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Introduction

Relative sea level (RSL) is defined as the height of the
ocean surface relative to the solid Earth (or ocean
floor) and can be defined at any location within the
oceans. Changes in RSL are driven, therefore, by
processes that produce a height shift in either of
these two bounding surfaces. At any given location,
RSL changes over a wide range of timescales with
characteristic periods ranging from less than a second
to millions of years. This broad spectrum of time
variation reflects the variety of processes that drive
RSL changes: atmospheric circulation, ocean circula-
tion, changes in the distribution of grounded ice,
lunar tides, deformation of the solid Earth associated
with internal buoyancy forces (mantle convection),
and changes in the distribution of mass at the Earth’s
surface (e.g., growth and melting of ice sheets, ero-
sion, and deposition of rocks).

During the Quaternary, the dominant component
of the RSL change observed using proxy records was
driven by the accumulation and ablation of major ice
sheets. There are a number of physical mechanisms
associated with this glaciation-induced sea-level
change and these are described in the following sec-
tion. Models that incorporate these mechanisms can
be employed to predict RSL changes, which can, in
turn, be compared to the observations. It is through
this modeling procedure that researchers have been
able to better understand the physical processes
involved in driving sea-level changes as well as
place constraints on key model parameters. The
most common applications of this type will be pre-

sented in the section ‘Applications of Sea-Level
Models.’
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Physical Principles of Glaciation-Induced
Sea-Level Change

Vertical Deflection of the Solid Earth

The late Quaternary ice sheets reached thicknesses of
several kilometers in places. During a typical glacial
cycle the net flux of mass from the oceans to the ice
sheets and back again is on the order of 100 m of
mean global sea-level change. This redistribution of
surface water mass is large enough to cause a signifi-
cant isostatic deformation of the solid Earth. This
deformation is one of the important processes that
contributes to glaciation-induced sea-level change
(e.g., O’Connell (1971), Chappell (1974), Peltier
and Andrews, (1976), and Clark et al. (1978)).
Figure 1 shows a model prediction of vertical
deformation at present associated with the most
recent deglaciation (ca. 20-7 cal kyr BP). The signal
is dominated by crustal uplift in regions where large
ice sheets once existed (e.g., North America, north-
west Europe) or where the extent and thickness of ice
was larger than at present (e.g., Antarctica). Even
though ice had disappeared in North America and
northwest Europe during the early- to mid-Holocene,
there remains significant uplift in these regions due to
the relatively high viscosity of mantle material, which
limits the rate at which the solid Earth can attain
isostatic equilibrium following the removal of ice.
Note that there are extensive regions of subsidence
peripheral to areas of uplift. This deformation is
linked to uplift of the solid Earth in regions periph-
eral to the growing ice sheets; when the ice sheets
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Figure 1 Predicted present-day vertical motion of the solid
Earth based on a model of glacial isostatic adjustment. The ice
component of the model is adapted from the ICE-3G deglaciation
history (Tushingham and Peltier, 1991). Reproduced with permis-
sion from Pugh D (2004) Changing Sea Levels: Effects of Tides,
Weather and Climate, p. 280.Cambridge: Cambridge University
Press.

deglaciate, this process is reversed and these so-called
‘peripheral bulges’ subside.

The solid Earth deformation associated with the
ice sheets, known as glacioisostasy, is by far the
dominant signal in regions near major ice centers
(so-called ‘near-field’ regions). A significant amount
of deformation is also caused by the change in sea
level associated with the change in ice distribution.
The solid Earth deformation associated with this
ocean loading, known as hydroisostasy, is most
apparent in regions far from the major ice centers
(so-called “far-field’ regions) where the glacioisostatic
signal is considerably reduced. For example, the
small uplift around the periphery of Australia and
Africa in Figure 1 is associated with the positive
ocean load applied around these continents during
deglaciation. This uplift has been termed ‘continental
levering’ (e.g., Clark et al. (1978)).

The surface mass redistribution and subsequent
solid Earth deformation associated with Earth glacia-
tion perturbs the Earth’s inertia tensor and therefore
affects a change in Earth rotation: commonly
described as a change in the spin rate (change in
length of day) and a change in the orientation of the
spin axis relative to the solid Earth (True Polar
Wander) (e.g., Sabadini et al. (1982) and Mitrovica
et al. (2005)). The latter of these produces a signifi-
cant global-scale deformation of the Earth due to the
corresponding shift in the rotational potential. The
dominant geometry of this deformation is shown in
Figure 2. This rotation-induced pattern of deforma-
tion is relatively small (approximately 1-2 orders of

Figure 2 Schematic diagram illustrating the geometry of the
vertical solid Earth deformation driven by a clockwise wander of
the rotation pole between the times t and t". Shaded areas
indicate uplift and nonshaded areas indicate subsidence (asso-
ciated with positive and negative perturbations to the rotational
potential). Reproduced with permission from Mound JE and
Mitrovica JX (1998) True Polar Wander as a mechanism for
second-order sea-level variations. Science 279: 534-537.
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magnitude less than the glacioisostatic signal).
However, it is evident in Figure 1 as broad regions
of uplift centered on South America and northwest
Asia and broad regions of subsidence centered on
North America and Australia (the North American
component of the signal is masked by the much larger
glacioisostatic deformation).

Vertical Deflection of the Ocean Surface

As discussed above, the ocean surface is perturbed
due to a variety of processes (winds, ocean circula-
tion, tides, etc.). Over timescales of hundreds to thou-
sands of years, the mean height of the ocean surface
approximates the geodetic surface known as the
geoid, which is an equipotential of the Earth’s grav-
itational field. Therefore, for the purposes of model-
ing secular sea-level change associated with Earth
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glaciation, vertical deflections of the ocean surface
are determined by considering changes in the Earth’s
gravity field (or geopotential).

Any redistribution of mass on or within the Earth
will affect the geopotential and therefore perturb the
ocean surface. The height shift in the ocean surface
caused directly by the flux of mass on the Earth’s
surface between ice sheets and oceans during glacia-
tions and the changing rotational potential is known
as the ‘direct effect’ (e.g., Clark er al. (1978)). The
direct effect associated with an ablating ice sheet is
illustrated schematically in Figure 3. Between the two
time steps #p and t#;, the ice sheet loses mass and
therefore the gravitational pull of the ice on the
ocean water relaxes, causing a lowering of the
ocean surface proximal to the ice and a height
increase of the ocean surface in the far field. Note
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Figure 3 Schematic diagram illustrating the influence of an ablating ice sheet on the vertical displacement of the solid surface and the
time-averaged ocean surface. The dotted lines in (B) denote the position of these two surfaces in (A). The difference between the solid
and dotted lines in (B) illustrates the uplift of the solid Earth immediately under the ablating ice mass and the subsidence of the solid Earth
peripheral to the ice mass; they also show the height shift of the ocean surface associated with the ice—ocean mass flux. This flux directly
perturbs the geopotential causing the ocean surface to undergo a net fall near the ice mass and a net rise at a greater distance from the
ice mass. Reproduced with permission from Tamisiea ME, Mitrovica JX, Davis JL, and Milne GA (2003) Long wavelength sea level and
solid surface perturbation driven by polar ice mass variations: Fingerprinting Greenland and Antarctic ice sheet flux. Space Science

Reviews 108: 81-93.
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that the redistribution of ocean water has a similar
effect — for example, regions characterized by a sea-
level rise will experience a greater rise due to the
increased gravitational pull of the deeper water
column.

The perturbation to the geopotential due to the
deformation of the solid Earth by the surface ice—
ocean loading and changing rotational potential is
termed the ‘indirect effect’ since it is a consequence
of the solid Earth response to these changes. The
spatial pattern of the sea-surface height change as a
consequence of the indirect effect reflects that shown
in Figure 1. For example, the mass influx of solid
Earth material to uplifting regions causes an increase
in the local geopotential and therefore produces a rise
in the ocean surface.

Mass Conservation

An important criterion that must be satisfied when
calculating sea-level change associated with the
growth and ablation of ice sheets is that the mass
lost (gained) by the ice sheets is gained (lost) by the
oceans to ensure that the total amount of water
within the system is conserved. This criterion is satis-
fied by ensuring that

[ st.o0da=vow=-Lvio 1

ocean

in which §(0,¢,t) is the change in sea level since a
reference time (e.g., the onset of glacial growth);
Vow(t) and Vi(#) are, respectively, the changes in
the volume of ocean water and ice since the reference
time; and p; and p,, are the densities of ice and water,
respectively. In most cases, to satisfy Eqn [1], a cor-
rection term is applied to the predicted sea-level
change that corresponds to a spatially uniform height
shift of the ocean surface (e.g., Farrell and Clark
(1976) and Mitrovica and Peltier (1991)). This shift
can be thought of as acting to change the equipo-
tential that the mean ocean surface lies on during
Earth glaciation. This shift is affected by two pro-
cesses: the change in ocean water volume associated
with ice-sheet growth/melting and the volumetric
change in the height shift between the ocean surface
and the ocean floor due to the processes described
in the previous two subsections. In the former case,
for example, the increase in ocean water volume
during deglaciation will cause the ocean surface to
rise, on average, and therefore lie on an equipoten-
tial further displaced from the Earth’s center. The
second of these two processes leads to the mechan-
ism known as ‘ocean syphoning’ (Mitrovica and
Peltier, 1991).
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Figure 4 Schematic diagram illustrating the syphoning
mechanism. (A) shows the lowering of the ocean surface caused
by the syphoning of ocean water into subsiding peripheral bulge
regions during periods of deglaciation. (B) illustrates the similar
effect caused by subsidence around continental margins due to
hydroisostasy during periods of deglaciation. Reproduced with
permission from Mitrovica JX and Milne GA (2002) On the origin
of late Holocene highstands within equatorial ocean basins.
Quaternary Science Reviews 21: 2179-2190.

Ocean syphoning is driven by two aspects of gla-
ciation-induced sea-level change - these are illu-
strated in Figure 4. Figure 4A shows the
contribution to syphoning associated with peripheral
bulge subsidence. A dominant proportion of periph-
eral bulges is located in oceanic regions and so the
subsidence of these regions during deglaciation con-
tributes to a significant, spatially uniform fall in sea
level, as water is syphoned into these subsiding
regions. Figure 4B illustrates the contribution of con-
tinental levering to the syphoning process during
deglaciation (again, giving a sea-level fall). In total,
the magnitude of the global mean sea-level fall due to
syphoning during deglaciation is about 20-30m
from the Last Glacial Maximum (LGM) to present
and is about 0.3 mm yr~" at present (the magnitude of
the signal depends on the rate of solid Earth motion
which is governed by the Earth’s internal viscosity
structure).

Sea-Level Equation

All of the above-described processes can be repre-
sented in a single equation that can be solved to
predict sea-level change over the world’s oceans due
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to Earth glaciation. Farrell and Clark, (1976) were
the first to present and solve a version of the sea-level
equation. Since their seminal work, a number of
extensions have been made to the theory built into
the equation as well as the methods applied to solve
it. Solving the sea-level equation is nontrivial since
the quantity being solved for is a key component of
the surface load that drives the system. Most of the
methods applied involve an iterative procedure and
the most popular of these is the so-called ‘pseudo-
spectral technique’ described by Mitrovica and
Peltier, (1991).

The primary theoretical extensions to the original
theory of Farrell and Clark, (1976) include the
incorporation of shoreline migration, the influence
of changes in Earth rotation, and a more accurate
treatment of sea-level change in regions with ablat-
ing marine-based ice (see Milne (2002) for a
review). The most recent form of the sea-level equa-
tion that incorporates all of these recent improve-
ments in an accurate, generalized theory was
published by Mitrovica and Milne, (2003) and can
be solved efficiently by an algorithm that is based
on the pseudospectral method (Kendall et al.,
2005).

Applications of Sea-Level Models
Introduction

The principal components of a model required to
predict glaciation-induced sea-level change are
shown in Figure 5. The two primary inputs to such
a model are a reconstruction of global ice extent
(geographic and thickness) throughout the period of
interest and an Earth model to stimulate the defor-
mation associated with the surface load and rota-
tional potential. Once these two inputs are
prescribed, the sea-level equation can be solved, in
conjunction with the Euler equations, to calculate the
ocean component of the load and the rotational
potential.

With all of these elements in place, the model can
be applied to predict a number of geophysical obser-
vables associated with Earth glaciation: sea-level
changes, present-day 3-D motion of the Earth’s

EARTH EARTH
FORCING MODEL
Surface Rotational Spherical Viscoelastic
loading potential Geometry Rheology

Figure 5 Schematic diagram illustrating the main components
comprising a model of glacial isostatic adjustment.

surface, present-day changes in the geopotential and
the rotation vector (such as True Polar Wander). The
term ‘glacial isostatic adjustment’ (GIA) is commonly
applied to describe research that considers the iso-
static response of the solid Earth to glaciation
through modeling one or more of these observables
(e.g., Peltier and Andrews, (1976)).

The sea-level equation and the physical mechan-
isms that can be incorporated within it were
discussed in the previous section. The primary aim
of this section is to describe how the Earth and
ice models are constructed and then tested by com-
paring model predictions to sea-level observations,
and some of the issues involved in doing this accu-
rately.

Inferring Earth Viscosity Structure

The isostatic response of the solid Earth, for a given
load history, is governed by its internal density and
rheological structure. To a first approximation, this
structure is spherically symmetric (i.e., is depth
dependent only) and so the majority of Earth models
previously employed for this purpose have not incor-
porated lateral variations in these properties. The
rheological model applied most commonly is that of
a Maxwell viscoelastic material, which simulates
both an elastic and (linear) viscous component of
the deformation. It is important to include an elastic
component given that ice sheets can change dramati-
cally within a relatively short time — a few hundred to
a few thousand years.

The elastic and density structure of Earth models
applied to problems of glaciation-induced sea-level
change is taken from seismic constraints, whereas
the viscosity structure is one of the parameters that
can be inferred when modeling GIA datasets such
as relative sea-level change. The viscosity structure
of the deep Earth is a primary control on a number
of geodynamic processes, including mantle convec-
tion, and there are a limited number of methods
that can be applied to infer this structure
(e.g., Ranalli (1995)). This application of the
model is therefore one of the more important ele-
ments in sea-level modeling studies (e.g., Cathles
(1975), Peltier (1998), and Lambeck and Johnston
(1998)).

The viscosity structure in spherically symmetric
Earth models is parametrized into a small number
of layers. The most common parametrization com-
prises three layers. The lithosphere, the upper layer, is
given a very large viscosity (10°°-10°°Pa s), so that it
behaves as an elastic layer on late Quaternary time-
scales — the thickness of this layer is the variable
parameter. The second layer extends from the base
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of the model lithosphere to the 670 km deep seismic
velocity discontinuity, and the third layer extends
from this depth to the core-mantle boundary. These
two layers represent the model upper and lower man-
tle, respectively, and are each assigned a single visc-
osity value that is a free parameter in the model. Note
that a number of studies have considered other depth
parametrizations (e.g., Lambeck e al. (1996)) and
inverse modeling studies commonly parametrize visc-
osity into a much larger number of layers beneath the
lithosphere (e.g., Forte and Mitrovica (1996) and
Peltier (1998)).

As indicated in Figure 1, the largest magnitude of
solid Earth deformation is found in areas that have
experienced the largest changes in ice extent (e.g.,
North America, Fennoscandia). For this reason,
sea-level observations from regions such as these
have been most commonly adopted to infer viscos-
ity structure. One primary limitation of modeling
near-field data is that the model predictions are
sensitive to both viscosity structure and the ice
history. The accuracy of the viscosity inference
will depend on the accuracy of the ice model (see
the section ‘Inferring late Quaternary ice histories’).
This ambiguity can be addressed to some extent by
simultaneously modeling for both the ice history
and the viscosity structure and performing sensitiv-
ity studies to determine the degree of parameter
tradeoff between these two components of the
model (e.g., Lambeck et al. (1998)).

An alternative way of addressing this issue of non-
uniqueness involves identifying a parametrization or
subset of the data that is relatively insensitive to one
of either the viscosity model or ice model. Two para-
metrizations of near-field sea-level data that have
been shown to reduce the sensitivity of the predic-
tions to the ice history are the ‘decay-time’ parame-
trization (Mitrovica and Peltier, 1993) and the
‘relaxation spectrum’ derived from mapping out the
elevation of ancient shorelines in Fennoscandia
(McConnell, 1968).

A third approach to reducing the sensitivity of the
data to uncertainty in the ice component of the model
involves the application of far-field data. By defini-
tion, these observations are obtained in areas distant
from the major glaciation centers and so the glacio-
isostatic signal will be relatively small. However, the
observations are sensitive to the ice model, largely
through mass flux between the ice sheets and the
oceans. This component of the signal has a very
long wavelength and so by taking the difference
between observations from distinct localities that
correspond to the same time, one effectively removes
any dependence on ice model parameters and so iso-
lates the signal associated with hydroisostasy. This

parametrization of far-field data was pioneered by
Nakada and Lambeck, (1989) who modeled differ-
ential Holocene highstand observations from the
Australian region to obtain a robust inference of
Earth viscosity structure.

Most inferences of Earth viscosity structure have
been based on forward modeling analyses.
However, the information obtained from the appli-
cation of inverse methods has played an important
role in partly reconciling the differences in infer-
ences made by various groups (Mitrovica, 1996).
Specifically, the explicit consideration of depth-
resolving power in inverse analyses has clearly iden-
tified how well a particular set of sea-level data can
constrain the depth variation of viscosity. Analyses
of this type have shown that the depth-resolving
power of a given sea-level data set depends on the
spatial extent of the local ice sheet and the viscosity
structure within the mantle (e.g., Mitrovica (1996)).
The relatively small number of inverse modeling
studies performed to date have shown that sublitho-
sphere viscosity structure can be uniquely resolved
in only 2-3 layers for any specific regional data set,
with a maximum depth constraint extending to
~1,800km for data associated with the deglacia-
tion of the Laurentide Ice Sheet (e.g., Mitrovica
(1996)).

The limited resolving power of sea-level data has
been addressed by inverting these data jointly with
other GIA data sets (e.g., Kaufmann and Lambeck
(2002)) and data related to convective flow within
the mantle (e.g., the global free air gravity anomaly,
motion of the tectonic plates; Forte and Mitrovica
(1996) and Mitrovica and Forte (2004)). With
regard to the viscosity constraint provided by RSL
observations, an optimal resolving power would be
obtained by jointly modeling data from regions
once covered by ice sheets with different geographic
extent (e.g., the British Isles, Fennoscandia, and
North America).

The real Earth is known to exhibit significant
departures from spherical symmetry. With dramatic
improvements in computational power, a growing
number of groups have begun to model sea-level
changes on global 3-D Earth models (e.g., Paulson
et al. (2005) and Wu et al. (2005)). A primary aim of
these studies has been to determine the significance of
3-D structure in predicting sea-level changes in order
to assess the extent to which inferences of viscosity
and ice histories (see the section ‘Inferring late
Quaternary ice histories’) based on 1-D Earth models
might have been biased.

A second important initiative with respect to
modeling the isostatic component of the Earth
response has been the consideration of rheologies
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that incorporate transient creep (e.g., Peltier ef al.
(1981)) or nonlinear viscous flow (e.g., Wu (1999)).
A large number of studies on the deformation of
rocks and minerals at high pressures and tempera-
tures in the laboratory have shown that, under a
wide range of conditions, mantle rocks will deform
in a nonlinear, power law fashion (e.g., Drury and
Fitzgerald (1998)). It is expected that linear and
nonlinear viscous flow will dominate in different
parts of the sublithospheric mantle. The considera-
tion of lateral variations in Earth model structure
and more sophisticated (non-Maxwell) rheologies
increases the level of complexity within GIA sea-
level models and therefore the degree of nonunique-
ness in obtaining model solutions. It remains to be
seen just how large an impact these developments
will have in this regard.

Inferring Late Quaternary Ice Histories

A second important application of sea-level modeling
is the inference of more accurate ice-sheet reconstruc-
tions — particularly for the period following the LGM
during which there is a relative abundance of high-
quality RSL data. As indicated in Figure 5, constrain-
ing the evolution of the Earth’s ice sheets during the
late Quaternary is addressed via a number of differ-
ent research disciplines, most notably: glacial geo-
logy, glaciology, and GIA.

The strong impact of ice sheets on other compo-
nents of the climate system has become evident
through the application of general circulation models
of climate change, in which reconstructions of ice-
sheet evolution are input as a boundary condition. A
continued effort to employ RSL observations to bet-
ter constrain such reconstructions is clearly impor-
tant for this reason and these constraints will
complement information derived from glaciological
observations and modeling as well as field-based
geological and geophysical studies.

As discussed in the previous subsection, near-field
sea-level data can be employed to develop regional
and global reconstructions of ice sheets (e.g.,
Tushingham and Peltier (1991), Lambeck (1993),
and Lambeck ef al. (1998)). The veracity of these
models depends largely on the quality of the data
employed in their construction (sea level and other),
the introduction of biases due to tradeoffs between
earth and ice model parameters, and the magnitude
of any inaccuracies in the modeled Earth response.
As discussed in the previous subsection, an efficient
way in which to reduce the ambiguity due to para-
meter tradeoff is to identify parametrizations or
subsets of the data that are relatively insensitive to
either the Earth or ice component of the model. For

example, employing a viscosity model that is based
on the decay time parametrization (which is rela-
tively insensitive to the ice loading model; see pre-
vious subsection) to derive an ice-sheet
reconstruction would be an efficient way to mini-
mize the nonuniqueness problem inherent within
near-field sea-level data.

Due to their distance from the major glaciation
centers, far-field RSL data exhibit a primary sensitiv-
ity to mass flux between the ice sheets and oceans.
For this reason, when the data are corrected for the
processes that cause the signal to deviate from the
eustatic signal (due to glacio- and hydroisostasy,
syphoning, etc.; see previous section), they provide
a useful measure of the total volume of grounded ice
on the Earth’s surface in the past compared to the
present, which can be compared to, or used to cali-
brate, ice-volume estimates based on oxygen isotope
records. Estimates of LGM ice volume have con-
verged within the past few years and generally lie
within the range of 120-135m of equivalent
(eustatic) sea-level change (e.g., Lambeck er al.
(2002), Milne et al. (2002), and Peltier (2004)).
These estimates serve as an important constraint to
which global LGM ice-sheet reconstructions must
adhere to. Note that, the most recent estimates of
this volume strongly support the CLIMAP ‘minimum
model’ with 127 m of ice-equivalent sea level low-
ering compared to the ‘maximum model” with 163 m
of eustatic change (CLIMAP, 1981).

The modeling of post-LGM far-field RSL data
has greatly enhanced our understanding of the
rate and sources of glacial melting from the LGM
to the present. Far-field observations have been
interpreted to support the existence of a series of
very rapid and short-lived melting events during the
most recent deglaciation. For example, from the
LGM to the Lateglacial, three such events have
been proposed:

e ~19cal kyr BP (10-15 m; Yokoyama et al. (2000));

e ~14calkyr BP (20-30 m; Fairbanks (1989), Bard
et al. (1990), and Hanebuth et al. (2000)); and

e ~11.5 calkyr BP (10-15 m; Fairbanks (1989) and
Bard et al. (1990)).

Determining how these meltwater pulses relate to
other large and rapid climate events during this
period is central to our understanding of deglacial-
and millennial-scale climate change. A necessary
first step toward this aim involves determining
which ice reservoirs were the primary contributors
to these events.

In far-field locations, the direct gravitational effect
of ice-sheet ablation (see Fig. 4 and related discus-
sion) is the mechanism that dominates the spatial
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variation in the predicted sea-level signal during
rapid melt events. The contribution from solid
Earth isostatic deformation is relatively minor and
so, given an appropriate spatial distribution of data
that capture a specific melt event, it is possible to
obtain relatively robust constraints on the global-
scale source geometry for that event. The first studies
of this kind have shown, for example, that the exist-
ing far-field data favor a dominant Antarctic rather
than North American source for the ~14 cal kyr BP
event termed ‘meltwater pulse IA’ (Clark et al., 2002;
Bassett et al., 2005). This melt source model can be
tested further and spatially refined by modeling near-
field sea-level data from Antarctica. If proven cor-
rect, this result will have important implications for
our understanding of climate system evolution during
Termination 1 (Weaver et al., 2003).

A number of far-field RSL observations display a
high stand during the early- to mid-Holocene. Sea-
level modeling has shown that this high stand
results from a dramatic decrease in the rate of
glacial melting around this time, which leads to
the subsequent sea-level fall through the operation
of ongoing isostatic effects, primarily syphoning
and hydroisostasy (e.g., Clark er al. (1978) and
Mitrovica and Peltier (1991)). The shape (e.g.,
smooth or sharp), timing, and magnitude of these
high stands are controlled by both the isostatic
response of the solid Earth and the rate and mag-
nitude of glacial melting. The isostatic component
can be effectively isolated and therefore modeled by
considering spatial differences in the observed sea-
level high stands (Nakada and Lambeck (1989); see
previous section). The solid Earth component can
then be predicted and removed from the observa-
tions, leaving a residual signal that provides a direct
measure of when and how abruptly the most recent
deglaciation ended and the history of global-scale
melting after this time (e.g., Fleming (1998) and
Peltier (2002)). The latter serves as an important
reference value with which to compare estimates of
global mean sea-level rise during the twentieth cen-
tury (e.g., Lambeck (2002)).

Summary

Changes in RSL during the Quaternary are domi-
nated by large-scale glaciation. A number of physical
mechanisms contribute to glaciation-induced sea-
level changes through their influence on the relative
vertical height between the ocean floor and the ocean
surface. These physical mechanisms provide the theo-
retical basis of the so-called sea-level equation, which
can be solved to generate predictions of glaciation-
induced sea-level changes for a prescribed Earth and

ice model. These predictions can be compared to
observations to test the accuracy of the model and
to infer model parameters. With respect to the Earth
model, the majority of such studies have focused on
inferring the viscosity structure within the mantle.
This structure is a primary control on a variety of
geodynamic processes that involve the viscous flow
of mantle material. With respect to the ice model, the
majority of such studies have focused on inferring the
space—time history of regional-scale ice extent as well
as the time variation in global (grounded) ice volume,
during and following the LGM. This information has
played a key role in advancing our understanding of
ice age climate change.

See also: Sea Level Studies: Overview;
Geomorphological Indicators; Low Energy Coasts
Sedimentary Indicators; Coral Records; Eustatic Sea-
Level Changes Since the Last Glaciation. Sea-Levels,
Late Quaternary: High Latitudes; Mid-Latitudes; Tropics.
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