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This study examines HSRL2 profiles over the southeast Atlantic and interprets them for insights into 
aerosol microphysical behavior and transport. This is a valuable objective given the quality of the data, 
its relevance for satellite data interpretation, and the dominance of smoke above clouds for this region. 
The work hasn’t been carried through as completely as it needs to be for publication, however. Major 
requests to the authors include the following: 

Line numbers refer to the revised, marked up document with tracking, not the original document reviewed or the 
version without tracking. 

- we need more synoptic context for the days forming the data sample. When was the African 
Easterly Jet-south active? Did mid-latitude disturbances ever constrain the aerosol to be closer to 
the coast? 

Pg. 3,4, lines 91-127. We have added a new sub-section, 2.1, Meteorology, that addresses this question. There is also 
an additional Fig. 2 that shows 650 hPa winds at 1200 UTC on four days during the IOP. A separate explanation 
with a 9-panel figure was uploaded to the ACP discussion site (https://acp.copernicus.org/preprints/acp-2021-
846/#discussion) as a response to this very question. We think this 4-panel figure will suffice. Moreover, since a true 
Lagrangian study cannot be made with aircraft speeds being 10-20 times the speed of air parcels, Fig. 4 is the more 
relevant figure. It shows the predominant route taken by air parcels over a two-week period and justifies our choice 
of upstream/downstream pairs of grid boxes. Our strategy is similar to the referenced strategy of Shinozuka et al. 
(2020). 

- How do the Lidar profiles correspond with the humidity structure, in particular the extinction? 
Does this explain the vertical increase in extinction with height? You can use MERRA2 or ERA5 to 
get the humidity structure, and the Pistone et al. 2021 paper to rationalize the choice. 

Pg. 6, lines 210-237. We have added a discussion of the humidity field and its relationship to extinction along 
with references to Pistone et al. (2021) and Doherty et al. (2022). 

- the figure panel titles are often difficult to read and should be improved.  

Done. 

Recommendation: accept with major revisions. 

More specific comments are shown below, some of which are repetitive of each other and/or the major 
comments above. 

 
Abstract: 
Line 15: Should HSRL ->HSRL-2? 

Corrected. 
Last sentence: it would be worth repeating here that the ‘clear’ gap is associated with September. 

It is mentioned in the body of the manuscript; we do not think it is necessary in the Abstract. 
Introduction: 
Line 32-33: It would be nice to find a quote from the most recent IPCC AR6 to replace this one. 

IPCC AR6 is not a finished product yet; the download states ‘Do Not Cite, Quote or Distribute’. 
Line 41: the recent paper by Kacarab et al., 2020 would serve to underpin this statement. Overall, it 
would be good to include some updated references. See the ACP special issue. 

Pg. 2, lines 48-50. A sentence referring to observations and modelling of aerosol-cloud interactions and references 
to Diamond et al. (2018), Kacarab et al. (2020) and Gupta et al. (2021) have been added. 



Lines 56-63: how about also highlighting the ability to discern aerosol-cloud contact? This will affect 
the reflectance of the underlying cloud surfaces. 

Pg. 2. Please see above. 

Lines 75: the appropriate reference for CLARIFY is Haywood et al., 2021. 

Pg. 3, line 83. Corrected. 

Line 85: frame => framework. 

Pg. 3, line 99. Changed. 

Lines 92-101: we need more information on why grid boxes A and C were chosen. How much data fell 
into these boxes and from which days? What distinguishes the synoptics establishing A-B versus C-
D? fig. 3 only shows the monthly-mean fields. See Ryoo et al., 2021. 

This question has been answered in the very first response above. Fig. 4 (old Fig.3) is not a ‘monthly mean’ 
exactly. It shows the history of trajectories of individual air parcels over a two-week period. The choice of 
upstream/downstream grid boxes was made by selecting the predominant tracks; a true Lagrangian study is 
impossible with this setup. 

Line 147: I think you just show the effective radius, from this list of possible retrieved variables. Would be 
good to clarify.  
Pg. 5, lines 181-182. Sentence added, “Here we restrict ourselves…”. 

Lines 154-157: yet this list is missing some of the variables you do show…. 

Pg. 6, lines 189-193. All four lidar variables are plotted in Figs. 6-9. 

Line 160: the dates and amount of data from each contributing flight should be provided for each of the 
boxes. Figure 2 indicates them, but it is qualitative. it might be helpful to show the 2 by 2 degree boxes 
on fig. 2. Do the northern pairs correspond to when the African easterly jet- south was active? 
September is also a month when mid-latitude disturbances to the south constrain aerosol to closer to the 
coast (Ryoo et al., Zhang and Zuidema 2021) and the anomalous ascent can help mix the aerosol (and 
humidity) upwards - that might explain why the profiles in C-D show the more linear increase in extinction 
with height. This would also help explain the increase in the depolarization ration below 2km for D. 
Response after next comment. 

Line 172-174: interesting, that the northern and southern plumes differ in this fashion. Do you have an 
idea why? Is the extinction correlated with humidity? You could use the MERRA2 relative humidity 
profiles to ascertain. 

The questions regarding meteorology and humidity posed in the two remarks above have been answered earlier in 
the Response. The dates and number of profiles are marked on the figures, and also in Table 1. 

Fig. 2: explain in caption what the letters within the figure mean. Label latitude lines. 

Pg. 16, Fig. 3. The caption has been amended. Latitude/longitude lines are already marked on the Google Earth 
map. 

Figure 3: use the same spatial domain for the top and bottom figures. What do hysplit back trajectories 
at 2.5 km look like? Do those also connect to land? I ask because the back trajectory duration is so 
much longer for those in fig 4. This would also help explain if it is marine or continental air with different 
aerosol properties getting incorporated into the retrievals. Would a case study be helpful? 

Pg. 17, Fig. 4. These are the default maps drawn by the open version of HYSPLIT. Fig. 4 is explained in great 
detail in lines 105-127. Fig. 2 shows the relative position of the five grid boxes. Wind speeds are slower at other 
altitudes and this result is shown in Fig. 5. On p. 8, line 297, we have stated that the retrieved properties apply to 
the altitude range from 3-5 km, considered ‘the smoke plume’ where wind speed and direction do not change 
appreciably  

 



Fig. 5: It would be helpful to put these time ranges in synoptic context. Visit Ryoo et al., 2021. What was 
the relative humidity and how does it affect these results? 

The questions regarding meteorology and humidity posed above have been answered earlier in the Response. 

Fig. 7: it should be possible to discriminate whether the enhanced depolarization below 2km is from 
marine air mixed upwards (this is my hunch) from continental air. Just looking at some example 
profiles and examining the air flow - perhaps the information in Ryoo et al., 2021 and Redemann et 
al., 2021 on the individual flights is enough. 

Pg. 7, lines 250-254. Explained – “…mixing with marine and continental particles from regions not affected by 
biomass burning”. 

Figs 5-10: the titles on all of these panels are difficult to read.  
Figs. 6-12. Labels have been enlarged 
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Referee comment on "Vertical structure of biomass burning aerosol transported over the 
southeast Atlantic Ocean" by Harshvardhan Harshvardhan et al., Atmos. Chem. Phys. 
Discuss., https://doi.org/10.5194/acp-2021-846-RC2, 2022 

Line numbers refer to the revised, marked up document with tracking, not the original document reviewed or the 
version without tracking. 

The paper presents averaged profiles of extinction, backscatter Angstrom exponent, 
aerosol depolarization and aerosol lidar ratio of biomass burning smoke as measured with 
an HSRL-2, as well as HSRL-2 retrievals of aerosol submicron fraction and the size of the 
sub-micron fraction, from the ORACLES project 2016 field deployment in the SE Atlantic. 
Data are aggregated into two pairs of 2degree x 2degree gridboxes, with one gridbox 
downwind of the other. An additional gridbox is included south of the biomass burning 
plume for contrast. The average properties of the aerosol, dominated by biomass burning 
smoke, are shown to be relatively invariant in the approximately 1day+ of transport from 
the upwind to the downwind gridbox. 

The study is limited in scope but of scientific value and appropriately short. I don’t have 
any significant problems with the analysis presented and think it’s a solid and useful piece 
of evidence that the aerosol intensive properties measured don’t vary significantly over a 
fairly broad region of the SE Atlantic. I do think the paper needs to be more carefully 
written. As such, I recommend publication after the many smaller issues below are 
addressed. 

 
Smaller comments: 

Abstract, pg 1, lines 20-21: “The fraction of aerosol in the fine mode between 50 and 500 
nm remained above 0.95 and the effective radius of this fine mode was 0.16 um from 3 to 
5 km in altitude.” The wording here could use some work, and it would be better to stick to 
either nm or um. E.g: “In the 3-5km altitude range, 95% of the aerosol mass (is mass 
correct?) was in the 50-500nm radius size range, with the aerosol in this size range having 
an average effective radius of 160nm” 

Pg. 1, lines 20-22. Followed reviewer’s suggestion and adopted particle radius in micrometers for consistency with 
the rest of the manuscript. It is not mass but extinction and this has been stated clearly now. “…95% of the aerosol 
extinction was contributed by particles in the 0.05-0.50 µm radius size range” 

Pg. 2, line 28-29: “Aerosols are often considered as the most confounding element in the 
climate system when simulating future parameters of Earth’s climate.” This isn’t accurate. 
Aerosols are the most uncertain climate forcer in present day, as stated a few sentences 
later, but other things introduce much greater uncertainty in future climate. E.g. future 
GHG emission trajectories, cloud feedbacks and how climate warming might affect natural 
carbon sources and sinks are greater uncertainties in future climate projections than are 
aerosols. 

Pg. 1, lines 30-31. Changed future to current. 

Pg 2, line 38: “overly” to “overylay” 

Pg. 2, line 46. Changed. 



Pg 2, lines 46-47: “by mostly absorbing the incoming solar radiation” This isn’t correct; 
the single-scatter albedo of these aerosols is ~0.85, so they scatter much more sunlight 
than they absorb. 

Pg.2, line 57. Deleted mostly. 

Pg 2: In discussing the aerosol mixing into clouds, there are at least two studies from 
ORACLES that could be cited: Diamond et al. (2018); https://doi.org/10.5194/acp-
18-14623-2018 and Gupta et al. (2021) https://doi.org/10.5194/acp-2021-677 

Pg. 2, lines 48-50. A sentence referring to observations and modelling of aerosol-cloud interactions and 
references to Diamond et al. (2018), Kacarab et al. (2020) and Gupta et al. (2021) have been added. 

Pg. 4, line 108: “at the grid box center” Do you mean that arrived within the 2degx2deg 
gridbox? This reads as if it only includes those data points that exactly fall at the gridbox 
center. Is this the case? 

Pg. 4, line 135. Deleted center. 

Pg 4, line 121: I’m not sure what the use of the word “tenuous” here is intended to mean. 

Pg. 4, line 148. Reference to tenuous clouds has been removed since we are measuring aerosol only here. 

Pg 5, line 153: “Aerosol extinction… the primary measure of aerosol abundance”. Aerosol 
mass or number concentration is the primary measure of aerosol abundance (depending 
on what question you’re trying to answer). Extinction depends on mass, size and relative 
humidity. The role of relative humidity in determining extinction needs to be 
acknowledged. Two articles that address the role of humidity in the context of aerosol 
extinction from the ORACLES campaign and that could be referenced are Pistone et al. 
(2021; https://doi.org/10.5194/acp-21-9643-2021) and Doherty et al. (2022; 
https://doi.org/10.5194/acp-22-1-202) 

Pg. 6, lines 189, 210-237. Changed aerosol extinction property; added a discussion of the humidity field and its 
relationship to extinction along with references to Pistone et al. (2021) and Doherty et al. (2022). 

Pg. 6, line 171: “essentially constant extinction from just above 2.5 km to 5 km” For box 
B, the extinction is a bit more variable, so I’d reword this slightly to “relatively constant 
extinction” 

Pg. 6, line 208. Changed as per reviewer’s suggestion. 

Pg. 6 lines 171-187 The discussion here needs to reference the figures in the appropriate 
places. 

Pg. 6, 7, lines 199-237. I think we have done this correctly. A new Figure 10 showing relative humidity has been 
added after the lidar plots. 

Pg. 6, lines 174-177: “The Lidar Ratio above 3 km … is considerably less and highly 
variable in Box E and in the lower layers of the aerosol plume in Box D, where the plume 
most likely has components of continental aerosol typical of the nearby Namibian coast.” 
What is the basis for assuming that the lower part of the plume in Box D is “continental 
aerosol”? And what does “continental aerosol” mean? Dust? Pollution? A mix of BB smoke, 
dust and pollution? 

Pg. 7, lines 250-254. Explained – “…mixing with marine and continental particles from regions not affected by 
biomass burning”. 

Pg. 6, lines 177-179: “The most striking feature of the results are the near constant 
values of these parameters in the upper two kilometers of the plume over the course of 
several days as evident from the range of values in the 25-75 percentile shaded grey in 
Figs. 6 and 7.” 



The text right before this was discussing the lidar ratio, but the lidar ratio is shown in 
Figure 8 so it’s not clear what “these parameters” is referring to? 

Also, this text is a bit ambiguous. It can be read to mean that “these parameters’” mean 
values don’t change much in the upper 2km of the plume, which I don’t see to be the 
case; both the backscatter Angstrom exponent (Figure 6) and (to a lesser degree) aerosol 
depolarization (Figure 7) change with altitude. Do you mean that at a given altitude these 
properties are quite invariant? 

Pg. 7, line 243. Yes, invariant; explained clearly now, “…is the very small profile-to-profile variability of the 
intensive lidar parameters…” 

Pg. 6, lines 179-181: “This suggests strongly that the original particles near the source of 
combustion have been coated before they cross the land-ocean boundary and maintain 
their size over the first few days of transport over the ocean.” What is the relationship 
between a change in aerosol size driven by changes in coating and changes in the lidar 
ratio, Angstrom exponent and depolarization? How sensitive are each of these parameters 
to changes in coating and size? Please be more quantitative. 

Pg. 7, line 249. Since we are not covering chemical changes to the particles, we have reworded the sentence to 
state simply that particles are spherical with unknown inhomogeneities within. 

Pg. 6, lines 181-182: “The lower portion of the plume containing larger BB aerosol 
particles is subject to mixing with other particles and is highly variable in nature.” Why is 
the lower part of the plume more subject to mixing with “other particles” than the upper 
part of the plume? What is the source of these “other particles”? 

Pg. 7, lines 251-252. Explained – “…mixing with marine and continental particles from regions not affected by 
biomass burning” 

pg. 7, lines 212-213: “The increase in depolarization (Fig. 7) at these lower levels and a 
decrease in the Lidar Ratio (Fig. 8) suggest mixing with continental and marine 
particles.” Again, what is meant by “continental” particles needs to be specified. 

Pg. 8, line 294. As above. 

Pg 7, lines 215-216: “The effective radius is 0.16±0.1 um with little variation throughout 
the vertical extent of the plume.” Is this average +/- standard deviation calculated within 
given altitude ranges? i.e., what is defined as “the plume”? It would be very helpful in 
the figure to show what’s considered “in the plume”, for example by adding horizontal 
lines to the figures defining the bottom and top of the plume. 

Pg. 8, lines 297. The word “plume” has been replaced by “between 3 and 5 km”; +/- 0.01 µm has been removed. 
The sentence “The effective radius…” is simply a description of Fig. 12. 
 
Pg 7, lines 221-222: “Here again, the effective radius of the submicron fraction of 
particles, 0.15 µm, is uniform with altitude, and comparable though biased slightly low.” 
This is confusing: First, is it 0.15 or 0.16 um? (a small difference, but confusing 
nonetheless). Second, “biased slightly low” compared to what? Or are you talking about 
the results from Sawamura et al.? 

Pg. 8, line 303-304. Sawamura et al. obtained 0.15 µm and their value was biased slightly low compared to in 
situ measurements. 
 
Pg 7, line 236: I don’t understand what is meant by the aerosol being “tenuous”. 

Pg. 9, line 332. Replaced by “…have very low extinction coefficients suggesting low abundance. 
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