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Jet Propulsion Laboratory
Califarn'a Institute of Technolagy]

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

- air quality on a global scale?

- oxidizing reactions that “cleanse” the atmosphere?

- climate change?

2005 May ) ASSFTS12, Quebec City
TES Standard Products coLpopon ey

N = Nadir, L = Limb Viewing

Product | Required

Product Name Source | 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 (H,0) VMR Profile N L 1-200 ppmv
Carbon Monoxide (CO) VMR Profile N L 3 -6 ppbv
Methane (CH,4) VMR Profile N L 14 ppbv
Nitrogen Dioxide (NO;) VMR Profile L 15 -25 pptv
Nitric Acid (HNOs) VMR Profile L 1-10 pptv
Nitrous Oxide (N>,0) VMR Profile N L Control***

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

{*+ Tropospheric concentration known
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Potential Special Research Products e oy
N = Nadir, L = Limb Viewing

Chemical Common Name Formula Product
Group Source
Hydrogen Peroxide H20; L
H.Oy Mondeuterated Water
Vapor HDO N L
Ethane CzHs L
Acetylene CaoH2 L
Formic Acid HCOOH N L
Carbon  [yethyi Alchohol CH,OH N | L
Compounds —
Peroxyacetyl Nitrate |CHaC({O)OONO: L
Acetone CH3C(O)CH3 L
Ethylene C2H,4 L
Peroxynitric Acid HO2;NO; L
Nitrogen |Ammonia NH3 N* L
Compounds |Hydrogen Cyanide  |[HCN L
Dinitrogen Pentoxide [N20s L
Hydrogen Chioride HCI N*
Chlorine Nitrate CIONO, L
Hai Carbon Tetrachloride [CCl, L
alogen
Comp 9mds CFC-11 CCLF L
CFC-12 CClF2 L
HCFC-21 CHCI:F L
HCFC-22 CHCIF, L
Sulphur Dioxide SO, N L
Sulphur |Carbonyl Sulphide ocs N L
Compounds |Hydrogen Sulphide H,S N* L
Sulphur Hexafluoride |SFg L
* Volcani ustrial/Blomass ing plume column densities only
2005 May ASSFTS12, Quebec City

@/ Simplified Chemistry of Ozone
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Jst Propuision Laboratory
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Jet Propulsion Laboratory
Calitorn’a institute of Technolog

The TES Instrument

TES is an infrared imaging Fourier Transform Spectrometer (FTS) operating in the spectral
range 650 — 3050 cm™ (roughly 3.3 — 15.4 um).

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-. 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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View of the TES engineering model interferometer retroreflector

Jet Propulsion Laboratory
Callforna institute of Technslagy}
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Calitorna Institute of Technolog)
SPECTRAL COVERAGE FOR OZONE & ITS PRECURSORS
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LIMB PROJECTION NADIR PROJECTION

Flight Path perpendicular to page IT Flight Path

7.5 mrad

[y
>

<« 7.5 mrad >
~ 33 km altitude ~—J» e

0.75 mrad

0 km altitude ——Jp-

< > < >
23 km - 53 km
Vertical FOV ~ 13.2 mrad . In-track swath ~ 13.2 mrad
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TES Instrumental Line Shape (ILS)

CO, Laser 00°4 = 02°0 P(20} line (nominally @ 1046.8543 cm™)
Model prediction
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TES Observation Geometry

+Y
Aura Spacecraft Coordinate System
+X

Limb View -64.2°

Space View -72°
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B
TES Operating Modes

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

Stare: Pointata 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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GLOBAL SURVEY OBSERVATION STRATEGY
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Caiforra insiitute of Technotog

iodes

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

*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
+2-axis gimbaled pointing mirror:

2005 May
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TES on the Aura Spacecraft

Nadir View

ASSFTS12, Quebec City
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Avrg Lauynch : July 15, 2004

Vancenbarg Alr Force Bose. CA

EQ@S
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Californa Institule of Technolog

Jet Propulsion Laboratory
Calitom a Instiute of Technolog

TES Algorithm Overview
Level 1A: Produces geolocated interferograms.

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

Level 2: Produces VMR and temperature profiles.

Level 3: Produces global maps.

2005 May ASSFTS12, Quebec City
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TES Radiance comparison with S-HIS (AVE campaign)

SHIS (red) and TES scan 0, 1B2 (blue) and 2A1 (green)
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TES radiance comparison with AIRS data (same geolocation)
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Step & Stare Mode Observation near Natal, Brazil
{red dot); 2004 September 22

2005 May ASSFTS12, Quebec City

Jet Propuision Laboratory
Califorma Institute of Technology]
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TES Step & Stare Nadir Retrieval Result: Ozone
Cross Section Alcng Qrbit Track, Run=2163, Seq=1-6, Scan = 0-24, UTClime=2004-09-22 15:40-15.58

Pressure (hPa)
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Czone Volume Mixing Ratio
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TES Step & Stare Nadir Retrieval Result: CO
Gross Seclion Along Ordit Track, Run=2163, Seq=1-6, Scan = 0-24, UTCtiMe=2004-09-22 15:40-15:58
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0 10
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PP CO Volume Mixing Ratio PP
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Jet Propulsion Laboratary

TES Ozone retrievals & vertical resolution st

TES Lower Trapospheric Ozone (Surface - 500 hPa) TES Upper Tropaspheric Ozone (500 hPa - Tropopause}

TES Stratospheric Qzone {Tropopause - TOA)
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Natal, Brazil O; Sonde comparison to TES retrieval
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TES -~ TOMS Intercomparison
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TES HDO/H20 11/04 - 11/08 (Surface - 550 hPa)

250 delta-d
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TES Special Observation: Nadir Step & Stare for Jjgp@%my
Nov 3, 2004 (150 observations from 1N to 65N)

Californ'a institute of Technology

‘ rﬂ{west Territories)

100 5
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&
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30 4G
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100
Water
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g

30 40
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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.
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CC Column from TES, 8-20-04
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Interpolated CO column from TES, 9/20/04 s
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Radiance (W/cm?/sr/cm™!)

Jet Propuision Laboratary
Californ'a Instituts ot Technology]

7.2 km

6.9 km

4.6 km

2.3 km

w surface

Frequency (cm'')

2005 May ASSFTS12, Quebec City

e

Jet Propuision Laboratory
Californ a Institute of Technology

Assimilation & Inverse Modeling of TES data
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Figure 1: CO source aggregation. Taken from Jones, D. B. A., et al
J. Geophys. Res.,(2003).
TES processing provides products
necessary for assimilation of TES data includin; ) )
- Y i . s Constraint vector Averaging kernel Model operator
constraint vectors, averaging kernels,

and error covariances on a fine pressure grid.

am
Figures show the potential of TES CO retrievals to X =X c + A(ll’l F(X, u ) —X ¢ )
Estimate CO sources with and without these products. V\
Model TES retrieval
2005 May ASSFTS12, Quebec City
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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
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The research described in this presentation was carried out at the Jet Propulsion
Laboratory, California Institute of Technology under a contract with the National
Aeronautics and Space Administration.
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