
Response to Reviewer #1 

Summary: This paper uses a combination of observation and reanalysis data to 

investigate the possible impact of large-scale meteorological conditions on surface air 

quality -- specifically ozone -- in eastern China. Empirical Orthogonal Function (EOF) 

analysis of summertime daytime meteorology identified two EOF patterns which 

explained over a third of the variance for the 2015-2018 period. The major drivers for 

high ozone in Eastern China were the location of the East Asia deep trough and the 

West Pacific Subtropical High, modulating favorable or unfavorable conditions for the 

formation of ground-level ozone. 

1. I am not convinced that this study was ready for submission to ACP or 

exceptionally novel. This work looked to be a continuation of the research 

published by Zhao and Wang (2017) (referenced on Line 51-53) who identified the 

link between the WPSH and high ozone in eastern China using observations from 

2014-2016, with a focus on 2014. 

Reply: 

Here, we explained the novelty of this study, particularly the differences with 

Zhao and Wang (2017), in the following four points. Also, we emphasized this 

novelty in the revised version.  

(1) We revealed two dominant patterns, their varying sorts in different years 

and their associated anomalous atmospheric circulations. Although the 

north-south differential pattern was the first mode in 2014 (Zhao and Wang 2017), 

2015 and 2016, it was sorted in the second place in 2017 and 2018 (Figure S5 in the 

revised manuscript). That is, our study not only revealed the two dominant patterns, 

what is more important, also showed the varying features of the dominant patterns. 

In the recent two years, the most dominant pattern was different from that in previous 

years, which is a new feature and might related to the climate status. Additionally, 

the comprehensive atmospheric circulations were analyzed, including the location of 

west Pacific subtropical high (WPSH), the East Asia deep trough and other 

atmospheric anomalies. In Wang and Zhao (2017), they solely focused on the impacts 

of the WPSH, particularly on the accumulative enhancement of WPSH.  

   (2) We clearly explained the anomalous atmospheric circulations related the O3 

pollution both in North China and in South China. However, in Wang and Zhao 

(2017), the physical mechanisms to impact O3 in North China was still not 

sufficiently explained (referring to the weak correlation coefficients in the green 



boxes in Figure R1 dïf). We speculated the reason for insufficient explanations on O3 

conditions in North China might be that the impacts form the mid-high latitudes were 

significant which was not involved in Zhao and Wang (2017). In our study, we found 

both of the WPSH and the East Asia deep trough had impacts on the O3 

concentrations in the east of China (Table 1). Furthermore, we paid more attentions 

to the O3 concentrations in North China where the surface O3 polluted levels were 

much higher than in the Yangtze River Delta and Pearl River Delta. The WPSH and 

East Asia deep trough jointly modulated the local meteorological conditions to 

influence the O3 concentrations.  

  

Figure R1. The Figure 6 in Zhao and Wang (2017). The summer mean fields of meteorological 

parameters (aïc) and their correlations with daily WPSH: total cloud cover (a, d), UV radiation (b, e) 

and near surface air temperature (c, f). The added green boxes indicate the location of North China.  

 

Table 1. Correlation coefficients between the time series of PAT1 (PAT2) and the key indices of 

atmospheric circulations and meteorological conditions. ñ**ò and ñ*ò indicate that the correlation 

coefficients were above the 99% and 95% confidence level, respectively. 

PAT1 MDA81 EAT1 WPSH1 

0.97** 0.28** 0.39** 

PAT2 MDA82 EAT2 WPSH2 

0.77** 0.30** 0.32** 

MDA81 is the NCH-area averaged MDA8, while the MDA82 is the MDA8 difference between NC and 

YRD. EAT1 and EAT2 indicate the intensity of the East Asia deep trough and were calculated as the 

mean ïZ850, shown in the black boxes in Figure 7 and Figure 9, respectively. WPSH1 

(ὤυππ ȟ ὤυππ ȟ ) and WPSH2 (ὤυππ ȟ ὤυππ ȟ ) 

represents the location of WPSH.  



(3) The number and distribution of the sites are more sufficient and updated. 

In the EOF analysis of Zhao and Wang (2017), the number of O3 sties was only 191 in 

2014 even in a larger study region than ours (Figure R2). The number (fewer than 200) 

and distributions (uneven) of the sites were limited, due to the establishment progress 

of the observation sites of atmospheric components in 2014.  

 
Figure R2. The Figure 3 in Zhao and Wang (2017), i.e., the EOF1 results in 2014 (also the sites 

distribution) 

Since the severe air pollution events in 2013, the air pollution issues gained more 

attentions from the Chinese government and society, which aided to start the extensive 

constructions of operational monitoring stations of atmospheric components and 

resulted in continuous increasing number of sites (Figure S1). The number of sites in 

eastern China (110oEï125oE, 22oNï42oN) was 677, 937, 937, 995 and 1007 from 

2014 to 2018. It is obvious that the data in 2014 were deficient, while the observations 

were broadly distributed in eastern China and continuously achieved since 2015. Thus, 

the summer O3 data from 2015 to 2018 were processed (e.g., unifying the sites and 

eliminating the missing value) and 868 sites in eastern China were employed here to 

reveal some new features of surface ozone pollutions and associated anomalous 

atmospheric circulations. 

Although the number of sites in 2014 in our denser data source were nearly 4 times 

that in Zhao and Wang (2017), the data in the green box in Figure S1 were almost 

a blank. That is why our study period was 2015ï2018. To make this point clear, we 

added Figure S1. From 2015 to 2018, the selected 868 sties relatively even. Certainly, 



the sites were almost located around the urban area, due to their observed purposes 

(related to air pollutions).  

 

Figure S1. The distribution of measurement sites of atmospheric components (blue and red points) 

from 2014 to 2018. The red sites indicate the employed sites in this study related to O3 pollution.  

 

   (4) In our study, we also discuss the implications to interannual variability in 

Sect 5, and pointed out that the composites results from the daily data also 

provided useful signals for the interannual variability on the climate time-scale. 

For example, the anomalous atmospheric patterns in 2016 were benefit for the 

occurrence of the north-south differential pattern of summer mean O3 concentrations. 

Differently, the atmospheric circulations in 2018 resulted in positive O3 anomalies in 

the whole eastern China.  

The aforementioned four points, especially (1) (2) and (4), were novel and we 

did not see similar researches so far. Actually, there were some publications about 

the relationship meteorological elements (e.g., temperature, precipitation, etc.) and O3 



concentrations in single city, which provide basis for our study. These kind of studies 

did not included the analysis of atmospheric circulations, the diagnosis of 

dominant patterns and their varying features, and the signals for interannual 

variability. As for the results in Zhao and Wang (2017), we clearly and convincingly 

discussed the differences between their and our studies. Furthermore, in the Sect. 1 

(Introduction), we referred a review article published in 2017 and point out ñWang et 

al. (2017) reviewed the meteorological influences on ozone events, but the 

referenced findings were published mainly before 2010, when measurements in 

China were still scarce.ò  

 

Related references:  

Wang, T., Xue, L. K., Brimblecombe, P., Lam, Y. F., Li, L., Zhang, L.: Ozone pollution in China: A 

review of concentrations, meteorological influences, chemical precursors, and effects, Science of The 

Total Environment, 575, 1582-1596, doi:10.1016/j.scitotenv.2016.10.081, 2017. 

Zhao, Z. J., Wang, Y. X.: Influence of the west pacific subtropical high on surface ozone daily 

variability in summertime over eastern china, Atmospheric Environment, 170, 197ï204, 

https://doi.org/10.1016/j.atmosenv.2017.09.024, 2017. 

 

Revision: 

In the last paragraph of Introduction: 

ééBasing on a case study in 2014, further studies showed that a strong west 

Pacific subtropical high (WPSH) was unfavourable for the formation of O3 in South 

China (Zhao and Wang, 2017), however the physical mechanisms to impact O3 in 

North China was still not sufficiently explained. 

Wang et al. (2017) reviewed the meteorological influences on ozone events, but 

the referenced findings were published mainly before 2010, when measurements in 

China were still scarce. Since 2015, O3 measurements in eastern China were steadily 

and widely implemented, but the O3-weather studies mainly focused on 

meteorological elements (e.g. temperature, precipitation etc.) and several synoptic 

processes (Xu et al., 2017; Xiao et al., 2018; Pu et al., 2013). The dominant patterns of 

https://doi.org/10.1016/j.atmosenv.2017.09.024


daily ozone in summer in east of China are still unclear. Actually, in our study, we 

found the most dominant pattern was different with that in Zhao and Wang (2017) 

and the dominant patterns also showed interannual variations. The findings of this 

study basically help to understand the varying features of surface ozone pollution in 

eastern China, their relationships with large-scale atmospheric circulations and the 

implications for the climate variability.éé 

In the Datasets and methods: 

ééNationwide hourly O3 concentration data since May 2014 are publicly 

available on http://beijingair.sinaapp.com/. Since the severe air pollution events in 

2013, the air pollution issues gained more attentions from the Chinese government and 

society, which aided to start the extensive constructions of operational monitoring 

stations of atmospheric components and resulted in continuous increasing number of 

sites (Figure S1). The number of sites in eastern China (110oEï125oE, 22oNï42oN) was 

677, 937, 937, 995 and 1007 from 2014 to 2018. It is obvious that the data in 2014 were 

deficient, while the observations were broadly distributed in eastern China and 

continuously achieved since 2015. Thus, the summer O3 data from 2015 to 2018 were 

processed (e.g., unifying the sites and eliminating the missing value) and 868 sites in 

eastern China were employed here to reveal some new features of surface ozone 

pollutions and associated anomalous atmospheric circulationséé 

 

 

 

 

 

 

 

 

 

 

Figure S1. The distribution of measurement sites 

of atmospheric components (blue and red points) 

from 2014 to 2018. The red sites indicate the 

employed sites in this study related to O3 

pollution.  

http://beijingair.sinaapp.com/


2. The flow of this ACPD paper was at times a real struggle to read, with 

incorrect figure references, figures included which were never referenced, and 

statements about meteorology which were either wrong or difficult to interpret 

from the figures.  

Reply: 

(1) Many apologies for the confusing writing. In the revised version, we almost 

rewrite the texts and decrease the number of Figures from 14 to 11. Some necessary 

information, e.g., the distribution of sites and cities, were added in the supplementary. 

An important Figure S2 was moved to the main texts as Figure 8. 

(2) Most of the Figures were replotted to show the information in a clearer way. 

(3) The incorrect figure references and statements were revised throughout the 

manuscript. The English were improved by the native English-speaker.  

 

3. If there have been only a few years of ozone surface data to perform studies, 

I imagine there is not enough data to ascertain long-standing relationships (Line 

57-59). The authors need to strengthen the paper to sell this idea to their readers. 

I recommend the manuscript undergoes major revisions. 

Reply: 

   The results of this study were robust, which were explained below. Some revisions 

were done to avoid confusions.  

(1) The main parts of this manuscript, i.e., Section 3 & 4, based on the daily 

data to analyze the observed features and composite associated atmospheric 

circulations. The length of the daily data were 368 (92*4), which was enough to 

ascertain daily relationships.  

    (2) In section 5, we pointed out that the composites results from the daily data 

provided useful signals for the interannual variability on the climate time-scale. Here, 

what we wanted to show are the implications for interannual variations of O3 and its 

dominant patterns. Thus, the results were not only significantly meaningful on the 

daily time-scale, but also were credibly extended to the interannual time-scale.  

 

Revision in the last paragraph of Introduction: 

ééThe dominant patterns of daily ozone in summer in east of China are still 



unclear. Actually, in our study, we found the most dominant pattern was different with 

that in Zhao and Wang (2017) and the dominant patterns also showed interannual 

variations. The findings of this study basically help to understand the varying features 

of daily surface ozone pollution in eastern China, their relationships with large-scale 

atmospheric circulations and the implications for the climate variability.éé 

 

Major Comments: 

1. The authors should discuss the air quality thresholds of MDA8 O3 either in the 

Introduction or prior to listing all the values in Section 3 (Line 80-83). It is not 

mentioned until lines 87-88, and 90. 

Reply: 

According to the reviewerôs advice, the air quality thresholds of MDA8 were 

discussed earlier when introducing the definition of MDA8. 

Because the maximum MDA8 in Figure 1b was actually a daily value and could 

be compared to the air quality thresholds of MDA8. Thus, the color bar of Figure 1b 

was redivided according to the thresholds.  

 

Revision in the first paragraph of Section 2: 

ééMDA8 is generally used to represent the daily O3 conditions. The MDA8 ŗ 

[0, 100], (100, 160], (160, 215], (215, 265], (265, 800] ɛg/mį corresponds to 

ñExcellentò, ñGoodò, ñLightly pollutedò, ñModerately pollutedò, ñHeavily pollutedò 

levels of air quality in Chinaéé. 

 

Figure 1. Distribution of the (a) mean values and (b) maximum values of MDA8 (Unit: ɛg/mį) in 

summer from 2015 to 2018.  



2. (1) It is not clear what was the methodology used to interpolate the 

station-based observations into the surrounding areas to fill in the maps in 

Figure 1 and the rest of the paper.  

(2) How many station sites are urban vs rural? How did the number of sites 

change from year to year?  

(3) Regarding lines 83-85 starting with ñIn the YRD and PRD, high levels of 

MDA8 were around the large cities. However, the high-level O3 values in the NH 

region were contiguous, indicating extensively severe surface O3 pollution.ò Was 

this expected or does it have anything to do with location and number of 

monitoring stations, or the algorithm to weight the station data into the 

surrounding area they each represent. 

Reply: 

Three sub-questions are separately replied and according revisions are carefully 

processed.  

(1) In the former version, to show the spatial distributions, the data of 

ground-based sites were interpolated using iterative correction type objective 

analysis. Now, to avoid confusions, we directly show the sited values in Figure 1, 3, 4, 

7 and other Figures in the supplementary, instead of interpolation.  

(2) Due to their observed purposes (related to air pollutions), the sites monitoring 

atmospheric components were almost located around the urban area. In the revised 

version, we pointed out that ñthe results of this study were more suitable to the 

urban O3 pollutionò.  

The air pollution became more and more severe since 2013, thus the air pollution 

issues gained more attentions from the Chinese government and society. Since then, 

the constructions of operational monitoring stations of atmospheric components 

resulted in continuous increasing number of sites. The number of sites in eastern China 

(110oEï125oE, 22oNï42oN) was 677, 937, 937, 995 and 1007 from 2014 to 2018. 

Finally, after quality control, 868 sites in eastern China were employed here. To make 

this point clear, we added a new Figure S1 (see Reply to the 1st comment). 

   (3) It is expected. In China, when we to assess the degree of air pollutions, we 

frequently use the parameters like concentration, duration, polluted number of sites 

and also the contiguous cover area. The contiguous cover area could reflect the 

clustered and regional features of air pollutions. Generally, when the air pollutions 



occurred in dispersive cities, the difficulty of air managements was much smaller that 

clustered and regional (i.e., contiguous) air pollution.  

    In the revised Figure 1, the numerical values were not interpolated, and the 

contiguous features were still clear. That is, the O3-polluted sites were located closely 

to each other. Although, the distributions of the sites were somewhat uneven, the 

conclusions on the contiguous features were substantially influenced. Detailed 

explanations were added to make this point clear.  

Revision: 

(1) In the Figure 1, 3, 4 and 7:  

 

Figure 1. Distribution of the (a) mean values and (b) maximum values of MDA8 (Unit: ɛg/mį) at the 

observation sites in summer from 2015 to 2018.  

 

Figure 3. The first EOF pattern (PAT1: a, b) and second EOF pattern (PAT2: c, d) of MDA8 in 

summer from 2015 to 2018, including the spatial pattern (a, c) and the time coefficient (b, d). The black 

boxes in panels a and c are the selected North China and Huanghuai region (NCH), North China (NC) 

Yangtze River Delta (YRD) and Pearl River Delta (PRD). The EOF analysis were applied to the daily 

MDA8 anomalies at 868 stations to extract the relatively change features of the original data on the 

daily time-scale. The percentages on panel b and d were the variance contributions of the first and 

second EOF mode. 



 

Figure 4. Composites of the MDA8 (Unit: ɛg/mį) for PAT1 (a, b) and PAT2 (c, d) in summer from 

2015 to 2018. Panels a and c were composited when the time coefficient of EOF1 and EOF2 was 

greater than one standard deviation, while panels b and d were when the time coefficient was less than 

Є1Ĭone standard deviation. 

 

Figure 7. Anomalies in the summer mean MDA8 (Unit: ɛg/mį) in 2015 (a), 2016 (b), 2017 (c) and 

2018(d), relative to the mean during 2015ï2018. The black pluses indicate indicate that the maximum 

MDA8 was larger than 265 ɛg/mį. 


