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The Tropospheric Emission Spectrometer (TES) 
on the Aura Platform 

Nadir View 
Advantages 
Lower probability of cloud interference, 
good horizontal spatial resolution. 

Disadvantages 
Limited vertical resolution. 

Limb View 
Adva n t aqes 
Good vertical resolution. 
Enhanced sensitivity for 
trace constituents. 

Disadvantages 
Higher probability of 
cloud interference. 
Po0 re r I i n e-of s i g h t 
spatial resol ut ion. 

Primary Species 
Nadir Species + 
HN03,N0,N0, 



TES Data Processing Steps 

LlA LIB L2 L3 



Level 2 Algorithms 

Binning and Ordering 
Determines how measurements in a Global Survey are grouped for optimal 

processing. 

Retrieval 
Algorithms for a single “target”, either limb or nadir where nadir is the average 

of 2 scans (same ground location) in the Global Survey. 
Following slides will describe: 

Retrieval Strategy & Suppliers 
ELANOR (Earth Limb and Nadir Operational Retrieval) 
Error Analysis 

Product Generation 
L2 standard products for each Global Survey 
Temporal & spatial averaging 



Level 2 
Retrieval Strategy & Suppliers 

Retrieval Suppliers 
(Inputs for a single target scene) 

Appropriate pressure grid including surface for nadir targets 
Atmospheric & surface Full State Vector (FSV) initial guess 

T, H,O from meteorological data 
Other trace gases from climatology data 
land surface emissivity derived from surface type data 

Microwindows (small spectral frequency ranges used for 
ret r i eva I) 

Mapping of FSV to retrieval parameters (and back to FSV) 
A priorivectors and covariance matrices or other constraint 

types 
L1 B spectral averaging, apodization & microwindow extraction 



Level 2 
Retrieval Strategy & Suppliers 

Retrieval Strategy 
(determine appropriate retrieval steps) 

FSV input for cloud free target 
Cloud determination step 
Revision of input if cloud detected 



Global Land Use Database 
Operational Support Product (OSP) 
used by surface emissivity supplier 



Level 2 
Nadir Cloud Detection 

Cloud detection will use tests of the radiances in the “window” region (1 1 pm) 

L IB  will flag large variability of this radiance across detectors so that nadir 
scenes with broken clouds or variable surface are rejected for L2. 

Retrieval strategy must make an initial estimate of the clear-sky radiance to 
identify uniform cloudy scenes (Le., cloud-filled footprint) vs. clear. 
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Level 2 Algorithms 
ELANOR 

(Earth Limb And Nadir Operational Retrieval) 

ELANOR is the algorithm for a single retrieval step 
Retrieval step is for a subset of retrieved species using 

Performs non-linear least squares fit with iterations of: 
spectral “microwindows” of the L1 B data. 

Forward model (FM) spectrum & Jacobian generation 
for estimate of atmospheric and surface FSV 
(full state vector) 

Ray Tracing 
Optical depth calculation (tables or line-by-line) 
Radiative Transfer 
ILS (Instrument Line Shape) convolution 
Limb only: FOV (Field of View) integration 

Inversion (FM compared to L I B  data) for retrieval 
parameters and update of FSV. 

Levenberg-Marquardt algorithm 
Algorithm inheritance from LBLRTM (AER) and SEASCRAPE (JPL). 



Level 2 
Absorption Coefficient Tables 

Pressures and Temperatures for Stored Absorption Coefficients 
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Level 2 
Error Analysis & Post-retrieval Processing 

For each retrieved parameter in a target scene, we 
estimate covariances for: 

Retrieval noise (using measurement NESR) 
Smoothing error (accuracy due to vertical smoothing) 
Systematic errors from instrument and model 

For weekly, monthly and spatially averaged products we 
plan to use a KaIman filter approach with the single target 
retrievals in order to minimize the impact of apriori This is 
still in the planning stages (no prototype yet). 
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Input and Assumptions 
Simulated TES spectra were created using profiles sampled from MOZART3 (NCAR) model 

data. MOZART resolution is 2.8Ox2.8" with 66 vertical levels (0-140 km). 

MOZART3 was driven by WACCM met. fields; data are for the Oct. 2 day of an arbitrary 
year. (WACCM = Whole Atmosphere Community Climate Model, from NCAR) 

Same profiles used for both limb and nadir retrievals (simple vertical profiles based on lat/lon 
sampling of the model data). 

No clouds or aerosols. Results from this ISf test will be a baseline for later tests. 

Retrieved surface T, but not surface emissivity. 

Noise added to simulations is from current estimates with delivered detectors. 
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Statistics for 

Trop os.  
V er tica I 
Resolution 

Nadir Cases 

Degre es 
of  
Free dom 

Temperature 

Trop os. 
Vertica I 
Resolution 
(km) 

6 .O 

Ret r i eva I s 

Degrees 
of 
Freedom 
Signa I 

6.4 

H,O Retrievals 

Trop os. 
Ver tica I 
Resolution 

Degre es 
of 
Free dom 

6.7 

6.3 

6.3 

4.9 

5.9 

5.3 

Region 

ob se rvat ions 
ea ch 

Arctic & 
A n tar ct i c 

17 -19 
Trop os.  
Vertica I 
R es 01 ut ion 

Total 
Colum n 
E rror 

10.4 

Region 

observations 
ea ch 

Arctic & 
Antarctic 

17 -19 -+ Si nal  %T--yr Si na l  (km) 
3.4 

South ern 
Mid- Lat. 

3.3 

3 .O 

Southern 
Mid- Lat. 
Trop ics Trop ics 

Northern 
Mi d-La t. 

3.3 

15-3 1 O m 8 *  

Northern 
Mi d--La t. 

3-8  I 3-9  6’1 I 
0, Retrievals CH, Retrievals 

Region . 

observations 
each 

17-19 
Total 
Colum n 
Error 
(%) 

1.3 

Region 

observations 
ea ch 

Arctic & 
An tar ct ic 
Southern 
Mid- Lat. 

Trop ics 

17-19 Colum n 
E rror 

S i  na l  %T---y+ Arctic & 
An tar ct ic 
Sou thern 
Mid- Lat. 

0.78 

Trop ics 0.53 

Northern 
Mi d-La t. 

6-7 I 7-4 

0.45 N o rt hern 
Mi d-La t. 
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Retrieved 
Species 

Errors 
(True-Retrieved) 

0.56 K (0-33 km) I T-atm 

Degrees of Freedom Vertical Resolution (krn) 
For Signal (0-33 km) 

20.2 2.50 

Average Values for 73 

1.0 % (column) 

8.6 % (column) 

Limb Cases 

20.2 2.72 

12.1 3.28 



TES Error Characterization 
For the single orbit test, in order to compare with the 
“true” profile, we have: 

s tot = ( A  - I )  strue a ( A  - I >’ (smoothing) 

+GS e GT (retrieval noise) 

A=GK 

A = Constraint matrix 
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0 3  Error Std. vs. Profile variabilitv 
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Cu rren tlFu t u re Work 

Updating the ATBD (now at V1.2, V2.0 by 5/2003) 

Limb “tomographic” retrieval 
- uses 3 limb measurements to retrieve 4 profiles over 
6’ latitude. 

Cloud top pressure determination step 

Retrievals with transmissive clouds/aerosols using proxy 
gray-body layers. 

Preparation for “One-Day Test” with launch ready support 
data (e.g. microwindow, constraints, strategy tables). 
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