
Response to reviewer comments

Filip Severin von der Lippe, Tim Carlsen, Trude Storevlmo, and Robert Oscar David

October 2025

We would like to thank the reviewers for their comments and suggestions, which have greatly improved the
manuscript. Their comments are displayed below in bold, followed by our responses and the corresponding
adapted manuscript text in italics. All figures, except for Fig. B1 and B2, are found in the adapted
manuscript, where they retain the same figure numbering. All line numbers in our responses refer to the
final manuscript.

Reviewer 1

1)

The discussion of processes concerning open cells may be lacking. Particularly on lines 37-38
when open cells are tied to drying processes. This is somewhat contradicted by Eastman et al.
(2022) that shows the closed-to-open Sc transition associated with increased boundary layer
moisture and stronger fluxes (particularly surface winds and precipitation), in contrast to the
transition to more disorganized cloud types, which are associated with drying. Increased SST
is likely associated with stronger fluxes, so an SST-driven mechanism is still probable here,
but the mechanics are unlikely due to drying processes.

Thank you for the comment and reference. The idea of drying here was related to the dissipation of
the stratocumulus layer, which can occur even if with increasing surface fluxes and more moisture. This
stems from studies such as Abel et al., 2017, which suggest that precipitation and decoupling dries the
stratocumulus cloud layer, switching to a regime dominated by cumulus. We do however see how the text
in the paper may be misleading by talking about ”drying of the cloud layer”. Therefore, we have adjusted
the text on lines 39-45 in the revised manuscript, to make this clearer and included the additional reference:

Several studies have suggested the onset of precipitation as a main driver for cloud break-up (e.g.,
Abel et al., 2017; Tornow et al., 2021; Yamaguchi et al., 2017). This precipitation, combined
with increased winds, may further aid break-up into open cells by increasing the MBL moisture
(Eastman et al., 2022), and favor the formation of cumuliform clouds (Stevens et al., 1998).
Additionally, precipitation and evaporative cooling of the lower MBL (Abel et al., 2017) may lead
to a decoupling of the stratocumulus cloud layer from the moisture-supplying surface (Bretherton
& Wyant, 1997), contributing to the break-up. Furthermore, other research suggest that changes
in MBL stability (McCoy et al., 2017), such as from increasing sea surface temperatures (SSTs),
also play a role in this process.

2)

Throughout the manuscript, there is discussion of trends specifically for open cells (for exam-
ple, line 485). This seems a bit speculative, since the CAO dataset does not appear to directly
assess cellular structure, unless I am misinterpreting something. It may be wise to tone down
these assumptions, since changes in MCC structure aren’t really being assessed here.
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Figure 5: A CAO west of Norway 21 November 2008 21:00 UTC labeled by a Human (a), CAOnet (b)
and MERRA-2 using a M index threshold of 3.75K (c) and 0K (d). Region 3 shows a typical example of
CAOnet struggling in capturing initial closed cell development, while region 4 shows an example of the M
index classifying a high cloud as a CAO.

Thank you for the comment. Although the dataset is created based on recognition of cellular cloud
structure, it is true that it makes no clear distinction between closed and open cells. Nevertheless, open cells
are still likely the largest contributor to the observed trend due to the following:

First, the CAO dataset has shown higher sensitivity to CAO-related open cells compared to closed cells,
leading to some bias in the dataset towards open cells. The trends may therefore be more representative
of CAO-related open cells than all CAO clouds, although this is not certain, as the model makes no such
distinction. On lines 317-321 we describe why CAOnet misses closed cells, leading to it classifying more of
the open cells.

Figure 5 shows a second classification example. Here, CAOnet (panel b) agrees well with the
hand labeled data, while struggling to capture some of the initial closed cell development (marked
as region 3). This is a general tendency of CAOnet seen in multiple classification examples
throughout all seasons and years. It is a result of overlap between non-CAO cloud types and the
cluster aligning with initial dense closed cell development. Discarding that cluster results in better
overall accuracy, but at the cost of missing CAO classifications close to the sea ice edge.

Second, the open cell trend attribution is not based on the direct observation of open cells, but the expectation
of more open cells being present in the southern region, where clearer trends are found. To make this clearer
we have updated the manuscript on lines 255-259:

The northern region was chosen based on typical CAO trajectories, capturing CAOs earlier on
in their development due to the proximity to the sea ice edge. This typically results in larger
concentrations of closed cells. In contrast, the southern region was chosen for its distance from
the sea ice edge, capturing CAOs later on in their development (Murray-Watson et al., 2023),
where a greater prevalence of open cells are expected (Brümmer, 1999).

Third, to further underline the uncertainties related to the open cell trend attribution, we have updated the
manuscript on lines 510-512 to motivate future work.

Additionally, by further developing this method to assess closed and open cells separately, closed
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