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The East/Japan Sea:  A semi-enclosed marginal sea in the Northwest Pacific

FIG. 10. The 850-hPa poleward eddy heat flux y9T9 (color shading as indicated at the bottom, K m s21) based on (a),(b) the JRA-25 data,
and the (c),(d) CNTL and (e),(f) SMTH experiments, in addition to (g),(h) the difference between the two experiments (CNTL–SMTH). The
eddy component has been extracted through high-pass filtering with a half cutoff period of 8 days to the daily mean time series. (a),(b) The
seasonal-mean 250-hPa zonal wind speed is superposed with black contours (every 5 m s21, thickened for every 10 m s21). (c),(f)
The prescribed SST field is superposed with black contours with intervals of 28C, and the contours for 128, 168, 208, and 248C are thickened.
(g),(h) Mean meridional SST gradients assigned in the CNTL experiment are superposed with black contours for 28, 38, and
48C (100 km)21. Left [(a),(c),(e),(g)] and right [(b),(d),(f),(h)] panels are for winter and spring, respectively.
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• Located upstream of the winter 
climatological storm track

•  EJS SST is influenced by the greater 
WBC system and the East Asian 
monsoon systems.Storm track climatology,  Taguchi et al. 2009 

• Winter EJS SST variability is 
highly correlated the autumn 
volume transport by the 
Tsushima Warm Current.

• Important for predictability of 
regional weather pattern

the errors in remote-sensing measurements. Here, we use a
combination of the two SST datasets of Reynolds and Smith
[1994] and Minobe and Maeda [2005] to reduce the
uncertainty. The former showed a large-scale variation after
an optimal interpolation, but the latter retained small-scale
features with many missing values. The combined SST
anomaly of November and December (ND), which gives a
smooth estimate of December 1st, is then compared with the
TWC transport in autumn or the climate index in winter for
the period from 1976/77 to 2005/06.
[17] Although covariance magnitudes are small and the

patterns show noisy patches (Figure 4), some similarities are
observed at mid-latitude; warm anomalies extend eastward
from the eastern JES, and a cold anomaly is located in the
Yellow Sea. The positive and negative anomalies observed
in Figure 4a imply coherence of the TWC transport in
autumn with the northwestern boundary current system.
For instance, a large (small) transport through the TKS
might be counterbalanced with a small (large) transport of
the Yellow Sea Warm Current, resulting in a negative
correlation between the JES and the Yellow Sea. Such
coherent variation in the surface thermal conditions possibly
contributes to the activity of the WP teleconnection
pattern, as indicated by the similar covariance structures
(Figures 4a and 4b).
[18] On the other hand, a large-scale negative covariance

between the subtropical SST anomaly and the WP index in
winter (Figure 4b) could not be explained by the TWC
transport. There seem to be independent factors existing in
the subtropical gyre related to the WP variability, which are
partially supported by the weak correlation between the
Kuroshio and TWC transports. The Kuroshio transport
estimated in the East China Sea [Kawabe, 1995] lead the
TWC transport in autumn less significantly (strongest
correlation of !0.32 at a four-month lag). The lead-lag
correlations between the Kuroshio transport and the winter
WP index are also negligible within ±0.2. The interannual
changes in the TWC transport in autumn may be related

to the subarctic variations (35–50!N) rather than the
subtropical ones, as illuminated by Figure 4.

4. Concluding Remarks

[19] The autumn transport of the Tsushima Warm Current
(TWC) can be an excellent predictor of the western Pacific
(WP) teleconnection pattern associated with the precipita-
tion pattern in the Japanese archipelago in the following
winter. Since the three-month lag between the autumn
current and the climate index in winter cannot be explained
by short atmospheric timescales, we interpret the strong
preceding correlation as an indicator of ocean-to-
atmosphere feedback in the extratropics. The interannual
fluctuations in the WP pattern can be at least partly
attributed to the variations in the ocean currents in
the northwestern Pacific, especially in the marginal seas.
However, the TWC transport in autumn shows no correla-
tion with the other dominant pattern of PNA. Variations in
the regional ocean contribute to the difference in the
behavior of the WP and PNA teleconnection patterns.
[20] The correlation of the WP index in winter with the El

Niño indices was more stationary and weaker than that with
the TWC transport in autumn. In addition to the tropical
factors controlling the North Pacific climate, the local
oceanic changes can modify the seasonal condition.
Coupling the two independent factors for a further accurate
prediction of the WP teleconnection pattern, owing to their
statistical independence, is recommended.
[21] Analyzing ocean currents can be a promising

approach in clarifying the role of oceans in the climate
system. The SST is easily influenced by both active and
passive roles of oceans, resulting in a small covariance as
shown in this study. Vertically-integrated ocean currents
give a direct measure of the meridional heat transport,
which is more robust than the surface variable due to
high-frequency atmospheric variabilities. Long-term and
accurate measurement of ocean currents at various locations

Figure 4. Covariance of ND SST and the normalized index of the SON transport of (a) the TWC or (b) the DJF WP. The
units are degrees Celsius.
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seasonal climate conditions using SST and tropospheric
geopotential height data.

2. Correlation Analysis

[7] First, we compared the TWC transport in autumn
with the precipitation in winter at Japanese cities. The ocean
current over the past nine years was measured using an
acoustic Doppler current profiler (ADCP) mounted on a
commercial ferryboat operating along the line shown in
Figure 1a. In this study, a long time series of geostrophic
transport was reconstructed using the sea-level differences
across the TKS from the tide gauge data available since
the 1960s [Takikawa and Yoon, 2005]. Precipitation data
measured by the JapanMeteorological Agency were averaged
over the three consecutive months of December, January,
and February (DJF) from 1976/77 to 2005/06.
[8] Figure 1 shows the correlation coefficients between

the volume transport of the TWC averaged from September
to November (SON) and the precipitation in the following
winter (DJF). Positive and negative correlations were
clearly separated by mountain barriers regardless of the
measured or estimated transport. The positive correlation in
the northwestern side basically confirms the finding of
Hirose and Fukudome [2006]: Large (small) TWC transport
in autumn carries more (less) heat into the JES and thus
the high (low) water temperature strengthens (weakens)
evaporation and precipitation in winter. The lag correlation
between the area-averaged precipitation and the measured
or estimated transport is 0.60 or 0.45.
[9] The reason for the negative correlation in the Pacific

side of the Japanese Islands could not be easily explained.
The areal correlations of !0.62 and !0.47 satisfy the 95%
significance level, both for the measured and estimated
transports, respectively. The northwesterly winter monsoon
is not likely to be the direct cause because the moisture is
lost in the mountains and the wind eventually dries up on
reaching the populated region between Tokyo and Osaka.

The winter precipitation, occasionally brought to the Pacific
coast by the southerly winds associated with extratropical
cyclones, rather seems to be hardly influenced by the
maritime conditions of the JES region. Moreover, the direct
correlation of the winter precipitation averaged over the two
regions was weaker than the significance level of 95%,
implying the presence of a controlling factor other than the
local air-sea interaction.
[10] Second, we investigated the correlation between the

TWC transport and the atmospheric pressure field to find
whether a strong connection between the warm current and
the precipitation pattern exists. Figure 2 indicates a close
relationship between the time-mean transport in SON and
the tropospheric variation in the following DJF. Large
(small) transport of the TWC leads to the development of
a weak (strong) westerly jet and a weak (strong) low
pressure anomaly over the Kamchatka Peninsula. The
dipole correlation pattern closely resembles the western
Pacific (WP) pattern, which is one of the typical winter
teleconnection patterns found in the Northern Hemisphere
500hPa geopotential height field [Wallace and Gutzler,
1981; Barnston and Livezey, 1987]. A positive center of
the action is located in the Kamchatka Peninsula, and
the negative correlation extends zonally in the western
subtropical Pacific. The lead-lag correlations with the mea-
sured transport data are as strong as ±0.9, suggesting a
significant contribution of the warm current to the winter
climate system.
[11] A direct comparison of the two measures, the TWC

transport in autumn and the WP index in winter, reveals the
considerable similarity (Figure 3a). The WP index was
calculated by a rotated principal component analysis of
the 500hPa height anomalies at National Centers for
Environmental Prediction (NCEP). Its sign was reversed
to fit the original definition given by Wallace and Gutzler
[1981]. The WP index in winter shows a time variation
similar to the TWC transport in the previous autumn. The
lead-lag correlations with the measured and estimated

Figure 1. Lag correlations between the (a) measured or (b) estimated transport of the Tsushima Warm Current (TWC) in
autumn (SON) and the precipitation over the Japanese Islands in the following winter (DJF) for the periods of 1997/98
(Figure 1a) to 2005/06 or 1976/77 to 2005/06 (Figure 1b). The green line indicates the section of the TKS across which the
ship-mounted ADCP performs the measurement. The two boxes on the Japan Sea and the Pacific Ocean sides represent the
regions over which the precipitation data are averaged.

L09705 HIROSE ET AL.: TWC PRECEDING WP TELECONNECTION PATTERN L09705

2 of 5

W
int

er
 Pr

ec
ip

Aut
um

n T
W

C 

Hirose et al. 2009

Possible linkage between the EJS 
and the large-scale coupled system 
in the North Pacific?



Climatology and dominant modes of variability of winter EJS SST

• Warm south /southwest 
and cold north / 
northeast water masses 
separated by the subpolar 
front

•The 1st EOF: Basin-wide 
warming and cooling 
centered on the subploar 
front ≈ Interannual 
1st CEOF in Minobe 
(2004) + Linear trend

• 2nd EOF: NE/SW dipolar 
pattern ≈ Decadal 1st 
CEOF in Minobe (2004)

Optimally Interpolated AVHRR infrared satellite SST
blended with in situ data, daily and 1/4°

area average: 
+0.3°C

area average: 
0°C

EOF1 42% EOF2 18%

PC Time-series

1982-2010 
NDJFMA SST 
Climatology



Key Research Questions

What is the characteristic response pattern in local and remote 
atmospheric circulation to these EJS SSTAs?

What physical and dynamical mechanisms are responsible for the 
response?

What aspect of such response is sensitive to intra-basin structures of 
SSTA... and what is not?



A hemispheric WRF model with multiple two-way nesting
as a way to study large-scale impact of marginal sea process

+0.3°C -0.3°C 0°C 0°C

• Challenges in this type of study:
• Weak SSTA (<0.3°C)
• Small spatial extent (~10°X10°)
• Strong atmospheric intrinsic 
variability

• Need to resolve fine-scale marginal 
sea process and non-linear feedback 
leading to large-scale circulation

• Hemispheric WRF with multi-nesting
• Downscaling: Large-scale ➜ EJS
• Upscaling: EJS ➜ Large-scale

• For robust signal detection:
• Longer simulations (NDJFMA)
• Large member of ensembles (40)



• Five sets of ensemble simulations:
• CTL forced with clim. EJS SST
• Four perturbation experiments 

with different types of SSTA
• EJS1P, EJS1M
• EJS2P, EJS2M

• (+) and (-) SSTA forcing to assess 
symmetricity in response

• Daily climatology in NOAA OI SST 
and NCEP reanalysis
• To remove influence fro the  

interannual variability in the 
tropics and outside the EJS.

SSTA added to climatology

+0.3°C -0.3°C 0°C 0°C

Experimental setup 
to test the effect of anomalous diabatic heating by EJS on the atmosphere

Response is defined as 
EJS1P-CTL, EJS1M-CTL 
EJS2P-CTL, EJS2M-CTL



Sensitivity of response to the different number of ensemble averaging

Some robust and significant SLP response emerge as more ensemble members 
are used for averaging.

EOF1P-CTL 1-10 member mean 1-20-member mean

1-30 member mean 1-40 member mean
 Black 

contours: 
significant 

at 95%

15-91 day



• The atmospheric response to extra-tropical 
SSA is projected onto the dominant intrinsic 
variability.

• Internal modes of variability is represented 
reasonably well in CTL.

• In the absence of tropical influence, both 
NCEP and CTL reveal the Arctic Oscillation 
as the 1st mode.

• The 2nd mode showing the Aleutian Low 
mode.

Does the model capture dominant modes of NH winter atmospheric variability?

• The simulated climatological Eady 
growth rate (σ) and the storm track (2-8 
day SLP variance) are reasonably 
realistic.
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is also consistent with that of NCEP showing the wave trains response originating from the Gulf 280 

of Alaska toward the northern Siberia (Fig. 3c, f). 281 

  282 

CTL also reasonably well represents the climatological baroclinicity and intensity of the storm 283 

track. Fig. 4 compares the Eady growth rate (σ, [day-1]) estimated at 500 hPa level (shading) 284 

calculated following Hoskins and Valdes [1990] as σ = 0.31 f ∂
v
∂z

1
N

, where N =
g
θ
∂θ
∂z

 is the 285 

Brunt-Väisälä frequency, f the Coriolis parameter, θ the potential temperature, v  the horizontal 286 

wind vectors, and g the gravitational acceleration. The climatological σ (shading) is overlaid in 287 

Fig. 4 with the mean variance of the 2-8 day SLP (contours) representing the strength and path of 288 

the storm track. In NCEP, areas of enhanced wintertime baroclinicity extend from the east coast 289 

of the Asian continent, passing over the East Asian marginal seas before attaining the maximum 290 

intensity in the northwest Pacific off Japan. The storm track extends from the region of 291 

maximum σ off Japan toward the Bering Sea where it reaches the maximum intensity of >50 292 

hPa2. The CTL simulation, while overestimating the strength of σ over the Eurasian continent, 293 

reproduces qualitatively similar baroclinicity climatology. The intensity of the storm track has 294 

two maxima in CTL, one in the south of the Bering Sea and the other in the North Atlantic near 295 

Newfoundland, which are also consistent with NCEP. 296 

 297 

4. Local atmospheric responses 298 

 299 

The first step to identify the effect of anomalous diabatic heating or cooling would be to examine 300 

the atmospheric condition in the vicinity of the SST anomaly. Fig. 5a shows the 10-m wind 301 

(W10, vectors) and the precipitation rate (shading) from CTL in November-January (NDJ), the 302 

period of maximum precipitation in this region. Strong northwesterly winds of continental origin 303 

(red vectors denoting wind speed greater than 7 ms-1), often associated with the wintertime cold 304 

air outbreaks, are impinged upon the mountainous Japanese coasts, generating large winter 305 

convective precipitation exceeding 15-20 mm day-1. In much of the EJS basin, the mean 306 

northwesterly wind (vectors) tends to cross the isotherms of SST (black contours), facilitating a 307 

vigorous air mass modification process [Manabe, 1957] with the marine boundary layer strongly 308 

coupled to SSTs [Shimada and Kawamura, 2006; 2008], resulting in the mean precipitation of 5-309 

NCEP NDJFMA σ CTL NDJFMA σ

EOF1 NCEP SLP 34% EOF1 CTL SLP 34%

EOF2 NCEP SLP 14% EOF2 CTL SLP 15%

Tropical influence 
removed in NCEP



Local atmospheric response is linear, symmetric, and deterministic.

• Higher precipitation and 
accelerated wind 
associated with warm 
SSTA.

• Reduced precipitation 
and weaker wind 
associated with cold SSTA

• Response is symmetric 
with respect to the polarity 
of SSTA:

➡ A quasi-deterministic 
response in the vicinity of 
diabatic forcing

 Intra-basin SSTA pattern is critical to the LOCAL atmospheric response pattern.



Remote atmospheric response: 
How does it emerge and evolve with time?

 Time-series of pattern correlation of Z200 and Z850

• Initial response is short-
lived and baroclinic
➡Negative correlation 

in low and upper level 
height anomalies.

• A rapid transition to a 
positive correlation. 

• A quasi-steady 
response with an 
equivalent barotropic 
structure

 
Fig. 7 (a) Daily evolution of the pattern correlations between Z850 and Z200, color-

coded to represent the difference of four different perturbation runs from CTL. (b-d) The 

equilibrium (NDJFMA mean excluding the first 15 days) response of EOF1P (i.e., 

EOF1P-CTL, shadings, [m]) in (b) Z200, (c) Z500, and (d) Z850. Dots denote the areas 

of significant (p=0.05) change. 

 

 

 

 

 

 

 

 

 

 



Equilibrium response in remote circulation is NOT linear.      

• Anomalous GoA ridge 
is a characteristic 
equilibrium response 
pattern independent 
of EJS SSTA.

• Response of O(20m) is 
comparable to the 
classical AGCM studies 
forced with basin-scale 
SSTA of 2-3°C.

Response pattern in mean Z500

EOF1P-CTL EOF1M-CTL

EOF2P-CTL EOF2M-CTL



Confirming that the anomalous GoA ridge is a nonlinear response

• The GoA ridge response bears a strong resemblance to the anti-symmetric 
component.
• Independent of SSTA, an equivalent barotropic ridge in GoA emerges as the 
dominant response pattern.

• The total response is partitioned into 
• Symmetric response = ½ × (EOF1P - EOF1M)
• Anti-symmetric response = ½ × [(EOF1P-CTL) + (EOF1M-CTL)]

EOF1 Symmetric Z500 EOF1 Anti-symmetric Z500

H



What is the dominant time-scale of this nonlinear response?

• In GoA (downstream 
storm track), transient 
intra-seasonal (8-90 day) 
variability is pronounced 
• enhanced intra-
seasonal blocking 
activity

Spectral analysis of Z500 in GoA

NCEP CTL

EOF1P-CTL EOF1M-CTL

EOF2P-CTL EOF2M-CTL



What is the dominant time-scale of this nonlinear response?

• In GoA (downstream 
storm track), transient 
intra-seasonal (8-90 day) 
variability is pronounced 
• enhanced intra-
seasonal blocking 
activity

• In the NW Pacific 
(upstream storm track), 
dominance of transient 
synoptic variability (2-8 
day)
• Responses denote 
strengthened storm track 
variability!

Spectral analysis of Z500 in GoA and Western North Pacific

NCEP CTLNCEP CTL

EOF1P-CTL EOF1M-CTL

EOF2P-CTL EOF2M-CTL



Enhanced blocking response is accompanied by storm track response

• Anomalously enhanced 
synoptic (2-8 day) storm 
track variability

• To the upstream half of 
the climatological storm 
track in the northwest 
Pacific

EOF1P-CTL

EOF2P-CTL EOF2M-CTL

EOF1M-CTL

Response of the 2-8 day filtered SLP variance

 So what is the 
connection between the 

storm track response and 
the blocking response?



Composite evolution of synoptic and 
intraseasonal variability associated with the 

GOA blocking index

Envelope function (shading) represents 
the variance anomaly time- 

series associated with the transient 
baroclinic wave activity.

Enhanced baroclinic wave 
 activity in the upstream storm track, 
which is primarily a manifestation of 

deeper cyclones at the surface.

Nakamura and Wallace 1990

Onset of 
blockingH

Enhanced 
synoptic 
SLP 
variability

low-frequency 
HGT 500mb

Intensified synoptic storm activity prior to the onset of GoA blocking



• The anomalously intensified synoptic transient eddy variability in the upstream 
of the Pacific storm track precedes the anomalous ridge in the downstream.

NCEP

CTL

Intensified synoptic storm activity prior to the onset of GoA blocking
In NCEP and CTL



• The onset of blocking response is sandwiched by the anomalously amplified 
baroclinic wave activity in the northern Alaska and the suppressed one in the 
south.

 Can we tell the causality of this covariability?

Intensified synoptic storm activity prior to the onset of GoA blocking:
This is the case with the responses too!

EOF2P-CTL and EOF2M-CTL

EOF2P-CTL

EOF2M-CTL



• Solve the vorticity 
equation at 500 hPa.

• Zt spatially well 
corresponds to low-
frequency blocking 
circulation.
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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 

Synoptic eddy vorticity flux reinforcing blocking ridge response
via convergence of transient eddy vorticity flux

Consistent with the AGCM studies forced with basin-scale SSTA 
(e.g., Kushnir et al. 2002)

•              is the key 
mechanism for 
maintenance of low-
frequency circulation 
anomaly.
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Discussion
• What is the characteristic response pattern, and its generating 
mechanism, to EJS SST anomalies? 

• Remote response: Highly nonlinear response independent of SSTA.

• Mid-latitude atmospheric transient eddy feedback produce an 
equivalent barotropic ridge in the Gulf of Alaska. 

• Intra-basin structure of the EJS SST pattern may not be important 
for the pattern of remote response given a strong nonlinearity.

• Local response is linear and symmetric with respect to pattern and 
sign of SSTA 

• Accelerated (decelerated) winds and increased (decreased) 
precipitation located with diabatic heating (cooling)

• Critical role of the intra-basin structure of the EJS SSTA on the 
simulation of the wintertime regional atmospheric conditions. 



A possible two-way coupling between the North Pacific Ocean and its marginal 
seas via extra-tropical multi-scale ocean-atmosphere interactions?

• Low-frequency feedback mechanisms might exist involving East Asian Marginal 
Seas, East China Sea Kuroshio Current, Tsushima Warm Current and the open 
ocean large-scale atmospheric circulation and Kuroshio Extension via dynamic 
coupled modes of variability.

High

Low

Kuroshio

TWC

KOE

SST’

CAO and EAWM

Gyre 
adjustment 

and 
anomalous 

volume 
transport

Q⬆
Tair’

dTa/dy

Pacific 
Storm Track

GoA 
Blocking

▽×𝞽

h!x, t" #
g!

cR"ogf !0

x

curl#"x!, t $
x % x!

cR
# dx!. !3"

In Eq. (3), we have ignored the solution due to the
eastern boundary forcing at x # 0. As detailed in Fu
and Qiu (2002), contributions from the eastern bound-
ary forcing in the midlatitude North Pacific is largely
confined to the area a few Rossby radii away from the
boundary.

The importance of the Rossby wave dynamics in
hindcasting the SSH changes has been pointed out in
several OGCM and CGCM studies focusing on the KE
variability (e.g., Xie et al. 2000; Seager et al. 2001;
Schneider et al. 2002). Indeed, the relevance of Eq. (2)
is favorably supported by observations. Figure 5a shows
the time–longitude plot of the SSH anomalies along
32°–34°N across the North Pacific Ocean from the sat-
ellite altimeter measurements. Using the monthly wind
stress curl data from the NCEP–NCAR reanalysis, we
plot in Fig. 5b the h(x, t) field in the same latitudinal
band based on Eq. (3). Although the observed SSH
field in the KE region contains mesoscale eddy signals

that are missing in Fig. 5b, the large-scale decadal SSH
changes (e.g., positive SSH anomalies in 1992–95 and
2001–04 and negative SSH anomalies in 1996–2000 and
2005 in the KE region west of 160°E) are captured well
by Eq. (2). The linear correlation coefficient between
the observed and modeled h(x, t) fields is r # 0.54, and
this coefficient increases to 0.62 when only the interan-
nual SSH signals are retained in Fig. 5a.

The dominance of the long baroclinic Rossby wave
dynamics in determining the SSH changes in the KE
region points to the importance of the wind stress curl
forcing in the KE’s latitudinal band. With the wind
stress curl variability being weak at the ocean’s eastern
and western boundaries, this forcing field [i.e., the rhs
of Eq. (2)] can be mathematically decomposed using
the basis function of sine:

%
g!curl#!x, t"

"ogf
# &

n#1

N

sin"n$x
W #wn!t", !4"

where x # %W denotes the western boundary of the
basin, wn(t) is the temporal coefficient for the nth spa-
tial mode, and N is the highest spatial mode resolved by

FIG. 4. Same as in Fig. 3 except for the monthly PDO index (available online at http://
jisao.washington.edu/pdo/PDO.latest).
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Baroclinic Rossby wave dynamics
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044 - East Asian Marginal Seas: sea surface temperature variability and ocean-
atmosphere process

Encompassing complex interplay among the ocean, atmosphere, continents, and cryosphere, sea surface temperature variability in East Asian
marginal seas, including South and East China, Yellow, Japan/East and Okhotsk Seas, plays a critical role in the coupled ocean- atmosphere system
in the region. Substantial progress has been made for recent decades in furthering the understanding of rich physical processes determining the
spatio- temporal variability of SSTs with far-reaching climatic impacts. This session provides a forum for both oceanographers and meteorologists,
and observationalists and modelers to review the recent progress in marginal sea studies, and to identify areas of future collaborative research.
Papers are solicited using observations, models and theories to address important physical processes in the East Asian marginal seas: the effect of
shelf and coastal circulation and upper ocean mixing, the surface heat and momentum flux, and the ocean and atmosphere circulations and
interactions; the influence of bathymetry, continents, rivers, and sea ice; interactions between the marginal seas and open oceans and with the
atmosphere, including the Asian monsoons, storm track and teleconnections. Contributions are also welcome on the effects on the marine ecosystem
and biogeochemical processes.
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Seo, Kwon and Park, On the effect of marginal sea SST variability on the 
North Pacific atmospheric circulation. JGR-Atmos. Under revision
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