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Assimilation of cloudy radiances and retrieval of cloud properties require a radiative transfer 

method that is accurate and computationally fast. An efficient treatment of scattering is one 

necessary element of the modeling. Another requirement is an efficient method to represent 

the spectral response of a channel, without resorting to numerical integration over a fine grid 

of monochromatic points covering the channel response function. Optimum Spectral 

Sampling (OSS) has been established as a very accurate and fast method to handle the 

spectral response and radiative transfer in clear and cloudy atmospheres. This paper describes 

progress in development and testing of OSS extensions to cloudy atmospheres where 

scattering is significant. OSS computes the radiance for a channel as a weighted average of 

results from radiative transfer calculations at a relatively few monochromatic points, where 

the points and their weights are determined by optimization. The OSS optimal selection 

process can be performed in a localized manner, where the search for the optimal points is 

restricted to the spectral range of finite response for the channel. Another mode (described at 

ITSC-14) is the implementation of generalized training, where the search for optimal points 

for a channel is bounded only by the range of spectral response of all the channels together. A 

clustering approach makes the search process efficient. With generalized training, only ~250 

spectral points are needed for the full AIRS channel set, which is an average of ~0.1 points 

per channel. For cloudy skies, OSS weights derived with generalized training from clear-sky 

optimization are not always accurate. The optical properties of clouds may vary substantially 

across the range of spectral points that contribute to a channel, and the properties will vary 

with the microphysical properties of the clouds and their spatial distribution. A variety of 

cloud conditions can be mixed into the training set, to seek spectral points and weights that 

are accurate for cloudy and clear atmospheres, but the performance in clear atmospheres tends 

to be degraded by the inclusion of cloudy atmospheres. Because cloud optical properties are 

spectrally smoother than molecular absorption, the cloudy profiles are less demanding, and a 

set of weights that achieves a specified accuracy overall will not necessarily achieve that 

accuracy for the clear-sky subset of training cases. To address this issue, we require that the 

accuracy threshold be met simultaneously for each subset (clear sky, ice cloud, liquid cloud, 

ice+liquid cloud). In addition, we have implemented a segmented version of generalized 

training by breaking the spectrum into intervals of ~20 cm-1 and applying the generalized 

training method to the channels in each interval independently. In such intervals, the 

variations in cloud properties have an impact on radiances that is quasi-linear. This capability 

was originally introduced for land applications to handle spectral variations of surface 



emissivities, and for cloud it may well be that we could use wider intervals. This approach 

gives a lower computational gain than the fully generalized training, but gives increased 

robustness for clear and cloudy atmospheres. For AIRS, this method yields ~1 spectral point 

per channel. For an instrument with broader response functions, such as MODIS, the number 

of required nodes per channel can be up to about 25. In such cases, the radiative transfer 

integration becomes the dominant element of the computation time. An option for speeding 

up the OSS RT calculations in scattering atmospheres consists of predicting a multiple-

scattering increment relative to non-scattering radiances. Under such a scheme, radiance 

calculations in non-scattering conditions (these include treatment of cloud absorption) are 

performed for all the nodes, which is fast, and the full scattering calculations are performed 

only for a few selected predictor nodes optimally selected among the original set of OSS 

nodes used by this channel. The difference between the monochromatic radiances obtained 

with scattering and without scattering for this selected subset of nodes is used to predict a 

scattering correction for the channel. In tests with MODIS thermal channels, the accuracy of 

this OSS approach can exceed the accuracy of the commonly used band-transmittance 

parameterization method with an average of 1.7 scattering calculations per MODIS channel. 

This OSS method is particularly advantageous for reflective surfaces with low optical depths. 

For mini-AIRS, it is expected that this approach, combined with the generalized training, may 

require much less than one multiple-scattering calculation per channel. 

 


