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aBCOPEHERB X ORARFLEO#E

W IR T 5200842 H 75200945 £ TOBCE CODMIER R A H L=, BCREEXFEIL
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33%) . HFITH/N (8kgst 20%) LB ENHLMNIRom (K1)-17) . F72. HARLI50E
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DRIAR R R KM 230 - 40%FREWM RKEET 5 L AL o (R o7 a2lkiol,r A
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(a) (b)

Heating rate by aerosols (Detailed-MS) Heating rate by aerosols (Simple-MS
H 45 g " H

K/day K/day
40 40
’g‘, 0.0 g, 0.0
T 35 02 3T 350 0.2
3 04 8 0.4
.:%' 30 |- 0.6 -(:—“ 30 0.6
- 08 - 2, 0.8
25 1.0 25 1.0
- 1.2 1.2
20 t o X 20 € i
100 110 120 130 140 100 110 120 130 140
Longitude (deg) Longitude (deg)

[X(1)-19 A-FORCE-2009#fi[#l H & @& FEFI1kmiZ B A =7 1 V' L O KZMEEE « (a)FE M 72 R4 R
BEZBELEETAGE, O)HE—0 CEHLLE) BRAEREZHWEZET LVEIE

e TT Y VORRBELZHMIHE T IBEET VEEZ LRI

Bk £ B (New particle formation, NPF) (I R O =7 v v VR E R L OVCCN i x kE T
2L CRVEBERTeERADL D ThD, AT, R FOEREKEZBERIICHET S
fHIE3 W&ot E T /L (NPF-explicit WRF-chem €5 /V) Z{E L7=, RKET /L TII=T 1y LDk
ZHEALMM 25610 umE T20 OB IO TRE L, mFERBINTRAFAERA T =X A
(Activation-type nucleation mechanism) % F\>7z, NPF-explicit WRF-chem €7 /L% 7 ¥ 7 1k (2 i
M L. A-FORCE-2009%1ll & @ bl - MAEA 1T - 72,

ZOETNERT VT BICHEH L, A-FORCEATZZHEBLI & D ELEL - MEAEZ 1T > 72, BT VEHAEIT
B SN hLFHBORE OSRE DA 72 E A BERFE L. (K(1)-20) . ZOFESAMAIT. Bk 4
A ZER LR VEEER CIIHEICE T KRR EN LB B i B o8k 1 A4 ik o B 2
MERLTWD,

T, W7 U7 RO FAERKOBEESL= T 1Y L - CCNEUCK T 2 EEMREZF AT, £
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Error (%)
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#(1)-1 2ERETIVOBCEFE - WAl /1o i (20094)

Global, January - December 2009 MASINGAR SPRINTARS
Total BC column loading (mg m™?) 0.54 0.35
BC lifetime (day) 12.3 7.0
BC radiative forcing at TOA (W m?) 0.31 0.24
BC radiative forcing efficiency at TOA (W g™) 580 700

#1)-2 TYTHICET DK - HIKE T LV OBCHRE - kFHRE otk (2009444 )

Asia (0-70N, 60 - 150E), April 2009 MASINGAR  SPRINTARS WRF-chem
Total BC column loading (mg m?) 1.25 1.85 1.22
BC lifetime (day) 7.0 4.9 6.0
BC radiative forcing at TOA (W m™) 0.56 0.42 0.58
BC radiative forcing efficiency at TOA (W g™) 450 530 910
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(a) Annual Mean Black Carbon Burden
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(b) Annual Mean Direct Radiative Forcing of Black Carbon
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(a) Radiative perturbation of BC (TOA) Average: 0.31 W m? (b) Radiative perturbation of BC (Surface) Average: -0.45 W m?
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oBC) Average:-0.1K (b) Temperature difference (BCx3 - NoBC)  Average: -0.15 K
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ZiED 721, & 5ITNICAMIZSPRINTARS & 1L 2286 3% € 7 /L CHASER™ % #l 254 A 72
NICAM+SPRINTARS+CHASERE 7 /L DBRFEIEHE A 1T o 7o, ZhHEAVITL10km A &7 — /L D H8E Ik & fif 14
FBR & 1T D 71T, Stretch-NICAME T /L2 AW TH Y U7 EEICHEA L <, BEEFIZET S
BC (—WAEmMK+1RFK) LM (TRAERMFRE) OFBREICHEHT 2 TT LVHEHRMEZH -,

H254 % : MIROC-CGCM (MIROC version5) "% fWW T, BCOAEIZE T 5Kl L UK
EEDTZOMOYBELDIGE %, BCHNZ R OFM A2 4T - 72, kO 7dic, [T
T O RKWHEREAET /LT HMRI-CGCM3DFER & A7z, 7ok, M€ 7 /L OBCIZE T 2 M
FIEERE)-UZH D, 2, ATEEIZH ZH X, NICAM+SPRINTARS+CHASER® & 7 /L ik B & 1T
W, KRB A Y ICER L TCET AARBMSEEZR A, WATL T, BT — X 0I5 U R )
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W7o, L LBCAEIIL72Z L2 X > TINSEEIML, =2—F 7 TIXINDSBEE ICHEM L, £0
ft, BHOR IR ROICIIRAEENSBEM L2, “BCXI0"EBRFE R TIXBCX1”ER LV B
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TWbZENDMND, £, SATAHICBWVWTCIEHAT CIAS< A SN TV D EKET LD
WRF-CMAQ?? D #5 5 & ¥ % Stretch-NICAM-Chem® i % 0 7 N BANE 2 2> - 7=, K(3)-15127 L
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oAy o olAE e B AN HE T, WRF-CMAQIC L 2R L it L CTHRIEE DR ET
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(a) Surface BC mass in AGV

1206

P
30 40 50 [ AJ]

[X(3)-2 HiFRmfFIEDOFEYIBCE &R E OFHEER, @QIFAGVIETHE LN L D, (b)IXAGFIE
THOLNEZLDEAGVE DX ZELTELEZL D, (0)IZORIGIEEAGV & DX 2L T
HLIELOTH D,

#(3)-2 N2 IRBCO B 20 R 50 i 71 (2 R K& LSS 3 1) 2 2 BRAE S 2 fiE)

AGV AGF ORIG Reference

S BRI +0.300 | +0.047 | +0.356 | +0.51t0o+0.81 2”; +0.313 *?; +0.23 *"; +0.26 to

(W/m?) +0.33 %%
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(a) Observation (b) MIROC-SPRINTARS (c) BC values at each site
@ 5 20 30
- g ~=QObservation
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o e - [0}
L . €
» e ~ 8 10 110
55 - 8
" g 0 0
T . . e i ———_—— T %ég ?vg- é §§‘ 8 é
1 1 ]
4 8 12 16 20 4 8 12 16 20 2 g § e - 5 T
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S02 flux [107° kg/m?s] for standard emissions S02 flux [107 kg/m?s] for new emissions
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(a) MIROC: BCx1-BCx0 (b) MIROC: BCx10-BCx1

Temperature difference (K): (Control) — (no BC) Temperature difference (K): (BC x 10) — (Control)
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(c) MRI: BCx1-BCx0 (d) MRI: BCx10-BCx1

Temperoture difference (K): (Control) — (no BC) Temperature d'lefemt (K): {(8C x 10) - (no BC)

' Pressure [hPa]

‘ Pressure [hPa]

[¥(3)-7 MIROC-CGCMI L ’'MRI-CGCM3 Tt # L 72 BCIZ £ 5 KR 28 L T KB o f 5 T i [, s
RixzhEi., (@) MIROC-CGCM% W TEFH L 72"BC X 1758k & "BC X 0”35k O Xl 2 |
(b) MIROC-CGCM % H W\ CTHtH L 72"BC X 10736k & "BC X 1”FE B DK 7. (c) Tanaka et
al. *12 X 5 MRI-CGCM3% HI W\ THHHL L 72"BC X 17928k L "BC X 0" EBR D KR 7%, (d)
Tanaka et al. *{Z L 5 MRI-CGCM3% I\ THEHH L 727"BC X 10”5 B & "BC X 1”7 E R O % iR
. ERLTWD,



2A-1101-76

(a) MIROC: BCx1-BCx0 (b) MIROC: BCx10-BCx1

Temperature®2m difference (K): (Control) — (no BC)
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(a) Downward SW radiation (clear) (b) Downward SW radiation (whole) (c) Updraft velocity @850hPa
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(e) Cumulus cloud top pressure (f) Precipitation by cumulus clouds
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(a) #i7&E (#Rh - B AD) B=0.91, B,=19.1, R2=0.81
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D, mlz=44D > 7 FNIFECOO DT Z 7 A N ThDH, COOHIINAUVBEOERERETHY ., A
B NBILSINT-HAICERTLI2EBEZOND D, BILSNTZAHYOEELRD, QAMS
kD=7 a L DFERE T OFE R SFHIRE THK T 5 &, A 4 URE Kb E <.
WNT, AW, TV E=U AL AV DIATH- -, FEEFIBCOERBETHY . & A DFELR
JE130.2 pg/m3fEETH - 72, 2008FEFFEDL T AT — 3 > TOBMICE T 2BCOFEEEE.4
ng/m3 X VKN o729, BCOREEEIZNL2 ug/m3TH Y | WA 4 v oH IR EIZ T
RN ERDbD (FM@-1), AROLFEMEE kT 5 &, 1H L2 I8l S (b5
BIZIZIER U Th oo, 3HIF, XA T v E=v 24 A OEIGRE N> To, AHEY
Wt 2 mlz = 440EIE1FX, SAICAO LIELOERALNLBOD, EOH HIZIX10—20% O
FCEBL Tz (1A :13.4%. 2 : 14.0%. 3H :16.2%), FAICEVZLDEITALND
LOD, ZOEIFTNEL | BEEZEETDHEIAPLIHICHT TOAFMEITIZER L TH - 72
EEzZzHND (M(4)-2),

4 (4)-10 FEAIWPSIZ X 2 B R CTd 2, MEmiAVRIES, Bl 23 RERH L (8 o038 C il $ B2
DHERLTWD BlziE, RIZBERNEP -T2 LE2RLTND), ZIELRM 2B L T, 200
nmffiEiCE—27 BNHonbd, o, BEFEVWLOO, 50nmfliLicb B — 27 BNAab iz, EE



Ammonium
(a) —— Nitrate
—— Sulfate
—— Chloride
40+ Organics 100
i
é
30 Q
w
§

Mass Conc. (ug/m’)
N
(=]
1

T T
1721 1/23 1125

Date

2.0 r
BC

=
w
L
T

2
:

o
w
L

T

o
o
FIE—
T

Mass Conc. (pg/m”)

T T e
1123 1125 1127

Date

(wor#) dgbop/NP

121 1/23 127

Date

Mass Conc. (pg/m°)
[y ]
o
L

3/8 318 3/20

Date

2.0 r
BC

b =
o w
1 1
T T

o
o
1

Mass Conc. (pg/m’)

WM\J_

318

314 316 3/20
Date

3110 3z

3/14
Date

3/16

3/18

3/110 3/12 3/20
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(b) Ammonium
—— Nitrate
—— Sulfate
—— Chloride
40 100

Organics

(%) Biosprw

Mass Conc. (ug/m’)
[
o
il

i -
2116 2118 2120 222
Date
2.0 r
BC
Eqsl L
£15
a
g 1.0 H
[=]
Q
@
@05 H
=
0.0 ¥ ‘ » ok
2116 2/18 2/20 222
Date
10* =
=z
I
o
E‘IOS %
£ Z
= #®
a [}
10° 2
1
2116 2/18 2120 2122
Date
M(4)-1 WAAT—a B % Q-AMS,

EEB

B

TE

COSMOS., WPS (T X % Bl #5 5
(a) 201241 A ; (b) 20124 2 H
(¢) 2012 % 3 H

Q-AMS I LB =7 u Y VDKL DE
BEREBIOCAEDICHT D mlz=44 >
7F N oEE

COSMOS (2 & %5 BC O &ilE

: WPS IC k2= 7 1 vV VB SRR FE DRI oy
i
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2012418 201242A
TUEZDLATY TUEZILATY
B 11.7% BC 11.2%
iy 21% iy 20%
19.6% THEEAA Y 19.6% REEAA
1.2% 1.3%
b |y b s b |ty b s
0.5% 0.4%
L1 BREAAA >
64.9% 65.5%
2012438
TUEZDLAFY
0
BG 12.4%
iy 22%
21.0% THBR A
1.4%
A7/ R o g

0.4%

ERAA
62.7%

K(4)-2 WFAAT—v a3 BT, Q- AMS, COSMOS I X v &l ==
7 v Y U bF R (BE TRR)

#(4)-1 Q-AMS. COSMOS I X W Bl Sn7-% AICB T 2 FNZR OIS OEE (ng/m®)
LEIE (y aNPREFHIRT28E (%) )

T EET L i & it 12 HALW

A=

Ady  AFy  AFy Ay D BC it
1.07 0.11 5.96 0.05 1.80 0.19

1H 9.18
(11.7) (1.2) (64.9) (0.5) (19.6) (2.1)
1.08 0.13 6.32 0.04 1.89 0.19

2 A 9.64
(11.2) (1.3) (65.5) (0.4) (19.6) (2.0)
1.13 0.12 5.72 0.03 1.91 0.20

3 A 9.12

(12.4) (1.4) (62.7) (0.4) (21.0) (2.2)




e
50 1
40+
#
@
30
7
20+
10 :1\‘\ + J%

(a) 1

100 110 120

130 140 150
B

50 +

404

<

201

10--:1\~ J‘ 4P

(c) 1

100 110 120

130 140 150
B

50

404

<

201

10--:1\~ J‘ 4P

(e) 1

100 110 120

[%(4)-3
(a)

130 140 150
B

50+

40+

30+

20+

50+

40+

30+

20+

1 H 25 H 12:40— 18:00 ;
(¢) 2 A 18 A 5:40—17:10 ;
(e) 3 A 11 H 18:00—12 H 4:10
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<

% 4
- 4"’

A ’P o]
100 110 120 130 140 150
2R
% d"’ ‘
n-\\ L ) @ |
100 110 120 130 140 150
2R

Ny 7 T Y7 b — R R

(b) 2 H 17 H 6:50—23:30
(d) 2 H 19 H 15:20—20 H 1:30

ERACELBHL, A by FEBEIT, HEAREZBA LZHE5TH,
200 nmPO B — 7 & L H BN ST,

Z D50 nmD B — 7 X
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B ORI A 72 S E 0 8 D 2 ERFTT 272912, Q-AMS & WPSIZ L 2 #lilllic ks v
T, WEA AV RENE L 725 & RIKFIZ f@ﬁ/’%rf%m/&rﬁ’éﬁ{ﬂéﬂf_ﬂ}qFﬁ%LU NOAA
HYSPLIT MODELIZ K53y 7 FF V=7 bY —fiT %217 o7z, B ZHFIZKRO 72D H
M<hs: (a) 1H25H12:40—18:00, (b) 2HA17H6:50—23:30, (c) 2H 18H5:40—17:10,
(d) 2H19H15:20—20H 1:30, (e) 3A11H18:00—12H 4:10, X (4)-31X 4 B DI1FIE iz
Bz HREFFICBWTHE SNy 7 b T V=7 N —ITORBRTH D, HOoOHMF XTI
BWT, FEIIEESMHENPSEIENTNTE TV, AT = 3 TOBEOHIITE WV
Th, A EE L2k, SKEN BT HFET 256, IWHRCEEN O K[k S, it
A F UV RENELS LD ENRBHIINTNDEY, SEIOBH G FERZ2 S T CHREEA 4 03 5Em
KTpoTWnBZEMbL, ZO—HOBH G T V7 KbEd b O MAE) 2 KRGO E A N &
BULIEEEADND,

1200 - 1000 =
(a) 1/25 12:40 - 18:00 (c) 2/18 5:40 - 17:10

1000 800 L

3

Number Conc. (#/cm’)

3

Number Conc. (#/cm’)

800 —
600 -

600

400 r
400

200 200 r

R R LI

4
10 10 Dp (hm) 10 10

1500 4

3/11 18:00 - 3112 4:10

1200

3

Number Conc. (#/cm’)

900+

600+

300+

BRI AR R

Dp (nm)

X(4)-4 WPSIZX o THBIHl ST vV )UEEEE OSBRI B 5S5Ah
(a) 1 H 25 H 12:40—18:00: (¢) 2 H 18 A 5:40—17:10
(e) 3H 11 H 18:00—12 H 4:10

Z Q-AMS OB BRE ORI A & WPS OEERE ORI DN T 1T 5 72,
(4)-4 2, (a), (o). (&) DENZENOWMIZEIT 27 v vV WABERE O35 ORI 34 % R’ L
oo WTHOWIK TS, MR K/NERITEZR S22, 50 nm & 200 nm ffiElICE— 27 RH b
7=o BRI (e) TiX 100 nm T OMEEEE &< 72> T,
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UTFToRZHANT, WPS OEBREDORZESAM 2 ERIREICERT 52 & 2RlAi,
WPS Mass = Dmass x WPS_Number
Dinass = pV. V= 1(4/3)(Dy/2)3
Z T, WPS Massi¥., WPS THIE &Nk - OEERE (WPS Number) MHEHEINDE
IR . Dmass (TRLFER (D) ORLF—HOE &, plIFHE, VIZRF+—lOKETH L, bt
FERECTH D E L, FHHBEEIT 1.7g/emd LE LT, QAMS OB TIX, =7 1 Y /L0 FEHEK
o7 VR e A ﬁ‘/&ﬁ*ﬂ%%f&) D, BT VE=U LADON)VT OEREIL 1.7Tglem3 Th 5, B
DEEIIAHTHLIN, WFAT—2a V COBBPITIIANVRCBOT7Z 72 N THY . Bk
DEEELTHWOND mz=44 DY 7 T AR AEHEDEERICH L 15%RE (K@4)-158) L@
W, BEIZEWTH A EHERILz, BB, Ml TN END mz=44 D> 7 F LD
B EERICHT52EE81T 8%REE O ThHhY, BEIX 1.4 glem3BELEZILNLTND, EERK
DA A LIS NTAEMTHLO T, HFBEIL 1.7 glem3BBENZY THDLHEE T,
F72. WPS CHHl SN BhifR (D) EEZEFOZLE)FHREE (D) &OMIZLLTOREGREH D

7)

Do = (plpo) D,
ZIZT, o poldEFRRRRIC T AEETHV EREL LT lglem3 ThDH, &4, HBE% 1.7g/lcm3
ERELTWDDOT, WPS THIE &2 Dy =200 nm Ok 11X, Q-AMS TiL Dva = 340 nm T
BHEND, QAMS i, EZZHIZBWVWT 600°CTAEIET LY. RERIZOWTIHZE R L v X
OFFEIZL Y, 1ZIE PMy (1pum QKL% 50% 5~ b)) ORF2BHETHEnTESH, X(4)5

(a) Iz LRt o X & W TEHAE L7 WPS O BR A v & SR oo 7 B B FE v A &2 7~ 37, 1 (e)
2H 18 H 5:40— 17110 ODFERIZ DN TR LTS, SHRINTEERZRREORZICHT 20944 (X
(4)-5 (a) DIKEED T A ) TiX 2000—3000 nm fFITIZE— 27 BELINTWDH A, ZIVTRIREN
K&, £, *ﬂjt*ﬁ%mﬁiﬁ%ﬁz FRERTEZEZONDHD T, Q-AMS TIEBEHA =2
EEZBND, K45 (b) X, EEREORZRICHT A2 0MICHBT 5 200 nm DO E—27 %
ZENFHIRRICK T 50 E L TRLIEBDTHD, E—271F 400 nm (I H D, 610, K
(4)-5 (c) 121X, [FIFFIC Q-AMS THIA L7-ifg A 4> (HERE) OZRIJFENRIRICKT 5 04
LTz, (45 (b) EX(@4)5 (¢) ICBTHE—7 OMNENZEF-HLTNDZ LMD, WPS
THM E N7 200 nm (1D E— 27 8 Q-AMS DR THI SN % 400 nm DO E— 27 (12
N EHtE SNz, 20X RkEND WPS OHIE L Q-AMS TOHIEICIZEAENDH D
EEBEZIBND,

Q-AMSE WPSOMIERERICESE, WFAT— v a VIZBWTHAlERZZ T a0y L DELE
f#ttZ (CCN : Cloud condensation Nuclei) BEICDOWTERT S, FTxRLEZLIIC., WPSIC X
01360 DRE A T, 200 nmAP i ORLF 2B A48 C CEELRE—27 L LTRHlsh T
W5, 20200 nmffiEOE—27 8, Q- AMSTHIH 4 5400—600 nmfIirOE— 7 IZFH Y L T
WHEEBEZLNDDT, TOEWRDIIMEEA A, AHEM., 7o FT=U LA 4 ThDEHEE
N5, 2008FEHFICNF AT —var ey LafE L, KEERS 2B BRW-#% T, &
FHWELZ AV TCBCOREBEAZIToMBIC L2 &, 50nml FTOBCR. F23 64 L, B Enm
DEEERICR S TV DT DR ALY, ZD X RRFLUINCE, BH—Dh 2257 5 EKES
BER D500 nmfEEDOKE &2 L OBCHBEH SNz, KBWMEEZHWDLZEICLY ., BT v E
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S LRHEMN LRSS TH D EHEENTZRF TIL, 200—400 nm D ERIER.F T LIZ LIEBC
NEE I,

1000+ — 100 10 4 r
(@) —e— Number_Dp (k) —+— Mass_Dp
-4 Mass_Dp Mass_Dva
800 —| 8 =
§ g E
= 600+ o 2 6 -
g 3 ¢
Q 3 =4
o = 3
§ 400 E g9 41 -
E 3. 2 \
E =
200 — 24 o
0 —LpomattiSsn st bisbitsTa e AEnAaee ol 0 \ : . ' | =
REEEE R L T 2 3456 '3 2 3 458 1[')0 2 3 4 5 6 10'00
10 10 10 10
Dp (nm) Dp or Dva (nm)
254 r
©
20 -
E
2 159 -
g
Q
g
S 101 -
=
o
5_ -
0 ot \ : . ' | e
! 2 3 4 5 6 5 T
100 1000

Vacuum Aerodynamic Diameter (nm)

X (4)-5 WPS B XU Q-AMS |2 & » THEIM S 7= EH R4 (B : 2 A 18 H 5:40—17:10)
(a) WPSIZL VBB SN EEBEESH»OHE L RREEORRICRT 2010
(b) HESNZEERESAICHIT S 200 nm 1T D — 27 %22 J) 2R RISk 4 5
SAE LTRLEDLD
(¢) Q-AMS THIMl SN 7-hifgA 4> (HRIEE) OZ2)FRRRIIRT 5 046

2007 FEFRZ I, BB MR IZB VT SP2 (Single Particle Soot Photometer) % fV 7=
BC & % D4R A8 o> 81 Mﬂoht 9, ZNIZ kDL, FEEKROKI DS KR 130 nm fF
WCHEBREORBEMBNISH Y, BC EHEL TV A2 WE L RO (Core/Shell) 1% 1.6 f£E %
T“i%bﬂﬁ“é ZENHRINT, WEWEO EERSIL, WF AT — 3 v EREBRIC Q-AMS I &
LEBPDEWHMBA A A EHE SR TS, 2L OERITAEIO WPS & Q-AMS O
PAER LS L THY, WPSIZL VY E—27 & LTHI S/ 200 nm i ok 71%, #1012 BC
D (Core) ZHH., Q- AMS THIEI SN X DI, A, AEWICHBEINLTEY ., K&
PO(BKkME) THhD EEBEZLND,
2008 FEFIITU T AT —v a ITBWT, kkx ifafafi 2155 CCN & LTEHT D HL
FTOEEGER VA X0 E L THIELZ 10, Q-AMS (T L2 b oBH Tix, 4B 0@
BEER, FERR T IEMEEA 4, A THY , BEEEIZL THREA 4 2238 50—60%., A1
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MK 20—30% CTh -T2, £ mlz=44 DL T FLVOEEYMEEITHT 2EE L., SEIOEMN
e, 15%RECTHolz, Z0O LX) LMk Z FF ok 1ok LT, @A 0.1% & 0.44% D
T Neon/ Nex DENEZREL TWB, Z 2 T Neenid CCN DO EEIEE | Non 1T EE#5E% (CN
Condensation Nuclei) OEEREZE T, ZOWMEIC LD L, WEFE 0.1% TIEFERE 130
nm OFLFTH 50% 728 CCN & L TIEAH L., A3 0.44% TILFEHRLE 54 nm DRI~ TIRERIZ
#50%728 CCN L LTEHLTWE, 2RI, Dusek HIC LV HMESIN TV HRERELES
ERHD 1D, ZnbEdb i, SRIOBRGEROBREZIT> &, WPS TEII S 7z 200 nm £
TOMBEA T RO THEINTNDEEI LN, BfafE 0.1% TEDIFEAL
M CCN & LTHERT A EMESNDZ &IC7 D, Lar L, Mochida b 23 Hz BRI ARIZ FE -5 Ca
A LTS 0IEx L, AFZE TIERKRAEIOBEICOWVWTHEE L TV, Mochida b O 5H

CEEE, BT L7-0E, BMEOHERRELEZO T, BLEILIITINERD D,

WPS QR34 TliX 50 nm fHific b E— 27 BNA b b, WPS & Q-AMS IZ L 0 15 57 ki ek
AN DOWNT, WPS OfERN O EEREZFHHE L TR L2 (K@)-5), WPS THlE
A7z 50 nm 3 OFLF 13, Q-AMS TITE &R /NI We o B 2L FH BT E TE 220,
200 nm IR F23fEAE L TWD & EIZ FARFIZ, ZA LV /NE72 50 nm Tz 2272 0 OFEEE
KL DHEET D LI OWT, B R TR MBBRIZTTE Ty, —F T, B4 TOBLIIR,
BERERL 7 AR O EHFH A EE LBl b mMELFRICBN S TE Y, BRATIET —%
EFEHTERY, 2050 nm (HEORFI1%, BEIFERWARZRL b EFMICBHI SN TEY, 5%
LB Z kR L, RIS Z I LTV,

(2) FRFAERIZOWVWT BFRAT—V gV RBIBHABRICBVWTELN RO KE)
B (4)-6l- @ LBl i 3% © D ACSM, COSMOS, WPSIZ & 2 @l 5 (201342H 156H 225 3A
9H £ T) #x,7, K6 (a) FACSMIZEABHAFERTHY, =7 a ' VvFOLHKS (7 F
=LA Ay WEEA AV, BiEEA AV, WA A FEY) OREE#HERL TS, 2
NIk s e, WILEIZBIT 52PMes®D EHE R RSIIMEBEA A A Th o7, X(4)-6 (b) I
COSMOSIZ L 2Bl R TH D, 2H1TH TR, BHREEZOEBELEDNLIVY - BB LN N
(7.48 pg/m®F CHEEN EFH L7) . 2EMICIZACSMIC X 2B R L AEOLEHZ2 3L T 5,
7 (4)-21Z . ACSM & COSMOSIZ L » THIE SN =Ky O FEHEE L ZN OO AT D EA
Thsd (BCIZHOWTIHE, HFEZOREZZ T CWEEEDbN2EBET — X ZR\\W2), 20124
QADNF AT —va VIR HBEMER L B L 2 A, FERIZ, BCIZHRTHIEEA 42,
BB, 7o E=U LA T OREPPRYELSRoTWD, 2L, BF AT —3 3 v Tl
fe A 4 2365.6%% L&, EEMICEN > T=0lCxt L, wIT8LIERR CTIXmfEA 4 & By o
BEICZZETOET o1, £l2, WF AT —3 3V TIEEMEBEA 4 NELY A 42 L REEE
(. FEFATAER D o 7228, FEITELINE R 2 31T B BN T IS EE A A IR EE 231,26 ng/m® (9.5%) T
bhotz, BCIZOWTH0.44 pg/m® s . BFE AT — 3 3 2B 28 HME0.19 ug/m’Ic Fb =T & he
> 77,

X (4)-6 (¢) NWPSIZ L HBMKERTH D, ACSM I[CE > THESNIBEEBRENS D X
5 7p & X 121%. 100— 200 nmAFiE CL0ME/cm® Bl E ORI+ AWPSTHEIM ST\ 5, £72. 50 nm
UTFTOWM/NRFREBEECRZEENR LELED 72, 2H16H, 240 B X V25H DF#£ITIE,
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Rl O & & B — 27 2510 nmfFiE 2 S KRB FMA~L 7 P LTWRRFRA LT, F
oo RMCIEESLLKRFRRNoTe LI H2 D0, BH8AMNBIRIIIT T, HIDORELE

Z 53 BRI 1300 nmffIE DR 2330 /em L . BEIS TV 5,

30+
— Sulfate
~—— Organics
25 Ammonium
— Nitrate
—— Chloride

Mass Conc. (ug/m’)

(a)

0'I‘"'\."‘\I'."I"'I"*\'"I"'I‘ T T T 1
2116 2118  2/20 2/22 2/24 226 228 312 3/4 36 38 310
Date
4 —
BC (b)
3_ =
E
o
2
g 2 -
3
Q
w
w
]
=
1_ =
OJ'II'—V_'_'ﬁI"I"I""I"I'I"I""I_
2116 2118  2/20 2/22 2/24 226 228 312 3/4 36 38 310

Date

30x10°
25
S
20 g
g
o
«Q
15 9
S
(2]
0 g
5
0

|
10' 7T T T T T T T T T

T
2116 2118 2/20 2/22 2/24 2126  2/28 312 3/4 3/6 3/8 3/10

Date

X(4)-6 EITENGEE B 2B AR (201342 150 —3H9H)

(a) ACSM; (b) COSMOS; (c) WPS
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#(4)-2 ACSM., COSMOS I LV Bl Shi=ZNZ RO OMEE (ug/m®) &EE (B
v ANREGEHCRIT 2 EE (%) )

A =y fird i fifi Ak

Y% A=
S S S L BC S
1.71 1.26 5.33 0.11 4.48 0.44 15,39
(12.8) (9.5) (40.0) (0.8) (33.6) (3.3) )

WP AT —va ryBLOEITBAE ., ThZn o8 SIcB\WT WPS Ik v b8l
HAEROEE 2T o7, WFAAT—3 3 TORRANT 2012 4, WISk T o8LHIEL 2013
FL BRSNS 1ER2L -0, FFICBTIIRILOBMERKEL L OKRKK =T a vy oL
REFHANTZ, T, KM@-7T 132 NE o8 EF, 24 BB TNy 7 b7 Y27 MU —fE
MafTolfERTH D, —HOHMEZRW T, wfh%$l%%#6®%%ﬁﬁnféfmto
o, MM@)-7 (a) OFERIT. [BERX TP AT —Y g U ~FETHHIC, BILERDZ@EEL T
W Z EERLTWD, #£(4)-3 121, WITBHZICHIT 5 2013 E@ITD\/ME%%EEE@%E
BIAE R %, RO 2012 FORERE R LI, WA 4 ERBA 4220 BDEAD
N5b00, BRICITERSORE, BIE6 L bICFABOBER/ELNTEY , Bl Z1T- 748
MR DZEICEDEITINEVWEZZLND,

4(4)-8 1T WPS IZ LV HIE SN MO FHORRESATH D, 20124 2 HOWPFT AT —
Ya il L8R R EK@)-8 (a) T, BLHHIMAEL T, ¥—27 2 50 nm & 200 nm
HL»%%“T%@\H@QE CER L T 5 Tnve (K(4)-1 (b)), — . 2013 & ILELR
FEERIZ BT 2B TP, KESAORFICEB N A LN, E—7 OEICEA LT, 2 A
23 H 0 B X 150 nm fFE & W H ORI KORZEEZ L HOE— 27 T, 07 TEN & ki

100 110 120 130 140 150 100 110 120 130 140 150
7 B

(47 Ny 7 hF V=l b — R R
(a) 20124F, T AT —v a3 (b) 2018 4, TR fi i
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#(4)-3 WITHBRMER BT, ACSMIC L W B S 2N E DR O E (ng/m®)
EEG (Iy alNBREFICHT HEE (%) )

FoE=wmA RN e 4 . s

PERy Py Py Py GRERZ At
1.44 0.55 5.68 0.07 4.19

2012 11.93
(12.1) (4.6) (47.6) (0.6) (35.1)
1.71 1.26 5.33 0.11 4.48

2013 4 12.89
(13.3) (9.8) (41.3) (0.8) (34.8)

200 nm fFITICE — 27 i3H b 7zno7z (K4)-8 (b)), WHFAT — v a U OmILBRl Iz W
THHENHERE— FORFOEFHERIEL, =7 2 Y LR OREIC L D LA 4 v n
FERKSTHD (FM@-1 B 2), WA A X KK IS S du 7z RT3 A3 s i
MBI LR TERT D, ZBAMEOERBAFIIPEIL CTH L2 12, Z OREH,
HAREDIEKE? S OO FHEIZ X0 | FICHEIE2 5 0KEA I TE TV D (K(4)-7),
L7z o T, WFIICHE AR TEILE O FBIEEPRD O ORREN T <, BEREAE WD GAF
2L 1—=83 H2 2o TWeDlZx L, filEIT 1 HRETh - 70) . fILE THH S 2RI
DONWTIE, ER+DICTTATW RN EHEIND,

BRI SN A EBREZ., DF AT —va y EEITBIGH CRES BRoTWe, BFRAT —
varyTERVRBETSELSTH 2 A 18 HARNTKH A 200 nm Hi&f“%ﬁ?ﬁﬂéﬂf: 1500 fi#l/cm3 T >
2ok L, BITEAE Cix 2 A 16 H, 24 H, 25 HOEFBEC, Kifk 15—25 nm 2B
T 105fH/cm3 Z 82 5 £ 5 2@ ENBR S iz, K(4)-8 (c) 121X, 24 BIZH T RS D
xR L, SO @ILE CHAl SN &EEOEAERET— R F2RZ D%, KITHT Tha
RO RE VR ~EREL TN &V FR AR OBRICRB R S — v RN bivie ¥,
HFH, EFIZBTANy 7 b7V =22 MY —BITOEREM@)-9 27T, [METHThb, FE
LB %ﬁﬁi#%EFHL%LLL FILES~EBFEL W, —FH, WFAT—3a BT 5
BRITIZ, ZOXIRBBIIH LN o7, FRFARIL, SRR ECHEB GRS 7
k0)7177<ﬁk FOIALFROT L0 ik S 4, ﬂﬁiﬁ%ﬁé@ﬁ/\mkﬁ@éﬂé LItk % 9,

FRIZBEH LT, MFICRERZZFADN oz, BITBEAERICE W THEA Sz TRk is
%;U%@%ﬁyﬁﬁxEﬁx?%VaVK%wTﬁMéht @4ﬁ/ﬁf B F AT
— g T A EBRNFIWBERIERICE T 2 ZBEREREEZH VT 13, WPS I2X2%
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[Abstract]
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Prediction of climate change

Black carbon (BC) aerosol strongly absorbs visible solar radiation in the atmosphere and is
believed to have substantial positive radiative forcing (one-third of carbon dioxide). The
reduction of BC is considered as a potential measure of slowing down the global warming. To
estimate the effect of the BC reduction accurately, it is critical to understand microphysical and
chemical properties (e.g., size distribution, mixing state, and chemical composition) of BC and
the other types of aerosols. In this study, we elucidated these properties by surface and aircraft
measurements and three-dimensional modeling.

We made a surface network for long-term BC measurements over East Asia (Hedo, Fukue, and
Happo in Japan, and Beijing in China, and Lulin in Taiwan) using high-accuracy BC instruments,
COSMOS. This network made it possible to measure BC concentrations from source regions in
China to the outflow regions over the western Pacific. Using these measurements, we found
seasonal variations and transport processes of BC over the East Asian region. Two aircraft
campaigns were also conducted in winter (13 flights) and in summer (15 flights) over the East
China Sea, the Yellow Sea, and the western Pacific. In these campaigns, we measured
microphysical properties of BC (mass, mixing state, and size distribution), aerosol size
distributions and number concentrations, and cloud droplet number concentrations. We studied
vertical profiles (0 — 9 km) of these parameters over the East Asian region and elucidated
mechanisms of BC and aerosol transport in the boundary layer and the transport from the
boundary layer to the free troposphere with removal processes. These data and findings are
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important in discussing international strategies for global warming and air pollution in Asia.

We also developed a three-dimensional model that can calculate mixing state, number
concentration, and size distribution of aerosols. The model successfully reproduced these aerosol
parameters obtained by surface and aircraft measurements. The model includes detailed
representations of the formation, transformation, and removal processes of aerosols. The
representation of this model was used to reduce the uncertainties in the calculations using
climate models. We evaluated the effects of the reduction of the emissions of BC and other
anthropogenic species on the climate on the global and Asian scales. Based on improved model
predictions, we can provide improved scientific assessment useful for planning effective
strategies for BC reduction.
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