
Response

We thank the reviewer for reviewing our manuscript and providing such thorough and constructive 
suggestions. We have considered the comments carefully and have made appropriate changes to the 
manuscript. Please find below a detailed point-by-point response to all comments. 

General Comments

- The manuscript would greatly improve by being more concise and more fluent. Paragraphs 
are often stand-alone and not well connected into the flow of the manuscript. An example is 
for example the 3rd and 4th paragraph in the introduction that mainly review cloud 
controlling factors and aerosols without being a strong part of the motivation of the 
manuscript.

We revised the manuscript following the suggestion and comments. The controlling factor 
paragraph has been rewritten with inclusion of new studies from the EUREC4A. The aerosol 
paragraph has been deleted as suggested. 

- Please gear towards modelers and emphasize that this is observational work. The 
manuscript should provide clear key parameters and their values. While this is a case study 
and cannot be generalized, key parameters of each stage in the life-cycle shall be summarized.
This boils down to the question of what added-value does this manuscript provide if someone 
wants to set-up and compare their simulation with observations or study their dynamics more 
generally.

It was always the intention to gear towards modellers and we thought this was clear. However, we 
appreciate your concern. It should be noted too that observations are limited, even with the many 
measurements made in EUREC4A. We have edited the document and added information. The focus 
of the revised version is more specific. For example, the controlling factors are limited to the 
relevant ones. Besides, the variations of the cloud top height and the area of the flower can be used 
for the comparison between the modelling results and the observations. The development of the 
raindrops in the central part of the flower is a feature for modellers to compare. 

- The manuscript would greatly benefit by being carefully read by an English native speaker 
(e.g. one of the co-authors).

All the co-authors have read through the manuscript and they are happy with the language and 
grammar. 

- Plenty of studies came out of the EUREC4A field campaign and several of these touch on 
aspects of this study as well, in particular Feb 2. The manuscript would greatly improve if it 
would embed previous results to strengthen its hypotheses. Examples are the mesoscale 
circulations and subsidence measured by George et al. (2023), the cold pool analysis by Touze-
Pfeiffer et al. (2022) and the radiative cooling profiles by Albright et al. (2021). All of these 
studies present observations of Feb 2nd and are hardly mentioned in this manuscript. Cold 
pool dynamics that Dauhut et al. (2023) for example mentioned are described but hardly 
discussed in terms of their potential role although they seem to be essential for this pattern.

The paragraphs between Lines 76 and 98 have been replaced by the following.

Klein et al. (2017) made a thorough review of low-cloud controlling factors. They found that a 
strengthened inversion stability reduces mixing across the  inversion and keeps the boundary layer 



shallower, more humid and cloudier. Mieslinger et al. (2019) also identified the atmospheric 
controls on the behaviour of shallow cumulus. They found that the surface wind speed was the most
dominant control factor, much greater than others, such as lower tropospheric stability, subsidence ‐
rate, sea surface temperature, total column water vapor, wind speed, wind shear, and Bowen ratio. 
The mesoscale organization of precipitating shallow cumulus was examined by Seifert and Heus 
(2013). They simulated the formation of cold pools due to evaporation of raindrops and found 
precipitation was required for aggregation. However, Bretherton and Blossey (2017) suggested that 
precipitation and mesoscale feedbacks are important but not essential for the self-aggregation of 
shallow cumulus. So the role of precipitation in aggregation is currently unclear. 

The following has been added. 

Several EUREC4A -based studies have focused on various aspects of shallow cumulus organization 
using information gathered during the field campaign, including the mesoscale organization, cold 
pool dynamics, radiative cooling profiles, and cloud cover variability. Narenpitak et al. (2021) 
studied the transition of trade cumulus organization on 2 February 2020 and emphasized the role of 
mesoscale total water convergence and large-scale upward motion. Dauhut et al. (2023) simulated 
the 2 February flower and found organized updraughts in an arc with the highest rain rates to the 
upwind side similar to a mesoscale convective system (MCS) with trailing stratiform. Touzé-Peiffer
et al. (2022) developed a method to detect cold pools using atmospheric soundings and found that 
cold pools manifested temperature drops of 1 K relative to the environment together with ∼
moisture increases of 1 g kg∼ −1 and were accompanied by mesoscale cloud arcs. Albright et al. 
(2021) calculated radiative profiles from the HALO (High Altitude and Long Range Research 
Aircraft) soundings and highlighted the diurnal variations and individual variability associated with 
elevated moisture layers. George et al. (2023) found the existence of shallow mesoscale overturning
circulations which influence subcloud layer drying efficiency, resulting in moist ascending and dry 
descending branches. Schulz and Stevens (2023) explored mesoscale variability in the trade-wind 
layer using large-eddy simulations and validated their results against EUREC4A observations. In 
their simulations, the simulated flowers did not appear as large round cloud systems but as scattered
shallow cumuli like sugar clouds. They suggested that the primary cause lies in the inability of the 
simulations to reproduce the observed presence of stratiform layers associated with the flowers.

- The aerosol section is very limited and less mature. I would encourage the authors to exclude
any aerosol related analysis from this study.

The aerosol section has been deleted. 

- Precipitation, which is closely connected to cold pools and has been pointed out to correlate 
with Flowers has been mostly ignored. An analysis of the precipitation, e.g., from satellite 
products or research vessels equipped with radar (e.g. Fig 8 of Touze-Pfeiffer et al. (2022)) 
should be included.

We have carefully checked the radar dataset used in Touze-Pfeiffer et al. (2022). Their Figure 8 
captured the only short period of precipitation on 2 February 2020. We also have explored the data 
availability of the ground-based radar, POLDIRAD. Unfortunately, the radar only operated after 2 
February 2020. It is well known that satellites do not provide satisfactory precipitation retrievals of 
shallow cumulus clouds. The precipitation data used in the winter trades over the EUREC4A region 
is mainly from the Micro Rain Radar measurements (e.g., Schulz et al., 2021; Vial et al., 2021). 

Specific comments



- Consider capitalizing the mesoscale pattern names and make them italic for better 
readability

The co-authors thought that it would be good to keep using names without capitalizing or italicizing
them. 

- A reference to the PMA instrument suit and its measurements is missing in the data section.

The paper, EUREC4A observations from the SAFIRE ATR42 aircraft, Earth Syst. Sci. Data, 14, 
2021–2064, https://doi.org/10.5194/essd-14-2021-2022, 2022 by Bony et al., has been added. This 
paper has a section on PMA composites. The following has been added in the data section. 

The French SAFIRE ATR aircraft flew mainly in the sub-cloud layer and near the cloud base level 
to carry out cloud microphysics, aerosol and many other atmospheric measurements. (Bony et al. 
2022). Among the cloud instruments were the cloud droplet probe (CDP-2) and the 2D stereo probe 
(2D-S) on the Microphysics Airborne Platform (PMA dataset, Coutris 2021). The drop size 
distributions from the CDP-2 and 2D-s were combined to produce a single composite distribution 
from 2 µm to 2.55 mm with resolutions varying from 1 – 2 µm  up to 43 µm, through 10 µm up to 1 
mm, to 100 µm from 1.05 to 2.55 mm. The liquid water content (LWC) and the median volume 
diameter (MVD), defined as the median of the cumulative mass size distribution, were derived from
the composite size distributions.  Wind components were measured with a five-hole radome nose 
(SAFIRE-CORE dataset, TRAMM et al. 2021). More information on the observations, including 
the flight pattern and instrumentation, can be found in Bony et al. (2022).

- Further, the manuscript mentions the SAFIRE-CORE dataset, which should be cited and 
explained in the data section as well.

“The French SAFIRE ATR aircraft flew mainly in the sub-cloud layer and near the cloud base level 
to carry out cloud microphysics, aerosol and many other atmospheric measurements. The 
observations, including the flight pattern and instrumentation, from the ATR aircraft during the field
campaign can be found in Bony et al. (2022).” has been changed to “The French SAFIRE ATR 
aircraft flew mainly in the sub-cloud layer and near the cloud base level to carry out cloud 
microphysics, aerosol and many other atmospheric measurements (Bony et al. 2022). Among the 
cloud instruments were the cloud droplet probe (CDP-2) and the 2D stereo probe (2D-S) on the 
Microphysics Airborne Platform (PMA dataset, Coutris 2021). The drop size distributions from the 
CDP-2 and 2D-s were combined to produce a single composite distribution from 2  µm to 2.55 mm 
with resolutions varying from 1 – 2  µm  up to 43 µm, through 10 µm up to 1 mm, to 100 µm from 
1.05 to 2.55 mm. The liquid water content (LWC) and the median volume diameter (MVD), defined
as the median of the cumulative mass size distribution, were derived from the composite size 
distributions.  Wind components were measured with a five-hole radome nose (SAFIRE-CORE dataset, 
TRAMM et al. 2021).. More information on the observations, including the flight pattern and 
instrumentation, can be found in Bony et al. (2022).”

- Data availability section:

Please provide DOIs to the specific datasets used. URLs are not a permanent identifier and, in
this case, do not point to the specific versions used.
DOIs of GOES-16 products used
DOI of SAFIRE-CORE dataset if it has been used as indicated in the manuscript
DOI of ERA5 hourly data product
Any additional datasets



The DOIs have replaced the URLs except GOES 16 because GOES 16 datasets were moved to  
Amazon Web Service and the doi of this dataset could not been found. We have changed the data 
availability as follows: “GOES-16 data was accessed from https://registry.opendata.aws/noaa-goes. 
The MODIS bands 1 and 3 – 4 can be found at doi:10.5067/MODIS/MOD02QKM.061 and  
doi:10.5067/MODIS/MOD02HKM.061, respectively. The dropsonde dataset is available at 
https://doi.org/10.5281/zenodo.4746312. The SAFIRE-CORE and PMA/Cloud composite datasets 
from the  SAFIRE ATR42  can be found at https://doi.org/10.25326/298 and 
https://doi.org/10.25326/237, respectively.  The ERA5 datasets can be downloaded from the 
Copernicus Climate Change Service (C3S) Climate Data Store (CDS), DOI: 
10.24381/cds.adbb2d47. All the above datasets were accessed on 07-11-2023.”

Code to reproduce results and figures is missing

We have added the code availability in the revised version. 

- The number of figures needs to be drastically reduced. A few suggestions are proposed in the
figure specific comments, but additional deletions/merges or moves to the supplement would 
benefit the focus of this manuscript.

Figures 11-12 have been combined. Figures 18-20 have been merged. We have plotted a new figure 
which simplified and combined Figures 21-24. The four figures have been replaced by the new 
figure. Figures 25-26 have been deleted. In total, the figure number has been reduced from 26 to 15.

- The manuscript is studying the life cycle of a cloud system within a Flowers pattern, which 
according to Vial et al. (2019) undergoes a diurnal cycle. However, the analysis here uses the 
foundation temperature of ERA5 which is lacking a diurnal cycle. Using the skin temperature
might improve some of the robustness of arguments and should be used here instead. In-situ 
observations from ships would be even better.

We have examined the skin temperature and it did not make much difference between the skin 
temperature and the SST patterns. The reason for using SST can be seen in the reply to “L. 351: 
What do change in boundary layer height due the authors expect from a change in sea surface 
temperature of 0.3K? It would be good to include here the CTH estimates from the satellite 
measurements and how much they changed to combine this paragraph with the earlier sections.”

The ship observation only cover a short period of the flower life-cycle. Please see the reply to 
“Precipitation, which is closely connected to cold pools and has been pointed out to correlate with 
Flowers has been mostly ignored. An analysis of the precipitation, e.g., from satellite products or 
research vessels equipped with radar (e.g. Fig 8 of Touze-Pfeiffer et al. (2022)) should be included.”

- Dropsonde analysis section:

Here would be a good point to reference George et al. (2021)

The following has been added in the data section, which cites the paper by George et al. (2021).

Dropsondes are useful to measure the vertical profiles of atmospheric parameters and to derive the 
areal-mean mass divergence from a series of dropsondes along a circular pattern over oceans during
airborne field campaigns (e.g., Bony and Stevens, 2019). The same sampling strategy was adopted 
in the EUREC4A campaign (Konow et al., 2021). There were 76 dropsondes with good quality, and 
most of them were dropped along a circle of ~222 km in diameter and some of them fell within the 
circle. George et al. (2021) described the details of the Joint dropsonde Observations of the 



Atmosphere in tropical North atlaNtic meso-scale Environments (JOANNE), including the type, the
resolution and the performance of the dropsondes. 

L. 351: What do change in boundary layer height due the authors expect from a change in sea 
surface temperature of 0.3K? It would be good to include here the CTH estimates from the 
satellite measurements and how much they changed to combine this paragraph with the 
earlier sections. 17 dropsondes have been selected but only 4 were mentioned in the 
manuscript (W1 – W4). All information about grouping and soundings at N, E, S end of the 
circle can therefore be discarded, including Fig. 17.

Only the dropsondes at the West have been included in the revised version. Figure 17 has been 
deleted. 

Fig. 18 c can be combined with Fig. 20, while Fig. 18 a,b,d can be deleted

Figure 18c has been combined with Fig. 20, while Figures 18 a,b,d have been deleted. 

Line by line comments

L. 55: …inversion and keeps the boundary layer….

“which reduces mixing across inversion keeps boundary layer shallower” has been deleted to focus 
only on the relevant factors. 

L. 58: please use the word cloudiness instead of cloud

“increases cloud” has been deleted to focus only on the relevant factors.

L. 64: Aerosol is an other controlling….

The aerosol is no longer a part of this paper. Please see the reply to the general comments on 
aerosol. This paragraph has been removed. 

L. 70: The work of Mieslinger et al. (2019) would better fit into the previous paragraph and 
should be better integrated there.

The paragraph on aerosol has been deleted. Please see the reply above.  

The following has been added to the previous paragraph.  

Mieslinger et al. (2019) also identified the atmospheric controls on the  behaviour of shallow 
cumulus. They found that the surface wind speed was the most dominant control factor, with a 
much greater influence than other factors, such as lower tropospheric stability, subsidence rate, sea ‐
surface temperature, total column water vapor, wind speed, wind shear, and Bowen ratio. 

L.86: …edge only of one Flower cloud patch with the highest…

“edge only of the flower cloud with the highest rain rates and the largest cloud liquid water content”
has been deleted to focus only on the relevant factors.

L. 95: The Trade wind Alley is a jargon word that seems to be better described here by 
“downstream trades”



“The Trade wind Alley” is the terminology used in overview paper of EUREC4A by Stevens et al. 
(2021). However, this has been replaced by downstream trades as the reviewer suggested. 

L. 101: “the life cycle of an individual flower system has not been examined”. While this is 
true, the work of Dauhut et al. (2023) and Narenpitak et al. (2021) should definitely be 
mentioned here. It should also be emphasized that this study uses observations.

A paragraph has been added above the line on the EUREC4A -based studies. 

L.102: The outlook to “investigate favorable and unfavorable conditions for this flower 
system” is not given in the manuscript. Only one cloud system is observed and neither 
sensitivity runs are made nor are a significant number of cloud systems observed to correlate 
the cloud pattern with cloud controlling factors.

“investigate favorable and unfavorable conditions for this flower system” has been changed to 
“investigate environmental conditions along the trajectory of the system using reanalysis data”

L.108: Switch “Geostationary Operational Environmental Satellite-16 (GOES-16)” with 
“Advanced Baseline Imager (ABI)”. It’s the imager which provides images and not the 
satellite itself.

It has been switched. 

l. 115: please add a reason for why band 14 has been used which is not in the clean infrared 
window but is affected by water vapor.

The air above the marine boundary layer in this case was very dry. The relative humidity was below
10% at 700 hP and about 20% at 750 hPa. The moisture impact was insignificant. The brightness 
temperature threshold of 290 K using this band for plotting Figure 2 produced the same result as in 
Figure S2 of Bony et al. (2020) using the other band.

l.118: please provide a reference for the mentioned algorithms

The following has been added in the data section. 

Cloud-top properties are retrieved from the ABI sensor onboard GOES-16 using the GOES-R 
Algorithm Working Group (AWG) cloud height algorithm (ACHA) as described by Heidinger et al. 
(2020). The baseline ACHA simultaneously estimates cloud-top temperature, cloud emissivity at 
11.2 μm, and a cloud microphysical index. Cloud-top height (CTH) is derived from cloud-top 
temperature using numerical weather prediction profiles. Although the baseline ACHA product has 
been thoroughly validated (Vaughan et al., 2009), it is still subject to errors associated with the 
assumption of constant emissivity, the assumption of a thin cloud layer, the presence of a lower 
cloud layer,  an inaccurate estimate of the surface temperature, an inaccurate estimate of the 
temperature profile, and/or instrument noise (Menzel et al., 2015). The uncertainty is noticeable 
when clouds are optically thin, and/or the underlying opaque layer is in the middle troposphere, 
and/or the surface temperature estimate does not track surface temperature change.

The ABI Level 2 Cloud Particle Size (CPS) product provides the effective radius of the particles in 
a single cloud layer. Different algorithms are used for daytime and nighttime conditions. The 
retrieval of daytime cloud optical and microphysical properties is extensively explained in Walther 



and Heidinger (2012) and in the Algorithm Theoretical Basis Document by Walther et al. (2013). 
This methodology relies on measurements obtained from two distinct channels: one operating in the
visible range as a non-absorbing window channel and another in the near-infrared part of the 
spectrum, which is weakly absorbing. Optical thickness is primarily determined through the visible 
channel's reflectance, but the absorption channel furnishes additional insights into absorber volume,
enabling the estimation of an effective particle size. Furthermore, it indirectly aids in adjusting 
cloud optical depth (COD) estimates by accounting for variations in the phase function due to 
changes in forward-scattering direction resulting from differing particle sizes.

l.137: The circling strategy of the EUREC4A flights has not been used here and is 
unimportant for this manuscript. Please leave this out and rather explain how the inversion 
base and inversion top are derived from the dropsonde dataset.

Lines 136-139 have been deleted. For the explanation on how the inversion base and inversion top 
are derived from the dropsonde dataset, please see the reply to “L. 305: how are inversion top and 
inversion base derived from the dropsonde data? Please add this information to the data section.”

L.137: George et al. (2021) seems to be a better reference to the JOANNE dropsonde dataset. 
If JOANNE has not been used here, it should be justified.

George et al. (2021) has been referenced. Please see the reply to Dropsonde analysis section: Here 
would be a good point to reference George et al. (2021). 

L.142: …aerosol and among other atmospheric measurements….

This paragraph has been changed to “The French SAFIRE ATR aircraft flew mainly in the sub-
cloud layer and near the cloud base level to carry out cloud microphysics, aerosol and many other 
atmospheric measurements. Among the cloud instruments were the cloud droplet probe (CDP-2) 
and the 2D stereo probe (2D-S) on the Microphysics Airborne Platform (PMA). The drop size 
distributions from the CDP-2 and 2D-s were combined to produce a single composite distribution 
from 2  µm to 2.55 mm with resolutions varying from 1 – 2  µm  up to 43 µm, through 10 µm up to 
1 mm, to 100 µm from 1.05 to 2.55 mm. The liquid water content (LWC) and the median volume 
diameter (MVD), defined as the median of the cumulative mass size distribution, were derived from
the composite size distributions.  Wind components were measured with a five-hole radome nose. 
More information on the observations, including the flight pattern and instrumentation, can be 
found in Bony et al. (2022).”

L.151: The C3ONTEXT dataset of Schulz (2022) could serve as a reference here to support 
the presence of a Flowers pattern.

This paper has been cited. The sentence has been changed to “So-called flower clouds (Bony et al. 
2020; Schulz, 2022) were evident around 60 °W, near Barbados.”

L.158: …GOES-16 ABI IR channel… it is the IR channel of the ABI and not GOES-16. Please
adapt all occurrences in the script.

The Channels are described in the Datasets. 

For clarification, ABI has been added in all occurrences in the revised manuscript. 

L. 159: see above



Added.

L.158: brightness temperature would be more informative and intuitive then radiance, 
especially with respect to model simulations. Please convert the radiances in the script to 
brightness temperatures.

Yes, the radiance has been converted to brightness temperature for the IR images. Figure 2 has been
replotted using the brightness temperature. 

L.168: “Other studies used modified…”. Unimportant references as only the Houze (2004) 
will be used. Consider writing “We adapted this system here under the assumption that 
Flowers are MCSs following Dauhut et al. (2023)”

“Other studies used modified stages, for example, four stages ( convective initiation, genesis, 
mature, and decay) by Coniglio et al. (2010), and five stages (two growing stages (40% and 80% of 
its maximum area), a mature stage, and two dissipating stage (80% and 40% of its maximum area)) 
by Wall et al. (2018).” has been deleted. 

L.171: …divided into those three stages and based mainly on the area of the system.”

Corrected.

L. 178: … and highest inversion top (~3100m) was determined by…

Corrected.

L.179: 19 UTC

Corrected.

L.196: 0720 – 0820 UTC (separation is not visible at 0800 UTC)

Corrected.

L.197: Figures 7a-7d).

Corrected.

L.198: …The area to the east…

It is indeed the area of the east cluster.

L. 199: “the two cloud regions merged at about 11 UTC.” This is vague and could be more 
specific. The clouds seem clustered already in 7a s there is no clear-sky separating them. 
Maybe one could say that by 11UTC a common stratocumulus has been developed.

“the two cloud regions merged at about 11 UTC” has been changed to “By around 11 UTC the 
stratiform in the detrainment layer of the two clouds had developed.” 

L. 215: Units are weirdly formatted here and throughout the manuscript. Please use the same 
font for μ as for other characters.



Yes, all characters are formatted in the same way in the revised version. 

L. 240: the “mean volume diameter” needs to be better defined as well as the entire PMA 
observations. A good place for this would be the data section.

The following has been added in the data section. 

The French SAFIRE ATR aircraft flew mainly in the sub-cloud layer and near the cloud base level 
to carry out cloud microphysics, aerosol and many other atmospheric measurements. (Bony et al. 
2022). Among the cloud instruments were the cloud droplet probe (CDP-2) and the 2D stereo probe 
(2D-S) on the Microphysics Airborne Platform (PMA dataset, Coutris 2021). The drop size 
distributions from the CDP-2 and 2D-s were combined to produce a single composite distribution 
from 2 µm to 2.55 mm with resolutions varying from 1 – 2 µm  up to 43 µm, through 10 µm up to 1 
mm, to 100 µm from 1.05 to 2.55 mm. The liquid water content (LWC) and the median volume 
diameter (MVD), defined as the median of the cumulative mass size distribution, were derived from
the composite size distributions.  Wind components were measured with a five-hole radome nose 
(SAFIRE-CORE dataset, TRAMM et al. 2021). More information on the observations, including 
the flight pattern and instrumentation, can be found in Bony et al. (2022).

L. 250: where does the vertical velocity and LWC come from? Please define this in the data 
section.

See the reply above (i.e., L240). 

“The core data of SAFIRE ATR42 data can be found at https://doi.org/10.25326/298” has been 
added in the data availability. 

L. 250: at which altitude did the airplane sample these measurements? Was the flight level 
constant (above sea level or pressure)?

The following information has been added. 

The aircraft passed the first three clouds at 1100 m above sea level before ascending from 2040 m 
to 3060 m across the fourth cloud. 

L. 250: Figure 12 has been taken at 15 UTC, when the ATR has finished n2, which let me 
conclude that the highest values of LWC and upward motion were recorded at the WESTERN
side of the cloud system, which would be in agreement with Dauhut et al. (2023).

Figure 12 shows the MVD in n4 was smaller than that in n3, but the LWC values of n3 and n4 were 
similar (Figure 12), which indicates that the precipitation in n4 was much weaker although the 
sampling in n4 was taken at higher altitude. The updraughts in n4 were much weaker compared 
with in n1 – n3. It is hard to say if the observation is in agreement with Dauhut et al. (2023).

L. 251: this is too vague.

It has been changed to “The observations show a different picture than the one of a classical 
mesoscale convective system described by the LES (Large Eddy Simulation) modelling study of 
Dauhut et al (2023) where the small-scale cumulus clouds were found on the western side of the 
cloud system only and not throughout much of the area of the system.” 

L. 305: how are inversion top and inversion base derived from the dropsonde data? Please 
add this information to the data section.



The following paragraph has been added in the methodology section.

The vertical structure of the trade-wind regions is mainly characterized by a sharp inversion in 
temperature at the boundary layer top. The inversion base was manually examined and determined 
as the bottom of the major layer in which the temperature increases with altitude, whilst the 
inversion top as the bottom of the layer just above the inversion in which the temperature decreased 
with altitude. 

L. 351: What do change in boundary layer height due the authors expect from a change in sea 
surface temperature of 0.3K? It would be good to include here the CTH estimates from the 
satellite measurements and how much they changed to combine this paragraph with the 
earlier sections.

As stated by Desbiolles et al. (2018), mesoscale SST variability plays an important role in shaping 
local atmospheric boundary layers through thermodynamic processes. However, it is very difficult 
to estimate the changes in the marine boundary layer height (MBLH) due to SST changes because 
the MBLH is also affected by other factors or processes, for example, the co-variation of surface 
wind speed and sea surface temperature (He and Lin, 2019), and the decoupling of the boundary 
layer (Wood and Bretherton,2004). An estimation requires a model with good representation of all 
processes across the surface and within and above the boundary layer (e.g., Sullivan et al., 2021), 
which is beyond the scope of this paper. However, Chen et al. (2023) explored the influence of 
minor SST anomalies at the submeso- to meso-scale level on the daily average of trade cumulus 
cloudiness. Their investigation relied on satellite observations, which were validated against ship-
based measurements collected during the Atlantic Tradewind Ocean-Atmosphere Mesoscale 
Interaction Campaign (ATOMIC), conducted in conjunction with the EUREC4A field campaign. 
Their findings highlighted that localized variations in SST have the potential to influence daily 
cloud cover, with the primary driving force being the spatial diversity in surface-induced turbulence
and surface heat flux, rather than the effects of surface or boundary layer convergence.

Figures 23, 25, and 26 have been removed.  Figures 21,22, and 24 have been simplified and merged
to a single figure. The text in Section 6 has been rewritten. The sentences starting from Chen et al. 
(2023) has been used in the new Section 6. 

L.369: please mention why these two levels are chosen. Are these inversion top and inversion 
base?

Figures 23, 25, and 26 have been removed.  Figures 21,22, and 24 have been simplified and merged
to a single figure. The text in Section 6 has been rewritten. Therefore, Lines 355 to 444 were 
deleted. As a result, there are not responses to comments below on Lines 355 – 444. 

L.371: it should be noted that the dropsondes were assimilated

Please see reply to Line 369. 

L.372: is this the absolute difference? Please clarify.

Please see reply to Line 369. 

L.380: “…revealed that the air above the cloud top descends along the downshear side of the 
cloud edge”. Overlying in my head to position of W4 and the cloud top height product, W4 
does not seem to be in the downstream location but rather right in the convective core. 



Indicating the dropsonde positions in e.g. Fig. 13 would help to make or dispute this claim
more objectively.

Please see reply to Line 369. 

L.381: The radiative heating profiles of EUREC4A have been calculated by Albright et al. 
(2021) and should be checked if they support the radiative cooling hypothesis.

Please see reply to Line 369. 

The net radiative cooling of W4 has been plotted. It supports the radiative cooling hypothesis. 

L.426 ff: This paragraph is mostly literature review and proposes vague future analysis for 
aerosol studies which have only touched upon at the beginning of this paragraph. To make the
manuscript more concise this paragraph and all aerosol analysis can be removed.

Please see reply to Line 369. 

L.465: without denial experiments this is speculation

Because of the reduction in figures and shortened as suggested by the reviewer, the discussion on 
AOD and TPW has been removed. The sentence “Other conditions that favoured the cloud 
development included the enhanced moisture around the flower and the increasing aerosol
optical depth near Barbados.” has been deleted. 

L. 481: …The data measured by HALO are openly available at the …

In the data availability section, the HALO part has been changed to “The dropsonde dataset is 
available at https://doi.org/10.5281/zenodo.4746312.” Please see the reply to the Data Availability 
above. 

L. 465: “conditions that favored the cloud development included the enhanced moisture 
around the flower and the increasing aerosol optical depth near Barbados”:

Whether these conditioned favored the cloud development is speculation, these factors might 
just coexist by chance, especially so for the AOD

Could it not be that the Flower itself and their mesoscale circulations create these enhanced 
moisture structures?

The sentence has been deleted. Please see the reply to “Line 465: without denial experiments this is 
speculation”.

L. 468: This outlook includes a lot of elements that are already used in this study, like aircraft 
measurements and in-situ measurements of cloud microphysics. What specifically are the 
authors missing and hope to find in a second revision of these observations. Couldn’t those 
features be described in this manuscript so that a future study can focus solely on the 
dynamics?

The paragraph has been changed to “Future analysis will help to understand the internal structure of
the flower and the microphysical processes in the life cycle of the flower. Aircraft measurements 
and radar observations may help to clarify some features which cannot be generalized from a case 

https://doi.org/10.5281/zenodo.4746312


study alone reveal some interesting features. For example, whether did the flower system operated 
as a large cloud in the mature stage and whether the cloud arcs were produced by one strong 
downdraught in the dissipating stage?”

What are “interesting features”? This goes back to the question what the main goal and 
audience of this manuscript is.

It has been changed to “Aircraft measurements and radar observations may help to clarify some 
features which cannot be generalized from a case study alone. For example, did the flower system 
operated as a large cloud in the mature stage and were the cloud arcs were produced by one strong 
downdraught in the dissipating stage?”

Figures

Figure 1:
The synoptic chart with its fronts and coastlines does not match the underlying satellite 
image. Geographic features do not align. Please indicate whether this is an AQUA or TERRA 
overpass Please indicate the time of the overpass and the surface analysis chart

The figure has been rearranged so that the coastlines match the underlying satellite image.

It was the TERRA overpass and we have added it and its overpass times as well as the surface chart 
time in the caption. 

Figure 2:
…GOES-16 ABI imagery… Please add ABI here and in all other figure captions where 
applicable Mixture of millimetre and micronmeter is confusing. For better comparison with 
models the radiances should be converted to brightness temperatures and included as a 
legend

The radiance has been converted to brightness temperature, and a new figure of the brightness 
temperature has replaced the old one.  

The subplots change size. This should be pointed out or be adjusted.

Yes, we have changed the caption of the figure. 

Figure 2: Time sequence of GOES-16 ABI imagery of the infrared 11.2 μm band every three hour 
from 0300 to 1800 UTC on 2 February 2020. The red curve represents the brightness temperature of
290 K. Please note the change in subplot size. 

Figure 3:
…in Figure 2, and …

We have changed the caption to “Figure 3: Temporal variation of (a) the area of the cloud system 
which is defined by the enclosed area with the red curve in Figure 2, and (b) the mean cloud top 
height of the cloud system.”

Figure 4:
Please indicate whether this is UTC or local time

The x-axis label has been changed to UTC.



Unit and label are missing in colorbar

The unit and label have been added in the new figure.

It should be made clear that the CTH is derived from satellite products and is therefore 
affected by attenuation. E.g. the frequencies after 14 are dropping at below 2km presumably 
due to attenuation of the layers above. This should be emphasized as the paper will be a
resource for models.

The sentence “Cloud top height (CTH) is retrieved with an algorithm using ABI infrared bands.” 
has been replaced by  “Cloud-top properties are retrieved from the ABI sensor onboard GOES 16 
using the GOES-R Algorithm Working Group (AWG) cloud height algorithm (ACHA). The 
baseline ACHA simultaneously estimates cloud-top temperature, cloud emissivity at 11.2 μm, and a 
cloud microphysical index. Cloud-top height is derived from cloud-top temperature using numerical
weather prediction profiles. Although the baseline ACHA product has been thoroughly validated 
(Vaughan et al., 2009), they are still subject to errors associated with the assumption of constant 
emissivity, the assumption of a thin cloud layer, the presence of a lower cloud layer,  an inaccurate 
estimate of the surface temperature, an inaccurate estimate of the temperature profile, and/or 
instrument noise (Menzel et al., 2015). The uncertainty is noticeable when clouds are optically thin, 
and/or the underlying opaque layer is in the middle troposphere, and/or the surface temperature 
guess does not track surface temperature change.” 

Figure 6:
Please improve the aspect ratio to 1:1 for longitude and latitude so that the cloud field is not 
skewed The colorbar ticks are not meaningful and too precise. It would help to interpret the 
satellite images better by marking typical cloud top heights at the lifting condensation level 
and inversion height. A sequential colormap would help aid the reader to better distinguish 
the heights and in particular their differences. Labels of the lat-lon grid are too small Turn off 
the interpolation of the observations to reduce the number of introduced artefacts.

The figure has been replotted so that aspect ratio is 1:1. The colourbar has been changed to 500 – 
400 m with an interval of 500 m. Both the lifting condensation level and the inversion height are  
functions of time, longitude, and latitude. Unfortunately, we do not have the data to calculate those 
levels. The labels have been increased. 

Caption: …cloud top height product between…
Figure 6: Time sequence of GOES-16 ABI cloud top height product between 0000-1100 UTC. The 
region is between 60 °W – 54 °W and 12 -14 °N.

Figure 7:
It would be helpful to see the radiance threshold lines here as well, in particular to better 
follow the merging argument of the cloud cells

The figure has been replotted, and the brightness temperature threshold lines have been added. The 
aggregation can be seen in this figure. 

Figure 8:
Change colorbar positions so they match the image columns (e.g. switch optical depth and 
cloud top height) Include radiance threshold outline Switch off interpolation of the values 
here and in other figures where applicable. Please include the times of the snapshots on the 
left hand side to more easily find the timestamps of each satellite image.



The figure has been replotted. The colourbars were added in each panel. The times of the snapshots 
have been added on the right hand side because the y-axis labels were on the left hand side. 

The threshold outline was added in Figure 7. Adding the threshold lines caused the figure to become
too messy, since the size of the 36 subplots were not big enough. Therefore, the threshold outlines 
were not included in this figure.   

Figure 9:
Caption: change “data” to “instrument” if this is true? Measured with data sounds incorrect.

It has been changed to “Figure 9: The averaged drop size distribution measured with the PMA 
microphysical instrument from the ATR aircraft.”

Figure 10:
Color legend is missing.

It has been added. 

Figure 11:
Is this a visible ABI image?
Increase font size of labels and ticks
This Figure could be combined with Fig. 13 by including the ATR track in each subfigure
Please include the position of the aircraft at the time when the satellite picture was taken.

It is an ABL image and this has been indicated in the new caption. 

The label size and the ticks have been increased.  

Figures 11 and 12 have been merged. 

Figure 11: (a) GOES-16 ABI image at 1500 UTC with the ATR flight tracks when the four clouds, 
represented as coloured curve in panel (b), were passed; and (b) the vertical velocity (unit: m s-1) 
and the LWC (unit: g m-3) at 1 Hz from SAFIRE--ATR42 between 14:53:08 and 15:18:58 UTC.

Figure 12:
The caption is claiming that LWC is coming from the SAFIRE-CORE instrument, but this is 
in contradiction with the description in Bony et al. (2022) SAFIRE-CORE is first mentioned 
here and not introduced beforehand. No reference is given.

It has been changed to SAFIRE—ATR42. 

Please add a horizontal line at a vertical velocity of 0 to better see where velocities are positive 
or negative.

A horizontal line of 0 has been added to the vertical velocity plot. 

Please write the time in the format HH:MM instead of MM:SS

The time has been written in HH:MM. 

Figure 13/14/15/16:



All these Figures can be combined to one and be presented similar to Fig. 8 or even a Fig. 8 
continued.

Figures 13 – 16 have been combined as a new figure similar to Figure 8. 

The temporal frequency the satellite images are shown at could be reduced to 1h. I do not see 
the additional value of 30min snapshots.

Figures 13-16 have been combined and the interval has been reduced to one hour. 

Figure 18:
Consider using km instead of m. Please indicate the 700 and 750 hPa levels

Figures 18 and 20 have been combined. The unit of y-axis has been changed to km and the 
horizontal lines have added to indicate the 750 and 700 hPa Levels. 

Figure 19:
Increase labels and ticks

Labels and ticks have been increased. 

Figure 20:
Brackets in unit label should be removed

Figures 18 and 20 have been combined. The brackets have been deleted.

Consider using wind speed and wind direction as labels

Wind speed and wind direction have been used in the new figure. 

Figure 21:
…The dataset used is ERA5 at 0.25 deg resolution.
Units are missing
Consider using the term “Hovm ller diagram” instead of “longitudinal-temporal variations”ӧ
Please clarify whether the dataset is shown at a constant latitude or whether the central 
latitude of the cloud system is followed as well.

As the reviewer suggested, we have condensed Figures 21-24 in Section 6 to a single figure which 
shows the atmospheric conditions along the trajectory of the flower. There is no Hovm ller diagramӧ
in the revised version.  
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