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.
Authors’ response to reviewers’ comments 

Title: Investigation of diurnal patterns in vertical distributions of pollen in the lower 
troposphere using LIDAR technique
Paper No.: MS No.: acp-2012-723 

Revision of the paper
Anonymous Referee #2
Comments:
The paper reports simultaneous PBL lidar and meteorological measurements, and aims at interpreting the lidar measurement in view of pollen release, dispersion and removal, establishing a correlation with in-situ pollen observations. The dataset presented is interesting and surely deserves publication. However, I am afraid the paper cannot be published as it is, as a number of points must be clariﬁed. The main problem I see is an improper use of one parameter accessible to lidar sounding, the total depolarization as the ratio of parallel and cross laser pulse returns. This is a parameter that depend both on the average morphology of the scatterers, and on their concentration. Its variability can be attributed to both changes in aerosol type, or in aerosol burden. The authors should compute the aerosol depolarization instead, and use that as an intensive parameter not depending on the aerosol concentration, but only on its average morphology. Hence they should discuss separately the extinction measurements as proxy for the aerosol concentration, and aerosol depolarization as a parameter to discriminate among aerosol types. Anyway, I am willing to see the paper published as the case study is interesting. A detailed review follows:
Comments 

1. (31188,14-17) This is a strong statement. A correlation “suggests” more than “implies”. 

 : It has been changed.
2. (31188,18) Turbulent transport may be promoted by increasing temperature and wind speed. I do not see immediately the connection with decreasing relative humidity: 

The sentence “Which ~ humidity” can be dropped out of the abstract.
 : It has been removed from the abstract.

3. (31190,1) I do not think you can consider pollens as “pollutant”. Some may be harmful and even cause acute respiratory diseases. Nevertheless they should be held distinct from air pollutants as they are naturally occurring, while the substances typically referred to as pollutants are created by human activities.
: We agree with your comments. The sentence has been corrected as: “It also has unfavorable effects on the atmospheric environment by decreasing visibility during pollen seasons”
3. (31190,9) ollen?
: It’s typo. It has been removed from the text.
4. (31190,27) As the authors aim to compare lidar data with ground observations, they should provide some information on the altitude of the laser - telescope FOV overlap region, and how the managed – if they did – to extrapolate their measurement to the ground. Moreover they should report time and altitude resolution.
: Additional detailed system information of DPL has been added in the revised paper as “The emitted laser pulses have a divergence of less than 0.3 mrad after it is expanded five-fold through the beam expander. The receiving module is an 8-inch Schmidt-Cassegrain telescope and focal length of 2032 mm used to collect the backscattered laser light. The DPL was currently used with a fixed field of view (FOV) of 2 mrad, which permits a full overlap between the telescope FOV and the laser beam at heights around 300 m far from the lidar system. This FOV value, in accordance with the analog to digit convertor, enables sampling at distances up to 6 km. Temporal and spatial resolutions of DPL were 15 minutes and 2.5 m, respectively.”
”
5. (31191,2) An elastic backscatter lidar does not allow the simultaneous independent determination of backscattering and extinction coefﬁcients. How the extinction coefﬁcient was retrieved? Was a Raman channel available? Did the authors use the aerosol optical depths available through the sun photometer? Additional details are needed here.
: We used Klett method to retrieve the aerosol extinction and backscatter coefficients, respectively. 50 sr was. We can’t know the lidar ratio of pollen because related study was not performed until now. In that reason, 50 sr, normally used for unpolluted anthropogenic aerosols in East Asia, was assumed in the calculation as extinction-to-backscatter ratio (lidar ratio) based on previous study (Murayama et al., 2001; Noh et al., 2008). 
The detail explanation for the extinction and backscatter coefficient retrieval was included in the 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)
.”
6. (31192,3) and Figure 1. The authors show and discuss plots of total depolarization ratio. As already stated in the review, this is not the right intensive parameter characteristic of the aerosol morphology, as its value depends also on the amount of aerosol present, with a dependence close to linear, if the depolarizing aerosol concentration is low. This is of great importance for all the subsequent discussions on the correlation among depolarization and other extensive quantities. So the authors must present and discuss also the aerosol depolarization ratio (see as instance Cairo et al., Appl. Opt., 1999), as more indicative of the difference in various kind of aerosol eventually present. Moreover, if the extinction come from an independent measurement (i.e. if it is not simply computed from the backscatter coefﬁcient with a ﬁxed a priori lidar ratio) they should also present the aerosol backscatter-to-extinction coefﬁcient, to improve their capability to discriminate among different aerosol types.
: As the reviewer suggest, we calculated aerosol depolarization ratio. A detailed method to retrieve the aerosol depolarization ratio was added in the paper as :

“With DPL, the total linear volume depolarization ratio (δ) at 532 nm is obtained from the ratio of the total backscatter signals due to aerosols and molecules The total backscatter signals are linearly polarized with respect to the plane of polarization of the emitted laser to the total backscatter signals. In this paper we define δ as 
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 are the backscatter signal intensities with respect to the parallel and perpendicular plane of polarization of the outgoing laser beam. Although the same device is used to detect both signals, the difference in efficiency between parallel and perpendicular channel receiving systems can be induced by of the alignment of each channel. 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).  The LIDAR backscatter depolarization technique is widely used in atmospheric research because of its capability to distinguish dust from non-dust particles (Noh et al., 2007; 2008; 2012). In the presence of anthropogenic aerosols, δ, which is used as a criterion in the determination of aerosol’s sphericalness, shows values smaller than 0.05, while that of Asian dust ranges from 0.10 to 0.30 (Sakai et al., 2003; Noh et al., 2007; 2008). Although the δ is the easiest formulation for depolarization, it can be attributed to both changes in aerosol non-sphericity and in aerosol burden (Cairo et al., 1999). The aerosol depolarization ratio is calculated as an intensive parameter to discuss average morphology of measured aerosols. We apply the equation used by Sakai et al. (2003): 
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The term δ(z) is the linear depolarization ratio at an altitude z. The expression δm describes the molecular depolarization ratio. We use 0.02 in this study. R(z) is the height-dependent scattering ratio. This scattering ratio can be written as (βa(z) + βm(z))/ βm(z). The expression βa(z) describes the backscatter coefficient of the aerosol particles, and βm(z) describes the backscatter coefficient of the atmospheric molecules at altitude z. ”
The aerosol depolarization ratio was calculated hourly from 9:00 to 17:00. The results are shown in Figure 3. The related explanation has been added in line 21 page 8-12, page 9 in the revised paper.
7. (31192,17) The authors should describe in more detail under what respect the patterns are different.
The related description has been added in the paper as :
“The large value of δ indicates the dominance of non-spherical aerosols within the measurement area. In general, a large value of δ can be induced by Asian dust and sea-salt. In the case of Asian dust events, the value of δ is higher than 0.15 in most cases (Noh et al., 2008, Sakai et al., 2003) and vertical distributions of δ show generally good agreement with those of αs  Also, Asian dust is distributed up to above planetary boundary layer in many cases because the formation mechanism of Asian dust, large amounts of dust particles are advected up out of the PBL and long-range transported at high altitude (Noh et al., 2008; Shimizu et al., 2004). It is unusual to observe Asian dust only within the planetary boundary layer. Asian dust is often observed to reach the altitude higher than 2 km since Asian dust is long range transported from China in this measurement site (Noh et al., 2012; Sakai et al., 2003).”
8. (31192,18) Neither the surface PM10 nor sun/sky radiometer reported data can be used to “identify” non-spherical particles. More properly, the authors are studying correlation between aerosol concentration, optical depths and mean dimensions, with depolarization. Again, use also the aerosol depolarization otherwise the correlation may become trivial. 

: The correlation plots between aerosol depolarization ratio and aerosol optical depth at 532 nm and PM10 concentration, respectively, are added as Figure 5. The optical depth was retrieved by integrating aerosol extinction coefficient by lidar measurement from 0.3 to 1.0 km, which is the same altitude range as that of depolarization ratio. We didn’t use the sun/sky radiometer AOD because those values are total column amount and obtained at time intervals different from those used for aerosol depolarization ratio. Related explanations are added in lines 22 page 9– 2 in page 11 in the revised paper.
9. (31192,26-27) PM10 time resolution is far too coarse in Fig. 2, compared to Fig. 1, to judge anything. The authors should substantiate more their claim, and maybe quote also that the average pollen dimension is beyond the detection limits of the PM10 (If that is the point in stressing the lack of correlation between PM10 and depolarization).
: Figure 2 has been moved to Figure 4. Better time resolution was used for 4 to 9 May, which is the same period as that for Figure 1. The average values of aerosol depolarization ratio were included in Figure 2 to explain no relation between PM10 concentration and aerosol depolarization ratio. The related explanation was added with respect to Fig. 5 in the revised paper.
The dimension of pollen is included in page 11 in the revised paper 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).”
10. (31192,28) to (31193,7) Here I had some difﬁculty in following the reasoning; the author should rearrange the discussion as this is the key passage of the paragraph. Basically, the attribution of these aerosol observations to pollen is based on: 1) Lack of correlation between PM10 and depolarization. 2) Unusual (but they should explain what is usual for Asian dust episodes) diurnal pattern of vertical distribution of depolarization and extinction. 3)High values of the Angstrom exponent, compared to what is typical for Asian dust. 4) Distance (geographical – not “geometrical” - location) from the sea?

Actually, 50 km is not that far: : : although I understand that the authors wish to imply that the “repetitive diurnal and vertical patterns” of these vertical “puffs” of depolarization are suggesting a local surface source, maybe they should comment on the wind regimes on those days, to rule out marine aerosol transport. All the discussion there must be made more clear.
: As reviewer mentioned, the paper was corrected and rearranged. There are four materials, 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.
11. (31193,15) ﬁg. 4 should be renumbered, introduced immediately after ﬁg. 1 and there discussed and confronted as a “background” condition where the evolution of the PBL does not show any signiﬁcant increase of the depolarization at noon. Here, the ﬁgures should be rediscussed in light of pollen measurements. 

: Figure 4 has been changed as Figure 2. Related sentences were added to explain the background condition in which the evolution of the PBL does not show any signiﬁcant increase of the depolarization at noon. 
The following sentences have been added for discussion wrt Fig. 2 as:

“Figure 2 shows the background atmospheric condition where the evolution of the PBL does not show any significant increase of δ at noon. The similar vertical distribution and value of α were observed as shown in Figure 2 (a). However, low values (less than 0.05) of δ were observed throughout the 6 consecutive lidar measurement days without any specific diurnal pattern in Figure 2(b).”
12. (31193,20-23) There the authors should explicitly report a brief summary of the main ﬁndings they have found in the quoted literature, with respect to pollen release, lifetime, wet and dry removal in conjunction with meteorology, as my understanding of the text that follows is that the author suggests a release of pollen in the morning, vertical transport and mixing at noon and subsequent (dry) removal in the late afternoon. Is it consistent with previous studies?
: This present study reports first investigation of diurnal variations of pollen vertical distribution characteristics while the previous studies revealed variations in surface pollen concentrations depending on weather conditions. A brief summary of the main ﬁndings in the quoted literature has been added in the revised manuscript with respect to pollen release, lifetime, wet and dry removal in conjunction with meteorology as: 
“Alba et al. (2000), Jato et al. (2000), Käpylä (1984) and Bartková-Ščevková (2003) found that the temperature, the hours of sunshine, and the wind speed positively affect the atmospheric concentration of pollen in main pollen season. Alternatively, rainfall and humidity during the pollination periods tend to decrease pollen concentrations. Käpylä (1984) and Latorre and Caccavari (2009) show that maximum pollen concentration is observed around noon at the maximum temperature and minimum relative humidity conditions." 
13. (31194,23) The interpretation of the measurements the authors are putting forward is that pollen is heavily released in the ﬁrst, warmest part of the day, mixed, and then removed in the afternoon They here discuss ﬁg. 6, showing morning sounding of humidity with a gradient in the PBL, disappearing later on (not on 4 May) thus suggesting that efﬁcient mixing went on. The stability and inhibition to mixing should be more properly assessed by looking at potential temperature and Richardson number proﬁles. Are those humidity measurements valuable in studying the removal processes and how they depend on relative humidity? would be worthwhile to look at that.
: We calculated the Richardson number using radiosonde data. But, we couldn’t get reasonable results because the height resolution of radiosonde data was too sparse and irregular to get the reasonable Richardson number. In that reason, Figure 6 (now Figure 8 in the corrected paper) was replaced with temperature reduction and potential temperature to discuss the stability and inhibition of vertical mixing.
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