1  Introduction

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 (1996). These methods sort the CrIS channels according to the amount of added information. 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.

2  Description of Method

Within the optimal estimation framework, Rodgers (1996) 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 (1996) 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 (Lipton, 2003). Other studies have found that the methods give similar final selections and, more importantly, consistent retrieval error characteristics. In this work we used DFS for the selection metric (Fourrie and Thepaut 2003, Rabier et al, 2002).

Channel selection is performed by sequentially ranking channels according to their contribution to the DFS. The degrees of freedom gained by adding the ith channel can be expressed as
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where 
[image: image2.wmf]1

~

-

i

S

 is the normalized covariance matrix given i-1 previously selected channels and 
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 is the vector containing the normalized derivatives for the ith channel (Rodger 1996, Lipton 2003). The normalization is done according to the formulas,
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where 
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 is the instrument noise and forward model error covariance and 
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 is the background error covariance. At the beginning of the selection process (i.e., for i = 0), 
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After locating the channel with the largest 
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 is updated using the formula:
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In application we use a set of N profiles and surface conditions for the jacobian calculations. Thus, the metric used in the selection procedure is actually the total added degrees of freedom,
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This procedure is continued until the desired number of channels is reached or until some threshold on the increase in degrees of freedom is reached.

3  Implementation and Example Selection

The implementation of the selection method described above was designed to allow variations on the base 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 were already chosen by a separate selection, or channels could be excluded from the selection pool. The exclusion could be the result of sensitivity to a particular molecular species, which is not properly accounted for, limited knowledge of spectroscopy or potential RT modeling issues such at NLTE condition. To illustrate a scenario in which excluding channels might be required, Figure 1 shows a comparison of the CrIS instrument noise with the mean change in radiance for a 10% error in both CH4 and N2O. To perform a selection with the desire of limiting sensitivity to these particular trace gases, only the channels in red should be included in the selection pool.
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Figure 1 Comparison between channel sensitivity to a 10% error in N2O and CH4 amounts verse the CrIS instrument noise. 

The background error covariance matrix used in the selection was 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 values used for each parameter are listed in Table 1. The instrument noise matrix was also assumed diagonal for this study. We used the ITT supplied NEDN tables. 

	Parameter
	Value/source

	Temperature
	Climitology/100K2

	ln(Water Vapor)
	Climitology/1.0

	Ts
	100K2

	Emissivity/Reflvtivity
	0.02


Table 1 Background covariances used in the channel selection. As the table indicates either climitology based level dependent or static level independent constraints can be used. For this study we used the level independent method.

For a robust selection, it is essential that the profile set used to generate the jacobians capture the variability observed in nature (Fourrie and Thepaut, 2003). 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 temperature profiles were then randomly perturbed to introduce maximum variability (See Figure 2). 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.
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Figure 2 Training profiles used in the channel selection

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.

To illustrate the selection procedure, we performed a selection including all channels in the selection pool except these that fall in the range 1590cm-1 – 1800cm-1. This gives a total of 1169 channels to choose from. The channels are first sorted by the DFS method described above. With the channels sorted, any number of channels can be picked, up to the entire channel set. After the desired number of channels have been picked, we need to add in the channels used in the CrIMSS cloud-clearing algorithm. These are all the channels that fall in the ranges 709.5 cm-1 – 746.0cm-1 and 2190.cm-1 – 2250 cm-1. Figure 3 illustrates 4 subsets of selected channels.
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Figure 3 Example selections for 200 (red), 400 (green), 600 (light blue) and 800 (dark blue) channels. The cloud-clearing channels are added after the optimally selected subsets at picked.

4  Profile Retrievals

The impact of channel selection on retrieval quality will be illustrated using a global set of scenes provided by NGST. This set contains scenes with variable cloud contamination. The channel selection was performed assuming all 1169 channels are in the selection pool (see Figure 3). Starting with 200 and incrementing by 100, subsets were extracted from the initially sorted channels. The cloud-clearing channels were added to each subset. In the following, we separately analyzed ‘clear’ and ‘cloudy’ scenes. We used the NGST definitions of clear/cloudy in grouping the retrievals. The noise amplification factor (NAF), which is calculated in the cloud-clearing portion of the algorithm, is used to classify the scenes. A scene is labeled clear if NAF<2., cloudy if NAF>2. 

Figure 4 shows the RMS error for temperature and water vapor retrievals for scenes which were classified as cloudy. As expected, increasing the number of channels pushed the errors closer to the all channels case. We can see that most of the errors are below the cloudy RMS error requirements thresholds for both temperature and water. The exceptions are around 700 mb for temperature and 300 mb for water vapor. In table 2 we list the RMS errors for reporting levels around these problematic regions.
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Figure 4 Temperature and water vapor RMS error for cloudy scenes (see text) as a function of the number of CrIS channels used in the retrieval. The NGST requirements for cloudy scenes are indicated by the vertical solid lines.
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Table 2 Temperature and water vapor RMS errors and NGST cloudy scene threshold requirements for levels for which retrieval errors are close to the thresholds. The errors are listed as a function of number of CrIS channels used.

Figure 5 shows the RMS error for temperature and water vapor retrievals for scenes classified as clear. We get very little variation with the number of channels selected. In Table 3 we focus on the errors for the three lowest levels.
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Figure 5 Temperature and water vapor RMS error for clear scenes (see text) as a function of the number of CrIS channels used in the retrieval. The NGST requirements for clear scenes are indicated by the vertical dashed lines.
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Table 3 Temperature RMS errors and NGST clear scene threshold requirements for levels for which retrieval errors are close to the thresholds. The errors are listed as a function of number of CrIS channels used.
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