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Reply on RC1
Baoshuang Liu et al.

Author comment on "Dramatic changes in atmospheric pollution source contributions for a
coastal megacity in northern China from 2011 to 2020" by Baoshuang Liu et al., Atmos.
Chem. Phys. Discuss., https://doi.org/10.5194/acp-2021-957-AC2, 2022

The manuscript applied a machine learning-based meteorological normalization approach
to decouple the meteorological effects from air quality trend in a coastal city in northern
China, and further assessed the changes in the contributions of pollution sources in
Qingdao in the past ten years. There are some minor issues need to be solved.

In the last paragraph of the introduction, if any, it is suggested to add some evaluation
articles on the changes in air quality and the effectiveness of control measures before
and after major events held in Qingdao (e.g., the 2018 the Shanghai Cooperation
Organization summit in Qingdao). Clarify the differences with this paper to support the
particularity of this study.

Response: Thanks for your advice. We added the related contents in the revised version
(on the lines 102-106). The more details as following:

Liu et al. (2020a) assessed the changes in O3 concentrations during the Shanghai
Cooperation Organization (SCO) Summit in Qingdao and analyzed the impact of control
measures on the emissions reduction of its precursors, and Liu et al. (2020b) also
analyzed the reasons for the increase of O3 concentration at nighttime during the SCO
Summit.

 

 

In the sampling and analysis section (L144-145), what is the basis for collecting 22
hours a day? Why not 24 hours?

Response: Thanks for your advice. The sampling period was from 11:00 to 09:00 the
next day, and the sampling time was 22 hours. The sampling time covers the peak time of
morning and evening traffic and the period of strong photochemical reaction at noon, and
includes the peaks and troughs of air pollutant concentration. The sampling period of this
study is representative. Meanwhile, because the sampling instruments in this study cannot
continuously replace the filters, therefore, it needs to take a certain time to replace the
sampling filters for subsequent sampling. Furthermore, similar sampling times (22-23
hours) occurred in the studies of Liu et al., (2021), Fang et al. (2017), Turap et al.
(2019), and Wang et al. (2016).
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Have the sample data of 2011-2012, 2016, and 2019 been carried out for source
analysis, respectively? Please clarify. In addition, the data of all sites were
chronologically ordered end to end for each PMF analysis? PMF is usually used for
source analysis based on the long-time data of one site. Please explain the rationality.

Response: (1) Yes. The related contents were described in the lines 477-479. (2) Yes.
The data of all sites were chronologically ordered end to end for each PMF analysis, and
the related contents have shown in text S2 in the supplementary material. (3) In this
study, the data of all sampling sites were included in PMF for source analysis, mainly
because all sampling sites were located in Qingdao urban area, and the impact source-
categories at these sites were the same. The stability of the model running can be
improved due to the increase of the number of samples by incorporating multiple sites
data into PMF. Escrig et al. (2009) suggested that because the three sampling sites were
affected by the same source-categories, therefore, they can be treated as one site and
then included in PMF for analysis. Mooibroek et al. (2011) incorporated the receptor data
of five sampling sites into PMF for source apportionment, which considered that combining
the receptor data of five sites can increase the amount of input data for the model, and
then more stable analysis results can be obtained. Furthermore, many related studies
have adopted similar methods (Lu et al., 2018; Ezeh et al., 2019; Zhao et al., 2019).
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In the process of PMF calculation, the author analyzed DISP and BS (Fig. S9-11, Table
S14), but the author did not mention it in the introduction of PMF method. Please add.

Response: Thanks for your advice. The related contents have been added in the revised
manuscript (on the lines 238-239). The more details as following:

Bootstrap (BS) and displacement (DISP) analyses were used to investigate the effects of
measurement error and rotation ambiguity on the resulting solutions.

 

 

In recent years, scholars have studied the change of air quality in many cities around
the world (such as Beijing), many of which use random forest and other methods. In
section 3.11, it is suggested to add the content of comparative analysis with other
cities.

Response: Thanks for your advice. We added the contents of comparative analysis with
other cities in the revised manuscript (on the lines 288-299). The more details as
following:

Similar to this study, Vu et al. (2019) found that primary emission controls required by
the CAAP in Beijing have led to substantial reductions in PM2.5, PM10, NO2, SO2, and CO
from 2013 to 2017 of approximately 34%, 24%, 17%, 68%, and 33%, respectively, after
meteorological normalization. Zhai et al. (2019) suggested that the mean PM2.5 decreased
across China was 4.6 µg m-3 yr-1 in the meteorology-corrected data from 2013 to 2018,
and the Beijing–Tianjin–Hebei, the Yangtze River Delta, the Pearl River Delta, the Sichuan
Basin, and the Fenwei Plain decreased 8.0, 6.3, 2.2, 4.9, and 5.0 µg m-3 yr-1, respectively.
Overall, the concentrations of most air pollutants (i.e., PM2.5, PM10, SO2, NO2, and CO) in
China have showed a decreasing trend in recent years (Zhao et al., 2021; Fan et al.,
2020, while that of O3 has performed an increasing trend (Li et al., 2020; Ma et al.,
2021), which further facilitated secondary particles formation (Wang et al., 2016;
Nøjgaard et al., 2012).

 

 

L401-404 “The observed and normalized concentrations of PM2.5 during the whole study
period were 93 and 83 μg m-3, suggesting that unfavorable meteorological conditions



generated approximately 10 μg m-3 of growth of PM2.5”, can the difference of simple
subtraction represent the influence value of meteorology? Is there any basis?

Response: Thanks for your advice. In this study, we used the ventilation coefficient to
normalize the impact on PM2.5 concentrations from the meteorology, and the observed and
normalized concentrations of PM2.5 during the whole study period were 93 and 83 μg m-3,
respectively, suggesting that the meteorological conditions might explain approximately
10 μg m-3 of PM2.5 variation. The inference here was mainly based on the studies from
Ding et al. (2021) and Zhai et al. (2019). Ding et al. (2021) found that the mean
measured PM2.5 mass concentration and dispersion coefficient normalized PM2.5 mass
concentration were 67.5 and 45.6 μg m-3 during the COVID-19 lockdown period, indicating
that unfavorable meteorological condition generated approximately 22 μg m-3 growth of
PM2.5. Zhai et al. (2019) found that the mean PM2.5 decrease across China was 4.6 µg m-3

yr-1 in the meteorology-corrected data from 2013 to 2018, 12% lower than in the original
data, meaning that 12% of the PM2.5 decrease in the original data was attributable to the
meteorology. Furthermore, we also added the related contents from other studies in the
revised manuscript (on the lines 422-426).
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L542-581, this paper analyzed the changes in source contributions in the winter heating
periods in Qingdao from 2011-2012, 2016, and 2019. The author should clarify the
reasons and necessity of this analysis.

Response: Thanks for your advice. The related reasons and necessity have been added in
the revised manuscript (on the lines 563-569). The more details as following:

Furthermore, with the beginning of heating season in northern cities in China (Liu et al.,
2016; Li et al., 2019a), the atmospheric pollutant emissions increased substantially (Chen
et al., 2020a). Coupled with the adverse meteorological conditions (Li et al., 2019a), haze
episodes occurred frequently during this period (Liu et al., 2018a; Yang et al., 2020).
Therefore, the control effects of pollution sources and key control sources in the specific
period can be better highlighted through analyzing the changes in the contributions of
emission sources during heating seasons over the years.
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