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• Norwegian oceanographic research in Antarctic started with the 
“Norvegia” expedition in 1928 

• Our main focus has during alt the following years been on the role 
played by the huge ice shelves in the ocean circulation and climate

• We have the longest and the coldest oceanographic time series 
from Antarctica

• We have develop technology for long-term monitoring of the ice 
covered ocean in Antarctica

Now we are using our robust technology and competence in cooperation 
with our partners (AWI, BAS) to build a sustainable long-term observing 
systems for oceanic heat transport toward the ice shelves in Antarctic
with focus on the Filchner-Ronne Ice Shelf

Norwegian oceanographic research in Antarctica



1. they act as vast heat exchangers, 
producing globally significant 
water masses that act as a driver 
for global ocean circulation (Orsi & 
Whitworth 2004)

2. they act as buttresses to the 
tributary ice streams, controlling 
the rate at which the inland ice 
sheet drains into the ocean (Pritchard 
et al., 2009) 

IPCC declare in its latest report (2013): “Abrupt and irreversible ice loss from a potential instability 
of marine-based sectors of the Antarctic Ice Sheet in response to climate forcing is possible, but 
current evidence and understanding is insufficient to make a quantitative assessment.” 

Antarctic ice shelves play two vital roles in determining our climate: 



East Antarctica 
/ DML:
Onshore
surface Ekman 
flux creates a 
strong
Antarctic Slope
Front which
acts as a 
barrier
between the
CDW and the
ice shelves. 
Some modified
CDW flows
onto the shelf.

Weddell Sea: Large continental shelves and dense water formation prevent the Modified 
Circumpolar Deep Water to flows towards the ice shelves. But can we take this for granted?  
This is the main question we will address regarding ocean-induced Antarctic glacier retreat  

Amundsen Sea:
No downwelling at the shelf break leads to 
a situation where nearly pure CDW flows 
onto the continental shelf and into the ice 
shelf cavities 

Ice shelves in a warming world: ocean-induced melting 



Some dramatic disintegration of the smaller  (Larsen, PIG) ice shelves is 
observed during the last decades. But the huge ice shelves (Filchner-
Ronne and Ross) is stable and we have not anticipate any great 
changes in the coming years toward 2100 (Nicholls, 1998)

Are the huge ice shelves safe?

But new results from climate/circulation models indicate that we 
can’t take this for granted (e.g. Hellmer et al. 2012)



AWI & BAS:
Ice shelves in a warming world: 
Filchner-Ronne Ice Shelf System

450,000 km2 (Largest by ice volume)
300 - 2000 m thick
Water column typically 400 m 
Very active oceanographically

Ronne Ice Shelf

Filchner
Ice Shelf

Tide water
Amplitude



Two main drivers for circulation:
1. Tidal forcing
2. Buoyancy forcing

Dense water flows down slope beneath Ronne
at -1.9oC, driving melting

Melt rate of 4000 tons/second
1500 GW heat from ocean

Ice Shelf Water 
flows out from 
the  Filchner 
cavity



Transport of “warm” water toward the Ice Shelf and 
Production of High Salinity Shelf Water

Weddell Sea
Filchner-Ronne
Ice Shelf



Formation of dense shelf water and in its transport through the sub-ice 
shelf cavity to the region where it presently prevents warmer waters 
from entering the continental shelf

The protector: Dense water on the continental shelf 

Warm Deep Water

Dense water
formation area



Depot
(Input by BAS)

1999-2004
2014-15

2015-16

2016-17

How to build a ocean 
observatory beneath the 

1000 m thick Filchner-Ronne 
Ice Shelf

Basler

Twin otter

Pisten Bullies

Hot-water drilling

RRS Ernest Shackleton

Polarstern



How to access the ocean beneath the km thick ice shelf 
Snow shovelling – need 10 m3 Water 

Hot Water (80-90°C) Drilling hose and tower

Pumps, Heaters, El-Generators and Fuel



Ø 25 cm

Kiss and go

Hot Water Drilling

Hole through the ice shelf

Svein and his lovely instruments



Job done!
Oceanography the hard way

Real Time Data
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S2-mooring on the sill1977 

vv

Real time data (slow TV)

The Uni Research Climate Observatories



Sea-ice, dense water formation and basal melting

Uni Research Climate
1999         2000          2001                                                 2015

Gap in data due to 
lack of funding for 
new batteries

Water speed (heat transport)
beneath the Ronne Ice Shelf

http://nsidc.org/data/seaice_index/



Transport av sjøis ut frå området nord av Ronneisen

The observed reduction in area flux is dramatic, from about 200,000 km2/yr in 1992 to 65,000 
km2/yr in 2016, which we expect to have nearly halved the rate of ice formation.

Sea ice production and export is the crucial process that produces High Salinity Shelf Water. It 
effectively partitions the water column into fresh water (sea ice), and salty and therefore dense 
water (HSSW) at its freezing point (-1.9°C). 

Sea-ice area export from the Ronne shelf

Nicholls, Holland, Østerhus and Makinson



Current speed / heat transport (in mean direction) at Site-5, Ronne Ice Shelf

A reducing rate of sea-ice formation reduces its ability to 
increase the salinity, and maintain the volume flux of dense 
water at the surface freezing point ( 1.9°C) that flows into the 
sub-ice shelf cavity to melt the ice shelf base and be exported 
from the Filchner Ice Front as ISW.  We would therefore 
anticipate a reducing salinity and/or a reducing flux of ISW at 
the Filchner Sill, along with an initial reduction in overall basal 
melt rates for the ice shelf

Nicholls&Østerhus 2004

Nicholls&Holland&Østerhus&Makinson,

Site-5



Any thinning of the Filchner-Ronne Ice Shelf?

Apart from the episodic calving of 
giant icebergs, the areal extent of 
FRIS appears to have changed 
little over the observational period

And the ice shelf is not thinning

Paolo et al, 2015

Site-5



But a substantial reduction in sea-ice production north of the ice shelf will lead to 
a reduction both in the formation of dense shelf water and in its transport 
through the sub-ice shelf cavity to the region where it presently prevents warmer 
waters from entering the continental shelf.

Dens water
Formation area

The protector



Our observations demonstrate the sensitivity of the system to sea-ice 
production rates, and reveal long-term change in the flow beneath the ice 
shelf.
These changes are the first indication of a shift that models suggest will 
result in a major switch in the oceanic forcing of FRIS, and in the 
subsequent response of the grounded ice sheet.

This may increase the basal melting of the Filchner-Ronne ice shelf 
from today's  level at 20 cm/y to 400 cm/y  in 2060 (Helmer et al. 2012)

Are we moving toward  a Tipping Point? 

CDW
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Follow Svein’s “slow TV” from the ocean-induced melt-down of Antarctica

“Abrupt and irreversible ice loss from a potential instability of marine-based sectors of the Antarctic Ice Sheet 
in response to climate forcing is possible, but current evidence and understanding is insufficient to make a 
quantitative assessment.” IPCC.2013
To assess this threat we have, on the Norwegian Government request (Meld. St. 32 (7),2014–2015),  build three 
unique observatories from the oceanic regime of Filchner-Ronne Ice Shelf. A region, which might soon 
experience wholesale changes (Hellmer et al., 2012) with potential dramatic consequences for the stability 
of the West Antarctic Ice Sheet (WAIS), resulting in global sea-level rise. 

Weddell Sea

Ronne
Ice Shelf Filchner

Ice Shelf

Real time data (slow TV)

Sjå Antarktis smelte minutt for minutt



A HORIZON 2020 proposal to study the potential of large and 
abrupt changes in the sea level contribution of the Antarctic Ice 
Sheet
AWI, Potsdam-PIK, U. Grenoble, 
BAS, U. Northumbria,
Uni Research (coord.)

Tipping Points in Antarctic Climate Components (TiPACCs) 

The END?
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The End!

Thanks to:

Les: Forskning.no

Vil isen i Antarktis smelte?


