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We thank the reviewer for his positive evaluation of our manuscript and for his con-
structive comments that helped improving the paper. The reviewer questions and/or
comments are answered in the following.

Specific comments:

(1) The manuscript contains many detailed descriptions about the different approaches,
which are important to understand the method. The sections about the tools and fore-
cast algorithms are, however, very long and include some equations (e.g. page 11),
which are not necessary for understanding. I believe that the manuscript can be sub-
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stantially improved if the authors reshape paragraphs and shorten some of the explana-
tions. I instead miss an explicit outlook, that discusses the applicability of the presented
algorithms for operational cloud forecasts for solar power systems. What might be a
limit for a reliable DNI forecast? You mention that a three hour forecast might be pos-
sible, if needed. It would be very helpful to provide some additional information about
what is required by the energy companies.

The manuscript has been shortened by 1.5 pages in total. Following the suggestions
of the reviewers, paragraphs and explanations have been reshaped/shortened in the
following sections: 2.1, 2.2, 3.1.1, 3.2.1, 3.2.2, 3.5 and 5. In the conclusion a paragraph
has been added providing some additional information about what is required by solar
power plant operators. Please refer to the manuscript for details.

(2) Besides differential motions of multi-layer clouds (which are described in detail),
broken cumulus cloud fields remain the biggest source of uncertainty for DNI forecasts
due to their sub-pixel inhomogeneity and short life times. From the convective clouds
point of view, only the influence of quickly thinning clouds is discussed. Cloud optical
thickness forecast is also strongly influenced by this sub-pixel inhomogeneity (gener-
ally underestimated due to plane parallel albedo bias), albeit cannot be resolved by
Meteosat (see Wolters et al. 2010: Broken and inhomogeneous cloud impact on satel-
lite cloud particle effective radius and cloud-phase retrievals; Koren et al. 2008: How
small is a small cloud?). These effects should be better acknowledged in the present
study. Also rapidly changing small-scale convective cloud fields with very short time
scales but low advection speeds (see Bley et al. 2016: Meteosat-Based Characteri-
zation of the Spatiotemporal Evolution of Warm Convective Cloud Fields over Central
Europe) can influence the accuracy of the DNI forecast. The authors don’t have to
quantify these broken cloud effects explicitly, but at least mention the importance of
these effects in the conclusions, as briefly done in the introduction (short forecasts with
Total Sky Imagers).

The influence of sub-pixel inhomogeneity by broken cumulus cloud fields and of rapidly
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changing small-scale convective cloud fields on the accuracy of DNI forecasts has been
acknowledged in the manuscript. In section 4 and 5 the importance of these effects
has been mentioned together with the recommended references.

Minor technical comments:

(1) Page 1, Line 11: Rephrase the sentence with double “towards”. It is not clear, if the
80% is still achieved after 2 h or less.

The 80% is achieved after 2h. This has been clarified in the text.

(2) Page 1, Line 15: Remove “at least”.

Removed.

(3) Page 2, Line 9: You introduce the persistence model and should describe it with one
sentence (You are not doing this until Page 17, Line 24). Further change the sentence
to: “of low cloud variability and obviously for clear-sky cases”.

The sentence has been changed.

(4) Page 2, Line 14: “,” is missing between “5-6 h” and “forecasting methods”

Implemented.

(5) Page 3, Line 10-12: Split into two sentences.

The sentence has been split into two.

(6) Page 3, Line 22: Only use the abbreviation DNI, after you introduced it.

Implemented.

(7) Page 5, Line 2: Which methods are used from Cb-TRAM? If it is the whole algo-
rithm, than rather remove “methods of”.

Only methods of Cb-TRAM are used, not the whole algorithm. This has been clarified
in the text.
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(8) Page 5, Line 20: Comma missing after “patterns”.

Implemented.

(9) Page 6, Line 20: “tmporal” should be temporal

Changed .

(10) Page 6, Line 26: “Notice, that the it is different”, seems to be incorrect.

This is true, it has been clarified in the text.

(11) Page 7, Line 12: In the following,

Implemented.

(12) Page 7, Line 31: For a slant optical thickness of 7. You could add a reference
here.

We used radiative transfer computations. This has been clarified in the text.

(13) Page 8, Line 5-11: Double description of the yellow and blue colors. You can
describe it in the caption of the figure and than just refer to it in line 9-11.

One description has been removed.

(14) Page 8, Line 11: “sngle layer”, should be single.

Changed.

(15) Page 9, Line 4: You mention that optical thick clouds are not important with respect
to CSP production. I guess this is only valid for homogeneous clouds. What happens
for optical thick cumulus cloud fields with a lot of cloud free gaps in between?

Optical thick clouds are important for DNI assessment since they reduce DNI to zero.
However, and this is what we meant in the manuscript, exact knowledge of the optical
thickness of thick clouds in general is not important with respect to CSP production
since both e.g. an optical thickness of 40 and 80 have the same effect on DNI.
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(16) Page 10, Line 23-24: rephrase “the area used” to “the selected area”

Rephrased.

(17) Page 12, Line 5: “de” should be changed to “be”.

Changed.

(18) Page 12, Line 10: I suggest to write: “Nonetheless, the cloud motion vectors still
exhibit a strong horizontal variability, especially...”

Implemented.

(19) Page 13, Line 3-5: Figure description can be removed, as it is already in the
caption.

Removed.

(20) Page 13, Line 17: “partially compensated” sound better.

Changed.

(21) Page 13, Line 25: “In Figure 5, a” The comma is important here.

Implemented.

(22) Page 14, Line 1: Change to “This means that local...”

Changed.

(23) Page 18, Lines 1-6: Similar to major comment (2), there are more reasons for high
uncertainties in case of low cumulus clouds. Please include somewhere in the paper,
how the sub-pixel variability can influence the optical thickness accuracy (Wolters et
al. 2010, Koren et al. 2008) and estimation of cloud life time (Bley et al. 2016, JAMC)
which lead to uncertainties for solar power applications.

The described influences have been implemented in Sections 4 and 5 together with
the recommended references. Please refer to the manuscript for details.
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(24) Page 19, Line 15: “upper clouds forecasts” needs to be changed to “upper cloud
forecasts”

Changed.

(25) Page 19, Line 16: Spelling mistake in “predominatly”

Changed.

(26) Page 19, Line 25 ff. “This arises...” Very long sentence. Splitting into two sen-
tences would make it much clearer.

The sentence has been split into two.

(27) Page 20, Line 17: Large optical thickness values of 100 should be interpreted with
caution, because of saturation effects in the satellite retrieval of the optical thickness,
which basically set the maximum limit to 100.

This is true. It has been clarified in the text.

(28) Page 21, Line 3: What about 3D radiative effects of small convective clouds, which
likely cause high uncertainties in the DNI predictions?

By definition DNI computed in this paper considers only photons coming from the sun
that do not interact with the atmosphere (see section 3.5). Also the contribution of 3D
radiative effects to DNI is supposed to be negligible.

(29) Page 21, Line 18: Shouldn’t it be “cloud types”?

Yes, this has been changed.

(30) Page 21, Line 31: Spelling mistake. I suggest: “for a real application” or “for real
applications”.

Changed.

(31) Page 21, Line 33: Please improve the structure of the last sentence. Suggestions:
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“However, the overall correlation between the 2 h forecast and the observation is still
around 0.7

Changed.

(32) Page 22, Line 1: Spelling mistake. Change to “comparisons”.

Changed.

(33) Page 28, Table.2: “Assignement” is misspelled.

Changed.
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