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Anonymous Referee #2 Interactive comment on “Study on variations in lidar ratios for
Shanghai based on Raman lidar” by Tongqiang Liu et al.
Aerosol lidar ratio (LR) is a key parameter for retrieving aerosols optical properties
from elastic lidar measurements, and better evaluating its climatic effects. The article presents an investigation of lidar ratio (355 nm) variation of atmospheric aerosols
in Shanghai from long-term Raman/polarization lidar measurements. Moreover, relation between LR at 355 nm and other factors are discussed in detail. The topic is
of sufficient interest to the communities of study of laser remote sensing and atmospheric aerosol. In general, I find this manuscript to be of interest for publication and
C1

appropriate for Atmospheric Chemistry and Physics. There are several suggestions
for improvement listed below that should be considered by the authors and the editors
before publication.
Reply: We are very grateful for referee’s encouraging comments and recommendation
for publication. We have tried our best to improve this paper according to referee’s
very helpful suggestions. The following are our point-by-point responses to referee’s
comments.
1. The title of the manuscript is inappropriate. In my opinion, it is preferred to use “Long
term variation of aerosols lidar ratio in Shanghai based on Raman lidar measurement”.
Reply: The title of the manuscript has been revised according to referee’s suggestions.
2. This study discuss distribution of lidar ratio at 355 nm, it is suggested that the authors
have to clearly specify it throughout the manuscript, especially mark “lidar ratio (355
nm)” in all figures.
Reply: We appreciate the referee’s suggestions, and have specified in section 2.1.1
that the LR in our study was at 355 nm.
Therefore, the LR obtained and discussed in this study is at 355nm.
We’ve also marked “355 nm Lidar Ratio” in Fig. 2, 3, 4(a), 6(a), 7(b), 7(c) and 8
according to the referee’s suggestions.
3. Honestly speaking, this study cannot provide enough valuable LR information for
improvement of the CALIPSO lidar retrieval. Because CALIPSO algorithm need LR at
532nm for seven aerosols types, not that at 355nm. However, LR at 355nm in this study
would be very useful for the EARTHcare lidar in the future. Please rewrite sentences
in Line 64-66.
Reply: We agree with referee’s concerns and have rewritten it.
On the one hand, the range-resolved LR obtained from the ground-based Raman lidar
C2

can not only be used to compare with 355nm LR obtained from ATLID (Atmospheric LIDar) on the EarthCARE (Earth Clouds and Radiation Explorer) planned to be launched
by ESA (European Space Agency) (Liu et al., 2020; Nicolae et al., 2018), but also can
provides a reliable basis for the inversion hypothesis of elastic lidar in Shanghai and
surrounding areas, and improves the products reliability from elastic lidar network such
as the Asian dust and aerosol lidar observation network.
4. Line 60-61: combine citations to “Noh et al., 2007 and 2008”. Similar to citations in
line 118. Please check such problem throughout the manuscript.
Reply: We appreciate referee’s reminding and have checked and revised the inappropriate citations throughout the manuscript.
In South Korea and Japan, some researches have also been carried out on the LR of
the Asian dust and biomass burning aerosols based on Raman lidar (Murayama et al.,
2004; Noh et al., 2007 and 2008).
Because Section 2.2 was compressed, the citations in line 118 were deleted.
5. Section 2: retrieved method of aerosol optical properties from Raman lidar is widely
used and almost common knowledge among lidar community. The authors do not modify or improve the method in this study at all. So, it is suggested that section 2.2 could
be compressed. More important information (such as lidar data correction) should be
briefly introduce in section 2. For example, overlap correction is very important before
retrieving LR from Raman lidar observation. Improper overlap correction would lead to
large uncertainty.
Reply: The referee’s comments are very valuable. We’ve compressed section 2.2
and added a brief introduction of lidar data pre-processing. Because signals in the
incomplete overlap area were not used for retrieval, the overlap correction was not
introduced in section 2.2.
Original signals need to be pre-processed before retrieval, including background subC3

traction, photon counting signal dead-time correction, gluing, and overlap correction
(D’Amico et al., 2016). The calculation of the glue coefficients used the method proposed by Newsom et al. (2009). In order to reduce the influence of incompletely overlapping detection areas of lidar on retrieved results, only signals in the complete overlap
area were used for retrieval. In addition, affected by the location altitude of Raman lidar
and the least square method used in the retrieval process, the lowest height of LR obtained by Raman method is 569.5m (ASL). Since Raman Lidar used in this study can
detect the Raman scattering signal of 387nm nitrogen and signal-to-noise ratios of Raman signals in daytime are much lower than that in night time, the 355nm LR at night
can be obtained through retrieval. The retrieval results of raw signals were counted by
hour, and the hours with more than 15 minutes of retrieval results were regarded as
effective observation hours. The retrieval results within the effective observation hours
were averaged to obtain hourly average data. During observation period, data of 667
effective observation hours was obtained through retrieval and statistics. The monthly
distribution is shown in Fig. 1.
6. LR is a really complicated parameter which not only depends on aerosol types. It is
hard to identify aerosol type from LR only, without additional independent information.
The authors claimed that dust aerosol is usually distributed around 1-2 km, according
to range of LR variation. This conclusion is inconsistent with statement in line 193194. It should be noted that depolarization ratio can identify dust from other aerosol
reasonably, rather than LR. Please rewrite the sentences.
Reply: We agree with referee’s concerns. It is not accurate to identify aerosol types
only by LR and we’ve deleted Table 1 and the analysis on aerosol type determined by
LR in section 3.1.1.
The average LR from 0.5 km to 1km was 68.2±19.5 sr, which was in good agreement
with the 355nm LR observed by Ferrare et al. (2001) in Oklahom, America. The mean
value of LR was between 40 sr and 50 sr in the altitude range of 1 km–2 km, and the
mean values of LR were usually less than 40 sr above 2km, which was related to low
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aerosol concentration and low absorption efficiency of aerosols (Hänel et al., 2012;
Hee et al., 2016).
Figure. 3 shows the frequency distribution of LR in the different altitude range. Overall,
LR were widely distributed in the altitude range of 0.5 km–5 km. In most cases (about
90%) LR ranged from 10 sr to 80 sr with the highest frequency of 17.3% between 40
sr and 50 sr. It should be noted that the number of observations trailed off at larger
LR and the frequency of abnormally large LR (> 90 sr) was about 4%. LR also had a
wide distribution range within 0.5 km–2 km, and the frequency of 40 sr–50 sr was the
highest (24.6%), which was similar to the range of 0.5 km–5 km. Large LR (> 60 sr)
were mainly distributed in the range of 0.5 km–2.0 km, suggesting that the aerosol in
this height range had strongly absorbing ability. Although there were a few large LR
(> 60 sr) above 2 km, LR was mainly distributed between 0 sr–40 sr with the highest
frequency of 34% between 10 sr and 20 sr.
7. Page 9 line 247: I guess “an effort” should be “order”.
Reply: We appreciate the referee’s suggestions and have revised it. In order to further
research the influences of wind directions on LR and its vertical distribution, cluster
analysis of back trajectories was used to study the transport of atmospheric aerosols.
8. Page 12 line 343: change “667-hours” to ‘667-hour’.
Reply: We have revised it according to referee’s suggestions. The aerosol LR at 355nm
were retrieved, and the variations of LR and their influencing factors were analyzed in
detail based on 667-hour data.
9. Figure 5: x-axis of this figure should be marked by date (not hour), so that readers
easily understand seasonal variation of LR in Shanghai.
Reply: The x-axis of Figure 5 has been marked by date (Day/Month/Year) according to
referee’s suggestions.
10. Figure 6: it is well known that dust aerosols usually show large depolarization
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ratio (DR). As descried by the authors, LR of dust is 40-60 sr. However, LR which
corresponds to large DR are in range of 100-120 sr. Please explain the reason.
Reply: The referee’s comments are very valuable. We have added some analysis
to explain why LR which responses to large DR are in range of 100-120 sr in our
manuscript.
It is worth noting that LR which responses to large depolarization ratio are in range of
100 sr–120 sr. Generally, the LR of dust aerosol with large depolarization ratio was
between 40 sr and 60 sr (Murayama et al., 2004; Noh et al., 2007). Hee et al. (2016)
found that 355nm LR of aged forest fire aerosols was relatively large, ranging from 80sr
to120sr. And previous studies have found that some aged forest fire aerosols also show
large depolarization ratios (Hu et al., 2019; Murayama et al., 2004). There might be
two reasons for this phenomenon. One is that dust aerosols on the surface are lifted
into the biomass burning plume (Müller et al., 2007), and the other is nonsphericity
of particles due to coagulation of smoke particles during aging process (Reid et al.,
1998). Therefore, the LR in the range of 100 sr–120 sr corresponds to large DR may
be caused by aged forest fire aerosols.
11. Figure 9: Please mark the location of lidar site in all panels.
Reply: The location of lidar site has been marked by blue star in all panels in Figure 9
according to referee’s suggestions.
12. The English of manuscript should be further improved before publication.
Reply: We appreciated the referee’s suggestions. We reviewed the manuscript carefully and have tried our best to corrected grammatical errors and improve the English
of the paper.
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