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[1] Long-term changes in global mean sea level (MSL) rise have important practical
implications for shoreline and beach erosion, coastal wetlands inundation, storm surge
flooding, and coastal development. Altimetry since 1993 indicates that global MSL

rise has increased about 50% above the 20th century rise rate, from 2 to 3 mm yr '. At the
same time, both tide gauge measurements and altimetry indicate virtually no increase
along the Pacific coast of North America during the satellite epoch. Here we show that the
dynamical steric response of North Pacific eastern boundary ocean circulation to a
dramatic change in wind stress curl, 7, which occurred after the mid-1970s regime shift,
can account for the suppression of regional sea level rise along this coast since 1980.
Alarmingly, mean 7, over the North Pacific recently reached levels not observed since
before the mid-1970s regime shift. This change in wind stress patterns may be
foreshadowing a Pacific Decadal Oscillation regime shift, causing an associated persistent
change in basin-scale 7, that will result in a concomitant resumption of sea level rise
along the U.S. West Coast to global or even higher rates.
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1. Introduction

[2] Tide gauge estimates of sea level trends vary globally,
depending on the ocean basin, local subsidence or uplift,
and whether along eastern or western boundaries [Barnett,
1983]. Since the early 1990s, satellite altimeter measure-
ments have provided global coverage of sea level height
spatial variability as well as better estimates of global mean
sea level (MSL) rise, confirming the basin dependence
determined with tide gauges. Recently, much of the uncer-
tainty [e.g., Barnett, 1984; Munk, 2002] associated with the
magnitude and the underlying causes of the rate of global
MSL rise has been resolved [e.g., Domingues et al., 2008].
Numerous studies have investigated global MSL rise [e.g.,
Church and White, 2006; Douglas et al., 2001], with esti-
mates of global MSL rise of about 1-2 mm yr ' over the
20th century [Intergovernmental Panel on Climate Change,
2008]. Tide gauge records along the U.S. West Coast gen-
erally show consistent increasing trends over much of the
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20th century (Figure 1) that are close to estimates of the rate
of global MSL rise. Satellite altimetry indicates that global
MSL rise has increased to about 3 mm yr ' since the early
1990s [Cazenave and Nerem, 2004], but trends along the
west coast of North America estimated from tide gauge
measurements, confirmed by satellite altimetry since 1992,
indicate that coastal sea levels have remained approximately
stationary since about 1980 (see Figures 1 and 2). Here we
investigate the unexplained difference between global MSL
and sea level rise along the U.S. West Coast.

[3] Increases and decreases in the North Pacific subtrop-
ical and subarctic (Alaskan) gyre circulation, such as those
resulting from changes in forcing associated with the Pacific
Decadal Oscillation (PDO) [Mantua et al., 1997; Mantua and
Hare, 2002; Cummins and Freeland, 2007], may account for
a significant portion of both the interdecadal-scale modula-
tion and decadal trends in regional or relative sea level (RSL)
observed at coastal tide gauges along the North Pacific
eastern boundary. In this study, RSL refers to regional fluc-
tuations in sea level height (SLH) at interannual and longer
time scales. Interdecadal fluctuations and longer trends in
RSL in specific ocean basins are affected by thermocline
depth changes associated with wind-forced changes in ocean
circulation [Reid and Mantyla, 1976; Sturges and Hong,
1995]. In the North Pacific, Firing et al. [2004] showed
that sea level at Hawaii is related to basin-scale sea level
variability forced by wind stress curl and linked to Rossby
wave thermocline fluctuations and circulation, but they did
not address the important coastal variability that has the
greatest societal impact.
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