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[1] In 2005, the onset of spring conditions in the physics
of the coastal ocean (lowered sea level, spin-up of
vertically-sheared equatorward coastal jet) came about 50
days later than average off Newport Oregon, on May 24.
There was a further delay of 50 days before the subsurface
upwelled water penetrated into the anomalously stratified
surface layer, becoming most available for biological
activity. The warm anomaly in sea surface temperature
which provided the surface cap was observed at mid-shelf
locations from Washington to central California, but it
ended sooner south of Oregon. Biological impacts of these
delays to several trophic levels have been reported.
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1. Introduction

[2] Over the continental shelf off Oregon, winter condi-
tions are characterized by high coastal sea level, currents
which are northward in the mean, barotropic and highly
variable in time, and isopycnals which are level below the
surface layer. Spring/summer conditions are characterized by
low coastal sea level, currents which are southward at the
surface and significantly sheared in the vertical, and isopyc-
nals which slope upward toward the coast [Huyer et al.,
1978].Huyer et al. [1979] pointed out that the transition from
winter to spring conditions occurred rapidly, seemingly as the
result of one coastal upwelling event driven by local winds,
and that, once the transition has occurred, spring conditions
were very persistent even through moderate reversals of the
wind forcing. They named this phenomenon the ‘‘spring
transition’’. Strub et al. [1987] found that the transition event
had large alongshore length scales (O(1000 km)) on the U.S.
west coast between 37�N and 48�N. The spring transition in
wind forcing off Oregon is not very sharp, with reversals to
downwelling-favorable winds not uncommon in spring and
summer [Huyer et al., 1979; Bane et al., 2005]; Strub and
James [1988] show that it co-occurs with a shift in large-scale
patterns of atmospheric pressure (Lentz [1987] shows that a
sharp transition in wind-forcing does occur during the spring
transition off northern California near 38�N). In discussing
local vs. remote forcing, Huyer et al. [1979] use a volume

budget to conclude that local winds are probably sufficient to
produce the steric height change associated with the spring
transition, while Strub et al. [1987] argue that remote effects,
through coastal trapped wave dynamics, play an important
role.Huyer et al. [1979], introduce the concept of cumulative
Ekman transport in discussing the wind-forced initiation of
the spring transition.
[3] During 1971–2005, the average date for the spring

transition off Newport was April 4, with a standard deviation
of 25 days (Figure 1). The transition dates were estimated by
Bilbao [1999] from Empirical Orthogonal Function (EOF)
modes of adjusted sea level height and large-scale winds
during 1971–1998, and extended here using adjusted sea
level and mid-shelf current shear off Newport, Oregon,
through 2005, which produces similar results.
[4] The spring transition of 2005 was anomalous in the

Pacific Northwest. Off Newport, it arrived on about May 24,
later than normal by 50 days. In addition, although sea level
dropped to its summer level on May 24, and the equator-
ward, vertically-sheared coastal jet developed at the same
time, surface waters over the shelf remained anomalously
warm and fresh for another seven weeks, until mid-July.
There is evidence that these effects cascaded from the lower
through the higher trophic levels including phytoplankton
[Thomas and Brickley, 2006; Hickey et al., 2006], zoo-
plankton (D. L. Mackas et al., Zooplankton anomalies in the
northern California Current system before and during the
warm ocean conditions of 2005, submitted to Geophysical
Research Letters, 2006; C. Newell and T. J. Cowles, Unusual
gray whale Eschrichtius robustus feeding in the summer of
2005 off the central Oregon coast, submitted to Geophysical
Research Letters, 2006), intertidal mussels and barnacles
(J. A. Barth et al., The strange summer of 2005: Delayed
coastal upwelling severely depresses the base of coastal
ecosystems in the northern California Current, submitted to
Nature, 2006) (hereinafter referred to as Barth et al.,
submitted manuscript, 2006), fish [Brodeur et al., 2006]
and birds (W. J. Sydeman et al., Planktivorous auklet
Ptychoramphus aleuticus responses to the anomaly of
2005 in the California Current, submitted to Geophysical
Research Letters, 2006).
[5] In the following, we will examine time series of sea

level, wind forcing, mid-shelf currents, hydrography, and
surface- and bottom-temperature to characterize the anoma-
lous spring transition of 2005 off Newport, Oregon, and in
surrounding waters.

2. 2005 Spring Transition in the Physical Fields

[6] The Newport Hydrographic Line, at 44� 39.10N, was
sampled for water properties at one- to two-month intervals
during 1961–1971; regular sampling was renewed in 1997
at approximately quarterly intervals [Smith et al., 2001;
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