We responded to all the comments by the reviewer. The criticism and suggestions by the reviewer were appropriate and improved the quality of our manuscript. We appreciate such efforts.
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Revision of the paper
Anonymous Referee #3
Comments:
The paper by Noh et al reports lidar backscatter and depolarization measurements in Gwagnju, Korea, in conjunction with co-located AERONET, PM10 concentration, and pollen count distributions. A diurnal pattern in depolarization measurements is interpreted as pollen observations. Whereas I think that it is worth it to do the best possible research on this dataset, with an eventual publication, I am not convinced by the interpretation given by the authors. 
I am unfamiliar with pollen observations by lidar and their depolarization properties; however the depolarization signal observed could be interpreted differently whereas the authors have not investigated other possibilities. 

I believe that it cannot be excluded that the depolarization signal is due to locally windblown dust. As the authors point out, this signal is observed in conjunction with a daily pattern of larger temperatures and stronger winds. Winds may cause more pollen to be released, but also more dust to be lifted in the surrounding areas.
Comments 
1) Please give more details on how you convert lidar signals to geophysically relevant quantities. Retrievals of extinction coefﬁcient will require assumptions on backscatter/extinction ratio and reference height (see Klett, AO, 1985). Depolarization will require a good calibration and rigorous treatment (see Freudenthaler et al, Tellus, 2009).
: We used Klett method to retrieve the aerosol extinction and backscatter coefficient in this research. As the reviewer mentioned, the assumption of lidar ratio is important in the Klett method. We used the 50 sr as the lidar ratio, which is based on previous studies in East Asia region. The details about lidar data analysis were added in page 7 in the revised paper as : 
“The algorithm of Klett, (1981) and (1985)
 was used to retrieve the aerosol extinction and backscatter coefficients, respectively. In this method, the extinction-to-backscatter ratio, so called lidar ratio, has to be assumed. The constant lidar ratio was used for the measured altitude range in our data analysis .In the present study, we assumed a lidar ratio of 50 sr at 532 nm to retrieve the aerosol extinction coefficient Murayama et al., 2001()
. A similar value can be taken as an average lidar ratio for aerosol pollution in spring at the measurement site, as reported by Noh et al. (2008). Highly polluted (light-absorbing) aerosols may show lidar ratios as high as 50 – 80 sr at 532 nm Müller et al., 2007(;Noh et al., 2011)
.”
We calibrate the depolarization ratio using the empirical method. The details were written in page 6 in the revised paper as :
” The calibration was performed using that an aerosol-free region in the free troposphere were δ = δm (molecular depolarization ratio). We used the empirically determined δm of 2% which is higher than 1.4 % at aerosol free region, which was reported elsewhere (Cairo et al., 1999; Weber et al., 1967).”  
2) Please specify if you are using volume or particle depolarization ratios (I believe that you are using volume, but it needs to be speciﬁed).
: Volume depolarization ratio was used in the paper. It has been specified in the revised paper. 
Particle depolarization ratio has been calculated and discussed in the revised paper. The results are shown in Figure 3 and 4.
3) You observe a statistical correlation between lidar depolarization in the boundary layer and surface pollen concentrations. This does not imply at all that depolarization is caused by pollen, but rather it suggests that both observables are driven by a common driver (e.g. wind).
: Depolarization within PBL can be increase due to Asian dust, sea salt, and pollen. Based on comparison between surface PM10 and sunphotometer data, and considering geophysical characteristics, observed high depolarization value could hardly be attributed to Asian dust or sea-salt. Increased depolarization was found to be correlated to the increased pollen concentration. A diurnal pattern of the depolarization was explained via comparison with meteorological conditions, which are explained in detail in Section 4. 
There are four factors: Asian dust, wind-blown dust, sea salt and pollen. Those have possibilities increasing the depolarization ratio in the lidar measurements. Asian dust, wind-blown dust, and sea-salt were ruled out of the factors that contribute to the high depolarization ratio by analyzing the optical and spatial characteristics of these factors as well as geographical characteristics, which are explained in detail in lines 11 – 12, page 5 and  lines 4 -17 in page 10 in the revised manuscript.

In terms of possible contribution of sea-salt, sea-salt may be able to be transported over a distance of 50 km from the sea to the measurement site. However, given the large size of the sea-salt particles, the amount of transported sea-salt particles are hard to be large enough to increase depolarization ratios at the measurement site due to the geographical difficulties including mountains, which is supported by the chemical speciation data. Sea-salt can be ruled out of the candidates that may have increased depolarization since the PDRP of the sea-salt ranges from 0.08 to 0.10, which are smaller than those observed in this present study. The relevant explanations have been added in lines 18, page 10 – 2, page 11 in the revised manuscript.

4) Have you investigated the possibilities that you observe wind blown dust instead? Any information on composition from ﬁlter samples? Can you describe the surrounding area to exclude any terrain where dust could be blown into the atmosphere?
: Wind-blown dust, which is originated from the local area, has not been observed last 10 years at this measurement site except for long range transported Asian dust from China since the measurement site is surrounded by buildings, mountains, and farms. In particular, if wind-blow dust had effects on the measurement site, depolarization ratio should have shown a correlation with PM10. However, no correlation was found between PM10 and depolarization ratio in Figure 5. The relevant texts are in lines 9-16, page 10 in the revised manuscript as:
“Locally wind-blown dust also may have a possibility increasing δp. However, it is less likely to have wind-blown dust as a major source for increased δp since the measurement site is surrounded by mountain, farms, and buildings. In particular, δ in Figure 2(b) was not increased even with the strong windy condition around noon which is similar to that for Figure 1(b). The different δ in the same windy condition directly implies that δ was not driven by wind-blown dust during the measurement period. In particular, if wind-blow dust had effects on the measurement site, δp should have shown a correlation with PM10. However, no correlation was found between PM10 and δp in Figure 5.”
5) When talking of pollen, could you give an idea of how large these particles are meant to be?
: The average pollen dimension is beyond the detection limits of the PM10. The range of pollen dimension is larger than 16 μm. Pollen grains are irregular particles with dimensions averaging about 25 μm (for paper birch) or larger: spruce grains contain two large air-filled flotation bladders with a total size of about 110 μm. The fine pollen, which is the largest portion in total number of measured pollens in the study, shows 45 -70 μm range in size. 
The following sentences have been added in lines 12-15, page 11 in the revised manuscript as:
“However, increased pollen concentration didn’t affect PM10 variation because the PM10 sampler cuts off the aerosols with the aerodynamic diameter larger than 10 μm, which is even much smaller than the smallest pollen size of 16 μm (Bhat et al., 1989).”

6) Can you give references from the literature to studies linking lidar depolarization to pollen? What is the particle depolarization ratio expected for this aerosol?
: There is only one study that discusses lidar depolarization by pollen. “Sassen K. (2008) Boreal tree pollen sensed by polarization lidar: Depolairzing biogenic chaff, Geophysical Research Letter, Vol. 35, L18810, doi:10.1029/2008GL035085” , which was already cited in the original manuscript and now in page 11 in the revised manuscript.
However, the particle depolarization ratio was not discussed in that paper. This present study is the first investigation of the particle depolarization ratio for pollen.  
7) By assuming a particle depolarization ratio for your depolarizing aerosols (whether dust or pollen), you should be able to use the signal in volume depolarization to quantify which fraction of the extinction and aerosol optical depth are due to it and which fraction is due to the background urban aerosol (see Marenco and Hogan, JGR, 2011).
: As the reviewer mentioned, the contributions of pollen and background urban aerosol to the extinction coefficient or aerosol optical depth can be quantified, respectively. However, given the scope of this paper, which is to report (1) first observation of increase in depolarization due to increase in pollen concentration (2) first characterization of vertical distribution of pollens, and (3) first identification of a certain diurnal pattern of pollens, quantification of the contributions of pollen and background urban aerosol to to the extinction coefficient or aerosol optical depth is thought to be out of the scope and major objectives of this present study. The quantification of such contributions is thought to better be discussed in the subsequent paper. 
8) You describe pollen as a form of pollution. Are we sure that this classiﬁcation is correct? This term is usually used for anthropogenic emissions.
: The sentence has been corrected as “It also has unfavorable effects on the atmospheric environment by decreasing visibility during pollen seasons.”
