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Is There Evidence of 'Fingerprints' in North Atlantic
Tide Gauge Records?
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Introduction
Sea level does not change the same everywhere, for a variety of reasons.
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No evidence of significant latitudinal variation in steric rate

Comparison made of altimetry period to long term rate

Gravitational models (e.g. Mitrovica et al., 2001; 2011) predict decreasing rate change
with increasing northward latitude.

North Atlantic region compared with global results

In contrast, the tide gauge analysis here shows an increase in rate (acceleration) since
1948 which increases with increasing northward latitude.
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Suggests pattern of rate increase is due to changes in circulation related to wind stress
(e.g. Lozier et al, 2008; Merrifield et al, 2011)
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Figure 3 | Dependency of SLRDs on time series lengths for averages of
NEH gauges. Confidence limits are ±2 and account for serial correlation.
All SLRDs were found for start years (on x axis) to 2009. The most recent
start year was 1970, yielding a 40-yr time series; the oldest was 1894,
yielding a 115-yr series. The numbers of gauges used in each average are
indicated by the colour code. Recent SLRDs are based on averages using up
to 21 gauges; the oldest are based on as few as one gauge, NYC.

“Hotspot” of sea level change consistent with Sallenger et al (2012) but appears to be
part of broader pattern.

Altimetry period (1992-2009)
Errors are ±1 S.E.

Mean rate:
Altimetry and tide gauges are similar

Summary and Conclusions

Steric change is lower rate but similar in form

south. Observed SLRDs were not statistically different from zero
south of Cape Hatteras, where the small modelled estimates
of SLR were probably undetectable in gauge data. Modelled
NEHs generally extended, with variations, north to Newfoundland.
Observed NEH varied in northward extent depending on window
length; the 40-yr. SLRDs extended the farthest north in closest
agreement with models.
The authors of ref. 3 used model results to localize dynamic SLR
anomalies for New York City (NYC), projecting 15, 20 and 21 cm
for scenarios B1, A1B and A2 by 2100 (relative to 1981–2000) with
ensemble means of multiple models. Using estimates of global steric
SLR, they found dynamic plus steric for each scenario, yielding SLRs
of 51, 47 and 36 cm. For low-emission scenario model runs (RCP3PD and RCP4.5), ref. 7 found dynamic plus steric SLR for the
vicinity of NYC of 24 and 36 cm. These projections are comparable
to the twenty-first century extrapolations from our NYC 60-yr
SLRD of ⇠20 cm and our 40-yr SLRD of ⇠29 cm (assuming no
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Change in rate (2001:2009-1993:2001):
Altimetry has negative change in rate

‣178 tide gauges with global coverage selected from PSMSL’s Revised Local
‣At least 70% complete in every decade from 1948 to 2009.
‣The North Atlantic has 68 gauges.

Reconstructions of steric change since 1950 show no significant change in rate with
latitude.
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America. Circles are colour-coded to reflect computed SLRDs; no colour fill
indicates SLRDs that are not statistically different from zero. Confidence
limits are ±1 and account for serial correlation; 50- and 40-yr time series
results are shown in Supplementary Fig. S3.

Reference set

As in North Atlantic tide gauges increase in rate with latitude

Difference in rate calculated between 1st and 2nd halves of record
(1979:2009-1948:1978) constrained by intersection of rates at mid-point

Number of
gauges

Tide gauges provide Figure
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change.
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| SLRDs for 60-yr time series at gauge locations across North

The authors of ref. 16 reported ‘little regional dependence’
of SLR acceleration in the US counter to our detection of a
NEH. They found mean negative acceleration for 57 US gauges,
including 17 in our observed NEH. Fitting a single quadratic
equation for the entire time series available at each station, they
calculated average accelerations from gauges having record lengths
from 60 to 156 yr and compared them. The spatially averaged
SLRDs (and accelerations) in NEH are, however, dependent on
time-series length (Fig. 3 and Supplementary Fig. S4). Statistically
significant positive SLRDs were detectable in 40-yr (1970–2009)
to 72-yr (1938–2009) windows. SLRDs for windows longer than
72 yr were not significantly different from zero. Seventy-six per cent
of the NEH data from ref. 16 were longer than 72 yr. By using
variable record lengths, their results are biased towards SLRDs not
statistically different from zero, masking the observed NEH.
The observed NEH is similar to the modelled NEH projected for
the end of the twenty-first century2–4 and later1 . A robust prediction
across all models is for significantly greater SLR north of Cape
Hatteras in agreement with the observed NEH. Using IPCC scenario
A1B, ref. 2 projected 0.1–0.15 m dynamic SLR (over ⇠100 yr) along
the coast north of Cape Hatteras and 0.05–0.1 m south. Using the
ensemble mean of ten IPCC Assessment Report 4 models also
running scenario A1B, ref. 3 reported 0.15–0.2 m dynamic SLR (by
about 2100) along the coast north of Cape Hatteras and 0.0–0.05 m

Change in rate (1979:2009-1948:1978):
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Spatially averaged in 20 zonal bands (c.f. Merrifield et al, 2009)
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Figure 1 | Spatial variations of SLRD on the North American east coast. Each circle represents a gauge location and is colour-coded to reflect SLRD. Circles
with no colour fill are not statistically different from zero. Confidence limits are ±1 and account for serial correlation. More gauges were available for plots
that show results from shorter time series. a, 1950–2009. b, 1960–2009. c, 1970–2009.
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‣Or is it due to steric changes?
‣Is there an identifiable pattern of sea level change related
to mass changes?
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Change in rate (2001:2009-1993:2001):
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Sallenger et al (2012) recently identified a “hotspot” on the east coast of the US where the
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rate of sea level change
has increased over the past 60 years.
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Errors are ±1 S.E.

Here we show evidence of recent changes in the latitudinal pattern of sea
level change from global and North Atlantic tide gauges. These gauges show
a latitudinal pattern of sea level change over the past 60 years which is
indicative of an acceleration in the rate of sea level rise but is inconsistent
with a dominant role for either melting ice or steric changes.

“Hotspots”

a

Altimetry period (1992-2009)

Sea level is rising but clear evidence of an increase in the rate of rise has
proved elusive. Recent observations have suggested that there has been a
marked increase in the rate of Greenland melting. Increased melting from
high latitudes should produce an identifiable pattern of sea level change
('fingerprints') that may provide evidence of an acceleration in the rate of sea
level rise.

Melting of large ice masses produces a spatial pattern of sea level change due to the
alteration of the Earth’s gravitational field - the geoid (e.g. Mitrovica et al., 2001; 2011).
This pattern of sea level change has been dubbed “fingerprints”.

‣Is this “hotspot” related to the gravitational effect of mass

Global

Abstract

In the open ocean, most variability on inter-annual timescales is driven by variations in
temperature and salinity, that is, steric sea level. Adding mass to the ocean has no effect
on dynamics.

Results II
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1, 2

Tide gauges more variable than altimetry or steric

• Tide gauges show increase in rate over past 60 years globally and in North Atlantic.
• Rate increase has latitudinal pattern which increases northwards from the equator.
• Increasing ice melt should lead to decreasing rate with increasing latitude
• No evidence of increase in steric rate with latitude
• Suggests tide gauges are not detecting “fingerprints”
‣Increase due to ocean circulation changes.
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Full period (1948-2009)

Steric data is based on Smith and Murphy (2007) updated to 2009.
Mean rate change [mm/yr]
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