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Abstract

Increased emissions of air pollutants in East Asia, especially from China, have contributed to PM2s pollution. A
remarkably high PMa 5 concentration was recorded over central east China in January 2013. In this study, both the
GEOS-Chem chemical transport model and the REAS emission inventory were used to analyze 10 years
(2004-2013) of aerosol variation data, including PM2s over East Asia. We carried out a detailed model evaluation of
the impact of changes in NHi, SOz, and NOx emissions in China on the PMas concentrations in East Asia. The
model successfully reproduced the variations in PM2s concentrations at EANET monitoring sites. The calculated
concentrations of chemical species indicated that the atmosphere over the terrestrial area in East Asia contained
enough NHs to react with sulfuric acid, but not nitric acid, outside of the summer months. A sensitivity analysis
indicated that a reduction in NH3 emissions decreased the formation of nitrate, while a reduction in SO2 emissions
increased the formation of nitrate, in China. Our results indicated that PM2s pollution in East Asia might not be well
controlled without an appropriate strategy that includes the control of SO2, NOx, and NH; emissions.
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Table 1 Location of observation sites

ID Country Site name @ Lat. Long. Elev.
CN) (B (m)
1 Russia Primorskaya 43.70 132.12 84
2 Korea Cheju 33.30  126.17 72
3 Japan Rishiri 45.12  141.23 40
4 Tappi 41.25 140.35 105
5 Sado-seki 38.23  138.40 136
6 Happo 36.68 137.80 1850
7 Oki 36.28 133.18 90
8 Hedo 26.85 128.25 60

a) Primorskaya is located in a rural area. The other
stations are located in remote areas.
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Fig. 1 Spatial distributions of (a) NHs emissions, (b) total emissions of SO2, SO4>, and dimethy! sulfide, (¢) NOx
emissions, and (d) the gas ratio (GRe) in 2009 in East Asia. GRe is defined in Section 2.2. Circles and ID numbers
indicate the locations of the EANET monitoring sites shown in Table 1. The triangle and diamond indicate the

locations of Beijing and Fukuoka, respectively.
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Table 2 Details of sensitivity experiments. The numbers
are coefficients, which are multiplied by the emission

of each chemical species in China from the control run.

Experiments NH3 SO: NOx
C 1 1 1
S 0.85 1 1
Sz 0.00 1 1
S3 1 0.85 1
S4 1 0.70 1
Ss 1 1 1.15
Se 1 1 1.30
S7 1 0.85 1.15
Ss 1 0.70 1.30
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Fig. 2 Monthly mean concentrations of (a) NHj and
ammonium (NH4"), (b) SO2 and sulfate (SO42), and (c)
HNO3 and nitrate (NOs7), at Beijing from January 2009
to January 2010. The observed data originated from
Zhang et al. (2013)'9. Error bars indicate the standard
deviations of daily samples for each month. GR and
AdjGR are defined in Section 3.1.
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Fig. 4 Monthly mean concentrations of NH; and
ammonium (NH4") at representative EANET monitoring
sites from 2004 to 2012. Bar charts indicate simulated
data. Red dots indicate observed data, but open dots
mean that the percentage of period of available data
during a month is less than 80%. The blue line denotes
AdjGR, which is defined in Section 3.1.
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Fig. 6 Monthly mean concentrations of HNOs and
nitrate (NOs") at representative EANET monitoring
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data. Red dots indicate observed data, but open dots
mean that the percentage of period of available data
during a month is less than 80%. The blue line denotes
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Fig. 7 Scatter plots of modeled versus observed monthly means of NH4", SO42‘, and NOs~ concentrations for each
season from 2004 to 2008 at Rishiri, Sadoseki, Oki, and Hedo. MAM, JJA, SON, and DJF refer to March-May,

June—August, September—November, and December—February, respectively.
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M LLICECREINZERD D, T2 MBI TER EERBBEINZEANEBASZNEE LB, Tz,
L7=d5iz, BB 72 CIL 43 NOs 5 HNOs 12 EElRic 17D NOsREDEM ML, NHoBEDZE
ZhL. HNOs MHEHR 712k B L T, PMas KB RIEE R4 L XBITEY, NOs I3 EICNHNOs DI TKRE
DRKEZERKFELTHEELTNAIERE 2L, FIZEELTWAHEE X B LA(Figs. 8a—d, 8i-1),

1A DIF .
s o g — e R )
b 188

“ a3
I 10.5

Fig. 8 Seasonal distributions of seasonally averaged (a)—(d) NH4* (color) and NHs (contours; 1 pug m™ interval),
(e)—(h) SO4* (color) and SO2 (contours; 20 pug m~? interval), (i)—(1) NOs~ (color) and HNO3 (contours; 5 pg m™
interval), (m)—(p) GR, and (q)—(t) AdjGR during March 2009 to February 2010. MAM, JJA, SON, and DJF indicate
March-May, June—August, September—November, and December—February, respectively. The circles, triangle, and
diamond indicate the location of EANET monitoring sites, Beijing, and Fukuoka, respectively. GR and AdjGR are
defined in Section 3.1.
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Fig. 9 Sensitivities of the NH3 and SO2 emission reductions in China for NH4", SO4%", and NO3~ concentrations in
Beijing, Cheju, Fukuoka, and Oki in 2009. Details of the numerical simulations identified by C, Si, Sz, S3, and S4

are shown in Table 2. GR is defined in Section 3.1.
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Fig. 10 Sensitivities of the increase in NOx emissions, and both the reduction in SO: emissions and increase in NOx

emissions increase in China, with regard to NH4", SO+, and NO1~ concentrations in Beijing, Cheju, Fukuoka, and
Oki in 2009. Details of the numerical simulations identified by C, Ss, Ss, S7, and Sg are shown in Table 2. GR is

defined in Section 3.1.
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