Anonymous Referee

This article provides a complete analysis on the interactions between the air pollutant

processes and the structure evolution of urban boundary layer over Beijing during 1-4

December 2016. The synoptic/local meteorological condition, vertical distribution of
wind/temperature/humidity, radiative exchange, energy budget, intensity variation of

vertical mixing and urban boundary layer depth were investigated by using the data

collected from a 325-m meteorology tower and by two lidars. The dataset is unique in a

sense that it provides detailed vertical structure of the urban boundary layer during

pollution episodes. Besides, one of the nice features of this paper is that it includes

analyses of the intensity variation of vertical mixing in a relative superior spatial and

temporal resolution. The paper is interesting and generally well-written. However, there

are several questions need to be answered before its acceptance.

Major concerns:

1. The boundary layer height calculation with the turbulence method is not applicable for
nocturnal condition, as can be seen in figure 10 that most of the BLHs are zeroes at night

time. However, nighttime BLHSs are specifically important for understanding the PM
accumulation. Therefore, correctly retrieval of nighttime BLM is important for the analysis.
Responses: We totally agree with the reviewer that the change of NBL height is very important for
the progress of the PM accumulation. However, two methods used in this paper from Doppler
lidar data were failed to get the NBL height during wintertime in Beijing, mainly resulted from the
limitations of the observable height (100 m) of the Doppler lidar or the suitability of the
estimation methods as described in Line 588-603. Therefore, estimating NBL height in polluted
steady winter nighttime remains a challenge. Additionally, the height of a fully developed CBL at
afternoon, which can be determined reasonably by existing method, also plays an important role in
pollution levels (Petéja et al., 2016; Miao et al., 2018; ). Thus, in our study, we only focus on the
change of maximum values of the BLH during noon time day-by-day and its affection on the
change of the PM concentration. Further study in the estimation of NBL height may be made with

more observational data. Many thanks for this comment.
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2. Temperature inversion is also a key factor to the formation of air pollution. For the case
analyzed in the paper, the authors showed that the temperature profiles also had

inversions, but how these inversions interact with PM concentration were not analyzed.
Responses: Thanks for this comments. The values of A6 was used to describe the thermal
stability, and the positive values of A8 during the three polluted nights associated with steady
stability which is conductive to the accumulation of the pollutants. Interactions between
temperature inversions and PM concentration have been analyzed in previous study. Wang et al.

(2019) found a strong positive correlation (R=0.43) between the PM,s concentration and

temperature inversion (6,59 + 0359 — 05 + 044). As we know, temperature inversion usually
occurs during nighttime with the weak wind in winter time owing to the radiative cooling effect
(Li et al., 2018). Moreover, during polluted daytime, when the surface aerosols are accumulated to
a certain degree, the aerosols reduce the solar radiation because of the aerosol radiative cooling
effect then near-ground temperature subsequently decreases (Fig. 4b), which supports favorable
condition with larger difference of temperature (the duration of A6 > 0 increased day by day, Fig.
5a) for the formation of temperature inversion, including radiative cooling effect during nighttime.
This interaction between temperature inversion and PM concentration has been discussed in the
revised paper (Line 280-287).
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3. The maximum heat storage occurred on Dec 2, the BLH reduced significantly from Dec
1 to Dec 2, while the PMs increased only a little, what are their relationships?
Responses: We thank the reviewer for pointing out this. BLH has strong influences on the

occurrence, maintenance, vertical diffusivity of air pollutants, and the reduced BLH must be a



negative factor, yet not the only one, to the dispersion of pollutants. Here, there two possible
reasons can be deduced. One the one hand, the daily PM, s concentration is not high on 1 Dec,
which is limited to be accumulated on 2 Dec, when even present a lower BLH. One the other hand,
as mentioned in the introduction part, heavy pollution in Beijing is also highly related to high
relative humidity (RH), which is positive to the rapid formation of secondary aerosol. For example,
the RH was about 40% after sunrise on December 2, while after sunrise before the CS on
December 3, with weak winds, appreciable near-surface moisture accumulation appeared with RH
over 60% (Fig. 4 c, a). Based on the previous studies (Tie et al., 2017; Zhong et al., 2019), such
enhanced moisture on December 3 would reduce direct radiation through accelerating liquid-phase
and heterogeneous reactions to produce more secondary aerosols (Line 268-270) and enhancing
aerosol hygroscopic growth to increase aerosol particle size and mass (Kuang et al., 2016), which
would back-scatter more solar radiation to space. In contrast, the lower RH on 2 December is thus
unfavorable to the formation of secondary aerosol, resulting in the less PM on 2 December
concentration. In addition, the sustained stagnant condition on 2 December contributed to a certain
degree of the PM concentration before CS, which is one of the preconditions for the rapid

formation of CS in later. The discussion has been added to section 3.4 (Line 630-647).
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Minor questions:

Line 33, ‘It clearly showed that weak vertical mixing caused the concentrating of

pollutants ...", I don’t see how this conclusion can be derived, since the concentrating of

pollutants is affected by various factors.

Responses: We agree with the reviewer, the original description has been replaced with the

revised sentence ‘It clearly showed that vertical mixing was negative to the concentrating of



pollutants’.

Line 57, located on -> located in

Responses: Corrected.

Line 83 and 84, delete “the’

Responses: Corrected.

Line 94, “‘dormant’? Please reorganized the sentence, it is confusing.
Responses: Corrected.

Line 118, “of the evolution of the vertical UBL structure’ -> “of the vertical UBL structure
evolution’

Responses: Corrected.

Line 155 - 0n ->on

Responses: Corrected.

Line 154 “Aoti surface station’ should be defined here.

Responses: Corrected.

Line 178, was -> were

Responses: Corrected.

Line 190, Acronym ‘SEB’ should be defined before usage.
Responses: The surface energy budget (SEB) has added in Line 195.
Line 202, add ‘one of” before ‘the most’

Responses: Corrected.

Line 248, ‘partly led to the’ -> ‘contributed to the formation of’
Responses: Corrected.

Line 257 - Fig.4-> Fig. 4

Responses: Corrected.

Line 294 - PM2.5 /PM1-> PM2.5/PM1

Responses: Corrected.

Line 327, ‘Radiation from the sun’ -> ‘Solar radiation’

Responses: Corrected.

Line 384 - Fig.4-> Fig. 4

Responses: Corrected.



Line 393, The LE shows a maximum at 24:00 of December 4, why?

Responses: We tried to figure out why a maximum of LE occurred at the midnight on 4 December.
The latent flux was estimated by Eq.2 LE = L,w'q’, hence we plotted the variations of w’ and
q’ in high frequency from 1300-1500 LST, and 2200-2400 LST on 4 December, and from
2200-2400 LST on 3 December (Fig. R3). We found that ¢" showed a dramatically increasing
from about 2300 to 2320 LST on 4 December, which might be caused by

a condensation of water vapour in the atmosphere.

Fig. R3 Variations of w' and q’ in high frequency (10 Hz) from 1300-1500 LST, and
2200-2400 LST on 4 December, and from 2200-2400 LST on 3 December.
Line 441, * caused a fatal influence on' -> *suppressed’

Responses: Corrected.

Line 451-5, reorganize the sentence.

Responses: These sentences have been rewritten. Thanks.

Line 487, ‘is” -> ‘was’

Responses: Corrected.

Line 500 - Fig.2-> Fig. 2

Responses: Corrected.

Line 563 - 1--> 1

Responses: Corrected.

Line 579, ‘reducing’ -> ‘the reduction’



Responses: Corrected.
Line 623, ‘cleaned’ -> “driven away’

Responses: Corrected.



