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1. What is the Pacific Decadal Oscillation (PDO) ?

Significant low-frequency variability of sea surface temperature (SST) anomalies at decadal
and longer time scales has been observed in the North Pacific and has been termed the “Pacific
decadal oscillation” (PDO) (e.g. Mantua et al. 1997). SST anomalies associated with the PDO
exhibit a basin wide horseshoe-like spatial pattern, with one sign in the central and western North
Pacific surrounded by the opposite sign along the west coast of North America.
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3. Life cycle of PDO (CM2.5 FLOR as an example)
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Heat budget analysis of PDO horseshoe SST pattern.
SST, net heat flux (positive downward), surface wind

and wind stress curl evolution during the PDO cycle.

Warm SST in the subpolar (subtropical) region appears
to be advected southward (northward) by the Oyashio
(Kuroshio), leading to a phase flip of PDO. The central
Pacific SST anomaly leads KOE SST anomaly.
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Zonal mean (140°-170°E) temperature, salinity, and KOE axis
evolution during the PDO cycle.

Subsurface western subploar (subtropical) temperature anomaly
leads surface western subpolar (subtropical) SST anomaly.
Surface western subpolar (subtropical) SST anomaly leads KOE

SST anomaly:.
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2. The PDO in GFDL models

(b) CM2.5 FLOR

Spectrum analysis of KOE SST time series
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GFDL model
basically
captures the
observed PDO
spatial pattern.

The PDO 1n all
versions of
GFDL models
has a consistent
time scale of
approximately
20-yr.
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(a) PDO warm phase

1. Subpolar: subsurface becomes warm due to preceding anticyclonic wind

2. Central North Pacific: significant cooling from Ekman southward transport
3. KOE: significant cooling from cold advection from north, south and Rossby wave adjustment
from east, amplified by the positive convective and air-sea feedbacks, but damped by heat flux

4. Subtropics: cooling entrained from the subsurface, amplified by the southward Ekman transport

(b) Transition phase (warm phase to cold phase)
1. Subpolar: subsurface warming upwells to the surface, amplified by the positive convective
feedback and advected southward via Oyashio
2. Central North Pacific: warming from Ekman transport based on wind shift — origin of wind shift

3. KOE: SST begins to warm
4. Subtropics: the subsurface begins to warm due to the preceding anticyclonic wind in the
subtropics, entrained to the surface in the winter season and further advected northward by the

i
Rossby wave

4. Physical mechanisms controlling the life cycle of PDO
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Schematic picture of a full cycle of PDO
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3. KOE: SST begins to be cold

4. Subtropics: the subsurface begins to cool due to the preceding cyclonic wind in the subtropics, 60N
entrained to the surface in the winter season and further advected northward by the Kuroshio

(c) PDO cold phase

1. Subpolar: subsurface becomes cool due to previous cyclonic wind
2. Central North Pacific: warming from northward Ekman transport

3. KOE: warming based on advection from Oyashio, Kuroshio and downwelling Rossby wave induced 20N
warming from east, amplified by the positive convective and air-sea feedbacks, but damped by heat flux
4. Subtropics: warming entrained from the subsurface, amplified by the northward Ekman transport
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5. The role of tropical Pacific air-sea coupling and the PDO decadal time
scale selection
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(b) Coldlseason I(ONDJF[\/’I) Observation
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L. model generally captures the observed

-~ [ North American precipitation variability

«w gssoclated with the PDO, characterized by a wet
= In the southwestern U.S and northern Mexico
during the positive phase of PDO.




