(sst2616-rtgsst)
= 0.413K
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The 4 ppmf peak-to-peak SRF centroid variability with season
and the long term trend of 1 ppmf/year should be included in
Version 5, Level 1b PGE
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•
Weather forecasting

AIRS is showing forecast impact in the northern and southern hemisphere.

The 320 of 2378 AIRS channels transmitted to NWP carry 9gok of the information.
Currently NWP want calibrated radiances with stable noise characteristics.
Radiance bias tuning is employed..
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Joint Center for Satellite Data
Assimilation (JCSDA)

NCEP Operational Model

"This magnitude of
improvement is quite significant
when compared with the rate of
general forecast improvement
over the last decade",

John Le Marshall in EOS,
March 15 2005, Vol 86, No 11

"A several hour increase in
forecast range at five or six
days normally takes several
years to achieve at operational
weather centers"



• T(p), q(p) retrievals

Cloud-clearing AIRS data with AMSU produces RAOB quality retrievals
in the lower troposphere with 50% yield.
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>0 Where AMSRE and AIRS return valid solutions, they agree within 2 mm rms
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Unlike AMSRE the AIRS retrieval also returns upper tropospheric water
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Validation of upper tropospheric water is a hotly debated subject
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•
The V4.0 retrievals over ocean have verifiable statistical RAOS quality.

A validated, quantitative uncertainty estimate for the Level 2 products is key for
subsequent optimal use of the data.

This is the topic of a focus team, for a Version 5.0 PGE upgrade.
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If 30% yield is acceptable, retrievals can be made without AMSU and
at the full AIRS 15 km spatial resolution
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bt2388-bt1392 is used to retrieve
the water column above 600mb
from L1b data with 15 km footprints
granule average 1.5 mm.

Layers summed from 0 to 555 mb
from the L2 Qcc=O retrieval
Granule average 1.6mm
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•
An AIRS focus team has been formed to evaluate making retrievals without
AMSU as a backup to a potential AMSU failure and to explore the potential
returns from higher spatial resolution.
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•
2.00 m ••_ •••

Is the (observed-calculated) bias in the AIRS data
real or an artifact of the assumed truth?

(Observed - calculated) using ECMWF statw adjusted T(p), q(p) profiles
for cloud-free +/-40 degree ocean for all AIRS channels

mean=O.OO2K stdev=O.29K

¥1.00 +------!- ,---+---I----+----+----+-------1I----+----+-----1

a 100' 200 300 400 500 600 700 800 900 1000

Peak of weighting function [mb)

AIRS is about 1K warmer in the stratosphere than ECWMF L. Strow UMBC



•
A focus team has been formed to analyze and make recommendations on

The need for empirical tuning of AIRS radiances in the L2 retrieval

How to handle the increase in the co2 abundance,
which makes the AIRS co2 channels colder by 100 mK/year

Another focus team has been formed to analyze and make recommendations
on how to deal with emissivity.

H. H. Aumann -IPL
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Research Products

AIRS Ozone Matches TOMS
AIRS May TOMS

AIRS Observes S02 from Anatahan
April 6, 2005

AIRS Data used to study Madden-Julian Oscillation AIRS First Global CH4

-200
MJO H20VapMMR 10S-10N 2002.12.18

----•. -----T- -_•. ---- r ----------.-,'- ----".--------- '-r 1 -------.- --'r- -- ",--
AIRS L3

September 2002

: '1
·5 0 5

% Ch'Il9' in CH. frPfY)-Nornn91'L.- ~,

t1. t1. AUmann

360300 330270

...........................1

......$ t) .

, recip (mrn/d)

600 ..

BOD

1000Ll_~_~_~_~_~..._~_~_~_~_~_~____'
o 30 60 90 120 150 180 210 240

Longitude (E)

-1I!I!!II-~iZD-~:·~----- [~"~~-...~-1.5 -0.9 -0.3 0.3 0.9 1.5
gm/kg

~ 200

m
~ 400
~

a<
<L



Climate

The quality of the AIRS radiances for climate applications is assured.

With more than 2 years of data it is time to focus on distilling the essence
of the AIRS data for climate.

This essence is found in trends, correlations, processes,
and the identification or verification of feedback mechanisms

Is the Lindsen hypothesis correct?
Is cooling in the stratosphere correlated with increased wator vapor
Is upper tropospheric water vapor (UTW) increasing
Is there a correlation between OLR and UTW ?

Level 3 products are a good step, but not the solution

Subset data products, like the new clear data subset,
are a good step, but not a solution

H. H. Aumann -IPL



Evaluation of AIRS data for climate requires
analysis of very large amounts of data
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The water column above 300 mb appears to be increasing
at the rate of 0.003 mm/year in the last two years.
No strong seasonal variability,
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What could be done better

A little more spectral resolution would help.
Increasing the spectral resolution in some key areas will help
with minor gas retrievals.

A little more spatial resolution would help. The inhomogeneity of the water field
at 15 km scale is obvious in the data

The raw data volume is becoming a serious cost driver for data analysis.
Develop an algorithm for onboard filtering of the data.
Higher spectral and spatial resolution can not be utilized without solving
the data overload problem.

The unique capabilities of a cooled grating array spectrometer
for climate research established by AIRS from Earth orbit, combined
with the lessons learned will result in an AIRS-like follow-on mission.
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• Summary

Calibration and Radiometric Performance: Superb

Weather Forecasting: Operational Forecast 1m

T(p), q(p) retrievals:

Climate Application: This should be the focus for the next few year

Now we need to update the AIRS Algorithm Theoretical Basis Document
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Thanks for your attention
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