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Interannual Variation of East Asian Aerosols Outflow in the
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Abstract The interannual variation (IAV) in aerosols mass outflow from East Asia to Pacific driven by meteorological
fields in the winter-spring time and the associated atmosphere circulations are explored by the global three-dimensional
Goddard Earth Observing System (GEOS) chemical transport model (GEOS-Chem) over 1986-2006. More (less) East
Asian aerosols outflow to the downstream North Pacific region is concurrent with the enhanced (depressed) stationary
wave center over Northeast Asia/western Pacific region (NAWP) at 500 hPa. More East Asian aerosols mass tends to be
transported downstream through a path 5-10 degrees north of the climatological path in the years with negative
geopotential height anomalies over NAWP. The anomalies of the geopotential height at 500 hPa over NAWP regions are
accompanied by anomalies of westerly winds and baroclinicity in the lower troposphere, which induce the IAV of the flux
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and the path of the East Asian aerosols outflow.

Keywords Winter-spring, East Asian, Aerosol outflow, Interannual variation, Atmospheric circulation
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B ZR M X TG KPP g, KRN
T SR BT R (Irie et
al., 2005; Ohara et al., 2007; Zhang et al., 2007a,
2007¢), A3 A A AL X IR ik BE AR 4L
SRR A DAL B TR R HETR
AV AN ] DA | S AR A b ™ B 5 A G A
AR AL (Kaufman et al., 2002; £1) K45, 2008; Li
et al., 2011; Zhang et al., 2012; Wang et al., 2013; Luo
et al., 2014; Mu and Liao, 2014; B 2%, 2015), <
) AL X R OR ST R AE 98 KRl (Simoneit, 2004;
Dunlea et al., 2009; Uematsu et al., 2010; Verma et al.,
2015) “EHBDCUH, SEMRLEH S U, 5
FEC T i X B 2 PR %N, (Jaffe et al., 1999, 2005,
Holzer et al., 2003, 2005; Park et al., 2004; Liang et
al., 2004; Heald et al., 2006; Chin et al., 2007; Hadley
et al., 2007; Liu et al., 2008; Wang et al., 2009; Yu et
al., 2012; Matsui et al., 2013a; Jiang et al., 2013; Lin
et al, 2014). i 4Bk =4 KT 2 A% far A X
GEOS-Chem #54UL[¥] 1998 F1 2001 4E [ & BR TR,
Park et al. (2004) i H 5 KP4 1 ML BRI 8
Xof 5 R ARL IR 6 1 T 15 SO P IR DTk v] 98 30%, 3X 58
4] DLSE M S R AR gl RO o A0 s R A o
RS . (Goddard Chemistry Aerosol
Radiation and Transport Model, GOCART), Yu et al.
(2012) Fi s A fniE IR A AL SE 1) i w]
DA 753 A6 36 KA 2 TR R T R W 228 /<03 TR 2 A3 i
BB 17 Wm 2 RI3.0Wm 2, 255 IS
Vo5 0 T PR B B 1 31% 0 37%. AN, FEROF
VEHLX,  MEIHUR R IO B, AT
W EE S 240 (Elliott et al., 2003; Nakamura
et al., 2006), F A3 i 5 2 f ) B R iAW fE
HE— 0 52 W b K17 1R RG22 Bl 5 52 ) U AR A
(Zhang et al., 2007b; Wang et al., 2014b) DL K
S VE DB URE ) K E (Wang et al., 20144,
2014c). BTl NRR AR IR H S AR By
AR Z TR NI T & Ak i AR A R B A
—EWNSENE.

VI 22 SCHR 48 Fig A A1 AR 00 R L (R

HIAELFET. i, A2 URER A CMAQ/
PASCAL, Matsui etal. (2013b) #& Hi W9 JER5 I
HHAEAAR R b e T R =ik Yang etal. (2015) i
M1 1986~2006 4 GEOS-Chem Fifil 45 5L, A Ky
TEIRRIA IR, B £ (SO4™ ) ViR £ (NO3 ).
Hedh (NHSO. AHUBE (0C) MR (BC) [
WEAR A 1~5 o A2 4i LU MIAH N,
P 326 i S AR A 2 BN, [0
2 E P RS B (Holzer et al., 2003; Liang et
al., 2004; Holzer et al., 2005; Wuebbles et al., 2007;
Yu et al., 2012; Luan and Jaeglé, 2013; Matsui et al.,
2013b; Yang et al., 2015), iX A] GefH 15 M Ui %) 4 E
iy DA M ) i RS BB B . BR TR
S, AR AR B AR BR AR . (]
GEOS-Chem ##3{,, Yang et al. (2015) f¥ [l % &
RVAFBCEAR RIS DL, Al P25 ER
LR o e A GEH R, e TR T AR
JRE A AR L T R AR PR AR A AT 5.2% 0 AR HSC
IR AT RN I3 T R BUX — B A R R St
JEL DR A AT BEAL ] o

BERRAUBE R IR I A, AR 2 E50 40
AT S i 2R O IR U L AT R SR I R v
B R AR BE e i 34 % (Holzer et al., 2005;
Wuebbles et al., 2007; Luan and Jaeglé, 2013)., KT
WA TIIRAEPR A1, Gong et al. (2006) i
1960 ~ 2003 £ [ b 2 3k 0% e X8 8 5
( Northern Aerosol Regional Climate Model ,
NARCM) )45 BFFT T ML v 2B ¥ A [ b 56
X VPR R AT 2, ORI RO —L
% 7% #H 9% (Pacific/North America teleconnection,
PNA) JRECN B2 ARG, AR A SC TR AL
(West Pacific teleconnection, WP) & 2% IEAHG,
X YOV I FR) 5 O~ i 38 R 9 BT P PR U
S RA BV KRR MEN AR HIX 255
VT A B AR R IR S e, B AR D AT
T S A SCRAT H R A4k 2 AL fan A 2 GEOS-
Chem HANWEER, & BRI &4
RN A AR PR AR AR MR B, 70 b b T A B
ARF IR INR I 0, BRI 5 0 S i
TR AR A ] REA) B R R o
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2 HRAFTE

A A 1) GEOS-Chem  ( http://acmg.seas.
harvard.edu/geos/index.html [2016-04-30], 8-02-01
FBAS D 1 56 [ I A K2 KA S BN A D A B
o, A B TR AL SRS, Ay UL
5 1 MU MR R R 8 BRI R A I % Kk
Ji& 1) 50 H Il 22 48 ( Goddard Earth Observing
System, GEOS) $£4it () GEOS—4 [A]4k < %37 % kit
fT9R5)IZ1T. GEOS-Chem i C.4 KRN N
TERE RSB R G, IF BAE BRI
IIFII S AU B T2 N, BN R
AN ECEA) AT RIFFUR R3] ) = 4 A BROK
A A R

ASCAE H I BAU T CE 2% Yang et al.
(2015), QG R MIFRTE AL AR m] DL 4
B2 SR — R A — ik S G — %
Jii (O3-NOx-hydrocarbon—aerosol) KAk 2ZEH L
TZAL T e % T 40 I B0 3t 25 v A e S i AR
W53 B, AR IR ER (SO ) VIR 5 (NO3 )
ek (NH L — ORI IR A HLIE (OC) | MR (BO).
VoA R H S (Bey et al., 2001; Park et al., 2003,
2004; Alexander et al., 2005; Liao et al., 2007), X,
AV HER Ty 2.5 X 204 o« RS4RI FH (1) 2 4
W7 AR LR G IR ] TURBDAY 42k
% (Beyetal., 2001; Wu et al., 2007; Walker et
al., 2012); /NEEW) Pt 2K Lin and Rood
(1996) [¥1~F-hrks B Hol s P ks Ok A
Zhang and McFarlane (1995) 177 %, XK H
Hack (1994) {1175 %; #UTFER M Liu et al. (2001)
FIR IR 7 %6

B, 7 GEOS—Chem B H B3 7 HH b
DA RSN, A ERAb L IX R R A RTAY) . S
VT A B SRS AT 522 7% Park et al (2003,
2004) FIBCHE . FENVYHIX IR AN A HEBGHE L2 2%
T Streets et al. (2003), Streets et al. (2006) /I Zhang
etal. (2007a) [M¥'E . D FURPEK B T 23Rk K
HeEE = (Global fire emissions database, GFED
V2, Giglio et al., 2006; van der Werf et al., 2006)., ‘£
WHEIEGE 50K B T B SRR I TR B
MEGAN 2.0 (Guenther et al., 2006), A3 5 % &
TG AEIR B AR IR A AR e AR
7% 18 B N RI5 B)) A IR AR W) TR Joe OS I HIE T

B AT Ehie B 2 AE B 28 (Schultz, 2002; Duncan
etal., 2003), WRESFEMILIR . P LIASCR NS
BAVED) TR HETBOK P [ € 21 2005 4F, AR
HARZIER .

2 JE B R M H X 32 B DL 75 30 7 A R
I A, WEERARTVD AR AR IR, IR
XX 1 3> (Ye et al., 2003; Duan et al.,
2006), FFLABEE RN PM sl BEE H SO
NOs™. NHy'. OC Fil BC iX 5 Pl i ik Fil,
A ARG Ky 3l i 4500 F i
150°E, £ uE ol 25°~55°N, T Hu b iR 5
100 hPa 12 & HIIH AW RSEE . T S04~
NO; .NH4 . OC F1 BC fH3it e {4 L BAE 1~5
P LAsE A2 IR & IX 5 A B3
2 A1, JE LA 2001~2006 4F i MODIS T4 ¥k}
LW ) R 0 i M DX IR O 2% JE BE (Aerosol
Optical Depth, AOD) #47%ftt, Yangetal. (2015)
WATERL BRI % ¥ T, GEOS-Chem 0%}
ARV A T e HLA R e R ASAEL R

FEMEEEA F, AR LA B RCE R Is 47 ik
13BN RIEAT G b A IR HE 1
B AR ZE AT DL U A R S 4E 6B (Absolute
Departure, R FA° F275) RIFE 4005 7 4 b

( Absolute Percentage Departure, [ F F*™° %755

U, Mo E SN

AD _ 1<

Fi _‘Fi_H;Fi‘: (D

FAPD:F‘—ADXIOO%

' I < e ’ (2)
HZi:] i

o, TNy, Fidd i ARSI T A
B, n R AERL, X 1986~2006 3k 21 4F. R
FHEAD 3500 0 WY 1S4 G H A s AR () £ 0 A
AR/ o FAP I FAD 20 1) 22 4P 339 1 P34
PLERE AR RME FT o L, e 287
VIR L I AR B A R E ST A3 (Fu and Liao,
2012; Mu and Liao, 2014),

3 SRBEHTEEFEZTHRILISRER
mbBE N SIERSFERLTE
B 1 SR T AR X 2 4RSI PMys. SO4
NO; . NH;'. OC Ml BC ¥ i B Uy 150°E
T H AT WL PMas. SO . NHL ., OC
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Fig. 1 The simulated multi-year mean PM, s, S04>", NO5~, NH,", OC and BC outflow fluxes (units: 107 Tg season") along the latitude—height (25°-55°N,

1000-100 hPa) cross section of 150°E in the winter—spring of 1986-2006

ﬂmc%ﬁﬁ%kﬁﬁ%m%4WNﬁ@mﬂmMa
P, XA ET AT EE 18— 30 (Wang et al., 2009;
Yang et al., 2015). ] NOs it AE7E AN KE H
Ly, 43 AT 30°~34°N Ju [ 500 hPa /= 5 T LL
Je 40°~50°N yu [ 850 hPa i JE BT . 5 4b, 155°E,
145°E 1 b A0S v ol s 25 0 CIEImg D Fi
150°E H# T 45— B 150°E &b

o T T A L R AR e

Kl 2 4 1986~2006 4F RS 535 9K 50 1) < WV b
[X. PM, s Jiit H 30 & PP 2 427 81 7] L PMo s it HY
WP A R AR PR AR AR E o X AN S,
PM, s Uit Hy I BP0 45 ALl SO NOs
NH4'. OC 1 BC it HHill f P (145 A0 471 7]
PM, s i H I B B P S A S R B KT 0.72,
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Y@t T 99%IPAE FERT S o T T2 B s it v i
SRR RIAFFE G 1 ZE ] PMos B4R N
REFHIIAT S 4T

B 3 Ry KR AR T I &5 Z AR IR
Hy I K FAP R FATP . PMo s, SOL™ \NOs  NH,
OC Fll BC [ Z 4 FRAE R 7358 0.40. 0.19,
0.08. 0.08. 0.04 F10.02 Tg season ', 5 KAEFRA
H A HITTA 1.064 051, 0.24, 0.23, 0.10 1 0.04 Tg
season o N WLAAFZE AR R R ER R Al B 1R 4 %
FESP (B S fo K AE A0 ok HA S R 2 2~10
i, XGRS LR AR A H X NS Sl
JECHR (R LA LA B 198 6 1 5 3 b XA B ok JE 1
E A5 & — 5] (Ohara et al., 2007; Mu and Liao, 2014;
Yang et al., 2015) . Z4ETF-H[f) PMys. SO4” + NOs «

NH,'. OC Fl BC ¥t i 5 () P HIx 4F s A
IR 6.7% 5.8%. 11.6%. 7.2%. 7.4%F1 5.6%;
B RAE AR 17.7% 15.7%- 37.0%. 20.6%- 16.8%
N 15.1%. R BAEAGFIIRE R AR AR &L
()4 B AR A 55k IH A

4 S5REFEFETRERTEFERE
AKX RN

Kl 4 251 T A7 PMys it 0 4R e 41 il

IR B LT i A AR R A3 b X ()3~ 1S 3
850 hPa Fl 500 hPa £/ #5123y B IRAHSCIE  FeAl 13
L2 18 PR 2 R L e R O I 2 R
(Chin et al., 2007; Wang et al., 2009) F1 [ [ 44
RO 2R WA I 5 S ) 32 22 22 IR A 1%

R=—0.69
1 1 | I I | 1 1 | 1 I 1 1 1 | 1 1 | I L— 30
- 1.0 E
] E o
§ E 1.0 )
o0 .8
= 0.0 o — 0.0 g
7z u =
= 3 E
< =053 =10 3
3 3 = —2.0
E —1.03 E
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K2 B 1986~-2006 {EAET IR 1 Fon T PMy s Jit 8RBT AOERR 41 R, ZE488R%D I GEOS-4 BHEHT SR AR JEE—IG KT
PSR AL TR AT RL 35w B P51 (NAWP 55, TRILER 4 755, $reRIsl, AARbiiD, DI AIAH R R ECH-0.69
Fig. 2 The interannual departure series of the simulated PM, 5 outflow flux from the vertical cross section shown in Fig. 1 (color bars, left axis) and the
Northeast Asian-western Pacific region (NAWP) index calculated from the GEOS-4 dataset (black line, right axis) in the winter—spring over 1986-2006. The
correlation coefficient between the two series is —0.69
— 0,
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Fig. 3 (a) The maximum (top edges of the bars) and averaged (middle lines in the bars) interannual absolute departure (F*P), and (b) the maximum (top edges
of the bars) and averaged (middle lines in the bars) interannual absolute percentage departures (FA™?) of the simulated PM, s, SO,%", NOs~, NH,", OC and BC

outflow fluxes from East Asia in the winter—spring over 19862006
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WERHRE . J & 4c WIRTE 500 hPa 1 # & 5
W by RAEW—P5 K P X 5 (Northeast Asia/
western Pacific, NAWP) (40°~60°N, 110°E~180°)

(a) SLP

-0.68 -0.51 -0.34 -0.17 0 0.17 034 051 0.68

B4 BRI 1986~~2006 44T PM, s it HiSE EEA4EFR 51 R GEOS-4
(a) #EF R (SLP), (b) 850 hPa fi #4741 (¢) 500 hPa fif
PR MM R BT $T mIKIBAERE T 95% M ke, 1B 4c
FRAEAEZR N 500 hPa {35 7 Hifhils, fR3& 500 hPa (RE # U, KE
HEARLARILWE—PG R FEX IR (NAWP)
Fig. 4 Correlation coefficient between simulated East Asian PM,s
outflow flux and the (a) sea level pressure (SLP), (b) geopotential height at
850 hPa (H850), and (c) geopotential height at 500 hPa (H500) from
GEOS-4 data over 1986-2006. The dotted areas are for values passing the
two-tail t test at the 95% confidence level. The contours in (c) represent the
zonal anomalies of geopotential height at 500 hPa, denoting the stationary
wave at 500 hPa. The grey polygon denotes the Northeast Asia—western
Pacific region (NAWP)

FAE—NEERAM KX, WX X &ES
500 hPa {4 EIf (1) S e bt R 30
RIS R (7)) 55, A EE
F2 T 500 hPa [RIA7 3 B3 e U 0] 25 WP 44
FRW I PR SRR AE HEAT A0 AT, ANER R £
SLP F1 850 hPa A ¥y I, HOCIHKII 5 i
o3 A 84 [H] 500 hPa (145 R (K 4), it BT
Lt 500 hPa A7 g dithils GRELR D 1)
MRS, NAWP XA 345 37 1) 7 4 500 hPa
W 2B R IR I s, SR AN E L.
J1 GEOS-4 %k}, oA 1K NAWP [X I bRufEAY, (1) i A1
IR 367 355 B 3 P 5 b — N 5 &R R R
AH UL B AR B AR Z ORI R RIS EL B2k
NAWP F550 (1 2). Wit (GED 1) NAWP F5 s e
TIX—Hh[X 500 hPa & HU LR (59). H#IEF|
TX R DX AT OO NG AR VKR, P At
A8 NAWP F5ECRIZ- W RS S AR B 781 CRE e
ISR, 1999) HIAHCHRECH 0.58, Wit 99%
FEEEI LRSS, Ui NAWP 850NN T T i%—
X 45k 5 U AR BR AR AL . 1986-2006 4E3Y1] NAWP
FRENABFET AR PMy s Uit H BB 351 ) S 20 =
(R AHSE, AR E—0.69, 1B T 99%IH) W& 1k
K. XFRW], NAWP XIfam (59) @R
PRI B I ERMHREIIE (57D 595,
h T AR NAWP X385 i 5 (ki
NAWP $850) 5 4 WA U Hi i e At 4 4 4%
IR ZR, AU ER 5 A9 NAWP FE504F
(1988, 1989, 1990. 1994, 1996) FI 5 I NAWP
TEBUAE (1986, 1987, 1998, 2000, 2002) X 4%
FENE I I L G5 A AT A B B (5 NAWP
FRECTFIRZ: 1E NAWP $5 504, & 5), 7] L7 NAWP
DX el R IR R . (59D 4, SRR AR I
mEmZ (D)o T B HE 2, NAWP
FERGAEAINT T IE4E 6 PMas. SO4% - NO5 « NH,'.
OC 1 BC it 543 738 i 0.98(18%).0.46(15%)
0.18 (31%). 0.10 (10%)+ 0.11 (20%) F1 0.04 (16%)
Tg season ', FHLIGHIE T 99%H) BHEMERL. BT
FHE R 25, PMas. SO« NOs~ Hl NH, I
A A E T R T E s K 22 e tHIRAE 40°N BT
700 hPa R/ b, A2 2 AP A7 B B il 5~10
AN o IR BT NAWP [X 355 5 5 0k b () 16 5 4
(NAWP 55U FALARD) ARG FEAN KA AR
WA B B 3N, AT T R
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Fig. 5 The composite differences in the simulated PM, s, SO4*, NO;, NH,", OC and BC fluxes (units: 1073 Tg season_l) between the five negative NAWP

index years and five positive NAWP index years in the winter—spring over 1986-2006. The vertical cross section is the same as that in Fig. 1

LA A
5 Mm%, EFERTSARR

ﬁEME%MTmMﬂ

51 #EEEAEXERIER
BT 75 KT B S PR AAE H (Wuebbles et

al., 2007), NAWP XI5 (1) o £ 5 7 JXUai (1) 4 A
N Be 43 RS B R MV IS U HH O = A B84k

AT NAWP $REURER IR & i e 1 FERE )
G R i B 5 AR 2 N A I A o o e &
IR R . ASCEZSIHT 700 hPa b1 RI7 5
fiE, PR IX — J2 2 AR IR Ut H e KB T A 1 J2 I
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(K 1. &l 6a & 1986~2006 4 GEOS-4 %145 H
R X 2 4E 3411 700 hPa Xd%, W] UL
(30°~40°N, 130°E~170°W) [X3ak J 75 X S il
IR PE R T 1% 16~20 m s, 3% 5
H R RHI A — 20 (B 1), B 6b kX377 NAWP
TRE . IR S (AR 25 1B A
), NAWP FEEFI S IEAL AR P8 XU AR 40
B B ZE SRR W5, E 150°E [t
TR RGE ZE K 3.0~4.5ms |, £ T 40°N T,
RV it S AE NAWP F5 500 61 B AR
RZESFAEAME (B 5, W24 P8meE
Pidb 5~10 ANEESE 3K a7 KURGH R 22 7 7] g A2
I8 AT R R A MR A B AR R ) 2R 3=
Z—
52 REMREHER
B T VE XS BRI R AR I R AR
Ik ()4 A 52 813K — b DX 5 5 SRR e
FIFEM (Yu etal., 2012) . 38075 Yedis KT
=R K BRI AT XS e (A T B
HIJ 32 5 J2 A i 0 B AR 2 S AR e S 1) R AU
KBS s 5 % V) k% & (Liang et al., 2004;
Wuebbles et al., 2007) . H14i 8 KSR ETH 3 BE
o HRAE st RHUE AT E IE S S8 re i
ik, R RE L, IR 2T C SRR (59
R R AR R R A DR AR CARD Trh4
JEAUR R A S R R RS, AT AT EASE N (o
D) KA R 4% (Geng and Sugi, 2001,
2003; Reason and Murray, 2001; Teng et al., 2008;
Lim and Simmonds, 2009; McDonald, 2011; Zhang et
al., 2012; Isobe and Kako, 2012; #4245, 2013;
Kruschke et al., 2014; Yanase et al., 2014). [Athix H
K SRR R B0 o AR 2 DT B o &3 2 X
T % 3l AR 0] AR MRS IR U H A B AR AR TR ] R 5%
Wi o Rk MR R A Bady AN KRR R
( Oguy » Eady, 1949; Hoskins and Valdes, 1990; Lim
and Simmonds, 2009 ):
GEady:O'31><MW2> (3)
Hrh, M FRZ AR, N 4 Brunt-Viisild
LIRS
] 7a 2 1986~2006 - GEOS-4 % kLS 1%
TEAFE4 ) 700 hPa AR E— AP X AR AT K
R AT HETIL, RS KR LR

LR 30°~40°N i [l A7 4E— A A 105 J7 17 KAE
A, (A1 SR R — 2R REAT AR A IR U
B KIHRFIE 3. [FIFE, NAWP f586 . 1EL AR
KR 22 A8 2R 0 8 R b P i i 2
[FIFE2 R ), I AR VU 7 [ IR ),
R ZE S HILAE 40°N BfT, Eb 24P 1A &
16 5~10 P4 (B 7o),

6 ZHitFnitie

{8 H 1986~2006 4F: (1] GEOS-Chem #5541
SRR T KA T AT TR TSR
HH IR AR B AR A AE FIAH DG IR KSR S H R AR o &5
TR0 7S B Tl AR A I TR H e YA A 3 TR AR
PrAg e o IXFPAERRAR F 5 2R AL W—P RSV 500
hPa v 3 €37 52 IR R TR S (NAWP #5450 2
] LR IF 95 2R . NAWP $8801 7 CGIE) A7AIAG
T IE— X R A (550 AL T
NAWP FEHCERH4E, 713 4EN) PMas. S04
NO; \NH; . OC 1 BC i tH 543 5191 0.98(18% )
0.46 (15%)+ 0.18 (31%)+ 0.10 (10%). 0.11 (20%)
H10.04 (16%) Tg season '« %4h, NAWP Fa5L[1)
B A B A A TR AR R IR 1
(R BA W Hn, SRR 2 S A AL 5~10
AR . NAWP F5 500 &5 75 4R
P/ R UL HE A s A 6 5 e 1T B 3 S g X
PR AR R T B0 2 e R A AR I A B
ALAAE T o AR —A RSP X 3 S B o
A LE 5 7 KPR PR (R AR B AR 1L,
HE— 20 3 BUAR A0 1 1) Vi b DX B 1) 4 B AR
H o NAWP [X 35552 5 9 005 5 5 i (39D B
ARE R P 3 58 T e A4 BE 22 1R S IR LA b 1)
AR o

AR FEA T A H BRI TR
TS AR TR R S U A AT B AR R A
T HE TSR 3 R B 02 R W RS IR = IR
ANTEEF, ARSI 2 R 52 210K 5
(FIVEH] . Yang et al. (2015) FJFH 1986~2006 4[]
FEAUL, AR H R B A A9 0 b X e R LR AR HE
JRFIBEK, ARES B (E H th 2 7 A A AR B U
R K S, AN A% S E R RRIR
T AN L, RO AT A Bk B S A PR AR
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Fig. 6 (a) Multi-year mean horizontal winds (vectors) and westerly wind speed (colored contours), and (b) the horizontal winds (vectors) and westerly wind
speed (colored contours) differences between the 5 negative and 5 positive NAWP index years at 700 hPa from GEOS-4 dataset over 1986-2006. The gray line
denotes the longitude along which the East Asian aerosols mass outflow fluxes are calculated as shown in Fig. 1. The white circles in (a) and (b) denote the
location of the maximum westerly speed and that of the maximum difference in westerly speed between the negative and positive NAWP index years in the

vertical cross section, respectively. The areas with the wind vectors in (b) denote the regions with values passing the t test at the 95% confidence level

(a) Baroclinicity (10 s™) at 700 hPa (b) Baroclinicity Diff. (10°s™) at 700 hPa

Bl 7 1986~2006 4 GEOS-4 F3#r %kt (a) 700 hPa £ 4F-1-H4() Eady BiZsHE K3, (b) 700 hPa Eady SLASIICAAE NAWP $EH01 5 D FLLANE
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Fig. 7 (a) The multi-year mean baroclinicity (orsy ) at 700 hPa, and (b) the baroclinicity difference at 700 hPa between the five negative and five positive
NAWP index years from GEOS-4 data over 1986-2006. The gray line denotes the longitude along which the East Asian aerosols mass outflow fluxes are
calculated as shown in Fig.1. The white circles in (a) and (b) denote the location of the maximum baroclinicity and that of the maximum difference in
baroclinicity between the negative and positive NAWP index years in the vertical cross section, respectively. The dotted areas in (b) indicate the regions with

values passing the t test at the 95% confidence level
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