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Yuan et al 2022 – Lidar and MMCR applied for the study on cloud boundary
detection and the statistical analysis of cloud distribution in Xi’an region

This manuscript presents an observational combined lidar (1064 nm) and radar (8.6 mm)
data set to determine the cloud boundaries over the ground station located at the Xian
region. The authors use signal enhancement techniques to avoid background and aerosol
signal thereby improving the SNR for the identification of cloud top and base boundaries.
Analysis of one-year data set over the Xian is presented characterizing the cloud cover
and single/multiple cloud layer occurrences. Overall, this is an interesting manuscript and
has the potential to be published. 

General comments:

It is well established that combined lidar and radar measurements are essential to
monitor the local cloud cycle. This is also acknowledged by the authors here in the
manuscript with some references (Line 76) and demonstrated with few case studies
(section 4.1). However, the one-year data presented here do not have simultaneous
measurements from lidar and radar for about one-third of the total time (7248 hours).
This could introduce bias: (a) in the cloud base boundaries as also shown in fig 10
(19:00 – 00:00 hrs) for the cases of cirrus to altostratus transition where the cloud
particles would eventually grow into large sizes producing precipitation, and (b) in cloud
top boundaries where the ice crystals are too small to be detected by the radar (fig 10,
19:00 – 20:00 hrs). This bias should be mentioned in the abstract and needs to be
discussed in the main text.
I suggest including the lidar wavelength or spectral region in the title (and abstract) of
the manuscript, since this often gives the impression that lidar is operated at visible
channel (532 nm) – if specific wavelength or type of instrument is not mentioned.
Further the term ‘statistical analysis’ in the title is misleading. To my understanding
there is no statistical analysis in this manuscript, rather the authors just present the



frequency of cloud top/base altitude occurrences and its seasonal variability.
Extensive editing of the manuscript is required for the proper English usage.

Specific Comments:

L 49: ‘Pal et al’ is repeated. There are several instances throughout the manuscript where
the citations embedded in the sentence has repeated words.

L 115: Please use appropriate standard literature reference for the elastic backscattering
lidar equation. For example: Measures, R.M., Laser remote sensing: Fundamentals and
applications, Willey Publishers, 510 pp, 1984.

L 133: Details on the wavelet function used should be mentioned here.

L 135: Complete description of the flow chart processes – variables are missing. For
example, the variables/symbols Rs, id, Pe, Ma, and Mi shown in figure 2 are nowhere
defined.

L 138: What about the cases when high level clouds exist? It is well known that cirrus
types of clouds occur high in the troposphere extending to the tropopause (on average
~17 km during summer over the subtropics).

L 206: Do you mean the 2 min time-resolution lidar profiles are duplicated 24 times to
make it look like 5 sec temporal resolution data? Please mention this clearly.

L 355: I don’t think these are statistical rules. Please replace the term ‘statistical rules’
with ‘logic-based’ rules or something like that throughout the manuscript

L 359: The case1 in Table 3, please be specific if you mean ‘optically thin’ or ‘geometrical
thin’ cloud? If it is optically thin than both cloud top and base can unambiguously be
determined from lidar.

L 376: Clouds above 8 km has highest frequency in autumn, and these are likely stratus
and cumulus clouds? This sentence doesn’t make any sense. Please refer to the WMO
cloud classification – stratus and cumulus are low-level clouds those formed within 2 km
above the surface level.



L 378: “height range of clouds is narrow, and the numerical range is wide”? Please re-
write this sentence for more clarity mentioning the height range you are referring to.

L 383: Why the data presented in the figures showing vertical distribution of frequency of
cloud occurrences are limited to 12 km? Or is this an underestimation of cloud top
boundaries owing to the sensitivity of 8.6 mm radar? It is not uncommon to have high
level clouds extending up to 15 km or more in the region of interest. Please present the
results upto the tropopause level. 

L 390: Before discussing the result, it would be beneficial to briefly describe how
normalized cloud amount is computed here. Also, indicate the months of the season –
spring (MAM), and summer (JJA). How is the maximum cloud amount 2.46 in summer?

L 394: I suggest adding fig 18c showing the total monthly hours of lidar, radar and
simultaneous measurements in this figure. This is essential to understand the reported
cloud characterization.

L 396: ‘frequency change characteristics…’? This does not make any sense. As the figure
caption says it is the frequency distribution of cloud boundaries observed over Xian in
2021.

L 424: Remove the word ‘statistical’.
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