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General comments:

The manuscript develops a fast hyperspectral radiative transfer model by computing the
principal components for a small number of representative hypersectral spectra and a
reconstruction matrix for a specific spectral subset of channels. The fast model leads
to speedups up to two orders of magnitude compared with the full spectral simulations.
The manuscript shows an important and novel model for the hyperspectral radiative
transfer, and is well organized. Thus, it can be accepted by the AMT after some minor

revision.
E C3200

Specific Comments:
The following mentions some comments that should be considered by the authors.

1. Page 8341: The authors mentioned that two main approaches are used to increase
the computational efficiency of the radiative transfer simulations. However, there are
also other fast hyperspectral models based on pre-computed databases, e.g. Wang,
C., Yang P., Platnic, S., Heidinger, A. K., Baum, B. A., Greenwald, T., Zhang, Z., and
Holz, R. E. 2013: Retrieval of ice cloud properties from AIRS and MODIS observations
based on a fast high-spectral-resolution radiatiove transfer model, J. Appl. Meteor.
Clim. 52, 710-725. These kind of studies also be mentioned in the manuscript.

2. Page 8346: The last paragraph discusses the histogram of state vectors exhibiting
the 10% smallest reconstruction SNR, and those states are related to the largest re-
construction errors. How about the ones that exhibits the largest 10% reconstruction
SNR, and is there any special properties for those cases?

3. Page 8357: In the table, 9 state vector parameters are listed, and most of them are
quite easy to understand. However, five different aerosol types are included, and clas-
sified as dust, urban, continental, neutral and absorbing aerosols. For completeness,
a brief introduction about them should be given.

4. Page 8359: Fig. 2 shows the mean reconstruction SNR as well as its standard
deviations based on different number of selected spectra. The arrow in the figure
indicates the range from (mean - standard deviation) to (mean + standard deviation),
while the label gives “standard deviation = 1359”, which is quite misleading.

5. Page 8261: Fig. 4 illustrates the occurrence frequency for different parameter state
in the lowest 10% fraction. For the different parameters, the frequency shows quite
different trends in the figure. How do those parameters affect the TOA reflectance and
the accuracy of the method, and, thus, how are they related to the different trends?
Can the authors explain those briefly?
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Andre Hollstein


Andre Hollstein
Right, these methods fall between the ones we were already suggesting. We have changed the listing and added a reference.


Andre Hollstein


Andre Hollstein
Dear reviewer, thanks for your thorough review which helped to improve the quality of the manuscript. Please find our comments to your specific remarks in the notes below.


Andre Hollstein


Andre Hollstein
Good question, we updated the paper:

--------------
Although not explicitly shown here, the states which have the smallest reconstruction error are likely among the set which was used to compute the principal components in the first place. This emphasizes the fact, that these states should be representative for the total dataset to achieve almost uniform distribution of the reconstruction error.
--------------

That means in our case these states wouldn't show much special properties since we have randomly selected the states. If one doesn't do this, i.e. just selecting the first 1000 states in the table, the reconstruction for the total dataset would be much worse. We tested this with some simple numeric experiments.


Andre Hollstein


Andre Hollstein
Good point, this information was missing in the manuscript. We updated the paper:

---------------------------
in the paper:
---------------------------
Aerosol optical model's were implemented according to \cite{Levy2007}. These models are also used by the MODIS aerosol retrieval and were specifically designed to fit observations for different locations on the globe. From the published optical properties, the urban, neutral, dust, continental, and absorbing types were implemented and Mie calculations using the implementation provided by \cite{wiscombe_mie_code} were used to compute phase functions, extinction, and single scattering albedo.
---------------------------
in the table caption:
---------------------------
The aerosol optical model's were implemented according to \cite{Levy2007}.
---------------------------


Andre Hollstein


Andre Hollstein
True, we changes the arrows in the figure accordingly.


Andre Hollstein


Andre Hollstein
We updated the discussion in the text of the paper, the section now reads:

-------------------------------
The states are clearly not equally distributed within this sample, but the over- and under-representation of some states over others is approximately within a factor of two. This fraction is dominated by cases with lower reflectivity where the reconstruction SNR is naturally smaller. This is clearly shown by the fact that surface reflectivity values of $0.7$ are not represented within this sample and that the $0.1$ case is largely over-represented. In a similar manner, this behavior is shown by the frequency of occurrence of the different viewing angles. The different aerosol types are almost equally distributed within this sample since their effect on the absolute reflectance is much smaller then the effect from the viewing geometry or surface reflectance.
-------------------------------




6. Pages 8367 and 8368: Figs. 10 and 11 show the reflectance differences between
the original and reconstructed spectra, and, as expected, the differences are signif-
icantly oscillated. What are values for the averaged differences, and how much are
the difference for the averaged values between the equally distributed or optimized
selections?

That's all of my comments. Again, this paper is well organized and informative, and
need only minor revision to give more accurate information to science community.
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Andre Hollstein


Andre Hollstein
We have added the SNR value for each case to the legend of the plot so that the reader can see the absolute numbers and not just the visual reference from the figure.


Andre Hollstein
Aggain, thanks for your review which helped us a lot to improve the quality of the paper.


