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PREFACE

EUCOP4, the 4th European Conference on Permafrost and Regional Conference of the International
Permafrost Association is hosted by the Portuguese Universities of Lisbon and Evora and is to be held
in Evora from the 18" to the 21% June 2014. The conference provided the opportunity to bring
together researchers from all over the world to present and discuss some of the most recent advances
and results in permafrost and related subjects. More than 370 researchers from 24 countries have
registered.

A very positive response to the Call for Papers for EUCOP4 was obtained, with more than four hundred
and fifty submissions. This book contains 425 abstracts, including those from the 3 plenary lectures, 1
from The Wiley-Blackwell Permafrost and Periglacial Processes Public Lecture and 23 session keynote
lectures. The high quality of the scientific program is to be thanked to the authors and also to the
chairs of the 23 thematic sessions, that made a fantastic work in their promotion and also in
conducting all reviewing and selection procedures. We are very indebted to all of them.

We are also very pleased to benefit from the participation of our guest speakers Prof Oleg Anisimov,
State Hydrological Institute (Russia), Prof Frederick Nelson, Univ. Wisconsin (USA), Prof James
Bockheim, Univ. Wisconsin-Madison (USA) and Prof Christian Hauck, Univ. Fribourg (Switzerland), for
their plenary lectures. We are also very delighted to receive at EUCOP4 ‘The Wiley-Blackwell
Permafrost and Periglacial Processes Public Lecture - PPP Award for Excellence in Permafrost
Research’ by Prof. Chris Burn, Carleton University (Canada). We express our gratitude to these world
renowned experts on permafrost.

The International Scientific Committee has supported the Local Organizing Committee since an early
stage in defining the science program and has provided timely comments on key questions on the
organization. We are indebted to all members who accepted to support us. Special thanks are due to
Toni Lewkowicz, Hanne H. Christiansen, Bernd Etzelmuller, Hans Hubberten and Miguel Ramos for
their support. The International Permafrost Association Council members are also warmly thanked for
their support towards the organization of this conference in Portugal.

Finally, as editors of the Book of Abstracts, we acknowledge the excellent support, patience and
cooperative spirit of all the Local Organizing Committee: Alexandre Nieuwendam, Alice Ferreira, Ana
Salomé David, André Oliveira da Fonseca, Gongalo Prates, Jodo Candrio, Lourengo Bandeira, Marc
Oliva, Mario Neves and Maura Lousada.

We are very pleased to welcome all the participants of EUCOP4 in Evora and look forward for another
excellent European Conference on Permafrost, after Rome (2001), Potsdam (2005) and Longyearbyen
(2010).

Evora, June 2014

Gongalo Vieira
Pedro Pina
Carla Mora
Anténio Correia
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Plenary Lecture 1

Challenges of permafrost predictive modeling under a changing climate

Oleg Anisimov, State Hydrological Institute, Russia
Frederick Nelson, Univ. Wisconsin, USA

Variety of models of different complexity have been developed to study the climate- and ecosystem-driven changes in
permafrost, impacts of such changes on the environment and infrastructure, and the feedbacks to the global climate
through emission of greenhouse gases. Relatively simple permafrost models assume that the ground thermal regime is
in equilibrium with the atmospheric climate. Despite their simplicity, such models demonstrate good results in
replicating the current state of permafrost, and are often used to construct permafrost projections at geographical
scales from local to hemispheric. More sophisticates models explicitly account for the dynamics of the ground
temperature regime and seasonal thawing/freezing, so that transient response of permafrost to changing climatic and
environmental conditions may be simulated. To get insight into the future the stand alone permafrost models require
climatic projections, at minimum monthly air temperature and precipitation data. Alternative approach is to model
dynamics of the frozen ground directly in the land surface modeling schemes within GCMs. However this approach is
computationally very expensive, which imposes serious limitations on the level of details and complexity of permafrost
parameterizations.

At minimum, two problems in permafrost predictive modeling remain open. The first is associated with the insufficient
amount of data on soil, surface (i.e. snow and vegetation), and atmospheric parameters that are needed to validate and
run permafrost models. Such kind of limitations are particularly restrictive for the sophisticated dynamical models that
could not be used effectively unless the full set of required input data and parameters is defined with reasonable level
of accuracy. The other problem is modeling methodologies adopted in most studies to date. Even the most
comprehensive permafrost models are deterministic, while permafrost parameters at local scales are largely governed
by small-scale variability of soil, vegetation, snow parameters and topography. The new type of stochastic permafrost
models has recently come into existence. Unlike conventional models, they take into account the probabilistic nature of
climatic projections and small-scale spatial variability of soil, snow, and biophysiographic parameters in the calculations
of the statistical ensemble representing potential states of permafrost under the prescribed conditions. This new
methodology is fully harmonized with the ensemble approach that is used to construct probabilistic climatic projections
on the basis of results derived from several GCMs. On the other hand, it provides important information that directly
addresses the practical stakeholders needs and may be used in various applications such as the risk assessment of
potential infrastructure damage and evaluation of other threshold-driven processes and impacts associated with
thawing permafrost.

13
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Plenary Lecture 2

Recent advances on Antarctic permafrost and soils

James Bockheim, Univ. Wisconsin-Madison, USA

The objectives of this presentation are to describe the evolution of Antarctica’s cryosphere, to provide an historical
overview of permafrost research in Antarctica, to discuss recent research achievements, and to identify critical research
needs. Antarctica covers 14 million km2, but only 0.35% (49,500 km2) is ice-free. Despite the lack of exposed land,
there is a remarkable record of soil development in what is now Antarctica since the Permian (350 Ma). Antarctica’s
present cryosphere developed once the continent separated from Gondwanaland during the Cretaceous (80 Ma). The
separation of the Scotia Arc enabled the Antarctic Circumpolar Current to become established. The Antarctic
continental ice sheets developed during the Oligocene (40-34 Ma). The current hyperarid, hypergelic climate has
remained in effect since the mid-Miocene (14.8-13.6 Ma). Antarctica’s oldest ice dates back more than 1 Ma. The
Antarctic ice sheets are underlain at a depth of 1.3 km by a complex network of streams and lakes. The earliest studies
of permafrost were conducted by the Russians in the late 1950s. Over the past 20 years, the key research themes in
Antarctic permafrost have been microbial ecology, methods of detection, thermal/physical properties, and buried ice.
There are 126 boreholes in Antarctica but only 7 exceed 25 m in depth. Permafrost is continuous throughout the
Antarctic continent. The hyperarid conditions in Antarctic have yielded “dry permafrost” throughout the inland
mountains. Permafrost temperatures range between -0.35 and -1.8°C along the western Antarctic Peninsula (WAP), -8.3
and -9.8°C along the East Antarctic coast, and -14° and -24°C in the inland mountains. The maximum depth of
permafrost measured to date is 970 m in the McMurdo Dry Valleys. Active-layer depths range between 1 and 7 m or
more along the WAP, 0.8 to 2 m in coastal East Antarctica, and 0.03 to 0.5 m in the inland mountains. In 2002 buried ice
was discovered in the McMurdo Dry Valleys that was dated at 8.1 Ma and was later shown by David Gilichinsky to
contain viable bacteria. In the past several decades the mean annual and mean winter air temperatures along the WAP
have increased by 3.4°C and 6°C, respectively. In north Victoria Land warming over the period 1997-2009 resulted in a
0.1°C/yr increase in permafrost temperature and a 0.01 m/yr increase in active-layer depth (Guglielmin and Cannone).
Critical permafrost research needs in Antarctica include a comprehensive drilling program in climatically sensitive areas,
a greater number of deep boreholes, and a greater understanding of the role of terrain attributes, especially snow, for
modeling Antarctic permafrost distribution.

14
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Plenary Lecture 3

Monitoring ice and water content — New developments in permafrost
geophysics

Christian Hauck, Univ. Fribourg, Switzerland

The application of geophysical techniques has a long tradition in permafrost research, as these methods can be used as
flexible and cost-effective alternative to complement standard (thermal) mapping and monitoring techniques.
Traditional permafrost observation techniques rely mainly on thermal monitoring in vertical and horizontal dimension,
but they provide only weak indications of physical properties such as ice and liquid water content or porosity. In
addition, the investigation depth is often limited to the uppermost 10 metres and/or the active layer depth.
Geophysical techniques can be used to characterise permafrost occurrences over much larger depth ranges, and to
monitor their temporal and spatial changes as the physical properties of frozen and unfrozen ground measured by
geophysical techniques are markedly different.

In recent years, electromagnetic, seismic but especially electrical methods have been used to monitor permafrost
occurrences over several years (even up to 1-2 decades) and to detect changes of the physical properties within the
active layer and regarding the ice content within the permafrost layer. With respect to applied studies, increasingly
detailed information is being drawn from geophysical surveys, including quantitative estimation of water storage, ice
contents, water flow and temperature. These data are not only important in a monitoring context, but also to validate
coupled transient thermal/hydraulic models which are used to predict the evolution of permafrost occurrences under
different climate change scenarios. These models rely on suitable validation data during an observation period, which
are usually restricted to data sets of ground temperature and active layer depth. Because ground ice and unfrozen
water content in the active layer are important initialisation and validation data for these models, geophysically-derived
estimates of these properties become more and more valuable.

In this contribution new developments regarding the application of geophysical methods in permafrost studies will be
presented, focusing on methods which allow the quantification of subsurface ice and water content and an increased
process understanding regarding water flow in the active layer and its interaction with the thermal regime of the
permafrost. These methods include e.g. continuous geoelectrical monitoring and ice content quantification using
petrophysical relationships based on seismic/electrical measurements. Ground truth data are available from borehole
temperatures, borehole geophysics and water content measurements in the uppermost part of the active layer.

Most of the presented geophysical data originate from mountain permafrost stations in the Swiss Alps, but also other
data, e.g. from Antarctica and high latitudes will be discussed.

15
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The Wiley-Blackwell Permafrost and Periglacial Processes Public Lecture
PPP Award for Excellence in Permafrost Research

Permafrost and climate change near the western Arctic coast of Canada

Chris Burn, Carleton University, Canada

The western Arctic coastlands of Canada have historically been a focal area for research on permafrost due to the
potential for hydrocarbon development and because of the 60-year legacy of Professor J.R. Mackay. Examination of
permafrost conditions has concentrated on factors that may influence infrastructure development, and since 1995
interest in the response of the terrain to climate change has increased. Dr Mackay’s work left several benchmarks
against which changes in terrain conditions can be measured. The region has a relatively long climate record, which
shows a substantial increase in air temperatures since 1970, mostly in the autumn and winter. The total change in
annual mean temperature has been about 2 °C. At the same time, precipitation has shown no trend. As a result, we
must assess the first extensive set of hill slope movements in the region, observed in September 2009 near Inuvik, as a
result of an extreme precipitation event rather than due to climate change. We have occupied a series of sites that
were established by J.R. Mackay and D.K. MacKay in 1968 at Garry Island, and determined the response of the ground
at points with systematically varying snow covers to changes in air temperature between 1969-71 and 2004-13. The
change in mean annual ground temperature has been about 1.8 °C at most sites, but less (1.2 °C) at the warmest
location. The temperature at the surface of permafrost is independent of air temperature during freeze-back of the
seasonally thawed active layer and it appears that a critical control on the annual mean temperature in permafrost is
the duration of freeze-back. Mitigation of rising ground temperatures in permafrost may be achieved by control of
snow accumulation early in winter. In 1983, Dr Mackay established a line of 12 points along a tundra hill slope where
the thickness of the active layer has been measured for over 30 years. These data have shown that sites on slopes
respond quite differently to climate change from sites in flat terrain, where water from ground ice that melts towards
the end of the summer is refrozen in autumn. On slopes some of the water is, instead, lost, and as a result subsidence
on slopes is becoming evident. The subsidence is concentrated above ice wedges, and has become readily apparent
since 2011. Such subsidence is the most pressing geotechnical issue facing infrastructure in the western Arctic.

19
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PERMAFROST RESEARCH AND SOCIETY:
FROM HISTORY TO THE FUTURE

S1+S2. History of permafrost research and
education and outreach

Chairs:
J. Brown, F. Nelson, A. Klene and J. Stanilovskaya
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Keynote Lecture 1

Activities for permafrost education and outreach

Kenji Yoshikawa, Water and Environmental Research Center, Institute of Northern Engineering,
University of Alaska Fairbanks, USA

The International Permafrost Association (IPA) has been active in developing a series of products and initiatives to meet
scientific and regional communities demands, most recently targeted towards the next generation of scientists with
programs and for indigenous people and their northern community. Education and Outreach are not just an integral
part of modern science, but also important to recognize local communities where located on permafrost. We will
present last three years of the activities of the IPA Education and Outreach Standing Committee. We are responsible for
leadership and international coordination of education and outreach activities that support IPA goals. The Education
and Outreach Standing Committee works with various partners at multiple levels, e.g. site, network, organizational,
community, and international. We should 1). ensure the presence and involvement of young researchers and educators
in IPA activities, 2). seek to develop educational products for non-specialist audiences, including youth, teachers,
journalists or policy-makers, 3). support the development and maintenance of the International University Courses on
Permafrost (IUCP) database, 4). seek to develop the place of permafrost in education curricula, 5). support and foster
the development of field courses and summer schools on permafrost-related topics, 6). support PYRN and ensure that
its activities are known in the permafrost community and beyond (e.g. APECS), 7). make recommendations to the
permafrost community and the wider public to better publicize media and outreach products on permafrost. The
International University Courses on Permafrost (IUCP) database and partnership with University of the Arctic (Thematic
Network on permafrost) are good examples of our recent efforts. We will present summary of the project for the each
level such as K12, teachers and students, undergraduate, graduate school, and general audiences.

As awareness of permafrost continues to grow within the research community and the general public, it will be crucial
to integrate Education and Outreach as an important part of our science activities.

The International Permafrost Association (IPA) has been active in developing a series of products and initiatives to meet
scientific and regional communities demands, most recently targeted towards the next generation of scientists with
programs and for indigenous people and their northern community. Education and Outreach are not just an integral
part of modern science, but also important to recognize local communities where located on permafrost. We will
present last three years of the activities of the IPA Education and Outreach Standing Committee. We are responsible for
leadership and international coordination of education and outreach activities that support IPA goals. The Education
and Outreach Standing Committee works with various partners at multiple levels, e.g. site, network, organizational,
community, and international. We should 1). ensure the presence and involvement of young researchers and educators
in IPA activities, 2). seek to develop educational products for non-specialist audiences, including youth, teachers,
journalists or policy-makers, 3). support the development and maintenance of the International University Courses on
Permafrost (IUCP) database, 4). seek to develop the place of permafrost in education curricula, 5). support and foster
the development of field courses and summer schools on permafrost-related topics, 6). support PYRN and ensure that
its activities are known in the permafrost community and beyond (e.g. APECS), 7). make recommendations to the
permafrost community and the wider public to better publicize media and outreach products on permafrost. The
International University Courses on Permafrost (IUCP) database and partnership with University of the Arctic (Thematic
Network on permafrost) are good examples of our recent efforts. We will present summary of the project for the each
level such as K12, teachers and students, undergraduate, graduate school, and general audiences.

As awareness of permafrost continues to grow within the research community and the general public, it will be crucial
to integrate Education and Outreach as an important part of our science activities.
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Keynote Lecture 2

A short history of permafrost research

Frederick Nelson, University of Wisconsin-Milwaukee, USA

Although substantial advances in permafrost science and engineering have occurred over the past century, the body of
historical work describing, interpreting, and relating them to external influences is very small. Permafrost studies have
rich and complex relations with other branches of science, including physics, civil and mechanical engineering,
geomorphology, Quaternary studies, hazards, ecology, and climate change. This presentation provides a skeletal
overview and timeline of the development and evolution of geocryology, the accomplishments of its practitioners, and
historical events that have helped to shape the existing body of knowledge about frozen ground and its relations with
human activities. We also explore the potential for developing a historiography of permafrost science and engineering.
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The shifting motivation for permafrost research in Norway and Svalbard:
a historical review

Ole Humlum, Department of Geosciences, University of Oslo, Norway & Department of Geology,
UNIS, Svalbard, Norway

The existence of permafrost in Svalbard was known since initial cloal mining attempts and the first IPY in 1882. Already
in 1883 ground temperatures were recorded and in 1913 ground ice studies were initiated.

The first review of frozen ground phenomena in Spitsbergen was published in 1922, and several other observations on
permafrost were published between 1924 and 1937, describing patterned ground and other themes. In 1941
observations from Spitsbergen on solid bodies of ground ice emphasised the importance of topography, soil type and
moisture supply to understand the distribution of ground ice.

After the 2nd World War, most peremafrost studies in Svalbard had a geomorphological focus, but after 1998 (PACE),
several permafrost boreholes were established, especially during the IPY 2007-09. Modern permafrost in Svalbard has a
general geomorphological approach, characterised by field observations and monitoring of permafrost temperatures
and meteorological parameters.

In mainland Norway permafrost research began later than in Svalbard. Presumably one of the first publications
referring to permafrost in Norway was a paper in 1957 on water resources in northern Norway. Here the existence of
permafrost was suggested by combining a climatic approach with an early permafrost model. In addition, 20 m thick
permafrost was reported from mining activities in Lyngen peninsula, Norway, at an altitude of 750 m a.s.l.

However, scientific knowledge on permafrost remained sparse until the mid-sixties, where a study of permafrost in ice-
cored moraines in Norway was published. This was followed by several investigations of landforms indicating the
former existence of permafrost, e.g., a special type of circular lake, ice-wedge casts, and fossil polygon patterns on
raised beach ridges.

A suite of other investigations then followed during the following 25 years. During the first 10 years of this important
development investigations mainly had a geomorphological research focus, and permafrost was usually addressed only
indirectly. This, however, changed in 1984, when geophysical research methods became frequent in Norwegian
permafrost research, resulting in a change of focus from periglacial geomorphology to permafrost temperatures
studied by geophysical means.

After 1998 the European PACE program have contributed importantly to the recognition and description of permafrost
in Norway and other parts of Scandinavia. Several permafrost boreholes were established from 1998, but especially
during the 2007-09 IPY period (TSP-Norway and CRYOLINK). The new field observations on permafrost temperatures
recently resulted in the development of a modeling approach in Norwegian permafrost research. This recent
permafrost research development should also be seen on the background of increasing political interest in permafrost
since 2000, motivated by the general concern for climate change, with consequences for research funding possibilities.
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Cores, comics and communities: Bringing permafrost research to
decision-makers in Yukon, Canada

Bronwyn Benkert, Northern Climate ExChange, Yukon Research Centre, Yukon College, Canada
Fabrice Calmels, Northern Climate ExChange, Yukon Research Centre, Yukon College, Canada
Louis-Philippe Roy, Northern Climate ExChange, Yukon Research Centre, Yukon College, Canada

Since 2000, the Northern Climate ExChange (NCE), part of the Yukon Research Centre at Yukon College, has been
carrying out activities related to adaptation, mitigation, education and outreach focused to the impacts of climate
change in the Yukon. Recognizing the significant impact of current and future permafrost change on Yukon
communities, NCE has been developing its capacity to conduct permafrost research, through personnel development
and the enhancement of field and lab-based research capacities, as well as via strong collaborations with southern-
based researchers. As a result, NCE has developed a suite of research projects related to the impacts of climate change
on permafrost and the interface between local conditions and decision-making. These include projects addressing
landscape hazards mapping and the characterization of permafrost conditions under key public infrastructure in Yukon
communities, and an assessment of the vulnerability of the North Alaska highway to permafrost thaw. All of NCE’s
permafrost-related projects aim to develop tools to inform decision-making for climate change adaption planning.

Because the success of the projects listed above is linked with the integration of results in decision-making processes,
NCE has worked to develop communication tools aimed at Yukon communities and practitioners impacted by
permafrost. This presentation will discuss the approaches we have employed in communicating our project ideas,
progress and findings, and their associated challenges and successes.

In developing communications approaches for our projects, we recognize that we must communicate complex
information to both technical and lay audiences, and that our communications are done both in-person and
independently. The diversity of our audience has compelled us to employ multiple communication methods for each of
our projects. We have had limited success with traditional community-based open houses, and instead have held
dinners, invitational meetings and celebrations as ways of engaging community-based practitioners. We have also
worked to develop novel ways of communicating project results outside of face-to-face interactions. We have created a
comic-style communication piece, to convey context, purpose, methods, results and applicability of findings from our
research projects to non-technical audiences, but also to capture the attention of the scientific audience. We are
working on the development of lay reports, guides, posters, video and other tools for independent perusal by non-
technical audiences, and we held a workshop with the consulting, planning and governmental communities in the
Yukon, to scope most appropriate ways of distributing project results for integration by practitioners. By sharing our
experiences applying these communication methods in results dissemination, we hope to contribute to the body of
resources available to researchers wanting to ensure project outcomes are incorporated in decision-making.
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Promoting Polar Science in Portugal for the next generation

Ana David, Center of Geographical Studies - University of Lisbon, Portugal

Alexandre Nieuwendam, Center of Geographical Studies - University of Lisbon, Portugal
José Seco, Institute of Marine Research - University of Coimbra, Portugal

José Xavier, Institute of Marine Research - University of Coimbra, Portugal

Patricia Azinhaga, Institute of Marine Research - University of Coimbra, Portugal

Sara Aparicio, Center for Environmental and Sustainability Research -New University of Lisbon,
Portugal

Silvia Lourenco, Portuguese Institute of the Ocean and Atmophere, Portugal

Since the 2006-2007 International Polar Year (IPY), the Portuguese polar earlier career science community has been
growing constantly, incorporating the Association of Polar Earlier Career Scientists (APECS), the Portuguese National
Committee and APECS Portugal. This last group has around 50 earlier career scientists that integrate Portuguese and
international teams working in both the poles and the cryosphere in areas like marine biology, conservation, chemistry,
glaciology, permafrost and geopolitics. More recently, the community also started to have teachers as active members.
Dedicated to give voice to the Portuguese Polar earlier career scientist, the APECS Portugal works to promote
interdisciplinary and educational innovative activities, in a non-polar country, in collaboration with numerous countries,
and playing an important role in promoting Portuguese Polar science beyond IPY.

During 2013, the APECS Portugal organized and was involved in several activities and events promoting interdisciplinary
and educational outreach, e.g., the International Polar Week, an international education & outreach project, and the
4th APECS Portugal Career development Workshop.

During the last Fall International Polar Week, APECS Portugal through the new educational project “Profissdo: cientista
polar” in coordination with the Portuguese Polar Program (PROPOLAR), APECS Brazil and Polar Educators International
(PEI) organized 35 activities with schools: workshops, Skype calls, talks in schools, and universities, discussion panels,
symposiums, international seminars and interactions with students that used scientific data for their school projects,
involving about 10500 students, 158 teachers and 13 scientists from Portugal, Brazil, United Kingdom and Angola .

Since 2010, the APECS Portugal organizes the career development workshops as a parallel event of the Portuguese
Polar Sciences Conferences. In the 4th APECS Portugal career development workshop had 20 people including earlier
career scientist (EC), mentors and international guests (from Bulgaria, Canada, Germany and Sweden), talking about
“How to be a Polar Scientist”. With 10 short presentations about their science, two talks about how to better
communicate science and the international head researchers of Canada and Germany, ideas and discussions about how
to be a better polar scientist and effectively communicate science arose during all day.

The growing number of members of APECS Portugal covering several and distinct research areas in both poles as well as
the consolidation in the E&O work with the schools is a good example of the consolidation of Portugal as a non-polar
country conducting research in Polar regions.
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Planned education and outreach activities during the ICOP 2016,
Potsdam, Germany

Inga May, IPA, Germany

Rainer Lehmann, Middle School Hannover, Germany

Kenji Yoshikawa, University of Alaska, Fairbanks, USA
Lutz Schirrmeister, Alfred-Wegener Institut, Germany

During the International Polar Year (IPY) 2007- 2008 education and outreach became more and more important and
many different initiatives were started to foster this aim. It got obvious that without a meaningful communication of
scientific results to the broader public, including all ages, the very important research outcomes will not be understood
and accepted by the public. As this is a key in order to convince stakeholders, decision makers, politicians, but also just
normal individuals, that these outcomes are of high importance for everybody’s daily life it and there is a high need to
be active and react, it must be the goal of every scientist to make its research as understandable as possible. Maybe
even more important is this content is to raise the awareness of the next generation for sensitive issues such as global
change, climate warming and the impacts of the different regions of the world.

Inspired by the activities of the IPY also the permafrost community started to foster their education and outreach
projects. As they recognized its importance the International Permafrost Association (IPA) even launched and Education
and Outreach committee in 2010 and started the collaboration with many educational institutions such as the
University of the Arctic or APECS. Financially supported by the IPA this committee started its work during the last years
and already could achieve some substantial outcomes. For the upcoming International Conference on Permafrost in
2016 (ICOP 2016), that will be held in Potsdam, Germany, it is intended that education and outreach will play an even
more important role. For this a special education and outreach conference team was created, that will be responsible
for the activities during the conference. They are planning to involve international schools and teachers to the
conference activities, which will be a very new and innovative initiative.

This presentation will present the proposed actions during, but also before and after, the conference. This could include
a video competition for international schools to attend the event, the involvement of one or two local schools and a
workshop for international teachers. A special event could be an evening lecture held by a scientist that will be open for
the public. It will be a semi-entertaining, semi-scientific presentation that will be easy understandable for non-
scientists. One main goal of the planned education and outreach activities will also be the possibility for children and
the public to get in touch with ‘real’ scientists, communicate with them and in that way somehow close the gap
between science and the daily live.

All activities and events will be organized by the education and outreach conference team but mainly supported by the
IPA Education and Outreach committee as well as the German ‘coole Klassen’ (cool classes) project, an initiative of the
working group ‘Polar Teachers’ of the German Association of Polar Research (DGP).

28



Book of Abstracts of EUCOP4 — 4™ European Conference on Permafrost
18-21 June 2014 - Evora, Portugal

Celebration of the 50th Anniversary of the First International Conference
on Permafrost

Jerry Brown, Woods Hole, MA, USA
Frederick Nelson, University of Wisconsin-Milwaukee, USA

This past year marked the 50th anniversary of the First International Conference on Permafrost (ICOP) that was held at
Purdue University on 11-15 November 1963. To celebrate the 50th anniversary, a one-day program was convened on
November 15, 2013, at Purdue University. The program included speakers representing topics that were discussed at
the Conference and others engineering, climate-related and geotechnical subjects and a concluding banquet. Four
participants of the 1963 conference attended.

The 1963 conference was a historic event in that it brought together for the first time the leading researchers and
practitioners from North America and other countries that had diverse interests and activities in the study and
applications of perennially frozen ground, cold regions engineering and related laboratory investigations. The 285
registered participants represented engineers, researchers, manufacturers and builders from the USA (231), Canada
(42), the USSR (5), Sweden (3) and Argentina, Austria, Great Britain, Japan, Norway, Poland, Switzerland, and West
Germany. The conference was organized by the Building Research Advisory Board of the U.S. National Academy of
Sciences—National Research Council (NAS-NRC). The carefully edited volume, published in 1966 by the NAS, is
considered to be the first multi-national, English-language collection of papers devoted entirely to permafrost topics.
The 100 published papers followed closely the actual conference venue and panel discussions: soils and vegetation (9),
massive ground ice (10), geomorphology (16), phase equilibrium and transition (8), thermal aspects (8), physico-
mechanical properties (7), exploration and site selection (11), sanitary and hydraulic engineering (14), and earthwork
and foundations (17).

The First ICOP essentially broke the “ice” between Soviet and Western permafrost researchers and set the stage for the
Second ICOP that was held in 1973 in Yakutsk, Siberia. All subsequent conferences maintained the interdisciplinary
principles set forth at Purdue: two more in the United States (Fairbanks 1983, 2008), two in Canada (Edmonton 1978,
Yellowknife 1998), and one in Trondheim, Norway (1988), Beijing, China (1993), and Zurich, Switzerland (2003), one
more in Russia (Salekhard 2012).

Throughout the 50-year history of the International Conferences on Permafrost, publication of Proceedings has been
the major legacy of each conference. Over the course of the 50 years more than 2000 papers in English were published
in the Proceedings with the assistance of many hundreds of international reviewers and editors. Starting in 2003 (8th
ICOP), a second form of publication was initiated that involved Extended Abstracts. For the 2012 conference a
Transactions of the International Permafrost Association was initiated to coincide with future ICOPs.
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Frost tube in Russian communitis/schools

Julia Stanilovskaya, Sergeev Institute of Environmental Geoscience RAS, Russia
Kenji Yoshikawa, University of Alaska, USA
Mikhail Prisyazhniy, North-Eastern Federal University, Russia

Project "Frost tube in Russian schools " is a pilot program that the establishing of monitoring sites where comunitties
located in Russian cryolithozone since 2012. In this project, students from remote areas can learn more about the
permafrost . In addition, students can participate in major scientific research community of the International
Permafrost Association, expanding their horizons and forming the scientific worldview .

During the year, the students under the guidance of the teacher of geography , physics or biology measure the depth of
soil freezing in frost tube of Danilin on schoolyard. Concomitantly, observations of air temperature and snow depth.

Since April 2012, six of western Siberian communities began to monitor on this project in Yamal-Nenets Autonomous
District (Salekhard, Labytnangy) during and before the 10th International Conference on Permafrost. In July 2012 frost
tube was installed at the Children's Environmental station in Novy Urengoy , schools of BAM (Severobaykalsk, Chara,
Novaya Chara, Tynda) , Southern Yakutia (Zolotinka, lengra, Berkakit, Neryungri, Serebryny Bor, Chulman , Khatymi),
Yakutsk. During the May expedition "Frost tube in the Baikal region " in 2013 frost tube was installed in 11 settlements
of the Irkutsk region: Baikalsk, Sludyanka, Kultuk, Irkutsk, Ust -Orda, Bayanday, Kachug, Birulka, Anga, Butakovo and
Verkholensk. September's expedition in 2013 took place on the Sakhalin Island, and frost tube was installed in four
localities: Nekrasovka (the most northern settlement of Sakhalin Island), Okha, Nogliki and Pobedino. Today, there are
40 educational institutions participating in the project from 29 settlements in Russian cryolithozone.

In different schools we found a peculiar interest of teachers and students to cryogenic phenomena. The study of icings
in Kultuk, mudflow dam erected after the famous 1971 in Sludyanka, the searching of ice caves near Verkholensk, daily
weather observations from 1981 continuing by teacher of geography in Butakovo - this valuable material students will
necessarily use when writing school papers on the project "Frost tube".

Active teacher Alena Struchkova from school Ne 14 in Yakutsk works with students to promote knowledge about
permafrost, developing route "Kingdom of permafrost". Areas of work are included the history of permafrost study;

observation; excursion activity ; communication with permafrost scientists.

Pupils of secondary school have already visited the underground laboratory of Permafrost Institute. The year-round is
winter there, and summer visit of young "travelers" has special delight .

The first award of the international project "Frost tube in Russian schools" is recived and diploma of students and their
head Alfiya Khabibulina from Novy Urengoy on Yamal Second Environmental Forum in April 2013.

The data and newsletters about the expeditions, competitions, conferences for students are here
http://permafrost.edublogs.org and http://vk.com/frost_tube
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Frost tube outreach program in Japan

Koichiro Harada, Miyagi University, Japan

Kenji Yoshikawa, UAF, USA Go Iwahana, UAF, USA

Julia Khalilova, Sergeev Institute of Environmental Geoscience RAS, Russia
Yuki Sawada, Fukuyama City University, Japan

Toshio Sone, Hokkaido University, Japan

In order to emphasis their interest for earth sciences, an outreach program through measurements of frost depth is
conducting in Japan. This program is made at elementary, junior high and high schools since 2011 winter in Hokkaido,
northern part of Japan where seasonal ground freezing occurs. At schools, a lecture was made and a frost tube was set
at schoolyard, as the same tube and protocol as UAF’s Permafrost Outreach Program, using clear tube with blue-
colored water. Frost depth was measured directly once a week at each school by students during ground freezing under
no snow-removal condition. In 2011 season, we started this program at three schools, and the number of participated
school is extended to 19 schools in 2013 season, 15 elementary schools, three junior high schools and one high school.
We visited schools summer time and just before frost season to talk about the method of measurement. After the end
of measured period, we also visited schools to explain measured results by each school and the other schools in Japan
and Alaska. The measured values of frost depth in Hokkaido were ranged between Ocm and more than 50cm. We found
that the frost depth depends on air temperature and snow depth. We discussed with student why the frost depth
ranged widely and explained the effect of snow by using the example of igloo. In order to validate the effect of snow
and to compare frost depths, we tried to measure frost depths under snow-removal and no snow-removal conditions at
one elementary school. At the end of December, depths had no significant difference between these conditions, 11cm
and 10cm, and the difference went to 14cm, 27cm and 13cm after one month, with about 30cm of snow depth. After
these measurements and lectures, students noticed snow has a role as insulator and affects the frost depth. The
network of this program will be expected to expand, finally more than a hundred schools.
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What is TNP - The IPA and UArctic Thematic Network on Permafrost —
and how to use it

Kenji Yoshikawa, University of Alaska Fairbanks, USA

Hanne H. Christiansen, The University Centre in Svalbard, Norway & CENPERM, Department of
Geosciences and Natural Resource Management, University of Copenhagen, Denmark

Atsuko Sugimoto, Hokkaido University, Japan
Mikhail Prisyazhniy, North-Eastern Federal University, Russia

It is important and necessary to educate and train a large number of permafrost researchers and engineers, and raise
general knowledge and understanding of permafrost, especially in higher education institutes in Northern communities.
However, it is also important to train local communities living on permafrost to improve their understanding of
permafrost.

The Thematic Network on Permafrost — TNP was developed as a major activity of IPA Standing Committee of Education
and Outreach, and formally endorsed in summer 2013 by the University of the Arctic. The primary goal is to establish,
sustain and strengthen a network of university institutions that give permafrost research based education primarily
between University of the Arctic (UArctic) members, and with some non UArctic partners. The network will promote
research, education collaboration and joint projects in the area of permafrost, its impact on environment and
adaptation to climate change. The main form of cooperation is joint research and education projects such as summer
schools, ambitions to develop a joint Master/PhD program, as well as knowledge sharing aimed at addressing, in a
multidisciplinary way, the contemporary issues in the field of cryosphere focusing on permafrost.

The TNP is led by the University of Alaska Fairbanks (UAF), and with both the University Centre in Svalbard (UNIS),
Norway, the North-Eastern Federal University (NEFU), Russia and Hokkaido University, Japan as co-leaders. Otherwise
there are four other UArctic partners, and 18 non UArctic partner institutions.

Already, and as a legacy of the IPY 2007-2008, the online International University Courses on Permafrost, IUCP, is
existing, providing an overview service to students about where which permafrost courses are offered when. In the TNP
we aim to also offer special courses with several TNP partners involved in the lecturing, providing students with a pan
Arctic approach and knowledge about permafrost. One such example is the International Bachelor Permafrost Summer
Field School funded by UArctic and hosted at UNIS in Norway. This have been designed and will be run for two summers
2014 and 2015 at UNIS in Svalbard by several TNP partners and offered internationally. It will be announced by IPA,
UArctic, APECS, CIiC, UAF, NEFU and UNIS.

TNP has its first international master student studying both at UAF, UNIS and Uni. of Copenhagen on in an
interdisciplinary study. Hopefully more master students will use the TNP to assist them with coordinating their
permafrost master degree potentially involving more TNP partners.

We hope that in the future the above presented TNP activities through increased interaction between science,
education and local authorities will accommodate several new permafrost educational and outreach activities, which
you as students and researchers assist us with suggesting and developing!
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To experience of education in the field of permafrost in Siberia

Vladimir Sheinkman, Tyumen State Oil and Gas University, Earth Cryosphere Institute, SB RAS,
Russia

Vladimir Melnikov, Tyumen State Oil and Gas University, Earth Cryosphere Institute, SB RAS, Russia

There is no unexpectedness in that most of Russian territory (almost two thirds) is the area under permafrost
conditions. In turn, most of the Russian permafrost area has been situated in Siberia, as it is located in the north of
Eurasia and exists under continental climatic conditions. It binds to study permafrost phenomena in this region at great
length and to educate specialists in the field of permafrost. For this reason Earth Cryology sub-department has been set
up in the Tyumen State Oil and Gas University, and it carries out corresponding work in all above-mentioned directions.
At present it is a leading educational institution in Siberia.

It would serve not so significant purpose to present here in detail a daily routine of the educative process in the sub-
department, because it is a usual procedure, as in other similar institutions. It is more profitable to argue another point
— in respect to such measures as organizing the field practical trainings for students in order to teach them by dint of
direct studying the representative permafrost objects. There are enough objects along these lines in Siberia; they are
numerous, and, what is very important, reachable by means of public transport facilities. For example, the sections with
magnificently expressed repeated ice wedges, originated during the Late Pleistocene, have been situated in a scenic
locality in the basin of Chara River (Trans-Baikal Region) quite near the railway station New Chara linked by daily rotes
with all chief towns of Russia.

At present the Earth Cryology sub-department has plenty of experience also in the field of international collaboration.
As an example it can be referred to the participation in the arrangements of the TICOP in 2012. Twelve students from
the sub-department had participated then in the field practical trainings in Polar Ural where investigations to learn the
laws of permafrost nature have been carried out together with about thirty young men from different countries.

Field practical trainings for the students of the Earth Cryology sub-department have been realized to date in different
regions with well-expressed permafrost phenomena, such as Polar Ural, Trans-Baikal Mountains, Altai, Yakutia and so
on. The regions are also remarkable in that permafrost phenomena develop there together with large modern glaciers
which have been specific as they form under cold continental climate of Siberia. The glaciers undergo an effect of deep
cooling and come out very cold. As a result they become a peculiar component of cryolithozone, so that it provides for
students a visual representation of observing different components of Cryosphere in their interaction.

All of this forms a good basis for a fruitful international collaboration to teach and train students during fieldwork. The
Earth Cryology sub-department of the Tyumen State Oil and Gas University is ready to promote such a measure and to
undertake corresponding effort on necessary fronts.
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Lena River Delta Expedition Outreach — Students conceptions of the
Arctic and their importance for teaching

Wiebke Kaiser, Institute of Soil Science, KlimaCampus, University of Hamburg, Germany

Benjamin R. K. Runkle, Institute of Soil Science, KlimaCampus, University of Hamburg, Germany and
Postdoc-Kolleg, Center for a Sustainable University, University of Hamburg, Germany

Lars Kutzbach, Institute of Soil Science, KlimaCampus, University of Hamburg, Germany

Alexander Tillmann, Institute of Education, Didactics of Geography, University of Hamburg,
Germany

Authentic experiences play an important role for learning. The 2013 Lena River Delta Expedition brought two education
students to collaborate with permafrost researchers in the field and to learn their methods first-hand. En route, a
school in Tiksi, Siberia, was visited and the students there provided us a glimpse of their views of the Arctic. Children’s
questions were answered in a child’s way, and a teaching unit was created to present our Arctic expedition in German
classrooms. In ten schools around Hamburg, Germany, we used a storytelling approach to teach a simple climate model
demonstrating connections between the permafrost soil and the atmosphere. During the lesson pictures of permafrost
soil and the drilling of a soil core from the Lena Expedition were shown.

Pre-conceptions play a decisive role in the way that students integrate taught material into their personal cognitive
construction of a given subject. In didactics of geography, only a few studies have focused on preconceptions of the
cryosphere. Hence, this study assessed students” preconceptions of the cryosphere before introducing the project’s
Arctic material.

For this study, 201 nine year old students from different primary schools filled out questionnaires and painted images
regarding their pre-instructional conceptions of the Arctic. At school they have not yet been taught about the Arctic
region or different climate zones. Nevertheless, the Arctic is already familiar to the majority of these students and they
can describe typical characteristics ranging from a barren icy landscape including polar bears, penguins, igloos up to
modern life in that area. The study shows different concepts of the arctic landscape such as an icy desert, a mountain
chain, or a floating ice sheet. Furthermore, the results show clearly that the Arctic soil is not in the students” focus with
respect to the climate change. Following the growing research awareness of the importance of the permafrost for the
global climate, it is necessary to bring this topic to school. Global climate protection is only possible if students know
why they should protect something. And therefore it is good to know for students that there are regions in the world,
far away from Germany but where climate-induced changes of landscape are already visible.

This teaching unit taught how to develop a successful introduction to a unit on the Arctic and polar research. It was
impressive for the students to see and touch a real polar work suit. Pictures based on the teacher’s experience in this
region created an authentic learning mood. Moreover, it became apparent that the students’ concept that the Arctic
soil consists only of pure ice is a barrier for their learning. To build up an adequate mental model, it is important to
teach them that soil has structures, looks differently and has different functions in general.
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PERMAFROST RESEARCH AND SOCIETY:
FROM HISTORY TO THE FUTURE

S3. Open session on permafrost

Chairs:
R. Muskett and A. Ferreira
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Keynote Lecture 3

Field investigations to characterize current ground thermal conditions in
the Alaska Highway Corridor, Yukon Canada

S.L. Smith, Geological Survey of Canada, Natural Resources Canada, Canada
A.G. Lewkowicz, University of Ottawa, Canada

M. Duguay, University of Ottawa, Canada

M. Ednie, Geological Survey of Canada, Natural Resources Canada, Canada
A. Bevington, University of Ottawa, Canada

The Alaska Highway corridor traverses the discontinuous permafrost zone of the southern Yukon. Although a significant
amount of information on permafrost conditions was collected over 30 years ago to support a previous pipeline
proposal, little recent information on ground thermal conditions existed. Air temperatures in the region have increased
0.4-0.5°C per decade since the 1970s and recent studies in the corridor indicate that warming and thawing of
permafrost has occurred over the last 3-4 decades (e.g. James et al. 2013). Recent proposals for construction and
operation of a natural gas pipeline and the need to develop climate change adaptation strategies for existing highway
infrastructure has stimulated the need for updated information on current permafrost conditions.

The Geological Survey of Canada measured ground temperatures in the corridor in 17 boreholes between 1978 and
1981 (Burgess et al. 1982). In summer 2011, eleven of these boreholes between Whitehorse and the Alaska border
were instrumented for ground temperature measurement to depths of up to 8.5 m. Ground temperature records of up
to two years in length have been acquired from these boreholes. Eight boreholes (up to 10 m deep) drilled along the
highway easement in 2011, were instrumented in summer 2013. Electrical Resistivity Tomography (ERT) surveys have
also been conducted at many of the borehole sites to better describe the vertical and lateral extent of frozen ground.

The ground thermal data collected since 2011 indicates that permafrost is generally warm (above -1.5°C) in the section
of the corridor between Whitehorse and the Alaska border. However, colder permafrost (-3°C) was found near the
Alaska border. Results from ERT surveys indicate that permafrost thickness varies from less than 25 m near Kluane Lake
to greater than 60 m near the Alaska border.

Comparison of recent temperature measurements with those made 1978-1981, indicates that permafrost persists at
sites where it was present three decades ago. However, our analysis indicates ground temperatures at the depth of
zero annual amplitude may have increased by more than 0.5°C since the late 1970s. Increasing air temperatures are
partially responsible for the observed ground warming. Environmental disturbance related to clearance of vegetation at
some sites has also resulted in ground warming and increased thaw depths. Additional modelling studies are planned to
facilitate the attribution of the apparent ground warming in the corridor.

References

Burgess MM, Judge AS, & Taylor AE. 1982. Yukon ground temperature data collection - 1966 to August 1981, Earth
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James M, Lewkowicz AG, Smith SL & Miceli CM. 2013. Multi-decadal degradation and persistence of permafrost in the
Alaska Highway corridor, northwest Canada. Environ. Res. Lett. 8 045013, 10pp.
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Permafrost below timberline - Isolated ice patches confirmed by a
dendroecological approach

Alexander Bast, Swiss Federal Research Institute WSL, Switzerland
Isabelle Gartner-Roer, Department of Geography, University of Ziirich, Switzerland
Holger Gartner, Swiss Federal Research Institute WSL, Birmensdorf, Switzerland

Permafrost is a common phenomenon in high mountain ecosystems. Even though its main distribution is restricted to
areas above timberline, there are several sites where permafrost occurs in lower elevations. Those ecological
“coldspots” are characterized by a patchy distribution of relative warm ice lenses in the near subsurface due to
multifaceted parameters (e.g. shaded north-face exposition with a small amount of incoming solar radiation,
vegetation/moss layer, chimney effect, cold air pockets in winter) . Furthermore they are often discussed as relict
permafrost occurrences.

The study site is a north-facing slope in the Bever Valley/Upper Engadine (1800 — 1900 m a.s.l.) covered by European
larch and Swiss stone pine. Trees do not show any morphological differences to those, which were grown adjacent of
the slope. Permafrost was proven there by geophysical soundings and temperature measurements.

Two main questions form the base of our study: (i) Is it possible to detect the presence of permafrost, or rather cold
subsurface conditions round about 0°C, by analyzing ring-width variations in larch (ii) Will the results help indicating
changes of the permafrost conditions back in time?

88 dominant larch trees with an average age of 210 years were cored and the position of each sampled tree was
documented in a detailed map. In addition, a reference chronology was established consisting of 18 trees.

Our dendroecological approach allowed the determination and mapping of isolated ice patches in the subsurface,
which are characterized by cold temperatures. All cored trees show a comparable higher growth level for more than
100 years before the 1870s/80s. Thus, probably the ice-lenses were not existing before that time period and changing
environmental conditions led to the performance of permafrost/cold subsurface conditions. Some larch trees show a
growth release since the 1970s, indicating a possible temperature increase in the subsurface. Even though the results of
tree-ring analyses and former electrical resistivity soundings do coincide, it cannot be definitely stated that growth
suppressions do show permafrost, but at least areas of low soil temperature. More research concentrating on wood
anatomy and oxygen isotope analyses is currently done to analyze this in detail.
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Permafrost as a factor of geochemical flow formatting in the Lena River
Delta

Antonina Chetverova, Saint-Petersburg Stait University, Arctic and Antarctic Research Institute,
Russia

Irina Fedorova, Arctic and Antarctic Research Institute, Saint-Petersburg Stait University, Russia

Anne Morgenstern, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research,
Germany

Olga Bobrova, Saint-Petersburg Stait University, Russia

The Lena River delta is the largest delta in the Arctic and unique natural object. River deltas are serve an important
function of sedimentary geochemical barriers, and kind of bio-filters of terrigenous material for up to 90% of suspended
particular matter and up to 40% of dissolved substances flowing to the ocean.

Delta is a changeable system due to high activity of channel processes, high accumulation and riverbanks deformations.
Geochemical flows formation, its distribution and transformation in the river channels of the Delta influenced by many
of factors. Permafrost dominates among of these. The catchment area of the delta is covered by wetland landscape and
includes a numerous of water objects formed in the condition of continuous permafrost including Yedoma. In
consequence of thermoerosion and thermokarst processes lowered lakes, the tributaries from lakes as well as
tributaries from Yedoma add dissolved and suspended components to the total flow of the river and forming a
significant source of geochemical flow. It can be seeing on the basis of outflows from Yedoma case study carrying
colder, more muddy and mineralized water is to the river. The impact of such factors are changing the distribution in
river channels influenced by them.

Detail study of geochemical situation in the Lena river delta allows understanding processes of geochemical flows
formation in the delta and distribution of the components from the delta head to the sea, to access amount of material
transported by the river and accumulated.
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Opaline silica as a weathering product in the cold climate

Elena Kuznetsova, SINTEF Building and Infrastructure, NTNU (Norwegian University of Science and
Technology), Norway

John Charles Walmsley, SINTEF Material and Chemistry, NTNU (Norwegian University of Science
and Technology), Norway

Laminar opaline silica with a typical disc shape was discovered for the first time in the volcanic soils developed less than
500 years ago at Hokkaido, Japan. And this opal was mostly found in the 0.2-5 um fractions and had a pedogenic origin.
Laminar opaline silica was found in volcanic soils at Tohoku, Kanto and Kyushu, Japan; Papua New Guinea; Oregon, USA;
and in New Zealand. Henmi T. and Parfitt R.L. (1980) concluded that opaline silica is characteristic of the early stages of
weathering of volcanic ash in the humid temperate climatic zone. Our observations of volcanic tephra show that cold
humid climates and permafrost can preserve opaline silica.

The volcanic tephra used in our investigation was preserved in cold and humid climate of Kamchatka, Far-East of Russia,
in the area where permafrost and periglacial processes are widespread. Volcanic ash was erupted mostly in the
Quaternary and the upper part of the early Pleistocene (Q21). IR analyses showed the presence of oplaine silica in all
samples.

Opaline silica was present as very fine particles and these could only be seen clearly at high magnification using
transmission electron microscopy (TEM). TEM micrographs showed that the opaline silica particles are spherical in form
and are closely packed in microaggregates. The forces and processes involved in the aggregation of the particles are not
entirely understood, but there are suggestions that the long range electrostatic repulsion force, that is between
similarly charged objects, and the short range van der Waal’s forces are the major forces that predetermined the
configuration of the aggregate made up of silica spheres. The opaline silica particles are extremely small; the size of
each particle can be up to 10-20 nm.

Some TEM images showed a corroded edge of the opaline silica around glass particle which suggests that dissolution
occurs during weathering. The completely altered soft zone is filled with spherical bodies and these are characteristic
of opaline silica. These particles differ from glass fragments which are more angular and larger. The elemental
composition of the opaline silica showed the chemistry of opals linked it to that of the host volcanic rock, even if
modified by weathering processes. Gaillou et al. (2008) has emphasized that opal is not a pure form of silica, as it
contains water as a component and various impurities and trace elements can also enter its structure. The most
common impurity in our samples was aluminium, which substitutes for silicon, as well as Ca, K, Mg, Fe and Na were also
presented. The most common "trace element" was Ti.

Gaillou E., Delaunay A., Rondeau B., Bouhnik-le-Coz M., Fritsch E., Cornen G., Monnier C. (2008) The geochemistry of
gem opals as evidence of their origin. Ore Geology Reviews, 34, 1-2, 113-126.

Henmi T. & Parfitt R.L. (1980) Laminar opaline silica from some volcanic ash soils in New Zealand. Clays and clay
minerals, 28, 57-60.
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Vulnerability of the North Alaska Highway to climate change, Yukon,
Canada

Fabrice Calmels, Yukon College, Canada
Joel Pumple, University of Alberta, Canada

The Alaska Highway is the single overland route by which to distribute food, supplies and medical necessities to several
Yukon and Alaskan communities. It is also the only all-season highway that provides access to Alaska's interior.

The northern 200 km of the Alaska Highway, from Destruction Bay to the Yukon/Alaska border, is underlain by
extensive discontinuous, warm (> -2°C), and potentially ice-rich permafrost. An increase in heat flow from the ground
surface can produce rapid permafrost thawing, resulting in damage to highway infrastructure. Increased ground
temperature can result from climate warming, construction activities, or changes in surficial conditions. Preliminary
research suggests a combination of these factors has already initiated thawing of permafrost underlying this section of
highway. In the future, climate changes may accelerating permafrost thaw, further destabilizing the foundations of the
highway.

Highways and Public Works (H&PW) has partnered with the Northern Climate ExChange (NCE), Yukon Research Centre,
Yukon College, to develop a climate change adaptation strategy for this section of the Alaska Highway. The project
examines the potential sensitivity of the permafrost along the highway to present and future climate variability.

The objectives are: 1) to identify and characterize sensitive permafrost areas underlying the highway; 2) to establish
potential future climate scenarios for the study region; and 3) to estimate the potential impacts of the identified
climate scenarios for areas of the highway underlain by thaw sensitive permafrost. A multi-disciplinary approach is
being used, including permafrost coring, geocryological analyses, ground temperature and climate monitoring, ERT
(Electrical Resistivity Tomography), and remote sensing techniques.

We are presenting the results of the survey for a specific area located north to Beaver Creek, YT, an area where
permafrost distribution and characteristics are inherited from the regional glacial history. Sites underlain by permafrost,
located within a few square kilometers of each other, exhibit a wide range of ages, ground temperatures, thicknesses,
and ground ice content and nature. This variability complicates the understanding of the potential impacts of climate
change on the foundation of the North Alaska Highway; a difficulty that can only be overcome through knowledge of
the Quaternary history of the study area.

The assessment of the nature of future permafrost changes will facilitate the development of appropriate maintenance
and remediation strategies, ensuring the highway’s continued viability.
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Methodical advances in borehole temperature measurement - Insights
from the MOREXPERT project, Kitzsteinhorn (3.203 m), Austria

Ingo Hartmeyer, alpS - Centre for Climate Change Adaptation, Innsbruck, Austria
Markus Keuschnig, alpS - Centre for Climate Change Adaptation, Innsbruck, Austria
Johann Golser, Geodata Group, Leoben, Austria

Andreas Schmidjell, University of Salzburg, Austria

Lothar Schrott, University of Bonn, Germany

Temperature data from shallow and/or deep boreholes is pivotal to the success of many permafrost-related
investigations. Among others, borehole temperature data is utilized for the study of active layer dynamics, the
calculation of permafrost thickness, the recognition of long-term climate trends, or the validation of geophysical
measurements. Despite heavy reliance on borehole temperature data there only exists a surprisingly low number of
scientific contributions addressing the technical details and methodical challenges that come along with the
instrumentation of boreholes in permafrost-affected ground. Within this methodological contribution two technical
developments from the research project MOREXPERT (“Developing a Monitoring Expert System for Hazardous Rock
Walls”) are presented.

Firstly, an improved system for temperature measurement in deep boreholes (>10m) is introduced. The measurement
system, which has been developed by the Austrian company Geodata, consists of an impermeable polyethylene casing
that prevents water and air entry into the borehole. The polyethylene casing is furnished with brass rings which are
located in the designated depths of the temperature sensors. Brass was selected as it is non-corrosive and possesses a
high thermal conductivity. The temperature sensors which are inserted into the casing automatically establish
mechanical contact to the brass rings. The annulus (i.e. the space between casing and bedrock) is then filled up with
concrete from bottom to top. As opposed to numerous other techniques the newly introduced system enables
significantly improved thermal coupling between the temperature sensors and the surrounding rock and is therefore
able to deliver highly representative temperature data. In order to demonstrate the functionality of the newly
developed system we present, for the first time, temperature data from four boreholes (20-30m deep) that have been
drilled into permafrost-affected rock at the Kitzsteinhorn (3.203 m), Austria.

Secondly, a low-cost and easy-to-apply strategy for temperature measurement in hand-drilled, shallow boreholes is
introduced. The presented measurement strategy is based on the deployment of specifically adapted iButton® sensors.
iButtons® are computer chips enclosed in a 16mm thick stainless steel can. In contrast to conventionally used
temperature loggers, iButtons® are inexpensive and easy to replace in case of damage. For this reason a large number
of measurement sites can be equipped for the measurement of near-surface rock temperatures and thermal offsets. A
special workflow for the installation of iButtons® in depths of 10 and 80 cm is presented within this contribution. All
iButtons® were attached to polyethylene rods and placed in previously drilled holes. The presented results, which cover
different elevations and slope aspects of the Kitzsteinhorn summit pyramid, show the great potential of the introduced
measurement strategy.
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Assessment of geologic and permafrost hazards for achieving sustainable
development

Irina Chesnokova, Water Problems Institute Russian Academy of Sciences (WPI RAS), Russia

Recent analysis of the situation in the world carried out by the UN Commission on Sustainable Development has
shown that hazardous geological processes cause enormous economic damage to the economy and the environment.
Up to 250 extraordinary events happen annually on the average in Russia; average annual damage from them is about $
15 billion.

Increasing development of natural disasters is determined by natural and social-economic causes, among them:

e Development of new territories, which were earlier considered unsuitable for living and cultivation due to
increased probability of permafrost hazards;

¢ Development of a specific complex of hazardous natural and technogenic processes provoked by human activities;
e Errors and miscalculations in the strategy of providing security for regions.

Studying, systematization, and assessment of the economic damage resulted from permafrost change allow evaluate
the risk of accidents and propose effective measures to minimize it in cities in general and in separate parts of the
infrastructure (buildings, houses, run-ways of the airport, pipelines, railways, etc.). Currently, these issues present a
series problem for Russia. Proposals are put forward to elaborate new laws and regulations in the Russian Federation
for  providing security for the population from dangerous natural permafrost processes.

We know that natural and social-economic systems undergo temporal variability so generating new problems
associated with 1) value of the variability for a certain period of time and with 2) which part of this variability is
associated with climate change and which - to other factors.

Nature-society interaction, promotion of sustainable development of regions in Russia and other countries is a complex
problem. Studying permafrost processes, we believe that at present the main problem for people of many countries of
the world is to preserve security, standard of living, peaceful and sustainable development. Protection of people
and the development of new social-economic policy is an international problem. It requires increasing use of the entire
potential accumulated by scientists in theory and practice.

Incidentally, further research in this new for our science direction should be carried out jointly with economists,
sociologists, ecologists, as these aspects of the geological environment are so far insufficiently investigated, though
they significantly effect the economic policy, so predetermining our future.

To provide sustainable development and to attain new ethic in the global management, it is necessary to select
priorities, among them:

¢ Educating of the population. People should understand the essence of the phenomena, they are faced with.

¢ Issues of sustainable development should be integral part of the state policy. They should be interrelated with the
main tendences of the economic, social, and ecological policy.

e Scientific information aimed at obtaining sustainable development.
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Organic carbon pools and genesis of Alpine soils with permafrost: a
review

James Bockheim, University of Wisconsin, USA
Jeff Munroe, Middlebury College, USA

Soils with mountain permafrost may occupy 3.5 million km2 worldwide, with 69% occurring on the Qinghai-Tibet
Plateau and the Altai-Khangai Mountains of central Asia. High-mountain environments are characterized by “warm”
permafrost with temperatures at the top of the permafrost of -0.5°C to -3.5°C and thick active layers, commonly 2 to 8
m. From a global database of 41 sites and 312 pedons, alpine soils with permafrost generally are strongly acid (pH = 5.0
to 5.5), have intermediate cation-exchange capacities (20 to 25 cmolc/kg) and base saturation (44 to 85%), an isotic
mineral class, and abundant soil organic C (SOC). SOC tends to be concentrated in the upper 30 to 40 cm, with profile
density averaging 15.2 +/- 1.3 kg/m2 (range = <1.0 to 88.3 kg/m2), which is comparable to temperate grasslands (13
kg/m2) but substantially less than moist arctic tundra (32 kg/m2). Mountain soils underlain by permafrost occur in 8 of
the 12 orders in Soil Taxonomy, with Cryepts being dominant in alpine grasslands, Cryorthents in areas of young drift
and permanent snow, and Haplocryods in subalpine conifer forests. Gelisols appear to be restricted to high-latitude
mountains. We estimate mountain soils with permafrost to contain 66.3 Pg of SOC, which constitutes 4.4% of the global
pool. Mountain soils with deep active layers contrast strongly with high-latitude soils in areas of continuous permafrost.
The presence of permafrost in the upper 2 m induces cryoturbation in the profile, acts as a barrier to water movement,
and generates cooler temperatures resulting in greater SOC levels. However, both high-elevation and high-latitude soils
are experiencing warming of air temperature and permafrost and a thickening of the active-layer depth.
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Influences of snow cover on thermal and mechanical processes in steep
permafrost rock walls (ISPR): external forcing and internal response

Michael Krautblatter, Faculty of Civil, Geo and Environmental Engineering, Technische Universitat
Minchen, Germany

Marcia Phillips, WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland

Daniel Drabing, Institute of Geography, University of Bonn, Bonn, Germany Anna Haberkorn, WSL
Institute for Snow and Avalanche Research SLF, Davos, Switzerland

Significant achievements have recently been made for thermal modelling of idealised undisturbed permafrost bedrock.
However, most permafrost rock walls accumulate significant quantities of snow, which influences the temporal
evolution and fluctuations of permafrost temperature, ice- and water content.. Climate change alters snow timing,
duration, physical characteristics and thickness - which all influence permafrost development.

Here we provide an overview of the results of the first 1.5 years of the German/Swiss (DFG/SNF) project ISPR. The
project aims at deciphering snow control in steep permafrost rocks and its sensitivity to climate change. We target at
developing 1) a novel methodological/modelling framework to investigate snow forcing, 2) process understanding for
snow impact quantification and 3) future scenarios for estimating the impact of snow cover changes in steep
permafrost rock walls.

Two rockwall crestlines in Switzerland at the fringe of permafrost distribution have been instrumented for this
(Steintalli (3150 m a.s.l., Matter Valley, Valais) and Gemsstock (2960 m a.s.l., Andermatt, Uri). Both sites were
intensively monitored before the start of the project and both exhibit active pre-failure displacements and rockfall
activity.

An external forcing subproject focuses on surface heat/water flow characterization using continuous snow cover
quantification, terrestrial laser scanning (TLS), the calibration of physical snow properties (snow pits) and surface rock
temperature (temperature loggers) measurements. An internal response subproject investigates the subsurface impact
of snow on the thermal and mechanical behaviour inside rockwalls using laboratory-calibrated 3D geophysical
monitoring (electrical resistivity and seismic refraction tomography) as well as acoustic, hydraulic and geotechnical
observation of instability and hydro-mechanical forcing.

We apply a realistic model for snow cover and snow melt in steep bedrock (SNOWPACK) and a coupled model that
reveals hydro-thermal and hydro-mechanical effects of snow melt infiltration in fractured bedrock (UDEC). Model
results will be validated using thermal and mechanical observations in the snow cover, at the rock surface and in the
rock subsurface (borehole). The sensitivity of the models to altered snow scenarios will provide a more holistic view of
climate change impacts on potentially hazardous permafrost rock faces.

Here we report on the research outline, innovative instrumention, modelling techniques and key findings of the first 1.5
years of the German/Swiss (DFG/SNF) project ISPR.
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Downstream water quality impacts and recovery from permafrost
disturbance

Scott Lamoureux, Queen's University, Canada
Melissa Lafreniere, Queen's University, Canada

Physical landscape disturbance due to permafrost change has been widely documented across the Arctic, and can play
an important role in altering the fluxes from slopes to channels and downstream aquatic ecosystems. We investigated
the erosion rates and sediment fluxes from recent active layer detachments in five small catchments in a larger High
Arctic watershed to determine what geomorphic and hydrological factors affect downstream water quality. These
catchments represent different disturbance size, slope position and hydrological connectivity including an undisturbed
control catchment. We collected seasonal discharge, suspended sediment and water quality data from the catchments
from 2007-12.

The disturbances generated high initial downstream sediment delivery in catchments where flow was channelized
through disturbances. Sediment yields and concentrations decreased in subsequent years, in some cases following
exponential decay rates, and showing more complex patterns in other cases. One catchment continued to evolve
substantially through prominent channel incision through a disturbed area, resulting in increased sediment transport
for several years, while other catchments developed stable internal channel systems and decreased yields and
concentrations. Disturbances that did not have downstream channel systems showed reduced or minimal response to
upslope disturbance.

The divergent geomorphic conditions that emerged in the study catchments suggest that recovery will likely result in
different equilibrium sediment loads. These loads will contribute to long term heterogeneity of sediment transport
from slopes, similar to the range of yields observed before the 2007 disturbances. These results will contribute to our
modelling efforts of the impact of localized disturbance on downstream surface water quality, and will also aid in
investigating biogeochemical changes in these river settings.
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Spatial variability of dissolved carbon in sub-arctic headwater streams

Elin Jantze, Department of Physical Geography and Quaternary Geology, Stockholm University,
Sweden

Steve Lyon,Department of Physical Geography and Quaternary Geology, Stockholm University,
Sweden

Hjalmar Laudon, Department of Forest Ecology and Management, Swedish University of
Agricultural Sciences, Sweden

Helen Dahlke, Department of Land, Air and Water Resources, University of California, USA

The sub-arctic landscape is complex with high heterogeneity in vegetation and topography, which control both the sub-
surface and surface hydrology as well as water geochemistry in time and space. Large variation in stream water
geochemistry, especially in small streams, is the result from diverse land cover, lithology and the coupled terrestrial
hydrology. There is a shortage in data and studies of dissolved carbon (C) exports for small-scale sub-arctic and arctic
systems. The lack of knowledge is due to the landscape complexity in combination with remoteness and inaccessibility
of these environments together with technical challenges in measuring both lateral and vertical C fluxes of streams in
time and space. Here we show, for sub-arctic headwater streams in northern Sweden, that vegetation cover and
lithology cannot solely explain concentration and mass flux rates of dissolved organic and inorganic carbon (DOC and
DIC respectively). We found that DOC and DIC concentrations in small headwater streams show high variability with
regard to catchment size, discharge, vegetation and lithology. Further that mass flux rates of DOC and DIC show strong
dependence of catchment size, discharge and water travel time. For both concentration and mass flux rate, the
dissolved CO2 is independent of catchment size, discharge, vegetation and lithology due to supersaturation. Our results
demonstrate the importance of studying lateral carbon transport in combination with hydrological flow paths at small
scale to establish the knowledge foundation for expected carbon cycle and hydroclimatic shifts due to climate change.
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Glaciation in Siberia as a specific component of cryolithozone and a
manifestation of cryodiversity

Vladimir Sheinkman, Earth Cryosphere Institute SB RAS, Tyumen State Oil and Gas University, Russia
Vladimir Melnikov, Earth Cryosphere Institute SB RAS, Tyumen State Oil and Gas University, Russia

For a long time study of glaciation in Siberia had been carried out on the base of the Alpine scientific concept defining
high snow supply and ice turnover to form the glaciers. The glaciers have been then considered as so called warm ice
bodies which lie on the ground outside the permafrost area and are a result of primary snow transformation. They must
grow quickly under a cooling, since the snow supply is firstly enough against sharp ablation decrease yielded by the
cooling. Such a process will go until the humid and cold (cryogygrotic) stage of the cooling will change by the dry and
cold (cryoxerotic) stage. So, under initial high moistening the glaciation can reach the sheet form over geologically
short, relatively, Pleistocene cryochrones.

This model is suitable in the regions with climate similar to the Alpine, in order to explain forming the past ice sheets in
Northwest Europe moistened from the Atlantic. However the model is not suitable in Siberia where dry and cold
environments prevailed over the Quaternary as an effect of cryoaridization (permafrost promoting under cold and arid
conditions). For this reason the glaciation in Siberia had been denied for a long time, whereas use of the Alpine rules
yielded reconstructions of giant ice sheets alien to the Siberian terrain.

Study of different modern glaciers under continental climatic conditions in Siberia was carried out and cleared up that
there is not azonality in their development. In spite of low snow supply and active ablation (that is an attribute of
continental climate) the glaciers exist due to big cold storage in their bodies: it keeps additional ice feeding, when
thawed water repeatedly freezes on their surface. So, in Siberia, the glaciers, being under the initial developed
cryoxerotic stage, had to react to the cooling during the Pleistocene cryochrones by slow growth. Their snow supply
decreased as the cryoaridization was stronger, and during the cryochrones they, gradually absorbing scanty supply,
could reach the valley form only.

Cold continental climate in Siberia has made conditional on the particular environments to form glaciers and to
determine their dynamics. The glaciers, interacted with permafrost, become a new element of cryodiversity — a set of
objects and phenomena produced by cold — and differ from the glaciers which have been considered from the position
of the Alpine glaciation model. Being cooled till enough low temperature (significantly lower than 02C), the glaciers in
Siberia obtain properties which are more characteristic for Cryolithozone, than for the Alpine-type glaciers. The
obtained quality requires reckoning the formed combination of the glaciers with Cryolithozone to the specific
geosystems. We name such geosystems as cryolitogenic-glacial systems.
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Glacial permafrost

Wojciech Dobinski, University of Silesia, Poland

In the initial period of the research of permafrost, the presence of permafrost was not excluded from the glacial
environment. The occurrence of permafrost in glaciers was perceived as obvious by R. F. Legget and A. L. Washburn,
and others. Its exclusion from this domain of science was due to an increasing specialization of scientific research.
Perhaps this was the reason why in the mid 70s Embelton and King stated that “cold glaciers are permafrost by Muller’s
definition, but conventionally they are excluded from the term”.

The question if the ice can freeze is not unjustified when we realize that a large portion of glacial ice occurring in the
world, (temperate ice) may be found at the temperature of pressure melting point. There are no such doubts regarding
cold ice which being present in a glacier usually above temperate ice creates a frozen layer responsive to climate. This
layer fits the definition of permafrost.

Scientific precision, requires acknowledging that permafrost does not have to be frozen. The cryotic state, which is
synonymous with permafrost, occurs in highly mineralized medium or in medium under pressure. Cryotic state certainly
spreads on the temperate ice, in which the temperature never rises above 0°C. This finding allows statement that each
glacier is always and completely encompassed by permafrost, which in the way analogous to ice can be called
respectively: temperate or cryotic glacial permafrost or cold permafrost when referring to cold ice.

Ice is classified as a component of the hydrosphere, and the definition of permafrost refers to the rock or ground. This
error can be easily rectified by changing the classification of ice, which is always perceived as a mineral and rock and in
petrography and geology.

The exclusion of permafrost from glaciers caused a breakdown in the cryospheric sciences which henceforth have not
been capable of the complete synthesis of the acquired knowledge in this domain. Restoration of permafrost presence
in glaciers to permafrost science is possible and necessary to preserve the unity of science. This will allow a definitive
settlement of at least three important issues:

¢ The final, based on scientific evidence recognition of the Antarctic as a continent. When the Antarctic ice sheet is
classified as a part of the hydrosphere, the Antarctic is merely an archipelago.

¢ The final determination of the surface of the Earth which is encompassed by permafrost. Currently the inaccuracy
refers to about 15 x 106 km-2 area of the Antarctic and Greenland, which is unacceptable in other disciplines of
Earth sciences .

® The uniform treatment of ice on the Earth and other cellestial bodies wherein, as in the case of the moon Europa,
the ice surface is perceived as the lithosphere.

The adoption of these findings opens new horizons for research in many disciplines, and in particular allows a full
development of interdisciplinary studies between glaciology and permafrost science.
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Stability of permafrost for 60 years in the Northeast of the Europe

Vanda Khilimonyuk, Lomonosov Moscow State University, Russia
Sergei Buldovich, Lomonosov Moscow State University, Russia
Anatoly Brouchkov, Lomonosov Moscow State University, Russia

In the fifties of the last century observations of permafrost temperatures were carried out by Kudryavtsev and
Redozubov in the Northeast of the European part of Russia near Vorkuta city. Now we can compare their results and
modern measurements started by MSU since 2010. It was expected that the global climatic changes in the end of 20th
century may influence the thermal mode of soils.

The territory of the area represents accumulative plain elevated up to 200 m above sea level. Quaternary deposits have
considerable thickness of about 100 m. Relatively high-temperature permafrost occupes up to 80-90% of the territory
on all elements of relief. Mostly permafrost thickness is about 40-80 m, and the maximum depth is about 200 m.
Average annual temperatures of breeds change from-0,1 to -2 °C. Sites with permafrost distributed under active layer
occupy 60-70% of the area on positive forms of relief. Average annual temperatures of soils in the area in general is
from -0,1 to -2,0°C. Permafrost distributed from a certain depth below active layer is observed in dry depressions and in
river valleys, its thickness is about 5-20 m. Active layer depth varies from 0,3 to 2,5 m. The observation site is located on
a left bank of Vorkuta river (1,5 km from the river) elevated up to 100 m above sea level. Sixty years ago the area was
the typical flat tundra with slight dry depressions of about 10 - 50 m wide. On the site permafrost is under active layer.
At the moment as far as we can judge natural conditions are in the range described 60 years ago. According to
thermometry in boreholes temperature of soils now is -0,4 -0,8°C up to the depth 15m, and it was about -1,0 -1,5°C
sixty years ago. We did not found permafrost began below active layer. Location and sizes of taliks found sixty years ago
are the same now.

Thus, permafrost conditions on the site appear to be steadier with the climate changes than we could expect.
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ICESat-Derived elevation changes on the Lena Delta and Laptev Sea,
Siberia

Reginald Muskett, Geophysical Institute University of Alaska, Fairbanks, USA

We employ elevation data from the NASA Ice, Cloud, and land Elevation Satellite (ICESat) Geoscience Laser Altimeter
System (GLAS) to investigate elevation changes across the Lena Delta and sea ice of the coastal Laptev Sea, Siberia
during winters of 2003 through 2008. The GLAS three-laser two-channel system sampled Earth’s land, oceans and
atmosphere in 91-day repeat campaigns until October 2009 when laser-2 ceased function. Amongst the many
applications of ICESat GLAS data we used it to aid in the evaluation of glacier mass balance research in south-central
Alaska and kinematic-static GPS-derived elevations and snow cover thickness on the ice covered tundra lakes of the
Alaska Arctic Coastal Plain. The follow-on NASA ICESat-2 mission is in full development and tentatively scheduled for
launch in July 2016.

Our ongoing research interest is in detecting elevation changes on permafrost terrains particularly the northern
hemisphere. The large expanse, harsh conditions and complexity of field logistics necessitate satellite-based and sub-
orbital reconnaissance measurement campaigns. The Lena Delta on the Siberian coast of the Laptev Sea offers a unique
setting and long history of field research into its geologic history, meteorology, permafrost and surface conditions.

From the thousands of ICESat GLAS datasets we extract only those profiles with exact-to-within 60 m footprint locations
at the times of acquisition for elevation change detection and measurement. First, we compare ICESat GLAS-derived
elevation changes point-wise along profiles about 200 km in length crossing the Lena Delta and onto coastal sea ice. We
first consider elevation changes on sea ice and on the Bykovskaya and Sardakhskaya Channels with datum-corrected
tide gauge height measurements from Danai, Sannikova and Tiksi stations. We find the coastal sea ice and large inland
ice covered channels elevation changes are in phase with the tide-height changes on a same-month-year and datum
controlled basis. Next, we find elevation change on tundra drained lake basins to be +0.03 £ 0.02 m, on average. Our
results indicate ICESat GLAS is capable of detection of tide fluxes of ice covered coastal rivers and with a small error
range is suitable for investigations of active-layer and permafrost dynamics associated with seasonal freezing (heave)
and thawing (subsidence) using repeat-location profiles.

Reference: Muskett, R.R. “ICESat-Derived Elevation Changes on the Lena Delta and Laptev Sea, Siberia,” Open Journal of
Modern Hydrology, in press December 2013; http://www.scirp.org/journal/ojmh/
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INTERFROST: a benchmark of thermo-hydraulic codes for cold regions
hydrology

Nicolas Roux, LSCE UMR 8212, France
Christophe Grenier, LSCE UMR 8212, France
Francois Costard, IDES UMR 8148, France
Marc Pessel, IDES UMR 8148, France

Large focus was put recently on the impact of climate changes in boreal regions due to the large temperature
amplitudes expected. Large portions of these regions, corresponding to permafrost areas, are covered by water bodies
(lakes, rivers) with very specific evolution and water budget. These water bodies generate taliks (unfrozen zones below)
that may play a key role in the context of climate change.

Recent studies and modeling exercises showed that a fully coupled 2D or 3D Thermo-Hydraulic (TH) approach is a
minimal requirement to model and understand the evolution of the river and lake — soil continuum in a changing
climate (e.g. Mc Kenzie et al., 2007; Bense et al 2009, Rowland et al 2011; Painter 2011; Grenier et al 2012; Painter et al
2012 and others from the 2012 special issue Hydrogeology Journal: “Hydrogeology of cold regions”).

However, 3D studies are still scarce while numerical approaches can only be validated against analytical solutions for
the purely thermal equation with conduction and phase change (e.g. Neumann, Lunardini). When it comes to the
coupled TH system (coupling two highly non-linear equations), the only possible approach is to compare different codes
on provided test cases and/or to have controlled experiments for validation.

We propose here to join the benchmark exercise. We give an overview of some of its planned test cases (phase |) as
well as provide the present stand of the exercise and invite other research groups to join. This initial phase of the
benchmark consists of some test cases inspired by existing literature (e.g. Mc Kenzie et al., 2007) as well as new ones.
Some experimental cases in cold room complement the validation approach. In view of a Phase Il, the project is open as
well to other test cases reflecting a numerical or a process oriented interest or answering a more general concern
among the cold region community.

A further purpose of the benchmark exercise is to propel discussions for the optimization of codes and numerical
approaches in order to develop validated and optimized simulation tools allowing in the end for 3D realistic
applications.

A web site hosted by LSCE was created recently (wiki.lsce.ipsl.fr/interfrost/) to allow easy interaction or downloading.
Future prospects will be envisioned including organization of specific meetings or conference sessions. This will provide
the opportunity to propel networking among researchers, discuss the content of further phases of the benchmark
(increase model or parameter complexity) and discuss strategies for project funding. Please consider joining the
benchmark.
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Monitoring permafrost at Hoher Sonnblick, Austria

Claudia Riedl, Central Institute for Meteorology and Geodynamics, Austria
Stefan Reisenhofer, Central Institute for Meteorology and Geodynamics, Austria

In the southern summit area of Hoher Sonnblick (3105 m a.s.l., Austrian Central Alps) Permafrost in bedrock has been
monitored in three 20 m deep boreholes since 2007. The mean gradient between the topmost and the lowest borehole
is 27° and the total altitude difference counts 34 m.

The top borehole is located next to the Observatory; the lowest borehole is adjacent to a continuous snow field and
Goldbergkees. The thickness of the debris layer around the boreholes is about 2 m or less as measurements with
ground penetrating radar indicated. The active layer thickness ranges between 0.7 m and 1.35 m in the past six years in
the borehole next to Goldbergkees and between 0.8 m and 1.04 m between 2008 and 2011 at the topmost borehole
and depends most on the depth and duration of the snow cover. Ground temperatures have been increasing slightly in
the past three years. These measurements are the longest series in Austria but for the detection of significant changes
in the thermal state of the permafrost at Sonnblick a longer observation period is needed. Additionally data from
seismic and geoelectric measurements, temperature sensors at the ground surface and extensive meteorological
measurements from the Sonnblick Observatory are available.
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The interpretation of the 100 k.y. cycle of the environmental changes
recorded in Antarctic ice cores on the basis of the new concept of the
orbital paleoclimate theory

Vladimir Fedin, Moscow State University, Russia
Vyacheslav Bol'shakov, Moscow State University, Russia

The Antarctic ice cores give unique information about changes of the environment from the modernity to 800 thousand
years (k. y.) before present. Primarily these are changes of temperature and concentration of greenhouse gases in the
Earth’s atmosphere. The changes of proxy paleoclimatic indicators show the prevalence of 100 k. y. eccentricity
periodicities in core records. As is known, the predominance of the 100 k.y. rhythm in paleoclimatic records of the last
million years is one of the most important problems of the Pleistocene paleoclimate. The path of solution of this
problem proposed by us is the comparison of 6D Epica Dome C (EDC) record with orbital climatic diagram (OrCD). OrCD
reflects the relative probability of coolings and warmings (expansion and reduction of the cryosphere) for the last 1240
k.y. The good agreement between OrCD and EDC 100k.y. eccentricity cycles, and also some other considerations led to
the next conclusion. The eccentricity 100 k. y. variations in insolation directly and predominantly control the global
climate oscillations in specific climatic conditions of the last 1240 k.y.
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Model assessment for changing interaction of snow—permafrost

Hotaek Park, JAMSTEC, Japan
Alexander Fedorov, MPI, Russia

Snow is an important factor influencing on the Arctic system. The snow cover/depth indicates overall the decreasing
rates during the past few decades associated with climate warming, although the increase in the rates is found in some
regions (i.e. eastern Siberia and northern Canada). To assess the insulation effect of the snow on soil thermal regimes, a
land surface model (CHANGE) was applied to the period 1901-2009, with eight experiments treating precipitation
differently. The increases (i.e. more 30% than the original) in precipitation during the winter season enhanced soil
warming resulting in the decrease (i.e. 3—4 x 106 km2) in near-surface permafrost extent and vice versa. The
increased/decreased snow depth caused soil temperature to change £1.2°C in maximum, which was mostly significant
in regions covered by continuous permafrost classified by International Permafrost Associate (IPA). Regionally, the
significant increase in permafrost temperature was found in eastern Siberia, while the increase in North America was
relatively weak. These phenomena were identified by a linear multi-regression analysis that assess the contribution
rates of snow depth and air temperature to soil temperature, indicating that snow depth explained 50% or more the
variance of soil temperature at 3.6 m in the eastern Siberia. The experiments using CHANGE model suggest that in
addition to the warming of air temperature, snow depth plays a role enhancing the warming of permafrost
temperature, at least in the continuous permafrost.
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Analysis of near-surface temperature variability in alpine terrain -
Sonnblick area, Austria

Stefan Reisenhofer, Central Institute for Meteorology and Geodynamics, Austria

Within the project ‘Permafrost Monitoring Sonnblick’ (PERSON) the spatial distribution of permafrost is investigated by
the ‘Zentralanstalt fir Meteorologie und Geodynamik’ (ZAMG) in the Sonnblick area, in the Hohe Tauern in Austria. The
aim of PERSON is to identify parameters affecting permafrost (geological, geomorphological, orographical and climatic
factors), to determine its spatio-temporal behaviour under present day climate conditions and to estimate its possible
future extension under a climate change scenario.

PERSON makes use of a permafrost monitoring network that was installed 2005 in the Sonnblick area and is made up by
four study sites: On the one hand the spatial extension of permafrost was focused at the ice-dammed lake Pilatus and
the rock glacier Zirmsee. On the other hand, at two sites, namely Goldbergspitze and Wintergasse measurements of
‘Ground-Surface Temperature’ (GST) and ‘Bottom Temperatures of the Snow cover’ (BTS) are measured. In order to
record temperatures in the uppermost layer of the ground and avoid heating by direct solar radiation loggers were
buried a few centimetres into the ground or installed in boreholes at depths between 2 and 140 cm. Each of the ‘Near
Surface Temperature’ (NST) borehole mouths is closed up with insulating foam to protect the measurements from
atmospheric influence. The evaluation of the GST and NST data with the analysis of their topographic variables will be
presented.
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Long term permafrost monitoring in West Siberia northern taiga

Nataliya Moskalenko, Earth Cryosphere Institute, Russia
Olga Ponomareva, Earth Cryosphere Institute, Russia
Elena Ustinova, Earth Cryosphere Institute, Russia
Nikolay Berdnikov, Earth Cryosphere Institute, Russia
Andrey Gravis, Earth Cryosphere Institute, Russia
Svetlana Lobotrosova, Earth Cryosphere Institute, Russia
Marina Rud, Earth Cryosphere Institute, Russia

Long term permafrost monitoring has been carried out in the West Siberia northern taiga since 1970 at the Nadym site.
The observation site is located on the flat boggy surface of the Il fluvial-lacustrine plain. Patches of permafrost are
closely associated with peatlands, tundras, peat mires, and frost mounds. Observations are included measurements of
permafrost temperature and active layer thickness, microrelief levelling, soil and vegetation descriptions on 28 fixed
plots (10x10 m), 2 CALM grid (100x100 m) and 8 transects.

According to the Nadym weather station for 1963-2012 the mean annual air temperature increased. Ten year moving
averages of mean annual air temperature rose from -6,90C up to -4,30C in the last decade. The amount of atmospheric
precipitation during the last decade in the north of Western Siberia also increased.

In this connection process of bog development on flat poorly drained surfaces of plains becomes more active. As a
result, tussocky and hummocky pine cloudberry-wild rosemary-lichen-peat moss open woodlands with lenses of
permafrost on the hummocks are replaced by andromeda-cotton-grass-sedge-peat moss thawed bogs.

Observed climate changes caused increase in the active layer thickness and permafrost temperature.

The air and permafrost temperature increase on the palsa peatland is the likely cause for the appearance of tree
species (Betula tortuosa, Pinus sibirica, Pinus sylvestris) and rise in frequency, height and coverage of shrubs (Ledum
palustre, Betula nana).

On cotton grass-peat moss bogs with the lowered permafrost table on formed on it dwarf shrub-peat moss hummocks
after cold winters it is observed formation of new frozen ground. Mean active layer thickness on these hummocks is 80
cm.

Long-term monitoring of the northern taiga ecosystem changes has allowed revealing impact of climatic changes on the
vegetation cover and permafrost.

The research was supported by project Circumpolar Active Layer Monitoring (CALM); Thermal State of Permafrost (TSP)
project; grant RFBR N13-05-00811 and Council under grants of the President of the Russian Federation (grant NSH-
5582.2012.5), grant TGA.
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Characteristics of permafrost along the highway transportation corridor,
eastern Qinghai-Tibet Plateau

Jing Li, Chinese Academy of Sciences, China

Yu Sheng, Chinese Academy of Sciences, China

Ji Chen, Chinese Academy of Sciences, China
Shengting Wang, Chinese Academy of Sciences, China
Xiaoying Hu, Chinese Academy of Sciences, China

Characteristics of permafrost along the Highway No. 214 in Qinghai province (Mile K310-K670) including distribution
patterns of permafrost and seasonally frozen ground (SFG), ground ice content and the mean annual ground
temperatures (MAGT) were analyzed based on a large amount of drilling and the measured ground temperature data.
Three parts were divided along the highway according to the general topography, which were the northern mountains,
the medium SAYR plain areas and the southern Bayan Har Mountains. The horizontal distribution patterns of
permafrost along the highway can be concluded into four sections, which were, from north to south, the continuous
permafrost zone (Mile K310-K460), the island permafrost zone (Mile K460-K560), the continuous permafrost zone (Mile
K560-K630), and the discontinuous permafrost zone (Mile K630-K670). Vertically, PLLs of discontinuous zone were
4200m/4325m, 4230m/4350m, and 4350m/4450m in the north-facing and south-facing slopes of Ela Mountain,
Longstone Mountain and Bayan Har Mountains, respectively. Permafrost was generally warm with MAGT varying
between -1.0-0°C in the first continuous permafrost zone, and appropriately around -0.5°C in the island permafrost
zone, and between -1.5-0°C in the third continuous permafrost zone, and higher than -0.5°C in the discontinuous
permafrost zone. In contrast, the spatial variations of ground ice content were mainly controlled by local soil water
content. Relations between the mean annual air temperature (MAAT) and PLL indicated that PLL varied between -3°C- -
4°C in the northern Ela Mountain and Longstone Mountain, and -4°C- -4.5°C in the southern Bayan Har Mountains.

58



Book of Abstracts of EUCOP4 — 4™ European Conference on Permafrost
18-21 June 2014 - Evora, Portugal

PERMAFROST ENVIRONMENTS -
INTERDISCIPLINARY CROSSROADS

S4. Periglacial geomorphology

(co-sponsored by the International Association of Geomorphologists)

Chairs:
0. Humlum and L. Schrott
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Keynote Lecture 4

Why permafrost rocks become unstable and how this affects
geomorphology and natural hazards

Michael Krautblatter, Faculty of Civil, Geo and Environmental Engineering, Technische Universitat
Minchen, Germany

The destabilisation of permafrost rocks is commonly attributed to changes in ice-mechanical properties. The effect of
low temperatures on intact rock strength and its mechanical relevance for friction and critical/subcritical fracture
propagation has not been considered yet. However, mechanical strength such as compressive and tensile strength are
reduced by up to 50% and more when intact rock thaws (Mellor, 1973). Here we show, that the reduction of the shear
resistance of rock-rock contacts and along rock-ice contacts in discontinuities may play a key role for the onset of larger
instabilities in thawing permafrost rocks.

The presence of permafrost can increase shear stress due to altered hydrostatic pressure (i.e. by perched water) and
cryostatic pressure (i.e. by ice segregation). The shear resistance of ice-filled fractures responds to four different
mechanical processes acting individually, in succession or in combination: (i) friction/fracture along rock-rock contacts,
(ii) friction/fracture along rock-ice contacts, (iii) fracture/deformation of ice in fractures.

Based on a Mohr-Coulomb assumption, we defined a failure criterion of an ice-filled rock fracture, with cohesive rock
bridges, contact of rough fracture surfaces, ductile creep of ice and with a representation of rock-ice “failure”
mechanisms along the surface and inside the ice body. To test the importance of reduced friction, we conducted
shearing tests on homogeneous fine-grained limestone specimen taken from a permafrost site (Zugspitze, Germany)
and from other Alpine sites ith active permafrost rock instability.

Failure along existing sliding planes can be explained by the impact of temperature on shear stress uptake by creep
deformation of ice, the increased propensity of failure along rock-ice fractures and reduced total friction along rough
rock-rock contacts. This model may account for the rapid response of rockslides to warming occurring along existing
planes of weakness (reaction time). In the long term, brittle fracture propagation is initialised. Warming reduces the
shear stress uptake by total friction and decreases the subcritical/critical fracture toughness along rock bridges. The
latter model accounts for slow destabilisation of former permafrost rock slopes over decades to millennia, subsequent
to the warming impulse (relaxation time).

Thawing-related changes in rock-mechanical properties may significantly influence early stages of the destabilisation of
larger thawing permafrost rocks irrespective of the presence of ice in the system. The models imply that only after the
deformation accelerates to a certain velocity level (where significant strain is applied to ice-filled discontinuities) ice-
mechanical properties outbalance the importance of rock-mechanical components. The presented models have
significant implications for geomrophology on a Quaternary and Postglacial time scale as well as for natural hazards in
the forseeable future.
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The impact of climatic factors on slope instability processes in
permafrost areas: the case study of the Matterhorn (Northwestern Alps)

Roberta Paranunzio, Italian National Research Council, CNR-IRPI, Torino, Italy

Francesco Laio, Department of Environment, Land and Infrastructure Engineering, Politecnico di
Torino, Torino, Italy

Guido Nigrelli, Italian National Research Council, CNR-IRPI,Torino, Italy
Marta Chiarle, Italian National Research Council, CNR-IRPI, Torino, Italy
Fausto Guzzetti, Italian National Research Council, CNR-IRPI, Perugia, Italy

Permafrost degradation represents one of the main indicators of ongoing climate change in high mountain areas. The
Alpine region warmed twice than other areas in the last century and it represents one of the most interesting study
areas in order to comprehend climate change impacts on geohazards. The consistent rise in temperature occurred in
the last 20-30 years may have significantly influenced permafrost distribution and a remarkable increase in the number
of slope failures have been documented at high elevation in the European Alps. It seems reasonable to assume a cause-
effect relationship between climatic factors and high elevation instability events, which could result from a detailed
short-term climatic assessment.

We provide some preliminary results of a climatic analysis concerning some slope failures documented in the
Matterhorn peak area (Aosta Valley, Northwestern Italian Alps), which represents one of the highest peaks in the Alps,
with its 4478-m summit. The choice of this site was justified by the important number of slope failures occurred. Our
inventory includes six rock falls occurred between July 1943 and August 2009, as follows: 1) 9 July 1943 2) 4 August
2003 3) 18 August 2003 4) 18 July 2005 5) 25 July 2006 6) 28 August 2009. The rockfalls are located between 3700 m
and 4200 m a.s.l. and occurred mainly in the late afternoon (18 August 2003, 18 July 2005, 25 July 2005 events). On the
six case studies, the last four are concentrated in the surroundings of the Carrel Hut (3829 m a.s.l.).

A climatic analysis was performed, combined with geological and geomorphological data, with the aim to shed light on
processes responsible of rock fall triggering in the study area, in order to contribute to the understanding of the
relationship between the climatic factors and slope failures in mountain areas under permafrost conditions. In most
cases, rockfalls are related to a thermometric anomaly (except for the July 1943 event), detected on different time
intervals, from daily to quarterly scale. Only the last event considered (28 August 2009) could also be attributed to a
pluviometric anomaly, with precipitations above the average value during the accumulation season (October-May).
Further analyses are needed, in order to better comprehend the processes leading to natural instability in this
permafrost area.
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The influence of snow cover on thermal and mechanical processes in
steep permafrost rock walls — examples of internal response from the
Swiss Alps

Daniel Draebing, Department of Geography, University of Bonn, Germany
Michael Krautblatter, Chair of Landslide Research, Technische Universitat Miinchen, Germany

Degradation of permafrost rock wall causes instability due to changes in rock- and ice-mechanical as well hydraulic
properties. Conductive, convective and advective thermal processes alter mechanical and hydraulic properties of rock
walls (Draebing et al., in rev.). On a seasonal scale, snow cover is a poorly understood key control of timing and extent
of thermal processes. Our project partners of the ISPR project research temporal and spatial evolution and distribution
of snow cover by using a multi-method approach (Haberkorn et al., EUCOP 2014). We use (i) manual snow pole
measurements to evaluate snow depth distribution, (ii) laboratory-calibrated time lapse Seismic Refraction
Tomography (SRT) to quantify active-layer response and (iii) automatic continuous crackmeters to monitor mechanical
response of a rock wall in the Steintaelli in August 2012 and 2013.

In August 2012, the mean air temperature in the Steintaelli at 3100 m a.s.l. (6.4°C) was slightly lower than in the heat
summer 2003 (7.4°C) and slightly higher than in 2013 (5.1°C).

(i) Manual snow pole measurements show an up to 1.5 m thick snow cornice covered the crestline of the rock wall,
south and north facing slopes were snow free, in 2012. In the following year, the snow cornice expands to thickness of
2-4 m and additional up to 2 m thick snow patches covered the less inclined parts of the north facing slope.

(ii) The active-layer thawing was quantified by using SRT (Krautblatter & Draebing, 2013). In 2012, the active layer
thawed to depths of 5-15 m. Snow isolation prevented or delayed thawing and active layer extended to depth of 0-5 m
in 2013. Time-lapse SRT shows an overall annual cooling effect due to snow cover.

(iii) Ten automatic crackmeters monitored fracture movement between September 2012 and August 2013. During snow
free periods temperature changes resulted in expansion and contraction of rocks and closing and dilation of fractures,
respectively. Volumetric expansion was observed during extreme low temperatures and zero curtain periods. During
snow covered periods ice segregation resulted in fracture opening of 0.4-0.9 cm.

Here we show for the first time, how snow cover controls the timing and the extent of active layer thawing and
kinematic processes in permafrost affected rock walls.

References:

Draebing, D., M. Krautblatter, and R. Dikau (in rev.), Interaction of thermal and mechanical processes in steep
permafrost rock walls: a conceptual approach, Geomorphology.

Haberkorn, A., Phillips, M., Rhyner, H. & M. Hoelzle (2014), The influence of snow cover on thermal and mechanical
processes in steep permafrost rock walls — examples of thermal response in the Swiss Alps. EUCOP Abstract (these
proceedings).

Krautblatter, M., and D. Draebing (2013), Pseudo 3D - P-wave refraction seismic monitoring of permafrost in steep
unstable bedrock, Journal of Geophysical Research: Earth Surface, 2012JF002638.
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Permafrost in alpine rock faces of Southern Norway

Bernd Etzelmdiiller, University of Oslo, Norway
Tobias Hipp, University of Oslo, Norway
Sebastian Westermann, University of Oslo, Norway

The warming and degradation of mountain permafrost within alpine areas is an important process influencing the
stability of steep slopes and rock faces. In the mountains of Southern Norway (Jotunheimen), an increase in ground
temperatures has been recorded during the last 12 years and modelling studies suggest the possible degradation of
most mountain permafrost in the course of this century. To better estimat