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Temperate ice caps in changing climates
Proposed research activity in Iceland in connection with IPY 2007-2008

Contacts: Thorsteinn Thorsteinsson and Oddur Sigurdsson, Hydrological Service, National
Energy Authority, Reykjavik, Iceland.

E-mail: thor@os.is, 0sig@o0s.is

The main objective of the proposed work is to:

1. Continue the ongoing development of techniques and facilities in Iceland for the drilling
and study of ice cores from temperate ice caps.

2. Increase our knowledge of historical variations of precipitation and temperature in a
glaciated region in the North Atlantic Ocean and study local and global dust fluxes in
this region.

3. Use data obtained from ice cores and ice flow measurements to improve models
simulating the response of glaciers and ice caps to human-induced climate change.

About 10% of the surface area of Iceland is covered by temperate ice caps and the largest of
these, Vatnajokull (8000 km?), is one of the largest masses of temperate ice on Earth. Studies of
mass balance, ice dynamics, glaciometeorology, glaciohydrology and subglacial volcanism have
been carried out on the largest ice caps over the past 50 years, their surface and bedrock has been
mapped and the variations in frontal positions of all major outlet glaciers have been recorded for
several decades. The ice caps in Iceland are situated in an area of maritime climate in the middle
of the main track of low pressure systems across the North-Atlantic Ocean. They are therefore
strongly affected by climate variations in the North-Atlantic Region, such as variations associated
with the so-called North Atlantic Oscillation (NAO) which has been an important topic for climatic
research in the last decades. Thus the potential archives of climatic and volcanic history contained
in these ice masses are now attracting increasing attention.

Several recent studies indicate that atmospheric signals can be retrieved from ice cores drilled on
polythermal and temperate ice caps on Svalbard, in Patagonia and in Iceland, in spite of the
periodical melting occurring in their accumulation areas. Data from pilot projects at high
elevation locations on the ice caps in Iceland, like the summit of Hofsjokull (1800 m.a.s.1.) and at
Bardarbunga on NW-Vatnajokull (2000 m.a.s.l.), indicate that climate records covering the past
few hundred years could be retrieved from these locations. In Iceland, 20" century climate
changes were generally similar to variations in the entire Arctic region, but detailed data for
earlier periods are still lacking.

Core drilling in temperate ice requires the use of a drill that can operate in a water-filled borehole.
Such a drill is presently (2004) under construction in Iceland and is expected to be operational in

2005. We propose to carry out the following activities within the timespan 2005-2008,
culminating with a drilling to bedrock at the summit of the Hofsjokull ice cap in 2008:

2005-2006: Pre-IPY phase

- Completion of the construction of a new ice core drill suitable for drilling in temperate ice.
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- Establishment of facilities for dust measurements on snow and ice cores within Iceland.

- Pre-site survey of a drilling site on Bardarbunga, Vatnajokull ice cap.

- Drilling and analysis of a 150-200 m ice core in the summit region of Bardarbunga. The ice core
study will focus on:

a) Stratigraphic dating by dust measurements and tephrochronology.

b) Obtaining a climate record from the ice core that covers several cycles of the North
Atlantic Oscillation, using accumulation variations, ~80-data and meltlayer
stratigraphy.

c) Studies of crystal textures and fabrics in the ice core, with special emphasis on ice rheology
and the possible presence of microbial life in glacial ice in Iceland. This part of the study will
be coordinated with ongoing biological studies on subglacial lakes beneath the NW part of
Vatnajokull.

2007-2008: IPY phase

2007: Detailed pre-site surveying program on the Hofsjokull ice cap, Central Iceland. During this
phase, special emphasis will be on detailed studies of the summertime deposition of windblown
dust originating in nearby deserts, which is of key importance for the identification of annual
layers in ice cores drilled on the ice cap. The study will also aim to clarify whether trace amounts
of global dust are transported to the North-Atlantic region.

2008 and onwards: Drilling of a 300 m ice core to bedrock at the summit of the Hofsjokull ice cap. A
detailed study of climate proxies measured on this ice core, expected to reach at least 500 years
back in time, could provide new impetus to the study of recent climatic changes in the North-
Atlantic region.

Significance of this research

The main focus of ice core drilling has up to now been on retrieving cores from cold polar ice sheets
and high-altitude mountain glaciers, but temperate ice masses in polar and sub-polar regions are
now receiving increasing attention. This is partly due to the fact that deep drilling projects in
Greenland (NGRIP) and Antarctica (EPICA) are now reaching into ice at the bed that is at or close
to the melting point. Drilling in such ice calls for technical solutions that are in several ways similar to
those that have been employed for drilling in temperate ice caps. An Icelandic ice-core drill specially
built for operation in temperate ice can be made available for scientists studying glaciers and ice caps
in Svalbard and other regions.

Models simulating of the response of glaciers to projected climatic changes during the 21
century have been developed in Iceland in recent years. The site-surveying results and icecore
data deriving from the projects outlined above, combined with other glaciological data collected
by the same group during this period, will provide new input for these models. The effect of
climate change on glacier mass balance is an important subject for research, both within Iceland
in connection with changes in river runoff and utilization of hydropower, and also internationally
because of the effect of increased glacier ablation for world wide sea level rise.

It is hoped that the IPY activities will provide new impetus to glaciological studies in Iceland,
utilizing already existing networks of collaboration between Icelandic research institutes and their
international partners and leading to the formation of new collaborative ties.



