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Sponsors
• Natural Resources Canada (NRCan)

• Geological Survey of Canada (GSC)

• Canadian Geodetic Survey (CGS)

• Pacific Geoscience Centre (PGC)

• National Science Foundation (NSF)

• INStabilities and Thresholds in ANTarctica (INSTANT)

• International Union of Geodesy and Geophysics (IUGG)

• International Association of Cryospheric Sciences (IACS)

• International Association of Geodesy (IAG)

• International Association of Seismology and Physics of the Earth’s Interior (IASPEI)
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Stephanie Sherman (née Konfal) (Byrd Polar and Climate Research Center, Ohio State

University, United States of America)

Karen Simon (Canadian Geodetic Survey, Canada)

Rebekka Steffen (Lantmäteriet, Sweden)

Scientific Organizing Committee
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Natalya Gomez (McGill University, Canada)
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America)

Glenn Milne (University of Ottawa, Canada)

Grace Nield (Durham University, United Kingdom)

Jun’ichi Okuno (National Institute of Polar Research, Japan)

Tamara Pico (University of California Santa Cruz, United States of America)
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Monday - June 2, 2025

9:00 - 9:30 Welcome Addresses, Logistics and Safety

Session: Rock physics
9:30 - 10:00 Fresh views on mantle viscosity profiles from closed-loop experiments in

global geodynamic earth models
Bunge, H.-P. (invited) & UPLIFT team

10:00 - 10:15 Fusion of Laboratory Constrained Models of Steady-State Perovskite
Rheology with GIA Predictions of Effective Lower Mantle Viscosity
Ivins, E.R., Caron, L., Larour, E., Adhikari, S.

10:15 - 10:30 Discussion time

10:30 - 11:00 Coffee & Tea break

Session: Sensitivity of GIA models
11:00 - 11:15 Quantifying the Sensitivity of Sea Level Measurements to Three-

Dimensional Mantle Structure Using Adjoint Methods
Valencic, N., Al-Attar, D., Lloyd, A.J., Latychev, K., Mitrovica, J.X.

11:15 - 11:30 Impact of 3D vs 1D mantle viscosity structure on glacial isostatic
adjustment: Implications for satellite gravimetry and ice-history models
Hightower, E., Caron, L., Landerer, F.

11:30 - 11:45 Impact of the viscoelastic solid Earth response to the contemporary
Antarctic ice mass changes on the interpretation of GRACE/-FO data
Lee, D., Han, H.K., Seo, K.-W., Adhikari, S., Caron, L.

11:45 - 12:00 Inference of centennial-timescale solid earth parameters below Greenland
and its impact on projections of regional sea-level change over the 21st
century
Lewright, L., Austermann, J., Piecuch, C., Adhikari, S., Davis, J.,
Milne, G.A., Paxman, G.

12:00 - 12:30 Discussion time
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12:30 - 13:30 Lunch break

13:30 - 15:30 Poster sessions:
•Earth rheology
•GIA model development

15:30 - 16:00 Coffee & Tea break

Session: Regional GIA models in the Northern Hemisphere
16:00 - 16:15 Holocene Relative Sea-level Changes in the Cascadia Subduction Zone:

Insights from Megathrust Earthquake Cycles and Glacial Isostatic
Adjustment
Qin, W., Riva, R., Barlow, N., Govers, R.

16:15 - 16:30 Exploring the Effects of Ice Load Variations on Glacially Induced Crustal
Motions in North America to Infer Earth Rheology
Brierley-Green, C., James, T.S.

16:30 - 16:45 Modeling Holocene Glacial Isostatic Adjustment in Iceland Using
Composite Asthenosphere Viscosity, Comparisons to Linear Rheology
and Implications for Glacially induced Asthenosphere Melting
Givens, T., LaFemina, P., Parizek, B., Alley, R., Geirsson, H.

16:45 - 17:00 Glacial Isostatic Adjustment Modelling of Iceland: Entering the 2020’s
Bellagamba, G., Schmidt, P., Geirsson, H., Givens, T., Parks, M.,
Magnússon, E., Muñoz-Cobo Belart, J., Sigmundsson, F., Ófeigsson,
B.G., Drouin, V.

17:00 - 17:15 Improving glacial isostatic adjustment models for Greenland: Reconciling
paleo and geodetic data sets
Milne, G.A., Ajourlou, P., Woodroffe, S., Kjeldsen, K.

17:15 - 18:00 Discussion time (first 15 minutes dedicated to virtual posters)
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Poster sessions

Session: Earth rheology

(1) Compressible vs. incompressible: Does it matter?
Steffen, R., Steffen, H., Huang, P., Wu, P.

(2) GIA imaging of 3D mantle viscosity based on paleo sea-level observations: Inversion
proof of concept
Lloyd, A.J., Crawford, O., Al-Attar, D., Austermann, J., Hoggard, M.J., Richards,
F.D., Creel, R., Khan, N.S.

(3) 3D mantle viscosity structures for GIA modeling
Schachtschneider, R., Klemann, V., Steinberger, B.

(4/v) Strengthening glacial isostatic adjustment model ICE-6G_D (VM5a)
Argus, D.F., Peltier, W.R.

(5) Glacial Isostatic Adjustment Modeling in the Coast Mountains, British Columbia,
Canada
Brierley-Green, C., James, T.S., Menounos, B., Wang, K., He, J.

(6) The influence of 3-D earth viscosity structure on interpreting geodetic observations of
vertical land motion and sea-level change along the Atlantic coast of North America
Gunn, A., Milne, G.A., Parang, S., Love, Ryan

(v) GRACE and GRACE-FO constraints on 3D GIA models
van der Wal, W., Fullea, J., Ortega, O., Schrama, E.

Session: GIA model development

(7) Advances in forward and adjoint GIA modelling
Yu, Z., Al-Attar, D., Lloyd, A.J.

(8) An adjoint based inversion to determine ice thickness change assuming the elastic sea
level equation
Ko, C., Lloyd, A.J.

(9) Finite element modelling of GIA with the GTecton package
Riva, R., van de Wiel, L., Broerse, T., Qin, W., Govers, R.

(10/v) A commercial finite element approach to modelling Glacial Isostatic Adjustment on
three-dimensional self-gravitating compressible Earth models
Huang, P., Steffen, R., Steffen, H., Klemann, V., Wu, P., van der Wal, W., Martinec,
Z., Tanaka, Y., Clarke, P.J., Koulali, A.
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(11) CitcomSVE-3.0: An open-source, finite element package for modeling surface load-
and tidal load-induced lithospheric deformation and sea-level change on massively
parallel computers
Zhong, S., Yuan, T.

(12) Toward Modeling Glacial Isostatic Adjustment in the Community Earth System Model
Thayer-Calder, K., Lipscomb, W., Leguy, G., Zhong, S., Yuan, T., dePolo, D.

(13) Development of a coupled ice-sheet/earth rebound model: design and performances
Saito, F., Okuno, J., Abe-Ouchi, A., Obase, T.

(v) A proposed benchmark for 3D viscoelastic earth models
Klemann, V., Yousefi, M., Konfal, S.

(v) An automatic adjoint modelling framework for GIA, via G-ADOPT
Scott, W., Hoggard, M.J., Ghelichkhan, S., Gibson, A., Kramer, S., Duvernay, T.,
Davies, D.R.

(v) Geodynamic workflows for investigating coupled surface, lithospheric deformation,
and magmatic processes
Mohite, P., Naliboff, J., Richards, F.D., Hazzard, J., Coulson, S.
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Tuesday - June 3, 2025

Session: Antarctica Ice Sheet and Earth structure, past,
present and future

9:00 - 9:15 Imaging the Antarctic’s 3D viscosity structure using GPS observations
Lloyd, A.J., Powell, E.M., Hollyday, A., Mitrovica, J.X., Gomez, N.,
Latychev, K., Richards, F.D., Austermann, J., Al-Attar, D., Wilson, T.,
Gómez, D.

9:15 - 9:30 Surface Mass Balance Variability causes Viscoelastic Solid Earth
Deformation in the Antarctic Peninsula
Nield, G.A., Bentley, M.J., Koulali, A., Clarke, P.J., King, M., Wilson,
T., Whitehouse, P.L.

9:30 - 9:45 Present-day deglaciation driving transient upper-mantle deformation:
modelling fast uplift rates in the Amundsen Sea Embayment
van Calcar, C., Broerse, T., Io Ioannidi, P., Breithaupt, T., Wallis,
D., Willen, M., Riva, R., van der Wal, W., Govers, R.

9:45 - 10:00 Exploring interactions between ice sheets and sea level change using a
newly coupled ice sheet (PISM) - GIA model
Chester, S.J., Austermann, J., Albrecht, T.

10:00 - 10:15 The control of glacial isostatic adjustment and grounding-zone-wedge
sedimentation on the evolution of ice streams in the Ross Sea (West
Antarctica) over the last deglaciation
Kodama, S.T., Pico, T., Robel, A.A., Christian, J.E., Gomez, N.,
Vigilia, C., Powell, E.M., Gagliardi, J., Tulaczyk, S., Blackburn, T.

10:15 - 10:30 Discussion time

10:30 - 11:00 Coffee & Tea break

Session: Ice-sheet reconstruction and dynamics I
11:00 - 11:30 Antarctic ice sheet history since the Last Glacial Maximum, with a close

look at evidence for reversible thinning during the Holocene
Johnson, J.S. (invited)

11:30 - 11:45 Mechanisms of Large-Scale Ice Mass Loss in East Antarctica: Field-Based
Reconstruction and GIA Modelling Approach
Suganuma, Y., Ishiwa, T., Okuno, J.
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11:45 - 12:00 An analysis of the interactions between glacial isostatic adjustment,
subglacial hydrology, and ice sheet dynamics
Pan, L., Sergienko, O.

12:00 - 12:15 GLAC3: the first joint history matching of global last glacial cycle ice
sheet evolution and regional earth rheology
Tarasov, L., Dalton, A., Dyke, A., Goffin, A., Hughes, A., Lecavalier,
B., Mangerud, J., Milne, G.A., Svendsen, J.I., Woodroffe, S.

12:15 - 12:30 Discussion time

12:30 - 13:30 Lunch break

13:30 - 15:30 Poster sessions:
•Antarctica Ice Sheet and Earth structure, past, present and future
•Ice-sheet reconstruction and dynamics
•Paleo ice sheet, sea level and other geological observations

15:30 - 16:00 Coffee & Tea break

Session: Ice-sheet reconstruction and dynamics I
16:00 - 16:15 Evaluating ice sheet reconstructions based on the DATED-2 Eurasian ice

sheet margin chronology using paleo sea level constraints in the GAPSLIP
3.0 database
Gowan, E.J., Hughes, A., Gyllencreutz, R., Mangerud, J., Svendsen,
J.I., Brendryen, J., Riva, R.

16:15 - 16:30 Fingerprinting melt contributions during the Last Interglacial period
Austermann, J., Dyer, B., Rovere, A., Creel, R., Barlow, N., Dumitru,
O., Cerrone, C., Pollard, O., Gomez, N., Chester, S.J., Hollyday, A.,
Dean, S., D’Andrea, B., Dutton, A., Raymo, M.

16:30 - 16:45 North American ice sheet persistence during past warm periods should
inform future projections
Creel, R., Kopp, R.E., Dutton, A., Britt, C., DeConto, R.

16:45 - 17:00 Insights into North American ice sheet volumes during Marine Isotope
Stage 3 (MIS 3) from glacial isostatic adjustment
Pico, T., Creveling, J., Mitrovica, J.X., Weisenberg, J., Birch, L.
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17:00 - 17:15 How Much Ice was There in Alaska at Last Glacial Maximum? Close to
2m of Global Sea Level
Turlapati, S., Freymueller, Jeffrey T.

17:15 - 18:00 Discussion time (first 15 minutes dedicated to virtual posters)
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Poster sessions

Session: Antarctica Ice Sheet and Earth structure, past, present and future

(1) Implications of the Solid Earth Structure of Antarctica for Glacial Isostatic Adjustment
Wiens, D.A., Ben Mansour, W., Zhou, Z., Lloyd, A.J.

(2) Approximating ice sheet & bedrock interaction in Antarctic ice sheet projections
van Calcar, C., Whitehouse, P.L., van de Wal, R., van der Wal, W.

(3) A Comprehensive Seismic Array in the South Pole: Investigation for Ice-Solid Earth
Interactions and GIA
Wu, H., Sui, S., Reilly, T., Dong, S., Chin, F., Shen, W.

(4) Trade-off between lithospheric thickness and upper mantle viscosity in Antarctic GIA
mass change estimation
Irie, Y., Okuno, J.

(5) Glacial Isostatic Adjustment in the Antarctic Peninsula
Nield, G.A., Bentley, M.J., Koulali, A., Clarke, P.J., Whitehouse, P.L.

(6) Solid Earth Response of the Lambert Glacier-Amery Ice Shelf System, East Antarctica:
Since the Last Deglaciation
Jadav, A., Nair, A., Badnal, M., Noronha-D’Mello, C.A., Mohan, R.

(7) Mid-Holocene thinning and potential ice sheet readvance in the LÃĳtzow-Holmbukta,
East Antarctica
Okuno, J., Hattori, A., Aoyama, Y., Fukuda, Y.

Session: Ice-sheet reconstruction and dynamics

(8) GLAC3: the first joint history matching of global last glacial cycle ice sheet evolution
and regional earth rheology: part A methodology and fit
Tarasov, L., Dalton, A., Dyke, A., Goffin, A., Hughes, A., Lecavalier, B., Mangerud,
J., Milne, G.A., Svendsen, J.I., Woodroffe, S.

(9) GLAC3: the first joint history matching of global last glacial cycle ice sheet evolution
and regional earth rheology: part B results
Tarasov, L., Dalton, A., Dyke, A., Goffin, A., Hughes, A., Lecavalier, B., Mangerud,
J., Milne, G.A., Svendsen, J.I., Woodroffe, S.

(10) Reconstructing Younger Dryas Plateau Ice Sheet Activity within the Canadian Prairies
Neligan, T., Evans, D.J.A., Atkinson, N., Jameison, S.S., Norris, S.L.
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(11) Glacial Isostatic Adjustment and Projecting ice sheet contribution to Sea Level in
ISMIP7
Gomez, N., Hoffman, M., Payne, T., Adhikari, S., Albrecht, T., van Calcar, C.,
Csaro, B., Golzer, H., Han, H.K., Tarasov, L.

(12) Pole-to-Pole ice sheet coupling
Parazin, B., Gomez, N., DeConto, R., Pollard, D.

(13/v) The first ice-history model that is consistent with composite rheology in Glacial
Isostatic Adjustment modelling
Huang, P., Wu, P., Steffen, H.

(14) Revisiting "ISMIP6 Antarctica 2300" projections with PISM interactively coupled to
VILMA representing the GIA response of the solid earth and sea level
Mojtabavi, S., Albrecht, T., Klemann, V.

Session: Paleo ice sheet, sea level and other geological observations

(15) The Canadian Cordilleran Glacial Forebulge - Relative Sea Level Observations and
Modelling
Enkin, R.J., Hamilton, T.S.

(16) Using Glacial Geomorphic Mapping and Terrestrial Cosmogenic Nuclide Dating to
Understand Glacial Dynamics on Northern Vancouver Island, British Columbia, During
the Last Glacial Maximum
Worden, L., Hebda, C.F.G., McLaren, D., Norris, S.L.

(17) Glacial lakes of the Laurentide Ice Sheet during the last deglaciation
Stoker, B.J., Austermann, J., Young, N.E., Kingslake, J.

(18) Reconstructing glacial lake evolution in the interior plateau of British Columbia: a
case study using a glacioisostatic adjustment model
Higgins, R.A., Stoker, B.J., Norris, S.L.

(19) Hydraulic reconstruction of catastrophic drainage from the Late Glacial, Lake Fraser
from sedimentary evidence in British Columbia, Canada
Loeffler, S.M., Clague, J.J., Miller, B.G.N., Norris, S.L.

(20) Paleoenvironmental Constraints on Pleistocene Ice Sheets from Glacio-Volcanic
Deposits in Northeast Iceland
Essex, C., Cameron, B., Edwards, B., Guðmundsson, M.T.

(21) Three new sea-level-index-point based relative sea level curves from spatial data gaps
around Greenland
Prince, K.K., Briner, J.P.
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(22) New Relative Sea-Level Constraints for the Loch Ewe region, NW Scotland, since the
Last Glacial Maximum
Puckette, P.T. , Simms, A.R., Best, L., Lloyd, J., Bradwell, T., Bradley, S., Small,
D.

(v) Evaluating GIA Models with RSL data from Bunger Hills, East Antarctica, to
determine a Holocene ice history
O'Connor, J. , Jones, R., Sefton, J., Mackintosh, A., May, J.-H., Tielidze, L., Port,
C., White, D.

(v) Comprehensive Analysis of Glacier Dynamics in the Alaknanda Basin, Western
Himalaya: Integrating Area Change Assessment and Equilibrium Line Altitude Studies
(1994-2023)
Kumar, K. , Saini, R.

(v) Study of the wind �eld and polar pressures in Antarctica
Shahshahani, S.

(v) Analysis of Snow Cover Changes Using MODIS Snow Products and Meteorological
Data in the Hunza Region, Karakoram, Pakistan
Ahmad, M. , Ali, S., Khan, G.

15



2025 Glacial Isostatic Adjustment workshop

Wednesday - June 4, 2025

16



2025 Glacial Isostatic Adjustment workshop

Thursday - June 5, 2025

Session 7: Modern sea level changes

9:00 - 9:30 Disentangling the causes and drivers of local sea-level changes since 1900
Dangendorf, S. (invited), Oelsmann, J., Mitrovica, J.X.

9:30 - 9:45 Possible Contributions of GIA to the Global Mean Sea Level Budget
Bellas-Manley, A. , Nerem, R.S.

9:45 - 10:00 Vertical land motion is underestimated in sea-level projections from the
Oka estuary, northern Spain
Li, T. , García-Artola, A., Shaw, T., Peng, D., Walker, J., Cearreta, A.,
Horton, B.

10:00 - 10:15 The forebulge of the last glaciation
Brandes, C. , Ste�en, H., Ste�en, R., Li, T., Wu, P.

10:15 - 10:30 Discussion time

10:30 - 11:00 Co�ee & Tea break

Session 8: Interactions of GIA and tectonics

11:00 - 11:15 Decomposition of observed sea-level rise in the Maritime Continent
reveals signi�cant role of unresolved tectonic processes
Coulson, S. , Gangadharan, N., Delbridge, B., Ertel, G., Moise, A.,
Palmer, M.

11:15 - 11:30 Glacially Induced Stress and Strain Variations in Canada in View of Site
Selection for Storage of Used Nuclear Fuel
Ste�en, H. , Ste�en, R.

11:30 - 11:45 Glacial Isostatic Adjustment Induced Stress Perturbation on the Queen
Charlotte Fault in Southeast Alaska over the Last Deglaciation
Syamsul, A. , Pico, T., Cheng, G., Coulson, S., Brothers, D.S., Miller,
N.C., Luttrell, K.M., Lau, H.C.P., Powell, E.M.

11:45 - 12:00 E�ects of glacial forcing on lithospheric motion and ridge spreading
during the last glacial cycle
Yuan, T. , Zhong, S.

12:00 - 12:15 Ice sheet induced salt tectonics - observations and modeling results from
northern Germany
Hardt, J. , Dooley, T.P.

12:15 - 12:30 Discussion time
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12:30 - 13:30 Lunch break

13:30 - 15:30 Poster sessions:

ˆ Modern sea level changes

ˆ Interactions of GIA and tectonics

ˆ Geodetic observations of GIA - Antarctica

ˆ Geodetic observations of GIA - global

15:30 - 16:00 Co�ee & Tea break

Session 9: Geodetic Constraints on GIA

16:00 - 16:15 Far-Field Horizontal GIA Motion in North America From GNSS Data
Kreemer, C. , Blewitt, G., Argus, D.F.

16:15 - 16:30 GNSS residual obtained with ice models to constrain GIA models
Barletta, V.R. , Gong, C., Bordoni, A., Khan, S.A.

16:30 - 16:45 Evaluation of Surface Mass Balance models in Antarctica using GPS
vertical displacement data
Rajavarathan, J. , King, M., Watson, C.

16:45 - 17:00 Accelerating Bedrock Displacements in Coastal West Antarctica
Wilson, T. , Yao, H., Gómez, D., Bevis, M., Kendrick, E., Konfal, S.,
Saddler, D.

17:00 - 17:15 Advancing geodynamic research in Antarctica: Reprocessing GNSS data
to infer consistent coordinate time series (GIANT-REGAIN)
Buchta, E., Scheinert, M. , King, M., Wilson, T., Koulali, A., Clarke,
P.J., Gómez, D., Kendrick, E.

17:15 - 18:00 Discussion time (�rst 15 minutes dedicated to virtual posters)
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Poster sessions

Session: Modern sea level changes

(1) Quantifying Gravitational, Rotational, and Deformational E�ects Due to Dynamic
Ocean Processes on Sea Level Projections
Ertel, G. , Coulson, S., Piecuch, C., Ho�man, M.

(2) Multi-century impact of ice sheet retreat on Arctic Ocean tides
Lucas, E. , Wong, S., Haubner, K., Gomez, N.

(3) Contribution to local sea level from ongoing Greenland ice sheet changes by 2100
Haubner, K. , Gomez, N., Lucas, E., Rahlves, C., Richter, K., Nisancioglu, K.H.,
Born, A.

(4) Improved projections of sea-level change and nuisance �ooding in Atlantic Canada:
The importance of glacial isostatic adjustment
Parang, S. , Karegar, M., Milne, G.A.

(v) Profound modern sea-level evolution against geological backdrop in southeastern
China
Lin, Y. , Kopp, R.E., Xiong, H., Hibbert, F.D., Zheng, Z., Yu, F., Kumar, P.,
Dangendorf, S.

Session: Interactions of GIA and tectonics

(5) Modulation of Tectonic Stresses Across the Western Canadian Continental Margin
via Loading by the Cordilleran Ice Sheet and Glaciomarine Sediments
Hamilton, T.S. , Rohr, K.M.M., Enkin, R.J.

(6) Identi�cation of a Holocene Surface Rupturing Normal Fault on Flores Island, BC,
Canada
Neligan, T. , Finely, T., Norris, S.L., Nissen, E.

(v) Impact of Tectonic Stress on Glacial Isostatic Adjustment: Insights from Earthquake
Focal Mechanism Inversion and GPS Strain Rates for Seismic Hazard Assesment
Pourbeyranvand, S.

(v) Prototype Tsunami Database and Analysis Rupture Duration for Tsunami Earthquake
Warning in Sumatra
Simamora, B. , Daryono, Pribadi, S., Riama, N.F.

(v) Seismicity and seismic hazard
Kadiri, U.A. , Kijko, A.

19
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(v) Tremors Along West Nusa Tenggara, Indonesia Triggered by Large Teleseismic
Earthquakes
Simamora, B. , Nugraha, A.D., Zulfakriza, Supendi, P., Daryono

Session: Geodetic observations of GIA - Antarctica

(7) Continuing GNSS Observations in Antarctica
Konfal, S. , Wilson, T., Saddler, D.

(8) Using joint geodetic data to estimate viscous surface velocities in Antarctica due to
past and recent ice sheet changes
Mémin, A. , Hassani, R., Boughanemi, A.

(9) Modeled GIA Processes in West Antarctica on Decadal Timescales Constrained with
Geodetic Observations
dePolo, D. , Yuan, T., Zhong, S., King, M.

(10) Quantarctica 4 - An updated version of the multidisciplinary mapping tool for Antarctic
research
Matsuoka, K., Skoglund, A., Scheinert, M. , Cajiao, D., Fraser, A., Hil ls, B., Leihy,
R., Liggett, D., Mahagaonkar, A., Melvær, Y., Moreau, S., Nakayama, Y., Ne�, P.,
Noel, B., Paxman, G., Poineli, M., Riz, C., Ruppel, A., Seyboth, E., Tronstad, S.,
Trusel, L., Wendt, L.

(11) Error Budgets and Antenna Ice Bias in GNSS-derived Crustal Motion Velocities in
Antarctica: Implications for Constraining GIA Models
Saddler, D. , Wilson, T., Bevis, M., Kendrick, E., Gómez, D., Konfal, S.

(12) A new array of GNSS, seismic, and magnetotelluric observations in East Antarctica
King, M. , Reading, A., Beardsley, J., Staal, T., Askey-Doran, N., Selway, K.,
Manassero, M., Wilson, T.

(13) Progress and limitations in quantifying present-day GIA in Antarctica by combining
geodetic satellite data
Wil len, M. , Klug, J., Broerse, T., Horwath, M., Wouters, B., Buchta, E., Scheinert,
M., Helm, V.

(14) Advancing GIA Constraints through Expanded GNSS Observations in Dronning Maud
Land, East Antarctica
Buchta, E., Scheinert, M. , Kappelsberger, M., Eberlein, L.
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Session: Geodetic observations of GIA - global

(15) New data products: Greenland GPS network data and elevation changes of the
Greenland Ice Sheet
Khan, S.A., Berg, D., Barletta, V.R., Madsen, F.B.

(16) Assessing the impact of LIA-induced viscoelastic deformations on geodetic
measurements in Greenland
Gourrion, E. , Métivier, L., Gre�-Le�tz, M.

(17) Multi-technique estimation of ice mass balance in Greenland: impact of �rn
densi�cation and GIA models
Métivier, L. , Lo�cial Sanchez, A., Fleitout, L., Chanard, K., Gre�-Le�tz, M., de
La Serve, M., Gauer, L.-M., Gourrion, E.

(18) Combining GNSS data and GIA predictions in Canada's hybrid crustal velocity model
Simon, K.M. , Bond, J., Craymer, M., James, T.S.

(19) Isolating the E�ects of Glacial Isostatic Adjustment in the Chesapeake Bay from a
New GNSS-Constrained Vertical Land Motion Solution
Stamps, S.D. , Williams, K., Duda, J., Hensel, P., Moore, W.B., Hippenstiel, R.

(v) An integrated 3D geodetic velocity �eld for Aotearoa New Zealand and the Southwest
Paci�c, and implications for vertical land motion and tectonic strain rates
Rollins, C. , Wallace, L., Pickle, R., Castro-Perdomo, N., Howell, A., McGrath, J.,
Hamling, I., Johnson, K., Maurer, J., Hreinsdottir, S.

(v) Assessing the predictions of GIA models across the Great Lakes Region
Guerra Neto, H.L. , Freymueller, J.T., Cicero, E., Harig, C.T.
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Friday - June 6, 2025

9:00 - 10:30 Workshops

1 - GIA assumptions and uncertainty
Room TBA

2 - Observational priorities in the Antarctic
Room TBA

3 - Understanding modern sea-level changes
Room TBA

10:30 - 11:00 Co�ee & Tea break

11:00 - 12:30 Workshops

4 - Comparisons of GIA models with present-day observations
Room TBA

5 - GIA benchmarking initiatives
Room TBA

6 - PALSEA-Next: Top down and Bottom up, Targeting GIA uncertainty
with observational constraints on past sea level and ice sheet stability
Room TBA

12:30 - 13:30 Lunch break

Workshop & Concluding session

13:30 - 14:30 Workshop on �GIAmachine: a rescue and recovery initiative for glacial
isostatic adjustment and sea level model outputs�

14:30 - 15:00 Summary of the workshops 1-6

15:00 - 16:00 Summary of the meeting
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1 - GIA assumptions and uncertainty

Main organizers: Lev Tarasov, Lambert Caron

When using models to infer past or future evolution of the Earth system or aspects thereof, the

relationship between the model and the physical system needs to be meaningfully speci�ed. In

more familiar terms, this is the assessment of structural (and arguably input) uncertainties. In

this workshop, we aim to take stock and generate a community plan to build such an assessment

for GIA modelling. Concretely, this workshop has 4 objectives: 1) prioritize structural and input

uncertainty sources to address, 2) stock take past/current e�orts to address these, 3) identify

what is lacking and what needs to be done to adequately address each source, and 4) identify

concrete new projects (ranging from intercomparisons to review papers,..) and potential team

members to �ll in the identi�ed gaps.

2 - Observational priorities in the Antarctic

Main organizers: Andrew Lloyd, Mirko Scheinert, Matthias Willen, Junâ€™ichi Okuno, Maryam

Youse�, Grace Nield

Understanding past to future behavior of the Antarctic ice sheet and its in�uence on sea level

change is critically linked to our ability to continue seeking out observations of GIA, particularly

within the Antarctic. A major component of modern in situ observations are continuously

recording GNSS observations that record three component solid Earth deformation, which are

used extensively to test geophysical models. Unfortunately, U.S. NSF supported GNSS sites

across West Antarctica are scheduled for decommissioning in 2025/2026. Similar issues hold true

for the U.K. NERC supported UKANET sites in the Antarctic Peninsula to Filchner-Ronne Ice

Shelf regions. Thus, the funding agencies request input from the science community to identify

which regions/sites are the highest priority to retain. Here we aim to build this community

consensus by identifying pressing scienti�c questions that are best addressed in Antarctica,

identifying which GNSS stations are required to address these questions, and by considering

how to better leverage GNSS observations along with other modern (e.g., satellite) and palaeo

24



2025 Glacial Isostatic Adjustment workshop

observations of GIA or ice history in order to mitigate the loss of in situ observations. These

considerations build upon previous exchanges held within the SCAR INSTANT SC 2.2 �Probing

the Solid Earth and Its Interaction� (PSE). The respective review paper is close to submission

(as of end of April 2025) and can serve as a basis for continuing discussions.

3 - Understanding modern sea-level changes

Main organizer: Franck Ghomsi, Soenke Dangendorf, Julius Oelsmann

Closing the global and regional sea level budget is vital for understanding modern sea level

change, integrating steric e�ects, mass contributions from ice sheets, glaciers, and terrestrial water

storage, and solid Earth processes like glacial isostatic adjustment (GIA). This workshop will

assess progress in reconciling observations from advanced satellite altimetry, including SWOT's

high-resolution coastal and mesoscale data, GRACE/GRACE-FO, Argo, and tide gauges. We will

address uncertainties in GIA corrections, ocean bottom deformation, and deep-ocean steric signals,

alongside regional variations driven by ocean dynamics and vertical land motion. Exploring

methods like probabilistic reconstructions, counterfactual analyses, and SWOT-enhanced regional

insights, the session aims to re�ne budget closure and uncertainties in associated projections. We

will foster collaboration to develop a roadmap integrating advanced GIA models and observations,

aligning with initiatives like PALSEA.

4 - Comparisons of GIA models with present-day observations

Main organizers: Je� Freymueller, Grace Nield

Observations are critical for testing GIA models, and GIA model predictions are needed to

remove the e�ect of GIA from observations for other studies. This workshop will focus on

how to correctly compare model predictions with observations, which begins with comparing

observations and data in a common reference frame. Comparing horizontal model predictions

with observations �rst requires removal of tectonic plate motions from the observations, but GIA

can potentially bias estimates of tectonic plate rotations. How can we better address these issues
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to make fuller use of underutilised observations? How can di�erent types of observations be

combined to overcome gaps in spatial/temporal coverage, or reduce ambiguities or tradeo�s?

Finally, how can we better use the mis�ts between models and observations to improve models?

As an example of the latter question, do we understand well enough how changes in model

parameters impact predictions to devise speci�c measurement scenarios that will constrain values

of those parameters?

5 - GIA benchmarking initiatives

Main organizers: Volker Klemann, Lambert Caron, Rebekka Ste�en, Holly Han

During the last years two successful benchmarks regarding GIA were performed, addressing

the general deformational behaviour (Spada et al., 2011) and the implementation of the sea-

level equation (Martinec et al., 2018). Current research themes motivate the extension of the

benchmark series addressing following aspects: lateral viscosity variations, compressibility of

the viscoelastic continuum, and the extension to transient as non-linear viscosities. In addition,

in view of model intercomparison projects (MIPs) on future sea level projections, the necessity

of a GRDMIP was formulated. Based on preliminary results this workshop intends to bundle,

distinguish and stream line these current activities.

6 - PALSEA-Next: Top down and Bottom up, Targeting GIA

uncertainty with observational constraints on past sea level and

ice sheet stability

Main organizers: Tamara Pico, Roger Creel, Juliet Sefton

What are the climatic and geophysical drivers of ice sheet and sea level change on centennial to

multi-millennial timescales? The PALSEA-Next working group brings together observational

scientists and ice-sheet, climate, and sea-level modelers in order to better de�ne observational

constraints on past sea-level and improve understanding of ice-sheet responses to rapid climate

change.
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7 - GIAmachine, a rescue and recovery initiative for glacial

isostatic adjustment and sea level model outputs

Main organizers: Roger Creel, Sam Kodama, Kusha Dharavath, Holger Ste�en, Rebekka Ste�en,

Riccardo Riva, Jason Briner, Karen Simon, Matthias Willen

GIAmachine is an initiative to collect and make accessible published GIA and sea level model

outputs. This workshop aims to introduce GIAmachine to the solid Earth sea level community.

After a brief presentation of initial progress to catalog model outputs and build a portal on

the Ghub science gateway, we will solicit feedback on the initiative and open discussion on the

accompanying synthesis paper.
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Name Current Institution
Attendance

form

Greta Bellagamba University of Iceland, Iceland in-person

Christian Brandes Leibniz Universität Hannover, Germany in-person

Connor Brierley-Green Canada in-person

Stephanie Bringeland Queen's University, Canada in-person

Hans-Peter Bunge Ludwig-Maximilians Universität Muenchen, Germany in-person

Sam Chester Columbia University, USA in-person

Sophie Coulson University of New Hampshire, USA in-person

Roger Creel Woods Hole Oceanographic Institution, USA in-person

Soenke Dangendorf Tulane University in-person

Donna dePolo University of Colorado at Boulder, USA in-person

Blake Dyer University of Victoria, Canada in-person

Randy Enkin Canada in-person

Grace Ertel University of New Hampshire, USA in-person

Cameron Essex USA in-person

Enrique Antonio

Fernandez Torres
Canada in-person

Mara Figueroa Berroca Jet Propulsion Laboratory, United States in-person

Je� Freymueller Michigan State University, USA in-person

Thomas Givens Icelandic Meteorological O�ce, Iceland in-person
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Natalya Gomez Canada in-person

Emma Gourrion Institut de physique du globe de Paris (IPGP), France in-person

Adelaide Gunn University of Ottawa, Canada in-person

Tark Hamilton Geological Survey of Canada in-person
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Seismicity and seismic hazard

Umar Afegbua Kadiri 1, Andrzej Kijko 2

1 - Centre for Geodesy and Geodynamics, Toro, Nigeria

2 - University of Pretoria, Pretoria, Republic of South Africa

No in-depth seismic hazard study for West Africa (WA) has ever been conducted bcause of

incomplete earthquake catalogues, which negatively a�ects a�ected the planning and development

of critical infrastructure and disaster risk management. This bridges the knowledge gap by

updating the current earthquake catalogue for WA. The seismotectonic setting of WA is considered

stable continental crust despite several recorded earthquakes occurring in the region, the largest

being the 22 June 1939 earthquake of magnitude M6.8 with epicentre in Ghana. However, WA

has also been classi�ed as a region of shallow crustal seismicity. Therefore, we investigated

both research schools of thought and compared their results using three di�erent ground-motion

models (GMMs) and combined to produce each hazard map using logic tree formalism with equal

weights. The region was divided into �ve seismic source zones for computation of the earthquake

recurrence parameters, with the same parameters computed for the entire WA region. The

computed Gutenberg-Richter b-value, activity rates I, and regional maximum possible magnitudes

mmax for the �ve zones ranged from 0.84 to 1.0, 0.3-2.1, and 5.2-7.0, respectively. The calculated

b-value, I, and mmax for entire WA were 0.77, 4.1, and 7.2, respectively. Estimated b-value of

0.77 falls within the generally accepted range for tectonic seismicity. Seismic hazard predicted by

GMMs for stable continental areas was higher than that predicted for shallow crustal seismicity

in WA, con�rming that the region is characterised by stable continental crust. The highest

hazard levels were observed in Ghana, Guinea, etc ranging 0.02-0.03 g.

Keywords: GIA modelling (inputs) - seismic � Observations - seismicity
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Analysis of Snow Cover Changes Using MODIS Snow Products and

Meteorological Data in the Hunza Region, Karakoram, Pakistan

Muqeet Ahmad 1, Shehzad Ali3, Garee Khan2

1 - Kathmandu University, Kathmandu, Nepal

2 - Karakoram International University, Gilgit-Baltistan, Pakistan

3 - Government College University, Lahore, Pakistan

The Upper Indus Basin (UIB) is characterized by contrasting meteorological behaviors; therefore,

it has become pertinent to understand the meteorological trends at the sub-basin level. Many

studies have investigated the snow-covered area along with meteorological trends at the basin

level. Still, none have reported the spatial variability of trends and their magnitude at a sub-basin

level. This study is conducted to monitor the seasonal trends in the snow-covered area and

climatic factors (temperature and precipitation) in the Hunza region of the Upper Indus Basin

(UIB). Summer and winter seasons were selected because temperature and precipitation during

these two seasons are the key factors for snow cover variation in the region. Mann-Kendall and

Spearman methods were used to study the seasonal trends and their magnitude using MODIS

snow cover information (2000-2020) and meteorological data. The results showed that during the

summer season, SCA and precipitation showed a non-signi�cant (p=0.05) decreasing trend with

a value of -0.0095 km2/month and -0.191 mm/month, respectively, while the temperature showed

a non-signi�cant increasing trend with a value of 0.315� C/month. While, during the winter

season, SCA and temperature showed a non-signi�cant increasing trend with a value of 0.114

km2/month and 0.117� C/month, respectively, and precipitation showed a signi�cant increasing

trend with a value of 0.436 mm/month. In general, the snow-covered areas of the Hunza region

have an increasing trend during the winter season, while the summer season has a decreasing

trend of snow-covered areas. Based on the results of this study it can be concluded that since the

Keywords: Region - rest of the world
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Strengthening glacial isostatic adjustment model ICE-6G_D (VM5a)

Donald F. Argus 1, W. R. Peltier 2

1 - Jet Propulsion Laboratory, California Institute of Technology, Pasadena, United States of America

2 - University of Toronto, Toronto, Canada

Glacial isostatic adjustment model ICE-6G_D (VM5a) �ts a wealth of data, consisting of

several relative sea level histories, thousands of GPS vertical rates of motion, and several tens of

Antarctica ice height change constraints. The model [Peltier et al. 2015, 2018, Argus et al. 2014]

accurately describes vertical displacements of the continental cratons over the past 25,000 years

using a laterally invariant Earth structure consisting of a lithospheric thickness of 90 km, an

upper mantle viscosity of 0.5� 1021 Pa�s, and a viscosity of the top 1/3 of the lower mantle of 2.6

� 1021 Pa�s. GRACE scientists studying hydrology, the cyrosphere, and solid Earth scientists rely

on ICE-6G_D (VM5a) to distinguish between surface mass change associated with Earth's rise

and that re�ecting change in total water, snow, and ice.

To more accurately determine glacial isostatic adjustment above present and former subduction

zones in Cascadia, Alaska, Antarctica, scientists (e.g., James et al. 2009, Barletta et al. 2018, Li

et al. 2020) are constucting models with an upper mantle having a low viscosity, more closely

re�ecting the hot asthenosphere above subduction plates. We are: (1) adjusting the ICE-6G_D

ice sheet history and VM5a mantle viscosity pro�le to �t data where the model may be slightly

in error, and (2) superimpososing a model of solid Earth's viscous response to changes in ice

during the Little Ice Age around 1850 A.D. to more accurately determine vertical displacements

above subdction zones.

Keywords: Observations - GNSS/GPS � Observations - sea level (paleo or tide gauge)�

Observations - gravity � GIA modelling (inputs) - mantle viscosity/rheology
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Fingerprinting melt contributions during the Last Interglacial period

Jacqueline Austermann 1, Blake Dyer2, Alessio Rovere3, Roger Creel4, Natasha Barlow5,

Oana Dumitru 6, Ciro Cerrone3, Oliver Pollard 5, Natalya Gomez7, Samuel J. Chester1, Andrew

Hollyday1, Silas Dean3, Billy D'Andrea 1, Andrea Dutton 8, Maureen Raymo1

1 - Columbia University, Palisades, United States of America

2 - University of Victoria, Victoria, Canada

3 - Ca'Foscari University of Venice, Venice, Italy

4 - Woods Hole Oceanographic Institution, Woods Hole, United States of America

5 - University of Leeds, Leeds, United Kingdom

6 - University of Florida, United States of America

7 - McGill University, Montreal, Canada

8 - University of Wisconsin-Madison, Madinson, United States of America

The Last Interglacial period (LIG, � 129-116 ka) is the last time in Earth's history when both the

Greenland and Antarctic ice sheets signi�cantly retreated beyond their current extent. Existing

estimates of the magnitude and timing of excess (i.e. beyond modern) mass loss during the

Last Interglacial and which ice sheets contributed vary. Despite a large number of sea level

indicators from the LIG, this work has been hindered by data limitations (especially chronology),

uncertainties in glacial isostatic adjustment (GIA) models, and a limited understanding of longer

term land uplift or subsidence that may be caused by mantle convection, sediment loading, or

tectonics.

Here we present a new e�ort to use sea level observations to �ngerprint the contribution of di�erent

ice sheets to sea level change during Termination II (� 136-129 ka) and the Last Interglacial. We

employ a large suite of GIA models in which we vary the 1D structure of the solid Earth and

the geometries of Earth's ice sheets over the penultimate glacial cycle. We use them to train a

neural net to emulate the contribution of each ice sheet to sea level. We pair this with sea level

data compiled as part of the World Atlas of Last Interglacial Shorelines (WALIS) database e�ort,

and include both observation- and model-derived estimates of longterm deformation. We use a

Bayesian inversion to infer a posterior estimate of melt contributions from major ice sheets.

Keywords: GIA modelling (methods) - inverse � Region - global � Timescale - Pleistocene

� Observations - sea level (paleo or tide gauge)
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GNSS residual obtained with ice models to constrain GIA models

Valentina R. Barletta 1, Chneg Gong2, Andrea Bordoni3, Shfaqat Abbas Khan1

1 - DTU Space, Lyngby, Denmark

2 - Dartmouth College, Hanover, United States of America

3 - DTU Compute, Lyngby, Denmark

GIA models can be constrained by GNSS-measured uplift rates, once the signal is corrected

for the elastic uplift rates produced by present day mass changes. In Greenland the agreement

between expected and measured uplift rates is still not a solved problem. Recently it has been

shown that GIA models might overall underestimate the actual uplift rates; and there are

evidences that the estimates of present day mass changes might be a�ected by large uncertainties

especially close to the main glaciers. Due to GNSS's high sensitivity to local mass changes, such

estimates need not only to be at very high resolution but also with a high degree of accuracy.

Altimetry does indeed provide volume change estimates at high resolution, but the conversion

into mass retains large uncertainties, especially at the gates of the largest glaciers. Here we

explore the possibility of using the mass variations from ice models instead of from altimetry.

The potential advantage is that models provide mass estimates that rely on physical principles:

conservation of mass, momentum and energy. The ice model is speci�cally tuned for the three

main Glaciers (Kangerlussuaq, Jakobshavn, Helheim).

Keywords: Observations - GNSS/GPS� Region - Greenland
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Glacial Isostatic Adjustment Modelling of Iceland: Entering the 2020's

Greta Bellagamba 1, Peter Schmidt2, Halldór Geirsson1, Thomas Givens3, Michelle Parks3,

Eyjólfur Magnússon1, Joaquín Muñoz-Cobo Belart4, Freysteinn Sigmundsson1, Benedikt Gunnar

Ófeigsson1, Vincent Drouin 3

1 - University of Iceland, Reykjavik, Iceland

2 - Uppsala University, Uppsala, Sweden

3 - Icelandic Meteorological O�ce, Reykjavik, Iceland

4 - Icelandic Institute of Nature Research, Reykjavik, Iceland

Present day deglaciation in Iceland results in Glacial Isostatic Adjustment (GIA) with uplift rates

reaching 35 mm/yr. A GIA model allows us to estimate and remove the time-dependent GIA

signal when studying magma movements and tectonic deformation. GIA-induced stress changes

also a�ect magma production rates and storage stability, or intrusion versus eruption likelihoods.

We use a 3D Finite Element model developed using COMSOL Multiphysics, assuming a �at,

incompressible Earth in the governing equations, but allow for material compressibility in the

Earth rheology and neglecting self-gravitation. Our Earth model consists of an elastic plate

overlying a linear viscoelastic mantle. The rheological parameters vary only with depth.

We implement an ice-load time series spanning the period 1890-2023. For Vatnajökull, we

combine data from two periods: 1890-2010, where ice history is derived from integrated mass

balance values that do not vary spatially, with a temporal resolution ranging from a few years

to several decades; 2010-2023, where ice history incorporates observational data with lateral

variations and an annual resolution. For Hofsjökull and Langjökull, we use the entire 1890-2023

ice history, calculating the mass-balance as integrated values over each glacier area. Additionally,

we include the mass balance of 14 smaller glaciers for the period 1945-2017. Surface displacements

in Iceland, as observed by GNSS and InSAR from 1993 and onward, can be �tted by our GIA

model with a mantle viscosity of 2-4 � 1018 Pa�s and an elastic thickness of 35 km. We plan to

add 3D Earth structure and further update the glacier load model.

Keywords: Observations - GNSS/GPS� GIA modelling (inputs) - mantle viscosity/rheology �

Timescale - Little Ice Age � GIA modelling (methods) - 1D
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Possible Contributions of GIA to the Global Mean Sea Level Budget

Ashley Bellas-Manley 1, R. Steven Nerem1

1 - Colorado Center for Astrodynamics Research, University of Colorado, Boulder, United States of America

Global mean sea level (GMSL) is a fundamental climate variable because it provides one of the

most robust measures of global climate change in terms of how much ice on land is melting

and �owing into the global ocean basin. GMSL has been measured by satellite altimeters every

�ve days since 1993 (e.g., TOPEX/Poseidon, Jason-1, Jason-2, Jason-3, Sentinel-6 Michael

Freilich). An independent estimate of GMSL can be derived from the sum of (i) changes in

ocean mass measured by GRACE and GRACE-FO since 2002 and (ii) changes in ocean density

measured by the Argo �oat network since 2005. While the GMSL budget was closed from

2005 until approximately 2016, GMSL measured by altimeters began to exceed the sum of

GRACE and Argo after 2016. Recent work by Kang & Zhong (2023) explored the e�ect of

lateral variations in viscosity on the preferred model of GIA by considering paleoshorelines in

speci�c geographic regions. They found that the preferred viscosity structure varies considerably

when paleoshorelines from di�erent regions are considered. In this study, we show that the

GMSL budget misclosure is reconciled when the GIA correction applied to GRACE and satellite

altimeter data is based on the 1D mantle viscosity pro�le that best �ts paleoshorlines in North

America only and loading from ICE-6G. This result suggests that the GIA signal averaged over

the global ocean basins is consistent with a stronger lower mantle than VM5a.

Keywords: Observations - sea level (paleo or tide gauge)� GIA modelling (inputs) - mantle

viscosity/rheology � GIA modelling (methods) - 1D � Observations - gravity
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A glacial forebulge is a load-driven bending-related upheaval of the lithosphere outside a glaciated

area. It is a typical feature of the glacial isostatic adjustment process and forms contemporaneously

to the depression of the lithosphere below the ice sheet. The position, amplitude and dynamic

behavior of the forebulge are controlled by the �exural rigidity of the lithosphere, by asthenospheric

�ow processes and by the ice sheet geometry and history. Commonly, a higher �exural rigidity

of the lithosphere leads to a lower amplitude of the forebulge and a greater distance to the

load. Flow of asthenospheric material, which can occur as channel-�ow or deep �ow, supports

the forebulge formation. Channel-�ow leads to an outward migration of the forebulge during

collapse, whereas deep-�ow leads to an inward migration. A non-linear mantle rheology is seen

as a reason for stationary forebulge collapse. Understanding the processes that control formation

and position of the forebulge is highly important as forebulge development and collapse related to

the last glaciation has led to signi�cant topographic changes in the order of several tens of meters

in North America and Europe. Quantifying the present-day forebulge position, amplitude and

subsidence is therefore crucial for the estimation of future sea-level changes, understanding the

evolution of �uvial networks and the distribution of deglaciation seismicity. We use a state-of-the

art �nite-element model that can �t multiple observations of the last glaciation simultaneously,

to illustrate forebulge development in North America and northern Central Europe.

Keywords: Region - Northern Europe � Region - North America � Timescale - Pleistocene
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Exploring the E�ects of Ice Load Variations on Glacially Induced Crustal
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Due to ice sheet loading and unloading from the Last Glacial Maximum, North America is

currently experiencing both horizontal and vertical crustal motion. This motion is a�ected by

both the ice loading history and the Earth rheology. To explore the e�ects that Earth rheology

has on this induced motion, many 3-layered mantle viscosity pro�les, assuming a spherically

symmetric Earth model, were tested. Optimal viscosity pro�les were determined, assuming the

ICE-6G_C surface loading model and comparing to GNSS-observed crustal velocities corrected

for the hydrological loading of the Great Lakes and recent ice loss. As previously presented, the

vertical response shows a clear preference in Earth model parameters while the horizontal results

are strongly dependant on lithospheric thickness. Additional work explores the e�ects of both

linearly scaling ICE-6G_C as well as employing the more recent ICE-7G_NA. ICE-7G_NA

produces very similar results as ICE-6G_C for both the vertical and horizontal components.

Despite examining a wide range of scaling parameters (0.25 to 1.75), the best �ts to the vertical

motion observations are found with scaling factors that are close to one, with the global best

�tting modeling having a scaling factor of exactly one. The optimal viscosity pro�les from the

scaled load were similar to the unscaled load. The horizontal response preferred an unrealistic

scaled surface loading model (scale factor around 0.6), possibly indicating a structural de�ciency

in the Earth models that could relate to non-linear rheology or lateral heterogeneity in Earth

structure.

Keywords: GIA modelling (methods) - 1D � Region - North America � GIA modelling (methods)

- forward � GIA modelling (inputs) - mantle viscosity/rheology
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The Coast Mountain region of British Columbia is experiencing vertical and horizontal crustal

motions from the demise of the Cordilleran Ice sheet following the Last Glacial Maximum (LGM)

and from mountain glaciers that have shrunk following a local maximum during the Little Ice Age.

Previous work includes development of a Little Ice Age loading model by extrapolating glacial

volume via a volume-area scaling relationship on published glacial extent pro�les (Lauch, 2022).

Earth rheology was explored with numerous forward models, varying the viscosity and lithospheric

thickness of a laterally homogenous Earth model, and compared to sparse GNSS-derived crustal

uplift rates to infer asthenospheric viscosity of � 2-3 � 1019 Pa�s. Planned improvements to this

preliminary work include development of a more accurate GIA loading model including loading

from LGM loading (Youse� et al., 2018) and improving the Little Ice Age loading model utilizing

the Open Global Glacier Model (OGGM). A new GNSS site has already been installed near the

region of projected maximum uplift and a second site is planned to be installed. Earth modeling

will explore a wider range of laterally homogenous models and introduce heterogeneity via �nite

element modeling. Other datasets, such as leveling line data and Holocene sea level data, will be

examined to determine the constraints they may bring to improve modeling of glacial isostatic

adjustment in the Coast Mountains.

Keywords: GIA modelling (methods) - forward � Region - North America � GIA modelling

(inputs) - mantle viscosity/rheology
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Global Navigation Satellite System (GNSS) data provide critical insights into solid Earth

deformation, serving as essential constraints for the inference of Glacial Isostatic Adjustment

(GIA) models and empirical estimates of GIA and ice-mass balance. Since the last International

Polar Year 2007/08, GNSS coverage has signi�cantly been expanded in West Antarctica, the

Antarctic Peninsula, and parts of Victoria Land. In East Antarctica, however, logistical challenges

and sparse bedrock outcrops have limited the establishment and (re-)observation of new GNSS

stations.

In order to address this gap, a GNSS network of mostly episodic site was deployed across western

and central Dronning Maud Land, East Antarctica. Measurements were initiated in the mid-1990s

while the most recent observation campaign was conducted during the 2022/2023 Antarctic

season. Additionally, two new permanent GNSS sites were installed in western Dronning Maud

Land in the beginning of 2020.

This study presents results from a consistent analysis of both episodic and continuous GNSS

datasets over a time span of more than 20 years. We demonstrate how this extended temporal

coverage enhances the accuracy of secular trends derived from GNSS time series. To isolate

the GIA displacement signal, we account for elastic displacement caused by present-day ice

mass changes using satellite altimetry and surface mass balance models. The resulting trends

are compared to GIA model predictions, o�ering new insights into the deformation pattern

in a region that lack respective information so far. Our �ndings emphasize the importance of

long-term GNSS measurements in re�ning GIA models for East Antarctica.

Keywords: Observations - GNSS/GPS� Region - Antarctica
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For almost three decades, geodetic GNSS measurements have been used to infer bedrock

displacement in Antarctica. However, until now Antarctic-wide studies have only been able to

make use of a limited number of GNSS stations and have also been limited in time. Within the

SCAR-endorsed project GIANT-REGAIN (Geodynamics In ANTarctica based on REprocessing

GNSS DAta INitiative), for the �rst time geodetic GNSS data have been compiled for as many

Antarctic bedrock stations as possible, covering the period from 1995 to 2021. The recordings

include permanent and episodic observations at more than 270 sites. In order to provide a

consistent and reliable analysis of these data, four processing centres have joined forces to

reprocess the data. The background and the most important issues of the reprocessing will be

reported. We will discuss the resulting coordinate time series in terms of their reliability and

uncertainty, and their usability to infer displacement rates for subsequent analyses in Antarctic

geodynamics, especially GIA. Thus, these coordinate time series will allow to investigate the

Antarctic bedrock displacement pattern in much more detail than before. This includes the

response of the solid Earth on short time scales due to a weak upper mantle or the variability of

the Antarctic ice sheet in the Holocene which may lead to present-day subsidence.

The results of GIANT-REGAIN are discussed in a paper published in Earth System Science

Data, and the data products are archived at PANGAEA and, thus, publicly accessible.

Keywords: Observations - GNSS/GPS� Region - Antarctica
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Computational capabilities now make it possible to compute global geodynamic earth models at

near earthlike convective vigour, with grid point spacings throughout the entire mantle of 10 km

or less, equivalent to� 1 billion grid points within the mantle volume. This paves the way to

compute synthetic data from the models in an approach known as closed-loop experiments. I

present closed-loop experiments in geodynamic earth models targeted at four observables that

are sensitive to mantle convection: (1) seismic data, (2) the Geoid, (3) global stress �eld patterns,

and (4) continent scale stratigraphy. We process the latter from interregional scale geological

maps for the distribution of un/conformable sedimentary successions in recently developed

so-called hiatus maps as a proxy for mantle convection maintained so-called dynamic topography.

Stratigraphy is sensitive to the mantle convection planform over convective time scales, i.e.

hundreds of Myrs. This makes it a powerful constraint on mantle rheology which goes beyond

traditional Geoid information. Our results reveal e�ects from spatially variable data collection

and quality (as expected) evident, for instance, in seismic imaging. They also show profound

e�ects from mantle �ow geometries. This is less expected and revealed in our results for the

global stress �eld distribution, where Shmax in some continents is parallel to plate motion while

in others it is not. We conclude that synthetic data derived from global geodynamic earth models

yields process-based knowledge that is key for data interpretation and suggest that closed-loop

experiments are an essential guide for future data collection an interpretation e�orts.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � GIA modelling (inputs) -

rock physics
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Ice sheets are highly sensitive to changes in local topography and relative sea level. Over glacial

cycles, sea level variations are primarily controlled by ice volume changes and glacial isostatic

adjustment (GIA), which is the response of the Earth's solid surface, gravity �eld, and rotational

axis to changes in ice and ocean load. As ice sheets grow and shrink they change the local

topography and gravity �eld both of which modulate relative sea level. Such e�ects can result in

critical feedbacks between GIA and ice sheet dynamics, notably the possible stabilization of the

grounding line during ice mass loss. Here, we develop a new coupled model and explore a range

of coupling schemes to further understand how these modeling decisions in�uence the predicted

dynamics and ultimately our understanding of ice sheet-sea level interaction. We couple a widely

used GIA model with the open-source, thermomechanical Parallel Ice Sheet Model (PISM). The

GIA model solves the `sea level equation', assumes a 1D maxwell viscoelastic Earth structure

and accounts for rotational feedbacks (Kendall et al., 2005). We explore feedbacks in Antarctica

speci�cally in regions where there is evidence for readvance of the grounding line during the mid

to late Holocene, possibly due to GIA stabilizing e�ects. We �nd that over the last deglaciation,

the ice sheet is highly sensitive to mantle viscosity: higher viscosity generally leads to extensive

retreat of the grounding line through the Holocene while lower viscosity stabilizes the grounding

line earlier and farther out on the continental shelf.

Keywords: GIA modelling (inputs) - ice sheet dynamics � Region - Antarctica � Timescale -

Holocene� GIA modelling (methods) - 1D
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The islands of the Southeast Asian Seas (SEAS) are vulnerable to sea-level rise caused by a range

of barystatic and sterodynamic processes. The region also experiences seismic activity along the

Sumatra-Andaman subduction zone, such as the M9.1 2004 Indian Ocean Earthquake. Both

co-seismic and inter-seismic deformation is expected to have signi�cant impact on relative sea

level through deformation of the sea�oor and gravitational changes in the sea surface height (SSH)

due to crustal mass redistribution, though the long-term a�ect on SSH is poorly understood. We

compare satellite observations of SSH changes over SEAS from 1993-2021 to model predictions of

the individual components of SSH change over the same time period. We predict spatio-temporal

patterns of SSH change from long-term GIA and from GRD e�ects due to recent mass changes

in the polar ice sheets, global glaciers and terrestrial water storage using a range of up-to-date

altimetry datasets, GRACE-based reconstructions and glacier model reconstructions. We utilize

ocean reanalysis products to obtain sterodynamic SSH changes, and predict the gravitational

perturbations to SSH generated by the associated movement of mass within the ocean. The sum of

these components reveals a high in the observed long-term trend of SSH changes to the northwest

of Sumatra that cannot be explained by any oceanographic or GRD process. Preliminary results

show that this SSH anomaly corresponds with the rupture area of the 2004 earthquake and

long-term GRACE geoid height trends in the region, demonstrating a �rst-of-its-kind detection

of the gravitational perturbation to SSH generated by subduction processes.

Keywords: Observations - sea level (paleo or tide gauge)� Observations - gravity � Observations

- seismicity � GIA modelling (methods) - 1D
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How fast sea level rises in the next century will depend on how fast the Antarctic Ice Sheet

responds to warming. Projections of future Antarctic Ice Sheet behavior are shaped by our

assumption that peak sea level during past warm periods occurred after the North American

ice sheets had disappeared. Here we bring emerging evidence from paleoceanography and allied

disciplines to argue that North America's Laurentide and Cordilleran ice sheets persisted deep

into some of the warmest interglacials of the last million years. We begin by reviewing the

evidence for North American ice sheets enduring thousands of years beyond the start of past

interglacials. We then catalogue the ways that revising our understanding of past warm periods

in�uences estimates of future sea level rise and ice sheet mass loss. Finally, we propose that this

paradigm shift opens avenues for future research that will increase con�dence in the accuracy of

our climate and sea level projections.

Keywords: Timescale - future � Timescale - paleo� Region - global � Observations - sea

level (paleo or tide gauge)
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Coastal communities around the world are increasingly exposed to extreme events that have been

exacerbated by rising sea levels. Sustainable adaptation strategies to cope with the associated

threats require comprehensive understanding of past and possible future changes at a local level.

Yet, many coastlines lack accurate long-term sea level observations. In this presentation, I will

introduce several recent advances in reconstructing and interpreting climate-related sea level

and its individual causes (glacial isostatic adjustment, ice melt, terrestrial water storage, ocean

expansion and circulation, and inverse barometer e�ects) at high spatial resolution back into

the early 20th century that now allow to access and interpret historical sea level even in areas

where observations are sparse, uncertain, or absent (e.g., Africa). I will also introduce a new

approach that leverages the advances in reconstructing climate-related sea level in the vicinity of

tide gauge records to expose non-climatic processes such as nonlinear vertical land motion due to

�uid withdrawals and earthquakes that are not yet su�ciently taken into account in assessments

of past and future sea level. Finally, I will discuss how the reconstruction of climate-related sea

level can further be re�ned from advancements in glacial isostatic adjustment modeling.

Keywords: Observations - sea level (paleo or tide gauge)� Observations - GNSS/GPS� Region -

global � GIA modelling (methods) - 1D
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The glacial isostatic adjustment (GIA) of west Antarctica is an intriguing problem due to

climate-driven ice melting (i.e. the surface mass loss) and associated rapid crustal motions as

measured by GPS. The GPS measured crustal motions, together with GIA modeling with 1D

mantle viscosity, suggests an extremely weak upper mantle below west Antarctica (Barletta et

al., 2018). Here we present numerical modeling of the GIA process across Antarctica using the

open-source, �nite element code, CitcomSVE 3.0 (Yuan et al., 2024), to solve the viscoelastic

response with 12 km horizontal resolution. The surface loading for our numerical modeling

consists of a newly derived ice history for the last 30 years, based on satellite altimetry data

from Nilsson et al. (2022). Calculations using CitcomSVE 3.0 along with the PREM model for

elastic structure and a 1D mantle viscosity model, similar to the model described by Barletta et

al. (2018), demonstrate vertical surface rates on the order of 4 cm/year in west Antarctica. This

rate is comparable with the vertical rate of GPS station TOMO, located on the Amundsen Sea

Embayment, between the years 2016-2020. These 1D calculations are benchmarked to less than

1% rms error when compared with semi-analytical computations, subjected to the same loading

and structural conditions. These results and numerical accuracy motivate us to test various

3D mantle viscosity models with the goal of using geodetic data to gain insights into the upper

mantle rheology below west Antarctica.

Keywords: Observations - GNSS/GPS� Region - Antarctica � GIA modelling (inputs) - ice

sheet history � GIA modelling (inputs) - mantle viscosity/rheology
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Analysis of sea�oor geomorphology, geology, and radiocarbon data reveal that Queen Charlotte

Sound (� 600 x 150 km), west of the retreating Cordilleran icesheet, lay above sea level for

thousands of years. Evidence includes foundered lacustrine stratigraphy >130 mbsl in Haida

Gwaii, drowned fans and inactive sandwaves NW of Malcolm Island, and a cedar root (13.1 ka

14C) on Cook Bank. The current sea�oor is often more than 200 m deep, much deeper than

eustatic sea level over the last 15 ka, so the region had a glacial forebulge pumped up by lateral

aesthenosphere �ow. We derive a new relative sea level curve from a remarkable geological

happenstance in Milbanke Sound in the south-east of the forebulge region. A late-Pleistocene

early-Holocene subaerial volcano, MacGregor Cone, currently sits 250 to 43 m below current sea

level. Glaciomarine sediments drape the �anks of the cinder cone and contain both local ash and

in-situ benthic foraminifera whose faunal assemblages provide paleodepth control. The relative

sea level evolution �ts the depth-time constraints as a sum of two exponential curves; a rapid

postglacial rebound with 500-year time constant followed by a slow forebulge collapse with a

2000-year time constant. Traditional 2-dimensional visco-elastic modelling suggests the forebulge

should collapse faster than the postglacial rebound. To reconcile modelling with the observations,

we suggest the region experienced elevator tectonics involving thin lithosphere, high heat �ow,

and crustally penetrative faults.

Keywords: Observations - sea level (paleo or tide gauge)� GIA modelling (methods) - 2D �

Region - North America � Timescale - Holocene
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In the coming century, the climate is expected to warm. This warming will change ocean

dynamics, which will in turn change the distribution of mass within the ocean. These mass

distribution changes will lead to gravitational, rotational, and deformational (GRD) e�ects,

causing a spatially variable element to sea level rise. Ocean models do not typically account

for this process, which has been shown to contribute an additional� 10% sea level change to

the dynamic sea level rise signal. This leads to incomplete sea level projections that have a

higher systematic error in areas a�ected by these changing ocean dynamics. This includes areas

of interest for sea level rise adaptation e�orts, such as coastlines, due to increased continental

shelf loading. To better understand the magnitude and spatial distribution of these e�ects we

utilize a variety of sea level rise projections out to 2100 from CMIP6. We capture ocean-dynamic

mass redistribution by using ocean bottom pressure. This allows us to determine the total

mass change in each grid cell to simulate the associated GRD sea level change. From this, we

can better understand how climate change a�ects ocean mass distribution and GRD sea level

rise. Additionally, we can determine what physical ocean processes may be most in�uential on

this component of sea level rise. Preliminary results reveal a linear relationship between future

radiative forcing and GRD sea level rise from dynamic ocean processes and demonstrate the

important role continental shelf loading will play in future sea level projections.

Keywords: Region - global � Timescale - future � GIA modelling (methods) - forward
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There are indications that the melt-back of glaciers due to climate change can trigger new

eruptions for volcanoes and magma reservoirs that rest under ice sheets. The ideal locality

on Earth to study volcano-ice interactions is Iceland, an active volcanic island that has been

totally covered in previous ice ages. Eruptions under glaciers produce distinctive landforms

called tuyas, or table mountains, which can provide an estimate of ice thickness at the time of

eruption. One research tool used to investigate ice thickness is volcanic glass, which is formed

from rapid cooling of magma, and thus is abundant in the majority of systems where eruptions

occur under or within ice or glacial meltwater. In particular, northeast Iceland has been used

as a yardstick for ice thickness estimates using tuyas based on the elevation of capping lava

�ows and glassy eruptive products, and previous research suggests that ice thickness increases

to the south towards Iceland's largest, present-day glacier: Vatnajökull. We hypothesize that

ice thickness estimates using volatiles in volcanic glass record a similar story of ice thickness

for northeast Iceland, with ice thickness increasing to the south for tuyas closer to Vatnajökull

glacier. We report some of the �rst chemical data for volcanic glasses including water, carbon

dioxide, major elements, and sulfur concentrations for four tuyas in northeast Iceland: Gæsafjöll,

Búrfell, Bláfjall, and Herðubreið.

Keywords: Region - Arctic � Timescale - Pleistocene� Timescale - paleo� Region - Northern

Europe
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Climate change and the resulting loss of continental ice mass alters pressures within the

asthenosphere, which can change the level of activity in Earth systems. Prior studies have

found pressure changes from glacial cycles in Iceland have signi�cantly altered the degree of melt

generation in upwelling Mid-Atlantic Ridge material feeding its active volcanic zones. Currently,

published numerical and analytical Glacial Isostatic Adjustment (GIA) models for Iceland use

linear viscoelastic asthenosphere rheology to predict Earth stresses relevant to melting. A growing

body of evidence from laboratory and �eld studies indicates a nonlinear upper asthenosphere �ow

due to microcrystalline dislocation processes. We present linear and (for the �rst time) nonlinear

mantle rheologies with best-�t asthenosphere parameters using recent (2015-2018) InSAR data

in scenarios approximating both the modern (1890-2020) and early Holocene deglaciations in

Iceland. Predictions for pressure changes produced by the models display wide variation in the

spatial and temporal response based on the degree of dislocation �ow and magnitude of unloading.

Nonlinear rheology increases the radius of decompression (and therefore melting) depending

on the magnitude of glacial forcing. It also leads to a noticeable frontloaded melting response

in all cases, even under more minor modern forcing. Nonlinear rheologies lead to substantive

increases (6-35%) in predicted total mantle melting from 1890-2020 over linear rheology. However,

nonlinear �ow leads to the opposite trend of dampening total melt generation by 4-10% from the

entire early-Holocene deglaciation.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � GIA modelling (inputs) -

rock physics � Timescale - recent� Region - Northern Europe
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The Ice Sheet Model Intercomparison Project for CMIP7 (ISMIP7) brings together a consortium

of international ice-sheet models to perform a set of standard ice-sheet model experiments for

projecting the future of the Antarctic and Greenland Ice Sheets. These simulations will be

conducted by modeling groups from around the world in the coming three years, and the resulting

multi-model ensemble will be a critical element informing sea-level projections in the seventh

climate change assessment report from the Intergovernmental Panel on Climate Change planned

for 2029. The experimental protocol for ISMIP7 is being developed by six focus groups. The

Glacial Isostatic Adjustment (GIA) and Sea Level Focus Group is responsible for 1) de�ning

guidelines for inclusion of GIA in the ISMIP7 ice-sheet model simulations, inclusive of a wide

range of GIA models of varying complexity, from global models with 3D Earth structure to simple,

regional bedrock deformation treatments; and 2) establishing a recommended methodology for

calculating sea-level contribution from ice-sheet model output. We present an overview of ongoing

plans with the ISMIP7 GIA Focus Group and our goals for �nalization of the protocol in the

coming year.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (methods) - numerical

� Region - global � Timescale - future
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Assessing the impact of LIA-induced viscoelastic deformations on geodetic

measurements in Greenland
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The melting of the Greenland Ice Sheet (GIS) is a major contributor to the acceleration in global

mean sea level rise. Accurate determination of its mass balance is therefore critical, and geodetic

measurements are widely used for this purpose. However, a key source of uncertainty lies in the

corrections applied to account for glacial isostatic adjustment (GIA), the viscoelastic response of

the Earth to past ice mass changes.

This study investigates deformations induced by ice loss since the Little Ice Age (LIA) in Greenland

and their impact on present-day vertical ground motion derived from GNSS measurements. We

model LIA-induced viscoelastic deformations using a reconstructed ice history of the GIS and

simulate these deformations assuming di�erent Earth models, exploring a range of rheological

parameters. These simulations, combined with corrections for GIA associated with the Last

Glacial Maximum (LGM) and the elastic response to contemporary ice melting, are compared

against GNSS observations.

As this approach also provides constraints on the rheological properties of the Earth's mantle

beneath Greenland, we paid particular attention to southeastern Greenland, where GNSS vertical

velocities are anomalously high. Our simulations suggest the presence of a low-viscosity zone in

this region.

These results highlight the importance of incorporating LIA-induced deformations into geodetic

analyses to minimize biases in mass balance estimates and improve our understanding of

Greenland's contribution to sea level rise.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � Region - Greenland� Timescale

- Little Ice Age � Observations - GNSS/GPS
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Vertical land motion due to glacial isostatic adjustment is the primary driver of past sea level

changes in glaciated areas. The rate of past sea level change can be determined through dated

geological and geomorphic sea level proxies. Modelling the trajectory of past sea level changes is

a classical way to invert for the ice volume history of ice sheets. The Global Archive of Paleo

Sea Level Indicators and Proxies (GAPSLIP) is a freely available archive of paleo sea level

proxies designed to be used for comparing these data to calculated sea level from glacial isostatic

models. Version 3.0 of GAPSLIP has complete coverage of Europe, including a new compilation

from Iceland. We use these data to evaluate ice sheet reconstructions of the Eurasian Ice Sheet

Complex with the new DATED-2 ice-margin chronology, during the last glaciation (40,000 to

10,000 years before present). DATED-2 contains minimum, most-credible and maximum ice

extent scenarios. From our results, it is not possible to rule out any of the scenarios in most areas.

It is possible to account for di�erences in duration of ice cover by an overall thinning or thickening

of the ice sheet, and still match the observed paleo sea level changes. The consequence is that the

maximum possible ice volume at the Last Glacial Maximum depends on the reconstructed ice

margin history, which is, in turn, based on multiple lines of chronological and geological evidence

constraining former ice cover.

Keywords: Observations - sea level (paleo or tide gauge)� GIA modelling (inputs) - ice

sheet history � Region - Northern Europe � Timescale - Pleistocene
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The objective of this study is to understand the response of GIA to the melting of the Laurentide

Ice Sheet, with a speci�c focus on the Great Lakes region. To this end, several GIA models will

be analyzed, incorporating di�erent glacial conditions and considering regional and historical

variations in mass redistribution processes and Earth models, as addressed by authors such as

Peltier et al. 2015, Purcell et al. 2016, Roy & Peltier 2017, Lambeck et al. 2010, 2014, 2017,

Caron et al. 2018, and Williams et al. 2024. Vertical velocity data from approximately 1000

GPS stations will be used as observational baselines to compare these models. To ensure greater

accuracy, the data will be corrected to remove environmental e�ects, including atmospheric,

oceanic, and hydrological loadings. The analysis will focus on the period 2002-2012, due to the

low mass anomaly identi�ed in this interval using the GRACE data, which allows for a better

assessment of the GIA signal. By comparing the di�erent models, the primary goal is to most

accurately remove GIA in order to study present-day mass changes in the Great Lakes region,

but also to contribute to the how variations in the Earth model impact GIA model predictions,

constraining details of the Earth rheology model and about tradeo�s within the model parameters.

Hence, The Great Lakes region is particularly relevant, as the e�ects of GIA in this area are

intrinsically linked to local dynamics of land surface deformation, directly in�uencing lake levels

and broader geodynamic processes.

Keywords: Observations - GNSS/GPS� GIA modelling (methods) - forward � Region - North

America � Timescale - recent
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The in�uence of 3-D earth viscosity structure on interpreting geodetic

observations of vertical land motion and sea-level change along the Atlantic

coast of North America
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Glacial isostatic adjustment (GIA) is known to be an important contributor to contemporary land

motion and sea-level change along the Atlantic coasts of Canada and the USA. Several studies

have used observations of these signals to quantify the GIA contribution and constrain GIA

model parameters. The majority of these studies have applied earth models with a spherically

symmetric geometry. Recent work has shown that lateral viscosity variations have an important

in�uence on simulations of Holocene sea-level change in this region. We build on this work to

consider the in�uence of lateral earth structure on the interpretation of contemporary changes,

as recorded in geodetic data. Speci�cally, we consider recently published vertical land motion

(VLM) datasets that target the GIA signal to constrain viscosity model parameters when using

earth models with 1-D or 3-D structure to: (1) examine the in�uence of lateral structure when

inferring the typical (radial) parameter values (i.e., lithosphere thickness, upper and lower mantle

viscosity) and, (2) determine if the more complex and realistic 3-D earth models can produce

better �ts to the observations. Finally, we use the optimum model parameters and uncertainty

ranges resulting from our VLM data-model comparison to perform a sea-level budget analysis.

Our results con�rm the importance of GIA when interpreting tide-gauge data in this region and

we demonstrate improved budget closure when the 3-D earth model results are used.

Keywords: Observations - GNSS/GPS � GIA modelling (methods) - 3D � Region - North

America � Observations - sea level (paleo or tide gauge)
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The last Cordilleran Ice Sheet began by� 30ka (14C BP) and grew rapidly � 22-17 ka extending

from the Coast Mountains to the edge of the continental shelf. The ice wedge tapered from �3 km

to � 600 m thick across its 300 km span. This ice load was applied in� 5 kyr and removed � 13

ka in only � 500 years. This load caused glacial isostatic adjustments along the North American

edge of the Cascadia Subduction Zone, increasing the state of stress and strain rate orders of

magnitude beyond background tectonic values, and changing the locus of stress in the crust

twice while reactivating old crustal faults. The Juan de Fuca sea�oor is smooth compared to the

Paci�c Plate across the ridge. O�shore seismic pro�les, IODP boreholes, and shorter marine

piston cores reveal that 90% of the sedimentary section is <1.68 Ma. Deglacial ice-rafted debris

and turbidites dominate, with � 20 m per ice age at mid-plate, 40 m at the deformation front,

and 200-300m on the continental slope. Deglacial loads were episodically deposited and entirely

�ll the subduction trench. The loads in�uenced deformation of the accretionary wedge, produced

rollback of the deformation front, and enhanced faulting. Further north, along Queen Charlotte

Trough on the Paci�c Plate, Quaternary deglacial sediments dominate. The narrow� 50 km

wide � 400 m thick �ll downbows Paci�c igneous basement and onlaps east-dipping Miocene

sediments. Deglacial sediment blankets headless Pliocene-Miocene fans along Queen Charlotte

terrace and the continental slope. This proximal Quaternary sediment-load likely in�uences and

modulates the complex transpressive tectonics and seismicity along the continental margin.

Keywords: Observations - sediment analysis� Region - North America � Timescale - Pleistocene

� GIA modelling (inputs) - ice sheet history
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As a part of the Central European Basin System, there are many di�erent Zechstein salt structures

in the Northern German Basin. During the Pleistocene, the region was repeatedly transgressed

by the Fennoscandian ice sheets. Already in the 1950s, researchers have speculated about a

possible interplay between the salt structures at depth and the movements of the ice sheets.

E.g., several end moraines appear to match with the distribution and orientation of buried salt

structures. Using laser scan digital elevation models, we detected landforms (termed �surface

cracks�) in the young morainic landscape of northern Germany, which we interpret as surface

ruptures resulting from ice sheet induced salt movements. This interpretation is based on the

geographical distribution of the surface cracks, which strongly correlates with the distribution of

Zechstein salt structures. Additionally, the orientation of the individual surface cracks follows

the shapes of the deeply buried salt structures.

Here we present the results of physical models that were used to simulate the e�ects of ice-sheet

loading and unloading on salt �ow and the corresponding deformation. The results help to better

understand the spatial distribution of the surface cracks and the involved salt tectonic processes.

In settings where salt pillows were partly loaded by an ice sheet and where converging �ow is

favored by a combination of the shape of the load and the salt structure, the highest displacement

rates were detected. These results o�er further room for interpretation of the in�uence of salt

movements on the present-day landscape.

Keywords: Region - Northern Europe � Timescale - Pleistocene� Observations - faults
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The Greenland ice sheet is melting at an increasing rate and is predicted to have a large

contribution to sea level change by 2100. Future climate over Greenland, which determines the

ice sheet's surface melt and marine-terminating glacier retreat, represents a major source of

uncertainty for Greenland ice sheet evolution (ISMIP6). In this study, we explore the Greenland

ice sheet contribution to sea level change from 1960 to 2100 and quantify how uncertainties in

projected climate change and Earth rheological structure shape global and local sea level changes

and their spatio-temporal variability.

Ice load history is provided by simulations following the ISMIP6 protocol. To project regional

sea level changes, we employ two di�erent gravitationally self-consistent sea level models. We

use the pseudo-spectral sea level model described in Gomez et al. (2010). To test the sensitivity

of projections to surface resolution and Earth structure, the experiments are repeated with the

�nite volume sea level model SEAKON (Latychev 2005) that includes 3D variations in Earth

structure and grid re�nement capabilities to reach � 5 km surface resolution over Greenland.

Results highlight the spatial variability of projected sea level for communities along the Greenlandic

coastline, and contrast local changes to far�eld sea level rise for Paci�c Islands. With a spread of

-1.00m to -2.96m sea level change by 2100 around Ilulissat, West Greenland, our results are up

to three times the value provided by the NASA IPCC sea level tool (-0.8m) and emphasize the

need for more studies addressing local sea level changes.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (methods) - 2D

� Region - Greenland� Timescale - future
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During the last deglaciation, large, ice-marginal proglacial lakes were widespread throughout

North America. Minimal attention has been given to lake-terminating ice sheets when compared

to marine or terrestrial-terminating ice sheets. And yet glacial lakes are set to become a pressing

issue in the face of anthropogenic climate change, as modern glacial ice retreats and glacial lakes

form in once-glaciated basins. One region where glacial lake evolution is particularly poorly

understood is associated with the retreat of the last Cordilleran Ice Sheet. For this region, we

update the previously published ice history model of Lambeck et al. (2017) using the newly

available North American Deglaciation Isochrones (NADI-1) of Dalton et al. (2023). We then

update the glacial lake reconstruction of Austermann et al. (2022) using this new ice sheet loading

history to determine the evolution of glacial lakes at the margin of the Cordilleran Ice Sheet

during the �nal stages of deglaciation (18,000-12,000 yrs BP). We then compare our updated

reconstruction to a regional scale synthesis of glacial geomorphology and published paleolake

extents in order to explore the potential di�erence between the numerical model and geomorphic

record. This study is intended to be a preliminary test of the LAM model for the Cordilleran Ice

Sheet, which we hope will identify key areas for future �eld and numerical model studies.

Keywords: Region - North America � GIA modelling (methods) - 3D � GIA modelling (inputs) -

ice sheet history� GIA modelling (methods) - numerical
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GIA models are essential for understanding past, present, and future changes in sea level and

vertical land motion and for disentangling solid earth versus surface water signals in geodetic

datasets. However, many GIA models, including those used to correct satellite gravimetry,

assume a 1D radial viscosity structure that is increasingly at odds with the heterogeneous Earth

structure evidenced by seismic tomography. Implementation and use of 3D GIA models with

laterally variable viscosity has historically been challenging due to the interdependence between

ice history models and jointly determined 1D viscosity models, di�culties in characterizing

non-uniqueness and uncertainty in 3D GIA solutions, and computational cost. As many in the

GIA community move towards 3D GIA modeling, we aim to address some of these challenges by

exploring the sensitivity of GIA solutions to 3D mantle viscosity, quantifying the impact that

these solutions have on the GIA correction applied to GRACE(-FO) data, and determining the

necessary adjustments to ice history models that will most parsimoniously agree with 3D mantle

structure and �t observational data. Using the spherical �nite-element code CitcomSVE, we

compute the variation in GIA solutions due to di�erences in a) radial viscosity, b) ice history, and

c) 3D structure arising from the choice of tomography model and rheological factors controlling

the conversion of seismic velocity to viscosity. The presence of lateral viscosity variations, which

can vary by up to six orders of magnitude, strongly impacts the spatial pattern of GIA and

therefore has large implications for estimations of surface water mass balance.

Keywords: GIA modelling (methods) - 3D � GIA modelling (inputs) - mantle viscosity/rheology

� Region - global � Observations - gravity
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We present a method that modi�es commercial engineering oriented �nite element (FE) packages

for application in Glacial Isostatic Adjustment (GIA) on a self-gravitating, compressible, and

spherical Earth with laterally varying structures. The method, called FEMIBSF, solves the

equilibrium equation for viscoelastic deformations using the ABAQUS FE package and calculates

potential perturbations consistently with FE theory, avoiding the use of spherical harmonics. The

key to this approach lies in computing the mean external body forces for each �nite element within

the Earth and mean pressure on Earth's surface and core-mantle boundary. These quantities,

which drive the deformation and stress perturbation of GIA, are implemented in the FE code.

In addition, the method allows us to calculate degree-1 deformations of the Earth-load system

directly in the spatial domain. Results show that the FEMIBSF method agree reasonably well

with the load Love number solutions from other methods and can reproduce the unstable modes

for the homogeneous compressible Earth model. It is found that the accuracy of the FEMIBSF

method increases with higher resolution but varying resolutions with depths should be avoided

due to creating the so-called hanging nodes. In conclusion, the FEMIBSF method is ready for

use in realistic GIA studies, with modelled vertical and horizontal displacement rates in a disc

load case showing agreement with two alternative GIA methods within the uncertainty level of

GNSS measurements.

Keywords: GIA modelling (methods) - 3D � GIA modelling (methods) - numerical � GIA

modelling (methods) - forward � GIA modelling (methods) - spherical
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Global reconstructions of the Earth's Quaternary ice-sheet history based on Glacial Isostatic

Adjustment (GIA) modelling such as ICE-6G_C assume that mantle rheology is linear and

Earth properties are laterally homogeneous. However, these assumptions are unrealistic because

high temperature/pressure creep experiments show that both linear and non-linear creep laws

operate simultaneously in the mantle, while surface geology and seismic tomography show that

mantle properties vary laterally. Here, we construct an ice-history model (called ICE-C) that is

consistent with an Earth model with composite rheology (called M_C) where both linear and

non-linear creep laws operate simultaneously in the mantle, and the e�ective viscosity is laterally

heterogeneous. The ice-Earth model pair ICE-C(M_C) is rigorously constrained by paleo sea

level records distributed globally and present-day land uplift rate data in North America and

northern Europe derived from Global Navigation Satellite System (GNSS). Mantle viscosities

and creep parameters of M_C are consistent with previous �ndings from GIA modelling and

microphysics experiments. Moreover, ICE-C(M_C) is independently veri�ed by Gravity Recovery

and Climate Experiment (GRACE) data, consistent with meltwater pulses 1A and 1B, and

supports the timing of last glacial maximum (LGM) from 26 ka BP (thousand years before

present) to 19 ka BP. Our results therefore remove the obstacle of using composite rheology in

GIA studies. In addition, the ice-history model ICE-C shows considerable regional di�erences to

ICE-6G_C in Fennoscandia and Laurentia, which may a�ect the reconstruction of paleo climate.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � GIA modelling (inputs) -

ice sheet history� Region - global � Timescale - paleo
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Antarctic ice-mass changes are fundamental indicators for understanding global sea-level rise in

response to climate change. Satellite gravimetry, particularly the Gravity Recovery and Climate

Experiment (GRACE) mission, provides one method for estimating the Antarctic ice-mass

balance. However, gravimetric data also capture the solid Earth's response to past surface

mass changes, known as Glacial Isostatic Adjustment (GIA). Thus, accurate GIA correction is

essential for isolating ice-mass changes from GRACE data. This study quanti�es the sensitivity

of GIA-induced gravity changes in Antarctica to lithospheric thickness and upper mantle viscosity

using a one-dimensional (1-D) model with radially varying Earth structure. We analyze this

sensitivity across four widely adopted Antarctic ice-history models for GIA correction of GRACE

data. Our analysis demonstrates a consistent trade-o� between lithospheric thickness and upper

mantle viscosity in estimating the Antarctic GIA correction, independent of the ice-history

model employed. The results reveal that this trade-o� produces nearly identical GIA corrections

when comparing averaged West and East Antarctica Earth models, which are derived from

seismically-based three-dimensional Earth structure for each region. These �ndings suggest that

lateral variations in Earth structure between West and East Antarctica may have minimal impact

on ice-mass change estimates for the entire Antarctic Ice Sheet.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � Timescale - recent� Region -

Antarctica � GIA modelling (inputs) - lithosphere
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We examine composite rheology suitable for GIA modeling that are rooted in experimental and

theoretical results published with the last 8 years by the mineral physics community. Remarkable

advances have been using mineral physics approaches to the structure of the mantle below the

660 km seismic discontinuity which satisfy both geoid and seismic anisotropy constraints. Four

microscopic models are considered here: i) grain-size sensitive di�usion, ii) pure dislocation

climb, iii) dislocation glide, and iv) rheology which assumes both glide and climb. For each

of these models parameterizations are sought that can be used as explicit variables in GIA

forward models. In addition, a �fth assumption is explored. Speci�cally, we use the perovskite

non-linear creep law derived experimentally by Tsujino et al. (2022). A key assumption is that a

composite rheology operates, and that a delicate balance exists between linear and non-linear

mechanisms, an assumption �nding use in recent GIA modeling (e.g., Blank et al., 2021). Our

preliminary �ndings may support the idea that bridgmanite is increasingly enriched with respect

to ferropericlase as a function of depth in the lower mantle. However, this preliminary �nding

is an example of that which should be carefully analyzed with the statistical rigor of Bayesian

models of GIA. Providing a more robust constraint on lower mantle structure has immediate

rami�cations for delivering improved estimates of GIA driven time rates of change in gravity

harmonic degrees n = 1 through 4. This would improve gravity-based interpretations of ice

sheet change and sea-level �ngerprinting derived from GRACE, GRACE-FO and the planned

Next-Generation Gravity Mission (NGGM) and the Mass Change and Geosciences International

Constellation (MAGIC).

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � GIA modelling (inputs) -

rock physics � Timescale - Pleistocene� GIA modelling (methods) - inverse
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The East Antarctic Ice Sheet (EAIS) is vulnerable to climate change and sea level rise, but its

dynamics, especially its response to sea level changes and interactions with the solid Earth, remain

uncertain. Understanding its past behaviour is key to assessing glacial isostatic adjustment (GIA)

and its impacts on sea level changes. This knowledge gap stems from limited insight into past

relative sea level (RSL) changes and their causes, particularly since the last glacial maximum.

Here, we analyzed two radiocarbon-dated sediment cores (DL2 and DL3) from Lake Discussion

(5 m above sea level), Larsemann Hills. DL2 spans 6-17.1 cal. kyr BP and DL3 covers 0-6 cal.

kyr BP. Diatom analysis reconstructed the regional RSL trend, enabling the calculation of 128 m

of isostatic uplift in the Larsemann Hills since the last deglaciation. The highest upliftment

rates occurred during Meltwater Pulse 1A (MWP1A) and the early Holocene, coinciding with

d18O ice core records, Rauer Group exposure dates, lake sedimentation onset, and melting �ux

proxies indicating rapid LGAIS retreat. This retreat is linked to a southward shift of southern

hemisphere westerlies during MWP1A and the early Holocene, bringing warm circumpolar deep

water closer to the ice shelf and accelerating ice shelf melting. Our �ndings highlight the dynamic

interplay between GIA, glacial retreat, and oceanic forcing. These observations con�rm the

hypothesis that rapid mass loss occurred in the LGAIS region of the EAIS during MWP1A and

the early Holocene.

Keywords: Observations - sea level (paleo or tide gauge)� Observations - sediment analysis�

Region - Antarctica � Timescale - paleo
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at evidence for reversible thinning during the Holocene

Joanne S. Johnson 1

1 - British Antarctic Survey, Cambridge, United Kingdom

Several lines of geological evidence tell us that the Antarctic Ice Sheet was much bigger than

present at the Last Glacial Maximum, approximately 20 ka. Determining how it has changed

in both thickness and extent since then, in particular whether it has undergone any major

�uctuations in the last few thousand years, is important for validating ice sheet and glacial-

isostatic adjustment models.

In this talk, I will present an overview of the �eld and analytical methods used for obtaining ice

sheet histories â€“ looking speci�cally at thinning and retreat in Antarctica during the last 11.7

kyrs, a period known as the Holocene â€“ and show both what is known and where gaps remain.

I will also present a case study from the Amundsen Sea sector to illustrate how geological records

can be used to provide direct evidence of reversible ice sheet thinning in the Holocene, as well

as constraints on its magnitude and timing. Such evidence is urgently needed from elsewhere

Antarctica in order to understand what drives regrowth of ice sheets in warm climates and the

conditions under which ongoing retreat could be reversed.

My talk will focus on Antarctica, but the methods I discuss are also being applied in Greenland,

with similarly fascinating and important results.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (inputs) - ice sheet

history � Region - Antarctica � Timescale - Holocene
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New data products: Greenland GPS network data and elevation changes of

the Greenland Ice Sheet

Shfaqat Abbas Khan1, Danjal Berg1, Valentina R. Barletta 1, Finn Bo Madsen 1

1 - DTU Space, Lyngby, Denmark

The Greenland GPS Network (GNET) employs the Global Positioning System (GPS) to monitor

the displacement of bedrock near the margins of the Greenland ice sheet. This displacement

re�ects the ongoing uplift of the entire network in response to both past and present changes

in ice mass. Established in 2007 with approximately 48 stations, GNET has expanded to 71

stations as of 2024, with two additional stations planned for deployment in 2025.

This presentation provides an overview of the network's history, current status, future plans,

and data availability. The data o�erings include raw RINEX �les and processed 3D daily time

series (east, north, up) for each station, generated using the GipsyX software package (version

2.4) developed by JPL. Processing relies on JPL's �nal orbit products, and site coordinates are

calculated in the IGS20 reference frame.

Additionally, we provide surface elevation data for the Greenland Ice Sheet to model 3D elastic

displacements. Ice sheet elevation changes are derived using radar altimetry data from CryoSat-2

and EnviSat, laser altimetry data from ICESat, ICESat-2, and NASA's Operation IceBridge

Airborne Topographic Mapper. These data enable the generation of continuous monthly ice

surface elevation change maps, spanning January 2003 to August 2023, on a 1 km grid covering

the entire Greenland Ice Sheet (GIS). Measured and modeled elastic deformations are compared,

with the di�erences attributed to glacial isostatic adjustment (GIA).

Keywords: Observations - GNSS/GPS � Region - Greenland� GIA modelling (methods) -

3D
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A new array of GNSS, seismic, and magnetotelluric observations in East

Antarctica

Matt King 1, Anya Reading1, Jack Beardsley1, Tobias Staal1, Niam Askey-Doran1, Kate

Selway1, Maria (Coti) Manassero1, Terry Wilson 2

1 - University of Tasmania and The Australian Centre for Excellence in Antarctic Science, Hobart, Australia

2 - Ohio State University, Columbus, USA

The Geophysical Research Infrastructure for AnTarctica (GRIT) Facility of Australia has been

recently awarded signi�cant funding to expand continent-based monitoring and research using

multiple geophysical methods (seismology, magnetotellurics, and GNSS) with a focus on East

Antarctica (including west of the Amery Ice Shelf and east of the Totten Glacier). The scienti�c

focus of the initial deployments is heavily focused on subglacial and solid Earth studies (notably

GIA).

In 2024, NSF funded the real-time provision of the GNSS data from 20 sites. Data from any

new sites will be immediately openly available at Earthscope as per the ANET and UKANET

networks. Existing sites previously deployed by us in the Denman/Totten region will be upgraded

with new SIM cards to allow data transfer, and this has commenced in 2024/25 season.

Our pilot �eld deployments are underway with a focus on characterizing and monitoring icequakes

from outlet glacier systems of East Antarctica (e.g., Denman-Scott) and the solid Earth beneath

this region.

The GRIT funding provides a contribution to �eld logistics costs but we will require partnership

with other nations to fully deploy the equipment, including through aircraft and oversnow

traverses. Access to coastal nunataks in eastern Wilkes Land are especially challenging and we

welcome partnerships to enable the deployment of this equipment and open provision of data.

Our presentation will describe the instrument facility and show the locations of existing and

target sites.

Keywords: Observations - GNSS/GPS� Region - Antarctica � Timescale - future � GIA modelling

(inputs) - seismic

79



2025 Glacial Isostatic Adjustment workshop

A proposed benchmark for 3D viscoelastic earth models

Volker Klemann 1, Maryam Youse� 2, Stephanie Konfal3
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In view of the stability of the marine terminating glaciers of the Antarctic ice sheet and their role

for future sea level projections, the impact of lateral heterogeneity of mantle viscosity received

rising attention in GIA and earth system modelling. Accordingly di�erent GIA codes are applied

to investigate this process. But, an intercomparison of the respective numerical solid earth codes

able to model lateral variations in viscosity is missing.

Based on the successful benchmarks of Spada et al. (2011) on a linear-viscoelastic one-dimensional

(1D) earth and of Martinec et al. (2018) on the sea-level equation, we suggest to continue this

series of benchmarks now addressing the aspect of lateral variations in viscosity. In order not to

interfere with the activities of the initialised GRD/GIAMIP and further plans on benchmarks

addressing compressibility and non-linearly viscoelasticity of the mantle material, we follow

the strategy of the aforementioned studies and chose geometrically well de�ned forcing and

structures.

This means, we focus on an incompressible material in a spherical domain, keep the distribution

of elastic moduli and density 1D and only consider lateral viscosity variations for a Maxwell-

viscoelastic material. Following the previous benchmarks, we have set up idealised experiments

of a disc load forcing which is positioned in the vicinity of a regional 3D viscosity structure.

We increase the complexity of the setup through a number of steps and also consider the sea

level equation. The aim of this presentation is to show the setup and �rst results and invite

contributions and further suggestions.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � GIA modelling (methods) -

3D � GIA modelling (methods) - forward � GIA modelling (methods) - numerical
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An adjoint based inversion to determine ice thickness change assuming the

elastic sea level equation

Charmaine Ko 1, Andrew J. Lloyd 2

1 - Columbia University, New York, United States of America

2 - Columbia University, New York, United States of America

Improving constraints on ice sheet evolution, in part, hinges on our ability to leverage observations

related to Glacial Isostatic Adjustment in an e�cient manner. However, endeavors to �t GIA

observations by modifying ice sheet evolution, Earth structure, or through the adoption of

di�erent rheologies relies almost entirely on forward modeling, ranging from simplistic grid

searches to statistically rigorous Bayesian inferences. As GIA modeling grows in computational

demand forward modeling approaches become impractical and data driven inversions are required

to e�ciently �nd models that �t GIA observables. Here we present how the adjoint method can

be used along with gradient based optimization to invert a global distribution of sea level change

observations for ice thickness change within the context of the elastic sea level equation. We test

our approach through a synthetic inversion in which a known realistic ice thickness change is

adopted to produce observations of sea level change at a global distribution of tide gauges. These

observations are iteratively inverted to determine the ice thickness changes that minimizes mis�t

between the predicted and `observed' sea level changes. Based on this geographic distribution of

observations, we �nd that the total mass change across the Greenland and Antarctic ice sheets

are recovered with � 1-2%, respectively. We �nd, unsurprisingly, that these observations are

unable to recover the small-scale patterns of ice thickness change in the target model. However,

where observations do exist along the coast of Greenland and Antarctica the inversion result

correctly recovers whether the ice sheet is growing or shrinking.

Keywords: Observations - sea level (paleo or tide gauge)� GIA modelling (methods) - adjoint
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The control of glacial isostatic adjustment and grounding-zone-wedge

sedimentation on the evolution of ice streams in the Ross Sea (West

Antarctica) over the last deglaciation

Samuel T. Kodama 1, Tamara Pico1, Alexander A. Robel2, John Erich Christian 3, Natalya

Gomez4, Casey Vigilia5, Evelyn M. Powell6, Jessica Gagliardi1, Slawek Tulaczyk1, Terrence

Blackburn1

1 - University of California Santa Cruz, Santa Cruz, United States of America
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3 - University of Oregon, Eugene, United States of America
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Since the Last Glacial Maximum (LGM), ice streams in the Ross Sea (West Antarctica) retreated

hundreds of kilometers to their present-day grounding zone positions. Over this time, the

bathymetry of the Ross Sea transformed, as glacial isostatic adjustment caused crustal deformation.

This change in bathymetry a�ected relative sea level (RSL), which strongly modulates the stability

of marine-terminating ice sheets. We explore how glacial isostatic adjustment in�uenced RSL and

grounding-zone evolution across the Ross Sea Embayment since the LGM by performing a suite

of grounding line stability simulations (>106) sampling a range of glaciological conditions. Our

simulations predict potential stable grounding line positions in the Ross Sea on LGM bathymetry

corrected for glacial isostatic adjustment as well as present-day bathymetry. We �nd that glacial

isostatic adjustment migrates stable grounding zone positions from near the continental shelf

edge at 20 ka to near the modern grounding zone at present day. This shift is driven by RSL rise

towards the shelf break caused by far-�eld ice-sheet melt, in combination with uplift upstream,

which migrates stable grounding zones towards the present-day coastline. Stable grounding zone

positions are not prominent near the present-day grounding zone until su�cient uplift occurs

within the interior of the Ross Sea Embayment (� 6 ka). Our results bolster the claim that glacial

isostatic adjustment has acted as a stabilizing feedback mechanism for marine terminating ice

streams, whether the grounding zone is at the maximum position near the continental shelf edge

or at the present-day minimum.
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Continuing GNSS Observations in Antarctica

Stephanie Konfal 1, Terry Wilson 1, David Saddler1

1 - Byrd Polar and Climate Research Center, Ohio State University, Columbus, United States of America

The ANET-POLENET project (Antarctic Network of the Polar Earth Observing Network)

collects geodetic (GPS/GNSS) measurements of bedrock motion throughout West Antarctica,

with the goal of gaining a more complete understanding of the solid Earth response to past and

current ice mass change. A United States National Science Foundation (NSF) funded project,

ANET-POLENET was established in 2007 with approximately 19 stations, and expanded to

a peak capacity of 44 stations. Since 2017, 8 sites have been decommissioned, 6 have been

transferred to partner projects, and the current ANET-POLENET network is comprised of 30

stations.

ANET-POLENET is near the end of the NSF project support period and currently a full

decommissioning of the network is planned, leaving much of West Antarctica without GNSS

observations that are essential for answering critical questions about ice mass change and ice

sheet stability in Antarctica. With support from the broader polar geophysical community

for continuing GNSS observations in Antarctica, it may be possible to maintain a subset of

highest-priority sites.

The historical and current state of the ANET-POLENET network, associated impacts of the

project on the GIA and geophysical community, and the diversity of science made possible

by continuous GNSS data in Antarctica will be discussed. Decommissioning scenarios will

be presented along with potential science opportunities. Based on these scenarios, we seek

community input from workshop participants on highest-priority sites for continuing GNSS

observations in Antarctica. A mechanism for submitting feedback will be provided.

Keywords: Observations - GNSS/GPS� Region - Antarctica � Timescale - recent
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Far-Field Horizontal GIA Motion in North America From GNSS Data

Corné Kreemer 1, Geo�rey Blewitt 1, Donald F. Argus2

1 - University of Nevada, Reno, United States of America

2 - Jet Propulsion Laboratory, Pasadena, United States of America

Far-�eld horizontal motion due to GIA is particularly sensitive to lower mantle viscosity as well

as spatial variations in Earth structure, and provides therefore a unique opportunity to further

our understanding of the parameters controlling present-day GIA. We can use GNSS station

velocities, but the relatively small GIA signal needs to be untangled from the dominating plate

motion signal. This requires inventive approaches, because the entire plate is likely subject to

GIA. This is certainly true for North America.

We analyze data from thousands of GNSS stations across the North America plate (away from

active plate boundaries) and derive a horizontal velocity �eld. We then estimate the lateral

variation of strain and rotation rate using robust estimators. The strain rate �eld is dominated

by GIA-related deformation: extension underneath the former ice-sheet and a belt of contraction

around it. We use these model results to try to separate plate motion from GIA. In our �rst

approach we estimate an (area-weighted) average of the rotation rate vector across the entire

plate. Because the plate is large this approach will approximately average out over the GIA-signal

and gives us a 'net-rotation' of the plate, and the residuals will then re�ect the GIA signal. In

our second approach, we �nd the plate rotation that yields residual motions that are best aligned

with the gradients away from the positive dilatation area in western Canada. We will discuss the

di�erent results. However, both approaches predict 1-2 mm/yr of far-�eld motion towards the

former ice-sheet.

Keywords: Observations - GNSS/GPS� Observations - rotational parameters � Region - North

America � Timescale - recent
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Comprehensive Analysis of Glacier Dynamics in the Alaknanda Basin,

Western Himalaya: Integrating Area Change Assessment and Equilibrium

Line Altitude Studies (1994-2023)

Kaushal Kumar 1, Rakesh Saini1

1 - Hemvati Nandan Bahuguna Garhwal University, Srinagar, India

The present study provides an integrated assessment of glacier dynamics in the Alaknanda Basin

in the Gaehwal Himalaya. Area loss and Equilibrium Line Altitude over 29 years of observations

from 1994 to 2023 have been analyzed for 25 glaciers using multi-temporal remote sensing data. It

has focused upon interaction of glacier behavior with topographic settings. In the basin, glaciers

retreated by a total area of 3.03%, reducing the area that covered 148.993 km2 in 1994 to 144.488

km2 in 2023. This accounts for a loss of 4.505 km2 with an annual retreat rate of 0.10%. The loss

is greater in the smaller glaciers; at an annual rate of 0.155 km2 /year compared to 0.065 km2

/year for larger glaciers. This calls for greater vulnerability on the part of the smaller glaciers.

The values of measured ELA obtained using two methods, Accumulation Area Balance Ratio

and Accumulation Area Ratio, oscillate between 4354 m to 5831 m a.s.l. Hence, the variation

between glaciers is very high. The higher ELA values were produced by high-altitude glaciers

G079313E30844N with an ELA of 571 m, which is signi�cantly di�erent from dynamics compared

with low-elevation glaciers like Tipra Glacier with an ELA value of 4354 m a.s.l. Hence, such

di�erences re�ect the in�uence of topography on the behavior of the glacier. The analysis also

revealed con�icting behaviours in some glaciers. Bhagirath Kharakh Glacier include a loss of

0.15 km2 but remained reality more stable in terms of ELA, which Satopanth Glacier lost an

area of 0.488.

Keywords: GIA modelling (inputs) - ice sheet history � GIA modelling (inputs) - ice sheet

dynamics
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Impact of the viscoelastic solid Earth response to the contemporary Antarctic

ice mass changes on the interpretation of GRACE/-FO data

Donghyuck Lee 1, Holly Kyeore Han2, Ki-Weon Seo1, Surendra Adhikari2, Lambert Caron2

1 - Seoul National University, Seoul, Republic of Korea

2 - Jet Propulsion Laboratory, California Institute of Technology, Pasadena, United States of America

Gravity Recovery and Climate Experiment (GRACE) and its Follow-On (GRACE-FO) mission

data has been widely used to estimate Antarctic ice mass anomaly in the 21st Century. Inference

of ice mass change requires correction for ongoing solid Earth deformation associated with ice

mass changes during the past (i.e. glacial isostatic adjustment; GIA) and present. While the

former has been treated with GIA models incorporating viscoelastic Earth rheology, GIA models

calculate the latter assuming a purely elastic Earth. However, the relatively low mantle viscosity

underneath West Antarctica causes decadal-time scale response of the solid Earth in the region,

necessitating viscoelastic treatment for solid Earth deformation for the present-day ice mass

changes. In this study, we update GRACE/-FO estimation of Antarctic ice mass change by

incorporating the linear viscoelastic solid Earth rheology for present-day ice loading changes. We

compile the contemporary ice mass change since 1979 using various observations and reanalysis

products and extrapolate it further back to 1950 to obtain a longer time series. We use JPL's Ice-

sheet and Sea-level System Model (ISSM) to explore a range of solid Earth structure parameters

for the Maxwell and Extended Burgers Material (EBM) linear viscoelastic rheologies and compare

the forward model results against bedrock uplift measurements from Global Navigation Satellite

System (GNSS) observations. Our results indicate that the assumption of purely elastic Earth

causes non-negligible errors in GIA correction to the GRACE/-FO data. Our results highlight a

need for including the viscous deformation associated with ongoing ice mass changes, especially

in the West Antarctica.

Keywords: Observations - gravity � GIA modelling (inputs) - ice sheet history � Region -

Antarctica � Timescale - recent
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Inference of centennial-timescale solid earth parameters below Greenland and

its impact on projections of regional sea-level change over the 21st century
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Glenn A. Milne4, Guy Paxman5
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Mass loss from the Greenland Ice Sheet will cause global mean sea level to rise in the coming

years, but glacial isostatic adjustment (GIA) will lead to a sea-level fall around Greenland as the

land rebounds and the gravitational attraction of water towards the ice sheet is reduced. In this

project, we use GIA models in which we vary both earth structure and ice history to predict

future sea-level change in this region. We model the GIA contribution from ice-sheet change

over two time periods: the deglaciation (� 30 ka - 1 ka) and historical to future (1 ka to 2100).

For the former, we use published 3D GIA simulations; for the latter, we use a suite (n = 14040)

of 1D GIA simulations varying Earth structure, spatiotemporal distribution of ice-mass change,

and future emission pathways. We use a Bayesian approach to constrain our predictions with

vertical-land motion data from 57 GPS stations and obtain both posterior estimates of regional

sea-level change and inferences for the earth and ice parameters used in our historical-to-future

GIA model. We �nd preferred values for the mantle viscosity and lithospheric thickness for this

time frame to be 6.3-7.0� 1019 Pa�s and 220 km, respectively, hinting to the presence of transient

deformation below Greenland. Further, we predict a fall in total sea level at 2100 relative to

today reaching a maximum value of 1.0 m and 2.8 m, for RCP 2.6 and RCP 8.5, respectively. A

fall of this magnitude has implications for Greenlandic coastal communities and outlet-glacier

dynamics.

Keywords: Observations - GNSS/GPS� GIA modelling (inputs) - mantle viscosity/rheology �

Region - Greenland� Timescale - Little Ice Age

88



2025 Glacial Isostatic Adjustment workshop

Vertical land motion is underestimated in sea-level projections from the Oka

estuary, northern Spain
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Vertical land motion (VLM) is an important mechanism in local sea-level projections, but di�cult

to derive because of a lack of long-term instrumental records. Geological data o�er an alternative

solution to determine VLM by comparing RSL data with Glacial Isostatic Adjustment (GIA)

models.

Here, we present a case study from the Oka estuary, northern Spain. We compare two GIA

models (ICE-6G_C and ANU-ICE) with late Holocene relative sea-level (RSL) data along the

Atlantic coast of Europe, showing good �t (mis�t 4.5), which indicates local subsidence. We

derived a VLM rate of -0.88 � 0.03 mm/yr (subsiding) using the residuals between the late

Holocene RSL data and GIA model predictions. The derived subsidence rate is further validated

by nearby GPS data (-0.85� 0.14 mm/yr) and di�erenced altimetry-tide gauge data (-0.80 �

0.32 mm/yr). In contrast, the VLM rate incorporated in IPCC AR6 projections in Oka estuary

is -0.2 mm/yr, which is an underestimation of � 77%.

Incorporating our VLM rate in IPCC AR6 RSL projections under a moderate emissions scenario

increases the rate of RSL rise by 15% by 2030, 11% by 2050, and 9% by 2150 compared to the

original IPCC AR6 projections, and also increases the magnitude of RSL rise by over 40% by 2035

and 2090 compared with projections from the Spanish National Climate Change Adaptation Plan.

Our study demonstrates the importance of accurate VLM estimates for sea-level projections.

Keywords: Observations - sea level (paleo or tide gauge)� GIA modelling (methods) - 3D �

Timescale - Holocene� Timescale - future
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Profound modern sea-level evolution against geological backdrop in

southeastern China
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Quantifying the physical mechanisms driving relative sea-level change, known as the sea-level

budget, is essential for accurate future projections and e�ective coastal management. While

extensive research has focused on 20th- and 21st-century sea-level budgets for China, their

short timescales capture only a single climate mode, lacking the geological context needed

to fully assess modern sea-level rise. Here, we employ a spatiotemporal hierarchical model to

reconstruct southeastern China's Holocene (11,700 BP to present) sea-level budget across multiple

scales. Validated with geological proxies, tide gauge data, and paleoenvironmental records, our

analysis reveals that deglacial ice melt-induced global mean sea-level (GMSL) rise dominated the

Holocene sea-level budget, contributing up to 94.4%. By the late Holocene (4200 BP to present),

GMSL stabilized, and regional and local processes-such as glacial isostatic adjustment, tectonics,

sediment compaction, and climate variability-became the primary drivers in many regions. This

stability was disrupted in the mid-19th century by accelerating GMSL; it is extremely likely

(P>0.95) that the GMSL rise rate since 1900 CE has exceeded any century in the past four

millennia. Additionally, anthropogenic urban subsidence now likely surpasses GMSL rise rates in

some deltaic cities (P>0.66), exacerbating coastal risks. These �ndings underscore the profound

evolution of modern sea-level change in southeastern China and emphasize the urgent need for

city-speci�c adaptive strategies to safeguard its densely populated coastal regions.

Keywords: Timescale - Holocene� Timescale - paleo
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Imaging the Antarctic's 3D viscosity structure using GPS observations
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A challenge of Glacial Isostatic Adjustment (GIA) modeling is seeking a combination of mantle

viscosity and ice history that satis�es existing GIA observations. Current approaches vary in

their complexity, but all fundamentally rely on solving the forward problem many hundreds

of times. This is practical if Earth's viscosity varies with only depth, but quickly becomes

unfeasible if lateral variations are considered. We take a di�erent approach and use gradient-

based optimization along with the adjoint method to invert solid Earth deformation measured by

153 continuously recording GPS stations in the Antarctic to directly image 3D mantle viscosity.

This iterative inversion ensures that the �nal GIA model, ice history and Earth structure, is

consistent with the observations. For the inversion we adopt an ice history that merges a coupled

GIA/ice sheet simulation with modern estimates of ice mass change as well as a starting model

that includes lateral variations in lithospheric thickness. In order to minimize the propagation

of errors in ice history into the viscosity structure and to focus on imaging only the Antarctic

mantle we minimize a double di�erence mis�t function that compares vertical deformation

between station pairs. Here we present the �rst direct images of the Antarctic's 3D viscosity

structure, while acknowledging that they are non-unique due to the strong trade-o� between

mantle viscosity and ice history. Finally, synthetic inversions aid in validating the method and

imaged structure.

Keywords: Observations - GNSS/GPS � GIA modelling (methods) - 3D � GIA modelling

(methods) - adjoint � Region - Antarctica
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Inversion proof of concept
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The adjoint method provides an elegant pathway to invert Glacial Isostatic Adjustment (GIA)

observations for key parameters, such as 3D mantle viscosity. This approach is rooted in its

ability to e�ciently determine a GIA observation's sensitivity to a given model parameter with

just two numerical simulations - a forward simulation driven by the ice history and an adjoint

simulation driven by a '�ctitious' load applied at the location and time of the observation. Here

we explore viscosity sensitivity kernels for observations of relative sea level (RSL) to gain insight

into the dependence of these kernels on an observation's location and age as well as the assumed

mantle viscosity structure and ice history. We use these results to develop a strategy to invert

RSL observations for 3D mantle viscosity using gradient based optimization, in which the gradient

is obtained using the adjoint method. We examine synthetic inversions in which the goal is to

recover a plausible 3D mantle viscosity structure. We use this structure and the ICE6G ice

history model along with an extended HOLSEA database to create a synthetic data set of RSL

index points, which are adopted as observations. We explore inversion strategies for imaging 3D

mantle viscosity that also update initial sea level in order to match 0 ka sea level. We �nd that

3D mantle viscosity structure can be recovered to �rst order in regions of the Earth sampled by

the observations.

Keywords: Observations - sea level (paleo or tide gauge)� GIA modelling (methods) - 3D �

GIA modelling (methods) - adjoint � GIA modelling (methods) - inverse
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The drainage of large late Pleistocene glacial lakes strongly in�uenced climate and glacial

dynamics. Glacial Lake Fraser is currently identi�ed as the largest glacial lake to have formed

within the Canadian Cordillera during the last deglaciation. This ice-dammed lake had the

potential to in�uence regional deglacial dynamics signi�cantly and, through the transport of

cold fresh water, could also have a�ected regional ocean circulation patterns in the Salish Sea.

However, the discharge, magnitude, and duration of catastrophic drainage from Glacial Lake

Fraser are not well understood. Here, we reconstruct the lake's largest outburst �ood, which

occurred close to the end of the Pleistocene, using multiple numerical modelling techniques.

Outburst �ood depositional features, including sedimentary strata, boulder �elds, and massive

gravel bars, were studied in the �eld and serve as indicators of the �ood's magnitude to calibrate

a step-backwater model of peak discharge. Due to the scarcity of evidence of the dynamics of ice

dam failure, dam breach modelling is used to test several scenarios, including varying failure

mechanisms and durations, with the resulting peak discharge compared to the estimate derived

from geological evidence. We report that the Glacial Lake Fraser outburst �ood had a peak

discharge of 500,000-800,000 m3/s and drained a volume of ca. 500 km3 of water.

Keywords: Observations - sediment analysis� Region - North America � Timescale - Pleistocene
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With ocean tides being highly sensitive to changes in bathymetry, sea level changes are known

to have a considerable impact on tidal amplitude changes (Wilkes et al., 2017). We evaluate

the impact of sea level change projected for the next� 300 years on tides in the Arctic Ocean.

A range of low- and high-end ice sheet projections are used to model future sea level change

contributions from Antarctica and Greenland. Projected sea level contributions from the ice

sheets, along with the contribution of ongoing GIA associated with ice cover changes over the

last deglaciation, are then added to the present-day bathymetry of the Arctic Ocean Inverse Tide

model (Arc5km2018) to simulate future tide changes. The magnitude and spatial distribution

of future tidal amplitude changes in the Arctic Ocean depend heavily on whether a low-end or

high-end Antarctic ice loss scenario is adopted, consistent with regional modeling across the

Hudson Bay complex (Hayden et al., 2020). For a low-end ice loss scenario, M2 tidal amplitude

changes remain minimal through 2150, after which the largest tidal amplitude changes (up to� 5

cm) are found in regions of the Canadian Arctic Archipelago and northwest Greenland. For a

high-end Antarctic ice loss scenario, the greatest M2 tidal amplitude changes (up to� 20 cm)

are modeled as soon as 2150 for the Barents Sea and Foxe Basin. Along with impacting coastal

communities and ecosystems, tidal amplitude changes in the Arctic Ocean could also impact the

stability marine-terminating glaciers in the region.

Keywords: Region - Greenland� Region - Arctic � Timescale - future � GIA modelling (methods)

- 3D
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In Antarctica, estimates of the glacial isostatic adjustment (GIA) e�ects are quite imprecise with

GIA-induced mass changes ranging from 40 to 150 Gt/yr, although models seem to converge since

2012 around 40 - 80 Gt/yr. The variability obtained from one model to another is signi�cant with

important geophysical and geodetic implications. We have developed an inversion strategy that

allows estimating viscous surface displacement in Antarctica without restrictive assumptions on

the viscosity structure and the rheology of the Earth's mantle and without using a priori models

to account for the densi�cation of the ice sheet. The methodology we developed assumes that

current ice sheet changes occur within a thin layer on the Earth's surface and that in response

the Earth deforms viscoelastically. The elastic part of this response is modeled using the PREM

model. We assume that surface displacements and satellite gravity variations, induced by viscous

deformations, are related using a gravimetric gradient value. The strategy aims to jointly invert

monthly satellite altimetry and gravimetry data as well as GNSS positioning series to determine

the coe�cients of the spherical harmonic decomposition of ice sheet thickness variations, surface

mass densities, and displacements associated with viscous surface deformations. Preliminary

tests performed on realistic synthetic data show that this new approach can recover coe�cients

up to harmonic degree 40. The parameters, maps and data predicted by the inversion are close

to within few percent of those expected.

Keywords: Region - Antarctica � GIA modelling (methods) - inverse � Observations - gravity �

Observations - GNSS/GPS
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We conduct a comprehensive comparison of Ice Mass Balance (IMB) estimates for Greenland

derived from satellite observations of ice Surface Elevation Changes (SEC), gravity and GNSS

observations. Our analysis integrates data from the ICESat and CryoSat-2 satellite altimetry

missions, augmented by optical stereo-imagery for peripheral glaciers, and GRACE satellite

gravimetry mission, spanning the 2003-2008 and 2011-2015 periods. We also investigate three �rn

densi�cation models (FDM) and �ve Glacial Isostatic Adjustment (GIA) models for correcting

the datasets for these e�ects when necessary. Our results reveal signi�cant di�erences among

FDM corrections applied to SEC observations, with particularly large variations in IMB estimates

reaching up to 90 Gt/yr. To address this, we develop an innovative method for estimating

equivalent �rn corrections to the ice elevation observations, based on a least-squares �t of �ltered

ice SEC observations to GRACE mass-change estimates. We propose new IMBs for Greenland

during 2003-2008 and 2011-2015 periods. Finally, we compute elastic ground deformation induced

by ice mass change during 2011-2015, using the four proposed mass-variation distributions and

compare the predicted vertical velocities with GNSS observations in Greenland, accounting for

all GIA models. While all models are consistent with most of the GNSS-derived uplift rates,

they cannot fully explain the observed vertical velocities, especially in the South-East Greenland,

which con�rms the need to re�ne our understanding of GIA contributions in this region.

Keywords: Region - Greenland� Observations - GNSS/GPS� Observations - gravity � Timescale

- recent
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Improving glacial isostatic adjustment (GIA) models for Greenland is necessary to accurately

interpret the growing number of paleo and geodetic data constraints. These models re�ect our

state of knowledge on past evolution of the Greenland ice sheet and regional earth structure. Our

knowledge of earth viscosity structure in the Greenland region has improved signi�cantly in the

past decade via the application of various data sets and modelling approaches. Here we build on

recent work that used multiple data types (e.g., seismic velocity, surface heat �ow, topography)

in a joint inversion for regional temperature structure. Improved 3-D viscosity models based

on these new temperature models result in quality �ts to both postglacial (millennial-scale)

relative sea-level (RSL) reconstructions, and present-day vertical land motion determined via

the Global Navigation Satellite System. Past work has suggested that the di�culty in �tting

these two data sets with a single GIA model parameter set is evidence for a signi�cant transient

signal in the isostatic response. Our new 3-D viscosity modelling results o�er an alternative

explanation to this problem. In this presentation, we will extend the data control to consider sea

levels reconstructed from saltmarsh deposits. These RSL records provide constraints on earth

deformation at decadal to century timescales and so would be sensitive to the proposed existence

of a large transient signal associated with ice sheet changes during and following the Little Ice

Age.

Keywords: Region - Greenland � Timescale - Little Ice Age � GIA modelling (methods) -

3D � Observations - sea level (paleo or tide gauge)
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A wide range of investigations have documented strong correlations between variations in climate-

driven surface loading and underlying magmatic processes. In many instances, decreases in surface

loading are temporally correlated with an increase in volcanic activity, which suggests associated

changes in the lithospheric stress �eld a�ect one or more components of magmatic systems that

drive eruptions. Such components include initial generation of melt in the asthenosphere, melt

transport and reactions through the lithosphere, processes within crustal magma chambers, and

dike propagation leading up to eruptions. Recent studies have worked to isolate the e�ects

of surface loading on these individual components, but to date no framework exists for self-

consistently coupling variations in surface loading, lithospheric deformation, glacial isostatic

adjustment, and magmatic processes across a range of scales.

Here, we present our initial e�orts toward developing such a framework, which combines

geodynamic modeling, previously published modelled ice sheet reconstructions, thermomechanical

models Antarctic lithosphere and upper mantle structure, and dike propagation calculations.

This framework is motivated by and applied to observations from Mt. Waesche in Western

Antarctica, which recent thermochronology suggests experienced higher rates of eruptions during

interglacial periods over the last � 800,000 years. This presentation will focus on the technical

components of the work�ow and preliminary results, which uses the lithospheric deformation and

mantle convection code ASPECT to link magmatic processes in the asthenosphere to volcanic

eruptions and variations in ice-sheet thickness. Long-term, our goal is to use this framework to

provide new constraints on ice sheet thickness reconstructions.

Keywords: Region - Antarctica � GIA modelling (methods) - numerical � GIA modelling

(inputs) - lithosphere � GIA modelling (inputs) - mantle viscosity/rheology
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In most ice sheet model projections performed as part of the �ISMIP6 Antarctica 2300�, standalone

ice sheet models have been used, assuming constant bed topography and sea level (Seroussi et

al., 2024). Neglecting the stabilizing sea-level feedback due to GIA, i.e., gravitational, rotational

consistent deformations of the solid Earth (GRD) tends to overestimate the contribution from

the Antarctic Ice Sheet on centennial time scales (Gomez et al., 2024), particularly in regions of

very low upper mantle viscosities and thin lithosphere.

We here present �rst simulations of the interactively coupled PISM-VILMA model from the

pre-industrial era up to the year 2300, with coupling steps of 1 year, to account for e�ects of

regional sea level change on the dynamics of the Antarctic Ice Sheet. We systematically compare

our results to the sea-level projections of the published model ensemble and discuss involved

model sensitivities and uncertainties.

Keywords: GIA modelling (methods) - 3D � Timescale - recent� Timescale - future � Region -

Antarctica � Region - global
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Few active faults have been identi�ed in British Columbia due to annually low slip-rates, dense

forest cover, recent glacial erosion, and lack of high-resolution topographic data. However, newly

available airborne lidar data have allowed for the discovery a� 3 m-high active fault scarp on

Flores Island, BC, o� western Vancouver Island. The scarp is NW-SE striking and can be

traced for � 3.6 km across a late-Quaternary glacial foreland of moraines and meltwater channels.

Fieldwork in the Fall of 2024 con�rmed this scarp as the surface expression of a NE-dipping

normal fault, the �rst of its kind identi�ed in Cascadia. This work critically examines the glacial

and tectonic geomorphology of southern Flores Island and explores potential driving mechanisms

to better understand the characteristics and hazards of this unique surface rupture.

Keywords: Observations - faults � Region - North America � Timescale - Holocene
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Localized plateau ice�elds from the Younger Dryas have been identi�ed in formerly glaciated

European regions, but their existence in areas previously covered by the western Laurentide Ice

Sheet remains largely unexplored. This study presents preliminary evidence for such ice�elds in

northern Alberta, Canada, based on geomorphic mapping and ice �ow modelling. High-resolution

mapping reveals radial ice �ow patterns from plateau interiors that overprint retreat features

associated with the Last Glacial Maximum, suggesting post-LGM localized glaciation. Ice �ow

models, driven by Younger Dryas climate parameters and topography, simulate the nucleation

and growth of plateau ice�elds under these conditions. These preliminary results support the

hypothesis that isolated upland glaciation persisted in continental interiors during the Younger

Dryas and o�er new insights into late-glacial ice dynamics in western Canada.

Keywords: Observations - sediment analysis� GIA modelling (inputs) - ice sheet dynamics �

Region - North America
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Present-day ice-mass changes in Antarctica deform the solid Earth elastically, and this signal

needs removing from GPS observations of displacement before they can be used to constrain

models of glacial isostatic adjustment (GIA). However, much of West Antarctica is underlain

by weak upper mantle, meaning that these short-term �uctuations may also cause a transient

or viscous deformation of the Earth. We model the viscoelastic response of the solid Earth to

surface mass balance (SMB) variability in the Antarctic Peninsula and �nd an improved �t to

GPS data at most sites compared to elastic only. Viscoelastic modelling constrains upper mantle

steady-state viscosity in the northern Peninsula to 5�1017 to 2�1018 Pa�s, and >1�1018 Pa�s for

the mid to southern Peninsula. In the northern Peninsula, removing viscoelastic displacement

caused by SMB variability from GPS time series increases estimated uplift rates by up to 3

mm/yr compared with using an elastic correction.

Keywords: Observations - GNSS/GPS� GIA modelling (inputs) - mantle viscosity/rheology �

Region - Antarctica � Timescale - recent
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In the Antarctic Peninsula, GPS-observed uplift rates reveal signi�cant variability over short

spatial scales, with di�erences of up to 2 mm/yr observed over <200 km. Current Antarctic-wide

glacial isostatic adjustment (GIA) models cannot reproduce observed uplift due to using a globally

averaged 1D Earth structure and an ice history that neglects Late Holocene ice-sheet changes.

The upper mantle viscosity in the Antarctic Peninsula is up to several orders of magnitude

lower than the global average, meaning that the Earth responds quickly to changes in surface

loading and therefore present-day uplift is sensitive to recent ice-sheet changes. Here we use

a �nite element GIA model that includes 3D Earth structure derived from a high-resolution

seismic velocity model to investigate whether lateral variations in lithospheric thickness and

upper mantle viscosity can explain this small-scale variability in uplift rates. By combining the

3D Earth structure with an ice history that includes Late Holocene changes we aim to improve

the �t between model predictions and GPS observations in the Antarctic Peninsula.

Keywords: Region - Antarctica � Observations - GNSS/GPS� GIA modelling (inputs) - mantle

viscosity/rheology � Timescale - Holocene
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The Antarctic ice sheet is experiencing mass loss in certain regions while accumulating mass in

others. We can assess whether these mass changes are unprecedented or the result of natural

variability by comparing against the recent geological past. In particular, former shorelines can

record past sea-level change driven by variations in Antarctic ice mass. Here, we use relative sea

level (RSL) proxy records from East Antarctica to determine spatial and temporal patterns in

ice mass variability over the Holocene. Beach and lake samples were collected from the ice-free

region of Bunger Hills during the Denman Terrestrial Campaign (2023/24) at a high elevation

resolution, capturing the Mid-Holocene RSL highstand and fall to present levels. This work will

provide important constraints for glacial isostatic adjustment (GIA) models and a baseline for

assessing ice mass loss and sea-level rise throughout the industrial era.

Keywords: Observations - sea level (paleo or tide gauge)� Timescale - Holocene� Region

- Antarctica � GIA modelling (inputs) - ice sheet history
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The East Antarctic Ice Sheet (EAIS) experienced signi�cant �uctuations during the mid-Holocene

(8-5 ka), yet their temporal and spatial characteristics remain poorly understood. Here we

integrate surface-exposure age data, terrestrial geodetic observations, and glacial isostatic

adjustment (GIA) modeling to reconstruct the mid-Holocene EAIS history in the Lützow-

Holmbukta region. Surface-exposure dating in the Skarvsnes area revealed substantial ice sheet

thinning during the early to mid-Holocene (9-6 ka). By developing an improved ice loading

history that incorporates this rapid ice-sheet thinning and testing scenarios of subsequent ice

sheet readvance, we demonstrate superior agreement with geodetic observations compared to the

ICE-6G global deglaciation model. Our GIA modeling provides new constraints on regional Earth

structure, including lithospheric thickness and mantle viscosity parameters that are consistent

with independent seismological and geodynamic evidence. Our �ndings demonstrate that the

EAIS in this region was highly sensitive to climate forcing during the mid-Holocene, capable

of both rapid retreat and partial recovery. This integrated approach reveals a more complex

deglaciation history than previously recognized and highlights the importance of incorporating

regional-scale ice-sheet histories when investigating both past and present EAIS behavior. These

results have important implications for understanding ice sheet response to climate forcing and

improving projections of future sea-level change.

Keywords: Observations - GNSS/GPS� GIA modelling (inputs) - mantle viscosity/rheology �

GIA modelling (inputs) - ice sheet history � Region - Antarctica
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The bedrock beneath the Antarctic Ice Sheet (AIS) experiences widespread deformation due to

glacial isostatic adjustment (GIA) in response to changes in ice thickness, both from the Last

Glacial Maximum (LGM) to present day, as well as in response to ongoing changes in ice sheet

thickness. This deformation, which can be of large magnitude and occur quickly due to the low

viscosity and thin lithosphere in West Antarctica leads to changes in subglacial water routes,

which can contribute to the evolution of the ice sheet behavior. Direct and indirect evidences

indicate that subglacial hydrology signi�cantly impacts the dynamics of the ice sheet by a�ecting

conditions at the ice/bed interface, and can impact ice discharge into the surrounding ocean. In

an e�ort to better understand the way in which these systems work together and the role of GIA,

we present a theoretical and/or numerical analysis of the interactions between GIA, subglacial

hydrology, and ice sheet dynamics. This work is useful for better understanding both past and

future behavior of ice sheets and water drainage.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (methods) - 1D

� Region - Antarctica
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The socio-economic impacts of sea-level rise are signi�cant, especially in coastal regions with dense

populations and costly infrastructure. Accurate projections of sea-level changes at regional scales

are essential for risk assessment but are challenging due to the interplay of processes a�ecting the

height of both the land and sea surface (and, therefore, relative sea level). Rising sea levels from

ice melting and ocean expansion exacerbate �ooding risks, with nuisance �ooding serving as an

early warning for vulnerable regions such as Atlantic Canada, which is experiencing GIA-induced

land subsidence. The compounded e�ects of GIA and contemporary sea-level rise escalate regional

vulnerability to �ooding. This study improves projections of mean sea-level changes and nuisance

�ooding in Atlantic Canada by integrating the sea-level signal from optimal regional GIA models

into the framework adopted in the 6th Assessment Report of the Intergovernmental Panel on

Climate Change (IPCC). Projections under SSP1-1.9, SSP3-7.0, and SSP5-8.5 scenarios for 2050,

2100, and 2150 CE are used to assess nuisance �ooding frequency at 40 tide gauge stations. Our

results demonstrate that the GIA signal contributes signi�cantly to �ooding frequency estimates

and that these estimates can depart considerably from those estimated using the IPCC (AR6)

mean sea level projections. For example, nuisance �ooding at Halifax becomes chronic (>50

days annually) by 2050 CE under SSP3-7.0 using our GIA model results. This level of chronic

�ooding occurs in Halifax at 2050 CE only for the most extreme scenario (SSP5-8.5) when using

the IPCC mean sea level projections.

Keywords: Observations - sea level (paleo or tide gauge)� Region - North America � Timescale
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During periods of glaciation and deglaciation, relative sea level change at the grounding line of

marine ice sheets can be signi�cantly in�uenced by far-�eld ice sheet evolution. This sea level

change will a�ect grounding line �ux and thus ice sheet mass balance through promoting or

suppressing grounding line migration, and this e�ect has the potential to be a signi�cant driver of

marine ice sheet growth and retreat. Previous studies (Gomez et al. 2020, Albrecht et al. 2024),

have identi�ed this relationship as a necessary condition for Holocene Antarctic deglaciation,

though the importance of this e�ect to other ice sheets and times remains an open question.

To improve our understanding of these pole-to-pole interactions, we develop a new algorithm

by which two (or more) ice sheet models can be run in parallel and be coupled to the same

global sea level model, allowing the sea level changes induced by one ice sheet to a�ect the other

coupled ice sheets in real time. This method is agnostic to the choice of sea level model and

supports sea level models with both 1-D and 3-D Earth structure. This improves upon previous

studies that simulated one ice sheet and prescribed the sea level contribution of all others.

We discuss the algorithm and show preliminary results of applying this global coupled ice sheet -

sea level model to past glacial cycles and warm periods, comparing to relative sea level records.

Keywords: GIA modelling (methods) - 1D � Timescale - paleo� Region - global � GIA modelling

(methods) - numerical
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Prior to the Last Glacial Maximum, during Marine Isotope Stage 3 (MIS 3; 57-29 ka), global

sea-level change is not well constrained, with estimates varying by >60 m, an uncertainty

equivalent to the contemporary Antarctic Ice Sheet. Yet knowledge of ice sheet changes across

the last glacial build-up phase is critical for understanding ice sheet stability in response to

climate forcings. Here I discuss existing observational inferences of MIS 3 sea level and show

how relative sea-level markers near the former North American ice sheets, in conjunction with

glacial isostatic adjustment modeling, can be used to infer continental ice sheet volumes.

I show that sea-level markers along the U.S. mid-Atlantic, which record anomalously high sea-level

during mid-MIS 3, can be reconciled by a delayed growth of the eastern sector of the Laurentide

Ice Sheet and peak MIS 3 global sea level near� 38 (Pico et al., 2017). A rapid growth of the

Laurentide Ice Sheet supports recent studies inferring relatively high peak MIS 3 global sea level

from geological relative sea-level indicators and non-glacial deposits, including studies suggesting

global ice volumes more than doubled, or tripled, from mid-MIS 3 to the Last Glacial Maximum

(Pico et al., 2016, Pico 2022; Farmer, Pico et al., 2023). Further, predictions of relative sea-level

change due to glacial isostatic adjustment involving a late and rapid growth of the Laurentide Ice

Sheet are consistent with sea-level bounds associated with MIS 3 non-glacial deposits in Canada

and available relative sea level histories (Pico et al., 2018).

Keywords: GIA modelling (inputs) - ice sheet history � Region - North America � Timescale -
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Glacial Isostatic Adjustment (GIA) represents a critical geophysical process resulting from the

melting of ice sheets following the last glacial maximum, signi�cantly in�uencing the Earth's

crust's deformation and stress �elds. This study investigates the role of tectonic stress in

GIA by integrating earthquake focal mechanism inversion and GPS-derived strain rates. We

analyze the interaction between tectonic forces and isostatic rebound in regions previously

covered by signi�cant ice masses. Earthquake focal mechanism inversions provide insight into

the present-day stress orientation and magnitudes, highlighting how tectonic processes interact

with isostatic adjustments. Concurrently, GPS strain rate measurements o�er a high-resolution

spatial understanding of crustal deformation patterns, revealing areas of signi�cant tectonic

in�uence. Our results indicate a complex interplay where tectonic stresses modulate the rates of

glacial rebound, potentially altering earthquake recurrence intervals and crustal stability. The

�ndings underscore the importance of incorporating tectonic stress assessments into models of

GIA to enhance predictions of seismic hazards in glaciated regions. This work emphasizes that

understanding the in�uences of both tectonics and GIA is crucial for e�ective risk management

and infrastructure planning in a�ected areas.

Keywords: Observations - seismicity
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Three new sea-level-index-point based relative sea level curves from spatial

data gaps around Greenland

Karlee K. Prince 1, Jason P. Briner1

1 - University of Bu�alo, Bu�alo, United States of America

Ice sheet models predict future sea level contributions based on ice sheet parameters and future

climate scenarios, both of which have inherent uncertainties. Testing ice-sheet-model output

with �eld-based geologic records of past ice sheet changes can increase our con�dence in sea

level rise predictions. Relative sea level curves from near �eld sites provide helpful targets for

data-model comparisons because they are sensitive to ice sheet mass and are continuous from

deglaciation to the present; isolation basins are particularly useful because they have small

uncertainties in their past relationship to sea level. This is important as the community tries to

understand the response of the Greenland Ice Sheet to the Holocene Thermal Maximum and

present climate change. To this aim, we will present three new relative sea level curves and

data-model comparisons from north, northeast, and northwest Greenland. In north Greenland,

we use raised marine terraces to track land uplift in Rensselaer Valley, Ingle�eld Land and �nd

land uplifted rapidly from 9 to 7 ka and slowed to the present. In northeast Greenland, we use

isolation basins in Germania Land and �nd the marine limit formed 10 ka, 2 ka after deglaciation,

before falling to the present. Finally, in northwest Greenland, we will present results from near

Upernavik and �ll a large spatial data gap. Our new data provides data-model comparison

targets to increase our understanding of the sensitivity of the Greenland Ice Sheet to past and

future climate changes.

Keywords: Observations - sea level (paleo or tide gauge)� Observations - sediment analysis�

Region - Greenland� Timescale - Holocene
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New Relative Sea-Level Constraints for the Loch Ewe region, NW Scotland,

since the Last Glacial Maximum

P. Trap Puckette 1, Alexander R. Simms1, Louise Best2, Jeremy M. Lloyd3, Tom Bradwell4,

Sarah L. Bradley5, David Small3

1 - University of California Santa Barbara, Santa Barbara, United States of America
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Reconstructions of past ice sheets and sea levels are critical for re�ning projections of future

sea level rise. Relative sea-level (RSL) changes in northwest (NW) Scotland following the Last

Glacial Maximum (LGM) are of particular interest because they re�ect a complex pattern of

glacial isostatic adjustment (GIA) due to the presence of the Minch Ice Stream, a former ice

stream which drained the northwest sector of the last British Irish Ice Sheet. For this reason,

extended RSL records from NW Scotland act as important tests for model predictions of ice

sheet retreat, GIA, and RSL change. We present new constraints for RSL change for the Loch

Ewe region of NW Scotland from the Late Glacial to the mid-Holocene based on an analysis

three newly identi�ed isolation basin sites as well as a of a series of raised shorelines at elevations

from � 12-19 m OD. Overall, these features capture rapid sea level fall during the Late Glacial

followed by a mid-Holocene highstand. These empirical data are key for testing GIA model

predictions, particularly as existing records of RSL change during the early deglacial period to

mid-Holocene are limited for this region. By providing new RSL constraints for NW Scotland,

we can re�ne current GIA models and ultimately improve our understanding of the interactions

between RSL change and ice sheet retreat.

Keywords: Observations - sea level (paleo or tide gauge)� Region - Northern Europe � Timescale

- Holocene� Timescale - Pleistocene
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Holocene Relative Sea-level Changes in the Cascadia Subduction Zone:

Insights from Megathrust Earthquake Cycles and Glacial Isostatic Adjustment

Weilun Qin 1, Riccardo Riva1, Natasha Barlow2, Rob Govers3

1 - Delft University of Technology, Delft, Netherlands

2 - University of Leeds, Leeds, United Kingdom

3 - Utrecht University, Utrecht, Netherlands

Relative sea-level (RSL) records in tectonically active regions show imprints of a variety of

geophysical processes, including megathrust earthquakes and glacial isostatic adjustment (GIA).

This study aims to quantify the individual contributions of both processes to RSL changes in the

Cascadia subduction zone, a region with well-preserved RSL and palaeoseismic records from the

Holocene.

Here, we simulate RSL changes associated with the earthquake cycle (EQC) and GIA separately.

Building on our previous work, we use a 3D quasi-dynamic �nite-element EQC model to simulate

RSL changes associated with megathrust earthquakes. Speci�cally, we model 19 great earthquakes

over the past 10,000 years, constrained by marine turbidite records. To capture GIA-related RSL

changes, we use a viscoelastic GIA model based on the normal mode method with various ice

histories. Our preliminary results suggest that the combined RSL predictions from EQC and

GIA models e�ectively replicate the variations in Cascadia RSL records.

Keywords: Observations - sea level (paleo or tide gauge)� GIA modelling (methods) - numerical

� Region - North America � Timescale - Holocene
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Evaluation of Surface Mass Balance models in Antarctica using GPS vertical

displacement data

Jenan Rajavarathan 1, Matt King 1, Christopher Watson1

1 - University of Tasmania and the Australian Centre for Excellence in Antarctic Science, Hobart, Australia

Surface Mass Balance (SMB) models are widely used in glaciology and climatology to assess

ice mass change and variability. They are also used to correct GPS time series for elastic

deformation caused by SMB loading. Their performance, accuracy and applicability depend

on their adopted parameterisations, boundary forcings and spatial and temporal resolutions.

Comparing SMB loading displacements with GPS provides a new approach to testing SMB models.

In this study, we evaluate the estimated SMBL-induced vertical deformation in Antarctica with

vertical timeseries of GPS. We evaluate six SMBL models with di�erent spatial and temporal

resolutions namely RACMO2.3p2 (27km), statistically downscaled RACMO2.3p2 (2km), MAR

(35km), GEMB (10km), HIRHAM5 (12.5km) and MERRA2 (12.5km). SMB mass anomalies

over grounded ice were computed relative to the mean SMB over a chosen reference period.

The anomalies were converted into an array of cylinders of equivalent mass and were input

into REAR to compute SMB-induced elastic displacements. We show that estimated bedrock

trends from these SMB models are sensitive to the chosen reference period, with di�erences up

to Â±1mm/year between solutions using reference periods of 43, 30 or 15 years. We also analyse

the agreement between GPS-derived vertical motion and modelled SMB displacements in both

the time and spatial domain. This study will help to assess SMB models for ice sheet studies

and to identify the most appropriate model(s) to correct SMB-related bedrock displacements in

GPS time series for GIA studies.

Keywords: Observations - GNSS/GPS� Region - Antarctica � Timescale - recent
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Finite element modelling of GIA with the GTecton package

Riccardo Riva 1, Lukas van de Wiel2, Taco Broerse1, Weilun Qin 1, Rob Govers2

1 - Delft University of Technology, Delft, Netherlands

2 - Utrecht University, Utrecht, Netherlands

While GIA has been traditionally modelled by means of normal modes approaches on a spherically

symmetric earth with Maxwell rheology, the current availability of high-quality palaeo sea-level

data and geodetic observations calls for models that can e�ciently handle lateral heterogeneous

earth structures and complex rheologies. Such models are necessary to explain observations at

regional scales, particularly near to former or current ice sheet margins, where sudden changes in

the surface load produce substantial stress gradients within the lithosphere and the asthenosphere.

A better understanding of the solid earth response in those regions is also important to accurately

reproduce and predict ice sheet evolution, because of a potentially stabilizing e�ect of vertical

bedrock motions.

GTecton (version 2024.5, doi.org/10.5281/zenodo.11471903) is a �nite element platform for

solving the mechanical equilibrium and heat conduction equations for compressible elastic,

linear and power-law viscosities, and visco-plastic rheologies, allowing for 3D dimensionality

and accounting for gravitational e�ects. The code is numerically e�cient because it supports

massively parallel runs on both homogeneous and inhomogeneous hardware platforms, facilitated

by OpenMPI and scaling linearly with the number of CPUs. Its capabilities make it potentially

very well suited for the purpose of advanced GIA modelling.

We discuss a mixture of benchmark experiments and sensitivity studies that concentrate on a

crucial aspect of the use of GTecton to model GIA, namely the impact of gravity on deformation,

including ways to account for self-gravitation e�ects.

Keywords: GIA modelling (methods) - numerical � GIA modelling (methods) - forward �

Region - global
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An integrated 3D geodetic velocity �eld for Aotearoa New Zealand and the

Southwest Paci�c, and implications for vertical land motion and tectonic

strain rates

Chris Rollins 1, Laura Wallace2, Robert Pickle3, Nicolas Castro-Perdomo4, Andrew Howell1;5,

Jack McGrath5, Ian Hamling1, Kaj Johnson4, Jeremy Maurer6, Sigrun Hreinsdottir 1
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We assemble an integrated 3D "interseismic" velocity �eld for Aotearoa New Zealand and the

Southwest Paci�c for use in the Te Ao Hurihuri Our Changing Coast programme (investigating

vertical land motion and sea-level rise), the NZ National Seismic Hazard Model, and future

research. We compile 18 recently published GNSS velocity �elds for NZ, remove outliers from

each (through automated detection, examination of metadata, and manual inspection), align the

�elds through a series of outlier-resistant Helmert transformations and regressions, and �nally

average velocities at collocated stations. The integrated velocity �eld provides improved (and

3D) coverage of surface motion in many parts of New Zealand, in particular the slower-deforming

Auckland/Northland and Otago/Southland regions. Strain rates in these regions are generally

lower and smoother than in previously published strain-rate models. GNSS stations in these

slow-deforming parts of NZ (away from most tectonic signals), and throughout the southwest

Paci�c, are observed to be subsiding at 1-1.5 mm/yr. Some, and possibly all, of this regional

subsidence can likely be attributed to global solid-earth elastic deformation in response to ongoing

ice loss. We are also investigating how the motion of the International Terrestrial Reference

Frame with respect to global GIA plays into this signal, and whether any of that e�ect would

need to be �corrected� in preparing vertical-land-motion models for NZ.

Keywords: Observations - GNSS/GPS � Region - rest of the world � Timescale - future �

Timescale - recent
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Error Budgets and Antenna Ice Bias in GNSS-derived Crustal Motion

Velocities in Antarctica: Implications for Constraining GIA Models

David Saddler 1, Terry Wilson 1, Michael Bevis1, Eric Kendrick 1, Demián Gómez1, Stephanie

Konfal1

1 - Ohio State University, Columbus, United States of America

Crustal displacement rates and patterns derived from GNSS measurements are a dominant

constraint on GIA models for Antarctica. Measurements accurate at the 1 mm/yr level would

be optimal to test for the `best' GIA model parameters through comparison of model-predicted

and measured crustal motions. Like most high-latitude GNSS networks, ANET sites have

utilized chokering antennas covered with radomes. It is well known that snow and ice on

antenna and radome exteriors causes data scatter and errors in positioning. We investigate

an environmental e�ect, largely unique to Antarctica, that degrades the accuracy of velocity

estimates; excursions in the daily position time series arising from intrusion of spindrift snow and

subsequent accumulation of ice inside the antenna chokerings, beneath the covering radome. It is

crucial to identify and remove this icing bias and compute appropriate uncertainties to attain

the most accurate measurements for GIA modelers. We characterize the position time series

and velocity estimates before and after mitigation of antenna icing. Starting in 2017, we also

began installing environmentally sealed antennas to further mitigate the ice bias. With several

years of continuous data now available with the sealed antennas, we can compare velocities

before and after the antenna swaps and determine preferred velocities and uncertainties for these

ice-biased sites. Improved velocities will yield better understanding of Antarctic crustal motions

for implementation into GIA modeling. We also �nd regional di�erences in icing-related errors,

pointing to a need for a weighting scheme accounting for this when GNSS-derived velocities are

compared with GIA model predictions.

Keywords: Observations - GNSS/GPS� Region - Antarctica
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Development of a coupled ice-sheet/earth rebound model: design and

performances

Fuyuki Saito 1, Jun'ichi Okuno 2, Ayako Abe-Ouchi3, Takashi Obase1
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Feedback between changes in the ice-sheet and the earth's isostatic rebound is considered to

be an important process for the evolution of the past ice-sheets in glacial cycles. We have

been developing a coupled ice-sheet/earth rebound model which were applied for past northern

hemisphere ice sheet simulation during glacial/interglacial cycles. Recently the model has been

extended also over Antarctic ice sheet. Earth rebound model is based on a self-gravitating

visco-elastic multi-layer model developed by Okuno and Nakada (2001), while the ice-sheet

model is IcIES (Abe-Ouchi et al. 2013, Saito and Abe-Ouchi 2010, Saito et al 2016). In the

presentation, we will report current status of model development and its application. The results

are compared with the previous IcIES results coupled with a simple isostatic model (i.e., a

local lithosphere/relaxing asthenosphere) which is controlled by two parameters (the mantle

density and the time scale of isostatic response), in order to discuss the e�ect of more realistic

visco-elastic structure of the earth.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (methods) - spherical
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3D mantle viscosity structures for GIA modeling

Reyko Schachtschneider 1, Volker Klemann1, Bernhard Steinberger1
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Knowing the correct distribution of viscosity in the Earth's mantle is essential for modeling glacial

isostatic adjustment (GIA). Due to the interplay between GIA induced sea level variations and

ice sheet dynamics, the Earth's viscosity structure in�uences the ice sheet dynamics especially

at marine terminating glaciers in western Antarctica and therefore plays an important role for

future sea level projections. We present an ensemble of 3D Earth structures, improved with

respect to resulting sea level predictions for the Holocene. Improvements were achieved by 1)

updating the 3D Earth structure ensemble described in Bagge et al. (2021) through corrections

according to the Haskell constraint and 2) using improved geodynamic constraints at the western

Antarctic coast. The latter were obtained from updated tomography models of the mantle. We

apply the 3D viscoelastic Earth model VILMA to constrain the ensemble of a-priori viscosity

structures by exploiting sea level proxies from the HOLSEA database.

Reference: Bagge, M., Klemann, V., Steinberger, B., Latinovic, M. and Thomas, M.: Glacial-

Isostatic Adjustment Models Using Geodynamically Constrained 3D Earth Structures, Geochem.

Geophy. Geosy., 22, e2021GC009853, https://doi.org/10.1029/2021GC009853, 2021.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � GIA modelling (methods) -

3D � GIA modelling (methods) - numerical � GIA modelling (methods) - forward
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Quantarctica 4 - An updated version of the multidisciplinary mapping tool for

Antarctic research
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Quantarctica is a comprehensive data package developed by the Norwegian Polar Institute for use

with QGIS, an open source GIS software. The new updated version, Quantarctica4, is about to be

released in mid-2025. It provides a wide range of Antarctic geospatial data suitable for research

and teaching purposes. The package includes high-resolution satellite images, topographic maps

and various scienti�c datasets covering geophysical, geological, glaciological and climatological

aspects of Antarctica. It also includes administrative boundaries, including protected areas, and

logistical information such as research station locations.

Quantarctica datasets are freely available for download and are provided in standard GIS

formats, shape�le and GeoTIFF, making them accessible and easy to use. The package is highly

customizable, allowing users to add their own data to suit speci�c research needs. Supported by
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a community acting as theme editors and developers, the We will present the latest update with

new datasets and improvements.

As we continue to further improve Quantarctica to include new datasets, it will be a valuable

e�ort to prepare up-to-date GIA models for a future inclusion. For this, we will interlink with

current activities like GIAmachine. Thus, it will be possible to link GIA predictions with other

geophysical (and further) datasets at a glance.

Overall, Quantarctica4 is a valuable resource for anyone involved in Antarctic research or

education, providing a comprehensive and easy-to-use collection of geospatial data.

Keywords: Region - Antarctica � Timescale - recent� Observations - gravity � Observations -

GNSS/GPS
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An automatic adjoint modelling framework for GIA, via G-ADOPT

William Scott 1, Mark J. Hoggard1, Sia Ghelichkhan1, Angus Gibson1, Stephan Kramer2,

Thomas Duvernay1, D. Rhodri Davies1
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Glacial Isostatic Adjustment (GIA) models are crucial tools for a range of climate-science

problems. A key challenge in GIA modelling is carrying out a computationally e�cient inversion

for unknown ice-loading history and mantle rheology, allowing for 3D viscosity variations and/or

the presence of complex rheologies, whilst remaining faithful to observational datasets (both paleo

and modern). Providing robust uncertainty measurements on GIA model outputs associated

with the unknown inputs is essential given the wide usage of GIA models in geodetic studies,

paleoclimate and investigations of ice sheets-solid Earth feedback. Here, we present a major

step towards this goal with G-ADOPT. Building on the Firedrake �nite element framework,

G-ADOPT solves the equations governing GIA and can automatically generate an adjoint

model. Crucially, this enables implementation of gradient-based optimisation strategies that

are essential for tackling high-dimensional inverse problems. Using synthetic examples in an

Earth-like domain, we demonstrate G-ADOPT's ability to reconstruct ice histories and image

mantle viscosity variations, providing a roadmap for reducing the uncertainty associated with

GIA in future sea-level projections.

Keywords: GIA modelling (methods) - 3D � GIA modelling (methods) - numerical � GIA

modelling (methods) - forward � GIA modelling (methods) - adjoint
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Study of the wind �eld and polar pressures in Antarctica

Saeid Shahshahani 1
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Antarctica is a vast land mass near the South Pole that plays a role in the formation and control

of atmospheric-oceanic systems and the Earth's heat balance. This continent is of particular

political and economic importance in various aspects. Atmospheric and oceanic phenomena in this

region have a great impact on controlling the Earth's climate. One of these notable phenomena is

the polar mesoscale cyclones. These cyclones transform into polar lows under special conditions,

which makes modeling and forecasting conditions very di�cult. Using spectrometric satellite

data and post-processed data, while examining wind anomalies in the 2015-2020 period, the

formation areas of mesoscale cyclones were investigated. The Antarctic region plays a special role

in temperature control and determining the Earth's climate. Mesoscale cyclones with a diameter

of less than 1,800 km and a surface wind speed higher than 18 m/s resulting from the main fronts

at the poles are classi�ed as polar lows. To investigate this issue, NCEP/NCAR surface wind

data were used. Then, using the multivariate empirical orthogonal function statistical method,

the surface wind anomaly of the study area and various methods for identifying polar lows, using

satellite spectrometric surface wind, surface temperature, 550 hectopascal temperature, and the

low-pressure stability life of the data set and the mesoscale cyclones and lows of the region were

investigated.

Keywords: Region - Antarctica � GIA modelling (inputs) - ice sheet history � Observations -

GNSS/GPS � Observations - sea level (paleo or tide gauge)
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Prototype Tsunami Database and Analysis Rupture Duration for Tsunami

Earthquake Warning in Sumatra
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The issuance of tsunami warnings constitutes a pivotal measure aimed at preserving human life

and lessening the impact on local communities. The moment magnitude of the P-wave (Mwp)

alongside the rupture time duration (Tdur) can be employed as rapid parameters for disseminating

tsunami warnings. In this manuscript, we conduct an analysis of the seismic waveform data

sourced from a global network to ascertain Mwp and Tdur pertaining to the South-West Coast of

Sumatra earthquake. Mwp is computed through both automatic and manual phase picking of the

P phase. The �ndings of this investigation reveal a well-characterized correlation between the P

wave data obtained from both automatic and manual picking methods, as well as between Mwp

and the duration of time. Moreover, the results provide promising insights for the development of

an early warning system that is projected to be established in the region in the foreseeable future.

We also make a prototype tsunami database in Mentawai, to see ETA and EWH model using

TUNAMI software. The data generated from tsunami modeling are securely stored within the

database utilizing an array of technological frameworks, including PHP programming languages,

HTML, CSS, JavaScript, Bootstrap, Apache, and MySQL. The database visualization comprises

a map detailing tsunami wave propagation, an animation illustrating tsunami wave movement,

and information regarding the a�ected areas, inclusive of location details, Estimated Time of

Arrival (ETA), and Estimated Wave Height (EWH).

Keywords: Observations - seismicity
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Tremors Along West Nusa Tenggara, Indonesia Triggered by Large

Teleseismic Earthquakes
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An advanced analysis was conducted on the triggered 'non-volcanic' tremors (NVT) around

Tambora volcano in West Nusa Tenggara, Indonesia by 35 teleseismic earthquakes with a

magnitude of at least seven and epicentral distance of over 1,000 km between 2020 and 2022.

The waveform data were taken from the Indonesian Agency for Meteorology, Climatology and

Geophysics (BMKG). The identi�cation of triggered tremors was based on the visual detection

of high-frequency bursts (1-10 Hz and 2-8 Hz) of non-impulsive and prolonged seismic energy,

exhibiting coherence across multiple seismic stations and modulation by teleseismic surface waves.

Among the 35 earthquakes studied, we identi�ed four teleseismic events that triggered NVT in

West Nusa Tenggara. The 2021 Mw 7.4 and Mw 8.1 Kermadec, 2021 Mw 7.3 Vanuatu and 2022

Mw 7.7 Papua New Guinea earthquakes have triggered NVT in this region. We use envelope

waveform cross-correlation to locate tremors. The study revealed that amplitudes of surface

waves play a crucial role in determining the triggering potential, with an observed triggering

threshold of approximately 0.1 cm/s, or dynamic stress 7-8K Pa. The triggered tremors were

initiated by Rayleigh surface waves. It has been observed that triggering potential is controlled

by the peak ground velocity (PGV), frequency, and dynamic stress.

Keywords: Observations - seismicity� Observations - faults
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Combining GNSS data and GIA predictions in Canada's hybrid crustal

velocity model
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An improved national scale crustal velocity model is being developed for Canada that is part of

an ongoing e�ort to update the realization of the Canadian Spatial Reference System (CSRS)

to NAD83(CSRS) version 8, and to support the implementation of the new North American

Terrestrial Reference Frame of 2022 (NATRF2022). The updated model is based on GNSS

data to the end of 2023 and includes 959 velocities from continuous GNSS stations throughout

Canada, repeated high accuracy Canadian campaign data, as well as continuous GNSS data from

Alaska, the northern contiguous United States, and Greenland. The updated velocity model

is a hybrid combination of geophysical model predictions constrained to GNSS crustal velocity

estimates. The geophysical model inputs include vertical velocity predictions from glacial isostatic

adjustment and elastic deformation models that estimate the signal from past and present-day

changes to ice cover. Also presented is a preliminary assessment of horizontal velocity predictions

around the west coast; future versions of the velocity model will incorporate horizontal motion

predictions to model better the complex tectonic motions in western Canada. The hybrid velocity

model is an important part of the CSRS that enables users to propagate their coordinates to

di�erent reference epochs and can also be used to support studies of sea level change in coastal

communities.

Keywords: Observations - GNSS/GPS� Region - North America � Timescale - recent
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Isolating the E�ects of Glacial Isostatic Adjustment in the Chesapeake Bay

from a New GNSS-Constrained Vertical Land Motion Solution

D. Sarah Stamps 1, Karen Williams 1, James Duda3, Philippe Hensel4, William B. Moore 5,

Ryan Hippenstiel4

1 - Virginia Tech, Blacksburg, United States of America

3 - United States Geological Survey, United States of America

4 - National Geodetic Survey, United States of America

5 - Hampton University, Hampton, United States of America

The Chesapeake Bay, located on the eastern coast of North America, is experiencing destructive

levels of relative sea-level rise. Ample evidence suggests the region is located at the former

forebulge of the Laurentide ice sheet and that present-day subsidence from glacial isostatic

adjustment (GIA) plays a role in present-day land subsidence. Members of this team have recently

reevaluated vertical land motions for the Chesapeake Bay using campaign and continuous GNSS

observations spanning 2019-2023. In this work, we seek to isolate the e�ects of GIA from this

new vertical land motion solution. We test removing GIA vertical velocities modeled with the

open-source software SELEN4.0 that are constrained by ICE_6G and ICE_7G ice sheet models.

We test using both the standard radial viscosity models (VM5a and VM7) and a modi�ed coastal

radial viscosity model. Predicted rates of GIA contributions to the vertical land motion signal

are on the order of -1-2 mm/yr which is a substantial portion of land subsidence rates in the

region. Other sources of vertical land motion, such as groundwater withdrawal and sediment

compaction, remain under investigation.

Keywords: Observations - GNSS/GPS� GIA modelling (inputs) - mantle viscosity/rheology �

GIA modelling (inputs) - ice sheet history � GIA modelling (methods) - forward
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Continental-scale glaciations cause signi�cant deformation, geopotential, rotation, and stress

changes to the Earth, impacting subsurface conditions critical for activities like nuclear waste

disposal. To understand the long-term stability of Canada's potential sites for storage of used

nuclear fuel, we analyzed glacially induced stresses during the last glaciation using a re�ned,

high-resolution model of North American ice history spanning 122,000 years. The study focused

on two potential sites: Saugeen Ojibway Nation (SON) - South Bruce in southwestern Ontario

and Wabigoon Lake Ojibway Nation (WLON) - Ignace area in northwestern Ontario, located

1,000 km apart.

Our modeling, incorporating one- and three-dimensional Earth structures, revealed strong

variations in glacially induced stresses and strains over a glacial cycle. Horizontal stress

components often transitioned between tensional and compressive within a few thousand years

due to rapid changes in ice thickness. Interestingly, despite di�erences in location relative to

the ice sheet center, stress and strain magnitudes were similar at both sites. We also con�rmed

that glacially induced stresses and strains are largely uncorrelated, thus glacially induced strain

cannot be simply converted into glacially induced stress. Moreover, glacially induced stresses at

South Bruce may alter the direction of pre-existing tectonic stresses.

While no site emerged as superior, the study highlights the need for further research using

detailed Earth models that account for local geological features such as faults and lineaments.

This research is crucial for ensuring the safety and sustainability of underground nuclear waste

repositories in the context of future glaciations.

Keywords: GIA modelling (methods) - 3D � Region - North America � Observations - seismicity

� GIA modelling (inputs) - lithosphere
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Compressible vs. incompressible: Does it matter?
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1 - Lantmäteriet, Gävle, Sweden

2 - Newcastle University, Newcastle upon Tyne, United Kingdom

3 - University of Calgary, Calgary, Canada

Glacial isostatic adjustment (GIA) models provide estimates of velocity, gravity, stress, and

sea-level change based on ice-loading scenarios from past glaciations. These models require

extensive input, including ice histories and a variety of Earth model parameters that describe the

3D structure and rheology. Di�erent assumptions can be made regarding material parameters,

particularly in terms of compressibility, which is described by the Poisson's ratio. Incompressible

materials (Poisson's ratio equal to 0.5) do not change volume under deformation. However,

seismological observations indicate that the Poisson's ratio in the lithosphere and mantle deviates

from 0.5, typically being much smaller, which re�ects the presence of compressible materials.

Consequently, GIA models must account for compressibility in their material parameters as well

as in the solved equations. Despite this, some GIA model codes consider only incompressible

materials.

Here, we will show the e�ect of compressible versus incompressible Earth models on changes

in sea level, velocity, gravity, and stress using a newly developed compressible �nite-element

code. The new GIA model code incorporates the sea-level equation with moving coastlines and

rotational feedback, accounts for both grounded and �oating ice, removes rigid-body rotation,

and calculates deformation in the center-of-mass frame. Importantly, this global-scale analysis,

using the new code, is the �rst to explore how glacially induced stresses obtained from a spherical

GIA model are a�ected by assumptions about compressibility.

Keywords: GIA modelling (methods) - 3D � GIA modelling (methods) - spherical � Observations

- seismicity � Observations - GNSS/GPS
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Glacial lakes of the Laurentide Ice Sheet during the last deglaciation
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During the last deglaciation, the retreat of the Laurentide Ice Sheet (LIS) exposed a series of

basins that �lled with meltwater to form some of the largest proglacial lakes that have ever

existed. These lakes were dammed by multiple mechanisms including the ice sheet margin and/or

glacial isostatic adjustment (GIA). Freshwater drainage from these lakes to the ocean has been

associated with rapid climate change events. Furthermore, ice-marginal lakes likely in�uenced

the dynamics of the LIS by triggering ice stream activity or by inducing instabilities which

contributed to rapid retreat. The most up-to-date reconstruction of glacial lakes of the LIS dates

back to 2004 and con�icts with recently updated ice margin reconstructions.

We produce an updated glacial lake reconstruction by modifying previously published ice loading

histories (Peltier et al., 2015; Lambeck et al., 2017) with the ice margin chronology of Dalton et

al. (2023) and then model glacial lake evolution using the code of Austermann et al. (2022). We

compare our updated glacial lake reconstruction to a continent-scale compilation of chronological

and geomorphological constraints on glacial lakes to identify data-model mismatches. These

model-data intercomparisons will allow us to re�ne the ice margin chronology, evaluate the

accuracy of previous GIA models, and highlight data-poor regions for future research. Our

new reconstruction will allow future investigations into the in�uence of glacial lakes on driving

deglacial instabilities and past ice stream activity in the LIS.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (inputs) - ice sheet

history � Region - North America � Timescale - paleo
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Mechanisms of Large-Scale Ice Mass Loss in East Antarctica: Field-Based

Reconstruction and GIA Modelling Approach

Yusuke Suganuma 1, Takeshige Ishiwa1, Jun'ichi Okuno 1
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The rapid loss of ice mass from the Antarctic Ice Sheet (AIS) and the resulting sea-level rise are

critical concerns for global climate stability. However, the mechanisms driving major ice loss

events in the past - key to accurate climate predictions - remain poorly understood. To address

these uncertainties, we reconstructed ice mass loss since the Last Glacial Maximum (LGM) along

the East Antarctic coast using surface exposure dating and sediment core analysis near the ice

front. We identi�ed signi�cant and delayed ice mass loss driven by local sea-level rise and warm

Circumpolar Deep Water in�ow since the LGM. To complement this �eld-based reconstruction,

Glacial Isostatic Adjustment (GIA) modeling, integrated with ice sheet and ocean modeling, was

used to estimate ice volume changes and local sea-level variations, and to identify the triggers

and feedbacks for ice mass loss. This integrated approach enhances our understanding of GIA

dynamics and improves climate projections. We will present these recent �ndings and outline

future plans for research and �eld surveys.

Keywords: GIA modelling (inputs) - ice sheet history � Region - Antarctica � Timescale -

Holocene� Observations - sediment analysis
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Charlotte Fault in Southeast Alaska over the Last Deglaciation
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Along major plate boundaries, tectonic loading is usually the �rst-order driver of earthquake

activity and structural evolution. However, Glacial Isostatic Adjustment (GIA) induced by the

unloading of major continental ice sheets can perturb the state of stress on plate boundary faults

over glacial-interglacial periods. The strike-slip Fairweather-Queen Charlotte Fault (QCF) is

located between the Paci�c and North American plates, o�shore of southeastern Alaska and

western British Columbia, in the vicinity of the former Cordilleran Ice Sheet. Recent studies

suggest that crustal stress change due to GIA since the Little Ice Age promoted over half of

instrumentally-recorded earthquakes on the QCF, but the role of GIA on longer timescales, when

ice-mass changes were of greater magnitude, remains unknown. In this study, we assess how GIA

modulates stress on the QCF over the last deglaciation (26 to 0 ka), and whether these e�ects

in�uence seismicity and fault zone structures. We project crustal stress changes onto the fault

system using various ice histories and a 1-D spherically symmetrical viscoelastic Earth model.

We search for correlations between these stress perturbations and submarine tectonic geomorphic

features that indicate zones of transpression or transtension, which correspond to along-strike

variations in obliquity on the fault. This approach enables us to evaluate the role of GIA-induced

stress changes on earthquake rupture geometry over ice-age timescales, potentially revealing the

role of GIA in shaping fault geometry and contributing to earthquake hazards in Alaska.

Keywords: Observations - faults � Observations - seismicity� GIA modelling (inputs) - ice sheet

history � GIA modelling (methods) - 1D
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GLAC3: the �rst joint history matching of global last glacial cycle ice sheet

evolution and regional earth rheology

Lev Tarasov 1, April Dalton 1, Art Dyke 1, Alexis Go�n 1, Anna Hughes2, Benoit Lecavalier3,

Jan Mangerud4, Glenn A. Milne5, John Inge Svendsen5, Sarah Woodro�e6
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GLAC3 is is a high-variance set of ice sheet chronologies for all ice sheets spanning the last two

glacial cycles (though with very limited constraint prior to the penultimate glacial maximum).

It therefore includes North American, Greenland, Iceland, Eurasian, Tibetan, Patagonian, and

Antarctic components. GLAC3 has to date 3 unique characteristics. Firstly, it is derived

from history matching, and therefore accounts for both observational and model uncertainties.

Secondly, it is the only available deglacial, little alone full glacial cycle, reconstruction that invokes

full glaciological modelling thereby enabling physical resolution of ice sheets, ice streams, ice

shelves, and grounding line migration. As such, GLAC3 is subject to glaciological constraints such

has borehole temperature pro�les that non-glaciological reconstructions can't resolve. Thirdly,

the glaciologically modelling is self-consistently coupled with full visco-elastic glacio-isostatic

adjustment subject to the history-matched regional (1D) earth viscosity models.

The presentation will brie�y present the methodology, �ts to data constraints, and sample results,

while high-lighting some key characteristics, remaining mis�ts, and open questions.

Keywords: GIA modelling (inputs) - ice sheet history � GIA modelling (inputs) - ice sheet

dynamics � Region - global � Timescale - Pleistocene
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GLAC3: the �rst joint history matching of global last glacial cycle ice sheet

evolution and regional earth rheology: part A methodology and �t
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GLAC3 is is a high-variance set of ice sheet chronologies for all ice sheets spanning the last two

glacial cycles (though with very limited constraint prior to the penultimate glacial maximum).

It therefore includes North American, Greenland, Iceland, Eurasian, Tibetan, Patagonian, and

Antarctic components. GLAC3 has to date 3 unique characteristics. Firstly, it is derived

from history matching, and therefore accounts for both observational and model uncertainties.

Secondly, it is the only available deglacial, little alone full glacial cycle, reconstruction that invokes

full glaciological modelling thereby enabling physical resolution of ice sheets, ice streams, ice

shelves, and grounding line migration. As such, GLAC3 is subject to glaciological constraints such

has borehole temperature pro�les that non-glaciological reconstructions can't resolve. Thirdly,

the glaciologically modelling is self-consistently coupled with full visco-elastic glacio-isostatic

adjustment subject to the history-matched regional (1D) earth viscosity models.

This part of the presentation will describe the methodology and constraint data sets, as well as

examine �ts to the constraints.

Keywords: GIA modelling (inputs) - ice sheet history � GIA modelling (inputs) - ice sheet

dynamics � GIA modelling (methods) - inverse � Region - global
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GLAC3: the �rst joint history matching of global last glacial cycle ice sheet

evolution and regional earth rheology: part B results
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GLAC3 is is a high-variance set of ice sheet chronologies for all ice sheets spanning the last two

glacial cycles (though with very limited constraint prior to the penultimate glacial maximum).

It therefore includes North American, Greenland, Iceland, Eurasian, Tibetan, Patagonian, and

Antarctic components. GLAC3 has to date 3 unique characteristics. Firstly, it is derived

from history matching, and therefore accounts for both observational and model uncertainties.

Secondly, it is the only available deglacial, little alone full glacial cycle, reconstruction that invokes

full glaciological modelling thereby enabling physical resolution of ice sheets, ice streams, ice

shelves, and grounding line migration. As such, GLAC3 is subject to glaciological constraints such

has borehole temperature pro�les that non-glaciological reconstructions can't resolve. Thirdly,

the glaciologically modelling is self-consistently coupled with full visco-elastic glacio-isostatic

adjustment subject to the history-matched regional (1D) earth viscosity models.

This part of the presentation will summarize results, while high-lighting some key characteristics,

remaining mis�ts, and open questions.

Keywords: GIA modelling (inputs) - ice sheet history � GIA modelling (inputs) - ice sheet

dynamics � GIA modelling (methods) - inverse � Region - global

135



2025 Glacial Isostatic Adjustment workshop

Toward Modeling Glacial Isostatic Adjustment in the Community Earth

System Model
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The Community Earth System Model (CESM) is a �agship fully-coupled earth system model

with a prognostic ice sheet component: the Community Ice Sheet Model (CISM). The current

prognostic components in CESM allow us to model the impact of atmospheric and oceanic

changes on the evolution of ice sheets, but many assumptions and limitations currently prevent

us from fully modeling global sea level changes and glacial isostatic adjustment (GIA).

This talk will summarize early progress toward coupling an e�cient prognostic GIA model

(CitcomSVE 3.0) to CISM using the Earth System Modeling Framework (ESMF) coupler within

CESM. We will describe the updates and changes needed throughout the earth system modeling

framework to support CitcomSVE 3.0 as a fully coupled component, and the exciting scienti�c

capability that this presents. While CESM has been used for paleo and ice sheet studies in

the past, having prognostic GIA will allow us to fully simulate the feedbacks of continental ice

sheet collapse from century-to-millennial time scales on the full earth system, support long-term

future simulations of the Antarctic ice sheet and global sea level changes, and model many other

interesting coupled earth system scenarios.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (methods) - 3D

� GIA modelling (methods) - numerical � Region - global
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How Much Ice was There in Alaska at Last Glacial Maximum? Close to 2m of

Global Sea Level
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Large areas of Alaska were glaciated at Last Glacial Maximum (LGM), but quantitative estimates

of ice volume are lacking. We have interpreted LGM glacier extent mapped in the Alaska

Paleoglacier Atlas, and digitized the outlines of individual glaciers. We used an area-volume

scaling relation to estimate glacier volume. Counting ice from continental Alaska and the Alaska

Peninsula, but not yet the glaciated Aleutian Islands, we �nd an ice volume equivalent to 1.87 m

of global sea level rise, making Alaska ice a signi�cant fraction of the LGM sea level budget

misclosure. Compared to the ice model included in ICE-6G, we �nd roughly 3 times the ice

thickness and volume in many locations.

The largest individual glacier comprised ice from the southern edge of the Alaska Range, through

Cook Inlet, Shelikof Strait (between Kodiak Island and the Alaska Peninsula), �nally reaching

the ocean on the continental shelf SW of Kodiak Island and is comparable in size to Thwaites

Glacier in Antarctica. We estimate it to have contained an ice volume equivalent to 57 cm of

global sea level. Several other individual large glacial systems include the glaciers that extended

from the Chugach Mountains through Prince William Sound and out to the continental shelf

edge, the predecessors of the current Bering and Malaspina glacier systems, and several long

glacial fjords in Southeast Alaska. We cross-checked our volume estimates by comparing the

inferred glacier thickness with thickness measurements inferred from lateral moraines or the

mapped elevation of glaciers, where possible.

Keywords: GIA modelling (inputs) - ice sheet history � Region - rest of the world � Timescale -

Pleistocene
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Sea level models traditionally require two inputs - a model of mantle viscoelastic structure

and a history of ice cover. Investigations of the sensitivity of predictions of a speci�c sea level

index point to variations in mantle viscosity or elastic lithospheric thickness have traditionally

involved 1D (i.e., depth varying) Earth models. These sensitivity calculations have been based

on perturbing Earth structure at a series of depths and performing a forward calculation of

the sea level change in each case. The results are used to calculate the Fréchet derivatives

or sensitivity kernels using a �nite di�erence approximation. However, while codes capable of

adopting a 3D viscosity model have existed for some time, using the above approach to compute

3D sensitivity kernels becomes prohibitively computationally expensive. In contrast, the adjoint

method - the theoretical framework for which has only recently been developed and applied

to GIA calculations - can be used to determine the sensitivity of globally distributed index

points to perturbations in 3D mantle viscosity with a computational cost of only two forward

calculations. In this presentation, we consider predictions of various GIA observations that are

relatively insensitive to uncertainties in ice history and compute Fréchet kernels that quantify

their sensitivity to 3D perturbations in mantle viscosity. The goal of our analysis is to identify

biases in viscosity inferences inherent to modeling using 1D mantle viscosity models and to place

rigorous constraints on 3D Earth structure.

Keywords: GIA modelling (methods) - 3D � GIA modelling (methods) - adjoint � GIA modelling

(inputs) - mantle viscosity/rheology
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Approximating ice sheet & bedrock interaction in Antarctic ice sheet

projections
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Accounting for bedrock deformation in predictions of Antarctic ice sheet volume loss reduces

future sea level rise by up to 23% compared to assuming a rigid Earth. We assessed ice dynamics

and sea level rise by coupling the IMAU-ICE ice sheet model with ELRA, 1D GIA, and 3D GIA

models, comparing the simpli�ed models to the 3D GIA benchmark. Sea level projections were

conducted over 500 years under high (SSP5-8.5) and low (SSP1-2.6) emission scenarios, using

outputs from two climate models. A simpli�ed elastic lithosphere relaxed asthenosphere (ELRA)

model with a uniform relaxation time of 300 years closely approximates coupled ice sheet - 3D

GIA model results for 350 year projections, while a relaxation time of 500 years is more accurate

for longer timescales. Additionally, we conducted 40 simulations with a 3D GIA model to derive

a relation between bedrock uplift and relaxation time, creating laterally varying relaxation times

based on mantle viscosity. Using these laterally varying relaxation times reduces the di�erence in

sea level rise estimates with 3D GIA model results to 10 cm. A 1D GIA model with an uniform

upper mantle viscosity of 1019 Pa s closely approximates 3D GIA models under a low emission

scenario, but deviates by 40 cm in 2500 under a high emission scenario. These �ndings underline

the importance of incorporating shorter relaxation times than the standard 3000 years, and

including regional variability in relaxation times and Earth structures when simulating the high

emission scenario on timescales of 350 years or longer.

Keywords: GIA modelling (inputs) - ice sheet dynamics � GIA modelling (methods) - 3D

� Timescale - future � Region - Antarctica
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Active deglaciation results in higher solid earth deformation rates than predicted by models that

are used on longer glacial-cycle timescales. We test the hypothesis that the discrepancy can be

explained by transient mantle viscosities.

In mechanical experiments on mantle rocks, steady-state viscous �ow is preceded by transient

creep during and after changes in stress. New e�orts in microphysical modelling, calibrated

against experimental deformation, provide a novel �ow law that captures both transient as well

as steady-state viscous behaviour. The �ow law describes dislocation creep, where interactions

between dislocations lead to internal stresses that counteract loading. We complement this

with a model describing the evolution of these internal stresses with progressive deformation,

allowing for variable viscosity. In a �rst step, we investigate the relevance of this �ow law for

GIA, using a simple 1D model. For typical loads induced by ice-mass changes, we predict that

the asthenospheric viscosity may temporarily reduce by 1 to 2 orders of magnitude compared to

the long-term viscosities.

Subsequently, we study transient dislocation creep's distribution to present-day GIA with regional

3D FEM. We focus on the Amundsen Sea Embayment in Antarctica, and test whether transient

rheology can provide a better �t to GNSS time series than steady-state mantle rheology.

Recent studies demonstrate that feedback between vertical velocities of bedrock and ice-sheet

evolution, and the speed of grounding line retreat, depends strongly on mantle viscosity. As

transient rheology a�ects e�ective viscosity during ice load changes, it may be critical to consider

in ice sheet-bedrock motion interactions.
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Keywords: GIA modelling (inputs) - rock physics � GIA modelling (inputs) - mantle viscosity/rheology

� Region - Antarctica

141



2025 Glacial Isostatic Adjustment workshop

GRACE and GRACE-FO constraints on 3D GIA models
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GIA models are used to correct estimates of ice mass and sea level change from the GRACE

satellite mission, but in areas where GIA is the main signal GRACE data can be used to constrain

GIA models. This is useful because global GIA models with 3D variations in viscosity can

have large uncertainties. Here we �t GIA model predictions to gravity rates from GRACE and

GRACE-FO in North America and Scandinavia and use these models to correct estimates of

global sea level change derived from GRACE and GRACE-FO.

We use a global GIA model with 3D viscosity maps obtained from upper mantle model WINTERC-

G with an olivine �ow law and we vary rheology parameters in the upper mantle as well as ice

loading histories. Most simulations predict a gravity rate that is too large in North America and

too small in Scandinavia. After correcting for the best �tting models, GRACE and GRACE-FO

derived estimates of global sea level due to land ice melt are around 1.6 mm/year, which is at

the lower end of the estimates when standard GIA models with only radially varying viscosity

are used.

Keywords: Observations - gravity � GIA modelling (inputs) - mantle viscosity/rheology �

GIA modelling (methods) - 3D � GIA modelling (methods) - spherical
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The structure of the solid earth has a strong in�uence on the dynamics of ice sheets, with crucial

implications for sea-level rise. We use a new model of the Antarctic upper mantle shear wave

structure to estimate parameters controlling glacial isostatic adjustment (GIA). The new seismic

model (ANT-41; Zhou et al, in prep) uses adjoint tomography to update the ANT-20 (Lloyd

et al., 2020) model by incorporating Green's functions from ambient noise correlation, double-

di�erence measurements, additional seismic data from 2017-2023, and extending the short period

surface wave cuto� to 20 s. Lithospheric thickness and the mantle temperature structure are

estimated using a Bayesian inversion of seismic velocities, surface elevation, and geoid anomalies.

We estimate the viscosity structure assuming laboratory-derived relationships between seismic

velocity, temperature, and rheology. The mantle viscosity estimates show orders of magnitude

variations, indicating low viscosity (<10 19 Pa�s) beneath the Amundsen Sea Embayment (ASE)

and the western Antarctic Peninsula (AP), consistent with a characteristic GIA time scale on

the order of a century. The new seismic model resolves variations in West Antarctic lithospheric

properties that were unclear in previous models. Thin lithosphere (<60 km) and low viscosity

near the coastline between ASE and the AP likely results from the thermal e�ects of a slab

window that traversed the region as the Phoenix-Antarctic plate boundary migrated northward.

Somewhat thicker lithosphere and higher mantle viscosity beneath the Byrd Basin and the Siple

Coast will have important e�ects on GIA as the deglaciation of West Antarctica proceeds.

Keywords: GIA modelling (inputs) - seismic � Region - Antarctica � GIA modelling (inputs) -

lithosphere � GIA modelling (inputs) - mantle viscosity/rheology
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Combining satellite altimetry data (e.g., CryoSat-2) and gravimetry data (e.g., GRACE) allows

to separate present-day GIA. Such inverse or data-driven GIA estimates are useful for improving

estimates of ice mass balance. Furthermore, they hold promise for testing glacial histories and/or

solid-Earth rheology. The approaches used to date usually only allow a poor spatial resolution

and only partially explain GIA-related uplift rates from GNSS. This is especially the case for the

high uplift rates in the Amundsen Sea Embayment (ASE).

We present a combination method that allows to determine GIA such that it matches GNSS

in the ASE. It also allows to determine time series of present-day GIA, which could be used

to detect changes in bedrock-displacement rates. However, outside ASE it proves di�cult to

distinguish between signal and noise, and the GIA time series are subject to large uncertainties.

This makes it hardly possible to draw signi�cant conclusions about GIA. We investigate the

sensitivity of data-driven GIA estimates to di�erent input data sets and processing choices. We

analyze both determined linear trends and non-linear variations around the linear trend. In

addition, we attribute limitations of the data-driven estimates to limitations of input data that

need to be improved to obtain conclusive GIA results for all Antarctic regions.

As data sets improve in the future, GIA may be determined signi�cantly in the interior of East

Antarctica, where GNSS on bedrock is not possible. Furthermore, we are working towards

quantifying a potential transient deformation behavior, e.g. in the ASE.

Keywords: Observations - gravity � Observations - GNSS/GPS� Region - Antarctica � Timescale

- recent
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Accelerating Bedrock Displacements in Coastal West Antarctica

Terry Wilson 1, Hongzhi Yao1, Demián Gómez1, Michael Bevis1, Eric Kendrick 1, Stephanie

Konfal1, David Saddler1

1 - Byrd Polar and Climate Research Center & School of Earth Sciences, Ohio State University, Columbus, United

States of America

The coastal margin of the West Antarctic Ice Sheet (WAIS) is the largest contributor to Antarctic

Ice Sheet mass loss, vulnerable to irreversible retreat or collapse. Many modeling studies show

that the con�guration of underlying bedrock below major glaciers draining into the Amundsen

Embayment are one key factor in ice sheet retreat. GNSS measurements of bedrock crustal

motion demonstrate that the bedrock underlying coastal WAIS is rapidly changing shape.

The U.S. ANET-POLENET project has 14 continuous bedrock GNSS stations spanning the

length of coastal West Antarctica along the Bellingshausen and Amundsen Seas and extending to

the Ross Sea. The station array encompasses the Pine Island, Thwaites and Pope-Smith-Kohler

(PSK) glacial drainage basins and, more sparsely, drainage into the Abbott, Cosgrove, and Getz

ice shelves. Time series from GNSS sites in this array range from �6-15 years in length.

Most coastal sites have rapid vertical uplift rates, reaching up to 5-6 cm/yr in the PSK region,

where rapid ice thinning and grounding line retreat are well documented. Our most recent

Ohio State Parallel-GAMIT solutions document marked accelerations at all coastal sites since

approximately 2022. Initial analysis shows that elastic deformation driven by ice mass change

calculated with the satellite altimetry data from CryoTEMPO-EOLIS shows similar accelerations,

and can reproduce a signi�cant portion, but not all, of the measured displacements since 2022. We

will present new results on regional patterns and magnitudes of measured bedrock displacements

and modeling of the drivers of these accelerations.

Keywords: Observations - GNSS/GPS� Region - Antarctica � Timescale - recent
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Using Glacial Geomorphic Mapping and Terrestrial Cosmogenic Nuclide

Dating to Understand Glacial Dynamics on Northern Vancouver Island,

British Columbia, During the Last Glacial Maximum

Lindsay Worden 1, Christopher F.G. Hebda2, Duncan McLaren2, Sophie L. Norris1

1 - University of Victoria, Victoria, Canada

2 - Hakai Institute, Victoria, Canada

During the Last Glacial Maximum, the Cordilleran Ice Sheet enveloped most of coastal British

Columbia and spread across parts of the continental shelf. Understanding the dynamics of

ice sheet evolution in this region is essential to determine how and where initial postglacial

ecosystems developed and to understand the migration of early animals and humans along

the Paci�c Coast. Current understanding of these ice sheet dynamics and retreat patterns for

northern Vancouver Island is derived from aerial photo mapping and �eld campaigns in the

1980-90s; however, large portions of the region are unmapped. Recent chronological studies have

focused on the archaeological and paleontological history of this region, raising critical questions

about the nature and rate of deglaciation and the development of the postglacial landscape. We

present a detailed map of glacial landforms in the terrestrial and surrounding marine regions

of northern Vancouver Island. Using high-resolution LiDAR Digital Elevation Models (DEM),

the Canadian West Coast 10 m Topo-bathymetry DEM, and high resolution 3 m PlanetScope

satellite imagery, we map 2894 newly identi�ed glacial geomorphic features, including lateral

and submarginal meltwater channels, moraine crests, ice �ow lineations, esker ridges, hummocky

terrain areas, ridges of unknown origin, and paleoshorelines in addition to previously mapped

glacial striae. To complement this mapping, a synthesis of regional geochronology is presented

within a Bayesian statistical model, which includes previously published radiocarbon and newly

collected terrestrial cosmogenic nuclide dates. These data suggest that initial deglaciation of the

northern portion of Vancouver Island occurred by at least 16,500 yrs BP. Our �ndings provide

preliminary insights into regional deglaciation, enabling future work to reconstruct the behavior,

ice �ow dynamics, and retreat patterns of the Cordilleran Ice Sheet on northern Vancouver

Island.
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A Comprehensive Seismic Array in the South Pole: Investigation for Ice-Solid

Earth Interactions and GIA

Hanxiao Wu 1, Siyuan Sui2, Thomas Reilly1, Sheng Dong1, Frank Chin 1, Weisen Shen1

1 - Stony Brook University, Stony Brook, United States of America

2 - University of Cambridge, Cambridge, United Kingdom

The South Pole region, situated near the intersection of cratonic East Antarctica (EANT) and

the southern Transantarctic Mountains (STAM), represents a critical area for understanding

interactions between ice sheet evolution and the solid Earth. This region exhibits unique

geophysical features, including rapid sub-ice topography transitions, perceived anomalous

geothermal heat �ux (GHF), evidence of dynamic removal of the lithosphere, and Miocene

volcanism, which together indicate a possibly anomalous mantle viscosity that in�uences glacial

isostatic adjustment (GIA), and in addition, alters lithospheric �exural response, and a�ects

long-term ice sheet stability and basal sliding conditions.

We deployed a hybrid seismic array during the 2023-2024 and 2024-2025 Antarctic �eld seasons,

comprising ten broadband stations and over 500 nodal seismometers, to resolve crustal and mantle

structures and illuminate their dynamics and interactions with ice sheet processes. Preliminary

analyses demonstrate the array's capacity to detect anthropogenic noise patterns, teleseismic

events, and surface waves from ambient noise cross-correlation, enabling high-resolution imaging

of ice, crustal, and mantle structures and providing key constraints for future GIA modeling in

the region.

Keywords: GIA modelling (inputs) - seismic � Region - Antarctica � GIA modelling (inputs) -

lithosphere � GIA modelling (inputs) - mantle viscosity/rheology
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Advances in forward and adjoint GIA modelling

Ziheng Yu 1, David Al-Attar 1, Andrew J. Lloyd 2

1 - University of Cambridge, Cambridge, United Kingdom

2 - Columbia University, Palisades, United States of America

The numerical simulation of GIA in laterally heterogeneous Earth models remains computationally

demanding, and this renders inappropriate many traditional approaches for solving the associated

inverse problem. The application of adjoint methods to the GIA inverse problem is one possible

means for making signi�cant progress. This method is well-established within the solution of other

large-scale inverse problems, while its early applications to GIA have shown promise. Within

this presentation, we discuss two aspects of our work that aim to aid in the wider adoption of

adjoint methods within the GIA community.

First, we describe a reformulation and extension of the adjoint theory of Crawford et al. (2018).

Rotational feedbacks are now incorporated, and the application of the second-order adjoint

method is described. The latter method is required for e�cient Newton-type optimisation

schemes and within the application of Bayesian methods for quantifying uncertainty in large-scale

and non-linear inverse problems. The implementation of the �rst-and second-order adjoint

problems should be relatively easy within both existing and new GIA codes, with only the

inclusions of more general force terms being required.

Secondly, we report on progress on a new open source GIA modelling code that is being developed

with both forward and adjoint functionality. This code is being written in C++ using a range

of powerful numerical libraries. In particular, the MFEM library (https://mfem.org/) provides

an e�cient and extensible toolkit for formulating and assembling �nite element problems, while

PETSc (https://petsc.org/) is used for parallel solution of the resulting equations.

Keywords: GIA modelling (inputs) - mantle viscosity/rheology � GIA modelling (methods) -

3D � GIA modelling (methods) - numerical � GIA modelling (methods) - adjoint
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E�ects of glacial forcing on lithospheric motion and ridge spreading during

the last glacial cycle

Tao Yuan 1, Shijie Zhong1

1 - University of Colorado Boulder, Boulder, United States of America

Glacial cycles have signi�cantly in�uenced Earth's surface processes throughout the Quaternary

period, impacting the climate, sea level, and seismic and magmatic activities. However, the

e�ects of glacial cycles on lithospheric motion are largely unknown. In this study, we formulate

high-resolution numerical models incorporating realistic lithospheric structures including weak

plate margins, lithospheric thickness variations, and crustal structure to investigate the role

of glaciation and deglaciation (i.e., glacial forcing) in lithospheric motion and mid-ocean ridge

spreading. Our modeling demonstrates that the interaction between lithospheric structures

and glacial forcing causes signi�cant lithospheric motion and changes in the spreading rates of

mid-ocean ridges, especially for plates and slow-spreading ridges situated near major ice sheets.

GIA-induced lithospheric motion includes a rotational part that is up to � 25% of the tectonic

plate motion of the North American plate over 10,000 years timescales in the last glacial cycle.

Due to the e�ects of both the induced rotational motion of the North American plate and ice

melting in Greenland and Fennoscandia, the spreading rates of Iceland Ridge may experience

up to 40% �uctuations that may explain the Holocene volcanism in Iceland. Our modeling also

indicates increased/decreased rates of sea�oor production and degassing including CO2 from

mid-ocean ridges during the deglaciation/glaciation periods. Although the changes in volcanism

and degassing have small global average values, they can be highly spatially heterogeneous, with

pronounced e�ects in areas such as Greenland. These results underscore the critical dynamical

interplay between glacial cycles, lithospheric motion, ridge spreading, and climate during ice

ages.

Keywords: GIA modelling (methods) - 3D � GIA modelling (methods) - numerical � Region -

global � GIA modelling (inputs) - lithosphere
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CitcomSVE-3.0: An open-source, �nite element package for modeling surface

load- and tidal load-induced lithospheric deformation and sea-level change on

massively parallel computers

Shijie Zhong 1, Tao Yuan1

1 - University of Colorado Boulder, Boulder, United States of America

To e�ectively model (surface and tidal loads) load-induced lithospheric deformation, gravitational

potential change, and sea-level change for the Earth with realistic 3-D viscoelastic properties,

accurate, e�cient and robust numerical modeling is required. The newly updated, open-source

�nite element package CitcomSVE-3.0 is designed to serve this purpose. Using a �nite element

method, CitcomSVE-3.0 solves for load-induced displacement and gravitational potential changes

for the Earth with compressible (e.g., PREM) or incompressible, 3-D linear or non-linear

viscoelastic structures, and with the e�ects of self-gravitation, apparent motion of the center of

the mass, and polar wander. When glacial isostatic adjustment (GIA) process is considered, the

sea level equation is solved to predict sea level changes with the option for iterative solutions (e.g.,

Kendall et al., 2005) to match the present-day topography. CitcomSVE-3.0 works e�ciently on

massively parallel computers and achieves high parallel e�ciency using >6000 CPU cores. Our

benchmark calculations demonstrate the accuracy of CitcomSVE in reproducing semi-analytical

solutions (Zhong et al., 2022; Yuan et al., 2024; Fienga et al., 2024). Resolution tests show that

CitcomSVE-3.0 achieves a 2nd order accuracy. For a typical GIA modeling with ICE-6G_D

ice model (i.e., 122-ky history), 50-km horizontal resolution, and 125-year time resolution, it

takes about 3 hours on 384 CPU cores to complete the calculations. When needed (e.g., in West

Antarctica), regional grid re�nement can be applied to achieve < 10 km horizontal resolution in

a global model. CitcomSVE-3.0, together with a user's guide and cookbook example problems,

can be downloaded at https://github.com/shjzhong/CitcomSVE.

Keywords: GIA modelling (methods) - spherical � GIA modelling (methods) - numerical �

GIA modelling (methods) - 3D � Region - global
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