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EAMS and KOE are dynamically linked through the North Pacific storm track

East Asian marginal seas 
an active part of the North Pacific climate system?
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Stronger temperature and circulation anomalies associated the JES CAOs 
Distinctive pathways of extratropical cyclones (ETCs) 

JES CAOs produce T2 anomalies lingering over the KOE in D+1~3 

Downstream development of weather events: Cold air outbreaks
Composite evolutions of NCEP T2/SLP
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How do the SST-Weather system interactions in the marginal seas  
affect the regional and KOE air-sea interaction? 



Dominant SST patterns and atmospheric responses
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• 6-mon (Nov-Apr) with 40 ensemble members 
• Climatological SST everywhere except in JES 
•   EOF1P and EOF1N SSTA;

Hemispheric WRF with multiple two-way nesting

Response: EOF1P-CTL, EOF1N-CTL



EOF1P-CTL EOF1N-CTLNDJ CTL

Local atmospheric response is linear.

Prediction of intra-basin SST pattern is critical to 
regional weather variability and predictability
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4. Summary and concluding remarks

:H�LQYHVWLJDWHG�/+)�YDULDWLRQV�RYHU�WKH�-DSDQ�6HD�LQ�'HFHP�
EHU� RI� ����í����� EHFDXVH� 'HFHPEHU� LV� WKH� PRQWK� ZLWK� WKH�
ODUJHVW� /+)� UHOHDVH��:H� FDOFXODWHG� GDLO\�/+)� GDWD� VHW� IURP� WKH�
EXON� IRUPXOD��ZKLFK� XVHG� YDULDEOHV� IURP�2$)OX[� GDWD� DQG� EXON�
FRHI¿FLHQWV� REWDLQHG� IURP� WKH� 72*$�&2$5(� EXON� ÀX[� DOJR-
ULWKP������7KH� ODUJHVW� YDULDWLRQV� LQ�/+)�RFFXUUHG� RYHU� WKH�(-6��
ZKHUH� WKH�PDUNHG� LQWHUDQQXDO�VFDOH� YDULDWLRQ�ZDV� REVHUYHG��:H�
TXDQWLWDWLYHO\�HYDOXDWHG�WKH�UHODWLYH�FRQWULEXWLRQV�RI�4V��4D��DQG�
:1'�LQ�GHWHUPLQLQJ�WKH�/+)�E\�SHUIRUPLQJ�VLPSOH�H[SHULPHQWV�
XVLQJ� FRPELQDWLRQV� RI� UDZ� GDLO\� GDWD� DQG� GDLO\� FOLPDWRORJLFDO�
GDWD��,W�ZDV�IRXQG�WKDW�WKH�667��4V��ZDV�SULPDULO\�UHVSRQVLEOH�IRU�
GHWHUPLQLQJ�WKH�/+)��7KH�/+)�YDULDWLRQV�RYHU�WKH�(-6�LQÀXHQFHG�
WKH�SUHFLSLWDWLRQ�RYHU�WKH�QRUWKHUQ�-DSDQHVH�,VODQGV��LQ�ZKLFK�WKH�
ZLQWHU�PRQVRRQ�KDG�QR�VLJQL¿FDQW�LPSDFW��7KLV�LV�XVHIXO�LQIRUPD-
WLRQ�IRU�IXWXUH�GLVDVWHU�SUHYHQWLRQ�

7KH� VDOLHQW� FRQWULEXWLRQ� RI� WKLV� VWXG\� LV� WKH� TXDQWLWDWLYH�
GHPRQVWUDWLRQ� WKDW� 667� KDV� D� GRPLQDQW� UROH� LQ� GHWHUPLQLQJ� WKH�
/+)� RYHU� WKH� (-6�� +RZHYHU�� WKH� SURFHVVHV� WKDW� JHQHUDWH� 667�
DQRPDOLHV�LQ�WKH�DUHD�UHPDLQ�XQNQRZQ��DOWKRXJK�SUHYLRXV�VWXGLHV�
KDYH�LPSOLHG�WKH�LQÀXHQFH�RI�WKH�7:&�WUDQVSRUW��H�J���+LURVH�DQG�
)XNXGRPH��������)XWXUH�VWXGLHV�VKRXOG�LQYHVWLJDWH�FKDQJHV�LQ�WKH�
YHORFLW\�DQG�GLUHFWLRQ�RI�WKH�7:&�

7KH�SUHVHQW� VWXG\�ZDV� ORFDOL]HG� LQ� WKH� -DSDQ�6HD��+RZHYHU��
GHVSLWH� LWV� VPDOO� DQG� VHPL�FORVHG� QDWXUH�� WKH� -DSDQ�6HD� FRQWDLQV�
PDQ\�IHDWXUHV�UHSUHVHQWDWLYH�RI� ODUJHU�RFHDQV�� LQFOXGLQJ�VXEWURS-
LFDO�DQG�VXESRODU�ZDWHUV��D�ZHVWHUQ�ERXQGDU\�FXUUHQW��DQG�ERXQG-
DU\�FXUUHQW�VHSDUDWLRQ��$GGLWLRQDOO\��WKH�JHRJUDSKLFDO�UHODWLRQVKLS�
EHWZHHQ�WKH�7:&�DQG�WKH�-DSDQHVH�,VODQGV�LV�YHU\�VLPLODU�WR�WKDW�
EHWZHHQ�WKH�*XOI�6WUHDP�DQG�WKH�(XUDVLDQ�FRQWLQHQW��:H�WKHUHIRUH�
H[SHFW�WKDW�NQRZOHGJH�RI�WKH�ORFDO�DLUíVHD�LQWHUDFWLRQ�LQ�WKH�-DSDQ�
6HD��DV�REWDLQHG�LQ�WKLV�VWXG\��ZLOO�EH�XVHIXO�IRU�SURYLGLQJ�D�EHWWHU�
XQGHUVWDQGLQJ�RI�WKH�1RUWK�$WODQWLF�
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winter rainfall in Japan 
correlated with JES SST 

through THF



A downstream ridge response independent of SSTA  
with the intraseasonal time-scale and an equivalent barotropic structure

Downstream response is not linear.
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de-trended and normalized  
PC1 of the JES SST (1982~2009)

Local linear & downstream nonlinear responses from NCEP reanalysis 

10% significance levelThe influence of the tropical SST variability is removed

• Linear response near the 
the forcing region 

• Nonlinear (e-baro) ridge 
response in the downstream 

SLP regressed onto +ve PC1 only SLP regressed onto -ve PC1 only
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Composite evolutions of synoptic and 
intraseasonal anomalies wrt a downstream block

 Enhanced baroclinic wave activity 
preceding the blocking ridge 

(Nakamura and Wallace 1990)

Synoptic eddy vorticity flux reinforcing the blocking ridge response

Day-2 Onset Day+2EOF1P-CTL
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and CTL. This relationship is rather well reproduced in all other cases, suggesting that if SST 527 

anomalies of any sign and pattern exist in the EJS, the downstream transient eddy activity is 528 

enhanced over the western North Pacific, which is in turn associated with the amplification of the 529 

blocking ridge in the Gulf of Alaska. However, it is not possible determine the causal 530 

relationship between the two from the composite analysis. In the following section, further 531 

evidence is provided showing that the common anomalous ridge response in Fig. 9 owes much of 532 

its existence to changes in upstream transient synoptic eddy variability via the storm track shift.  533 

 534 

 6.2 Vorticity flux convergence by synoptic eddies 535 

 536 

The nonlinear equilibrium response, according to the previous studies, is likely associated with 537 

eddy vorticity flux turning the direct linear baroclinic response into an equivalent barotropic 538 

height tendency [Hoskins and Karoly 1981; Hendon and Hartmann, 1982; Peng and Whitaker, 539 

1999; Peng et al., 2003]. To quantify the role of synoptic eddy vorticity flux, the vertically 540 

integrated height tendency (Zt) due to vorticity flux convergence by synoptic transient eddies is 541 

calculated from a quasi-geostrophic potential vorticity equation [e.g., Lau and Nath, 1990; 542 

Namakura et al. 1997], i.e., Zt = f g( )∇−2 −∇( #v #ζ )$
%

&
' , where the subscript denotes the partial 543 

derivative, the primes represent the synoptic fields and the overbar indicates the winter mean. Z, 544 

v and ζ  denote the geopotential height, meridional wind and relative vorticity, respectively. The 545 

RHS is calculated first at the individual levels and then vertically integrated between 1000 hPa 546 

and 100 hPa to form a barotropic geopotential height tendency (LHS). In solving the Poisson 547 

equation, we suppose Zt satisfies the simple Dirichlet boundary condition so that Zt=0 at the 548 

southern edge of the domain d01 (Fig. 2), a reasonable assumption in that synoptic eddy activity 549 

is small in the tropics [Nakamura et al., 1997]. The extent to which the response in height 550 

tendency by synoptic eddies is collocated with that of low-frequency circulation anomaly then 551 

implies the positive impact of the former on the latter [e.g., Hoskins et al., 1983; Lau and 552 

Holopainen, 1984; Palmer and Sun, 1985; Lau and Nath, 1990; Taguchi et al., 2012].  553 

 554 

Fig. 17 shows the equilibrium response in Zt (shading) superposed onto that of vertically 555 

integrated seasonal mean geopotential height (contours) representing the time-mean flow 556 

∂Z/∂t
Positive ∂Z/∂t due to synoptic 

eddies over low-frequency 
ridge response (e.g., Kushnir 

and Lau 1992)

EOF1P-CTL ∂Z/∂t EOF1N-CTL ∂Z/∂t



Summary and Discussion
How do the SST-Weather system interactions in the marginal seas 

affect the regional and KOE air-sea interaction? 

 Local response:  
linear and derermistic

synoptic eddy 
vorticity flux

SST-weather system interaction is 
critical for regional weather and climate

Potential impact on decadal North 
Pacific atmospheric variability

 Remote response: 
non-linear and ridge

Additional factors to be considered in  
(1) Part of the basin-scale SST patterns 
(2) Remote influence from the tropics 
(3) thermodynamic air-sea coupling

Regression of SST to JES PC1
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