As part of an effort to reduce the overall timing of the CrIMSS retrieval algorithm we have investigated the impact of using reduced channel sets on the EDR retrieval quality. Subsets of channels have been chosen using the optimal selection methods developed by Rodgers. These methods sort the CrIS channels according to the amount of added information. Efforts have been made to avoid using channels which are sensitive to certain trace gases. The channel selection is based upon cloud free scenes thus the channels used in the cloud clearing algorithm need to be added to the sets of optimally selected channels.

Choosing subsets of channels has typically been done in one of two ways, either handpicking based upon channel sensitivity to pertinent parameters, or using an automated method based upon minimizing some metric. The most commonly used automated methods are the optimal channel selection methods developed by Rodgers().  In this report we present our application of the optimal selection methods and discuss a hybrid method which first uses optimal methods to generate a set of channels, we then step through the selection picking channels based upon spectral location and jacobian peak pressure level. 

Within the optimal estimation framework, Rodgers developed two quality indicators each of which reflects the amount of useful information contained in a specific channel set. The Information Content (IC) and the Degrees of Freedom for Signal (DFS) are both scalar quantities which measure the gain in information brought about by a measurement. Rodgers points out that using the DFS may be preferable over IC because of the tendency for the IC analysis to weight groups of channels sensing specific regions. Since other studies have found that the methods give similar final selections and, more importantly, consistant retrieval error characterictics, we have looked at both methods. 

Following Rodgers, the Information Content and Degrees of Freedom for Signal are each defined in terms of the normalized retrieval error covariance matrix S,


[image: image1.wmf]-

-

-

=

+

1

1

1

~

~

~

~

~

S

K

S

K

S

T

x

e


where K is the normalized jacobian matrix and Sx and Se are the normalized background a priori and instrument noise matrices respectively.
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The background error covariance matrix is assumed to be diagonal and contains pressure level variances for temperature and water vapor profiles, surface skin temperature and surface emissivity/reflectivity at the CrIMSS retrieval algorithm hinge points. The instrument noise matrix is also assumed diagonal for this study. 

The selection procedure is the same for both the IC or DFS metric. Start off with the retrieval error covariance defined only by the assumed background error, S0=Sx. Sequantially loop through all the channels and determine which adds the most information. Once this channel is determined the retrieval error covariance is updated to reflect the modification to the error over the original background error. This procedure is continued until the desired number of channels is reached or until some threshold on the increase in IC or DFS is reached. Given a set of i-1 channels already selected, the increase in the IC and DFS for the ith channel are given by
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where Si-1 is the retrieval error covariance for I-1 channels already selected and ki is the ith row of the normalized jacobain matrix. Rodgers developed an expression for easily updating the retrieval error for the addition of the ith channel.
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The implementation of the selection method described above was designed to allow variations on the channel set the selection is performed upon and/or what environmental parameters are included in the state vector. Channels could be either pre-selected, because for example they already were chosen by a separate selection, or channels could be excluded from selection. The exclusion could be because of sensitivity to molecular species which are not properly accounted for, limited knowledge of spectroscopy or potential RT modeling issues such at NLTE condition. 

In a previous channel selection study we performed separate selections for temperature profiles, water vapor profiles and surface parameters. The final selection set was derived from the separate selections by assigning a certain percentage of the total number of channels from each set. In this study we investigated this approach and that of performing a single selection with all variables included. We found little difference in the final retrieval characteristic so we will focus on selections chosen with all variables included. These are more time consuming selection processes but we avoid the added complication of choosing the optimal percentages for merging the separate selections.

The background error covariances used in the selection are listed in table 1. For a robust selection, it is essential that the profile set used to generate the jacobians captures the variability observed in nature. For this study we used the same profiles and surface emissivities/reflectivies used for the OSS training. This set starts with 52 representative profiles which were output from the ECMWF forecast model. The profiles were then randomly perturbed to introduce maximum variability. The surface emissivity was randomly varied from 0.8-1.0 but spectrally flat. The jacobians were generated for two scanangles, 0 and 48, giving 104 scenes used for the selection procedure. 

	Parameter
	Value/source

	Temperature
	Climitology/100K2

	Water Vapor
	Climitology/1.0

	Ts
	100K2

	Emissivity/Reflvtivity
	0.02


The quality of the channel selection will be evaluated using a global set of representative scenes provided by NGST. This set contains scenes with variable cloud contamination. Since the channel selection is performed assuming cloud free conditions and with IR channels only, we extracted a subset of cloud free Fields of Regard (FOR) for the initial evaluation of the channel selection as a function of the number of channels. We did this for both land and ocean surfaces but in this report we will focus on the land only subset.
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