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Ganeral Summary

Fisheries scientist Speven Hare coined the term "Pacific Decadal Oscillation™ (PDO) in | #96 wivle researching connections betwean Aloska salmaon
production quoles and Pocific cimate, PDO has since been described as a long-ived El Nifie-fke pattern of Pocific cimate variability because the twa climate
pscillations have simitar shaticl cimate finperprints, but vary differer temporal behaviar. Twe main characteristics distinguish PDO from EI MNifio/Southerr
Oscifation {ENSO): first, 20" contury PDO "avents” persisted for 20-t0-30 years, white ivbécal ENSO events persisted for & to 18 manths; secand, the
chmati fingarprints of the PDO are most wisible in the Marth PacficNarth Amarican seclor, while secandary as exist in the tropics - the apbosioe i
true for ENSO. Several independeant studies find evdence for just two il PDO gycies in the past century: “cool” FOO regimes prevalled from [ 890-1 724
and again from [947-1976, while “warm” PO regimes dorminated from | 925-1946 and fram 1977 through (at Teast) the mid-1 990s (Mantue et al
| 997, Minohe |997). Minobae { | 99F) has shown that 20™ century PDO fluciuations were most energatic in two genaral periodicities, ane from [ 5-10-25
years, and the ather from 50-t0-70 years.

Major changes in northeast Pocific marine acosystems hove beern correlated with phase changes in the PDCY warm eras hove sean enhanoed coastal ocean
mg.lcqrpmdm.m::.ﬂh.ﬂ.hﬁkgmd inhibited producivity off the west coost of the cortiguaus Uinited States, while cold PDO eras have seen the opposite
nortfr-south pattern of maring scosysiem productivily

Couses for, ond the petential abilty to predict, PDO are not curmently known, Same cimmle simulation modeds praduce POO-lke oscllations (e.g. Latif and
Bamedt | 994, Gu and Philander | 997), although often for different reasons (NRC | #98). The mechanisms gving rise to PDO will dersrmine whether sl
decades-iong PDO climate predictions are possibie. For exampéy, if POO arises from gir-seo nteroctions that require |0 year ocean adjustment times, ther
aspects of the phenormanan wil (i theory) be predictobie at fead fimes of up to |0 years. Even in the absence of o theoretieal understanding, PDO climate
information improves season-to-seasan and year-loyear climate farecasts for Morth Amarca becouse of its strong tandency for muit-saason and mult-year
persistance. Frem a societal impacts perspective, recognition of PDO is importani because # shows that “normal” cimote conditions cam vary over time
periods comparabie to the lergth of @ human's ifetime .

PDO characteristics, impacts, and importance for climate predictions
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Figure |: Warm phasa PDO surface climate anomalies: (left panel) sea surface temperature anomaly pattern, dashed
contours depict cooler than average temperatures, while solld contours reflect warmer than average temperatures,
contour interval is 0.| degree C: (center panel) atmospheric sea level pressure anomaly pattern, dashed contours |
depict lower than average sea level pressures, while solid contours reflect warmer than average pressures, (Fight |

panel] wind stress anomaly vectors, the longest wind vectors represent a (psewdo)stress of |0 miis?, Afrer Hare et
al 19599,

Typical surface dimate anomaly patterns for warm phases of PDO are shown in Figure 1, 55Ts tend (o be anomalously cool in the central Morth
Pacific coincident with unusually warm sea surface temperatures (557 s) along the west coast of the Americas, PDO sea level pressure (5LF)
ancmalies vary in a wave-like pattern, with low presaures over the Morth Pacific and high 5LP over western Marth America and the subtropical
Pacffic. Thess prassure patterns cause enhanced counterdockwise wind stress over the Morth Pacific. PDO circulation snomalies extend through
the depth of the troposphere, well-expressed as parsistence in the Pacific Morth America (PFNA) teleconnection pattern descrived by Wallace
and Gutzier {1981) (see also Graham 1994, Trenberth 1994, Latif and Barnett 1994, Zhang o o, 1997, Manmua ot al [997).
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Figure 2; October-to-March averaged PDO indices based upon projections of observed Morth Pacific 55T and SLP
patterre anto these shown in Figure |. Positive values indicate warm phases of PDO, while negative values indcate
coal phases of PDO, Index vakses are neerralized for the entre pericd of record shown, Solid curve shaws a 5-

| year running average for each time series. October-to-March averages are used becuse year-o-year FDO

| flucruations are maost energenc during these months.

Tracking PDO varations is typically done with indices constructed from observed Pacific 55T and 5LP patterns. A representative pair of PDO
indices are shown in Figure 2 (see Trenberth 1990, Trenberth and Hurrel |994, Zhang et ol 1997, and Manum et ol 1997). When 55Ts are
anomalously cool in the interior Narth Pacific and warm along the Pacific Coast, and when SLPs are below average over the North Pacific, these
two indices hawe positive values, indicating warm phase PDO conditians. The most notable feature for these indices is their tendency for year-to-
year persistence, with positivefwarm or negatve/cool index values tending to prevad for 20-10-30 year periods. However, within the 20-10-30
year regimes there are several short-lived sign reversals in the indices, including 3 year reversals from [95%- |96 and again from 1989-1991.

The Morth American climare anomalies associated with PDO are broadly similar to those connected with El Nifio and La Nifa, though generally
not as esctreme (Latif and Barnett | 994, Trenberth and Hurredl | #594, Laof and Barnett 1996, Zhang e al. 1997, Mantua ot al. |997), Warm phases
of PDO are correlated with El Nifio-like Morth American temperature and precipitation ancmalies, while cool phases of PDO are correlated
with La Mifia-lke elimate patterns. PDO variability is strongly espressed in reglonal snow pack and stream flow anomalies, especially in western
Marth America (see Cayan 995, Marua of al 1997, Birz and Bartist 1999, Hamnlet and Lettenmeier |999), and may abo influence summer rainfall
and drought in the US (Megam et al. 19%9), A summary of major climate anomalies associated with DO are listed in Table 1.



Table I: summary of Pacific and Nerth Amarican dimate anomalies associated with
extrerme phases of tha PDC,
- EDO
Ocean surface temperatures in the f Above average Balow average
northeastarn and tropical Pacific
October-March northwestern North | Above average Blelow average
American air temparatures |
Qctobar-March Southeastern US air Below average Above average
temparatures I I
Octobar-March southern US/Northern | Above average Balow average i
Mexico predpltation _
== S— |

Cctober-March Morthwestern Morth Below average | Above average
Amaerica and Great Lakes precipitation |
Morthwestern Morth American spring Balow average | Abowe average
tima snow pack and watar year |
(Cectobar-Septambaer) stream flow |

— - ——
Winter and spring time flood risk in the Below averape Above 1verage
Pacific Morthweast

Combining PDO and ENSO information may enhance the skill of empirical Morth American chmate forecasts. ENSO influences on North
Amarican chmate are sirongly dependent on the phase of the PDO, such that the "cancnical” Bl Mifio and La Mifa parterns of North American
elimate anamalies tend to ocour only during years in which ENSO and PDO extremes are “in phase™ {ia with warm PDO coincidert with EI Mifia,
and cool PDO coancident with La Nifia, but not with other combinations) (Gershunoy and Barnert | 999, McCabe and Dettnger | 999).

Impartant changes in Northeast Pacific marine ecosystems have been correlared with the PDO (Francis et ol |996). For example, warm PDO
phases have favored high salmen production in Alaska and low salmon production off the west coast of Californéa, Oregon, and Wasl'r:g?n
states, Conversaly, cool PDO eras have favored low salmon production in Alaska and refatively high salmon production for Casfornia, Oregon,
and YWashington (Hare 1996, Hare &f al 199%).

Much controversy now exsts over how PDO works, and how it might best be monitored, modeled and predicted. The stakes in PDO science
are high, a5 an improved PDO understanding offers even sharper views of the future than those now provided by EMSD science alone.
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