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Welcome from the Bristol Glaciology Centre Director 
 
On behalf of the Bristol Glaciology Centre, I would like to welcome you to the city of Bristol, the University and the 
School of Geographical Sciences. We hope you get a chance to experience the splendour of all three of these during 
your time here. The University celebrated the centenary of its charter in 2009 and the School is in one of the oldest 
buildings in the university. The building in which the meeting is being held, is Grade II listed and dates back to 1890, 
starting life as the medical school: note the Hippocratic aphorism over the arch to the main entrance. The BGC has 
been a part of the School since 1999 when it was established as a University Research Centre. Since then, the centre 
has grown both in numbers and the breadth of research undertaken. Currently, there are just under 30 staff and 
students in the group, alongside a similar number of associate researchers across the University.  
 
The staff and students in the BGC have worked hard to ensure that the meetings run smoothly and that your visit is 
both productive and enjoyable and it has been very much a team effort. In our desire to make you feel welcome and 
enriched by your visit we have arranged several extra-curricular activities and I would like to take this opportunity to 
remind you of the exciting and diverse range of midweek “fieldtrips” we have laid on for 10th Sept. Details can be 
found on the meeting website and there is something for almost every taste. For those of you who are keen cyclists, 
you will be pleased to know that we have also arranged, at short notice, for the Tour of Britain to come to Bristol on 
that day, finishing on Durdham Downs, just north of the city centre in the afternoon.  
 
I am delighted to say that we have some 180 delegates registered for the two meetings and the programme is 
impressive in the breadth of topics covered and the exciting new research being presented in both the oral and poster 
sessions. I wish you a successful, productive, and enjoyable meeting, and hope you enjoy your visit to the university 
and BGC. 
 

 
 
 
 

 
 Jonathan Bamber  
 (Director, Bristol Glaciology Centre). 

Special Thanks 

Front Cover Image Courtesy of Liam 
Quinn supplied under a Creative Commons License. Available at https://flic.kr/p/aAkRQ5  

The organising committee would 
like to thank the following for their 
help and support in the 
organisation of the conferences : 
 
Cabot Institute 
British Antarctic Survey 
Magnús Már Magnússon (IGS) 
Ellis Brigham Mountain Sports 
 
 
 
 

We would also like to thank the steering committee for their work in the 
organisation of the conferences: 
 
Martin Siegert: Chair 
Jon Hawkings: Event planning and finance  
Ros D’eath: Conference dinners and drinks 
Tamsin Edwards: Outreach and communications 
Louise Parry: Abstract Booklet 
Stephen Chuter: Abstract Booklet 
James Bradley: Programme planning and Abstracts 
Nathan Chrismas: Conference packs 
Ale Urra: Posters 
Michaela Musilova: Posters 
Tony Payne: Finances 
Emma Stone: Outreach 
Isabel Nias: Outreach 
 
General Assistance: Martyn Tranter, Chris Bellas, Jonathan Bamber, Jon 
Telling, Elizabeth Bagshaw 
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Week Highlights 

Monday 8th September 
9.30-10:00 IGSBBM Registration 
10.30-11.30 Session 1- Remote Sensing 1 
12:00-13:00 Session 2- Biogeochemistry 
13:00-14:00 UKPN panel- careers outside of academia 
14:00-15:30 Session 3- Hydrology 
15:30-16:00 Special guest speaker- John Nye 
16:00-18:00  Poster Session 
18:00 - late Boat trip and conference dinner (for those who have booked) 

Tuesday 9th September 
9:00-10:15 Session 4- Palaeo 
10:45-12.15 Session 5- Geophysics 
12:15-13:15 IGSBB AGM 
13:15- 14:45 Session 5- Ice Sheets 
15:15- 16.45 Session 6- Remote Sensing 2 
16:45-17:00 Tamsin Edwards: Outreach at a local School 
17:00:17.20 Closing and Awards 
17:30- late Bird watching with Martyn Tranter, Pete Nienow, Martin Sharp 

Wednesday 10th September 
Bristol Cultural Tour- with Martin Siegert 

Film- Encounters at the End of the World. 8pm 
An award winning documentary about Antarctica by eccentric filmmaker Werner Herzog. 

Thursday 11th September 
9:30-10:00 UK Antarctic Symposium Registration 
10:00-11:00 Welcome and UK Antarctic Research Update 
11:30- 12:45 Biogeochemistry and Terrestrial Biology 
13:45- 14:45 Palaeo 1 
14:45- 15:45 UKPN panel for early career researchers- “Fieldwork in Antarctica” 
15:45- 18:00 Poster Session 
18:00- late Conference dinner (for those who have booked) 

Friday 12th September 
9:00-10:15 Palaeo 2 
10:45- 12:00 iSTAR 
13:00- 14:15 Glaciology 
14:45-16:15 Oceans/Climate 
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School Outreach Activities: Bristol Ice Explorers 
We wanted to put on a public engagement event, to show off glaciology and Antarctic science in Bristol and theUK, and 
highlight the Shackleton centenary and the new children’s book on Shackleton by Evelyn Dowdeswell and others. But our 
first ideas – a polar film festival (borrowed from IGSBBM 2013) or a science-based arts commission (with ArtsCatalyst.org) 
– seemed to be “preaching to the converted”, for audiences already engaged with science. 
 
The university's Centre for Public Engagement suggested Room 13, an inspiring arts studio for children, run by themselves 
with two resident artists, in the grounds of Hareclive Academy primary school in Hartcliffe, 4 miles south of Bristol centre 
(www.room13hareclive.org.uk). Hartcliffe has a higher education participation rate in the lowest 2% in the UK, and 17 
times the national average with special educational needs; two thirds of Hareclive children have free school meals, and 
many have never been into Bristol. Room 13 are doing incredible work in increasing the confidence, self-expression and 
aspiration of these children. The children are before the age where many switch off from science, and the majority of the 
Room 13 committee and regular users are girls. So they were the perfect host for a project to encourage widening 
participation in science.  
 
Nana Schoen pointed out that one of Shackleton’s biggest funders was Janet Stancomb Wills, one of the Bristol family 
that founded Imperial Tobacco and helped create the University of Bristol (and after whom the landmark Wills Memorial 
Building is named);; when we realised Wills’ largest factory was in Hartcliffe...we couldn’t resist joining the dots. 
 
We designed and ran two workshops, for a total of 38 children aged 8-11. We brought Evelyn’s book, the International 
Polar Foundation polar puzzles, field clothing and experimental kit, field photos and videos. We talked about the Polar 
Regions and Mars, the link between Hartcliffe and Antarctica, and the similarities of living in Antarctica and space! Room 
13 encourages high-level reflection, so we discussed exploring the world with science and art, and women in science (see 
http://www.room13hareclive.org.uk/news, 8 July for photos and information). The children were incredible: engaged, 
fun, and perfectly well-behaved. We hope to sustain this relationship with Room 13 in the future. 
 
Room 13 children have judged the polar photo competition: we will announce the results during the week. And we want 
you to judge their artwork specially produced for these meetings. Voting will end Thursday night, in time for a prizewinning 
ceremony on Friday that the children will attend.  
 
The volunteers – Jon Hawkings, Emma Stone, James Bradley, Michaela Musilova, Isabel Nias, Matt Whipple, Sarah-Louise 
Simmons and Martyn Tranter – worked hard, had great ideas and were brilliant with the children.  
 
In particular: Jon Hawkings has been enormously helpful, in encouraging me to go ahead with the project and in its 
organisation, and Emma Stone has organised the final stages of the competitions. Jenny Griggs, Evelyn Dowdeswell and 
Nana Schoen helped with material, and Ros Death had the idea for the photo competition. 
 
The project was jointly funded by the university Widening Participation fund as well as a £10 contribution from the full 
registration fees for these meetings. Thank you for directly contributing to an event we hope the children will always 
remember, sparking ideas of science, exploration and Antarctica for their future. 
 

 

 

 

 

 

  

http://www.room13hareclive.org.uk/
http://www.room13hareclive.org.uk/news
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Schedule of Meeting- IGSBBM 

Monday 8th September 

9:30-10:00  Registration 

10:00-10:30  Welcome/Housekeeping –Martin Siegert 

Remote Sensing 1 

10:30-10:45  
Tom Watts (p): Improved measurement of ice lens densities in snow microwave emission 
models 

10:45-11:00  
Richard Hodgkins: Hydrological Inputs to Jökulsárlón, Iceland, Evaluated through Sediment 
Plume Variability, as Determined from In-Situ Spectrometry and MODIS Satellite Imagery 

11:00-11:15  Jonathan Ryan (p): Preliminary results and lessons learnt operating UAVs in Greenland 

11:15-11:30  
Doug Mair: The importance of long-term records of tidewater glacier change: the case of 
Kangiata Nunata Sermia (KNS), SW Greenland. 

11:30-12:00 Break 

Biogeochemistry 

12:00-12:15  Marie Šabacká: Glacier Ecology in the Tropics: A Case Study from Uganda 

12:15-12:30  
Alexandre Anesio: Microbial succession from ice to vegetated soils in response to glacial 
retreat in the Arctic 

12:30-12:45  
Jon Hawkings (p): Sensitivity of solute export from the Greenland ice sheet in a warming 
climate 

12:45-13:00  Lori Ziolkowski: What is causing “dark snow”?  Let’s collaborate and find out! 

13:00-14:00 Lunch 
UKPN Panel for early career researchers - "Life after a PhD: What opportunities are there outside of 

academia?" 

Hydrology 

14:00-14:15  
Rachel Carr: Pan-Arctic controls on the rapid retreat of marine-terminating Arctic outlet 
glaciers 

14:15-14:30  
Andrew Tedstone (p): Greenland ice sheet annual motion insensitive to spatial variations in 
subglacial hydraulic structure 

14:30-14:45  
Tom Cowton: Modelling the impact of glacial runoff on fjord circulation and submarine melt 
rate using a new parameterisation for glacial plumes 
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14:45-15:00  
Mark Brandon: The oceanic driven decay of the Breiðamerkurjökull glacier into Jökulsárlón 
lagoon, Iceland 

15:00-15:15  
Andrew Wells: Parameterising the melting of marine glacier termini and ice shelves with 
buoyant meltwater plumes in a stratified ocean 

15:15-15:30  
Donald Slater (p): Submarine melting at tidewater glaciers: identification of key concepts 
through comparison of numerical modelling, buoyant plume theory and hydrographic data. 

15:30-16:00 Special Guest Speaker: John Nye 

16:00-18:00  Poster Session 

 

Tuesday 9th September 

Palaeo 

9:00-9:15  
Lauren Gregoire: How much did the N. American ice sheet contribute to the Meltwater Pulse 
1a rapid sea level rise? 

9:15-9:30  
John Hillier: Manual mapping of drumlins in synthetic landscapes to assess operator 
effectiveness 

9:30-9:45  Martin Margold: Ice streams of the Laurentide Ice Sheet: characteristics, controls and timing 

9:45-10:00  Shasta Marrero: Buried ice as a possible cause for inconsistent cosmogenic exposure ages 

10:00-10:15  Andy Hein: Ice elevation changes in the southern Ellsworth Mountains, Antarctica 

10:15-10:45 Break 

Geophysics 

10:45-11:00  Jonathan Kingslake: Measuring englacial vertical velocities and ice viscosity 

11:00-11:15  Martin O'Leary: How to build a better bed 

11:15-11:30  
Noel Gourmelen: Glacier dynamics of the Pamir-Karakoram-Himalaya region over the last 40 
years 

11:30-11:45  Michael Dallaston: Modelling channelization under ice shelves 

11:45-12:00  Satoshi Kimura: Estimation of ice shelf melt rate in the presence of a thermohaline staircase 

12:00-12:15  
Emma Smith (p): Mapping the Ice-Bed Interface Characteristics of Rutford Ice Stream, West 
Antarctica, using Microseismicity 

12:15-13:15 Lunch/ IGSBBM AGM 
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Ice Sheets 

13:15-13:30  
Jonathan Bamber: Resolving trends in Antarctic ice sheet mass loss, glacio-isostatic 
adjustment and surface processes through spatio-temporal source-separation 

13:30-13:45  
Robert Bingham: The nature and dynamics of the bed beneath Pine Island Glacier, 
Antarctica 

13:45-14:00  Bertie Miles (p): Multi-decadal trends in outlet glacier terminus position in East Antarctica 

14:00-14:15  
Dan Goldberg: The role of ice shelf processes in the transient evolution of Pope, Smith, and 
Kohler, West Antarctica from 2001-2011 

14:15-14:30  Alison Cook: Drivers of recent glacier area changes on the Antarctic Peninsula 

14:30-14:45  Amber Leeson: Greenland's supraglacial lakes advance inland under warming climate 

14:45-15:15 Break 

Remote Sensing 2 

15:15-15:30  Mathieu Depoorter (p): Mass balance of Antarctica 

15:30-15:45  Malcolm McMillan: Antarctic ice sheet mass balance, 2010-2013, from satellite altimetry 

15:45-16:00  
Clare Webster (p): Influence of tree proximity on simulated sub-canopy incoming longwave 
radiation to the snow surface in mid-latitude boreal forests 

16:00-16:15  
Eleanor Darlington (p): Quantification of seasonal and interannual variability of proglacial 
meltwater from Kronebreen glacier, from in situ and remotely sensed data 

16:15-16:30  
Chris Williams: Surface observations and crevasse evolution at high resolution: Greenland 
tidewater glaciers 

16:30-16:45  Hazel Hartman Jenkins (p): Causes of variable salt deposition in Antarctic snow 

Closing and Awards 

16:45-17:00  Tamsin Edwards: Outreach at a local school and the Polar photo prize 

17:00-17:20  Martin Siegert: Closing and Awards 
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Schedule of Meeting- UK Antarctic Research 
Symposium 

Thursday 11th September 

9:30-10:00  Registration 

10:00-10:10  Martin Siegert: Welcome/Housekeeping 

10:10- 10.35  Jane Francis: Polar Partnerships and SCAR Scan 

10:35- 10.50  David Vaughan: Antarctic science - funding and fieldwork opportunities 

10:50- 11:00  Ray Leakey: New Polar Icebreaker 

11:00-11:30 Break 

Biogeochemistry and Terrestrial Biology 

11:30-11:45  
Andrew Wells: Modelling fluid flows through porous sea ice: biogeochemical fluxes driven by 
gravity drainage 

11:45-12:00  
Marie Šabacká: Fluxes of microorganisms and nutrients from snow and ice-bound ecosystems 
to the marine environment on Signy Island, maritime Antarctica 

12:00-12:15  
Oliver Legge: The seasonal cycle of inorganic carbon at the Rothera Time Series, West 
Antarctic Peninsula 

12:15-12:30  Peter Convey: Glacial period refugia – Persistence of terrestrial biota in the Antarctic 

12:30- 12:45  Filipa Cox: Some like it cold: an in depth exploration of Antarctic soil fungal communities 

12:45-13:45 Lunch 

Palaeo 1 

13:45-14:00  Eric Wolff: Oldest ice: the prospect of drilling ice beyond a million years in Antarctica 

14:00-14:15  Tina van de Flierdt: Deciphering the Stability of Antarctic Ice Sheets Through Time 

14:15-14:30  
Bethan Davies: The glacial history of the NE Antarctic Peninsula on centennial to millennial 
timescales 

14:30-14:45  
John Woodward: How can blue-ice moraines constrain elevation changes of the West 
Antarctic Ice Sheet in the southern Ellsworth Mountains? 
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14:45-15:45 UKPN panel for early career researchers - "Fieldwork in Antarctica - advice for 
early career researchers" 

15:45-18:00  Poster Session 

  

 

 

Friday 12th September 

Palaeo 2 

9:00-9:15  
Richard Hindmarsh: Glaciological and geophysical investigations of the Holocene Retreat of 
the Antarctic Ice-Sheet in the Weddell Sea area 

9:15-9:30  
Michael Bentley: Post-glacial thinning history of the Foundation Ice Stream, Weddell Sea 
embayment, Antarctica 

9:30-9:45  
Robert Mulvaney: Climate and deglaciation history of the Weddell Sea ice sheet from deep 
ice core records 

9:45-10:00  
Martin Miller: Limitations of 17O-excess measurements of ice cores and firn from east 
Antarctica for reconstructing normalised relative humidity of the oceanic source region 

10:00-10:15  
Tom Jordan: Fingerprinting the processes of Gondwana supercontinental breakup in the 
Weddell Sea Rift 

10:15-10:45 Break 

iSTAR 

10:45-11:00  
Mike Dinn: Tractor support to Antarctic scientific field campaigns, using a new NERC 
infrastructure 

11:00-11:15  Andy Smith: Introduction to the first iSTAR Traverse on Pine Island Glacier 

11:15-11:30  Povl Abrahamsen: iSTAR: measuring the ocean forcing on the West Antarctic Ice Sheet 

11:30-11:45  
Lai Bun Lok: Preliminary Results from Autonomous Phase-Sensitive Radio Echosounders (ApRES) 
deployed on Pine Island Glacier for the iSTAR mission 

11:45-12:00  
Thomas Flament: Ground Penetrating Radar along the first iSTAR traverse over Pine Island 
Glacier 

12:00-13:00 Lunch 
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Glaciology 

13:00-13:15  
Rob Bingham: Subglacial conditions and ice flow across the Weddell Sea sector of West 
Antarctica:  synthesis from recent aerogeophysical surveys 

13:15-13:30  Tamsin Edwards: Risk of Sea Level Rise from Antarctic Ice Sheet Instability 

13:30-13:45  
Neil Glasser: Ice-stream initiation, duration and thinning on James Ross Island, northern 
Antarctic Peninsula 

13:45-14:00  
Fausto Ferraccioli: New aerogeophysical survey targets the Recovery frontier in East 
Antarctica 

14:00-14:15  
Alba Martin-Español: Antarctic glacio isostatic adjustment from an inversion of satellite and in-
situ observations 

14:15-14:45 Break 

Oceans/Climate 

14:45-15:00  
Alexander Brearley: Controls on turbulent mixing processes on the West Antarctic Peninsula 
Shelf 

15:00-15:15  
Peter Brown: Carbon uptake in the Weddell Gyre: deep water formation and the injection of 
anthropogenic carbon to the global abyss 

15:15-15:30  
Andrew Russell: The ultraviolet radiation environment during an expedition across the Drake 
Passage and on the Antarctic Peninsula 

15:30-15:45  Scott Hosking: Drivers of climate variability over West Antarctica 

15:45-16:00  Tom Lachlan-Cope: Clouds over the Antarctic Peninsula 

16:00-16:15  Jeff Ridley: The Southern Ocean in the Met Office climate model 

Closing and Awards 

16:15-16:45  Closing remarks 
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Talk Abstracts- IGSBBM 

Monday 8th September 
10:30-10:45 Improved measurement of ice lens densities in snow microwave emission models 
Tom Watts (p), Nick Rutter, Peter Toose, Chris Derksen and Melody Sandells 
Ice lenses impact simulations of microwave emission from snow. Poor understanding of ice lenses 
affects emission modeling and accuracy of global estimates of snow water equivalent. Here we present 
a new method for measuring ice lens density (accuracy ±0.06 g cm⁻³) to improve input to snow 
emission models. Measured ice lens densities ranged between 0.817 and 0.919 g cm⁻³ (mean = 0.885 
g cm⁻³±0.020 g cm⁻³). In a 25 cm snowpack with two ice lenses, brightness temperatures were 
simulated across all combinations of polarisations (vertical (V-pol) and horizontal (H pol)), frequencies 
(19 and 37 GHz) and models (HUT-ML and DMRT-ML). A reduction in H-pol simulation bias of 4-5 K 
occurred when using mean measured density values instead of assuming 0.916 g cm⁻³. In H-pol 
simulations, bias was minimized to zero using densities between 0.55 g cm⁻³ and 0.75 g cm⁻³, which 
were lower than our measurements and reduced simulation bias for the wrong reasons. This suggests 
ice lenses are currently poorly quantified in snow emission models and we suggest re-focus on other 
areas of error in microwave emission modeling of ice lenses. 
 

First Author Affiliation: Department of Geography - Northumbria University, Newcastle upon Tyne, NE1 8ST 
First Author e-mail: tom.watts@northumbria.ac.uk 

10:30-10:45    Hydrological Inputs to Jökulsárlón, Iceland, Evaluated through Sediment Plume 
Variability, as Determined from In-Situ Spectrometry and MODIS Satellite Imagery 
Richard Hodgkins, Robert Bryant and Mark Brandon 
Rapid, high-latitude atmospheric warming is impacting freshwater cycling, which places a premium on 
techniques for monitoring the hydrology of sparsely-gauged regions on large spatial scales. Tidewater 
glaciers present a particular challenge in that their runoff is mostly submarine. However, remote 
observation of turbid meltwater plumes offers promise for tracking hydrological fluxes from terrestrial to 
marine environments. This contribution therefore evaluates the utility of Moderate Resolution Imaging 
Spectroradiometer (MODIS) imagery for detecting and monitoring variation in such plumes in the 
accessible glacier lagoon Jökulsárlón, Iceland. The Total Suspended Solids (TSS) concentration of 
surface waters in Jökulsárlón is related to remotely-sensed surface reflectance via an in-situ 
calibration, derived from the strong correlation between in-situ-sampled TSS and reflectance in a 
620−670  nm  wavelength  window  corresponding  to  MODIS  band  1.  This  differs  to  previous  studies  in  
being applicable to a buoyant, overturning plume at a tidewater glacier calving face, as opposed to a 
plume derived from subaerial, glacially-fed river runoff. The linear nature of the calibration improves on 
previous studies by aiding the quantification of a range of plume metrics, such as the daily minimum, 
mean and standard deviation of TSS in the plume, as well as its areal extent. Plume extent itself 
responds principally to forcing by surface winds, as tidal influence is restricted in the lagoon system, 
while the katabatic wind regime is consistently strong. Further work is required to determine the intra- 
and inter-annual variability of the TSS-reflectance calibration, but it is suggested that the remote 
observation of plumes holds much promise for hydrological monitoring in large-scale, ungauged or 
ungaugable systems. 

First Author Affiliation: Loughborough University, Dept of Geography, Loughborough, LE11 3TU  
First Author e-mail: r.hodgkins@lboro.ac.uk 
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11:000-11:15 Preliminary results and lessons learnt operating UAVs in Greenland 
Jonathan Ryan, Alun Hubbard, Nicholas Toberg, Joe Todd and Poul Christoffersen 
Unmanned Aerial Vehicles (UAVs) offer an exciting new technique for acquiring high-resolution data 
that bridge the gap between satellite imagery and ground-based measurements. We present 
preliminary results from two field seasons of operating UAVs in Greenland. The bulk of the data 
consists of around 60 surveys of the terminus of Store Glacier from May to July 2014. Here, we 
captured the break-up of the ice mélange and a number of large calving events. In an attempt to 
understand calving we map patterns and morphology of crevasses, the distribution of water-filled 
crevasses and surface velocities. Other data includes a hazardous GPS drop near the calving front of 
Store Glacier and a few surveys investigating albedo at Russell Glacier. The results demonstrate the 
applicability of using UAVs to investigate glaciological processes at high resolution. However, 
deploying UAVs successfully in remote and inaccessible environments is challenging. We therefore 
also present guidance, best practices and discuss some of the lessons learnt in our two field seasons. 
This includes a few of our best crashes and how to find lost UAVs. 
 

First Author Affiliation: Aberystwyth University  
First Author e-mail: jor44@aber.ac.uk 
11:15-11:30    The importance of long-term records of tidewater glacier change: the case of Kangiata 
Nunata Sermia (KNS), SW Greenland. 
Doug Mair 
The physical processes by which iceberg calving from tidewater glaciers may be linked to climate 
remain the subject of considerable uncertainty. Basing projections of future climatically-induced calving 
rates on the relatively short-term observational record available from satellite measurements involves 
major uncertainty since many factors other than climate may affect calving rates over decadal 
timescales. We outline the importance of determining long-term (centennial – millennial) records of 
tidewater glacier change for calibration and validation of calving models in order to (1) discern impact 
of climate from geometrical controls and (2) assess the relative contributions of atmospheric and 
marine forcing to the climate influence. We present the main results of glacier reconstructions and 
modelling of Kangiatia Nunata Sermia over the last 250 years, during retreat from the Little Ice Age 
maximum position. Flowband modelling of the glacier determines the most likely causes of retreat 
during the late 18th to mid 19th centuries. Records of air and sea temperature over the last 140 years 
are used to drive the model from the mid 19th century to the present, during which time glacier change 
is more sensitive to atmospheric forcing than marine forcing. Furthermore, we explain how KNS may 
be uniquely placed to provide a record of glacier advance and retreat over the last 1000 years through 
the combination of evidence from glaciology, geomorphology, sedimentology, marine biology, 
palaeoecology and archaeology. 
 

First Author Affiliation: University of Aberdeen, School of Geosciences, Aberdeen. AB24 3UF 
First Author e-mail: d.mair@abdn.ac.uk 

 

  



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 14 

12:00-12:15 Glacier Ecology in the Tropics: A Case Study from Uganda 
Marie Šabacká,  Jun  Uetake  and  Denis  Samyn   
Tropical glaciers are rare phenomena occurring in high altitudes in Asia, Africa, South America and 
New Guinea. Due to year-round melting season all tropical glaciers are receding rapidly and majority 
will vanish by 2050. With the disappearance of the ice crucial information regarding palaeo-climate 
history and ecology of these largely unexplored ecosystems has been lost. In Rwenzori Mountains 
located just few km north of the equator in Uganda, trends suggest that the Mountains will be ice-free 
within two decades but it is unclear whether the shrinking is caused by increasing temperatures, 
decrease in humidity and/or other factors such as the very dark ice cover caused by bioaggregation of 
mosses and microorganisms. Compared to its polar and alpine counterparts, the surface of Ugandan 
glaciers harbours much more productive and more diverse microbial communities and has much higher 
concentrations of essential nutrients, particularly nitrogen. Comprehensive overview of a multiyear 
survey into climate conditions; geophysics (mass balance, mapping and glacier dynamics); chemistry 
(nutrient content and nutrient cycling) and biology (microbial diversity and productivity) of Stanley 
Plateau, one of the largest glaciers in the Rwenzori Mts will be presented and discussed. 
 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
First Author e-mail: sabacka.marie@gmail.com 
12:15-12:30    Microbial succession from ice to vegetated soils in response to glacial retreat in the 
Arctic 
Alexandre Anesio, Katherine Wright, Joshua Blacker, James Bradley, Sandra Arndt,  Gary Barker, 
Marian Yallop, Martyn Tranter and Liane Benning 
Glaciers in the Northern Hemisphere are retreating and their forefields present a unique opportunity to 
investigate the initial phases of soil weathering/formation and microbial succession in terrestrial cold 
habitats. The importance of primary autotrophic microbial colonisers (e.g., cyanobacteria) relative to 
allochthonous sources and compared to recycling of ancient organic carbon during the initial phase of 
soil establishment in Arctic environments is still debated. In glacial forefields, microbes that have 
colonised both glacial surfaces and subglacial debris may provide an important inoculum for the 
development of microbial communities. In this study, during the summer in 2013, we collected soil 
samples along replicated transects from the margin of the Mitdre Lovénbreen glacier (Svalbard, 
Norway), representing a chronosequence between 0 and ~ 2000 years. Furthermore, we collected 
samples from the glacial surface and basal sediments for comparison. Analyses of microbial 
community composition (ssu rRNA gene), activity (C fluxes, N-fixation, and C utilisation) and 
geochemistry/mineralogy (e.g., elemental and mineralogical composition) show some similarities with 
previous studies conducted in the Alps where there is an increase in a variety of microbial proxies, 
such as microbial enzymatic activity, respiration and diversity, in relation to years of exposure after 
glacial retreat. Our study shows a succession of microbial communities with age where communities in 
soils previously overridden by the ice (strongly represented by Betaproteobacteria) are important 
colonizers of new exposed soils up to 5 years after glacier retreat. Thereafter, presence of typical soil 
communities such as Acidobacteria and Actinobacteria become more prevalent. Despite the fact that 
the speed of glacial retreat and thus succession between Alpine and Arctic glaciers may be 
substantially different, this study demonstrates that there are clear feedback mechanisms between 
geochemistry and microbial colonisation during soil development after glacial retreat. 
 
First Author Affiliation: University of Bristol, School of Geographical Sciences, Bristol. BS8 1SS 
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12:30-12:45    Sensitivity of solute export from the Greenland ice sheet in a warming climate 
Jon Hawkings, Jemma Wadham, Martyn  Tranter, Emily Lawson, Catie Butler, Andrew Tedstone, 
Thomas Cowton, Ian Bartholemew and Peter Nienow 
The Arctic is warming at record rates, with changes highly likely driven by increases in anthropogenic 
carbon emissions. Evidence points to increasing melting and more negative mass balance of the 
Greenland ice sheet, with the five largest melt seasons on record occurring since 2000. For example, 
the 2012 melt season saw the most significant surface melt event in over 100 years, while also 
breaking records for negative surface mass balance and meltwater production. Meltwater discharge 
topped 600 km3 for the first time in the satellite era. The increasing freshwater flux from the Greenland 
ice sheet may have a number of important implications for the Polar oceans with effects including 
changes to marine ecosystem productivity and thus strength of the oceanic biological pump, and 
potential economic impact through impacts on major Greenlandic fisheries. Ice sheets are becoming 
increasingly noted for their potential role in global biogeochemical cycles, including the production and 
export of important nutrients such as iron and nitrogen into coastal areas. Here we present hydrological 
and geochemical data collected from Leverett glacier, a large land terminating Greenlandic catchment 
covering ~1200km2 and overriding Precambrian gneiss/granite, on which large sections of the 
Greenland ice sheet lie. Using our data, which covers four contrasting melt seasons (2009-2012), we 
discuss patterns that have occurred in solute export, and potential changes to solute export from the 
ice sheet over the summer melt season in the future. In particular, we highlight the implications this 
may have for downstream ecosystems as a result of perturbations in nutrient flux. Our results 
demonstrate that although dissolved solute flux increases significantly in higher melt years, nutrient rich 
suspended sediment loads are lower. The bioavailability and downstream transportation of both 
particulate and dissolved fractions will determine the potential impact on marine life in future decades, 
and  in  turn  the  Greenland  ice  sheet’s  influence on the carbon cycle. 
 
 First Author Affiliation: University of Bristol, School of Geographical Sciences, Bristol. BS8 1SS 
First Author e-mail: jon.hawkings@bristol.ac.uk 
12:45-13:00    What  is  causing  “dark  snow”?    Let’s  collaborate  and  find  out! 
Lori Ziolkowski 
Recently, there has been a lot of attention on the darkening albedo of glacier surfaces.  It has been 
assumed that combustion, such as the burning of fossil fuels or climate change influenced forest fires, 
contributes  to  this  “dark  snow”,  disregarding the effect of microbial pigments on albedo. While there is a 
clear record of combustion-derived carbon in ice cores, it remains unclear how much microbial carbon 
is accumulated in ice.  Addressing the question of what are the sources of organic carbon 
accumulating in ice is an area of research that I am interested in pursuing. At this meeting, I will 
present two case studies on how compound specific radiocarbon analysis may help answer questions 
relevant  to  the  “dark  snow”  phenomenon.    First,  using microbial endoliths as a model ecosystem, I will 
introduce results on how compounds specific radiocarbon analysis can help determine if a microbial 
community is accumulating carbon or in steady state.  Second, using black carbon in marine dissolved 
organic matter as an example, I will illustrate how compound specific radiocarbon analysis of black 
carbon can isotopically differentiate combustion-derived carbon from the heterogeneous bulk organic 
carbon.  Ultimately, I am interested in applying these techniques to glacial organic matter in order to 
address  the  question  of  what  is  causing  “dark  snow”.    I  am  looking  for  collaborators  who  might  be  
interested in tackling this question. 
 

First Author Affiliation: University of South Carolina Dept of Earth and Ocean Sciences, Columbia. 
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14:00-14:15    Pan-Arctic controls on the rapid retreat of marine-terminating Arctic outlet glaciers 
Rachel Carr, Chris Stokes and Andreas Vieli 
Arctic ice masses have lost mass rapidly during the past two decades and accelerated ice discharge 
through marine-terminating outlet glaciers has been a primary component of these deficits. Here we 
integrate a broad range of remotely sensed data to demonstrate rapid, accelerating and widespread 
retreat across the Atlantic Arctic during the past two decades. Between 1992 and 2000, 77 % of our 
321 study glaciers retreated, compared to 95 % between 2000 and 2010. Mean retreat rates increased 
five-fold between these two intervals, from 23.6 m a-1 in 1992-2000 to 107.2 m a-1 for 2000-2010. The 
highest retreat rates occurred in northern Greenland between 2000 and 2010 (mean ~ 400 m a-1), 
followed by central-west (168.0 m a-1), south-east (125.7 m a-1) and north-west (111.2 m a-1) 
Greenland. Retreat also increased dramatically on Novaya Zemlya and Spitzbergen, were rates were 
comparable to east Greenland for the period 2000-2010. Oceanic warming appears to be a widespread 
control on glacier retreat and the influence of sea ice is significant in several regions. Despite overall 
regional trends, we document large variations in retreat rates between individual glaciers, with the 
areas exhibiting the highest retreat rates also showing the greatest variability. Results demonstrate a 
widespread statistical relationship between fjord width variability and outlet glacier retreat rate, 
particularly in areas where glaciers are constrained by mountainous topography. Based on our 
findings, we highlight the need for further research into the dynamic response of northern Greenland 
and ice masses outside of the Greenland Ice Sheet to climate change. 
 
 

First Author Affiliation: Aberystwyth University, Llandinum Building, Penglais Campus, Aberystwyth. SY234PP  
First Author e-mail: rac31@aber.ac.uk 
14:15-14:30    Greenland ice sheet annual motion insensitive to spatial variations in subglacial 
hydraulic structure 
Andrew Tedstone, Peter Nienow, Noel Gourmelen and Andrew Sole 
We present ice velocities observed with global positioning systems and TerraSAR-X/TanDEM-X in a 
land-terminating region of the south-west Greenland ice sheet during the melt-year 2012-2013, to 
examine the spatial pattern of seasonal and annual ice motion. We find that whilst spatial variability in 
the configuration of the subglacial drainage system controls ice motion at short timescales, this 
configuration has negligible impact on the spatial pattern of the proportion of annual motion which 
occurs during summer. Whilst absolute annual velocities vary substantially, the proportional 
contribution of summer motion to annual motion does not. Subglacial hydrology does not therefore 
have a significant impact on the overall extent to which summer motion contributes to annual motion. 
These findings imply that the representation of hydrology in ice sheet models may be simplified. 
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14:30-14:45    Modelling the impact of glacial runoff on fjord circulation and submarine melt rate using a 
new parameterisation for glacial plumes 
Tom Cowton, Donald Slater, Andrew Sole, Dan Goldberg and Peter Nienow 
The injection at depth of ice sheet runoff into fjords may be an important control on the frontal melt rate 
of tidewater glaciers. Runoff influences submarine melt rate directly, by generating buoyant plumes 
adjacent to the ice front, and indirectly, by influencing the circulation of heterogeneous water masses 
within the fjord. Understanding these processes has been held back, however, by the computational 
expense of modelling both the fine scale turbulent processes occurring within the buoyant plumes and 
the coarser scale circulation throughout the remainder of the fjord. Here, we develop a new 
parameterisation for ice marginal plumes within the Massachusetts Institute of Technology General 
Circulation Model (MITgcm), allowing three-dimensional simulation of large (500 km2) glacial fjords on 
annual (or longer) timescales. We find that for an idealised fjord (without shelf-driven circulation), 
subglacial runoff produces a thin, strong and warm down-fjord current in the upper part of the water 
column, balanced by a thick and slow up-fjord current at greater depth. Submarine melt rates increase 
with runoff due to higher melt rates where the plume is in contact with the ice front. We find however 
that annual submarine melt rate across the ice front is relatively insensitive to variability in annual 
runoff. Better knowledge of the spatial distribution of runoff, controls on melt rate in those areas not 
directly in contact with plumes and feedback mechanisms linking submarine melting and iceberg 
calving are necessary to more fully understand the sensitivity of glacier mass balance to runoff-driven 
fjord circulation. 
 
 

First Author Affiliation: University of Sheffield, 2 Winter Street, Sheffield. S10 2TN 
First Author e-mail: t.cowton@sheffield.ac.uk 
14:45-15:00    The oceanic driven decay of the Breiðamerkurjökull glacier into Jökulsárlón lagoon, 
Iceland 
Mark Brandon and Richard Hodgkins  
The Breiðamerkurjökull glacier flows down from the Vatnajökull ice cap and it has a marine terminus in 
a lagoon connected to the North Atlantic Ocean. The lagoon waters have characteristics determined by 
the Atlantic water, subglacial run-off and the local melting of ice calved from the glacier. The lagoon is 
not a fjordic environment, but the same physical processes are operating. We conducted four 
hydrographic sections within the lagoon to determine the effects of the ocean on the glacier. Three of 
the sections across the lagoon allow us to determine the pathway of Atlantic water towards the glacial 
ice. One hydrographic section of 16 stations along the Breiðamerkurjökull glacier face was always 
within 3 to 30m from the ice face. In some places our data show it was within a region of turbulent 
mixing. This final section also shows both the warmest and coldest water sampled in the lagoon. The 
warmest water is at the surface and was formed by local atmospheric solar input, whereas the coldest 
water was close to the maximum depth of our measurements and was formed through contact with the 
ice. A heat and salt conservation model has enabled the relative contributions of the inflowing Atlantic 
derived saline water, the sub glacial fresh water run-off and the melt from the ice face to be 
determined. Overall the dominant freshwater contribution to the lagoon in the upper 20 m is from the 
sub-glacial freshwater. Beneath 20 m the dominant factor is modified North Atlantic water. The 
contribution from melting ice is observed below 10 m and below 40 m depth this is in layers. Individual 
CTD measurements show that within the layers of higher ice melt there are strong peaks of increased 
melt, and so there is a 3 dimensional structure. The highest resolution data we obtained show that the 
water at depth is in places statically unstable, and the measurements were recorded in turbulence. 
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15:00-15:15    Parameterising the melting of marine glacier termini and ice shelves with buoyant 
meltwater plumes in a stratified ocean 
Andrew Wells and Samuel Magorrian 
Melting of submerged marine glacier termini and floating ice shelves can impact the dynamics of ice 
flow, and hence provides a key control on the ocean forcing of ice sheets and potential sea-level rise.  
Melting rates are controlled by the supply of heat and salt to the ice-ocean interface, which depend on 
both the details of turbulence  and the temperature and salinity conditions in the neighbouring ocean. 
One such feedback on ice melting comes from the buoyancy-driven flow of fresh meltwater rising under 
an ice shelf or along the ice face at a steep glacier terminus.  The strength of this flow and resulting 
melting rates are sensitive to the vertical stratification of temperature and salinity in the neighbouring 
ocean. To build theoretical insight into the role of ocean stratification, we apply a plume model to 
describe buoyancy-driven flow along vertical and sloping ice faces sitting in a stratified ocean.  A range 
of background ocean temperature and salinity profiles are studied. Our plume model considers both 
persistent flows that rise to the ocean surface, or layered flows featuring multiple intrusions into the 
background ocean, with intrusions occurring after the plume density reaches a neutral buoyancy level 
compared to the background ocean density stratification. For flows with negligible subglacial discharge 
into a linear stratification, we theoretically derive approximate scaling laws for the dependence of 
melting rates on the temperature and salinity stratifications. The scaling laws are in good agreement 
with results from numerical simulations. Under appropriate conditions, these scaling laws may provide 
a computationally-efficient approximation to ice melting rates controlled by buoyancy-driven flows, in 
circumstances where the use of a more detailed ocean model proves impractical. 
 

First Author Affiliation: University of Oxford, Atmospheric, Oceanic & Planetary Physics, Dept. of Physics,Oxford. 
OX1 3PU 
First Author e-mail: wells@atm.ox.ac.uk 
15:15-15:30    Submarine melting at tidewater glaciers: identification of key concepts through 
comparison of numerical modelling, buoyant plume theory and hydrographic data. 
Donald Slater, Peter Nienow, Dan Goldberg, Tom Cowton and Andrew Sole 
Observations of the mass balance of the Greenland ice sheet in recent decades have shown significant 
losses at the coastal margins through the thinning, speed-up and retreat of tidewater glaciers. Ocean 
forcing has been identified as a possible driver of this behaviour, manifesting itself by melting of 
submerged ice at the calving fronts of tidewater glaciers. Such submarine melting may provide a 
significant direct contribution to the negative mass balance of the glacier and could also amplify calving 
rates. Quantification of submarine melting remains uncertain however since modelling of fjord 
circulation and submarine melting is challenging, hydrographic data from pro-glacial fjords is sparse 
and direct observation of submarine melting at a tidewater glacier has so far proved impossible.  
 
Here, we compare submarine melt rates obtained using buoyant plume theory to those from a 
numerical model (MITgcm), finding reasonable agreement between the two methods. We then use 
buoyant plume theory, due to its faster computational speed, to investigate the dependence of melt 
rate on subglacial discharge, subglacial channel size (and thus emerging flow velocity) and fjord-water 
temperature. Finally we apply the theory to Yahtse Glacier, Alaska, finding a significant gap between 
modelled melt rates and those estimated from hydrographic data. We discuss possible reasons for 
such disagreements and their implications for constraining the importance of submarine melting to 
tidewater glacier mass balance. 
 

First Author Affiliation: University of Edinburgh, School of Geosciences, Edinburgh. EH8 9XP 
First Author e-mail: d.slater@ed.ac.uk  

  



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 19 

Tuesday 9th September 
9:00-9:15    How much did the N. American ice sheet contribute to the Meltwater Pulse 1a rapid sea 
level rise? 
Lauren Gregoire, Paul Valdes, Bette Otto-Bliesner and Anthony Payne 
The Meltwater Pulse 1a (MWP1a; 14,600 years ago), is the largest rapid sea level rise observed in 
geological records (14-18 m in < 350 years). Its synchronicity with the unexplained and abrupt N. 
Hemisphere Bolling warming (Deschamps et al., 2012) makes it a particularly interesting event. In 
order  to  understand  the  link  between  the  ‘observed’  ice  sheet,  sea  level  and  climate  changes,  we  must  
first determine the sources and causes of the sea level change because as yet, the relative sea level 
contributions of the Antarctic, N. American and Eurasian ice sheets remain unconstrained.  
Ice sheet modelling work by Gregoire et al. (2012) has identified a mechanism explaining half of 
MWP1a; the collapse of an ice saddle linking the Cordilleran and Laurentide ice sheet (N. America) by 
a simple ice elevation-mass balance feedback. Fingerprinting the sea level change patterns verified 
that this scenario is compatible with existing sea level records (Gomez et al., in prep). However, 
uncertainties in sea level data are currently too large to further constrain relative ice sheet contributions 
to the event.  
We carried out an ensemble of ice sheet modelling experiments with Glimmer-CISM, to constrain the 
duration  and  volume  of  the  North  American  ‘Saddle  Collapse’.  Climate  uncertainty is assessed by 
forcing the ice-sheet model with two different General Circulation Models (GCMs), FAMOUS and 
CCSM3. Both GCMs were used to simulate the transient evolution of the climate during the whole of 
the last deglaciation (21 ka to present). Uncertainties in the ice sheet model were evaluated by varying 
mass balance and dynamical parameters using a Latin Hypercube Sampling scheme. The ensemble of 
simulated deglacial chronologies was then compared with reconstructions of ice extent and sea level 
change to evaluate a probability distribution of the N. American ice sheet contribution to MWP1a. 
 

First Author Affiliation: University of Leeds, Woodhouse Lane, Leeds. LS2 9JT  
First Author e-mail: l.j.gregoire@leeds.ac.uk 
9:15-9:30    Manual mapping of drumlins in synthetic landscapes to assess operator effectiveness 
John Hillier and Mike Smith  
Concurrent with the dramatic resurgence in geomorphological mapping over the last decade there has 
been a progression towards finding more objective, and sometimes automated, techniques and 
procedures for mapping. Yet manual, interpretive, techniques remain effective and commonly used.   
By definition manual mapping is subjective and it is therefore important that criteria are developed, and 
agreed upon, in order to facilitate inter-comparability of mapped outputs and assess the reliability of 
these data.  
To this end we set up a study to compare glacial geomorphological mapping by different interpreters. 
An EGU funded workshop was attended by 24 academics, ranging from undergraduates to faculty. All 
had an interest in geomorphological mapping, but there was a mix of expertise, from those with many 
years experience in mapping from satellite imagery and DEMs, to those with almost no background. 
In order to robustly compare mapping by individuals, a real landscape containing statistically 
representative  ‘synthetic’  drumlins  (Hillier  and  Smith,  2012)  was  utilised.  To  create  these  synthetic  
DEMs, observed drumlins were removed from a measured DEM and replaced by elongate 3D 
Gaussian  ones  of  equivalent  dimensions  positioned  randomly  with  respect  to  the  ‘noise’  (e.g.  trees)  
and regional trends (e.g., hills). Five variations were generated, each containing 173 drumlins (known a 
priori), and for each DEM mappers asked to map the outline, ridge crest and highpoint of each 
identifiable drumlin prior to the workshop. In total 20,760 landforms were presented to the 24 mappers 
and 11,687 were mapped, of which 8,288 were coincident. Drumlins mapped per individual ranged 
from  198  to  989  out  of  865  present.  Overall  ‘accuracy’  (i.e.,  n-corrrect/n-total) was 40%, however the 
‘reliability’  of  mapping  (i.e.,  n-correct/n-mapped) was better ranging from 41% to 100% and at an 
average of 71%.  
 
This presentation summarises the initial results of the mapping. 
 
The following people participated in the workshop; thank you: Barr, L., Boston, C., Clark, C., Ely, J., 
Frankl, A., Greenwood, S., Grosselin, L., Hattesrand, C., Hogan, K., Hughes, A., Livingstone, S., 
Lovell, H., McHenry, M., Munoz, Y., Peletier, X., Pellitero, R., Robb, C., Roberson, S., Ruther, D., 
Spagnolo, M., Standell, M., Stokes, C., Storrar, R., Woodridge, K. 
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9:30-9:45    Ice streams of the Laurentide Ice Sheet: characteristics, controls and timing 
Martin Margold, Chris R. Stokes and Chris D. Clark 
We present an analysis of ice streams in the Laurentide Ice Sheet (LIS) based on new mapping 
(onshore and offshore) and a review of previously published work. A total of 117 ice streams are 
identified based on a variety of evidence including their bedform imprint, large-scale topography, till 
properties, and ice rafted debris in ocean sediment records. During the Last Glacial Maximum (LGM), 
ice streams formed a drainage pattern that bears close resemblance to the present day velocity 
patterns in modern ice sheets. Large ice streams had extensive onset zones and were fed by multiple 
tributaries and, where ice drained through regions of high relief, the spacing of ice streams shows a 
degree of spatial self-organisation. Topography exerted a primary control on the location of ice 
streams, but there are large areas along the western and northern margin that were underlain by 
sedimentary bedrock, and where networks of ice streams switched direction repeatedly. As the LIS 
retreated onto its low relief interior, several ice streams show no correspondence with topography or 
underlying geology, perhaps facilitated by localised build-up of pressurised subglacial meltwater. These 
ice streams have no modern analogue. We determine the timing of operation of individual ice streams 
using the most recently published ice margin chronologies. A number of ice streams with topographic 
control operated continuously for thousands of years from the LGM and throughout the early stages of 
deglaciation, predominantly in the northwestern, northern (Innuitian Ice Sheet), and eastern sectors. 
Another group of ice streams operated on much shorter time scales of perhaps as little as a few 
hundreds of years during deglaciation. This group comprises large ice streams along the western and 
southern margin and smaller ephemeral ice streams elsewhere. While around 30% of the ice sheet 
circumference was drained by ice streams at the LGM (similar to that for the present day Antarctic ice 
sheets), this number decreases to 15% and 12% at 12 cal ka BP and 10 cal ka BP, respectively. The 
extent to which these changes in the ice stream drainage network represent a simple readjustment to a 
changing mass balance driven by climate, or internal ice dynamical feedbacks unrelated to climate (or 
both) is largely unknown and represents a key area for future work to address. 
 
First Author Affiliation: Durham University, Department of Geography, Lower Mountjoy, South Road, Durham. DH1 3LE 
First Author e-mail: martin.margold@durham.ac.uk 
9:45-10:00    Buried ice as a possible cause for inconsistent cosmogenic exposure ages 
Shasta Marrero, Andrew Hein, David Sugden, John Woodward, Stuart Dunning and Kate Reid 
Cosmogenic nuclide surface exposure age dating has provided quantitative chronologies in Antarctica 
where none were previously possible. Among these studies, there are often outliers or anomalous 
results in the surface exposure ages reported. This is frequently attributed to a variety of reasons 
common to cosmogenic nuclides, including inheritance, erosion, or complex exposure history through 
burial. However, stranded blue-ice moraines in our field area in the Heritage Range of the Ellsworth 
Mountains have provided an additional explanation for a process that could change the apparent 
cosmogenic nuclide exposure age. There are many sites in our field area where tills rest on abandoned 
glacier ice; some of these ice-cored tills display evidence of flow that may have occurred after 
abandonment by the ice sheet. The long-term continuation of movement and melt of these ice-cored 
tills after the departure of the ice-sheet produces a similar effect but potentially significantly different 
exposure age results. This and other processes observed in the field provide a possible explanation for 
at least some of the inconsistent cosmogenic nuclide exposure ages observed in various field areas. 
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10:00-10:15     Ice elevation changes in the southern Ellsworth Mountains, Antarctica 
Andrew Hein, Shasta Marrero, David Sugden, John Woodward, Stuart Dunning and Kate Reid 
Well-dated geologic data that reflects past changes in the thickness of the Antarctic Ice Sheet are 
needed to reconstruct ice sheet dynamics and provide constraints for numerical ice sheet models that 
predict  future  change.    Cosmogenic  nuclides  that  accumulate  within  rock  minerals  at  the  Earth’s  
surface can be used to directly date rock surfaces that have been deposited or eroded by glaciers, 
enabling the tracking of ice sheet change through time.  Successful application of the technique 
requires a detailed understanding of the local geomorphology and an appreciation of post-deposition 
processes that may affect the build-up of cosmogenic nuclides in a rock.  Here we present new 
geomorphological mapping of glacial landforms and associated deposits in the Patriot, Independence 
and Marble Hills of the southern Ellsworth Mountains, together with new cosmogenic nuclide exposure 
ages (36Cl, 10Be, 26Al, 21Ne) from local limestone bedrock and rocks exotic to the massif.  The initial 
data has yielded exposure ages ranging from 0 to more than 1.1 Ma.  We will discuss these new data 
and their implication for the ice history of the southern Ellsworth Mountains. 
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10:45-11:00    Measuring englacial vertical velocities and ice viscosity 
Jonathan Kingslake, Carlos Martín, Robert Arthern and Richard Hindmarsh 
Using a phase-sensitive radio-echo sounder (pRES) we measure the full-depth vertical-velocity 
structure of several Antarctic ice divides in unprecedented detail. We compare our measurements to 
the predictions of a full-Stokes simulation of ice-divide flow, qualitatively validating the model and 
demonstrating that we are directly detecting an ice-dynamical phenomenon called the Raymond Effect. 
However, neither the full-Stokes model nor two analytical approximations, often used to date ice-cores 
drilled at divides, fully capture the nonlinearity of vertical velocity profiles, particularly near ice divides. 
This has implications for ice-core dating and may be related to our poor knowledge of ice rheology.  
 
We discuss a constraint optimisation technique under development which uses horizontal surface 
velocities and pRES-measured englacial vertical velocities to invert for the spatial distribution of ice 
viscosity using a full-Stokes solver and adjoint methods. The technique, not yet applied to real data, 
has two advantages over previous attempts at in situ ice rheometry: (1) englacial measurements are 
assimilated as well as surface measurements and (2) little is assumed a priori about ice rheology, 
leaving us free to explore alternatives to the standard power law parameterisation by comparing the 
derived viscosity field to the stress field supplied by the full-Stokes solution. 
 
Full-depth vertical velocities measured using pRES combined with this new inverse technique have the 
potential to improve rheology parameterisations and our ability to simulate ice flow. 
 

First Author Affiliation: British Antarctic Survey, Cambridge. CB3 0ET 
First Author e-mail: jkingslake@gmail.com 
11:00-11:15    How to build a better bed 
Martin O'Leary, Adrian Luckman and Suzanne Bevan 
Modern glaciology is reliant on the use of numerical models, both for predictive purposes, and as a 
testbed for theories on glacial processes. However, these models are only as good as the input data 
which is used. In particular, basal topography is often a major unknown. Most observations come from 
airborne radar, and improvements are usually slow, costly and error-prone. At the same time, model 
results are highly sensitive to the details of the bed map, and this results in large uncertainties in model 
forecasts, as well as difficulties in testing theories about calving, sliding, and other glacial processes. 
Flux conservation techniques have attempted to alleviate this problem by combining partial 
measurements of ice thickness with more easily obtained velocity data. Adjoint-based methods have 
shown great promise here, and the resulting bed maps are better both in terms of accuracy, and the 
stability of numerical flow models using them. However, existing approaches are still very limited in the 
amount of data which is used. 
We demonstrate a new approach which allows for assimilation of heterogeneous observations from 
multiple time periods. By assimilating observations of velocity and surface elevation over multiple time 
periods, we can substantially reduce the effects of observational error, and increase the spatial 
coverage of the resulting bed map. 
We apply this new method to one of Greenland's most-studied outlet glaciers, Helheim. Using a series 
of high-resolution velocity maps and digital elevation models produced from TanDEM-X satellite radar 
imagery, and incorporating radar flight lines from Operation IceBridge, we produce a new map of the 
bed beneath Helheim. We show that this approach is considerably more accurate than the most widely 
used method for interpolating bed topography, kriging, and that it outperforms previous adjoint-based 
methods in cross-validation tests. 
 
First Author Affiliation: Swansea University, Singleton Park, Swansea. SA2 8PP 
First Author e-mail: m.e.w.oleary@gmail.com 
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11:15-11:30    Glacier dynamics of the Pamir-Karakoram-Himalaya region over the last 40 years 
Noel Gourmelen, Amaury Dehecq, Emmanuel Trouvé, Xiao Cheng and Urs Wegmuller 
Climate warming over the 20th century has caused drastic changes in mountain glaciers globally, and 
of the Himalayan glaciers in particular. The stakes are high; glaciers and ice caps are the largest 
contributor to the increase in the mass of the world's oceans, and the Himalayas play a key role in the 
hydrology of the region, impacting on the economy, food safety and flood risk. Partial monitoring of the 
Himalayan glaciers has revealed a mixed picture; while many of the Himalayan glaciers are retreating, 
in some cases locally stable or advancing glaciers in this region have also been observed. But recent 
controversies have highlighted the need to understand the glaciers dynamic and its relationship with 
climate change in the region. 
Earth Observation provides a mean for global and long-term  monitoring  of  mountain  glaciers’  
dynamics. In the frame of the Dragon program, a partnership between the European Space Agency 
(ESA) and the Chinese Center for Earth Observation (NRSCC), we begun a monitoring program aimed 
at  quantifying  multidecadal  changes  in  glaciers’  flow  at  the  scale  of  the  entire Himalayas and 
Karakoram  from  a  40  years’  archive  of  Earth  Observation.  Ultimately,  the  provision  of  a  global  and  
time-sensitive glaciers velocity product will help to understand the evolution of the Himalayan glaciers 
in lights of glaciological (e.g. presence of debris-cover, surges, proglacial lakes) and climatic 
conditions. 
Here we present a region-wide analysis of annual and seasonal glacier flow velocity covering the 
Pamir-Karakoram-Himalaya region obtained from the analysis of the entire archive of Landsat data. 
Over 90% of the ice-covered regions, as defined by the Randolph Glacier Inventory, are measured, 
with precision on the retrieved velocity of the order of 2 m/yr. We show that the first order temporal 
evolution of glacier flow mirrors the pattern of glacier mass balance. We observe a general decrease of 
ice velocity in regions of known ice mass loss, and a more complex patterns consisting of mixed 
acceleration and decrease of ice velocity in regions that are known to be affected by stable mass 
balance and surge-like behavior. 
 
First Author Affiliation: University of Edinburgh, Drummond Street, Edinburgh. EH10 4AR 
First Author e-mail: noel.gourmelen@ed.ac.uk 
11:30-11:45    Modelling channelization under ice shelves 
Michael Dallaston and Ian Hewitt 
The undersides of many ice shelves have been observed to feature incised channels. These may be 
formed from perturbations in the grounding line ice thickness that are carried out into the shelf by the 
ice flow, or by the presence of localized freshwater sources at the grounding line, due to channelized 
subglacial hydrology. In the ice shelf cavity the channels are amplified by increased melting due to the 
buoyant flow of fresh water mixing with warmer ocean water. 
 
We outline a simple mathematical model that captures the growth of these channels from initial 
perturbations on the grounding line.  Our aim is to use the simplicity of this model to help understand 
aspects of recently reported observations and numerical experiments.  One key finding is that the 
deformation of ice alone does not prevent the arbitrarily large growth of small wavelength (narrow) 
channels, and so dissipative effects (e.g. eddy diffusion) within the ocean/meltwater layer must play a 
large role in the selection of channel spacing. 
 

First Author Affiliation: University of Oxford, Andrew Wiles Building, Radcliffe Observatory Quarter, Oxford. OX2 6GG 
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11:45-12:00    Estimation of ice shelf melt rate in the presence of a thermohaline staircase 
Satoshi Kimura, Keith Nicholls and Emily Venables 
We observed diffusive-convection favorable thermohaline staircases directly beneath George VI Ice 
Shelf, Antarctica. A thermohaline staircase, well-mixed layers separated by sharp interfaces, is one of 
the most pronounced manifestations of double-diffusive convection. Cooling and freshening of the 
ocean by melting ice produce cool, fresh water above the warmer, saltier water, the water mass 
distribution favorable to a type of double-diffusive convection known as diffusive convection. While the 
vertical distribution of water masses can be susceptible to diffusive convection, none of the 
observations beneath ice shelves so far have shown signals of this process and its effect on melting 
ice shelves is uncertain. The melt rate of ice shelves is commonly estimated from oceanic conditions 
using a parameterization based on three equations model, which assumes a fully-developed turbulent 
flow over hydraulically smooth surfaces. These pre-requisites are clearly not met in the presence of a 
thermohaline staircase. We estimate the basal melt rate by applying an existing heat flux 
parameterization for diffusive convection in conjunction with our measurements of oceanic conditions 
at one site beneath George VI Ice Shelf. Our estimates yield a possible range of melt rates between 
0.1 and 1.3 m/yr, where the observed melt rate of this site is ~1.4 m/yr. Limitations of the formulation 
and implications of diffusive convection beneath ice shelves are discussed. 
 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0JE 
First Author e-mail: satmur65@bas.ac.uk 
12:00-12:15    Mapping the Ice-Bed Interface Characteristics of Rutford Ice Stream, West Antarctica, 
using Microseismicity 
Emma Smith, Andrew Smith, Robert White and Alex Brisbourne 
Microseismicity from the base of Rutford Ice Stream, West Antarctica, was recorded over a 34-day 
period in the austral summer of 2008-2009, using ten three-component geophones buried beneath the 
surface of the ice stream. Around 3000 microseismic events were detected and located in spatial 
clusters near the ice-bed interface. Each cluster turns on and off over time. Individual fractures occur 
repeatedly in the same manner with a consistent waveform at a given receiver and a consistent source 
mechanism of low-angled faulting, slipping in the ice-flow direction. The clusters are interpreted to 
occur at `sticky spots' of stiff basal till at the ice-bed interface, where ice movement is accommodated 
by stick slip basal sliding. These `sticky spots' coincide with areas of low-porosity stiff till interpreted 
from seismic reflection surveying. We show that `sticky spots' accommodate a small amount of the 
basal motion and that the material surrounding these `sticky spots' is deforming aseismically and is 
likely to be dilatant  
basal till or well lubricated stiff till. Levels of seismicity show no correlation with the surface velocity of 
the ice stream, which varies by $\pm$10$\%$ on a regular cycle due to tidal forcing. This means that 
the `sticky spots' are unaffected by changes in basal stress that affect the overall velocity of the ice 
stream and hence variations in basal stress are likely to be transmitted from the grounding line by 
changes in the dilatant basal till rather than the stiff till. This is significant in understanding the 
dynamics that accommodate movement at the base of Rutford Ice Stream and shows that 
microseismic monitoring is a valuable technique for investigating this. 
 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
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13:15-13:30    Resolving trends in Antarctic ice sheet mass loss, glacio-isostatic adjustment and 
surface processes through spatio-temporal source-separation 
Jonathan Bamber, Alba Martin, Nana Schoen, Andrew Zammit-Mangion, Jonathan Rougier, Scott 
Luthcke, Liz Petrie and Frederique Remy 
 
Constraining past ice mass changes, identifying their cause(s) and determining rigorous error 
estimates, is important for closing the sea level budget and as an input for and test of numerical 
models. For the Antarctic ice sheet, considerable uncertainty remains between different methods and 
groups. Estimates obtained from altimetry, gravimetry, and mass-budget methods can yield conflicting 
results with error estimates that do not always overlap, while the, commonly adopted, use of different 
forward models to isolate and remove the effects of glacio-isostatic adjustment (GIA) and surface mass 
balance (SMB) processes introduces another source of uncertainty which is hard to quantify. To 
address both these issues, we present a statistical modelling approach to the problem. We combine 
the observational data, including satellite altimetry, GRACE, GPS and InSAR, and use the different 
degrees of spatial and temporal smoothness to constrain the underlying geophysical processes. This is 
achieved via a spatio-temporal Bayesian hierarchical model, employing dimensionality reduction 
methods to allow the solution to remain tractable in the presence of the large number (> 10^7) of 
observations involved. The resulting trend estimates are only dependent on length and smoothness 
properties obtained from numerical models, but are otherwise entirely data-driven. As a consequence, 
the solutions provide a valuable independent test of the forward models. 
Here, we present the annually-resolved spatial fields for i) dynamic ice loss, ii) SMB anomaly, iii) firn 
compaction and iv) GIA, using a combination of GRACE, ICESat, ENVISat, CryoSat 2 and GPS 
vertical uplift rates, for 2003-2013. The elastic flexure of the crust is also determined simultaneously. 
We examine the spatial pattern of increasing dynamic ice loss in West Antarctica and the Antarctic 
Peninsula and contrast that with a significant positive SMB anomaly in East Antarctica since 2009.  We 
also compare our SMB anomalies with those from the regional climate model, RACMO-2.3 to test its 
ability to capture the spatio-temporal structure of inter-annual variability in snowfall. 
 First Author Affiliation: University of Bristol, School of Geographical Sciences, Bristol. BS8 1SS 
First Author e-mail: j.bamber@bristol.ac.uk  
13:30-13:45    The nature and dynamics of the bed beneath Pine Island Glacier, Antarctica 
Rob Bingham, Damon Davies, Edward C. King, Stephen L. Cornford, David G. Vaughan, Jan De Rydt 
and Andrew M. Smith 
 
The dramatic acceleration, recession and thinning of Pine Island Glacier observed over the last 20 
years  represent  some  of  today’s  highest-profile contemporary glaciological phenomena, and are of 
global concern due to their contribution to eustatic sea level. The last decade has witnessed multiple 
initiatives to predict the future of the catchment with numerical modelling, but the different models 
disagree on the likely future pace of loss and its spread inland. Progressive aerogeophysical surveys of 
the catchment have increasingly constrained the catchment-wide form of the bed, providing regional 
boundary conditions, but there has remained a dearth of information at the smaller scales that many 
glaciological studies have shown can, in fact, be critical in controlling ice-stream motion.  
 
In 2013/2014, as part of the UK NERC iSTAR (ice Sheet sTAbility Research programme) traverse 
across  PIG,  we  deployed  the  British  Antarctic  Survey’s  DEep-LOoking Radio Echo Sounder 
(DELORES) to alleviate this data gap. Our goal was to survey patches of the bed at high resolution to: 
(a) image subglacial landforms and detect presence/absence of water and/or sediments, and (b) 
produce detailed subglacial topographies useful for quantifying basal roughness and modelling basal 
drag. We present and discuss here the form of the bed imaged at six sites across the trunk and 
tributaries of Pine Island Glacier. 
In the light of recent findings indicating that sub-ice stream landforms may be transient and subglacial 
erosion high, we also undertook opportunist repeat-surveys of DELORES tracks previously surveyed in 
2007/08 and 2010/11 (six and three years earlier respectively). We present and discuss preliminary 
findings from these surveys. 
 
First Author Affiliation: University of Edinburgh, School of GeoSciences, Edinburgh. EH8 9XP 
First Author e-mail: r.bingham@ed.ac.uk  

  



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 26 

13:45-14:00    Multi-decadal trends in outlet glacier terminus position in East Antarctica 
Bertie Miles, Chris Stokes and Stewart Jamieson 
 
Recent work has shown that fluctuations in the terminus position of marine-terminating outlet glaciers 
along the western South Pacific coastline (90⁰ -165⁰ E) of East Antarctica is consistent with a rapid 
and coherent response to air temperature and sea ice trends. However, there is very little data on 
glaciers elsewhere in East Antarctica. To address this gap in knowledge, this paper presents multi-
decadal trends in the terminus position of 177 marine-terminating outlet glaciers in the Indian Ocean 
and Weddell Sea sections of the EAIS (90⁰ E to 60⁰ W and spanning 6,700 km of coastline from 
Queen Mary Land to Ronne Ice Shelf). The data reveals similarly widespread and synchronous 
changes, with three epochal trends: 66% of glaciers retreated from 1974 to 1990, 62% advanced from 
1990 to 2000, and 71% advanced from 2000 to 2012, which is broadly consistent with previous trends 
observed in the western South Pacific. Together with previous work, the assemblage of this pan-ice 
sheet dataset highlights an anomalous pattern of retreat in Wilkes Land, which is the only part of the 
EAIS where outlet glaciers showed substantial retreat in the last decade: 74% of glaciers retreated 
between 2000 and 2012. This pattern of retreat coincides with pronounced mass loss that has been 
observed in other datasets (e.g. GRACE satellites) and we explore, a range of potential atmospheric 
and oceanic forcing that might be driving these changes. 
 

First Author Affiliation: Durham University, Department of Geography, Science Site, South Road, Durham. DH1 3LE 
First Author e-mail: a.w.j.miles@durham.ac.uk 
14:00-14:15    The role of ice shelf processes in the transient evolution of Pope, Smith, and Kohler, 
West Antarctica from 2001-2011 
Daniel Goldberg and Patrick Heimbach 
 
Using a higher-order glaciological flow model, the role of membrane stresses imposed at the grounding 
lines of Pope, Smith, and Kohler Glaciers is investigated. With time-dependent observations of surface 
and velocity from the period 2001-2011, an inversion for the spatial and temporal pattern of these 
stresses is carried out. The constrained simulation reproduces recently observed grounding line retreat 
for the same period, and refines its timing; it also suggests a pattern of grounding line retreat not 
captured in previous studies. Furthermore, it is observed that these boundary membrane stresses 
evolved quite differently between these streams over the observation decade. The analysis, coupled 
with modelled sensitivities of the coupled ice stream-ice shelf system, suggests a spatiotemporal 
pattern of distinct processes on Crosson and Dotson ice shelves, such as shear margin weakening and 
increased basal melting. This pattern likely cannot be validated, however, without more comprehensive 
observations of ice shelf altimetry. 
 

First Author Affiliation: University of Edinburgh, Geography Building, Drummond Street, Edinburgh. EH8 9XP 
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14:15-14:30    Drivers of recent glacier area changes on the Antarctic Peninsula 
Alison Cook, Paul Holland, Tavi Murray, Adrian Luckman, David Vaughan and Nick Barrand 
 
Interpreting the behaviour of the numerous glaciological features making up the Antarctic Peninsula 
Ice Sheet is critical for recognising responses to local and regional environmental changes. 
Measurements of glacier area change on the Antarctic Peninsula since the 1940s reveal distinct 
differences in rates of glacier ice loss between the east and west, and also latitudinally along the west 
coast. There are also distinct trends over time, apparent in a wide range of glacier types throughout 
the region. These statistically significant spatial and temporal trends indicate that there are external 
control factors that currently outweigh local glaciological controls on glacier extent. 
A summary of these patterns will be presented, along with an explanation of analysis methods used. A 
focused look at the external controls on glacier change in the Antarctic Peninsula will then be given. 
Atmospheric patterns are obtained from station temperature records; surface-melt from QSCAT 
satellite data between 2000-09; surface temperatures from infrared satellite imagery between 1980-
2008 and surface mass balance from modelled output between 1980-2009. Ocean temperature 
patterns are derived from measurements acquired between 1940 and 2009 at a range of depths 
between 50 and 500 m, accessed from the World Oceanographic Database. The oceans to the east 
and west of the peninsula have distinct oceanic regimes, whereby the western ocean temperatures 
are significantly warmer. Spatial patterns between ocean temperatures at mid-depths and deeper have 
a close correlation with glacier area loss, and a long-term temporal trend is clear. This suggests that 
the ocean is a principal driver of glacier front behaviour on the west coast, with little evidence of a 
regional atmospheric thermal limit on long term area changes. 
 

First Author Affiliation: Swansea University, Singleton Park, Swansea. SA2 8PP 
First Author e-mail: ajcook100@gmail.com  
14:30-14:45    Greenland's supraglacial lakes advance inland under warming climate 
Amber Leeson, Andrew Shepherd, Kate Briggs, Ian Howat, Xavier Fettweis, Mathieu Morlighem and 
Eric Rignot 
Supraglacial lakes (SGLs) form annually on the Greenland ice sheet. Their presence increases 
melting and when they drain, their discharge is observed to enhance ice sheet flow by lubricating the 
base and potentially by warming the ice.  SGLs tend to form at low elevations where melting is 
abundant and enhanced lubrication is offset by efficient subglacial drainage.  However, it is not clear 
what impact a warming climate will have on this behaviour.  Here, we use a model of SGL initiation 
and growth to show that they form at higher altitudes as temperatures rise, a finding consistent with 
recent satellite observations. By the year 2060, we estimate that SGLs will spread up to 110 km further 
inland. This leads to a 48-53% increase in the area they populate under moderate (RCP 4.5) and 
extreme (RCP 8.5) climate change scenarios, respectively.  Although lake-enhanced melt is found to 
be negligible in 2060, more than half of new lakes may be large enough to drain to the ice bed, 
potentially bringing water and heat to inefficiently draining and frozen-bedded regions.  This may 
impart a relatively high impact on ice lubrication8, ice warming, and - in consequence - ice sheet mass 
balance.  This effect is not currently considered in forward projections of ice sheet change.  

First Author Affiliation: University of Durham, Department of Geography, Durham. DH1 3LE 
First Author e-mail: amber.leeson@durham.ac.uk  

 

  



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 28 

15:15-15:30    Mass balance of Antarctica 
Mathieu Depoorter 
 
 

First Author Affiliation: University of Bristol, School of Geographical Sciences, Bristol. BS8 1SS 
First Author e-mail: Mathieu.Depoorter@bristol.ac.uk  
15:30-15:45    Antarctic ice sheet mass balance, 2010-2013, from satellite altimetry 
Malcolm McMillan, Andrew Shepherd, Aud Sundal, Kate Briggs, Anna Hogg, Andrew Ridout, Alan Muir 
and Duncan Wingham  
We map Antarctic ice sheet elevation change and mass imbalance using 3 years of Cryosat-2 radar 
altimeter data. Between 2010 and 2013, we estimate that West Antarctica, East Antarctica, and the 
Antarctic Peninsula changed in mass by -134 ± 27, -3 ± 36, and -23 ± 18 Gt yr-1 respectively. 
Combined, these indicate an average sea level contribution from Antarctica over this period of 0.45 ± 
0.14 mm yr-1. This is twice the 20-year mean determined from an ensemble of geodetic techniques, 
reflecting both the improved capability of CryoSat-2 to observe regions of ice dynamical imbalance, 
and the impact of short- and intermediate-term changes in ice sheet mass. Mass loss from West 
Antarctica dominates the total deficit, and estimated losses here are 31% greater than over the period 
2005-2011. In East Antarctica and at the Antarctic Peninsula, the average change in ice sheet mass 
remains small in comparison to expected fluctuations in snow accumulation, reinforcing the need for 
longer-period data sets in order to separate meteorological effects from those of ice dynamical 
imbalance. 
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15:45-16:00    Influence of tree proximity on simulated sub-canopy incoming longwave radiation to the 
snow surface in mid-latitude boreal forests 
Claire Webster, Nick Rutter, Tobias Jonas and Franziska Zahner 
Snowmelt in boreal forest environments contributes substantially to spring surface runoff and is largely 
controlled by the local surface radiation budget. In mid-latitude forested regions, the shading, 
absorption and emission of incoming radiation causes significant spatial and temporal variation in the 
surface energy balance within forests of variable canopy densities. Canopy gaps and edges in 
particular have been shown to have markedly different radiative regimes compared to continuous 
forests and open areas due to heightened exposure to solar radiation and increased emission of 
longwave radiation. Improved simulation of the sub-canopy energy fluxes will reduce uncertainty in 
snowmelt modelling in these areas. Simulated incoming longwave radiation can be partitioned between 
that from the sky and the canopy, i.e. a two part model, using estimates of emissivity and 
temperatures. Hemispherical photography allows objective partitioning into sky-view fraction (SVF) and 
forest fraction (1 – SVF). While air temperature may be used as a proxy for canopy temperature in 
these models, explicit representation of variability of canopy temperatures have been shown to improve 
the simulations of longwave emission from the canopy to the snow surface. Simulated incoming 
longwave radiation, within close proximity to tree trunks, was evaluated at edges of gaps in a 
discontinuous  forest  of  predominantly  spruce  and  larch  trees  in  Davos,  Switzerland  (46°50’N  9°52’E)  
between January and April 2014. Measurements were made of long- and shortwave radiation at 
increasing distances from tree trunks, tree trunk and air temperatures, SVF using hemispherical 
photography, and both closed and above canopy radiation. Results show that the simulation bias of 
incoming longwave radiation estimates are related to proximity of the nearest tree and the sky-view 
fraction at the modelled point. This suggests a greater complexity to modelling incoming longwave 
radiation along forest gaps and edges than a simple two-part model. 
 
First Author Affiliation: Department of Geography, Northumbria University, Newcastle-Upon-Tyne. NE18ST  
First Author e-mail: clare.webster@northumbria.ac.uk  
16:00-16:15    Quantification of seasonal and interannual variability of proglacial meltwater from 
Kronebreen glacier, from in situ and remotely sensed data 
Eleanor Darlington, Richard Hodgkins and Adrian Jenkins 
As the Arctic cryosphere continues to lose mass in response to a warming climate, more detailed 
observations are needed to increase our understanding of ice – ocean interactions, enabling improved 
model predictions of Arctic change. Svalbard hosts a high proportion of tidewater glaciers, including 
Kronebreen, the fastest flowing glacier on the archipelago. The proglacial meltwater exiting the base of 
Kronebreen transports fine-grained sediment to Kongsfjorden, entrained in a buoyant plume, which 
spreads laterally and is visible at the surface. In situ measurements of the concentration and spectral 
reflectance of these surface sediments were used to calibrate spectral data from the MODIS 
instruments on the Terra and Aqua satellites. Temperature and salinity in front of the calving face, and 
throughout the meltwater plume, have been measured using a hand held CTD. The spatial surface 
pattern of total suspended sediment (TSS; g l-1) and plume area, have been quantified for every cloud 
free day from 1st June - 30th September from 2002 – 2013. High TSS sediment during the early melt 
season indicates flushing, whilst sediment exhaustion is apparent at the end. We show that the areal 
extent of these proglacial plumes responds to atmospheric temperature, with a 12 day lag. An 
underlying seasonal evolution of plume extent is apparent; plume area is small at the beginning and 
end of the melt season, peaking mid-July. Katabatic winds originating from Kronebreen play a role in 
lengthening the plume formations. However, the overall extent of the sediment plume is dependent on 
glacial meltwater inputs. As such, this method enables the daily to interannual quantification of 
proglacial meltwater release from tidewater glaciers, utilizing in situ measurements to calibrate MODIS 
spectral reflectance. 
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16:15-16:30    Surface observations and crevasse evolution at high resolution: Greenland tidewater 
glaciers 
Chris Williams, Adrian Luckman, Tavi Murray, Martin O'Leary and Doug Benn 
Calving constitutes a major control on the overall mass balance at an ice sheet scale and yet a fully 
comprehensive understanding – a  solution  to  the  “calving  problem”  – remains elusive (Benn et al., 2007a, Benn et 
al. 2007b). This dynamic behaviour is predicted to be a major control on future sea level contributions. Crevasse 
depth modelling has proved to be an efficient way of replicating observed calving events and this has been further 
enhanced  following  the  introduction  of  the  “calving  criterion”  relating  a  calving  event  to  when  crevasse  depth 
equals ice height above sea level (Benn et al., 2007a). Crevasse water presence can result in deeper crevasse 
penetration and this notion is key within a number of existing calving models (e.g. Cook et al., 2012). However, 
limited field data are available to support this criterion and there may also be other more dominant mechanisms at 
work (James et al., 2014). 
High resolution survey data are available from summer 2013 of the calving margin of Helheim glacier in south east 
Greenland for which 24 hour repeat LiDAR data suitable for producing DEMs at a 0.5 m pixel resolution, and 
hyperspectral data at 5 m resolution, were acquired. Hyperspectral data are also available at 3 m resolution for the 
Kangiata Nunata Sermia glacier, west Greenland. 
Surface velocities and strain fields were calculated from the LiDAR data from which a flow speed of ~25 m d⁻¹ at 
the terminus of Helheim was found. Crevasse widths and depths were analysed across the surface of Helheim 
providing information on the spatial distribution of crevasse characteristics. Analysing the elevation data in the 
frequency domain by means of a moving window 2D Fourier Transform enabled the development of crevasse 
spacing and orientation maps. The hyperspectral data were used to identify the presence of water at the surface of 
both glaciers, in both cases at a significant distance from the terminus. 
The ability to map repeat crevasse orientations, spacings and widths provides unprecedented high resolution 
information on crevasse evolution and this can be associated with glacier strain rate. Considering the pattern of 
crevasse water presence we propose that there may be preconditioning of the ice prior to it reaching the tidewater 
margin, making certain terminus regions more susceptible to calving. 
 

First Author Affiliation: Swansea University, Singleton Park, Swansea. SA2 8PP 
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16:30-16:45    Causes of variable salt deposition in Antarctic snow 
Hazel Hartman, James Levine, Anna Jones, Xin Yang and Eric Wolff 
Sea-ice climate feedbacks would be better-known, were there an ice-core proxy for sea ice extent. The ice-core 
salt record might serve, given an understanding why salt deposition varies. We develop this understanding; 
deposition to Antarctica is affected by both sea-ice extent and winds, according to our model. We use this 
understanding to discuss the likely temporal, spatial, and chemical limits of these proxies. 
    We compare our model output to the South Pole Observatory instrument record and the ice-core record, and 
examine the properties and sources of short- and long-term variability. Antarctic sea-salt deposition shows a winter 
peak and a glacial increase, which can be modelled by including the sea-ice source of salt; but even modelling this 
source, interannual variability in sea ice extent has little affect on salt supply. We extend this work (using the p-
TOMCAT model) to show that the winds transporting salt poleward are a major source of interannual variability. 
Wind-caused variation in aerosol production is less important. 
   We model that some ice core sites receive salt from a broad area of ocean, while other core sites reflect a much 
narrower area; unsurprisingly, sites generally receive more salt from nearby latitudes and from the west. Since this 
broad pattern seems likely to hold even in quite different climates, coring sites could be chosen to tell us about 
past sea-ice extent in specific areas. 
   We compare our model of sea salt source composition with the observed chemical variability. Sea salt aerosol 
(SSA) is produced by the open ocean, but also by sea ice. Sea-ice-derived SSA has been observed with a 
characteristic elevated Na/SO4 ratio, similar to that sometimes observed in central Antarctica. Both sea-ice extent 
and salt transport are strongly affected by synoptic-scale winds. There are thus at least two processes (ice extent 
and transport) by which large-scale atmospheric structure can affect salt in ice cores, and two chemical properties 
(salt concentration and composition) which might be used to separate them. 
 

First Author Affiliation: University of Cambridge, Department of Earth Sciences, Downing Street, Cambridge. CB2 3EQ 
First Author e-mail: hlhj2@srcf.net  
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Poster Abstracts IGSBBM 
Using Tranformation Group Priors and Maximum Relative Entropy for Bayesian Glaciological 
Inversions 
Robert Arthern, Richard Hindmarsh and  C. Rosie Williams 
One of the key advances that has allowed better simulations of the large ice sheets of Greenland and 
Antarctica has been the use of inverse methods. These have allowed poorly known parameters such 
as the basal drag coefficient and ice viscosity to be constrained using a wide variety of satellite 
observations. Inverse methods used by glaciologists have broadly followed one of two related 
approaches. The first is minimization of a cost function that describes the misfit to the observations, 
often accompanied by some kind of explicit or implicit regularization that promotes smallness or 
smoothness in the inverted parameters. The second approach is a probabilistic framework that makes 
use of Bayes' theorem to update prior assumptions about the probability of parameters, making use of 
data with known error estimates. Both approaches have much in common and questions of 
regularization often map onto implicit choices of prior probabilities that are made explicit in the 
Bayesian framework. In both approaches questions can arise that seem to demand subjective input. 
What should the functional form of the cost function be if there are alternatives? What kind of 
regularization should be applied, and how much? How should the prior probability distribution for a 
parameter such as basal slipperiness be specified when we know so little about the details of the 
subglacial environment? Here we consider some approaches that have been used to address these 
questions and discuss ways that probabilistic prior information used for regularizing glaciological 
inversions might be specified with greater objectivity. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
First Author e-mail: rart@bas.ac.uk 
Spatial and temporal dynamic change in Karakoram glaciers 
Lavanya Ashokkumar (p), Adrian Luckman and Bernd Kulessa 
"Karakoram glaciers are well known for the commonality of their surge behaviour reported since 1860 
(Barrand and Murray, 2006) and contrasting mass balance compared to other glaciers in the 
Himalayas.  Nevertheless, the occurrence of surge events and long term changes in dynamics need 
further analysis to disentangle these two effects. Here, we present the dynamic behaviour of nearly 90 
glaciers in the Central Karakoram derived by feature tracking a variety of satellite images (optical and 
synthetic aperture radar). 
Dynamic behaviour is analysed from 1972 to the present at around half decade intervals with the 
exception of the mid-1980s due to a lack of suitable satellite images. Shift in the velocity pattern occur 
around late 1990 suggesting incidence of surge with gradual increase in velocity until 2013 confirming 
positive mass balance. Amongst few glaciers, velocity change is observed in the mid 2005 suggesting 
a possibility of surge event. From the temporal pattern in the dynamics, glaciers are categorised 
according to surge characteristics and long-term velocity trends. In our data we see evidence of surge 
behaviours with velocities of up to 0.3-0.5 m/day and surge clusters. Elsewhere non-surge-type 
glaciers are observed to be either increasing or decreasing in speed over the satellite record. We will 
discuss the evidence for a dynamic response to the recent positive mass balance in the region 
(Gardelle et al., 2013). 
 
REFERENCES 
Barrand, N. E., & Murray, T. (2006). Multivariate controls on the incidence of glacier surging in the 
Karakoram Himalaya. Arctic, Antarctic, and Alpine Research, 38(4), 489-498. 
Gardelle, J., Berthier, E., Arnaud, Y., & Kääb, A. (2013). Region-wide glacier mass balances over the 
Pamir-Karakoram-Himalaya during 1999-2011. The Cryosphere, 7, 1263-1286." 
First Author Affiliation: Swansea University, Singleton Park, Swansea. SA2 8PP 
First Author e-mail: 672857@swansea.ac.uk  

 



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 32 

Improved Quantification of Microscale Ice Properties using Borehole Geophysical Surveys 
Charlotte Axtell (p), Tavi Murray, Bernd Kulessa, Roger Clark and Alessio Gusmeroli 
Ground-penetrating radar studies use highly sensitive EM wave propagation velocities to quantify small changes in 
the micro-scale englacial inclusions of water or air content due to the order-of-magnitude differences in dielectric 
properties relative to ice. Although spatially limited, Cross-Borehole (XBH) radar studies are preferred for their 
greater accuracy at depth, compared to simpler surface surveys, which rely on previous calculation of shallow 
subsurface properties.  It’s  imperative  that  velocity  measurements  are  both  accurate  and  precise;;  not  only  does  the  
presence of both water and air content result in conflicting influences on the measured velocity, we also show that 
±0.004m/ns  (≈2.5%)  velocity  error  results  in  an uncertainty of ±0.6% in the fractional water content: highly 
significant, as published water contents of polythermal glaciers are typically between 0-2%. 
Therefore, we develop a rigorous approach to quantify potential uncertainties in glacier XBH velocity calculations, 
their consequences for micro-scale englacial property estimation, and suggest necessary standards for field 
practice. Major sources of potential uncertainty include first break picking, borehole geometry and most important, 
instrument drift. This causes up to ±0.003m/ns velocity error for only ±2ns time drift. Use of multi-offset surface 
calibration shots and careful measurements of borehole orientation and internal shape are vital. Finally, even a 
rough (±4%) air content value (necessarily found from another method, such as seismic VSPs) can greatly 
improve the water content calculation accuracy. 
We then apply our approach to XBH data collected in the ablation area of the polythermal mountain glacier, 
Storglaciären, Arctic Sweden. We expect to find faster surface velocities (>0.168m/ns) due to air content, followed 
by a decrease in velocities, from increasing water content; the data instead show near-constant velocities 
(0.167±0.003m/ns), with some survey locations demonstrating a velocity increase at depth to 0.175m/ns, overall 
suggesting a strong, masking influence from air. Previous studies of ice properties rely on velocity measurements 
from a single geophysical survey method. This study emphasises the necessity of combining geophysical survey 
methods, not just for result validation, but also for accurate quantification of ice properties, vital for determination of 
the nature of ice flow." 

First Author Affiliation: Swansea University, Singleton Park, Swansea. SA2 8PP 
First Author e-mail: 607467@swansea.ac.uk 
Development and validation of biogeochemical sensors for subglacial aquatic ecosystems 
Liz Bagshaw, Jemma Wadham, Alex Beaton, Matt Mowlem, Martyn Tranter and Jon Hawkings 
Subglacial runoff from glaciers and ice sheets has the potential to influence global biogeochemical 
cycles, via the export of bioavailable carbon and nutrient. However, measuring such biogeochemical 
parameters in subglacial aquatic environments and in bulk runoff is challenging. Manual sampling 
cannot provide continuous datasets and relies on the presence of personnel in the field, which is 
frequently impossible outside of the summer season. Collection of samples from more remote 
subglacial aquatic environments, such as ice stream sediment porewaters and subglacial lakes, is 
logistically difficult and expensive. Sensors provide an alternative for monitoring in situ conditions and 
are available for many analytes, but they are frequently unsuitable for deployment in icy environments.  
Low temperatures, freeze-thaw cycles, remote locations, low concentration and low ionic strength 
meltwaters challenge technologies designed for temperate aquatic systems. In order to overcome 
these limitations, the UK Natural Environment Research Council has funded the DELVE project, which 
is DEveloping and VaLidating the first miniaturised biogeochemical sensor suite for glacial 
Environments. The DELVE initiative is assembling a suite of sensors with the goal of monitoring 
dissolved oxygen (DO), pH, nitrate, H2S and iron/manganese in glacial meltwaters. Where possible, 
commercially available sensors are being employed or re-developed (DO, pH and H2S). If no 
commercial sensor is suitable, bespoke lab-on-chip microfluidic sensors (developed at National 
Oceanography Centre, Southampton) are being designed and manufactured (nitrate, iron/manganese). 
All sensors are subject to comprehensive performance evaluation: at low temperatures, including 
freeze-thaw cycling; and at low concentration and low ionic strength. Sensors which performed well in 
initial laboratory testing process have been deployed in glacial meltwaters in south Greenland, where 
they collected high resolution, continuous data on the evolution of meltwaters during a summer season. 
We present the results of this testing, and demonstrate a suite of sensors suitable for monitoring 
biogeochemical species in the cryosphere, including subglacial lakes. 
First Author Affiliation: Cardiff University, Main Building, Park Place, Cardiff. CF10 3AT 
First Author e-mail: bagshawe@cardiff.ac.uk  
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Decadal-scale dynamic changes on Novaya Zemlya, Russian High Arctic, from remotely sensed 
imagery 
Heather Bell (p), Laura Ludwinski-Heydenkorn, Rachel Carr and Tom Holt 
Arctic ice masses have rapidly lost mass from the mid-1990s, through a combination of negative 
surface mass balance and accelerated ice discharge from marine-terminating outlet glaciers. In the 
past decade, substantial mass deficits have been identified in the Russian High Arctic on Novaya 
Zemlya, and outlet glaciers have retreated rapidly, likely due to declining sea ice concentrations. 
Although studies from the Greenland Ice Sheet suggest that outlet glacier retreat impacts markedly on 
inland ice at decadal timescales, its influence on Novaya Zemlya remains unclear and is complicated 
by the presence of surge-type glaciers. Here we use multiple satellite imagery sources to assess 
decadal-scale (1980s – 2010s) changes in the frontal position, surface elevation, terminus velocity and 
glaciological structure of outlet glaciers on the northern ice cap, Novaya Zemlya. We observe a 
substantial acceleration in retreat rates during the study period: recession was comparatively slow 
between the mid-1980s and circa. 2000, it increased markedly during the 2000s and further 
accelerated from 2011 onwards. Total retreat rates (1980s – 2010s) showed a strong dependence on 
terminus type: recession on marine-terminating outlets was up to an order of magnitude greater than 
on land- or lake-terminating glaciers, with the latter retreating somewhat quicker than those ending on 
land. We observed substantially higher retreat rates on the Barents Sea coast than on the Kara Sea, 
and greater recession on the northern Kara Sea coast than in the south. We detect frontal advance on 
three glaciers in the 2010s, which contrasts markedly with the strong retreat observed elsewhere. We 
suggest that this results from recent surge activity and is supported by the identification of surge-
related features (e.g. looped moraines) on these outlets. Future work will use ASTER and Corana 
imagery to map surface elevation change and feature tracking will be applied to optical imagery, in 
order to quantify velocity changes proximal to the study glacier termini. This will allow us to assess the 
decadal-scale dynamic response of Novaya Zemlya outlet glaciers to frontal retreat and to identify 
dynamic changes associated with surging behaviour." 
First Author Affiliation: Aberystwyth University  
First Author e-mail: heatherbell_@hotmail.com 
Assessment of changes in the glacierized area of Bhaga Basin, Western Himalaya, India during 2001-
2011 
Farjana Birajdar (p), Gopalan Venkataraman and Hrishikesh Samant 
In the mid and high latitudes, glacier fluctuations and glacier-climate interactions are convincingly well 
studied and fairly documented but glaciers in the tropics, such as the low-latitudes are typically harder 
to access due to harsh climatic conditions and rough terrain, and therefore less well understood. In 
order to understand the fluctuations in Himalayan glaciers, an attempt has been made towards 
monitoring the changes in glacierized area and termini lying between 3800 and 6500 m asl of Bhaga 
basin (32°28'19.7-33°0'9.9"N;;  76°56'16.3”-77°25'23.7"E) Western Himalaya. The Bhaga basin covers 
an area of ~1695.63 km2 having 231 glaciers occupying glacierized area ranging from 0.03 km2 to 
29.28 km2. Glaciers extents are delineated using False Color Composite (FCC) of IRS-P6 LISS III 
imageries of 2001 and 2011. Results indicate that 231 glaciers covering an area of 391.56 ± 3.76 km2 
in 2001 has been reduced to 385.17 ± 3.71 km2 in 2011; a loss of 1.63 ± 1.0% in glacierized area 
within a period of 10 years. Between 2001 and 2011, the average rate of recession was estimated as 
0.63 ± 0.12 m a-1 with mean rate of retreat in terminus 1.72 ± 0.52 m a-1. The majority of glaciers in 
Bhaga basin are found undersized (< 1 km2), narrow and debris free resulting more melting with higher 
rate of retreat. The glacier retreat have also been correlated with their elevation and observed that the 
glaciers lying between 4000 and 5000 m asl lost more area than glaciers lying >5000 m asl. 
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How does Arctic soil form in response to Arctic deglaciation? Linking bulk and molecular scale 
mineralogical and geochemical processes 
Joshua Blacker (p), James Bradley, Alex Anesio, Gary Barker, Marian Yallop, Katherine Wright, Martyn 
Tranter and Liane Benning 
Glacial forefields are an ideal environment to study the initial stages of soil formation. Retreating ice 
cover exposes terrestrial ecosystems that have previously been locked under ice for thousands of 
years. A chronosequence approach can be used to characterise the geochemical evolution and 
ecological development of the soil. Here, we present results of a chronosequence of the Midtre 
Lovénbreen glacier in Ny-Ålesund, Svalbard. Samples were collected along three transects with 
exposed soils and glacial till between 0 and 2000 years, samples were collected in triplicate resulting in 
180 samples collected at two depths (0 and 15-30 cm). We have taken a multidisciplinary approach, 
combining detailed geochemical and mineralogical analyses to evaluate weathering indexes as well as 
carbon and nutrient cycling and combined this with evaluations of the changes in microbial variations 
along the same transects. Initial results show variations in elemental concentrations show a clear 
progression (from glacial terminus to the ~100yr. terminal moraine) in the sub-glacially derived debris in 
terms of weathering of labile vs. immobile elements, whereas this pattern is more complex in the 
supraglacially-derived debris. Mineralogical analysis of subglacially-derived phases shows the 
breakdown of feldspars into clay minerals as a function of age, but so far no clear trend in weathering 
indexes is evident in the supraglacial-derived debris.  

First Author Affiliation: University of Leeds, Earth and Environment, Leeds, West Yorkshire. LS2 9JT  
First Author e-mail: eejjb@leeds.ac.uk  
Microbial community dynamics in the forefield of glaciers 
James Bradley (p), Alexandre Anesio, Sandra Arndt, Joy Singarayer, Gary Barker, Liane Benning, 
Katherine Wright, Martyn Tranter, Johanna Laybourn-Parry, Jemma Wadham and Joshua Blacker 
Microbes are the primary colonisers of soils that are exposed as a result of glacier retreat in the High-
Arctic. A chronosequence approach can be used to investigate the development of microbial 
communities in these forefield soils. Microbial processes shape the overall biogeochemical 
development of initial soils over a time-scale of years to decades, and are thought to be responsible for 
the build-up of stable and labile pools of nutrients, and the eventual establishment of higher order 
plants. A mathematical model is presented which simulates the initial stages of microbial succession in 
the forefield of the Midtre Lovénbreen glacier in Svalbard (78.9°N). The model resolves groups of 
microorganism including heterotrophs, autotrophs and nitrogen-fixers, whose growth rates are sensitive 
to certain characteristics of the environment, including nutrient limitation, temperature, solar irradiance 
and snowfall. Field-work and lab-work inform model components in the form of parameter values and 
input-data. The model can be used to quantitatively evaluate the most important processes that shape 
the biogeochemical development of initial soils in extreme environments, The model can be used to 
test the sensitivity of chronosequence progression to major controls, and how this might change 
seasonally and under future climate scenarios. 
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Mathematical modelling of melt lake formation on an ice shelf 
Samantha Buzzard (p), Daniel Feltham, Daniela Flocco and Peter Sammonds 
The accumulation of surface meltwater on ice shelves can lead to the formation of melt lakes. These 
structures have been implicated in crevasse propagation and ice shelf collapse; the Larsen B ice shelf 
was observed to have a large amount of melt lakes present on its surface just before its collapse in 
2002. 
Through modelling the transport of heat through the surface of the Larsen C ice shelf, where melt lakes 
have also been observed, this work aims to provide new insights into the ways in which melt lakes are 
forming and the effect that meltwater filling crevasses on the ice shelf will have. This will enable an 
assessment of the role of meltwater in triggering ice shelf collapse.  
The Antarctic Peninsula, where Larsen C is situated, has warmed several times the global average 
over the last century and this ice shelf has been suggested as a candidate for becoming fully saturated 
with meltwater by the end of the current century.  
Here we present preliminary results of a mathematical model of heat transfer through an idealised ice 
shelf. When forced with automatic weather station data from Larsen C, surface melting and the 
subsequent meltwater accumulation and melt lake development are demonstrated through the 
modelled results.  
Investigating the role of meltwater in ice shelf stability is key as collapse can affect ocean circulation 
and temperature, and cause a loss of habitat. Additionally, it can cause a loss of the buttressing effect 
that ice shelves can have on their tributary glaciers, thus allowing the glaciers to accelerate, 
contributing to sea level rise. 

First Author Affiliation: University of Reading Dept. of Meteorology, Earley Gate, PO Box 243, Reading. RG6 6BB.  
First Author e-mail: s.c.buzzard@pgr.reading.ac.uk 
New high resolution views of the bed of Pine Island Glacier, West Antarctica 
Damon Davies (p), Robert G. Bingham,  Stephen L. Cornford, Edward C. King, David G. Vaughan, 
Alastair G.C. Graham, Matteo Spagnolo, Jan De Rydt and Andrew M. Smith 
Pine Island Glacier (PIG) in West Antarctica is currently losing ice at a rate equivalent to ~7% of current 
sea-level rise, and predicting its future is therefore an important scientific goal. Though the glacier has 
now been the focus of several modelling studies, the different models disagree on the likely future pace 
of loss and its spread inland. Significantly, all models depend critically on the form of the subglacial 
conditions used, and though the general form of the bed has been mapped from surveys over the last 
decade, the resolution of bed required for modelling to be improved, i.e. at the sub-km scale, has 
hitherto been unavailable. Addressing this dearth of detailed bed information was therefore a key 
objective for the 2013/14 UK iSTAR (ice Sheet sTAbility Research programme) traverse across PIG.  
 
We  deployed  the  British  Antarctic  Survey’s  DEep-LOoking Radio Echo Sounder (DELORES) to sound 
10 x 15 km patches of the bed in six locations across PIG. Each patch was surveyed in 22 parallel 
transects lying 500 m apart and which were each 15 km long. Along each radar transect, the bed was 
sounded approximately every 5 m. The patches sample the main trunk of the ice stream, the beds of 
four of the main tributaries, and as a control site, an inter-tributary ridge. Here we present an image of 
the ice-sheet bed at each of the six sites. We show that the nature of the bed varies significantly 
between sites, and make some preliminary interpretations of the subglacial forms relative to those 
observed in palaeo-ice stream settings." 

First Author Affiliation: University of Edinburgh, School of GeoSciences, Edinburgh.  EH8 9XP  
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Modelling glacier retreat after ice shelf collapse 
Jan De Rydt, Hilmar Gudmundsson, Helmut Rott and Jonathan Bamber 
Satellite measurements have shown the consistent and ongoing speed-up and retreat of glaciers that 
were once buttressed by the collapsed Larsen B ice shelf. Understanding the response of grounded ice 
to ice shelf collapse is a prerequisite to future predictions of sea level rise as other ice shelfs such as 
Scar Inlet or the Larsen Ice Shelf further weaken due to changing atmospheric and ocean conditions. 
 
We present preliminary model results for a number of sensitivity experiments that aim to simulate the 
response of glaciers to the collapse of Larsen B. For this purpose we use Ua, a state of the art shallow 
shelf model with grounding line resolving capabilities. The model is initialized to observed pre-2002 
conditions with the ice shelf in place, and transient runs are done that study the response to a 
weakening and removal of the ice shelf.  
 
Model results are compared to a novel dataset of ice velocities, which provides the most 
comprehensive overview of dynamical changes after the collapse. In addition, we investigate glacier 
response to the collapse of Scar Inlet, a remnant of the Larsen B ice shelf which has been suggested 
to show signs of weakening in recent years. 
 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
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Supraglacial debris distribution, thickness and temperature on Himalaya glaciers from remote sensing 
and fieldwork observations 
Morgan Gibson (p), Neil Glasser, Ann Rowan, Duncan Quincey and Tristram Irvine-Fynn 
Debris-covered glaciers, such as the Khumbu Glacier, Nepal, are common in the Himalayas, and 
provide a vital freshwater resource for over 800 million people. Future climate change is predicted to 
have a significant impact on  the  region’s  glaciers  and,  as  a  result,  water  availability  will  be  affected.  
Determining the response of these glaciers in a changing climate is currently hindered by a lack of 
understanding on the spatial variability of debris cover across glacier surfaces, and how this affects 
glacier mass balance.  
The aim of this project is to produce a time series of accurate debris-thickness maps for Khumbu 
Glacier using remotely-sensed thermal band imagery and debris surface temperature and thickness 
data collected in the field. At present a test series of debris-thickness maps have been produced for 
Baltoro Glacier, Pakistan Karakoram, reproducing and developing on previous work. Observations of 
landslide events (a major source of supraglacial debris), measurements of ice velocity, and 
quantification of glacier surface elevation changes from a series of DEMs will aid our interpretation of 
the processes driving spatial and temporal changes in debris thickness. From these data the rate of 
debris input and transport on the Baltoro Glacier will be determined. Subsequent to fieldwork, the same 
analytical processes will be undertaken for Khumbu Glacier, using remotely-sensed and field data. The 
result of this work will show how debris cover has changed on Khumbu Glacier during the two decades, 
which can then be incorporated in a predictive glacier mass balance model. 
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On the conditional frazil ice instability in seawater 
Jim Jordan (p), Paul Holland, Satoshi Kimura, Adrian Jenkins and Matthew Piggott 
It has been suggested that the presence of frazil ice can lead to a conditional instability in seawater. 
Any frazil forming in the water column reduces the bulk density of a parcel of frazil-seawater mixture, 
causing it to rise. Due to the pressure-decrease in the freezing point, this causes more frazil to form, 
causing the parcel to accelerate, and so on. We use a primitive-equation ocean model to study this 
instability. We find that frazil ice growth caused by rising of supercooled water is indeed able to 
generate a buoyancy-driven instability.  The instability does not operate in the presence of strong 
density stratification, high thermal driving (warm water), a small initial perturbation, high background 
mixing or the prevalence of large frazil ice crystals. The instability is not necessarily expressed in frazil 
ice at all times; an initial frazil perturbation may melt into a freshwater perturbation that drives re-
growth. Given a large enough initial perturbation this instability can allow significant ice growth. Finally, 
our model shows frazil ice growth in an Ice Shelf Water plume several kilometres from the ice shelf, 
under similar conditions to observations of frazil ice growth under sea ice. The presence of this 
instability could be a factor affecting the growth of sea ice near ice shelves, with implications for AABW 
formation. 
 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
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Spatially variable sub-ice shelf melt regimes beneath the Ronne Ice Shelf revealed by ice-penetrating 
radar 
Jonathan Kingslake, Richard Hindmarsh, Edward King and Hugh Corr 
Sub-ice shelf melt plays a crucial role in ice-sheet dynamics through its impact on the buttressing force exerted by 
shelves on grounded ice. Indeed, in West Antarctica ocean-induced increases in sub-shelf melt are thought to be 
responsible for recent grounding line retreat. Ice flow models that simulate this retreat are usually forced with 
spatially-uniformly increased melt rates. In contrast, recent coupled ice ocean models suggest that the spatial 
distribution of melt can be complex and, because of the heterogeneity of ice-shelf stresses, crucial for determining 
how melt impacts ice dynamics. Satellite imagery, sub-ice shelf sonar and mass-balance calculations based on 
measured ice velocities have all provided observational evidence for spatial variability in melt rates. 
 
We present further evidence for spatial variability in melt from airborne and ground-based ice penetrating radar 
surveys of the Ronne Ice Shelf. The surveys reveal the basal topography and surface expression of sub-shelf 
channels aligned with and perpendicular to ice flow. Downstream of the Evans and Rutford Ice Streams, we 
observe synclines in internal radar layers above channels and layers that intersect the ice-shelf base, indicating 
localised melting. By aligning radar layers identified in four parallel surveys lines from the region downstream of 
the Evans Ice Stream and correcting for flux divergence, mean basal melt rates are estimated. In other areas of 
the ice shelf, extensive regions of downstream-dipping layers indicate homogeneous melting. 
 
These observations reveal a variety of sub-shelf melt regimes beneath the Ronne Ice Shelf: spatially-
homogeneous melt, isolated channels and systems of complex meandering channels. It will be important to 
understand the controls on these melt regimes if we are to predict how sub-shelf melt rates and, by extension, ice-
stream buttressing will change in response to changing oceanic conditions." 
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Svalbard surging glacier landsystems 
Harold Lovell, Doug Benn, Sven Lukas and Anne Flink 
The percentage of Svalbard glaciers thought to be of surge-type is somewhere between 13-90% according to 
different sources. Developing a better understanding of which of these figures, if either, is most realistic is 
important in the context of glacier dynamics and related contributions of small glaciers and ice caps to sea level 
change in the immediate future. We present detailed geomorphological assessments of the margins of several 
known surge-type glaciers in Svalbard in order to update and improve the existing framework by which they are 
identified. Three landsystems are proposed: (1) Surges of small valley glaciers produce a prominent ice-cored 
latero-frontal moraine at their surge maximum and are characterised by an inner zone of ice stagnation terrain with 
no or only very few poorly-defined landforms (crevasse squeeze ridges, eskers and flutes) and no recessional 
moraines. Many of these glaciers may have surged in the past but show no signs that they will again. (2) Larger 
land-terminating glaciers typically produce a push moraine complex which contains evidence for multiple 
advances, as identified from ridge-meltwater channel relationships. The inner zone often contains a large lagoon, 
partly dammed by the push moraine complex, and widespread ice stagnation terrain. Crevasse squeeze ridges, 
eskers and flutes are well-defined but small and limited in number and distribution. (3) Surges of large tidewater 
glaciers produce distinctive, often multi-generational, landform assemblages both in submarine and lateral 
terrestrial positions. The well-preserved submarine record is characterised by large cross-fjord push moraines of 
fjord floor sediments with lobe-shaped debris flows on their distal slope, glacial lineations, networks of crevasse 
squeeze ridges, and eskers. Annual push moraines associated with the quiescent phase are also observed and 
are unique to the submarine record. The terrestrial record consists of large lateral moraine systems alongside the 
fjord which contain outer push ridges composed of shallow marine sediments and an inner zone of ice stagnation 
terrain. Eskers, flutes and large, sharp-crested crevasse fill ridges in dense networks are superimposed on this 
inner zone. We suggest that these three landsystems broadly characterise the geomorphology of the vast majority 
of known Svalbard surge-type glaciers and may allow previously unknown surge-type glaciers to be identified. 

First Author Affiliation: University of Portsmouth, Department of Geography, Lion Terrace, Portsmouth. PO1 3HE  
First Author e-mail: harold.lovell@port.ac.uk 
Cryo-life habitability: Diversity and function of Arctic glacial surfaces 
Stefanie Lutz (p), Alexandre M. Anesio, Arwyn Edwards and Liane G. Benning  
Snow  and  glacial  ice  cover  about  10%  of  Earth’s  surface  and  are  extreme  environemts,  yet  they  are  
colonised by a plethora of organisms including bacteria, algae, fungi, protozoa, rotifers and 
invertebrates. Among these, snow and ice algae are important primary colonisers and producers. 
Furthermore, due to the development of variable pigmentation during their life cycle and their 
widespread distribution they can have a significant effect on surface albedo. Snow and ice algae thrive 
in harsh cryogenic environments, yet, the relationships between environmental conditions and 
microbial abundance, diversity and function are still poorly understood.   
We present here the first comprehensive metagenomic study of snow and bare ice surfaces on 21 
glaciers spanning the European Arctic. Over the last three melting seasons (2012 to 2014), on each 
glacier a variety of microbial habitats (green snow, red snow, grey ice, biofilms) has been sampled in 
Svalbard (6 glaciers), Sweden (6 glaciers), Iceland (8 glaciers), and Greenland (1 glacier). All samples 
have been analysed for biome composition and function and complemented through full geochemical 
characterization. We show that algal species show a cosmopolitan distribution and that our habitat 
classification is valid across all 21 studied Arctic glaciers. Algal composition within a single habitat 
(e.g., all red snow from different geographical locations) is more similar than within a geographic 
location (e.g., red vs green snow). On the other hand, the bacterial composition does not follow the 
same habitat classification but shows more differences between than within geographic locations. 
Overall functionality (e.g., functional genes, metabolic fingerprints, pigments) within one habitat can be 
linked to matching biome compositions. 
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Self-organization of mega-scale glacial lineations 
Carlos Martin, G. Hilmar Gudmundsson, Kelly A. Hoggan, Edward King and Chris R. Stokes 
Mega-scale glacial lineations (MSGL) are elongate corrugations in sediment that develop under fast-
flowing regions in ice sheets. Their distinctive shape and distribution contains information about ice and 
sediment that is essential to understand the mass imbalance of present and past glaciated areas. Here 
we use a high-resolution full-Stokes numerical model of coupled flow of ice and sediment to investigate 
the genesis and evolution of MSGL. We compare our results with field examples from the base of 
Rutford Ice Stream, Antarctica, and from the now-exposed beds of paleo-ice streams at Anvers 
Trough, West Antarctic Peninsula, Dotson-Getz Trough, Amundsen Sea, and Dubawnt Lake in the 
Canadian Shield. We show that the origin of MSGL could be explained by naturally occurring 
perturbations in the geometry or mechanical properties of the sediment. These original perturbations 
grow, redistribute and elongate,  as the sediment is transported downstream, until they reach a steady 
configuration. We find that MSGL amplitude is dependent of the strength of the original perturbation; 
their length is related to the time elapsed from the genesis of the feature; and the lateral spacing 
between lineations depends mainly on the macroscopic mechanical properties of the sediment. Finally, 
we conclude that MSGL can be understood as a self-organized system as their geometry and 
distribution is determined by local interactions between individual lineations and not as a response to 
the global flow of ice and sediment. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
First Author e-mail: cama@bas.ac.uk 
Instability and sensitivity of the Amundsen Sea ice streams 
Isabel Nias (p), Stephen Cornford and Tony Payne 
Ice loss from Antarctica is centred on an area of West Antarctica known as the Amundsen Sea 
Embayment (ASE). The stability of this area is a key control on future global sea level. The majority of 
research that attempts to understand the mechanisms responsible for the ice loss is based on 
modelling and satellite studies of Pine Island Glacier (PIG). From these studies a mechanism for 
accelerated flow and dynamic thinning of PIG has been identified, where by relatively warm 
Circumpolar Deep Water upwells on to the continental shelf and migrates under the ice shelves, 
causing increased melt and retreat of the grounding line. In comparison to PIG, there has been 
relatively little model-based research done on the other ice streams in the area, such as Thwaites 
Glacier (TG) and Smith Glacier (SG), where the cause of observed thinning is less clear. Therefore, the 
aim of my research is to compare the sensitivity of the ASE ice streams (PIG, TG and SG) to various 
parameters. Here I present the results of a perturbed ensemble, in which the ASE was modelled using 
BISICLES, a vertically integrated, higher-order ice flow model. Latin hypercube sampling was used to 
generate parameter sets with varying bedrock geometry, basal traction, ice rheology and sub-ice shelf 
melt rate. Initial results show that the three ice streams respond differently to changes in these 
parameters. 
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Evidence for a grounded ice sheet in the Central North Sea in the early Pleistocene 
Brice Rea 
The rich archive of industry 2D and 3D seismic provide a major opportunity to enlighten us about the 
Quaternary glacial history of the British and Scandinavian Ice Sheets. Early Quaternary terrestrial 
records of glaciation are at best highly fragmentary and at worst non-existent and dominated for the 
most part, to the last deglaciation. The depo-centre along the Central Graben and Viking Graben 
contains a rich sedimentary archive approaching, in places, 1000m thick. Evidence is presented, from 
existing and new work, including mapping, from 3D seismic, of diagnostic ice proximal and subglacial 
landforms, a regional perspective on the Crenluate Reflector, wireline log and core data. These data 
indicate that not only was there grounded ice present on the periphery of the North Sea, but an ice 
sheet extended far into the Central North Sea probably multiple times.  The timing of this is not fully 
constrained but is it significantly earlier than previously thought, and certainly in the early Quaternary. 
This has implications for the interpretation of early ice sheet geometries, possible modulation of orbital 
forcing by ice sheet dynamics and implications for landscape evolution. 

First Author Affiliation: University of Aberdeen, Aberdeen. AB24 3UF 
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How continuous is the blue ice climate record at Patriot Hills, Horseshoe Valley, West Antarctica? 
Kate Reid (p), John Woodward, Neil Ross, Stuart Dunning, Chris Turney, Chris Fogwill, Andy Hein, 
David Sugden and Shasta Marrero 
Sampling of the blue ice in front of Patriot Hills, Horseshoe Valley, West Antarctica, has produced a 
horizontal Holocene climate record. The record reveals two rapid changes in climate, transitions which 
have been matched to similar Holocene changes in the North Greenland and EPICA ice cores. High 
resolution step-and-collect ground penetrating radar (GPR) surveyed along the horizontal climate 
sequence shows continuous, conformable dipping isochrones from 0 m – 246 m, 249 m – 359 m and 
362 m – 800 m. These areas represent periods of stable flow conditions and snow accumulation.  At 
247 m and 360 m there are unconformities in the isochrone layers. These unconformities represent 
changes in either i) flow conditions, including ice velocity and flow line trajectory, ii) local interaction of 
topography, snow accumulation and wind, iii) regional patterns in wind intensity or direction. GPR data, 
analysed in conjunction with deuterium isotope results and in-situ stake measurements suggest that 
the flow line trajectory of ice in Horseshoe Valley is unlikely to have changed since the Last Glacial 
Maximum. This infers that accumulating snow and ice layers have passed through two blue ice areas 
in front of the Liberty and Marble Hills, where the former ice surfaces were eroded by localised, strong 
katabatic winds, producing unconformities in the sequence stratigraphy. The GPR record, showing 
convergent, prograding and occasionally truncated isochrones near the blue ice/firn margin also 
suggests more recent changes in regional wind intensity. The unconformities in the GPR data therefore 
indicate breaks in the climate record rather than zones of correlation with the North Greenland and 
EPICA ice cores. 
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Glacial sediment transport & erosion at Glacier de Tsanfleuron, Switzerland 
Sam Roberson, Hayley Coulson, Alison Banwell, Alun Hubbard and David Chandler 
This paper characterizes and quantifies the style and rate of glacial sediment transport at Glacier de 
Tsanfleuron, Switzerland, a small plateau glacier overlying horizontally bedded Tertiary limestone. 
Measured debris concentrations within ice facies at Glacier de Tsanfleuron are combined with a 3D 
finite-difference flow model of the glacier to derive a steady-state approximation of glacial sediment 
discharge. The spatial heterogeneity of glacial sediment transport is related to proglacial landform 
development.  
Sediment transport at Glacier de Tsanfleuron can be subdivided into four areal zones on the basis of 
rate and style of sediment transport: (i) a northern outlet tongue of high sediment discharge 
transporting supraglacial rockfall debris and subglacially quarried debris; (ii) a central low-velocity 
shallow ice plateau of alternating areas of moderate to low subglacial sediment discharge sourced from 
subglacial dolines; (iii) a low velocity narrow medial moraine with high en- and supraglacial sediment 
discharge, and (iv) a southern region of thin stagnating ice with negligible sediment discharge. 
Each of these areal zones correspond to a distinct suite of landforms in the proglacial area, 
respectively: (i) a meltwater outwash plain confined by 10 m high latero-terminal moraines; (ii) thin flow-
parallel debris stripes mantling glacially eroded karst; (iii) a laterally divergent flow-parallel medial 
moraine originating from a nunatak, and (iv) an area of sparse debris stripes dominated by glacially 
eroded karst bedforms. 
Estimates of glacial sediment discharge at Glacier de Tsanfleuron provide an indication of how rapidly 
individual  landforms  may  have  formed  and  the  nature  of  the  glacier’s  dynamics  during  the  twentieth  
century. 
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Insights into ice stream dynamics through modelling their response to tidal forcing 
Sebastian Rosier (p), Hilmar Gudmundsson and Mattias Green 
The tidal forcing of ice streams at their ocean boundary can serve as a natural experiment to gain an 
insight into their dynamics and constrain the basal sliding law.  A 3-D visco-elastic full Stokes model of 
coupled ice-stream ice-shelf flow is used to investigate the response of ice streams to the ocean tide. 
In agreement with previous results based on flow-line modeling and with a fixed grounding line 
position, we find that a non-linear basal sliding law alone can qualitatively reproduce long period 
modulation of tidal forcing found in field observations. Matching the large amplitude of these 
modulations with the inclusion of lateral drag however requires the addition of either grounding line 
migration or tidally modulated changes in till strength due to sub-glacial pressure variations.  Further 
analysis of modeled ice stream flow shows a varying stress-coupling length scale of boundary effects 
upstream of the grounding line. We derive a visco-elastic stress coupling length scale from ice stream 
equations that depends on the forcing period and closely agrees with model output. To date, the 
modeling  of  an  ice  stream’s  response  to  tidal  forcing  appears  to  be  the  only  approach  capable  of  giving  
quantitative information about the basal sliding law from in-situ observations. 
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Long-wave emission from trees in snow-covered Arctic and Alpine boreal forests: measurement and 
modelling 
Nick Rutter, Clare Webster, Tim Reid, Tobias Jonas, Steve Hancock, Fränzi Zahner, Maya Horton and 
Richard Essery  
One of the most important issues facing current climate model projections of future land surface 
temperatures is the failure to adequately represent the recently observed rapid poleward retreat of late 
spring boreal Northern Hemisphere (NH) snow cover extent. This results in a significant 
underestimation of boreal land surface warming.  Identification of this model deficiency, and analyses 
quantifying component parts of the surface radiation budget, have shown the snow covered boreal 
forest zone is a crucial source of spread in ensemble model bias.  The impact of long-wave (LW) 
exchanges and feedbacks on model bias is still uncertain, are likely to be non-negligible and are a 
poorly constrained feedback of short-wave (SW) absorption and heat exchange.  Consequently, the 
measurement and parameterisation of LW exchanges in NH boreal forest of differing plant functional 
type and variable density, for use in land surface models, is of crucial importance.   
 
Here we present in-situ meteorological, tree temperature and canopy structure measurements from 
Arctic and Alpine European snow-covered boreal forests.  Meteorological measurements are used to 
assess spatial and temporal variations in sub-canopy LW enhancement. Simple models, which use 
hemispherical photography to derive sky-view fractions, are used in conjunction with measured air 
temperature, tree trunk temperature and Terrestrial Laser Scanning measurements to assess the 
influence of forest structure and application of sky-view fraction in modelled estimation of sub-canopy 
LW. 
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Parameterization of Antarctic Peninsula grounding-line retreat using multivariate linear regression 
Clemens Schannwell (p) and Nick Barrand 
Improved parameterizations of grounding-line retreat following ice-shelf collapse are necessary to 
produce more realistic projections of future sea-level rise from the Antarctic Peninsula Ice Sheet 
(APIS). We used grounding-line outlines from the MEaSURE and MOA datasets to derive annual 
positional changes for 210 of the 460 largest drainage basins in the peninsula, between 1998 and 
2004. To extend these data to all 460 basins, a robust multivariate regression analysis was carried out 
using a range of predictor variables (e.g. velocity, basin size, basin class, bed topography). 
In order to predict grounding-line retreat for ice-shelf nourishing basins following ice-shelf break-up, an 
initial velocity increase was applied to the multivariate linear regression equation. The initial velocity 
increase is based on recent observations, reporting a maximum 8 fold outlet glacier velocity increase in 
response to the disintegration of Larsen B Ice Shelf. Adopting this value as an upper bound, the initial 
acceleration is normalized for all 210 ice-shelf nourishing basins using an exponential function. The 
initial acceleration decays over time and is approximated by a second exponential function using the 
initial acceleration and the adjustment period for each individual basin. The adjustment period, the time 
period before pre-ice-shelf collapse velocities are restored, is crudely based on observations from 
previous ice-shelf break-ups. A somewhat arbitrary maximum adjustment period of 20 years is applied 
to the largest initial velocity perturbation. To calculate the adjustment period for all the other ice shelf 
nourishing basins, a simple linear relationship is assumed. 
Using the method outline above, our results show that the vast majority of the drainage basins exhibit 
grounding-line retreats of <5 km with a mean retreat of 1.65 km and a maximum retreat of 29.65 km 
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Air temperature distribution across melting Alpine glaciers 
Thomas Shaw (p) and Ben Brock 
Near surface air temperature (Ta) is one of the most important controls on energy exchange between a glacier 
surface and the overlying atmosphere, yet its variability in space and time has rarely been studied in detail.  
Distribution of Ta in surface ablation models is often performed using simple air temperature lapse rates, such as 
the well adopted environmental lapse rate, which are constant in space and uniform in time.  These lapse rates 
can thus rarely account for localised meteorological or topographic conditions which affect Ta as they are 
calculated from only one or two point measurements which are sometimes outside of the glacier boundary layer.   
This new project aims to investigate the distribution and trends in Ta across representative debris-covered and 
debris-free valley glaciers in the Italian Alps during the 2014 and 2015 ablation seasons, respectively, utilising 
dense networks of in-situ station measurements.  From previous work conducted over debris-covered glaciers it 
has been shown that Ta is strongly governed by the variations in debris surface temperature through convection 
which is in turn controlled partially by debris thickness.   
Findings from the 2014 ablation season for the Miage debris-covered glacier are presented. A network of two full 
automatic weather stations and 16 temperature stations covering an elevation range of ~1800-2600 m including 
debris-covered and debris-free surfaces, was established by the end of June.  The principal aim is to identify what 
meteorological and topographical factors control variations in Ta and how they can improve the representation of 
Ta in numerical models.  Ta variations and resultant lapse rates are considered with respect to different climatic 
conditions (such as wind speed, valley vs. down-glacier wind and cloud cover variations) and surface 
characteristics (thick or patchy debris, bare ice etc.).  The appropriateness of lapse rates for different conditions 
described above and for different segments of glacier is investigated while observing the relationship of Ta 
variations to their elevation.  Preliminary results illustrate that extrapolating temperature with constant lapse rates 
insufficiently quantifies the average temperatures at most station sites due to the influence of varying debris cover 
thickness and topographic factors.  The presented findings highlight the importance of improved knowledge of Ta 
variations for forcing distributed melt models. 
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Investigating the influence of the Greenland Ice Sheet on marine primary productivity 
Sarah- Louise Simmons (p), Jemma Wadham, Fanny Monteiro, Martyn Tranter and Alex Anesio 
During the summer, large quantities of glacially derived meltwater are exported from the Greenland Ice 
Sheet into surrounding coastal and marine systems. Over the past decade limited evidence postulates 
that this meltwater impacts the biogeochemistry of the environment which they discharge into affecting 
productivity. However, the net impact of varying meltwater from the Greenland Ice Sheet on seasonal 
and annual marine productivity remains unclear; in large part due to diverging interests between 
modellers and field scientists. Joining together field, laboratory and modelling approaches, this study 
has worked to quantify the influence of glacially derived meltwater from the Greenland Ice Sheet on 
coastal and marine productivity, with a particular focus on a reoccurring phytoplankton bloom in the 
Labrador Sea. 
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Physically consistent ice-sheet--climate coupling for the Met Office Unified Model and UKESM1 
Robin Smith, Pierre Mathiot, Stephen Cornford and Jonathan Gregory 
The high spatial resolution and long integration times required to model ice-sheets explicitly within 
climate models have led to their have generally been treated as a static part of the land surface. Until 
recently, the climate--ice-sheet studies that existed were based on simplified, non-conserving coupling 
physics and loosely constrained empirical parameterisations.  The next-generation UK Earth System 
Model (UKESM1), which is being developed jointly between NERC and the Met Office, will allow ice-
sheets to be modelled as a physically consistent, interactive part of the climate. Surface mass balance 
will be explicitly calculated in the climate model with a multi-layer snowpack model with snow ageing 
and explicit refreezing processes, deployed on subgrid tiles representing different orographic heights. 
This will be coupled to the BISICLES adaptive mesh ice-sheet model, whose floating ice-shelves will 
also be coupled to the NEMO ocean model to allow explicit representation of the sub-shelf circulation 
and melt. We report on the development and evaluation of this coupling in a number of versions of the 
Met Office's Unified Model system across a broad range of resolutions. 
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Looking through drumlins: testing the application of ground penetrating radar 
Matteo Spagnolo, Edward C. King, David W. Ashmore, Brice R. Rea, Jeremy C. Ely, Chris D. Clark 
Ground Penetrating Radar (GPR) is becoming a commonly applied technique in geomorphology. 
However, its use in the study of subglacial bedforms has yet to be fully explored and exploited. This 
paper presents the results of a GPR feasibility study conducted on a drumlinised terrain in Cumbria, 
UK, where five drumlins were investigated using multiple radar antennae frequencies. The site was 
selected for the presence of nearby bedrock outcrops, suggesting a shallow drumlinised diamict-
bedrock contact and a permeable lithology. Despite the clayey sediment and unfavourable weather 
conditions, a considerable penetration depth down to ~12 metres was achieved when using a 50 MHz 
antennae, with a separation of 1 m, trace spacing of 1 m and 128-fold vertical stack. Results indicate 
that the drumlinised diamict is in direct, erosional contact with the bedrock. While the internal drumlin 
geometry is generally chaotic on the stoss side, evidence of layering, dipping down-flow at an angle 
greater than the drumlin surface profile was found on the lee side. The inter-drumlin areas comprise ~4 
metres of infill sediment that masks part of the original drumlin profile. Overall, this study indicates that 
GPR can be successfully deployed in the study of glacial bedform sedimentary architecture. 
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Dynamic Response of Antarctic Ice Shelves to Bedrock Uncertainty 
Sainan Sun, Stephen Cornford and John Moore 
Accurate and extensive bedrock geometry data is essential in ice sheet modelling. The shape of the 
bedrock on fine scales can influence ice sheet evolution, for example through the formation of pinning 
points that alter grounding line dynamics. Here we test the sensitivity of the BISICLES adaptive mesh 
ice sheet model to small amplitude height fluctuations on different spatial scales in the bed rock 
topography provided by bedmap2 in the catchments of Pine Island Glacier, the Amery Ice Shelf, and a 
region of East Antarctica including Aurora Basin, Law Dome, and Totten Glacier. We generate an 
ensemble of bedrock topographies by adding random noise to the bedmap2 data with amplitude 
determined by the accompanying estimates of bedrock uncertainty. We find that the small amplitude 
fluctuations result in only minor changes in the way these glaciers evolve. However, lower frequency 
noise, with broad spatial scale (over 10s of km) is more important than higher frequency noise even 
when the features have the same height amplitudes and the total noise power is maintained. This 
provides optimism for credible sea level rise estimates with presently achievable densities of thickness 
measurements. Pine Island Glacier and the region around Totten Glacier and Law Dome undergo 
substantial retreat and appear to be more sensitive to errors in bed topography than the Amery Ice 
Shelf region which remains stable under the present day observational data uncertainty. 
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Evidence for microbial nitrogen cycling in Svalbard, Greenland and Joyce glaciers ecosystems 
Alejandra Urra Gallardo, Alexander Anesio, Jonathan Telling, Martyn Tranter and Jemma Wadham 
Nitrogen is an essential nutrient for life and a basic component in the synthesis of proteins, nucleotides 
and chlorophyll. This nutrient also limits primary production in coastal and marine ecosystems in the 
northern hemisphere. Atmospheric nitrogen is not accessible to the majority of organisms since it is an 
inert element. However, it can be fixed into an ecosystem by certain microbial species. Glaciers 
themselves also act as a frozen nitrogen reservoirs, where nitrate and ammonium are acquired by 
snowfall, originally derived from fossil fuel and biomass burning. As runoff from glaciers increases 
nitrogen pools locked up in ice and snow may release additional nutrient to ecosystems downstream. 
 
The nitrogen cycle involves a complex suite of processes requiring a number of enzymes and genes to 
complete it. To investigate this important cycle, molecular microbial approaches can be useful to help 
us understand the potential activity of nitrogen cycling micro-organisms within glacier systems.   
 
This poster aims to investigate which mechanisms of biogeochemical nitrogen cycling occur in different 
surface and subglacial environments. Molecular microbial approaches were used to identify the 
microorganisms involved in different nitrogen cycling pathway in glacier ecosystems; the presence of 
genes; nifH, narG and amoA are evaluated in surface and subglacial environments from Joyce 
(Antarctica), Midre Lovenbreen (Svalbard) and Leverett (Greenland) glaciers. Using quantitative PCR 
we are able to present the preliminary results of how the nitrogen cycling works in these extreme 
environments. 
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What controls sea salt concentrations in polar ice cores? 
Eric Wolff, James Levine, Hazel Jenkins, Markus Frey, Katy Pol, Xin Yang and Anna Jones 
Sea ice is a crucial climate parameter, influencing polar albedo, gas and heat exchange and ocean 
circulation.  However, beyond the satellite era, data are sparse, and beyond a century or two, rely 
mainly on palaeoclimatic inference.  Marine sediment cores can show the presence or absence of ice 
at a particular site through time, using a number of biological and geochemical tracers.  They might be 
supplemented by a good ice core proxy for regional ice extent.   
 
The suggestion has been made that sea salt might be such a tracer.  In addition to its open iocean 
source, there seems to be a source on the sea ice surface itself.  One possible mechanism for creating 
sea salt aerosol is from sublimation of salty blowing snow.  We have used modelling work, 
supplemented by new measurements during a winter cruise in the Weddell Sea, to assess what affects 
the amount of salt reaching Antarctic sites, and therefore its potential as an ice extent proxy. 
 
The modelling work suggests that annual concentrations of sea salt at most Antarctic sites are 
controlled mainly by meteorology but that ice extent might [partly determine average changes over 
longer periods of major chnage such as glacial-interglacial cycles.  We will discuss the causes of 
variability in more detail, and then assess the prospects of turning sea salt into a quantitative proxy. 
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Talk Abstracts- UK Antarctic Research Symposium 

Thursday 11th September 
11:30-11:45    Modelling fluid flows through porous sea ice: biogeochemical fluxes driven by gravity 
drainage 
Andrew Wells and Joseph Hitchen 
Sea ice is a porous material, formed of an evolving array of solid ice crystals bathed in liquid brine. The 
liquid-filled pore space provides a habitat for life within the ice, such as photosynthetic algae. 
Furthermore, when the ice is permeable, the liquid pore space provides a pathway for exchange of 
gases and other chemicals between the ice, ocean, and atmosphere. This coupling between the 
physical, chemical, and biological evolution of sea ice has poorly constrained implications for 
biogeochemical processes, such as the impact of sea ice on the carbon cycle. During winter ice 
growth, so-called gravity drainage drives a convective exchange of brine between the ocean and the 
porous interior of sea ice.  Here, we use two-dimensional mushy-layer simulations of convective flow to 
provide insight into the resulting transport of passive biogeochemical tracers through the ice.  
We calculate the horizontal and vertical distribution of chemical, which shows enhanced concentrations 
in the pore space near to brine channels. We also determine a scaling law for biogeochemical tracer 
fluxes between sea ice and the ocean during quasi-steady ice growth. These results may provide 
useful insight into nutrient supply for interpreting studies of sea-ice biogeochemistry, and offer a 
framework to develop models of physical, chemical, and biological interactions. 

First Author Affiliation: Uni. of Oxford, Atmospheric, Oceanic & Planetary Physics, Clarendon Lab, Dept. of Physics. OX1 
3PU 
First Author e-mail: wells@atm.ox.ac.uk 
11:45-12:00    Fluxes of microorganisms and nutrients from snow and ice-bound ecosystems to the 
marine environment on Signy Island, maritime Antarctica 
Marie  Šabacká, Andrew Hodson, Peter Convey and David Pearce 
Continued warming of the maritime Antarctic is leading to expansive areas of snow and ice becoming 
more and more biologically active, resulting in an increased flux of microorganisms and nutrients from 
snow and ice-bound habitats to the marine environment. Microbial abundance on the surface of glacier 
ice alone is estimated to be 10^14-10^17 cells per km3 making it the largest freshwater reservoir of 
microorganisms on Earth. Due to the recent rapid regional warming in West Antarctica and around the 
Antarctic Peninsula in particular, large masses of ice and snow have been lost into the surrounding 
ocean (~180 Gt of ice year-1). With this ice, around 16 Gg of organic carbon are also released every 
year and transferred into the ocean, but the ecological implications of such loading for the marine 
ecosystem remain unclear.  
We aim to assess climate forcing on biogeochemical activity in snow and ice-bound ecosystems in the 
maritime Antarctic and to estimate nutrient and biomass export by glacier meltwater into terrestrial 
habitats and coastal waters. Microbiology, nutrient economy and productivity of snow and ice surface 
habitats were assessed at two major glaciers on Signy Island (South Orkney Islands) in maritime 
Antarctica. These sites represent the broad range of melting and nutrient gradients found along much 
of the Antarctic Peninsula's west coast and associated archipelagos. Microbial community structure 
and biomass changes were studied in snowpack, slush and superimposed ice during the austral 
summer 2012-13 using molecular techniques, pigment concentration and flow cytometry. Fluxes of 
carbon, nitrogen, phosphorus and iron were also monitored throughout the season within snowpacks 
and the runoff they produced in order to estimate the timing and magnitude of nutrient transfer into the 
nearby coastal waters. Net ecosystem production, respiration and photosynthesis of the snow and ice-
bound habitats were evaluated using radioisotope labelling (14C and 3H) and CO2 flux measurements. 
This multidisciplinary approach enabled us to calculate the internal biological production and 
biogeochemistry of snow and ice-bound ecosystems on Signy Island and to estimate the significance 
of the nutrient and microbial loading from these melting icy habitats into the surrounding coastal 
ecosystems. 
First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
First Author e-mail: sabacka.marie@gmail.com  
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12:00-12:15    The seasonal cycle of inorganic carbon at the Rothera Time Series, West Antarctic 
Peninsula 
Oliver Legge, Dorothee Bakker, Mike Meredith, Hugh Venables, Martin Johnson and Pete Brown 
Approximately 15 million km2 of the Southern Ocean is seasonally ice covered and yet the processes 
affecting carbon cycling in this climatically important region remain poorly understood and poorly 
represented in models. Here we present two consecutive seasonal cycles of dissolved inorganic 
carbon (DIC) and total alkalinity (TA) from the Rothera Biological and Oceanographic Time Series 
(RaTS) on the West Antarctic Peninsula. Samples were taken at 15m depth 4km offshore of Adelaide 
Island, roughly weekly and analysed for DIC and TA at the UEA, Norwich, UK. This unique dataset, 
together with accompanying physical, chemical, biological and atmospheric data from RaTS, allows 
detailed investigation of the drivers of the seasonal cycle of inorganic carbon and gives an insight into 
interannual variability in carbon cycling. We observe a clear seasonal cycle in inorganic carbon: DIC is 
rapidly drawn down by biological production to a minimum of ~2000 µmol/kg in December/January 
before gradually rising to a winter maximum of ~2200 µmol/kg  due to mixed layer deepening and 
increasing ice cover. Alkalinity shows a similar pattern, with a sharp spring decrease to summer 
minima and a winter maximum of nearly 2300 µmol/kg. Significant interannual variability is apparent 
which appears to be connected to large-scale atmospheric variability. Air-sea CO2 flux estimates 
suggest that this region is a net sink of atmospheric CO2 over an annual cycle. A better mechanistic 
understanding of carbon cycling in the Southern Ocean, particularly the impact of sea ice on CO2 
uptake,  will  help  us  to  predict  better  the  Southern  Ocean’s  response  to  climate  change  in  the  coming 
decades and centuries. 

First Author Affiliation: University of East Anglia, Norwich Research Park, Norwich. NR47TJ  
First Author e-mail: o.legge@uea.ac.uk  
12:15-12:30    Glacial period refugia – Persistence of terrestrial biota in the Antarctic 
Peter Convey 
Even today, terrestrial life in Antarctica is surprisingly poorly known in detail. It is clear that most 
currently ice-free ground in Antarctica would have been covered and scoured by repeated glacial 
advances throughout the Pleistocene and over multi-million year timescales. However, as new 
baseline survey data have become available, in combination with modern molecular biological 
analysis, it has become clear that long-term persistence and regional isolation is a feature of the 
Antarctic terrestrial biota whose generality has not previously been appreciated. This biota is 
dominated by cryptogams, microarthropods, other microinvertebrates, and microbial groups, all of 
which show strong evidence of long-term presence in Antarctica. As well as creating a new paradigm 
in which to consider the evolution and adaptation of Antarctic terrestrial biota, this provides important 
cross-disciplinary challenges in the fields of understanding the geological and glaciological history of 
the continent itself, and of the climatic and oceanographic process that can both lead to isolation and 
support colonisation processes. This new and more complex understanding of Antarctic biogeography 
also provides important practical challenges for management and conservation in the region, as 
required under the Antarctic Treaty System. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: pcon@bas.ac.uk  
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12:30-12:45    Some like it cold: an in depth exploration of Antarctic soil fungal communities 
Filipa Cox, Kevin Newsham and Clare Robinson 
Despite their critical importance as decomposers of organic matter in an area of relatively high carbon 
stocks, the diversity and composition of fungal communities in Antarctic soils remain little understood.  
Here we present early results from a large-scale pyrosequencing study, in which the fungal 
communities from soils on Bird, Signy and Leonie Islands were characterised, giving rise to a database 
of just under 2 million DNA and RNA sequences. As well as sampling along a latitudinal gradient from 
the sub-Antarctic to the Antarctic peninsula, fungal communities at different soil depths, and in different 
soil fractions were also analysed.  We will discuss broad patterns in the data, and use the results of this 
study to address wider, topical, questions in fungal ecology, particularly those relating to fungal 
dispersal abilities and the potential environmental filtering effects of cold habitats. 

First Author Affiliation: Uni. of Manchester, School of Earth, Atmospheric and Environmental Sciences, Manchester. M13 
9PL 
First Author e-mail: filipa.cox@manchester.ac.uk 
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13:45-14:00    Oldest ice: the prospect of drilling ice beyond a million years in Antarctica 
Eric Wolff 
IPICS (International Partnerships in Ice Core Sceinces) identified as one of its 4 priority projects the 
wish to drill beyond the existing 800,000 years in Antarctica.  Existing ice cores have revealed major 
insights into aspects such as the linkage between greenhouse gases and climate over glacial cycles, 
and the role of millennial climate change in deglaciations.  However, the cause of the mid-Pleistocene 
Transition (MPT) - the change from 40 ka to 100 ka pacing of glacial cycles - remains obscure.  As a 
result we cannot really say that we understand today's climate.  An ice core reaching into the 40 ka 
world would contribute hugely to solving this issue.  In this presentation I would describe how a new ice 
core would contribute and explain the criteria and actions needed to find a suitable site. 
 
Such an ice core, by providing a CO2 record in the earlier period, would answer questions about the 
role of greenhouse gases in the MPT.  The new regional climate record from Antarctica would also deal 
with questions about the role of out of phase climate changes in the two hemispheres in masking the 
true climate periods that were experienced.  The difficulty in finding a suitable site is that it likley 
requires a location withouit basal melt.  With poor knowledge of geothermal heat flux, extensive 
geophysical and climate survey work will be required along with exploratory drilling, to establish viable 
sites.  the international plans towards this will be discussed. 

First Author Affiliation: University of Cambridge, Downing Street, Cambridge. CB2 3EQ 
First Author e-mail: ew428@cam.ac.uk  
14:00-14:15    Deciphering the Stability of Antarctic Ice Sheets Through Time 
Tina van de Flierdt, Carys Cook, Sidney Hemming, Trevor Williams, Elizabeth Pierce and Claire Huck 
One  important  component  of  today’s  climate  system  is  the  presence  of  massive  ice  sheets  on  both  poles,  
comprising the majority of all fresh water on our planet earth. In the light of continuing global warming, with 
predicted temperatures of ~2°C to 4°C by the year 2100, a question of major societal importance is the stability of 
these large ice sheets. If completely molten, they could raise global sea level by some 65m.  
 
The present situation with ice caps over Greenland and Antarctica is however just a snapshot in the geological 
history, which has seen waxing and waning amounts of ice at both high latitude sites. Their ice sheet history has 
been reconstructed for many years using ice-distal marine sediment records, and in particular the oxygen isotopic 
composition extracted from benthic foraminifera.  
 
Here I will review the development and establishment of a new approach to reconstruct Antarctic ice stability 
through time by using the radiogenic isotope fingerprint of detrital marine sediments. The method is based on the 
fact that each detrital grain in marine sediments ultimately has to be derived from the continent, and that its 
isotopic composition holds a record of the thermochronological  history  of  its  source  area.  Due  to  Antarctica’s  
diverse tectono-metamorphic history, many different source terrains can be depicted in one single region, and 
often even individual ice stream can be isotopically traced. 
 
I will present the initial ground-truthing of the approach around Antarctica, which consisted of core top mapping of 
various proxies and matching their provenance to individual continental source areas, including the comparison of 
fine-grained vs. coarse-grained isotope fingerprinting. After setting the stage, I will highlight some applications of 
the approach, including an impressive data set that argues for significant retreat of the East Antarctic ice sheet in 
the vicinity of the large Wilkes Subglacial basin during the warmth of the early to middle Pliocene, under climatic 
conditions which were not too dissimilar to the ones predicted for the year 2100. 

First Author Affiliation: Department of Earth Science and Engineering, Imperial College, London. SW7 2AZ 
First Author e-mail: tina.vandeflierdt@imperial.ac.uk  
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14:15-14:30    The glacial history of the NE Antarctic Peninsula on centennial to millennial timescales 
Bethan Davies, Neil Glasser, Mike Hambrey, Jonathan Carrivick, John Smellie and Nick Golledge 
The Antarctic Peninsula is currently a region of particularly rapid environmental changes, with 
atmospheric air temperatures increasing at six times the global average. This has resulted in strong 
surface glacier melt, leading to ice shelf collapse, and glacier recession, thinning and acceleration. 
However, uncertainty in future sea level contributions is high, as increases in accumulation may offset 
glacier melt in this region. Reconstructing past ice-sheet response to rapid environmental change 
throughout the Last Glacial Maximum, Holocene and more recent periods helps constrain past ice-
sheet response to rapid environmental change, recognise tipping points and thresholds, and better 
predict future glacier response to external forcings. 
James Ross Island is one of the largest ice-free regions on the northern Antarctic Peninsula, and 
provides a unique record of glacier and ice-sheet fluctuations throughout the last 20,000 years. A 
combination of geological evidence, remote sensing and numerical ice-flow modelling provide insights 
into dynamical glacier behaviour from the Last Glacial Maximum, through deglaciation and the 
Holocene, and into the twenty-first century.  
Ages derived from cosmogenic nuclide exposure dating on erratic rocks record rapid ice-sheet thinning 
during deglaciation. Prince Gustav Ice Stream initiated during this thinning, resulting in rapid 
drawdown, during a period of rapid increases in sea level and atmospheric warming. During the Late 
Holocene, glaciers receded during periods of relative warmth and ice-shelf collapse, and re-advanced 
during the cooler Late Holocene before stabilising at a position demarked by prominent ice-cored 
moraines. Twentieth Century warming has resulted in dramatic downwasting and recession, which has 
not been offset by increases in accumulation at higher elevations. It is likely that small, peripheral 
glaciers around the Antarctic Peninsula will continue to recede dramatically, with many disappearing 
over the next 200 years. 
First Author Affiliation: Royal Holloway, University of London, Egham, Surrey. TW20 0EX 
First Author e-mail: bethan.davies@rhul.ac.uk  
14:30-14:45    How can blue-ice moraines constrain elevation changes of the West Antarctic Ice Sheet 
in the southern Ellsworth Mountains? 
John Woodward, David Sugden, Andrew S. Hein, Shasta Marrero, Stuart Dunning and Kate Reid 
Observational data in the Weddell Sea sector of the Antarctic Ice Sheet has not yet allowed the dating 
of elevated glacier trimlines and associated deposits in the Ellsworth Mountains.  This uncertainty limits 
the value of models of changing ice-sheet configuration, volume and, by extension, sea level during 
glacial cycles and earlier.  Here we present the first results of a study into the origin and evolution of 
blue-ice moraines in the Heritage Range, southern Ellsworth Mountains and begin to unravel the long 
record of ice-sheet history they hold. Our findings so far are: (a) ground penetrating radar shows 
boulders and finer debris in the glacier ice and that they are related to ice structures and to basal 
debris emerging at the glacier surface, (b) exposure ages of surface debris reveals boulders both 
recently exposed and those pre-dating the Last Glacial Maximum (LGM),  (c) during the LGM the ice 
was thicker and the limit is marked by a zone of perched boulders and, in topographic hollows, by 
buried glacier ice, (d) weathered high elevation deposits with exposure ages in excess of 400 ka have 
been overridden by glacier ice and thus may represent deposits of much greater age, (e) the 
relationship between blue-ice moraines and deposits from local wind-drift glaciers makes it possible to 
constrain the date and duration of Holocene thinning. 

First Author Affiliation: Northumbria University, Ellison Place, Newcastle upon Tyne. NE1 8ST 
First Author e-mail: john.woodward@northumbria.ac.uk  
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Friday 12th September 
9:00-9:15    Glaciological and geophysical investigations of the Holocene Retreat of the Antarctic Ice-
Sheet in the Weddell Sea area 
Richard Hindmarsh, Sarah Bradley, Jonathan Kingslake, Mike Bentley, Hugh Corr, Edward King, Matt 
King, Pippa Whitehouse, Carlos Martín and Robert Mulvaney 
Many ice-sheet reconstructions assume monotonic Holocene retreat for the West Antarctic Ice Sheet, 
but an increasing number of glaciological observations infer that some portions of the ice sheet may be 
readvancing, following retreat behind the present-day margin. A readvance in the Weddell Sea region 
can reconcile two outstanding problems: (i) the present-day widespread occurrence of seemingly 
stable ice streams grounded on beds that deepen inland; and (ii) the inability of models of glacial 
isostatic adjustment to match present-day uplift rates. By combining a suite of ice loading histories that 
include a readvance with a model of glacial isostatic adjustment we report substantial improvements to 
predictions of present-day uplift rates, reconciling problematic observations of land sinking. We suggest 
retreat behind present grounding lines occurred when the bed was lower, and isostatic recovery has 
since led to shallowing, ice sheet re-grounding and readvance. Some sections of the West Antarctic Ice 
Sheet may be advancing unstably. 
 
Further information about ice-sheet retreat is given by the isochrone structure within the ice rises of the 
Ronne ice-shelf. We report on ongoing glaciological fieldwork that will quantify the retreat history with 
greater precision by exploiting glaciological flow models of the ice-rises and the evolution of isochrone 
structure. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: rcah@bas.ac.uk  
9:15-9:30    Post-glacial thinning history of the Foundation Ice Stream, Weddell Sea embayment, 
Antarctica 
Michael Bentley, Pippa Whitehouse, Andrew Hein and David Sugden 
The Antarctic ice sheet is the largest on earth and any instability is likely to dominate global sea level 
change. We therefore require models of the ice sheet to make more reliable and robust predictions of 
future change. One problem in meeting this challenge is the lack of past data on deglaciation with 
which to initialize and calibrate the models. This problem has been particularly acute in the Weddell 
Sea embayment and in particular its eastern part where the Foundation - Thiel Trough has been a 
principal drainage route for the West Antarctic Ice Sheet (WAIS), and its southern extension may be a 
potential location for future instability. Two significantly different models of glacial history have been 
proposed for the trough. The first, based largely on marine geology suggests that grounded ice 
extended to the continental shelf at the Last Glacial Maximum (LGM), filling the Foundation-Thiel 
trough. The second, based largely on terrestrial glacial geology suggests a much more restricted 
advance of ice in the trough with relatively minor or even zero thickening of the ice sheet onshore. Here 
we present new glacial geologic data from the margins of the Foundation Ice Stream, which currently 
occupies the southern extension of the trough. We sampled erratic clasts from several nunataks along 
> 100km transect of the ice stream, and will present the 10Be ages on these clasts. The data show 
several hundred metres of thinning occurred along the lower Foundation Ice Stream and its tributary 
the Academy Glacier in the Holocene. We also present preliminary results from flowline modelling of 
the Foundation Ice Stream through the LGM. We discuss the implications of the data-modelling 
comparison for the competing models of LGM and post-LGM glacial history. 

First Author Affiliation: Durham University, Dept of Geography, Science Site, South Rd, Durham, County Durham. DL14 
0AU 
First Author e-mail: m.j.bentley@durham.ac.uk  
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9:30-9:45    Climate and deglaciation history of the Weddell Sea ice sheet from deep ice core records 
Robert Mulvaney 
"During the Last Glacial Maximum (LGM), the ice shelf in the Weddell Sea region thickened substantially and 
extended approximately 450km further north to the continental shelf break, while the smaller ice shelves in the 
Antarctic Peninsula advanced to the east and west.  The loss of this additional ice mass during the deglaciation 
may have contributed as much as 6m of sea rise.  As the glacial ice sheet receded, ice caps formed in the 
Filchner-Ronne Ice shelf on high spots in the bathymetry, forming independent centres of ice flow such as the 
Korff and Henry Ice Rises.  Berkner Island is a massive ice rise, which may still have been an independent centre 
of ice flow during the LGM, though radar studies suggest the current flow centres may have stabilised as recently 
as a few thousand years.  The smaller ice shelves to the north of the Peninsula are likely less dynamically stable 
than the massive Filchner-Ronne ice shelf, and several have shown rapid loss of ice or even complete collapse in 
recent decades.   
 
The British Antarctic Survey has a long-term aim to recover intermediate-depth ice cores from the ice rises in order 
to understand the regional climate and the LGM configuration of the Weddell Sea ice sheet, and the drawdown of 
ice and contribution to sea level during the deglaciation.  Understanding the long-term climate of the northern 
Peninsula using local deep ice core records may help to set in context the recently observed rapid changes. 
 
Three ice cores penetrating to bedrock have been recovered in the past decade: Berkner Island (948m), James 
Ross Island (364m) and Fletcher Promontory (654m).  The records from these cores will be used to describe the 
climate from the LGM through the deglaciation, and the variability in the Holocene, and make some observations 
about the timing and extent of drawdown of ice from the Weddell Sea." 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: rmu@bas.ac.uk  
9:45-10:00    Limitations of 17O-excess measurements of ice cores and firn from east Antarctica for 
reconstructing normalised relative humidity of the oceanic source region 
Martin Miller 
On  a  10³ln(1  +  δ¹⁷O)  versus  10³ln(1  +  δ¹⁸O) plot, meteoric  waters  fit  a  line  of  slope  (λ)  0.5281,  a  value  
which has been shown to be accurate to ±0.0001, and with ordinate axis offset ~33 ppm when the 
respective  isotope  δ  values  are  reported  relative  to  Vienna  Standard  Mean  Ocean  Water  (VSMOW).  
Theoretical considerations suggest that the magnitude of the offset of individual data points from a line 
of slope 0.528 and which passes through VSMOW on this plot is indicative of the respective relative 
humidity at the oceanic source region. Such offsets, defined by  10³ln(1  +  δ¹⁷O) – 0.528  10³ln(1  +  δ¹⁸O), 
are  referred  to  as  ‘¹⁷O-excess’  values.  Empirical  investigation  of  this  concept,  however,  was  only  
possible after a method for determining oxygen triple-isotope ratio of water at the necessary level of 
precision was developed.  
   The first application of such measurements to Antarctic ice cores was in 2008, to a section of Vostok 
ice core corresponding to the period 50,000 – 150,00 years before present. The published 
interpretation of those data, in terms of variations of relative humidity at the oceanic source region 
during glacial and interglacial periods, was not universally accepted, however. More recent 
investigations have substantiated the dissenting view that ¹⁷O-excess records from such sites cannot 
be used for reliable reconstruction of past oceanic normalized relative humidity. 
   This presentation compares oxygen triple-isotope measurements of Vostok ice core samples at the 
glacial to interglacial scale, on the one hand, with modern seasonal-scale precipitation and with firn 
measurements on the inter-annual scale, all at the same locality. In conjunction with recently published 
¹⁷O-excess data from Dome C and Talos Dome ice cores, and also of firn from the NEEM site 
(Greenland), factors that may control ¹⁷O-excess values from ice core, firn or present-day precipitation 
sampled at localities deep inside eastern Antarctica will be discussed. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: mfm@bas.ac.uk  
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10:45-11:00    Tractor support to Antarctic scientific field campaigns, using a new NERC infrastructure 
Mike Dinn, Steve White, Simon Garrod, James Wake and Andy Smith 
British Antarctica Survey have been tasked by NERC to manage a tractor traverse train for inland 
logistics support to the iSTAR research program. As legacy to that program the BAS retain a capability 
that has, and will further become, an enabler to deep field logistics that is currently outside practical 
logistics delivery by DASH 7 and Twin Otter aircraft alone or reasonable cost. 
  
This tractor traverse system offers researchers considerable benefits over the current options for large 
project deployment, deploying large research teams or even running instruments over large range in 
the field. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: medi@bas.ac.uk 

10:00-10:15    Fingerprinting the processes of Gondwana supercontinental breakup in the Weddell Sea 
Rift 
Tom Jordan and Fausto Ferraccioli 
Gondwana was the supercontinental amalgamation of southern hemisphere continents around East 
Antarctica. Mid-Jurassic fragmentation of Gondwana began the process which ultimately formed the 
isolated Antarctic continent we see today. Fragmentation was heralded by continental extension, 
magmatism, and proposed rotation and translation of micro-plates. The driving mechanism for 
continental fragmentation is controversial. Competing models include a giant mantle plume and far field 
effects of the paleo Pacific subducting margin. Sparse rock outcrop and the reconnaissance nature of 
geophysical data mean that testing these models is particularly difficult. The current paradigm, based 
on paleomagnetic and geological data is that a microcontinental block (the Ellsworth Whitmore Block - 
EWM) was transported through the Weddell Sea rift during the earliest stages of Gondwana breakup.   
 
Recent aerogeophysical data collected as part of an Antarctic Funding Initiative (AFI) investigation into 
the Institute and Möller Ice Streams revealed the inland extent of the Weddell Sea Rift and a major 
sinistral strike slip fault system, interpreted to have accommodated movement of the EWM during early 
Gondwana breakup (Jordan el al., 2013 Tectonophysics).  Here we present a new magnetic and 
gravity anomaly compilation for the broader Weddell Sea Rift region, including the new AFI data, and 
interpret it to reinvestigate kinematic models of Gondwana breakup.  This leads us to propose that, in 
contrast to the currently widely accepted paradigm, microcontinental motion was significantly more 
limited at the onset of continental breakup. We propose that the 90° rotation of the EWM, defined from 
paleomagnetic data, may have occurred during an earlier Permo-Triassic transpressional orogenic 
event.  Our new hypothesis has important implications for estimating Weddell Sea Rift extension, the 
extent of Gondwana - Permo Triassic events, and the location of geological pinning points used in the 
reconstruction of both the Gondwana and Rodinia supercontinents. 
First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: tomj@bas.ac.uk  
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11:00-11:15    Introduction to the first iSTAR Traverse on Pine Island Glacier 
Andy Smith 
iSTAR  is  NERC’s  Ice  Sheet  Stability  Research  Programme  in  West  Antarctica.  Its  emphasis  is  in  the  Amundsen  
Sea and on Pine Island Glacier and it aims to improve our understanding of key ice sheet and ocean processes 
and enable incorporation of this into models. To achieve these, the iSTAR Programme is studying the whole 
system, from the ocean, through the ice shelf, up the glacier and into the catchment basin. 
The ocean and the ice parts of iSTAR are equally important, but here I will concentrate on one aspect of the latter, 
the first iSTAR oversnow traverse on Pine Island Glacier. This was carried out in 2013/14 and is noteworthy as a 
new way for the UK to do fieldwork in Antarctica. I will present more of the practical side of the activity, rather than 
details of the science achieved, which is for the individual science projects to report on. 
The iSTAR Traverse comprised a 900 km tractor-train journey across the Pine Island Glacier drainage basin. From 
the inland ice divide it followed the main glacier trunk as far downstream as crevassing allowed, then visited a 
number of tributaries and inter-tributary ridges, finally  ending up almost overlooking the ice shelf and the 
Amundsen Sea coast. Glaciological and geophysical measurements were carried out along the traverse route and 
at 22 specific sites. These included deep-radar sounding of the glacier bed, shallow-radar sounding of the snow 
and firn, high resolution density measurements in the upper ~10 m of the glacier, and the installation of GPS 
stations measuring the ice movement. This work was achieved by scientists from BAS and the universities of 
Edinburgh, Bristol, Leeds and Reading. 
Key to the operation of the traverse was major infrastructure, deployed over the previous two years, including two 
Pisten Bully tractors, a living caboose and bulk fuel in large bladders mounted on plastic sledges. 
It is worth emphasising that the amount of science completed, and the geographical area covered, would have 
taken many years to complete with traditional field operations. On the second iSTAR traverse (2014/15) we will 
reverse the route, repeat some measurements, recover the GPS stations, drill ice cores and acquire seismic data. 
The 2013/14 iSTAR Traverse was highly successful and demonstrated a mode of operation that opens up many 
more possibilities for UK research in Antarctica. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: amsm@bas.ac.uk  
11:15-11:30     iSTAR: measuring the ocean forcing on the West Antarctic Ice Sheet 
Povl Abrahamsen, Karen Heywood, Adrian Jenkins, Matthew Ash, Louise Biddle, Paul Brennan, Pierre 
Dutrieux, Michael Fedak, Jan Kaiser, Lai Bun, Lok Alberto, Naveira Garabato, David Steven, Benjamin 
Webber, Andrew M. Smith and Keith Nicholls 
 
The NERC ice sheet stability programme, iSTAR, consists of four projects, two dealing with the 
glaciology of the West Antarctic Ice Sheet, and two with the oceanography. The latter two focus on 
heat transport across the shelf break, water mass modification and mixing on the shelf, and the 
circulation and melting beneath the ice shelves. 
 
In January-March 2014 a research cruise on RRS James Clark Ross went to the Amundsen Sea and 
gathered a multitude of oceanographic and meteorological data on the continental shelf and near Pine 
Island and Thwaites Glaciers. This included more than 100 hydrographic (CTD) stations along and 
across the Amundsen Sea shelf break, along and across troughs toward the ice shelves, and along the 
fronts of the ice shelves, including microstructure profiles at many of these locations. In addition, 14 
Weddell and elephant seals were equipped with CTD satellite relay data loggers that have been 
transmitting further CTD data back from the area since the cruise. Oceanographic moorings near the 
shelf break and up to the ice fronts have yielded two-year time series of water mass properties and 
transports on the shelf. And the Autosub-3 Autonomous Underwater Vehicle was sent on two missions 
beneath Pine Island Glacier. Simultaneously, from land, three low-power phase-sensitive radars, 
capable of measuring minute changes in ice thickness over the course of several years, were deployed 
on the surface of Pine Island Glacier. In addition to the observational work, high-resolution numerical 
models of the Amundsen Sea are being run, including the ice shelf cavities.  
 
The data are currently being analyzed, but we will present some preliminary results from the cruise and 
fieldwork, as well as plans for further analysis and modelling. 
First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: epab@bas.ac.uk 
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11:30-11:45    Causes of variable salt deposition in Antarctic snowPreliminary Results from Autonomous 
Phase-Sensitive Radio Echosounders (ApRES) deployed on Pine Island Glacier for the iSTAR mission 
Lai Bun Lok, Paul Brennan, Matt  Ash and Keith Nicholls 
A low-power autonomous phase-sensitive radio echosounder (ApRES) has been designed and built at 
University College London, in collaboration with the British Antarctic Survey, as part of the NERC ice-
sheet stability research programme iSTAR. The system is based on FMCW radar techniques. In 
January 2014, three ApRES radar systems, including custom-designed broadband antennas and data 
loggers, were successfully deployed on the surface of Pine Island Glacier. One system has been 
deployed in point ranging mode to monitor the temporal changes of the ice-shelf base and upper 
internal layers. Two other systems have been deployed in a MIMO configuration, using an orthogonal 
array of 16 antennas, to allow two-dimensional through-ice imaging to be performed. 
 
This presentation will firstly introduce the engineering of the radar and how the system was rigorously 
tested and optimized in the laboratories of UCL and BAS prior to its deployment in the field. As part of 
the deployment process, preliminary data brought back from the field has been analysed. We will show 
measurement data of the antenna performance buried on the ice shelf and range profiles obtained with 
the radar data recorded at the time of deployment. A 2D image of the echo power at a fixed depth 
within the ice column will also be shown. 
 
Over the last six months, each system has been powered by a single lead-acid battery and is recording 
RES data for one minute every six hours. The functionality and movement of the radar is tracked using 
GPS and Iridium on a daily basis. Raw data from the radar will be manually retrieved during the 
2014/15 season and it promises to provide the scientific community with the first ever, continuous year-
long record of ground-based RES data from the ice shelf of Pine Island Glacier. 

First Author Affiliation: University College London, Department of Electronic and Electrical Engineering, London. WC1E 
7JE 
First Author e-mail: l.lok@ucl.ac.uk 
11:45-12:00    Ground Penetrating Radar along the first iSTAR traverse over Pine Island Glacier 
Thomas Flament 
During the first iSTAR traverse over Pine Island Glacier, we towed a 100 MHz GPR in order to retrieve 
the accumulation layers down to a depth of 70-100 m. 
 
At fixed sites, P. Lambert used a neutron probe to measure density profiles down to about 13-m-depth 
(see his presentation). The GPR retrieved reflection horizons will help to interpolate the accumulation 
between sites. 
 
Here, we present the first results of the horizons retrieval from the GPR data, including data coverage 
and variations in estimated layers depths. 

First Author Affiliation: University of Leeds, Woodhouse lane, Leeds. LS2 9JT 
First Author e-mail: t.flament@leeds.ac.uk 
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13:00-13:15    Subglacial conditions and ice flow across the Weddell Sea sector of West Antarctica:  
synthesis from recent aerogeophysical surveys 
Rob Bingham, Neil Ross, Hugh F.J. Corr, Fausto Ferraccioli, Tom A. Jordan, Anne M. Le Brocq, David 
M. Rippin, Kathryn C. Rose, Andrew P. Wright, David W. Ashmore and Martin J. Siegert 
Institute and Möller Ice Streams (IMIS) drain 20% of the ice from West Antarctica, forming major 
contributors to the Weddell Sea Sector (WSS) of Antarctica. Before 2010, relative to the other major 
West Antarctic drainage basins feeding the Ross and Amundsen Seas, the WSS rated as West 
Antarctica’s  “pole  of  ignorance”  concerning  past  and  present  glaciological  conditions  and  sensitivity  to  
change. Underpinned by the hypothesis that IMIS may be underlain by deformable marine sediments 
analogous to the Siple Coast ice streams, and may therefore be prone to similar ice-dynamical 
instabilities, a comprehensive aerogeophysical survey of IMIS was undertaken in the austral summer 
2010/11  under  the  auspices  of  NERC’s  Antarctic  Funding  Initiative.  Herein  we  present  a  synthesis  of  
findings from the new data. 
We now know that the lower portion of IMIS is underlain by a deep basin filled with marine sediments 
and sloping inland, rendering much of the region vulnerable to the marine ice-sheet instability. Inland of 
the marine basin, the subglacial terrain is composed of mixed roughness. This reflects, in part, a 
significant tectonic signature of faults, structural lineaments and Jurassic intrusions likely emplaced 
during opening of the Weddell Sea Rift. Superimposed is a geomorphological signature testifying to the 
basin’s  experience  of  waxing  and  waning  ice  cover  over  glacial  cycles.  An  extensive  plateau  inland  of  
the deep basin was likely created under ice-free conditions during the mid-Miocene (17-15 Ma), while 
large channels cut into the bedrock testify to the presence of thinner, temperate ice cover which 
allowed supraglacial-subglacial connections during the Pliocene (5.3 – 2.6 Ma). Today the regional ice 
cover is thinning steadily from the Last Glacial Maximum (20 ka). Patterns of englacial layering suggest 
that in the less topographically constrained western and southern parts of IMIS the spatial configuration 
of ice has changed considerably, likely in response to thinning and increased grounding of the 
Bungenstock Ice Rise and a proportional increased to drainage of IMIS via Institute Ice Stream. 
Multiple lines of evidence show that IMIS is today underlain by a highly dynamic subglacial hydrological 
system which may facilitate further changes to ice flow. Modelling suggests that of all the WSS ice 
streams, IMIS may be particularly susceptible to considerable change after only a projected moderate 
increase in ice-shelf melt at its grounding zone. 
First Author Affiliation: University of Edinburgh, School of GeoSciences, Edinburgh. EH8 9XP 
First Author e-mail: r.bingham@ed.ac.uk 
13:15-13:30    Risk of Sea Level Rise from Antarctic Ice Sheet Instability 
Tamsin Edwards 
Large parts of the Antarctic ice sheet lie below sea level and may be vulnerable to Marine Ice Sheet 
Instability (MISI), a positive feedback in which ice shelf collapse or exposure to warmer water triggers 
self-sustaining ice loss. But uncertainty quantification with perturbed parameter ensembles - for 
probabilistic projections of the risk of sea level rise under MISI - is currently precluded for models that 
can explicitly simulate migration of the grounding line (that divides ice resting on bedrock from floating 
ice shelves), due to their computational expense. 
We present a new approach implemented in the ice sheet model GRISLI that does not require high 
resolution and therefore allows uncertainty quantification: we parameterise grounding line retreat rate 
as a function of an effective basal drag coefficient. We vary the parameters of this scheme along with 
13 other inputs (basal drag law exponent, instability onset by sector, and bedrock topography) to 
generate a 3000 member ensemble. We calibrate the ensemble in a Bayesian statistical framework 
using observations of present day mass loss in the Amundsen Sea, where the grounding line is 
currently retreating. We obtain calibrated numerical model projections of the probability of sea level rise 
over the next 200 years in the event of Antarctic ice sheet instability. 
We find the projections are sensitive to model inputs, such as the basal drag law exponent. 
Nevertheless, our assessment is consistent with the lower end of previous estimates, indicating that 
the highest of ""upper end"" estimates are unlikely. This result is due to both ice dynamical theory, 
which constrains the regions over which MISI can occur and the maximum tensile stresses at the 
grounding line, and calibration, which constrains the maximum grounding line retreat rate and the 
values of effective basal drag coefficient over which this can occur. Our results highlight the importance 
of formal quantification of the effect of model uncertainties, and of constraining projections to plausible 
values using ice dynamical theory and observational calibration. 
First Author Affiliation: University of Bristol, School of Geographical Sciences, Bristol.  BS8 1SS 
First Author e-mail: tamsin.edwards@bristol.ac.uk 
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13:30-13:45    Ice-stream initiation, duration and thinning on James Ross Island, northern Antarctic 
Peninsula 
Neil Glasser, Bethan Davies, Jonathan Carrivick, Ángel Rodés, Michael Hambrey, John Smellie and 
Eugene Domack 
Predicting the future response of the Antarctic Ice Sheet to climate change requires an understanding 
of the ice streams that dominate its dynamics. Here we use cosmogenic isotope exposure-age dating 
(26Al, 10Be and 36Cl) of erratic boulders on ice-free land on James Ross Island, north-eastern 
Antarctic Peninsula, to define the evolution of Last Glacial Maximum (LGM) ice in the adjacent Prince 
Gustav Channel. These data include ice-sheet extent, thickness and dynamical behaviour. Prior to ∼18 
ka, the LGM Antarctic Peninsula Ice Sheet extended to the continental shelf-edge and transported 
erratic boulders onto high-elevation mesas on James Ross Island. After ∼18 ka there was a period of 
rapid ice-sheet surface-lowering, coincident with the initiation of the Prince Gustav Ice Stream. This 
timing coincided with rapid increases in atmospheric temperature and eustatic sea-level rise around the 
Antarctic Peninsula. Collectively, these data provide evidence for a transition from a thick, cold-based 
LGM Antarctic Peninsula Ice Sheet to a thinner, partially warm-based ice sheet during deglaciation. 

First Author Affiliation: Aberystwyth University, DGES Aberystwyth. SY23 3DB 
First Author e-mail: nfg@aber.ac.uk 
13:45-14:00    New aerogeophysical survey targets the Recovery frontier in East Antarctica 
Fausto Ferraccioli, Rene Forsberg, Kenichi Matsuoka, Tom Jordan and Marta Ghidella 
East Antarctica is the least known continent, despite being regarded as a keystone in Gondwana, 
Rodinia and Columbia supercontinents. Significant progress has been made in recent years in the 
exploration of East Antarctica using airborne geophysical techniques. Major collaborative 
aerogeophysical campaigns have been performed over the Wilkes Subglacial Basin, the Aurora 
Subglacial Basin and the Gamburtsev Subglacial Mountains. Analyses of these recent datasets is 
providing fundamental glimpses into the crustal architecture in interior East Antarctica, as well as 
several new interpretations regarding its linkages with tectonic and geodynamic evolution from the 
Precambrian to Mesozoic and Cenozoic times. 
Here we present the first results of a major reconnaissance aerogeophysical survey over the largely 
unexplored Recovery ice stream frontier in East Antarctica, flown during the IceGRAV 2012-13 field 
season, as part of a new international Danish, Norwegian, UK and Argentine collaboration.  
Over 29,000 line km of new radio-echo sounding, laser altimetry, gravity and magnetic data were 
acquired using a British Antarctic Survey Twin Otter. We focus primarily on presenting the new 
potential field datasets and discuss the anomaly patterns seen in the new aeromagnetic anomaly, free 
air, Bouguer and isostatic residual maps.  
These aerogeophysical datasets provide a new foundation to address a cascade of open questions in 
this part of East Antarctica, including: i) Where are and what is the nature of the major tectonic 
boundaries separating the Coast block, the Shackleton Range and the Dronning Maud Land crustal 
provinces? Specifically, is there new geophysical evidence in support of a Pan-African age suture zone 
in the Shackleton Range linked to Gondwana assembly?; ii) can an older Grenvillian-age orogenic belt, 
extending across the interior of East Antarctica be traced?; Or, is there a continuation of a collage of 
Precambrian provinces recognised further in the interior of East Antarctica, including the Gamburtsev, 
South Pole and Recovery provinces (Ferraccioli et al., 2011, Nature)?; iii) are there major subglacial rift 
structures and sedimentary basins hidden beneath the Recovery catchment, e.g. similar to those 
identified in the adjacent Weddell Sea Rift, or in the East Antarctic Rift System?; and finally, iv) how 
significant are geological controls on the subglacial topography, hydrology and ice sheet dynamics in 
this part of East Antarctica? 
First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: ffe@bas.ac.uk 

 



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 59 

14:00-14:15    Antarctic glacio isostatic adjustment from an inversion of satellite and in-situ observations 
Alba Martin-Español, Jonathan L. Bamber, Nana Shoen, Andrew Zammit-Mangion, Jonathan Rougier, 
Elizabeth Petrie, Riccardo Riva, Scott B. Luthcke, Thomas Flament and Frederique Remy 
Glacio isostatic adjustment has, until recently, been estimated using forward models that attempt to 
determine how the mantle and lithosphere respond to changes in ice loading through time. These 
models require knowledge of the Earth structure, including mantle viscosity, and ice load history, both 
of which have large uncertainties for Antarctica. Furthermore, 3-D Earth models are required to 
adequately accommodate the substantial variations in crustal thickness between West and East 
Antarctica. 
An alternative approach is to use observations of crustal motion from GPS, combined with mass trends 
from GRACE to invert for GIA. However, this is an undetermined problem. Here, we present a novel 
solution to this problem using the latest methods in statistical modelling of spatio-temporal processes. 
We use Bayesian hierarchical modelling and employ stochastic partial differential equations to allow us 
to solve, simultaneously, for ice mass trends and GIA. Here, we focus on the GIA solution derived from 
a combination of ICESat, ENVISAT, GRACE, InSAR, GPS and regional climate model output data for 
the period 2003-2009, assuming that GIA is time-invariant over this time frame. 
We compare our results with forward models and other inverse approaches. Our rates differ 
substantially (by more than a factor 2) regionally compared with the latest forward model solutions. For 
the Pine Island basin, for example, we obtain a rate close to 1 mm/yr as opposed to over 4 mm/yr for 
the models IJ05v2 and W12a. Over East Antarctica our rates are generally higher than forward models 
and we obtain positive values over a large area of Dronning Maud Land, where subsidence is predicted 
from forward modelling. On the other hand, we obtain negative trends over a large portion of Wilkes 
Land which are in good agreement with the results from both IJ05v2 and AGE-1. Compared to IJ05v2, 
our maximum uplifts are shifted towards the Ross and Ronne Ice Shelves, corresponding to about 4 
and 6 mm/yr respectively. Over the Antarctic Peninsula our rates are higher than forward models and 
we obtain positive values, between 3 and 6 mm/yr over the entire region. 

First Author Affiliation: University of Bristol, School of Geographical Sciences, Bristol.  BS8 1SS 
First Author e-mail: alba.martin@bristol.ac.uk 
14:45-15:00    Controls on turbulent mixing processes on the West Antarctic Peninsula Shelf 
Alexander Brearley, Michael Meredith, Alberto Naveira, Garabato and Mark Inall 
Seasonal fast ice cover over the West Antarctic Peninsula shelf has reduced significantly over the last 
30 years and is predicted to continue contracting over the coming century. The vertical structure of 
water masses in this location, with cold and fresh Antarctic Surface Water (AASW) overlying relatively 
warm and salty Circumpolar Deep Water (CDW), means that any occurrence of vigorous on-shelf 
diapycnal mixing can cause a strong vertical transfer of heat across the pycnocline. Recent Arctic 
literature suggests that turbulent mixing might be enhanced in ice-free periods due to an input of near-
inertial wind energy into the surface layers. 
 
In this study, data from a 2.5 year time series of Acoustic Doppler Current Profiler (ADCP) from close 
to the British Antarctic Survey base at Rothera are analyzed and the dominant controls on turbulent 
diffusivity are identified. Shear is significantly enhanced during the fast ice-free season, due primarily to 
near-inertial energy input from the wind, but the increase in stratification in response to seasonal 
heating and sea ice melting acts in part to suppress the turbulent diffusivity. An annually averaged 
upward heat flux between the CDW and AASW layers of 1.6 W m-2 is estimated, equivalent to a rate of 
sea ice melt of ~19 cm/yr. As the region transitions to an ice-free state, large changes in diffusivity 
could occur that would have important implications for both heat and nutrient fluxes on the West 
Antarctic Peninsula shelf. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: jambre@bas.ac.uk 
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15:00-15:15    Carbon uptake in the Weddell Gyre: deep water formation and the injection of 
anthropogenic carbon to the global abyss 
Peter Brown, Dorothee Bakker, Loic Jullion, Alberto Naveira Garabato, Mike Meredith, Mario 
Hoppema, Marie-Jose Messias, Andrew Watson and Steven van Heuven 
In the Southern Ocean, the Weddell Gyre is regarded as the primary location for the formation of deep 
and bottom waters and a potentially significant area for the sequestration of carbon, nutrients and 
atmospheric gases. Measurements of the inorganic carbon system and transient tracers from four 
cruises that cross and enclose the Weddell Gyre are used to analyse the modern carbon system, 
isolate the anthropogenic carbon signal (Canth) and infer the natural carbon residual. These are then 
combined with velocity fields from an inverse model to derive quantitative information on the 
movements of water masses, and investigate the accumulation, fluxes and transports of carbon 
into/out of the gyre and contribution to the .  
The natural carbon cycle for this polar region is found to be strongly seasonal, with increased summer 
stratification (caused by warming and recent sea-ice retreat) and concurrent strong biological 
production driving enhanced carbon drawdown and substantial undersaturation of pCO2 (up to 80 
μatm)  of  the  surface  layers.  Winter  mixed-layer deepening compensates these processes by bringing 
natural-CO2-rich deep waters to the surface, where strong outgassing lends the region to be only a 
negligible sink on an annual timescale (~0.012 PgC/yr).  
The superimposition of the anthropogenic excess signal shows a small annual sink, although division 
of the region into seasonal / perennial sea-ice zones reveals opposing contributions to the overall 
signal: impedance of upwelling-derived outgassing and additional air-sea interaction drive Canth 
uptake, whereas heat loss associated with year-round sea-ice production propel the thermodynamic 
uptake of natural CO2 from the atmosphere at the expense of anthropogenic carbon outgassing. 
Together these contribute to only a small role for the region in Canth uptake, but deep water exports 
relatively enhanced in Canth levels reveal the primary importance of the region in injecting human-
derived carbon into the global abyss on climatically important timescales. 

First Author Affiliation: University of East Anglia, Norwich, NR4 7TJ /  National Oceanography Centre, Southampton 
First Author e-mail: p.j.brown@uea.ac.uk 
15:15-15:30    The ultraviolet radiation environment during an expedition across the Drake Passage and 
on the Antarctic Peninsula 
Andrew Russell, Manmohan Gohlan and Martin Densham 
Levels of ultraviolet radiation at the Antarctic surface are likely to be high because of local stratospheric 
ozone  depletion,  altitude  and  high  surface  albedo.  Indeed,  since  the  discovery  of  the  ozone  “hole”  over  
the Antarctic and high southern latitudes around 30 years ago there has been considerable concern 
regarding the impacts on the biosphere. Here, we present data from polysulphone ultraviolet dosimetry 
badges, which were deployed daily during a British Services Antarctic Expedition to the Antarctic 
Peninsula, including a cruise period across the Drake Passage. The aim of this was to further 
understand the impact ultraviolet radiation on Antarctic workers. The expedition was undertaken from 
20 December 2011 to 7 March 2012. Badges were successfully analysed from 46 days of the 
expedition with a mean of 18.3 standard erythema dose (SED) and a range of 2.7-43.0 SED. The 
results indicate that exposure to ultraviolet radiation, or ultraviolet erythemal daily dose (EDD), is 
comparable to temperate, mid-latitude locations in the spring/late-summer. The variability of the badge 
measurements is mostly consistent with observations from a local ground-based radiometer and 
equivalent satellite derived products. However, such comparisons are limited by the changing 
location/altitude of the expedition and known biases in the satellite data. This highlights that the new 
dataset of exposure experienced at the Antarctic surface cannot be reproduced by stationary ground-
based instruments or satellites and, therefore, that the badge dataset brings a new element to this 
issue. We also show that the highest SED values during the expedition occurred at high altitude and 
that the lowest SED values occurred at low altitude and high latitude with relatively high total column 
ozone concentration. 

First Author Affiliation: Brunel University, Kingston Lane, Uxbridge. UB8 3PH  
First Author e-mail: andrew.russell@brunel.ac.uk 



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 61 

15:30-15:45    Drivers of climate variability over West Antarctica 
Scott Hosking, Andrew Orr, Gareth Marshall, John Turner and Tony Phillips 
Over the last 50 years West Antarctica has experienced one of the largest increases in regional 
temperature on Earth. Observed spatial trend patterns in surface temperature and sea ice extent 
indicate that these are likely linked to changes in the Amundsen Seas Low (ASL): a highly dynamic and 
mobile climatological low pressure system located in the Pacific sector of the Southern Ocean. In this 
sector, variability in sea-level pressure is greater than anywhere in the Southern Hemisphere making it 
challenging to isolate local fluctuations in the ASL from larger-scale shifts in atmospheric pressure. 
BAS scientists have demonstrated that the position and strength of the ASL are crucial for 
understanding regional change. Furthermore, the state-of-the-art climate models that best simulate the 
ASL provide a distinctly more realistic surface climate and sea ice extent in the region. As a major 
driver of West Antarctic climate variability, identifying the spread of ASL realisations across all the 
climate models is fundamental for reducing uncertainties in West Antarctica's past and improving 
predictions of future change. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: jask@bas.ac.uk 
15:45-16:00    Clouds over the Antarctic Peninsula 
Tom Lachlan-Cope, Amélie Kirchgaessner and John King 
 
There have been very few in-situ measurements of clouds over Antarctica and so very little is known 
about the size distribution and phase of these clouds. During the 2010/11 and 2011/12 season, in situ 
cloud microphysical measurements were conducted by the British Antarctic Survey using an 
instrumented aircraft fitted with a DMT Cloud Aerosol Precipitation Spectrometer (CAPS). Although 
observations were made during the Austral Summer they provide a useful source of measurements to 
validate climate models and provide the first climatology of clouds over the Antarctic Peninsula. 
 
Here we present a climatology of the clouds, looking at both the cloud droplet and ice particle numbers. 
We will compare clouds from both sides of the peninsula and investigate how the cloud particle 
numbers change and how this may be related to the possible sources of cloud condensation nuclei and 
ice nuclei. Early results that suggest that the clouds forming on each side of the Peninsula are similar 
in particle numbers and cloud liquid water which suggests a common cloud condensation nuclei 
source. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET  
First Author e-mail: tlc@bas.ac.uk 
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16:00-16:15    The Southern Ocean in the Met Office climate model 
Jeff Ridley and Patrick Hyder 
 
The Office physical climate model, HadGEM3, has a warm bias is the Southern Ocean which makes it 
unusable for driving a coupled ice sheet model. It is intended that HadGEM3 become the core 
component of the NERC/Met Office Earth System Model, UKESM1, which will include ice shelf cavities 
coupled to the BISICLES ice sheet model. 
 
This paper will discuss the HadGEM3 model errors and the attempts to reduce them. Surface radiation 
biases associated with the representation of model clouds casues a surface warm bias which reduces 
the sea ice extent with associated feedback on radiation and the strength of the Antarctic Cirumpolar 
Current. Surface  winds drive the upwelling but these are generally poor in all climate models and 
result in further biases. 

First Author Affiliation: Met Office, FitzRoy Road, Exeter. EX1 3PB 
First Author e-mail: jeff.ridley@metoffice.gov.uk 

 

  



IGS BRITISH BRANCH MEETING – 8TH-9TH SEPTEMBER, 2014 
UK ANTARCTIC RESEARCH SYMPOSIUM - 11TH-12TH SEPTEMBER, 2014 63 

Poster Abstracts UK Antarctic Research Symposium 
Processes controlling primary productivity of cold polar glacier surface communities in the McMurdo 
Dry Valleys, Antarctica 
Liz Bagshaw, Martyn Tranter, Jemma Wadham, Andrew Fountain and Matt Mowlem 
The processes by which organic carbon accumulates in glacier surface ecosystems are important for 
understanding the viability of glacial habitats and in predicting how runoff from glaciers will impact 
surrounding ecosystems. Measured rates of primary production and respiration from glacier surface 
communities in Arctic and Antarctic systems are widely divergent, with some studies finding that 
cryoconite holes are net autotrophic, and a potential sink of CO2, while others suggest that they are net 
heterotrophic, implying that allochthonous carbon is essential to maintain the ecosystem. Antarctic 
cryoconite holes and cryolakes differ from their Arctic counterparts by the presence of an ice lid, which 
isolates them from the atmosphere and surrounding drainage system. We mimic these isolated 
environments in a long-term, gas-tight incubation of Antarctic cryolake debris under controlled 
environmental conditions, in order to monitor carbon exchange in extreme, ice-lidded glacier surface 
ecosystems over prolonged timescales.  
We find that incubation time and light intensity are key controls on the balance between photosynthesis 
and respiration, and that carbon production eventually exceeds consumption over timescales of at least 
one ablation season. Autotrophic activity is supported by dissolved inorganic carbon (DIC), supplied by 
the meltwater and heterotrophic activity in the cryolake or cryoconite sediment layers. DIC in meltwater 
is rapidly consumed in hydrologically isolated cryoconite holes and cryolakes, such as those found in 
the McMurdo Dry Valleys, and so CO2 diffusion from heterotrophic activity at depth is crucial for 
supporting autotrophy at the sediment surface. Respiration and other anoxic processes in the deeper 
sediment layers at the base of cryolakes influence carbon balance in overlying meltwaters. This has 
implications for both local and regional models of biogeochemical processes that are dependent on 
glacial runoff, where an increase in bioavailable carbon sourced from the glacier surface can stimulate 
biological activity in downstream ecosystems. 
First Author Affiliation: Cardiff University, Main Building, Park Place, Cardiff. CF10 3AT 
First Author e-mail: BagshawE@cardiff.ac.uk 
Barium-calcium ratios in foraminiferal calcium carbonate 
Stephanie Bates 
Barium-calcium ratios of calcitic foraminifera are indicative of the barium concentration, and by 
extension refractory nutrient concentration, of ambient seawater. A ~1 million year long reconstruction 
of barium-calcium ratios from an Antarctic sediment core (PS1506, from the Weddell Sea) will be used 
to estimate a record of past refractory nutrient content. In particular alkalinity (approximated in the 
oceans by the amount of bicarbonate and carbonate ions) will be studied due to its implications for 
oceanic uptake and release of CO₂ on glacial-interglacial timescales. Modern foraminiferal barium 
uptake will also be investigated by comparing the barium-calcium ratios of modern foraminifera of 
differing species and habitat. The removal of barite contamination from the external surfaces of 
foraminifera tests will be performed using pentetic acid. 

First Author Affiliation: University of Bristol, Wills Memorial Building, Bristol. BS8 1RJ 
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CosmoDrillWAIS: Novel Application of Cosmogenic Isotopes from Subglacially-drilled Bedrock to 
determine Direct Evidence of West Antarctic Ice Sheet Collapse during Interglacials 
Michael Bentley 
The West Antarctic Ice Sheet (WAIS) is an important control on global sea level but is thought to be inherently 
unstable.  Understanding  the  risk  of  WAIS  collapse  has  been  identified  as  one  of  science’s  Grand  Challenges  but  
requires robust models of the WAIS, fully tested against geological data. A wide variety of such data exists and 
suggests that the WAIS has probably collapsed in the past, but with substantial uncertainty and disagreement 
between the proxy records of precisely when. Some records even suggest no collapse has occurred in the last 2 
million years. The only well-dated evidence is largely indirect and from outside Antarctica (e.g. past sea-levels in 
low latitudes) and is difficult to directly ascribe to WAIS, whilst the only direct evidence from beneath WAIS itself is 
not well dated. We argue that what is needed is a fresh approach, one that provides evidence of WAIS retreat that 
is both direct and can be dated. CosmoDrillWAIS aims to provide this evidence via a new approach that exploits 
the potential of rapid drilling to the ice sheet bed to retrieve direct records of past collapse and critically assess the 
published hypotheses of collapse timing. We present new modelling of cosmogenic isotope concentrations for a 
range of scenarios. This shows that the different hypotheses for WAIS collapse can be discriminated by 
measurement of isotopes on subglacial bedrock from sites carefully selected on the basis of key criteria. The 
objectives of CosmoDrillWAIS are to develop a new subglacial rock drill - for which a design concept is presented - 
and once built and tested to gain access to the bed of WAIS using hot water drilling technology and sample 
bedrock cores. We propose a transect drilling approach, whereby bedrock will be sampled at progressively deeper 
locations, and used to determine past downdraw of the ice surface associated with WAIS collapse. At each 
drillhole, cosmogenic isotope analysis on the rock core will test collapse scenarios. Numerical modelling will be 
used to link the measured changes in past ice levels to grounding line change, and furthermore to quantify the sea 
level contribution of each collapse, and explore the forcing factors responsible. The proposal is timely because it 
exploits a combination of developments in engineering technology and in laboratory analytical and modelling 
techniques. 

First Author Affiliation: Durham University, Dept of Geography, Science Site, South Rd, Durham. DL14 0AU 
First Author e-mail: m.j.bentley@durham.ac.uk 
Evolutionary history of bryophytes in Antarctica 
Elise Biersma and Peter Convey 
Glaciological reconstructions suggest that thick ice sheets covered most terrestrial areas of Antarctica 
during the Last Glacial Maximum (LGM; ~22–18ka), as well as during previous glaciations through the 
Pleistocene, Pliocene and Miocene. This has led to the assumption that most contemporary terrestrial 
biota must have (re-)colonised Antarctica since the LGM. However, recent genetic and biogeographic 
research suggests that much of the contemporary terrestrial biota has a long-term history in situ in 
Antarctica, with timescales of persistence ranging through pre-LGM to Gondwana-breakup (~65mya). 
Mosses, a major component of the Antarctic flora, currently seem to stand distinct from these patterns, 
with their low species endemism levels (5-10%) and apparently high dispersal abilities suggesting that 
today’s  moss  biota  are  recent  colonists.   
 
Here, we present the first evidence of long-term in situ persistence of mosses in Antarctica, focusing on 
the cosmopolitan species Bryum argenteum. Using the molecular marker ITS (Internal Transcribed 
Spacer) combined with worldwide geographic sampling and a molecular clock analysis, we found 
evidence for multiple colonization events of Antarctica by this moss, with estimated colonisation times 
ranging from at least four million years for the oldest lineage to half a million years for the youngest 
lineage. This strongly supports the survival of B. argenteum throughout glacial cycles within the 
Pleistocene, Pliocene and possibly even the late Miocene. This suggests that, despite low endemism 
levels, mosses may have had a much longer persistence in the Antarctic than previously thought. 

First Author Affiliation:  British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
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Permafrost preservation and long term survival in a moss from Antarctica 
Peter Convey, Esme Roads, Royce Longton 
 
We demonstrate millenial-scale survival and viability deep within an Antarctic moss bank preserved in 
permafrost. Using a core of the moss Chorisodontium aciphyllum, extracted from an actively growing 
bank extending into the permafrost on Signy Island, maritime Antarctic, we document regrowth in the 
laboratory from depths near the surface (0-30 cm), 110 cm, and at the base of the core (121-138 cm). 
New shoots developing at 0-30 cm and 110 cm originated directly from the stems of existing 
gametophytes, while those at the base of the core arose from protonema that developed from rhizoids 
preserved in the core. Core material at 110 cm was radio-carbon dated to 1533-1697 cal years BP. 
Bank-forming mosses, combining good structural preservation and incorporation into permafrost, have 
potential for even longer periods of viability than we have demonstrated here, redefining what can 
potentially be considered as a glacial refuge and providing a novel source for post-glacial habitat 
recolonisation and genetic diversity. 

First Author Affiliation:   British Antarctic Survey, High Cross, Madingley Road, Cambridge. CB3 0ET 
First Author e-mail: d.davies@ed.ac.uk 
New high resolution views of the bed of Pine Island Glacier, West Antarctica 
Damon Davies, Robert G. Bingham, Stephen L. Cornford, Edward C. King, David G. Vaughan, Alastair 
G.C. Graham, Matteo Spagnolo, Jan De Rydt, Andrew M. Smith 
Pine Island Glacier (PIG) in West Antarctica is currently losing ice at a rate equivalent to ~7% of current 
sea-level rise, and predicting its future is therefore an important scientific goal. Though the glacier has 
now been the focus of several modelling studies, the different models disagree on the likely future pace 
of loss and its spread inland. Significantly, all models depend critically on the form of the subglacial 
conditions used, and though the general form of the bed has been mapped from surveys over the last 
decade, the resolution of bed required for modelling to be improved, i.e. at the sub-km scale, has 
hitherto been unavailable. Addressing this dearth of detailed bed information was therefore a key 
objective for the 2013/14 UK iSTAR (ice Sheet sTAbility Research programme) traverse across PIG.  
 
We  deployed  the  British  Antarctic  Survey’s  DEep-LOoking Radio Echo Sounder (DELORES) to sound 
10 x 15 km patches of the bed in six locations across PIG. Each patch was surveyed in 22 parallel 
transects lying 500 m apart and which were each 15 km long. Along each radar transect, the bed was 
sounded approximately every 5 m. The patches sample the main trunk of the ice stream, the beds of 
four of the main tributaries, and as a control site, an inter-tributary ridge. Here we present an image of 
the ice-sheet bed at each of the six sites. We show that the nature of the bed varies significantly 
between sites, and make some preliminary interpretations of the subglacial forms relative to those 
observed in palaeo-ice stream settings. 
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Glacial history of sub-Antarctic South Georgia based on the submarine geomorphology of its fjords 
Dominic Hodgson, Alastair Graham, Huw Griffiths, Stephen Roberts, Colm O Cofaigh, Michael Bentley 
and David Evans  
We present multibeam swath bathymetric surveys of the major fjords surrounding the sub-Antarctic 
island of South Georgia to characterise the glacial geomorphology and to identify the relative timings 
and extent of past glacial advance and retreat. Bathymetry data revealed a range of glacial features 
including terminal, retreat and truncated moraines, deep (distal) outer and shallow (proximal) inner 
basins and cross shelf troughs. These provide evidence of glacial advance and retreat through several 
glacial cycles. A near consistent pattern of large scale submarine geomorphological features was 
observed in the different fjords suggesting a similar response of margins of the island ice cap to past 
climate forcing. A relative chronology based on the relationships between the submarine features with 
their radiocarbon and cosmogenic isotope dated terrestrial counterparts suggests that widely observed 
inner basin moraines date from the last major glacial advance or Last Glacial Maximum, while deep 
basin moraines may date from an earlier (pre-LGM) more extensive glaciation, which we speculate 
corresponds to MIS6. On the sides of the deep basins a series of truncated moraines show ice 
advance positions from preceding glacial periods. The cross shelf troughs, and mid-trough moraines 
are interpreted as the product 
of much more extensive glaciations that predate the fjord geomorphology mapped here, thus possibly 
older than MIS6. This hypothesis would suggest that South Georgia followed a glacial history similar to 
that of central Patagonia (46 degrees S) where a series of Pleistocene glaciations (of MIS 20 and 
younger ) extended beyond LGM limits, with the most extensive glacial advance occurring at c. 1.1 Ma. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge, CB3 0ET 
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New UK Polar Research Vessel 
Andy Jeffries, John Nicholson and Ray Leakey 
The Natural Environment Research Council (NERC) is to commission a new state-of-the-art polar 
research vessel to enable UK polar scientists to remain at the forefront of environmental research in 
both the Antarctic and the Arctic. The new polar ship will provide a cutting-edge research facility with 
greater ice-strengthened  capability  and  longer  endurance  than  NERC’s  existing  polar  research  ships  
which are coming to the end of their operational life. It will operated by the British Antarctic Survey on 
behalf of NERC and the UK scientific community. 
  
The ship will accommodate up to 60 researchers and act as a central hub for a range of data-gathering 
remote instruments and on-board environmental monitoring systems, including both marine and 
airborne robotic systems. It will incorporate flexible laboratory space to meet the evolving needs of 
science over the lifetime of the ship and is likely to include a helideck and hangar, and a moon pool. 
  
Funding for the research vessel was announced in April 2014 and a board has been established by 
NERC  to  oversee  the  procurement  project.  The  project  will  be  supported  by  a  “User  Consultation  
Panel”  and  NERC  will  be  working  with  the  UK  science  community  to  refine  the  technical  requirements  
for the ship. The ship will be ready for operation by 2019. 
  
This poster outlines the new polar research vessel project including details of the procurement process 
and the ships anticipated scientific capability and capacity. 
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Modelling ice-ocean interaction in ice shelf crevasses 
Jim Jordan, Paul Holland, Satoshi Kimura, Adrian Jenkins and Matthew Piggott 
Ocean freezing within ice shelf basal crevasses could potentially act as a stabilising influence on ice 
shelves, however ice-ocean interaction and ocean dynamics within these crevasses are as yet poorly 
understood. To this end, an idealised two-dimensional model of an ice shelf basal crevasse has been 
developed using Fluidity, a finite element ocean model using an unstructured mesh. A simple model of 
frazil ice formation and deposition has been incorporated into Fluidity to better represent the freezing 
process. Model results show two different flow regimes, dependent on the amount of freezing in the 
crevasse: one driven by freezing at the top of the crevasse and the other by the ingress of meltwater 
from outside the crevasse. In the first, freezing at the top of the crevasse leads to the formation of an 
unstable overturning circulation due to the rejection of dense, salty water. In the second, a buoyant 
layer is formed along the sides and roof of the crevasse, stratifying the water column. Frazil ice 
precipitation is found to be the dominant freezing process at the top of the basal crevasse in the freeze-
driven case, with direct freezing being dominant in the melt-driven case. In both cases, melting occurs 
lower down on the walls of the crevasse due to the strong overturning circulation. The freezing in ice 
shelf crevasses and rifts is found to be highly dependent upon ocean temperature, providing a 
stabilising influence on ice shelves underlain by cold waters that is not present elsewhere. 

First Author Affiliation: British Antarctic Survey, High Cross, Madingley Road, Cambridge, CB3 0ET, UK 
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Cyanobacteria and microbial mats in Antarctic lakes and ponds: diversity, distribution and response to 
environmental change 
Anne D Jungblut, Megan L. Krusor, Kate Wall, Tyler J. Mackey, Ian Hawes, Dawn Y. Sumner, Dale T. 
Andersen 
Antarctic terrestrial aquatic ecosystems in the McMurdo Dry Valleys, Southern Victorialand, and Ross 
Island include meltwater ponds and perennial ice-covered lakes; and recent findings have shown the 
sensitivity of these inland ecosystems to climatic-driven environmental change. Cyanobacteria are key 
primary producers in the benthic environments and microbial mats are often multilayered three-
dimensional structures with filamentous, exopolymer-producing cyanobacteria as the major structuring 
agent. However, to date little is still known about how microbial mat assemblages change along 
environmental gradients. We therefore evaluated cyanobacterial diversity and microbial mat 
communities in perennially-ice covered meromictic lakes in the McMurdo Dry Valleys, Antarctica in 
particular Lake Vanda and Lake Fryxell using 16S rRNA gene barcode sequencing. These lakes are 
useful models to study the relationship between microbial communities and environmental variables 
because they have rich benthic cyanobacterial mat accumulations and stable stratification of physical 
and chemical conditions. Our analysis suggests that macroscopic morphologies and internal 
stratification of laminae in the microbial mats differed between lakes. Microbial mats are stratified into 
microhabitats on millimeter scales with potentially niche-specific conditions. In Lake Fryxell, 
phototrophs such as diatoms and cyanobacteria dominated the surface layers of microbial mats, and 
heterotrophic and chemolithoautotrophic communities were more prevalent, including 
Thaumarchaeota, in the deeper layers of Lake Fryxell mats. A comparison of cyanobacterial 
composition across several Dry Valley lakes showed that their composition is influenced by 
environmental variables, however most lakes shared the majority of the cyanobacterial genotypes and 
cyanobacteria may have a broad environmental tolerance. Although, further in-depth sequence 
analyses are needed, the data suggests, that the benthic biology of Dry Valley Lakes is diverse with 
potentially different levels of resistance to environmental-driven climaticchange in Antarctica.  
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Representation of Föhn winds over the Larsen Ice Shelf in measurements and Polar WRF. 
Amélie Kirchgaessner and Jenny Turton 
Dry warm Föhn winds across the Antarctic Peninsula are thought to have contributed to the collapse of 
parts of the Larsen Ice Shelf in 1995 and 2002.  
In this presentation we compare one year of measurements at two Automatic Weather Stations (AWS), 
one on Cole Peninsula and one at Scar Inlet  with Polar-WRF runs at 5km resolution from the Antarctic 
Mesoscale Prediction System AMPS. We have developed algorithms to identify föhn events in 
measurements and model data, and wil show how well Föhn events are represented in the model. 
Investigations so far have shown that while the model  and measurements generally agree well, the 
model underestimates air temperature  and overestimates relative humidity during föhn events. These 
are both important factors that characterise föhn  situations and are determining factors in their impact 
on the ice shelf.  
The analysis of these two of altogether seven weather stations will also give us a first indication about 
the local differences in the frequency, strength and potential effect of Föhn winds on the Larsen ice 
Shelf. 
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Neutron scattering technique to determine in-situ measurements of annual accumulation across Pine 
Island Glacier, Antarctica 
Peter Lambert, Robert Gurney and Elizabeth Morris 
This research is contributory to the iSTAR D project that is looking to provide the best possible 
estimate of the mass balance in the Amundsen Sea Sector where there is no detailed agreement as to 
the mass loss in this area of Antarctica. While satellites remain to be the only platform that can provide 
continuous measures of mass imbalance, altimetry measurements of thickness change are exposed to 
uncertain temporal variations in the near surface density of the ice arising particularly from fluctuations 
in accumulation. Uncertainties in these remote sensing methods can only be securely reduced by field 
measurements. The neutron scattering technique is an in-situ method allowing rapid measurements of 
snow density within a borehole to be made, in which values of annual accumulation can be abstracted. 
 
Using the neutron scattering technique during the 2013/14 iSTAR land traverse, profiles were obtained 
at twenty-two sites, covering the full climatological range of accumulation across the ice sheet. The 
data set looks to identify the fluctuations in accumulation and near surface density. Due to the 
inhomogeneous nature of settling snow, as well as looking at the spatial variability of accumulation, 
1km nested grid sampling was performed at five sites to assess the local variability in accumulation.  
 
The results identify the inter-annual fluctuations in accumulation over the past ~20years and present an 
averaged twenty-five year accumulation record at the twenty-two sites. From this method, we calculate 
that the short term averaged fluctuations in accumulation across the ice-sheet as 0.2 – 0.26 m a-1 
(meters water equivalent) and discuss the variability that may arise in snow accumulation as a result of 
surface topography and geographical positioning. 
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Modelling supraglacial lake initiation and growth on an Antarctic ice shelf 
Amber Leeson 
In the years leading up to the collapse of the Larsen B ice shelf in 2002, a dramatic increase in the 
number of SGLs on its surface was observed (Glasser and Scambos, 2008).  Recent process 
modelling studies have shown that, by repeatedly filling and draining, it is likely that these SGLs were 
ultimately responsible for its disintegration (Banwell et al., 2013).  As the climate warms, SGLs form on 
ice shelves increasingly farther south (Scambos et al., 2000), suggesting that other Antractic ice 
shelves may be at risk of collapse, in a similar manner to Larsen B.  Here, we present preliminary 
results of a study which applies a modified version of a supraglacial lake initiation and growth model 
developed for Greenland (Leeson et al., 2012), to a synthetic representation of the Larsen-B ice shelf 
surface.  The modelled lakes are compared to satellite observations of SGL size and distribution 
acquired leading up to the collapse of Larsen-B. 
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Diatoms, Sea Ice, and Mixing: What Controls Barium Cycling in the Southern Ocean? 
Kimberley M Pyle, Kate Hendry, Ian Hall, Mike Meredith and Rob Sherrell 
Due to its associations with biological cycling, meltwater fluxes, and alkalinity, the biogeochemical 
cycle of barium (Ba) offers a unique insight into past and present oceanic conditions. Barium is 
currently utilised in various forms as a palaeoproxy for components of organic and inorganic carbon 
storage, and as a conservative tracer in regions of the modern ocean. However, many questions still 
remain about the nature of barium cycling in the ocean; the interactions between biological activity and 
the dissolved/particulate barium pools are unclear, and little is understood about the influence of 
coastal processes such as upwelling, sea ice, and glacial inputs on barium distributions. 
 
 
 
By investigating the distribution of dissolved barium in the modern Southern Ocean the comparative 
influences of these biological and physical processes can be better established. Presented here is a 
new dataset of high-precision dissolved barium measurements from the coast of the West Antarctic 
Peninsula. Combining these data with nutrient and oxygen isotope measurements from the Palmer 
Long Term Ecological Research Grid offers new insights into the major controls of the barium cycle in 
this climatically sensitive region. These insights could be utilised in the future to improve applications of 
barium palaeoproxies in this region, thus increasing our understanding of past and present carbon 
storage in the Southern Ocean 
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“Underwater  Snow”  – the micro-physics of frazil-ice formation 
David Rees Jones and Andrew Wells 
When water is cooled beneath its freezing temperature, small ice crystals can grow, rapidly filling the 
water with a suspension of so-called frazil-ice crystals. This mode of ice formation occurs in high 
latitude oceans and rivers, and is especially important for sea ice growth in the Antarctic oceans, where 
in some regions the consolidated ice crystals can constitute up to 40% of sea-ice volume. Many 
different aspects of micro-physics are thought to affect frazil-ice formation, including the fluid dynamics 
of suspensions, nucleation, the collision and adhesion of crystals, as well as heat and mass transfer. 
Here, we focus on heat and mass transfer from an individual crystal. We show how the shape of a 
crystal affects its growth. Salt is rejected into the ocean as a crystal grows, which slows growth by 
reducing the local freezing temperature. We analyze this effect, and show that polar seawater lies in an 
intermediate regime in which we must account for the diffusive transport of both heat and salt. 
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A palaeohydrological reconstruction using plant compound isotopes from the Neogene in Antarctica 
Rhian L Rees-Owen, Jane Francis, Rob J. Newton, Ruza  Ivanovic and James B. Riding 
In recent decades, the East Antarctic Ice Sheet (EAIS) has been the subject of a somewhat 
controversial debate over whether it was a stable or dynamic feature of the polar region during the mid- 
to late-Neogene (around 12-2.5 million years ago). Recent evidence from marine sediment records, as 
well as terrestrial glaciovolcanic sequences, suggest that the EAIS underwent periods of retreat and 
collapse in response to warmer climates. A suite of exceptionally well-preserved fossil wood fragments, 
identified as Nothofagus beardmorensis, has been recovered from palaeosol deposits in the Sirius 
Group sediments at Oliver Bluffs in the Beardmore Glacier region, Transantarctic Mountains, Antarctica 
(85° S). The fossils are ambiguously dated, but sit in this time period of interest.  
 
Analysis of plant compound isotope ratios from these fossils (namely, cellulose and leaf waxes) provide 
unique insight into the global hydrological cycle during this vital part of Antarctica's history, allowing 
reconstruction of precipitation isotope ratios. This is the first time this technique has been applied to 
terrestrial  Antarctic  records.  Here,  we  present  initial  results  from  δ18O  analysis  of  tree  ring  cellulose,  
which suggests the plants had access to precipitation  that  was  significantly  enriched  (δ18Oprecip    =  ~-
15‰  for  ancient;;  δ18Oprecip    =  -80 - -30‰  for  modern)  relative  to  precipitation  at  similar  latitudes  
today. This has wide-ranging implications for our understanding of the hydrological cycle during this 
time period, implying that atmospheric circulation and moisture delivery patterns were markedly 
different to today. 
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High resolution modelling of freshwater in the Bellingshausen Sea, Antarctica 
Heather  Regan, Paul Holland, Mike Meredith and Jenny Pike 
The Antarctic Peninsula is warming more rapidly than anywhere else in the Southern Hemisphere, with 
air  temperatures  increasing  by  nearly  3  degrees  since  1950.  This  is  impacting  the  peninsula’s  glacial  
ice, which is inputting freshwater to the ocean and causing sea-level rise. While atmospheric warming 
is thought to be a driver, local ocean warming suggests that the ocean is playing a role in the glacial ice 
loss. 
Since salinity is the dominant control on density near the freezing point of sea water, the freshwater 
budget of the region is central to this question.  However, meteoric meltwater from the ice sheet, 
precipitation, and meltwater from sea ice are affected by and affect the warming in a complex way. 
These contributions can be separated by observations of oxygen isotopes, both in a contemporary 
context (e.g. the Rothera Timeseries) and on longer timescales from sediment records. However, 
interpretation is made difficult by the sparsity of such data.  
We are developing a high-resolution MITgcm ocean-ice model of the Bellingshausen Sea west of the 
Antarctic Peninsula in order to understand the ocean's role in sea ice loss, glacial ice retreat and 
surface ocean warming. Oxygen isotopes will be traced in the model and used to complement 
observations from present-day and past records. The model will enable diagnosis of the critical 
freshwater processes, their sensitivity to climate change, and implications for the future. This 
presentation provides an overview of the project and results from the current stage of development. 
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Investigating the dynamics of the East Antarctic Ice Sheet on the continental shelf off the Adélie Coast 
during the Pliocene 
Benedict Reinardy, Carlota Escutia and Masao Iwai 
IODP Expedition 318 recovered approximately 2000 m of middle Eocene to Holocene sediments from 
the Wilkes Land rise and shelf representing 53 Ma of Antarctic history. Site U1358 receives drainage 
from the East Antarctic Ice Sheet (EAIS) through the Wilkes subglacial basin. Pliocene sediments were 
recovered at this site and direct evidence of the presence of grounded ice on the shelf during these 
periods can be obtained. The lower section of the core contained diatom assemblages dating back to 
the Thalassiosira innura Zone of the early Pliocene that ranges from 4.2 to 5.12 Ma. High resolution 
scans of this lower section of the core have been used to indicate any sedimentary structural changes 
downcore that could indicate variable depositional environments. In addition, samples from the 
Pliocene section of the core have been taken for micromorphological analysis. Four facies were 
interpreted from the diamictons representing the progressive advance and retreat of the grounding line 
over the site. In particular, a directional signal was evident in some units along with other 
polydeformational microstructures while other units were finely laminated. If the grounding line did 
advance and retreat to and from the outer shelf during this relatively short warm interval then there are 
significant  implications  relating  to  ice  sheet  volume  (and  sea  level)  once  a  “stable”  EAIS  is  thought  to  
be in place (i.e., since the middle–late Miocene). Together with results from the continental rise, this 
study provides a crucial ice extent target for new ice sheet models of this region during the Pliocene. 
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Deglaciation and Holocene climate change on the South Shetland Islands, Western Antarctic 
Peninsula 
Stephen Roberts, Emma Hocking, Louise Taylor, Patrick Monien, Nadia Tamara, Manograsso 
Czalbowski, Pablo Heredia, Dominic Hodgson, Mike Bentley, Jorge Strelin, Rodolfo del Valle, Bernhard 
Schnetger and Peter Fretwell 
The western Antarctic Peninsula (WAP) is located in one of the fastest-warming regions on Earth, and is a key 
area for studying the impact of changing climate on glacier dynamics, sea level and terrestrial and marine 
ecosystems. As part of the BAS and AWI-IAA-ICBM IMCOAST and IMCONET research programmes, we have 
been investigating relative sea level change and bio-geochemical sedimentation processes on Fildes Peninsula 
and Potter Peninsula, on the South Shetland Islands. Using a combination of geomorphological mapping and 
multi-proxy analysis of lake sediment records, thus far we have: (1) improved existing, and produce new, 
geomorphological maps and relative sea level curves for the South Shetland Islands; (2) studied present and past 
bio-geochemical characteristics of lacustrine and terrestrial sediments on Fildes and Potter Peninsulas; (3) 
examined rates of deglaciation, and deglaciation-related change on Fildes and Potter Peninsula, and the erosion 
of terrestrial deposits into Potter Cove and Maxwell Bay; (4) developed new lacustrine biomarker-based 
temperature proxies in an attempt to quantify past changes in regional temperature.  
Here, we summarise some of our most exciting results, including: 1) a new relative sea level curve for the South 
Shetland Islands (EH, PF & SR) and a new geomorphological map for Potter Cove (PH), alongside a summary 
map of deglaciation ages for the SSI (EH & SR); 2) a case-study of past lake ecosystem and penguin population 
response to Holocene deglaciation and climate/oceanographic-change across the WAP region. In this we show 
that  elevated  inorganic  ‘bio’-elements associated with penguin guano were found in lake sediments from Ardley 
Island  during  some,  but  not  all,  ‘warmer’  periods of the last c. 9,000 years, and highlight how changes in relative 
sea level, and volcanic activity could have influenced the distribution of guano input and how this and related data 
can be used to assess the past size of this and other penguin colonies across the WAP (PM & SR); 3) a new 
quantitative estimate of mid-late Holocene temperature variability from Yanou Lake on King George Island (LT) 

First Author Affiliation:  British Antarctic Survey, High Cross, Madingley Road, Cambridge, CB3 0LT 
First Author e-mail: sjro@bas.ac.uk 
Biodiversity and adaptive strategy to Antarctica: the tardigrades 
Matteo Vecchi, Michele Cesari, Sandra J. McInnes, Ilaria Giovannini, Tiziana Altiero, Roberto Bertolani, 
Lorena Rebecchi and Roberto Guidetti 
Tardigrades are very important members of Antarctic biota in terms of abundance, distribution, and 
colonized substrates. Despite their importance in the Antarctic ecosystems, there are few ecological or 
taxonomic studies on this group. We performed an extensive campaign along the Victoria Land coastal 
line in Antarctica. More than 180 samples of lichens, mosses and freshwater sediments were collected 
from 17 areas of a north–south transect of about 600 km. In the samples, an unexpected high 
tardigrade diversity was detected. We found 14 tardigrades species belonging to both tardigrade 
classes, 4 of which were new for science, underlying that undiscovered biodiversity is still present in 
the continent. Some species were found only in very localized areas and in specific substrates (e.g. 
moss or lichen), others were more scattered along the coast, and one (Acutuncus antarcticus) was 
present in almost all sampling areas and types of substrates. This indicates that in Antarctica, as in 
temperate areas, there are several stenotopic tardigrade species with low dispersal capabilities, and 
few eurytopic species with high dispersal capabilities. Surprisingly, the genetic variability of the most 
widely distributed eurytopic species (the endemic A. antarcticus) was very low, even among very 
distant populations (e.g. the opposite sides of the continent). Lab experiments on the adaptive strategy 
of A. antarcticus to Antarctic environment evidenced a short life cycle (about 60 days) and a very short 
embryonic developmental time (about 14 days) compared to species of temperate regions that well fit 
with the short Antarctic breeding season. These capabilities together with a telitokous parthenogenetic 
reproduction and a good cryptobiotic ability allowed A. antarcticus to colonize all Antarctica. 

First Author Affiliation:  Department of Life Sciences, University of Modena and Reggio, Emilia, Modena 
First Author e-mail: roberto.guidetti@unimore.it 
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Ellis Brigham 
We would like to thank our sponsors Ellis Brigham Mountain Sports for providing merchandise and prizes for both 
events 
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The UK Polar Network (UKPN) 

About Us 
The UK Polar Network was established in April 2007 as part of the 
2007 – 2009 International Polar Year (IPY). We are the UK branch of 
the Association of Early Career Scientists (APECS) and currently 
have over 400 members, from aspiring undergraduates to Masters 
and PhD students, postdoctoral researchers, and recent faculty 
appointees. As a voluntary group we organise career development 
events for early career scientists in addition to running education and 
outreach activities to enthuse and inspire young people about the 
polar regions. 

The aims of the UKPN are threefold: 

� To provide networking between and support for early career polar researchers 
� To provide education and outreach with regards to polar issues to young people and 

the general public 
� To provide information via newsletters and this website - including past 

events and photos. Click here to join our email list. 
 

UKPN Activities 

Throughout the year the UKPN organises a host of events aimed at early career research 
scientists. These range from skill and career development workshops, scientific summer 
schools, to networking days, mentor panels, and education and outreach events. Check out 
our homepage to see some of the recent events that we have hosted and participated in. 
Alternatively, if you have an idea for an event, or would like to organise one at your 
institution get in touch! 
 

UKPN at the IGSBBM and the UK Antarctic Symposium 
There are two UKPN events during the week. One coincides with the IGS BBM and the 
other is taking place during the UK Antarctic Research Symposium. These two events are 
scheduled to take place between 13:00-14:00 on Monday 8th and 14:45-15:45 and 
Thursday 11th respectively.  Please  show  your  support  by  popping  along  to  see  what’s  going  
on. 

  

http://www.ipy.org/
http://www.apecs.is/
https://www.jiscmail.ac.uk/cgi-bin/webadmin?SUBED1=UKPN&A=1
http://www.polarnetwork.org/
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