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The manuscript presents results from the observation of two events of aged biomass 
burning aerosol over Lille (northern France) using a lidar with 3 elastic channels (1064 
nm, 532 nm, and 355 nm), 2 Raman channels (the N2 vibro-rotational channel at 387 
nm and a purely rotational channel at 530 nm), which provide the capacity to measure 
aerosol extinction coefficient – and lidar ratio – without assumptions, 3 depolarization 
channels (1064 nm, 532 nm, and 355 nm) to measure linear particle depolarization ratio, 
and 1 fluorescence channel at 466 nm serving to identify the biomass.  Other satellite 
observations, from CALIPSO and from Suomi NPP, as well as ground-based 
observations from AERONET Sun/sky photometers, are used as ancillary data. 

The results permit to identify different properties of the aerosol in two case studies, 
which can be related to different wildfire source areas and/or aging processes. 

General remarks 

The study carried out is interesting and points toward new methods to characterize 
aerosols (not only biomass burning), but it looks a little inconclusive. Probably, it would 
benefit of being less ambitious in its scope and focusing on the question of the title, 
“what can a multi-wavelength Mie-Raman-polarization-fluorescence lidar provide?”, 
which is, in my view, a little lost in rather inconclusive discussions on optical properties 
and on the possibility of biomass burning aerosols acting as ice nucleating particles. Not 
that these issues should not be dealt with, but probably with less detail, getting more to 
the facts, i.e. to what the measurements show. Because lidars with Raman channels and 
depolarization capabilities have long existed, I suggest that the paper focus more on the 
additional information provided by the fluorescence-measurement capability of the lidar 
used in the study. 

Specific remarks 

1. Lines 141-142: the 530 nm Raman channel is described as “rotational Raman of 
nitrogen”. However, it is unlikely that this channel picks up only lines from the 
nitrogen rotational Raman spectrum; most probably it also collects lines from the 
oxygen rotational Raman spectrum. Please check and correct if necessary. 

2. Line 148: although for the lidar configuration and its capabilities the reader is 
referred to published references, I think that the less usual fluorescence capacity 
parameter would deserve an explicit definition in the text. Probably it would fit right 
after “fluorescence capacity” in line 148. 

3. Line 184 and figure 7(c): there seems to be some undefinition as to what is 
represented in figure 7. The text (line 184) says that it shows the “relative 
fluorescence signal, 𝑃𝑃466(𝑧𝑧)

𝑃𝑃387(𝑧𝑧)”. First of all, in case it is this ratio what is represented, 

please specify if this ratio is calibrated. Second, the caption of figure 7 says that what 
is represented is the backscatter coefficient of fluorescence at 466 nm, which is not 
quite the ratio given in line 184. Check as well the caption of fig. 9. 



4. Lines 185-186: strong depolarization seems to be unambiguously ascribed to the 
presence of ice particles (“Ice particles with strong depolarization were detected 
within the smoke layers above 8000 m”). My first remark is that a call to the figure 
showing that (figure 7(b)?) is missing; the period of time when the strong 
depolarization is observed should also be specified. Secondly, this strong 
depolarization seems to come from cirrus clouds. It is known that depolarization can 
also be produced by multiple scattering. Can multiple scattering be ruled out as the 
cause of depolarization in this case? What’s the lidar field of view? Even if the 
presence of ice is plausible, I think that the evidence for ice being the cause of 
depolarization should be developed further. 

5. Line 205: “Figure 8(g) presents the WVMR, RH and temperature profiles”. 
However, figure 8(g) doesn’t seem to contain a temperature profile. 

6. Lines 209-210: Talking about figure 8(g), it is said that “The WVMR increases from 
the plume center to the edge, suggesting that the WVMR is an important role in the 
aging process.” I don’t see that increase in the WVMR profile in figure 8(g), rather 
that profile follows the profiles of 𝛽𝛽 and 𝛽𝛽𝐹𝐹. 

7. Line 231: “A sharp increase of PLDR1064 to nearly 0.10 was detected at 8600 m, 
indicating the presence of ice crystals”. Two remarks: a) Where should the reader 
look for that sharp increase? b) See my second remark in point 4. 

8. Line 275: “The vertical variation of lidar ratios are also obvious in September 
(Figure 5)”. First, it’s unnecessary to talk about September, as all the presented 
measurements were carried out in September. Second, I don’t see that fig. 5(a) makes 
obvious that variation. Although a variation in the lidar ratios can be seen between 
periods P1-P6 and periods P7-P9, I don’t see that this variation is related to some 
vertical variation. For example, in period P2 the BBA layer is detected between 5500 
and 8500 m, and in period P7, with lower lidar ratio, between 5400 and 8500 m, 
which is sensibly the same range as for P2. Please check if the figure referred to 
should be figure 5 or else be more explicit about what the reader should pay attention 
to. 

9. Line 279: “From this aspect, the fluorescence capacity is a better parameter for 
aerosol typing especially in low aerosol concentrations”. Please be more specific as 
to the meaning of “typing” in this context. 

 

Formal remarks and typos 

1. In the bibliography, please insert the doi whenever possible. 

2. As a general rule, I would prefer that the full wording of acronym is used before the 
acronym; for example, in line 68, I would prefer “showed enhanced particle linear 
depolarization ratios (PDLRs)” than the current “showed enhanced PLDRs (particle 
linear depolarization ratio)”.  

3. Line 31: “They could alternate the planetary radiation budget of the planet”. I think 
that the meaning is “They could alter the radiation budget of the planet”. 



4. Lines 80-81: “could influence the ability in water diffusion”. This sentence sounds 
strange. Should it be “could influence the ability for water diffusion”, or there is a 
word missing? Please check. 

5. Lines 96-97: ATOLL is defined (Atmospheric Observatory of LiLle), but is never 
used afterwards. 

6. Figs. 1(c) and 2 are not cited in the text. Also, the text where the call to figure 2 
should be inserted (section 2.2) comes after the call to figure 3 in section 2.1, so the 
numbering of these figures should be swapped. 

7. Line 162: “and the height range of the layers are resented”. “resented” should be 
“presented”.  

8. Line 162: please insert the acronym LR after the lidar ratio is introduced, e.g. “Lidar 
ratio (LR), i.e. the ratio between extinction coefficient and backscatter coefficient”. 

9. Lines 171-173: “Apart from the temporal variations, vertical variations in the BBA 
layers are also significant, such as lidar ratios in on 12 and 14 September, PLDRs on 
11 and 18 September. Such variations are possibly indications of the variabilities in 
the burning materials, combustion conditions and aging process”. Where are these 
lidar ratios and PLDRs represented? Where the reader should look at? 

10. Lines 188-189: “Figure 8 plots the parameters obtained from averaged observations 
between 22:00 UTC, 11 September and 03:00 UTC, 12 September”. However, the 
caption of figure 8 says that the averaging end time is 02:00 UTC. 

11. Line 197: “The increasing trend”. Should it be “decreasing”? (see the sentence just 
before and fig. 8). 

12. Line 205: Although evident for the expert, the acronyms WVMR and RH have not 
been defined. 

13. Line 253: “episode of Canadian smoke over Europe”. Please insert references, even 
if it implies repeating some of those already given in line 251. 

14. As general rule, increase the size of legends, labels and scales in the graphs. Be also 
explicit in the labels. For example, the label of the color bar of figure 4(b) should 
read “Volume depolarization ratio at 1064 nm” instead of “VDR_1064_AN”. I 
don’t know if specifying that measurements are obtained from analogue (AN) or 
photon counting (PC) channels is relevant in the context of this paper. 

15. Figure 2: the labels (a) and (b) are missing in the figure panels. 

16. Figure 5. Please explain that P1, P2,…P9 in the horizontal scales refer to the 
periods identified in table 1. 

17. Figure 5 caption, 3rd line: “The dot and bar in the box indicate the mean value and 
the middle value”. “middle value” should probably be “median value”. 

18. Although the English writing is very good in general, I would suggest a review by a 
native English speaker to fix some odd uses. Just as an example, in lines 12-13, the 
“varied” in the sentence “It reflects that the properties of aged BBA particles are 
highly varied” should probably be “variable”; in line 15 “than those” sounds better 
than “with those”, etc. 


