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The TES Experiment 

Global measurements of tropospheric ozone and its 
precursors from TES combined with in-situ data and model 
predictions will address the following key questions: 

How is the increasing ozone abundance in the 
troposphere affecting 

- ajr quaJiWj/ on a global scale3 

- oxidiziing reactions that ""cleanse" the atmosphere? 

- climate change? 

UES Standard Products 
N = Nadir, L = Limb Viewing 

'** Tropospheri~ngentration known 



N = Nadir, L = Limb Viewing 
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TES is an infrared imaging Fourier Transform Spectrometer (FTS) operating in the spectral 
range 650 - 3050 cm-I (roughly 3.3 - 15.4 pm). 

It features 4 1x16 element optically-conjugated focal plane arrays each optimized for a 
different spectral region and operating at a temperature of 63K using mechanical 
refrigerators. In addition, each focal plane is equipped with interchangeable cooled filters 
that limit the instantaneous spectral bandwidths to about 250 cm-I. This provides needed 
control over the instrument thermal background and reduces the data rate. 

Except for two external mirrors (part of the pointing system), the entire optical path is 
radiatively-cooled to about 165K, further to reduce the instrument background. 

A particular feature of TES is that it can, unlike any other spaceborne FTS instrument, 
obsewe both downwards and sideways to the limb. 



Variation of Typical Linewidths with Altitude 
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View of the TES engineering model interferometer retroreflector 
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Detector response 

Filter bands (schematic) 
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LIMB PROJECTION NADIR PROJECTION 

rllght Path pelpentllcular to page f F l ~ g l ~ t  Path 
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TES Instrumental Line Shape (ILS) 
60, Laser 00'1 - 02'0 P(20) line (nominally @ 1046.8543 cm ') 

Model prediction 

Frequency, cm ' 



BES Obsewatioga Geometry 

Aura Spacecraft Coordinate System 

Jet P apus,on Laboratory 

TES Operating Modes 
Cribrna ,nsnt",e m i  iecnno,ng 

Globai S c ~ ~ v e y :  16 orbits of nadir & limb observations repeated every other 
day. This is the source of Standard Products. 

Sfare: Point at a specific latitude & longitude for up to -4 minutes. 

Transect: Point at a set of contiguous latitudes & longitudes to cover -850 km. 

Step-&-Sfare: Point at nadir for 4 seconds (5.2 seconds with necessary reset). 
Spacecraft has moved -40 km. Point at nadir again. Repeat indefinitely. 

Limb Drag: Point at the trailing limb (16 second scans). Repeat indefinitely. 

hess Bast 4 modes ~owatitute Special Products that are 
btained ~ n i y  when no Global Suwey is scheduled. 

ASSFTSIP, Quebec Cit 



GLOBAL SURVEY 6BSERVAeriBFS 8TRAT"B"EY 

BES Step 8 Stare, Stare aw dramsect Modes 

STEP & STARE: A set of nadir footprints spaced about 35 km apart. Can be indefinite. 

STARE: Point at a specific latitude & longitude for up to 210 seconds. 

TRANSECT: A set of exactly contiguous latitudes & longitudes in a line up to 885 km long. 



C r b m a  ,nri,we 0, Tecnnvloq 

.Fourier transform spectrometer 
-Wavelength response: 3.3 to 15.4 micron 
.One scan every 4 or 16 sec. (0.1 cm-' or 0.025 cm-' res.) 
.Four optically-conjugated 1x16 pixel detector arrays 
.Spatial resolution of 5 x 8 km at nadir & 2.3 km at limb 
.Passively cooled 
-z-axis gimbaled pointing mirror 

- 
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TES on the Aura Spacecraft 
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TES Algorithm Overview 

Level 1A: Produces geolocated interferograms. 

Level 1 B: Produces radiometrically and frequency calibrated 
spectra with NESR. 

Level 2: Produces VMR and temperature profiles. 

Level 3: Produces global maps. 



BES Radiance comparison with S-HIS (AVE campaign) 

TES radiance comparison with ALRS data (same geoiocatiow) 



Step & Stare Mode Observation near Natal, Brazil 
(red dot); 2004 September 22 



TES Step & Stare Nadir Retrieval Result: Ozone 
Gross Section Alony omit Track, Run=2163, seq=l-6, scan = 0-24, u~ctirne=z004-03-22 15 40-15 58 

TES Step & Stare Nadir Retrieval Result: CO 
Gross Sectlon Along OIbit Track, Run=2163, Seq=l-6, Scan = 0-24, UTCtlme=2004-09-22 15 40-15 58 

< 50 ppbv z 150ppbv 
co Volume Mlxlng Ratlo 
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TES Ozone retrievals 8 vedica0 resoilutjon =. 

Natal, Brazil 0, Sonde comparison to TES retrieval 

- TES retrieval 



TES - TOh4S I wttercsmparison 
J ~ I  ~ r o p ~ r ~ o n  Labralory 

Cnllarns InEnlutsafTeChnn" 

Total  DJ  Colutnn f Sop 2 0 - 1 1 .  2 U 0 4  

TES HDO/HZO 11/04 - 11/08 



CO Column from TES, 9-20-04 

CO Column Dsnslty 



Co Column from MOPITT, 9-20-04 
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Jet Propulsion Labratory interpolated CQ column from TES, 9QZQb04 sararnsinit~tuleofTeihnQ1oo 
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AssimlOatiow 8 inverse ModeRiwg of BES data 

Figure 1. CO source aggregation T a k a  6am Jones, D B A .  et a1 
1. Geophp Res ,(2003) 

TES processing provides products 
necessary for assimilation of TES data including 
constraint vectors, averaging kernels, 

Constrai>Averag\kernei 7 operator 

and elror covariances on a fine pressure g i d  

Figures show the potential of TES co retrievals to x =x,+A(lnF(x,u )-x,)  
Estimate CO sources with and without these products. \ 

Model TES retrieval 
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