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The “North Pacific Index” (NPI) is the area-averaged sea level pressure (SLP) 
for the region 30°–65°N, 160°–140°W. 

Negative values correspond to a deeper-than-normal Aleutian low-pressure 
system. Opposite conditions obtain for positive values.
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1. Coupled ocean–atmosphere interactions within the North Pacific (Latif and Barnett 1996;

Robertson 1996) and with extensions to the tropical Pacific via an atmospheric bridge (Barnett

et al. 1999)

2. Air–sea interaction within the subtropical Pacific, with atmospheric teleconnections to the

North Pacific as a by-product (Knutson and Manabe 1998; Kleeman et al. 1999; McPhaden

and Zhang 2002; Nonaka et al. 2002; Vimont et al. 2001; Liu et al. 2002)

3. Extratropical–tropical interactions via an equatorward subsurface oceanic pathway and a

return atmospheric bridge (Gu and Philander 1997; Deser et al. 1996; Schneider et al. 1999)

4. Climate noise due to the integrating effect of stochastic atmospheric variability by the North

Pacific Ocean mixed layer (Pierce et al. 2001; Newman et al. 2003) and the thermocline

(Frankignoul et al. 2000)

Deser et al. 2004 JC

Q: What are the origins of interdecadal fluctuations in North Pacific? How does tropical and extratropical ocean interact?

Several hypotheses have been proposed:
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1. Coupled ocean–atmosphere interactions within the North Pacific

Decadal variability over the North Pacific is based on a cycle involving unstable ocean–atmosphere

interactions. The cycle involves the two major circulation regimes: the subtropical ocean gyre and the

Aleutian low

• Strong subtropical ocean gyre → warm tropical waters

transported poleward by the Kuroshio → positive SST

anomaly in the North Pacific

• The atmospheric response consists of weakened Aleutian low

→ a wind stress curl anomaly that spins down the subtropical

ocean gyre → reduces the poleward heat transport and the

initial SST anomaly.

The vertical component of the curl of the surface wind stress ∂τy /∂x -
∂τx /∂y (with x and y eastward and northward coordinates, and τx ,
τy the corresponding components of the surface stress).

Latif and Barnett 1996 JC



Atmospheric variability intrinsic to mid-
latitudes (IMAV) 

Net surface heat flux (positive - downward)

2. Air–sea interaction within the subtropical Pacific with the direction change of the 

interaction

Vimont et al. 2001 GRL



2. Air–sea interaction within the subtropical Pacific with the direction change of the 

interaction



3. Extratropical–tropical interactions via an equatorward subsurface oceanic pathway 

and a return atmospheric bridge 

Gu and Philander 1997 Science

Ocean models provide information about the pathways of water parcel:

The warm conditions over the tropical Pacific during the early 1990s can be attributed to an interdecadal 

climate fluctuation that involves changes in the equatorial thermocline arising as a result of an influx of 

water with anomalous temperatures from higher latitudes.

The paths of water parcels over a period of 16 years after
subduction off the coasts of California and Peru as
simulated by means of a realistic oceanic general circulation
model forced with the observed climatological winds.

From the colors, which indicate the depth of parcels, it is
evident that parcels move downward, westward, and
equatorward unless they start too far to the west off
California, in which case they join the Kuroshio Current.
Along the equator they rise to the surface while being
carried eastward by the swift Equatorial Undercurrent.



3. Extratropical–tropical interactions via an equatorward subsurface oceanic pathway 

and a return atmospheric bridge 

Gu and Philander 1997 Science

Increase in equatorial temperatures → drop in extratropical surface
temperature due to an intensification of the extratropical westerly
winds and enhanced evaporation.

Increased latitudinal temperature difference → poleward transport
of heat that halts both the warming of the tropics and the cooling
of the extratropics → equilibrium state that persists for a long time



Alexander and Deser 1995 JPO

4. Climate noise due to the integrating effect of stochastic atmospheric variability by the 

North Pacific Ocean mixed layer



4. Climate noise due to the integrating effect of stochastic atmospheric variability by the 

North Pacific Ocean mixed layer 

Newman et al. 2003 JC

Annual cycle of cross correlation between ENSO and 

the PDO. The PDO leads ENSO for positive lags; 

ENSO leads the PDO for negative lags.

A growing ENSO forces the PDO in summer, 

the subsequent mature phase of ENSO forces 

the PDO in the following winter/spring, and 

this North Pacific SST anomaly then persists 

into the early part of the following summer.



• 1. Coupled ocean–atmosphere interactions

• 2. Footprinting and recurrence (mixed layer) mechanisms

• 3. Equatorward subsurface oceanic pathway (thermocline) 

Take home message


