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Storm surges take place in a context of 
sea-level change
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Kemp & Horton (2013) estimates of the contribution 
of historical sea-level rise to flooding at the Battery
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dating results to provide downcore age estimates at 1-cm
intervals with uncertainties (95% confidence interval) of
!4 to !29 years. The lowest age marker in BB1 is 1827 at
41 cm. To include the 1788 hurricane, sample age was
modelled an additional 8 cm beyond the lowest dated
horizon (Fig. 3B, C).
The Barnegat Bay RSL reconstruction shows a 56! 4 cm

RSL rise since 1788 and agrees with the tide-gauge record
from The Battery as evidenced by the measurements lying
within the margins of the reconstruction (Fig. 3C). This
agreement suggests that there was minimal difference in the
rate of glacio-isostatic adjustment (GIA) between the two sites
and that local-scale factors were not dominant drivers of RSL
change. The contribution of GIA was estimated for The
Battery by the ICE6G-VM5b model, which shows an im-
proved fit to Holocene RSL reconstructions for the New Jersey
and New York regions compared with alternative models
(Engelhart et al., 2011). For the period under consideration, a
linear rate of GIA (0.66mm a"1) was assumed from model
predictions (Fig. 3D). Therefore, the estimated contribution
from GIA to RSL change between the 1788 hurricane and
Hurricane Sandy in 2012 is 15 cm (Fig. 4). Alternatively,
Holocene RSL reconstructions in the New York City region
estimate that GIA and other processes causing land-level
change contributed 1.2! 0.1mm a"1 equating to 25–29 cm
of RSL rise (Engelhart et al., 2009).
RSL rise since 1788 made a relatively small contribution to

flood heights attained during subsequent hurricanes (Fig. 4).
The RSL rise of 56 cm between the 1788 hurricane and
Hurricane Sandy in 2012 equates to approximately one-third

of modern great diurnal tidal range at The Battery. The timing
of a hurricane’s arrival in the cycle of astronomical tides
remains a more important factor in the flooding hazard faced
by New York City. The role of future climate change in
governing storm-surge height is widely debated (Knutson
et al., 2010), but modelling predicts that storm-surge heights
will increase during the 21st century in New York City
(Lin et al., 2012). There is high confidence that sea-level rise
will continue in the 21st century (Bindoff et al., 2007;
Rahmstorf, 2007) and that GIA will continue at its current
rate. Consequently, RSL rise will reduce the return interval of
flooding in New York City and the water level associated
with any given frequency will grow (Tebaldi et al., 2012). For
example, Lin et al. (2012) estimated that 1m of sea-level rise
by 2100 would cause current 100-year flood events to occur
every 20 years. As damage is governed by water levels
(including waves) that exceed physical thresholds (e.g. sea
walls), the relationship between flood height and damage is
non-linear. Therefore, incremental RSL rise will increase the
likelihood of extensive damage during future hurricanes in
New York City, independent of whether hurricanes produce
larger or more frequent storm surges (Lin et al., 2012; Tebaldi
et al., 2012).

Concluding remarks

The changing height of flooding attained during historical
hurricanes is the product of storm-surge height, timing in the
astronomical tidal cycle and RSL change. The contribution of
these factors was estimated for seven historical hurricanes

storm tidestorm surgetide

cumulative sea-level rise cumulative glacio-isostatic adjustment
(ICE6G-VM5b; 0.66 mm a-1)
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Figure 4. Estimated contributions to flood heights in New York City for notable historical hurricanes. For 1938, 1960, 1985 and 2012 hurricanes
storm surge and tide heights were measured at The Battery tide gauge. The negative tidal contribution for Hurricane Gloria in 1985 reflects a
maximum measured storm tide that occurred on an astronomical tide below contemporary mean tide level (MTL). Storm tides for earlier, pre-
instrumental hurricanes are the estimates of Scileppi and Donnelly (2007) and represent the net effect of storm-surge height and astronomical
tides. The 1788 hurricane is used as an arbitrary zero point for relative sea level. The cumulative contribution from glacio-isostatic adjustment was
estimated using the ICE6G-VM5b model and subtracted from RSL reconstructed at Barnegat Bay to provide the sea-level rise contribution. This
figure is available in colour online at wileyonlinelibrary.com.

Copyright # 2013 John Wiley & Sons, Ltd. J. Quaternary Sci., Vol. 28(6) 537–541 (2013)
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Dominant factors in global sea level rise:
1. Thermal Expansion
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Chapter 10 Global Climate Projections
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10.7.2 Climate Change Commitment to Year 3000 
and Beyond to Equilibrium
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Figure 10.34. (a) Atmospheric CO2, (b) global mean surface warming, (c) sea level rise from thermal expansion and (d) Atlantic meridional overturning circulation (MOC) 
calculated by eight EMICs for the SRES A1B scenario and stable radiative forcing after 2100, showing long-term commitment after stabilisation. Coloured lines are results 
from EMICs, grey lines indicate AOGCM results where available for comparison. Anomalies in (b) and (c) are given relative to the year 2000. Vertical bars indicate ±2 standard 
deviation uncertainties due to ocean parameter perturbations in the C-GOLDSTEIN model. The MOC shuts down in the BERN2.5CC model, leading to an additional contribution to 
sea level rise. Individual EMICs (see Table 8.3 for model details) treat the effect from non-CO2 greenhouse gases and the direct and indirect aerosol effects on radiative forcing 
differently. Despite similar atmospheric CO2 concentrations, radiative forcing among EMICs can thus differ within the uncertainty ranges currently available for present-day 
radiative forcing (see Chapter 2).

Meehl et al. (2007)
Compare observed thermal expansion of about
1.0 mm/yr from 1983-2003 (Domingues et al., 2008)
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Dominant factors in global sea level rise:
II. Glacier and ice sheet melt

Lemke et al. (2007); Bamber et al. (2001); Lythe et al. (2001)

Total Hazard

Non-polar glaciers and ice caps 0.26 ± 0.11 m

Greenland & Antarctic glaciers and ice caps 0.46 ± 0.17 m

Greenland Ice Sheet 7 m

West Antarctic Ice Sheet 5 m

East Antarctic Ice Sheet 52 m

Maps by P. Fretwell (British Antarctic Survey)
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Road map
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• Why does regional sea level differ from global sea level?

• What sort of regional sea level variations do we see?

• How can we incorporate these into projections?

• [How can understanding past sea level help us move beyond 
informed expert judgment for projecting ice sheet behavior?]



Why does regional sea level differ 
from global mean sea level?
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Global Sea Level change
is not the same as local sea level change

12

• Ocean dynamic effects
• Mass redistribution effects: Gravitational, elastic and rotational
• Natural and groundwater withdrawal-related sediment compaction
• Long term: Isostasy and tectonics



Global Sea Level change
is not the same as local sea level change

• Ocean dynamic effects
• Mass redistribution effects: Gravitational, elastic and rotational
• Natural and groundwater withdrawal-related sediment compaction
• Long term: Isostasy and tectonics

Yin et al. (2009)
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Figure 3 | Dynamic sea levels in the GFDL CM2.1. a, Observation11 (1992–2002). b, Simulation (1992–2002). c–e, Projected anomalies (2091–2100
relative to 1981–2000) in the A2 (c), A1B (d) and B1 (e) scenarios. f, The dynamic sea-level change induced by an idealized 0.1 Sv freshwater input
(water-hosing) into 50�–70� N of the Atlantic for 100 years (the mean of years 2091–2100 compared with the control). In the water-hosing run, radiative
forcing is kept constant at the 1990 level and the global mean SLR induced by the global ocean mass increase is removed. The AMOC weakens by 37%
over 100 years.

scenario independent. The maximum dynamic SLR occurs east of
Newfoundland, with significant rises extending to the coastal region
north of Cape Hatteras.

The dynamic SLR is mainly a result of the cessation of the deep
convection and deep-water formation in the Labrador Sea, and the
slowdown of the subpolar gyre. During 1981–2000, vigorous deep
convection occurs in the Labrador Sea, which can reach more than
1,000m depth (see Supplementary Fig. S4). Owing to ocean surface
warming and freshening, the deep convection in the Labrador Sea
shuts down by the end of the twenty-first century in all three
scenarios. Compared with other sites, the deep convection in the
Labrador Sea is very sensitive to the anomalies of the thermohaline
fluxes5, which probably results from positive feedbacks operating
in this region12. The subpolar gyre weakens significantly with
a northeastward shift of the barotropic (vertically independent)
streamfunction pattern (see Supplementary Fig. S4). A fall of the

dynamic sea level in the subtropical gyre and aNorthAtlantic dipole
pattern13,14 are also evident in Fig. 3c–e.

The dynamic SLR on the northeast coast of the United States
is closely related to the horizontal gradient of the steric SLR
and mass redistribution in the ocean (Fig. 4). In addition to
global thermal expansion, the weakening of the formation and
southward propagation of North Atlantic DeepWater causes a deep
warming and extra steric SLR along the route of the deep western
boundary current (Fig. 4a). From the maximum rise of about
0.35m east of Newfoundland, the magnitude of this steric SLR
reduces southward. In contrast, the steric SLR on the continental
shelf is small owing to the shallow water column. The sharp steric
SLR gradient across the shelf break (near the zero contour lines
in Fig. 4) cannot be balanced by geostrophic currents, therefore
leading to an increase in mass loading near the northeast coast
of the United States (Fig. 4b). At Boston, New York City and

NATURE GEOSCIENCE | ADVANCE ONLINE PUBLICATION | www.nature.com/naturegeoscience 3

SSH, 1992-2002
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Global Sea Level change
is not the same as local sea level change

Projected dynamic 
sea level anomalies 

from changes in 
the Atlantic 
Meridional 

Overturning 
Circulation in A1B 

in 2091-2100, 
relative to 
1981-2000
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Figure 3 |Dynamic sea levels in the GFDL CM2.1. a, Observation11 (1992–2002). b, Simulation (1992–2002). c–e, Projected anomalies (2091–2100
relative to 1981–2000) in the A2 (c), A1B (d) and B1 (e) scenarios. f, The dynamic sea-level change induced by an idealized 0.1 Sv freshwater input
(water-hosing) into 50�–70� N of the Atlantic for 100 years (the mean of years 2091–2100 compared with the control). In the water-hosing run, radiative
forcing is kept constant at the 1990 level and the global mean SLR induced by the global ocean mass increase is removed. The AMOC weakens by 37%
over 100 years.

scenario independent. The maximum dynamic SLR occurs east of
Newfoundland, with significant rises extending to the coastal region
north of Cape Hatteras.

The dynamic SLR is mainly a result of the cessation of the deep
convection and deep-water formation in the Labrador Sea, and the
slowdown of the subpolar gyre. During 1981–2000, vigorous deep
convection occurs in the Labrador Sea, which can reach more than
1,000m depth (see Supplementary Fig. S4). Owing to ocean surface
warming and freshening, the deep convection in the Labrador Sea
shuts down by the end of the twenty-first century in all three
scenarios. Compared with other sites, the deep convection in the
Labrador Sea is very sensitive to the anomalies of the thermohaline
fluxes5, which probably results from positive feedbacks operating
in this region12. The subpolar gyre weakens significantly with
a northeastward shift of the barotropic (vertically independent)
streamfunction pattern (see Supplementary Fig. S4). A fall of the

dynamic sea level in the subtropical gyre and aNorthAtlantic dipole
pattern13,14 are also evident in Fig. 3c–e.

The dynamic SLR on the northeast coast of the United States
is closely related to the horizontal gradient of the steric SLR
and mass redistribution in the ocean (Fig. 4). In addition to
global thermal expansion, the weakening of the formation and
southward propagation of North Atlantic DeepWater causes a deep
warming and extra steric SLR along the route of the deep western
boundary current (Fig. 4a). From the maximum rise of about
0.35m east of Newfoundland, the magnitude of this steric SLR
reduces southward. In contrast, the steric SLR on the continental
shelf is small owing to the shallow water column. The sharp steric
SLR gradient across the shelf break (near the zero contour lines
in Fig. 4) cannot be balanced by geostrophic currents, therefore
leading to an increase in mass loading near the northeast coast
of the United States (Fig. 4b). At Boston, New York City and

NATURE GEOSCIENCE | ADVANCE ONLINE PUBLICATION | www.nature.com/naturegeoscience 3

Yin et al. (2009)
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• Ocean dynamic effects
• Mass redistribution effects: Gravitational, elastic and rotational
• Natural and groundwater withdrawal-related sediment compaction
• Long term: Isostasy and tectonics



Global Sea Level change
is not the same as local sea level change
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• Ocean dynamic effects
• Mass redistribution effects: Gravitational, elastic and rotational
• Natural and groundwater withdrawal-related sediment compaction
• Long term: Isostasy and tectonics



Global Sea Level change
is not the same as local sea level change
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Not to scale!
Farrell & Clark (1976), after Woodward (1888)

• Ocean dynamic effects
• Mass redistribution effects: Gravitational, elastic and rotational
• Natural and groundwater withdrawal-related sediment compaction
• Long term: Isostasy and tectonics



Mitrovica et al. (2011)

WAIS
~1.1x

West Antarctica Greenland

Gravitational-Elastic-Rotational Fingerprints of
Greenland and WAIS melting, per meter GSL rise

Global Sea Level change
is not the same as local sea level change
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• Ocean dynamic effects
• Mass redistribution effects: Gravitational, elastic and rotational
• Natural and groundwater withdrawal-related sediment compaction
• Long term: Isostasy and tectonics



Global Sea Level change
is not the same as local sea level change
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Figure 4. Global predictions of the present-day rate of change of relative sea level (mm yrx1; positive denotes sea-level rise). (a) is the prediction for
the case of a non-rotating earth, (b) is the signal due to variations in the Earth’s rotation, and (c) is the total signal (i.e. a+b) predicted for a rotating
planet. The scale at the bottom of the plot extends fromx0.8 to 0.6 mm yrx1. The deep red and blue evident in the near-field (polar) regions of (a) and
(c) are off this scale, and in these areas the colours provide only a measure of the geometry of the rebounding regions (red) and subsiding peripheral
bulges (blue). The colour scale is chosen so as to encompass the ‘rotation’ signal and to focus on the pattern of relative sea-level change in the far field,
beyond the main peripheral bulges.

Glacial isostatic adjustment on a rotating earth 567

# 2001 RAS, GJI 147, 562–578

Sea-level rise due to GIA (mm/y)

Mitrovica et al., 2001

• Ocean dynamic effects
• Mass redistribution effects: Gravitational, elastic and rotational
• Natural and groundwater withdrawal-related sediment compaction
• Long term: Isostasy and tectonics



GIA models agree to about 30% (−1.59 mm yr−1 for Peltier
and −1.27 mm yr−1 for Paulson et al). This difference is
almost entirely due to different secular rates for the degree 2,
order 1 Stokes coefficients ( _C21, _S21) predicted by the two
models. If those terms (and the global mean and degree 1
terms in Peltier’s model) are excluded, the ocean mass cor-
rections become −1.16mmyr−1 for Peltier and −1.24mmyr−1

for Paulson et al., a difference of only 4%. Note that
removing the ( _C21, _S21) contributions reduces the Peltier
correction by 27%, but only reduces the Paulson et al.
correction by about 2%. The reason is that those terms
constitute a much larger fraction of the total geoid rate in
Peltier’s model than in Paulson et al.’s model (Figure 1).
[14] Figure 1a shows the mapped geoid rate obtained from

6 years of GRACE data, with GLDAS hydrology and the
ocean dealiasing model removed. Figures 1b and 1c show the
same GRACE results but after removing the Paulson et al.
and Peltier models, respectively. Clearly, the Paulson et al.

model predicted geoid rates are closer to the rates observed by
GRACE (after removing modeled ocean and hydrology
trends). In fact, Figure 1c shows that the removal of Peltier’s
model introduces large secular geoid trends over central Asia,
the eastern United States, and the southern ocean, which are
not present in the uncorrected GRACE results. It is the
average of those features over the global ocean that is
responsible for most of the 30% difference between the
Paulson et al. and Peltier ocean mass values (after the mean
and degree 1 terms have been removed from Peltier’s model).
[15] The four anomalous features visible in Figure 1c

come from the large ( _C21, _S21) coefficients in Peltier’s
model. If Peltier’s values for these coefficients are correct,
some non‐GIA mechanism(s) would have to be producing
those four features. This issue was discussed in general
terms by Peltier and Luthcke [2009], who suggested that
perhaps present‐day changes in land ice have been pro-
ducing ( _C21, _S21) values that offset Peltier’s GIA cor-

Figure 1. Secular trends in geoid from August 2002 until November 2009 observed by (a) GRACE,
(b) GRACE corrected for the Paulson et al. GIA model, and (c) GRACE corrected for the Peltier GIA
model. (d) Same as Figure 1c, but degree 2, order 1 terms in Figure 1c have been scaled to remove the
effects of polar wander feedback. (e) Same as Figure 1c, but degree 2, order 1 values have been replaced
with values that are consistent with the polar wander rates of Peltier and Luthcke [2009]. For details of
calculations, see text.

CHAMBERS ET AL.: OCEAN MASS FROM GRACE AND GIA B11415B11415
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Geoid trends inferred from GRACE, 2002-2009

Chambers et al. (2010)
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What sort of regional variations do 
we see?

20



What do we actually see?

21

1900 1950 2000

−100

0

100

200

300

400

500

600

m
m

NEW YORK

1900 1950 2000

−100

0

100

200

300

400

500

600

m
m

ATLANTIC CITY

Purple:  Church & White (2011) GSL
Blue: Tide gauge data
Green: Long-term sea-level signal

~1.3 mm/y GIA
An additional ~1 mm/y on the shore
Interannual variability of ~10 cm



Local long-term ~linear sea-level anomaly rate (mm/y)
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Hotspot of accelerated sea-level rise on the
Atlantic coast of North America
Asbury H. Sallenger Jr*, Kara S. Doran and Peter A. Howd

Climate warming does not force sea-level rise (SLR) at the
same rate everywhere. Rather, there are spatial variations of
SLR superimposed on a global average rise. These variations
are forced by dynamic processes1–4, arising from circulation
and variations in temperature and/or salinity, and by static
equilibrium processes5, arising from mass redistributions
changing gravity and the Earth’s rotation and shape. These sea-
level variations form unique spatial patterns, yet there are very
few observations verifying predicted patterns or fingerprints6.
Here, we present evidence of recently accelerated SLR in a
unique 1,000-km-long hotspot on the highly populated North
American Atlantic coast north of Cape Hatteras and show
that it is consistent with a modelled fingerprint of dynamic
SLR. Between 1950–1979 and 1980–2009, SLR rate increases
in this northeast hotspot were ⇠3–4 times higher than the
global average. Modelled dynamic plus steric SLR by 2100
at New York City ranges with Intergovernmental Panel on
Climate Change scenario from 36 to 51 cm (ref. 3); lower
emission scenarios project 24–36 cm (ref. 7). Extrapolations
from data herein range from 20 to 29 cm. SLR superimposed
on storm surge, wave run-up and set-up will increase the
vulnerability of coastal cities to flooding, and beaches and
wetlands to deterioration.

We test the hypothesis that a statistically significant observed
northeast hotspot (NEH) of accelerated SLR exists by deter-
mining its position and dimensions and comparing them with
model projections1–4.We explore correlations between rate changes
of observed NEH SLR and of climate indices potentially rele-
vant to NEH formation.

In the late twentieth century, sea levels were relatively low
along the North American east coast, particularly north of Cape
Hatteras8,9. Sea-surface gradients sloped down towards the coast
away from the Gulf Stream and its continuation to the northeast,
the North Atlantic Current10. The sharp pressure gradients balance
the Coriolis force to sustain these narrow and strong geostrophic
currents, leading to low coastal sea levels.

These low levels could rise with warming and/or freshening of
surface water in the subpolar north Atlantic, where less dense water
inhibits deep convection associated with the Atlantic Meridional
Overturning Current (AMOC). The AMOC weakens and pressure
gradients along the North American east coast decrease, raising
sea levels. The models considered here simulate this dynamic
SLR using Intergovernmental Panel for Climate Change (IPCC)
Special Report on Emissions Scenarios warming scenarios2–4 and/or
assumed freshening scenarios1,4. Gyre systemweakening by changes
in the North Atlantic Oscillation11,12 (NAO) could also reduce
sea-level gradients and raise sea levels.

St Petersburg Coastal and Marine Science Center, US Geological Survey, 600 4th Street South, St Petersburg, Florida 33701, USA.
*e-mail: asallenger@usgs.gov.

To establish the observed NEH, we analyse tide-gauge records
along the North American Atlantic coast for increasing rates of
SLR (see Methods and Supplementary Information). With least-
squares linear regression, rates of SLR were found for the first and
second halves of time-series windows and differenced (for example,
Supplementary Fig. S7, equation (2)). We also fitted quadratics
to each time-series window, computed accelerations, and showed
our results were not sensitive to method. As we are concerned
with detecting departures from long-term trends, rate differences,
or accelerations, can be compared between gauges without first
removing signals that are approximately linear over the time series.
Processes contributing solely to the longer-term trend (for example,
glacial isostatic adjustment) do not affect our analyses13.

Sea-level rate differences (SLRDs) for gauges along the North
American east coast show a distinct spatial pattern using time-series
windows of 60, 50 and 40 yr (Fig. 1a–c and Supplementary Figs S1
and S2). For 60 yr (1950–2009), the largest SLRDs occur from Cape
Hatteras to Boston (mean SLRD= 1.97±0.64mmyr�1; 2� ; confi-
dence intervals account for serial correlation, equations (3)–(5)).
South of Cape Hatteras, SLRDs are not statistically different
from zero (mean SLRDs = 0.11± 0.92mmyr�1), whereas north
of Boston, SLRDs are either negative or not different from zero
(mean= �0.94±0.88mmyr�1) . The 40-yr window (1970–2009)
exhibits the largest mean NEH SLRD (3.80± 1.06mmyr�1), and
positive differences continue north of Massachusetts and into
Canada. For all three durations, SLRDs south of Cape Hatteras are
not significantly different from zero. Similar patterns are found for
quadratic accelerations (Supplementary Fig. S2).

Mean NEH SLRD is a factor of ⇠3–4 larger than global SLRD.
For the 60-yr window, the global SLRD during 1950–2009 is 0.59±
0.26mmyr�1 (using reconstructed time series14), compared with
NEH SLRD of 1.97±0.64mmyr�1. For the 40-yr window, global
SLRD during 1970–2009 was 0.98±0.33mmyr�1, compared with
NEH SLRD of 3.80±1.06mmyr�1. These strong NEH SLRDs may
be associated with AMOC weakening; for observed NEH, model1,3
results suggest ⇠4.4–19 Sv of weakening by 2100 dependent on
scenario and regression window length.

The NEH is unique across coasts of North America between
the latitudes of Key West, Florida and St John’s, Newfoundland
(Fig. 2 and Supplementary Fig. S3). On the Gulf of Mexico
and Pacific coasts, most SLRDs using 60-yr windows are not
statistically different from zero or are negative (Fig. 2). Results
are similar for 50- and 40-yr windows (Supplementary Fig. S3).
The lack of positive acceleration through much of North America
is consistent with previous results15 showing that the recent
(about 1990) SLR acceleration occurred mostly in the tropics and
the Southern Ocean.
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Really? Yes, but it’s too early to tell if it goes beyond
natural variability (but it will likely, eventually)...
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How can we incorporate these into 
projections?
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Scenario-based localization example:
SLR scenarios for NYC and New Jersey

25

after Miller et al. (in rev.)

Components of regionalized projections of sea level change in New Jersey.

Global effects Regional effects Local eff.

Thermal Glaciers GIS AIS
Ocean 
dynamics

Mass 
redist. GIA

Coastal 
subsidence Global NYC Shore

cm cm cm cm cm cm cm cm cm cm cm
2030 best 5 3 3 2 6 -1 4 3 13 22 25
2030 low 2 3 1 1 2 -1 3 2 8 15 18
2030 high 11 4 4 6 8 -1 5 4 21 30 33
2030 higher 11 4 4 6 8 -1 5 4 24 36 40
2050 best 10 6 8 2 10 -4 7 5 25 38 43
2050 low 4 5 2 1 3 -1 5 4 16 27 32
2050 high 19 7 10 9 13 -3 9 6 39 52 57
2050 higher 19 7 10 9 13 -3 9 6 45 62 68
2100 best 24 14 27 8 20 -13 13 10 73 93 103
2100 low 10 13 4 2 5 -3 9 8 40 64 74
2100 high 46 19 35 33 25 -11 17 12 117 139 149
2100 higher 46 19 35 33 25 -11 17 12 133 164 176
2100 collapse 55 37 54 100 35 -6 17 12 246 292 304

land ice 
static 
equilibriu
m scale 
factor: 90% 50% 125%

Totals



Probabilistic localization example
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using Bamber & Aspinall (2013) for ice sheets: 30 cm (10-103 cm, 90% range)
Glaciers from Radic et al. (2013): 20 cm (10-30 cm)
Thermal expansion from NRC (2012): 24 cm (10-46 cm)
Dynamic sea level from Yin et al. (2009)
GIA and subsidence from Kopp (2013)
Fingerprints from Mitrovica

cm 95% 50% 33% 5% 1%

GSL 47 77 89 151 233

Honolulu 50 87 102 181 288

NYC 67 101 115 186 286

Atlantic 
City

77 112 125 196 298

0 0.5 1 1.5 2 2.5
0

0.2

0.4

0.6

0.8

1

Sea−level rise, 2000−2100 (m)

E
xc

e
e

d
a

n
ce

 p
ro

b
a

b
ili

ty

 

 
GSL
Honolulu
NYC
Atlantic City



Seaside Heights, NJ
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Maps available from http://slrviewer.rutgers.edu/ and http://sealevel.climatecentral.org/ 

1 foot
(likely by ~2040)

3 feet
(likely by 2090s)

6 feet
(~5% chance by 

2100)

http://slrviewer.rutgers.edu
http://slrviewer.rutgers.edu
http://sealevel.climatecentral.org
http://sealevel.climatecentral.org


Influence of moderate SLR on historical flood levels

28 Miller et al. (in rev.)



Take-aways
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• Regional sea-level rise differs from global mean sea-level rise 
due to a variety processes; we must understand these 
processes in order to generate sea-level rise projections that 
are maximally useful for local decisionmakers.

• Our current best estimates project >1 foot more sea-level rise 
on the Jersey shore than the global average by 2100, leading to 
a most-likely projection of ~3.5’ on the Shore by 2100, and 
about a 5% probability of sea-level rise in excess of 6’ by 2100.

• These estimates are ultimately informed expert judgment, 
though informed by modeling output and the historical record.  
Better pre-historical records, combined with better physical 
and statistical models, can allow us to advance further.


