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[1] Most of the long tide gauge records in the North
Atlantic and North Pacific commonly used to estimate
global sea level rise and acceleration display a marked
difference in behavior in the late 1800’s — early 1900’s
compared to the latter half of the 20th century. The rates of
sea level rise tend to be lower in the 19th compared to 20th
century. We show this behavior may be related to long-term,
gyre-scale surface pressure variations similar to those
associated with the Northern Annular Mode. As sea level
pressure increases (decreases) at decadal and longer
timescales at the centers of the subtropical atmospheric
gyres, sea level trends along the eastern margins in each
ocean basin decrease (increase). This is not an isostatic
response; the scaling between local surface pressure and sea
level at interannual and longer timescales is 3 to 6 times
greater than expected by that mechanism. Rather, it appears
to be the result of large, possibly gyre-scale changes in
ocean circulation. Some evidence is also presented
indicating slow, ~2 cm/sec, westward propagation of sea
level changes in the Atlantic from the west coast of Europe
to the east coast of the U.S. which produce the decadal
variability seen there. Citation: Miller, L., and B. C. Douglas
(2007), Gyre-scale atmospheric pressure variations and their
relation to 19th and 20th century sea level rise, Geophys. Res.
Lett., 34, L16602, doi:10.1029/2007GL030862.

1. Introduction

[2] In a recent paper, Church and White [2006] provided
evidence of a 20th century acceleration of Global Sea-Level
Rise. Using tide gauge data to determine the amplitude
changes in a set of empirical orthogonal functions (EOFs)
derived from 12 years of satellite altimeter data, they
produced a reconstruction of global sea level from which
they estimated a 20th century rate of 1.7 £ 0.3 mm/yr and an
acceleration of 0.013 + 0.006 mm/yr®. In their analysis,
much of the acceleration appears to take place between
1910 and 1930. Since the number and distribution of
statistically independent gauges prior to this pivotal time
period is limited (perhaps fewer than 5), it is important to
understand the low-frequency characteristics of the tide
gauge records in the late 19th/early 20th century [Jevrejeva
et al., 2006]. Do they show the same type of decadal and
longer timescale variability as during the second half of
20th century, when the number and distribution of gauges
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increased greatly? Our interest in this problem stems from a
recent paper by one of us [Douglas, 2007], in which very
low-frequency sea level variations are shown to be highly
correlated with local surface atmospheric pressure varia-
tions, but not in terms of an isostatic response. Surprisingly,
this relationship seems to hold over timescales ranging from
interannual to centennial, the latter being the most relevant
to estimating accelerations in sea level rise. Mathers and
Woodworth [2001] have previously documented large var-
iations from isostasy for relative sea levels measured by
some tide gauges, although on shorter timescales. In this
paper, we relate multi-decadal sea level variations to gyre-
scale changes in the atmosphere.

2. Results
2.1. North Atlantic

[3] The tide gauge records of relative sea level (RSL)
from Brest & Cascais (Figure la), two of the longest in
Europe, appear flatter prior to 1900—1920, compared to
later. At Brest, this causes the calculated trend for the 20th
century (1.4 mm/yr) to be about 40% greater than that for
the entire record (1.0 mm/yr). In addition, the early portions
of these records also exhibit relatively large (~4 cm)
decadal variability. In Figure 1b we compare detrended
RSL at Brest with the surface pressure at Brest scaled by
—3.6, a factor corresponding to the ratio of the normalizing
standard deviations (std of detrended RSL divided by std of
detrended SLP). The phase agreement is generally good at
all timescales longer than a decade, including the interval
between 1860 and 1910 when the undetrended RSL appears
relatively flat. Figure 1c shows a similar plot for detrended
RSL at Cascais compared with the local sea level pressure
scaled by the ratio of the normalizing standard deviations,
—4.3 in this case.

[4] The decadal agreement is not as good as at Brest, but
the multi-decadal agreement is quite good, especially in the
late 1800’s—early 1900’s. In both examples, the scaling is
wrong for the RSL signals to be explained by a local Inverted
Barometer (IB) effect, which should scale by —1 cm/mbar
[Gill, 1982], not —3.6 or —4.3. Since the agreement in
Figures 1b and lc is not the result of local forcing, a
reasonable alternative explanation is that it is the indirect
result of large scale atmospheric forcing that also happens to
be reflected in the local SLP.

[s] To test this idea, Figure 2 shows a comparison
between detrended RSL at Cascais and the 1st EOF time
function of SLP for the region 0° to 80°N, 280° to 360°E,
based on the ERSLP gridded analysis [Smith and Reynolds,
2004]. The map inset shows the amplitude of the Ist
empirical orthogonal function (EOF) which, combined with
the time function, accounts for 41% of the total variance. As
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