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Overview

Atmospheric Infrared Sounder

» Introduction to AIRS on Agqua

» Method of Vanishing Partial Derivative for Retrieval of CO,

» Validation with Aircraft In-Situ Measurements

» Spatial Patterns of CO,:
Effects of Weather and Stationary Sources

» Model Comparisons
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Atmospheric Infrared Sounder Launched by NASA on May 3, 2002
Four typical ascending orbits, Continental USA AIRSIAMSUHSE IFOV are optimally aligned

G 1.1° ¥ 0.6- AIRS

0 - »  25% Underlap
=B ~— '  at Madir
E A X j7 MADIR
Ll
&
E e *\
= 7, 3.3 AMSU-A
o .
=l - b

y X

o i
16 Lo 1.1" H5B
Direction
wh 120 o Py / Sean }{“‘jﬁg,
LOMGITUDE (Dey) MIOTHIN e
! L;j_f{:k AIRS SCAM GEOMETRY
_ P v Altitude: 705 km
Allows Cloud-Clearing i % » Scan Period: 2.667 5
96% of Scenes, Globally &JC“— 2 Direction = Ground Footprints: 90/ Scan

_ i of Flight

SPIE DS43: 6966-38 — Orlando, FL — Mar 18, 2008 E. T. Olsen et al. VG #3



Natiomel Aezomaatitis arahd
Space Adimimsstaaoion

Jet Propulsion Laboratory
Califonmaal hsttitiet efof ebbciofagp gy
Pasadena, Califtoniaa

Atmospheric Infrared Sounder

AIRS Infrared Spectrum

AIRS Channels for Tropical Atmosphere with T_surf = 301K
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JotPropuision Laboratory Pressure Broadening Results in Overlapping
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Lines of All Species - 15 um Band
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Atmospheric Infrared Sounder

Line Strength

o T

0L 1 S APASEH

690 700 710 720 730 740 750
Wavenumber (cm™)

C, and C; are the self and foreign component of the continuum absorption in 1/(cm-t molecules cm-?)

SPIE DS43: 6966-38 — Orlando, FL — Mar 18, 2008 E. T. Olsen et al. VG #5



Natiomel Aezomaatitis arahd
Space Adimimsstaaoion

Jet Propulsion Laboratory
Califonmzel hsstitiet efof ebbciologp gy
Pasadena, Califtoniaa

Atmospheric Infrared Sounder
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wesnieney — Method of Vanishing Partial Derivatives
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Atmospheric Infrared Sounder
Consider the case where observations are made in a spectral region in the infrared where several minor gases such as

CO,, 05, and H,O contribute to the observed radiance and a forward calculation of the radiance is made using
atmospheric state.

Define the residual function G

— 2
G = Z[ | observed (V) o Icomputed (V)] (1)
14
We desire to find the set of X; which minimizes the residual function. We express the total differential of G as
dG:ﬁdXﬁEdXZ+£dxg+....+§dxi+g )
oX, X, X, oX,

From the general property of total differentials, the condition that G in equation (1)
should have a maximum or a minimum at a point ( )_(1 : )72 , >_(3 Lo >_(i ) is that

each of the first partial derivatives should individually vanish at that point.

oG 0G 0G oG -
X, oOX, oX,  oX

Thus the individual mixing ratio of each of the minor gases considered is determined by
the value that makes their first partial derivative in equation (3) vanish_individually.
Therefore, even though the observed spectra cannot differentiate between the individual
lines, the partial differentials can! This is the VPD method.
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VPD Method, continued

Atmospheric Infrared Sounder
We recognize that Equation (3) is a necessary condition but not sufficient to guarantee a unique solution that

minimizes the residual function, G. The variables X,, )_(2 , )_(3

X, are not strictly linearly independent.

Hence we adopt an iterative approach, selecting auxiliary sets of channels for T, H,O and O to separate the
interdependence and rejecting solutions that do not minimize the residual function.
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* Iteration is initialized with AIRS cloud-cleared radiances and retrieved
geophysical product profiles of T(p), H,O(p) and O;(p)

» Each retrieved geophysical product is linearly perturbed and residuals
computed for its selected channel set radiances; iteration continues
until residual is minimized or change drops below a threshold; solutions
shift entire profiles

« Iteration for solution of CO, is then performed
* New CO, value is used with original AIRS retrieved geophysical
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Vanishing
Partial
Derivatives
Method
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Independence of the Solution

Califamiaistiinetofdleberiotaypgy from Initial starting value of the CO, Mixing Ratio
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Casadene, et with Matsueda Flask Measurements

Atmospheric Infrared Sounder

Matsueda Airborne Flask Collocated AIRS
CO, Measurements at 10.5 km altitude CO, Retrievals at 5-15 km altitude

One AIRS Retrieval
45x 45 km
within 24 hours

‘ glsokm
®q©®

Matsueda
Measurements

An AIRS Cluster Around Matsueda

‘ 45x45 km One AIRS Retrieval

A One Matsueda Flask Measurement with
collocated AIRS Retrieval
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Atmospheric Infrared Sounder

Total number of match ups=78

SD= +2.98 ppmv

The monthly averages
(5.6 clusters/month) yields
SD=+1.20 ppmyv

These are approximately related
by the Guassian relationship
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Latitude

Latitude

VALIDATION OF VPD CO, VIA AIRCRAFT CO, PROFILE MEASUREMENTS
OVER CONUS in 2003 and 2004
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Latitude

VPD Spatial Pattern of CO,

AIRS CO2, July 1-31
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Latitude

Effects of Weather on Mid Trop CO,
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Global distribution of large stationary sources of CO2
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Impact of Weather and
Large Stationary Sources
on Mid-Tropospheric CO,

July 24-28, 2003

Califonmaal hsttitiet efof ebbciofagp gy
Pasadena, Califtoniaa

Atmospheric Infrared Sounder

Major Atmosphere-

Biosphere Exchange Large Stationary CO, Source
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Models do not Capture the Effects of
Pasadenm, Calltamia Weather and Surface Sources

Atmospheric Infrared Sounder

AIRS CO, for July 01-31, 2003 Model CO, for July 01-31, 2003
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Atmospheric Infrared Sounder

QuickTime™ and a
decompressor
are needed to see this picture.
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Conclusions

Atmospheric Infrared Sounder

» Introduction to AIRS on Agqua

» Method of Vanishing Partial Derivative for Retrieval of CO,

» The AIRS VPD retrieved upper tropospheric CO, agrees
reasonably well with in situ aircraft observations.
- Additional validation data are needed at high latitudes

» Therich time-varying spatial structure of CO,in the
mid-troposphere is not capture by models

» Satellite retrieval of CO2 profiles provide a new tool to study
the dynamics of the atmosphere
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Atmospheric Infrared Sounder

BACKUP
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Atmospheric Infrared Sounder
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Coertesimlaeny Conclusions
Atmospheric Infrared Sounder
»The AIRS retrieved upper tropospheric CO, agrees reasonably
well with in situ aircraft observations in the tropics.
- Additional validation data are needed at high latitudes.

»The convective vertical transports flux is crucial for models
simulation of upper tropospheric CO,

»The rich structure of CO2 calls for additional satellite observations
- The Orbiting Carbon Observatory (OCO) to be launched 12/08

Un modele sans observations n'est qu'un exercice mathématique gratuit.
Des observations sans modele n'apportent que confusion.
Jacques-Louis Lions (CNES)

Models without data are but mathematical exercises.
Data without models only add to the confusion.
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Pasadera, Gl retrieving a CO2 profile

Atmospheric Infrared Sounder

AIRS mid-tropospheric
m— AIRS near-surface
= AIRS stratospheric
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Latitude

COMPARE VPD CO, TO INTEX-NA AIRCRAFT CO, PROFILE
MEASUREMENTS DURING July 10-15,2004
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