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Introduction

• The Arctic is getting warmer 3 to 4 times faster than the rest of the planet

• Glacier melting leads to increased geohazards, impacts marine and terrestrial 
ecosystems, regional freshwater resources, and water and energy cycles

• Svalbard is a key site for studying solid Earth’s response to climate change

• Covered by ~ 34 000 km2 of ice (~ 56% of the surface)

• Significant changes have occurred in recent decades

2009 2016 2021 2022

A. Baltzer
L. Robert

Kongsvegen glacier retreat 4-5 km between 2009 and 2022
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Context and objectives
AFTER

O. Rousset

BEFORE

Intercomparison of observations from different space and in-situ methods with different spatial and temporal resolutions
 Are the different methods consistent?
 Can we link the different signals?
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Mass & volume

Mean mass variation from GRACE/GRACE-FO 
(2003 – 2025)

• Mascons GSFC:  -11.6 Gt/yr *

• Cnes RL05 DDK5: -10.0 Gt/yr

• Cnes RL05 10-days SVD: -10.7 Gt/yr

• Different trends and recent acceleration:

2011-2017 (GRACE): -16    ± 3    Gt/yr

2018-2020 (GRACE-FO):   -28.0 ± 1.4 Gt/yr

Volume change from altimetry

• CryoSat (2011 – 2017): -27.2 km3/yr

• ICESat-2 (2019 – 2025): -35.2 km3/yr

* ≃ 9 Olympic sized swimming pool/min

GlaMBIE (2025) 2000-2023: -13.7 ± 1.4 Gt/yr
IPCC 2000-2019: -9.2   ± 1.1 Gt/yr
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Vertical crustal deformation

17 permanent GNSS stations, SPOTGINS daily solutions (2000 – 2025)

Mean vertical velocities (± 0.1 mm/yr)

ASTR: 9.5 mm/yr
BARE: 9.3 mm/yr
LYRS: 8.6 mm/yr

NYAL: 9.5 mm/yr
SVES: 6.4 mm/yr

HOPS: 2.2 mm/yr
BJOS: -0.1 mm/yr

Permanent GNSS network
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GNSS vertical velocities

• GNSS positioning incorporates the superposition of regional and local signals, as well as the combination of 
Glacial Isostatic Adjustment (GIA), Little Ice Age (LIA), and present-day ice melting signals

• GIA models are only able to explain less than 30% of the GNSS uplift

GNSS
3.5yr Segmented Model

Ny Alesund
(NYAL)

U
p

9.2 10.1 5.6 9.0 10.1 12.5 13.1 mm/yr

+ 61% + 12% + 24% + 5%+ 10% - 45% • Segmented linear and seasonal
fit conducted on 3.5 yr (period
selected based on Blewitt &
Lavalée, 2002)

• Time variations of the crustal
uplift with different regimes
consistent with altimetry, GRACE,
and in-situ results

• Increase of GNSS uplift rates
indicating a rapid acceleration

• Annual signal variations
associated with precipitation
pattern modifications
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Waterline evolution (1995 – 2021)

Landsat 5
Sentinel-2
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Waterline evolution (2021 – 2024)

Evolution of coastal lines 
associated to sediment 
transfer from land to fjord 

Sentinel-2
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Kongsfjorden coastal and sediment dynamics
Identification of submarine pro-
deltas  in front of the lobes of the 
Lovenbreen glacier 

Lovenbreen sub glacial river (August 2016)

Glacier connected to sea with 
subglacial rivers

Sediment supply sufficient to build 
submarine pro-deltas

rocky cliffs soft low-lying coasts
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Submarine pro-deltas evolution
Mosaic side-scan sonar survey since 2009

Telemetric side-scan laser since 2023

• 2009-2016: accumulation of sediment 
deposits

• 2017:  seaweeds observed on pro-deltas, stabilisation

• 2017-2023: foraminifera used as bio-indicators

• Increase of raining days

L. Gourillon (2023)

2009, 2011, 2016, 2017, 2018, 
April 2021, Aug. 2021, 2022, 2023

• Since 2017: reduction of hydrological network 
and significant decrease in sediment supply
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Conclusion

Main results

• Complementary spatiotemporal resolutions to assess the solid Earth’s response to climate change

• Rapid changes of continental and marine environments confirmed by multidisciplinary observations

• Different modes in agreement between satellite and in-situ observations

• Link between continental glacier retreat, crustal uplift, shoreline evolution, and sediment transport

Next steps

➢ Field campaign in August 2025 (D-GPS, side-scan sonar, drone)

➢ Quantify local and regional signals

➢ Separate solid Earth’s response to past and present ice melting

➢ Local model with different parameters (e.g. rheology, ice history) 
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