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QUESTION:

What dynamics control salinity,
nutrients upwelling, Chl-a ?
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QUESTION:

How are coastal upwelling winds 
in the CCS linked to large-scale 
forcing?
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QUESTION:

What is the oceanic footprint of 
these atmospheric forcings?
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QUESTION:

How do these atmospheric 
forcing drive coastal upwelling in 
the CCS?
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ability in the North Pacific is the “Pacific decadal oscil-
lation (PDO)” index defined as the leading component
of the North Pacific monthly SST anomalies north of
20°N (Mantua et al. 1997; see Fig. 4a). While the KE
SST index given in Fig. 3a shares some similarities with
the PDO index (the two time series are linearly corre-
lated at !0.63), the PDO index lacks the decadal spec-
tral peak detected in the KE SST index. In fact, the
climate noise model provides a better explanation for
the PDO time series than it does for the KE SST time
series (Fig. 4b; see also Pierce 2001). It is worth empha-
sizing that the PDO-related SST anomalies have their
center of action located along 40°N, where the oceanic
circulation variability is less active than along the KE
band (recall Fig. 2b). In the following sections, we ex-
amine how inclusion of the oceanic variability modifies
the SST spectrum in the KE band on the decadal and
longer time scales.

4. Climate noise model for SST with the advective
effect

To understand how oceanic circulation variability
can change the SST signals in the KE band, we explore

two dynamic processes in this section: 1) the upper
ocean’s adjustment to the time-varying atmospheric
forcing, and (2) the SSTs change in the KE band re-
sulting from the changing SSH field.

a. Oceanic adjustment to the changing wind stress
field

It is well established that the large-scale SSH (or,
equivalently, the upper-ocean thermocline) variability
is controlled by baroclinic Rossby wave dynamics. Spe-
cifically, the linear vorticity equation under the long-
wave approximation states
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where h is the SSH anomaly, cR is the speed of the long
baroclinic Rossby waves, g is the gravitational constant,
g% is the reduced gravity, &o is the reference density, f is
the Coriolis parameter, and ' is the anomalous wind
stress vector. Given the wind stress curl data, Eq. (2)
can be easily solved by integration along the baroclinic
Rossby wave characteristic:

FIG. 3. (a) Time series of the monthly SST anomalies averaged in the KE band. (b) Power
spectrum of the SST anomaly time series. Red line indicates the best fit based on a first-order
autoregressive process, climate noise model.

3606 J O U R N A L O F C L I M A T E VOLUME 20

Fig 3 live 4/C

Linear Rossby Wave Model

1970 1980 1990 2000

!2

0

2

Satellite SSHaOFES SSHa

QUESTION:

Do Rossby wave propagate the 

NPGO information in the KOE?



1970 1980 1990 2000

!2

0

2

!240 !220 !200 !180 !160 !140 !120 !100

10

20

30

40

50

NPGO pattern in OFES

Qiu et al. 2007

ability in the North Pacific is the “Pacific decadal oscil-
lation (PDO)” index defined as the leading component
of the North Pacific monthly SST anomalies north of
20°N (Mantua et al. 1997; see Fig. 4a). While the KE
SST index given in Fig. 3a shares some similarities with
the PDO index (the two time series are linearly corre-
lated at !0.63), the PDO index lacks the decadal spec-
tral peak detected in the KE SST index. In fact, the
climate noise model provides a better explanation for
the PDO time series than it does for the KE SST time
series (Fig. 4b; see also Pierce 2001). It is worth empha-
sizing that the PDO-related SST anomalies have their
center of action located along 40°N, where the oceanic
circulation variability is less active than along the KE
band (recall Fig. 2b). In the following sections, we ex-
amine how inclusion of the oceanic variability modifies
the SST spectrum in the KE band on the decadal and
longer time scales.

4. Climate noise model for SST with the advective
effect

To understand how oceanic circulation variability
can change the SST signals in the KE band, we explore

two dynamic processes in this section: 1) the upper
ocean’s adjustment to the time-varying atmospheric
forcing, and (2) the SSTs change in the KE band re-
sulting from the changing SSH field.

a. Oceanic adjustment to the changing wind stress
field

It is well established that the large-scale SSH (or,
equivalently, the upper-ocean thermocline) variability
is controlled by baroclinic Rossby wave dynamics. Spe-
cifically, the linear vorticity equation under the long-
wave approximation states
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where h is the SSH anomaly, cR is the speed of the long
baroclinic Rossby waves, g is the gravitational constant,
g% is the reduced gravity, &o is the reference density, f is
the Coriolis parameter, and ' is the anomalous wind
stress vector. Given the wind stress curl data, Eq. (2)
can be easily solved by integration along the baroclinic
Rossby wave characteristic:

FIG. 3. (a) Time series of the monthly SST anomalies averaged in the KE band. (b) Power
spectrum of the SST anomaly time series. Red line indicates the best fit based on a first-order
autoregressive process, climate noise model.
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ability in the North Pacific is the “Pacific decadal oscil-
lation (PDO)” index defined as the leading component
of the North Pacific monthly SST anomalies north of
20°N (Mantua et al. 1997; see Fig. 4a). While the KE
SST index given in Fig. 3a shares some similarities with
the PDO index (the two time series are linearly corre-
lated at !0.63), the PDO index lacks the decadal spec-
tral peak detected in the KE SST index. In fact, the
climate noise model provides a better explanation for
the PDO time series than it does for the KE SST time
series (Fig. 4b; see also Pierce 2001). It is worth empha-
sizing that the PDO-related SST anomalies have their
center of action located along 40°N, where the oceanic
circulation variability is less active than along the KE
band (recall Fig. 2b). In the following sections, we ex-
amine how inclusion of the oceanic variability modifies
the SST spectrum in the KE band on the decadal and
longer time scales.

4. Climate noise model for SST with the advective
effect

To understand how oceanic circulation variability
can change the SST signals in the KE band, we explore

two dynamic processes in this section: 1) the upper
ocean’s adjustment to the time-varying atmospheric
forcing, and (2) the SSTs change in the KE band re-
sulting from the changing SSH field.

a. Oceanic adjustment to the changing wind stress
field

It is well established that the large-scale SSH (or,
equivalently, the upper-ocean thermocline) variability
is controlled by baroclinic Rossby wave dynamics. Spe-
cifically, the linear vorticity equation under the long-
wave approximation states
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where h is the SSH anomaly, cR is the speed of the long
baroclinic Rossby waves, g is the gravitational constant,
g% is the reduced gravity, &o is the reference density, f is
the Coriolis parameter, and ' is the anomalous wind
stress vector. Given the wind stress curl data, Eq. (2)
can be easily solved by integration along the baroclinic
Rossby wave characteristic:

FIG. 3. (a) Time series of the monthly SST anomalies averaged in the KE band. (b) Power
spectrum of the SST anomaly time series. Red line indicates the best fit based on a first-order
autoregressive process, climate noise model.
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ability in the North Pacific is the “Pacific decadal oscil-
lation (PDO)” index defined as the leading component
of the North Pacific monthly SST anomalies north of
20°N (Mantua et al. 1997; see Fig. 4a). While the KE
SST index given in Fig. 3a shares some similarities with
the PDO index (the two time series are linearly corre-
lated at !0.63), the PDO index lacks the decadal spec-
tral peak detected in the KE SST index. In fact, the
climate noise model provides a better explanation for
the PDO time series than it does for the KE SST time
series (Fig. 4b; see also Pierce 2001). It is worth empha-
sizing that the PDO-related SST anomalies have their
center of action located along 40°N, where the oceanic
circulation variability is less active than along the KE
band (recall Fig. 2b). In the following sections, we ex-
amine how inclusion of the oceanic variability modifies
the SST spectrum in the KE band on the decadal and
longer time scales.

4. Climate noise model for SST with the advective
effect

To understand how oceanic circulation variability
can change the SST signals in the KE band, we explore

two dynamic processes in this section: 1) the upper
ocean’s adjustment to the time-varying atmospheric
forcing, and (2) the SSTs change in the KE band re-
sulting from the changing SSH field.

a. Oceanic adjustment to the changing wind stress
field

It is well established that the large-scale SSH (or,
equivalently, the upper-ocean thermocline) variability
is controlled by baroclinic Rossby wave dynamics. Spe-
cifically, the linear vorticity equation under the long-
wave approximation states
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where h is the SSH anomaly, cR is the speed of the long
baroclinic Rossby waves, g is the gravitational constant,
g% is the reduced gravity, &o is the reference density, f is
the Coriolis parameter, and ' is the anomalous wind
stress vector. Given the wind stress curl data, Eq. (2)
can be easily solved by integration along the baroclinic
Rossby wave characteristic:

FIG. 3. (a) Time series of the monthly SST anomalies averaged in the KE band. (b) Power
spectrum of the SST anomaly time series. Red line indicates the best fit based on a first-order
autoregressive process, climate noise model.
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ability in the North Pacific is the “Pacific decadal oscil-
lation (PDO)” index defined as the leading component
of the North Pacific monthly SST anomalies north of
20°N (Mantua et al. 1997; see Fig. 4a). While the KE
SST index given in Fig. 3a shares some similarities with
the PDO index (the two time series are linearly corre-
lated at !0.63), the PDO index lacks the decadal spec-
tral peak detected in the KE SST index. In fact, the
climate noise model provides a better explanation for
the PDO time series than it does for the KE SST time
series (Fig. 4b; see also Pierce 2001). It is worth empha-
sizing that the PDO-related SST anomalies have their
center of action located along 40°N, where the oceanic
circulation variability is less active than along the KE
band (recall Fig. 2b). In the following sections, we ex-
amine how inclusion of the oceanic variability modifies
the SST spectrum in the KE band on the decadal and
longer time scales.

4. Climate noise model for SST with the advective
effect

To understand how oceanic circulation variability
can change the SST signals in the KE band, we explore

two dynamic processes in this section: 1) the upper
ocean’s adjustment to the time-varying atmospheric
forcing, and (2) the SSTs change in the KE band re-
sulting from the changing SSH field.

a. Oceanic adjustment to the changing wind stress
field

It is well established that the large-scale SSH (or,
equivalently, the upper-ocean thermocline) variability
is controlled by baroclinic Rossby wave dynamics. Spe-
cifically, the linear vorticity equation under the long-
wave approximation states
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where h is the SSH anomaly, cR is the speed of the long
baroclinic Rossby waves, g is the gravitational constant,
g% is the reduced gravity, &o is the reference density, f is
the Coriolis parameter, and ' is the anomalous wind
stress vector. Given the wind stress curl data, Eq. (2)
can be easily solved by integration along the baroclinic
Rossby wave characteristic:

FIG. 3. (a) Time series of the monthly SST anomalies averaged in the KE band. (b) Power
spectrum of the SST anomaly time series. Red line indicates the best fit based on a first-order
autoregressive process, climate noise model.
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