Topic: Radiative Transfer
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In order to enhance the computational efficiency of the regression approach, it is reasonable to Temperature [K]
search for a coordinate system that allows for a simpler representation of the data. One approach
here is Principal Components Analysis. This method has been successfully applied in Ref. [3] to speed . Fig. 4: ECMWF83 water vapor
up the radiative transfer forward calculations. Since PCA is a linear approach, a straightforward 80 - AN T m:z:‘an mixing ratio profile spaghetti
generalization of this method is to look for a manifold description that simplifies the representation of \) plot with mean and median.
the data. One example of such a method is Principal Curves [4] (see Fig. 1). Here, a data smoother Water vapor has a high
such as a smoothing spline provides a curve that minimizes the orthogonal projected distance of the 60 - concentration but also strong
data points onto the curve. = variability in the troposphere.
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2 1 ° 1 2 B 1 0 1 2 spaghetti plot with mean and
" " median. Similar to water vapor,
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Fig. 1: Example for a Principal Components axis for a bivariate data distribution (left) and the = dioxide is higher in the
generalization in terms of a Principal Curve (right) for the same data set. % troposphere and reaches its
E 40 maximum at ground level.
Synthetic Data from Line-by-line Calculations <
As a simple test case to provide input data for the PCA and nonlinear manifold approaches, the so- 20 -
called oxygen-A band [5] is selected. This is an absorption band of the oxygen O2 molecule in the
optical part of the solar spectrum that is useful for applications such as cloud top height and aerosol |
retrievals. The band ranges roughly ranges from 759nm to 780nm. For the high-resolution line-by- 0 - R
line calculations the LBLRTM code [6] from AER was used. 4 x 102
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501 Using the ECMWEF83 profiles as an O | [
input, TOA transmittance and radiances fg e
_s0- as observed by a weather satellite are 2
E computed using LBLRTM to provide _i o
%40 dependent variables as PCA and S
g nonlinear dimensionality reduction 5 s
“ input. An example is shown in Fig. 6, E |
5% where the Upward transmittance over §03S_
the oxygen-A band is shown based on
20- the ECMWEF83 profile number 1. Oxygen - . . . . l . l
concentration was assumed to be 1.28 1.285 1.29 1.295 1.3 1.305 1.3 1.31% 132
o constant over the entire profile at _ WavenumbenionL 610
209,460ppmv [8]. Fig. 6: LBLRTM Upward transmittance sample result for
the oxygen-A band.
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