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Dy namic changes of tide wa ter out let
glac i ers: Bow doin glac ier, North west
Green land
Funk, Mar tin
Seguinot, Julien
Wal ter, Fabian
Bauder, An dreas, Dr.

The goal of this pro ject is to quan tify
ice mass loss in north west ern Green -
land and eval u ate its im pact on the
arc tic and global en vi ron ments (e.g.
sea level rise) in the con text of the
Arc tic Cli mate Chang Re search Pro -
ject within the frame work of the
GRENE (Green Net work of Ex cel lence)
Pro gram.

The ob served dra matic and rapid
changes on tide wa ter glac i ers in

south ern Green land may prop a gate to the north in near fu ture.
Hence, the tide wa ter glac i ers in this area are ex pected to start re -
treat ing rapidly in the com ing years/decades thus al low ing a mon i tor -
ing and in ves ti ga tion of these changes start ing from the early stage of
rapid dy namic changes. This pro ject is a col lab o ra tive ef fort com bin -
ing in-situ mea sure ments on a tide wa ter glac ier and mod el ing work
with sci en tists of Hokkaido Uni ver sity in Sap poro and ETH Zurich in
or der to ob tain a more pro found knowl edge of the calv ing mech a -
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nisms and to make more re li able pre dic tions of the re treat of tide wa -
ter glac i ers pos si ble.

This pro ject will fo cus on ice berg calv ing of a tide wa ter glac ier lo cated
at the north west ern coast of the Green land Ice Sheet: Bow doin glac -
ier (77° 42’ N; 68° 35’ W). Bow doin glac ier is a grounded tide wa ter
glac ier ap prox i mately 10 km long and 3 km wide with an av er age sur -
face slope of less than 1°. Along its cen ter it is 250 m thick at the calv -
ing front, in creas ing to 350 m 6 km up stream. Its bed is 250 m be low
sea level along a 6 km cen ter line up stream the calv ing front. Its flow
speed amounts 1.5 m/d close to the calv ing front, de creas ing to 1 m/d
3 km up stream. The glac ier sur face ex pe ri enced a thin ning at a rate
of 1.5 m/a since 2007. A rapid calv ing front re treat at a rate of 260
m/a was also ob served since 2008, while no sig nif i cant changes oc -
curred dur ing the pre vi ous 20 years. An in ter est ing par tic u lar ity of the
glac ier is that it is only lit tle crevassed and ac ces si ble for field work
very close to the calv ing front. This of fers unique per spec tives for cru -
cial field ex per i ments to in ves ti gate the calv ing process. In par tic u lar,
we plan to record the fol low ing key in for ma tion from im me di ately be -
hind the calv ing front to 10 km glac ier up stream:

Sub glacial wa ter pres sure changes in bore holes
In ter nal ice de for ma tion changes with tilt sen sors at dif fer ent depths
Englacial ice tem per a ture pro files from the glac ier bed to the sur face
High res o lu tion sur face mo tion with GPS records
Seis mo log i cal ob ser va tions of the calv ing process

We plan to de velop a nu mer i cal model for tide wa ter glac i ers in which
the cru cial processes are im ple mented in a com pre hen sive way.
These data will serve to val i date the re sults ob tained from the nu mer i -
cal sim u la tions.

Overview

Sun2Ice: Mon i tor ing the frac tur ing of
calv ing glac i ers from so lar-pow ered
UAVs in po lar re gions
Jou vet Guil laume, Dr.
Funk, Mar tin, Prof. Dr.
Sieg wart, Roland, Prof. Dr.
Oet ter sha gen, Philipp
Stastny, Thomas
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Wei d mann, Yvo

Be tween Glaciol ogy and Au tonomous
Sys tems, Sun2ice's ETHZ pro ject
aims to use a state-of-the-art, so lar-
pow ered Un manned Aer ial Ve hi cles
(UAV), At lantik So lar, for long sur veys
of glac i ers lo cated near the vil lage of
Qaanaaq (77° North), north west
Green land. The ''mid night sun'' in po -
lar re gions of fers unique con di tions
for per pet ual so lar-pow ered UAV
flights. In Sun2Ice, this cut ting-edge

tech nol ogy serves to mon i tor ice berg calv ing, a still poorly un der stood
process which plays a ma jor role in the sea-level rise.

The rapid re treat of ocean-ter mi nat ing
glac i ers over the last decades has
strongly con tributed to the ob served
global sea-level rise. For the Green -
land ice sheet, ice berg calv ing is re -
spon si ble for ap prox i mately half of
the ice ab la tion. Long-range UAVs as
At lantik So lar can pro vide a unique
set of aer ial im ages, lead ing to in-

depth analy sis of me chan i cal calv ing processes. Com bin ing pho -
togram me try, fea ture-track ing, and ice flow mod el ling tech niques, we
can de rive sur face ice flow ve loc i ties at sub-crevasse res o lu tion, and
in fer in for ma tion about the crack ver ti cal pen e tra tion and hor i zon tal
ex ten sion at sev eral stages of the event. Sun2ice's fo cus is to model
in di vid ual large-scale calv ing events dri ven by hy dro-frac tures. Such
a mod el ing at the level of in di vid ual events is rare, but nec es sary, as
the phys i cal mech a nisms trig ger ing small- and large-scale events dif -
fer.

An ac com pa ny ing ob jec tive of this
pro ject is the un der tak ing of the first-
ever au tonomous, en er get i cally per -
pet ual, and so lar-pow ered flight of a
UAV above or be low the Arc tic or
Antarc tic cir cles, re spec tively. The lat -
est ad vances in pho to voltaic tech nol -
ogy have shed light on the im mense
po ten tial of so lar-pow ered manned
and un manned fly ing plat forms. How -
ever, most plat forms of this type are

ex per i men tal and not primed for real-world ap pli ca tion. This pro ject
aims to demon strate a con crete ex am ple of the spe cial ized util ity of
so lar-pow ered UAVs. Here, the goal is to demon strate the ro bust ness
and ap plic a bil ity of the At lantik So lar plat form, not only in new en vi ron -
men tal set tings, but in the con text of a chal leng ing, real-world sci ence
mis sion; a pro ject re quir ing the com bi na tion of long-range and long-
en durance per for mance, pay load ca pac ity, and hu man-ma chine in ter -

ibili b f d d f hi l

The so lar-pow ered At lantik So lar
UAV on the way to Bow doin Glac -
ier

The so lar-pow ered At lantik So lar
UAV at take-off

The sur vey of Bow doin Glac ier re -
veals a crack open ing about to trig -
ger a large-scale calv ing event
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actibil ity never be fore demon strated on a sys tem of this class.
For more in for ma tion on this pro ject, visit www. sun2ice. ethz. ch
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