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1 Introductory remarks
We would like to thank the reviewer for taking your time to write your constructive and detailed feedback. In the
following sections, we address all comments. For every comment, you can find (1) the comment, (2) the author’s
response (both with lines from initial manuscript), and (3) the author’s changes in the revised manuscript.
The lines given for author’s changes in the manuscript refer to the lines in the revised manuscript.10

Based on all referee comments, we focus the revision on improving the clarity of the written expression for, i.e,
the description of our methods and the results. As suggested in the reviews, we aim to include a more detailed
acknowledge about the subjectivity of our object-based detection approach and derived cloud life-cycle. While the
narrative and main points of the manuscript did not change, we aim to focus on directly describing observed results, in
particular regarding the connection between convective cores and cloud properties. Based on both referee comments,15

we agree the term "seasonal" may be misleading for the depicted period of only six months. Instead, we describe
"monthly" changes, which we observed during the period. Moreover, we changed the abbreviation "DCC" to "cores"
to align with our manuscript for Part 2 of the study ("EGUSPHERE-2025-376").
We changed the figure labels in the following way:

• 1 -> 120

• 2 -> 3

• 3 -> 2

• 4 -> 4

• 5 -> 5

• 6 -> 625

• 7 -> 7

• 8 -> 8

• 9 -> 10

• 10 -> 11

• 11 -> 1230

• 12 -> Removed

• 13 -> 13

• 14 -> 15
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• 15 -> 16

• 16 -> 1735

• New: 9 (Distribution of cloud tracks grouped by the surface type: month, daytime of first detection)

• New: 14 (Correlation matrix for cloud properties, core properties, and life-cycle statistics for all cloud tracks,
clouds with a single core, and clouds with multiple cores)

2 General comments
• Comment: Introduction: It is best practice to choose the earliest references that support statements. The authors40

appear to have chosen very recent papers, which are still valid to keep, but it is recommended to find more
sources that are older. In particular, I am referring to L18 [Roca et al., 2010], L19 [Chen et al., 2021], L20
[Kukulies et al., 2021; Haberlie and Ashley, 2018], L22 [Prein et al., 2024], L33 [Fiolleau and Roca, 2013], L47
[Haberlie and Ashley, 2018], L132 [Prein et al., 2024]. A good reference for background on cloud feedbacks
and climate sensitivity is Sherwood et al., (2020). Leary and Houze, (1979) goes into detail on the convective45

cloud lifecycle.
Author’s response: Thank your for your comment, we revise the section to include more background references,
like the ones you suggested.
Author’s changes in the manuscript: We revised the references, i.e., in Sect. 1. Examples may be found in
lines 16–23: "Convective clouds play a vital role in the hydrological cycle of the Earth through their radiative50

forcing and feedback mechanisms (Wielicki et al., 1995). Despite growing evidence for the connection between
clouds and climate warming, they remain one of the greatest sources of uncertainty in climate sensitivity
assessments (e.g., Bony et al. (2015); Sherwood et al. (2020)). Additionally, convective clouds are key
drivers of severe weather, particularly large-scale systems like mesoscale convective systems (MCSs), which
are linked to extreme events such as hailstorms, damaging winds, and intense rainfall (e.g., Houze and Hobbs55

(1982); Leary and Houze (1980); Maddox (1980)). Because of their societal and environmental impacts,
accurately representing convective clouds remains of particular interest", lines 26–29: "While cores drive intense
precipitation, the stratiform anvil and cirrus canopy generally produce lighter rain (e.g., Houze Jr. (1989);
Hartmann et al. (1984)). Core sizes typically range from 10 to 100 km, with lifespans of 1–3 hours, whereas
anvils can persist for up to 10–20 hours. The idealised MCS life-cycle includes three stages: development,60

maturity, and dissipation (Futyan and Genio, 2007).", or lines 39-42: "For instance, passive and active sensors
provide valuable insights into the temporal evolution of clouds. Passive sensors, especially those measuring
infrared (IR) radiation, help identify cloud-top features (Mecikalski et al., 2010). However, they lack vertical
resolution, making it difficult to distinguish between deep convection, stratiform clouds, and cirrus (Liu and
Zipser, 2008)."65

• Comment: Data and Method: It would be beneficial if you just focused on describing all the data used in the
Data section and then had a separate section in the Methods that described the ML algorithm that was published
previously. It is unclear if the details in L106-128 are summarizing the ML algorithm described in your previous
paper. Please also clarify the following: - It is discussed how CloudSat, but not how Seviri, data are being used.
Are both CloudSat and Seviri data used to train the model? - Could you briefly describe how you computed70

the average error of the model? - How do you test the model to evaluate its performance, if at all? - It should
be clearly stated that the methodology outlined in the “Methods” section (as it currently stands) are applied
to the predicted radar reflectivities outputted from the ML model. - Descriptions of both Sections 3.2 (Detect
convective core regions) and 3.3 (Extract cloud and core properties) should be clarified greatly. Details for how
they should be clarified are under Specific Comments.75

Author’s response: Thank you for your suggestions. We updated Sects. 2 (Data) and 3 (Methods) accordingly.
In the Sect. 2, you may find information on the satellite data sources. In the Sect. 3, we add a detailed
description of the ML algorithm and its validation in Sect. 3.1 (which hopefully answers your questions as
above). Moreover, we revised the description of the detection and tracking approach (Sects. 3.2 - 3.3).
Author’s changes in the manuscript: Please see Section 2 (Data from MSG SEVIRI & CloudSat CPR) and80

Section 3 (Method). For the training and evaluation of the ML model, you may find information in lines 109–
118: "The model is trained on nine months of data and validated on a separate three-month period. The Res-
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UNet is trained to reconstruct CloudSat-like 3D reflectivity volumes with a horizontal size of 100 × 100 pixels
and a vertical size of 90 levels. The predicted radar reflectivity values range from –25 to 20 dBZ and retain
the 15-minute temporal resolution of the original SEVIRI input. We use an L1 loss function (mean absolute85

error) during training to evaluate the model’s performance. Notably, direct validation is possible only for
the diagonal cross-section, which accounts for about 10 % of each training sample. For the three-month test
period, the modified daylight-independent model achieves a root mean square error (RMSE) of 2.99 dBZ — an
improvement over the original model (Table 2). This level of accuracy is comparable to the 5 dBZ precision
reported for other CloudSat products (Tomkins et al., 2024)." or lines 124–128: "To further assess model90

performance, we compute cloud top heights (CTH) from the predicted radar reflectivity and compare them
to CTH values from the CMSAF CLAAS-V002E1 dataset (Finkensieper et al., 2020). The comparison reveals
that the model captures realistic spatial patterns of CTH in both tropical and mid-latitude regions. However,
model accuracy tends to decline with increasing distance from the MSG SEVIRI nadir.". In Sections 3.2 (Detect
convective core regions), lines 193-215, and 3.3 (Extract cloud and core properties), lines 217-227, you may95

find a revised description of the detection and tracking framework.

• Comment: Results: The descriptions and wording in the analysis are somewhat vague and need to be clarified.
For example, it is not understood how “convective activity” is defined, and this phrase is used several times
throughout the text. More clarifications to the results can be found under Specific Comments.
Author’s response: We revised the manuscript with a focus on improving the written expression and clarity of100

observed results.
Author’s changes in the manuscript: Replaced the term "convective activity" with a more direct description of
the results, i.e., when talking about the number of cores associated to a cloud or the cloud life-cycle. Examples
may be found, e.g., in Sect. 4.1, lines 271-273: "Figures 4 (b)–(e) illustrate the development and dissipation of
cores, often lasting only a short time. Some clusters contained multiple cores, potentially indicating mesoscale105

convective systems (MCSs) (Takahashi et al., 2017)."

• Comment: Seasonal cycle: Are there any potential limitations in your statistical analysis of the seasonal cycle
given that you are only using one year of data? Can you comment on if interannual variability (e.g. ENSO)
might have impacted such results?
Author’s response: The period analysed in this study may provide insights on the 3D cloud properties between110

March and August 2019; however we may not derive a climatology which would indeed require the processing
of at preferably decades of data. Unfortunately, processing data for a climatologigal period is out of scope
for our study. Hence, our results may be affected by specific events and the mentioned interannual variability
occurring during the chosen period - we will acknowledge potential limitations on the depicted period in the
revised manuscript more directly. Here, we did not specifically analyse the impact of, e.g., ENSO, but we agree115

these might be important factors, in particular when analysing a longer (climatological) time series.
Author’s changes in the manuscript: We change the terminology from "seasonal" changes (since we only have
a sample size of n=1 for each season) to "monthly changes" along the period (see, e.g., Sect 4.2.2 "Monthly
variability of convective properties"). Limitations are, e.g., added to the discussion in Sect. 5.2, lines 502-
506: "Seasonal variability in tropical convection has been highlighted in past studies. For example, multi-120

core systems often persist overnight during the onset of the West African Monsoon (Futyan and Genio, 2007).
During this period, convection may frequently initiate over high terrain and propagate downslope at night under
katabatic flow (Nicholson, 2018). While our results may be influenced by interannual variability, as the dataset
spans only one year and does not capture a full annual cycle, we may observe temporal changes in cloud and
core properties between March and August. "125

3 Specific comments
In the next section, we shortly address your specific comments. Changes will be added in the revised manuscript.

• L8, L360 : What is meant by “absolute” cooling?
Author’s response: Here, the original manuscript refers to changes of the radar reflectivity at 10 km height
between different time steps. The term "absolute" cooling refers to the maximum difference between the radar130

reflectivity at 10 km height at first time step of detection and the depicted time step. We revise the terminology
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since radar reflectivities may not replace temperatures; we change the text to be more accurate.
Author’s changes in the manuscript: See the description of the cloud life-cycle in Sect. 3.6, lines 240-246:
"Unlike methods that assess cloud stages using a cooling induced by temperature changes, the ML-based radar
reflectivity does not provide information on temperatures. As an alternative, we approximate the life-cycle135

using temporal changes in radar reflectivity at 10 km height and the resulting vertical and horizontal cloud
characteristics. For estimating the vertical growth of the cloud, we compute the difference between CTH and
CBH (i.e., to display the height of the cloud layer) for every point in time. For the horizontal growth of the
cloud, we calculate changes of the cloud area derived as proportional differences to the cloud area at the first
timestep of detection."140

• L42-43: Bacmeister and Stephens, (2011) is not a good reference that investigates “the temporal evolution of
MCSs. A study using geostationary satellite observations or other such measurements that capture the temporal
evolution is preferred.
Author’s response: We revise the references used in this section.
Author’s changes in the manuscript: Please see Sect. 1, lines 39-41: "For instance, passive and active sensors145

provide valuable insights into the temporal evolution of clouds. Passive sensors, especially those measuring
infrared (IR) radiation, help identify cloud-top features (Mecikalski et al., 2010)."

• L67: Why is it that single convective cells are typically tracked using data from active remote sensing sensors?
And specifically which sensors? Are different measurements typically used to track single-cell systems compared
to MCSs?150

Author’s response: Analysing the life-cycle of single-core with a short lifetime clouds requires data with a high
temporal resolution. Moreover, to assess their vertical growth, active sensors are beneficial. However, we revise
the text in this section to be more clear.
Author’s changes in the manuscript: We removed the sentences from Sect. 1 in the revised manuscript.

• L113: Could you please clarify what a “spatio-temporal matching scheme” is?155

Author’s response: The term "matching scheme" is employed to describe how we receive training samples
for the machine learning model. Since CloudSat is a polar-orbiting satellite, its spatial and temporal resolution
differ from the geostationary MSG SEVIRI imagery. We propose a framework to extract the training samples
(which consist of 128 × 128 pixel patches and eight channels between the near- to thermal infrared of SEVIRI
imagery) by searching for locations where we detect a CloudSat overpass (in our domain between 60°N-60°S160

and 60°W-60°W). In the revised manuscript, we add a more detailed description of the approach (Sect. 3.1).
Author’s changes in the manuscript: Please see Sect. 3.1 for a revised description of the machine-learning
method, e.g, lines 107-109: "Training data consist of 128 × 128 pixel patches of SEVIRI imagery that are
spatially and temporally aligned with CloudSat overpasses. Each training sample includes a diagonal CPR
cross-section. Due to the spatial resolution mismatch between MSG SEVIRI and CloudSat, we downsample the165

SEVIRI data to match the CPR’s horizontal resolution."

• L149: —“weighted mean”: Weighted by what?
Author’s response: We compute the centroid of a potential cloud using a weighted center-of-mass approach,
using the geometric center for the detection threshold > -15 dBZ and the positions of the centroid.
Author’s changes in the manuscript: Sect. 3.2.1, lines 153-156: "The detection process begins by applying170

a Gaussian filter with a sigma value of 0.5 to smooth the input data and reduce noise (Kukulies et al., 2021).
We then compute the centroid of each potential cloud using a weighted center-of-mass approach. Here, each
point’s weight is defined by its reflectivity value above the –15 dBZ threshold (Heikenfeld et al., 2019). These
centroid positions are each assigned a unique identifier, which is maintained throughout the subsequent tracking
and segmentation steps."175

• L154-155: It is unclear what “The value of each pixel is decreased towards its local minimum using a threshold
of -15 dBZ” means.
Author’s response: For the watershed segmentation, we set markers at the previously identified centroid
positions in a binary 3D image filled otherwise with zeros. Then, the algorithm fills the volume based on the
original input field (radar reflectivities) starting from these markers until reaching the defined threshold (which180

is -15 dBZ in our case). The result is an output image of the same shape as the original input with zeros at
all grid points in which there is no cloud or updraft and the integer number of the associated feature at all grid
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points belonging to that specific cloud or updraft. We revise the description to be more clear.
Author’s changes in the manuscript: Sect. 3.2.1, description of the segmentation step in lines 157-164: "Next,
we apply a 3D watershed segmentation algorithm to delineate the spatial extent of individual cloud structures185

associated with each centroid. In this approach, the 3D radar reflectivity field is interpreted as a topographic
surface, where higher reflectivity values represent peaks and surrounding areas are segmented like catchment
basins divided by ridges (Meyer, 1994). We initialize the algorithm by placing markers at the detected centroids
in a binary 3D volume, where all other grid points are set to zero. From each marker, the algorithm expands
through the volume, assigning reflectivity-based pixels to the corresponding cloud until the threshold of –15190

dBZ is reached. The result is a labeled 3D cloud mask, where each voxel is either zero (indicating no cloud) or
an integer label corresponding to a specific cloud object (Fiolleau and Roca, 2013)."

• L163: Why do you need to define a system as “elongated”? Is it under the assumption that a system should be
near circular, and that it is elongated due to the merging of multiple systems?
Author’s response: We chose to separate these objects to account for uncertainties connected to the predicted195

3D cloud field. Here, we aim to cut off cloud systems that are only shallow connected by few pixels to avoid the
merging of (possibly) distinct systems during the labeling process (which we aim to identify by a less circular
shape and a distinct dip in the width of the cloud area).
Author’s changes in the manuscript: Please see Sect. 3.2.2, lines 167-179 for a revised description.

• Section 3.2: Have you validated your core detection method? It would be interesting if you apply your core200

detection method to physical 2B-GEOPROF radar reflectivities and then see how it compares to cores detected
using the Convstratflag from 2C-PRECIP-COLUMN (Pilewskie and L’Ecuyer, 2022; data description here) for
a month of data, if possible.
Author’s response: Thank you for your suggestions. In our study, we did not explicitly validate the core
detection method. However, derived cloud and core statistics (e.g., for the distribution of core numbers) align205

well with studies in similar tropical regions (please see Sect. 5.2, lines 485-492, for a discussion of results).
Based on this analysis, we estimate the approach to deliver meaningful results. While the predictions of
our machine learning model are based on CloudSat CPR 2B-GEOPROF data, we think the results may be
comparable to studies which applied similar methods to identify cores along the cloud vertical column directly
to CloudSat CPR 2B-GEOPROF radar reflectivities (e.g., Luo et al. 2008, Bacmeister and Stephens 2011,210

or Igel et al. 2014; please see manuscript references). While our predicted cloud field may incorporate the
ML model uncertainties (see Sect. 3), the 3D data allow us to showcase one possibility to detect contiguous
core regions. Hence, we may combine approaches applied to the cross sections of 2B-GEOPROF data with
object-based segmentation techniques typically applied to e.g., geostationary satellite data. For instance, we
do not think our approach, as it is adapted to 3D input data would be applicable to the 2B-GEOPROF radar215

reflectivities (which provide 2D data). Nevertheless, we think it would be interesting to compare different types
of core detection methods (e.g., the approach using the Convstratflag from 2C-PRECIP-COLUMN as shown in
Pilewskie and L’Ecuyer, 2022) in detail - which we rather see as an intriguing opportunity for further studies
to improve robustness of convective cloud analysis. We would like to thank the reviewer for the suggested
reference and will acknowledge the variability of core detection methods in our discussion.220

Author’s changes in the manuscript: Please see Sect. 3.3 for a revised description of the core detection
method, lines 196-202: "To detect convective cores, we use the previously generated labelled 3D cloud mask
(Section 3.2.1), derived from the ML–based radar reflectivity data. There are different approaches to identify
convective cores from radar reflectivities. These methods may comprise the detection of convective precipitation,
which may be associated to core regions in hydrometeors (Haynes et al., 2009; Pilewskie and L’Ecuyer, 2022)225

or the analysis of the radar reflectivity employing fixed thresholds along the vertical column (Luo et al., 2008;
Bacmeister and Stephens, 2011; Igel et al., 2014). In this study, we focus on combining the latter with an
object-based detection algorithm to identify centroids of convective cores in the predicted 3D radar reflectivity
field".

• L194: Why do you expand the threshold?230

Author’s response: When detecting pixels in the vertical column that pass the criteria of > 0 dBZ, which may
be used to display the location of a possible core region, we lower the threshold to avoid the segmentation of
vertical holes in the core.
Author’s changes in the manuscript: Sect. 3.3, lines 205-208: "Specifically, we calculate the mean radar
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reflectivity for each vertical cloud column, then determine the height of this core layer by counting the number235

of pixels with reflectivity values higher than 0 dBZ located at more than 5 km height. We aim to fill isolated
gaps for otherwise vertical continuous cores by expanding the threshold from 0 dBZ to –5 dBZ in columns that
contain at least one pixel higher than 0 dBZ (Igel et al., 2014; Luo et al., 2008)."

• L194-195: What is “the first criterion”?
Author’s response: Refers to the detection of pixels < 0 dBZ in each cloud vertical column. We revise the240

description to be more clear.
Author’s changes in the manuscript: Sect. 3.3, lines 202-208: "We begin by smoothing the radar reflectivity
data associated with each cloud label using a 3×3×3 median filter. Core centroids are identified by locating
local maxima in a combined metric that incorporates both smoothed radar reflectivity and the vertical extent
of a contiguous potential core layer. Specifically, we calculate the mean radar reflectivity for each vertical245

cloud column, then determine the height of this core layer by counting the number of pixels with reflectivity
values higher than 0 dBZ located at more than 5 km height. We aim to fill isolated gaps for otherwise vertical
continuous cores by expanding the threshold from 0 dBZ to –5 dBZ in columns that contain at least one pixel
higher than 0 dBZ (Igel et al., 2014; Luo et al., 2008). We apply a minimum vertical extent of 5 km for a column
to be considered part of a core; otherwise, its value is set to zero."250

• L195: In the case of significant attenuation within a convective core region, the CBH may reach up to 5 km.
Have you looked into this? How do you account for attenuation in core profiles?
Author’s response: Thank you for your remark. We did not specifically look into this, but we did try to account
for attenuation of the whole cloud by omitting CloudSat CPR height levels < 2.4 km. If we detect cores in
height levels < 5 km CBH, we do not account for those in the current approach. However, revising the method255

to include cases where the CBH is higher due to attenuation may provide beneficial.
Author’s changes in the manuscript: For the updated core detection approach, see Sect. 3.3, lines 193-215.

• L195-196: —“if the vertical profile shows no convective pixels for more than 50 % of the CTH”: Please clarify
what is meant by this statement. Firstly, how are the convective pixels defined? There is a definition for DCCs
in L190-192, but it is not sufficient as it does not give any thresholds to the maximum “column-wise aggregated260

radar reflectivity” nor the “difference between the CTH and CBH” used to isolate DCCs. Secondly, what is
meant by “more than 50% of the CTH”?
Author’s response: Cores are identified by locating local maxima in a combined metric that incorporates both
smoothed radar reflectivity and the vertical extent of a contiguous potential core layer. Here, we define a pixel
as potentially "convective" (which may induce the location of a core) by a threshold of > 0 dBZ (adapted from265

Luo et al., 2008 and Chen et al. 2021). Specifically, we calculate the mean radar reflectivity for each vertical
cloud column based on the labelled cloud mask. We revise the description to be more clear.
Author’s changes in the manuscript: Please see comment above, changed description in Sect. 3.3, lines
193-215.

• L196-197: It is not understood what is meant by “we add the mean radar reflectivity of the vertical profile to the270

derived vertical depth of the column”. Please clarify.
Author’s response: See above, for assessing the vertical depth of a potential core in each vertical column of
the labelled cloud mask, we count the number of pixels with reflectivity values > 0 dBZ. We add the mean radar
reflectivity for each vertical cloud column. Within the resulting layer, we search for local maxima to identify
the possible centroid of core regions. We revise the description to be more clear.275

Author’s changes in the manuscript: Please see comment above for the changed description in Sect. 3.3, lines
193-215.

• L212 : Please specify what is meant by “We employ the radar reflectivity at a fixed altitude of 10 km as a
measure of convective activity”. What defines “high” versus “low” convective activity?
Author’s response: Since the predicted ML-based radar reflectivity data does not provide direct information on280

the cloud temperature, which are typically used to investigate the cloud life-cycle, we choose to analyse changes
in the radar reflectivity at 10 km height. A positive gradient between different timesteps - and the maximum of
this gradient - are used as a measure to determine growing convective cells, possibly within the development
stage. We revise the description of the extracted cloud and core properties, and the cloud life-cycle, to be more
clear.285
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Author’s changes in the manuscript: Changed description of the cloud life-cycle in Sect. 3.6, e.g., lines
240-246: "Unlike methods that assess cloud stages using a cooling induced by temperature changes, the ML-
based radar reflectivity does not provide information on temperatures. As an alternative, we approximate the
life-cycle using temporal changes in radar reflectivity at 10 km height and the resulting vertical and horizontal
cloud characteristics. For estimating the vertical growth of the cloud, we compute the difference between CTH290

and CBH (i.e., to display the height of the cloud layer) for every point in time. For the horizontal growth of the
cloud, we calculate changes of the cloud area derived as proportional differences to the cloud area at the first
timestep of detection."

• L219, L232-233 : It is not understood if there is a general CTH threshold applied to the clouds for isolating
convective systems. As it currently reads, it seems clouds need to have a CTH of at least 10 km; however, clouds295

during the convective initiation (CI) often have cloud tops below 10 km. For this reason, I am not convinced
that you are capturing systems during the CI stage.
Author’s response: The threshold of > 10 km is used after the linking step to identify potentially convective
cloud tracks in the dataset. We do not require clouds to have a CTH > 10 km at every time step during this
trajectory, but if the cloud never reaches a CTH > 10 km, we discard the track ID. However, clouds may have a300

lower CTH, e.g. during initiation or shortly before dissipating.
Author’s changes in the manuscript: Please see Sect. 3.5, lines 229-235: "We filter the cloud trajectories
to exclude possibly non-convective tracks from the analysis (Figure 2). For that purpose, we require the cloud
tracks to have at least one core and a radar reflectivity of higher than 0 dBZ at 10 km height for at least 15 min
along the trajectory. Additionally, we apply a minimum CTH of 10 km and a maximum CBH of lower than305

5 km for the cloud during at least one time step (Igel et al., 2014; Luo et al., 2008). While we do not require
the convective clouds to have a CTH higher than 10 km at every time step during their trajectory, we discard
the trajectories that never reach the CTH threshold. The criteria may help to identify convective clouds with an
evolved cloud base and vertical height that may be typically associated to tropical convection (Li et al., 2021;
Takahashi et al., 2023)."310

• L220: Please describe the assumptions made for using the “difference between the radar reflectivity at 10 km
height at CI and the current time step” to approximate cooling? Also, what is meant by cooling, is it at the top
of the atmosphere, atmospheric cooling, or with regards to the surface?
Author’s response: We agree the term "cooling" may be misleading since we do not assess any cloud temperatures
in our study. Instead, we approximate the stage of developing convective cells by calculating changes in the radar315

reflectivity at 10 km height along the temporal axis and searching for the maximum increase (or gradient) after
the first time step of detection. We rename "cooling" to "reflectivity gradient" to describe this step more clearly.
Moreover, we add a more detailed explanation of the statistics used to assess the cloud life-cycle in Sect. 3.6.
Author’s changes in the manuscript: See comment above, the description of the cloud life-cycle can be found
in Sect. 3.6, lines 237-263.320

• L221-222 : These sentences would be better understood if they were merged. Also, what is meant by “difference
between the CBH and CTH at CI for each time step, compared to CI”?
Author’s response: Thank you for your suggestion. We will change the text to describe the approximation of
cloud life-cycle statistics.
Author’s changes in the manuscript: Please see Sect. 3.6, e.g., line 244: "For estimating the vertical growth325

of the cloud, we compute the difference between CTH and CBH (i.e., to display the height of the cloud layer)
for every point in time." and

• L223—“difference of the radar reflectivity”: difference with respect to what exactly?
Author’s response: Refers to changes of the radar reflectivity at 10 km height (hereafter, reflectivity gradient)
derived at the first time step of the trajectory (t0) and each following time step (t1 - tn).330

Author’s changes in the manuscript: See above for description of Sect. 3.6, lines 246-253 (Development
stage): "Development stage: Building on the approach by Luo et al. (2008), we use a radar reflectivity threshold
of 0 dBZ at 10 km altitude as a proxy for potential cloud-top cooling, which may be indicative of convective
growth. We calculate the temporal gradient of radar reflectivity at 10 km for each cloud trajectory, identifying
the time of maximum increase to mark the cloud development stage. This stage may be associated with a high335

cloud vertical layer and strong updrafts that support continued vertical growth (e.g., Kikuchi and Suzuki (2019);
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Chen et al. (2021)).The transition from development to maturity is defined by the time of maximum radar
reflectivity increase (Takahashi et al., 2023; Hu et al., 2021)."

• L238: If I am interpreting correctly, are the convective clouds that are identified actually "real", as in you would
be identifying these systems in SEVIRI if you were to be just tracking them in 2D? It’s just the 3D cloud fields340

that are predicted, hence not “real”?
Author’s response: You are right, our study is based on the ML predictions of a 3D cloud field. Hence, the
detected clouds are not "real". While they are based on information observed by MSG SEVIRI and the CloudSat
CPR which we extrapolate in space and time, the clouds are not "real" in the sense of being actually observed.
We evaluated the ML model to provide a reasonable extrapolation. Nevertheless, the data underlie sensor-345

specific limitations (CloudSat CPR attenuation, resolution of SEVIRI data) and uncertainties connected to the
ML algorithm (RMSE focuses on mean, blurs out edges). We revise the text describe the data more detailed.
Author’s changes in the manuscript: See, e.g., Sect. 3.1, lines 141-145: "The framework, while enabling
detailed analysis of convective cores, has limitations. The predicted 3D cloud fields represent model-based
approximations rather than direct observations, reflecting patterns learned by the ML model. Additionally,350

using fixed thresholds in the object-based detection may oversimplify complex structures associated to clouds
in the atmosphere. Nonetheless, we may employ the data to enable a large-scale, high-resolution tracking of
convective systems over the tropical Atlantic and continental Africa."

• L240: What is considered "high reflectivity"? 0 dBZ at cloud top is not necessarily a "high" radar reflectivity.
Author’s response: We employ a threshold of -15 dBZ to differentiate background noise from actual signals355

from hydrometeors, thus we consider values > 0 dBZ to be more often connected to convective clouds (and the
value higher, in relative terms).
Author’s changes in the manuscript: Revised description in Sect. 4.1, Lines 268f.: "While regions over
Morocco and Mauritania showed radar reflectivity > 0 dBZ, no vertically continuous convective systems were
identified there."360

• L250-252: From the statistics stated in the text, it does not seem intuitive that only 10% of the population
contain 2-10 cores. What are the exact counts in each bin? When studying the histogram in Figure 6, it looks
like single-cell systems make up more like 65% of the population, and systems with ten or more DCCs is only
3%, meaning that there is a larger population containing 2-10 cores than what is being inferred in the text. How
do these statistics compare to other studies that have assessed the statistics on the number of cores in systems?365

Author’s response: We check the reported values and revise the figure to contain proportions rather than
frequencies. Compared to other studies in the tropics, we receive similar results regarding the the distribution of
the core numbers. We will add this to the text in the revised manuscript.
Author’s changes in the manuscript: Please see Sect. 4.1, lines 277-283: "Single-core clouds make up roughly
65 % of all trajectories (Figure 6, a), with the frequency decreasing as core count increases. Only about 5 % of370

clouds have 10 or more cores. Most clouds (80 %) have lifespans between 0–6 hours (Figure 6, b). Surface type
distribution reveals that 65 % of clouds form over the ocean and 35 % over land—about a 10 % shift toward
ocean compared to land-sea coverage (Figure 6, c). Among single-core clouds, 70 % occur over the ocean, while
for multi-core clouds, the figure is 75 %. This imbalance — 249,484 oceanic clouds vs. 88,658 continental —
may reflect differences in tropical landmass distribution and the eastward propagation of convective systems.375

Oceans may also offer more favorable conditions for multi-core development (Cui et al., 2021)." and Sect. 5.2,
lines 484-489: "The derived cloud characteristics align well with aircraft observations (Zipser and LeMone,
1980) and precipitation-based studies (Zipser et al., 2006). Over tropical Africa, our core distribution results are
consistent with those derived for geostationary satellite data (Jones et al., 2024) or the CloudSat CPR Deng et
al. (2016), both of which found a high prevalence of clouds with one to three cores. Similarly, Pilewskie and380

L’Ecuyer (2022) reported that one-third to half of convective systems observed globally by the CloudSat CPR
contain a single core. For the tropics, however, our results are in closer agreement. In line with these findings,
we observe that cloud area generally increases with the number of cores. However, this relationship exhibits
substantial variability, especially in multi-core systems (Section 4.3.1)"

• Figure 5: It would be easier to distinguish cores from the rest of the cloud if there was a larger contrast between385

the colors. Perhaps make the cores a deeper red.
Author’s response: Thanks for the suggestion, we add an updated figure in the revised manuscript with lighter
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yellow color for the cloud and darker red color for the cores.
Author’s changes in the manuscript: See Sect. 4.1, Figure 5 (b).

• Figure 6 —“surface type derived from a land-sea mask compared to the location at CI”: I don’t understand this390

distinction.
Author’s response: Here, we compare the actual land-sea proportions in the domain from a binary mask vs. the
land-sea proportions derived from the locations of the cloud trajectories. We revise the description to be more
clear.
Author’s changes in the manuscript: Sect. 4.1, Figure 6 (c) description: "(c) the surface type derived from395

a land-sea mask compared to the modal locations of detected clouds with a single core or multiple cores"; and
Sect. 3.4, line 224: "We also record the cloud’s travel distance and assign a surface type using a binary land-sea
mask and the modal value for the locations of the cloud trajectory within this land-sea mask."

• L268: —“0.5 dBZ higher over the ocean than over land”: How might this tie into the notion of differences in
intensity over land versus ocean? Does this suggest oceanic convection is more intense of land, which differs400

from our general understanding of tropical convection?
Author’s response: We found that averages over land and sea may contradict the general understanding of
convective properties implying an overall slightly more intense convection over oceans. However, the differences
are small and the data is skewed towards clouds located over the ocean - the uncertainties of the skewed
distribution and short period may affect the analysis.405

Author’s changes in the manuscript: Sect. 4.1, lines 284-292: "We assess how the 3D cloud properties
described in Table 3 may vary with core count and surface type. Our findings show that single-core clouds
have shorter lifetimes and travel distances than multi-core systems (Figure 7, a–b). Eccentricity exhibits a weak
variation across all groups, mostly ranging between 0.6–0.7 (Figure 7, c). Cloud area increases significantly
with core count, especially for clouds with 10 and more cores (Figure 7, d). CTH is 10–20 % greater over410

land, yet radar reflectivity at 10 km height and cloud area are slightly higher over the ocean (Figure 7, d–f).
CTH increases from 15.5 km for single-core clouds to 17.25 km for multi-core ones (Figure 7, f). Land–sea
differences are more pronounced for single-core clouds. Despite expectations based on previous tropical studies
(Deng et al., 2016; Takahashi et al., 2017), oceanic clouds often show stronger reflectivity and larger areas —
though overall surface-related differences remain small. The lower number of land-based clouds may exaggerate415

statistical noise."

• L272-273: The sentence beginning with “The core lifetime. . . ” is somewhat challenging to interpret. Please
clarify.
Author’s response: We rewrite the section to be more clear.
Author’s changes in the manuscript: Sect. 4.1, lines 293-294: "The analysis of core properties (Figure 8)420

shows average core lifetimes of 0.3–0.4 hours for single-core clouds, increasing to about 0.8 hours for clouds
with more than 10 cores (Figure 8, a). "

• L276-277: —“especially for convective clouds over land”: It appears that both regions show this, not just land.
Author’s response: We agree and change the description of the figure in the revised manuscript.
Author’s changes in the manuscript: Lines 295-297: "Core area is slightly larger for single-core clouds than425

for those with 2–9 cores but increases considerably for clouds with 10 and more cores. For single-core clouds,
we detect a larger core area over the ocean, while cores for multi- core clouds are larger over land (Figure 8, c)."

• L286-287 : Have other studies shown that continental clouds have a larger anvil area and lower reflectivity
compared to clouds over the ocean for the region and time period you are studying?
Author’s response: We checked the figure and revised its; in fact, the area and reflectivity are higher over the430

ocean in the revised version. While our findings for the land-sea differences are contradictory to previous results
in the tropics, differences are small and may result from the uncertainties connected to the approach (Sect. 5.3)
or the imbalance of cloud tracks over land and sea (Figure 9).
Author’s changes in the manuscript: Sect. 4.2.1, lines 319-324: "Despite similar diurnal patterns for the
cloud lifetime and radar reflectivity, multi-core clouds consistently exhibit higher mean values than single-core435

clouds. These differences may reflect environmental contrasts between land and ocean. As suggested by Cui et
al. (2021), local circulations over land in the tropics often trigger afternoon convection, producing the observed
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peaks in Figure 10 (f), (h), and (j). In contrast, more constant ocean temperatures may suppress strong diurnal
variations (Figure 10, a, c, g)."

• L287-288: Please clarify this explanation—differences in cloud properties would cause a local thermal instability—is440

that how it is to be read?
Author’s response: Here, we want to point out that a local thermal instability may affect cloud properties - we
revise the text and clarify the description.
Author’s changes in the manuscript: See Sect. 4.2.1, lines 321-324: "As suggested by Cui et al. (2021), local
circulations over land in the tropics often trigger afternoon convection, producing the observed peaks in Figure445

10 (f), (h), and (j). In contrast, more constant ocean temperatures may suppress strong diurnal variations (Figure
10, a, c, g)."

• L291-294 Please include references here, and are you describing the diurnal cycle for this specific region?
Author’s response: We revise the description of the figure and add an evaluation of the results in the discussion.
Author’s changes in the manuscript: See Sect. 4.2.1, lines 314-337, for the diurnal cycle of tracked cloud450

properties and a discussion in Sect. 5.2, e.g., lines 490-497: "Our results show that convective cloud properties
over land typically peak during the day, while over the ocean, we observe two peaks during daytime and at night
(Sect. 4.2.1). These findings align with the diurnal cycle of tropical convection (Vondou, 2012; Takahashi et
al., 2023). A nocturnal enhancement over the ocean may be linked to the diurnal cycle of free-tropospheric
humidity, which peaks overnight and supports convection (Wall et al., 2020). After sunrise, solar heating may455

stabilize the atmosphere. A weakening land breeze may lead to the dissipation of night-time clusters (Houze Jr.,
2004). While these diurnal patterns may be reflected by the cloud properties (Sections 4.2.1), differences in the
daytime of the first detection for the cloud tracks appear weaker (Figure 9). Throughout the day, we observe
several peaks for the reflectivity gradient, followed by phases of vertical and horizontal cloud growth (Section
4.3.2)."460

• L298: Figure 9 a-d does not show the eccentricity of clouds?
Author’s response: You are right, we revise the description.
Author’s changes in the manuscript: Sect. 4.2.1, lines 315-324: "Figure 10 illustrates these variations in cloud
lifetime (a–d), cloud area (e–h), and radar reflectivity at 10 km height (i–l). Over land, single-core clouds show
an afternoon peak (12:00–16:00 UTC) in both radar reflectivity and cloud area, while cloud lifetime displays465

two peaks: one at night and one in the morning (Figure 10, b, d). Over the ocean, the diurnal cycle is weaker
or less distinct. Cloud lifetime lacks a clear diurnal peak (Figure 10, a, c), whereas cloud area and reflectivity
show nocturnal and daytime peaks (Figure 10, e, i, k). Despite similar diurnal patterns for the cloud lifetime
and radar reflectivity, multi-core clouds consistently exhibit higher mean values than single-core clouds. These
differences may reflect environmental contrasts between land and ocean. As suggested by Cui et al. (2021),470

local circulations over land in the tropics often trigger afternoon convection, producing the observed peaks in
Figure 10 (f), (h), and (j). In contrast, more constant ocean temperatures may suppress strong diurnal variations
(Figure 10, a, c, g)."

• L304-305: Second maximum in what, exactly? Where is the first maximum? Also, please use a more scientific
word than “powerful” in “afternoon peak is consistently more powerful”. Also, what afternoon peak are you475

referring to?
Author’s response: Here, we refer to the diurnal cycle of the core area and core lifetime over land and over the
ocean. We revise the description of the figure to be more clear.
Author’s changes in the manuscript: Please see Sect. 4.2.1, lines 325-333: "The diurnal patterns of core
properties (Figure 11) largely mirror those of the cloud properties. Over land, core area peaks between 12:00–18:00480

UTC for both single- and multi-core clouds. Over the ocean, single-core clouds show two peaks between
00:00–06:00 and 14:00–20:00 UTC (Figure 11, a–d). The core lifetime follows a similar pattern for single-core
clouds. For multi-core clouds, cores over land show two peaks, while oceanic cores point out no clear diurnal
variation for multi-core clouds (Figure 11, e–h). For single-core clouds, peaks of the core lifetime resemble the
core area (Figure 11, a, e). The distribution of the core height follows those of the core area (Figure 11, m–p).485

On average, clouds with multiple cores have higher and more variable values for core area, lifetime, and height.
In contrast, the area ratio is lower and has a weaker variability for multi-core systems. For single-core clouds,
we observe an afternoon peak over land and nocturnal and afternoon peaks over the ocean. Multi-core clouds
show a weak diurnal variation, particularly over the ocean (Figure 11, i–l)."
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• L315, L371: How do you define convective activity? Is this shown in Figure 11?490

Author’s response: The term "convective activity" here refers to the frequency we detected potentially convective
clouds, in particular in regards to those with multiple cores. We change the text to be more clear in the revised
manuscript and avoid unclear phrases.
Author’s changes in the manuscript: Throughout the manuscript, we replaced the phrase "convective activity"
by a more direct description of the results. Examples may be found in Sect. 4.2.2, e.g, lines 339-344: "For495

different months, the value variability may considerably influence the development of convective clouds and
their core structures within the tropics (Andrews et al., 2024). We explore these changes in Figure 12 by
comparing monthly averages of the cloud area, CTH, cloud lifetime, number of cores, core area, and area ratio
over land and sea for single-core and multi-core clouds. From March to August, the cloud area shows a gradual
increase for single- and multi-core cloud systems over the ocean. For clouds over land, the cloud area slightly500

decreases (Figure 12, a)."

• L315-316: Are you explaining that this is occurring over time, and witnessed over both land and ocean and for
all cores?
Author’s response: Refers to an increase of the cloud area, core area, and number of cores (until July) which
may be seen over (partly) land and sea. However, we revise the Section to be more clear.505

Author’s changes in the manuscript: See comment above, we revise the description of (now) Figure 12 in
Sect 4.2.2, lines 339-344: "From March to August, cloud area shows a gradual increase, especially for oceanic
clouds — both single- and multi-core systems (Figure 12, a). In contrast, CTH generally decreases, though with
noticeable month-to-month fluctuations rather than a consistent downward trend (Figure 12, b). Cloud lifetime
remains relatively stable for single-core clouds, while multi-core clouds exhibit a slight decline in lifetime over510

the ocean. Over land, lifetime rises from March to April, dips in May, and increases again in June—returning
to near-initial values by August. The number of cores per cloud increases over the ocean from March to July,
followed by a sharp drop in August (Figure 12, c). Initially higher over land, core counts shift in favor of oceanic
clouds after April. Land-based systems show a decrease from March to June, a peak in July, and another decline
in August (Figure 12, d). Core area steadily increases over the ocean but fluctuates more over land (Figure 12,515

e). The area ratio between core and cloud shows a slight decrease for multi-core clouds throughout the period,
while remaining higher and more variable for single-core clouds (Figure 12, f)."

• L316-317: Do you mean to imply that the number of DCCs increases as the months progress? There is a sharp
drop though between July to August over sea
Author’s response: You are right, we revise the text to more accurate regarding the non-linear monthly changes520

between March and August.
Author’s changes in the manuscript: See comment above, description in Sect. 4.2.2., lines 339-344.

• L318-319: Perhaps use wording other than "less distinct" to make your point clearer. It seems like sea has more
cores than land starting in May.
Author’s response: Thank you for your comment, we revise the text in the revised manuscript to be more clear.525

Author’s changes in the manuscript: See comment above, description in Sect. 4.2.2., lines 339-344.

• L322-323: Where do you get the anvil extent being larger over land than ocean?
Author’s response: We agree the description got mixed up, we revise the text to be more accurate.
Author’s changes in the manuscript: Removed figure from the revised manuscript. Instead, we added a
statistical evaluation of differences between land and sea in Sect. 4.2.2, lines 355-364: "To quantify the effect530

of these changes, we compare average values across two periods: March–May (MAM) and June-August (JJA).
Metrics include the cloud area, CTH, cloud lifetime, number of cores, core area, and area ratio (Table 4). We
calculate Cohen’s D to measure effect sizes, with thresholds defined as small (< 0.2), medium (0.2–0.5), and
large (> 0.8) (Cohen, 2013). Over the ocean, cloud area, number of cores, and core area are higher in JJA, while
CTH, cloud lifetime, and area ratio are greater in MAM. A similar pattern emerges over land, except cloud535

area and number of cores are higher in MAM. Overall, observed differences between the two seasons and over
land and sea remain weak. Most effect sizes are small, indicating high internal variability rather than distinct
temporal trends within the period. These results highlight the importance of analysing longer time periods to
account for the inherent variability and imbalance between cloud tracks over land and sea (Figures 4 and 9),
which may influence the representativeness of the findings."540
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• L332-333: Again, has this definition of cooling been used previously in literature? Please explain the assumption.
Author’s response: See comment above, we change the term "cooling" to "reflectivity gradient" (as we do not
consider cloud temperature directly). The method for estimating the cloud life-cycle is described in Sect. 3.6 in
the revised manuscript. Here, we explain how we we adapt our approach from a reflectivity-based assessment
of the development stage using a threshold of 0 dBZ at 10 km height as a proxy to identify a potential cooling545

at the cloud top for convective cells derived from CloudSat.
Author’s changes in the manuscript: See Sect. 3.6, lines 247-252: "Development stage: Building on the
approach by Luo et al. (2008), we use a radar reflectivity threshold of 0 dBZ at 10 km altitude as a proxy for
potential cloud-top cooling, which may be indicative of convective growth. We calculate the temporal gradient
of radar reflectivity at 10 km for each cloud trajectory, identifying the time of maximum increase to mark the550

cloud development stage. This stage may be associated with a high cloud vertical layer and strong updrafts that
support continued vertical growth (e.g., Kikuchi and Suzuki (2019); Chen et al. (2021)).The transition from
development to maturity is defined by the time of maximum radar reflectivity increase (Takahashi et al., 2023;
Hu et al., 2021)".

• L352: Did you quantify “the cooling and area growth appear earlier during the relative cloud lifetime” to555

determine it? It is not clear based on the figure.
Author’s response: We agree this description is unclear and revise the text.
Author’s changes in the manuscript: See Sect. 4.3.1, lines 390-409 for a description of Figure 15 (time
dependency for the life-cycle statistics based on average cloud lifetime after detection) and lines 410-415 for a
summary: "Notably, the analysis shows that vertical growth may peak after the reflectivity gradient but before560

area growth. The times stretch for multi-core clouds, while single-core systems exhibit more compact timelines.
However, outliers may distort observed mean values. Hence, the consecutive order of the life-cycle statistics
may be affected by a high variability in the distribution. Across all cloud tracks, core number and core area tend
to peak between vertical and area growth maxima. However, the distributions show a high variability, especially
for multi-core clouds and clouds over land. While we observe life-cycle statistics occurring on average later for565

clouds over land, the differences induced by the surface type remain overall low."

• L357-358: For cooling, there is a morning peak at 0100 over both land and ocean. Is it statistically larger than
the mean for the next several hours? There are dips at 6 pm over both land and ocean, and an additional dip at
12 pm over land. Again, are these statistically different and indicative of the diurnal cycle? The diurnal cycle of
vertical growth seems to be much more pronounced over land, but not noticeable over ocean. Please make this570

distinction
Author’s response: While we see a more distinct peak in the night, the diurnal variations remain weak; however,
we did not apply statistical tests for the diurnal variations as show high fluctuations and overall differences
appear to be small. We revise the description of the figures to be more clear.
Author’s changes in the manuscript: Sect. 4.3.2, lines 418-426: "Figure 16 illustrates the diurnal patterns575

of the reflectivity gradient, the area growth, and the vertical growth for single-core and multi-core clouds,
grouped by surface type. Similar to results from Sect. 4.2.1, the diurnal cycle is more pronounced over land
than over the ocean. The reflectivity gradient exhibits short-term fluctuations with noticeable nocturnal peaks
around 20:00–21:00 UTC and 00:00–01:00 UTC, followed by decreases. During the day, peaks occur between
09:00–12:00 UTC and around 16:00 UTC, with a negative dip around noon (land) and 18:00 UTC (both land580

and sea). Over the ocean, the reflectivity gradient is generally higher and shows a slightly weaker variability than
over land. Over land, multi-core clouds exhibit stronger gradients than single-core clouds. Distinct land-based
negative peaks occur around 03:00–06:00, 08:00, and 11:00–15:00 UTC. Over the ocean, we find a weaker
nocturnal peak at 01:00 UTC and a gradual increase between 06:00–20:00 UTC. Overall diurnal variability
ranges from 0.5 dBZ (ocean) to 1 dBZ (land), or roughly 8–16 % of the mean gradient range (10–16 dBZ)585

(Figure 16, a, d)."

• L359-360: Which convective characteristics are you referring to?
Author’s response: The sentence here refers to the area growth.
Author’s changes in the manuscript: See Sect. 4.3.2, lines 424-431: "Multi-core clouds show significantly
greater area growth (42–48 %) than single-core clouds (20–27 %). Over the ocean, we see sporadic daytime590

peaks that occur around 15:00, 20:00, and 01:00 UTC. Over land, area growth increases steadily for single-core
clouds in the morning and peaks between 12:00–14:00 UTC. For multi-core clouds, we find several sporadic
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peaks during the day, similar to clouds over the ocean. Evening peaks appear around 18:00 and 22:00 UTC for
multi-core clouds, and 20:00 UTC for single-core clouds. Diurnal variability remains low, ranging up to 5 %
over both land and sea (Figure 16, b, e)."595

• L361-363: Is this suggesting that as the number of DCCs increases, the total cooling and vertical growth per
DCC is less than that of the initiation phase?
Author’s response: That is what we would assume from the comparison of life-cycle statistics for single-
core and multi-core clouds; however we did not examine statistical differences. In response, we change the
description to be more clear.600

Author’s changes in the manuscript: Please see Sect. 4.2.2, lines 447-459: "Throughout the study period,
single-core clouds consistently show higher reflectivity gradients and vertical growth, while multi-core clouds
exhibit greater area growth. Though the surface type may influence these statistics, the observed effect in our
study remains relatively small. In contrast, the number of cores plays a more substantial role in shaping the
cloud life-cycle." and Sect. 5.1, lines 470-476: "We also find that changes in cloud area, core number, and cloud605

height often evolve in line with an idealised convective life cycle described in Sect. 3.6. Longer-lived clouds
tend to exhibit more cores and larger maximum core areas. Multi-core systems reach their peak core number
and core size later in their life cycle than single-core clouds (Section 4.3.1). The reflectivity gradients correlate
positively with vertical growth and negatively with area expansion, reflecting transitions from development to
maturity, as noted by Hu et al. (2021). Single-core clouds display stronger vertical ascent and higher reflectivity610

gradients, though most correlations are weak — aside from a strong negative relationship between cloud lifetime
and vertical growth, and a moderate positive link between lifetime and area growth."

• L365: How about the peaks in the early morning?
Author’s response: We agree there are multiple peaks in the morning which may be seen for all clouds. We
revise the description of the figure to be more detailed.615

Author’s changes in the manuscript: See Sect. 4.2.2, lines 424-431: "Multi-core clouds show significantly
greater area growth (42–48 %) than single-core clouds (20–27 %). Over the ocean, we see sporadic daytime
peaks that occur around 15:00, 20:00, and 01:00 UTC. Over land, area growth increases steadily for single-core
clouds in the morning and peaks between 12:00–14:00 UTC. For multi-core clouds, we find several sporadic
peaks during the day, similar to clouds over the ocean. Evening peaks appear around 18:00 and 22:00 UTC for620

multi-core clouds, and 20:00 UTC for single-core clouds. Diurnal variability remains low, ranging up to 5 %
over both land and sea (Figure 16, b, e)."

• L367: Aside from the dip in July over land.
Author’s response: We agree and revise the description.
Author’s changes in the manuscript: See Sect. 4.2.2, lines 440-445: "Between March and June, area growth625

is higher over land, peaking in May for single-core and in June for multi-core clouds. After June, area growth
becomes higher over the ocean. Over the period, single-core clouds over land show a net decline (around 3 %),
while values increase slightly over the ocean (around 5 %) and for multi-core clouds over land (around 3 %).
Monthly changes appear to be nonlinear and fluctuate considerably (Figure 17, b, e)."

• L368-369: Why do you think the cooling and vertical growth are higher for clouds with a single core?630

Author’s response: We assume the higher gradient of the radar reflectivity and the higher vertical growth may
be connected to the difference in the average radar reflectivity for single-core and multi-core clouds. For multi-
core clouds the effect of individual cores may weaker as outliers may be more blurred compared to single-core
clouds.
Author’s changes in the manuscript: See Sect. 5.2, lines 497-501: "Throughout the day, we observe several635

peaks for the reflectivity gradient, followed by phases of vertical and horizontal cloud growth (Section 4.3.2).
Notably, as the number of cores increases, both reflectivity gradient and vertical growth decline, while area
growth becomes more pronounced (Section 4.3.1). This finding may correspond to a higher reflectivity at 10
km and broader spatial extent seen for multi-core systems (Section 4.1). Our observations may point to a self-
sustaining mechanism where cores are regenerated in response to diurnal heating (e.g., Deng et al. (2016);640

Hartmann et al. (2018); Takahashi et al. (2017)). However, we did not explicitly investigate this process."

• L371-372: Are you referring to the larger variability in area and vertical growth of convection over land? In
other words, the seasonal cycle of convection is more pronounced over the ocean, but the diurnal cycle of
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convection is more pronounced over land?
Author’s response: We checked our data, the updated figures suggest that the variability over land is higher for645

the seasonal and diurnal cycle. We revise the text to describe the observed results more directly.
Author’s changes in the manuscript: Sect. 4.2.2, lines 447-451: "Throughout the study period, single-
core clouds consistently show higher reflectivity gradients and vertical growth, while multi-core clouds exhibit
greater area growth. Though the surface type may influence these statistics, the observed effect in our study
remains relatively small. In contrast, the number of cores plays a more substantial role in shaping the cloud650

life-cycle."

• Section 5.1: This section is great, I appreciate the connection between your results and previous literature. Could
you also add a few sentences on discerning the characteristics between isolated and multi-cellular convection
within previous literature, and how it is consistent with what you are finding?
Author’s response: Thank you for your comment. We add a further comparison of studies dealing with single-655

and multi-core clouds in the tropics in the revised manuscript.
Author’s changes in the manuscript: Please see revised Sect. 5.2, lines 483-489: "Compared to previous
studies by Takahashi et al. (2023) and Hu et al. (2021), our analysis identifies a significantly higher number
of potentially convective cloud tracks. The derived cloud characteristics align well with aircraft observations
(Zipser and LeMone, 1980) and precipitation-based studies (Zipser et al., 2006). Over tropical Africa, our core660

distribution results are consistent with those derived for geostationary satellite data (Jones et al., 2024) or the
CloudSat CPR Deng et al. (2016), both of which found a high prevalence of clouds with one to three cores.
Similarly, Pilewskie and L’Ecuyer (2022) reported that one-third to half of convective systems observed globally
by the CloudSat CPR contain a single core. For the tropics, however, our results are in closer agreement. In
line with these findings, we observe that cloud area generally increases with the number of cores. However, this665

relationship exhibits substantial variability, especially in multi-core systems (Section 4.3.1)."

• L405-407: Had you considered also using CALIPSO observations to capture thin ice clouds?
Author’s response: We are aware that integrating CALIPSO into the machine learning approach may help to
identify ice clouds. So far, in the interest of time and resources, we did not get to try the idea of using either
CALIPSO or the combined CloudSat-CALIPSO products to predict a, possibly, more accurate 3D cloud field.670

However, we think it might be interesting for future studies.
Author’s changes in the manuscript: In Sect. 5.3, we describe some limitations of the study and point out
how the integration of more recent sensors could help to enhance the results, e.g., in lines 523-529: "Emerging
satellite systems, such as the Flexible Combined Imager on the Meteosat Third Generation (MTG) platform
(Holmlund et al., 2021) and the enhanced CPR on the EarthCARE mission (Eisinger et al., 2024), offer improved675

spatial and temporal resolution. These instruments are expected to enhance the detection and characterisation
of the convective cloud life-cycle. Moroever, our study does not account for several potentially important
influences on convection, such as aerosol interactions, vertical wind shear, and entrainment rates (Masunaga and
Luo, 2016). Incorporating these factors in future analyses could lead to a more comprehensive understanding of
convective processes."680

• L429-431: Convection as a self-maintenance mechanism has been suggested in previous literature, but which
signatures in your results are pointing to this conclusion?
Author’s response: We did not specifically address this, but results found in Sect. 4.3 (i.e., changes in the cloud
life-cycle for single-core vs multi-core clouds) may point towards such a mechanism for multi-core clouds; we
revise the manuscript to be more clear.685

Author’s changes in the manuscript: See Sect. 5.2, lines 496-501: "Throughout the day, we observe several
peaks for the reflectivity gradient, followed by phases of vertical and horizontal cloud growth (Section 4.3.2).
Notably, as the number of cores increases, both reflectivity gradient and vertical growth decline, while area
growth becomes more pronounced (Section 4.3.1). This finding may correspond to a higher reflectivity at 10
km and broader spatial extent seen for multi-core systems (Section 4.1). Our observations may point to a self-690

sustaining mechanism where cores are regenerated in response to diurnal heating (e.g., Deng et al. (2016);
Hartmann et al. (2018); Takahashi et al. (2017)). However, we did not explicitly investigate this process."

• L432-433: What do you mean by "weaker convective activity"?
Author’s response: The sentence refers to the occurrence of less convective cloud tracks and clouds with fewer
cores. We will revise the text to improve the written expression and provide a more clear description of the695
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findings.
Author’s changes in the manuscript: We removed the phrase "convective activity" here (see Introductory
Remarks). Please see the concluding remarks in Sect. 6, lines 549-558: "The results suggest that differences
based on the number of cores are higher than the surface-type induced variability. Single- core clouds develop
and dissipate on shorter timescales. They have a smaller cloud and core area, and lower CTH and core700

height than multi-core systems. The longer cloud lifetime of multi-core clouds may be associated to a later
occurrence of the maximum number of cores and core area. Between single-core and multi-core clouds, we find
considerable differences in the cloud life-cycle statistics regarding the changes in the radar reflectivity at 10 km
height, the vertical growth, and the area growth of the cloud. While the former two are higher for clouds with a
single core, multi-core cloud clusters with a larger cloud area tend to grow more along the horizontal dimension.705

The more cores we find, the later the maximum number of cores and the maximum core area occur. While
the differences between the convective clouds over land and ocean are lower than expected, we emphasise our
analysis uses six months of data and may not represent the annual cycle of convection. Nevertheless, expanding
the approach to investigate a longer time series may account for current uncertainties."

4 Technical corrections710

• L12-13: The way that this sentence reads is a bit confusing. I’d suggest “. . . more intense over land than ocean
during both seasons, despite an increase in convective activity over the ocean during summer”.
Author’s response: Thank you for your suggestion, we will change the text.
Author’s changes in the manuscript: Revised the abstract to describe the results more directly and focus less
on "seasonal" differences (which are hardly statistical robust).715

• L58—“Early studies”: Change to “Some studies” as a study provided in the next sentence was published earlier
than Masunaga and Luo, (2016).
Author’s response: Thank you for your suggestion, we change the sentences.
Author’s changes in the manuscript: Revised Sect. 1, lines 46-54: "Early studies relied on manual tracking,
but automated detection algorithms now enable the processing of large datasets. Most of these algorithms720

are centroid-based, linking cloud objects across time steps (Prein et al., 2024). One of the earliest and most
influential tools is TITAN Dixon and Wiener (1993), later adapted into TINT Raut et al. (2021), which is
optimized for tracking fast-evolving storm cells. TOOCAN, developed by Fiolleau and Roca (2013), focuses
specifically on convective cores and associated anvils in MCSs. More recently, general-purpose tools such as
PyFLEXTRKR (Feng et al., 2023) and tobac (Heikenfeld et al., 2019) have emerged. PyFLEXTRKR offers725

flexible 2D tracking, while tobac supports 4D analysis, enabling a more comprehensive view of convective
systems."

• L70: —“Contrasting”: Change to “Contrastingly” or “Alternatively”
Author’s response: We change the phrase.
Author’s changes in the manuscript: See comment above, we revised the text in Sect. 1, lines 46-54.730

• L93 —“diverging convective development”: “Diverging” is not the best descriptor here, so rephrase to say that
convection develops differently in the extra-tropics compared to tropics.
Author’s response: We agree and change the expression.
Author’s changes in the manuscript: We removed the sentence in the revised manuscript.

• L95-96: sentence beginning with "Clouds. . . ” seems out of place in this paragraph.735

Author’s response: We will revise the section.
Author’s changes in the manuscript: We removed the sentence from Sect. 2, lines 72-75: "The area of interest
(AOI) for this study spans a tropical region over central and western Africa, extending from 30° N to 30° S and
30° W to 30° E. This region is characterised by environmental conditions that contribute to the development of
convective clouds (Takahashi et al., 2023). Our objective is to detect and analyse convective clouds and their740

life-cycles by a six month period between March and August 2019."

• L161: Does “width” refer to the vertical cloud thickness? Please clarify that here and in the workflow figure
(Figure 1).
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Author’s response: Refers to the number of pixels that comprise the horizontal cloud area, we will change the
figure and its description.745

Author’s changes in the manuscript: See Figure 1 (b) and Sect. 3.2.2, lines 170-175: "he shape of each cloud
is characterised using the best-fitting ellipse (Ganetis et al., 2018). We then calculate the aspect ratio — i.e.,
the ratio of the major to minor axis lengths. If the major axis is more than 75 % longer than the minor axis,
we classify the cloud as elongated (Cui et al., 2021). The orientation of the major axis provides the direction
of elongation, which guides the search for potential split locations. Next, we examine the aggregated 2D cloud750

area along this direction and analyse the area distribution to detect change points."

• L204: “, e.g.”
Author’s response: Will be changed.
Author’s changes in the manuscript: We removed the sentence from the manuscript as it seemed to be
repetitive to the introduction in Sect. 1, lines 54-66.755

• L206-209: Although important, this information is already addressed in the introduction, so can be removed to
make the paper more succinct
Author’s response: Thanks for the suggestion, we remove the sentences.
Author’s changes in the manuscript: See above, we removed the sentences as they may be found in the
introduction, lines 54-66.760

• L240: Morocco
Author’s response: Will be corrected.
Author’s changes in the manuscript: Sect 4.1, line 269, "While regions over Morocco and Mauritania showed
radar reflectivity > 0 dBZ, no vertically continuous convective systems were identified there."

• L271: Replace “connected” with “associated with”765

Author’s response: Will be changed.
Author’s changes in the manuscript: Sect. 4.1, lines 293-294: "The analysis of core properties (Figure 8)
shows average core lifetimes of 0.3–0.4 hours for single-core clouds, increasing to about 0.8 hours for clouds
with more than 10 cores (Figure 8, a). "

• L273: Replace “come along” with “associated with” or an alternate phrase.770

Author’s response: Will be changed.
Author’s changes in the manuscript: Sect. 4.1, line 297-299: "Core height and distance between cores both
increase with core count (Figure 8, d–e). The largest distances, which may indicate the least compact core
morphology, occur for clouds with 10 and more cores (Figure 8, e)."

• L273: By more extensive, you mean larger horizontal area, not more extensive in the vertical direction? Please775

clarify.
Author’s response: Yes, the sentence refers to a larger horizontal area. We change the text to be more clear.
Author’s changes in the manuscript: Sect. 4.1, lines 295-297: "Core area is slightly larger for single-core
clouds than for those with 2–9 cores but increases considerably for clouds with 10 and more cores. For single-
core clouds, we detect a larger core area over the ocean, while cores for multi-core clouds are larger over land780

(Figure 8, c)."

• L274: Please modify the phrase “increases stronger”.
Author’s response: We will change the text.
Author’s changes in the manuscript: See comment above, lines 295-297: "Core area is slightly larger for
single-core clouds than for those with 2–9 cores but increases considerably for clouds with 10 and more cores.785

For single-core clouds, we detect a larger core area over the ocean, while cores for multi-core clouds are larger
over land (Figure 8, c)."

• L300: Does “temporal shift of the afternoon peak” mean that the peak occurs later in the day?
Author’s response: Yes, that’s we wanted to state. We change the text to be more clear.
Author’s changes in the manuscript: We revised the description of Figure (now) 10 in Sect. 4.2.1, lines 314-790

324: "We analyse the diurnal cycle of cloud properties for single-core and multi-core clouds over land and ocean
by computing a 2D density distribution displaying hourly changes of the cloud properties. Figure 10 illustrates
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these variations in cloud lifetime (a–d), cloud area (e–h), and radar reflectivity at 10 km height (i–l). Over land,
single-core clouds show an afternoon peak (12:00–16:00 UTC) in both radar reflectivity and cloud area, while
cloud lifetime displays two peaks: one at night and one in the morning (Figure 10, b, d). Over the ocean, the795

diurnal cycle is weaker or less distinct. Cloud lifetime lacks a clear diurnal peak (Figure 10, a, c), whereas cloud
area and reflectivity show nocturnal and daytime peaks (Figure 10, e, i, k). Despite similar diurnal patterns for
the cloud lifetime and radar reflectivity, multi-core clouds consistently exhibit higher mean values than single-
core clouds. These differences may reflect environmental contrasts between land and ocean. As suggested by
Cui et al. (2021), local circulations over land in the tropics often trigger afternoon convection, producing the800

observed peaks in Figure 10 (f), (h), and (j). In contrast, more constant ocean temperatures may suppress strong
diurnal variations (Figure 10, a, c, g)."

• Figure 9: Add units to the “Cloud lifetime” axis.
Author’s response: We will add units, will be changed to "Cloud lifetime [h]".
Author’s changes in the manuscript: See (now) Figure 10, a-d: "Cloud lifetime [h])" in Sect. 4.2.1805

• Figure 10: Label axis "core eccentricity" for consistency.
Author’s response: We will change the label.
Author’s changes in the manuscript: Sect. 4.2.1, (now) Figure 11, replaced core eccentricity with core height
in this figure

• L371: Can delete sentence beginning with “Clustered clouds. . . ” because this was implied from the previous810

sentence.
Author’s response: We agree and remove the sentence in the revised manuscript.
Author’s changes in the manuscript: See Sect. 4.3.2, lines 447-450: "Throughout the study period, single-
core clouds consistently show higher reflectivity gradients and vertical growth, while multi-core clouds exhibit
greater area growth. Though the surface type may influence these statistics, the observed effect in our study815

remains relatively small. In contrast, the number of cores plays a more substantial role in shaping the cloud
life-cycle."

• Figure 15: Make the y-axes ranges consistent between single and multiple DCCs so it is easier to compare
them.
Author’s response: We change the axes to cover the same range.820

Author’s changes in the manuscript: Sect. 4.3.2, (now) Figure 16 and 17 have consistent y-axes for the three
life-cycle statistics (10-16 dBZ, 20-50 %, 5-10 km)

• L378: In addition to specific horizontal or vertical dimension, you can also include that there is a limitation in
the temporal dimension if trying to exclusively use CloudSat data.
Author’s response: Thank you for your suggestion, we add some details in the text.825

Author’s changes in the manuscript: See Sect. 1, lines 56-58: "Active and passive sensors contain important
vertical or horizontal information, but are limited in their spatial and temporal coverage (active) or offer only an
approximation of the vertical column (passive) (Masunaga and Luo, 2016; Taylor et al., 2017)."
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