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ABSTRACT. The strong wintertime westward current in the northwestern Pacific
between 18°N and 23°N was investigated using data from satellite-tracked drifters.
The decadal strengthening of the negative wind stress curl and trade wind in the
subtropical area north of Hawaii and west of 150°E drives the decadal variability of
this wintertime current. The Sverdrup transport computed from a high-resolution
(1° x 1°) wind stress reanalysis product reproduces the Wintertime Subtropical
Current (WSTC) well, and shows that its Sverdrup transport increases in excess of
15 Sv (1 Sv = 10° m? s7!) from the early 1970s to the 1990s. The annual variation of
the WSTC transport is well correlated with the North Pacific Index, which represents
the strength of the Aleutian Low before the 1988/89 climate shift, but the correlation
with teleconnection patterns or climate indices becomes weak after the 1988/89 shift.
The annual fluctuations of WSTC transport d to be reflected in the springtime
Kuroshio transport south of Japan.




INTRODUCTION AND
METHODS

Recent absolute sea level estimated from
drifter-measured geostrophic current
data, satellite altimetry, and satellite
measured gravity (Maximenko et al.,,
2009) reveals a rather complicated inte-
rior structure of the subtropical gyre in
the western Pacific (Figure 1a), more
complicated than can be explained using
a Sverdrup wind-driven theory. Major
geostrophic currents of the gyre (western
boundary current and North Equatorial
Current) remain properly located as
wind-driven circulation theory states, but
eastward subtropical countercurrents,
especially the northern subtropical front
(Kobashi et al., 2006), give the southern
part of the gyre a forked fishtail shape.
This study focuses on the seasonal and
interdecadal changes in the circulation of
the southern part of the subtropical gyre
in a region centered along the southern
subtropical front (Figure 1a).

Monsoonal wind shifts contribute
significantly to the seasonal modulation
of the currents of the western subtropical
Pacific (Rudnick et al., 2011). The most
prominent seasonal feature of the surface
circulation is the Kuroshio entering the
South China Sea (SCS) through Luzon
Strait from October through March,
when strong monsoon winds blow from
the northeast (Centurioni et al., 2004,
2009). A second noticeable winter circu-
lation pattern of the subtropical North
Pacific is a well-organized westward
zonal current centered along 20°N in the
Luzon Strait area, with average westward
speeds ranging from 0.20-0.35 m s!
(Centurioni et al., 2004).

Ishi and Hanawa (2005) noted that
the Sverdrup transport at the western
boundary between 25°N and 30°N is

strongly correlated with wintertime wind
stress curl over the North Pacific Ocean
(20°-60°N, 120°-110°W). The Kuroshio
transport south of Japan also exhibits
seasonal variations, with minimum
values occurring in March and maxi-
mum values occurring in September
(Kakinoki et al., 2008).

On interdecadal time scales, the wind
stress curl over the North Pacific Ocean

shows notable changes, especially in

et al,, 2009), and the WSTC (Figure 1b)
is located in the zonal band between two
eastward Subtropical Counter Currents
(STCCs; Kobashi et al., 2006) that are
well defined in summer (Figure 1c).
Unless noted otherwise, through-
out the paper we refer to winter as the
period between October and March,
and to summer as the period between
April and September. The monthly wind

stress data used to compute the Sverdrup

WE FOUND THE ANNUAL FLUCTUATIONS OF

[WINTERTIME SUBTROPICAL CURRENT] TRANSPORT

ARE REFLECTED IN THE SPRINGTIME KUROSHIO
TRANSPORT SOUTH OF JAPAN.

winter (Ishi and Hanawa, 2005), that
result in an intensification of the western
part of the North Pacific subtropical gyre
(Yasuda and Hanawa, 1997; Miller et al.
1998; Deser et al., 1999). The changes
in ocean current regimes result from
an increased southward Ekman trans-
port of cold water from the north due
to intensified Westerlies that cool the
North Pacific Subtropical Mode Water
(NPSTMW; Yasuda and Hanawa, 1997).
This paper describes a wintertime
feature of Northwest Pacific circulation,
namely the westward zonal current cen-
tered along 20°N and stretching from
the dateline to the Luzon Strait region,
whose westward limb was first observed
by Centurioni et al. (2004). We term
this current the Wintertime Subtropical
Current (WSTGC; Figure 1b). The mean
geostrophic current north of 15°N is
mostly eastward with a magnitude of

2-6 cm s7! (see Figure 5¢ of Maximenko

transport are from the European Center
of Medium-Range Weather Forecasts
(ECMWF) Ocean Analysis System
ORA-S3 (Balmaseda et al., 2008). This
reanalysis product has a higher horizon-
tal spatial resolution (1° x 1°) than most
commonly available reanalysis products,
such as one available from the National
Centers for Environmental Prediction
(NCEP; 2.5° x 2.5°), and it spans the
period from 1959 through 2009. The

15 m deep ocean velocity data are from
the Global Drifter Program (GDP)
archive (Niiler, 2001) and span the
period from 1992 through 2011. We use
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NCEDP reanalysis winds to compute the
unbiased geostrophic velocity at 15 m
depth. To compute an unbiased seasonal
mean current, the total (geostrophic plus
ageostrophic) 15 m depth velocity (V)

is decomposed into an unknown, unbi-
ased mean geostrophic current (V,,,), a
geostrophic velocity anomaly that can be
estimated, for example, from satellite sea
level anomaly data (V,) and an Ekman
current. See Centurioni et al. (2009) for
a full description of the methodology to

estimate the unbiased mean geostrophic

current. The geostrophic velocity anom-
aly, V,, is computed from the merged sea
level anomaly delayed quality controlled
data from Archiving, Validation and
Interpretation of Satellite Oceanographic
Data (AVISO; ftp.aviso.oceanobs.com)
available from 1993 and ongoing. After
estimating regression parameters from
all available data sets, we computed the
total seasonal (winter and summer) 15 m
depth velocities using seasonal means

of V; and wind in 2° (longitude) by

1° (latitude) spatial bins.
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Figure 1. (a) Absolute mean sea level from historical Global Drifter Program drifters and satel-

lite measured gravity data from Maximenko et al. (2009). The locations of major currents and
subtropical fronts (open circles) detected by Kobashi et al. (2006) are also plotted. (b) Current

vectors (red arrows for westward zonal current

larger than 7 cm s7') from combined mean

geostrophic and Ekman velocities for winter (October to March) and (c) summer (April to
September). Two thick yellow lines denote the zonal band where the Wintertime Subtropical

Current is located. The zonal current speed is represented by color shading, and black contour

lines denote the zero zonal current. The plots were obtained by combining drifter, satellite,

and NCEP wind data for the period 1992-2011,
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as explained in the text.

The annual variation of the WSTC
volume transport is computed from
the Sverdrup balance, and the dramatic
increase in winter wind-driven transport
in the subtropical area from the 1970s to
the 1990s is discussed in the next section.
The section after that discusses the vari-
ability of the WSTC on interdecadal time
scales and its correlation with several
climate indices. Summary and discussion

are given in the final section of this paper.

WINTERTIME SUBTROPICAL
CURRENT

Observations of the Seasonal
Currents in the Northwestern
Subtropical Pacific

The 15 m depth ocean currents of the
northwestern subtropical Pacific com-
puted by combining drifter, satellite
altimetry velocity data, and reanalysis
winds show large seasonal variations
(Figure 1b,c), as expected given the sea-
sonally varying forcing of the monsoon
wind (Rudnick et al., 2011). We focus on
the well-defined wintertime westward
zonal current that occurs in the western
subtropical Pacific band centered at

~ 20°N (Figure 1b). This approximately
400 km wide current stretches from the
dateline to the western boundary cur-
rent. In summer, the zonal westward
current near the western boundary is
much weaker, although still present
(Figure 1c). The WSTC (Figure 1b)
appears as a northward extension of the
wintertime North Equatorial Current
(NEC), but we show later that the

NEC and the WSTC are two distinctly
separate currents. The WSTC Sverdrup
transport anomalies also exhibit decadal
changes that are well correlated with the
atmospheric teleconnection patterns and

the Kuroshio transport.


ftp.aviso.oceanobs.com

Decadal Changes in WSTC
Sverdrup Transport

The vertically integrated meridional
transport from the steady-state Sverdrup

relation can be written as (e.g., Gill, 1982)

1  dr, N 0T

= B ox "oy W

and the two-dimensional stream func-

tion ¢ can be defined as

v=_92 y_ 9

ox oy

The steady-state Sverdrup transport
stream function at longitude x and lati-

tude y then becomes

p(xy) =
__1

Bpo

Here, f3 is the latitudinal gradient of the
Coriolis parameter; U and V are the

J-xx: ( oTy(x, y) N oT:(x', y) )ox. (2)
£ 0x dy

vertically integrated zonal and meridi-
onal transports, respectively; p, is the
density of seawater; xj is the coordinate
of the eastern boundary; and (z,, 7,) is
the zonal and meridional component of
the wind stress.

The Sverdrup transport stream
function is computed by integrating
Equation 2 westward from the eastern
boundary. The mean wintertime trans-
port, averaged for the 1993-2002 period
(Figure 2a), shows a much stronger
westward flow in the subtropical gyre
when compared to the mean Sverdrup
transport presented by Ishi and Hanawa
(2005), and it has more small-scale
features that result from the higher
spatial resolution of the ECMWEF wind
field used in this analysis. We chose
the decades 1993-2002 and 1964-1973
to illustrate the decadal changes of the
WSTC Sverdrup transport because these

changes exhibit (Figure 3) absolute max-
imum and minimum values, respectively,
when averaged over these time inter-
vals. Because the Hawaiian Islands (not
shown) do not significantly affect the
Sverdrup transport stream function in
the western boundary region, the local-
ized, small-scale strong wind stress curl
in the lee of the Hawaiian mountains
(Figure 4) are removed for the Sverdrup
stream function calculation shown

in Figure 2.

Ishi and Hanawa (2005) found a
near-unity correlation between the time
series of the first mode of the Empirical
Orthogonal Function (EOF) of the cli-
matological winter wind stress curl field
and the Sverdrup transport at 25°-30°N.

The decadal variation of the wintertime
Sverdrup stream function between

the years 1964-1973 and 1993-2002

at the subtropical western boundary

is approximately 10 Sv in Figure 3,

and the intensification occurs in the
latitude band between 18°N and 22°N
(Figure 2b), that is, where the WSTC is
observed (see Figure 1a). The mean sum-
mer Sverdrup stream function averaged
between 1993 and 2002 (Figure 2¢) is
approximately half of the winter value
and has a weaker meridional gradient
in the southern part of the subtropical
gyre. The decadal changes in summer
Sverdrup transport between 15°N and
23°N are similar (about 10 Sv) to those

in winter transport, but the direction
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Figure 2. (a) Mean winter (October to March) Sverdrup transport stream function during the
1993-2002 period, and (b) change in the Sverdrup transport stream function (1993-2002 winter
period minus 1964-1973 winter period). (c) Mean summer (April to September) Sverdrup trans-
port stream function during the 1993-2002 period, and (d) change in Sverdrup transport stream
function (1993-2002 summer period minus 1964—1973 summer period).
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of the Sverdrup transport changes from
westward in the 1964-1973 period
to eastward in the 1993-2002 period

boundary (x,,) between two latitudes,

¥, and y,, can be estimated as

U= 9(xy, 1) = 9(xy, ). (3)

(Figure 2d). Apparently, the summer

southern STCC (Kobashi et al., 2006) is
strengthened from the 1964-1973 period
to the 1993-2002 period.

The zonal transport at the western

WTSC Transport (Sv)

The mean WSTC Sverdrup transport,
measured between 18.5°N and 22.5°N
along 122.5°E (Figure 3), increases
between 1970 and 1996, reaching an
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Figure 3. Mean Sverdrup transport at 122.5°E in winter (October to March) between 18.5°N
and 22.5°N (black lines, left y axis) and Kuroshio transport (dashed line, right y axis). The

thick black line is the five-year running mean transport obtained from the time series
marked by the thin black line.
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Figure 4. Wind stress (vectors) and wind stress curl (contour interval of 5 x 10 N m=3) in (a) win-
ter during the 1993-2002 period and (b) summer during the 1993-2002 period. (c) Decadal
change in winter wind stress and wind stress curl (1993-2002 period minus 1964-1973 period).
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all-time maximum value of 23 SV in
1996, and in just 10 years, from 1996
to 2006, it drops back to the minimum
value observed in 1970. An acceler-
ated decreasing trend occurs from
2002 through 2006.

Several observations corroborate the
hypothesis that part of the WSTC feeds
into the wintertime Kuroshio as it mean-
ders from the Philippine Sea into the
South China Sea through Luzon Strait.
Yearly fluctuations of the WSTC trans-
port, as defined above, are positively
correlated with changes in volume trans-
port of the Kuroshio estimated from an
inverted echosounder (IES) array and
TOPEX/Poseidon altimeter data along
the Affiliated Surveys of the Kuroshio off
Cape Ashizuri (ASUKA) line in 1993-
2001 (Kakinoki et al., 2008; Figure 3).
The correlation coefficient is 0.89 after
excluding the winter of 2001. In 2000/01,
unlike other years, the southernmost IES
mooring station was positioned north of
the southern boundary of the Kuroshio
because of where the current meandered
(Kawabe, 2005), and it probably caused
the large uncertainty in 2001 Kuroshio
transport. The correlation between
Kuroshio volume transport and WSTC
transport is highly sensitive to the aver-
aging interval of the Kuroshio transport
because there is a time lag of the order
of four to seven months between the two
time series. We found that the largest
correlation between the two time series
is achieved when using a three-month
averaging window. Figure 3 shows the
Kuroshio transport (dashed line) aver-
aged from May to July for 1993-2001.
To our knowledge, the geostrophic
transport computation by Kakinoki
et al. (2008) is the only published trans-

port time series with sampling intervals



shorter than one month. If the Sverdrup
transport signal is advected by the
WSTC and then by the Kuroshio, the
positive correlation between the series
of WSTC and Kuroshio transports
implies an ocean response time to wind
stress curl forcing of 2.5-5.5 months.
Employing an average Kuroshio trans-
port speed of 0.3 m s7!, based on an
estimate of 21 Sv over a 7 x 107 m?* area
in the East Taiwan Channel (Johns et al,,
2001), indicates that the water mass
requires approximately 45 days to cover
the 1,200 km from the region where
WSTC Sverdrup transport is computed
to the ASUKA line.

Wind Forcing of the WSTC

Deser et al. (1999) show that the west-
ward intensification of the North Pacific
subtropical gyre is related to temporal
changes of the wind stress curl field.
Decadal changes in the wind stress
therefore must play a central role in
modulating the intensification of the
subtropical gyre on interdecadal scales
(Yasuda and Hanawa, 1997). We chose
the decade when the WSTC Sverdrup
transport is maximum (1993-2002;
Figure 3) to illustrate that the most
significant seasonal changes in wind
stress and wind stress curl over the
North Pacific occur in the regions of the
western trade wind and the northern
Westerlies (Figure 4a,b). There is a broad
area of large negative wind stress curl
over the whole domain, and its magni-
tude is larger in winter (Figure 4a) than
in summer (Figure 4b) by approximately
a factor of two.

The decadal variation in winter wind
stress and wind stress curl (1993-2002
minus 1964-1973, i.e., the periods for
which the WSTC Sverdrup transport is

maximum and minimum, respectively;
Figure 4c) is due to intensification of
the negative wind stress curl throughout
the basin, with the largest strengthen-
ing observed in the western subtropical
region and in the northern Westerlies
region. The decadal changes in the win-
ter wind stress vector field presented
here differ significantly from the annual
mean values presented by Deser et al.
(1999). The Sverdrup transport time
series (Figure 3) suggests that the WSTC
should nearly disappear during the win-
ters of 2006-2009. It should then resume
in 2010, when the WSTC Sverdrup
transport, computed from satellite
winds from the Advanced Scatterometer
(ASCAT) satellite (Bentamy and Croize
Fillon, 2012), is 17 Sv.

Strengthening of the WSTC surface
current signature is also observed as
a well-defined band of westward geo-
strophic flow north of 18°N (Figure 5a)

24N [V (3)199‘59970 >

20°N - - . —— =

woN :
R
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when computed by combining the
AVISO sea surface height anomaly

with the mean dynamic topography

of Maximenko et al. (2009). The geo-
strophic signature of the WSTC is most
apparent when the average is computed
between January and March, probably as
a result of the time needed for the geo-
strophic component associated with the
Sverdrup transport to achieve a nearly
steady state. In the 1994-1997 period,
the WSTC Sverdrup transport reaches
an all-time maximum. At the same time,
observations show that the Subtropical
Counter Current north of 17°N becomes
weak and then disappears west of

160°E. Conversely, the 2006-2009 win-
ter average shows that the Subtropical
Counter Current that stretches as far
west as 126°E replaces the WSTC, with

a small gap between 138°E and 141°E
(Figure 5b). The averaging intervals
(1994-1997 and 2006-2009) are different
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Figure 5. Mean zonal geostrophic current in the subtropical western Pacific (a) in the

January to March period during 1994-1997 and (b) in the January to March period dur-
ing 2006-2009. The Wintertime Subtropical Current is marked in red. The geostrophic
current is estimated from the multimission merged sea level anomaly field after remov-
ing eddies using the method described in Lee and Niiler (2010) and adding the mean
sea level from Maximenko et al. (2009).
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from those used for the Sverdrup trans-
port comparison because the satellite
altimetry time series starts in 1992.

The NEC boundary reaches its north-
ernmost position in winter and is sepa-
rated from the WSTC by a zonal geo-
strophic and Ekman velocity minimum
at ~ 17°N, 140°-145°E for both strong
(1994-1997) and weak (2006-2008)
WSTC occurrences (Figure 6). The win-
tertime Ekman current at 15 m depth
is estimated from NCEP winds using
the method described earlier. Figure 6
indicates that the WSTC should not be
considered as a northward wintertime
extension of the NEC. The westward

mean Ekman Current averaged over

140°-145°N in the WSTC region is of
greater magnitude than the westward
geostrophic current when the Sverdrup
transport of the WSTC is the largest
(Figure 6b).

It is difficult to obtain observational
evidence of the WSTC because of its
strong decadal variability and large ageo-
strophic component. A high-resolution
reanalysis from the ocean general circu-
lation model HYbrid Coordinate Ocean
Model (HYCOM; Chassignet et al.,
2009) is therefore used here to provide
further evidence of the existence of
the WSTC. HYCOM data are available
from November 1, 2003, and Figure 7a
shows the winter mean (2004/05) of
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zonal current at 15 m. The years 2004
and 2005 are chosen because the WSTC
Sverdrup transports (Figure 3) are

larger than for other years in the avail-
able HYCOM data set. A strong zonal
westward current (larger than 10 cm

s7!) occurs in the latitude band between
19°N and 23°N and reaches deeper than
the NEC (dotted box in Figure 7b). With
the exception of 2007 (El Nifio year),

the variation and magnitude of the vol-
ume transport from HYCOM averaged
between 150°E and 155°E (dotted box in
Figure 7a) are well correlated with the
WSTC Sverdrup transport time series in
the same longitudinal band (Figure 7c).
HYCOM successfully reproduces the
WSTC Sverdrup transport for the 2010
El Nifo. Explaining the large discrep-
ancy in 2007 is beyond the scope of this
paper, but it may come from the fact that
HYCOM data before September 2008 are
not from the current version but from

the legacy version.

THE WSTC SVERDRUP
TRANSPORT AND THE CLIMATE
Ishi and Hanawa (2005) found a high
negative correlation (0.93) between

the first EOF mode of the winter wind
stress curl and the North Pacific Index
(Trenberth and Hurrel, 1994). They also
report a near-unity correlation between
the Sverdrup transport at 24°-30°N and
the first EOF mode of the wintertime
wind stress curl. Similarly, in our analy-
sis, the WSTC transport is positively
(correlation coefficient of 0.74) and neg-
atively (correlation coeflicient of -0.75)
correlated with the first EOF mode of the
wintertime wind stress curl and North
Pacific Index, respectfully, up to the
1988/89 climate transition (Figure 8a,b).
The most notable climate transition of



1976/77 is related to the Pacific Decadal
Oscillation (Mantua et al., 1997). Yeh

et al. (2011) show that the area mean
winter sea surface temperature anomaly
in the North Pacific becomes posi-

tive after 1988 and, consequently, the
1988/89 climate transition is caused

by different dynamics compared to the
1976/77 climate transition. The differ-
ence in the results between this study
and Ishi and Hanawa (2005) is primarily
due to the use of higher spatial resolu-
tion wind data and different averaging
windows. It is interesting to note that the
WSTC transport has a tendency to lead
the North Pacific Index by one year dur-
ing the 1990-2000 period and in 2009
(Figure 8b).

SUMMARY AND DISCUSSION
This paper provides observational evi-
dence from drifter, altimetry, and wind
data of the existence of the WSTC, which
appears to be an independent current
rather than the result of northward
migration of the NEC in winter. The
wind stress curl appears to be the main
driving force for wintertime forma-
tion of the WSTC, which is also suc-
cessfully reproduced by the Sverdrup
transport computation presented here.
Strengthening of the negative wind
stress curl in the subtropical area north
of Hawaii and west of 150°E intensi-
fies the westward zonal current in the
area south of the Subtropical Counter
Current and north of the North
Equatorial Current. Decadal variations
of the WSTC are greater than changes
in eastward Kuroshio transport south
of Japan. Ocean models, forced with
observed winds (see, for example Miller
et al., 1998) demonstrate similar features,

but they fail to explain the large decadal
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Figure 7. (a) Wintertime zonal velocity (contour interval of 5 cm s7') in the Northwest
Pacific for 2004/05 from the HYbrid Coordinate Ocean Model (HYCOM). The Wintertime
Subtropical Current (WSTC) is highlighted by red dashed lines. The black dashed box
denotes the area for the vertical profiles of zonal current in 2004/05 and the zonal trans-
port estimate shown in (c). (b) Vertical profiles of zonal current in the longitudinal band
of 150°~155°E (dashed box in [a]) in 2004/05. (c) Zonal transport of the WSTC Sverdrup
transport (red dotted line) from November to January and of HYCOM from December to
February in the longitudinal band of 150°-155°E (dashed box in [a]).
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changes in the circulation pattern of the
subtropical North Pacific.

It is proposed here that the winter
intensification and the annual variability
of the WSTC in the subtropical regions
of the North Pacific are reflected in the
Kuroshio transport south of Japan in
spring, and the lag is the time required

for the anomaly to be advected between

the two locations. The historical tracks
of drogued drifters that crossed 123°E
between 18°N and 23°N in winter

show that most of them (97%) join the
Kuroshio (Figure 9), thus reinforcing our
hypothesis that the WSTC feeds into the
Kuroshio. (Only two drifters entered the
South China Sea, following the uncom-

mon phenomenon of a strong warm
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Figure 8. Anomaly of the Wintertime Subtropical Current transport (solid blue line, right
axis) and (a) first EOF mode of the winter wind stress curl (dashed black line, left axis) in
the North Pacific, and (b) the North Pacific Index (dashed black line, sign reversed left
axis). The averaging period for each year is December to February.
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Figure 9. Drifter tracks crossing the 18°~23°N line (red line) in winter (October to March).

Orange circles denote the deployment locations. Note that 20% of the drifters shown here are

deployed west of the red line and cross the red line after recirculating east of Taiwan.
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eddy in winter in the area east of Luzon
Strait.) Qiu and Joyce (1992) report

that the decadal increase in the annual
Kuroshio transport from 1970-1980 to
1982-1988 is 10.8 Sv, and Deser et al.
(1999) report that the decadal increase
in its eastward geostrophic transport
between 32°N and 37°N is 11.5 Sv. The
winter Sverdrup transport between
18°N and 23°N increases by 17 Sv from
1969-1973 to 1991-1995. Approximately
20% of drifters that cross the red line in
Figure 9 recirculate east of Taiwan, thus
offering an alternate explanation regard-
ing why an increase in the Kuroshio
transport south of Japan does not reflect
all of the WSTC contribution.

The decadal intensification of the
westward current toward the western
boundary may also cause thermoste-
ric sea level to fall in the narrow zonal
band between 18°N and 23°N, which
indicates a decrease in the heat content
of the upper ocean in that zonal band
(Willis et al., 2010). The atmosphere-
ocean coupled model results presented
by Sakamoto et al. (2005) show a similar
strengthening of the trade winds in the
subtropical western Pacific that is con-
sistent with a global warming scenario
simulated by a 1% CO, increase per year,
but it fails to reproduce the observed
strengthening of the trade winds and
of the wind stress curl in the eastern
subtropical Pacific.

The mechanism responsible for the
interdecadal variation of the WSTC is
the fluctuation of the winter wind stress
curl in the North Pacific, which corre-
lates negatively with the strength of the
Aleutian Low up to the 1988/89 climate
shift. After that time, the governing
dynamics of the winter wind stress curl

in the subtropical North Pacific changes,



and we find no significant relationship
between the WSTC and the telecon-
nection patterns or climate indexes in
the North Pacific. The WSTC becomes
weak and disappears after 2003, but it is

expected to have resumed in winter 2010.
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