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Abstract

Long-term synergetic fine and coarse mode aerosol observations were analyzed at 1-h intervals at the
Chikushi-campus of Kyushu University, Fukuoka, Japan, from December 2013 to March 2015. The GEOS-Chem
chemical transport model, including dust and sea-salt acid uptake processes, was used for detailed analysis of
observation data. Long-range anthropogenic aerosol trans-boundary transport events were observed during our
analysis period, and the numerical model generally captured the observed time variation of PM, s aerosols. In order
to have a better understanding of trans-boundary PM, 5 contribution, the model domain was divided into 15 major
source regions, and emission intensity sensitivity analysis was conducted to show the detailed source-receptor
relationship. We found the Japanese domestic contribution to annual averaged PM, s concentration at Fukuoka was
20 %, and another 80% were coming from outside Japan (19.6 % and 16.3% were coming from central north China
region and Korea, respectively). From late fall to early spring when the PM, s concentration became higher, the
trans-boundary fraction reached up to 90%, and this fraction was higher when the daily PM,s concentration

exceeded the environmental standards of 35pm/m’.
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Fig.1 Asian nest region, source regions
for source-receptor analysis and
observation sites.
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Table 1 Source regions for sensitivity analysis

No. Source Region Country detail

1 Japan Japan

2 Korea Korea

3 Northeast China Jilin, Heilongjiang

4 Liaoning China Liaoning

5 Central N. China Beijing , Tianjin, Hebei,
Shandong

6 Central E. China Shanghai, Jiangsu, Zhejiang

7 Taiwan Taiwan

8 Central S. China Fujian, Jiangxi

9 Central China Henan, Anhui, Hubei

10 Shanxi China Shanxi

Guangdong, Hunan,
11 Southwest China Hongkong, Macao, Hainan,

Yunnan, Guizhou

) Qinghai, Gansu, Shaanxi,
12 Inland China . o
Inner Mongolia, Ningxia

13 Chuan—Yu China Sichuan, Chongqing

14 Ocean — Ship Ship exhaust gas

15 Others Others than region 1 — 14
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Fig. 3 Observed and modeled PM, ; concentration for (a) Fukuoka, (b) Sado, (c) Oki,
(d) Goto-Fukue, (e) Miyakojima, (f) Beijing and (g) Shanghai. Left axis is for
observation and right axis is for modeled concentration.
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Fig.4 Monthly average of observed and
modeled PM,; concentration for (a)
Fukuoka, (b)  Sado, (¢c)  Oki, (d)
Goto—Fukue, (e) Miyakojima, (f) Beijing
and (g) Shanghai. Observation is shown by
box-plot (10, 25, 50, 75 and 90
percentiles of daily averaged value) and
model results by line. Left axis is for
observation and right axis is for modeled
concentration.
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Fig. 5 Monthly averaged of aerosol
concentration (a) S0,%, (b) NO,, (¢) BC
and (d) WSOC and OC. Observation (-O-)
is shown by box-plot (10, 25, 50, 75 and
90 percentiles of daily averaged value)
and model results (--) by line. Left
axis is for observation and right axis is
for modeled concentration.
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ML7zfE R EFZ 2 BD, 7235, ACSA I2LD WSOC 1,
2014 4E2H & 2015 4F2 A CIREL~ULRERD 2014
F2HNTET VMG REE I S R 508 R KT A B
Ths,

8 ] 17 PR B BR BEAF 28 5T CHIE - /3 Shuiz 2013 4R
ED PM, ; DR EIEA T, SO 0EI& B b m<,
PM, s I D 35%LL E& H D TWDHA, MK O[EE TX
7RNER 43 D3R 20% 82 FE 7R AE 5, GEOS Chem THHAL
TWD PM,, A5y DR R 2 H 5 SO MEE S R ob
A BT, 20K TT%ICHE T 5, £2, TV
WE ENROR TN Z T, /Nl 7 Th D BC,
OC #&E+25L, X3, 41TRLEZ PM,, B LL T,
BHETHIESND PM, /BB EEOD/R{EL3—4 EHfE
O/ NRNELDEE ZHND,

4, )—R- T —BIFHER

41 RAERMBENOHENFTE

BN E TS PM, ;@ B ¥R E (i) 2054
VR H 38 31 o F8 xt % - (i) & Fig. 6127377, Fig. 7
1ZiE, A FHREIZOWTO R R4 ~9, Table
220X, FEIC L0 EF 5 F 2R T, HIk T 5 E 1T,
HIFER R E A ICHE L EEHEEREH RO
ENORDT, EEORFGRELICHEL, T
MR LT DL PM,, OKIREROENT 5O E
MDRELTDHD, WHF T —H LW, KX, BlEo
A B (EHR) & Fig. 3IRLEREIRR TRIESh-
ETVERAE (R B RLTVD,

Table 2 D& A i Hivlsk Bl O F0 %F 75 5-fEHT 725, 2014
EFEOETFT, BB T HPM, , O N AEFEDOIS
9 20%ZE N FF G- THY, FEV DK 80%ITEBE % IC X
LD TH oI, RIS BN ik e Ui, dbat-
WAL % & to /b E F L3S (Region 5) A% 19.6%, #fif>f
& (Region 2)2% 16.3% Ch D, EHiHORMAE DL, &
[IZ31F 5 PM, ; OIREITAFENLEFITELS, HEIC
Ky, B RO % 5134 FI2E 9.7%, EFITIX
12.9%, HZFETiX 33.0%&, EFCEN T ERN LA/ T
D3 PM, s DERELRDEAFENLRFIZOVTUIN9
B NBBE ISP DOTHD, KAENPLEFIZONT
ZTONRERDE, FEER DT EEO KX VP E P
AE R R S 1SN 2, B4 (Region 4)X° L%
F e E H T (Region 6), 1 E H 4L (Region 9)D

FEHELERDIENH D, o, LS, PEE
i (Region 3). =4 . F E F Ak &6 [H P e
(Region 12)OF 5 IZEZFIVHAF|ITEHWOIIHRL,
o R ORRGES R R R P R P S (Region 11) @

Table 2 Source relative contributions (%) to PM, 5 in
Fukuoka. (Spring: March-May, Summer: June-August,

Fall: September—-November, Winter: December—February)

Relative contribution to the total

Source PM, s concentration (%)
Region FY.
Spring Summer Fall Winter
2014
Region 1
12.9 33.0 27.2 9.7 20.7
Japan
Region 2
17.9 12.5 17. 4 17.2 16.3
Korea
Region 3
5.7 2.7 4.8 7.1 5.1
N.E. China
Region 4
. . 7.0 7.4 6.9 8.9 7.6
Liaoning
Region 5

24.0 15.2 18.5 20.7 19.6
Central N. China

Region 6
Central E. China

Region 7

Taiwan

Region 8
Central S. China

Region 9
Central China

Region 10
2.8 0.9 2.7 3.3 2.4
Shanxi
Region 11
1.3 2.8 0.9 1.2 1.6
S.W. China
Region 12

Inland China

Region 13
Chuan—-Yu

China Total 65.2 47.6 50.6 68.8 58.0

Ocean ships 2.2 5.4 3.0 1.4 3.0

Others 1.8 1.5 1.8 2.9 2.0

Observed PM, g

(ug/m®)

27.0 16. 2 17.6 21.2 20.1

Modeled PM, ;5

(ng/m’)*

26.1 18.8 17. 4 22.7 21.3

* Model results were corrected by regression shown in Fig.3.
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Fig. 6 Source-receptor results

contribution from the region shown in Fig.

Month / Day / Year

of PM, ; at Fukuoka.
1.

Color bar indicate the source
Solid line is the observed PM, s, and red

solid line is the model simulated result (corrected by the regression shown in Fig. 3).
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Fig. 7 Same as Fig. 6 but for monthly
averaged source region contribution.
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Fig. 8 (a) annual averaged PM,;

concentration (model vertical first layer
at z = 6bm; color) and domestic
contribution % by line. (b) PM,; and
domestic contribution along the latitude of
33. 6°N.
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Fig. 9 Source-receptor results when the
daily averaged environmental standard of
PM, : level was exceeded 35ug/m’ at Fukuoka
(between January 2014 and March 2015).
Color bar indicates the source region shown
in Fig. 1. Solid circle is the observed
PM, ;, and open circle is the model simulated
result (corrected by the regression shown
in Fig. 3).

Table 3 Source relative contributions (%) to PM, ; in

Fukuoka when the daily averaged environmental

standard was exceeded.

Source No. % Source No. %
Region 1 Region 9
11.8 11.9
Japan Central CH.
Region 2 Region 10
8.8 3.9
Korea Shanxi
Region 3 Region 11
2.2 2.0
NE China SW China
Region 4 Region 12
7.6 5.4
Liaoning Inland China
Region 5 Region 13
29.3 0.9
Central N. CH. Chuan-Yu
Region 6
11.2 China Total 75.1
Central E. CH.
Region 7
0.1 Ocean Ship 2.5
Taiwan
Region 8 0.5 Others 1.7
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