IASC -CWG NAG workshop summary report

«Scientific seminar on the Importance of Calving for the Mass Balance of Arctic Glaciers»

15-17 October 2016, Institute of Oceanology, Polish Academy of Sciences, Sopot, Poland
Overview

The Centre for Polar Studies, together with the IASC Cryosphere Working Group and the IASC Network
on ArcticGlaciology hosted ascientificseminar on the “Importance of Calving for the Mass Balance of
Arctic Glaciers”, 15-17 October2016. Venue was the Institute of Oceanology, Polish Academy of
Sciences, 55 Powstancéw Warszawy Str., 81-712 Sopot, Poland. There were about 25 participants
representing 9IASC member countries and states adjoining the Arctic, including Russia, Norway, Canada
and the US. The workshop agenda/program and participantlistis attached to this report.

Main scientific objective
What is the currentice discharge of Northern Hemisphere Glaciers and ice caps to the ocean?

Secondary objectives

e Whatisthe temporal variability of ice mass loss at marine glaciertermini?

e Whatisthe relative contribution of iceberg discharge/frontal ablation to total ice-mass loss?
e How doesfrontal ablation differfromregionto region within the Arctic?

e Review terminology to describe massloss atthe glacier termini

e Review methods of determining frontal ablation

e Provide recommendations concerning terminology and methods

Scope of the workshop

Bringtogetherinternational experts on methods to derive calving flux/frontal ablation, covering field
methods, remote sensing and modelling. Bring together experts working on the various regions of the
Arctic, namely the Russian Arctic, Svalbard, the Canadian Arctic, Alaska and peripheral Greenland. The
first day of the workshop was used to presentand discuss terminology and methods. On the second day,
results and key data were presented on the various regions and regional challenges were discussed. The
last day was reserved for continued discussions and making plans for how to follow up the objectives of
the workshop.

Expected outcome of the workshop

1. apaperthat will provide the first measure of northern hemisphereice discharge to the ocean
overthe period ~2000-2015 for all glaciersandice caps (includingthe periphery of Greenland,
but excludingthe Greenlandice sheet)

2. areport withrecommendations onterminology and methods related toice massloss at the
marine terminus of tidewater glaciers



Background:

From IPCCARS: Overthe last two decades, glaciers andice capsin the Arctic, as well asthe Greenland
ice sheet continued tolose mass at accelerating rates. The annual mean Arcticsea ice extent decreased
overthe period 1979 to 2012, with especially large losses in summer extent. These changes coincide
with atmosphericand oceanicwarming at high latitudes (Arcticamplification of the observed global
warming).

Neglect of calving flux estimates has led to underestimates of mass loss from Arcticglaciers and ice caps
and thus, underestimation of the contribution to global sea-level rise (SLR). Total calving loss from Arctic
glaciersandice caps was previously estimated to ~35 Gt (Van Wychen, 2014). But the estimates forthe
various sub regions were derived for different time periods and using different methods, all of which
have associated uncertainties. This estimate also excludes peripheral Greenland, i.e. glaciersandice
caps outside the ice sheet.

Data required for regional assessment of frontal ablation

Theice discharge to the ocean is usually expressed as the ice flux through a fluxgate nearthe marine
terminus and the advance/retreat rate of the terminus.

We needtoknow:

1. Ice velocity atfluxgate
2. lce thicknessand width,i.e. cross-sectionalarea of the fluxgate
3. Rate of terminus retreat/advance

In addition, we need to have acomplete inventory of tidewater glaciers forthe entire Arctic
Scientific highlights with regards to terminology and methods

1. Differenttermshave beenusedtodescribe masslossatthe glaciertermini —calving flux,
dynamicdischarge, ice discharge, frontal ablation, ice flux, iceberg production. However, in
previous literature they have not always been clearly defined and at times used interchangeably.
Thereistherefore aneedtodefine whatthese termsreally mean. We decided to follow the
definition of the recently published “Glossary of glacier mass balance and related terms” by
Cogleyetal., 2011. “Frontal ablation” includes iceberg production as well as subaqueous and
subaerial melting, where the calving frontisin contact with water or air.

2. It was pointedoutthat currently available dataand models allow assessment of total frontal
ablation, however, we cannot distinguish between iceberg production and submarine melting
on a pan-Arcticscale.

3. We agreedthatduringthis workshop, we will not gointo details with respect to mechanisms of
icebergcalving/frontal ablation.

4. Frontal ablationis usually assessed as the balance between the ice flux towards the terminus
and changesin the position of the terminus. We discussed whether or notterminus retreatand
advance can be excluded from our pan-Arcticestimate. Presentations from various regions,
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foremost Svalbard and the Russian Arctic, showed that marginal retreat can be as importantas
theice fluxtermand should thereforebe included.

How does frontal ablation translate to SLR contribution? If terminus advance and retreatis
considered, this allows for separate estimates onice-mass loss and sea-level rise contribution. A
marine terminus thatadvancesintothe seawill lead toaninstantaneous replacement of sea
waterand hence contribution to SLR, even when frontal ablation may be negligible.

With respectto the above data needs:

Glacierinventories forthe entire Arcticare provided by the Randolph Glacier Inventory and the
GLIMS database. The marine terminus can be extracted from the provided glacier outlines.

Ice velocities should ideally present annual averages, but we often have winter snapshots. We
discussed seasonal variationsin glacier flow and frontal ablation. At Hornsund, Svalbard, for
example, glacier flow during winter is at 90-95% of theirannual average. This may not be the
case inyears with winter rainfall, when velocities can be above the annual average. We also
need depth-averaged velocities, whereas observed velocities reflect ice-surface velocities, only.
Changesinterminus position change (retreat/advancerate) can be derived from topographic
maps, satellite images or field measurements.

Ice thickness datais only available forsome key glaciers. Ground-based ice thickness surveys
often do not extend towards the calving front, whereas airborne surveys often only cover
centerline profiles. Incase of the latter, the centerlinethickness can be scaled by a shape factor.
Where available, bathymetricdatain front of the tidewaterglaciers can be used to assessthe
general shape andice thickness of the terminus. Where no datais available, theoretical
approachescan be used, which are based on principles of glacier dynamics orinversion from
surface geometry, velocities and mass balance, calibrated against available data. The simplest
approach inassessment of ice discharge is scaling of width and velocity.

Alternativeapproaches to estimate the mass loss through iceberg calving were discussed. These
include calving estimates from seismic oracousticrecords. For individual glaciers, models can be
calibrated torelate seismicattributes to calving volume. Challenges are the separation of
individual glacier-seismicsources, encompassing seismicnoise originatingin the hydrologic
drainage system, slip-stick motion at the glacier bed, formation of surface crevasses,
hydrofracturing and iceberg calving. Calibrated models may only work forthe glaciers forwhich
calibration datais available, i.e. independent estimates of calving event size or frontal ablation
over certaintime periods. Anotherapproach presented was deriving DEM’s of ice mélange,
paired with residencetimes.

With respectto modelling: Calving processes are still not well understood. In addition, both the
climaticforcing and the ice geometry not well constrained. Two schools of models exist. The first
isbased on empirical relations, such as water depth, the second on physical processes, such as
crevasse penetration and damage.



Scientific highlights for the various regions

For eachregion, previous estimates of calving flux / frontal ablation were presented. We discussed the

availability of ice thickness data, glacier velocity and changesinterminus position and the regional data
constraints.

10.

Where are floating and grounded marine termini? This affects calving processes, calving event
size and rates.

What are the timescales of calving? Theserange from instantaneous (process studies), to
seasonal (wintervs summer) and annual to decadal (incl. surging), centuries and longer (glacial
cycles).

What drives seasonal variation in calving flux: ice dynamics, atmosphericand oceanicforcing,
this means surface meltanditsinfluence on enhanced basal motion and crevasse fracturing, as
well as subaqueous melt and destabilization of the calving front by undercutting.

What is the importance of glaciersurges?

The pan-Arcticstudy area was defined toinclude all Arcticglaciersandice capsin Alaska, the
Canadian Arctic, Svalbard, the Russian Arcticand peripheral Greenland (excluding the Greenland
ice sheet)

The Russian Arctic contains smallice shelves. Until recently, glaciers and ice capsin the Russian
Arctic are not known to be of surge-type. Inrecentyears, however, several glaciers started
surging, includingthe Vavilovice cap on SevernayaZemlya, which has advanced 10 km intothe
ocean with a surface velocity of >5 km/yr.

Tidewater glaciers on Svalbard are well-grounded on the seafloor. Many glaciers are of surge-
type. Surging glaciers are major decadal contributors to calving-mass loss and need to be
accounted for. The Basin-3surge of the Austfonnaice cap has been ongoingfor5 years. The
resulting annual ice massloss matches previous estimates of calving from the entire archipelago
and a current doubling of the Svalbard ice-mass loss. Inthe recent decade, Svalbard has
experienced severallarge surges —besides Basin-3, Nathorsbreen and Stonebreen on Edgegya.
Surgingleadstoshortly increasedice flux and short —term advance, followed by along-term
retreat of the marine terminus. This resultsinaninstantaneous SLR contribution followed by a
long-term frontal ablation/ice-mass loss. Considerable advances related to glacier surges result
in instantaneous SLR contribution, even in case of negligible iceberg calving loss/frontal ablation.
Do terminus advances orretreats need to be accounted for? Yes, because forsome regions, e.g.
Svalbard and the Russian Arctic, ice mass loss due to terminus retreat may be largeras the ice
flux towards the calving front. For Austfonna, 60% of the drainage basins were reported to be
dominated by marginal retreat and only 40% by the ice-fluxtowards the calving front. For
glaciersin Hornsund, southern Spitsbergen, 44% of the ice massloss at the calving front was
attributed toterminusretreatand 56% to the ice-flux component. Whatis the proportion of
total mass loss from frontal ablation vs meltwater runoff?

The Canadian Arctic is a relatively small contributorto total Arcticglacierandice cap dynamic
discharge, accounting for less than 10% of the reported pan-Arcticdischarge. 98% of the
icebergs producingglaciers are located in the northern CAA. Two tidewaterglaciers, Trinity and



Wykeham Glacier were responsible for ~62% of the total icebergs produced in 2015. In the
Canadian Arctic, surface melt exceeds ice mass loss by calving. This may be different for colder
regions and where a large fraction of the glacierarea is drained through tidewater glaciers, such
as Svalbard or the Russian Arctic.

11. Alaska: Many tidewater glaciers have retreated to the shorelines. Two glaciers, Hubbard and
Columbia, dominatethe total frontal ablation in Alaska. Columbia Glacieris one of the largest
individual contributors to global SLR (about 1 mm since the start of its recentretreat phase).

12. Greenland Ice Sheet: Most of the ice discharge occurs from a few glaciers. The Greenland Ice
Sheet contributes ~1 mm to global SLR per year, approximately evenly split between calvingand
surface meltwaterrunoff (van den Broeke, 2016). This estimate excludes peripheralglaciers and
ice caps. Glacieroutlines of peripheral glaciers are not well defined in the GLIMS glacier
database, i.e. notvery well distinguished from basins of the ice sheet.

13. Most regions have a small number of key glaciers that are responsible foramajor part of the
currentice discharge. Efforts should be made to monitor these key glaciers in more detail.

Guidelines & common methods to be used in the Pan-Arctic assessment of frontal ablation

e terminusretreat/advance should be investigated overthe past decade (~2000-2015) and
averaged overthe terminus width, not just centerline

e assumerecentvelocities are representative of the past 10 years

e 0.9 depthaveragedvelocity comparedtosurface

e wintervelocity 90% of annual mean

e icedensity=900 kg m*

e whereavailable, use cross-sectional ice thickness and velocity estimate to calculate flux

e useerror estimate to deal with implementation of results from “non-standard” methods

e glacierssurgesshould beincluded, butclearly flagged as such
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Scientific Seminar on
"Importance of calving for mass budget of Arctic glaciers"
with focus on ice mass loss at fronts of tidewater glaciers in Pan-Arctic scale
Sopot, Poland — 15-17 October 2016

The seminar will be hosted and financially supported by the Centre for Polar Studies - University of Silesia
and Institute of Oceanology Polish Academy of Sciences, Poland under the umbrella and with support of

the International Arctic Science Committee (IASC), through its Network on Arctic Glaciology, and the
Committee of Polar Research Polish Academy of Sciences.

The purpose of the seminar is to:
a) assess the current knowledge on ice mass loss at fronts of Arctic tidewater glaciers;

b) provide a consistent description of methodologies and terminologies so that inter-comparison
between Arcticregions will be more feasible;

c) consider estimation of discharge for regions where they currently do not exist;

d) assess the importance of frontal mass loss for the general mass budget of glaciers in different Arctic
regions.

Participation:

The seminar will bring together invited experts on Arctic calving glaciers and mass balance (ca. 20
people) andis open to everyone interested in these issues. The total number of participants is limited to
40 persons.

Four - five working session are planned with 1-2 invited introductory talks and longer time slot for

discussion during each. Uninvited presentations are not expected. Nevertheless, brief interventions on
methods and regional data/results (up to 5 min.) could be possible.

Expected seminar outcome:

A report with recommendations for further coordinated activity and sketch of an overview paper(s) on
already gained knowledge on frontal ablation and dynamic discharge of mass as a part of mass balance
of Arctic glaciers.

Registration:

Everyoneintending to attend the seminar is asked to submit short (maximum 300 words) motivation
|etter by email to Jacek Jania (jam.jania@gmail.com). Registration deadline is September 15,2016. When
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number of applications exceeds the limit the Steering Committee reserves the right to decide on

participation. The confirmation of the participation will be sent to applicants soon after registration
deadline.

The registration fee of 430 PLN (c. 100 EUR) have to be paid on-site in cash. The registration fee i ncludes
coffee breaks and lunches during the meeting, the icebreaker and the seminar dinner.

Financial support:

The IASC Network on Arctic Glaciology (NAG) has some opportunity for financial support, provided by
IASC, of early career scientists to allow them to attend the seminar. Those interesting are asked to send
an application to Jacek Jania (jam.jania@gmail.com) containing motivation letter including name,
affiliation, age, supervisors, basic description (maximum 300 words) of the pursued research project,
information on amount of money requested and its justification (registration, travel and lodging
expenses allowed). The decision on granting will be sent to applicants soon after registration deadline.
Note that the support will be reimbursed after the seminar.

Venue, accommodation and travel information:

The venue and local organization will be provided by the Centre for Polar Studies - Institute of
Oceanology, Polish Academy of Sciences in Sopot (http://www.iopan.gda.pl/index.html).

Sopotis a famous seaside resort having wide range of accommodation options. The full list of hotels can
be found at: http://www.sts.sopot.pl/.

The nearest airport with the convenient flight connections is Gdansk Lech Watesa Airport
(http://www.airport.gdansk.pl/). The airport is located ca. 10 km from the seminar venue, with a variety
of local transport options (http://www.airport.gdansk.pl/passenger/departurel /drive).

Steering Committee of the Seminar:

Thorben Dunse — Chair of the IASC NAG

Francisco Navarro — Chair CWG IASC

Luke Copland — Initiator of this direction of co-operative studies

Mariusz Grabiec — Polish Representative to the NAG - Local host - Centre for Polar Studies — Univ. of Silesia
Waldemar Walczowski — Centre for Polar Studies - Institute of Oceanology, PAS - Local host

Jacek A. Jania — Head, Centre for Polar Studies
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Program

14 October 2016 — Friday: arrival of participants; Steering Committee Meeting (18.00)
19.00: Icebreaker & supper ("Browar LUBROW" TAP HOUSE, ul. Bohateréw Monte Casino 60, Sopot)

15 October 2016 — Saturday

9.30: Welcome and opening

Introductory session (on aim and scope of the meeting — initiatory remarks - L. Copland, J. Jania;

importance of outcomes for oceanographers — W. Walczowski; open questions related to calving

processes in the Arctic and clarification of definitions — J.O. Hagen, A.F. Glazovsky) + discussion.

10.45: Coffee break

11.00: Methodology session 1 (studies of calving mass loss - state of the art; required data; field
methods and techniques) — T. Dunse, M. Blaszczyk, F.T. Walter + discussion.

13.00-14.00: Lunch

14.00: Methodology session 2 (studies of calving mass loss — remote sensing methods) — J. Bassis,
E. Enderlin, L. Copland + discussion

15.45: Tea / coffee break

16.00: Methodology session 3 (common methods, suggestions for unification and recommendations)
— F. Navarro, J. Bassis* + discussion (*TBC)

19.00: Supper (Restaurant “Smak Morza”, Aleja Franciszka Mamuszki 2, Sopot)

16 October 2016 — Sunday
9.00: Results from regions of the Arctic and key glaciers — J. Dowdeswell — a general introduction
Part 1 — Svalbard — J.O. Hagen/T. Dunse, G. Mohold, M. Blaszczyk;
Part 2 — Russian Arctic — I.V. Buzin, A.F. Glazovsky;
10.45: Coffee break
11.00: Part 3 — Canadian Arctic — L. Copland, A. Dalton; Part 4 — Alaska — B. McNabb + discussion.
12.45 -13.30: Lunch
13.30: Results from regions ctd. Part 5 — Greenland - E. Enderlin, F.T. Walter, and Part 6 — Gaps
in a Pan-Arctic knowledge of calving glaciers (insights from different perspectives — L. Copland,
J. Dowdeswell, J. Jania) + general discussion.
15.30: Tea / coffee break
15.45: Time for local sightseeing / rest or continuation of sessions
19.30: 3SICA Dinner (Restaurant “Hotel Haffner” ul. Jana Jerzego Haffnera 59, Sopot)

17 October 2016 — Monday

9.00: Summary session with preparation of recommendations and a draft of the report from
the meeting (possible work in subgroups: moderators TBD).

10.30: Coffee break

12.00: Concluding session and closing of the seminar (structure — TBD)

13.00: Lunch

Steering Committee of the Seminar:

Thorben Dunse - Chair of the IASC NAG, Norway

Francisco Navarro - Chair CWG IASC, Spain

Luke Copland - Initiator of this direction of co-operative studies, Canada

Mariusz Grabiec - Polish Representative to the NAG - Local host - Centre for Polar Studies — University of Silesia, Poland
Waldemar Walczowski — Local host - Centre for Polar Studies - Institute of Oceanology, PAS, Poland

Jacek A. Jania - Head, Centre for Polar Studies, Poland

Venue: Institute of Oceanology, Polish Academy of Sciences,
55 Powstancow Warszawy Str., 81-712 Sopot, Poland
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Name Affiliation e-mail Country
Jeremy N. Bassis University of Michigan jbassis@umich.edu USA
Matgorzata Btaszczyk | University of Silesia mbl4@wp.pl Poland
Igor Vladimirovich Arctic and Antarctic Research buzin@aari.ru Russia
Buzin Institute St. Petersburg '
Alison Cook Durham University alison.cook@durham.ac.uk U.K.
Luke Copland University of Ottawa luke.copland@uottawa.ca Canada
Abigail Dalton University of Ottawa adaltO43@uottawa.ca Canada
Julian Dowdeswell University of Cambridge jdl6é@cam.ac.uk U.K.
Thorben Dunse University of Oslo thorben.dunse@geo.uio.no Norway
Ellyn Enderlin University of Maine ellyn.enderlin@gmail.com USA
University Centre in Svalbard .
Eva Falck _ UNIS, Longyearbyen Eva.Falck@unis.no Norway
Andrey F. Glazovsky Institute of Geography RAS, glazovsky@gmail.com Russia
Moscow
Piotr Gtowacki Institute of Geophysics PAS glowacki@igf.edu.pl Poland
Mariusz Grabiec University of Silesia mariusz.grabiec@us.edu.pl Poland
Jon Ove Hagen University of Oslo j.0.m.hagen@geo0.uio.no Norway
Andrew Hodson University of Sheffield A.J.Hodson@sheffield.ac.uk U.K.
Dariusz Ignatiuk University of Silesia dignatiuk@gmail.com Poland
Jacek A. Jania University of Silesia jam.jania@gmail.com Poland
Bob McNabb University of Oslo robert.mcnabb@geo.uio.no Norway
Geir Moholdt Norwegian Polar Institute geir.moholdt@npolar.no Norway
. Universidad Politécnica de . .
Francisco Navarro Madrid francisco.navarro@upm.es Spain
:?/'g\t‘iacthUdOIf Tetzner University of Chile, Santiago | dieter.tetz@gmail.com Chile
Jacek Urbanski University of Gdansk jackurbanski@gmail.com Poland
Waldemar Walczowski Isnsggtjte of Oceanology PAS, walczows@iopan.gda.pl Poland
Fabian Walter ETH Zurich fwalter@vaw.baug.ethz.ch Switzerland
+ PhD students Poland
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