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Responds to Anonymous Referee #2:

The paper entitled “A novel Mie lidar gradient cluster analysis method of nocturnal boundary layer detection during air
pollution episodes” presents a novel method based on the cluster analysis of the gradient method to detect the nocturnal
boundary layer from lidar signals. The method presented is of interest for the retrieval of the nocturnal boundary layer.
However, the language and writing of the paper needs to be greatly improved. At its current state, the paper is quite
confusing and difficult to follow. In general, the discussion of your results needs to be improved. My suggestion is to
resubmit the paper after the language has been carefully reviewed and the previous comments addressed.

Response:

Thanks a lot for your reviews on our manuscript entitled “A novel Mie lidar gradient cluster analysis method of nocturnal
boundary layer detection during air pollution episodes (ID: amt-2020-167). We have revised the manuscript according to the
comments, the language has been polished by Elsevier Language Editing Services. Moreover, the comprehensive reference

and the discussion of the results have been added. The details are shown as follows.

General comments:

1. Please, use more comprehensive and recent bibliography.

Response:

The recent bibliography of boundary layer detection have been add in the P2 49-63.

The latest developments in the boundary layer height measurement, including classical methodology, graphic methodology,

and algorithm with multiple layer structure interference have been added and express the relationship of our studies.

3

‘Some graph theory methods, such as the extended Kalman filter (Banks et al., 2014), Pathfinder and PathfinderTURB (de
Bruine et al., 2017; Poltera et al., 2017), k-means clustering (Liu et al., 2018, Toledo et al., 2014), and The STRAT-2D
algorithm (Haeffelin et al., 2012) have been proposed to yield promising results via an automated method that reduces the
incorrect detection of ABLH. However, these techniques strongly depend on the vertical distribution of particle layers
(aerosols and clouds) and are unsuitable for use under complicated multilayer conditions (Granados-Murioz et al., 2012).
The retrieval of BLHs under cloudy conditions is quite challenging. Some researchers have used the threshold of the
attenuated scattering ratio (Campbell et al., 2008; Winker and Vaughan, 1994), the ratio of peaks to the base of the range-
corrected signal (RCS) (Wang and Sassen, 2001) to locate cloud tops and bases, while others have employed the objective
upper limit of the convective condensation level (CCL)(Li et al., 2017), as well as the analysis of signal continuity and the
classification of whether the cloud caps the ABLH or is decoupled from the ABL (Dang et al., 2019). The height restriction
has significant advantages in removing the influence of clouds. Elevated aerosol layers (EALs) are characteristically similar
to the aerosol trapped in ABL, using the threshold of lidar backscatter coefficient can distinguish them (Dubovik et al., 2002,
1
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Hinel et al., 2012; Peng et al., 2017). More instrument and multi-wavelength lidar systems are combined to obtain more

accurate results to identified the EALs (Liu et al., 2019; Ortega et al., 2016).

2. State clearly what is the advantage of the proposed method compared to previous studies. From your results, the
improvement compared to previous methods is not so evident in some cases.

Response:

Thank you for your suggestion. We come up with an algorithm based on cluster analysis of gradient method (CA-GM) in the
nocturnal boundary layer (NBLH). Compared to the gradient-based methods such as GM and CRGM, it will be more robust
in a nosier condition. With the test of the real signal, the CA-GM has better performance through polluted cases (Figure R2-
1). Secondly, although wavelet covariance transform (WCT) method is robust in noise affection, it can still be affect by low-
level cloud and the aloft aerosol layers. As figure 8-1 shows, the time period on 17:00-18:00 and 21:00-22:00, the CA-GM
has significant ability to capture the NBL. Thirdly, according to the Table 2, the best correlation with radiosonde (0.85), the
smallest RMSE (203 m) with radiosonde are shown the better performance of the CA-GM in capturing the NBL in polluted

cascs.

The testing with the real signal are shown below.
Use the RCS(z) signal, and randomly noised RCS™¢4(z) by the expression:
RCS™0#¢d(z) = RCS(z) + [a X x(z)] (R2-1)
Where x(z) is the random noise function taking values between 0 and 1, z is the height, and a is a varying parameter as

introduced in Eq (R2-1) to produces different levels of noise.
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Figure R2-1. The real lidar RCS for the heavily polluted case (17 Dec 2016 20:00-21:00 LST ).
(a-c) three noise level cases, (d-f) with the gradient of RCS, and (g-i) the first weighted k-means clustering.
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Figure R2-2 RMSE between the WCT and the other three algorithms (GM,CRGM and CA-GM )

As a result of the figure R2-2 shows, the CA-GM has less RMSE than GM at the ratio of 1%-4%. The figure R2-1 (g-h)
shows similar groups in different range of noise affection. However, the clustering changes at the results of R2-1(i). Due to
the noise distribution of the signal, the centriod of the cluster will get higher and lose the ability to restrict the changes of
GM. The difference in the NBL top is found with the noise level 4% case, they are lower than 1% in respect to the estimate

for the case with raw signal.
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Figure R2-3. The real lidar RCS for the cloud case (5 Jan 2016 00:00-1:00 LST).

(a-d) the different ratio of strength of the cloud layer intensity. (e-h) the first weighted-means clustering

Add the signal of the cloud layer on the raw data, the ratio of the intensity for cloud layer changes from -40% to 40%.

70  As the figure shown the first k-means clustering in figure R2-3(e-h),the intensity of the cloud layer will not influence the

CA-GM.
In summary, these results indicate that the degree of estimation of the NBL top by applying CA is weakly affected by
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the signal noise. In fact, a few NBLH depending on the value of the RCS gradient in a discrete point. CA determines the

NBL by taking into account the overall set of observations of a given point, thus decreases the dependence of the method on

the RCS values in single moment. The intensity of the CLs changes +40% and will not affect the cluster of the CA-GM, it

can be significant stratified due to the relative significantly signal difference on the backscatter signal. As for the EALSs, the

strict threshold will defined the EALs accurately. Therefore, the CA-GM approach is able to accurately obtain the NBLH

with the effect of noise, cloud layers and elevated aerosol layers.

The superiority of the CA-GM are added at the discussion section.

“In relation to the robustness of the CA-GM approach, the effect of the lidar RCS noise in determining the NBLH has been
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analyzed. Unlike other gradient-derivate methods, CA-GM results are slightly affected by lidar signal noise. NBL top height
as obtained for ‘noised’ lidar RCS with value of @ < 4% is better than GM results. The intensity of the CLs changes £40%
will not affect with the cluster of the CA-GM in the polluted cases, the significantly starfield structure is related to the
relative difference on the backscatter signal. As for the EALs, the strict threshold will defined the EALs accurately.’

3. Indicate clearly what is the method used to retrieve the NBLH from the radiosonde data. In section 4.3 different criteria
seems to be used to establish a reference NBLH for the comparison with the radiosonde without being clearly justified.

Respond:

The different criteria description of the radiosonde data was added in the Section 2.1.

‘As a result of the complexity of the transition during the morning and early at night, the boundary layer is in a transition
between stable and unstable conditions. To determine NBLH from the radiosonde vertical profiles of temperature and
humidity, the elevated temperature inversion layer or the height of a significant reduction in moisture is used (Peng et al.,
2017). The potential temperature gradient (PTG) should have a good correlation with the relative humidity gradient (RHG),
with an allowable error of 100 m (Wang and Wang, 2016). In this study, if the difference between the PTG and RHG is in
excess of 100 m, the PTG is considered first, whereas if there is no significant temperature change or the evident changes

belong to the cloud or EALs, the result of RHG is referred to as the NBLH.’

4. In general, the discussion of your results needs to be improved.

Responds:
Thank you for your suggestion. The discussion are add two parts of the content, about the uncertainty and the limitation of

the algorithm. P17 Line 333-346.

‘The uncertainty of the CA-GM is calculated by the real signal. Concerning the robustness of the CA-GM approach, the
effect of the lidar RCS noise in determining the NBLH has been analyzed. Unlike other gradient-derivate methods, CA-GM
results are slightly affected by lidar signal noise. NBL top height as obtained for ‘noised’ lidar RCS with value of « < 4% is
better than GM results. The intensity of the CLs changes £40% will not affect with the cluster of the CA-GM in the polluted
cases, the significantly starfield structure is related to the relative difference on the backscatter signal. As for the EALs, the
strict threshold will defined the EALs accurately. The limitation of the CA-GM is based on the assumption that the nocturnal
boundary layer is stable, hence, we can calculate the distribution of the minima gradients of the RCS in an hour interval to
use weighted k-means clustering to work as height restriction to the layers. Secondly, based on the limitation of the lidar
system. The lower limit of the BIT-lidar is around 300 m. Too shallow of nocturnal boundary layer height (NBLH) are not be
detectable. Thirdly, the method should be used in the high SNR condition, such as night-time and air pollution.
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Thank you so much for your reviewing! We deeply appreciate your recognition of our research work.
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