
2005 May ASSFTS12, Quebec City, Canada

The EOS AURA Tropospheric Emission Spectrometer (TES)

Status of the Program

Reinhard Beer

Science Division
The Jet Propulsion Laboratory

California Institute of Technology
Pasadena, CA 91109, USA

Reinhard.Beer@jpl.nasa.gov



2005 May ASSFTS12, Quebec City, Canada

NAME INSTITUTION ROLE

Reinhard Beer* JPL Principal Investigator
Kevin W. Bowman JPL L1B Algorithms 
Linda R. Brown JPL Spectroscopy
Shepard A. Clough* AER, Inc. L2 Algorithms, Validation
Michael R. Gunson* JPL Deputy PI
Annmarie Eldering JPL Clouds & Aerosols
Brendan M. Fisher JPL L1A Algorithms, Calibration
Aaron Goldman University of Denver Spectroscopy
Daniel J. Jacob* Harvard University Tropospheric Chem. Modeling
Qinbin Li JPL Tropospheric Chem. Modeling
Jennifer A. Logan* Harvard University Tropospheric Climatology
Mingzhao Luo JPL Mission Planning, L3 Products
Frank J. Murcray* University of Denver Correlative Measurements, Calibration
Gregory B. Osterman JPL Operational Support Products
David M. Rider* JPL Instrument Scientist, Calibration
Curtis P. Rinsland* NASA Langley RC Spectroscopy, Validation
Clive D. Rodgers* Oxford University L2 Algorithms, Validation
Stanley P. Sander* JPL Tropospheric Chemistry, Validation
Mark Shepherd AER, Inc. L2 Algorithms
Susan Sund-Kulawik JPL L2 Algorithms
Fredric W. Taylor* Oxford University Strat-Trop Exchange, Non-LTE
Helen M. Worden* JPL Algorithm Team Leader, Calibration
John R. Worden JPL L2 Algorithms

The TES Science Team (* = formal co-I)
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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

The TES Experiment

- air quality on a global scale?

- climate change?

- oxidizing reactions that “cleanse” the atmosphere?
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Product Name Required 
Sensitivity*

Level 1A Interferograms N L
Level 1B Spectral Radiances N L
Atmospheric Temperature Profile N L 0.5K
Surface Skin Temperature N 0.5K
Land Surface Emissivity** N 0.01
Ozone (O3 )VMR Profile N L 1 - 20 ppbv
Water Vapor (H2O) VMR Profile N L 1 - 200 ppmv
Carbon Monoxide (CO) VMR Profile N L 3 - 6 ppbv
Methane (CH4) VMR Profile N L 14 ppbv
Nitrogen Dioxide (NO2) VMR Profile L 15 - 25 pptv
Nitric Acid (HNO3) VMR Profile L 1 - 10 pptv
Nitrous Oxide (N2O) VMR Profile N L Control***

*** Tropospheric concentration known

Product 
Source

* Sensitivity range maps to expected concentration range
** Water emissivities are known and are therefore input , not output, parameters

TES Standard Products
N = Nadir, L = Limb Viewing
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Chemical 
Group Common Name Formula

Hydrogen Peroxide H2O2 L
Mondeuterated Water 
Vapor HDO N L
Ethane C2H6 L
Acetylene C2H2 L
Formic Acid HCOOH N L
Methyl Alchohol CH3OH N L
Peroxyacetyl Nitrate CH3C(O)OONO2 L
Acetone CH3C(O)CH3 L
Ethylene C2H4 L
Peroxynitric Acid HO2NO2 L
Ammonia NH3 N* L
Hydrogen Cyanide HCN L
Dinitrogen Pentoxide N2O5 L
Hydrogen Chloride HCl N*
Chlorine Nitrate ClONO2 L
Carbon Tetrachloride CCl4 L
CFC-11 CCl3F L
CFC-12 CCl2F2 L
HCFC-21 CHCl2F L
HCFC-22 CHClF2 L
Sulphur Dioxide SO2 N L
Carbonyl Sulphide OCS N L
Hydrogen Sulphide H2S N* L
Sulphur Hexafluoride SF6 L

* Volcanic/Industrial/Biomass Burning plume column densities only

Product 
Source

HxOy

Carbon 
Compounds

Nitrogen 
Compounds

Halogen 
Compounds

Sulphur 
Compounds

Potential Special Research Products
N = Nadir, L = Limb Viewing
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Good 
(UV shield)

Bad
(greenhouse gas)

Good
(OH source)

Bad
(smog)

Simplified Chemistry of Ozone
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CONTINENTAL VENTILATION 
AND INTERCONTINENTAL TRANSPORT

CONTINENTAL
BOUNDARY LAYER

mixing ~ 1 day

1-3 km

Source continent Ocean

weak winds

Fast removal of ozone, PM 
(deposition, chemistry)

FREE TROPOSPHERE

Receptor continent

fronts
convection

every ~ 5 days

strong winds

Subsidence

slow removal of ozone, PM

mixing
~ 1 day

rain; scavenging
of PM

Tropopause (8-18 km)

mixing
~ weeks

STRATOSPHERE

Background

http://iconbazaar.com/bars/contributed/pg04.html
http://www-as.harvard.edu/chemistry/trop/news.html
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The TES Instrument

TES is an infrared imaging Fourier Transform Spectrometer (FTS) operating in the spectral 
range 650 – 3050 cm-1 (roughly 3.3 – 15.4 μm).

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-1. 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, 
observe both downwards and sideways to the limb.
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Weak Line Full-Width-at-Half-Maximum, cm-1 
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View of the TES engineering model interferometer retroreflector
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2A3 1A1 1A2
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TES Instrumental Line Shape (ILS)
CO2 Laser 0001 - 0200 P(20) line (nominally @ 1046.8543 cm-1)
                                  Model prediction
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+Z

+X

+Y
Aura Spacecraft Coordinate System

TES
Limb View -64.2o

Space View -72o

~ 35 kmGeoid Surface

Nadir

+45  In-track
o

-45  In-track
o

-45  Cross-track

o

+45  Cross-track

o

TES

Flight Path ~350 km

16 km aimpoint

TES Observation Geometry
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TES Operating Modes
Global Survey: 16 orbits of nadir & limb observations repeated every other 
day. This is the source of Standard Products.

Stare: 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-&-Stare: 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.

These last 4 modes constitute Special Products that are 
obtained only when no Global Survey is scheduled.
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TES Step & Stare, Stare and Transect Modes

x x

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.
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••Fourier transform spectrometer Fourier transform spectrometer 
••Wavelength response: 3.3 to 15.4 micronWavelength response: 3.3 to 15.4 micron
••One scan every 4 or 16 sec. (0.1 cmOne scan every 4 or 16 sec. (0.1 cm--11 or 0.025 cmor 0.025 cm--11 res.)res.)
••Four opticallyFour optically--conjugated 1x16 pixel detector arraysconjugated 1x16 pixel detector arrays
••Spatial resolution of 5 x 8 km at nadir & 2.3 km at limbSpatial resolution of 5 x 8 km at nadir & 2.3 km at limb
••Passively cooledPassively cooled
••22--axis gimbaled pointing mirroraxis gimbaled pointing mirror

TES specifications
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TES

Nadir View

Limb 
View

TES on the Aura Spacecraft
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AURA Launch; 2004 July 15, 03:02 PDT
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Level 1A: Produces geolocated interferograms.

TES Algorithm Overview

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

Level 2:    Produces VMR and temperature profiles.

Level 3:    Produces global maps.
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TES Radiance comparison with S-HIS (AVE campaign)
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TES radiance comparison with AIRS data (same geolocation)
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Ground tracks for biomass burning season
2004 September 21 – October 21

Natal
Ascension Island
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http://tes.jpl.nasa.gov/Internal/Science_Validataion/Level3_Plots/PNG_Files/run2163/run_2163_curtain_ret_O3.png
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Natal, Brazil O3 Sonde comparison to TES retrieval
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TES – TOMS Intercomparison
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TES Special Observation:  Nadir Step & Stare for 
Nov 3, 2004 (150 observations from 1N to 65N)

DDCCBBAA

B B (Oklahoma)

A A (Yucatan)(Yucatan)

D D (Northwest Territories)(Northwest Territories)

C C (South Dakota)(South Dakota)

Ozone

WaterDDCCBBAA

The AIRS-visible images (left) show the TES footprint locations (blue) over a variety of cloud and surface conditions. 

The TES retrievals for this Step & Stare are shown for ozone and water with the TES retrieved cloud effective optical depth 
and height shown with gray circles.  

Cloud effective OD = 3.0
Cloud effective OD = 0.3

Retrieved Clouds
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CO Column from TES, 9-20-04
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CO Column from MOPITT, 9-20-04
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Interpolated CO column from TES, 9/20/04
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7.2 km

8.5 km

10.8 km

13.1 km 
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17.7 km

20.0 km
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25.6 km

LIMB spectra for 57.6° S, 128.9° E, 
taken 9/20/2004. Spectra clearly 
show features due to Nitric Acid and
CFC 11,12, with distinct altitude 
dependence.
O3, CO2 and H2O spectral lines are 
also visible. 
The surface is obscured by clouds. 
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CONCLUSIONS

TES is fulfilling its promise to provide the first-ever global 
overview of the key constituents of tropospheric chemistry 

and their inter-regional transport

For more information:

http://tes.jpl.nasa.gov
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