Replies to RC1 — from 28" April

Dear Referee,

We would like to thank you very much for your constructive comments, which were helping us to understand
the weaknesses of this article. We provide our replies below and we are positive that the revised version of
the article will ensure that any inconsistencies are removed, the presentation/interpretation of the results
and readability are improved.

General comments

We agree that the article should become shorter and we will follow the referee’s suggestions in this effort.

The mapping equations are introduced without much justification as to why one would want to use
these specific quantities from VIIRS te aid in the transformations. That you use a derived fractional cloud
cover from VIIRS to map the cloud fraction from UV-VIS to NIR is fairly logical, but why not use the y
factors derived from the VIIRS cloud fraction as well as the dimensionless scaling factor to aid in the
mapping of the cloud height from NIR to UV-VIS? After all, you do get a weight that is related to the
amount of clouds in the pixel, and therefore a means to obtain a weighted average.

We have never tried to use the y factors derived from the VIIRS cloud fraction for the co-registration of cloud
top height. One main issue that we would have in this approach, is that in fully cloudy scenes the denominator
becomes 0 (see Equation 6) and thus we cannot apply the new scheme. When we use the cloud top height
property and Equation 13, it is very unlikely that the cloud top height values of the contributing pixels are
identical and therefore we can exclude the aforementioned numerical errors.

This brings me to my second more important point. Using the cloud fractions would preclude
extrapolation to row 0, but at the same time, how much of the information in row 0 is actually coming
from the Tropomi instrument? A discussion on the effective contributions of the information from
Tropomi and VIIRS in the final product is desired. Is the information from row 0 really VIIRS information
that has been scaled locally by the ratio of Tropomi and VIIRS cloud heights to take into account the
systematic model difference between the two instruments and retrieval methods? This discussion really
needs to be added to the article before publication.

We would like to provide clarity on how the additional cloud information in row 0 is constructed. We take 15
adjacent (VIIRS, TROPOMI) points in each scanline (located at West part of the swath to eliminate any
geometry dependencies in both instruments) and we find the mapping function (e.g., for cloud top height is a
linear regression model) between from VIIRS to TROPOMI. After having such a mapping function, we use the
first westernmost VIIRS cloud top height to calculate the corresponding value for TROPOMI. Of course, since
this is at a certain point an extrapolation using a regression model we cannot consider that the values on those
first ground pixels are as accurate as the rest of the pixels, for which L1B radiances are available. Because the
information from TROPOMI in row 0 is dependent on how well the VIIRS/TROPOMI mapping function has
been constructed in each scanline. Nevertheless, we have reflected this “limitation” in our QA value scheme by
adding a penalty for the first row (please refer to L2 CLOUD ATBD). All in all, we have enough evidence that
the additional values in the first row are beneficial, in particular since those values have replaced fill values
and to our view, a less accurate cloud information is better than no information. Please refer to figure 11
(where we visually see that the CTH TROPOMI NIR (original parameter) does not contain values in the first
magenta ground pixel). If we compare the co-registered CTH TROPOMI UV /VIS and original CTH TROPOMI
NIR maps, we can be confident that the new co-registration scheme does not introduce inconsistencies or
outliers also in the first row. If we visually compare the CTH TROPOMI UV /VIS and CTH VIIRS UV/VIS, we
observe that the cloud top height values can be different in absolute numbers. But again, those differences do
not alter the original cloud structures.



Specific comments

[2.1 Spatial resolution] In the introduction, lines 33 to 37, the spatial resolution of Tropomi is discussed. For
the bands used by OCRA/ROCINN the spatial resolution in the flight direction is unimportant. Because of the
shared entrance slit between the VIS and NIR spectrometers (See L1B ATBD, section 7.2), there is no spatial
misalignment between those spectrometers in the flight direction. That also means that the change of the
spatial resolution in the flight direction is unimportant for the subject of this article. I suggest to shorten this
discussion in the introduction.

We agree with this suggestion.

[2.2 Algorithm description] In section 2 of the article a description of the cloud retrieval algorithm is given.
The algorithm is based on a pair of algorithms, OCRA for the cloud fraction, and ROCINN for the cloud top
height and cloud albedo or cloud optical thickness, depending on the cloud model. Please explain how a cloud
fraction can be derived from OCRA without assuming a cloud albedo, or put differently, show that the three
parameters are independent, and the cloud albedo (or optical thickness) isn’t (implicitly) assumed already in
the cloud fraction derivation in OCRA.

An explicit cloud albedo assumption is not made by OCRA. The main assumption of the OCRA algorithm isa
wavelength independency of the reflectance of a cloudy spectrum over the considered wavelength ranges, i.e.
that the reflectance for a fully cloudy pixel is equal for all considered OCRA colors, resulting in a "white" scene
when the reflectances are transferred to color space. Since OCRA provides a radiometric cloud fraction and
not a geometric cloud fraction, one could argue that cloud albedo (or cloud optical thickness) has an implicit
impact on the retrieved radiometric cloud fraction, because an optically thick (or high albedo) cloud will be
easier to be detected due to its higher contrast with the surface background than an optically thin (or low
albedo) cloud. However, if the reflectances of a cloudy scene are equal in all considered wavelength ranges,
OCRA will report a high cloud fraction regardless if the cloud is optically thick or optically thin. We will
expand in the revised manuscript on this basic OCRA assumption of wavelength independency of cloud
reflectance.

[2.3 Spatial alignment in the flight direction] In section 3, on lines 97 to 99, the authors mention that the
static lookup tables used up to now indicate a very small mis-match in the flight directions. These are
rounding errors in the algorithm used to calculate these tables. The design of the instrument itself (See L1B
ATBD, section 7.2) guarantees that there is no spatial mismatch in the flight direction between the VIS and NIR
spectrometers (bands 3 - 6). So the algorithm does not neglect anything, but it handles the situation correctly.
Please adjust the text accordingly.

We will rephrase the text so that we reflect that there is no spatial mismatch in the flight direction between
UVIS and NIR bands.

|2.4 Previous treatment of the spatial mis-registration] In section 3.1 the previous treatment of the mis-
registration is described. Here a “cloud co-registration inhomogeneity parameter” is introduced. This
parameter involves the difference between the cloud fractions fci in the UV band and the cloud fraction fcj in
the NIR band. The source of the cloud fractions is not indicated. Up to this pont in the article only a cloud
fraction in the UV thatis derived by OCRA has been described. Please indicate the source for these cloud
fractions, especially the source for fcj in the NIR. If the cloud fractions are derived from the cloud mask
information provided by the SNPP data, please indicate how the cloud fractions are calculated. Note
specifically that equation 7 applies to the new method, so it does not apply here.



The cloud co-registration inhomogeneity parameter is a quantity that we have introduced to the L2 CLOUD
product to support the identification of areas with cloudiness heterogeneity. The fciin the UV band is the
OCRA cloud fraction and fcj is the co-registered fcj in the NIR using the static KNMI LUTs. The SNPP data are
not used here.

|2.5 Unavailable reference] On line 116 a reference to (Sneep, 2015) is introduced. This is an unpublished
and projectinternal document with reference number SSP-KNMI-L2-0129-TN. Either use open literature, or
find a way to make this document available to the readers of AMT, for instance by adding it to this article as
supplementary material, or arrange for this document to be added to the Sentinel 5P document library.

Many thanks for highlighting this important information to us. We would approach ESA and the authors of this
document to add it in the Sentinel 5P document library.

|2.6 Choice for probably cloudy] In equation 4 the “probably cloudy” pixels are counted as cloud free. Please
elaborate on this choice. The number of pixels in both “probably” classes is small, so the impact is limited, but
even that should be mentioned.

We have tried both approaches and we calculated the cloud fraction using only “confidently cloudy” at the
nominator and compared to the cloud fraction when using both “confidently cloudy” and “probably cloudy”.
We found that the difference is minor and we decided to use the first definition.

|2.7 Optimal Estimation reference] The authors use (Rodgers, 1976) as a reference for the optimal
estimation. This reference points to: Rodgers, C. D.: Retrieval of atmospheric temperature and composition
from remote measurements of thermal radiation, Reviews of Geophysics, 14, 609-624,
DO0I:10.1029/RG014i004p00609, 1976. This is perhaps a little peculiar to use as a reference at this pointin
time, as the same author wrote the book on optimal estimation: Rodgers, C. D.: Inverse methods for
atmospheric sounding. Theory and practice, volume 2 of Atmospheric, Oceanic and Planetary Physics. World
Scientific, 2000. DOI1:10.1142 /3171. | strongly suggest that the reference to the book is used instead of the
much earlier article.

We will replace the reference on the article with the suggested book reference.

|2.8 Cloud optical thickness handling] In lines 185 to 190 and in equation 5 a transformation is provided to
obtain a cloud albedo from a cloud optical thickness. Within the VIIRS mapping software, a similar
transformation and its inverse must be used to translate the VIIRS cloud optical thickness into an albedo to be
able to take the average, and then the inverse transformation to obtain an effective cloud optical thickness.
Please add a statement whether the same transformation is used in the VIIRS remapping software (Siddans,
2026).

To the best of our knowledge, the transformation in the VIIRS mapping software uses the same conversion
formula. However, we will need to cross check it with Dr. Richard Siddans. We will add a statement in the
revised manuscript whether the same transformation is used in the VIIRS remapping software.

[2.9 “Missing” three pixel mapping in NIR to UV-VIS scheme] In section 3.3.2 there is no equivalent to
equations 10 - 12 in the UV-VIS to NIR mapping. [ would expect such a three pixel equivalent near row 428
because of the symmetry of the binning factors in the Tropomi instrument and the shift between the detectors
present in the instrument. A short remark about this absense can resolve the mystery. There is mention of a
binning factor change at UV pixel 21, but the same change happens at the other side of the swath. Does that
not have an impact, in a way that is similar to the UV-VIS to NIR mapping in section 3.3.17 On lines 224 - 227
exceptions to the “normal” equations (13 and 14) are mentioned. However, for case (a) there is no explicit
mention of how this affects the mapping. For clarity I advise to mention that UV /VIS pixel 21 is fully covered
by one NIR pixel. The subsequent text makes a lot more sense with that knowledge.



Even if the binning factor change happens at the east part of the swath too, we observe (by looking to the
upper panel of figure 2] that the “special” case of having three BD3 source pixels contributing to the BD6
target pixel occurs only at pixel #19. We can also visually understand this “special” case if we look in figure 1:
the red 19th BD6 footprint has an overlap with the three blue 20th, 21st and 22nd BD3 footprints. We will
make clear this point in the revised text.

We will add the clarification that UVIS pixel 21 is fully covered by one NIR pixel.

[2.10 Co-registration of cloud albedo and cloud optical thickness] On lines 240 - 242 the co-registration
of cloud albedo and cloud optical thickness is mentioned, and the reader is referred to (Loyola etal, 2023).
This is the algorithm theoretical baseline document for the cloud algorithm. In this reference, the only
relevant statement to this subject that I can find is the following on page 31 of the reference: The basic
principle is that the VIIRS and TROPOMI cloud data are interconnected and therefore, each point from the
VIIRS dataset can be mapped to the respective TROPOMI point. The adjacent 15 pairs (HUV c [i]; ZUV c¢), fori
2 [2; 17] are used to create the mapping function: ZUV c = fZc HUV ¢ [i] The mapping function for the cloud top
height fZc follows a linear regression model for the entire range of the cloud heights. The respective function
for the cloud albedo fIc and the cloud optical thickness frc is a two-way function (i.e., a combination of a linear
model with a logarithmic model). The reference used is insufficient to describe the method used. The
statement in the article is essentially repeated without providing substantionally more details. Either
complete and update the ATBD, or include an appropriate and reasonably complete description in this article.

We will update the ATBD with a more detailed description. We would prefer not to load this article with
additional information.

[2.11 More appropriate section] Atthe start of section 4.1 a listing is provided when the new scheme cannot
be used. I think this information should be included in section 3, perhaps in a new sub-section.

We have preferred to place the non-applicability of the scheme in Section 4 and not in previous section 3
because it is only relevant for TROPOMI instrument, whereas the presented methodology in Section 3 is
generic and applicable for more Sentinel missions.

[2.12 Comparison results] I have several remarks about page 17 - 20 that I will group here.

1. In the caption of figure 12 itis not mentioned which day is shown.

We will add the information on the day in the figure caption.

2. On line 265 it is mentioned that the scheme can be successfully applied up to a certain latitude.

(a) Is this a limit of the latitude, or of the solar zenith angle?

(b) Which of the three reasons that cause failure of the new scheme are a cause of this limitation?

This is a limitation simply due to the lack of VIIRS cloud optical thickness data in those latitudes. The VIIRS
cloud optical thickness originates from the CloudDCOMP (Daytime Cloud Optical and Microphysical
Properties) EDR (see Sention 3.3.), whereas the VIIRS cloud fraction and cloud top height originate from other
EDRs where valid data points appear in high latitudes.

3. On line 267 a sequence of 5 figures is introduced, showing the correlation between the old and the new
approach. Which is it obvious after reading the axis labels, please mention that this shows the correlation after
the transformation.

We will mention that the figures show the correlation after the transformation.

4. Figures 13 - 17 do not show the units along the axes of the graphs.

We will include the units in the axes of those figures.

5. The axis range of the histograms in figures 13 - 17 is probably too wide given the results, and the number of
pixels in the comparison.

We will adjust the x-axis range of the histograms in those figures.

6. The vertical axis of the histograms in figures 13 - 17 isnot a count but something else, probably a density.
Please adjust the labels.

We will adjust the labels to reflect that the histogram represents the probability density function of the data
rather than the raw counts.

7. Indicate the number of pixels in each comparison, and indicate if the data was selected, for instance for filter
out pixels that relied on the old scheme.



