
Atmos. Chem. Phys. Discuss., 15, C8439–C8457, 2015
www.atmos-chem-phys-discuss.net/15/C8439/2015/
© Author(s) 2015. This work is distributed under
the Creative Commons Attribute 3.0 License.

Atmospheric 
Chemistry

and Physics

O
pen A

ccess

Discussions

Interactive comment on “Spatial and temporal
variations of the concentrations of PM10, PM2.5 and
PM1 in China” by Y. Q. Wang et al.

Y. Q. Wang et al.

yaqiang.wang@gmail.com

Received and published: 24 October 2015

Response to the comments

Reviewer one

Atmospheric particulates (aerosols) has significant influence on air quality, human
health and regional climate changes. Large uncertainties in estimating the aerosol
direct radiative forcing exist due to the uncertainties in the aerosol optical proper-
ties which were related to the aerosol emissions, profiles, compositions and mixing
states. Thus, it’s very important to figure out the temporal and spatial distributions of
the aerosols in the regions with high aerosol loadings to better accessing their radiative
forcing and regional/global climate effects. This study, which examines the spatial and
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temporal variations of the PM10, PM2.5 and PM1 over 24 sites in China by using a 9
years near continuous PM data measured by GRIMM180 instruments, is important to
some extent and the paper has potential. I recommend the manuscript being published
in the journal after the revision listed below being addressed.

Comments: 1. Re-typesetting the manuscript. Also, the manuscript still remains poorly
written throughout the whole manuscript and requires many corrections.

Response: The manuscript has been re-edited by a professional editing company Lu-
cidPapers (http://lucidpapers.com/).

2. Page 15320, line 9 and line 11: It should be “the ratio of PM2.5 to PM10” and “the
ratio of PM1 to PM2.5”.

Response: It has been revised to “The ratios of PM2.5 to PM10 showed a clear increas-
ing trend from northern to southern China, because of the substantial contribution of
coarse mineral aerosol in northern China. The ratios of PM1 to PM2.5 were higher
than 80% at most stations”.

3. Page 15320, line 16-17: The authors should show the readers what they found while
just what they did.

Response: The brief conclusion was added at the end of the abstract: “Bimodal and
unimodal diurnal variation patterns were identified at urban stations. The investigation
of meteorological factors effects reveals the emission variation possibly dominates the
long-term PM concentration trend; meanwhile meteorological factors play a leading
role during a short period”.

4. Page 15323, line 9: The authors indicate the uncertainty of GRIMM in (Grimm and
Eatough) was 9.9%, how about in China? Is it also 9.9%?

Response: The comparison result of hourly average PM2.5 concentrations simultane-
ously monitored by GRIMM and TEOM at SDZ (around Beijing, China) in February
2010 shows the good linear relationship between GRIMM and TEOM PM2.5 concen-
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trations (Zhao et al., 2011) (Fig. 1). Also an early study in Beijing downtown during
the summer 2004 concluded that GRIMM measurements have shown to reproduce
very well all the TEOM-FDMS variations (wet and dry periods) suggesting that optical
measurements could be used derive PM2.5 and could also account for semi-volatile
material in aerosols (Sciare et al., 2007). There is no specific uncertainty value given
by above studies, and such uncertainty value is not constant in different regions and
periods. The point is to give the reference evidences that the GRIMM data are accept-
able for PM measurement compared with traditional used instruments such as TEOM.

Fig. 1. GRIMM vs. TEOM PM2.5 concentration, 1h average, SDZ, February 2010
(Zhao et al., 2011)

The above two references has been added in revised manuscript: “The GRIMM mea-
surement in Beijing, China have shown the good linear relationship with TEOM and
suggesting that optical measurements could be used derive PM2.5 and could account
for semi-volatile material in aerosols (Sciare et al., 2007; Zhao et al., 2011)”.

5. Page 15324, line 1: The authors should present some emission results in China
form publications (e. g. Q. Zhang et al., 2009) when explaining the reasons.

Response: Some emission results in China have been added in revised manuscript.
Detailed description could be found in below response.

6. Again, it’s obvious that the results being analyzed is too simple. The authors
should provide evidences (from the similar studies in publications/references or from
self-analysis) to make the readers more clearly.

Response: We have enhanced the analysis part with especially more emission results
in China. In revised manuscript, section 3.6 was changed to “Emission and meteoro-
logical influences” with emission data analysis based on HTAP harmonized emissions
database (http://iek8wikis.iek.fz-juelich.de/HTAPWiki/WP1.1). Anthropogenic emission
distributions of BC, PM2.5, SO2 and NO2 in 2010 were presented in figure 2-5 with
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similar spatial pattern. PM loadings in China were generally similar to this emission
pattern. For example, most PM pollutant stations located in highest emission region
of HBP. Therefore, PM loadings were controlled by anthropogenic emission amount in
mid-east China.

Fig. 2-5. Anthropogenic emission distributions at 0.1 degree×0.1 degree resolution of
(Fig. 2) BC, (Fig. 3) PM2.5, (Fig. 4) SO2 and (Fig. 5) NOx (units: kg m-2 s-2) based
on HTAP_v2 dataset

The emission trends in China during 2005-2010 (Wang et al., 2014) were also pre-
sented to explain the long-term PM trends. The emissions of SO2 and PM2.5 in East
Asia decreased by 15 and 12 %, meanwhile the emissions of NOx and NMVOC in-
creased by 25 and 15 % (Wang et al., 2014). Also spatial distributions of emission dif-
ference between 2010 and 2008 were studied using HTAP_v2 emission dataset (Fig.
6-9), so the PM vs emission variation in different regions could be studied. Although
there is no published emission data after 2010, it was believed that the emission was
greatly controlled after end of 2013 with the issue of “Action Plan for the Control of Air
Pollution” document. It can explain the general decrease trend in 2014. The conclu-
sion of emission influence on long-term PM pattern could be supported from above
analysis. More detailed description was added in revised manuscript.

Fig. 6-9. Emission difference between 2010 and 2008 at 0.1 degree×0.1 degree
resolution of (Fig. 6) BC, (Fig. 7) PM2.5, (Fig. 8) SO2 and (Fig. 9) NOx (units: kg m-2
s-2) based on HTAP_v2 dataset

7. In addition to diurnal and seasonal cycles, did the PM have any periodic in China.

Response: There is no obvious general long-term periodic of PM in China from this
9-year data study.

Reviewer two

This manuscript presented PM concentrations over China measured by China Atmo-
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sphere Watch Network. Although PM2.5 measurements are available over China since
2013, the measurement data presented in this paper are valuable because it covers
longer period (2006-2014) and provides PM1/PM2.5/PM10 information. This dataset
would be very helpful for understanding the evolution of PM concentration over China.
The manuscript could be published in ACP after the following concerns are addressed.

Comments: 8. Sect. 2. The authors claimed that GRIMM measurements are in good
agreement with TEOM. I am curious if the authors compared GRIMM with other instru-
ments under heavy pollution condition in China. Referring to comparison in western
countries is not very convincing.

Response: This comment has been answered in comment 4.

9. P15326, L6-16, more comparison for the same period (2006-2014) would be mean-
ingful.

Response: More comparison for the same period (2006-2014) has been added in the
revised manuscript.

“The average PM10 and PM2.5 concentrations were 23.9 and 16.3 µg m−3 for the
period 2008 – 2009 in Netherlands (Janssen et al., 2013). The 20 European study
areas observation results from ESCAPE project between October 2008 and April 2011
showed PM10 and PM2.5 have similar spatial pattern with low concentrations in North-
ern Europe and high concentrations in Southern and Eastern Europe (Eeftens et al.,
2012)”

10. P15328, Sect. 3.4, this could be the most important section in the manuscript.
In this section, inter-annual variations of PM2.5 concentrations of individual sites are
presented one by one. It would be very boring the international readers who don’t
familiar with Chinese cities. The overall PM trend over China and the driven forces
behind the trend are missing in this section.

Response: There is no overall PM trend over whole China except the decrease trend
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in 2014, so the trend analysis was done in different areas of China, such as HBP,
northeast China, southern China and so on. Such summary sentence has been added
in revised manuscript. The driven forces behind the trend were analyzed by emission
and meteorological analysis in section 3.6. (See response of comment 6)

11. P15330, Sect. 3.5, I would like to see diurnal variations in PM1 and PM10 concen-
trations and if they are similar to PM2.5.

Response: The diurnal variations in PM1 and PM10 concentrations are similar to
PM2.5 (Fig. 10). An example figure for stations of Zhengzhou, Xian and Gucheng
is given below. So we add a sentence of “The diurnal variations in PM1 and PM10
concentrations are similar to PM2.5 at most stations” in revised manuscript.

Fig. 10. Diural variations in PM10, PM2.5 and PM1 at Zhengzhou, Xian and Gucheng

12. P15332, L16-17, the authors concluded that “emission variation must to be con-
sidered for long-term trend analysis especially in rapid developing countries.” Emission
data should be used in the discussion to support their arguments.

Response: The emission variation data have been provided for this analysis. Please
see the response to comment 6.

13. Figures. Fig. 1 and Fig. 2 could be combined into one figure.

Response: Fig. 1 and Fig. 2 were combined as below one figure (Fig. 11).

Fig. 11. Map showing PM observation stations and their bar charts of average PM10,
PM2.5 and PM1 concentrations (µg m−3)

14. Figure 3 could be removed because it doesn’t provide additional information than
Table 2.

Response: We agree and have removed figure 3 in revised manuscript.

15. PM1/PM2.5 ratios should be also presented in Figure 5.
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Response: PM1/PM2.5 ratios have been presented in manuscript Figure 5 as below
(Fig. 12).

Fig. 12. Spatial distribution of the average ratios of PM1/PM2.5.

Reference

Eeftens, M., Tsai, M.-Y., Ampe, C., Anwander, B., Beelen, R., Bellander, T., Cesaroni,
G., Cirach, M., Cyrys, J., Hoogh, K. d., Nazelle, A. D., Vocht, F. d., Declercq, C., Dedele,
A., Eriksen, K., Galassi, C., Grazuleviciene, R., Grivas, G., Heinrich, J., Hoffmann, B.,
Iakovides, M., Ineichen, A., Katsouyanni, K., Korek, M., Krämer, U., Kuhlbusch, T.,
Lanki, T., Madsen, C., Meliefste, K., Mölter, A., Moslerm, G., Nieuwenhuijsen, M.,
Oldenwening, M., Pennanen, A., Probst-Hensch, N., Quass, U., Raaschou-Nielsen,
O., Ranzi, A., Stephanou, E., Sugiri, D., Udvardy, O., Vaskövi, É., Weinmayr, G.,
Brunekreef, B., and Hoek, G.: Spatial variation of PM2.5, PM10, PM2.5 absorbance
and PMcoarse concentrations between and within 20 European study areas and the
relationship with NO2 - Results of the ESCAPE project. Atmos. Environ. 62, 303-
317, 2012. Janssen, N. A. H., Fischer, P., Marra, M., Ameling, C., and Cassee, F. R.:
Short-term effects of PM2.5, PM10 and PM2.5-10 on daily mortality in the Netherlands.
Sci. Total Environ. 463-464, 20-26, 2013. Sciare, J., Cachier, H., Sarda-Este‘ve, R.,
Yu, T., and Wang, X.: Semi-volatile aerosols in Beijing (R.P. China): Characterization
and influence on various PM2.5 measurements. J. Geophys. Res. 112, D18202,
doi:10.1029/2006JD007448, 2007. Wang, S. X., Zhao, B., Cai, S. Y., Klimont, Z.,
Nielsen, C. P., Morikawa, T., Woo, J. H., Kim, Y., Fu, X., Xu, J. Y., Hao, J. M., and He,
K. B.: Emission trends and mitigation options for air pollutants in East Asia. Atmos.
Chem. Phys. 14, 6571-6603, 2014. Zhao, X., Zhang, X., Pu, W., Meng, W., and Xu,
X.: Scattering properties of the atmospheric aerosol in Beijing, China. Atmos. Res.
101, 799-808, 2011.

Interactive comment on Atmos. Chem. Phys. Discuss., 15, 15319, 2015.

C8445

Fig. 1.

C8446



Fig. 2.

C8447

Fig. 3.

C8448



Fig. 4.

C8449

Fig. 5.

C8450
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