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Manuscript:  acp-2022-256, titled “A meteorological overview of the ORACLES (Observations of 
Aerosols above CLouds and their intEractionS) campaign over the southeast Atlantic during 2016-
2018: Part 2 - daily and synoptic characteristics” by J.-M. Ryoo, L. Pfister, R. Ueyama, P. Zuidema, R. 
Wood, I. Chang, and J. Redemann 

Response to RC2 (referee#1) 

In this response letter, we repeat the reviewer’s questions and answer them individually. Our response 
is marked in blue letters.  

 
 This study presents the detailed synoptic-scale meteorological conditions, on the daily and weekly scale, 
during the three deployment months of the ORACLES field campaign over the southeastern Atlantic. The 
key meteorological factors associated with the low-level cloud fraction are interpreted, with the goal of 
supporting the future process-orientated study on the aerosol-stratocumulus interactions. The results 
and analyses are solid and sound. Without major concerns, I do have minor comments and suggestions 
listed below, which should be considered and addressed, before the potential publication.  
 
General Comment:  
 
This study presents and describes the meteorological conditions thoroughly with multiple figures and 
tables and concludes with interesting results. However, with the plentiful recent observational studies of 
MBL stratocumulus and aerosol-cloud interactions over the southeast Atlantic published on the ACP 
special issue (https://acp.copernicus.org/articles/special_issue978.html), this paper will benefit from a 
discussion where the results are put into context of the previous studies (e.g., what is the implication of 
the unusual-to-climatology meteorological conditions presented here on the aerosol-cloud interactions; 
or certain discussions on how the future study would better disentangle the meteorological factors from 
the aerosol-induced cloud-adjustment based on these results). I will leave this to the author for 
consideration.  
 

⇨ Thank you for the comments. In section 5 (Summary and discussion), we added the implication 
and a few future research directions shown below: 
 
“One implication of this paper is to enable us to expect when the direct or indirect aerosol 
radiative effect is dominant. For example, when the AEJ-S is elevated high around 4 km, the 
aerosol can also be elevated above the low cloud deck, which is well observed in September and 
October. In contrast, when the AEJ-S is less elevated (e.g., August), lower transport altitudes 
make it easier for the aerosol to be in contact with the cloudy boundary layer and mix into it, 
increasing the importance of the boundary layer aerosol indirect and semi-direct effects.  
 

While we examined several large-scale meteorological factors tied to aerosol transport 
and stratocumulus decks, the detailed investigation of the processes controlling stratocumulus 
decks, aerosol lifting, and transport is beyond the scope of this study. Future studies can focus on 
specific scientific questions such as 1) the roles of mid-latitude circulations on the aerosol 
transport and its boundary layer entrainment, 2) the impact of the continental mesoscale 
convective system (MCS) on the AEJ-S and the biomass burning (BB) aerosols, 3) further 
investigation of aerosol warming effect in the boundary layer by disentangling the 
meteorological factors from the aerosol-induced cloud-adjustment based on the model and 
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airborne measurement, 4) the impact of the unusual-to-climatology meteorological conditions 
on low-cloud, aerosols, and their interactions at different time scale, 5) the influence of smoke-
induced aerosol on cloud type and precipitation by adjusting large-scale environmental 
conditions, 6) the causal relationship among aerosols, low-cloud, and other meteorological 
factors over the different ocean basins and geography.”  
 
 

Minor Comments:  
 
P5 L124. Fig. 1a is not showing the grid box clearly. Perhaps it would be better to reference Fig. 1b or 1c.  

 
⇨ We fixed it.  

 
P6 L133. Is there a reference for the threshold?  

 
⇨ This is the threshold we used in this study. The sensitivity of the strength of the heat low during 

the deployment to the precise choice of levels is minimal. We didn’t use the specific thresholds 
in Ryoo et al. (2021), but the heat low (defined as 850–600 hPa geopotential height difference) 
over land (including the coast) typically starts 2920 m over the SE Atlantic Ocean and 
southwestern African continent during August-October.  

In the Sahel region in the NH, the 700–925 hPa difference was used as the heat low by 
Knippertz et al., (2017). However, because the 925 hPa level is below the ground for much of 
our study region of interest, we chose a different, but similar quality to represent the heat low.  

 
P6 L143. Please state the spatial resolution of the product.  
 

⇨ We realized that we only stated the spatial resolution of the monthly mean cloud product 
(MODIS) in L147 (1° grid resolution). The spatial resolution is the same for VIIRS (1° longitude x 
1° latitude grid). We stated it clearly in the revised manuscript. 
 

P7 L189. Please define ER-2 and P-3 prior to the abbreviation.  
 

⇨ We believe ER-2 aircraft is the abbreviation of Earth Resources 2. This is NASA’s high-altitude 
airborne science aircraft (https://www.nasa.gov/centers/armstrong/news/FactSheets/FS-046-
DFRC.html#:~:text=The%20ER%2D2%20is%20a,65%2C000%20feet%20within%2020%20minutes
).  
 

⇨ P-3 aircraft is a former U.S. Navy patrol aircraft that has been extensively modified by NASA for 
use as an airborne science laboratory. P-3 is now NASA’s aircraft designed for endurance and 
range and is capable of long-duration flights (https://airbornescience.nasa.gov/aircraft/P-
3_Orion_-_WFF). 
 

P10 L208. Do you mean Figs. 2(a, b)? Also, if you are trying to convey the strong association between 
AEJ-S, RH, and the heat low, why not overlay the wind contours on all Figs. 2abc for better illustration? 
 

⇨ Yes, it is. Thank you for catching this. We changed it in the revised manuscript. 
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Regarding overlaying of AEJ-S, RH, and heat-low, we did not overplot them because we 
thought the plot would look so busy. However, following your suggestion, we overplotted the 
AEJ-S wind isotach (zonal wind of -7 m/s) on RH, BC, and the heat low, and it seemed to 
illustrate the relationships more clearly indeed. Thus, we overplotted the wind contour on Figs. 
2 (a-c) (Figs. 7, 12 (a-c) as well) in the revised manuscript. Thank you again for your great 
suggestion. Below is the new Fig. 2 in the revised manuscript. 

 

 
Figure 2. Longitude-time cross-section of 6-hourly (a) 600 hPa RH (%), (b) 600 hPa BC (shading, ppb x 100), and (c) thickness 
(geopotential height difference (600-850 hPa); high values (> 2920 m) over a South African plateau represents the heat low, m) 
averaged over 8-10° S during September 2016. (a-c) are overlaid by 600 hPa zonal wind isotach (yellow line, -7 m s-1). (d-e) Altitude-
time cross-section of zonal wind and RH at 10° S, averaged over 0–10° E during September 2016. The black contour in (d) represents 
0 value of zonal wind. (f) Daily time series of the 600 hPa zonal-wind (red line, m s-1), 600 hPa RH (blue line, %), and 600 hPa BC 
(green line, ppb x 100) averaged over 8–10° S and 0–10° E. The dashed white lines indicate the flight days investigated further in 
this study, and the magenta asterisks (and numbers in f) represent the flight days during the September 2016 deployment. White 
areas in (b) represent the missing data values. 
 
P10 L211. Do you mean Figs. 2(a, b, f)?  
 

⇨ Yes, Thanks for pointing that out.  
 
P12 L227. ‘…flight days (Figs. 3a & 3b’, and ‘…targeted flight on 24 September 2016 (Fig. 3c)’  
 

⇨ Thanks for the suggestions. We changed it in the revised manuscript. 
 
P12 L230. Please be consistent with the units and avoid using the non-SI unit.  
 

⇨ We removed the values in kft unit.  
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P12 L239. Shouldn’t it be Fig. 3h for 20160914?  
 

⇨ You’re correct. Thank you for pointing this out. 
 

P14 L256. It should be either ‘weakly’ or ‘insignificantly’.  
 

⇨ That’s right. We changed it into ‘weakly’ by removing the other.  
 

P14 L259. I am a bit confused here. In Fig. 3jkl, the high concentrations of 600 hPa BC (region A) sit on 
the 600 hPa high wind-vector (by the previous definition, that would be the AEJ-S), while here states the 
BC did not reach the AEJ-S altitude. Please clarify the discrepancy between the messages shown in Fig. 
3jkl and Fig. 4a.  
 

⇨ Sorry for the confusion about this statement. The statement “the BC did not reach the AEJ-S 
altitude” refers to the BC aerosol in the boundary layer (typically in the layer < about 2-2.5 km 
over the ocean). We updated this sentence in the revised manuscript. 
 

P14 L261. Sounds conflicting with the previous discussion that the subsidence facilitates the 
entrainment of the near-BL-top BC. Are you suggesting that the entrained BC have fully interacted with 
the cloud droplet?  
 

⇨ On some occasions, subsidence was not strong enough to facilitate the entrainment of the BC 
(see the magenta arrows; Figures A1 and A2b showed the subsidence was weak (about 0-1 hPa 
day-1; see Figure A1) in the vicinity of BC around 23 September 2016 in region A). And the BC 
from the continent below the AEJ-S level (~ 4 km in September) drifted westward by the easterly 
wind, getting into the marine boundary layer (Figure A2, and Fig. 4a in the manuscript). 

 
 

Figure A1. Time series of daily-mean 925 hPa BC (green bar, ppb x 100), 800 hPa vertical velocity (omega, ω) (gold line, hPa day-

1), 925 hPa RH (dashed gray line, %), 925hPa temperature (solid red line, K), 925 hPa meridional wind (solid cyan line, m s-1), BLH 
(dashed magenta line, km), and low-CF (blue line) over region B. Each color line represents the 3-day running mean. 
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Figure A2. Time-altitude cross-section of 6-hourly (a) BC (shading, ppb x 100) overlaid by 6-hourly zonal wind isotachs at -7 
(thick yellow lines) and 0 m s-1 (thin white lines), (b) RH (shading, %) overlaid by 6-hourly vertical velocities of -20 and 50 hPa 
day-1 (dashed white and solid black lines respectively; positive values represent subsidence), and (c) zonal wind overlaid by 0 ms-1 
(black contour) averaged over region A (0–10° E, 5–15° S) in September 2016.  The asterisk in (b) represents the September 2016 
flight days.  

P14 L265. If region A has similar features as B, why separate them? Some prior discussion on the 
particular interests (or importance) in choosing regions A and B might help readers interpret the 
elaborated analyses here.  
 

⇨ This is a good point. We separated the regions into A and B because the preliminary study 
showed that the relationship of low cloud with meteorological variables varies between the 
regions.  

For example, subsidence in region B (0-10° E, 15-25° S) can be larger than that in region 
A (0-10° E, 5-15° S) because 15-25° S in the SE Atlantic is the region affected by local subsidence 
associated with St. Helena High as well as the large-scale subsidence associated with Hadley 
circulation. The latitudinal dependency of the low-tropospheric stability (LTS) and climatological 
difference in low-cloud (e.g., stratocumulus) fraction (Wood, 2012) was also a reason for the 
separation of the regions. The detailed correlations among low-cloud cover and meteorological 
variables are discussed in section 4 and Fig. 17 within the manuscript. We included this in the 
revised manuscript. 
 

P16 L275-280. The skew-T charts in Fig. 5 (especially b & c) show much dryer layers (~900 – 700 hPa) 
sitting between the stratocumulus and the 600 hPa moisture layers, while the dry convection pushing up 
the moisture above 700 hPa, looks like the moisture (and BC?) advected aloft did not sufficiently 
propagate downward. How does it impact the BC entrainment discussion?  
Is 600 hPa presented here the most typical BC transportation level? Did the aircraft pick up any signal of 
the BC vertical redistributing?  
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⇨ These are very insightful questions. We believe this would impact less BC entrainment into the 
boundary layer. Indeed, aircraft observation did not show much boundary layer aerosol in most 
of September.  

Yes, In September and October, 600- 650 hPa (3.5-4.2 km) is the most typical BC 
transportation level along with the AEJ-S, supporting that BC is largely transported by the AEJ-S. 
These are all consistently shown in model and aircraft observation.  

However, the maximum altitude of the AEJ-S is about 700 hPa (~ 3km) in August, slightly 
lower than the other months (September and October). This was also confirmed by the 
climatological mean (2000-2018) dataset, which was discussed in Ryoo et al. (2021).  

We haven’t checked the BC vertical redistribution in aircraft measurement in detail. But 
Pistone et al. (2021) showed that the elevated CO is transported at this level (600-650 hPa) with 
water vapor by AEJ-S in September 2016. Zhang and Zuidema (2021) also showed the BC in the 
boundary layer over Ascension Island, consistent with entrainment of BC when the smoke is 
situated lower in the free troposphere. When and where the free tropospheric aerosol first 
contacts the cloudy boundary layer is currently being explored further in another study.  
 

P18 L313-314. Please be cautious about the causality implied here, perhaps adding a few references to 
support it.  
 

⇨ We understand your concern. We added the reference to it and added the word “possibly”. This 
may be the area where further research is needed. 

 
P18 L320. Remove ‘…for this region’?  
 

⇨ We removed that. 
 

P18 L325. Do you have an associated analysis in (10° W–0, 5–15° S) to support the statement? It seems 
odd to bring up a non-aforementioned region when you are comparing regions A and B.  
 

⇨ Yes, we have. We did see that “the LTS – low-CF relationships are weaker near the coast (e.g., 0–
10° E, 5–15° S, region A) compared to further west (e.g., 10° W–0, 5–15° S) for all the 
deployment months.” For example, the LTS – low-CF relationship in the west of region A (10° W-
0, 5-15° S) and the west of region B (10° W-0, 15-25° S) is about 0.9 and 0.6, respectively (see 
Figure A3). 
 

 
Figure A3. Time series of daily mean low-CF (blue lines) and daily mean LTS (red lines, K) averaged over the west of 
region A (10° W–0, 5–15° S) and region B (10° W-–0, 15–25° S) during September 2016. All flight days (8, 14, and 24 
September 2016) are marked by asterisks (gray vertical lines). 
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However, the west of regions A and B are not the flight regions. Thus, we will remove this 

sentence in the revised manuscript to avoid confusion. Instead, we further discuss this 
relationship of low-level cloud fraction with the meteorological variables over the west of flight 
regions (region A and B) in section 4 and Fig. 17. 

 
P23 L372. Besides the coordination with the CLARIFY, is there any other particular reason for choosing 
the flight 20170818? As it did not reach to A or B regions and did not show the AEJ-S or  
LLJ-related meteorological conditions along the flight track.  
 

⇨ We chose the 18 August 2017 event because of two reasons: 
 

o First, the AEJ-S doesn’t kick in until about 2 days after this day, on 20 August 2017. The 
late emergence of the AEJ-S can explain the dryness of August 2017 compared to the 
climatological mean (Ryoo et al., 2021).  

o Second, the entrainment of the BC aerosol into the boundary layer was found in 
airborne measurements (Fig. S9, Zhang and Zuidema, 2021) and ERA 5 data on 
Ascension Island. Ascension Island was the flight region for the 18 August 2017 flight. 

 
P29 L452. Any possible explanation for the switch-signed correlation between the low-CF and BLH? 
 

⇨ Regarding the correlation between the low-CF and BLH, not only was the sign changed, but also 
the statistical significance was changed. The correlation is insignificant at the 95% confidence 
level in August 2017. We think this is due to the disruption of the mid-latitude frontal system 
and its impacts on the LTS, BLH, low cloud cover, and even the cloud regime changes by aerosol 
(Diamond et al., 2022).  

Indeed, when the mid-latitude frontal system (20-21 August 2017) is developed northward, 
the correlation between low-CF and LTS gets lower.  A similar interpretation can also be applied 
to the low-CF – LTS and low-CF – BLH relationship in October 2018.  

 
P41 L620. Wouldn’t the stronger subsidence associate with higher LTS, and hence higher low-CF?  
 

⇨ As we discussed in the manuscript, the subsidence – low-CF relationship does not always have 
the same sign. Subsidence is typically negatively correlated with low-CF during the deployment 
months, except for south of 15° S near the coast in October (Fig. 17) at a daily time scale.  

Furthermore, subsidence can be not only influenced by meteorology but only altered by 
aerosols (i.e., shortwave absorption can lead it a relative self-lofting that counteracts the 
subsidence). We also think the other factors, such as AEJ-S, and LLJ as well as the time scale of 
the analysis (e.g., daily, synoptic, or monthly time scale) can be associated with this difference 
(Adebiyi and Zuidema, 2018). This can be a topic of further study.  
 

Figures  
 
Figure 3j. What are the A and B boxes?  
 

⇨ Sorry about this mistake. The magenta box (in Figs. (3, 8, and 13)j) refers to region A (0-10° E, 5-
15° S) and the yellow box refers to region B (0-10° E, 15-25° S). We included this description in 
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the revised manuscript. We also added the reasoning behind separating these two regions in the 
revised manuscript.  
 

Figure 4d. The black solid line is rather gray. Perhaps change to the black color or change the thickness 
of the line.  
 

⇨ We changed the line color into the “red solid line” for all Figures 4d, 9d, and 14d.  
 

Figure 6a. The A and B boxes are not matching the lat-long descriptions.  
 

⇨ We are sorry for the misplacement. That was fixed in the revised manuscript.  
 

Figure S3d. What is the meaning of the shaded area?  
 

⇨ It just means the density of the data points. It can also be interpreted as the 2-D pdf (probability 
density function) plot. 

Joint PDFs (e.g., in Fig. 6, 11, 16; S3, S5, S7). ‘Pearson's r’. 

⇨ The ‘pearsonr=… and p=…’ is computed from Python’s statistics package, and the annotation was 
written from the package. Thus, we noted: “The pearsonr in (h) refers to Pearson’s correlation 
coefficient with its statistical significance (p-value).” in the figure captions. 
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