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Background and aim

The Earth’s mass redistribution due to deglaciation and recent ice
sheet melting causes changes in the Earth’s gravity field and vertical
land motion.

The changes are because of ongoing mass redistribution and related
— elastic response (on a short time scale)
— viscoelastic response (on time scales of a few thousands of years).

Aim:
— to infer the mantle viscosity associated with the glacial isostatic

adjustment (GIA) and long-wavelength geoid beneath the
Greenland lithosphere
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Land uplift rate: GIA models

ICE-6G (VM5a) Land uplift model Land uplift model (Caron et al. 2018)
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Land uplift rate using GPS data
53 GNET GPS sites
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Khan et al. (2016)

NASA’s Airborne Topographic Mapper (ATM) 1995-2014
. . . ICESat from 2003-2009,
GIA related land uplift rate = Up rate — Elastic correction< airore Land, Vegetation, and Ice Sensor (LVIS) 2007-2013
CryoSat-2 2010-2015,
ERS-1 and ERS-2 data 1995-2003

Volume loss rate - mass loss rate (Kuipers Munneke et al., 2015)
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Land uplift rate model using GRACE data
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Land uplift rate model using GRACE data (downscaling)
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Flowchart of viscosity determination using geoid
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Combined land uplift rate derived by Kalman filtering method

(GPS + GRACE + GIA models)

Uplift rate using Kalman Filtering
Uplift rate error using Kalman Filtering
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Scenarios Geoid Land uplift model Harmonic Correlation  Viscosity  Uncertainty
model P window (N,,) coefficient  (Unit: Pas) (Unit: Pas)
Scenario 1 ICE-6G (VM5a) 10<n <39 0.65 1.9x102%2 -
Scenario 2 e Caron et al. 2018 11<n<26 0.68 9.2x10% 1.2x10Y
Scenario 3 S GNET 18<n <25 0.40 1.3x10% 2.6x10%°
P
Scenario 4 8 GRACE 11<n<26 0.68 5.1x10% 1.2x10%
Scenario 5 Combined model 11<n<26 0.68 7.8x10% 1.4x10%7
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Comparison with the other studies

Upper mantle viscosity Lower mantle viscosity
(Pas) (Pas)

9.2x 102! Scenario 2

This study 5.1x10%! Scenario 4
7.8x10%! Scenario 5
Lambeck et al., 2017 0.51 x 10% 13 x 1021
Peltier et al., 2015 0.5 x 1021 1.57 x 10%
Roy & Peltier, 2017 0.5 x102* e
Lau et al., 2016 0.3 x 10! 1.0 x 10%1
Paulsonetal., 2007 = —memmeeee 2.3 x 1021
Caron et al., 2018 0.6 x 1021 2.3 x10%
Zhao, 2013 0.37 x 102 1.9 x 1021
Argus et al., 2021 0.5 x 10%! 1.6 x 10%!
Adhikari et al., 2021 0.5x102*
Average




Conclusion

The evaluation shows that the uplift rates are different statistically; therefore,
one will determine different viscosity values using individual land uplift models.

— The Kalman filtering method was applied to estimate a combined land uplift
model, which can compensate for the discrepancies.

The obtained results in this study are comparable with the other studies
performed by other scholars:

— The obtained viscosities are between 1.3x10%! and 1.9x102%? Pa
— Depending on different radial boundaries in the mantle varying from
250 to 700 km.
— The results are over half order of magnitude greater than the estimates in the

literature. Although the results are also close to Paulson et al., (2007) and
Caron et al., (2018) i.e. 2.3 x 102! Pa s for the lower mantle viscosity.

— The reason can be the low correlation of GlA-related gravity field and land uplift
rate and the uncertainty of input data
— Elastic correction
— GRACE data
— GIA models
— GPS data

The proposed method is more straightforward and consequently faster.



Thank you for your attention!



