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General comment: 

This manuscript presents a valuable application of multi-channel laser-induced fluorescence 

(LIF) lidar for observing long-range transported biomass burning aerosol (BBA) over Nanping, 

South China. The study demonstrates the high sensitivity of the LIF technique by detecting 

weak fluorescence signals from relatively low-intensity fires in the Indo-China Peninsula (ICP), 

a region where such observations remain scarce. The integration of multi-source datasets, 

including satellite fire products, reanalysis data, backward trajectories, and radiosonde profiles, 

provides a comprehensive framework for source attribution and analysis of transport pathways. 

Notably, the observation of co-transported water vapor with the BBA layer offers new insights 

into the humid processing environment during transport. 

 

Overall, the paper is well-structured and presents a compelling case study. However, several 



aspects require clarification and expansion to strengthen the manuscript's conclusions and 

ensure its reproducibility. I recommend publication in Atmospheric Measurement Techniques 

after minor revisions. My detailed comments are as follows: 

 

We sincerely thank Referee #4 for constructive comments and suggestions, which have 

significantly improved the quality of our manuscript. Below, we provide our point-by-point 

responses to the comments: 

 

Major Comments: 

1. Given the LIF lidar's 30° elevation angle, is the y-axis label in Figures 2-3 correctly indicating 

altitude? Please verify and clarify if the displayed values represent vertical altitude or slant 

range. 

Thank you for pointing this out. In this study, all altitude values refer to vertical altitude rather 

than slant range. We have clarified this explicitly in the Sect. 2.1. The y-axis labels in Fig. 2, 3, and 

7 have been revised accordingly to avoid ambiguity. 

“The vertical altitude was obtained by projecting the slant range onto the vertical direction, and 

all altitudes reported hereafter refer to vertical altitude.” 

 

2. Regarding the lidar ratio assumption in line 187, it is suggested to reorder the discussion. 

The assumption of a lidar ratio of 55 sr should only be applied after first establishing that the 

observed aerosol layer is indeed smoke. The current logical flow could be improved for clarity. 

Thank you for this valuable suggestion. We have reorganized the discussion and moved the 

lidar ratio assumption after the HYSPLIT analysis which indicates that the observed aerosol layer 

originated from fire sources. We also revised the order of Sect. 4: Sect. 4.1 Vertical profiles observed 

by LIF lidar; Sect. 4.2 Source attribution of the fluorescent layer in Case 1; Sect. 4.3 Spectral 

fluorescence capacity estimation; Sect. 4.4 Fluorescence spectra. 

During this revision, we performed a comprehensive re-examination of the data processing 

procedure and identified an implementation issue that resulted in a systematic overestimation of the 

aerosol extinction coefficient by a factor of two. After correction, the retrieved spectral fluorescence 

capacity 𝐺̂F has been revised from 3.1 to 1.6. Nevertheless, the updated value remains within the 

range reported for smoke (i.e., 1.5×10-6–13×10-6 nm-1) in previous studies (Gast et al., 2025) and 

is still clearly higher than the 𝐺̂F values retrieved from the other layers. Therefore, this correction 

does not affect the main conclusions or the interpretation of the results presented in the manuscript. 



“4.3 Spectral fluorescence capacity estimation 

To further analyze the fluorescence characterization, we use quantitative analyses of the 

spectral fluorescence capacity 𝐺F =
𝛽F
𝛽L

 , where 𝛽
F
  is the spectral fluorescence backscatter 

coefficient and 𝛽L is the elastic backscatter coefficient (Reichardt, 2014; Veselovskii et al., 2022b). 

As 𝛽L was not directly available in this study, we estimated 𝐺̂F =
𝛽F

𝛼L
aero ∙ 𝑆 using a typical lidar 

ratio S ≈ 55 sr for aged smoke (Ansmann et al., 2021). To enable direct comparability with the 

fluorescence wavelength range (444–488 nm) from (Gast et al., 2025), we selected Channels 20–

14 (444–487.4 nm) for 𝐺̂F estimation. 𝐺̂F values are provided in Table 2, excluding Case 1 (0.8–

1.4 nm): negative 𝛼L
aero results in negative 𝐺̂F, which is thus omitted. Table 2 presents the highest 

𝐺̂F for Case 1 (1.8–2.4 km) ≈ 1.6 × 10−6 nm−1, which is close to the lower bound of the 𝐺̂F range 

(1.5×10-6–13×10-6 nm-1) reported for smoke observed in Germany (Gast et al., 2025). Notably, 𝐺̂F 

for Case 1 (1.8–2.4 km) is at least twice as high as those retrieved from the other layers, indicating 

relatively enhanced fluorescence efficiency in this layer. The characteristics of the fluorescent layer 

are further examined through analysis of the fluorescence spectra in Sect. 4.4. 

Table 2. Estimates of layer-averaged spectral fluorescence capacity (𝐺̂F =
𝛽F

𝛼L
aero ∙ 𝑆), computed over 

the fluorescence range 444–487.4 nm (Channels 20–14). A lidar ratio S of 55 sr (typical for aged 

smoke) is assumed (Ansmann et al., 2021). 

Cases 𝐺̂F (× 10−6 nm−1) 

(0.8–1.4 km) 

𝐺̂F (× 10−6 nm−1) 

(1.8–2.4 km) 

Case 1 – 1.6 

Case 2 0.7 0.2 

Case 3 0.6 0.6 

Case 4 0.3 0.1 

” 

 

3. Please ensure uniformity in the font style used for numbers and equation symbols throughout 

the manuscript. 

Thank you for your reminder. We have carefully checked the font styles used for numbers and 

equation symbols throughout the manuscript and have ensured their consistency.  

 

4. The term "N2 Overtone" in Table 1 requires a brief explanation. 

We appreciate your suggestion. An explanation has been added to Sect. 2.1 as follows: 

 “All detection channels are listed in Table 1. The vibrational overtone of N2 Raman scattering 



at 424.4 nm (Veselovskii et al., 2023) falls within the spectral range of Channel 24, leading to minor 

spectral features in this channel (as shown in Fig. 1).” 

  

5. In line 265, the statement "our measurements show the fluorescence signal was roughly an 

order of magnitude lower than the water vapor signal, indicating that fluorescence interference 

is unlikely to be the primary cause of the observed 𝛽H2O  enhancement." The causal link 

presented here may be somewhat tenuous. 

Thank you for pointing this out. We have revised the text and included a sensitivity test by 

subtracting the fluorescence signal from the water vapor channel. The enhanced 𝛽H2O layer persists 

after this correction, suggesting that fluorescence interference does not dominate the observed 

enhancement:   

 “Previous studies have suggested that fluorescence interference in water vapor Raman channels 

(Chouza et al., 2022; Liu et al., 2022) may contribute to an enhancement in 𝛽H2O. However, in our 

measurements, the fluorescence signal is approximately one order of magnitude lower than the 

water vapor Raman signal (Fig. 6a). As a sensitivity test, we subtracted the signal from a nearby 

fluorescence channel (Channel 22) from the water vapor Raman channel and found that the 

enhanced 𝛽H2O layer persists, suggesting that fluorescence interference is limited. In addition, the 

ERA5 RH profile (Fig. 7h) shows a distinct high-humidity layer at the same altitude, which is 

consistent with the presence of a real moisture layer.” 

 

6. While these case studies successfully identify transported smoke, the potential influence of 

local urban aerosols cannot be excluded. What are the known fluorescent components of local 

aerosol in the Nanping urban area? Although distinguishing between sources is challenging, a 

brief discussion of these local fluorophores would provide valuable context for interpreting the 

observed fluorescence spectra. 

Thank you for this valuable suggestion. We have added the following discussion to provide 

context on potential local fluorescent aerosol components in Sect. 2.1:  

“Nanping is a mountainous city in southeastern China characterized by extensive forest 

coverage and limited heavy industrial activity. Local anthropogenic emissions could arise from 

traffic and residential activities, which may emit combustion-related organic aerosols. In addition, 



the surrounding vegetated environment associated with the region’s high forest coverage may 

release primary biological aerosol particles.” 

 

7. Line 140: "standard atmosphere model (Shang et al., 2018)." Please specify which standard 

atmosphere model was used (e.g., US Standard Atmosphere 1976) for calculating the nitrogen 

concentration profile. 

Thank you for pointing this out. To better represent the atmospheric state during the 

measurements, the nitrogen concentration profile 𝑁R  is calculated from the temperature and 

pressure profiles obtained from ERA5 reanalysis data in the revised manuscript, replacing the 

previous use of temperature and pressure profiles from US Standard Atmosphere 1976 model.  

This has now been clarified in the manuscript: 

 “𝑁R is the nitrogen number density, which is calculated from temperature and pressure values 

obtained from the ERA5 reanalysis dataset.” 

 

8. Some variables in the equations are not defined upon their first appearance in the text. For 

instance, the system constants 𝐶R  and 𝐶F  (for the Raman and fluorescence channels) in 

Equation (3) should be explicitly defined. 

Thank you for your reminder. We have carefully checked all variables and added the 

corresponding definitions upon their first occurrence in the manuscript. For example: 

“𝛼R
mole and 𝛼L

mole are the molecular extinction coefficients in elastic and N2 Raman channels, 

calculated following (Platt et al., 2012).” 

 “𝐶R and 𝐶F are system constants for the N2 Raman and fluorescence channels, respectively.” 

“…normalized by the fluorescence spectral wavelength range ∆λ…” 
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