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PROGRAMME

WEDNESDAY, 9™ FEBRUARY

2:00 Welcome and housekeeping
2:15 0 3:30 SESSION D Glacier behaviour and dynamics (Chair: Alice Doughty )
2:15 Robert Dykes

Buoyancy induced calving at Tasman Glacier, New Zealand

2:30 Huw Horgan
Dynamic thinning of the Thwaites Glacier, West Antarctica

2:45 Clare Robertson
Subaqueous terminal morphology of a proglacial lake, Mount Cook National
Park

3:00 Todd Redpath

A comprehensive ten year flow velocity record for the Tasman Glacier from
optical satellite Imagery

3:15 Marijke Habermann
A principled stopping criterion for bed stren gth reconstructions

3:30 0 4:00 Afternoon tea
4:00 06 4: 30 Short talks and APECS (Chair: Katrin Sattler)
Daniel Price

Ben Thomson
Samantha Goodhue
Philip Bennington
Lisa Hahn-Woernle

4:30 8 5:45 SESSION 3 Fox and Franz Josef Glacier (Chair: Tim Ker

4:30 David Alexander
High basal melting rates within high  -precipitation, temperate mountain glaciers

4:45 John Appleby

Structural Glaciology of a temperate maritime glacier: Lower Fox Glacier, New
Zealand
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5:00 Brian Anderson
Diurnal to decadal ice velocity variations on Franz Josef Glacier (Ka Roimata o
Hine Hukatere), South Westland, New Zealand

6:00 Dinner

7:30 Public Talk and interactive discussion

THURSDAY 10™ FEBRUARY

7:00 Breakfast
8:15 Announcements
8:30 06 11:00 SESSION 3 Antarctica  (Chair: Pat Langhorne )
8:30 Alexander Gough
Multiyear Sea Ice in McMurdo Sound & Insights into Snow Ice and Brine Migration
8:45 Inka Koch
Processes of sediment entrainment at the base of the Southern McMurdo Ice
Shelf, Anta rctica
9:00 Abigail Lovett
An investigation into the origin, formation and deformation of Mirabilite deposits,
Hobbs Glacier Region, Antarctica
9:15 Oliver Marsh
A new velocity map of the Ross Ice Shelf, derived from cross -correlation of ICESat
altimetry
9:30 Laurie Burn-Nunes
Investigation of lead and its isotopes in Antarctic ice
9:45 Short break
10:00 Inga Smith
Sea ice thicknesses: Results from the 2010 Antarctic winter
10:15 Andy Mahoney

The seasonal arrival of ice shelf water in McMurdo Sound an d its effect on sea ice
growth
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10:30 Greg Leonard
Measurement of coastal sea ice vertical and horizontal displacements using a
differential GPS and Total Station measurement array
10:45 Daniel Price
Three-dimensional assessment of sea ice in McMurdo Soun  d, Antarctica, using
satellite data sets
11:00 6 11:30 Morning tea
11:30 06 12:45 SESSION 4 Modelling (Numerical and Analytical) (Chair: Inga Smith)
11:30 Alice Doughty
Modelling late -glacial ice extent in the Ben Ohau Range to estimate
past te mperatures
11:45 Karen McKinnon
Climatic and non -climatic influences on Tasman Glacier extent
12:00 Jono Conway
Surface climate of Brewster Glacier
12:15 Natalya Reznichenko
Diagnostic criteria for the identification of the rock avalanche derived sed iments
in moraines
12:30 Phil Weir
Applications of engineering  -style approaches to the analysis of ocean
wave - ice floe interactions
12:45 Fabien Montiel
Experimental Approach to Water Wave Interactions with Sea -Ice Floes
1:00 8 2:00 Lunch
2:00 0 3:15 SESSION 5 Climate , Glaciers and Permafrost (Chair: Andrew Mackintosh )
2:00 Jim Salinger
Climate trends in the Southern Alps 1860s - 2010
2:15 Tim Kerr
Design of a precipitation observation campaign to investigate the precipitation
distribu tion in Westland Tai Poutini National Park, New Zealand
2:30 Trevor Chinn

Response times and glacier behaviour interpretation from glacier fluctuation
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2:45 Nikolai Kruetzmann
Measuring snow accumulation and compaction with ground -penetrating rad ar
3:00 Heather Purdie
Interannual variability in net accumulation on Tasman Glacier and its relationship
with climate
3:1503:45 Afternoon tea
3:45 Katrin Sattler
In search of the Frozen Ground ...
4:00 Martina Barandun
Mass Balance Modeling of the B asodino Glacier with a simple Analytical Model
4:15 Pascal Sirguey
Measurements of glacier albedo using terrestrial and spaceborne remote sen S-
ing, assimilation into a mass balance model
4:30 Sebastian Vivero
Chilean glacier inventories: a review
4:45 Ma rtyn Tranter
Biogeo ch emistry of the global glacial sediment cycle
6:00 Dinner

FRIDAY, 11™FEBRUARY

7:00 Breakfast
8:00 6 2:00 Fieldtrip to Fox Glacier
2:00 Vans depart to Christchurch/ Dunedin
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GLACIERS IN OUR BACKYARD
d Hazards, monitoring, and adaptation

Graham Wilcox, Cornelia Vervoorn & Brian Anderson

Fox and Franz Josef glaciers are two of the most frequently visited glaciers in the
world due to their spectacular setting, dramatic advance and retreat, and easy

access. Facil itating as well as regulating peopl ebd
task. Visitors range in experience from complete novice to mountaineer, and they
are expected to make the right decisions about their personal level of expe rtise.

Monitoring and model ling of these glaciers over the last decade has shown that

they are vulnerable to climatic change. Adapting to these changes will be a key
challenge in the coming decades.

The public lecture and subsequent discussion include a unique combination of
speaker s who will discuss day -to-day observations of glacier change, safety ma n-
agement, and glac ier research.

Graham Wilcox

Graham Wilcox has been working as a glacier guide at Fox Glacier for the past 10 years.

He is passionate about glaciers and likes to ke  ep up -to-date with current scientific unde  r-
standing. Consequen tly, Graham has assisted scientists on a number of glaciological field

trips in the Southern Alps and has been co  -ordinating on -going mass balance measur e-
ments on the lower Fox Glacier.

Corneli a Vervoorn

Cornelia Vervoorn is the community relations manager for the Doc Franz Josef Waiau area,

and previously worked as a glacier guide at Fox Glacier. She continues to be an active
part in the alpine, primary school, and tourist communities, offering opportunities, wor k-
shops, and functions through her position at Doc.

Brian Anderson

Brian Anderson is a glaciologist at Victoria University with primary interests in mode lling the
interactions between glaciers and climate. Brian lives on the Wes t Coast and has been
monitoring the mass balance and flow of Franz Josef Glacier for more than a decade. He

has also made projections on the impact of climatic change on the glacier.

Wednesday, 9th February 2011,
7.30 pm, Community Hall
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BUOYANCY INDUCE D CALVING AT TASMAN GLACIER, NEW ZEALAND

Dykes, R.C", Brook, M.S?, Lube, G?

'Geography Programme, School of People Environment and Planning,
Massey University, Palmerston North, New Zealand.
\/olcanic Risk Solutions, Institute of Natural Resourdéassey University, New Zealand.

Throughout the months of July and August 2010 a large sectitre dérminus offasman Glacier

was observed to lift out of the water, eventually calving on th&df2August. Calving of this large
section of the glacidikely occurred as a result of torgueluced buoyangycaused by large areas of

the glacier readhg flotation. Buoyancy of the terminus at calving margins occurs as a result of
thinning associated with longitudinal stretching and subaerial melt altéréngtress regime of the
terminus, decreasing ice overburden pressure. Evidence for buoyancy induced calving at Tasman
Glacier is expressed by the tilting of then@msional notches, the formation of transverse crevasses
cutting across the hinge pointdan t he presence of | arge O6tabul ar
and calving of the terminus of Tasman Gladiassignificantly altered the dynamics of the terminus
region. This has resulted in a series of comparatively smaller calving evenesgadier readjusts

to its new geometry.
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DYNAMIC THINNING ON THWAITES GLACIER, WE ST ANTARCTICA

Horgan H.J, Christianson K, Anandakrishnan $.

!Antarctic Research Center, Victoria University of Wellington
’Pennsylvania State University

ThwaitesGlacier drains the Amundsen Sea Sector of West Antarctica, and is presently undergoing
substantial mass loss. Bedrock topography within the Thwaites catchment is well below sea level and
slopes inland, making Thwaites inherently unstable. At the coastiraw (50 km) sill of shallow
bedtopography presently stabilizes the system. During the austral summers 2@I®@nd 2003

2009, a network of continuous GPS stations were installed on Thwaites Glacier. Combining the
resulting observations with ICESaurface elevation data reveals the distribution of dynamic
thinning and velocity variations on Thwaites between 2003 and 2009. These data indicate that the
mass imbalance on Thwaites is leading to thinning at rates that greatly exceed those possible from
changes in accumulation rate or firn compaction. As the floating tongue of Thwaites Glacier
provides little to no resistive longitudinal stress, the causes of the recent thinning are likely not to be
directly linked to recent proximal ocean changes.
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SUBAQUEOUS TERMINAL MO RPHOLOGY OF A PROGLA CIAL LAKE,
MOUNT COOK NATIONAL PARK

Robertson, C.M, Brook, M.S2, Fuller, I.C! and Holt, K.A!

'Geography Programme, Massey University, Palmerston North

Many studies havalluded to the presence of icemjas or ice feet extending from glaciers into
proglaciallakes and tidewateglaciers,nowever little quantitative data exists.better understanding

of subaqueous terminus morphology and calving processes, and how they contribute to overall
glacier massdss may assist in refining calving models and predictidrigs project aims to study

the temporakvolution of asubaqueougce rampat Mueller Glacier lakein Mount CookNational

Park and investigate the processes controlling its developfease datavill then be compared

with subaqueous terminal morphologies in Hooker and Tasman proglacial lake®oturb
profiling using Compressed High Intensity Radar Pulse (CHIRP) seismic reflection data has been
completedin Mueller, Hooker and Tasman lakes. fo@ ramp was identified in Mueller Lake in
November 2009 and April 2010. Lake temperature has been measured continuously in Mueller and
Hooker lakes since November 2009 and lake level data has been collected in Mueller Lake from
April 2010. To better undestand what controls thextent and evolution of the ice ranmmp Mueller

Lake further surveysof lake glacier and climatic parametersare beng made (Jan/Feb 2011)
including bathymetry, lake level and temperatuterminus strairates, horizontal and vsal
velocities and subaeriaterminuschanges. Preliminary results will be presented for Mueller lake
including bathymetry, subaqueous terminus morphology, and lake temperature.
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A COMPREHENSIVE TEN YEAR FLOW VELOCITY R ECORD FOR THE TASMAN
GLACIER FR OM OPTICAL SATELLITE IMAGERY

Redpath, T, Fitzsimons, S, Sirguey, B, Kaab, A’

'Department of Geography, University of Otago, Dunedin, New Zealand
?School of Surveying, University of Otago, Dunedin, New Zealand
®Department of Geosciences, Univeysif Oslo, Oslo, Norway

The Tas man Gl acier i S New Zeal andos |l ar gest
measurements are present throughout this record, but sparse through the first partoéeneuyl
Previous studies have applied digiialage matching techniques to the Tasman Glacier. These
studies have, however, utilized temporally limited data sets. Additionally, precise quantification of
uncertainties is not common; with an accuracy of + 1 pixel (15 m where ASTER imagery is used)
typically assigned to measured velocities. Large and ambiguous uncertainties make significance
assessment of small intannual velocity changes difficult. Here, digital image matching techniques
are applied to a series of images from the ASTER and Landsais@rseproviding a set of flow

fields for the period 200G 2010. The use of geostatistics makes these flow fields spatially
comprehensive. Assessment of imageregistration accuracy, a major control on the accuracy of
velocities measured by image matahiallows spatialised confidence intervals to be constructed for
individual velocity measurements. Generally 90% confidence intervals are egbixaibsize.
Subsequently, the threshold at which significance can be attributed to observed changes yn velocit
from year to year is precisely quantified for individual measurements. Good agreement was found
between remotely sensed aindsitu data collected during GPS surveys in 2009 and 2010. Results
show that the Tasman Glacier exhibits highly dynamic behavlmaugh the study period, with
oscillations between acceleration and deceleration occurring. This data set provides new insights into
the dynamic variability of large valley glaciers such as the Tasman Glacier.
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A PRINCIPLED STOPPIN G CRITERION FOR BED STRENGTH
RECONSTRUCTIONS

Habermann, M, Maxwell, D.A?, and Truer, M

'Geophysical Institute, University of Alaska Fairbanks, USA
’Dept of Mathematics and Statistics, University of Alaska Fairbanks, USA

A crucial assumption in all ice sheet models@arns the nature and parameterization of the basal
boundary condition. Direct observations on large spatial scales are not possible, but inverse methods
can be used to determine the distribution of a basal friction parameter from surface measurements.
Sud reconstructions are not uniuea range of substantially different basal friction parameter
distributions will lead to surface data that match observation to within measurement and model error
levels. Additional information must be used to reconstrueagonable distribution.

We present iterative methods that aim to determine parameterizations that $gereed surface
velocities to within a given tolerance. We compare steepest descent, nonlinear conjugate gradient
and incomplete Gaudsewton algoritims. These iterative techniques have the common property that
they tend to correct largecale features first, and thereby generate minimally featured distributions
that are consistent with surface observations. The additional information needed by tinesks ise

an initial estimate for the friction parameter and the desired tolerance for matching observation.

We test our methods by creating synthetic data sets and running them through a forward model, the
Shallow Shelf Equations. The resulting surfaceoeiy is then perturbed and the inverse methods
applied to the perturbed fields. We show that the use of an appropriate and principled stopping
criterion avoids fitting noise in the data and leads to a smooth parameterization of basal friction. We
also deronstrate the effect of different initial guesses.

We plan to incorporate the faster converging incomplete @degdon method in PISM (Parallel
Ice-Sheet Model) and to use the Pine Island and Thwaites glacier area in West Antarctica as a
testbed. This glaer basin has been studied intensively and multiple groups have used inverse
methods to find basal conditions in this region, which will give us the possibility to compare our
results.
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HIGH BASAL MELTING R ATES WITHIN HIGH -PRECIPITATION, TEMPE RATE
MOUNT AIN GLACIERS

Alexander, D.}, Shulmeister, 3, Davies, T.R.

School of Geography, Planning and Environmental Management, University of Queensland, Brisbane, Australia
’Department of Geological Sciences, University of Canterbury, Christchurch, Neandeal

The role of basal melting on highrnover temperate glaciers represents a significant gap in our
understanding of glacier melting processes. We use a basal melt equation to calculate a geothermal
and frictional heatnduced basal melt rate and é&®p a simple equation to calculate the rainfall
induced melt for Franz Josef Glacier in New Zealand, a-pighipitation, higkablation temperate
glacier. Data are collated from published information on glacier dynamics and climate station data.
Resultsshow that on average, geothermahd frictional heainduced melt, and rainfaihduced

basal melt contribute ~0.20 m'and ~1.70 m'd to total glacier melt rates respectively, which is
equivalent to ~1% of the total ablation for the glacier, indicagithat basal melting is an important
component of masisalance for higfprecipitation, temperate glaciers.
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STRUCTURAL GLACIOLOG Y OF A TEMPERATE MAR ITIME GLACIER: LOWER
FOX GLACIER, NEW ZEA LAND

Appleby. J.R:, Brook, M.S?, Vale, S.S, and MacDonalkCreevey, A.M

'Geography Programme, School of People, Environment and Planning,
Massey University, Palmerston North, New Zealand
’Department of Earth Sciences, Institute of Natural Resources, Massey University,
Palmerston North, New Zealand

This paperdescribes thetructural gla@logy of the lover Fox Glacier, a 12.7 kiong valleyglacier
draining the we®rn side of the Southern AlpSew Zealand. Field datare combined with analysis
of aerial photographs to @sent a structural interpretation obakm long sgment covering the
lower trunkof the glacier, from theipper icefall dowrglacier tothe terminus. The glaaigypifies
the structural p&erns observed in mamgher alpine glaciers, incliny: primary stratification visible
within crevassewalls in the lower icefallfoliation visible in crevassebkelow the lower icefdl a
complex set of interseag crevasse tracesplaying and chevron crevassasthe glacier margs)
transverse crevasses formidge to longitudinal extension; longdinal crevasseslue to lateral
extenson near the snout; and, arcuateglacier dippng structures between the foot the lower
icefall and the terminus. The latter amgerpreted as crevasseces that have been reaated as
thrust faults, acommodatig longitudinalcompression at thelagier snout. Weak baragivesare
visible below theupper icefall, and these coubd formed by multipleshearing zones uplifting basal
ice to the glacier surée to produce the darker bandather than by discretfadt planes. Many
structuressuch as crevasses traais not show a clear relatiship with measured suda strain

rates, in whichcase hey may ke evabesegdp or are undergo

glacier.
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DIURNAL TO DECADAL | CE VELOCITY VARIATIONS ON FRANZ JOSEF GLACIER
(KA ROIMATA O HINE H UKATERE), SOUTH WEST LAND, NEW ZEALAND.

Anderson B.M.}, Goodsell B.L, Owens I.F2, Willis, 1.C2, Lawson W.J?, Mackintosh A.N.

1. Antarctic Research Centre, Victoria University of Wellington
2. Department of Geography, University of Canterbury
3. Department of Geography, University of Cambridge

Franz Josef Glacier provides a rare opportunity to observe the dynamics oflewfasg, maritime

gl acier t hat di ffers ¢$0gmilfpiinentdlyacfiream . mdmy
Glacier tongue has limited diurnal and seasonal temperature ranges, has significant volumes of melt
and rainwater that are generated throughout the year, and has been through a recent advance/retre:
cycle. Pevious studies indicate these factors have a significant influence on surface motion. We
present the analysis of velocity measurements made between 2000 and 2010 at a variety of
timescales, notably diurnal, daily, sebasonal, seasonal, and iraranual. Diurnal and seasonal
velocity variations are linked to temperature variations, a proxy for melt rates. Large rainfall events
also have an influence on short to meditemm velocity variations. Longderm velocity variations

are linked to variations in gtier geometry and advance/retreat cycles. Skart variation reflects

rapid changes in basal motion, whereas lottigan variations reflect changes in ice deformation and
longitudinal stress gradients.
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MULTIYEAR SEA ICE IN MCMURDO SOUND T INSIGHTS INTO SNOW ICE AND
BRINE MIGRATION

Gough, A. J, Mahoney, A. M2 Langhorne, P. 3, Williams, M. J. M?,
Frew, R. D!, Haskell, T. G*

'University of Otago
“University of Alaska, Fairbanks
®National Institute for Water and Atmospheric Research Lt
“Industrial Research Ltd.

Multi-year sea ice has covered the southern portions of McMurdo sound since the late 1990s, a
situation which is somewhat unusual in the short history of human occupation. A number of roads,
routes and field camps utilisdneé multiyear ice, probably making it the most trafficked ice in
Antarctica. While conducting oceanographic measurements at a site between Cape Armitage and the
edge of the McMurdo ice shelf, we were able to profile the thickness, crystal structure ateneper

and growth of an area of sea ice from the last days of summer in February 2009 through to the end of
the following winter. Structural and stable isotope measurements indicate that the ice thickens early
in the winter through the formation of snowejcand later by accreting and consolidating a layer of
platelet crystals at 1its base. Strong fluxes
growth, so that after a number of years the entire ice thickness is composed of frozen floaded sn
We present a salinity time series from around the time of snow ice formation in February which
provides evidence for upwelling of brines through the sea ice. We present a thickness map which
extends our findings over the Sound and which may be ofcuparties operating on the sea ice of

the Sound.
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PROCESSES OF SEDIMEN ENTRAINMENT AT THE BASE OF THE SOUTHERN
MCMURDO ICE SHELF, A NTARCTICA

Koch, I}, Fitzsimons, $, Cullen, N* and Hambrey, M.

'Department of Geography, University of Otago, Bdin, New Zealand
! Department of Geography and Earth Sciences, University of Aberystwyth, Wales, U.K.

Moraines are actively forming at the Southern McMurdo Ice Shelf (SMIS) and this study is part of
an effort to understand the moraine formation proceasé&SMIS- a small ice shelf adjacent tt
separated frorthe Ress Ice Shelby a strikeslip shear zoneOn Minna Bluff, at the southern end of

the ice shelf, several moraine ridges were formed during ice advances, possibly when the ice shelf
was grouded This study aims to improve the understanding of the moraine formation processes in
order to interpret moraine dates and thus past ice advances cotreptiyticular, this study focuses

on propeties of the icecored moraines and thee shelf edgeThe ice shelf is upwarping toward
Minna Bluff and the surface is stripped bare by katabatic winds. Due to the erosion by the katabatic
wind, an upward motion of ice from the bottom of the ice shelf is created. Hence, sediment layers
that were originally ecreted at the ice shelf base and will later form moraines can be easily
investigated at the surface. Similarly, the ice between the sediment layers can be sampled and,
through the means of oxygen isotope, major ion and crystallographic analyses, thgoforma
processes of the sediment-icex (or sediment entrainment) can be determiridds will inform

about the origin of the&ce-coredmoraine debris, which could be accreted during basal adfreezing at
the ice shelf base in open water conditions or eredetthe ice shelf was grounded. Results from the
oxygen isotopes analysis will inform about this since the ratios vary with open and closed system
freezing. Crystallographic analysis (crystal size and orientation) of thin sections of the ice from the
ice slelf edge further inform about the type of ice thermal processes at the base of the ice shelf. In
this talk I will focus on results from the recent 2010 field season.
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AN INVESTIGATION INT O THE ORIGIN, FORMAT ION AND DEFORMATION OF
MIRABILITE DEPOSITS, HOBBS GLACIER REGION, ANTARCTICA.

Lovett, A.P; Fitzsimons, S.J. and Mager, S.M.

Department of Geography, University of Otago, PO Box 56, Dunedin, New Zealand
Email: lovab410@student.otago.ac.nz

Extensive accumulationsf @lmost pure sodium sulphate i(abilite) are located in the ice cored
moraine between theetminus of Hobbs Glacier andlcMurdo Sound. Although several
investigationshave attempted to determine brine origin and subsequent salt formation, specific
processes remain poorly understobehdestanding the origin and formation of salt depositshis
environmentcan reveal important informatioabout past climatehydrological and glaciological
processes and environmental conditions. An initial thdoirysalt deposit formatiosuggested that

brine concentrated fronweathering of sulphur rich volcanic material in local valleys. Alternatively,
several theories foa marine originof the sd deposits weresuggestedncluding theinjection of

brines to thace surface during the grounding of tRess Ice Shelf. This research airogletermine

a brine origin and understangbrocesses osalt formation andglaciological deformation in the
McMurdo Sound Regianice and salt samples were extracted from an exposedbilite outcrop

which was embeddedh the ice cored moraineear the terminus of the Hobbs Glaci¥-Ray
Diffraction of the salt identified the primary mineralogical characteristics to be sodium sulphate
decahydrateNa,SOy.10H,0 (mirabilite). lon ChromatographflC) hasprovided a detaikd chemical
composition ofice samples including important transitions between sodium sulphate and sodium
chloride dominated systems. Dry sieving and particle size analysis has provided debris
characteristics for use in a facies analysis of the ice sampleombination of the chemical,
sedimentary and mineralogical data is currently being interpreted to determine potential origins and
formation pathways for mirabilite deposition in this environment.

Page| 19



A NEW VELOCITY MAP O F THE ROSS ICE SHELF, DERIVED FROM CROSS
CORRELATION OF ICESA T ALTIMETRY

Marsh, O.Jand Rack, W.

Gateway Antarctica, University of Canterbury

Ice-shelf behaviour provides an important indication of the processes occurring at the boundary of
marineterminating ice sheetst is partcularly important to establish the rate of discharge across
groundinglines in order to calculate iesheet masbalance and the potential contribution of
grounded ice to selavel rise.Here we present a method of using surface elevation data from the Ice
Cloud and Land Elevation Satellite (ICESat) to track horizontal movement ofdeade surface
undulations on the Ross Ice Shelf, Antarcti€@ESat provides a high precision record of surface
elevation, allowing undulations in the kilometre scale \amhplitudes as small as 1m to be identified

and trackedOver 1000 separate tracks obtained by ICESat between October 2004 and October 2009
are compared using an automated camsselation algorithmDistinct patterns in surface slope are
observed in sucessive tracks and show the ice shelf moving steadily in a +veetterly direction.

As the ICESat tracks do not always overlap exactly, a method to minimize the error caused by
perpendicular track offsets is also discussétiese results highlight the @oitial of altimetry as a
method of estimating surface velocity on ice shelves which are apparently fieatioz where more
traditional optical and radar feature tracking methods are not feasible.
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SEA ICE THICKNESSES: RESULTS FROM THE 2010 ANTARCTIC WINTER

Smith 1.J}, LanghorneP.J}, Leonard G.H? Gough A.J?, Frew R.D?, Trodah) H.J?,
Mahoney A.R?, and Haske|IT.G?®

'Department of Physics, University of Otago, P.O. Box 56, Dunedin 9054, New Zealand
?School of Surveying, Universityf ©@tago, P.O. Box 56, Dunedin 9054, New Zealand
3Department of Chemistry, University of Otago, P.O. Box 56, Dunedin 9054, New Zealand
“School of Chemical and Physical Sciences, Victoria University of Wellington, P.O. Box 600, Wellington 6140, New
Zealand
*Geophysical Institute, University of Alaska Fairbanks, P.O. Box 757500, Fairbanks, AK 99775, USA
®Industrial Research Limited, P.O. Box-310, Lower Hutt 5040, New Zealand

Sea ice is a significant component in the operation of the climate and erosyst the Southern
Hemisphere. Sea ice thickness is a key parameter, yet remote sensing of Antarctic sea ice thicknesse:
using satellite sensors is difficult. Thus the change in sea ice thickness with respect to time is poorly
documented. Direct measurem® through coring, drilling, or the use of temperature (thermistor)
probes are resource intensive to collect, and are therefore limited to a few sites. An ideal
methodology would be one that allowed retrospective reconstruction of sea ice growth ratasyfro

site. Such a methodology using oxygen isotopes has been formulated by previous authors, but our
previous research in McMurdo Sound has suggested that modifications to the existing models are
needed. This talk will present direct measurements ofcgegrowth rates made in McMurdo Sound,
Antarctica, in the winter of 2010. The results of the direct measurements of bulk sea ice growth rates
are then compared with an existing sea ice growth rate model, using oxygen isotope analysis carried
out on sea iceand sea water samples taken at the site. Modifications to the existing model are
proposed for sea ice formation occurring near ice shelves, where platelet ice formation is likely.
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THE SEASONAL ARRIVAL OF ICE SHELF WATER | N MCMURDO SOUND AND ITS
EFFECT ON SEA ICE GROWTH

Mahoney A. *°, Gough A.*, LanghorneP.*, RobinsonN. %2 StevensC.>,
Williams, M. J.M. 3, Haskel T. % and FrewR. >

1 Department of Physics, University of Otago, Dunedin
2 Department of Marine Science, University of @iaDunedin
3 National Institute of Water and Atmospheric Research, Greta Point, Wellington
4 Industrial Research Ltd, Lower Hutt
5 Department of Chemistry, University of Otago, Dunedin
6 Geophysical Institute, University of Alaska, Fairbanks, Alaska

Ove the winter of 2009, we worked out of Scott Base, Antarctica conducting a combined field study
of both the oceanography and sea ice of McMurdo Sound. As part of this, we deployed what we
believe was the first yeaound mooring underneath sea ice in thegion, which provided
temperature, salinity and current data from a complete annual cycle. Our measurements also included
full-depth ocean profiles, sea ice growth and crystallography, tcelgrhotography and isotope
sampling. In this paper, we identifige incremental arrival of ice shelf water (ISW) and link this to
enhanced growth of the sea ice. Furthermore, we indentify the conditions necessary for persistent
growth enhancement and the incorporation of platelet crystals into the sea ice. In daoweg so
demonstrate the possibility of inferring the presence of ISW beneath sea ice through analysis of
crystallographic analysis of cores. In addition, we found that the local growth of first year landfast
sea ice only accounted for half of the observedemse in salinity over the water column, which
indicates that polynyas are responsible for approximately half of the salt flux into McMurdo Sound.
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MEASUREMENT OF COAST AL SEA ICE VERTICAL AND HORIZONTAL
DISPLACEMENTS USING A DIFFERENTIAL GPS A ND TOTAL STATION
MEASUREMENT ARRAY

Leonard, G.H, Wright, J.W! and Haskell, T.G.

School of Surveying, University of Otago, P.O. Box 56, DUNEDIN
?Industrial Research Limited, Gracefield Road, P.O. Box 31310, LOWER HUTT

Here we present preliminary results frdmmldwork conducted in November / December 2010 in
McMurdo Sound, Antarctica. Observations of coastal sea ice displacements were made aitilising
measurement array comprisitgo differential GPS receivers, a robotic Total Station (an instrument
that precsely measures distances and horizontal and vertical angles), and thirteen optical prisms
placed on fibreglass roadsounted into the sea icelhe GPS receivers were placed approximately
200 m apart in a nortbouth direction and logged observations gelheat 1-second intervals for the
duration of the experiment.The Total Station was positioned at the central GPS site and observed
the thirteen prisms generally at-binute intervals. The two GPS receivers are utilised to create a
reference baselingo that Total Station observations can be fixed absolutely in space. The prisms
were positioned in three lines radiating out from the central site: a-south line, an eastest line

and a line that spanned the interface betweeny@at and multyear ice. Prisms were placed
generally at distances of 200 and 750 m from the central site. Preliminary results indicate that
vertical oscillations due to tidal forcing are well resolved by the GPS receivers while the Total
Station measurements indicateribontal displacements at some of the prism sites of up to 30 mm
day” relative to the centre of the array.
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THREE-DIMENSIONAL ASSESSMENT OF SEA ICE IN MCM URDO SOUND,
ANTARCTICA, USING SA TELLITE DATA SETS

Price, D.D.E., Rack, W., Langhorne, P, Haas, €

'Gateway AntarcticdJniversity of Canterbury’University of Otago2University of Alberta

The modern unprecedented loss of Arctic summer sea ice during the 2007 and 2008 meslhasason
supported great advancements in the study of sedheealarming rates at which ice was lost from

the Arctic Basin initiated realisation of the potential impact of anthropogenic change to the polar
regions, and in turn the global climate system. The Southern Ocean and Antarctic coastline remain
unexplored m terms of the collation of large data sets on sea ice characteristgighf overall

increase in areal extent of Antarctic sea ice has been documeotesler with significant regional
differences. A 5% loss in the Amundsen Sea is almost exactlydealdsy an increase in the Ross
Sea.A major unknown is the thickness of sea ice in the Southern Ocean, which is needed to
understand the volume flux of ice and to better quantify its role in the global climate systérs.

study we investigate the potert of satellite based observations for mapping the spatial
characteristics and freeboard heights of sea ice in the McMurdo Sound area. The data presented sten
from the ICESat laser altimeter, and the Envisat imaging radar. We also envisage showing first
examples from the ne@ryoSat2 radar altimeterAt this initial stage of the project we compared the
satellite data with sea ice thickness and freeboard from helicopter measurements, which have been
acquired in McMurdo Sound during the 2009/10 field seas®hese results will be used to plan
helicopter measurements for the next field season
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INVESTIGATIONS OF LE AD AND ITS ISOTOPES IN ANTARCTIC ICE

Burn-Nunes, L. J, Rosman, K. J. R, Vallelonga, P.T? Morgan, V. .3, Smith, A. M.*
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The ability to trace the sources of impurities deposited into Antarctica allows an understanding of the
atmospheric transport paths that are involved. To this end, the analysis of Pb in Aidarbts
provided a useful tool for such investigations because of its unaltered chemical presence in the
atmosphere largely as a result of deflated mineral dust, volcanic emissions and anthropogenic
industrial emissions. Additionally, based on regional Pi sot opi ¢ variations t
crust, precise analysis of the isotopic composition of Pb in Antarctic ice further enables different
sources of Pb to be distinguished. These characteristics of Pb have been utilised by Kevin Rosman
and ceworkers at Curtin University since the 1990s. Using sensitive techniques to analyse the ultra
trace amounts of Pb inherently present in East Antarctic ice;teng shorterm and seasonal
records of Pb concentrations and isotopes have been producsultsRbow that prior to the onset

of industrial activity in the Southern Hemisphere, Pb present in East Antarctic ice varied with
changing climatic conditions and could be sourced to varyingdange contributions from mineral

dust from southern Southrderica and possibly Australia and, regional volcanic emissions from the
Antarctic Ross Island volcanic region [1]. Shtetm investigations of Pb have demonstrated the
impact of largescale anthropogenic activities in the Southern Hemisphere on thectmntar
environment, with isotopic systematics indicating Australian Pb ore smelting activities to be
responsible for the onset of anthropogenic pollution [2]. More recently, based on Pb concentrations
and isotopes in late fcentury Eastern Antarctic icegasonal cycles in impurity deposition have

been demonstrated with implications for relatively direct air trajectory pathivags southern
Australia toEastern Antarctica [3].

[1] Vallelonga, P., Van de Velde, K., Candelone, J. P., Morgan, V. |.r@out. F. and Rosman, K.
J. R. (2002). Earth Planet. Sci. Lett. 204: -200.

[2] Vallelonga P., Gabrielli P., Rosman K. J. R., Barbante C. and Boutron C. F. (2005). Geophys.
Res. Lett. 32, L01706i1.01706.4.

[3] Burn-Nunes, L. J., Vallelonga, P., LosR, D., Burton, G. R., Moy, A., Curran, M., Hong, S.,
Smith, A. M., Edwards, R., Morgan, V. |. and Rosman, K. J. R. (2011). Geochim. Cosmochim.
Acta 75, 120.
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MODELLING LATE -GLACIAL ICE EXTENT IN THE BEN OHAU RANGE TO
ESTIMATE PAST TEMPER ATURES
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Denton, G*, Barrell, D°, Schaefer, 3.
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Late-glacial moraine construction in New Zealaodiminged at the end of the Antarctic Cold
Reversal (~14,500 to 12,800 years ago) (Kapdaral., 2010; Putnamet al., 2010). Morane
chronologies in unison with detailed geomorphic maps, from the Ben Ohau Range, eastern side of
the Southern Alps, New Zealand afford an opportunity to model the effects of climatic variables that
could have forced latglacial ice advances. Here we diss experiments using a fulpupled, twe
dimensional, energy balance/flow model aimed at finding the best fit of modelled glacier extents
with the mapped Ben Ohau moraine patterns. Ice flow is calculated on a 100 m horizontal grid, and
the model account®r topographic shading and preselaty valley hypsometry. Input climate is
based on an interpolation of nearby climate station data from2Q@®. Lateglacial runs include
insolation values from ~13,0Q@ars ago, and an imposed temperature redu®i@liminary model

runs indicate that a 23°C cooling relative to the presed@ty produces an ice distribution
compatible with lateglacial moraine limits in Irishman Stream (Kapkinal.,2010). This cooling is

similar to chironimidderived estimates d&te-glacial temperature at Boundary Stream Tarn (eastern
flank of the Ben Ohau Range; Vandergatsal., 2008), and a minimum temperature depression
modelled for latgylacial advance of Franz Josef Glacier (western side of the Southern Alps;
Anderson andMackintosh, 2006). Further work will define limiting envelopes of -igleecial
temperatures and precipitation changes. These estimates will be tested via sensitivity experiments
using variable gradients in temperature and precipitation, and examinel &gainst landform
records. Ultimately, we will use models to test whether thedkteial cooling was pervasive in New
Zealand.
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CLIMATIC AND NON -CLIMATIC INFLUENCES ON TASMAN GLACIER EXTEN T

McKinnon, K}, Mackintosh, Al and Anderson, B.

!Antarctic Research Center, Victoria University, PO Box 600, Wellington, NZ

Mountain glaciers respond to climatic changes by advancing or retreating, |dasimgd a
potentially powerful record of climate through moraine deposition.-&onatic factors, however,

may also exert influence on glacial extent, complicating the characterization of glaciers as climate
indicators. Using a coupled energy balafiorline model and focusing on the Last Glacial
Maximum and MIS 3 and 4, we examine the relative influences of changes in bed topography,
temperature and precipitation on glacial extent. The behavior of the Tasman is found to depend
heavily on bed elevation, diicating that quantifying the relative strength of erosive and depositional
processes in forming valley topography may be critical for accurate modeling of past glacier extent.
We utilize existing gravity and seismic data, as well as estimates of sediaresier capacity of the
Tasman, to produce a suite of potential reconstructions of the bed through the lastngéagialcial

cycles, and explore the range of glacier extent as a function of the topography. Some reconstructions
include multiple bed oveeepenings, which cause hysteretic behavior, important for understanding
the dynamic evolution of the glacier in response to climatic forcing. The consideration of these
factors will allow for an envelope of uncertainty around the climates that influahee@lasman

during the LGM, MIS 3 and MIS 4.

Page | 27



SURFACE CLIMATE OF B REWSTER GLACIER

Conway, Jand Cullen, N.J.
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High quality measurements of glacier surface climate\étal for validation of energy and mass
balance models, and in understanding mountain meteorology and hydrology. Such measurements are
relatively sparse in New Zealand. Initial results from an AWS deployed on the Brewster Glacier are
presented in the abext of energy and mass balance modeling. The AWS is situated at 1774m asl on
the centerline of the glacier in the ablation zone. The four component net radiometer provides a
useful means to understand changes in incoming short andvkwey radiation uner different
synoptic conditions, as well as changes in albedo through the season. An adaptable and robust
platform will enable measurements to continue through a full year on this high melt and high
accumulation glacier. Key uncertainties in energy andsmialance modeling that are being
addressed include an assessment of the scaling coefficients for calculating the turbulent sensible anc
latent heat fluxes, as well as deriving parameterizations for short anaevéorggradiation fluxes for
distributed modling. It is hoped that by reducing these uncertainties the use of globally gridded data
sets for energy and mass balance modeling will be achievable in the future.
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DIAGNOSTIC CRITERIA FOR THE IDENTIFICATI ON OF THE ROCK AVALA NCHE
DERIVED SEDIMENTS IN MORAINES
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It is widely argued that moraine formation can be interpreted as the direct signal of climatic forcing.
In active orogenshowever, sediment delivery to the glacier surface is strongly affected by mass
movement processes anémy authors have argued that rock avalanche debris can affect moraine
formation. Rock avalanches can alter the glacier mass balance by inhibiting ablation and also provide
additional sediments for the production of moraines. This may result in a moramatin event

that is triggered nowlimatically and it is important that such moraines can be distinguished from
climatically derived moraines. There are techniques for the identification of rock avalanche derived
sediments based on geomorphology, lithyloclast morphology and fabric description (e.g. Hewitt,
2008), but these are all of limited applicability. Here we present a new diagnostic criterion based on
the recognition of agglomerates composed of clay sized particles.

SEM (Scanning Electron Microspe) examination of roefivalanchesourced sediment reveals
agglomerations of the fine (suhicron sized) particles which adhere to larger grains, and these
behave as larger graing.he agglomerates are ubiquitous in rock avalanche deposits. These
agglomeations are produced under high stress conditions during the emplacement of the rock
avalanche. They are specific to these conditions and are not replicated wsimgsrenvironments.

The agglomerates amt present in sediment fromodern glacial degmits that we know are not
affected by rock avalanches including modern moraines in Westland, New Zealand and inner
Nordfjord, Norway. In contrast, these agglomerations are present in some Holocene moraines in the
Aoraki/Mt. Cook region, which indicates lo@avalanche contributions to these moraines.

Fig. 1. Comparison of the polished mounted grains of the particles less than 1 mm from different environments, SEM: a)
clay size particle agglomerations in Coleridge rock avalanche deposit (New Zdalamt}fragmented grains of the
sediment from a terminal deposit of the Nigardsbreen Glacier for 2010 (Norway). Darker grey material between grains is
resin.

Reference
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Sci. Rev., 87(12), 1i 38.
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APPLICATIONS OF ENGI NEERING-STYLE APPROACHES TO THE ANALYSIS OF
OCEAN WAVE - ICE FLOE INTERACTION S
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An examination is presented of the response of ice floes to sea waves, such as may occur in the
region of looselyspaced ice around the Antarctic known as the Marginal Ice Zone. By dispersing
incident wave energyhis zone provides some protection for Idast ice from erosion. As such, the
understanding of these dispersive interactions forms a component in the consideration of Antarctic
contributions to global climate dynamics.

The problem is represented byl@ating elastic beam in a fluid basin. The computational domain is
discretised and a timgtepping approach employed, applying a predictorector method to find

the combined motion of the beam and fluid at each iteration. This leads to an extensiblatfon

able to incorporate a wider variety of physical properties than is possible using the frequency domain
techniques predominant in se& research. Thus we provide for more robust, physically realistic
models of polar ice floes.

The coupled systens formulated in a cleanly articulated manner, such that the beam and fluid
models are independently interchangeable. This description enables straightforward comparison of
the performance of standard elastic beam and fluid models and provides a franfework
incorporating more complex models in the future.

The finite element (FEM) techniques underpinning this method have been the subject of a greater
degree of investigation in the twin field of floating structures research. The incorporation of this
appro&h into the current research has allowed, for instance, the capture of nonlinear effects in the
fluid and timedependent phenomena.
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EXPERIMENTAL APPROAC H TO WATER WAVE INTE RACTIONS
WITH SEA -ICE FLOES
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'Department of Mathematics and Statistics, University of Otago, Dunedin, New Zealand
*Laboratoire de Mecanique des Fluides, Ecole Centrale de Nantes, Nantes, France

A series of wave tank experintsrwere recentlgonducted aEcoleCentralede Nantesn Franceto

validate the lineatheory used to model the interactions between regular water waveseaice

floes. Theexperimental setup involved a siegtircular floating elastic plate responding to a
controlledincident wave train, generated by a wavemaker. The vertical displacement of the plate was
recorded by tracking a finite number of point
wave height around the plate was measured with wave gauges, gllosvio extract the scattered

wave field radiating away from the plafehe plate was only allowet have the rigid body motions

in heave, roll and pitch, in addition to the flexural respon&e. Jame restrictions are present in the
mathematical. Apectsof the technical solutionand measurement devices used in the experiments

will be described. | will also present preliminagmparative numerical vs. expeental results for
validation
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CLIMATE TRENDS IN TH E SOUTHERN ALPS 186351 2010
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Climate observations commenced in 1867 in the Southern Alps of New Zealand. After a break from
1881, precipitation monitoring commenced again in the 1900s, andifo#itel observations around

1930, giving the region 105 years of rainfall and 80 years of cxontinuous temperature observations
respectively. Mean temperatures have increased in the area by about 0.6°C over the 80 year period,
with precipitation showing varkality because of circulation changes owing to the Interdecadal
Pacific Oscillation (IPO) and EI Nino/Southern Oscillation. Mihge climate scenarios for the
2090s indicate a temperature increase of 2°C and precipitation increase in the order ofriO perce
The trends over the period of instrumental record are described for temperature and precipitation,
and projections for the 2century according to the range of climate scenarios are given. From these
changes in the snow line are calculated with conteien implications for the Southern Alps snow
resource.
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Figure 1. Trends in mean annual temperature, Mt Cook,-2030.

Figure 2. Trends in annual precipitation, Mt Cook, 1:2800.
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