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Geodetic measurements of vertical crustal velocity
in West Antarctica and the implications for ice mass balance
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[1] We present preliminary geodetic estimates for vertical bedrock velocity at twelve survey GPS stations
in the West Antarctic GPS Network, an additional survey station in the northern Antarctic Peninsula, and
eleven continuous GPS stations distributed across the continent. The spatial pattern of these velocities is
not consistent with any postglacial rebound (PGR) model known to us. Four leading PGR models appear
to be overpredicting uplift rates in the Transantarctic Mountains and West Antarctica and underpredicting
them in the peninsula north of 65°. This discrepancy cannot be explained in terms of an elastic response to
modern ice loss (except, perhaps, in part of the peninsula). Therefore, our initial geodetic results suggest
that most GRACE ice mass rate estimates, which are critically dependent on a PGR correction, are
systematically biased and are overpredicting ice loss for the continent as a whole.

Copyright 2009 by the American Geophysical Union 1 of 11



g Geochemistry
~ Geophysics
- Geosystems | 7}

)
> BEVIS ET AL.. VERTICAL CRUSTAL VELOCITY IN ANTARCTICA 10.1029/2009GC002642

Components: 5670 words, 5 figures, 1 table.

Keywords: geodesy; geodynamics; postglacial rebound; GPS; GRACE; ice mass balance.

Index Terms: 1240 Geodesy and Gravity: Satellite geodesy: results (6929, 7215, 7230, 7240); 1211 Geodesy and Gravity:
Non-tectonic deformation; 1218 Geodesy and Gravity: Mass balance (0762, 1223, 1631, 1836, 1843, 3010, 3322, 4532).

Received 20 May 2009; Revised 31 July 2009; Accepted 28 August 2009; Published 13 October 2009.

Bevis, M., et al. (2009), Geodetic measurements of vertical crustal velocity in West Antarctica and the implications for ice
mass balance, Geochem. Geophys. Geosyst., 10, Q10005, doi:10.1029/2009GC002642.

1. Introduction

[2] The GRACE satellite mission, which measures
temporal changes in Earth’s gravity field, can infer
near-surface mass changes with unprecedented
precision, but in Antarctica (as in Greenland) these
estimates are unusually ambiguous, because
GRACE cannot distinguish between changes in
ice mass and nearby changes in rock mass associ-
ated with postglacial rebound (PGR) [Le Meur and
Huybrechts, 2001; Velicogna and Wahr, 2002].
Therefore, numerical models of PGR are used
during or after the analysis of GRACE observa-
tions to account for the viscous influx of rock mass
into the study area, and thereby isolate the changes
in ice mass [Velicogna and Wahr, 2006; Chen et
al., 2006; Ramillien et al., 2006, Sasgen et al.,
2007a]. Over much of Antarctica, this “PGR
correction” is larger than the resulting estimate of
ice mass change, sometimes much larger [Velico-
gna and Wahr, 2006]. This vulnerability is worry-
ing because there are many disparate predictions
for contemporary uplift rates in Antarctica, and
little really firm basis for choosing between them.
For example, we contrast the predictions of PGR
models ICE-5G (VM2) [Peltier, 2004] and 1J05
(6A) [lvins and James, 2005, see Figure 6A] in
Figure 1. These disagreements are not surprising,
since PGR models are based on (1) an ice history
model and (2) a geomechanical model (parameter-
ized in terms of the thickness of the lithosphere, the
underlying mantle viscosity structure, etc.), neither
of which are strongly constrained by observations.
Indeed, because PGR beneath and adjacent to an
actively evolving ice sheet is sensitive to the details
of crustal and mantle rheology, and these details
are not known with the necessary level of accuracy,
many theorists produce suites of PGR predictions
by combining a single ice history model with a set
of geomechanical scenarios [[vins and James,
2005; Wang et al., 2008]. Predictions of PGR can
be improved by reducing the underlying uncertain-

ties in rock rheology (e.g., using seismology) and
ice history (e.g., using glacial geomorphology and
stratigraphy). They can also be tested and im-
proved by utilizing geodetic observations of crustal
motion [Milne et al., 2004], which is our approach.

2. Geodetic Measurements

[3] Between late 2001 and early 2006, the West
Antarctic GPS Network (WAGN, also known as
Project WAGN) constructed a network of 18 bed-
rock GPS stations (W01—-W18) on nunataks across
various parts of West Antarctica and along the
Transantarctic Mountains (TAM) between the Ross
and Weddell seas. It also reoccupied preexisting
survey markers MBL1 [Donnellan and Luyendyk,
2004] (near W12) and HAAG (near WI15)
(Figures 2 and 3). We use the term “WAGN area”
to describe the extent of this network, i.e., to
indicate the TAM plus West Antarctica minus the
Antarctic Peninsula. Two survey markers were
installed at all WAGN sites, except at sites W06,
W12 and W15, and both monuments (designated A
and B) were observed simultaneously whenever
circumstances allowed. The WAGN survey marker,
a level steel plate bolted into bedrock, serves as an
oriented mounting surface for a custom-designed,
fixed height antenna mast. This design reduces
antenna setup noise to negligible levels, and allows
any WAGN station to be upgraded to a continuous
reference station without changing the position of
the GPS antenna. This upgrade process began dur-
ing the 2007/08 field season as part of the new Polar
Earth Observing Network (POLENET) project. So
far only twelve of the WAGN sites (including
HAAG and MBL1) have been observed over a total
time span of 3 years or more, thereby allowing
useful vertical velocity estimates to be formed.

[4] All WAGN data were incorporated into a much
larger time series of observations from >240 con-
tinuous GPS (CGPS) stations selected from the
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