Physical Linkages between the East Asian Summer Monsoon and
Sea Surface Temperature Anomalies In the Surrounding Oceans
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INntroduction

The East Asian summer monsoon (EASM) is normally

referred to as a subtropical monsoon covering eastern China,

the Korean peninsula, Japan, and adjacent marginal seas.
We divide the EASM into two regional systems, I.e., northern
EASM (NEASM; 30°~50°N and 110°~145°E) and the
southern EASM (SEASM; 20°~30°N and 110°~145°E),
because the sub-EASM regions have different mean
divergences at 150 hPa for June through August (Fig. 1).
The sub-regions also have different correlations (Fig. 2) and
physical mechanisms with the heat sources of the
surrounding oceans (see Fig. 3).

The study of how the sub-EASMs are related to the
changes of heat budgets in the surrounding oceans could
help to determine the influence of a changing climate on the
EASM and it may facilitate better forecasts.

(a) JJA mean

60N ——
v v.N A > > > T > > > >

VVVVVV

\\\\\\

50N -

N ‘ r N P : & v ‘ 'L N ->
z = ‘£> ’4ﬁi§ziééigiifﬁ/;§;§} -
40N "I 7 5559 5 555 == 40N+ -
CRid ; 1°%% a'? =% TN 2
N % Y //////m
SNV B 777 0 Nkl Pttt SN TAY (///////frx\\\\xx>f§§s~“_
LA L i 9771 T AR N et Pacific [~ 71 I R R R
ht { TAAN OO , »k\ AN SIS
20N =L SN SS——— 20N - T\ AR
oL /"« \\"iq\&&‘ ‘ — \\\'\\'&\\\é&‘ -

m \
‘ ,‘V

'”ﬁ S oy e 10N +— ; e e
~120E 140E 160E 180 100E 120E 140E 160E 180

10N -
100E

(b) June . (d) August

60N 60N TS SSSS ST T==

>~~~ 2 % 4 ¥ v ¥ % N wN NN

2

50vaw Y L, e 50N_;tx:\\\‘ﬁ*»z//vdé,$¢44§§§qr¢5222224
L s o 7 9 v v N _,_,__y—o/l/v/ %—a_,_r///” ——]
L > 772 5 5 »—a/r/.r_-_\_a—-»/)/'/’ /’/’/'/7/’/’%/
I I A £ ﬁkzkﬁﬁﬁﬁazaéé&/
40N - » 77— ‘ 40N4 * w”Tf/// — /64/ ,/?//42222229/
NANA « ///// T/ /NM
NN & $@K\T{ ,” ////rrrrrrTT NN NN
30N 30N'm\\‘ A A\ TT\\\\\\ \\,\5$&§§§\
ANN & A4¢1 \\\ \\\\\\\\\ NN\ KQQ\\§§§§N
»\\ 1 \\\ \5$QQQ\RQ\\\

\\\'\&\M_
\\\M
'\'\f\&‘ ‘ e .

20N-

S

= ‘»%ﬁ_“ L —

] . s : . 10N 4 '”,;.{?’ﬁ.ﬁ" = > -
100E 120E 140E 160E 180 100E 120E 140E 160E 180

N ]
~4e-06 -Je-06 -2¢-06 -1e-06 0  1e-06 2e-06 Je-06 4e-06

Fig. 1. 1979~2003 JJA and monthly mean 150 hPa
divergences (s?; shaded) and 850 hPa wind vectors (m/s).
The upper and lower boxes in (a) denote the NEASM and
SEASM regions, respectively.

Data and Methodology

The mean precipitation (mm/day) is derived from the
Global Precipitation Climatology Project version 2. Wind
vector (m/s) and vorticity (s) at 850 hPa are calculated with
u- and v-winds from the National Centers for Environmental
Prediction-National Center for Atmospheric Research
(NCEP-NCAR) reanalysis. Sea surface temperature (SST,;
°C) Is obtained from Hadley centre. We examine 25 years

from 1979 to 2003, which is a period of increasing
temperature and more accurate datasets.

We examine the relationships between EASM
precipitation and the oceanic heat sources by means of
spatial correlation analysis. A physical mechanism is then
proposed to understand the relationships between the sub-
EASMs and SST anomalies in the surrounding oceans using
the composite analysis of low-level flow.
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Results

Relationship between EASM precipitation
and ocean heat sources

NEASM precipitation

SSTs over the large area of tropical Pacific and Indian
Oceans are significantly correlated with NEASM precipitation
from December through May at =0.05 (Fig. 2a and b).
NEASM precipitation is positively correlated with SSTs in the
tropical eastern Pacific (TEP) and the tropical Indian Ocean,
and negatively correlated with SSTs In the tropical western
Pacific (TWP) and the subtropical South Pacific. A significant
nositive correlation (r=0.49) at a=0.05 between NEASM
precipitation and SST in the TEP for December~May
supports the strong relationship between the intensity of
NEASM precipitation and El Nino events.

SEASM precipitation

SEASM precipitation is significantly correlated with
SSTs in the subtropical Pacific during the pre-monsoon
season at =0.05 (Fig. 2d and e), but there is little correlation
between SEASM precipitation and SST in Indian Ocean.
SEASM precipitation has a negative correlation with SST In
the eastern North Pacific (ENP), and it has positive
correlations with SSTs in the western North Pacific (WNP),
East and South China and Philippine Seas, and the
subtropical South Pacific.
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Fig. 2. Correlation coefficients of area-averaged JJA
precipitation over the NEASM and SEASM regions (i.e.,
NEASMP and SEASMP) with the seasonal SSTs. Significant
regions at the 95% level are shaded.

Physical mechanism
NEASM

For the years of highest SST anomalies in the TEP,
the Pacific-East Asian (PEA) teleconnection pattern, which
consists of a wave creating an anomalously strong WNP
anticyclonic circulation and anomalously strong cyclonic
circulation in the NEASM region, creates more monsoon
rainfall (Fig. 3b). For the years of highest SST anomalies in
the TWP, there are fewer WNP anticyclonic anomalies due to
the PEA teleconnection and also fewer cyclonic anomalies in
the NEASM region, which create a weaker NEASM (Fig. 3c).

SEASM

For the years of highest SST anomalies in the ENP,
cold WNP SST anomalies create a stronger WNP
anticyclone (Fig. 3e). The proximity of the SEASM to the
WNP anticyclone causes diminished monsoon rainfall when
the anticyclone Is stronger or covers a larger area. For the
years of highest SST anomalies in the WNP, there are fewer
WNP anticyclonic anomalies and thus fewer anticyclonic
anomalies in the SEASM region, creating a stronger
monsoon (Fig. 3f).

Physical linkages proposed between SST anomalies and the
sub-EASMs are shown in Fig. 4.

(a) NEASM preC|p|tat|on (d) SEASM preC|p|tat|on

60N T 60N —— 4’
LRV VY YV ) > > > e >3 w A 4 a A A A AT P //’/’/’/"/’/7‘7‘1‘
‘¢vwvvww¢‘,¢¢¢, R —>—>-—>—>—N\\\ AAMNAN A A A A A7 A A AP A ANKNNKNK Y
- '

YU v v v S s v h 7 7, ,.\‘pkk't't'f'f‘ LR AL =
Ih

AR AN s SONq 77~ T e~ "~ U S

- —— Y aanfoa I R R

kkkkkkk

50N+~

T > 2 s N N N N N e
TSN NNN NN 40N-

7T SNNS Y

y el
:/;'/7/7/’/”’/’/”’—’\»\\\\\\ voa ‘ ~ N YA
= - /’/l_a_»_w/’/v_,\\\ I <
’W/——h—-’—r—@”* R PR RRTEENERVER 3ON_,,‘,,¥

40N -

NN N

30N « «
L

NEASM SEASM

High SST anomalies High SST anomalies

In the TEP & In the WNP &

Low SST anomalies Low SST anomalies
in the TWP In the ENP

(l.e., SST dipole
In the North Pacific)

} }

PEA teleconnection L ocal air-sea Iinteraction

} }

Enhanced WNP anticyclonic | Weakened WNP anticyclonic
anomalies anomalies

} }

More cyclonic anomalies More cyclonic anomalies
In the NEASM region In the SEASM region

} }

A stronger NEASM A stronger SEASM

(i.e., El Nino events)

/7/7“‘)& ’ v v v | ST
Do by //(///z -«
. LRl P A A P <
20N & PP PR 20N« ~
S PN | s T i SR A e s -
e R e —— = o S S T P P A A SeteC e e e
= e (WKKK(KKK [ b € & e
10N ‘ T 10N - . T T
100E 120E 140E 160E 180 100E 120E 140E 160E 180
(b) SST in the TEP (e) SST in the ENP
Z 2
SONT———— NN it V1 S L Eee 7] N = CIRTEArsaan
>>>>>>>>>>> N ~ /55 / //‘;/‘/4—6—&««@ 7 A A LI O A A 7 > s = s \il '///“/Z/(e*
>9/:4v<~<~:&\\r\r\\‘\‘ " /// ng“g‘w’ 44444 %hkk'ﬂ'ﬁ?? ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ i X !‘tﬁ‘tG
5ON- v - AR ¢ ///ffﬁllﬂ)“ > 7 7 5 v 5ON- E-o€ v e y “o V V}f['li/i—
v o l//%‘—‘\\\&*_ Jﬂ ,((///fl\\\)_)»‘) v PER krv":'\\\\‘\<—<—‘ = /////(
L v v JJ{{«*‘\N—-(/ \»,"“ ‘4—4("‘»—)—-»\;\\\‘ SRV BRI NN ';' ///j[jl‘
RN R R M\\\kﬁza»ﬂ\\\\ L7 7 AL g ol &N — g P‘-‘ﬁ—b‘-}‘////jlx\\\
Q0N+ s ~wnhvv w SR r””””*\\\\ 4ON P~ 77| v v v, C R e TR NN N
R ~ N L~ ////”""\\\\ > 7 Ty v N vY o ‘ z//'\\" A O
a0 e //’/’/7__;_,. ] L > 4 > PN —— v & U T o~ ———]
N —_— =PI s~ b > T \\\\\ \\\\\\ I NN
30N4d -+ * : - G2 U 30N+ -~ . =77 A7 A > s 4w s oaoaoa
,-.ff — : s> > > ; v»'f’///"* > @ AT A A v oL L&
»/’// —> :>4»“"*0fV*¢u t ff s \\\\\\\\\\‘_,a/'/'f 44444 . Pt
Nz Ry i ,o:::,’*r,,;))
20N_ d / S R RN R P 20N_ﬂﬁ o ooy 7 I B Y R S R T R TR SRR S
R AR * ////////z*"<“~V*>’>*§*>’
™ = RS N (RO AR A AR B Sty - 8
1ON ﬁ‘\- )I (/‘/MKKK:////K??“IV v N 1 <« “4(// m«az ¢ ¥ ¢ x \\;—”—’—**&s?’r#é»i‘—:ﬁ—;——;-:/
100E 120E 140E 160E 180 1OOE 120E 140E 160E 180
(c) SST in the TWP (f) SST in the WNP
2 Z
60N > > \)\)»%»:::\\\‘ > /'// /&////’/7 60N »»:“““,\)3‘ a A A A r PP /‘é”’f}'// P
¥ 2o /‘/‘ L7 7> L, Vg 1L trrrt
Y/ AN i AN NN \‘,a//’/’ //‘ —Z v > AN N TR IS 2 B e e t fﬁa,,
»/g\)%a-—)q\\\\\\ >/ /‘ //’ h/g $—>-—>:——>_,\\\\\‘: ;Vﬂ?‘?‘??f#;,x .
50N 1™ » p———t—ee— azvbz,//,, 4 50N >+ - P S PP SN N N
‘1 - A AL EVENIENEN Ay /7////// / 4 B s e S GGG S P NSO
N $§‘««:Y»¥\\ Q‘K_,&@4444¢77/ 41t 3 a8 B S I SIS SN

wew~yY\N AR vy oy //////’—Ns—»-r>~4pn‘e<—<—<-

40N <~

4_0N-<~<~‘\R NN\ KX« - A i e
« « = N \T\\ ) "\'\'\\\ e
€« v R N~ &3 = P — — — — ]

2 e
R S QQQ*_/{zﬁ: ««««««««
— e e SON- > > } PSR SN \\\N—— « Y A4 o7 a A

Y
k(.s&&'\\'s\\\&é_(/‘(,Avﬂza—)»»

w.\{\‘\\\'\'\\k v
O

v

‘Z//k = =

‘Z//e e —— — A o . 5
3 AT T YT A A g > > > > s>y A A 7 > >

N o
. T A A AP 20N . /=
‘ SSRGS S 2 PV i NP RV R N B B W

47.__>__>,>,.>._>_>,a/'a_>

A\ ) — A s e s sy > 5> 2 > 4 v v

I T i R I I LR o /Dvwﬂfff s 2 < < < B |, )

\’:”’a\\;/" {LM/’//""—‘ x> A A A A AN —— ] B ]y > A 7. - L D T R NN
1ON ’ 2.2 2 =z . . . .

T T T 10N &\\:\L T T
100E 120E 140E 160E 180 100E 120E 140E 160E 180

I ]
-¢-00 -4e-06 -Je-06 -2e-06 -1e-06 1e-06 2e-06 Je-06 4e-06 Se—06

Fig. 3. Composite differences of mean JJA 850 hPa wind
vectors (m/s) and vorticity (s; shaded) for the five years of
highest and of lowest of (a) NEASM precipitation, (b) SST in
the TEP, (c) SST in the TWP, (d) SEASM precipitation, (e)
SST inthe ENP, and (f) SST in the WNP. The upper and
lower boxes denote the NEASM and SEASM regions.

Fig. 4. Physical linkages proposed between SST anomalies
and the sub-EASMs.

Conclusions

We find that the EASM can be subdivided into a
northern and southern component with distinctly different
driving mechanisms. The NEASM is affected by heat sources
In the tropical oceans related to El Nifo events while the
SEASM is affected by the subtropical oceans related to a
North Pacific SST dipole mode. A stronger NEASM is related
to the enhanced WNP anticyclonic anomalies and thus more
cyclonic anomalies in the NEASM region due to the PEA
teleconnection, which is connected to tropical SST anomalies.
A stronger SEASM is related to the weakened WNP
anticyclonic anomalies and also more cyclonic anomalies In
the SEASM region due to the local air-sea interaction, which
IS also connected to subtropical SST anomalies.
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