


[bookmark: OLE_LINK2]Response to Reviewers
[bookmark: OLE_LINK45]Dear Editors and Reviewers:
Thank you for your letter and the reviewers’ comments regarding our manuscript entitled “Influence of boundary layer structure on air quality in Beijing: Long-term analysis based on self-organized maps” (ID: ACP-2017-1046). These comments have greatly improved the quality of our manuscript and are of important help to our future research. We have addressed the comments carefully and made changes accordingly which we hope satisfying the reviewers. The large changes are marked in red in the revised manuscript.

Responses to the reviewer’s comments:
Reviewer #1: 
This manuscript uses an unsupervised machine learning to understand the relationships between boundary layer structure and air quality. The analyses are based on four year measurements, and long-term analysis of measurement is quite limited in China. I would recommend it for publication after some improvements. 

Thank you for the positive comments. They encouraged us very much.

Detailed comments are listed below: 
1. The authors should carefully check the language and grammar. For example, ’feather’ is used many times, but it should be ’feature’. Language problems are in other places as well.
[bookmark: OLE_LINK1][bookmark: OLE_LINK7]Reply: Thanks for the comment. We checked the language and grammar and re-wrote some sentences in the revised manuscript.

2. Line 63-64: There is no evidence to support this point. Weak surface wind and stable boundary layer stratification do not necessarily mean regional transport cannot happen. Many studies have confirmed the roles of regional transport during haze. 
Reply: Thanks for the useful comment. As you said, the transport can occur at any time in the presence of wind, regardless of wind speed. In our previous manuscript, the relative contributions of local accumulation and regional transport were discussed by comparing the ratio of CO/SO2 under the different stability conditions. However, in the revised process, we found that the ratio of CO/SO2 may be not an efficient indicator for long-term analysis because SO2 can be reduced by chemical processes. The previous conclusions based on the ratio of CO/SO2 were indefinite and therefore removed in the revised paper.

3. The title of 3.2 ’Evaluation against meteorological data’ is not appropriate. Fig. 3 shows the characteristics of meteorological variables for each classified type
Reply: Thank you for the excellent comments. We merged the meteorological analysis into one section and changed the title in the revised paper. Accordingly, we changed the other sections’ title.
“3.1 Self-organized boundary layer meteorology” (Line 157).
“3.2 Implementing the SOM-based ABL classification scheme for urban air quality assessment” (Line 215).
“3.3 Quantifying the contribution of ABL anomaly to typical-month PM2.5 air quality” (Line 304).

4. Line 229-239: This explanation is not solid, at least not complete. It is more likely that the increasing stability promotes the accumulation of aerosols, and strong aerosol-radiation interactions inhibit photochemistry.
Reply: Thanks for the useful comment. We explained the response of O3 to different near-surface stability from both physical and chemical perspectives in the revised paper.
“However, increasing atmospheric stability has the opposite effect on near-surface O3 concentrations. Since aerosols can absorb and reflect solar radiation and thereby inhibit the photochemical production of O3 (Gao et al., 2016; Kaufman et al., 2002), the lowest O3 concentration is observed in Node 9. In addition, considering that ozone is mainly produced in the upper ABL, near-surface O3 should be strongly modulated by down-mixing processes (Tang et al., 2017b;Tang et al., 2017a). In this light, the varying daytime O3 peaks across the ABL types can be partly attributed to the various magnitudes of vertical mixing. This is supported by daytime BLH. As have shown in Fig. 4, the daytime BLH is highest in Node 1, followed by Node 7, Node 3 and the lowest in Node 9. Such ordering is generally consistent with the daytime O3 peaks in these types. Due to the persistent down-mixing caused by strong wind shears, the near-surface O3 remains a relatively high nocturnal concentration (e.g. about 45 μg/m3 in winter) in Node 1. In contrast, the stable nocturnal conditions (e.g., Nodes 9, 7 and 3) are commonly associated with low O3 concentration (e.g. about 16 μg/m3 in winter) due to the lack of vertical mixing, as well as the strong chemical titration by NO emitted from vehicles.” (Lines 271-282)

Reviewer #2: 
General comments
The paper deals with the influence of boundary layer structure on air quality using 4-year observations. The article presented very interesting study between air pollutants and meteorology, and the study built on very good meteorological measurements data. The paper is certainly worth of publishing as the study itself is extremely interesting. However, some improvements/corrections are suggested.
Thank you very much for the positive comments. We have addressed each of the concerns you’ve brought up here through our responses below.

Specific comments
1. The title should be modified. Throughout the manuscript, I haven’t found the description concerning the calculation of the BLH. Therefore, the title using boundary layer structure is not exactly correct. Maybe atmospheric stability or boundary layer meteorology are much better. In addition, 4-year is not long-term for the observation period. In section 3.4, the authors also discussed the impact of the aerosols on BLH. However, the title just represented the influence of boundary layer meteorology on air quality. I suggest removing section 3.4 or please revise the title correspondingly.
Reply: Thanks for the useful comments. We changed the title in the revised paper. In addition, according to your suggestion, we removed section 3.4 in the revised paper.
“Self-organized classification of boundary layer meteorology and associated characteristics of air quality in Beijing” (Lines 1-2)

2. The radiosondes the authors used mainly represent the stable condition of the boundary layer. However, the air pollutants were observed in the whole day. Especially, the AOD data were just observed during the daytime. As well known, the boundary layer height will develop rapidly during the daytime. Lacking of the daytime observations of boundary layer structures, how about the creditability of the relationship of air pollutants and boundary layer meteorology?
Reply: Thanks for the excellent comments. We estimated the daytime boundary layer height (BLH) with parcel method to detect the boundary layer development after sunrise in the revised manuscript. In general, the daytime boundary layer heights are relatively flat after an extremely stable night, reflecting an insufficient space for vertical mixing in the day. These BLH results together with the classified ABL types jointly supported the analysis on the relationship of air pollutants and boundary layer meteorology.
“To detect the boundary layer development after sunrise, daytime boundary layer height (BLH) is estimated with parcel method (Holzworth, 1964, 1967), i.e., intersecting each day’s 08:00 radiosonde potential temperature (θ) profile at Beijing Observatory with each hour’s (from 09:00 to 15:00) surface θ values, which are calculated from surface air temperature observations. As shown in Fig. 4, the BLH on the days following a strong stable night (i.e., Node 1) is relatively flat, reflecting an inadequate development of daytime boundary layer. Similarity, Node 3 is also followed by a flat daytime BLH variation. The maximum BLH in these two types are lower than 900 m, indicating a limited space for vertical mixing in the day. In contrast, the afternoon BLH in Node 7 can reach up to 1100 m; this mixing depth is conducive to dilute the pollutants accumulated in the previous night. In Node 1, the convective boundary layer develops well, and its maximum height on average exceeds 1500 m, far higher than the values in other types.” (Lines 201-210)
[image: ]
Figure 4. Daytime boundary layer height (BLH) estimated for the four typical ABL types (i.e., Nodes 1, 3, 7 and 9).

3. The instruments of US Embassy for PM are not the same as the MEP. Do you consider the differences?
Reply: Thanks for the comment. The PM2.5 values in the two different dataset showed high consistence. We clarified it in the revised paper.
“The mass concentrations of atmospheric pollutants (including PM2.5, O3, NO2, SO2 and CO) over Beijing during the period from 2013 to 2017 are obtained from the Ministry of Environmental Protection of the People’s Republic of China (http://datacenter.mep.gov.cn/). In addition, hourly PM2.5 measured at the Beijing US Embassy (http://www.stateair.net/) are also used in this study. The PM2.5 values in the two datasets show a well consistence with a mean correlation coefficient of 0.94. The mean hourly standard error of PM2.5 across sites changes little from 12.6 to 12.9 after the inclusion of US Embassy.” (Lines 112-117)

4. For the boundary layer meteorology, potential virtual temperature and Richardson number are much better indicators to do the SOM analysis. Why the authors using temperature to do the SOM analysis? I suggest using potential virtual temperature to do the classification of different nodes.
Reply: This excellent comment is highly appreciated. We used virtual potential temperature to perform the classification of boundary layer meteorology in the revised manuscript.
“We construct a 3 × 3 SOM matrix for daily virtual potential temperature deviation profiles, and the self-organized output shown in Fig. 1 represents nine ABL types (i.e., SOM nodes).” (Lines 159-160)
[image: ]
Figure 1. The 3 × 3 SOM output for radiosonde-based virtual potential temperature (θv) deviation profiles observed at the Beijing Observatory. SOM nodes are shown in red, with the corresponding individual profiles in grey. For reference, the overall average θv deviation profile and 25th and 75th percentile profiles are shown in cyan. The top-right shows the occurrence cases and frequency of each SOM node.

5. How to evaluate atmospheric stability? Do you have the quantitative basis? Node 3 represents slow wind, high humidity and more stable than node 7.
Reply: Thanks for the useful comment. We used the virtual potential temperature gradient profile to quantify the atmospheric stability at different heights (the larger gradient suggests the stronger stability) in the revised paper. We discussed the atmospheric stability throughout the ABL. For Node 3, it represents a strongest stability in the upper ABL compared to other nodes.
“Figure 3 displays the average profiles of wind speed, relative humidity, virtual potential temperature gradient according to the ABL types…” (Lines 181-194)

[image: ]
Figure 3. Profiles of average wind speed (WS), relative humidity (RH) and virtual potential temperature gradient (Δθv/Δz) corresponding to individual ABL types (i.e., SOM nodes) at the Beijing Observatory. The black, green and red labels of the horizontal axis correspond to Δθv/Δz, WS and RH, respectively.

6. Because emissions are different in different seasons, I suggest discussing the concentrations of air pollutants in different nodes for each season.
Reply: Thanks for the useful comments. We discussed the concentrations of air pollutants in different nodes separately by seasons, and therefore re-wrote the results in the section 3.2 of the revised paper. (Lines 215-302)
In addition, to increase the sample size, we included the observations in 2017 into analysis in the revised paper. (Lines 94-95 and Lines 112-115)

7. For the boundary layer ozone analysis, please refer Tang et al., 2017a, 2017b.
Reply: Thanks for the comments. We read the two papers carefully and referred them in our boundary layer ozone analysis.
“In addition, considering that ozone is mainly produced in the upper ABL, near-surface O3 should be strongly modulated by down-mixing processes (Tang et al., 2017b;Tang et al., 2017a). In this light, the varying daytime O3 peaks across the ABL types can be partly attributed to the various magnitudes of vertical mixing.”(Lines 273-276)

Technical comments
1. Line 48. Beijing has two directions adjacent to mountains. The west one is Tai hang Mountains and two north one is Yan Mountains.
Reply: We corrected it in the revised manuscript.
“Beijing, the capital of China, is geographically located at the northwestern border of the Great North China Plain. This city is surrounded by the Yan Mountains to the north and the Taihang Mountains to the west, with the Bohai Sea to the 160 km southeast (Fig. 1).”(Lines 48-50)

2. Line 56. Ground-based remote sensing.
Reply: We corrected it in the revised paper.
“In addition, numerous intensive ABL measures were conducted using other approaches such as mooring boats, airplane, and ground-based remote sensing (Tang et al., 2015;Zhu et al., 2016;Zhang et al., 2009;Hua et al., 2016).” (Lines 60-62)

3. The second paragraph in the introduction section is too long. Please separate it.
Reply: We separated the second paragraph in the revised paper. (Lines 48-68)

4. Section 3.3 is too long, please use subtitle to separate it into several small parts.
Reply: Thanks for the comments. We shorten this section in the revise process and therefore did not use subtitle in the revised paper. In this section, we removed the discussion about local contribution derived from ratio of CO/SO2. Considering SO2 are chemical reactive, the chemical process can disrupt the analysis of relative contribution of local accumulation and regional transport.

Other changes:
1、 To reflect more daytime concentration after the different stability nights, the daily concentration is performed afternoon-to-afternoon (15:00 h–15:00 h) in the revised paper. In the previous manuscript, the daily concentration was calculated from noon-to-noon (12:00 h-12:00 h).

2、 We included the observations in 2017 into analysis in the revised paper. Some according change occurred in the section 3.3 (Quantifying the contribution of ABL anomaly to typical-month PM2.5 air quality). Particularly, the results from the meteorology-to-environment method had some difference after the inclusion of observations in 2017. Given that, we updated the results in the revised manuscript.

3、 [bookmark: _GoBack]We excluded PM10 in the revised paper because to a large extent its characteristics can be represented by PM2.5.
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