Comments on “Advanced insights into biomass burning aerosols
during the 2023 Canadian wildfires from dual-site Raman and
fluorescence lidar observations” by Qiaoyun Hu et al.

Summary:

This manuscript presents lidar observations of long-range transported biomass burning
aerosol (BBA) at two stations: Lille (France) and Moscow (Russia). Firstly, two case
studies from each station are discussed to show comparability between the results at
both sites.

Furthermore, statistical results of the BBA optical properties from five months of
observation in 2023 are presented and discussed. The fluorescence capacities are also
compared to two additional stations in Germany, showing a general agreement in
magnitude for all four lidar stations.

General comment:

The results presented are of high quality and this study advances the knowledge on
optical properties of long-range transported BBA. The general agreement of laser-
induced fluorescence observations at different stations suggests a potential for
coordinated multi-lidar fluorescence measurements in the future. Therefore, this study
is an important contribution to aerosol research and well-suited for ACP.

In general, the manuscript is well written, | would only suggest minor revisions
regarding the following aspects:

Style of the figures: In some figures, the tick labels of the axes are rather small and
some thin colored lines are difficult to distinguish for colorblind people. Please increase
the label size and choose more contrasting colors, where necessary, to improve
readability. For details, please refer to the specific comments below.

Reply: Thanks to the reviewer for careful revision. Modifications have been made according the
specific comments.

Fluorescence channel calibration (Appendix A): By exchanging the PMTs of the
nitrogen Raman and fluorescence channel, only the difference in electrical gain
between the two PMTs is obtained, as Eq. A3 is building the ratio between both PMTs
at the same wavelength (387 nm in your case). However, PMTs do also show a
spectral dependence of the sensitivity, which will influence the ratio of the PMT
efficiencies (gr/gr). Did you check the spectral dependence of the PMTs (e.g., with
information from the manufacturer) used and account for it? Two further questions are
addressed in the specific comments.

Reply: Thanks for clearly pointing out this question, which is very important and should be better
clarified. When we swap the PMTs, we swap the whole PMT tube, including the PMT detector
and the peripheral electronics. The ratio, calculated from the atmospheric mean signals,
involves already the terms of quantum efficiency and electronic gain of two PMTs, i.e., that is to
say. The factor grris the product of quantum efficiency Qrr and Err. If one assumes this ratio
only accounts for the difference in electronic gain between PMTs, it means the difference in
quantum efficiency between two PMTs is neglected, which may introduce uncertainties due to
different PMT ages or model.



Appendix A is improved to better clarify the deduction process:
In Step 1, PMTs are kept at their original positions:

Sp= So* tp * ap * g
SRZSO*(l_tR)*aR*g}Z?

In Step 2, PMT tubes are swapped (the signal cables should be kept at their original positions)
Sp= So* tp x ap x g}
Sgp = Sp* (1—tgy * ap * g

The superscript of g,’,f/F , k, is used to differentiate the two PMTs in fluorescence channel (k=1)
and Raman channel (k=2). And g’g/F encompass the electronic gain E{{/F and the quantum
efficiency Q% , of each PMT.

The ratio of Raman signals before and after swapping PMTs can be written as:
Sk 9r ErQg

The calibration term can be derived as follows:

CR_“RQ;%_“R gk 91%_“12 E% Qk
T o =k A =R Rk
Cr Qr gp QA Ygr 9r QF Er QF
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At current stage, we considered the last term, Z’i g’f , to be 1.0, which means the wavelength
F XF

dependence of quantum efficiency and electronic gain (of PMT 1) between Raman and
fluorescence wavelength is neglected. According to Gast et al., 2025, this assumption could
introduce an underestimation of ~30% if we use the quantum efficiency from the PMT
manufacture and ignore the wavelength dependence of the electronic gain (which seems
reasonable). However, due to aging of PMT, the real quantum efficiency may differ from the
values provided by manufacture. All in all, we have to admit in the revised manuscript that the
calibration of the fluorescence channels still suffers from significant uncertainties. Additionally,
the above deduction is put in Appendix A and limitation of the calibrations is discussed in the
revised manuscript.

101
In next step, we will try to evaluate the contribution of the term Z’f—g’f in the calibration constant,
F XF

by using a standard lamp and increasing time average (in order to increase the signal to noise
ratio in the fluorescence channel, which is the denominator).

Specific comments:

I. 46: Ansmann et al. (2025a) also discussed the impact of BBA on cirrus cloud
formation in the Arctic. This reference should be added here.

Reply: Ansmann et al. (2025a) has been added.

Il. 54-55: | would recommend to sort the references to the two types of LIF lidar
systems. Thus, it would be easier to understand for readers that are new to the
technique.

Reply: Indeed. In the revised manuscript, the references have been split into two groups
according to the detection technique--spectrometer and discrete broadband channels.

1. 102: Should it be “opto-electronic” here?

Reply: yes, this typo has been corrected in the revised manuscript.



I. 130: Eq. 4: Why did you select the ratio of exactly these two channels for the color
ratio? Please explain.

Reply: The two channels are selected based on two considerations:

(1) Both channels have good signal quality in smoke layers. When comparing with the 438 nm,
which sometimes present low signal in optically thin smoke layer, the using of 472 nm signal as
denominator can largely avoid oscillations in the calculation.

(2) The ratios of these two channels: 560 and 472 nm, reveal a better contrast between the
tropospheric and UTLS smoke layers.

I. 146: Are there really mixed-phase clouds present? The depolarization ratio seems
high throughout the whole cloud area, indicating non-spherical ice crystals.

Reply: There are mixed-phase clouds (ex. pixels with depolarization ratio of 0.15--0.30) in the
Figure 2(c), but due to the color scale, they are not revealed. In the revised manuscript, the
volume depolarization ratio is plotted in logarithmic scale, allowing the reader to see more
clearly the pixels with medium depolarization ratio.

Figure 2: Please take care of the units in the colormap labels. | assume, the
Backscatter coefficient in panel (a) should be in m™ sr (so it is also stated in the figure
caption). Panel (b) is missing the unit at all. The same comment holds for Fig. 4.

Reply: Thanks for the careful revision and for pointing out this error. The unit for panel (a) is m’
sr' and for panel (b) is Mm™ sr' nm™. Figure 2 and 4 has been corrected.

Il. 197-198: “Giant and dense smoke plumes which can be observed from MODIS
observations in Figure B1(b).” This is not a correct sentence. | would suggest to omit
the “which”. Furthermore, case 2 is shown in Fig. B1(a).

Reply: Both are corrected in the revised manuscript.

ll. 199-200: “One notable feature is that BBA layers at 12000 m showed higher
depolarization ratio at 532 nm and fluorescence capacity than those in the free
troposphere, as shown in Figure 4(b) and (d)”. There is no fluorescence capacity
shown in Fig. 4. Panel (d) is obviously missing in Fig. 4.

Reply: This sentence is modified into “One notable feature is that BBA layers at 12000 m
showed higher depolarization ratio at 532 nm than those in the free troposphere, as shown in
Figure 4(b)”, without mentioning the quicklook fluorescence capacity. The author decided to
remove quicklook of fluorescence capacity, previously shown in Figure (4d), because aerosol
extinction (which required high time resolution extinction profile) was not corrected in its
calculation. While in the calculation of averaged fluorescence capacity, aerosol extinction is
corrected. Although the quicklook of fluorescence capacity can provide quick view of aerosol
type without rigorous quantification, it may cause some confusions in numbers when the
readers compare it with the fluorescence capacity shown in the averaged measurement.
Without showing this quicklook, the contrast of fluorescence capacity between tropospheric and
UTLS layers can still be clearly observed in Figure 5(d) and discussed in the text.

Il. 222-223: Besides the stronger fluorescence signal, the second plume also showed a
higher depolarization ratio at 355 nm, or not? Please add that.

Reply: Yes, the UTLS smoke layer appearing in the second time interval showed higher
depolarization compared with that in the first time interval in the night of 31 May to 01 June 2023
(See the figure below). However. Due to insufficient polarization purity of laser beam at 355 nm

(at GPI), the values of polarization are inaccurate and can only be used as qualitative indication,
therefore they were not shown in the main text.
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Figure 6: Shouldn’t the unit of the spectral fluorescence backscatter coefficient be
something like Mm™" sr’ nm™ (per nm)? The same comment applies to Fig. 8.

Reply: Yes, it should be Mm™ sr' nm™ in Figure 6 and 8. Both figures have been corrected.

Figure 7: Panels (d) and (e): The two different blue tones are difficult to distinguish for
colorblind people. Please change one of the tones to a more contrasting one. Maybe
use the same combination blue tones as for the RH from sonde and ERA 5 data. They
are well distinguishable. Thank you. The same comment applies to Fig. 9.

Reply: Thanks for pointing out. The colors have been changed to colors with stronger contrast in
the revised manuscript.

. 279: “The increasing trend is particularly strong in the thin BBA layer at 7000 to 9000
m.” You only show the color ratio up to 8 km but mention, that the trend is strong from
7-9 km. What happens from 8-9 km?

Reply: This sentence was written for the description of an earlier version of Figure 7, where the
color ratio in the range of 7-9 km was shown. Later the authors decided to remove the data
points at 7-8.5 km because the signal is very weak and noisy between 7.0-- 8.5 km, but forgot
deleting this sentence. In the revised manuscript, this sentence has been removed, while the
conclusion about the increase color ratio in the UTLS than in the troposphere remains
unaffected.

Figure 10: Please increase the size of the tick labels of the axes for better readability.

Reply: the size of tick labels has been increased in the manuscript.

1. 354-355: “Exceptionally high depolarization ratios were observed during two periods:
on 12 July and from 23 to 30 September 2023”

And at the end of August, if I'm right?

Reply: Indeed, depolarization ratios at the end of August is also very high. Although the study of
the Khaykin et al., 2025 indicated the lifting mechanism in August 2023 was WCB (Warm-
conveyor Belt) rather than the PyroCb, the high intensity of smoke plumes arrived at AOLL (with
extinction coefficients about 250 Mm™ at 355 and 532 nm, and EAE around 0.3--0.4 in the night
of 29 August) showed the smoke plumes were dense (Aerosol index > 28, Khaykin et al, 2025)
at the emission, which provided favorable condition for the particle growth. In the revised
manuscript, discussion about the measurements in late August has been added --
“Depolarization ratios at the end of August were also very high. Although the study by Khaykin
et al., 2025 indicates that the lifting mechanism in August 2023 was a WCB (Warm Conveyor
Belt) rather than a PyroCb, the strong smoke plume intensity observed at AOLL (with extinction
coefficients about 250 Mm ™ at 355 and 532 nm and an EAE around 0.3--0.4 in the night of 29
August) suggested that the plumes were already very dense at emission, which provided



favorable conditions for particle growth.”

Il. 360-361: “. In particular, LILAS detected tropospheric BBA layers with depolarization
ratios comparable to those in the UTLS on 29 and 30 September”

There seems to be a similar behavior at the end of August, isn’t it?

Reply: Actually, at the end of August, we did not detect any descending layers from UTLS to
middle or low troposphere. But we detected very dense smoke plumes (with peak extinction
greater than 300 Mm™ at 355 nm) at UTLS and in middle troposphere (around 7000 m,
extinction around 200 Mm™" at 355 nm), indicating intense wildfire emission over Canada. The
high depolarization ratio in late August is more likely related to the high intensity of smoke
plumes, promoting particle growth.

I. 381: “However, in the UTLS layer MARTHA derived much lower values than LILAS.”
You only compare MARTHA and LILAS here. If you would compare the RAMSES and
GPI data to them as well, this could be also interesting: Then, it secems that MARTHA
and RAMSES values are nearer to each other than LILAS and MARTHA (which seems
reasonable, as Lindenberg and Leipzig are closer to each other than Lille and Leipzig).

LILAS, instead is quite near to T2 values of GPI, while RAMSES and MARTHA are
closer to T1 of GPI.

Reply: This message has been added to the revised manuscript.

“...lower values than LILAS. This low fluorescence capacity is likely linked to cloud
processing, as MARTHA detected ice cloud formation at the base of the UTLS BBA layer.
Observations from Lindenberg, which is closer to Leipzig than Lille, as well as the data from
time interval T1 at GPI, show more consist value with MARTHA observations in the UTLS layer.
And the fluorescence capacity from LILAS is in good agreement with GPI data during time
interval T2.”

1. 389: “over DWD” -2 “over Lindenberg” would be better here.

Reply: it is corrected in the revised manuscript.

Table C1: The numbers for the layers around 12 km from LILAS and MARTHA are
confusing (compared to Fig. 12, they are swapped). In Fig. 12, LILAS shows higher
capacity, while in Tab. C1, MARTHA shows a higher value than LILAS. Please clarify.

Reply: thanks for pointing out this error. Yes, the values in the table were swapped in the table
(due to arrangement of table in Latex) and Fig. 12 is correct. Table C1 has been revised in the
manuscript.

Figure 13: What is represented by the dashed lines — the average for FT and UTLS
BBA layers, respectively? This would not match with the values reported in the text.
Please clarify.

Reply: Thanks for pointing out this error. This confusion came from the fact that, in the data
processing, there existed two different criteria (based on central height or layer base height) for
separating the tropospheric layers and the UTLS layers, and statistics have been done
accordingly, the values in the text and in Figure 13 do not correspond to the same separation
criteria. The values in the text have been corrected and the conclusions are not affected.



Il. 429-430: “The EAE decreases gradually with the increasing layer altitude, yielding r2
= 0.61, while the depolarization ratio exhibits an increasing trend with r2 = 0.68.”

You only show the depolarization ratio at 532 nm in Fig. 15b. Was it the same at 355
nm or did the depolarization ratio show no tendency there?

Reply: The depolarization ratio at 355 nm also shows a similar increasing tendency with a
weaker correlation (r2 = 0.58), shown in the figure below. In the manuscript, we prefer to show
only depolarization ratio at 532 nm rather than both, because 1) the conclusion remain the same
if 355nm depolarization is shown, (2) the data quality is better at 532 nm, which is less affected
by molecular scattering.
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Figure 15: Please increase the size of the axes and tick labels for better readability.

Reply: the size of tick labels has been increased in the manuscript.

Il. 553-554: “Note that, in Equation A1-A3, we assume the transmission in the optics
before the DM is invariant between the spectral range of the Raman and fluorescence
channel.”

Is that really the case or an approximative assumption? Are there no other optical
elements (such as other beam splitters or dichroic mirrors) in the beam path before,
that may have different transmissions for the Raman and fluorescence wavelength
ranges?

Reply: (1) This is a reasonable assumption although we did not perform a calculation of spectral
transmission of each optical component like in Gast et al., 2025. The main reason is that the
transmission curves of some components (for example the DM that splits 355 and the rest,
which is an old component) are not available and we only have mean values over a certain
range of spectral range. (2) There are two more DM before the DM that splits 466 and 387 nm.

The first DM reflects 355 and transmits longer wavelengths. Since the spectral distance
between 387 nm and 466 nm is quite close for this long-pass DM, we can assume the
transmission is the same over this spectral range. The second DM is the one that reflects
387+408+fluorescence nm and transmits 530+532+1064 nm, whose transmission curve is
shown in Figure 3 and the transmission difference between 387 and fluorescence is about 1-2%,
which is negligible. The DM that splits Raman and fluorescence also works almost perfectly,
with reflection 98% at 387 nm and mean transmission of 96% at fluorescence wavelengths (as
shown in Figure 4).



The transmission of other common optical components--the telescope window, primary mirror,
collimator and folding mirror are assumed identical between 387 nm and the fluorescence
wavelengths. This is justified by the broadband coatings used on these elements and the small
spectral separation involved.
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Figure 3. Transmission curve of the dichroic mirror that reflects 387, 408 and fluorescence
wavelengths and transmit wavelengths > 500 nm.
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Figure 4. Transmission curve of the dichroic mirror splitting 387 nm and fluorescence
wavelengths.

Figure B1: | would recommend to switch the order of the two graphics, here. Because
at the moment, panel (a) shows case 2 and panel (b) shows case 1, which is bit
confusing. After switching, it would be more chronological.

Reply: Thanks for careful revision, the figure has been modified accordingly.

Typos:

I. 241: “‘wavelengths”

I. 266: “HYPLIT” > HYSPLIT

I. 419: “clearly” - clear; “toward” 2 towards

I. 424: “upper most” = uppermost

1. 540: “interferences filter” = interference filters
I. 555: “grain” 2 gain

Reply: these errors have been corrected in the revised manuscript.
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Reply: This reference has been added in the revised manuscript.



