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Characterization of black carbon over East Asian region in the last 100 years
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Deposition flux of black carbon (BC) over the Sea of Japan (SoJ) side region

in northern Japan was investigated by analyzing BC content in the sediment core sampled from Lake
Ichinomegata, Akita, and simulating the transport and deposition of BC using a global chemical
model, GEOS-Chem. GEOS-Chem was improved by taking into consideration faster wet removal of BC near
the emissions sources, and was evaluated with the world-wide observation data sets. A large fraction

(88%) of BC deposited over the SoJ side region is originated from East Asian continents. Annual BC
deposition flux increased from 57 mg/m2/yr to 136 mg/m2/yr between 1950s and 2000s. The emission of
BC over East Asian countries during the same period is steeper than this trend. The possible cause
of this feature is that the recent increasing trend in sea surface temperature and precipitation
over the SoJ is reducing the transport efficiency of BC from the source regions to Japan.

BC



BC
BC
BC
100
100
/
BC
100 BC
BC
BC
BC Hammes et a. (GBC,
2007)
BC
BC
COy
ocC
CTO375 Elmquist
et al., GBC, 2006

COq
Kitano and Fujiyoshi,
Geochem. J., 1980
20% ( )
BC

(GC) (FS)
98% 96%

BC BC
BC
BC
QY
GC 62%
FS 9%
GC
81%
BC FS
BC
oc
300 BC
( )
EC/OC
oc BC
EC/OC
(QF)
NIOSH
900 BC
BC



BC
BC (OC CO3)
COy
ocC
oc
BC
oc
BC
COy
GEOS-Chem
BC
BC
BC
( 1.2)
BC
( 2)

207 BC conc

® MOZART-4/GEOS-5 —— Obs.
Precipitation
1.5+ APT .

Mass conc. (ug m 3)
A
:{E‘?
=
-

3/29 3/31 4/2 44 46 48 410 4/12

Date
2.2015 BC
( MOZART-4
2.5 )
3
2 25
BC
1
Liu et al. (JGR,
2011)

(OH)

BC

(SP2, Single Particle Soot
Photometer, Droplet Measurement Technologies,
Ltd., US)

BC
ON/OFF
ON/OFF
BC
1950 2012 ( )
<0.5%wt (
Cos )
3 BC
( 100 135 15
5 ) BC
(

Lamarque et al., ACP, 2010)

g ] Coemtmemes " g
£l buSdmess g, .
2 10 ® IMG12 Turbidite lel g
§ o° % 01 %
3. BC (o )
BC ( ) o
(
) 1900-2000
(
)
1980
1950 2000
BC
(1960-1970
) BC 1980
1990
BC
2000 1990 BC
BC



BC
BC
SP2
(
) BC
BC
(CO)
BC CO
E “ Deore = 0.2 (£0.02) pm
= Source
== Qutflow (w.0. BC loss)
2 === Qutflow (w. BC loss)
15 ' 2.0
Dihei/Deore
4.( )De¢ 02pm BC Dg/Dc
()
Dec 02pm
BC Ds/Dc
4 ( )
( ) BC BC
(Do) (Ds)
(Ds/Dc)
DyDc
BC DgDc 1(BC
)
DgDc 15
BC
(SScrit)
Dg/Dc BC
SSCrit BC
1 ( )
SSCrit
BC

BC

GEOS-Chem Liu et a. (JGR, 2011)
OH BC (
) k
(k = B [OH] + & [OH]
OH B35 )
GEOS-Chem BC
(2007-2011)

BC

North America  »
Europe  x
EastAsia =

P
. °®”
0y o

Modeled BC (ug m® )
o

.
. e

NMB (North America) = —6 %
NMB (Europe) = —33 %
NMB (East Asia) = —42 %

L :

0.01
0.01 0.1 1 10

Observed BC (ug m'a)

5. BC
GEOS-Chem

BC

BC

) 2007-2011
BC 78.9 mg m™
yr
88 (

8% 7%)
BC

BC (1)
()

[BCums] 1 (1)
[Dust,..] K

FBC = Ppust

[E)Bucsatm]] = Cye X CFg X CFyy @
atmos

Fx X (BC )
[Xatmos] X
[Bcatmos]/[DuStatmos]



BC
COy
( 10%
CFAA =0.9

(
10%-30%
CFSoiI =1/0.2=5
)
Fpe

Fpe 142 (95-284) mg m™ yr!

) CFSoiI

CFaa

20%

FDust

( 6)1998-2012

Mori et al. (JGR, 2014)

2011-2012
Fgc

2000
Precipitation
— AFRODITE

18009 AMEDAS

1600 —
1400 —

1200

Precipitation per yr (mm)

1000 -

N
@
|

— BC depo (GEOS-Chem)

20— == BC depo (Estimated)
BC depo uncertainty

=== BC emiss over east Asia

@
1

e
o
1

°
@
1

BC emission per yr (Tg)

66 mg m” yr'

400

300

200

100

1900 1920 1940 1960 1980 2000

6. ()

( APHRODITE

AMeDAS ( )
APHRODITE

()BC
CFsoil

) 3
BC GEOS-Chem

1970 1980
30-40°N
(Nagashima et al., GRL, 2016) BC

BC

BC

(
BC

)

)

(Zw Bw)
14 sad xnjj uonisodap Og

(Mori et al., JGR, 2014) 1953-1956

39.0 (26-78) pg L' 1998-2012
87.0 (58-174) pg L™
1950
BC BC
(Nagashima et al. GRL., 2016)
(Sato and

Sugimoto, WR, 2013)

BC

>
Elmquist et al., Global Biogeochem., Cycles,
20, GB2009, doi:10.1029/G2005GB002629,
2006.

Hammes et al., Global Biogeochem., Cycles,
21, GB3016, doi:10.1029/2006GB002914,
2007.

Kitano and Fujiyoshi, Geochem. J., 14,
289-301, 1980.

Lamarque et al., Atmos. Chem. Phys., 10,
7017-7039, doi:10.5194/acp-10-7017-2010,
2010.

Liu et al., J. Geophys. Res. Atmos., 116,
DO00A14, doi:10.1029/2010JD05145, 2011
Mori et al., J. Geophys. Res. Atmos., 119,
10485-10498, doi:10.1002/2014JD022103,
2014.

Nagashima et al., Geophys. Res. Lett., 43,
2835-2842, doi:10.1002/2015GL067589,
2016.

Sato and Sugimoto, Water. Resour. Res., 49,
7763-7777,  do0i:10.1002/2012WR013206,
2013.

3

Miyakawa, T., N. Oshima, F. Taketani, Y.
Komazaki, A. Yoshino, A. Takami, Y. Kondo,
and Y. Kanaya, Alteration of the size
distributions and mixing states of black
carbon through transport in the boundary
layer in east Asia, Atmospheric Chemistry
and Physics, , 17, 2017, 5851-5864,
doi:10.5194/acp-17-5851-2017.

Chen, J., S. H. Budisulistiorini, M. Itoh, W.
C. Lee, T. Miyakawa, Y. Komazaki, L. D. Q.
Yang, and M. Kuwata, Water Upatake by
Fresh Indonesian Peat Burning Particles is
limited by Water Soluble Organic Matter,
Atmospheric ~ Chemistry and  Physics



Discussion, , 2017,
doi:10.5194/acp-2017-136.

Ikeda, K., H. Tanimoto, T. Sugita, H.
Akiyoshi, Y. Kanaya, C. Zhu, and F. Taketani,
Tagged tracer simulation of black carbon in
the Arctic: Transport, source contributions,
and budget, Atmospheric Chemistry and
Physics Discussion, , 2017,
doi:10.5194/acp-2017-237.

6
Ikeda, K., H. Tanimoto, Y. Kanaya, C. Zhu,
and F. Taketani, Long-range transport of
black carbon to the Arctic: Tagged tracer
simulation using GEOS-Chem, The 8"
International GEOS-Chem Meeting, 2017
5 2

( )

Ikeda, K., H. Tanimoto, Y. Kanaya, C. Zhu,
and F. Taketani, Model analysis of
long-range transport of black carbon to the
Arctic with tagged tracer simulation,
European Geophysical Union 2017 General
Assembly, 2017 4 26

22
2016 10 14 (
)
2016 2016 5 24 (
)
03 CO PM25 BC
21
2015 10 19
(
)

Ikeda, K., H. Tanimoto, H. Nara, H. Mukai,
Y. Nojiri, Y. Tohjima, Y. Morino, and T.
Nagashima, Multi-model comparison of O3,
CO, PM25, and BC with cargo ship
observations in Asia and Oceania, The 7"
International GEOS-Chem meeting, 2015

5 4

( )

()

()

(€)

MIYAKAWA, Takuma

30707568

IKEDA, Kohei

60726868

NAGASHIMA, Kana

90426289



