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Greenland ice volume in global sea-level equivalence and sub-ice topography

Below sea level

Marine-based ice
sheet

7.4 m

Ice volume from Bedmachine V3 

The north sector holds
close to 1 m, and drains 
14 % of the surface area. 

Morlighem et al. 2017. GRL
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Ryder

C.H. Ostenfeld

Humbolt

Greenland was contributing on average 
0.47 ±0.23 mm/year (1991-2015) (Mottram et al., 2019)



Nasa Visualization Studio, Cindy Starr 



Discovery
Harbor

Limit for how far all 
vessels have 
reached due to the
heavy sea ice in the
Lincoln Sea

MODIS: 23 augusti, 2019
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Scientific motivations
● Outlet glaciers drain ∼40 % of the North Greenland Ice Sheet margin, but are poorly 

studied due to their remote location

● Petermann Glacier has undergone substantial reduction: grounding line retreat, two

major calving events ( 2010 and 2012) reduced the thinned ice tongue with ∼40 % 

● C.H. Ostenfeld lost most of its ice tongue between 2000 and 2006. Less than 2 km 

remains. Will it soon begin calving directly from an ice cliff? 

● Atlantic water was found to enter Petermann Fjord causing thinning of the ice tongue, 

which makes it more prone to calving

● The long-term glacial history of the Lincoln Sea is poorly know due to absence of 

marine data
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Ryder 2019 Expedition
Start: Thule Aug 5
End: Thule Sept 10

Petermann Expedtion
Start: Thule July 30
End: Thule Sept 3



IB Oden echo sounders

Multibeam echo sounder
EM 122, 12 kHz, 1°x1°

Sub-bottom profiler
SBP 120, 2-7 kHz, 3°x3°

Multibeam in Swedish
icebreaker Oden: Installed 
in 2007 and Financed by 
the Knut och Alice 
Wallenbergs Foundation, 
Swedish Research Council, 
och Swedish Maritime 
Admininistration

Split beam
EK 80, 18/38/70 kHz

ADCP, 75 kHz

Upgraded in 2022 with 
EK80 and ADCP

http://www.kongsberg.com/
http://www.kongsberg.com/
http://www.kongsberg.com/


RV Skidbladner
Survey Equipment:
Multibeam: EM2040p, 200-700 kHz, 1°x1°
Navigation: Seapath 320+ GPS/GLONASS RTK

Side-scan: Klein 3000, 100/500 kHz
Sub-bottom profiler: Kongsberg EA640, chirp, 
centered around 15 kHz
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Sediment
sampling

Oceanography and water 
sampling

Water chemistry

Lake coring and mapping

Sampling for DNA-studies

Land ecology
and archeology

Air
chemistry

Marine plankton

Glaciology

Geophysical mapping

Land mapping of 
raised beaches and 
driftwood



Ryder Glacier

Years when Sherard Osborn Fjord is covered with ice to <50 %

Plot: Christian Stanne



Ice-Ocean Interaction
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Two major sills exist in 
the Sherard Osborn 
Fjord









Main conclusion

• Warmer subsurface water of Atlantic origin enters both Sherard Osborn and 
Petermann fjord, but Ryder Glacier’s floating tongue is at its present location 
partly protected from the inflow by the bathymetric sill located in the innermost
fjord. 

• This sill reduces under-ice melting of the glacier, and may be part of the
explanation for why Ryder Glacier has behaved quite different compared to 
Petermann Glacier





North of Greenland Expedition 2024

Research Theme resulting from the Polar Research Process: 
North Greenland Earth-Ocean-Ecosystem Observatory 

GEOEO

GEOEO GoNorth

Theme Leaders
Martin Jakobsson
Nina Kirchner

Builds on the legacy of Petermann 2015 and Ryder 2019 expeditions
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Second Thule Expeditionen, 1916-1918
Knud Rasmussen, Lauge Koch, Thorild
Wulff †, Henrik Olsen†, Inukitsoq, Ajago, 
Nasaitordluarsuk



Polar Connect 
Northern EU Gateways
Global terrabit-capacity via the Arctic 

to Asia (and north America) 

Desktop study
Martin Jakobsson

Department of Geological Sciences

Extremely 
poorly mapped



Thanks/Tack!
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