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Abstract Simulated current velocity and long-term reanalysis wind data are used to investigate interannual variations in the bifurcation of the Paciﬁc North Equatorial Current (NEC) after the 1976 climate regime
shift. Wind stress curl anomaly (WSCA) in the region of 10 N–15 N and 160 E–170 E generates Rossby
waves and affects the NEC bifurcation along the Philippine coast. From 1976 to 1992, following a regime
~o-Southern Oscillation (ENSO)
shift to the positive Paciﬁc Decadal Oscillation (PDO) phase, PDO and El Nin
match each other in strength and have a neutralized effect on the WSCA. From 1993 to 2009, WSCA
matches PDO well, and its correlation with ENSO is lower. Using a linear regression model, we show that the
inﬂuence of PDO has nearly 13 times weight over that of ENSO. Prior to the 1976 regime shift, WSCA is
closely related to ENSO from 1961 to 1975, and it does not correlate signiﬁcantly with PDO. Our analysis
results show that Rossby waves are preferentially generated in either the negative PDO phase when the
ENSO signal dominates, or in the positive PDO phase when the ENSO signal is overshadowed. In the phase
when the positive PDO counteracts with the ENSO signal, neither ENSO nor PDO has a signiﬁcant inﬂuence
on Rossby wave generations through the WSCA.

1. Introduction
In the western North Paciﬁc Ocean, the westward ﬂowing North Equatorial Current (NEC) splits as it encounters the Philippine coast. The poleward-ﬂowing branch forms the root of the Kuroshio, while the equatorwardﬂowing branch becomes the Mindanao Current (MC). Both of these western boundary currents ultimately
recirculate eastward as the Kuroshio Extension and the North Equatorial Countercurrent (NECC), indicating
that the NEC plays a noticeable role in regulating the North Paciﬁc subtropical and tropical gyres. Speciﬁcally,
the bifurcated NEC provides important pathways for heat, mass, and salt transport exchanges between the
Kuroshio and MC, which approximately represent the midlatitude and low-latitude western North Paciﬁc,
respectively [Lukas et al., 1991]. Therefore, variation in the NEC bifurcation latitude, accompanied by a quantitative change in the partitioning of the NEC transport between the Kuroshio and MC [e.g., Qiu and Lukas,
1996; Kim et al., 2004], plays an essential role in midlatitude and low-latitude circulation changes.
Seasonal variation in the NEC bifurcation has been frequently debated and discussed. Qu and Lukas [2003] used
hydrographic data to show that the bifurcation latitude occurs at its southernmost position in July and at its northernmost position in December. Several studies based on model outputs and satellite altimeter measurements
revealed a similar seasonality [e.g., Kim et al., 2004; Qiu and Chen, 2010]. Separately, using a reduced-gravity ocean
model, Qiu and Lukas [1996] estimated the NEC bifurcation to be at its southernmost latitude in April/May and its
northernmost latitude in October/November (Qui and Lukas, 1996, Figure 9). Furthermore, the NEC bifurcation latitude is thought to be related to the wind forcing, consisting of the local monsoon and remote forcing by Rossby
waves [Qiu and Lukas, 1996]. During the northeast monsoon, positive wind stress curl (WSC) forms an anomalous
cyclonic circulation around the Philippine Sea. The southward component of this circulation near the western
boundary causes the NEC bifurcation latitude to shift northward. In addition to the local monsoonal wind forcing,
equatorward propagating coastal Kelvin waves reﬂected by westward propagating Rossby waves generated at
midlatitudes are also thought to alter the NEC bifurcation latitude [Qu and Lukas, 2003; Chen and Wu, 2011].
Because long-term data are limited, only a few studies have focused on year-to-year variation in the NEC
bifurcation. Qiu and Lukas [1996] used a numerical model to show that the NEC bifurcation latitude shifts
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~o event and shifts equatorward during La Nin
~a. They also suggested that
poleward 1 year after an El Nin
~o, positive WSC
NEC is controlled by basin-wide wind stress curl anomaly (WSCA). One year after El Nin
intensiﬁes and tends to shift northward the zero WSC line, affecting the NEC bifurcation. Kim et al. [2004]
~o-Southern Oscillaalso found that meridional migration of NEC bifurcation is strongly inﬂuenced by El Nin
tion (ENSO). They argued that this variation can be attributed to westward propagation of upwelling
(downwelling) Rossby waves generated by winds in the central equatorial Paciﬁc and by an anomalous anticyclonic (cyclonic) WSC located in the western North Paciﬁc when a warm (cold) event matures.
Recently, Qiu and Chen [2010] (QC10, hereafter) found that sea surface height anomaly (SSHA) in the domain of
12 N–14 N, 127 E–130 E off the Philippine coast could explain 92% of the variance of the NEC bifurcation latitude. They suggested that the bifurcation is largely determined by wind forcing in a band deﬁned by 12 N–
~o-3.4 index.
14 N and 140 E–170 E and that its low-frequency variability cannot be fully represented by the Nin
~o-3.4 index does not correlate well with the NEC transport either near
Zhai and Hu [2013] found that the Nin
the western boundary or at the date line, but only relates to the southern branch of the NEC transport along
~o-3.4
the Philippine coast. This result indicates that the NEC bifurcation variations do not correlate with the Nin
index very well due to the close relationship between the NEC bifurcation latitude and the NEC transport along
the Philippine coast. Aside from ENSO, some other factors should be taken into account concerning this issue.
Zhai et al. [2013] emphasized the NEC transport at 137 E correlated well with Paciﬁc Decadal Oscillation (PDO)
[Trenberth and Hoar, 1997; Alley et al., 2003] from 1975 to 2005. They associated the NEC transport change at
137 E with the decadal ﬂuctuation of PDO, focusing after the year of 1974. Our work is aimed at identifying
those factors that affect the NEC bifurcation variations on decadal time scales, and further quantifying their contributions during different time periods. By using surface wind data together with outputs from a well-validated
numerical ocean model, we divide the time interval from 1961 to 2009 into three periods and investigate
potential factors and/or mechanisms affecting the NEC bifurcation during each of the periods.

2. Model Description and Climate Indices
Forty-ﬁve year current velocity data from 1961 to 2005 used in this study are from the North Paciﬁc Ocean
(NPO) model [Hsin et al., 2008; Hsin et al., 2012] based on the Princeton Ocean Model (POM). On the basis of
hydrostatic approximation, this model solves the three-dimensional primitive equations for the momentum,
salt, and heat, and evaluates turbulence by the level 2.5 Mellor-Yamada scheme.
The NPO model covers the domain from 16 S to 60 N and 99 E to 77 W with a nonuniform resolution in
the horizontal, 40 km at the equator and 20 km on the northern boundary. There are 26 sigma levels in the
vertical. The model is driven by the monthly climatological wind stress reanalyzed by the National Centers
for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR). After spinning up
from rest for 50 years, the model is subsequently forced by the NCEP/NCAR reanalysis version 1 wind data
from 1948 to 1978 and version 2 wind data from 1979 to 2005. Monthly climatological sea surface temperature (SST) data derived from the NCEP/NCAR reanalysis are used as surface boundary condition during spinup. The 6 h AVHRR SST (2.5 3 2.5 ) from NCEP/NCAR is used for the period between 1948 and 1981. From
1982 to 2005, weekly SST data determined by optimal interpolation with a spatial resolution of 1 x 1 from
the Data Support Section at the Computational and Information Systems Laboratory of NCAR (http://dss.
ucar.edu/) are used. A detailed description of the NPO model has been given by Hsin et al. [2012]. Moreover,
the modeled SSHA patterns, NEC bifurcation, and propagating Rossby wave signals corroborate with those
inferred from the satellite altimeter measurements (ﬁgures not shown).
The PDO is a climate index (http://jisao.washington.edu/pdo/PDO.latest) based on the North Paciﬁc SST variations [Mantua et al., 1997]. Warm (positive index) and cold (negative index) phases can persist for decades,
although these decadal cycles have broken down recently [Wu, 2013, Figure 1a]. On the other hand, the
~o-3.4 index (http://www.cpc.ncep.noaa.gov/data/indices/sstoi.indices) is adopted from NOAA to repreNin
sent the ENSO variability in this study.

3. Results
On both seasonal and interannual time scales, Rossby waves generated in the interior ocean are thought to
be of vital importance for the migration of the NEC bifurcation latitude [Qiu and Lukas, 1996; Qu and Lukas,
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Figure 1. Wind stress curl anomalies generated from NCEP/NCAR (shading) together with modeled velocity ﬁeld (vectors) where the
magnitude larger than 0.2 m/s is presented. (averaged from 0 to 50 m) in (a) July 1984 and (b) July 2003. Vector scale is 0.7 m/s.
The black rectangle identiﬁes the region from 10–15 N and 160–170 E in the central equatorial Paciﬁc. Contour interval for wind
stress curl is 1028 Nm23.

2003; QC10]. The upwelling (downwelling) Rossby waves induced by wind stress anomalies cause northward (southward) changes in the NEC bifurcation latitude [Kim et al., 2004]. Figure 1 shows the WSCA and
modeled circulation patterns in July 1984 versus July 2003 in the western Paciﬁc. The black rectangle
(10 N–15 N, 160 E–170 E; C-BOX hereafter) highlights the region where Rossby waves are effectively generated by WSCAs. Red shading indicates cyclonic WSCA that generates upwelling Rossby waves. For clarity,
only velocities larger than 0.2 m/s are depicted. In July 1984, no clear positive WSCA occurred in C-BOX. At
the same time, few Rossby waves were passing and the NEC ﬂowed smoothly until bifurcating at approximately 10 N–12 N near the western boundary (Figure 1a). On the contrary, large positive WSCA around
C-BOX in July 2003 generated upwelling Rossby waves and forced the NEC poleward until it ultimately
bifurcated at about 12 N–16 N (Figure 1b). Similar patterns are seen in the altimeter-based SSHA data
(ﬁgures not shown).
Rossby waves may not be the only factor causing the NEC bifurcation to migrate, but their presence seems
crucial. Figure 2 shows the meridional velocity anomalies averaged from 10 N to 15 N. From 1982 to 1992,
some weak Rossby wave signals propagate westward (e.g., March to December 1983 and March to September
1991), but they seem to be too weak to induce a signiﬁcant shift in the NEC bifurcation (Figure 2a). From 1993
to 2005, more intense Rossby waves are generated at 170 E and propagate westward until they approach the
western boundary (Figure 2b). In contrast to Figure 2a, the Rossby waves tend to strengthen as they move
westward and attain their greatest strength near the western boundary in 1993–2005. Modeled meridional
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Figure 2. Meridional velocity anomalies in the region of 130–170 E (a) from 1982 to 1992 and (b) from 1993 to 2005. Data are averaged
over the 10–15 N region. Contour interval is 0.05 m/s. Rossby waves are highlighted with yellow lines

velocity anomalies also demonstrate that this phenomenon is especially obvious during January 1994 to September 1995, September 1996 to January 1998, and January 2002 to December 2005 (Figure 2b). These periods correspond well with the time intervals during which the NEC bifurcated more northward investigated by
QC10 using the satellite altimeter SSH measurements (Qiu and Chen, 2010, Figure 2a).
Figure 3 shows the WSCA in C-BOX. From 1976 to 1992, C-BOX exhibits weakly negative WSCA, except
around 1991–1992 (Figure 3a). However, from 1993 to 2009, a large positive WSCA appears in C-BOX, especially during 1996–1997 and 2002–2004 (Figure 3b). The wind pattern can be compared to the NPO simulated sea surface height pattern to identify the connections between these features. In other words, it is
likely that the positive WSCA in C-BOX generates westward propagating upwelling Rossby waves which
shift the NEC poleward and result in a higher bifurcation latitude of the NEC.

4. Mechanisms
According to Figure 2, Rossby waves were nearly absent prior to 1992 but prevailed after 1993. This
raises the question of why Rossby waves do not prevail all the time. To investigate the main factors generating the Rossby waves, we divided the time interval of 1976–2009 into two periods: 1976–1992, and 1993–
2009. The year 1976 marks one of the regime shifts of the PDO. Furthermore, both Merriﬁeld [2011] and
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Figure 3. Wind stress curl anomalies in the region of 160–170 E (a) from 1982 to 1992 and (b) from 1993 to 2005. Data are averaged over
the 10–15 N region. Contour interval for wind stress curl anomaly is 1028 Nm23.

Qiu and Chen [2012] indicate that the early 1990s marked another shift in trend for the oceanic and atmospheric variables in the low-latitude western Paciﬁc Ocean. Merriﬁeld [2011] found that unlike the increasing
trend of 10 mm yr21 observed in 1993–2009, the sea level trend based on available tide gauges in the western tropical Paciﬁc was nearly zero prior to 1992 (Merriﬁeld, 2011, Figure 6). Relationships between NEC and
ENSO have been mentioned in several studies [e.g., Qiu and Joyce, 1992; Kashino et al., 2009], and connections between ENSO and PDO have also been discussed frequently [Zhang et al., 1997; Evans et al., 2001;
Wu 2013]. Therefore, it is reasonable to investigate how PDO might affect the circulation pattern of the NEC
and to analyze the effect of combined ENSO and PDO inﬂuences.
~o-3.4 and PDO indices in
Figure 4a compares the WSCA time series averaged over the C-BOX with the Nin
the ﬁrst period, 1976–1992, and their correlation coefﬁcients are listed in Table 1. The correlation between
~o-3.4 index reaches 0.62 and that between the WSCA and PDO index reaches 20.61. The
the WSCA and Nin
opposing PDO and ENSO match each other in strength and neutralize their combined effects on the WSCA.
This results in the WSCA in C-BOX to have little correlation to elsewhere in the North Paciﬁc as shown in Figure 4b, which shows the correlation map between the WSCA in C-BOX and those in the North Paciﬁc during
1976–1992. It seems that the negative-to-positive phase change of PDO has made the effects of ENSO on
the WSCA weak in C-BOX (Figure 4b).
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Figure 4. (a) Time series of wind stress curl anomaly averaged in the region of 10–15 N and 160–170 E (gray bars, units: 1027 Nm23),
together with Ni~
no-3.4 (red curve, units:  C), PDO (blue curve, units:  C) and (b) the correlation coefﬁcient between wind stress curl anomaly in the region of 10–15 N and 160–170 E and those in the North Paciﬁc from 1976 to 1992. Correlation coefﬁcients in that are larger
than or equal to 0.4 are shown in colored shading and those larger than 0 but less than 0.4 are shown by contours. Contour interval is 0.1.

In the second period of 1993–2009, PDO replaces ENSO as a better match for the WSCA in C-BOX, with a
correlation of 0.66 (Figure 5a). The PDO index is positive and reinforces its inﬂuences on the wind pattern in
~o-3.4 index decreases to 0.48.
C-BOX. During the same interval, the correlation between the WSCA and Nin
Having both the positive correlations, PDO and ENSO impact the wind pattern in C-BOX constructively,
amplifying the generation of Rossby waves during this period. The relative importance of PDO and ENSO
can be quantiﬁed in terms of a linear regression model [Newman et al., 2003] as
0
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~o-3.4 index normalized by its variance, P is the PDO
where W represents the WSCA in C-BOX, E is the Nin
index also normalized by its variance, n is time (in years), and e represents unexplained noise. The regression
coefﬁcients a and b of each period are listed in Table 1. From 1993 to 2009, we found that a50.04 and
b50.51, suggesting that the inﬂuence of PDO has nearly 13 times weight over that of ENSO. It is worth noting that the sum of a and b is only 0.55, implying that some other factors in addition to PDO and ENSO also
play a role in generating Rossby waves in C-BOX.
Moreover, the correlation map of Figure 5b shows that the WSC pattern in the North Paciﬁc best corresponds with that in C-BOX at two locations: 40 N, 160 W and 30 N, 145 W. The region of dominant PDO
wind forcing is also located around 180 W–140 W, 35 N–50 N [see Qiu, 2003, Figure 2]. Qiu [2003] pointed
out that the ﬁrst EOF mode of the
wind stress ﬁeld lasting from 1982 to
Table 1. Correlation and Linear Regression Coefﬁcients
2001 is centered at 40 N as found in
Correlation
Correlation
Linear
Linear
WSCA-ENSO
WSCA-PDO
Regression a
Regression b
the present study. The weighting
function ﬁts the PDO time series very
1961–1975
0.68
0.22
0.81
20.32
1976–1992
0.62
20.61
0.76
20.73
well after 1992, while it is not signiﬁ1993–2009
0.48
0.66
0.04
0.51
cant from 1982 to 1991 [Qiu, 2003,
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Figure 2]. Our correlation
map, thus, supports the
hypothesis that PDO dominated from 1993 to 2009
through connections
between the WSC pattern
in the midlatitudes and CBOX. However, the most
dominate mode of the
North Paciﬁc WSC pattern,
according to Qiu [2003],
explains only 17.8% of the
total variance, implying
that factors other than
PDO contribute to the WSC
variability. Future research
is needed to further clarify
the atmospheric processes
responsible for this decadally varying, teleconnected wind stress pattern.

Figure 6 compares eddy kinetic energy (EKE) patterns between October 1985 and October 1997, which are
chosen to represent the ﬁrst and the second periods, respectively. The EKE is calculated based on the SSHA
data from the NPO model simulation. The snapshot corresponds well with Figure 2 that the ﬁrst period when
few Rossby waves are generated and propagate westward, has less EKE, while the second period with more
intense Rossby waves has more EKE in the western tropical North Paciﬁc. Figure 7 displays the time series of
WSCA averaged over the C-BOX and
the EKE averaged in (10 N–20 N,
130 E–150 E) from 1982 to 2005. The
EKE prior to 1992 shows less variability
compared to that afterward, and the
correlation between the WSCA and EKE
is only 20.05 during the ﬁrst period,
while it reaches 0.64 in the second
period with the WSCA leading 7
months. Moreover, the EKE becomes
larger responding to the large WSCA in
C-BOX with a time lag of 7 months.
This implies that the WSC pattern in CBOX is independent of the EKE signals
prior to 1992, but it becomes much
more important for the Rossby wave
generation and enhances the regional
EKE level after 1993.

5. Discussion

Figure 6. The EKE pattern in (a) October 1985 and (b) October 1997 (Units: m2/s2).
Contour interval is 0.005.
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Figure 7. Time series of wind stress curl anomalies (blue curve, units: Nm23) in C-BOX and the EKE (red curve, units: m2/s2) averaged in
(10–20 N, 130–150 E) from 1982 to 2005.

negative phase. Earlier studies have always found a good correlation between ENSO and the interannual
variability of the NEC bifurcation latitude [e.g., Qiu and Lukas, 1996; Kim et al., 2004]. Does this imply ENSO
exerts a stronger impact in the years before 1976, but less so recently? This turns out to be the case. QC10
extended the time series of the NEC bifurcation latitude variability back in time to 1962 with the use of a
dynamic model and proxy sea level anomalies. They found the interannual variability in the NEC bifurcation
~o-3.4 index (Qiu and Chen, 2010, Figure 7d). However, a closer
latitude is roughly correlated to the Nin
inspection indicates that this consistence seems to break down during the recent years.
~o-3.4 and PDO indices from 1961 to 1975.
Figure 8a compares the WSCA averaged in C-BOX with the Nin
~
The wind data lead the Nino-3.4 index by 2 months with a correlation of 0.68, implying that the WSCA in C~os and that Rossby waves can propagate
BOX triggers Rossby waves during the developing phase of El Nin
westward to affect the NEC bifurcation latitude at about the mature phase [Qiu and Lukas, 1996; Kim et al.,
2004]. In addition, the correlation between the PDO index and the WSCA is not signiﬁcant (0.22) in 1961–
1975. Utilizing the linear regression model described in section 4, we found that a50.81 and b520.32 for
the 1961–1975 period, suggesting that ENSO dominates, but its weight is interfered by PDO. This indicates
that the PDO-related WSCA during its negative phase is ineffective in generating Rossby waves in the central Paciﬁc and affecting the NEC bifurcation latitude. As a result, ENSO dominates the NEC bifurcation variability before the 1976 regime shift.
Figure 8b shows the correlation between the WSCA in C-BOX and those in the North Paciﬁc from 1961 to
1975. The map indicates that the wind pattern in C-BOX is coherent with that in the eastern equatorial
~o-3.4 region
Paciﬁc at about 95 W–160 W and south of 10 N. This region is nearly collocated with the Nin
(120 W–170 W, 5 N–5 S) but is closer to the eastern boundary. This is likely due to the fact that the along~o, there is a cyclonic and an antiequator WSCA was more zonally coherent from 1961 to 1975. During El Nin
cyclonic WSC located on the two sides of the equator according to the Recharge Oscillator mechanism [Jin,
1997]. This map shows that the wind pattern in C-BOX corresponds with the positive WSCA in the northern
~o from 1961 to 1975. In addition, there seems to be a bridge-like band crossing
tropical area during El Nin
from C-BOX to a midlatitude region (30 N–40 N, 120 W–135 W). This reveals that the wind pattern in
C-BOX has some connections with that in the subtropical region near the eastern boundary.
This investigation demonstrates that the WSCA in C-BOX prior to the 1976 regime shift is largely associated
with the wind ﬁeld in the equatorial area, and is profoundly affected by ENSO. In contrast, the WSCA in C-BOX
after 1992 is chieﬂy inﬂuenced by PDO when it is in its positive phase. The period in between (from 1976 to
1992) acts like a transition and the climate condition is gradually switching for PDO to take over the role of
ENSO. It is this alternation of the dominant variability that controls the generation of Rossby waves in the
10 N–15 N band and affects the NEC bifurcation along the Philippine coast. This ﬁnding of ours is in agreement with Zhai et al. [2013] that PDO exerts a signiﬁcant impact on the NEC variations after the regime shift.
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Figure 8. Same as Figure 4 except from 1961 to 1975.

From the ﬁrst till the third period, there are two WSC anomaly areas with different signs and of nearly equal
strength separated by 15 N. They are coincident with the two poles identiﬁed in Chang and Oey [2012],
Figure 1b. The Philippines-Taiwan Oscillation (PTO) index is deﬁned as the curl of the northern one minus
the southern one, which might also imply only one of them is able to represent the signiﬁcant pattern of
this variability. Our C-BOX corresponds with their southern pole. Besides, C-BOX is located where cyclonic
WSC anomaly is signiﬁcant and enables to trigger Rossby waves to affect the NEC bifurcation. This work not
only conﬁrms the NEC bifurcation argument of Chang and Oey [2012], but further reveals the mechanism
associated with the PDO and ENSO. For clarity, only signiﬁcantly positive areas are displayed in the correlation maps (Figures 4b, 5b and 8b).

6. Concluding Remarks
Our model simulations show that the NEC bifurcates farther poleward when upwelling Rossby waves are
intense. WSC anomalies in C-BOX are related closely to the excitation of Rossby waves and in turn control
the NEC bifurcation ﬂuctuations. We separated the time interval from 1976 to 2009 into two periods (1976–
1992 and 1993–2009) to further investigate the factors generating Rossby waves. From 1976 to 1992,

Figure 9. Time series of wind stress curl anomaly averaged in the region of 10–15 N and 160–170 E (gray bars, units: 1027 Nm23),
together with Ni~
no-3.4 (red curve, units:  C), PDO (blue curve, units:  C) from 1961 to 2009.
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following a regime shift to the positive PDO phase, PDO and ENSO match each other in strength and
resulted in a neutralized effect on the WSCA in C-BOX. From 1993 to 2009, the strength of the canonical El
~o becomes weaker because the central-Paciﬁc El Nin
~o [Kao and Yu, 2009] tends to dominate in recent
Nin
~os are characterized by decreasing strength and increasdecades [Yeh et al., 2009]. The central-Paciﬁc El Nin
ing frequency particularly during the period after 1990 [Yu et al., 2012]. On the other hand, the PDO index
generally remains positive and strengthens its inﬂuences on the wind pattern. The PDO forcing consequently takes over the role of ENSO and dominates the WSCA variations in C-BOX.
Via a linear regression model, we show that the inﬂuence of PDO has nearly 13 times weight over that of
ENSO during 1993–2009. This explains why the variation in the NEC bifurcation latitude in this period does
not correspond well to ENSO as mentioned by QC10. Furthermore, the correlation map shows that the WSC
pattern in the North Paciﬁc corresponds best with that in C-BOX at two locations: 40 N, 160 W and 30 N,
145 W. The former location happens to be the region where PDO dominates. This further supports the
hypothesis that the PDO forcing dominated the period from 1993 to 2009.
Prior to the 1976 regime shift in the negative PDO phase, the correlation map indicates that the wind pat~o-3.4 region. From 1961 to 1975, the wind data in C-BOX lead the
tern in C-BOX is correlated with the Nin
~o-3.4 index by 2 months with a correlation of 0.68, implying the WSCA in C-BOX triggers Rossby waves
Nin
~o. The westward propagating Rossby waves lead to a northerly NEC
during the developing phase of El Nin
~o. On the other hand, the correlation between the PDO
bifurcation at about the mature phase of El Nin
index and the WSCA is not signiﬁcant during this period, suggesting that the negative PDO phase fails to
generate Rossby waves. The ENSO inﬂuence, hence, dominates during the period from 1961 to 1975.
Throughout the entire period (Figure 9), the correlation between ENSO and the wind pattern keeps decreasing from 1961 and nearly falls below the signiﬁcance level in the last period. We emphasize that it is not
appropriate to consider the wind pattern in C-BOX in the same frame for all years. Rossby waves are preferentially generated in either the negative PDO phase when the ENSO forcing dominates (such as during
1961–1976), or in the positive PDO phase when the ENSO signal is overshadowed (such as in 1993–2009).
During the period when the positive PDO forcing tends to mitigate the ENSO signal, the resultant wind forcing is not strong enough to trigger the Rossby waves.
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