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Welcome from the Organizers

As Chairs of the Organizing Committees for the Third European Conference on Permafrost we would like to extend a
warm welcome to all delegates here in the Arctic! It is a great pleasure for us to especially welcome all of you to
Svalbard at 78°N and to the University Centre in Svalbard, UNIS, which hosts this conference. The previous Second
European Conference on Permafrost was held at the Alfred Wegener Institute for Polar and Marine Research, Pots-
dam in June 2005, and since then the Fourth International Polar Year (IPY) 2007-2008 has increased the research
activities within permafrost science and engineering. Thus this conference focus on the various output within the dif-
ferent permafrost research fields obtained during the IPY including the first international overview of the thermal
state of frozen ground.

This Third European Conference on Permafrost has been primarily sponsored by the Norwegian Research Council,
The University Centre in Svalbard and the University in Oslo in addition to several other sponsors (as presented in
this volume), to all of whom we extend our thanks. We want to also thank all the members of the International and
National Organizing Committees for the Third European Conference on Permafrost for their important contributions
to assisting us in developing the conference programme. Particularly we want to thanks the Conference Secretary
Jordan Mertes for patiently putting together this Book of Abstracts.

We hope you will all enjoy the conference and have good experiences with the permafrost in Svalbard !

Bernd Etzelmuller and Hanne H. Christiansen
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The Svalbard Museum will be open everyday of the conference from 10:00-17:00.
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Keynotes

In Moysalen and video streamed to Lassegrotta

11:00-11:30 Thermal State of Permafrost — An Overview and
Status of the Activities in the Polar Northern Hemisphere

Vladimir E. Romanovsky & Sergey S. Marchenko, Permafrost Laboratory, Geophysi-
cal Institute, University of Alaska Fairbanks, USA
Hanne H. Christiansen, Geology Department, University Centre in Svalbard, UNIS, Nor-
way
Sharon L. Smith, Geological Survey of Canada, Natural Resources Canada, Ottawa, On-
tario, Canada

11:30-12:00 Permafrost research in Norway and Svalbard

Ole Humlum Department of Geosciences, University of Oslo, Oslo, Norway & Depart-
ment of Geology, The University Centre in Svalbard, Svalbard
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Thermal State of Permafrost — an Overview and Status of the Activities in

the Polar Northern Hemisphere

Vladimir E. Romanovsky & Sergey S. Marchenko, Permafiost Laboratory, Geophysical Institute,

University of Alaska Fairbanks, USA

Hanne H. Christiansen, Geology Department, University Centre in Svalbard, UNIS, Norway

Sharon L. Smith, Geological Survey of Canada, Natural Resources Canada, Ottawa, Ontario, Canada

1 INTRODUCTION

Permafrost is an important part of the cryosphere
and is a key cryospheric indicator of climate change.
During the International Polar Year (IPY) 2007-
2009, a global snapshot of the permafrost thermal
state was obtained through a coordinated field cam-
paign. This paper focuses on the information on the
permafrost thermal state obtained during the IPY in
all parts of the polar Northern Hemisphere through
several regional and national research projects. The
campaign was the key component of the IPY re-
search project, “Permafrost Observatory Network: A
Contribution to the Thermal State of Permafrost
(TSP)”.

2 METHODS

The snapshot was obtained by continuing measure-
ments at existing permafrost observatory sites, by re-
occupying older sites where permafrost temperatures
were measured in the past but were interrupted late-
ly, and by drilling new boreholes and establishing
new observatory sites with long-term ground tem-
perature monitoring. Different equipment and tech-
niques were used for borehole temperature meas-
urements in different countries and at different time.
The earliest systematic measurements in the Euro-
pean North of Russia go back to the 1930s. During
that initial period, temperatures in the boreholes
were measured using mercury thermometers with a
scale factor from 0.05 to 0.1°C. Starting from the
1950s and especially in the 1960s, semi-conducting
temperature sensors (thermistors) became more
common in permafrost geothermal studies. Since
then, most of the boreholes at the permafrost re-
search stations were equipped with permanently or
temporary installed thermistor strings and tempera-
tures were measured periodically. During the last 20
years, digital data loggers have been used more and
more commonly for ground temperature automatic
data acquisition and storage.

The diversity of past measuring techniques could
lead to uncertainty when comparing data obtained
using these different sensors. Special field experi-
ments were performed during the 2007 and 2008

field seasons to address this concern. These experi-
ments assure the comparability of all measurement
techniques at an overall accuracy of 0.1°C.

Even the longest records of the permafrost tempera-
ture dynamics are still very time-limited. To extend
the knowledge on changes in the permafrost thermal
state into the past and to project possible future
changes, various numerical permafrost models with
different levels of complexity are usually imple-
mented. In this presentation we will give a short re-
view of existing models and discuss the results of
some of these modeling efforts.

3 RESULTS

Looking back into the last three years of interna-
tional permafrost research activities, we can defi-
nitely conclude that the IPY-TSP was a success. The
major part of the success was due to significantly in-
creased international scientific cooperation which
led to development and operation of the TSP project.
Data collected through the TSP project have en-
abled, for the first time, an overall Northern Hemi-
sphere synthesis of the current permafrost thermal
state, which will provide a baseline against which
future change may be measured. The addition of
new monitoring sites in areas that were previously
under-represented has resulted in new information
on permafrost thermal state for regions where little
or no recent information was available.

Most of the permafrost observatories in the Northern
Hemisphere show substantial warming of permafrost
during the last 20 to 30 years. The magnitude of
warming varied with location, but was typically
from 0.5 to 2°C at the depth of zero annual ampli-
tude. The main exceptions are those sites with ice-
rich fine-grained sediments where ground tempera-
tures are within a few tenths of a degree below 0°C
where ground temperature profiles are isothermal,
indicating that phase change is occurring within the
permafrost.

Permafrost is already thawing in specific landscape
settings within the southern part of the permafrost
domain. Formation of new closed taliks and an in-
crease in depth of pre-existing taliks has been ob-
served in this area during the last 20 to 30 years.

Third European Conference on Permafrost "




Permafrost Research in Norway and Svalbard

O. Humlum

Department of Geosciences, University of Oslo, Oslo, Norway & Department of Geology, The University

Centre in Svalbard, Svalbard

1 PERMAFROST RESEARCH
1.1 Svalbard

The existence of permafrost in Svalbard has been
common knowledge at least since the first Interna-
tional Polar Year in 1882 and the first coal mining
operations in 1898. In 1883 ground temperatures
were measured to 2 m depth at Kap Thordsen, and in
1913 studies on ground ice in central Spitsbergen
(Colesdalen) were initiated. Rapidly a late Holocene
age of low-altitude permafrost in Svalbard was sug-
gested by multiple observations on ground ice at
several sites below the upper marine limit.

1922 saw the first review of frozen ground phenom-
ena in Spitsbergen published. Other early scientific
observations relating to Svalbard permafrost was
published between 1924 and 1937 by scientists of
various nationalities, describing fine examples of
patterned ground. Based on measurements of firn
temperatures at Fjortende Julibreen, a publication in
1935 presumably was the first ever to demonstrate
that not all bedrock below glaciers remain in a per-
mafrozen condition. In 1941 observations from
Spitsbergen on solid bodies of ground ice (presuma-
bly ice wedges) emphasised the importance of to-
pography, soil type and moisture supply over long
time to understand the distribution of ground ice. A
few years later also the apparent paradox of finding
permanent springs in a region with extensive peren-
nial frozen ground was addressed in a publication.

In the following years, most studies relating to per-
mafrost in Svalbard had a geomorphological focus.
However, a major change in permafrost related re-
search in Svalbard was introduced by the European
PACE research project in 1998, where a borehole to
100 m depth was established at Jansonhaugen, cen-
tral Spitsbergen. Several new boreholes to 20-30 m
depth were established during the IPY period 2007-
09 by the TSP-Norway project.

1.2 Norway

In mainland Norway permafrost research began later
than in Svalbard. Although the Scandinavian moun-
tains represent one of Europe’s largest highland ar-
eas, and extends beyond the polar circle, permafrost
research had a late start. Presumably one of the first
publications referring to permafrost in Norway was a
paper in 1957 on water resources in northern Swe-
den and Norway. Here the existence of modern per-
mafrost in northern Scandinavia was suggested by

combining a climatic approach with a model for
permafrost development. In addition, 20 m thick
permafrost was described from mining activities in
Lyngen peninsula, Norway, at an altitude of 750 m
a.s.L.

Despite this publication, knowledge and research on
permafrost remained sparse in all Nordic countries
for the following years, at least until the mid-sixties,
where a study of permafrost in ice-cored moraines in
Norway was published by Gunnar Ostrem (1964).
This was followed by several Swedish investigations
of landforms indicating the former existence of per-
mafrost, e.g., a special type of circular lake, and fos-
sil polygon patterns on raised beach ridges, both fea-
tures described from northern Norway by Harald
Svensson (1969).

Following the papers by Ostrem and Svensson, a
suite of other investigations were published from
Norway and other Nordic countries during the fol-
lowing 25 years. During the initial 10 years of this
significant development most investigations had
their research focus on periglacial landforms such
as, ice wedges, palsas, and pingos. Often permafrost
was addressed only indirectly.

This changed in 1984, where a German scientist
(like Ostrem in 1964) began to use geophysical me-
thods in the Norwegian periglacial environment. The
successful introduction of this new technology re-
sulted in a gradual move of the research focus from
periglacial geomorphology to permafrost tempera-
tures studied by geophysical means. After 1998 re-
searchers involved in the European PACE program
have greatly contributed to the recognition and de-
scription of permafrost in Norway and other parts of
Scandinavia. In Norway a 100 m permafrost bore-
hole was drilled at Juvvasshee in Jotunheimen. Sev-
eral new shallow permafrost boreholes were estab-
lished during the 2007-09 IPY period, by the TSP-
Norway and the CRYOLINK research projects.

References

Svensson, H. 1969. A type of circular lakes in northernmost
Norway. Geografiska Annaler 51A, 1-12.

Ostrem G. 1964. Ice-cored moraines in Scandinavia. Geograf-
iska Annaler 46 A (3), 282-337
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Thermal Modeling of Variations in the Depth of the Frost Table Caused
by Increasing Temperatures in Kangerlussuaq Airport, Western Greenland

Anders Stuhr Jergensen

Department of Civil Engineering, Technical University of Denmark, Kgs. Lyngby, Denmark

1 INTRODUCTION

Kangerlussuaq Airport is located at 67°00° N and
50°42° W in the zone of continuous permafrost in
western Greenland. During the period 1992-2007 the
mean annual air temperature in the area has in-
creased with approximately 2.5°C.

A thermal model of the embankment of the southern
parking area in Kangerlussuaq Airport has been used
to study the changes in the thickness of the active
layer during the period 1992-2007. The modeling
was carried out with the finite element software
TEMP/W from GEO-SLOPE International Ltd. The
thermal model is based on results from a previous
borehole drilling, a trench excavation and climate
data. Finally the model was compared with results
from Ground Penetrating Radar (GPR) investiga-
tions, which have been used to study the annual
variations of the frost table underneath two different
surfaces, a normal dark asphalt surface and a more
reflective surface (white paint), on the southern
parking area in the summer periods of 2005-2008.

2 RESULTS

Figure 1 shows the calculated maximum thaw depths
underneath the two investigated surfaces. The max-
imum modeled thaw depths generally occur in Sep-
tember or October. The modeling results show a
clear correlation between the annual variation in the
thaw and freeze indices, and the maximum annual
thaw depth. The modeled results have shown a pro-
gressive lowering of the frost table as a consequence
of the increase in air temperatures during the inves-
tigated period. The average modeled maximum thaw
depth underneath both surfaces has increased with
approximately 0.5-0.7 m from 1992-2007.

The modeled thaw depths compare with the results
from the GPR investigations carried out during the
thawing periods in 2005-2008. The GPR results
from this period have shown that the maximum thaw
depth underneath the reflective surface is approxi-
mately 3.1 m, whereas the maximum thaw depth is
approximately 4.0 m underneath the normal dark as-
phalt surface (Jorgensen & Andreasen, 2007; Jor-
gensen & Ingeman-Nielsen, 2008)
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Figure 1. Modeled thaw depths underneath the southern park-
ing area in Kangerlussuaq Airport, 1992-2007.

3 CONCLUSION

Thermal modeling have been carried out to get in-
sight into the possible impact of climate warming on
the thaw depth penetration underneath the southern
parking area at Kangerlussuaq Airport, western
Greenland. The results have shown a clear correla-
tion between the annual variation in thaw and freeze
indices, and the maximum annual thaw depth. Dur-
ing the studied period the mean annual air tempera-
ture in the area has increased with approximately
2.5°C. The increase in air temperature has lead to an
increase in the maximum annual thaw depth under-
neath the two investigated surfaces of approximately
0.5-0.7 m. The results have also shown that the use
of a more reflective surface will reduce the maxi-
mum thaw depth with up to 1.0 m. This constitutes a
major difference in the thermal regimes below the
two kinds of surfaces.
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Foundation Behavior in Longyearbyen, Svalbard

Marie Nokken

Sweco Norway

Lars Grande

Norwegian University of Science and Technology, NTNU, Trondheim, and UNIS, Longyearbyen, Norway

1 AIM OF THE PROJECT
1.1 General

This project was carried out in spring 2009, with the
aim to gather experience data from the different
foundation principles utilized during the last 50
years in Longyearbyen. Buildings, roads and pipe-
line design were addressed, where building founda-
tions had the main focus. The work was done as a
master thesis at NTNU.

1.2 Method

Buildings in Nybyen, Haugen, Lia and Gruvedalen
have been levelled by use of a laser leveller and pho-
tographs. Features on the facades as bottom sill and
window lines are used as reference lines.

The measuring method has proven capable to iden-
tify level differences on building facades. Its
strength lies in the possibility of comparing several
reference lines as well as quick and easy execution
of the measurements.

The fact that not all buildings have usable reference
lines, and the assumption that windows and base of
panelling originally are exactly in level, both add to
the level of insecurity in the measurements.

2 FINDINGS

2.1 Foundation principles

The oldest buildings is characterized by shallow
foundations, either concrete soles or piles of 1-2 me-
tres. Newer building trends make use of deeper piles
or other ways of controlling the soils thermal regime
as insulation or artificial refrigeration.

2.2 Measuring results

Buildings approaching 50 years age and older gener-
ally show severe level differences. The evaluated
buildings in this group all have shallow foundations,
and building heat have been allowed to penetrate the
subsoil.

The Nybyen Barracks and Haugen houses are lighter
buildings with piles of 1-2 metres depth and ventila-
tion space. The Barracks have displacements of 3-5

cm which is modest considering their age. No com-
mon trend in the displacement pattern could be iden-
tified. The Haugen Houses show a distinct pattern of
deflection in the middle.

The newer buildings founded on about 4-6 m deep
wooden piles generally show modest level differ-
ences. Only one measured building shows clear
signs of uphill tilt, and should be looked into more
closely.

The Blamyra buildings make use of deeper concrete
piles, and the experience from these is very good.
Buildings with artificial freezing have shown to be
very stable, but care should be taken on influencing
neighbouring buildings as well as energy consump-
tion and technical surveillance.

2.3 Conclusions

Some movements occur even in new buildings on
deep foundations. These small displacements can
possibly be subscribed to some movement in the ini-
tial building phase, before conditions stabilise and
movements terminate. Furthermore can these small
level differences be due to natural creep processes,
at some places accelerating from small increases in
permafrost temperatures.

The wooden piles represent a cheap and effective
design, but with limited maintenance-free life expec-
tancy. More durable designs less exposed to freeze-
thaw-cycles could be obtained by means of alterna-
tive designs as gravel pads with or without ventila-
tion, deeper concrete piles and ground freezing
through natural convection.

3 FURTHER WORK

To fully document the performance of the current
foundation practise in Longyearbyen, more meas-
urements on the newer buildings should be carried
out. Not only should even more buildings be lev-
elled, but development should be monitored over
time and with seasonal changes. As only differential
settlements can be detected by the used levelling
method also more detailed methods also enabling
monitoring of total settlement could be useful.
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Community Planning on Permafrost in Nunavik — The case Study of

Salluit

Tania Gibéryen (1,2) & Michel Allard (1) & Caroline Desbiens (2)
(1)Center for Northern Studies, University Laval, Quebec, Canada

(2) Centre interuniversitaire d’études et de recherches autochtones, University Laval, Quebec, Canada

1 PREMISE

Salluit is a village that lies in the continuous perma-
frost zone in Nunavik (Northern Québec). It is lo-
cated in the bottom of a narrow valley with limited
space for expansion and built in large part on ice
rich silty permafrost. With recent climate warming,
geotechnical problems have been encountered, such
as some instabilities of several building foundations
as well as increased risks of active layer slides on
slopes. These geomorphic processes are expected to
intensify with future climate changes, creating an
additional challenge for the land-use management of
this expanding community.To support the develop-
ment of the community an interdisciplinary study,
which combines elements from physical geography,
human geography, civil engineering, economics and
politics has been produced.

2 METHODOLOGY

In order to best identify local vulnerability and ca-
pacities for adaptation, geoscientific and climatic
data are integrated with policy analysis and commu-
nity perspectives. Public community hearings organ-
ized by Quebec’s Ministry of Municipal Affairs and
regular meetings with the decision makers were held
in order to identify specific needs that have to be

addressed. Maps integrating the collected data and
the forecasted permafrost conditions have been pro-
duced. The identification of adequate adaptive
measures asks also for a better understanding of the
interaction between permafrost and the different
types of foundations for buildings and municipal in-
frastructures.

A specific experiment was established in town to
measure settlement and effectiveness of embank-
ments for permafrost recovery. Thermistors and set-
tlement plates are installed in an experimental pad
and down into the underlying permafrost. The intent
is to assess the best design parameters to provoke the
recovery of permafrost in the newly installed pad to
support the new house for a long period. An eco-
nomic analysis of the possible choices of adaptation
solutions will complete this study and cost-benefit
analysis will be used to draw recommendations for
local and regional land-use planners.

3 RESULTS

Information gathered from the policy makers and the
local Inuit population show community based pref-
erences and dislikes on the possible sites of expan-
sion, as well as technical and geophysical con-
straints. These important results lay the basis for fu-
ture master plans.

As for the experimental pad, the data clearly
show that the ground has cooled in 2009 compared
to 2008. Where there used to be a thermokarst pond,
the cooling was much faster than in the surrounding
less perturbed area, and after only one year of cool-
ing the two areas have almost an identical thermal
profile. This means that not only the cooling is mak-
ing up for the extra thermal perturbation, but there is
also a tendency of temperatures to come back to-
wards the original unperturbed thermal profiles.
Given the present data, we can expect to see the
cooling trend to pursue itself during the coming
years, maybe even reestablishing the natural thermal
profile of the lot. This positive outcome of the ex-
periment indicates that some disturbed terrain af-
fected by past human activity and the presence of
obsolete buildings can be restored in order to opti-
mize the use of space within the community.

4 DISCUSSION

This leads us to the suggestions that the foundation
technique of padding will not only help to restore
already thermally disturbed grounds, but will also
serve as a buffer zone to absorb increased air tem-
peratures and hence help to protect, to some extent,
the permafrost from global warming. This knowl-
edge, combined with the local inuit preferences, will
allow to optimize pad geometry for reclaiming de-
graded permafrost in the community.

In a further step this conclusion will be compared
to other foundation methods, like piles, and a cost-
benefit analysis will determine which method suits
best not only in terms of permafrost recovery, but
respects also local inuit cultural needs for future
community planning.
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Destruction of Buildings and Underground Constructions Caused by the
Cryogenic Weathering in Cryolithozone

V. 1. Grebenets.

Department of Cryolithology and Glaciology, Geographical faculty, Lomonosov Moscow State University,

Moscow, Russia

Mass deformations in Northern Russia settlement’s
objects have been observed recent decade. They
have been caused with: the changes in ground’s
bearing capacities reasoned by permafrost base’s
degradation due to the global climate fluctuations
and the local technogenic influence; the activation of
foundation’s material and other artificial medium’s
cryogenic shattering in this region.

Theoretical mineralogical investigations of rock and
material cryogenic weathering mechanism has been
carried out. Field inspection of foundations, asphalt-
concrete road covers, reinforced concrete under-
ground collectors for communications undergone the
frost weathering in Norilsk, Dudinka, Ust-Port have
been made pass.

Theoretical and field investigations gave a possibil-
ity to obtain an objective picture of the foundations
state, operating in  different engineering-
geocryological conditions, different technogenic
loading on bases as well as different period of opera-
tion.

In order to detect main reasons causing the prema-
ture destruction of footings concrete, and to develop
measures preventing this destruction in Norilsk in-
dustrial region (Norilsk, Talnakh and Dudinka), in
Khatanga, Dixon and Igarka, special long-term re-
search have been carried out to definite thermo-
humidity conditions of seasonal freezing/ thawing in
ground beneath footings. As objects to study have
been singled out those footings built on permafrost
ground with conservation of permafrost during vari-
ous term of operation (from 3 until 40 years) and
other geotechnical objects have been selected. For
example, wear of footings in active layer (in Norilsk
industrial region) is from 15-20 % up to 70-80 %
from planned values that depends on frozen ground
characteristics, conditions and duration of operation.
From 20 inspected underground double-deck Ferro-
concrete collectors for communications 30 km long
only 20 % were in emergency and 60% were unsat-
isfactory.

The analysis of concrete foundations state for 14
constructions in Dudinka undergone the frost weath-
ering have been completed. The pattern of footings
destroying is rather variegated. Sometimes, there are
about 5-8 zones in ventilated cellar with various
state of footing. Thus, average value of concrete
strength in one zone can be 2-3 times more or less
than in other one. However, even inside the chosen

zones separate piles can have considerable wear ex-
tent (strength of concrete is about 10-20 % from de-
signed) whereas others are very poor subjected to
the corrosion. This can be explained by cumulative
influence of a set of factors and different degree of
negative actions. Mostly destroyed piles and sup-
ports located in the central part of ventilated cellars
near gutters and communications and on water-
saturated sites. Next zone on the destruction inten-
sity is an angle bases zone under heat centers. Pe-
ripheral and inner footings near dry ventilated cellars
are less destroyed.

Main reasons causing the concrete destruction have
been divided into 4 general groups:

a) climate and geocryological conditions, e. g.: a re-
peated freezing-thawing process, high amplitude,
ground humidity, etc.;

b) technogenic impact on geocryological-geological
processes: seasonal thawing depth increased in the
technogenic inundation, growth of the ground water
aggression due to technogenic salinisation, etc.;

¢) technological reasons (methods of the foundation
structuring, the foundation loading, etc.

d) operation conditions (ventilated cellar’s activity,
time of operation, etc.). General most destructive
zones of foundations in plain and vertical projections
have been determined.
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Methods of Estimation of the Reliability of Oil-Trunk Pipelines

in Permafrost Area

M.Y.Cherbunina, L.N.Khrustalev

Geological deprtment, Moscow State University, Moscow, Russia

1 INTRODUCTION

Current state of knowledge of frozen ground and
material status of building allows us to talk about
possibility of resource development nearly any area.
The difference of engineering geotechnical condi-
tions causes only different cost. So it is very impor-
tant to make good faith estimation of the reliability
of structure base and make the optimization of the
reliability. The paper is concerned with probabilis-
tic —statistical approach for oil pipelines designing.
The method of reliability estimation of oil-trunk
pipelines within different types of pipe laying is in-
troduced. The assessment of danger of failure and
cost of risk was given.

2 NOMENCLATURE

Reliability (R(t)) is simply a measure of the prob-
ability of no failure occurring. We define risk as the
probability of pipeline failure. So The reliability and
the risk function (P(t)) are linked :

R(t)=1-P(t)

Risk function allows us to estimate the material loss
which occurs with pipeline failure. This loss is
called Cost of risk (C)

3 OPTIMIZATION OF OIL-TRUNK PIPELINES

The existing optimization studies of engineering
constructions stabilization on frozen ground is based
on deterministic model and has some substantial de-
fect-this model can’t compute the reliability of sys-
tem and the variants can be compared just with
theirs initial cost. So it is necessary to use probabil-
istic approach using the analytical method of estima-
tion of pipelines reliability and cost of risk in the
context of different types of pipelines.

4 ESTIMATION METHODS

Proposed methods of estimation of oil-trunk pipe-
lines in permafrost area let us consider stochastic
heterogeneity of the geotechnical system «pipeline-

permafrost» and actual loadings, to manage system
quality, make emergency situations forecast , and
the financial estimation of the consequences (in
standard units). After getting the information about
material costs it gives us an option to represent the
optimization problem- cost rate for system imple-
mentation and cost of risk goes to lower limit.

5 RELIABILITY MANAGEMENT

We can manage the system reliability and cost of
risk by changing the construction solutions, e.g. for
above-ground pipeline it’s modifying the length of
piles, for buried pipelines modifying the thickness
of radial heat-insulation.

6 CONCLUSIONS

A Solution of the problem allows to make a choice
of optimum design decisions - trace the optimum
pipeline route, optimum way of its laying and ap-
propriate design values in different geological envi-
ronmental conditions in permafrost area.
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Effects of Climate Change on Substrate Bearing Capacity in Russian

Permafrost Regions

D.A. Streletskiy

Department of Geography, University of Delaware, Newark, USA

N.I. Shiklomanov

Department of Geography, George Washington University, Washington DC, USA

F.E. Nelson

Department of Geography, University of Delaware, Newark, USA

More than 75% of engineering structures on perma-
frost in Russia are built according to the First Con-
struction Principle,” which relies on the freezing
strength (bearing capacity) of the frozen ground to
support structures. Bearing capacity, defined as the
maximum load (in kN/m?) for a standard foundation
pile embedded in permafrost, is used in Russia as a
primary variable for engineering assessments in
permafrost-affected territories. According to Russian
construction rules and regulations, the bearing ca-
pacity of permafrost soils is estimated from the
mean decadal values of air and ground temperature,
with adjustment factors used to account for interan-
nual climatic variability. For given surface and sub-
surface conditions, the bearing capacity depends
strongly on the active-layer thickness (ALT) and the
temperature of the permafrost, both of which are
strongly affected by atmospheric climate. Increases
in permafrost temperature and ALT resulting from
climatic warming can significantly reduce the bear-
ing capacity of the frozen soil and the stability of
engineered structures.

Intensive industrial development of West Siberia
began during the late 1960s and early 1970s. We as-
sume that the engineering designs for infrastructure
constructed during that period were developed based
on 1960-1970 climatic conditions. Our research is
driven by the hypothesis that by the year 2000 the
bearing capacity had changed significantly as a re-
sult of observed climatic change. To evaluate this
hypothesis we have developed a set of parameteriza-
tions to estimate the bearing capacity of frozen soils
as functions of permafrost temperature and ALT, ac-
cording to construction rules and regulations. The
effect of climate on permafrost temperature and
ALT was estimated by an equilibrium permafrost
model.

Here, we present results from a geographic assess-
ment of changes in the bearing capacity of perma-
frost soils attributable to observed climatic change in
Siberia. Changes in bearing capacity for the last
forty years were evaluated for several large settle-
ments and industrial centers, representing different

geographical conditions of the Russian Arctic. Cal-
culated changes in bearing capacity for some of the
major settlements on permafrost show that those
foundations built according to the first (passive)
principle during the 1960-1970 period are most like-
ly to experience deformation at Nadym and Salek-
hard, and are quite likely in Yakutsk, Anadyr, Cher-
sky and Noviy Port. Generally, areas located in the
southern permafrost zone are likely to experience
more pronounced decreases in bearing capacity un-
der warming of the magnitude predicted by climatic
models.

A GIS-based landscape approach was used to apply
the model at regional and continental scales to assess
geographic changes in permafrost temperature, ac-
tive-layer thickness, and bearing capacity in the
North of West Siberia, and for the entire Russian
continuous permafrost zone. Substantial (up to 25%)
loss in the bearing capacity of frozen soils is evident
throughout this zone. This situation has potential to
cause deformation and damage to structures on per-
mafrost, which can have severe socio-economic con-
sequences.
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Forecast of Frost Heave Caused by Freezing Soil around Pipeline Based
on Physical and Numerical Modeling Data

N. Volkov & C. Johansen
C-CORE, St. John'’s, Canada

1 INTRODUCTION

Frost heave represents a significant thermo-
mechanical problem for pipelines that are buried in
frost-susceptible soils. This paper outlines the work
that has been done on physical and numerical mod-
eling of frost-heave issues related to chilled gas
pipelines.

2 MODELING

2.1 Physical modeling

The physical modeling data falls into two groups:
1) One-dimensional “open system” freezing of a
saturated mix of silt and kaolin to define the segre-
gation potential and to investigate the water content
redistribution in the frozen zone as well as the inte-
gral and differential frost heave displacement values
at 1g (g=9.89 m/s?) 2) Centrifuge physical modeling
at 50g in order to assess scaling effects (Taylor R.N.,
1994). Freezing of initially unfrozen soil (+2°C)
caused by a chilled pipeline (-6°C) has been mod-
eled and temperature field dynamics and vertical
displacements have been measured.

2.2 Numerical modeling

A numerical model which simulated the frost heave
action has been developed by N. Volkov and C.
Johansen using the commercially available Finite
Element program, ABAQUS. This model is capable
of simulating the thermo-mechanical behavior of the
frost-heave issue. The model is based on the Fourier
equation (conductive heat transfer) and uses a
lumped parameter methodology for characterizing
the freezing and frozen zones. A phenomenological
expansion function is applied in order to achieve the
thermal expansion characteristics observed in physi-
cal experiments.

The expansion parameter incorporates: 1) Volume
expansion of in-situ water. 2) Volume of migrating
water into the frozen zone caused by the temperature
gradient inside the freezing zone (or “frozen
fringe”). This calculation is based on a segregation
potential parameter (Konrad J.-M., 1983). 3) Migra-
tion of unfrozen water inside the frozen zone caused
by the temperature gradient in the frozen zone, di-

rected towards lower temperatures and calculated
with the help of a frozen permeability parameter.

3 RESULTS

The numerical model was applied in order to ana-
lyze a pipe embedded in heaving soil. Fig. 1 shows
an example of the numerical modeling efforts that
have been conducted to date. Comparisons between
numerical and physical data have been completed.
The numerical model provided reasonable compari-
sons to physical test data on the temperature field
dynamics around the pipeline and on frost heave
displacements. As such, the numerical model is con-
sidered a viable tool for forecasting frost heave
caused by freezing soil around pipelines which are
situated in semi permafrost areas.

Figure 1. Vertical heave and temperature field around the pipe-
line physical model.
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Forecast of Changing of Main Engineering and Geocryological Parameters

in Russian Arctic to 2030 and 2050.

D.G. Shmelev

Department Cryolithology and Glaciology, Geographical faculty, Lomonosov Moscow State University,

Moscow, Russia

Climatic fluctuations affect on nature and anthropo-
genic systems and lead to change of environmental,
especially cryolithozone. 2/3 area of Russia locate in
zone of permafrost, here main oil and gas, coal, fer-
rous and non-ferrous metals field, railroad and pipe-
lines. Stability of these systems depends from stabil-
ity of engineering-geocryological conditions.
Significant part of basement of buildings and pipe-
lines in North establish by means pipes, which was
freeze in permafrost; because estimating of dynamic
of bearing capacity of freezing pipe and inclined
forces of frost heaving stand be important.

Most development territory of Russian Arctic in-
cludes Bolshzemelskaya tundra, West Siberia and
lowers of Yenisei. Opening up of this area was be-
gun already in 30-s years of XX century. Here we
can observe all types of areal extent of permafrost —
sporadic type on south and continues on north, turf
moss, massive ground ice and cryopegs are meeting.
Natures zones: from north boreal forest to arctic
tundra. These regions can be typical for cryolitho-
zone on North hemisphere, modeling of main engi-
neering and permafrost parameters is representative.
For modeling series of one-dimensional problem of
non-stationary heat-conducting with moving bound-
ary of division of phases was solved for definition of
temperature regime and thickness of active layer.
For modeling grid (size 2°x2°) with three types of
ground (sand, loam and turf with mineral substrate)
into each fine was used. After modeling of change-
able geocryological parameters, calculation by
means standard scheme of bearing capacity of freez-
ing pipe (length 10m, section 30x30cm) and inclined
forces of frost heaving within active layer (diameter
210mm) was made.

Climatic forecast was created by Department mete-
orology and climatology of Lomonosov Moscow
State University. Model assume positive trend of air
temperature, increasing of mean annual air tempera-
ture will be 0,5-1,5°C to 2030 and 2-3°C to 2050.
Forecast includes increasing of summer, warming of
winter and shift of most cold month from January to
February for North part of European Russia.

For 2030 and 2050 changing of complex parameters
(inclined forces of frost heaving, which pull out of
piles and bearing capacity of freezing piles) was cal-
culated. In different types of ground increasing in-

clined forces of frost heaving on 20-300% and de-
creasing of bearing capacity on 30-50%. In large
part of Bolshezemelskaya tundra permafrost will
thaw on more 15-20m from the top, what will be
cause of “fundament failure”. For these three regions
(Bolshzemelskaya tundra, West Siberia and lowers
of Yenisei) maps of changing of these complex pa-
rameters was made.
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Spatial Distribution of Permafrost in Hurd Peninsula (Livingston Island,

Maritime Antarctic)
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The Antarctic Peninsula is one of Earth’s regions
experiencing a faster increase on temperatures, with
Mean Annual Air Temperatures (MAAT) rising ca.
2.5 °C in the last 50 years. The northerly location of
the Antarctic Peninsula in respect to the Antarctic
and its oceanic setting originate a milder and moister
climate than in the Antarctic continent. The North-
ern Antarctic Peninsula is roughly located between
the isotherms of MAAT of -1 °C to -8 °C at sea-level
and therefore the northern tip and especially the
South Shetlands are close to the limits of permafrost
occurrence. If the observed warming trend is to con-
tinue in the near future, the region might suffer
widespread permafrost degradation.

Research on the permafrost environment of Hurd
Peninsula (Livingston Island, Antarctic Peninsula
region) has been taking place with systematical
ground temperature monitoring since 2000 and cur-
rently we are able to provide a good overview of the
spatial distribution and characteristics of permafrost
in Hurd Peninsula. Our research is based on:

1) shallow boreholes (<2 m) with a time series of 9
years (30 and 275 m asl);

2) a more recent set of boreholes with 1-3 years data,
which include a 25 m borehole at Reina Sofia Peak
(275 m a.s.l.), a 15 m borehole in the vicinity of Re-
ina Sofia Peak near Hurd Glacier (269 m a.s.l.), a 4
m borehole at Papagal (147 m a.s.l.), a 5 m borehole
at the Ohridski CALM-S (136 m a.s.l.), and a 8 m
borehole near the St. Kliment Ohridski station at ca.
30 m asl.

3) Other shallow boreholes (1.5 m) at Nuevo Incin-
erador (25 m a.s.l) and Collado Ramos (115 m
a.s.l.).

4) Electrical Tomography Resistivity and refraction
seismic profiles providing a good overview of the
general conditions of the permafrost terrain;

5) A network of air temperature dataloggers;

6) A network of snow thickness poles with minilog-
gers and digital time-lapse cameras;

7) An automatic meteorological station;
8) Remote sensing of snow cover;

9) Detailed geomorphological mapping of perigla-
cial features at a scale 1:5,000.

The location of the boreholes along an altitudinal
gradient from non-permafrost to permafrost terrain
allows us to model ground temperatures. This data is
integrated with geomorphological and geophysical
information and is synthesized in the Map of Perma-
frost of Hurd Peninsula — Livingston Island. The
available temperature data also allows to an evalua-
tion of the climatic sensitivity of permafrost in a re-
gion of fast atmospheric warming.
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Figure 1. Location of Hurd Peninsula in Livingston Island
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The Thermal State of Permafrost in Canada — Results from the

International Polar Year
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1 INTRODUCTION

The International Polar Year (IPY) provided the op-
portunity for the Canadian permafrost community to
conduct a coordinated program of permafrost obser-
vations in order to define present permafrost condi-
tions and their spatial and temporal variability. Can-
ada’s contribution to the multinational Thermal State
of Permafrost project examines the ongoing impacts
of climate change on permafrost conditions.

2 CURRENT THERMAL STATE OF
PERMAFROST

The Canadian permafrost monitoring network cur-
rently consists of about 170 sites, with almost half of
these established during the IPY to address geo-
graphical gaps such as the eastern Arctic and the
mountains of the Yukon Territory. The measurement
sites span a diverse range of ecoclimatic and geo-
logical conditions across northern Canada. An up-
dated snapshot of the thermal state of permafrost
was developed that indicates permafrost tempera-
tures range from warmer than -2.5°C in the discon-
tinuous zone to as cold as -15°C in the continuous
zone (Table 1).

Table 1. Summary of mean annual ground temperatures
(MAGT) at depth of zero annual amplitude (or depth closest to
it) in different regions of the Canadian permafrost zone during
IPY (from Smith et al., accepted).

Region MAGT (°C) MAGT (°C)
Discontinuous | Continuous

Western Canada >2.2 -0.3to -8.1
(lowland 59.5 - 70°N)
Western Canada >-3.6 -2.2t0?
Mountain (60 — 63°N)
Central Canada NA >-12.3
(lowland 57-75°N)
Eastern Canada >-2.6 -2.4t0-14.9
(lowland 55.5-82.5°N)

3 RECENT CHANGES IN PERMAFROST
THERMAL STATE

Ground temperature records 20 to 30 years long,
available for a number of sites, indicate that perma-
frost was generally warmer during IPY than the av-
erage ground temperature for the entire record. In
concert with regional air temperatures, permafrost
has been warming across Canada for the past several
decades with later warming occurring (since the
early 1990s) in the eastern Arctic. Rates of perma-
frost temperature increase are variable and are gen-
erally greater in colder permafrost north of treeline
where the upper 15 m of permafrost has warmed by
up to 0.1°C per year. Latent heat effects in the
southern discontinuous zone dominate the perma-
frost thermal regime close to 0°C and allow perma-
frost to persist for decades under a warming climate.
Consequently, the spatial diversity of permafrost
thermal conditions is decreasing over time.

4 SUMMARY

The snapshot of permafrost thermal state generated
by this project provides an improved baseline
against which change can be measured. Essential in-
formation has been generated for improved assess-
ments of climate change impacts and predictions of
future conditions. The project has also provided in-
formation that can be utilized for: engineering de-
sign of northern infrastructure; informed landuse
planning decisions; development of adaptation
strategies to deal with climate change.
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1 INTRODUCTION

Permafrost temperature is not a direct reflection of
the air temperature regime; it is also affected by the
landscape and soil conditions at local measurement
site. Landscape conditions can influence permafrost
temperature through the snow cover redistribution,
vegetation, and hydrology. Differences in the mean
annual ground temperature (MAGT) due to differ-
ences in landscape settings can reach several degrees
C. Local geology may affect MAGT through the
thermal properties of soils. Current research was fo-
cused on the study regional permafrost feedbacks as-
sociated with climate change in the North-eastern
Asia and Alaska.

2 RESULTS AND DISCUSSION

2.1 Investigation area

The investigated region covers the territory of east-
ern Siberia and Alaska. It is the most ancient perma-
frost area in the Northern Hemisphere; it is charac-
terized by varied climate zones, from a maritime (the
Pacific coasts of Alaska) to a continental zone (inte-
rior Alaska and the Tiksi area). It covers different
landscape zones, including mountains, boreal forest,
and tundra. So, this region is a good to study the in-
fluence of landscape conditions and atmospheric cir-
culation peculiarities on permafrost temperature dy-
namics.
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Figure 1. Map of the investigated region.

2.2 Methods of research

Observations have been conducted in this network
since the 1980s. In Alaska this network has been
monitored continuously; in the western part of the
region (Siberia) the observations were mainly occa-
sional (once or twice per year) until 2006. During
the International Polar Year (2007-2008) a number
of key boreholes in Siberia were instrumented for
continuous monitoring.

2.3 Modern thermal state of permafrost

Modern thermal state of permafrost in this region is
following: Siberian part characterized by the mean
annual ground temperature on the top of rest of Late
Pleistocene accumulative planes varies in the range
from -12.3°C on the latitude 72°50' north to -9.9°C
on the latitude 69°30' north. Within the alas depres-
sion mean annual ground temperature is a little bit
warmer (-10°C on the 71°40' north and - 7°C on the
68°50' north).

In the tundra zone of Alaska peninsula (North slope
borough) MAGT varies from -8.6°C at the north
shore to -4.6°C near the Brooks range. Interior
Alaska characterized by the most variable perma-
frost temperature: from -3 to -0.5°C depending on
landscape conditions.

2.4 Response of permafrost thermal state on the
climate changes.

During the 1990s thermal state of permafrost in the
Siberian part of region was stable. Since the 2000th
permafrost temperature increase on 1.5-2°C on the
Kolyma lowland. At the same time thermal state of
permafrost in the western part of region was stable
until the last years. Noticeable increasing of ground
temperature was recorded only recently. Also there
are some sites where modern landscape changes
(vegetation succession) leads to the stabilization of
permafrost temperature.

On the contrary, Alaskan permafrost was warming
up at the end of XX century. During the last 10 years
it was not recorded significant changes of permafrost
temperature.
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1 FIRST STEPS

The core drilling in 1987 through the active Murtel-
Corvatsch rock glacier initiated a number of perma-
frost research activities in Switzerland. Besides un-
derstanding of governing and involved processes,
documentation of long-term behavior of Alpine
permafrost was a clearly stated goals from the very
beginning (Haeberli et al., 1993). This, in turn, mo-
tivated Swiss research groups to contribute, and they
chose topics of their projects accordingly. However,
the close link between process understanding and
long-term monitoring has always been key.

2 HOW TO MONITOR ALPINE PERMAFROST?

The initial three items to be recorded with the “Per-
mafrost Monitoring Switzerland (PERMOS)” were
(i) borehole temperature, (ii) permafrost distribution
pattern test regions and (iii)aerial photographs of
specified rock glaciers. This concept was approved
for a pilot phase by the responsible committee of the
Swiss Academy of Sciences (SCNAT) in the year
2000. Only then, some funds to coordinate monitor-
ing activities were made available. Before, the ac-
tivities were exclusively funded through research
projects (e.g. PACE) of contributing institutions.

2.1 Refinement by evaluation

Swiss permafrost research community continued on
the one hand providing data of the monitoring sites,
and sophisticated the parameters on the other. After
evaluation of both, parameters and PERMOS ele-
ments, a standard was defined that serve now as a
solid basis with three types of observations:

(1) borehole sites, where ground and borehole tem-
peratures as well as a few climate parameters are re-
corded,

(2) changes in subsurface ice and water content at
these borehole sites are inferred by repeated electri-
cal resistivity tomography (ERT) surveys, and

(3) movements of permafrost creep determined by
geodetic surveys and/or photogrammetry on rock
glaciers (kinematics). In addition, documentation of
fast mass movements (in particular rock falls and
debris flows) from permafrost areas is being estab-
lished (dynamics).

Since 2000, PERMOS publishes bi-annual reports
about recorded data und used methodology (e.g. No-
etzli et al., 2009).

2.2 For example: rock fall observations

Rock falls have been observed and filed by various
institutions in Switzerland, in particular those that
caused damages. PERMOS compiled and standard-
ized existing questionnaires in collaboration with
mountaineering associations and authorities.

The inventory contains presently more than 150
events originating mainly from areas with poten-
tially warm permafrost, some of them reaching back
more than 100 years. First analysis indicate that
large rock falls (> 100’000 m’) occurred more fre-
quently since the 1990-ies, and that detachment
zones are located markedly more often underneath
ridges and peaks than in steep walls.

3 IMPLEMENTATION INTO THE NATIONAL
MONITORING UMBRELLA

Most importantly, PERMOS has been successfully
implemented into both the international permafrost
monitoring (GTN-P) and the Swiss GCOS-activities,
which coordinates the monitoring of all essential
climate variables (ECV).

From 2011 onwards, PERMOS will be funded
through GCOS Switzerland with additional contribu-
tions from the Federal Office for the Environment
(FOEN), the Swiss Academy of Sciences (SCNAT),
and the Federal Institute for Meteorology and Clima-
tology MeteoSwiss. Maintenance of field sites and
data acquisition will be continued to be done by the
six partner institutes, the Universities of Berne, Fri-
bourg, Lausanne, and Zurich, the ETH Zurich, and
the WSL Institute for Snow and Avalanche Research
SLF.
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1 INTRODUCTION AND BACKGROUND

Warming of permafrost as a consequence of increas-
ing air temperatures has been demonstrated for sites
in Scandinavia and in polar regions. Changes in at-
mospheric conditions are also likely to affect subsur-
face temperatures in mountain permafrost regions in
the European Alps. Here, ground temperatures at
and below the surface have been monitored in the
scope of the Swiss Permafrost Monitoring Network
(PERMOS) for more than ten years. The first perma-
frost borehole in the Swiss Alps has been drilled on
the Murtel rock glacier in the Engadine in 1987.
Although a large number of studies exist on individ-
ual sites, temperature time series in the Alps have
not yet been analyzed in a more comprehensive way.
In this presentation, we statistically analyze all
available types of time series of surface and subsur-
face temperatures measured in the scope of
PERMOS. This synopsis is aimed at investigating
the questions as to if, where, when, and in what
magnitude a warming has been measured in Alpine
permafrost during the past decade.

2 STATISTICAL ANALYSIS OF PERMAFROST
TEMPERATURE TIME SERIES

At seven PERMOS sites borehole temperatures have
been measured for ten or more years, at two sites for
seven years, and at five sites for one to five years. In
addition, near-surface temperature series in the areas
of the drill sites exist for many years and for differ-
ent typical Alpine surface types (i.e., steep rock, flat
rock, loose material, coarse blocks).
Changes in permafrost conditions are mainly driven
by changes at the ground surface. Therefore, we
concentrate first on the evolution of near-surface
temperatures and the most important factors deter-
mining their changes over time. This also allows for
an estimation of the influence of the differing sur-
face cover types, as well as the spatial variability of
the changes. The temperature changes at depth, in
contrast, integrate and filter the signal from the sur-
face and reflect trends delayed, but more clearly.
Temperatures at depth are additionally altered by ef-
fects of latent heat and 3D topography.

First results reveal that annual changes in near-
surface temperatures follow the general pattern of air

temperatures, even where a considerable snow cover
exists in winter. The variability in the magnitude of
the changes, however, is high. Active layer thick-
nesses reflect seasonal variations in air temperatures
and snow conditions for most boreholes and are in-
creasing at some sites. Temperatures at depth of 10
m and more do not show a clear warming signal for
the past decade in most of the boreholes. This may
be explained by the fact that the connection between
air temperatures and permafrost temperatures at
depth is not straightforward for sites in high moun-
tains, where effects of winter snow conditions, sur-
face cover, subsurface ice content, and mountain to-
pography mask changes in atmospheric conditions
when they propagate into the subsurface.

In order to get a more comprehensive picture of
changes in mountain permafrost than by analyzing
ground temperatures alone, additional methods can
be included into the interpretation. For example,
ground temperatures little below the melting point
may remain constant for a period because of effects
of latent heat. Corresponding changes in unfrozen
water content can be detected by electrical resistivity
tomography monitoring. Further, numerical model-
ing can serve as a tool for the extrapolation to loca-
tions and times where no data exists or for the sepa-
ration of transient and topographic effects in
borehole temperature profiles in mountain topogra-

phy.
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1 INTRODUCTION

The modern southern boundary for Scandinavian
permafrost is located in the mountains of southern
Norway. The three-year research  project
CRYOLINK (“Permafrost and seasonal frost in
southern Norway”) aims at improving knowledge on
past and present ground temperatures, seasonal frost,
and distribution of mountain permafrost in Southern
Norway by addressing the fundamental problem of
heat transfer between the atmosphere and the ground
surface. Hence, several shallow boreholes have been
drilled, and a monitoring program to measure air and
ground temperatures was started in August 2008.
These data will be used to calibrate and validate dis-
tributed transient models of snow cover, ground sur-
face temperature and ground temperatures in south-
ern Norway.

Here we present the first two years of air and ground
temperatures from the sites and discuss the influence
of air temperature and ground surface characteristics
(snow conditions, sediments/bedrock, vegetation) on
ground temperatures.

2 SETTING

The borehole areas (Juvvass, Jetta and Tron) are
situated along a west-east transect and, hence, a con-
tinentality gradient, and each area provides bore-
holes at different elevations (Table 1). At Jetta all
boreholes are drilled in bedrock, at Tron at Tron in
in situ weather material or ground moraine, and at
Juvvass in different ground surface materials, rang-
ing from block fields via coarse ground moraine to
bedrock. The uppermost borehole at Juvvass (Juv-
BH1, 1771 m as.l.) is situated close to the
Juvvasshee PACE borehole (1894 m a.s.l.). At the
PACE borehole air and ground temperature meas-
urements exist since 1999, and the Norwegian Me-
teorological Institute has recently opened a full me-
teorological station there. At this site mean annual
air temperature is estimated to -4.5 °C and mean an-
nual precipitation 800 mm (Isaksen et al. 2001).

3 RESULTS

In all areas the measured annual mean air tempera-
tures (2008-2009) ranges from ~-3.5 to ~0 °C be-
tween the borehole sites, however, the mean altitud-
inal lapse rate of air temperature differs. At Juvvass
the transect goes from shallow seasonal frost to con-
tinuous permafrost, at Jetta and Tron from deep sea-
sonal frost to marginal permafrost (Table 1). This
pattern is mainly due to differences in snow condi-
tions. At Juvvass the upper parts of the transect (Ju-
vilya and Juvvasshee) are fairly bare-blown during
winter, whereas the upper parts of Jetta and Tron
have a well developed snow pack. Further, solar ra-
diation is more important for ground temperatures
further east, so more continuous permafrost may be
experienced at the upper, northern slope of Tron
(transect in the south slope).

Table 1. Site information and ground temperature characteris-
tics for the boreholes used in this study. Sed.Cov: Thickness of
sediment cover, PF: Permafrost, ALT: Active Layer Thickness;
SFT: Seasonal Freezing Thickness; MGT: Mean Ground Tem-
perature at ~10 m depth. All thicknesses in m, temperatures in
°C, for the period 01.09.2008-31.08.2009.

Borehole Altitude Depth Sed.cov. PF? MGT ALT/SFT

PACE-31 18%4 20 3-4 Yes - -
Juv-BH1 1861 10 4.5 Yes -1.6 ~1.5

Juv-BH2 1771 10 2 Yes -1.1 <2
Juv-BH3 1561 10 2 Yes -0.3 ~8
Juv-BH4 1559 15 0 Yes - -

Juv-BHS 1468 10 4.5 No 13 ~4
Juv-BH6 1314 10 >10 No 16 <1
Jet-BH1 1560  19.5 0 Yes -0.7 ~8
Jet-BH2 1450 10 0 No 06 ~7
Jet-BH3 1218 10 0 No 1.7 ~6
Tro-BH1 1640 30 33 Yes 0.0 ~10
Tro-BH2 1589 9.5 2 No 09 <2

Tro-BH3 1290 10 9.5 No 1.4 ~2
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1 INTRODUCTION

A large number of complex processes control
changes in mountain permafrost temperatures. The
great variability in surface characteristics, snow
cover and lithology in Alpine slopes may result in
highly variable ground thermal regimes. In addition
mountain permafrost is often discontinuous, thin and
warm, thus permafrost decay and disappearance may
be more variable compared to Arctic lowlands.

In this study evidence for variable warming and first
signs of degrading mountain permafrost in southern
Norway is presented, together with an analysis of
factors controlling the rate of warming.

2 STUDY SITES, DATA & METHODS

Long-term ground thermal data are derived from a
129 m deep borehole in Jotunheimen (61°40°N,
8°25’E), established within the PACE-project (Per-
mafrost and Climate in Europe) and 11 shallow (9 m
deep) boreholes on Dovrefjell (62°20°N, 9°20’E), in
along a transect from deep seasonal frost to discon-
tinuous mountain permafrost (ddegard et al. 2008).
In addition, data series from several miniature tem-
perature dataloggers (MTD), situated in different as-
pects and settings were used to study the local vari-
ability in Mean Ground Surface Temperature
(MGST). The temperature monitoring programs
were started in 1999 in Jotunheimen and in 2001 in
Dovrefjell. All data were compared with climate
data from nearby weather stations and gridded data
of snow. Recently established 10-15 m deep bore-
holes in Jotunheimen, within the Norwegian founded
CRYOLINK-project were used as validation.
Time-lapse inversion of repeated electrical resistiv-
ity tomography (ERT) between summer 1999 and
2009 crossing the expected lower altitudinal limit of
permafrost in Jotunheimen allowed changes in per-
mafrost conditions to be delineated. The results from
the repeated ERT were evaluated on the basis of lo-
cal seasonal resistivity variations and compared to
results from the MTD’s, borehole- and climate data.

3 RESULTS

Data from the PACE-borehole show a significant
warm-side deviation in the ground thermal profile to
70 m depth, associated with surface warming of ~1.0
°C during 1970-2000. Observations since 1999 indi-
cate that present decadal warming rates at the per-
mafrost surface are 0.04-0.05 °C/yr (Isaksen et al.
2007).

Previous results from the study areas, based on data
from ERT, MTDs, BTS and ground temperatures,
were highly consistent. New results from the 10 year
MTD-series show significant trends of warming, but
with high variability within the two study areas. Re-
sults from the repeated ERT-data show substantial
increase in the resistivity of the upper surface layers,
and a general decrease in the ground below. The re-
sistivity changes suggest marked decrease in soil
water content in the upper layers, possibly due to
permafrost degradation. Results from calibrated heat
conduction models that include phase changes and
use realistic thermal parameters taking into account
site specific conditions, produce promising agree-
ment between calculated and measured permafrost
temperatures within the zone of degrading perma-
frost in Jotunheimen.

Probable causes of the warming include increased
air temperatures (primarily in winter), a general in-
crease in snow amount, including interannual vari-
ability in the redistribution of snow by wind, and
combinations of these. Within the two study sites, at
flat and convex areas exposed to strong winds, snow
cover is thin or absent until March or April, with a
maximum snow cover of less than 0.5 m in May,
while snow cover accumulation at east and north
facing slopes east and north may be substantial, but
highly variable from year to year.
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1 INTRODUCTION

The first decade of this millennium was marked by
several exceptionally warm events in the Swiss
Alps. At some permafrost monitoring sites a tempo-
rary deepening of the active layer was registered,
with no other discernible effects. At two sites how-
ever, lateral thermal disturbances led to rapid perma-
frost degradation and a substantial thinning of
ground ice.

2 TWO SITES WITH LATERAL THERMAL
DISTURBANCES

2.1 Permafrost degradation at Fliiela Pass

At Fliiela Pass (Eastern Swiss Alps, 2394m asl)
ground temperatures from a 20m deep borehole in a
scree slope indicate that the permafrost at the base of
the slope is thinning from below (Fig. 1a) despite a
constant active layer thickness of 3m. The process is
triggered by air circulating within the blocky scree
underneath the permafrost due to a lateral ‘chimney’
effect within the slope. Intra-talus ventilation gener-
ally cools scree slopes, but at this site the lake at the
base of the slope induces heat into the system.
Warm, moist air rises along the temperature gradient
between the water table (constantly > 0°C) at the
level of the lake and the colder ventilated voids un-
der the ground ice. The moisture condenses at the
base of the ice, releasing latent heat. The rate of ice
melt is estimated to be approximately 1-2 mm/day
(Phillips et al. 2009). Warming of the lake water
may accelerate this phenomenon.

2.2 Permafrost degradation at Distelhorn

On Distelhorn above Griachen (Southwestern Swiss
Alps, 2450m asl) ground temperatures from a 25m
deep borehole near a concrete structure indicate that
the permafrost has almost completely thawed since
summer 2003. Excavations for and the construction
of a specially designed, flexible and adjustable con-
crete structure for ice-rich terrain (a chair-lift mid-
way station) were carried out in 2003 (Phillips et al.
2007). Subsequently, a supra-permafrost talik and an
intra-permafrost talik formed, inducing rapid perma-

frost melt (Fig. 1b). The influence of hydration heat
from the concrete structure was limited by the pres-
ence of a layer of insulation but the presence of an
open excavation pit during the exceptionally hot
summer months in 2003 most likely accelerated the
formation of these taliks and modified the local hy-
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Figure la. Ground temperatures measured in a 20 m borehole
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3 CONCLUSIONS

These examples illustrate that lateral thermal distur-
bances can cause permafrost to thaw within short pe-
riods of time. Non-conductive heat transfer and
physical perturbations played an important role in
accelerating ground ice melt at both sites. Perma-
frost degradation can have both natural and artificial
causes and the driving mechanisms are not exclu-
sively limited to warming air temperatures and thaw-
ing from the surface downwards.
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1 INTRODUCTION

The discontinuous permafrost region east of Hudson
Bay contains one of the largest concentration of pal-
sas and lithalsas in the World. Those landforms were
heaved as abundant ice segregation formed in the
post-glacial marine clays of the Tyrrell Sea (Calmels
and Allard. 2008). During past studies, it appeared
that palsas are widespread below the treeline while
lithalsas and other peat-less mounds are found prin-
cipally beyond the tree line, in the shrub tundra. A
gradient of peat cover denudation exists from below
the tree-line where wider peat covers are still present
on palsas to beyond the tree line where only minimal
peat caps a few square meters in size are scattered
here and there on mound tops. Finally, in the context
of climate warming, all of these landforms are cur-
rently thawing and progressively disappearing. This
study aims first as verifying to what extent some
lithalsas in the landscape owe their origin to the ero-
sion of the peat cover on palsas. Second, as the min-
erotrophic peatlands into which palsas formed are
biogeographically associated with the forest tundra
zone, we wanted to quantify the apparent erosion of
peat covers on both sides of the tree line. Finally,
through observations, we wanted to assess if there
are differences in the disintegration process of peat
covered mounds and the non-peat covered mounds
and if they leave distinctive relict features in the
landscape after their final disappearance.

2 METHODS

We mapped the permafrost, which appears exclu-
sively in mounds, in six test areas 1 X 1.5 km in size
and distributed many kilometers apart. Two of the
test areas are beyond the tree line, two actually
straddle the tree line and two are below it. Mapping
was also done of the extent of peat cover on all the
mounds in the test areas, as well as of thermokarst
hollows and ponds. The mapping was done both on
air photographs dating back to 1957 and on Ikonos
images purposely acquired in July 2005. In each test
area, one core was drilled through the peat cover on
a mound down into the ice rich silt. All basal peat
samples were radiocarbon-dated to date peat incep-
tion and near surface peat samples were also care-

fully cleaned and dated in order to estimate surface
drying due to frost heave of the peat and, therefore,
the likely date of permafrost inception. All other
dates associated with palsas from other studies in the
larger region were also compiled from the literature.

3 RESULTS

All over the region, inception of the peatlands
started on the poorly drained valley floors between
6975 and 5465 cal. BP. Near surface peat dates indi-
cate that the permafrost formed within three periods,
i.e. 2300-1900, 1500-1000 and since 500 cal BP
(Little Ice Age). Intact residual caps of peats on
eroded mounds have the same thickness (= 1.2 m)
and age as on fully covered mounds. The map pat-
terns illustrate that peat from one mound to the next
belongs to the remnants of a formerly continuous
geologic surface layer. Therefore, widespread ero-
sion of the peat cover on the permafrost occurred.
This erosion was more intense in the actual shrub
tundra zone than in the forest tundra. The total per-
mafrost area in mounds was reduced by 43% since
1957, while the area covered by thermokarst ponds
was increased by 65 % and by shrublands by 12%.
The peat covered and the non-peat covered mounds
currently thaw at the same rate. However, the degra-
dation process generally differs between peat cov-
ered mounds which tend to be more affected by the
backwasting of steep slopes from the periphery in-
wards and purely mineral mounds which tend to col-
lapse internally and leave a residual rampart circling
a thaw lake. This study generally indicates that the
past climatic and morphological evolution of land-
forms of the "palsa family" in the region exerted a
large influence on the actual pattern of spatial distri-
bution of palsas and lithalsas. At the current rate of
degradation, the remaining permafrost in the region
will disappear in a matter of several decades.
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Long-Term Solifluction Response to Increasingly Arid Conditions in

Sierra Nevada, Southern Spain

M. Oliva

Centre for Geographical Studies, University of Lisbon, Lisbon, Portugal
Department for Physical and Regional Geography, University of Barcelona

1 INTRODUCTION

Periglacial research has developed significantly over
the last decades with an exponential increase of the
studies focused on the past activity of contemporary
periglacial landforms. But less effort has been ad-
dressed to the understanding of the complex interac-
tions between geomorphological processes in perig-
lacial environments from a Holocene perspective.
We provide a reconstruction of past slope activity in
the massif of Sierra Nevada from two sedimentary
records situated at the present-day periglacial belt:
solifluction lobes and mountain lake sediments.
Sierra Nevada is a high semiarid range in southern
Iberian Peninsula with peaks exceeding 3000 m a.s.l.
Our study area is located at elevations ranging from
2500 to 3000 m.

2 METHODS

We examined sections from 32 solifluction lobes.
Samples were extracted from each lithostratigraphic
unit for standard laboratory analyses (texture, or-
ganic matter content, iron fractions, X-ray fluores-
cence). On the other hand, five lakes were sampled
and cores were analyzed at 1 cm interval resolution
(magnetic susceptibility, texture, organic content, X-
ray fluorescence). In total, we performed 25 AMS
datings to establish the chronological framework of
environmental changes deduced from both records.

3 SEDIMENTARY RECORDS
3.1 Solifluction landforms

Chronostratigraphic studies of present-day weakly
active solifluction lobes reveal several periods with
enhanced periglacial activity in Sierra Nevada, with
an approximate timing of: 5-4, 3.6-3.4, 3-2.8, 2.5-
2.3, 1.8-1.6 ka BP, 850-700 and 400-150 a BP.

3.2 Mountain lake sediments

Geochemical and texture properties of lake sedi-
ments show evidence of phases with more intense
geomorphic activity between 6.27-6, 5.8-5.6, 5.3-
4.6,3.7-3.1,2.5-2.2, 1.8-1.6, 1.2-0.9 ka BP and 650-
200 a BP (Oliva et al., in press). Moreover, lake
sediments record an increasing arid trend in Sierra
Nevada starting ca. 4.2 ka BP.
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Figure 1. Geomorphic phases inferred from both records and
solifluction response to increasingly arid conditions.

4 DISCUSSION AND CONCLUSIONS

A clear synchrony is detected between these two re-
cords, especially during the last 2.5 ka BP when
chronologies are more precise: periods with en-
hanced solifluction activity correlate with phases of
higher coarse-grained input into the lakes (figure 1).
The distribution pattern of solifluction lobes in rela-
tion to altitude may also reflect the increasingly arid-
ity trend inferred from lake sediments dominating in
Sierra Nevada since the Mid Holocene (Oliva,
2009): solifluction has migrated progressively to
higher elevations where more late-lying snow
patches remained longer. Therefore, water availabil-
ity was higher, which is crucial for solifluction
movements in Sierra Nevada (Oliva, 2009).
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General Morphometric Description of Solifluction Landforms
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1 INTRODUCTION

The process of solifluction will through time often
lead to the development of a variety of landforms.
These landforms are in general characterized by a
riser which delimits their front and sides. Depending
on the plane geometry of this riser, solifluction land-
forms have been categorized as tongue-shaped, lobe-
shaped, terraces or sheets. As noted by Hugenholtz
and Lewkowicz (2002), there is a clear lack of
knowledge regarding dimensions and shape of solif-
luction features, and apart from Matsuoka et al.
(2005) the process-form relationship remains little
studied.

A possible hypothesis regarding the process-form re-
lationship for solifluction landforms would be to re-
gard the landforms an emergent property of the
solifluction process, due to spatially distributed dif-
ferences in the parameters that influence solifluction
debris transport rates.

This study will attempt to describe the general shape
of solifluction landforms. The purpose is (1) to test
if a more precise description of solifluction mor-
phology than the L/W index of Hugenholtz and
Lewkowicz (2002) and Matsuoka et al. (2005) pro-
vide relevant additional information on solifluction
characteristics, (2) to investigate the distribution of
dimensional characteristics within a slope and be-
tween slopes, (3) to quantify the specific volume of
debris that is or has been in transport on a slope and
(4) to provide typical envelopes of solifluction di-
mensions enabling comparison with other areas.

2 METHODS

Our morphometrical measurements utilize the ortho-
photos and tools available on the freely accessible
‘Norgei3D’ and ‘Norgeibilder’ internet sites
(www.norgei3d.no and www.norgeibilder.no). This
method allows parameters to be collected in a con-
sistent manner on a substantial selection of solifluc-
tion lobes at various locations. We have selected the
parameters both to fit earlier studies and so that
lobes that are skew in length and/or width can be
characterized. The measurements are currently on-

going.

The accuracy of the digital measurements is not as
good as for field-based methods. On the other hand,
the possibility of quantifying large populations
probably more than compensates for these errors.
Field measurements on a number of these lobes will
be performed to quantify the errors involved. Field
areas are selected according to picture quality and
the two environmental parameters geology and slope
direction.

3 SOLIFLUCTION MORPHOLOGY

Both Hugenholtz and Lewkowicz (2002) and Ma-
tsuoka et al. (2005) investigate simple, but typical,
lobe-shaped features where width (W) and length
(L) of the solifluction tread and height (H) of the
riser describe the morphometry. In such cases the
L/W ratio distinguishes tongue-shaped forms
(L/W=1) from lobate forms (L/W<1). In many cases,
however, solifluction morphometry is significantly
more complex. Hugenholtz and Lewkowicz (2002)
consequently avoided complex lobes in their study
to maintain consistency in field measurements. Our
field areas include slopes on which lobes appear to
be systematically skew. Quantifying such character-
istics may uncover possible external controls on
solifluction, such as wind transport. One area also
shows lobes that seem to have disproportionally high
frontal risers. If typical envelopes of solifluction di-
mensions or dimensional relations can be estab-
lished, solifluction-like landforms outside these en-
velopes could be related to other processes, such as
permafrost creep.
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Geodiversity across Elevation Gradient in Subarctic Landscape, Northern

Finland
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1 INTRODUCTION

Geodiversity (i.e. variability of abiotic nature) is a
new, emerging topic in earth science. There is now
increased awareness of our need to understand pat-
terns of geodiversity in different high-latitude land-
scapes facing global change. In periglacial regions,
there is a high risk of losing geodiversity with a
warmer climate (e.g. Hjort and Luoto, 2009). Even
though many have acknowledged the importance of
geodiversity, studies that have explored the determi-
nants of geodiversity are still largely lacking, par-
ticularly for polar and alpine landscapes (Hjort and
Luoto, 2010). The aim of our study was: (1) to map
geodiversity in a subarctic landscape; (2) to describe
the variation of geodiversity across elevation gradi-
ent [490—1030 m above sea level (a.s.l.)]; and to (3)
explore the relationship between geodiversity and
periglacial process activity.

2 MATERIAL AND METHODS

The study area is located in Kilpisjarvi, NW Finnish
Lapland (ca. 69°N, 20°50’E). The mean annual air
temperature was —2.3 °C, and the mean annual pre-
cipitation was 459 mm (Kilpisjarvi Meteorological
Station; 480 m a.s.l.; 1971-2000). The tree line oc-
curs at ca. 600650 m a.s.l. and discontinuous per-
mafrost is present above 700-750 m a.s.l.

The elements of geodiversity and periglacial ac-
tivity (% cover) were mapped applying the systems
of Hjort and Luoto (2009, 2010) in August 2009. As
a spatial study design, we used a grid system at a
mesoscale (100 x 100 m, n = 166). The mesoscale
approach was chosen based on the size range of the
detectable elements of geodiversity. We used a cor-
relation analysis (Spearman's rank order correlation,
Rs) to explore the relationship between the vari-
ables.

3 RESULTS

A total of 53 different types of elements of geodiver-
sity were mapped in the study area. The R between
geodiversity (total number of different elements per
grid) and elevation (0.53, p < 0.001) and periglacial
activity (0.55, p < 0.001) were positive and moder-
ately strong. It should be noted that the relationships
were nonlinear with a leveling off effect (Fig. 1).

Geodiversity increased from the zone of subarctic
forests to the alpine zone characterized by
permafrost conditions. However, the rate of change
decreased at the higher elevations. Moreover, the re-
sults indicated that the increasing process activity
does not necessarily mean increasing geodiversity.
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Figure 1. Relationship between geodiversity (total number of
elements per grid) and elevation (m a.s.l.) and periglacial proc-
ess activity (% cover). The curves were derived using Loess
smoothing technique due to the nonlinear nature of the rela-
tionships (cf. Hjort and Luoto, 2009).

4 CONCLUSIONS

Our results revealed highly interesting linkages be-
tween geodiversity and elevation as well as between
geodiversity and periglacial process activity in su-
barctic landscape. To deepen the theoretical knowl-
edge of abiotic nature, studies scrutinizing the geo-
diversity-environment relationships are urgently
needed. The exploration of geodiversity-landscape
linkage may open new insights into the landscape
development in geomorphology. Thus, we recom-
mend that further studies focus on: (1) quantifying
spatial patterns of geodiversity in different regions
and (2) determining the key drivers that control the
variability of abiotic nature. Moreover, the mapping
of geodiversity may be indicative not only in the
context of earth science, but also provide a focus for
conservation initiatives and biodiversity assess-
ments.
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1 INTRODUCTION

Currently, spatial models, which relate occurrences
of periglacial landforms and processes with envi-
ronmental conditions, are increasingly used in geo-
morphology. Among other applications, models can
offer new insights into investigate the distribution of
geomorphological features and provide scientists
with valuable maps of periglacial landscapes. In
geomorphology, numerous areas have a lack of data,
and such predictive maps can be used to fill these
shortcomings in order to create more complete data-
sets. For such applications, transferable models are
needed. Many different modelling algorithms are
available and several recent studies have shown that
derived models have unequal predictive performance
(e.g. Marmion et al. 2008). However, to the best of
our knowledge, no one of these studies has thor-
oughly tested the spatial transferability of different
models. Here, we attend to fill this lack by compar-
ing the spatial transferability of geomorphological
models based on five representative modelling tech-
niques, following in one hand an interpolative study
design and on another hand an extrapolative study
design.

2 MATERIAL AND METHODS

Based on a calibration dataset, the spatial distribu-
tion of sorted circles, solifluction lobes and ice
wedges was related with seven environmental vari-
ables in North-Western Spitzbergen at a 100 x 100
m spatial resolution. Models were based on two ma-
chine learning methods [Artificial Neural Networks
(ANN) and Random Forest (RF)], two regression
methods [Generalized Additive models (GAM) and
Generalized Linear Models (GLM)] and an informa-
tion theory based technique (Maxent). Once build,
models were then transferred to two evaluation data-
sets which were spatially mixed and independent
from the calibration dataset. The predictive accuracy
of the models was evaluated on each dataset by Area
Under the receiver operating Curve (AUC) values.
Besides, a transferability index derived from AUC
values (i.e. AUCextra/AUCinter) was computed.

3 RESULTS

On average, models interpolated better the distribu-
tion of the landforms than they extrapolated it (Table
1). Mean AUC values based on the interpolative da-
taset ranged from 0.776 (GLM) to 0.877 (ANN),
whereas based on the extrapolative datasets these
values varied from 0.627 (GLM) to 0.718 (RF). Ac-
cording to mean transferability indices, models
based on Maxent and GLM transferred the most
equally on both evaluation areas, whereas ANN and
GAM produced models with the highest transference
asymmetry.

Table 1. Mean transferability index and AUC values based on
the interpolative and extrapolative evaluation datasets of the
five modelling techniques.

models AUC;y; AUCgy, Transferability
ANN 0.877 0.659 0.753
GAM 0.844 0.636 0.762
GLM 0.776  0.627 0.852
RF 0.862 0.718 0.838
Maxent 0.798 0.686 0.873

4 CONCLUSIONS

Results obtained in this study underline that models
based on different algorithm may have unequal pre-
dictive performance, which makes echo to the work
presented by Marmion et al. (2008). Predictive mod-
elling in geomorphology can help scientists to map
poorly surveyed areas, however, our results shows
that depending on the study design, some modelling
algorithms are more appropriate than others. In the
context of global change, transferrable models are
needed, and our results encourage the utilization of
predictive mapping in geomorphological hazard as-
sessment.
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Classification of Lakes in Pan-Arctic Permafrost Regions
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1 INTRODUCTION

Arctic thermokarst lakes tap the large carbon pool in
permafrost sediments and release carbon into the
atmosphere as methane, a potent greenhouse gas.
Hence, thermokarst lakes are an important compo-
nent of the northern carbon cycle, with potential
global implications for climate (Walter et al., 2007).
A major research question now is how current and
future warming of the Arctic impacts permafrost
stability, thermokarst lake dynamics, and methane
emissions from thermokarst lakes.

In a first step towards quantifying a more accurate
thermokarst lake carbon budget, a classification of
lakes in permafrost regions needs to be achieved that
allows characterization of lakes and their potential
for methane emissions.

2 METHODS

A desktop Geographic Information System (GIS)
was used to extract lake polygons from the Global
Lake and Wetland Database (GLWD) (Lehner &
Doll, 2004) falling into the permafrost boundaries as
defined by the IPA permafrost map. We manually
corrected the resulting lake dataset by removing
non-lake features such as lagoons and river seg-
ments. Centroids from lakes >10ha were then used
to populate feature attribute tables by extracting ad-
ditional information from other datasets: permafrost
type, ice content and sediment cover thickness from
the IPA permafrost map; Land surface elevation
from the Etopo dataset; Late Pleistocene glaciation
extent from global datasets on Quaternary glaci-
ations; Soil carbon content from the circumarctic
soilmap; climate parameters from various sources;
and near future permafrost characteristics as pre-
dicted with spatially distributed numerical perma-
frost models. The lake dataset was then analyzed us-
ing GIS-based tools for spatial data analysis.

3 RESULTS

About 155,000 lakes >10ha occur in Pan-Arctic
permafrost regions based on the GLWD (ca. 63% of

global lake population). Their lake area amounts to
about 690,000 km® excluding extremely large out-
liers such as Lake Baikal or Great Bear Lake. In
general, lakes are concentrated in continuous perma-
frost regions with thick ice-rich sediments. About
86,000 lakes (330,000 km?) were found in such re-
gions. A vast majority of these lakes are found in
elevations <50 m asl. Core regions of occurrence are
the Yamal Peninsula, the Khatanga and Anabar river
lowlands, Lena river valley and delta, the Yana-
Indigirka-Kolyma river lowlands, the Alaska North
Slope, the northern Seward Peninsula, the lower Ko-
buk river lowland, northern Yukon and Northwest
Territories, and parts of Baffin Island.

4 DISCUSSION

GLWD used in this study only allows for a first-
order assessment of lakes types, i.e. for thermokarst
regions. A comparison of detailed water body data-
sets in 3 thermokarst lake regions of North Siberia
with the GLWD reveals that the limnicity in ther-
mokarst lake regions is reduced in GLWD by up to
6.5% for lakes >10ha. Lake area (incl. lakes <10ha)
not inventoried in GLWD accounted for 21.6 to
82.2% of the total lake area in the study regions.
Global lake datasets derived from remote sensing
data currently under processing will be highly useful
to refine this classification and reduce uncertainties.

5 CONCLUSIONS

Detailed lake characterization in Pan-Arctic perma-
frost regions will help assessing carbon cycling in
permafrost regions, i.e. as related to thermokarst
lake dynamics.
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Characteristics of a High Arctic Snow Avalanche Climate in 2006-2009 —

Central Spitsbergen, Svalbard

M. Eckerstorfer, H. H. Christiansen

Arctic Geology Department, University Centre in Svalbard, Norway

1 MOTIVATION & PURPOSE

In this study, systematic observational snow ava-
lanche, meteorological and snow pack data from a
small High Arctic mountain area during a 3 year pe-
riod is analyzed, to characterize the properties of a
High Arctic snow avalanche climate in Svalbard.
The data was collected during the Cryoslope Sval-
bard project (2006-2009, funded by the Norwegian
Research Councils Norklima program 2006-2009),
building the basis of a geographical analysis (timing,
location, extent) of the snow avalanche activity
around Svalbard’s main settlement Longyearbyen,
marking the first attempt of such a detailed analysis
in the High Arctic. A main focus lies also on the in-
fluence of the underlying continuous permafrost on
the snow stability. We also quantified the sedimenta-
tion rates of dirty spring snow avalanches to analyze
the geomorphologic impact of snow avalanches.

2 STUDY AREA

The High Arctic study area is located around
Longyearbyen, in central Spitsbergen at about 78° N.
Infrastructure and traffic takes place in a mountain-
ous landscape affected by periglacial slope proc-
esses, especially snow avalanches. Plateau shaped
mountains dominate with no high vegetation, thus
wind plays a major role in redistributing snow. Mean
annual precipitation at sea level is around 200 mm,
mostly solid precipitation.

3 METHODS

Geographical, meteorological and snowpack obser-
vations were carried out along a 70 km long snow-
mobile track in the study area, resulting in 137 field-
work days over 3 years. All observations were
recorded in the field and stored in a database.

4 RESULTS

731 avalanches were recorded in the 3 years, 423
avalanches further analyzed. Cornice fall avalanches
were most observed with almost 50 % of the total.
Most avalanches released in the sector WSW-NWN

and over 40 % stopped at a slope inclination be-
tween 21-30°.
109 snow pits were dug in 3 years with an average
snow depth of 130 cm. Snow pack temperatures
reached -20 °C in the coldest periods. Most common
grain type was mixed forms, followed by depth hoar
= and ice masses.
The snow pack in
' general was
rather hard, with
weak layers
inside.
Rock debris was
i weighted in dirty
£ spring snow
§ avalanches. Up
to 45 kg per m?
of sediments
were eroded and
¢  accumulated on
o L the avalanche
o ‘
& ~— / \. fans.
Figure 1 Study area around Longyearbyen with all snow ava-
lanches observed in the 3 years.

5 DISCUSSION

Southeasterly prevailing winter winds over the pla-
teau mountains significantly redistribute the snow,
building cornices on the crests, resulting in many
cornice falls. Slab avalanches as the second major
avalanche type released due to the occurrence of
weak layers, mainly depth hoar, resulting in 8 large
avalanche cycles in 3 years. Over 50 % of all slabs
were triggered after a snow storm with threshold
values of 8 m/s wind velocity and 20 cm snow pre-
cipitation per day. Avalanche activity increased to-
wards the end of all three snow season, as tempera-
tures and direct solar radiation increased. The snow
pack around Longyearbyen is a thin and cold snow
pack, with a persistent structural weakness, and a
significant amount of ice layers. It represents an
early season snow pack with a weak base that forms
due to the temperature gradient between the perma-
frost and the atmosphere.

Snow avalanches have a significant geomorphologic
impact in the study area originating avalanche fans.
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1 INTRODUCTION
1.1 Scope

An inventory of permafrost-related landforms in
Norway was compiled using pre-existing maps, ae-
rial photos and field observations. Such a systematic
inventory does not exist for Norway, and is needed
e.g. as an independent validation of numerical per-
mafrost distribution models. In this presentation, the
inventory was used for statistical purposes to exam-
ine possible relationships between landforms, cli-
mate and topography.

1.2 Methods

The landforms were divided into two major groups;
landforms of southern and northern Norway, and in-
ternally divided into either ‘active/inactive’, or ‘fos-
sil” landforms. These groups were further classified,
sorted by shape (lobate or tongue-shaped), or land-
form origin (ice-cored moraines, talus-derived rock
glaciers, and moraine-derived intermediate land-
forms). Statistical s-tests were applied to examine
class-dependent trends in parameters such as area,
mean annual air temperature (MAAT), elevation and
aspect.

By combining gridded maps of MAATSs (© met.no)
and DEMs (© Norwegian Mapping Authorities), a
down-scaling algorithm was developed, and MAAT
was included in the further analyses.

2 RESULTS AND DISCUSSION

2.1 Activity and origin

In northern Norway, most of the mapped landforms
are fossil (155 of 215), while in southern Norway,
there is a slight overweight of active/inactive land-
forms (42 of 73), as a result of higher concentration
of ice-cored moraines. Also, the majority of the
landforms in northern Norway are talus landforms,
which are mainly fossil features.

All together, there are only a few active talus-
derived rock glaciers in Norway today, while the in-
termediate moraine-related landforms show a higher
degree of activity. Also, all the landforms in south-

ern Norway are situated inside the traditional inter-
pretation of the Younger Dryas glaciation limit,
while the landforms in northern Norway are mainly
situated outside the YD limit, but inside the limit of
the assumed Weichsel maximum.

The concentration of fossil talus-derived landforms
in northern Norway can be interpreted to reflect a
former dry, periglacial climate that favored their
formation, while no areas today are favorable for the
development of these landforms. The intermediate
moraine-derived landforms and ice-cored moraines
then reflect a more modern climate where glaciers
and permafrost co-exist, and at one point during the
Holocene, the dominating process creating perma-
frost landforms must have changed.

2.2 Aspects, temperatures and permafrost limits

The active landforms in southern Norway are to a
much higher degree dependent on aspects than the
fossil, and show a preferred direction towards north
(18°). In northern Norway, the fossil landforms are
also depending on aspect, and have a preferred ori-
entation towards NW (301°), while the active land-
forms have shifted slightly towards north (325°).
The mean MAAT of the active permafrost landforms
for southern and northern Norway are -4.4 and -1.3
°C, respectively, and the fossil -1.3 and 1.5 °C.
Based on the presence of landforms, the lower limit
of permafrost in southern Norway is close to 1600 m
a.s.l., and sporadic permafrost down to 12-1500 m
a.s.l. depending on aspect. Corresponding values for
northern Norway are 650 and 350 m a.s.l. These re-
sults correspond well to previous studies.

3 CONCLUSIONS

Permafrost-related landforms in southern Norway
are mainly ice-cored moraines and intermediate, mo-
raine-derived landforms, connected to present gla-
cial activity. In northern Norway, the majority of the
landforms are fossil talus rock glaciers, related to a
different thermal regime than present. The inventory
of active landforms indicates a lower limit of moun-
tain permafrost distribution, which largely corre-
sponds to previous studies.
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Correlation Between Process of Frost Heave and Climatic Factors

D. Ablyazina, G.Yampolskiy

Faculty of Geography, Department of Cryolithology and Glaciology, Lomonosov Moscow State University,

Moscow, Russia

Changes of air temperature meaning are closely
interconnected with distribution of permafrost. The
frosts heave process in spite of the widespread
distribution is most dangerous in areas of borders of
permafrost distribution..

State estimation of permafrost condition according
to data from meteorological stations haven’t show
direct correlation, but allows capturing data bulk
from meteorological stations, rather than from
geocryological  stations. Connection between
climatic factor and geographical distribution of
permafrost was supposed in the beginning of XX-th
century. We used permafrost coefficient A.A.
Grigoriev who assumed that neither the average
annual temperature, nor average temperature of three
winter months in itself are not factors which could
be direct correlated and functional communicated
with permafrost development.

When we used the given coefficient we were
remember: 1) that it does not consider geological
conditions of character of the geothermal gradient,
which in other cases, for example at presence
juvenile waters, can strongly change all picture; 2)
that it does not consider degree of heat conductivity
of rocks and a vegetative cover; the last is especially
essential, if the vegetative cover consists of the
sphagnum; 3) that it does not consider
microhydrological (bogging) conditions. Each of
these local factors could change picture of climatic
factors influence and consequently should be
considered for each point especially [Grigoriev,
1930]. In 1930 this coefficient has been calculated
for 114 meteorological stations, in our work it was
recalculated for the period since 1930 to 2004
(fig.1).
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Figure 1. Permafrost coefficient for the West Siberia

In the calculation formula were used the basic
climatic parameters which, according to researchers,
show the greatest impact on process, the formula
does not include only interrelation with soils. The
results of calculation for CALM points have shown
that the direct correlated between climatic
parameters and value of seasonal variation changing
of day surface level of is absent. The permafrost
coefficient belatedly responds to the climatic
variation, but we couldn’t categorically point on non
effect from climate because frost heave is highly
“scaling” process.

When we using regional type we could include
global climate parameters for general assessment,
for specification and data qualification the scale is
enlarge and microclimate conditions make a figure.
Nonetheless this permafrost coefficient could guide
for appraisal of potential frost heave and pointed to
frost heave value

First lines of paragraphs are indented 5 mm (0.2")
except for paragraphs after a heading or a blank line.

References

Grigoriev A.A. 1930 Vechnaya merzlota. Leningrad: Academy
of science.

Third European Conference on Permafrost 44
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Antarctic Desert Pavements from Human-Induced Disturbances
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'Landcare Research, Manaaki Whenua, Hamilton, New Zealand, *Department of Earth and Ocean Sciences,
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Spain.

1 INTRODUCTION

A set of criteria were developed to quantify the rela-
tive stage of desert pavement recovery in the Ross
Sea region of Antarctica. The desert pavement re-
covery assessment system was formulated based
around a number of distinguishing morphological
features that change over time as the pavement re-
establishes and stabilises. Features included clast
characteristics, such as embeddedness, impressions
and attributes to describe clast characteristics (e.g.
ventifacted, pitted); surface colour contrast; degree
of deflation; varnish; pavement crust coherence and
thickness; nature of pavement armour (packing and
% of surface armoured); presence of salt coatings on
rock undersides, as well as general surface stability
(e.g. evidence of subsidence, melt, recent distur-
bance, and concentrations of salt).

2 METHODS

Twenty-eight sites across a range of soil landscape
units were investigated. Sites included areas dis-
turbed by activities such as bulldozer scraping for
road-fill, contoured for infrastructure, geotechnical
and treading trial experimental sites; disturbed at
timescales ranging from one week to 50 years prior
to assessment. A relative % recovery for each pa-
rameter was calculated for each site - based on the
deviation of that parameter relative to a control or
undisturbed equivalent surface. An overall Mean
Recovery Index (MRI) was then assigned to each
pavement surface, and is expressed as pavement Re-
habilitative Stage (RS) one through five (Table 1).

Table 1. Mean Recovery Index (MRI)

MRI (%) RS Description

0 1 Newly disturbed

25 2 Incipient pavement

50 3 Intermediate recovery

75 4 Advanced recovery

100 5 Indistinguishable from
undisturbed site

3 RESULTS AND DISCUSSION

The rate of desert pavement recovery is a function of
the level of disturbance (low level footprints versus
high level bulldozer cut surfaces) and the environ-
mental conditions of the site. Table 2 highlights
some of the sites investigated.

Table 2. Mean Recovery Index (MRI) and Rehabilitative Stage
(RS) of selected Ross Sea Region sites

Site Time since MRI RS
Description Disturbance (%)

K123 04/05 campsite” 5 years 100 5
Cape Roberts ice-free storage 9 years 100 5
Former Greenpeace base” 10 years 100 5
Former Vanda Station court” 15 years 91 5
Vanda Fan treading trial” 17 years 67 3
Bulldozed track* >30 years 52 3

# Wright Valley, McMurdo Dry Valleys; * Cape Evans, Ross
Island; *Marble Point

Highly active surfaces, such as the Greenpeace
World Park Base site at Cape Evans, recovered rela-
tively quickly as wind, water, and wave action pro-
vided the necessary energy to regenerate pavement
surfaces. Alternatively in less active sites such as
the bulldozer tracks at Marble Point our recovery as-
sessment shows only intermediate recovery 30 years
post-disturbance. Desert pavements disturbed by
randomly dispersed footprints, such as the K123
2004/2005 campsite, recover to be undetectable
within five years. Raking to re-contour tracked ar-
eas, such as the ice-free storage area at Cape Rob-
erts, led to full recovery of the desert pavement
within 10 years. Site remediation, such as raking
larger clasts from outer track margins; widespread
trampling over confined traffic; and concentrating
activity to more resilient active environments where
recovery is aided by wind, water action, and freeze-
thaw cycles, will assist pavement recovery.
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Recent (2004-2010) Variations of Surface Displacements in an Andean
Permafrost-Glacier Environment (Chile, 33° S.)

X. Bodin & G. F. Azocar

Instituto de Geografia, Pontificia Universidad Catolica de Chile, Santiago, Chile

A. Brenning

Dep. of Geography and Environmental Management, University of Waterloo, Waterloo, Ontario, Canada

1 INTRODUCTION

In the semi dry central Andes (Chile, 33° S.), gla-
ciers, debris-covered glaciers and rock glaciers con-
stitute the three main components of the cryosphere
(except snow). Recent studies in the Laguna Negra
area (Bodin et al., acc.) have shown, for the last 50
years, a shrinkage of uncovered glacier leading to an
extension of debris-covered glacier area, frequently
associated to thermokarst development.

This works intends to present the main results of a 6-
year GPS monitoring (measurements in Apr. 2004,
Apr. 2009, Apr. 2010) of the annual ground surface
displacement of a debris rock glacier and a debris-
covered glacier and a 2-years GPS monitoring
(measurements in Dec. 2008, Apr. 2009, Jan. 2010
and Apr. 2010) of seasonal surface displacement of a
talus rock glacier.

2 INTRA- AND INTERANNUAL KINEMATICS
OF A TALUS ROCK GLACIER (2008-2010)

The horizontal surface velocities measured on Punta
Negra Bajo rock glacier range from 0.13 to 0.58
m/y, whereas the mean vertical displacement is -0.08
m/y (sd =0.03).

The part of the austral summer component (from
Dec. 2008 to Apr.2009) in the total oblique dis-
placement reaches on average 27-31% which, re-
ported to a daily basis (taking account of the dura-
tion of the two measurement periods) yields 2 to 5
times more movement during austral winter (from
Apr. 2009 to Jan. 2010) period.

Furthermore, it appears that on average the ratio be-
tween vertical and horizontal movement is 4.7 at an
annual timescale but reaches 9 during summer (and
4.4 during winter).

3 INTERANNUAL KINEMATICS OF A DEBRIS
ROCK GLACIER AND A DEBRIS-COVERED
GLACIER (2004-2010)

The mean horizontal surface velocity on the debris
rock glacier (lines A, B and C) of the Punta Negra
Alto complex between (Fig. 1) April 2004 and April
2009 reached 0.32 m/y and the mean vertical dis-
placements -0.07 m /y. On the same period, the de-

bris-covered glacier (line D) shows slightly higher
horizontal velocities (0.48 m/y) but a clearly distinct
vertical component (-0.16 m/y).
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Figure 1. Box-and-whiskler plot of the vertical and horizontal
displacements (left box: annual; right: summer) of the ground
on the 4 transverse lines of Punta Negra Alto complex.

4 DISCUSSION

The high vertical velocities recorded on the debris-
covered glacier are most probably related to the
melting of the quasi-stagnant glacier ice covered by
a thin debris mantle, as attested by the presence of
numerous thermokarsts.

The talus rock glacier combines winter horizontal
velocity 1.1 times higher compared to summer with
comparatively 1.5 times higher vertical velocity. Al-
though the limited number of measurement dates
impedes to have a good temporal resolution, such
high vertical component in the total movement of
the rock glacier might be due to a delayed thermal
propagation of the summer heat wave associated to
fusion of the ice-rich permafrost.
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Active Layer Processes on a Solifluction Slope at Endalen, Svalbard
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School of Engineering, The University of Dundee, UK

1 INTRODUCTION

Here we present a continuous record over the period
2005-8 of active layer processes at Endalen, Sval-
bard, (78° 11" N, 15° 44" E), a tributary valley of
Adventdalen, some 4 km SE of Longyearbyen. The
monitoring station lies on a widespread gently con-
cave lower valley side slope of gradient around 7°,
at an elevation of 75m a.s.l. (Harris et al. 2007). The
mean annual air temperature at Svalbard Airport,
Longyearbyen (approximately 8 km from the study
site), is -6.8°C (1961-90), and mean annual precipi-
tation is 190mm. However, the last decade, includ-
ing the period of field monitoring reported here, has
been characterised by higher temperatures than the
long-term average. Drilling has proved an ice-rich
transient zone extending at least 1 m below the ac-
tive layer base into the upper permafrost.

2 RESULTS
2.1 Active layer freezing and thawing

Annual variations in active layer temperatures were
associated with warmer than average air tempera-
tures in 2005-6, and prolonged duration of thicker
than average snow in 2007-8. Active layer depth was
slightly less than 1m in 2005, but thaw penetration
increased this by around 100 mm over the three year
period, most of the increase occurring in summer
2006. Frost heaving was 42 mm in 2005-6, 66 mm
in 2006-7 and 32 mm in 2007-8, but thaw settlement
exceeded frost heave in each year, giving a net
ground surface lowering of 62 mm (Fig. 1). Time se-
ries data of thaw settlement and ground temperature
indicate that segregation ice was concentrated in the
uppermost 30 cm and towards the base of the active
layer, leaving the central parts relatively ice-poor.
Positive pore pressures were recorded during thaw
settlement in the ice-rich zones and in 2006, thawing
of the ice-rich transient zone was associated with ar-
tesian pore pressures at 90 cm depth.

2.2 Solifluction

Solifluction occurred during thaw settlement, and
resulted in downslope surface displacements of 25

mm in 2005- 6, 12 mm in 2006-7 and 12 mm in
2007-8. Time series of movement and thaw penetra-
tion allowed the distribution of shear strain to be
calculated and synthetic profiles of movement to be
constructed. In 2006, shearing occurred both in the
uppermost 30 cm of soil, and in the basal 10 cm, the
latter associated with the high pore pressures re-
corded during rapid active layer deepening. How-
ever in 2007, with no active layer deepening, only
near-surface solifluction was observed. In 2008,
shear strain once again occurred both in the near-
surface and at the base.

3 CONCLUSION

Annual variations in active layer thermal regime,
frost heave, thaw settlement, pore pressure and re-
sulting solifluction reflected yearly air temperature
and snow depth variations. It is hoped that long term
monitoring will allow the establishment of clearer
relationships between annual solifluction mass
transport and meteorological conditions, including
the effects of any long-term climate warming.
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Figure 1.Continuous record of ground surface heave/settlement
and associated downslope movement due to solifluction.
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New Rock Glaciers Inventory of Aosta Valley, Italy
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1 INTRODUCTION

A new rock glaciers inventory of Aosta Valley re-
gion is presented. Some data already exist in the
Rock Glacier Inventory of the Italian Alps (data col-
lection of the Italian Glaciological Committee, ed-
ited by Smiraglia and Guglielmin, 1997), but a cen-
sus based on the new cartographic products available
has been performed for the entire region. Realized in
the frame of the project PermaNET — Longterm
Permafrost Monitoring Network (Alpine Space pro-
gram), the new inventory is part of the Permafrost
Evidences Database of the work package 5 (WP5 -
Permafrost and Climate Change) as rock glaciers are
considered an indirect evidence of permafrost. The
evidences collected by the project partners are used
for the construction and for the validation of a per-
mafrost distribution map, common for the whole Al-
pine Space.

2 CONSTITUTION OF THE NEW INVENTORY
2.1 Study area

The Aosta Valley is a small alpine region in the Alps
in the North West of Italy, at the corner with France
and Switzerland. Its surface (about 3300 km?2) is
prevalently mountainous with more than 50% of the
territory above 2000 m asl and about 5% of glaciated
areas.

2.2 Methods

The inventory is carried out by the analysis of aerial
photographs (ortophotos 0,5 m resolution), DTM (2
m grid) and IRFC (15 cm resolution). Each rock
glacier is identified and manually bounded inside a
GIS environment crossing the visual informations
coming from the stereoscopic vision of IRFC
images, hillshade effect derived from DTM and
ortophotos. For each deposit the main geomorphic
parameters as area, length, width, slope, aspect,
elevation of the front, elevation of the upper part and
altitude of the relief from which they originate are
mapped and quantified by the DTM.

For each rock glacier a detailed table is filled and
stored in the inventory database. Such form is con-
structed following the example of existing rock gla-

cier inventories (Seppi et al. 2005; Guglielmin &
Smiraglia 1997). In addition to geomorphic parame-
ters previously described, the fields are: (i) state of
activity (classified in intact, that includes active and
inactive rock glaciers, and relict), (i) geometry (lo-
bate, tongue shaped or equi-dimensional), (iii) shape
(simple or complex, with the specification of com-
plexity typology: multipart, multiroot, multilobe,
multiunit), (iv) alimentation (morainic-derived or ta-
lus-derived), (v) location, (vi) relations with glacial
forms and with vegetation limits, (vii) morphologi-
cal features such as longitudinal or transverse ridges,
swollen or hollow body and the presence of conic
pits.

Quality of the information which includes the cer-
tainty in the deposit boundaries, the definition of the
state of activity and the detection of morphological
features is evaluated. In addition possible interfer-
ences with human structures (e.g. cableways, roads,
ski tracks, huts, etc) are mentioned for the analysis
of risks deriving from permafrost degradation. Also
potentially dangerous positions of the deposits in re-
lation to the inhabited valley floors are pointed out,
considering the possibility of loose material release
from rock glaciers. Furthermore surveying or moni-
toring activities are specified in dedicated fields.

3 RESULTS AND FUTURE STEPS

Geostatistics analysis were performed in order to as-
sess which are the main characteristics of the rock
glaciers in Aosta Valley and to evaluate the distribu-
tion of such deposits in relation to topography.

A data validation campaign, by means of specific
field surveys, is planned for Summer 2010 in sample
areas of the region.
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1 INTRODUCTION

Non-sorted circle are a ubiquitous patterned ground
formation in the arctic tundra (Walker et al., 2008).
These features are not always visible at the surface
due to vegetation cover. Research has shown that
frost heave plays a major role in evolution of these
features over time. The interaction of frost heave,
hydrology and vegetation is a concept that is cur-
rently being researched (Daanen et al., 2008). Dur-
ing freezing of the active layer water migrates from
warm regions to cold regions in the active layer dur-
ing freezing. These regions are generated by snow
and insulating vegetation. This water migration leads
to differential heave in the landscape. For this study
we use a field site near Franklin Bluffs Alaska.

2 METHODS

Differential heave has been measured with a total
station at a resolution of 25cm in the same grid for
the period 2007-2008. To measure differential heave
we have applied a terrestrial laser scanner in spring
and fall to understand frost heave and vegetation dis-
tribution in these systems. We use a Leica ScanSta-
tion 2 scanner and we processed the scan data with
Cyclone. Due to vegetation and small topographical
irregularities we scan the area from four different di-
rections and integrate these scans into one point
cloud using targets at each corner of our 10X10 me-
ter research area. The large point cloud is than ana-
lyzed with our own software designed to sort the
point cloud into layers and boxes.

In order measure the smooth frost heave pattern we
subtract datasets after aligning them in space. Vege-
tation cover density was calculated using the vertical
distribution of the point cloud. Relative cover den-
sity is calculated as the number of points above the
ground surface (2cm) dived by the total number in
that subplot.

3 RESULTS

The data suggests that frost heave is greatest in re-
gions with least vegetation cover surrounded by high

vegetation cover and partially vegetated non-sorted
circles show subdued frost heave (Figure 1). The
overall heave in the non-sorted circles is between 15
and 20 centimeter using the inter-circle area as ref-
erence point with no frost heave.

4 FIGURES

Figure 1. Differential Frost heave (left) and vegetation canopy
density (right) measured with a Terrestrial Laser Scanner on a
10X10m grid near Franklin Bluffs Alaska.
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The Brogger-peninsula glaciers (Svalbard, 79°N)
like many glaciers have been shrinking for the past
century since the end of the Little Ice Age due
global warming. However, the freshwater fluxes
flowing from glaciers are not simple functions of
climatic indicators (T, P). They also depend on
other parameters (proglacial moraines, glacier struc-
ture, permafrost distribution). Few Arctic catch-
ments display hydrological networks suitable for ac-
curate quantification of freshwater volumes. The
Austrelovenbre glacier basin has two well-defined
outlets that concentrate all water fluxes: one con-
nected to the glacier, the other only to proglacial
moraine. The hydrological response of this river-
system has been studied, since 2007, by continuous
monitoring of climate (T, P) and hydrological pa-
rameters (Q, T, EC). Geochemical measurements
have conducted on water samples (anions, 80, 2H).

The outlet of the glacier shows hydrographs with
two dynamics: daily cyclicity and isolated flood
events. The daily fluctuations are induced by air-
temperature variations with a mean delay. Most
flood events mainly result from rainfall events.
When they occur during warm periods, the floods
may be amplified. However, all warm and/or rainy
events do not influence the hydrographs. On the con-
trary, the hydrographs may present variations during
periods without any particular meteorological
events. The other outlet displays a monotonous hy-
drograph, reflecting (1) the discharge of the supra-
permafrost aquifer within the proglacial moraine, (2)
the snow melting and (3) the permafrost thawing.
The Q curve obtained do not show any significant
variation linked to atmospheric conditions. The geo-
chemistry has been successfully used to identify the
different water end-members in the basin.
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Here we describe a full-scale laboratory simulation
experiment designed to investigate the influence of
rainfall induced erosion of stony slope underlain by
permafrost.

1 EXPERIMENTAL DESIGN

Two identical 30° slope models were constructed ad-
jacent to each other within a 3 m square freezing
chamber (Fig. 1). Models were 2 m long, 0.55 m
wide and 50 cm thick and constructed using a natu-
ral Weischelian periglacial slope deposit soil from
La Hague area (Western Normandy, France).

Air temperatures were lowered to -8°C to simulate
winter freezing, and were subsequently raised to
+20°C to simulate the summer thaw period. The
two-sided freezing model was constructed above a
refrigerated plate that maintained a 15 cm thick
permanently frozen layer (permafrost). The maxi-
mum thaw depth was around 15 cm. A total of 31
cycles of freezing and thawing were undertaken.

The soil material was initially water saturated. When
the active layer had reached 5 cm of thickness, water
was added at the surface via a ramp with 10 cali-
brated nozzles that equally distribute simulated rain
on the soil surface.

The initial morphology of the two models is charac-
terised by a regular slope (30°). One of the model
has a steeper part (45°), one metre below the top of
the model, to analyse the behaviour of the soil when
the dip of the slope increases as often observed in
the field (Fig. 1).

In the present paper we present data from the ex-
periments relating to two different situations, firstly
with moderate rainfall, and secondly with heavy
rainfall during the thaw period.

2 INSTRUMENTATION

The models were instrumented with platinium resis-
tance thermometers Pt100 to follow the freeze ad-
vance and control the permafrost thickness. Sensors
were positioned at depths of: -30 cm,- 20 cm, - 15
cm, - 10 cm, - 5 cm, at the surface of the soil and 15
cm above soil surface.

Digital elevation models of the surface were com-
puted using an ultrasound sensor. At the end of each
freeze-thaw cycle phase, the sensor was deployed on
a graduated metal structure to obtain coordinates and
altitudes of a regular grid. These grids are useful to
quantify heave, longitudinal and transversal topog-
raphies, surface and volume of eroded zones.

Markers were used to measure downward displace-
ments of the soil. Vertical profiles were obtained by
measuring displacements of columns of tiles and
along the lateral side made of synthetic glass.

3 RESULTS

These experiments bring new data that can help the
understanding of periglacial slope development re-
lated to an increase in precipitation rate and varia-
tions of active layer texture and thickness.

When moderate rainfall is applied, erosion processes
involve frost jacking of the coarse blocks, frost creep
and gelifluction that induce slow and gradual down
slope displacements of the active layer, but also
small landslides leading to large but slow mass
movements with short displacements. With such
boundary conditions, water supply is insufficient to
evacuate downslope the whole of the eroded mate-
rial and a topographic smoothing is observed.

When heavy rainfall is applied, rapid mass wasting
become prominent. Slope failures are largely con-
trolled by the water saturation of the active layer and
by the occurrence of steeper slopes.

Figure 1. Two parallel slope models, far side, irregular slope
model, near side, regular slope model.
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The push action associated with the basal movement
of the snow cover has been identified as a major
mechanism in the origin of subnival geoforms, de-
veloped not only on a substrate composed of de-
formable sediment, but also on hard bedrock sur-
faces. In this contribution we present the results of a
geomorphological survey carried out in the backwall
of the Cuida Cirque, Sierra de Ancares, northwestern
Spain (latitude 42° 50’ N, longitude 6° 49 W; 1.860
m a.s.l.), focussed on the identification and descrip-
tion of nival geoforms whose origin is attributed to
snow-push mechanisms.

The site comprises an upper sector formed by
stepped, sub-horizontal bedrock benches and small
steep walls, and a lower sector formed by a gently
sloping surface covered by fines-rich diamicton and
loose clasts.

The seasonal snow cover begins to form by mid-
autumn and disappears by early July. Snow thick-
ness is uneven, reflecting the irregularities of the un-
derlying substrate. Maximum snow depths up to 4-6
m occur at the cirque edge, where drifted snow
builds up thick cornices. Snow density measured
during the ablation season attains mean values of
570 kg m’, peaking to 640 kg m’ in the basal section
of the snow cover. The temperature at the
snow/substrate interface remains at 0°C throughout
the winter and spring periods, allowing the presence
of free water at the base of the snow cover.

At Cuina Cirque the snow cover is affected by mass
movements such as snow glide and full-depth ava-
lanches, in which the entire snow profile down to the
substrate is mobilized. Observed field evidence of
snow glide are tensile fractures or glide cracks
formed in spring in the thick snow cornices accumu-
lated at the cirque edge. Usually, an increase in the
glide rate, evidenced by the rapid widening of the
tensile fracture, causes the release of a full-depth
avalanche. Such kinds of movements can generate
considerable push and dragging forces on the under-
lying substrate and on loose clasts, thus creating dis-
tinctive geoforms.

A wide array of micro- and meso-forms have been
found on rock slopes comprising plucked steps, pol-
ished surfaces, abrasion tracks, striae, grooves, cres-
centic marks and asymmetric rock bumps.

Distinctive features have also been identified in ar-
eas covered by deformable, fines-rich diamicton, in-
cluding displaced blocks embedded in the substrate
with characteristic upslope furrows and downslope
mounds; small pronival ramparts; fines-rich diamict
micro-ridges, showing worn-edged clasts with
scratched and striated surfaces; nearly flat bulldozed
surfaces; embedded blocks occurring in the proximal
slopes of pronival ramparts and diamicton micro-
ridges; and strongly compacted fines-rich diamicton
sheets, pressed against rock outcrops.

Taken as a whole the field observations suggest that
snow-push is a particularly effective geomorphic
process in the subnival environment.

Key words: seasonal snow cover, snow-push, subni-
val environment, Sierra de Ancares, Spain.
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1 INTRODUCTION

Pingos are prominent periglacial landforms in vast
regions of the Arctic and Subarctic. A general know-
ledge about their distribution exists based on de-
tailed field studies of many workers in permafrost
research. Pingos and pingo scars are often used as
indicators for certain modern as well as past climate
and permafrost conditions. However, detailed data-
bases based on Geographic Information Systems
(GIS) are lacking. GIS-based spatial analysis tools
could help in analyzing the environmental signifi-
cance of pingos in the northern hemisphere and bet-
ter define their role as an indicator land surface fea-
ture for climate, hydrology, and permafrost
conditions.

In this study we analyze a newly generated dataset
of pingo locations for a large region in northern Eu-
rasia.

2 METHODS

We manually extracted pingos from 675 Russian
medium-scale (1:200,000) topographic maps of
northern and central Siberia and created a compre-
hensive GIS-based dataset of pingo locations. Using
this point dataset and additional thematic datasets
with climatic, permafrost and other environmental
parameters, we analyzed the spatial distribution of
pingos in our study region and discuss relationships
between these parameters and pingo occurrence. We
also compared modern pingo distribution with mod-
eled near-future permafrost distribution.

3 RESULTS

More than 6000 pingo mounds were identified in a
land area of about 3.5 million km® (Fig. 1). Pingo
height was provided for approximately half of the
features in the database. Heights identified in the
maps ranged from 2 to 37 m, with the majority of
pingos ranging from 2-6 m.

The majority of pingos likely formed through closed
system freezing, typical of those located in thermo-
karst lake basins of northern lowlands with continu-
ous permafrost. Nearly 98% of mapped pingos were
found in the continuous permafrost zone. About

64% of all pingos occur in continuous permafrost
with high-ice content and thick sediments; another
19% in continuous permafrost with moderate ice
content and thick sediments. About 82% of the pin-
gos are located in the tundra bioclimatic subzone.
Most pingos were found in mean annual ground
temperatures between -3 and -11°C, with a popula-
tion peak between -9 and -11°C. Main distribution of
pingos by mean annual air temperatures is between -
7 and -18°C. Based on model predictions for near-
future (2100) permafrost distribution, hundreds of
pingos in NW Siberia, central Siberia around Ya-
kutsk, and the pacific region of Far East Siberia will
be impacted by thickening active layers and in-
creased permafrost degradation.
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Figure 1 Spatial distribution of pingos in northern Eurasia
(black dots: pingos; dark grey: mapped area).

4 CONCLUSIONS

The presented dataset is a subset of the pingo popu-
lation in North Eurasia. Including other available
pingo counts for various regions of the northern he-
misphere (Alaska, NW Canada, Greenland, Sval-
bard), we conclude that there are about 10,000 or
more pingos on Earth today. This new estimate
roughly doubles previously published numbers. The
main pingo provinces on Earth are N Alaska, NW
Canada, and N Siberia, totaling ca. 90% of all pin-
gos. Detailed GIS pingo databases may also prove
useful for characterizing thermokarst lake drainage
history and analyzing the distribution of pingo-like
features on submarine shelves and extra-terrestrial
planets.
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INTRODUCTION AND METHODS

Ice-wedge polygons are a widespread periglacial
landform used as a key climatic indicator. The un-
derstanding of the dynamics and formation of ice-
wedges is a prerequisite for their application in pa-
lacoenvironmental reconstructions. To improve the
understanding of the Holocene dynamics of the ice-
wedge activity, four ice-wedge sites in Adventdalen,
Svalbard (Table 1) have been studied in combination
with stratigraphic investigations.

Table 1. Site characteristics and applied methods for the four
ice-wedge study sites in Adventdalen, Svalbard.

Site site A site B site C site D

activity inactive  active active active
polygon morph. flat terrain low-centr. low-centr. high-centr.

polygon type orthog.  hexag. orthog.  orthog
crack mapping - X - X
central pit X X - X
trench/width i-w  x/ 1m x/3m - -
exposure X - - -
cliff section X X - -
permafr.core 1.75m 1.79m - -
network mapping X X X X

During summer 2009, soil pits were dug in the cen-
tre and across the troughs of the four ice-wedge
polygon sites to study the sediments and for soil
sampling. Crack mapping performed in the field,
combined with the analysis of stratigraphical data
from site B (Christiansen manus), contribute to the
understanding of local cracking dynamics. Two
permafrost cores from central ice-wedge polygons
were collected by hand drilling and sampled at 10
cm intervals. Two river cut cliff sections, exposing
ice-wedge host sediments, allowed detailed studies
of the sediments and one ice-wedge (Fig.1). 53 sam-
ples were analysed with respect to ice content,
magnetic susceptibility, pH-value, electric conduc-
tivity and grain-size. High resolution remote sensing
data were used to map and study the crack network.

RESULTS AND DISCUSSION

Significant variations between the ice-wedge study
site were detected, regarding ice-wedge morphology,
network geometry and the host sediment strati-
graphy, soil moisture and active layer depth. The
ice-wedges found from the base of the active layer

indicate either recent syngenetic activity or recently
increasing active layer depths. The general strati-
graphy shows a glacio-fluvial or organic unit cov-
ered by a 1.5 m loess unit. OSL dates (UNIS report)
suggest that loess sedimentation continued during
the Late Holocene with higher rates at site A than at
site B. The ice-wedge exposure shows intensively
deformed host sediments except for the upper 10-30
cm of undisturbed loess. Desiccation crack struc-
tures are found in the upper 50 cm of the studied
active layer pits. An OSL age from the bottom of the
loess unit indicates that drier soil conditions pre-
vailed since the onset of the Little Ice Age (LIA).
Cooler temperatures, as existing during the LIA,
appear favourable for thermal contraction cracking,
followed by a period of reduced ice-wedge activity.
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Figure 1. Ice-wedge exposure along the cliff at site A

The observation of modern nearby inactive and ac-
tive ice-wedges suggests that site-specific condi-
tions such as primarily soil moisture are decisive for
the ice-wedge dynamics in a maritime arctic envi-
ronment. For a more comprehensive under-standing
of the key climatic/meteorological ice-wedge con-
trolling factors, further site-specific studies are
necessary.
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1 INTROCUCTION

Morphometric investigations of landforms based on
remote sensing techniques require the availability of
reliable topographic information. Ideally, additional
high-resolution images provide textural context for
interpretation. Unfortunately, such data are often
missing for geomorphologically interesting, but re-
mote study areas. Here we present Digital Elevation
Models (DEM) and corresponding orthoimages of
permafrost landscapes in Svalbard (Norway). The
data were acquired for analogue studies of Martian
landforms (Hauber et al., 2010), but should be useful
for terrestrial permafrost studies as well.

2 DATA

An airborne version of the HRSC camera was used
for the acquisition of stereo and colour images.
HRSC (High Resolution Stereo Camera) is a multi-
sensor push broom instrument with 9 CCD line sen-
sors mounted in parallel. It simultaneously obtains
high-resolution stereo, multicolour and multi-phase
images. Based on five stereo channels, which pro-
vide five different views of the ground, digital pho-
togrammetric techniques are applied to reconstruct
the topography. The four colour channels are used to
make true orthoimages in colour and false-colour.
HRSC is in orbit around Mars since January 2004,
and as for February 2010, high-quality DEM and
corresponding orthoimages are available for more
than 30% of the Martian surface. The particular
value of HRSC is the stereo capability, which en-
ables the systematic generation of high-resolution
DEM with grid sizes between 50 and 100 m. Since
1997, different airborne versions of HRSC have
been developed. The principles of HRSC-AX data
processing are described by Gwinner et al. (2006).
The orientation data of the camera is reconstructed
from a GPS/INS (Inertial Navigation System).
HRSC-AX has been applied in diverse technical and
scientific applications and was also successfully
used to investigate rock glacier activity. The flight
campaign in July/August 2008 covered a total of
seven regions in Svalbard: (i) Longyearbyen and the
surroundings of Adventfjorden, (ii) large parts of
Adventdalen, (ii1) large parts of the Broggerhalvaya

in western Spitsbergen, (iv) the Bockfjorden area in
northern Spitsbergen, (v) the northeastern shore of
the Palanderbukta and the margin of the adjacent ice
cap in Nordaustlandet, (vi) an area on Prins Karls
Forland, and (vii) the area of the abandoned Russian
mining settlement of Pyramiden together with the
nearby Ebbedalen. The landforms presented as ex-
amples in this study are located on the Bragger pen-
insula and in Adventdalen and its vicinity.

3 RESULTS

The DEM derived from HRSC-AX stereo images
has a grid cell size of 50 cm, a vertical resolution of
10 cm, and an absolute vertical accuracy of ~20 cm.
The map-projected HRSC-AX true orthoimages
(panchromatic and colour) have ground resolutions
of 20 cm per pixel. We will present examples of
HRSC-AX data showing the detailed topography of
pingos, polygons (Fig. 1), and rock glaciers.

40 B8O
Distance [m]

Figure 1. Example of HRSC-AX data of polygons in central
Adventdalen. (a) Panchromatic image. (b) Shaded version of
gridded DEM (“x” marks identical location in a and b). a-a’:
Topographic profile. The troughs delineating the polygons are
clearly resolved in the DEM (black arrows).
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Changing permafrost may have significant conse-
quences on the hydrological regime of an alpine
catchment. For an area abundant in unconsolidated
sediments model parameters such as the spatial dis-
tribution of the effective storage volume, the perma-
frost distribution and the hydraulic conductivity are
essential. In this work the first steps such as the
quantification of the effective storage volume, the
detection of permafrost, and the estimation of
ground water storage are presented.

The study area (Krummgampen Valley, Otztal Alps,
Austria) is located at altitudes between 2400 and
3300 m.a.s.] and covers an area of 5.5 km? The
mean annual precipitation is ~1500 mm and the
mean annual air temperature at a nearby meteoro-
logical station (2500 m.a.s.l) is ~ -0.7 °C. Active
rock glaciers, fissure ice in bedrock and patterned
ground indicate the presence of extensive alpine
permafrost. Predominant subsurface classes are talus
slopes (17%), pre-LIA lodgement and meltout till
(18%), LIA lodgement and meltout till (27%), rock
glacier (5%), and bedrock (33%). Geophysical meth-
ods (seismic refraction, georadar) along numerous
profiles are applied to estimate the sediment volume.
Statistic correlations between the subsurface class’s
thickness and their geomorphometric surface charac-
teristics were used to extrapolate for the entire val-
ley. The permafrost distribution was assessed by
seismic methods and evaluated by continuously re-
corded BTS-temperatures. Discharge data is avail-
able for 2008 and 2009 for the main catchment and
for 2009 for three sub-catchments. Base flow reces-
sion analysis was applied to separate the ground wa-
ter flow from surface and subsurface runoff.
Permafrost with active layer depths of up to ~ 3 m
was detected above 2500 m.a.s.l (north facing). Es-
timated mean sediment thicknesses (disregarding the
impermeable permafrost) are 8 m (talus slopes), 6 m
(pre-LIA till), 5 m (LIA till), and 20 m (rock gla-
cier). The flow data recorded by the hydrograph at

the main outlet is characterized by processes such as
snow melt, ground water flow, subsurface and sur-
face run off with peak flows of up to 2000 1/s. The
hydrologic data from 2009 show a recharge of
ground water lasting from late April to early August.
According to recession analysis the ground water
system has a response time larger than 30 days. The
ground water storage computed from recession
analysis and the effective water storage estimated
from the sediment volume by geophysical investiga-
tions show similar values. Finally we discuss how
permafrost degradation could affect the hydrological
regime.
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1 ABSTRACT

Researches were carried out in Mezenskaja tundra in
s. Koida (Arkhangelsk area, Russia) in 2000-2009.
Were made measurements of temperature of
grounds, depth of a seasonally-thawed layer, spatial
structure frost heavy migratory, coastal crioturbation
and pseudomorphozes on ices wedges, thermokarst
lakes and karst landscapes. The Mezenskaya tundra
is located near to southern boundary of permafrost.
Therefore, areas of permafrost of researches it is
presented island and rare island by types of distribu-
tion which are dated first of all for files peat ground
by depth up to 15 m. Here permafrost settles down
locally in peat deposits tundra bogs. Mid-annual
temperatures of frozen ground of Mezenskaja tundra
make nearby — 0,5 - — 1,0 © C. From cryogenic proc-
esses for area most typical thermokarst, frost heavy,
thermodenudation. As a result of frost heavy in terri-
tory of Mezenskaja tundra it was generated charac-
teristic hill shape of tundra landscapes. The opposite
type of natural complexes is developed on left coast
of r. Koida. Here there is a local site intensive karst
processes which changes habitual hill landscape of
Mezenskaja tundra. Because of development of a
karst by virtue of the raised drainage of waters, prac-
tically there is no development of cryogenic proc-
esses on this site. Such conditions are favorable for
development birch «drunk» forest and a juniper. The
zone of intensive development of a karst coincides
with a zone of development birch «drunk» forest and
has the oval form and from northwest is surrounded
by hills. In 7 km to northwest from s. Koida where
the zone of development of the karst landscapes
comes to an end, again essential share of a relief
cryogenic forms — frost heavy hills, «mochagini»,
thermokarst lakes. At coast lakes mixed (karstic and
cryogenic) genesis which are subject to an opportu-
nity of descent are developed. page. Clipping may
occur during reproduction.
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1 INTRODUCTION

Stripes and gelifluction lobes are common slope fea-
tures in polar regions on Earth where freeze and
thaw processes occur. Mars is currently a cold and
barren planet with its water resources locked up as
ice caps and ice-rich permafrost. However, features
resembling stripes and gelifluction lobes have been
observed on high-latitude slopes on Mars and in
most, but not all, cases in close proximity to gullies
(Fig. 1). Stripe width typically ranges from ~50 cm
to 1.5 m, and their orientation is consistently down
slope, although it can not be excluded that it some-
times slightly deviates from the steepest topographic
gradient. Lobes are found on steep inner crater walls
and display similar dimensions as terrestrial gelifluc-
tion lobes. These observations may point to a late
phase in Mars history with transient melt water in
local niches. In our study we have examined sorted
and non-sorted stripes as well as gelifluction lobes
on slopes in Svalbard in order to test the working
hypothesis of a freeze and thaw origin of the Martian
landforms.

2 MATERIAL AND METHODS

The analysis on Svalbard is based on high resolution
imagery with the High Resolution Stereo Camera
(HRSC-AX), an airborne counterpart to HRSC on
Mars Express. For comparison we use satellite im-
agery (n=85) of Mars obtained by the High Resolu-
tion Imaging Science Experiment (HiRISE) which
has a similar spatial resolution of 25 cm/pxl. Image
analysis is complemented by field work for ground
truth.

3 DISCUSSION

The occurrence of stripes and lobe features on Mars
raise the question if they are periglacial in origin.
The presence of a moist active layer requires the sur-
face layers ice content to be recharged as ice is con-
tinuously lost by the progressive desiccation of the
ground. However, seasonal thaw may have
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Figure 1. Mars (left) and Svalbard (right). Mars images:
HiRISE, Svalbard images: HRSC-AX. (a) Lobe-like feature on
crater wall. (b) Gelifluction lobes. (c) Stripe-like pattern on

crater wall. (d) Non-sorted stripes.

existed in microenvironments such as the interior of
craters or on hillslopes. In recent models crater
floors or poleward facing slopes have been identified
as specific locations for water ice stability and depo-
sition of ice. One proposed model state that liquid
water in the ground could be stable for enough time
before being sublimated. In this case the winter CO,
frost may protect ground ice from sublimation be-
fore thawing. A plausible mechanism for recharge is
top-down melting of snow packs, which could be a
viable mechanism to supply moisture for freeze and
thaw cycles. In this case the stripe patterns and lobes
are possibly linked to the formation of gullies since
both landforms are favored by similar conditions.
The presence of stripes and lobes on Mars may be an
indicator of a freeze/thaw process which in turn has
implications for our understanding of near surface
water dynamics and local climate. However, further
work is needed to constrain the processes and timing
of formation.
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1 SYNOPSIS

Polygonal networks are a much more common
surface feature on Mars than on Earth. Detailed
images have shown large areas covered by widely
diverse polygonal terrains, a fact that highlights the
ubiquity of the presence of ice in the Martian
ground. There is still much to be learned about the
conditions that give rise to such a variety of
morphologies and dimensions. Thus, a full
understanding of their origin, age and evolution
requires that their thorough characterization is
attained. The number of polygons in a given network
can be very large, depending on their average
dimensions and the area occupied by the network.
Collecting quantitative data on these networks can
be a daunting task that can be avoided through the
use of an automated procedure. This takes advantage
of the characteristics presented by the networks on
digital images to map the edges of the polygons.
Application of this methodology to the surface of
Mars raised the possibility of using it to map and
characterize the same type of feature on Earth. The
advantages can be clearly seen: the automated
results can be compared with a real ground-truth
(and thus provide clues for refinement of the
methodology when strictly applied to remotely
sensed data, such as in the case of Mars), and some
measure of comparison can be established between
Martian  polygons and terrestrial analogues,
illuminating some issues and probably raising many
interesting new questions.

The results obtained in the previous project focusing
on Mars polygonal networks (TERPOLI - Pina et al.
2008, Saraiva et al., 2009) support the continuation
of this research through the project ANAPOLIS.

In TERPOLI we were able to map and collect
geometric and topological parameters from
extensive Martian polygonal networks, thus taking
an important step into their characterization and
comparative study, in an attempt to understand their

origin, evolution and relation with climate change on
the planet.

In the framework of ANAPOLIS, Earth’s polygonal
networks will be studied at test sites in Svalbard.
Field survey is crucial for gathering accurate data on
the geometry of the polygons. Combining DGPS
measurements, aerial photography and VHR satellite
imagery will enable better understanding of the
relation between in situ measurements and the
appearance of the networks on images at various
scales, allowing for the improvement and validation
of the algorithm for the automatic extraction of
networks. Knowledge on the specific environmental
conditions related to the genesis of the networks
shall contribute to inferences about the past and
present environmental conditions related to the
Martian polygonal networks. Ground truthing also
allows for a better discrimination between the
strictly periglacial polygonal networks and the
features with other origin. In this way, a more
sustained interpretation on the past and present
environmental significance of the polygonal
networks of Mars can be made. Furthermore, the
significance of the geometric and topological
properties of terrestrial polygonal networks has not
been properly acknowledged yet, so that the use of
an algorithm for the extraction of the networks from
remote sensing products can also be of great use for
studies in the harsh access areas of Earth's
periglacial domain.
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1 INTRODUCTION

In the French Alps, the summer 2006 has been
marked by the sudden collapse of the Bérard rock-
glacier, a rare event, exceptional by the quasi com-
plete destabilization of the landform. This case
raises questions on the evolution of mountain perma-
frost under warming conditions, especially those ice-
rich debris accumulations located close to the alti-
tudinal and/or latitudinal limits of permafrost and
that may be experiencing morphogenetic crisis (e.g.
Harris et al., 2003) . The Bérard site (2500-2900 m
asl; 44°26° N. — 6°40’ E.) is located in the Parpaillon
range, near the Southern limits of the Alpine perma-
frost and under Mediterranean climatic conditions.
The objectives of our study are to analyse the pre-
sent state of the Bérard rock glacier (collapsed and
non-collapsed mass) and its evolution after the major
movements of summer 2006 that mobilized 1.5 mil-
lions m3 of material. In this purpose, electrical resis-
tivity and seismic refraction tomographies were re-
peated along two profiles in summers 2007 and
2009, GPS survey of 40 points was initiated in
summer 2007 and a thermal monitoring, composed
of 6 miniature temperature dataloggers and an auto-
matic weather station was installed on the site on
summer 2007.

2 RESULTS
2.1 Thermal and geodetic data

The combination of the thermal and geodetic data al-
lows us to distinguish three areas:

1) the unstable but non-collapsed upper part of the
rock glacier, characterized by creeping signs and
which displays surface velocity between 0.1 and 0.6
m/yr and WEQT (Winter Equilibrium Temperature)
values < -2°C in 2008 and 2009;

2) the highly unstable but non-collapsed median
part, characterized by destabilization signs like wide
fractures and which displays surface velocity be-
tween 0.8 and more than 8 m/yr (no ground tempera-
ture available);

3) the collapsed mass, characterized by strong mor-
phological changes (rapid downwasting of ice/debris
packets) just after the deposition but no visible signs
of evolution since 2007 and which displays surface
velocity below 0.1 m/yr and WEQT around 0°C.

2.2 Geophysics survey

The electrical resistivity tomographies confirmed
partly the observations made on open cuts just after
the collapse, but don’t reveal the 1-2-m thick layer
of quasi pure ice (suspected to be a relict of LIA
conditions) observed in the detachment cut in 2006
and 2007. Similarly to measurement on other peebly
rock glaciers, the resistivity of the Bérard rockgla-
cier internal structure ranges from 0.2 to 25 kQ.m.
These low values may reflect the presence of warm
permafrost or permafrost at the melting point. The
seismic data indicate a seismic interface on average
at 3-4 m depth and mean velocity Vp of the ice-rich
level around 1800-2000m/s.

3 DISCUSSION

The collapse of the Bérard rock glacier in 2006 may
be representative of the consequences of mountain
permafrost degradation under warming climate.
Nevertheless, a first assessment of the possible trig-
gering chain of factors (climatic conditions of the
last decades, meteorological events —storms and
heavy rains— during summer 2006, geological and
topographic contexts) shows the high complexity of
such events and the further need to study and moni-
tor mountain permafrost, especially in populated re-
gions where its degradation may generate hazardous
situations.
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1 INTRODUCTION

Thawing permafrost is a natural environment for
carbon dioxide or methane production. Thermokarst
lakes provide one of the most active modes of per-
mafrost thawing in arctic and sub-arctic regions
making thermokarst environments a potentially im-
portant factor for climate change feedbacks. Paleo-
environmental records stored in lake sediments are
key evidence for Late Quaternary paleoclimatic
conditions and for identifying past climate changes.
Ice wedge casts formed in thermokarst lakes are in-
dicators of permafrost degradation and their strati-
graphy can be a valuable paleoclimate record. An ice
wedge cast located at 66.55N/164.45W on the Sew-
ard Peninsula, Alaska, was investigated. The ice
wedge cast, three meters tall by five meter wide, was
formed under the now drained Lake Pear and later
exposed by erosion on the north facing shore of
Lake Claudi. The refrozen sediments in the cast are
well laminated lacustrine mineral- and organic-rich
sediments with some re-worked tephra layers. A
remnant ice wedge was found below the ice wedge
cast. Stratigraphy and lithological composition of the
ice wedge cast were studied to derive information
about the paleo-environment during formation of the
ice wedge cast. Sedimentation processes observed
within the modern thermokarst lake environment
were also found in the ice wedge cast sediments.
The fine lamination potentially indicates an annual
lacustrine layering.

2 RESULTS

The stable lacustrine part of the ice wedge cast con-
sists of 174 fine peat/silt layers. Assuming that these
represent annual lamina, we calculate that 174 years
cover the sediment record for stable lake sedimenta-
tion above the ice wedge cast.

The distance of the exposure from the paleo-margin
of Lake Pear is about 82 m. By relating this distance
to the time represented by the layers, we calculate an
annual paleo-erosion rate for Lake Pear of 0.47
cm/yr. This rate is comparable with modern rates
measured at Lake Claudi.
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1 INTRODUCTION

Destabilized rock glaciers refer to active rock gla-
ciers that have experienced for the last years or dec-
ades a landslide-like development and a strong in-
crease of the velocities (Roer et al. 2008). 15
destabilized rock glaciers have been hitherto de-
tected in the Alps. One of these landforms, the
Tsaté-Moiry rock glacier, is found on a north-east
slope of the Anniviers valley (Valais Alps), at an
elevation of 2750 m a.s.1.

2 MORPHOLOGICAL CHARACTERISTICS

Only the lower part of the rock glacier is clearly dis-
cernable from the surrounding debris slope. Lateral
crests line the central part of the landform. In their
internal flank, fine-grained sediments outcrop
clearly, contrasting with the blocky surface of the
rock glacier. Several scars 2-3 meters high cut the
landform between the two crests, in particular in the
lower part. Blocks are very unstable in this area.
These morphological characteristics are the conse-
quence of sliding processes.

3 KINEMATICS

Since summer 2005, the position of about 50 blocks
is measured with differential GPS around mid-July
and early October each year. The measurements
show the quasi absence of movements on the lateral
crests, whereas the inner part moves very quickly.
During the year 2008-2009, horizontal surface ve-
locities of the destabilized part were 8 ma™ (Fig. 1).
The rooting zone moves much more slowly (vel.
around 1 m a™'). Summer velocities are 2-3 times
faster than winter velocities. Maximal velocities of
16 m a”' were measured during summer 2009.

An increase of the annual velocities is observed
since 2005. This can be related to a general warming
of the ground surface (Fig. 1). In summer 2006 ve-
locities were at least 2 times slower than during the
three following summers. Mean annual ground sur-
face temperature (MAGST) was at that time very
cold. Then, the ground surface began to warm. The
extreme velocities of summer 2007 coincide with
abundant precipitation. Despite a slight decrease,

MAGST remained then quite warm. In addition,
winter 2007-2008 was snowy and summer 2008
rainy. These conditions were favourable to high ve-
locities. After that, MAGST increased dramatically.
The snow cover was thick again in winter 2008-
2009 and following summer was dry and hot. Again,
summer velocities were very high.
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Figure 1. Annual and seasonal velocities of the destabilized
part of the Tsaté-Moiry rock glacier and MAGST measured on
the Mont Dolin West rock glacier (Arolla, 2770 m a.s.1.)

These data shows that the velocity of destabilized
rock glaciers is controlled, at least partly, by the evo-
lution of MAGST. Despite very warm MAGST and
the thick snow cover of winter 2008-2009, velocities
of summer 2009 were not higher than those of the
two previous summers. The extremely low amount
of precipitation of summer 2009 may be an explana-
tion to that. It would confirm the importance of wa-
ter infiltration for deformation and sliding processes
at depth (Ikeda et al. 2008).
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1 INTRODUCTION

A deep geological repository for nuclear waste is de-
signed to keep radiotoxic material separated from
mankind and the environment for hundreds of thou-
sands of years. Within this time perspective glacial
conditions are expected in high latitudes in Canada
and Northern Europe. Climate induced changes,
such as the growth of ice sheets and permafrost will
influence and alter the ground surface and subsur-
face environment, which may impact repository
safety. The study of present-day analogues helps to
reduce the uncertainties in our understanding of
processes relevant to long-term repository perform-
ance and to support the assumptions made in safety
assessments.

2 OBIJECTIVES

The impact of glaciations on any planned repository
at high latitudes is a key consideration when per-
forming safety assessments as it is one of the strong-
est perturbations related to climate change in the
long term. Some of the uncertainties related to gla-
cial conditions concern hydrological and hydrogeo-
chemical processes. The main aspects that need to be
further investigated include: 1) the pressure condi-
tions at the base of an ice sheet and how they drive
ground water flow; 2) the depth and distribution of
meltwater that may penetrate into the bedrock; 3) the
chemical composition such water has when/if it
reaches repository depth; and 5) role of taliks as po-
tential concentrated discharge points of deep
groundwater.

Field data is needed in order to achieve a better and
integrated understanding of the conditions and proc-
esses discussed above and of the stability of hydro-
geological system. Thus, research in a natural ana-
logue site in Greenland has been planned and
initiated by the Finnish (Posiva), Swedish (SKB)
and Canadian (NWMO) nuclear waste management
companies.

2.1 Study Area

The Greenland ice sheet and the Kangerlussuaq area
(west Greenland) provide a good analogue for this
research effort due to similarities in geology (in the
selected study area) and the climate conditions ex-
pected to be seen in Fennoscandia/Canada during fu-
ture glaciations. Furthermore, the ice sheet size in
Kangerlussuaq resembles the expected conditions in
Fennoscandia during future glaciations. In 2005 and
2008 reconnaissance field trips were made to
Kangerlussuaq, which confirmed the suitability of
the area for the planned studies. The Greenland Ana-
logue Project started in 2009 and will continue until
2012.

2.2 Project description

The project is divided into three subprojects (SPA,
SPB and SPC) addressing specific topics at or in re-
lation to the ice margin: SPA studies ice sheet hy-
drology and glacial meltwater formation; SPB stud-
ies subglacial ice sheet hydrology and SPC studies
hydrogeochemical and hydrogeological processes in
the bedrock.

The multi-year project will acquire the necessary
data and improved understanding of ice sheet proc-
esses such that better conceptual and numerical
models for quantitative analysis of ice sheet hydrol-
ogy and dynamics, groundwater flow, groundwater
chemistry and hydro-mechanical couplings during
glacial periods. A particular focus is placed on, re-
ducing uncertainties and better constraining the
boundary conditions used in the models. This project
involves the first in situ investigation of the vital pa-
rameters needed to achieve a holistic and realistic
understanding of how an ice sheet may impact a
deep geological repository for spent nuclear fuel. It
will provide the necessary integrated view of ice
sheet hydrology and groundwater flow/chemistry re-
quired for refining safety assessments for deep geo-
logical repositories in Sweden, Finland and Canada.
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1 INTRODUCTION

Solifluction is typically the most important slow
mass-movement process on periglacial slopes, but
to date, no ideal field monitoring technique has been
developed. Complex equipment can usually be in-
stalled only at a single site in a given area because of
time and cost; simple methods generally cannot
track the intra-annual or inter-annual variability
needed to link the process to meteorological condi-
tions.

The goal of this research was to develop and test a
method that could track movements within the active
layer at sub-annual time-scales so that the influence
of seasonal factors could be evaluated, but at low
cost allowing numerous sites to be monitored.

Here we report on our experience with two proto-
type installations on Svalbard, one in Endalen adja-
cent to the site monitored by Harris et al. (2007) and
the second in Adventdalen. The Endalen site is ex-
pected to be presented to participants during the
EUCOP III Conference.

2 METHOD

The monitoring method uses 25 mm diameter rare-
earth ring magnets embedded as free-floating mark-
ers at multiple depths within the active layer, and
tracks soil movements by repetitive manual monitor-
ing of their magnetic fields. The location of the cen-
tre of a ring magnet in the vertical plane can be de-
termined using a reed switch to detect the top and
bottom of the magnetic field (Mackay and Leslie,
1987). However, the centroid of its downslope posi-
tion can be calculated only if a vertical section
through the magnetic field is traced, requiring multi-
ple measurements along a plane trending downslope.
Measurements were made within a rectangular panel
of double-walled polycarbonate equipped with a se-
ries of cross-dividers spaced at intervals of about 1
cm. When installed upright through the active layer
in an upslope-downslope plane and anchored in
permafrost, the panel provided a series of evenly
spaced near-vertical access tubes. Lowering and
raising a calibrated marker rod tipped with a reed
switch within the tubes permits a magnet’s field to
be traced at multiple points, and its centroid to be
calculated.

3 RESULTS

Magnets spaced through the active layer show heave
in winter and up to 8 cm of thaw settlement in sum-
mer. In the near-surface, settlement is apparent dur-
ing the early part of the thaw season, there is little
change in mid-summer and settlement then recom-
mences in August. In contrast, heave near the base
of the active layer occurs in the early part of the
summer, presumably because of infiltration into
still-frozen ground, and settlement takes place only
at the end. The timing of these movements suggests
that in the autumn, ice lenses develop in both the
near-surface and at the base of the active layer, but
that the former are more important than the latter at
the study sites. After two years of monitoring, the
magnets had not regained their original level within
the active layer, either because of progressive heave
of the polycarbonate panel or because of overall loss
of ice from the transient layer.

Downslope movements proved more difficult to dis-
criminate than vertical ones. Preliminary results
suggest that the magnets moved by 1-2 cm over two
years which is less than expected. This may be be-
cause the panel itself is being displaced downslope,
because movements of soil immediately adjacent to
the panel in which the magnets are embedded are re-
duced by its presence, or because soil particles move
more than the magnets. Further analysis of the data
is required to examine these possibilities.

Despite the challenges, the measurement technique
appears promising and further testing is planned.
Multiple measurements undertaken through the year,
including in winter, have given a good indication of
active layer processes. No other method is currently
available to directly measure independent soil
movements within the active layer.
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1 ABSTRACT

The Swedish Nuclear Fuel and Waste Management
Co. (SKB) currently investigates one site in Sweden
(Forsmark) as a potential location for a geological
repository for spent nuclear fuel (SKB 2008). The
site investigations cover geology, chemistry, hydrol-
ogy, climate and ecology, among several other dis-
ciplines. Strong emphasis is put on the characteriza-
tion of properties and processes affecting the water-
born hypothetical transport and retention of radionu-
clides along flow paths from repository depth (c. 500
m) to ground surface, and the subsequent dispersal
and accumulation in the surface system. An impor-
tant aspect of the characterization is the influence of
climate change on repository performance. The
modeling performed to support the site descriptions
utilizes a wide range of modeling tools focusing on
couplings between climate, bedrock and near surface
hydrology, and the surface ecosystems.

In order to exemplify the Forsmark site under possi-
ble future climate conditions (figure 1) we have de-
veloped a methodology using site specific informa-
tion from Forsmark as well as data and models from
relevant analogue sites.

Figure 1. A conceptual model describing the ice sheet, bedrock
and surface systems. Properties and processes affecting the re-
pository and the fate of potential radionuclides released are
analyzed in this integrated system

The methodology for describing the sites can be di-
vided into four steps:

1) to describe the glacial hydrology down to the ice
sheet bed

i) to model the water flux and chemical conditions
from the ice bed interface down to repository depth
at ~500 m depth in bedrock

1ii) to model particle transport from repository depth
up to and within the surface system (via e.g. taliks)
and iv) to synthesize the models into a conceptual
understanding of the integrated ice sheet, bedrock
and surface systems. The last step includes using the
hydrology, chemistry and catchment physiography
together with output from a chemical mass balance
model to demonstrate the nature of transport and ac-
cumulation in a periglacial environment. In addition
to extensive field investigations of the hydrological
processes of the ice sheet and in the geosphere, this
methodology focuses on processes and properties in
the periglacial environment. These surface system
investigations use site specific properties of selected
pro-glacial catchment areas with lakes not affected
by surface ice sheet melt water and with presumed
presence of through taliks. The aim is to identify and
quantify glacial melt water composition in surface
system discharge areas from the deep groundwater
system (see figure 1).

As a final step, the chemical conceptual model, the
hydrological model and the mass balance models of
transport and accumulation in the catchment areas
are combined into a system description. This de-
scription is divided into the main functional units
and features identified in the drainage area ecosys-
tems, describing the pools and fluxes of matter. The
system description defines and quantifies the impor-
tant processes that govern transport and accumula-
tion from the deep groundwater to the surface and
out of the catchment. A synthesis of all information
is made and the possibility to upscale the identified
processes to the landscape level is discussed. Fi-
nally, the system descriptions of the analogue sites
are compared with the present (temperate) Forsmark
site, for which extensive site specific information is
available. This comparison focuses on the main dif-
ferences that can be identified between a periglacial
and a temperate climate in terms of system functions
and fluvial transport of matter.
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1 INTRODUCTION

In contrast to mid-latitude alpine rock glaciers, polar
rock glaciers have rarely undergone intensive obser-
vations of thermal and dynamic characteristics. Here
we report the first four years of monitoring of the
small Huset rock glacier that constitutes a bulge to-
ward the bottom of the Longyeardalen valley. Snow
avalanches supply coarse debris constantly, which
supports the advance of valley-side talus-derived
rock glaciers (Humlum et al., 2007).

A 15-m borehole was drilled into the top surface of
the Huset rock glacier in August 2005. Thermal
probes were installed at 0.02, 1, 2, 3,5, 7,9, 11, 13,
15 m depths and inclinometers at 5, 9 and 13 m
depths. These sensors provide data on ground tem-
perature and internal deformation. Air temperature
and snow depth are also monitored. Now four years
of data have been obtained at 1-6 h intervals. In ad-
dition, differential GPS has provided movements of
surface benchmarks from August 2009.

2 INTERNAL STRUCTURE

The borehole shows that the upper 2 m consists of a
blocky active layer (composed mainly of platy sand-
stones), below which an ice-rich layer occurs down
to 6 m depth with a layer of frozen blocks further
down to 15 m. Two-dimensional geoelectric tomo-
graphy displayed a variation in the thicknesses of the
active layer and ice-rich layer along the slope, show-
ing that the ice-rich layer is a few meters thick near
the borehole, but thickening upslope to about 10 m.

3 2005-2009 THERMAL REGIME

The mean annual surface temperature fluctuated be-
tween —1.9°C (2005/06) and —3.5°C (2008/09) with
overall cooling during the observation period, basi-
cally reflecting the air temperature. The cooling
trend was followed by subsurface temperatures at
depths shallower than 2 m, while it contrasted with
continuous gradual warming from —4.3°C (2005/06)
to —3.6°C (2008/09) at 9—15 m depths (Fig. 1). Snow
depth also showed an interannual variation, exceed-
ing 1 m in late winter of 2006 due to a snow ava-
lanche, but rarely exceeding 0.3 m when snow ava-
lanches did not reach the monitoring site.

The thermal data imply gradual warming of the
permafrost irrespective of interannual fluctuation in
air temperature, but further monitoring is needed be-
fore temperature trends can be identified.

4 INTERNAL DEFORMATION

The inclinometers installed in permafrost showed
very small, but continuous tilting indicative of inter-
nal deformation. The largest tilting (0.07° in 4 yrs)
occurred in the ice-rich layer at 5 m depth, while
much smaller deformation (0.01°-0.02° in 4 yrs)
was recorded in the underlying frozen blocks at 9
and 13 m depths (Fig. 1). The tilting was two orders
of magnitude smaller than that recorded in a small
rock glacier located near the lower limit of perma-
frost in the Swiss Alps (Ikeda et al., 2008). Such mi-
nor deformation despite relatively steep slope (i.e.,
large shear stress) may suggest that permafrost tem-
perature around —4°C is too cold to promote defor-
mation, but in case of sustained high future air tem-
perature movement may be accelerated.
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Figure 1. Permafrost deformation and temperature in Huset
rock glacier 2005-2009.
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1 AIM
1.1 Introduction

During the last few years two solifluction monitor-
ing stations have been installed on Svalbard. The
first station is located outside the town of Longyear-
byen between Adventdalen and Endalen (Harris et al
2007). The second station was recently installed on
the west coast in the Kapp Linné area. These stations
give us a clear picture of what rate solifluction is
working at today. In addition, here we determine the
average rate for the past 50-100 years involving not
high tech equipment but a historical approach.

1.2 Objective

During spring 2009 a study was undertaken to
measure numerous relict mining structures and
buildings built during the initial mining boom (circa
1910-1912) and the later growth of Longyearbyen.
These structures, being constructed on pillars, have
been subjected to solifluction for their whole exis-
tence therefore they, in their current positioning,
provide us with valuable long term data on solifluc-
tion direction and possibly speed.

1.3 Study Area

The total study area is comprised of three different
locations. The oldest structures are believed to be the
telegraph poles leading down the NW Longyearda-
len valley wall from the remains of Mine 1. These
were built in 1909-1910. Closer to the church in
Longyearbyen there are remnant pillars from build-
ings burnt during the attack by the German army in
September of 1943. The year of construction for
these buildings, while yet still unverified, is assumed
to be around 1912 (LAPISHA 2006). There are
more pillars around these areas from other taubane
routing buildings.

The other two study areas are located east of Lon-
gyearbyen where there’s a line of cable car towers
running eastward towards Endalen and mine 5,
which join with towers coming from mine 5 at a hub
at the opening of Endalen. From this hub more tow-
ers run south to mine 5 through Endalen. All of the
tower posts are assumed to have been imbedded to
the bottom of the active layer.

1.4 Methods

Collection of data consisted of measuring the
amount and direction of the tilt and the coordinates
of each pillar. This was done using a GEOClino dig-
ital GPS+Inclinometer. A standard Silva com-
pass/inclinometer was also used to verify accuracy
of the GEOClino.

The GPS points were then gathered into ARCGIS
and plotted over some recent LIDAR DEMs at
which time it was possible to extract local terrain
slope and aspect information.

2 CONCLUSION

Under the assumption that the pillars can freely
move above the permafrost while subjected to the
solifluction of the active layer, using simple trigo-
nometry we found for the Longyearbyen, Adventda-
len and Endalen sites, solifluction rates of 1.50 cm y
1078 cm y' and 1.60 cm y™' respectively. Previ-
ously found values in Adventdalen (2 year study) 1.1
cm/yr and 3.2 cm/yr (Matsuoka and Hirakawa 2000)
and in Endalen 1.2cm/yr for 2006-07 (Harris et al
2007).

2.1 Further Work

More research into the building methods and dates is
needed to more accurately determine which, if any,
other processes may be affecting the movement of
the pillars.
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1 INTRODUCTION

Thermokarst is one of the most obvious types of
permafrost degradation in arctic landscapes. Its role
in a changing climate system has been addressed in
many recent studies focusing on carbon release,
changes in water and energy balances, etc. Some of
them point out an especially high relevance of ther-
mokarst processes in ice-rich permafrost sediments
(Ice Complex) of the Yedoma landscape in Siberia.
The modern inventory of thermokarst landforms in
these landscapes comprises different evolutionary
stages with characteristic morphometry. Evolving
thermokarst on Yedoma uplands is represented by
circular lakes completely filling their basins. As
these thermokarst lakes grow, they eventually coa-
lesce with neighboring lakes and/or drain partly or
completely. The remaining thermokarst basins
(alasses) feature steep slopes, flat floors, and smaller
alas lakes. Permafrost aggradation and subsequent
degradation can lead to multiple cycles of secondary
thermokarst within alasses accompanied by modifi-
cations of initial alas and lake morphology.
Thermokarst lakes on Yedoma uplands have a
stronger transformative impact on permafrost sedi-
ments, landscape character, and environmental proc-
esses than thermokarst lakes in alasses. Taliks form-
ing underneath thermokarst lakes on Yedoma
uplands allow for the activation of physical and bio-
chemical processes in the Ice Complex sediments al-
tering their structure and composition that had been
conserved for thousands of years. The sediments in
alasses, however, have already been reworked and
do not represent the characteristics of the very ice-
rich permafrost of the surrounding Yedoma uplands.
We investigate the characteristics of different stages
of thermokarst landforms in Ice Complex deposits of
the Siberian Lena River Delta regarding their mor-
phometry and spatial distribution using remote sens-
ing and GIS. Based on this inventory we assess the
potential extent of future thermokarst evolution in
the study area.

2 DATA AND METHODS

A Landsat-7 ETM+ image mosaic of the Lena River
Delta served as a basis for the automatic extraction
of water bodies and manual digitization of alasses
within the Ice Complex extent. Subsequent analyses
of all thermokarst features were performed in Ar-
¢GIS™. Elevation data were extracted from a Digi-
tal Elevation Model derived from an ALOS PRISM
triplet for the key site Kurungnakh Island. The re-
sulting dataset was statistically tested for mor-
phometric and spatial characteristics.

3 SOME PRELIMINARY RESULTS

22.3% of the Ice Complex area in the Lena River
Delta is affected by thermokarst features. Lakes on
Yedoma uplands account for a much lower propor-
tion than lakes in alasses (2.3% and 20.0% of the Ice
Complex area, respectively). Lakes on Yedoma up-
lands are on average an order of magnitude smaller
than alasses. This suggests that drainage occurs in an
earlier stage under current conditions than in the past
when lakes were able to form large basins before
they drained.

Larger lakes on Yedoma uplands reach greater
depths and form deeper taliks. On Kurungnakh Is-
land, 28% of the Ice Complex area is covered by
thermokarst features with surfaces below 17 m asl.
This contour level is the approximate boundary be-
tween Ice Complex deposits and underlying fluvial
sands. Hence, the Ice Complex sediments in these
thermokarst features should be completely depleted.

In regions of higher relief energy, thermoerosion
limits the extent of thermokarst by drainage, which
is reflected in a much lower areal percentage of
thermokarst features in these regions. Calculations
for Kurungnakh Island show that only 33.9% of the
area within the limits of Ice Complex sediments rep-
resent flat Yedoma uplands unaffected by thermo-
karst or thermoerosion. As distances to existing de-
gradational features and fluvial channels become
shorter the potential for considerable thermokarst ac-
tivity before drainage occurs decreases substantially.
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Polar exploration has been characterized as a “cult
of masculinity.” Unlike many societies and clubs
concerned with exploration and field research, the
American Geographical Society (AGS) welcomed
women into its ranks, from its inception in the early
1850s. Perhaps the most extraordinary woman of
long-standing AGS affiliation was Louise Arner
Boyd, described by the historian of geography J.K.
Wright as “the world’s most enterprising woman ex-
plorer.” Boyd contributed substantially to polar sci-
ence through her seven expeditions to the Arctic,
most of them under AGS sponsorship. Several geo-
graphical features in East Greenland were named for
her, including “Miss Boyd Land,” “Cape Louise,”
“Louise Boyd Bank,” and “Louise Glacier.” “Geo-
graphical Society Land” was so-named because of
Boyd’s work in the area under the auspices of the
AGS.

Boyd’s extensive correspondence in the AGS Ar-
chives and elsewhere leaves no doubt about her abil-
ity to exercise authority over well-credentialed male
scientists. Her expeditions employed scientists who
eventually became highly influential in their respec-
tive fields. Among others, Boyd employed the re-
nowned earth scientists J Harlan Bretz, Richard Fos-
ter Flint, A. Lincoln Washburn, and Noel E. Odell.
Also on Boyd’s expeditions were AGS staffers O.M.
Miller and W.A. Wood, who developed and applied
innovative ground-based survey and photogrammet-
ric techniques. Periglacial features formed an impor-
tant part of the investigations on Boyd’s expeditions
to East Greenland in 1933 and 1937. Documented
features included talus slopes, ice-wedge polygons,
nivation hollows, protalus ramparts, rock glaciers,
and sorted patterned ground. Washburn, who later
became the first Director of the Arctic Institute of
North America, received his introduction to Arctic
work on the 1937 expedition, on which he served as
Flint’s graduate-student research assistant. He re-
turned to the fiord region of East Greenland in the
1950s to conduct an award-winning program of re-
search on periglacial weathering and mass wasting,
eventually published in Meddelelser om Grenland.
Boyd’s expeditions to East Greenland in the 1930s
were predictive of the type of collaborative cam-
paign that after World War II would characterize
government-sponsored and international scientific

efforts. “Planned as a unit,” Boyd’s expeditions were
thoroughly integrated scientific enterprises that in-
vestigated a wide variety of natural phenomena
within representative areas. The volumes resulting
from this work, published as AGS Special Publica-
tions (Boyd, 1935; 1948), contain large-scale hydro-
graphic and topographic maps, high-resolution gla-
cier maps, extended treatments of East Greenland’s
geology, glacial history, botany, hydrology, and a
wealth of Boyd’s own stunning photographic work..
In 1955, Boyd became the first woman to fly over
the North Pole. She was the first woman to serve as
an AGS Councilor, was a signer of the Society’s Fli-
ers’ and Explorers’ Globe, and received the Soci-
ety’s Cullum Geographical Medal in 1938.

Boyd, an accomplished photographer, was responsi-
ble for the majority of the photographic documenta-
tion on her expeditions. Thousands of the images she
created, never used in publications, are in the AGS
Library in Milwaukee and the AGS Archives in New
York, and are currently being cataloged. This pres-
entation is the first public display of many of Boyd’s
images of periglacial features. They provide detailed
documentation of the historic periglacial investiga-
tions of Bretz, Odell, Flint, and Washburn.
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1 INTRODUCTION

Periglacial geomorphology has been described as
“the study of surface decorations” in cold regions.
Although features such as patterned ground, pingos,
blockfields, rock glaciers, and solifluction lobes are
common geomorphic elements in periglacial envi-
ronments, they are relatively small landforms and
the ability of associated processes to create a “char-
acteristic periglacial landscape” has been ques-
tioned. Partially on this basis, some authors have
even questioned whether periglacial geomorphology
can continue as a relatively independent subdisci-
pline. A positive answer to this question depends to
a large extent on whether periglacial processes can
be shown to create extensive, visually and mor-
phometrically distinctive landscapes.

2 THE CONCEPT OF CRYOPLANATION

Earth scientists conducting surveys of Beringian up-
lands in Alaska, Yukon, and Siberia during the early
20" century were perplexed by vast areas exhibiting
flattened summits and sharply angled breaks in slope
that give landscapes the appearance of giant stair
steps. Geological surveys showed that the features
are conspicuous throughout the unglaciated uplands
of central Alaska, from the Canadian border to the
Seward Peninsula. These landforms extend well into
Canada’s Yukon Territory. Russian scientists found
similar landforms in uplands throughout much of
unglaciated Siberia. These features were not consis-
tent with theories of landscape development extant
at the time, such as those of William Morris Davis.
North American and Russian scientists developed
similar hypotheses for the features’ formation, at-
tributing their origin to the effects of late-lying
snowbanks, described as a suite of geomorphic proc-
esses under the collective term “nivation.” Over the
years a morphological classification and descriptive
explanation of their genesis evolved.

The topic of cryoplanation lost popularity during the
1970s and 1980s, as geomorphologists focused at-
tention on “process studies” that were necessarily
concerned with relatively small study areas. Small-
scale field experiments by Thorn, Hall, and others
brought some of the assumptions about the efficacy
of nivation into question, and the entire concept of
cryoplanation has been questioned by some authori-
ties.

Perhaps the most geographically extensive investiga-
tion of cryoplanation was undertaken in a doctoral
dissertation by Reger, who collected data on nearly
700 cryoplanation terraces in unglaciated central and
western Alaska. Unfortunately, except for a small
summary paper, this study remains unpublished.
Application of elementary spatial-analytic tech-
niques to Reger’s data set by Nelson (1989, 1998)
led to the conclusion that the geographic distribution
of the features is to a large extent climatically de-
termined, and that cryoplanation terraces can be
considered as periglacial analogs of glacial cirques.

3 LOOKING FORWARD

With the reemergence of interest in broad-scale
geomorphic landscapes, the development of tectonic
geomorphology, and the increasing sophistication of
data-logging and cosmogenic dating capabilities, re-
focus of scientific interest on cryoplanation is ap-
propriate. For the first time since development of the
theory of cryoplanation, the tools necessary for rig-
orous testing of the concept are available. The au-
thors of this presentation have begun a reexamina-
tion of the theory of cryoplanation using
contemporary analytic methods, including cos-
mogenic dating, geographic information science,
remote sensing, and high-resolution field data log-
gers. Unglaciated Beringia provides opportunities
for the study of cryoplanation landforms that are un-
surpassed anywhere else in the world.
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1 SVALBARD ROCK GLACIERS tual model is discussed with emphasis on the com-
plexity of the front processes.
Mapping of Svalbard rock glaciers have revealed
more than 500 rock glaciers on the archipelago.
Most rock glaciers are found in coastal areas, sitt2 SURFACE VELOCITIES
ated below the escarpment that delimits the inneBurface velocities on Hiorthfjellet rock glacieave
part of the strandflat. Svalbard rock glaciers are agreviously been measured usingditional geodetic
sumed to be less than 60 m in thickness and a lengthethods. Surface velocities were found to on the
less than 500 m. The permafrost base is probably faange 9-10 cm yedr In a cross profile with 5 meas-
beneath the base of the rock glaciers. urements there were no sigodnt differences be-
The geomorphology of these features has been disveen velocity vectors (length and direction). The
cussed since Olav Liestagl (1962) linked them tameasured surface strain is very small on the order of
slope processes, but the development and processks x 10° year (@degard et al 2003).
are not known in detail. This is partly due to uncerNew surface velocity dataebased on air photo in-
tainty in the extent of the late Weichselian ice sheeterpretation with scale 1:5000 from 1995 and 2006.
in the area and partly due to few detailed processhe new results show a larger spread in surface ve-
studies. The geomorphology of Svalbard rock glalocities, but generally confirm the previous results.
ciers varies considerably, and there is obviously dhe surface layer of the rock glacier has a sheet-like
complex interaction of processes forming them. flow with minimal drag from the sides. It is not pos-
. sible from the air photos to clearly identify a shear
zones on the slopes of this rock glacier due active
gravitational processes. However, the front of the
rock glacier shows interesting variations in surface
slope that could be linked to a shear zone.

3 DISCUSSION

Understanding the complexity of the front processes
is of crucial importance in understanding the devel-
3 ] S : opment and geomorphology of the Hiorthfjellet rock
e e 2 == glacier. There is a decreasing surface gradient to-
Figure 1. View of the Hiorthfjellet rock glacier from Lon- wards the front, which most likely is caused by an
gyearbyen in June 1998The rock glacier is situated on the increasing accumulation of debris at the base as the

south-western slope of Hiorthfjellet (905 masl.). The total : P ; )
length of the rock glacier is 400 m and maximum depth is esg!aCIer progress. The rigid surface layer resists lon

timated to less than 50 m. Parts of the steep front is at the angiitudinal compression. A combined interpretation of
of repose of approx. 40°. This site is part of the excursion progeoradar-, resistivity and surface velocity measure-

gram for EUCOPIII (Photo: J.L. Sollid). ments suggests a thickness of the supersaturated sur
face layer of 25-30 m.

The Hiorthfjellet rock glacieis one of the few Sval-

bard rock glaciers that have been investigated meaReferences

uring surface velocities and inner structures usingjiestel, O. 1962.Talus terraces in Arctic regioNmrsk Po-

georadar and resistivity measurements (@degard et larinstitutts Abok 1961 102-105.

al 2003). This paper presents new data on surfa . . . .

velocities and discusses these data related to pre%i%iﬁg:sss'séhfegjﬁgcz"VE'll(‘)iﬂyTKAS;S”L?eJrﬁLe'nfso Ooi' erain

ous field data and interpretations. A revised concep- orthfiellet Rock Glacier, Svalbar@®ermafrost and Perigla-
cial Processed4: 359-365.
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1 INTRODUCTION

Numerous papers have focused on the present-day
activity of solifluction processes (Matsuoka, 2001),
but only a few of them have been addressed to re-
construct the past activity of solifluction landforms.
Most of these studies have been undertaken in mid
and high latitudes. We provide a chronological
framework for Holocene solifluction processes in a
semiarid mountain environment from the Mediterra-
nean region.

Sierra Nevada is a high massif located at 37°N that
contains the highest peaks in Western Europe out-
side the Alps. Terrain above 2500 m a.s.l. is strongly
shaped by the Pleistocene glaciations. During the
Holocene, periglacial processes have been dominant
at elevations between 2500 and 3000 m, where our
study area is located. Hundreds of solifluction land-
forms are distributed in San Juan and Rio Seco val-
leys.

2 METHODS

We examined sections from tens of solifluction land-
forms. Samples were extracted from each lithostrati-
graphic unit for standard laboratory analyses: grain
size measurements, organic matter content, iron
fractions and X-ray fluorescence. Pollen grains from
organic layers were concentrated for dating pur-
poses. Up to 17 AMS datings provide a tentative
framework for solifluction activity in Sierra Nevada.

3 SOLIFLUCTION CHRONOLOGY

Present-day geomorphological monitoring has re-
corded very low solifluction displacements in Sierra
Nevada (Oliva et al., 2009), which suggests that
solifluction landforms must have generated under
more propitious climate conditions than present.

The stratigraphy of solifluction landforms shows an
alternation between organic layers and coarse-
grained clastic sediments. Organic layers are charac-
terized by high organic matter contents, a silty ma-
trix and low gravels content. Mineral units are com-
posed basically of gravels and sands, with low
organic proportions and are interpreted as solifluc-
tion deposits.

The most intense solifluction phases during the Mid-
Late Holocene in Sierra Nevada correspond to the
Neoglacial period (3.6-3.4 ka BP) and the Little Ice
Age (850-700 and 400-150 a BP). Other solifluction
advances occurred between 5-4, 3-2.8, 2.5-2.3 and
1.8-1.6 ka BP (Oliva et al., 2009).
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Figure 1. Solifluction/soil development chronology.

4 DISCUSSION AND CONCLUSIONS

Seven solifluction/soil development cycles have
been determined in Sierra Nevada for the last 7 ka
BP. Cold and/or wetter phases during the Holocene
triggered solifluction whereas warm periods were
propitious for soil development. According to mois-
ture availability, soils were more or less developed:
wet phases favoured peat growth and arid periods
induced regosol formation.
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Stratified slope deposits have been studied in Tierra
del Fuego (Fueguian Andes), at 800-1100 m asl. The
study consisted of detailed geomorphologic mapping
of selected areas and sedimentology of the deposits.
These were analyzed at the surface and in several pits
< 1.5 m deep. Selected samples were analized in the
laboratory in order to obtain a characterization of
texture and composition. The Fueguian Andes are
characterized by wide, locally straight, valleys with
steep margins (slopes sometimes > 40°) and primarily
alluvial floors. The general morphology of the
landscape mainly results from the distribution of
different lithological units, outcroping in E-W
oriented bands. The rock types consist of
volcanoclastics, slates, philytes, amphibolites,
slightly metamorphosed sandy mudstones and quartz
veins. The region is located in the Sub-Antarctic zone
and has an annual average atmospheric temperature
of about - 2°C, with a temperature maximum < 15°C
and the minimum not lower than -11°C. Ground
temperature varies largely annually, seasonally, and
daily.

The results of this study indicates that generation,
transport and sedimentation of clasts are affected by
topography, but also by the existence of snow cover.
A thick snow cover provides estabilization of the
ground temperatures during the winter, but as it
forms and melts during the fall and spring,
respectively, numerous freeze and thaw cycles are
generated that lead to fragmentation of the rocky
substratum. The difference in slope inclination is of
major importance. It was observed a change in the
sedimentary characteristics between steepy slopes
(more than 40°) that typically show unsorted
solifluction deposits, and those of slopes between 15
and 30° characterized predominantly by stratified
deposits. In stratified deposits, the difference in
particle size is influenced not only by the steepness
of slope but also by the type of active process, such
as debris flow, solifluction or snow flow. Some
sorting is also due to frost heave that, is greatly
influenced by the deposit grain-size distribution and
is progressively less effective as the steepness of the
slope increases. This sorting is less effective in
deposits developed on a slaty substratum.
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1 INTRODUCTION

Permafrost is a widespread phenomenon in the Alps.
In Switzerland, it covers approximately 5% of the
country’s area. Due to the sensitivity of rock glacier
creep to ground temperature evolution, the under-
standing of rock glacier dynamics and creep repre-
sents a major interest in periglacial geomorphology
(e.g. Kédb et al. 2007).

In the Central and Southern Swiss Alps, only few
studies have been carried out on rock glacier dynam-
ics and knowledge on permafrost distribution is still
limited. The goal of this study is to contribute to the
research on permafrost in these areas by measuring
surface movements on several selected rock glaciers.

2 STUDY AREA AND METHOD

For this study, ten rock glaciers have been selected
between the Gotthard massif and the Cima di Gana
Bianca massif (Lepontines Alps of the Tessin). All
landforms are located at elevations comprised be-
tween 2300 and 2600 m a.s.I..

The method used is the Real-Time Kinematics GPS.
This technique provides measurements of displace-
ment rates with accuracy often better than 3 cm
(Lambiel & Delaloye 2004). Two field campaigns
have been conduced between June and October
2009. 20 to 40 points have been measured on each
rock glacier. Annual horizontal surface velocities
have been calculated on the basis of the measured
movements.

3 RESULTS AND DISCUSSION

The fastest movements are encountered on the
Monte Prosa-N rock glacier, where annual horizon-
tal surface velocities raise 0.65 m a”. The slowest
movements have been measured on the Klein Furka
and Blauberg rock glaciers, where annual horizontal
surface velocities remain below 0.1 m a™'. For the
other rock glaciers, horizontal surface velocities are
comprised between 0.15 and 0.55 m a™ (Table 1).

For the moment, the length of the measurement sets
is too short to make comparisons with other data of

the Swiss Alps. In order to better understand the dy-
namics of these rock glaciers across time, a monitor-
ing should be undertaken annually. For the future,
we plan to continue the GPS monitoring and to im-
plement other survey methods (e.g. geophysical
prospecting and ground surface temperature moni-
toring) to improve the knowledge on rock glaciers
internal structure and provide information on the
permafrost state in the Southern Swiss Alps.

Table 1. Maximal horizontal surface velocities measured on the
different rock glaciers.

Rock glacier Horiz. surf. velocity

-1
ma

Monte Prosa-N 0.65
Cavagnoli 0.55
Piancabella 0.50
Piei 0.30
Cadlimo 0.30
Monte Prosa-S 0.20
Pizzo Nero 0.15
Giitsch 0.15
Klein Furka 0.10
Blauberg 0.10
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1 GROWTH OF ARCTIC HERBS AND SHRUBS

Most perennial plants in the high arctic develop an-
nual rings with a width from 0.05 mm/y to a maxi-
mum of 0.3 mm/y. Dwarf shrubs reach an age of 50
to 140 years (e.g. Betula nana, Salix arctica, Salix
polaris, Empetrum nigrum or Cassiope tetragona)
whereas herbs of various families with distinct rings
live between 3 and 35 years. Table 1 illustrates the
age structure of 36 high arctic zone herbs and dwarf
shrubs which varies from 2 to 26 years (the latter:
Melandrium triflorum) in herbs and from 4 to 145
(the latter: Dryas octopetala) years for shrubs.

The analysis of annual rings in plants of the high
arctic is a scientific challenge: Most plants are
creeping, form eccentric stems/rings, and growth oc-
curs only on the protected side near or in the soil.
During years with extremely cold summers they do
not form rings at all or rings exist only on small
parts of the stem. Processes of mass movement on
permafrost ground like (episodic) solifluction and
continuous soil creeping may injure the stem and de-
stroy locally living tissue and/or induce scars. All
these signs of disturbances can be used for the re-
construction of summer temperatures, the intensity
of soil movement and even rare mechanical events
like landslides. (Figure 1)

Table 1. Age of 29 arctic herbs and 7 dwarf shrubs from Sval-
bard (1), Yamal (12), NE Greenland (18) and Banks Island (5)

Group Age (y)

1-5 6-10 11-20 21-145
Herbs 18 9 1 1
Dwarf shrubs 1 1 2 3

2 ENVIRONMENTAL FACTORS

A better understanding of solifluction and creeping
processes influenced by climatic change is crucial.
Predictor variables describing and modelling them
have already been identified from morphology, ex-
position, soil mechanics, and microclimate of each
site within arctic research programmes supported by
sophisticated instrumentation. Standardised net-
works for continuously recording the data together
with the results of mass movement are still lacking
due to the complex technology and high costs.

3 INDICATORS FOR CLIMATE CHANGE
MODELLING

As a proxy for climate variation annual tree rings
have frequently been evaluated whereas the potential
of arctic herbs and dwarf shrubs has not yet been
explored in detail.

The productivity of arctic plants responds mostly to
summer temperature and soil water content with
clear effects on cell size and cell wall thickness.
Therefore we suggest the use of appropriate herbs
and shrubs as a supplemental information source for
mass movement processes where data gaps between
well-equipped monitoring stations otherwise cannot
be filled. Averaged variation of soil displacement
including flow anomalies could be analysed much
easier. Additionally, the development, calibration
and reliability of deterministic or multivariate statis-
tical models describing slow rhythmic processes
could be improved as well.

Once the steering variables of permafrost active
layer dynamics in solifluction sheets or nonsorted
circles/stripes are found, annual ring analysis of
herbs and shrubs could improve the explanatory
power of models, e. g. when searching for discrimi-
nant functions during dichotomic yes/no-decisions.

Figure 1. Annual rings in the dwarf shrub Dryas octopetala,
indicating some environmental influences
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1 INTRODUCTION AND STUDY AREA

In the ice-free areas of the South Shetland Islands
there 1s a wide typology of periglacial landforms, be-
ing patterned ground and stone fields the most
common. The studies about the origin and evolution
of stone fields in Antarctica are scarce. In this work
a detailed study has been carried out in the area of
Stinker Point, located in the western coast of Ele-
phant Island (aprox. 61°10°15°'S-55°19744""W).
Main elements of the relief in this area, as in many
other places in the South Shetland Islands, are a suc-
cession of raised marine platforms at different alti-
tudes between the sea level and more than 140 m
a.s.l. In the studied area the mentioned landforms
have been studied at altitudes between 40 and 90 m
a.s.l.

2 OBJECTIVE AND METHODS

The aim of this work is to determine the key ele-
ments controlling the development of patterned
ground and stone fields on platforms of the South
Shetland Islands, Studying also their characteristics
and geographical distribution.

A detailed geomorphological map of the Stinker
Point area has been compiled to study the landforms
spatial distribution. The surface formations types,
their internal structure and texture, vegetation cover,
slope, drainage, bedrock, and active layer have been
analysed in 32 sites with patterned ground and stone
fields in Stincker Point. The results of the study car-
ried out in the study area has been compared with
our observations in different sites of the archipelago.

3 RESULTS AND CONCLUSIONS

The most common periglacial landforms in ice free
areas of the South Shetland Island are patterned
ground, in all its varieties. In the whole archipelago
the stone fields occupy 47% of the surface with
periglacial features. Patterned ground and stone
fields are the most extensive periglacial landforms
and together account for about 80% of the area oc-
cupied by landforms of periglacial origin on plat-
forms in the South Shetland Island. Patterned
grounds shows a wider altitudinal rank, occurring
between 10 and 140 m a.s.l. The stone fields have
been mapped between 20 and 50 m a.s.l. In all cases
the mentioned landforms are mainly related to plat-
forms, planes and low-gradient slopes.

Stinker Point area is located in a permafrost envi-
ronment with an active layer 15-55 cm depth. Pat-
terned ground is mainly generated on relatively deep
surface formations, primarily till, with well classi-
fied mainly sandy textures. They are located on
poorly drained areas with constant feed snow melt
and water saturated in summer. The stone fields are
generated on minor watersheds, in well drained or
dry areas, and mainly on weathering poorly sorted
clast mantles. Snow cover, substrate lithology and
thermal regime have similar involvement in the
presence of both studied landforms types.

Third European Conference on Permafrost 76




Protalus Lobe Dynamic on Pyrenean High Mountain

Serrano, E.

Departamento de Geografia, Universidad de Valladolid, Spain.

Sanjosé, J.J.'& Del Rio, M.?

Departamento de Expresion Grdﬁcal, Depto. de Fisica Aplicadaz, Universidad de Extremadura, Spain

Gonzalez-Garcia, M?

Departamento de Geografia, Universidad deMalaga, Spain

Gonzalez-Trueba, J.J.

Departamento de Geografia, Prehistoria y Arqueologia, Universidad delPais Vasco, Spain.

Martin-Moreno, R.

Departament of Science, St Louis University, Madrid Campus. Spain

1 STUDY SITE

On the northern side of Western Maladeta Peak,
(3,185) closed to the granite cliffs, protalus lobe
have developed placed joint Maladeta rock glacier.
The protalus lobe is located 2,900 m a.s.l. in the
massif of Maladeta, the highest massif of the Pyre-
nees (Aneto peak, 3,404 m a.s.l.). It is a small fea-
ture, 113 m length x 80 m width, characterised by
big blocks without fines in surface and a talus of
>40° with fines in the front.

Protalus lobes have been defined as nonglacier in
origin, although the ice genesis could have origi-
nated from buried snowpatch, buried icepatch or
segregated and interstitial ice. Protalus lobe have
also been described as embrionic rock glaciers and it
is not conclusive whether permafrost conditions are
necessarily required for its development (Barsch,
1996; Whalley and Azizi, 2003). But the thermal
conditions definitely required for the development of
active protalus lobe are soil temperatures below zero
for several years, and a local permafrost environ-
ment. Currently there are not many observations on
protalus lobe and they are from both Arctic and Ant-
arctic environments mainly.

2 OBJECTIVE AND METHODOLOGY

The aim of this work is to know about the surface
dynamic and the structure of protalus lobe. These
landforms can be used as indicators of mountain
permafrost and permit us to know the activity of
cryospheric processes at the recently deglaciated
high mountain. They also are useful indicators of the
effectiveness of sediment transfer from the high
mountain in temperate environments.

To know the surface dynamic of the Maladeta prota-
lus rampart we must approximate to the thermal re-
gime of the feature, in order to increase the knowl-
edge about the geomorphic site and environmental
setting, the inner structure and the surface displace-

ment. A detailed geomorphological map with dy-
namic information on wall, debris slopes and surface
of the protalus lobe have been made. On the protalus
lobe we have placed eight points surveyed by Dif-
ferential Global Positioning System since 2008.
Thermal conditions of soils have been established by
BTS measurements and dattalogger. Finally GPR
sounding have been carried out on the surface of the
protalus lobe.

3 RESULTS

The rock glacier is located in a permafrost environ-
ment as it has been registered by the soil thermal re-
gime. The DGPS survey on the Maladeta protalus
lobe have permit us to know about the surface
movement of the protalus lobe. It is slow, a medium
advance of 7 cm yr', homogeneous on the surface
and with the same direction, NE, on all control
points. The body of protalus lobe is thinning, with a
small vertical movement of 5 cm yr'. The data on
both horizontal and vertical movement point to low
rates but continuous activity in accordance with the
protalus lobe root feed processes. The studied fea-
ture is active, and one of the most important, joint
rock glaciers and debris talus, for the debris transfer
system of the Iberian high mountain environment.
We need further studies on protalus lobe to improve
the knowledge on processes related to frozen bodies
in the temperate high mountain.
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1 STUDY SITE

Picos de Europa is the highest massif of the Atlantic
Mountains of SW Europe (Torre Cerredo, 2.648 m),
only 20 km to the Cantabrian Coast. It was the only
high mountain area glaciated during the Little Ice
Age in the Cantabrian Range (40°N-5°S, NW Spain).
Nevertheless, the response of the historical glaciers
to the climate changes of the last century has meant
the deglaciation of the massif. important differences
in melt speed of ice bodies according to the topog-
raphic character of glacial cirques have been noted.
These glaciers have turned into debris-covered ice
patches, so at present there are no glaciers in Picos
de Europa. Nival and periglacial processes in the
cirques have changed the glacial landscape into a
rocky high mountain landscape. The cryonival belt
(above 2,300 m), is characterised by a thermal con-
ditions that imply gelifraction, gelifluction and cryo-
turbation processes limited to the more favourable
areas. On these places are located frost mounds and
patterned grounds.

2 OBJECTIVE AND METHODOLOGY

The aim of this work is to know the surface dynamic
and structure of frost mounds in this marginal high
mountain environment. These landforms can be in-
dicators of a sporadic and semi-temperate mountain
permafrost and permit us to know the activity of
cryospheric processes in relation with buried ice
patches inherited from the Little Ice Age. The inter-
actions exist between the ice bodies and the perigla-
cial processes and landforms, actives and sensitives
to the current environmental changes, are analyzed.
They are a privileged “indicator of changes”, point
to the morphogenetic answers of marginal mountain
environment in warming environments, and the im-
portance of the local topoclimatical factors.
Different techniques have been implemented in this
work: topographical survey, terrestrial photogram-
metry, GPR surveys, ground thermal measurements
(datalogger), debris surface analysis and geomor-
phological mapping.

3 RESULTS

In the cirque of Jou Negro, Trasllambrion, Palanca
and Forcadona, between 2,200-2,300 m a.s.l. there
are gelifluction lobes and frost mounds. The largest
frost mounds examples are located over the Jou Ne-
gro buried ice patch. In the mass of clasts covering
this ice patch, epigenic ice has been observed under
a clasts cover to 30-60 cm depth.

According to the thermal records from the most fa-
vourable, northern rientation and highest summits
(Pefia Vieja Goup: 2,510 m.a.s.l, 2,600 m.a.s.l;
Llambrién Group: 2,535 m.a.s.l.), the current envi-
ronmental conditions are not cold enough to bear the
development of mountain permafrost. Nevertheless,
thermal records with mean annual temperatures of
below 0°C on the moraines of Jou Negro and the sur-
face of buried ice patches at altitudes of around
2,200 m a.s.l. testify to the existence of an local
permafrost environment.

The preservation of ice remnants and intense
periglacial processes as cryoturbation indicate a
mean annual temperature of about 0°C and a clear
disequilibrium of these phenomena with the present-
day environmental conditions. The low rate of solar
radiation, the consequent snow protection during the
summer and the presence of buried ice are the keys
to explaining the thermal ground regime. All of them
permit the preservation of the ground ice and the de-
velopment of frost mounds.
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The two well-known types of permafrost are
syngenetic and epigenetic.
Syngenetic permafrost is formed through a rise of
the permafrost table during the deposition of
additional material on the ground surface, while
epigenetic permafrost is formed through penetration
of the permafrost base in previously deposited
sediment. Besides these two main types, permafrost
can form by incorporating glacier ice during and
after glaciation. Yet, the current definition of
permafrost specifically excludes glacier ice (IPA
Multi-language glossary on permafrost and related
ground-ice terms 1998) and there lacks a formal
recognition of transformation glacier into
permafrost. The Late Pleistocene was extremely
favorable to formation of syngenetic permafrost and
glaciation. With rapid warming during the
Pleistocene—Holocene transition most glaciers in
Northern Hemisphere melted and a big part of
permafrost degraded. In the contemporary
permafrost region however, most permafrost that
had formed during the Pleistocene persisted.
Although the Pleistocene—Holocene transition led to
disappearance of most glacier ice in the
contemporary permafrost region, some of them has
persisted in a buried state. Before the 1950s, most
massive ice in permafrost was believed to be the
buried glacier ice. Later studies showed that many
large bodies of massive ice that previously had been
identified as buried glacier ice were actually
syngenetic permafrost ice-wedges. This fact and the
contemporary concept of segregated ice formation,
which does not set a limit to formation of massive
tabular ice, practically exclude wide involvement of
glacier ice in permafrost development.

Our work in Alaska (Shur et al. 1994, Jorgenson
and Shur 2008, Kanevskiy et al. 2008) and studies
in Canada (Murton 2004, 2008), Russia
(Kaplyanskaya and Tarnogradskiy 1976, Astakhov
et al. 1996, Solomatin, 1986), and Kazakhstan
(Gorbunov 1970) show that buried glacier ice is
more common in permafrost than it is recognized in
the permafrost literature. In Alaska, we have
observed processes of incorporation of glacier ice in
permafrost at terminal moraines. Buried ice bodies
are represented often by basal ice because upon
thawing, debris from glacial ice accumulates at the
surface, provides insulating soil material, and
prevents further thawing. Thus, soil-rich basal ice

has greater potential to persist in a buried state than
does englacial ice with little debris. In the
discontinuous permafrost zone of Alaska Range, we
have observed several hundred years old permafrost
presented mainly by buried englacial and basal ice
and permafrost with buried basal ice of Pleistocene
age in the continuous permafrost zone.

We propose to consider the glacially-derived
permafrost as a special type of permafrost and to
differentiate it from syngenetic and epigenetic
permafrost. It forms by incorporation of thick
masses of already frozen material. Consequently,
the glacially-derived permafrost is characterized by
buried englacial ice or (and) by basal ice. Glacially-
derived permafrost degrades very differently from
typical syngenetic and epigenetic permafrost. Upon
its thawing, the material typically collapses into
deep kettle lakes, or forms large retrogressive thaw
slumps caused by the flow of collapsed soils at very
low gradients across a well lubricated thawing
surface. Glacially-derived permafrost in the
discontinuous permafrost zone of Alaska was
encountered at different depth and in some cases it
was too late to take it into account during design of
roads. Thawing of such permafrost under structures
leads to their unbearable settlement.
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1 INTRODUCTION

A variety of landforms possibly indicative of late-
Amazonian glacial activity have been identified on
Mars. These include lineated fill in mid-latitude val-
leys, lobate debris aprons on the flanks of Tharsis
Montes and within the Hellas impact basin, morainal
and esker-like features in valleys and craters, and fi-
nally, concentric fill craters (Colaprete & Jakosky,
1998, Levy et al., 2009). On local to regional scales,
impact craters are useful in studying glacial proc-
esses since their initial geometry is relatively pre-
dictable from their diameter. This facilitates the
identification of post-impact modifications.

We present a case study in which we describe and
discuss evidence of glacial flow having been initi-
ated on the floor of an 11.5 km diameter crater
(39.50°N, 105.6°E) in Utopia Planitia, Mars. The
arcuate ridges, putative end moraine, and glacial-like
flow lobe that we identify provide evidence for geo-
logically recent glacial activity in the central region
of the Utopia Planitia Basin.

2 TARGET CRATER CHARACTERISTICS

The crater has a depth/diameter ratio of ~0.1, consis-
tent with it being relatively young in age when com-
pared with other craters in this region, many of
which have been filled near to their rims and often
exhibit concentric fill patterns. Gullies that exhibit
the classic morphology (i.e., alcoves, channels, de-
bris aprons) and whose source region is near the top
of the inner wall are abundant within the crater.

The crater floor is marked by an arcuate structure
near the base of the southern wall that has a long
axis of ~ 6 kilometres, a width that varies between
50 and 500 metres and a height that varies between
20 and 50 metres based on photoclinometric meas-
urements derived from images taken by the High
Resolution Science Imaging Experiment (HiRISE)
aboard the Mars Reconnaissance Orbiter and eleva-
tion data obtained from the High Resolution Stereo
Camera (HRSC) aboard the Mars Express satellite.
The structure is oriented concave towards the south-
ern crater wall, has a sinuous, ridge-like morphology
and has sharp crests across much of its length.

3 PROPOSED MORPHOLOGY

A variety of processes considered for the origin of
the crater floor features but ultimately refuted in-
clude crater central uplift, aeolian, and gully and de-
bris flow processes.

3.1 Glacial Origins

We suggest that the arcuate feature was emplaced by
glacial processes based on the following observa-
tions: 1. the morphology of the feature is comparable
with that of end moraines at the head of piedmont
glaciers on Earth; 2. the geometry and morphology
of the crater is consistent with glacial flow having
occurred across its floor in a north-south direction;
and, 3. there is substantial evidence for glacial-like
flow having occurred within other craters in the re-
gion surrounding it.

3.2 Regional Evidence

As part of an ongoing study of crater modification
by glacial and periglacial processes in the Utopia
Basin, we have completed a survey of high resolu-
tion images within the coordinates 30-60°N, 75-

120°E. Among our results is the identification of a
region that contains features consistent with intra-
crater glacial flow between 35-40°N and 100-115°

E an area that includes the two previously discussed
craters. We focus on this region because there has
yet to be a systematic study of glacial processes
within the Utopia Basin, and the craters that we dis-
cuss have yet to be presented in a glacial context.
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1 INTRODUCTION
1.1 Water track definition

Water tracks are saturated linear-curvilinear features
which rapidly and efficiently transport surface run-
off downslope through a surficial organic layer;
where the flow is confined to the near surface by an
impermeable layer (Figure 1). In the foothills of the
Alaskan Arctic, continuous permafrost is the imper-
meable layer that creates drainage networks which
are much more immature and spatially extensive
than those in more temperate regions. They are a
unique hydrologic feature that over time transports
water through the same pathway. This continual
process also thermally impacts the underlying
ground regime, causing subsidence and a slight de-
pression to form as the channel (Jorgenson et al.,
2008). The movement of water also results in a
higher proportion of nutrients to accumulate which
provide favourable conditions for vegetation growth.
Previous research demonstrate that the shrub vegeta-
tion is related to the quantity of water typically pre-
sent/adjacent to the channel (Walker et al., 1994).

Figure 1. Surficial drainage network with water tracks, north-
ern foothills of the Brooks Range, Alaskan Arctic.

1.2 Thermal erosion

Some water tracks have undergone extensive ther-
mal erosion when runoff flowed over massive ice
under water track due to either an extreme precipita-
tion event or the influence of warmer ambient tem-
peratures. Understanding and categorizing different
types of water tracks will assist in predicting which
are more vulnerable to thermal erosion and under

which conditions the rate may be accelerated. Water
tracks are also an important feature as they tie cli-
mate, soil, hydrology and biota to permafrost in an
interdisciplinary fashion.

2 METHODOLOGY

Fieldwork carried out in the summers of 2008 and
2009 involved differential GPS measurement to es-
tablish a network of ground-verified points where
vegetation and soil characteristics were quantified.
Over 500 points were distributed throughout the
headwaters of the Kuparuk Basin. Water tracks were
then classified into four different categories based on
vegetation and soil moisture: moist Betula nana; wet
and wet non-satiated Betula nana and Salix pulchra;
wet satiated Salix pulchra; and saturated Eriopho-
rum sp. and Augustofolium sp. Analysis involved
comparing the organic layer depth & composition,
active layer depth and shrub heights in each category
to estimate the impact of the drainage network on
the underlying permafrost characteristics.

3 CONCLUSIONS

Preliminary analysis showed the deepest active lay-
ers (at time of measurement) occurred where water
tracks were classified as saturated Eriophorum sp.
and Augustofolium sp. The water track category wet
satiated Salix pulchra was not always associated
with an increase in active layer depth likely due to
high gravel content as these features may represent a
remnant of the old glacial drainage network.
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1 INTRODUCTION AND BACKGROUND

Because the landscape of Svalbard is under the in-
fluence of a dry and cold climate it is a good ana-
logue for comparative Martian studies. The mean
annual air temperature is about -5°C at the sea level
in central Svalbard and the mean annual precipita-
tion is about 180 mm. One of the most widespread
landforms within the periglacial landscapes of Sval-
bard are polygonal structures formed by thermal
contraction cracking of the ground. Furthermore,
stone circles and nets are particularly well developed
on flat areas indicating cryoturbation (i.e. freeze-
thaw cycles).

A variety of similar shaped surface features on Mars
has been interpreted as periglacial in origin. The
study of their characteristics, distribution and spatial
associations would therefore allow conclusions on
the climate history of Mars. Particularly, polygon
patterns are well explored and used to infer the pres-
ence of permafrost on Mars.

Dedicated studies of terrestrial analogues, however,
are required to obtain reference information needed
to interpret remote sensing data of Mars. Successful
analogue studies involve field investigations provid-
ing information about subsurface conditions and
physical properties of periglacial structures. In addi-
tion, terrestrial remote sensing data are necessary
that have a quality and scale comparable to that of
planetary data.

2 DATA AND METHODS

Extremely high-resolution images and topographic
information of periglacial landforms on Svalbard
were acquired in summer 2008 with HRSC-AX an
airborne version of the HRSC camera currently or-
biting Mars. Color orthoimages (20 cm/pixel) and
corresponding Digital Elevation Models (DEM) with
a cell size of 50 cm and a vertical accuracy of 20 cm
are available for a total of seven regions on Sval-
bard. HRSC-AX data from western and central
Svalbard were used for quantitative terrain and re-
mote sensing analyses.

In July/August 2009, a field campaign was con-
ducted on Svalbard at two study areas. The main ob-
jectives were the description and analysis of perigla-
cial landforms by measurements and observations of
geomorphological characteristics, soil properties,
and collection of soil samples. The observed pa-
rameters are used as ground truth dataset for the
HRSC-AX measurements. One study area is situated
on Kvadekusletta in western Svalbard. The site is
renowned for its well-developed sorted stone circles.
A second study area is the Adventdalen valley in
central Svalbard. It offers a variety of periglacial
landforms and particularly thermal contraction crack
polygons in different settings.

3 FIRST RESULTS AND DISCUSSION

Stone circles, nets, and labyrinths were observed on
Kvadehuksletta inside of comparably moist and
shallow depressions dammed by beach ridges. Di-
ameters are ranging from 0.5 m to 5 m. Raised rims
(up to 50 cm high) consist of stones with diameters
of a few centimeters. Sorted structures on Kvade-
huksletta are always located in areas in which ade-
quate water supply exists. Recently observed sorted
circles on Mars show significant differences to the
structures on Svalbard with respect to shape and di-
mension, and stone ring particle size. Maximum di-
ameters of individual Martian stone circles range to
23 m and stones within the rings have diameters of 1
-2 m.

Ice wedge polygons were analyzed on many flat and
inclined surfaces in the Adventdalen. High center
polygons in the upper valley appear inactive as frost
cracking could not be observed. They have diame-
ters of 10 — 20m and are separated by well-
developed wide and deep troughs. Various polygons
on Mars share the characteristics of the high center
polygons in the upper Adventdalen. HRSC-AX data
have sufficient spatial and vertical resolution to en-
able the three-dimensional geomorphometric analy-
sis of polygonally patterned ground and the interpre-
tation of small-scale variation in periglacial
environments.
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1 INTRODUCTION

1.1 Reasoning

The assessment of groundwater flow models that in-
cludes the physical aspect of permafrost as well as
continental ice sheets with basal melting is a very
large, however immensely important, issue in order
to fully understand the long-term performance of a
geological repository for spent nuclear fuel.

1.2 Strategy

The strategy has been to use simplified top bounda-
ries e.g. glacial melt water and surface temperatures)
in groundwater flow simulations to provide the per-
formance assessment with relative values and uncer-
tainty ranges on e.g. discharge patterns.

As permafrost is conceptually viewed upon as a
tight layer inhibiting recharge as well as discharge;
the general expectancy of the discharge pattern of
groundwater in a permafrost environment are asso-
ciated with taliks, available at a site.

The ice sheet is simulated with theoretical ice eleva-
tion models with melt water beneath so that sub-
glacial pressures equalise the floatation pressure.

2 PERMAFROST TREATMENT
2.1 Property change

Typically in groundwater flow modelling permafrost
is treated by a reduction in permeability related to
the temperature below the freezing point. The values
for a frozen ground are based on material estimates
using the values found by Burt & Williams 1976. In
our model the reduction in frozen ground is typically
ten orders of magnitude; resulting in that frozen

ground being less permeable than 102" m?,

3 RESULTS
3.1 Discharge pattern

As expected, the main discharge is found to be asso-
ciated with the lake taliks at the simulated site.
However, some groundwater also discharges

through the frozen ground along some of the defined
fracture zones.
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Figure 1. Discharge pattern associated with an ice sheet in
permafrost environment. Ice sheet advances from northwest
towards southeast.

In Figure 1 a dot illustrates a discharge location from
one of a total of 6916 possible release locations
within the repository at 465 mbsl, some 350 meters
beneath the base of the permafrost. Approximately
98% of these released particles discharge in taliks
marked as darker.

Are the 2% discharging through permafrost only a
numerical effect of flow through a very low-
permeable porous media? Or maybe such discharge
is plausible as an ice sheet generate a sub-permafrost
over-pressure of some 3-4 MPa.

Field reports of fracture zones discharging in deep
permafrost regions where high sub-permafrost pres-
sures exist have been reported, e.g Fengton & Gua-
ngzhong 1988.

Hence, although a result of the porous media flow
it is also suggested that high sub-permafrost pres-
sures may maintain open fracture systems or even
open-up such systems during glacial melt water dis-
charge.
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1 INTRODUCTION

Patterned ground is the representative-feature in
Arctic periglacial landscapes. Flat tundra surfaces
composed of fine-grained soils are generally domi-
nated by ice- and soil-wedge polygons, hummocks
and mud-boils. The formation of mud boils is related
to various mechanisms including but not limited to
differential frost heave, convection cell-like circula-
tion, diapirism and load casting. However, there
have been few detailed observations highlighting
mud-boil dynamics. We report one year of monitor-
ing data (2008—2009) on movement, structure, ther-
mal and hydrologic conditions at a mud-boil site in
Adventdalen, Svalbard.

2 METHODS

Automatic monitoring stations were installed in Au-
gust 2008. The monitored parameters are vertical
soil displacement on the center of a mud-boil and the
surrounding vegetation trough, soil temperatures and
volumetric soil moisture contents at different depths,
all of which were recorded every three hours. Five
frozen soil cores (70-102 cm long) were collected in
May 2009 to observe frozen structure in active layer
and measure ice content. In addition, DC resistivity
tomography monitoring was applied to understand-
ing active layer freeze-thaw dynamics from June to
early October in 2009.

3 RESULTS
3.1 Frost heave and thaw settlement

Figure 1 shows the first year monitoring data of frost
heave and soil temperature. Frost heave differed in
the amount, timing and rate between mud boil and
vegetation trough. However, the total heave amount
was not registered because it exceeded the upper
limit of extensometer at the mud-boil. A longer ex-
tensometer installed in the summer of 2009 guaran-
tees a more precise measurement of frost heave. The
mud boil and vegetated trough also showed differen-
tial thaw subsidence in summer. The subsidence al-
most completed by the end of June when the active
layer reached about 40 cm depth, which implies that
ice lenses accumulated within the upper 40 cm of the

active layer. However, subsidence was also observed
in the late summer of 2008. This movement may
have originated from thawing of ice lenses at the
bottom of the active layer, which possibly developed
during upward freezing from the permafrost table
(cf. Mackay, 1980).

3.2 Frozen soil structure and ice content

The frozen soil cores showed thin ice lenses (< 3
mm) had developed both in the upper 40 cm below
mud-boils and in the transient layer (ca. at 80—90 cm
deep). Similar volumetric ice contents were ob-
served in mud-boils and vegetation troughs, which
decreased from about 60% near the surface to about
30% at the lower part of the active layer (40—80 cm
deep), and increased again to about 60% at the tran-
sient layer.

3.3 DC resistivity tomography

Resistivity profiles in summer displayed a distinct
boundary propagating downward with time, which
was consistent with the thaw depth measured by me-
chanical probing. In early winter, a high resistivity
zone slowly descended from the ground surface,
which is likely to reflect a decrease in the unfrozen
water content and the growth of ice lenses. Further-
more, low resistivity spots appeared just below the
near-surface high resistivity zone, implying that mi-
gration of unfrozen water promote ice segregation.
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Figure 1. Vertical displacement at the surface and soil tempera-
tures at the mud boil site, 2008—2009.
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1 INTRODUCTION

Satellite images in soil mapping couldn’t be
interpreted directly upon color pixels corresponding
to definite vegetation classes. So groundtruth field
survey based on vegetation contours is conducted
before mapping procedure. Topographic pattern
should be accounted during soil mapping. In
present-day GIS Digital Elevation Model (DEM) is
considered to be as a basis of topographic
information. Computer-based analysis of DEM is
used to reveal different features of landscape
components including soils.

2 OBJECTS AND METHODS

Under Carbo-North research activities digital soil
maps of intensive key sites were compiled using
ArcGis 9.2. and ERDAS IMAGINE 9.0. software.
During our research we used ASTER GDEM
GeoTIFF images (coordinate system
WGS84/EGMI6, pixel resolution 20 m) as a digital
representation of ground surface topography.

3 GEOGRAPHICAL BACKGROUND

Field study was conducted in the European North-
East. The area is predominantly classified as
discontinuous permafrost zone and (forest)-tundra
region. Cryosols and Cambisols are typical soils on
the drained terrain. Peat accumulation on high-lying
topographic positions favors permafrost
preservation in the soils (Cryic Histosols and Histic
Cryosols). Low-lying topographic positions favor
accumulation of insulating snow in early winter,
creating local scale conditions unfavorable for
permafrost formation (Hugelius & Kuhry, 2009).

4 RESULTS

DEM images were used for correction and analyses
of large-scale digital soil maps. The comparison of
soil polygons with DEM information allowed us to
calculate such averaged values as drainage
coefficient, altitude, aspect and slope degrees for
major soil groups (table 1).

Table 1. Topographic parameters of the soil groups under
study (Middle Rogovaya site)

Altitude, Slope, Drainage Aspect,
Soil groups m asl degrees coefficient degrees
Fluvisols 66,58 5,12 1,0047 184,17
Histic Fluvisols 69,38 4,29 1,0035 171,99
Cryosols 72,79 4,01 1,0029 201,33
Cambisols 72,79 3,39 1,0021 184,19
Cryi-Folic
Histosols 72,32 3,36 1,0020 192,94
Histic Cryosols 72,37 3,20 1,0020 193,71
Fibric Histosols 70,30 3,18 1,0019 195,83
Histic Gleysols 71,86 3,10 1,0018 178,95

DEM analysis of the site revealed that soils of
the terrain are predominantly of south windward
aspect (avg. 188°) which favors additional ground
cooling in winter and permafrost preservation. Soils
of fluvial terraces are classified as well-drained
(slope degree 4 - 5°) and poorly drained soils (3.1 -
3.2% are occurred in low-lying positions on
watershed terraces. Averaged slope degree for
upland mineral soils ranges from 3.4 to 4°.

DEM files were used as a basis of
topographic information during soil mapping of
definite terrains such as peat plateaus, fluvial
terraces and others. DEMs were created from
isohypse digitizing upon topographic maps. It is
shown organic layer thickness and permafrost
depth still depend on topography.

5 RESUME

DEM based analysis of soil cover in discontinuous
permafrost region allows to analyze influence of
topographic pattern on soil formation. DEM
appears to be as a digital topographic basis in
present-day soil mapping based on interpretation of
multi-spectral satellite images.
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1 INTRODUCTION

High-latitude ecosystems are characterized by low
air and soil temperatures, permafrost, a short grow-
ing season, and limited vegetation productivity.
These ecosystems are considered to be particularly
sensitive to disturbance which is a “partial or total
destruction in vegetation or the underlying substrate
caused by some external factor”. Physical distur-
bances associated to soil instability and other perig-
lacial processes have viewed as important driver of
vegetation dynamics and productivity. These distur-
bances cause changes in resource availability and
biomass losses. Geomorphologic disturbances such
as avalanches on mountain slopes have particularly
strong effects on tree-line vegetation, but very few
quantitative studies have examined the role of perig-
lacial disturbance on high-latitude vegetation bio-
mass. In this study we explore the role of four key
periglacial processes on the plant biomass distribu-
tion in high-latitude mountain landscape of north-
ernmost Fennoscandia using novel multivariate sta-
tistics.

2 MATERIAL AND METHODS

The study sites are in NW Finnish Lapland (ca.
69°N, 20°50’E), in the subcontinental northern
Scandes. The altitude of the mountains ranges from
460 to 1030 m above sea level (a.s.l.). The biomass
sampling was made along 15 altitudinal transects on
five mountain massifs (n=200). To quantify the rate
of physical disturbance, percentage cover of differ-
ent geomorphologic processes was mapped for each
study site. Generalized Linear Mixed Model
(GLMM) with random effects was built to explain
observed variation in biomass in relation to perigla-
cial process variables. To overcome the problems of
spatially clustered data points, we fitted the moun-
tain massif and transect as two categorical random
terms into the GLMMs.

3 RESULTS

The effects of cryoturbation, solifluction and niva-
tion were negative and fluvial activity positive on
the biomass pattern. All four explanatory variables
were statistically significant (p<0.05) in GLMM

analysis, the effect of cryoturbation was strongest
followed by solifluction and nivation (see Fig. 1). In
areas with high cryoturbation activity the biomass
values were typically lower than 100 g/m”, whereas
the values were often above 2000 g/m” in sites with-
out any active cryoturbation.
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Figure 1. Relationship between above-ground plant biomass
(log-transformed grams per square meter) and process activity
of solifluction, cryoturbation, fluvial and nivation (square-root
transformed percentage values).

4 DISCUSSION

We consider that cryoturbation, nivation and solif-
luction are important negative drivers of landscape
level plant biomass patterns, whereas fluvial activity
has a positive role in biomass distribution. Our find-
ings suggest that disregarding physical disturbance
in climate change impact models may cause a sig-
nificant source of error in global biomass scenarios.
These results are important given the need for im-
proved mapping of high-latitude vegetation, associ-
ated periglacial processes, and to predict patterns of
carbon flux.
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1 INTRODUCTION

One of the factors that determine soil formation is
climate. Paleosols, either buried or exposed under
changing surface conditions, preserve evidences of
environmental conditions under which they were
developed (Retallack, 2002). The study and interpre-
tation of features preserved in paleosols are com-
plementary parts of the paleo environmental recon-
struction. The climatic fluctuation of the Quaternary
Glaciaiton Age (Pleistocene) largely influenced the
develop-ment of soils. The paper will discuss the
evidences, recording and interpretation problems of
permafrost and cryogenic processes in soils formed
mainly in periglacial areas adjacent to the past ice
sheets in Europe.

2 EVIDENCES OF PERMA-FROST AND
CRYOGENIC PROCESSES IN PALEOSOLS

The most common processes that influence land-
forms and soil processes are cryoturbation, cryosuc-
tion, frost heave, gelifluction, and solifluction. The
common results of the processes are pattern ground,
polygonal icewedges, deformation of sediments and
horizons, soil crack formation, fragipan formation,
matrix veins and lenses (Washburn, 1969).

3 EXAMPLES FOR PRESERVED PALEO
FEATURES IN SOILS OF EUROPE

Examples for evidences of permafrost and cryogenic
features have been reported by many authors from
almost all countries influenced by quaternary glacial
and periglacial environment. The poster will illus-
trate some of the most striking features of perma-
frost and the listed cryogenic features from different
locations of Europe. The documented features are
important scientific evidences in the reconstruction
and timing of paleoclimatic environments and the
understanding the polygenetic nature and sequences
of soil formation processes of the studied soils.

4 RECORDING AND CLASSIFICATION OF
PRESENT AND PAST CRYOGENIC FEATURES

In the most commonly used guidelines for soil de-
scriptions published by FAO and USDA, the perma-
nently frozen layers are indicated by “f” after the
capital letter of the master horizon. Buried layers are
designated with “b”, and the cryoturbed layers
with“@”. The paleo nature of those features can not
be indicated in the current genetic horizon designa-
tion systems, and should be elaborated. However the
buried paleosols can be described with full classifi-
cation in the WRB (World Reference Base for Soil
Resources). If the overlaying recent soil is classified
at the first level (according to WRB rules), the name
of the buried soil is placed after the name of the
overlying soil adding the word “over” in between
(eg. Technic Umbrisol over Rustic Podzol). If the
buried soil is classified at the first level, the overly-
ing material is indicated with the Novic qualifier.
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Figurel. Examples for cryogenic processes preserved in soils.
a. cracking, fragipan formation b. ice wedge c. cryoturbation
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In the Kolyma Lowland (North-Eastern Yakutia), we
study the temperature regime of the zonal soils using
temperature loggers from 1998 in a frame of the In-
ternational Project “Circum Polar Active Layer
Monitoring” (CALM). The observation net consists
of seven sites in the Lowland: five sites in the Tun-
dra zone and two ones in the Northern Taiga sub
zone. Following parameters were calculated using
the temperature monitoring data: mean annual soil
temperature (MAST), mean summer soil tempera-
ture (June-August) (MSST), accumulated positive
soil temperature (APST), accumulated ecologically
sufficient soil temperature (AEST), mean twenty-
four-hours soil temperature (MDST), durability of
the ecologically sufficient soil temperatures (Te+s °c,
DEST), durability of the active soil temperatures
(te+10 “c, DAST), and positive temperature heatturn
through the soil surface (PTHS).

The temperature regime of loamy tundra cryozems is
varied with latitude in tundra. In the Typical Tundra
(site R13, 70° 05” N), MSST is 2.3° C at the 20 cm
depth and 0.2° C at the 50 cm depth. The mentioned
parameter is 3.8° C (20 cm) and 0.4° C (50 ¢m) in
the Southern Tundra (site R22, 69° 19' N), and 4.6°
C and 1.1° C in the Northern Taiga (site R18, 68° 45'
N) respectively. The APST increases from 250° to
430° (20 cm) and from 40° to 175° (50 cm) in last-
mentioned row. The DEST at the 20 cm depth is 7-
30 days in the Typical Tundra, 20-40 days in the
Southern Tundra, and 40-50 days in the Northern
Taiga. The ratio AEST/APST increases also: 41% in
the Typical Tundra, 59% in the Southern Tundra,
and 74% in the Northern Taiga.

Winter soil temperatures are varied in a zonal row
sharper that summer ones. A steep increase of the
winter soil temperature is a result of the warming ef-
fect of plant and snow cover in the zonal row. The
warming effect is higher in the taiga landscapes that
in tundra. A sharp increase of MAST takes place
between Southern Tundra (MAST=-7.0...-7.2° C)
and Northern Taiga (MAST=-2.5...-2.8° C) as a
result of MAST change under the impact of winter
temperature.

Equally with the site latitude, snow cover and vege-
tation type, the soil granulometric composition is an
important factor which controls a soil temperature
regime. During the summer season, the drained
sandy podbur (site R21) is a most warm soil among
all soils we study. The sandy podbur is character-
ized with the MSST = +6.4° C (20 cm depth) and
MSST =+3.8° C (50cm). It is the highest MSST
among any tundra soils also among any loamy soils
in the North Taiga sub zone. The DEST is equal 50-
85 days (20 cm depth) for tundra sandy podbur, and
the DAST reaches 25 days. No increasing the MDST
upper 10° C was observed at other sites.

PTHS we calculated is a quantity of heat energy
which is spent to heat the soil from zero temperature
(C) to maxima positive temperature. To compute the
PTHS, the temperature curves enveloping were cal-
culated using the soil temperature monitoring data.
The PTHS values increase in the following row:
tundra  cryozems (PTHS = 3600-3700
kCal/m?**year), taiga grey soil (5200 kCal/m**year),
tundra podburs (6000...6200 kCal/m**year). This
row shows that formation of different soil profiles is
controlled by the quantity of heat energy which
spent for the soil heating.

This work is supported by US NSF (project CALM)
and RF RFBR (project 08-05-00175).
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Permafrost Response to Climate Change at Illisarvik, Western Arctic

Coast, Canada.

C.R. Burn and Y. Zhang,

Department of Geography and Environmental Studies, Carleton University, Ottawa, Ontario, Canada

1 INTRODUCTION

Canada’s western Arctic coastlands have experi-
enced climatic warming of about 0.8°C/decade since
1970. Two boreholes were drilled to 50-m depth in
frozen sandy sediments of undisturbed permafrost
near the Illisarvik field site on Richards Island,
N.W.T., to determine the response of ground
temperatures to this warming. The second borehole
was completed as part of activities for the Canadian
contribution to the Thermal State of Permafrost
project of the International Polar Year.

2 METHODS

The two sites are about 1 km apart, and are to the
north and to the south of Illisarvik. The boreholes
were drilled by water jet. The first hole, drilled in
August 2006 was completed to 50-m depth in 2.5
hours. The second, drilled in July 2008 to 53 m, was
completed in 4 hours. A casing of 1-inch steel pipe
was installed in each hole, into which was placed a
cable, with calibrated thermistors at 5-m intervals.
The drill holes were filled with water, which froze
around the casings. The casings were filled with
non-convective fluid to provide contact between the
sensors and the surrounding ground.

3 RESULTS

The temperature profiles from both boreholes
collected on 22 August 2009 are presented on the
figure. These profiles show seasonal variation in the
upper 15 m, but below this they indicate long-term
warming of permafrost. The mean temperature at
20-m depth of about -7°C is 1.5°C higher than data
collected in this area in the 1970s. The parallel
profiles from the two sites indicate a consistent
thermal history for the area, although the near-
surface temperatures are about 0.5°C higher at one
site. A simulation of the ground thermal regime at
Illisarvik has been completed, using the climate
record from Tuktoyaktuk, about 50 km from the site,
which is representative of conditions at Illisarvik.
Surface temperatures were calculated with an n-
factor of 0.9 in summer, and conduction through a
20-cm thick snow pack in winter. Near-surface

ground thermal properties were calibrated from soil
conditions at the sites, and ground temperatures
obtained to 5-m depth by data logger over two years.
The geothermal flux was the regional value of 0.05
Wm-2. The simulation was equilibrated with the
climatic regime of 1925-71, and this provided a deep
temperature profile congruent with data from central
Richards Island. Subsequently the simulation
reproduced the temperature profile presented below.
Thus validated, the simulation has been used with
climate scenarios for the region to demonstrate that
widespread permafrost degradation is not currently
projected to occur before 2100.
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Spatiotemporal Variability of Permafrost Degradation on the

Qinghai-Tibet Plateau

Guodong Cheng, Qingbai Wu, Huijun Jin

State Key Laboratory of Frozen Soils Engineering, Cold and Arid Regions Environmental and Engineering
Research Institute, Chinese Academy of Sciences, Lanzhou, Gansu, China 730000

1  ABSTRACT

Based on the analyses of data from five major
meteorological stations in the permafrost regions,
60 boreholes for long-term monitoring of
permafrost temperatures, and 710 hand-dug pits and
shallow boreholes, the spatiotemporal variations of
the responses of permafrost on the Qinghai-Tibet
Plateau to climate change was examined through
the relationships of the rising rates in air, ground
surface and ground temperatures. The decadal
averages of and the increases in the mean annual air
temperatures during the past 45 years (1961-2005)
were the largest and most persistent during the last
century. The mean annual air temperatures rose by
1.12°C, with an average increase rate of 0.025°C /a,
in which the increase rate was 0.012°C/a in the
1980s, 0.034°C/a in the 1990s, and 0.039(/a during
2001-2008. The mean annual ground surface
temperature increased by 1.34°C at an average rate
of 0.030°C/a , in which the warming rate was
0.03°C /a in the 1980s, 0.035°C/a in the 1990s, and
0.048°C/a during 2001-2008. The rates of changes
in ground temperatures were -0.01 to 0.015°C/a
during  1976-1985,  0.01-0.032°C/a  during
1986-1995, and 0.016-0.07°C/a during 1996-200.

The change rates in the depths of the permafrost
table were -1to 2 cm/a during 1976-1985, 1-3 cm/a
during 1986-1995, and 2-10 cm/a during 1996-2008.
The areal extent of permafrost on the Qinghai-Tibet
Plateau shrank from 1.50x106 km2 in 1975 to
1.2583%106 km?2 in 2006, i.e. an reduction of about
0.2417x106 km2 (16.1%), in which about 0.14x106
km2 (or about 60% of total reduced area of
permafrost) occurred during the period from 1996
to 2006. Due to the climate warming beginning in
the late 1980s, warm permafrost started to degrade,
and degradation gradually expanded to the areas of
transitory and cold permafrost, and the rising in
temperatures penetrated deeper with damped
amplitudes with depth, as deep as 50-70 m at
present. Persistent climate warming has resulted in
the transition of the permafrost degradation from
the relatively stable phase to the gradual degrading
phase. In particular, regional degradation of
permafrost has been accelerated due to the
pronounced rising in air temperatures during the
past 10 years. It is projected that, under a persistent
warm climate during the next few decades, the
degradation of permafrost would accelerate, and
apparent changes in the distributive features of
permafrost should be anticipated.
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Permfrost Thermal Conditions in Periglacial Landforms in Svalbard during

IPY 2008-2009

H.H. Christiansen'~, H. Juliussen', K. Isaksen’, B. Etzelmiiller®

UGeology Department, The University Centre in Svalbard, Norway, © Department of Geosciences, University
of Oslo, Norway, ¥ Norwegian Meteorological Institute, Oslo, Norway.

1 INTRODUCTION

During IPY 2007-2009 the Nordenskioldsland Per-
mafrost Observatory was established in central and
western Svalbard as part of the Norwegian IPY ‘Per-
mafrost Observatory Project: A contribution to the
Thermal State of Permafrost in Norway and Sval-
bard (TSP NORWAY) research project, containing
12 new boreholes drilled into different periglacial
landforms for continuous long-term ground thermal
observations. The shallow permafrost boreholes in-
stalled during IPY are mainly located in the
Longyearbyen and Kapp Linne areas in continental
and maritime parts of central Nordenskioldsland. In
addition also a new borehole was drilled in Ny Ale-
sund, and an earlier established borehole in Svea, are
presented here together with the boreholes from
Nordenskioldland. All data are available through the
Norwegian permafrost database NORPERM devel-
oped during IPY.

Here we present the different permafrost borehole
sites and installations, which were operational dur-
ing the IPY in Svalbard with respect to periglacial
landforms, instrumentation and resulting data.

2 BOREHOLE INSTRUMENTATION AND
SITES

All the 12 new boreholes were drilled in spring 2008
and instrumented in summer and autumn 2008 pri-
marily with GeoPresicion thermistor strings with 10
sensors, and some with high resolution Campbell
equipment with up to 25 sensors covering up to 38
m. The drilling was performed with a weasel-based
hammer drill rig, and samples were taken regularly
of the drill dust to determine mineral content. All
holes were cased with PVC-tubes.

The boreholes are drilled one in a meltwater plain,
3 in a strandflat, one in an ice-cored moraines, one
in a rock glacier, one in a block-field, one in loess,
one in a solifluction sheet, one in a pingo and two in
different parts of a snowpatch site and across re-
gional climatic gradients to cover the variation of
permafrost conditions in the Svalbard landscape.
The borehole depths range from 5 to 38 m. Several
boreholes are only in sediment, but 4 extend into
bedrock below sediments.

3 RESULTS

The permafrost thermal IPY snapshot in Svalbard
show permafrost temperatures at the depth of zero
annual amplitude, or at the lowermost sensor located
as high as at 5 m depth, ranging from as high as -
2.3°C to -3.5°C in the boreholes in the most mari-
time west coast in Ny-Alesund and at Kapp Linne,
to as low as -5.2°C to -5.6°C at the borehole sites in
the continental Adventdalen and Svea areas.

In the Adventdalen area (Fig. 1), permafrost tem-
peratures at 5-15m depth vary between -3.2°C at the
solifluction sheet in Endalen, -5.2°C at the mountain
top at Janssonhaugen, -5.3°C at the blockfield at
Gruvefjellet and -5.6°C in the loess terrace at the
Old Auroral Station. The Endalen solifluction bore-
hole has the highest permafrost temperature, due to a
relatively thicker snow cover, reaching 50 to 60 cm
during the IPY winters, and moister summer ground
conditions. No significant difference appear between
permafrost temperatures along the altitudinal tran-
sect from the bottom of the Adventdalen valley at 9
m a.s.l. via Janssonhaugen at 270 m a.s.l. to the
summit of Gruvefjellet at 464 m a.s.l. Clear local
warming of a thick snowpatch is shown with the top
permafrost temperature being close to 0°C, and clear
winter reduction in the ground temperature (Fig. 1).
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Figure 1. Permafrost trumpets for the year 2008-2009 from se-
lected boreholes in the Adventdalen area.
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Characterization of the Thermal Regime of the Upper Levels of the
Active Layer along an Altitudinal Transect in the Sierras de Alvear,

Fuegian Andes, Southern Argentina

P. Carrera-Goémez, M. Valcarcel-Diaz & R. Blanco-Chao
Department of Geography, University of Santiago de Compostela, Santiago de Compostela, Spain

The thermal evolution of the uppermost 50 cm of the
active layer was monitored over a one-year period at
three sites located above tree line in the Monte
Alvear region of the Sierras de Alvear, Fuegian An-
des, Tierra del Fuego, southern Argentina (latitude
54° 40’ 30°" S; longitude 68° 02* 30°” W).

The sites represent a range of elevations, ground ma-
terials and snow cover depths. Site 1 was established
in a small, talus-derived rock glacier located at 797
m a.s.l., composed of angular blocks embedded in
finer debris. Site 2 was set up in a solifluction sheet
located in a mid-slope position at 975 m a.s.l. The
ground material is a frost-weathered regolith com-
posed of coarse sand and gravel, embedded in a ma-
trix of fines. Site 3 was installed in a gently sloping
surface from a summit area located at 1050 m a.s.l.
At this site sorted stripes have formed on a regolith
composed of coarse sand embedded in a matrix of
fine sediment.

Boreholes 50 cm deep were drilled at each of the
sites. These were equipped with four thermistor-type
temperature probes connected to a multi-channel
data logger. Probes were placed at the ground sur-
face and at depths of 5, 20 and 50 cm. Hourly tem-
perature data were collected continuously from Feb-
ruary 1, 2008 to January 31, 2009.

An air temperature record covering an identical time
span was obtained in the vicinity of Site 3. Mean an-
nual air temperature was —1,5°C.

Mean ground surface temperatures were 1,3°C at
Site 1, 0,4°C at Site 2 and 0,6°C at Site 3. The abso-
lute amplitudes at the surface were 49,5 °C at Site 1,
37,7°C at Site 2 and 26,9°C at Site 3. At the 50-cm
level mean ground temperatures were 1,1 °C at Site
1, 0,5°C at Site 2 and 0,4°C at Site 3. The absolute
amplitudes at this level were 13,6°C at Site 1, 9,5°C
at Site 2 and 8,5°C at Site 3.

Five seasonal temperature regimes were identified:
Positive temperatures of the active layer with occa-
sional daily subzero events, occurred from early
spring to early autumn at Site 1, and from late spring
to early autumn at Sites 2 and 3; Cooling of the ac-
tive layer beneath a thin, discontinuous snow cover,
characterized by subzero active layer temperatures
coupled with air temperatures. This regime occurred
from early autumn to early winter at Sites 1 and 2,
and from early to late autumn at Site 3; Subzero ac-

tive layer temperatures beneath a shallow, continu-
ous snow cover. The connection between the atmos-
phere and the active layer was not blocked, but the
atmospheric signal was attenuated. This regime oc-
curred from early winter to early spring at Sites 1
and 2. At Site 3 it occurred from late autumn to early
winter and from late winter to late spring; Subzero
active layer temperatures beneath a thick, continuous
snow cover. The connection between the atmosphere
and the active layer was interrupted. This regime oc-
curred in mid-winter, only at Site 3. A zero curtain
regime occurred from early to mid-spring in the 50-
cm level of Site 1. At Site 2 the whole active layer
experienced this regime from early to late spring.
The timing and duration of seasonal regimes show a
well-defined inter-site variation. The duration of the
positive temperatures regime was maximum at Site 1
(6 months). The duration of the cooling beneath a
discontinuous snow cover regime was similar at
Sites 1 and 2 (3,5 months), reaching a minimum at
Site 3 (1,5 months). Subzero temperatures beneath a
continuous snow cover regime reached a maximum
duration at Site 3 (4 months). The duration of the
zero curtain regime was maximum at Site 2 (2
months). The seasonal snow cover at the three sites
was shallow enough to allow the connection be-
tween the atmosphere and the active layer, except
for Site 3 where a thick snow cover blocked this
connection in mid-winter.

Key words: active layer, thermal regime, Fuegian
Andes, Argentina.
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Active Layer Thermal Regime at a Mountain-top Site from the Sierras de
Alvear, Fuegian Andes, Southern Argentina

P. Carrera-Gémez, M. Valcarcel-Diaz & R. Blanco-Chao
Department of Geography, University of Santiago de Compostela, Santiago de Compostela, Spain

A multiannual record of active layer temperature
data, obtained in a monitoring site located in a
mountain summit from the Monte Alvear region, Si-
erras de Alvear, Fuegian Andes, Tierra del Fuego,
southern Argentina (latitude 54° 40 30°° S; longi-
tude 68° 02 30°° W), is discussed.

The instrumented summit is a sub-horizontal, broad
surface, covered by a mantle of angular rock frag-
ments composed of Late Jurassic basalts and por-
phyrites. An extensive network of polygons up to 5
m wide enclosed by shallow trenches has formed in
the underlying bedrock, presumably either by ther-
mal-contraction cracking or by fracture widening.
The centers of the polygons are occupied by sorted
circles, consisting of an inner sector of sand and silt
and a surrounding ring of large angular clasts. The
degree of present-day activity of the bedrock poly-
gons remains unknown. The inner sectors of the
sorted circles experience heave displacements due to
seasonal freezing.

A shallow borehole 130 cm deep was drilled in the
centre of a sorted circle, located at an elevation of
1057 m a.s.l. The borehole was instrumented with
eight thermistor-type temperature probes connected
to multi-channel data loggers. Probes were placed at
the ground surface and at depths of 5, 10, 20, 35, 70,
100 and 130 cm. Temperature data were recorded
continuously at hourly intervals from mid-February
2006 to the end of January 2009.

In addition to ground temperatures an incomplete re-
cord of air temperature was obtained in the summit
area. Mean air temperature from February 2008 to
January 2009, the longest continuously recorded pe-
riod available, was —1,5°C.

Mean ground surface temperature during the ground
recording period was —0,5°C and maximum and
minimum absolute surface temperatures were 23,5°C
and —9,5°C respectively. At a depth of 100 cm mean
ground temperature was —0.5°C, maximum and
minimum absolute temperatures were 1,1°C and —
3,4°C respectively, and absolute amplitude was
4,5°C. The lowest level (130 cm) experienced con-
tinuous subzero temperatures throughout the re-
cording period. Mean ground temperature at this
level was —0.6°C and absolute amplitude was 3.1°C.
Four main seasonal thermal regimes or temperature
patterns have been identified in the active layer:

Positive temperatures pattern with occasional daily
subzero events in the superficial levels. This regime
attains its maximum annual duration in the upper 20
cm of the active layer, where it develops from mid-
October to early April; Cooling of the active layer
beneath a very thin, discontinuous snow cover, char-
acterized by subzero active layer temperatures cou-
pled with air temperatures. This pattern develops
from early April to early June; Subzero active layer
temperatures beneath a shallow, continuous snow
cover. The connection between the atmosphere and
the active layer is not interrupted, but the atmos-
pheric signal is damped. This regime develops from
early June to mid-October; A zero curtain develops
between the levels of 35-cm and 100-cm. It attains a
maximum annual duration of three months (from
mid-October to mid-January) at the 100-cm level.
The upper permafrost (130-cm level) experiences
sustained negative temperatures close to 0°C from
mid-October to June, interrupted by a cooling re-
gime from June to September, followed by a short-
lived subzero warming period.

At this site the maximum thickness of the active
layer is estimated to be in the close vicinity of 130
cm.

The obtained multiannual ground temperature record
has enabled to confirm the occurrence of permafrost
on the higher summits of the Sierras de Alvear.

Key words: active layer, permafrost, thermal re-
gime, Fuegian Andes, Argentina.
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Ground Temperature Regime at Three (Sub-)Alpine Permafrost Sites
in the Swiss Alps — Analysis of Perennial Minilogger and Borehole Data

C. Kneisel, A. Bast, T. Rodder, N. Roth, D. Schwindt
Department of Physical Geography, University of Wiirzburg, Wiirzburg, Germany

1 MOTIVATION

At the University of Wiirzburg the working group
“Mountain and Subarctic Environments (MouSE)” is
dealing with questions concerning permafrost sensi-
tivity and dynamics (e.g. degradation/aggradation) in
alpine and subalpine environments. One approach is
the comparison between temperature data from five
shallow boreholes. An analysis of the perennial re-
cord of these data is presented, focusing on the in-
terannual variability and the differences between the
three sites.

2 FIELD SITES AND INSTRUMENTATION

All three borehole sites are located in the Upper En-
gadin (Swiss Alps). Since 2006 five boreholes were
drilled in different permafrost environments and
geomorphological settings. In addition 1 m snow
poles were installed at the drill sites equipped with 4
miniloggers each. Further information on the site
characteristics is specified in Tab. 1.

Table 1. Characteristics of the 3 borehole sites.

Muragl Bever Valley Murtel
Field site Glacier forefield  Talus slope Glacier forefield
Boreholes BHI1: July 2006 BHI: Sept. 2006 ~ BHI1: Oct. 2008
BH2: Sept. 2006 BH2: Oct. 2008
Depth 8m 8 m 10 m
Elevation BH1:2670 m BH1: 1806 m BH1: 2682 m
BH2: 2756 m BH2: 2710 m

14 sensors

BH1: boulders
BH2:sand/gravel
BH1: moss, BHI: ---

BH2: scattered

12 sensors
BHI: boulders

12 sensors

BH1: boulders
size BH2:sand/gravel
BHI1: lichens
BH2: scattered

Instrumentation

Substrate/Grain

Vegetation
shrubs, larch and

pioneer species pine pioneer species

3 RESULTS AND DISCUSSION

A distinct difference in the annual temperature sig-
nal can be observed between sites located in coarser
substrate consisting of gravel and blocks (> 20 cm)
compared to boreholes drilled in finer debris. While
the cold wave at BH1 reaches down to -8 m, at BH2

it ends at -5m (Muragl). In contrast, the active
layer depth varies between 5m (BHI) and 2m
(BH2). Both boreholes in the Murtel forefield show
a larger variation: active layer depth at BH1 is about
2.5 m, whereas BH2 is only affected by seasonal
frost (1.5 m deep).

The influence of meteorologic variables such as
temperature and solid precipitation on the thermal
state of the ground varies considerably between the
sites. The winter 2006/2007 was the warmest winter
recorded in Switzerland so far. In the Bever Valley
its impact is well reflected in the temperature data
with cold wave penetration reduced by about 4 m.
However, the boreholes at Muragl do not show any
substantial anomaly. The snow-rich winter
2008/2009 is more pronounced at the alpine bore-
holes at Muragl, whereas at the subalpine site Bever
an almost identical signal as in the previous winter is
visible.

Beside these seasonal variations in atmospheric con-
ditions that are reflected in ground temperatures, the
intra-annual variance between all three sites is
shown (Fig. 1). The difference in substrate (fine-
coarse) as well as the elevation (alpine-subalpine) is
identified by the thermal envelope.

7 6 5 4 -3 2 4 0 1 2 3 4 5 6 7 & 8 10 N1
T T T

—=— MurtelBH1
= <= - MuraglBH2
© - BeverBH1

Depth [m]

Figure 1. Thermal envelope (10/2008-09/2009).

The thermal regime at the borehole sites can be used
as a first indication for the characterization of differ-
ent heat conduction processes within the ground in
respect of substrate and vegetation cover. While the
alpine sites are influenced by the variability of the
annual snow cover and its redistribution due to wind
as well as substrate type, the subalpine site is less af-
fected by the snow cover, whereas air ventilation
through the talus voids is more relevant.
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Pluriannual Thermal Behavior of Low Elevation Cold Talus Slopes —

Western Switzerland
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1 BACKGROUND

In the Alps, discontinuous mountain permafrost is
currently encountered above about 2°400 m.a.s.l.
Nevertheless, abnormally cold ground conditions
pointing out to the possible occurrence of isolated
permafrost patches have also been reported at much
lower elevation in porous debris accumulation, de-
spite a mean annual air temperature (MAAT) defi-
nitely higher than 0°C. These observations have
been attributed to an internal and reversible mecha-
nism of air circulation, the so-called “chimney ef-
fect” (Wakonnig 1996, Morard et al. 2008).

In order to document and better understand the ven-
tilation process causing the strong overcooling ob-
served in the lower part of debris accumulations,
ground surface temperature (GST) monitoring has
been carried out on numerous sites located below the
timberline in western Switzerland, since 1997 for the
longest time series. In November 2004, two bore-
holes were drilled in Dreveneuse d’en Bas (DrB) ta-
lus slope (1’600 m.a.s.l.). Climatic variables, such as
radiation, air temperature and snowcover evolution
were also measured in-situ.

2 RESULTS

(1) The same seasonal thermal signal was observed
in all the investigated sites. In winter the decreasing
trend of positive GST in the upper part of the slope
illustrates the evacuation of the heat out of the
ground (fig.1). As a consequence, air is aspirated in
the lower part of the talus slope cooling deeply and
strongly the ground interior, even after the onset of a
thick snowpack (fig.1). During summer, the GST
remains remarkably cool and stable from year to
year, providing favorable conditions for azonal bo-
reo-alpine ecosystems.

(2) Ground temperature monitoring has pointed out
the main role played by the winter air temperature
conditions to drive the thermal regime of low eleva-
tion talus slopes. The thermal conditions observed at
the ground surface and in the shallow sub-surface in
summertime are mainly influenced by the intensity
of winter cooling and the recharge of the cold reser-
voir. Snowcover and summer temperatures play thus

a less significant to insignificant role. This statement
contrasts with controlling factors of classical perma-
frost terrain.

(3) According to the observations of two boreholes
in DrB, thin talus permafrost forms just a few meters
below the surface in the lower part of the slope. This
frozen ground extends to greater depth until the
middle part of the slope. At this place, it is found at
11.5m depth directly beneath the blocky material in
finer sediments (moraine), although the minimal
MAGST was recorded at 8.5m depth.

This advective-induced extra-zonal permafrost is
mainly temperate and its geometry and occurrence
have suffered very rapid changes: responding di-
rectly to contrasted interannual winter coldness con-
ditions, its growth has been reported between 2004
and 2006 and its thaw in 2007. Since the exceptional
mild winter 2006-2007, only seasonal freezing has
been observed.

However, depending in particular on the size of the
debris accumulation, characteristics of the DrB ex-
tra-zonal permafrost cannot be completely general-
ized to other low elevation talus slopes.
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Figure 1. Daily air and GST evolution in the Creux-du-Van ta-
lus slope (1’200 m.a.s.l.) (black curve: lower part of the slope,
dark gray: upper part of the slope, light gray: atmospheric air
temperature) and evolution of the snowcover since December
1997.
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1 ABSTRACT

1.1 Introduction

Two new boreholes 25 m (Permamodel-
Gulbenkian; PG-1) and 15 m (PG-2) deep were
drilled at Mount Reina Sofia (275m a.s.l.) (6283908,
608210W, UTM), Livingston Island. The drilling
process was done during the Antarctic campaign
2007-08 as an International Polar Year (IPY) activ-
ity. Air temperature measurements from the Spanish
Antarctic station at 15m a.s.l., show MAAT from
2000 to 2006 between -3.2 °C and -1.5°C. From
April to November, the average daily temperatures
at sea level are generally below 0 °C and from De-
cember to March they are generally positive. The
MAAT (2003-06) at the borehole site on Mount Re-
ina Sofia (Figure 1) was -4.2 °C (Ramos et al., 2008)
and mean annual ground temperatures measured
since 2000 at 15, 25, 40 and 90 cm depth in a 1.1m
borehole varied between -2.6 °C and -2.1 °C. The ac-
tive layer thickness, based on direct observations in
pits and temperature data, was approximately 70 cm
but has increased to 90 cm since 2003.

1.2 Methods

A thermistor chain and a CR1000 Campbell
data logging system were installed in the deepest
borehole (PG-1) with air temperature and relative
humidity, heat flux and ground surface temperature.
Data are measured every 5 min and hourly means,
maxima and minima are stored each hour. PG-2 was
equipped with single-channel miniature temperature
loggers (iButtons) (type DS1922L, precision -0.5°C)
sampling each hour.

Data collected during the first two years of
monitoring (2008 and 2009) for the 25 and 15 m
depth boreholes are presented. They provide a first
insight into the thermal state of permafrost and will
enable following its temporal evolution.

1.3 Results

Initial data indicates a permafrost body sev-
eral decametres thick with a temperature bellow of
the depth of the Zero Annual Amplitude (ZAA) of -
1,9 °C in 2008 and -1,8 °C 2009 in PG-1. PG-2

showed -2.1 °C in 2008 and -1.9 °C in 2009. ZAA is
approximately at 9 m depth. Table 1 shows the mean
temperatures at different depths at PG-1 and PG-2
boreholes and the mean air temperature in 2008 and
2009. Future data from these boreholes is expected
to provide insight into ground temperature evolution
in maritime Antarctica.

Key words: Permafrost borehole, ground tem-
perature monitoring, maritime Antarctica.

Table 1. We can see in the table the mean temperatures in dif-
ferent depth of the PG-1 and PG-2 boreholes and the mean air
temperature (2m up to the soil surface). The mean periods was
2008 (8/03/2008 to17/01/2009) and 2009 (6/02/2009 to

8/01/2010).

Temp (°C)  PG1(2008) PG1(2009) PG2(2008) PG2(2009)
Air -3,2°C -3,4°C

0,20m -1,7°C -1,8°C -2,2°C -3,0°C
2,5m -1,8°C -1,9°C 2,0°C 21
15,0m -1,9°C -1,8°C 2,1°C -1,9°C
25,0m -1,8°C -1,8°C

Figure 1. Location of the study area on the top of the Sofia
mount (275 m a.s.]) in the surroundings of the Spanish Antarc-
tic Station Juan Carlos I, Livingston Island. BH1 and BH2 are
the corresponding to PG1 and PG2 respectively.
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Temperature Studies in a 1084 Meter Deep Borehole in Southern Spitsbergen

J. S. Renning, H. Elvebakk & C. Pascal

Geological Survey of Norway (NGU), Trondheim, Norway

H.H Christiansen

Geology Department, University Centre at Svalbard (UNIS), Longyearbyen, Svalbard

M. Jochmann

Store Norske Spitsbergen Kullkompani (SNSK), Longyearbyen, Svalbard

A 1084 m deep borehole was drilled and logged at
408 m asl in the lateral ice-cored moraine of the glacier
Sysselmannbreen close to Zimmerfjellet between the
fjords Van Keulenfjorden and Van Mijenfjorden in Na-
thorst Land, at approx. 77°N in southern Spitsbergen. The
drilling was performed by Store Norske Spitsbergen
Kulkompani (SNSK) and LNS Spitsbergen in the course
of a cooperation project between the Norwegian oil com-
panies StatoilHydro and DetNorske, the Norwegian Pe-
troleum Directorate and SNSK. Borehole logging pa-
rameters were temperature, water conductivity, rock
resistivity, natural gamma radiation, seismic velocity,
caliper, relative density, and borehole deviation. The
borehole was also investigated by acoustic televiewer.
The aim of this scientific drilling project was to get a bet-
ter 3D understanding of the clinoform development of the
Eocene foreland basin at Svalbard.

Due to perturbations related to drilling operations,
and, in particular, the fact that heated salt water was used
to prevent freezing, temperature logging performed im-
mediately after drilling was expected to give unreliable
temperature data especially at relatively shallow depths.
For the Geological Survey of Norway it was of interest to
obtain reliable ground thermal gradient recording for heat
flow calculations, and at the same time to establish per-
mafrost monitoring all the way through the permafrost. It
was therefore decided to especially construct a 1000 m
long thermistor string, which could be installed in the
borehole before freezing.

A string with altogether 20 thermistors was con-
structed by the Swiss company Alpug. For the perma-
frost thermal studies 12 thermistors were more or less
logarithmic distributed in the upper 200 meter, while the
remaining ones were mounted at 100 meter interval down
to 1000 meter. Unfortunately, the borehole was blocked
at 850 meters when the installation was done, and we had
to install the thermistor string only down to that depth
with a loop in the upper 50 m.

Immediately after installation, it was clear that the
string suffered from incorrect data at depths deeper than
50 meters. During logging, the groundwater table was at
65 meters, and we concluded that the thermistors were
not insulated to stand the water pressure in the borehole.
The next step was therefore to uninstall the string, and

open the borehole for temperature logging after tempera-
ture stabilization. However, by then the string was stuck,
most likely due to rockfall in the borehole, and it broke
when we tried to lift it up.

Because of these problems, the very first borehole
logging data were analysed and modelling suggested that
the logged temperatures in the borehole, at least for its
deeper levels, were close to stabilisation, allowing for
some heat flow studies. Thermal conductivity was meas-
ured on ~140 core samples evenly distributed in the
borehole. A preliminary estimate for the heat flow at the
deepest levels of the well yields uncorrected values of
~70 mW/m’. Further corrections involving topographic
and paleoclimatic effects are expected to result in a
higher heat flow value. A permafrost thickness of 250 m
has been calculated assuming a mean annual ground sur-
face temperature of -5°C and using the mean thermal gra-
dients from the upper borehole.
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Figure 1: Temperature and thermal gradients through the
Sysselmannbreen borehole recorded 5 days after terminated
drilling, 17th June 2008.
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Diversity of Ground Temperatures on the Kaffigyra Plain (NW
Spistberegn) in the Summer period (1975-2009)

Rajmund Przybylak, Andrzej Arazny & Marek Kejna
Department of Climatology, Institute of Geography, Nicolaus Copernicus University, Torun, Poland

The ground thermal conditions in Spitsbergen are
shaped by a variety of factors, including the inflow of
solar energy, the advection of air masses, atmospheric
precipitation, the albedo, the extent of surface
vegetation, snow cover, and the earth’s inclination in
relation to solar exposure. Furthermore they are also
dependant on the thermal properties and moisture
level of the ground itself, as well as the depth of the
permafrost.

Research into ground temperatures on the Kaffioyra
Plain (NW Spitsbergen, Fig. 1) was conducted over
17 summer seasons (with “summer” here being taken
as July 21 to August 31%) in the years 1975, 1977-
80, 1982, 1985, 1989, 1997, 1998, 2000, 2005-09.
The study was conducted as part of the Torun Polar
Expedition organized by the Institute of Geography at
the Nicholas Copernicus University in Torun. Among
the studies investigating ground temperature in
Kaffioyra are Wojcik & Marciniak (1987) and
Wojcik, Marciniak & Przybylak (1988). During all
the research periods measurements were always taken
in the same locations and the same measurement
techniques were used. Ground temperatures were
measured using mercury thermometers placed at
depths of 5, 10, 20 and 50 cm. An additional
measurement of ground temperature was taken at a
depth of 1 cm was taken using a regular thermometer.
Thermometer readings were taken 100, 700, 13 and
19 Jocal mean time (LMT) (UTC + 1 hour).
Measurement sites were selected with reference to
three ecotopes: a sandy beach, the flat frontal-lateral
summit moraine of the Aavatsmark Glacier, and the
tundra (Fig. 1).

¢ the beach site (B) is located on the flat shoreline
away from the range of influence of the Greenland
Sea. The ground here is mostly sand and gravel and
the surface layer is dry and free of vegetation.

¢ the moraine site (M) is situated on the flat frontal-
lateral summit moraine of the Aavatsmark Glacier
composed of sandy clay, gravel, mud, and sand.
About 20% of the moraine has vegetation cover.

¢ the tundra site (T) is situated on the cone of the
glacial outwash (sandur) emerging from the moraine
of the Aavatsmark Glacier. The cone is largely made
up of sand / gravel deposits with large quantities of
rock scree. Around 70% of the surface is covered
with tundra vegetation. There is a high level of
moisture content in the ground at this site.
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Fig. 1. A morphological sketch of the area of the Nicolaus
Copernicus University Research Station and the location of the
measurement sites. Key: 1- moraine, 2- tundra, 3- area subject to
occasional flooding during high tides, 4- storm ridges, 5- beach
area subject to occasional flooding during high tides, 6- currents,
7- lake, 8- glacial outwash (sandur), 9- research station, 10, 11,
12- ground temperature measurement sites: Beach (B), Moraine
(M), Tundra (T).

The smallest differences between the readings for the
different ecotypes are those recorded at 1°° LMT,
while the greatest are observed in the afternoon. In
the surface ground layer (1-20 cm) at 1°° LMT at all
sites there appears an inverse pattern between
measurements, which diminishes away from the
surface. At 7°° LMT the pattern begins to appear
more normal, and becomes most clearly defined at
13% LMT. At 19% LMT a normal course develops in
the isotherms, moving towards inversion. At the
deeper ground layer (20-50 cm) there is a normal
course throughout the day.

Long-term analysis of the ground temperature data
confirms that the coolest site at all depths (1-50 cm) is
the measurement point on the sandy beach; the tundra
is warmer, and the warmest is the moraine site. The
ground temperature in Kaffigyra, similar to most
meteorological elements, is subject to considerable
variability from year to year. In the period analysed a
rising ground temperature trend was noted during the
summer seasons, e.g. at the beach site (50 cm) where
an increase of 0.98°C/10 years was recorded.
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Active Layer and Permafrost Table Lowering in the Tundra/Forest-
Tundra Transition Zone at Urengoi Oil-Gas Field (West Siberia)

D.S. Drozdov, N.G. Ukraintseva, A.M. Tsarev

Earth Cryosphere Institute, Siberian Branch, Russian Academy of Science, Russia

ds drozdov@mail.ru

Within the tasks of the international project CALM
three regime observations sites are in use for
several years in the northern part of Western
Siberia. The dynamics of active layer depth is
investigated there. Two sites are situated at Yamal
peninsula in the typical tundra (continuous
permafrost) where the seasonal thawing occurs.
The third site is placed nearby Nadym city in the
northern taiga (discontinuous permafrost) where
both the seasonal thawing and frizzing occur. So
different active layer conditions are examined
along this transect. But the southern tundra / forest-
tundra transition zone was not involved in this
investigation in spite it occupies considerable areas
in Western Siberia and has specific features of
active layer.

Ground temperature, °C
-2 -1 o 1 2 3 4

Depth,m

10

In order to improve the complex Western Siberian
zonal transect of the active layer monitoring the
Earth Cryosphere Institute SB RAS have equipped
two new regime sites in 2008. They are placed at
the left bank of Pur river in landscape sub-zones of
the southern tundra and southern forest-tundra.
Both regime sites are located at the natural
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undisturbed areas within the territory of Urengoi
oil-gas field. The regime sites are combined with
the geocryological key-sites already organized in
1974-75 for the observation temporal and spatial
variability of ground temperature at little landscape
units, so called urochishches: tundra, bog, peat
bog, forest, open forest, etc.

The annual measurements in the special bore-holes
of approximately 10 m depth made it possible not
only to reveal trends and oscillations of the frozen
ground temperature, but to also to obtain
background for evaluating the changes in the
thickness of active layer. The ground temperature
measurements were hold all over the period of
climate and frozen ground warming and it made it
possible to fix the moment of the substitution of
seasonal thawing by seasonal frizzing of soil.
Positive temperature trend at the period of 1974-
2009 is generally confirmed everywhere; however
the temperature increase is uneven both temporally
and spatially. Somewhere the cycles of “warming
up and temperature drop” are revealed. Active
layer depth is correlated with these cycles. In the
southern forest-tundra sub-zone the permafrost
table lowering is observed widespread. At the first
stage of this lowing it looks like as the gradual
increase of thawing depth.

So in the open forest with the sandy frozen
substratum at first (since 1975 until 1992) the
depth of thawing had not exceed 1.5 m. During
1993-1997 the frozen ground table have descended
to the depth of 3 m, later in 2005-2009 it have
lowered to the depth of 5-8 m (Fig.). This data is
confirmed by microseismic survey. The seasonal
freezing depth detected here by probe in August
2009 varies from 0.8-1 to 1.4-1.6 m.

The new areas with lowered permafrost table are
indicated by appearance of open forest which
advance to the north is about 30-40 km since 1974.
In the southern tundra permafrost is stable and
seasonal thawing does not exceed 0.4-1.1 m.
Supported by CALM, TSP, RFBR (08-05-00872a;
09-05-10030k), RAS projects Nel3 «Cryosphere
evolution at climate changes».
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Results of Monitoring of Active Layer on CALM Grid, Talnakh, R-32

CALM Grid.

V.1. Grebenets & D.G. Shmelev

Department Cryolithology and Glaciology, Geographical faculty, Lomonosov Moscow State University,

Moscow, Russia

The Circumpolar Active Layer Monitoring (CALM)
site was established in Norilsk region, North part of
Middle Siberia. Mean annual temperature of air in
this region is -11,3C. Temperature at depth of
zero annual amplitudes (temperature of permafrost)
vary from -2 to -5C. Deposits from surface presents
by loam and silt. The regular active layer measure-
ments were operated since 2005 followed by de-
tailed characterization of landscapes and surface
conditions. For studying of frost heaving and surface
subsidence were made measurements by optical lev-
eling in 2007 and 2009.

We observe of positive trend of annual GRID depth
of active layer (from 81,3 to 93,8 cm) and the grid-
average ALT for the study period is 89,4 cm. We
have good correlation between depth of seasonal
thawing and thawing index (sum of positive daily
temperature) — 0,56 (for studying period thawing in-
dex vary from 927 to 1107, but more warm summer
no correspond more thawing, see fig.1. In different
landscapes best correlation (0,64) in bogs was ob-
served. This result of sum of some factors: different
temperature of rain, different term of snow covering
and different moisture of ground in different years.

Depth of seasonal thawing and thawing
index
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Figure 1 Diagrams changing of depth of seasonal thawing and
thawing index for CALM grid in 2005-2009.

The thickness of the active layer varies from 45-50
cm to 150 cm, depending from landscape-specific
conditions. The maximum thickness of the active
layer was observed at landscapes represented by
sparsely-vegetated patterned ground and dry hill-
ocks. The minimum ALT was found in the polygon
peatlands. Additional, we use standard deviation
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from middle depth of season thawing for characteris-
tics resistance of landscapes for environmental (cli-
mate) change. Most standard deviation (and the lest
resistance) for studying period was observed on
bogs. Most stability landscape — pingo.

In whole, trend of increase of seasonal thawing is
occurring. But short term of monitoring don’t allow
to speak about definiteness of recent change. For ex-
ample, in 2007 and 2009 decrease of thickness of ac-
tive layer was observed. In 2007 it was result of
more “cold” precipitation of summer (in 2007 main
rains was in second half of august with low tempera-
ture of air, but in 2008 main quantity of precipitation
was occur in “warm” Julie). Summer of 2009 is
more cold, than previous, and this cause of decrease
of thickness of active layer. In whole, correlation
coefficient between depth of seasonal thawing and
thawing index for 2005-2009 form 0,56. It’s relativity
steady relationship between this parameters. In addi-
tion, summer of 2009 (to time of measure) was more
dry, than in 2008 (100 mm precipitation in 2009 and
130mm in 2008). Additional drainage provided addi-
tional thawing.

Short-term record on this grid show increasing of ac-
tive layer and depending of active layer from land-
scapes and climate conditions.
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Active Layer Freeze and Thaw Dynamics Revealed by Year-Round
Electrical Resistivity Tomography in Svalbard

H. Juliussen', A. Oswald"?, T. Watanabe'®, H.H. Christiansen', N. Matsuoka®
! Arctic Geology Department, the University Centre in Svalbard, Longyearbyen, Svalbard

2 Institute for Geophysics, Astrophysics and Meteorology, University of Graz, Austria
® Graduate School of Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan

1 INTRODUCTION

Information on the active layer freeze/thaw dynam-
ics is important for periglacial, biological and hydro-
logical studies and for engineering purposes. We
have tested electrical resistivity tomography as a tool
in studying active layer freeze and thaw dynamics at
four sites with differing soil moisture conditions in
Svalbard. The electrical resistivity in the ground is
largely dependent on the unfrozen water content,
making resistivity monitoring a valuable tool to de-
lineate freeze and thaw extent.

The results presented here are part of the IPY re-
search project ‘Permafrost Observatory Project: A
Contribution to the Thermal State of Permafrost in
Norway and Svalbard’ (TSP NORWAY) and the
IPA periglacial working group project on 'High-
Resolution Periglacial Climate Indicators'.

2 FIELD SITES

Electrode arrays were installed permanently at four
sites in the Adventdalen area; a wet solifluction
slope in May 2007, a dry loess terrace (the UNIS-
CALM site) in September 2007, a mudboil site and
an ice wedge site in June 2009. The arrays are 16m
long, giving maximum profile depths of 2m, and
electrodes were installed with 0.2m spacing. Meas-
urements were made at an irregular but approxi-
mately two-week time interval, depending on
weather conditions and instrument availability. Data
are available until autumn 2009. Ground temperature
and soil moisture was monitored at all four sites, and
mechanical probing of the thaw depth progression
was performed along with the resistivity measure-
ments for three of the sites, but only a few times at
the Endalen site due to the presence of rocks in the
ground here.

3 RESULTS

The apparent resistivity raw data error is low in the
summer, but in the wintertime 40 to 50% of the data
was excluded in the worst cases. The errors are
higher for the dry loess site also in the summer com-
pared to the three wetter sites.

After inverting the raw data to give subsurface
models of the specific resistivity (Fig. 1), depth of
investigation (DOI) mapping was made to identify
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model areas that are not well constrained by the
data. The models show good reliability except at the
model edges and in some cases of steep resistivity
gradients and at local maxima and minima.

The thaw depth progression could be followed
through the summer at all sites as a distinct resistiv-
ity boundary propagating downward with time and
reaching a depth of about 1m at the end of the thaw
season (Fig. 1). At the dry loess site, however, the
resistivity contrast between thawed and frozen areas
disappears in the late summer (Fig. 1), probably due
to increased unfrozen water content in the upper per-
mafrost as the temperature increases, while the ac-
tive layer dries up. The thaw depths obtained at the
remaining three sites is in agreement with those
from the temperature data and probing.

In autumn, the advance of the freezing front can
be imaged. In the wintertime the frozen active layer
has a high-resistive layer near the surface (Fig. 1),
indicating low temperatures and possibly that ice
lenses have formed. At intermediate depths the resis-
tivity values are moderate due to higher tempera-
tures and possible desiccation as water was drawn to
the freezing front during freezing.

In summary, the electrical resistivity tomography
revealed active layer freezing and thawing well at
moderate to wet sites, but less so at the dry site.

A-2008-05-03 CALM

-2
12 3 4 5 8 7 8 9 10 11 12 13 14 15
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A-2008-09-04 AS-B-2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 42024
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1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 10 -5

10 100 Resistivity (Ohmm) 1000 10000
Figure 1. Selected tomograms from the dry loess terrace site.
The recording dates are given (YYYY-MM-DD). Probed thaw
depths are given by the white line and snow cover depth by the
black line (lower panel only). The vertical array marks the po-
sition of the borehole where temperature recordings were
made. The ground temperature profiles are shown in the right
panels.
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Active Layer Monitoring at the Bolvansky Site: Ground Temperature and

Thawing Depth

G.V. Malkova
Earth cryosphere institute SB RAS, Moscow, Russia

Active layer monitoring at the site R24 Bolvansky
(68°17.3'N, 54°30.0'E) using CALM-project carry
out since 1999. The similar regime supervision on
the same area was carried out earlier with 1983 for
1993. The site R24 is located at the hill top occupied
dry tundra. Such landscape is typical for this area.
The significant climate variability and positive mean
annual (MAAT), mean winter and mean summer air
temperature trends is characteristic in a given func-
tioning time. The long-term linear trend of MAAT
increase is equal 0,07°C/year. The greatest impact in
total climate warming is making by air temperature
rise during the winter period (0,14°C/year) while
summer changes appear not so appreciable
(0,03°C/year).

Years 2005 and 2007 were anomalously warm
(MAAT=-0.8°C), when the MAAT was 5 times
higher than the climatic norm. According to our
forecast a maximum of warming has been passed
and in the coming years the colder climate is ex-
pected.

Average long-term snow depth for this area is equal
61 cm. The most snow years were 2004, 2008 and
2009, when the maximum snow depth exceeded 80
cm. Snow density varies during the winter period
from 0,19 to 0,39 g/cm3 and an average measured in
0,25-0,28 g/cm’ at this CALM site.

Ground temperature and thawing depth dynamics of
active layer is due to the modern climate changes.

In the past 10 years a very quick increase of average
thaw depth (2.5 cm per year) has observed. The av-
erage annual ground temperature at the base of the
active layer also distinctly increased from -3.1 to -
0.4°C (trend of temperature rise is equal
0.270C/year) — (fig. 1).

Some conclusions may well do concerning the active
permafrost degradation on the site Bolvansky. But
over a longer period of observation, such trends are
lost, because relevant trends to the sharp decline
(fig. 1).

Ground temperature and the thaw depth is a good
correlation with the change of climatic parameters
[Malkova, 2008; Mazhitova and all., 2004]. The
thaw depth is increased when increasing the amount
of positive air temperatures.

The mean annual ground temperature most depend-
ent on snow cover and air temperature in winter.
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Highest ground temperatures observed in years with
warm and snowy winter.

Active layer condition is now a transient. The mean
annual ground temperature at the base of the active
layer reached the critical value. Two ten-year cycles
observation combining allows adjusting the findings
of the dynamics of the thawing depth and ground
temperature. The precarious state of permafrost was
observed in previous years. If such warm and snow
winter will not be repeated, then the permafrost state
begins to stabilize.
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Figure 1. The dynamics of the thawing depth (A) and mean an-
nual temperature of air and active layer (B) and linear trends of
their change
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Relation of Vegetative Cover and Active Layer Depth in the Arctic
Tundra of Bely Island on New CALM Grids

P.T. Orekhov, A.V. Khomutov, M.O. Leibman

Earth Cryosphere Institute, Russian Academy of Sciences Siberian Branch, Tyumen-Moscow, Russia

O.V. Khitun

Komarov Botanical Institute, Russian Academy of Sciences, St-Petersburg, Russia

1 INTRODUCTION

Bely Island is located in the southern part of the Ka-
ra sea and is separated from Yamal peninsula by
Malygin strait 19-23 km wide. It belongs to the
northern belt of the Arctic tundra subzone, or in
terms of CAVM Team (2003) to zone B. Two
CALM grids were established on Bely Island in
2009. CALM-1 grid 25x25 sq.m, and CALM-2 grid
50x50 sq.m.

2 VEGETATION

Grid CALM-1 is located on a flat top of a sandy ter-
race of a small stream with polygonal microrelief
with flat hummocks, mostly bare surface occupied
by polygonal dwarf-willow-moss (Gymnomitrium
corallioides, Racomitrium lanuginosum) tundra.
Dwarf-willow (Salix nummularia) occupies ca 5%,
and it grows in the micro-troughs and edges of mi-
cro-polygons. Moss (Racomitrium lanuginosum) is
dominating in the troughs (90%), its total coverage
being ca 30-35%. Hummocks are 20-40 cm in di-
ameter, cracks are about 5 cm deep and about 10 cm
wide. Micro-polygons are covered with the crust of
the liverwort (Gymnomitrium corallioides), with to-
tal coverage up to 40%.

CALM-2 grid is set up at the gentle slope of the low
marine terrace on the clayey soils. Polygonal mi-
crorelief is hidden by dense vegetation and is recog-
nized through the water plane on the surface. Plant
cover is a mosaic of few different communities de-
pending on the drainage/moisture content. Poorly
drained wet sites with cotton-grass dominating (70-
90%), occupying troughs and polygon centers, with
less developed moss cover are alternating with little
better drained polygons with thicker and denser
moss cover (grass-cotton-grass-moss and Salix po-
laris-sedge-moss communities). Total coverage is
100%. Considerable amount of litter (up to 50%) is
very characteristic.
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3 ACTIVE LAYER DEPTH

Depth of seasonal thaw on the CALM grids of Bely
Island was measured at the end of July, in mid- Sep-
tember and in mid-October, 2009. Maximum was
observed on September 15. In October 15 refreezing
of the active layer started though air temperature
was above zero yet, thus, mid-September data is
considered. Average depth on CALM-1 grid in mid-
September is 99,7 cm ranging at 89-115 cm.

On CALM-2 grid average thaw depth is 54,3 cm
which is almost twice less in comparison with
CALM-1. It is explained by thick dense vegetative
cover, clayey soils and poor drainage at CALM-2.

4 DISCUSSION AND CONCLUSION

Correlation was analyzed between active layer depth
and various features of vegetation, such as coverage,
thickness, density, species and complexes.

Dense cotton-grass sod has approximately the same
insulation ability regardless of drainage and moss
diversity, thaw depth reaches 50-55 c¢m in such sites.
The lowest and the deepest values were recorded in
the moss-dominated communities with sparse (or
absent) graminoid-layer. The lowest values were ob-
served in wet sites with thick and dense Dicranum
(usually with liverwort Sphenolobus minutus), whe-
reas the highest thaw depths were observed in better
drained sedge-moss communities with Salix polaris
dominated by Aulacomnium turgidum and Hyloco-
mium splendens. Surprisingly thaw was deeper un-
der Sphagnum-dominated moss cover (58 cm) than
under Drepanocladus s.l.-dominated cover (49 cm).
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Active Layer Response to Biomass and Soil-Vegetative Cover Changes
at CALM-Site in the Tundra/Forest-Tundra Transition Zone
(West Siberia, Urengoi Oil-Gas field).

N.G. Ukraintseva, D.S. Drozdov, K.A. Popov, G.V. Matyshak
Earth Cryosphere Institute, Siberian Branch of Russian Academy of Science, Russia

ukraintseva@mail.ru

As an elaboration of CALM program (circumpolar
active layer monitoring), Earth Cryosphere Institute
SB RAS have equipped two new regime CALM-
sites situated in Western Siberia in the landscape
sub-zones of southern tundra and southern forest-
tundra (the undisturbed areas at the Urengoi oil-
and-gas field).

In southern forest-tundra the CALM-site is placed
on the watershed surface of the IV lacustrine-
alluvial plain. The ice-rich continuous and
discontinuous permafrost (total water content of
sand is 22-25%, of loam — 35-50%) is overlapped
by peat here. The watershed peat-land predominates
at the site. At periphery of the site is occupied by
the near-valley larch/lichen open forest. According
to the temperature and geophysical measurements
the permafrost table under the larch open forest
have been lowered to the depth of 5-8 m since
1980-th.

In the southern tundra the CALM-site is situated on
the III marine plain predominantly formed by loam
deposits. Ice-rich continuous permafrost could be
found here (total water content of loam is up to
60%, of sand — 21-28%). The grass-herbaceous
shrub-moss-lichen tundra with scarce spot
medallions predominates on the surface.

The complex landscape-geochemical investigations
have been carried out in order to reveal the
influence of the soil-vegetable cover upon the
thawing depth. The natural waters, moisture, soils,
plants from the active layer and permafrost upper
horizons have been examined. The chemical
features and phytomass density have been
determined. The typification of the natural
geosystems of the local level (the facies rank) has
been carried out. The large-scale (1:5000) maps of
the natural geosystems have been made up.
According to the landscape-indicative conception
(geosystem conception), such maps can be used as a
base for estimates of the local irregularity of the
thawing depth and for making up of geospatial
models. The series of geospatial models have been
created with the use of the geoinformation
technique (GIS). These models demonstrate the
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clear correlation between the active layer thickness
and the geosystem facial structure.

The landscape (facial) structure at the CALM-site
in the southern forest-tundra is mosaic: open forest,
small-hilly tundra’s, ravines with shrubs, peat-
lands, bogs. The reserves of the top phytomass
reach 3-4 kg/m2, the peat thickness makes up 2-3 m
on the peat-lands, 25-30 cm in the ravines and
small-hilly tundra, 5 cm in the open forest. Local
irregularity of the thawing depth depends
significantly on the thickness of the organic soil
horizon (peat). Thus the vegetation in southern
forest-tundra affects considerably the depth of
permafrost thawing; it can also cause the alternation
of sites with the lowered permafrost table (larch
light forest) and with the stable permafrost (peat-
lands, small-hilly tundra). According to Y.L.Shur
and M.T.Jorgenson this is an ecosystem-driven
permafrost [2007].

The role of the soil-vegetable cover in the
distribution of the permafrost temperature and of
the seasonal layer depth is sharply decreases in the
southern tundra. The reserves of phytomass is 1,5-
2,5 kg/m2, the thickness of the organic soil horizon
is rather uniform and makes up 4-10 cm. The
exclusive phytomass (4-5 kg/m2) could be found at
south-face slopes with dense long-boled 3-4-m
alder. The seasonally thawed layer thickness
following the isotropic landscape structure varies in
narrow limits: 0.4-0.7 m at the lowered places and
0.8-1.1 m at the watershed. So the CALM-site at the
southern tundra represents the features of climatic-
driven ecosystem-modified permafrost. Also, the
complex landscape-geochemical investigation
reveals new factors of interrelation of soils and
vegetation verse active layer thickness cross
different natural zones.

Supported by CALM, TSP, RFBR (08-05-00872a;
09-05-10030-x), RAS projects Nel3 «Cryosphere
evolution at climate changes».
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PYRN — The Future in Permafrost Research

I. Gaertner-Roer
Department of Geography, University of Zurich, Zurich, Switzerland

P.P. Bonnaventure
Department of Geography, University of Ottawa, Ottawa, Canada

A XK. Liljedahl
International Arctic Research Center, University of Alaska, Fairbanks, USA

S. Hachem
Interdisciplinary Centre on Climate Change (IC3), Waterloo University, Waterloo, ON, Canada

A.A. Abramov

Soil Cryology Laboratory, Institute of Physicochemical and Biological Problems of Soil Science, Russian
Academy of Sciences, Pushchino, Russia

An increasing number of young permafrost re-
searchers from all over the world are represented by
the four letters: PYRN (Permafrost Young Re-
searchers Network). Currently more than 760 mem-
bers are active in PYRN, communicating with other
young scientists via our website, at international and
regional conferences, workshops or in national
groups. In addition, PYRN members’ have worked
to generate the over 700 references-strong PYRN-
Bib, a bibliography of theses completed in the field
of permafrost science and engineering.

Beside the objective to increase contact across our
network of young researchers within the permafrost
field as well as to encourage transdisciplinary re-
search, PYRN’s aim is to provide methodological
skills through scientific workshops and joint pro-
jects, such as the PYRN drilling project (Part of the
IPY project “Thermal State of Permafrost” or PYRN
TSP). In this context, it is important to learn how to
design and organize field campaigns, how to set up
and apply permafrost distribution models as well as
how to drill a borehole, etc. A major goal of the
PYRN drilling project is to educate the newest and
younger generation while stimulating future pro-
jects. These efforts we hope will guarantee long term
monitoring of permafrost attributes all over the
world. Thus, PYRN directs the multi-disciplinary
talents toward global awareness, knowledge and re-
sponse to permafrost-related challenges in a chang-
ing climate.

This report examines a sample of some of the re-
search currently being conducted by PYRN mem-
bers with respect to the PYRN drilling project as
well as other ongoing independent projects.
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International Permafrost Field Courses Tepo-Yamburg (2007 —2009) in

the Network International Polar Year

V.I. Grebenets

Department Cryolithology and Glaciology, Geographical faculty, Lomonosov Moscow State University,

Moscow, Russia

During the summers 2007-2009 three International
University Courses on Permafrost (IUCP) were con-
ducted in West Siberia, Russia, as part of the IPA’s
IPY activities, and in this time more 70 students,
masters and postgraduate students from Russia,
USA, Germany and other counters participated in
practice on permafrost. Studying regions are the po-
lar and sub-polar territories in the tundra and forest
tundra (Yamalo-Nenetsky Autonomous region).

The course addressed three major topics of perma-
frost-related research:

a) permafrost environments characteristic of the dis-
continuous and continuous zones;

b) field instrumentation and techniques;

c) permafrost engineering and problems of devel-
opment in permafrost regions.

The course consisted of systematic permafrost inves-
tigations at long-term monitoring sites (30-m deep
temperature boreholes) and survey-type expeditions
(CALM grids). The sites and boreholes represents
diverse landscapes characteristic of West Siberia.
Another emphasis lay on the study of characteristics
of permafrost. Other main item of our field courses
is studying Quaternary history and sediments for un-
derstanding forming and development of permafrost
on this area. Thanks to our courses students got to
know a wide range of field techniques, including
surveying, coring, geothermal monitoring, thaw-
depth measurements, landscape characterization,
geomorphologic investigations, soil description and
classification according to International, Russian,
German, and U.S. classification systems.

Three major gas fields (Yamburg, Yubileinoe, and
Zapolyarnoe) and associated industrial complexes
and settlements were visited. In the course of several
excursions students knew about searching for gas
and oil, extraction, cleaning and preparation for
transportation and transportation itself. The field
work was complemented by daily lectures prepared
by instructors and students, covering a wide range of
topics. Analysis of the diverse data sets obtained
during the course is underway at Moscow State Uni-
versity, and a detailed report is in preparation.
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International Field Courses gave the valuable ex-
perience as exchange of knowledge between repre-
sentatives of different national geographic schools.
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PYRN-Bib: The Permafrost Young Researchers Network Bibliography

of Permafrost-Related Theses

G. Grosse
Institute University of Alaska Fairbanks, USA

H. Lantuit

Alfred Wegener Institute for Polar and Marine Research Potsdam, Germany

1. Gartner-Roer

Department of Geography University of Ziirich, Switzerland

1 INTRODUCTION

PYRN-BIib is an international bibliographical data-
base aiming at collecting and distributing informa-
tion on all theses submitted for earning a scientific
degree in permafrost-related research. PYRN-BIb is
hosted by the Permafrost Young Researchers Net-
work (PYRN, http://pyrn.ways.org), an international
network of early career students and young scientists
in permafrost related research with currently more
than 750 members. The fully educational, non-profit
project PYRN-Bib is published under the patronage
of the International Permafrost Association (IPA).
The bibliography covers all theses as long as they
clearly treat aspects of permafrost research from
such diverse fields as: Geophysics, Geology, Cryo-
lithology, Biology, Biogeochemistry, Microbiology,
Astrobiology, Chemistry, Engineering, Geomor-
phology, Remote Sensing, Modeling, Mineral and
Hydrocarbon Exploration, and Science History and
Education.

The specific goals of PYRN-Bib are (1) to generate
a comprehensive database that includes all degree-
earning theses (e.g. Diploma, Ph.D., Master, etc.),
coming from any country and any scientific field,
under the single condition that the thesis is strongly
related to research on permafrost and/or periglacial
processes; (2) to reference unique but buried sources
of information including theses published in lan-
guages other than English; (3) to make the database
widely available to the scientific community and the
general public; (4) to solicit PYRN membership; and
(5) to provide a mean to map the evolution of per-
mafrost research over the last decades, including re-
gional trends, shifts in research direction, and/or the
place of permafrost research in society.

PYRN-Bib is available online and maintained by
PYRN (http://pyrn.ways.org/resources/pyrn-bib-
permafrost-bibliography). The complete bibliogra-
phy can be downloaded at no cost and is offered in
different file formats: tagged Endnote library, XML,
BibTex, and PDF. The full pdf document is also
available via an internet permanent handle (Grosse
& Lantuit, 2008). New entries are continuously pro-
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vided by PYRN members and the scientific commu-
nity. PYRN-Bib currently contains more than 1000
references to theses covering the period 1947-2009
and includes degree-earning theses from bachelor to
doctoral and even some professorial habilitation the-
ses. The increasing number of thesis references
starts to reflect the diversity as well as focus regions
in permafrost-research. Theses currently originate
from 22 countries and 10 languages. All references
in PYRN-BIib are translated into English to guaran-
tee a wider distribution. PYRN-Bib opens the door
to assess to highly valuable scientific work previ-
ously hidden either by language barriers or archive
dust. PYRN-BIb is a unique tool for finding infor-
mation about previous student research on perma-
frost topics. Such theses, often the backbone of
modern research, are otherwise spread over hun-
dreds of university libraries and hard to find or even
know about.

We encourage students who do research in a perma-
frost-related topic to submit their thesis after gradua-
tion.
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NORPERM, the Norwegian Permafrost Database — A TSP NORWAY

IPY Legacy

H. Juliussen, H.H. Christiansen

Arctic Geology Department, the University Centre in Svalbard, Longyearbyen, Svalbard
G.S. Strand, S. Iversen, K. Midttemme* & J.S. Ronning

Geological Survey of Norway, Trondheim, Norway.

*Now at the Norwegian Geotechnical Institute, Oslo/Trondheim, Norway

1 INTRODUCTION

NORPERM -The Norwegian Permafrost Database—
(www.ngu.no/norperm) was developed at the Geo-
logical Survey of Norway during IPY 2007-2009 as
the main data legacy of the IPY-project Permafrost
Observatory Project: A Contribution to the Thermal
State of Permafrost in Norway and Svalbard (TSP
NORWAY). It follows the IPY data policy by giving
open, free and full access to all the temperature time
series and manual temperature logs collected by TSP
NORWAY during IPY. Gradually, also all other
ground temperature data collected in Norway and
Svalbard will be included. The TSP NORWAY
permafrost observatories and the structure and tech-
nical aspects of NORPERM are presented, as is also
possible future developments of NORPERM.

2 TSP NORWAY DATA INFRASTRUCTURE

TSP NORWAY established two permafrost observa-
tories during IPY. In the North Scandinavian Perma-
frost Observatory in northern Norway ground tem-
perature monitoring was started in 15 boreholes and
at 46 sites outside boreholes (in the air, snow,
ground-surface and upper ground) to study climate-
permafrost relationships, and manual temperature
logging was made in three boreholes. In the Norden-
skiold Land Permafrost Observatory in Svalbard
temperature monitoring was made in 17 boreholes
and at 52 sites outside boreholes. Temperature was
manually logged in three deep boreholes (440-900
m) by the Longyearbyen CO, Lab research project
and made available for TSP NORWAY. Through
NORPERM there is online access to near real-time
permafrost temperatures in two TSP NORWAY
boreholes in Svalbard (Fig. 1). The monitoring con-
tinues after the IPY for future assessment of long-
term trends in permafrost temperatures.

3 NORPERM DESIGN

NORPERM is built on Oracle database tools (Oracle
RDBSM), georeferenced through an ArcSDE geoda-
tabase and made publically available in map format
on the internet through a WMS server. Background
maps of topography, superficial deposits, orthopho-

Third European Conference on Permafrost

tos, place names and administrative borders are
available through the public national co-operation on
digital data, Norge Digital (www.norgedigitalt.no).
Because of differences in background maps and the
distance between the two areas, the database has
separate interfaces for Norway and Svalbard.

NORPERM is structured into four levels with de-
creasing spatial scale. At the uppermost level are the
entire land areas of Norway and Svalbard, at the sec-
ond level is the permafrost observatories followed
by what we have called permafrost areas at the third
level. A permafrost area is at the scale of an individ-
ual mountain or valley where measurement sites are
clustered, and provide overview information and
photographs of the area. Finally, the individual
measurement sites (boreholes, sites with miniature
temperature dataloggers outside boreholes) are at the
finest level of detail. Metadata information follows
the GTN-P standard, and links to detail photographs,
the full datasets and standard data plots is provided
in fact sheets.

4 POSSIBLE FUTURE DEVELOPMENTS

Following the increased permafrost collaboration in
the Nordic area during IPY, and particularly with the
PYRN-TSP project collecting permafrost borehole
temperatures in Finland, Norway and Sweden, we
aim at expanding NORPERM into a regional Nordic
database.
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Figure 1. Near real-time temperature time series from the
Gruvefjellet borehole in Svalbard. The data was downloaded 5
February 2010 at 16:00 and showing values measured until one

hour before. The period is 5 February 2009 to 5 February 2010.
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Permafrost! Polar Science at 62° South: an Education and Outreach Short

Film

G. Vieira & C. Teixeira

Centre for Geographical Studies, University of Lisbon, Portugal

1. ABSTRACT

The International Polar Year education and outreach
project LATITUDEG60! was a large success in Portu-
gal with worldwide impacts. It included a large
number of activities, such as conferences, seminars,
exhibitions, theatre plays for kids, polar festivals,
national contests, scientists go to school initiatives,
students in Antarctic expeditions, educational mate-
rials and also short films. The project counted with
the involvement of over 8,000 students from kinder-
garden to the University level and more than 400
teachers from all over Portugal. In this framework 4
educational films on Portuguese Polar Science were
prepared and distributed freely in schools and in the
Internet. Two of these films focus on permafrost and
the more recent one — Permafrost! Polar science at
62° South — is presented here.

Permafrost! Polar science at 62° South is a 16- min-
ute long, amateur film, in Portuguese with English
subtitles, aiming at Secondary school and University
students and shows the current scope of Portuguese
research on Antarctic permafrost. It focuses on the
activities of the Research Group on Antarctic Envi-
ronments and Climate Change (ANTECC) at the
Centre for Geographical Studies — University of Lis-
bon, as well as on its national and international col-
laborations. Permafrost is framed in the context of
climate change and Earth system sciences and its
Global importance is explained. Emphasis is given
to the interdisciplinary character of permafrost re-
search, as well as to the importance of field work
and application of new technologies for research. At
the same time as permafrost science is explained to
students, we also intend to show the enthusiasm of
researchers, the interest of field research and capture
the interest of students for this amazing research
field.
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Permafrost! Polar science at 62° South was funded
by Agéncia Ciéncia Viva (FCT/MCTES), POCI
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Programa Gulbenkian Ambiente funded the
Antarctic Campaigns. Camara Municipal de Almada
and DEGAS funded the publication of the DVD.
Image by Alexandre Trindade, Andreas Hassler,
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Research in the film was conducted in the frame-
work of PERMADRILL 2007, PERMANTAR,
PERMAMODEL-IPY and SHALLOWDRILL.
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Permafrost Research in the New Generation of Polar Scientists Program

Caixa Carbono Zero

G. Vieira, C. Mora & A. Ferreira

Centre for Geographical Studies, University of Lisbon, Portugal

A. Correia & P. Amaral ’
Centre of Geophysics, University of Evora, Portugal

The New Generation of Polar Scientists is a multid-
isciplinary grant program promoted by the Portu-
guese Committee for the International Polar Year
and by the bank Caixa Geral de Depositos through
its environment program Caixa Carbono Zero, that
funds the initiative. The program comprehends a set
of six grants of up to 24 months that fund full-time
research students at the master’s level in biological
sciences, cryospheric sciences and atmospheric sci-
ences. It involves five research institutions, all of
them running IPY projects funded by the FCT — Por-
tuguese Foundation for Science and Technology.
The projects are focusing in the Antarctic and sub-
Antarctic and deal with climate change-related top-
ics. Some of the students are involved in formal
Master programs and the grants provide the frame-
work for the development of their theses, participa-
tion in national and international conferences, and
publication of results in peer-reviewed papers. An
annual subsidy for stages abroad and conference par-
ticipation is also included.

Besides their own research, students and their super-
visors are actively engaged in outreach activities:
public talks, blogs directly from the Antarctic, class-
room activities and hands-on demonstrations of po-
lar science in museums. A website about the pro-
gram is frequently updated with input from the
research  students  (http://www.cgd.pt/Site/Ano-
Polar-Internacional/Pages/Jovens-Cientistas-
Polares.aspx). CGD is a Portuguese major bank and
its commitment, regarding Caixa Carbono Zero, has
provided a high visibility to the program and to the
International Polar Year activities in Portugal,
through the homepage of its website. The very close
collaboration between polar scientists and bank is
generating also new ideas for outreach that have
been developing with the bank's involvement and
empowerment. The New Generation of Polar Scien-
tists Program is an excellent example on the impor-
tance to foster relationships between science and so-
ciety and on alternative ways to gather funding for
polar research in a non-polar country.
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Two grants to young permafrost researchers have
been attributed in the framework of the New Gen-
eration of Polar Scientists Program: Alice Ferreira
(CEG-UL) and Paulo Amaral (CGE-UE). These are
a reflex of the overall importance of permafrost re-
search within the Portuguese strategy for polar sci-
ence. Both grants focus on the PERMANTAR and
PERMANTAR-2 projects focusing on Permafrost
and Climate Change in the Maritime Antarctic. The
grants are contributing to the strengthening of the
critical mass on permafrost research, a country
where permafrost science has developed essentially
after the late 1990’s:

- Alice Ferreira is studying ground and air freezing
indexes in Livingston and Deception Island (Mari-
time Antarctica), with the objective of evaluating the
influence of microscale controls, such as snow cover
and topographical factors, on ground thermal re-
gimes. Her research is based on the analysis of air
and ground surface temperature data from several
sites, as well as on meteorological and snow cover
data.

- Paulo Amaral is analyzing the thermo-physical
properties of rock cores from boreholes from Li-
vingston Island (thermal diffusivity, thermal conduc-
tivity). This data contribute to the implementation of
the Portuguese Antarctic bedrock and soil character-
istics database that will be made available online for
the international community.
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Snowdrift as an Important Factor in the Water Balance of the Fyrsjoen
Catchment, Kapp Linn¢,— Svalbard, Norway

H. Jonas Akerman', Patrik Klintenberg’, Patrik Bremborg® & Louise von Barth'
1. Department of Earth and Ecosystem Sciences, Lund University, Lund, Sweden 2. Desert Research Institute
of Namibia. Windhoek. 3. The Swedish Mapping, Cadastre and Land Registration Authority, Stockholm

1 INTRODUCTION

The investigated catchment is situated on the west
coast of central Spitsbergen. It is a small catchment
(282ha) situated on the strandflat area south of Kapp
Linne” (78°04’N, 13°38’E) draining into the ocean
through a short river where the discharge is meas-
ured. The catchment has no connection with higher
levels (the water divide is only 12-14 m. a. s. 1.) nor
has it connection with any glacier.

2 WATER BALANCE

An attempt to quantify the water balance of the
catchment has been performed. A formula of the wa-
ter balance equation can be expressed as:

P - Qriver_ Qground —ET £AS =€ (1)

Where the P is precipitation, Qriver is the river dis-
charge, Qground is the groundwater discharge, ET is
the evapotranspiration, AS is the storage changes
and € is the error, all expressed in mm water. The
error should end up close to 0 if all variables are
measured correctly. Regarding evapotranspiration
the figure (80mm/year) used by Killingtveit et al.
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100 -
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Figure 1. Runoff, precipitation and hydrological balance for the
FYRSJOEN lake catchment area the hydrological years (Sept-
Aug) 1973/74 to 1999/2000. (Q) =Discharge, (P)= Precipita-
tion-ET, water balance 1= P—Q, and (balance 2)=Corrected wa-
ter balance (considering the snow drift import) in mm
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2003 has been adopted. The storage component S is
considered to be constant as the water level in the
lake at the end of the drainage season is down to a
constant level. The balance for each and every hy-
drological year was found negative - on an average -
127mm (Figure 1 & Table 1). The reasons for this
obviously lie in the precipitation or discharge fig-
ures, which may have some built in errors. But there
is one factor not considered, which became evident
during the snow cover surveys within the catchment.
Snow cover surveys (water equivalents) have been
performed in late winter during 9 different years.

In Fig. 1 & Table 1 is shown that the catchment con-
tain on an average 100 mm more water equivalents
than the measured “traditional winter precipitation”
indicates. The reason for this is the large amount of
drifting snow that is accumulated in drifts mainly
along the eastern “slopes” of the basin. The shallow
basin gets a “precipitation import” through snowdrift
mainly from the prevailing easterly winter winds.

Table 1. Corrected hydrological balance for the FYRSJOEN
lake catchment area based upon snow surveys. In mm.

Cor-
Hydrological ~ Vinter rected.
year Precipitation P-Q Snow  Diff. Balance
1977/78 267 -55 326 59 4
1979/80 292 -86 368 76 -10
1980/81 261 -123 378 117 -6
1981/82 304 -161 429 125 -36
1986/87 278 -125 391 113 -12
1993/94 298 -119 379 81 -38
1994/95 282 -141 402 120 -21
1995/96 287 -142 397 110 -32
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Small-Scale Permafrost Distribution and the Influence of Surface

Substratum in Alpine Periglacial Environments: a case Study from the
Muragl Glacier Forefield/Swiss Alps.

A. Bast & C. Kneisel

Department of Physical Geography, University of Wiirzburg, Germany

1 INTRODUCTION

Permafrost is a widespread phenomenon in alpine
environments. Mountain permafrost is special be-
cause of its often extreme heterogeneity concerning
different parameters such as ice content, temperature
etc. Besides climate, elevation, topographic aspect
(incoming solar radiation), mountain permafrost oc-
currence depends strongly on surface characteristics
(snow cover, vegetation, sediments), that often act as
a buffer-system in the energy balance between at-
mosphere and subsurface.

2 STUDY SITE AND OBJECTIVES

The investigated glacier forefield, ranging in eleva-
tion from 2650 to 2900 m a.s.l., is located in the
Muragl Valley, Swiss Alps. Its geomorphology is
characterized by a complex glacier-permafrost inter-
action (e.g. thrust-moraine, glacial flutes) due to the
polythermal regime of the former Muragl glacier.
The aim of this contribution is to show the small-
scale variability of surface substratum and its influ-
ence on ground surface temperature regimes as well
as on permafrost distribution in the subsurface.

3 METHODS

In summer 2008 geomorphological mapping of the
surface substratum was performed for the whole gla-
cier forefield. Furthermore, a 175 x 175 m grid, con-
sisting of 10 parallel ERT (electrical resistivity to-
mography) profiles and 12 perpendicular tie-lines,
was used to establish a high resolution quasi-3D re-
sistivity image of the subsurface structure. Within
the grid, surface substratum was mapped at 792
(electrode) points resulting in a detailed map of its
distribution. To measure ground surface tempera-
tures 15 MTDs (miniature temperature data logger)
were placed throughout the glacier forefield; 3
MTDs were placed inside, 12 outside the ERT mea-
surement grid. In addition 2 boreholes (8 m depth, 8
sensors) were drilled in summer 2006 to log ground
temperatures. One is located in coarse blocky mate-
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rial inside the ERT-grid, one outside in fine-grained
substratum.

4 RESULTS AND DISCUSSION

Surface substratum was categorized in five substrate
classes ranging from coarse blocks (>630mm, often
1000-2000 mm) at the thrust-moraine, to fine-
grained, detritus-sandy to loamy substrate particu-
larly within the streambeds of the glacier run-off. A
high variability in grain-size is noticeable within
short distances.

The 3 MTDs inside the ERT-grid reflect the differ-
ent temperature regimes of the substrate classes. In
2006-2007 MAGST (mean annual ground surface
temperature) range from -1.3°C in the coarse
grained, to 1.06°C in the finer-grained substrate; re-
sulting in an offset larger than 2.3°C within approx.
100m. Likewise, similar values are observed also in
other measurement periods as well as in the MTDs
outside the ERT-grid.

Results of the quasi-3D image enable a link between
the subsurface structure and the substrate maps. Re-
sistivities >100 kOhm.m below the coarse blocky
material indicate higher ice contents in the voids be-
tween the blocks of the subsurface. In the marginal
areas of that high resistivity anomaly, where also
surface substratum changes to more fine-grained
particles, resistivities decrease to values around 12
kOhm.m. This suggests a lower ice content of the
permafrost body. Active layer thickness increases
simultaneously from 2 m to 5-7 m. In case of the
finest substrate class as well as in areas with stream-
beds, resistivities < 10 kOhm.m in the subsurface
indicate permafrost-free conditions.

Borehole temperature logging prove permafrost oc-
currence at both sites. MAGT (mean annual ground
temperature) in 5 m depth of -0.59 °C (2008/09) at
the site, which is characterized by coarse blocky ma-
terial, is slightly colder in contrast to -0.10 °C
(2008/09) at the site with the fine-grained substra-
tum.

Hence, the blocky surface substratum causes a cool-
ing effect due to advective heat transport.
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Thermo-Physical Properties of Rocks from Livingston Island, Maritime

Antarctica

A. Correia & P. Amaral

Geophysical Centre of Evora, University of Evora, Evora, Portugal

G. Vieira & A. Trindade

Centre for Geographical Studies, University of Lisbon, Lisbon, Portugal
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Department of Physics, University of Alcala, Madrid, Spain

1 INTRODUCTION

Thermal conductivity and thermal diffusivity of
rocks are two physical parameters that are essential
to understand and interpret heat transfer phenomena
in rocks. That is particularly important in areas were
permafrost is suspected to exist; knowledge of those
properties can shade light to phenomena such as
permafrost and active layer evolution as well as to
the distribution of temperature with depth in those
areas. There are a few methods to determine those
properties, some indirect and some laboratorial. We
report here the values for the thermal conductivity
and the thermal diffusivity measured in cores col-
lected from two boreholes drilled in the Hurd Penin-
sula of Livingston Island in Maritime Antarctica.
These values constitute an attempt to construct a da-
tabase of thermal properties of rocks for Livingston
Island, which, in the future, can incorporate other
data from other areas of Antarctica.

The work was performed under the framework of
the PERMANTAR (Permafrost and Climate Change
in the Maritime Antarctic) project which constitutes
one of the Portuguese contributions to the core pro-
jects ANTPAS (Antarctic and Sub-Antarctic Perma-
frost, Soils and Periglacial Environments) and TSP
(Permafrost Observatory Project — Thermal State of
Permafrost) of the International Polar Year.

The cores that were used to determine in laboratory
the thermal conductivity and the thermal diffusivity
were obtained in two boreholes drilled in Livingston
Island near the Bulgarian Antarctic Base (BAB) in
the Hurd Peninsula. One of the boreholes was drilled
in the CALM site near the BAB, reached a depth of
5 m, and has coordinates 60°21°44.3’W,
62°38°48.5’S; the other was drilled near the CALM
site in a place called PAPAGAL, reached a depth of
6 m, and has coordinates 60°21°49.3°W,
62°38°54.2"°S.

2 RESULTS

In a first stage all the cores were measured in a TCS
Lippmann & Rauen GbR which allows the simulta-
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neous measurement of the thermal conductivity and
the thermal diffusivity of rocks. The measurements
were performed in dried cores and along three per-
pendicular directions to study possible thermal con-
ductivity and the thermal diffusivity anisotropy in
them.

For the borehole in the CALM site the average
measured thermal conductivity is 3.14 W/mK, with
the values ranging from 2.78 and 3.33 W/mK; for
the borehole in the PAPAGAL site the average
measured thermal conductivity is 3.17 W/mK, with
the values ranging from 3.00 and 3.57 W/mK. As for
the thermal diffusivity, the borehole in the CALM
site has an average measured value of 1.58 x 10
m?/s, with the values ranging from 1.49 and
1.61m2/s; the borehole in the PAPAGAL site has an
average measured thermal diffusivity of 1.52 x 10°
m?/s, with the values ranging from 1.50 and 1.62
m?”/s. For both boreholes it was also possible to cal-
culate the heat production; the value of 1.30 pW/m’
was obtained for the borehole in the CALM site,
while the value of 0.70 pW/m® was obtained for the
PAPAGAL site. The work is far from being com-
plete and so porosities are being estimated so that
thermal conductivities and thermal diffusivities can
be measured and/or estimated with the cores filled
with water and ice.

3 FUTURE WORK

These first results reported here will incorporate a
database of bedrock and soil properties that will be
made available online for the international commu-
nity. Other boreholes have been drilled in Livingston
Island and cores have been collected to measure
their thermal conductivity and thermal diffusivity,
which will be done in the near future.
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A Geoelectrical Survey to Study Permafrost in the Hurd Peninsula of
Livingston Island, Maritime Antarctica

A. Correia

Geophysical Centre of Evora, University of Evora, Evora, Portugal

G. Vieira

Centre for Geographical Studies, University of Lisbon, Lisbon, Portugal

M. Ramos

Department of Physics, University of Alcala, Madrid, Spain

1 INTRODUCTION

Under the framework of the project PERMANTAR
(Permafrost and Climate Change in the Maritime
Antarctic) a geoelectrical survey has been performed
on January and February of 2009 in Livingston Is-
land in Maritime Antarctica. The PERMANTAR
project is a contribution of several Portuguese re-
search institutes to the International Polar Year core
projects ANTPAS (Antarctic and Sub-Antarctic
Permafrost, Soils and Periglacial Environments) and
TSP (Permafrost Observatory Project — Thermal
State of Permafrost).

Permafrost in a key component to understand the
global climate system because of its influence on
energy exchanges, hydrological processes, natural
hazards and carbon budgets. Therefore, it is not sur-
prising that the Intergovernmental Panel on Climate
Change has advocated that research on climate
change should also consider the climate-permafrost
relation. As a matter of fact, permafrost has been
identified by World Meteorological Organization as
one of the six cryospheric indicators of global cli-
mate change (Brown et al., 2008). Here we report
the results of a geoelectrical survey that has been
performed in the Circumpolar Active Layer Moni-
toring (CALM) site near the Bulgarian Antarctic
Base (BAB) in the Hurd Peninsula of Livingston Is-
land.

2 RESULTS

The main objective of the geoelectrical survey was
to identify and assess the depth of the permafrost in
two areas: one in the NW slope of a hill, and another
in a CALM site, both near the Bulgarian Antarctic
Base (BAB) of St. Kliment Ohridski in the Hurd
Peninsula in Livingston Island, in Maritime Antarc-
tica. Only the results of the survey performed in the
CALM site are reported here. Electrical methods are
particularly well suited for permafrost studies be-
cause of the increase of electrical resistivity in struc-
tures containing frozen material. In the study area
three electrical resistivity tomography (ERT) pro-
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files, with different orientations, were implemented.
In each ERT profile 40 electrodes 2 meters apart
were used and the measured apparent electrical re-
sistivities were inverted using the inversion scheme
RES2DINV (Loke and Baker, 1995). The geoelec-
trical data collected during the field work have high
quality because of their stability and very low elec-
trical noise, which was verified by performing re-
peated measurements at different times. The
geoelectrical models obtained from the inversion of
the apparent resistivities indicate that there are sec-
tions of very high electrical resistivity (of the order
of 10 ohm.meter) along the geoelectrical profiles.
The interpretation of those electrical resistivity mod-
els is that the high electrical resistivity areas are as-
sociated with superficial frozen patches of soil and
not permafrost.
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1 INTRODUCTION

Permafrost and its change in steep high-Alpine
rockwalls remain poorly understood because of the
difficulties of in situ measurements. A large propor-
tion of permafrost studies are mainly based on mod-
elling, with a few existing instrumented sites and a
resulting lack of process understanding.

Yet, a number of rockfalls that occurred in the last
decade in the Alps (e.g. 2003 Summer rockfalls;
2004 Thurwieser rock avalanche) are likely related
to climatically-driven permafrost degradation, as
suggested by interstitial ice in the starting zones, in-
creased air temperature, and modelling studies.

2 MONITORING AT AIGUILLE DU MIDI
2.1 A remarkable Alpine site at 3842 m a.s.l.

Starting off in the framework of the French-Italian
PERMAdataROC project and presently under devel-
opment within the EU co-funded project PermaNET
(Permafrost  long-term  monitoring  network:
www.permanet-alpinespace.eu), our investigations
at the Aiguille du Midi began in 2005. The summit
is accessible from Chamonix, France by a cable car
which was built at the end of the 1950s. Half a mil-
lion tourists visit the site each year.

Besides its easy accessibility, he site was chosen for
its elevation, geometry, and year-round accessibility
to rock slopes of diverse aspects and to galleries in-
side the rock mass.

2.2 Monitoring methods

The rockwall temperature is measured by a network
of mini-dataloggers at a maximal depth of 55 cm,
and by three 15-nodes thermistor chains in 10-m-
deep boreholes, covering diverse slope angles and
expositions. The permafrost body at depth in the
rock mass and the seasonal evolution of the active
layer are monitored by repeated ERT (electrical re-
sistivity tomography) on fixed electrodes.
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An automatic weather station records air tempera-
ture and humidity, incoming and outgoing short- and
long-wave radiation as well as wind speed and direc-
tion perpendicular to the rockwall surface. A 3D-
high-resolution DEM of the Aiguille (outside and
tunnels) was obtained by terrestrial laser scanning
(TLS). TLS is also used to monitor instability in the
SE face.

3 PROSPECTS

During the next months, two complementary studies
will be accomplished: (i) numerical modelling of the
transient 3D  subsurface temperature fields,
combining a distributed energy balance model with a
3D heat conduction scheme, and (ii) numerical
modelling of water flow in rock fractures.

The combination of process understanding, statisti-
cal analyses and/or modelling will help to improve
our understanding of the characteristics of the moun-
tain permafrost degradation. Secondly, we are inter-
ested in how a reduction in the uncertainty of data,
process understanding and models may contribute to
our predictive skill of corresponding effects.

P, 0 A & J
Figure 1. Summit of the Aiguille du Midi (3842 m a.s.1.). In the
background, right: North face of the Grandes Jorasses.
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Air Circulation and Cooling Effect through Artificial Screes: a case Study
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1 INTRODUCTION

Occurrences and thermal impacts of air circulation
throughout a natural porous medium have been de-
tected and investigated for the last decade in many
talus slopes. The process makes frozen sediments to
occur far below the regional lower limit of discon-
tinuous permafrost (Delaloye & Lambiel 2007). It is
commonly accepted that connected systems of large
voids facilitates the movement of air. Which bound-
ary conditions (e.g. volume, grain-size, porosity) do
prevent the circulation of air and the significant
cooling of the ventilated terrain? The investigation
of artificial gravel heaps consisting each of material
of different grain-size could provide key data to
solve the problem.

2 PRELIMINARY RESEARCH

During the 2008/2009 winter, a preliminary research
was carried out on 8 artificial gravel heaps. These
heaps have various grain-sizes and volumes. They
are located in a gravel pit close to Fribourg (620 m
a.s.l., Switzerland). The first results of the investiga-
tions have pointed out no visual evidences of air cir-
culation (Morard & al. 2008) in heaps with a volume
smaller than 30m’ or/and a grain-size under 4mm.
Conversely, three gravel heaps with a volume bigger
than 900m’ and a grain-size larger than 8mm
showed visual evidences of air circulation. Ground
surface temperature measurements on these gravel
formations confirmed the occurrence of air circula-
tion and its impact on the thermal regime of the arti-
ficial screes (overcooled base and warm top). As
these investigations were only superficial, direct in-
formation was collected by digging. The excavation
revealed that the material was frozen deep inside the
heap. In the frozen section, the grains were ice ce-
mented together or not, leaving the porosity open for
air to circulate. Gravels stalactites (ice cemented)
were also found near the top of the heap. This
probably occurs when water percolation (from
snowmelt or rain) comes in contact with the cooled
gravels.

3 CASE STUDY

Through the last winter (2009/2010) and spring, a
pile (P1) of gravel was equipped with thermistors
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and temperature — humidity mini-loggers. The size
of the gravels is between 11 and 16mm and the vol-
ume of the pile is 1500m’. The instruments are
spread inside the pile. The goal of this distribution is
to better define the thermal regime of a porous for-
mation (compared with external meteorological con-
ditions) during the winter and the beginning of the
warm season. In the same time, two other piles (with
a smaller volume (150m’ each) were also equipped
with temperature loggers. The grain-size of one of
them is the same as P/, in order to measure if a dif-
ferent volume involves a change in air circulation ef-
ficiency and duration. The grains of the other small
pile are calibrated between 8 and 11mm. Therefore
the two small piles could provide information on the
air circulation and its behaviour with a change of
gravel size.

Ground surface temperature measurements were also
made several times during a month to map the ther-
mal impact caused by the air circulation and its evo-
lution on P/. Thermal imaging was also used as a
tool to measure the air circulation‘s thermal effect
on PI (fig.1).

Figure 1: Thermal imaging of P1. Temperature are in °celsius.
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1 INTRODUCTION

The modern southern boundary for Scandinavian
permafrost is located in the mountains of southern
Norway. The three-year research  project
CRYOLINK (“Permafrost and seasonal frost in
southern Norway”’) aims at improving knowledge on
past and present ground temperatures, seasonal frost,
and distribution of mountain permafrost in southern
Norway by addressing the fundamental problem of
heat transfer between the atmosphere and the ground
surface. Hence, several shallow boreholes have been
drilled, and a monitoring program to measure air and
ground temperatures was started in August 2008.
These data will be used to calibrate and validate dis-
tributed transient models of snow cover, ground sur-
face temperature and ground temperatures in south-
ern Norway.

This poster will focus on the field setup and give ex-
amples of data obtained from the sites.

2 SETTING

The borehole areas (Juvvass, Jetta and Tron) are
situated along a west-east transect and, hence, a con-
tinentality gradient, and each area provides bore-
holes at different elevations. At Jetta all boreholes
are drilled in bedrock, at Tron in in situ weather ma-
terial or ground moraine, and at Juvvass in different
ground surface materials, ranging from block fields
via coarse ground moraine to bedrock.

3 FIELD SETUP

The following loggers are in use for borehole tem-
perature measurements (Table 1): Hobo U22
miniloggers, Geoprecion thermistor strings and
thermistor chains connected to Campbell loggers.
The first two devices have an accuracy of roughly +
0.2°C and the latter 0.1 °C.

On most borehole sites air temperatures are meas-
ured. Further, vertical arrays of Miniature Tempera-
ture Dataloggers (MTDs; Thermochron iButtons®)
at fixed heights above the ground surface have been

installed to roughly determine the snow depths at the
sites, which is also indicated by digital cameras pro-
viding daily pictures of snow and weather condi-
tions. Four boreholes are provided with close by
probes measuring soil moisture in the upper 65 cm.
This is an important parameter for heat flow models.
The uppermost borehole at Juvvass (Juv-BHI, 1771
m a.s.l.) is situated close to the Juvvasshee PACE
borehole (1894 m a.s.l.). At the PACE borehole air
and ground temperature measurements exist since
1999, and the Norwegian Meteorological Institute
has recently opened a full meteorological station
there. For Jetta and Tron such longtime observations
are absent. At the uppermost borehole at Tron (Tro-
BH1) an automatic weather station was installed
September 2008.

On most borehole sites electrical resistivity tomo-
graphy (ERT) data has been obtained. At Juvvass
BH3 three ERT profiles have been obtained so far
on a fixed electrode setup, and these measurements
will continue for monitoring of active layer dynam-
ics and longer terms changes in ice content of the
subsurface.

In addition individual MTDs have been placed out to
measure ground surface temperature at different as-
pects and snow settings.

Table 1. Site information and field setup for the boreholes used
in the Cryolink project. AH: relative Air Humidity, AT: Air
Temperature, BI: Borehole Installation, OM: Other Measure-
ments, PF: Permafrost, RF: Radiation Fluxes (short and long
waved), SD: Snow Depth thickness, SM: Soil Moisture con-
tent, W: Wind speed and — direction. All thicknesses in m.

Borehole Altitude Depth PF? BI OM
PACE-31 189%4 20 Yes Campbell AT,RF,W
Juv-BH1 1861 10 Yes Campbell AT,SD,SM
Juv-BH2 1771 10 Yes Campbell AT,SD

Juv-BH3 1561 10 -
Juv-BH4 1559 15 Yes Geoprecission AT
Juv-BHS 1468 10 No Geoprecission  AT,SD
Juv-BH6 1314 10 No Geoprecission AT,SD,SM

Yes Campbell

Jet-BH1 1560  19.5 Yes Geoprecission AT,SD
Jet-BH2 1450 10 No Hobo U22 AT,SD
Jet-BH3 1218 10 No Hobo U22 AT,SD
Tro-BH1 1640 30 Yes Campbell AT,RF,SD,SM,W
Tro-BH2 1589 9.5 No Geoprecission  AT,SD

Tro-BH3 1290 10 No Geoprecission AT,SD,SM
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Ragid Response of Active Layer Thickness and Vegetation Greenness
in Sub-Arctic Sweden to Experimentally Increased Snow Cover
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1 INTRODUCTION

Snow depth increases observed and predicted in the
sub-arctic are of critical importance for the dynamics
of lowland permafrost and vegetation. Snow acts as
an insulator that protects vegetation but may lead to
permafrost degradation. In the Abisko area, in north-
ernmost Sweden, there has been an increasing trend
in snow depth during the last Century. Downscaled
climate scenarios predict an increase in precipitation
by 1.5-2% per decade for the coming 80 years. The
observed changes in snow cover have affected peat
mires in this area as thawing of permafrost, increases
in active layer thickness and associated vegetation
changes have been reported during the last decade
(Akerman and Johansson, 2008; Malmer et al.,
2005). An experimental manipulation was set up at
one of these lowland permafrost site in the Abisko
area (68°20°48’N, 18°58’16°°E) in 2005, to simulate
projected future increases in winter precipitation and
to study their effects on permafrost and vegetation.

2 EFFECTS OF SNOW MANIPULATION

The mean snow depth has during the period of ob-
servation (2005-2008) ranged from 7 to 9 cm (std er-
ror 0.94) for the six control plots and from 16 to 21
cm (std error 2.28) for six plots with a snow fence.
After three years of treatment, statistically signifi-
cant differences (p=0.02) in mean winter and mini-
mum ground temperatures could be detected be-
tween the control and the manipulated plots. The
control plots were between 0.5 and 1°C colder than
the plots with snow fences at 15 cm depth during
winter (Oct-Apr).

At the outset of the experiment (2005) there was no
statistically significant difference in active layer
thickness between the control plots and the plots
with snow fences (Figure 1). For the second and
third years of treatment, there was a statistically sig-
nificant difference between the active layer thick-
nesses in the control plots compared to the plots with
a snow fence (p=0.03). The active layer thickness
decreased for all three years of measurements in the
control plots (from 67 to 58 cm) but remained
around 66 cm for all years apart from 2007 when it
increased slightly to 68 cm in the plots with snow
fences.
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Figure 1. Statistically significant differences in active layer
thickness were detected between the control plots and the plots
with a snow fence after only three years of treatment.

No statistically significant difference was found in
the abundance of species between the different
treatments. However, in the manipulated plots, the
vegetation remained greener until later in the au-
tumn. In August 2008, the vegetation was between
140-145% greener in manipulated plots compared to
the control plots. Increased snow may increase the
average annual drawdown of atmospheric CO, due
to an increase in the duration of green, photosynthe-
sizing leaves in the autumn. However, we acknowl-
edge that a prolonged growing season could result in
increased frost damage to some species and create a
complex dynamic in the long term uptake of CO;
due to increased snow cover.

According to past, century-long patterns of increas-
ing snow depth and projections of continuing in-
creases, it is very likely that the changes in perma-
frost and vegetation that have been demonstrated by
the experimental treatments presented here will con-
tinue in the future under natural conditions and will
be a non-reversible process in this region.
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High-Mountain Permafrost Temperature Monitoring in Central Svalbard —

Implications for Arctic Coal Mining
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1 INTRODUCTION

While permafrost temperatures has been monitored
at 270 m asl at Janssonhaugen in central Svalbard
for a decade (PACE project), and extensive monitor-
ing, mainly in the lowlands, started during IPY
2007-2009 in western and central Svalbard (TSP
NORWAY project), there is no information on the
mountain permafrost thermal regime above 464 m
asl in Svalbard. Such information is particularly
relevant for the coal mining industry in Svalbard,
and temperature monitoring was thus initiated in two
mountains by UNIS and the local mining company
Store Norske Spitsbergen Grubekompani (SNSG).
At Breinosa (677 m asl), where the SNSG coal mine
Gruve 7 is located, a borehole made for coal pros-
pecting was instrumented for ground thermal meas-
urements to 10 m depth in March 2009. At Luncke-
fjellet (901 m asl), where SNSG makes plans for a
new coal mine, another prospecting hole was in-
strumented to 90 m in June 2009.

Here we present the two sites and the preliminary re-
sults.
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Figure 1. Ground temperatures in Lunckefjellet (24 Jun, 9 Sep
and 8 Oct. 2009) and Breinosa (11 Aug, 2009).
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2 BOREHOLE SITES AND
INSTRUMENTATION

Breinosa and Lunckefjellet are located in the most
continental, central part of Svalbard. The annual
mean air temperature 2009 at Breinosa 520 m asl.
was -6.9°C. Both borehole sites are located at moun-
tain plateaus where the ground surface consists of
block fields with little interstitial fine material. The
Lunckefjellet site has a more or less perennial snow
cover.

Salt-water was injected in the boreholes during drill-
ing, so some thermal disturbance should be expected
until this water is frozen or drained. The holes were
cased with a PVC-tube in the upper 12 m at Luncke-
fjell and 16 m at Breinosa. The Breinosa hole was
instrumented with a GeoPrecision M-Log7 (accu-
racy +0.2°C), recording data every second hour. The
Lunckefjellet hole was instrumented with a thermis-
tor-string connected to a Campbell data-logger (ac-
curacy £0.1°C), recording data once a day.

3 PRELIMINARY RESULTS

The Lunckefjellet borehole temperatures recorded at
the first day of monitoring, 24 June 2009, are noisy
and influenced by the drilling that ended only a few
days before (Fig. 1). The recordings of 9 September
and 8 October shows that the temperature is about to
stabilize in the lower half of the borehole at this
time. Above 40-50 m, the borehole is, however, still
cooling (Fig. 1). The Breinosa borehole tempera-
tures stabilized by July 2009.

While the temperature in the upper part of the per-
mafrost in the lowland areas of Svalbard are in the
range -2.3 to -5.7°C, the high-mountain permafrost
temperatures are at -6.5°C at 10 m depth in the Brei-
nosa borehole, and as low as -7.8°C at 63-78 m
depth in the Lunckefjellet borehole (Fig. 1).

The low temperatures recorded at Lunckefjellet may
partly be explained by the topography around the
hole, enabling cooling also from the mountain sides.
Ignoring this, and assuming a linear temperature
gradient with depth from 78 m depth and down-
wards, the permafrost thickness at Lunckefjellet is
estimated to about 550 m.
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Permafrost Warming in the Discontinuous Permafrost Zone, Northwestern

Canada
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1 INTRODUCTION

1.1 Study area

The study was established in August 1990 on the
border of the Selwyn and Mackenzie Mountains
west of the Continental Divide and the
Yukon/Northwest Territories, Canada border. The
initial four sites were selected along a ~300 m eleva-
tion gradient with dominant vegetation varying from
erect shrub tundra to lichen-graminoid tundra.

1.2 Objective

Evidence of palsa degradation in the region
(Kershaw and Gill, 1979) prompted questions as to
the processes responsible. Consequently, a network
of microclimate stations was established to monitor
near-surface conditions in an attempt to quantify fac-
tors affecting the features.

2 METHODS

Automated microclimate dataloggers were installed
with a variety of sensors. The focus of this paper is
the results from type T thermocouples used to moni-
tor air, surface and near-surface permafrost tempera-
tures. Only the 24h mean values were used in this
analysis.

Manual measurements were conducted in the late
thaw season to monitor thaw layer depth. The frost
probing method was employed at each study feature
on a permanently marked sampling grid which var-
ied in size (n=85 to 23 in 1990) with the feature. As
features degraded, lost sampling points varied from
5 to 65% of the original number.

3 RESULTS

3.1 Microclimate

Records have been interrupted due to animal damage
and the extent of disruption differs among the sites.
Air temperature has varied from a mean annual low
near —9°C to a high of —4.5°C. The most complete
records vary from a cooling at one site of 0.25°C to
warming at two sites of 0.75°C over the 19-year re-
cord period.

Mean annual near-surface permafrost (1.5m depth)
temperature has risen at all sites with the most com-
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plete records rising from approximately —2.25°C to
—1.0°C (Figure 1). Recent cooling has reduced the
magnitude of this trend.
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Figure 1. Mean annual near-surface permafrost temperature
trends at the sites with the most complete records.

3.2 Active layer

Thaw layer depth has varied little over the record pe-
riod. However the number of sampling points has
been reduced by perimeter reduction in the features
with the result that some probe points are now off-
feature. No palsas were unchanged over the study
period and one has lost >50% of its surface area
since 1990. Despite this the mean thaw depth is un-
changed except at the site that has degraded the most
and thaw depth here has thinned with the recent
cooling.

4 CONCLUSIONS

Palsas and peat plateaus in the discontinuous perma-
frost zone of Northwestern Canada are degrading
despite conflicting air temperature changes. Near-
surface permafrost warming reflects significant areal
reductions which are primarily around the features’
perimeters.
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1 INTRODUCTION

Ground surface temperature (GST) monitoring has
been initiated in the French Alps at one site in 2003
and on three additional sites in 2007. All sites are si-
tuated on active rockglaciers.

The surface displacements of the Laurichard rock-
glacier are measured geodetically since 1983, pro-
viding one of the longest rockglacier displacement
records of the Alps (Bodin et al., 2009). GST moni-
toring has been initiated in 2003.

The other sites are monitored for GST and surface
displacement by DGPS since 2007. On both the
Deux-Alpes-Bellecombes and the Orelle-Plan Bou-
chet sites, a cable car is partly installed on the rock-
glacier. The Berard rockglacier front collapsed in
2006, and measurements are performed on the resid-
ual upper part of the landform.

All GST measurements are performed with UTL-1
mini temperature loggers, associated with an annual
BTS survey. Surface displacements are monitored
once a year with a single band DGPS.

We present here the results of the GST measure-
ments.

2 RESULTS

2.1 GST evolution (2003-2009) at Laurichard

GST monitoring was set on in autumn 2003, just af-
ter the summer 2003 heat wave. The following win-
ter was characterized by an early and thick snow
cover. Both resulted in higher GST values.

The two following winters, 2004-2005 and 2005-
2006, were snow poor and cold, allowing a strong
cooling of the soil during autumn and early winter.
This resulted in a drop of 3-4°C in winter tempera-
tures. Summer and autumn 2006 were unusually hot
and followed by a snow rich winter. GST rose again
by 2-3 °C. This trend continued for 2007, before a
moderate cooling in 2008.

The 12 month running mean of GST (fig. 1) illus-
trates the cumulated effects of: 1) hot summers and
early and high snow cover, 2) moderate summers
and snow poor winters.

2.2 GST evolution (2007-2009) on others sites

For the two winters 2007-2008 and 2008-2009, GST
records are available at the four monitoring sites.
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Both winters were snow rich and provided a good
isolation of the ground against atmospheric tempera-
ture variations, but differed in the time of onset of
the snow cover. In winter 2007-2008, the snow
cover developed from ca. the 20" of November.
Thus the ground could have cooled during the late
autumn, and GST remained moderately cold.

In winter 2008-2009, the snow cover set on much
earlier and provided a good isolation from the 20™ of
October. Thus the GST remained warmer on most
sites. At the Berard site, the registered WEQT are 0.2
to 0.8°C higher than the previous year.

3 DISCUSSION

The resullts show that each site has its own thermic
evolution which is governed by topo-climatic factors
and ice content of the ground. If the mini-
dataloggers disposed outside the rock glaciers have
on the whole the same behaviour, those which are on
rockglaciers are divergent. As outlined above, the
results show also that the evolution of GST is
strongly dependent on the time of onset and the
thickness of the snow cover.
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Figure 1. 12 month running mean of GST at Laurichard.
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Petuniabukta, Billefjorden, Spitsbergen
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In high Arctic, both vegetation cover and soil organ-
ism biodiversity depend mainly on the local climate,
substrate as well as the permafrost occurrence. Spe-
cific climate conditions and geographical location
affect thermal regime of the active layer of perma-
frost and liquid water availability that allow plants
and soil biota development. Therefore, detail knowl-
edge on a seasonal variation of microclimate pa-
rameters and other environmental factors are essen-
tial for study of the permafrost active layer and other
constituents of terrestrial polar ecosystems. The re-
search presented here is conducted under the frame-
work of the “Biological and climate diversity of the
central part of the Svalbard Arctic archipelago” pro-
ject funded by the Ministry of Education, Youth &
Sport of the Czech Republic, INGO - LA 341 (2007
-2010).

The investigated area is located in the coastal zone
of Petuniabukta, north-western branch of Billefjor-
den, Spitsbergen. The most part of Petuniabukta is
covered with cement type of the permafrost. During
summer season, the permafrost table is located in the
depth of 40-120 cm depending on the altitude, slope
and relief exposition. Since 2008, fourth automatic
weather stations (AWS) have been operated along
the northern coast of Petuniabukta at different alti-
tudes ranging from seashore level to the mountain
ridge up to 500 m a.s.l. All AWS are equipped with
an identical set of sensors to measure air temperature
and relative air humidity at a height of 2 m. Fur-
thermore, the soil temperature and volumetric water
content (VWC) are measured at the depths of 5 and
15 cm. Apart from that, an extended monitoring
program is carried out at a single station (AWSI1) lo-
cated on the south-eastern slope at an altitude of 15
m (Fig. 1). It consists of sensors for the measure-
ment of shortwave net radiation, PAR, air pressure,
air temperature and humidity, surface temperature of
tundra vegetation, wind speed and direction. In addi-
tion, platinum resistance thermometers depths of 2,
5, 15, 30, 50, and 75 cm are installed near the AWS1
location to measure soil temperature profile.

It can be concluded that climate conditions in Petu-
niabukta slightly differ from the rest of the Svalbard
archipelago, Isfjorden in particular (Hanssen-Bauer
et al., 1990). In the period of 21 July 2008 to 13 Au-
gust 2009, mean air temperature at Petuniabukta
(AWS1) was -4.5 °C. The air temperature reached
absolute minimum of -32.6 °C and maximum of
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16.2 °C. For the whole investigated period, mean
global shortwave radiation was 85.9 W/m’. How-
ever, daily maximum intensity of global radiation
reached 360 W/m?. We found that mean soil tem-
peratures at depths of 5, 15, 30, 50 and 75 cm were -
3.5,-3.2,-3.3,-3.4, and -3.5 °C, respectively. Freez-
ing of the permafrost active layer between at depths
of 5 to 15 cm was closely related to air temperature
drop below -10°C, which occurred during snow fall
events in the period of 1-7 October 2008.

Permanent snow cover established on 2 October
2008 and melted out on 16 June 2009 after 6-days of
thermal advection and direct solar radiation. After
that event, thermal regime of the permafrost active
layer at depths of 5 to 15 cm changed rapidly under
the influence of melting water. It was clearly seen
also in the VWC increase from 0.12 to 0.42 m’/m’
which happened within 68 hours. In summer 2009,
mean air temperature was 5.5 °C, while mean/max.
surface temperature of tundra vegetation reached 7.8
and 26.5 °C, respectively. The increase in surface
and substrate temperatures was accompanied by an
increase in the mean VWC at depths of 5 and 15 cm
that ranged from 0.29 to 0.32 m’/m’. Then, within
the following 41 days, continuous warming of the
permafrost active layer brought a slow decrease of
the VWC from 0.40 to 0.33 m’/m’ at 5 cm, while
other depths remain unchanged.

Figure 1. General view on the automatic weather station
(AWS]1) in Petuniabukta, Billefjorden, Spitsbergen.
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Permafrost distribution and temperature belong to
key indicators of climate change as they react sensi-
tively to climate variations. The mean annual air
temperatures rose substantially in the Maritime Ant-
arctic during past 50 years (Turner et al., 2005). This
trend has caused warming of solid earth and increase
of permafrost active layer thickness. At the Ulu Pen-
insula, the northern part of the James Ross Island,
we started to examine variations of permafrost thaw-
ing depth and processes in the active layer in 2005.
Permafrost active layer thickness is investigated
along a 5.4 km long transect ranging from the alti-
tude of 4 to 323 m a.s.l. (Figure 1). Climate condi-
tions and altitude are the main factors, which control
the thickness of active layer at 12 study sites (P-1 to
P-12). Mean depth of permafrost table changed from
0.75 m in 2009/2010 to 0.55 m in 2010/2011 follow-
ing the interannual decrease of mean air summer
temperature from 0.8 to -1.8°C. Similarly, the
changes were found in incoming solar radiation dur-
ing summer season which decreased from 1738.2 to
1632.6 MJ.m™. Depth of permafrost thawing (DPT)
ranged from 22 to 93 cm depending on altitude. The
negative correlation between the DPT and altitudes
was modified by water content in regolith and defla-
tion processes, which reduced the downward propa-
gation of active layer.

Temperature conditions in the active layer have been
measured by platinum resistance probes close to the
Mendel Station located on marine terrace (10 m
a.s.l.) and at the Johnson Mesa (323 m a.s.l.). Fur-
thermore, ground heat flux at the depth of 2 cm was
monitored at both sites. We found that the annual
mean temperatures of the regolith at depths of 5, 10
and 20 cm at the Mendel Station were -8.0, -7.7,
and -7.5 °C, while at Johnson mesa they reached -
8.8, -8.6, and -8.5 °C. Similarly, summer mean tem-
peratures at the Mendel Station were higher by
0.8°C that at Johnson mesa. However, difference be-
tween the two sites was not reflected in heat flux
measurements.

Predominant periglacial processes in the active layer
are strongly influenced by site characteristics. Two
main periglacial processes affect the active layer
evolution. Among these, patterned grounds and
solifluction landforms are the most common. Pat-
terned grounds cover almost continuously summit
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plateaus and slightly inclined surfaces on weathered
volcanic bedrock. The shape of these sorted land-
forms is controlled by inclination of slopes changing
from isometric polygons to elongated stripes with
high inclination of slopes. Temperature variations in
the ground reflect the intensity of sorted landforms
development as indicated by measurements of rege-
lation cycles at five sites (GT-1 to GT-5) in 20009.
Moreover, the solifluction process was monitored
from January 2005 to February 2010 at eight sites
(S-1 to S-8). The most intense solifluction can be
observed in areas underplayed by sedimentary rocks,
which disintegrate into fine-grained waste. The
mean annual rates of solifluction ranged in order
of centimetres with the highest annual values up to
120 mm.
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Figure 1. Map of the northern part of the James Ross Island
with locations of meteostations (triangle) and sites of perma-
frost depth (circle) and solifluction movement (diamond)
measurements.
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Permafrost Monitoring Network in Northeastern China
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During the past 40 years, due to climate warming and
rapid deforestation, and other human activities,
permafrost in the Da and Xiao Xing’anling (Hinggan)
Mountains in northeastern China has been degrading,
as shown by the deepening active layer, thinning
permafrost, rising ground temperatures, expanding
talik, and the disappearance of permafrost patches
(Jin et al., 2007).
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Figure 1. Map of boreholes for monitoring permafrost

temperatures in Northeastern China.

There are no extensive monitoring boreholes for
ground temperature in northeastern China before
2004. In October to December 2004, and April to
August 2005, 10 boreholes were drilled at Mo’he
Airport to monitor the permafrost risks and
unfavorable geology. From July to August 2007, 8
boreholes were drilled at Gen’he and Yituli’he to
study the effects of vegetation on the active layer
processes, thermal offsets and ground temperatures,
as well as the symbiosis of wetlands and permafrost
(Jin et al., 2008). In October to December 2007, 15
boreholes were drilled and installed along then
to-be-built China-Russia Crude Oil Pipeline (China
segment) from Lianyin, Mo’he to Jiagedaqi
(PetroChina Daqing Oilfield Engineering Co. Ltd.,
2008), later the data were used in assessing the
thermal regimes of permafrost at various segments of
the pipeline route. In June to August 2009, 10
boreholes were drilled by Inner Mongolia
Agricultural University at the CFERN Gen’he for
studying the relationships of permafrost, vegetation,
ecology, micrometeorology and micro-topography.

In order to study the impacts of anthropogenic
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activities represented by rapid urbanization and
extensive deforestation on the permafrost and cold
regions environments, additional 15 boreholes were
drilled from Yekeshi to Mo’he on the western flank
of the Da Xing’anling Mountains from October to
December 2009, and the measurements of ground
temperatures will start in 2010 (Figure 1).

Therefore, so far there are about 58 boreholes, and
more than 50 will be added in the near future to
establish and maintain of the monitoring network of
permafrost, which will play important roles in
multidisciplinary research in the cryospheric sciences,
as the northern parts of the Heilongjiang Province
and northeastern part of the Inner Mongolia
Autonomous Region (IMAR) have undergone the
warming of 0.9-2.2°C during the last 40 years, the
most striking in China.

References

Jin HJ, Yu QH, Lii LZ, Guo DX, Li YW, 2007. Degradation of
permafrost in the Xing'anling Mountains, Northeastern
China. Permafrost and Periglacial Processes, 18(2), pp.
245-258. DOI: 10.1002/ppp.589.

Jin HJ, Sun GY,Yu SP, Jin R, He RX, 2008. Symbiosis of
marshes and permafrost in the Da and Xiao Hinggan
Mountains in Northeastern China. Chinese Geographical
Science, 18(1): 62-69. DOI: 10.1007/s11769-008-0062-0.

—_
w
o




Permafrost Monitoring in West Siberia Subarctic

N.G. Moskalenko, P.T. Orekhov, O.E. Ponomareva

Earth Cryosphere Institute, Moscow, Russia

Permafrost monitoring is carried out since 1970 at
the Nadym site in the West Siberia North. The ob-
servation site is located in 30 km south from the
Nadym town on a flat boggy surface of the fluvial-
lacustrine plain. Permafrost underlies the area spo-
radically. Patches of permafrost are closely associ-
ated with peatlands, tundras, mires, and frost
mounds.

Observations are included measurements of perma-
frost temperature and active layer thickness, mi-
crorelief leveling, soil and vegetation descriptions
on fixed plots (10x10 m), CALM grid (100x100 m)
and transects.

According to the Nadym weather station for 1970-
2008 the trend rise of air temperature has made
0.04°C in a year. The rise in air temperature caused
increase in active layer thickness and permafrost
temperature.

On CALM grid during 1997-2009 periods maximum
active layer thickness (143 cm) was registered in
2002 with warm summer and big quantity of sum-
mer precipitation (table 1).

Table 1. Active layer thickness (cm) in different
natural complexes on CALM grid

Years natural complexes * Mean on
A B C CALM grid
1997 57 120 147 121
1998 73 170 166 137
1999 66 130 144 123
2000 73 154 147 126
2001 81 157 159 134
2002 86 148 170 143
2003 85 155 143 126
2004 83 167 148 134
2005 95 170 149 141
2006 99 143 147 129
2007 99 153 140 129
2008 115 143 148 136
2009 83 111 109 101
mean 84 148 147 129

*A — flat peatland, B — bog, C - hummocky tundra

Minimum active layer thickness is observed on flat
surface of peatland (84 cm). Areas with deep thaw
are confined to dwarf shrub-sedge-moss bogs (148
cm) and to hummocky tundra (147 cm).
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The ground temperature in different landscape con-
ditions for the investigated period has increased for
0.4-1.4°C. Minimum temperature increase from -0.5
up to -0.1°C was observed on mineral frost mounds,
composed by sands, underlying by icy clay. Maxi-
mum temperature increase from -1,8 up to -0,4 oc
was registered on palsa peatland.

The annual course of ground temperature on differ-
ent depths on palsa peatland for 2008 is resulted in
Figure 1. During the autumn period on depths of 2-5
m gradual increase of temperature which maximum
falls at December is marked. Since January - Febru-
ary temperature of the upper ground layers start to
go down under influence of low air temperature. The
lowest temperatures are observed on depth 1 m. The
maximal winter temperature gradient is registered in
March and makes 1,7 degrees/m. In March influence
of air temperatures reaches depths of 4-6 m, and
deeper downturn of temperatures begins only since
April and comes to an end in June. Since May tem-
peratures of the upper ground layers again raise, and
increase of temperature deeper than 5 m is traced on-
ly in July - August.
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Figurel. Mean monthly temperature in 2008 at the depth
1-10 m on palsa peatland
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Monitoring Mountain Permafrost in Switzerland — Strategies and

Experiences from 10 Years PERMOS
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(1) Swiss Permafrost Monitoring Network, c/o University of Zurich, Zurich, Switzerland
J. Noetzli ", R. Delaloye @ 1. Gaertner-Roer @, S. Gruber @, C. Hauck ©, C. Hilbich @, M.

Hoelzle ®, M. Phillips @ D. Vonder Muehll

(2) Glaciology, Geomorphodynamics & Geochronology, Department of Geography, University of Zurich,

Zurich, Switzerland
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1 INTRODUCTION

The Swiss Permafrost Monitoring Network
(PERMOS) was initiated as a research-oriented net-
work in the 1990ies, and officially started with a pi-
lot phase in 2000. It is currently developing towards
an operational monitoring service. Monitoring tech-
niques have been and still are subject to changes and
adaptations based on new experiences and findings.
In this contribution, we present the monitoring strat-
egy of PERMOS after its first ten years of operation,
together with the most important experiences and re-
sults gained during this period. The questions we
address refer to the general problem of how to moni-
tor permafrost at high altitude: Which parameters
and measuring techniques are suitable? What insight
can be gained from which parameter, and how do
they complement each other in order to get a com-
prehensive picture of the state and changes of moun-
tain permafrost? Although general observation pa-
rameters and methods of lowland permafrost also
apply for monitoring of permafrost at high altitude,
several specific aspects need to be considered. Fur-
ther, the organization of the network is described, as
well as its integration into national and international
monitoring programs and into research and acade-
mia.

2 MONITORING STRATEGY AND
MEASURED PARAMETERS

The main objectives of the PERMOS network are:
(a) the long-term documentation of the state and
changes of mountain permafrost in Switzerland, and
(b) the maintenance of a research network to identify
suitable monitoring parameters and techniques.

Today, PERMOS is based on three types of observa-
tions: (1) ground temperatures measured at and be-
low the surface at borehole sites, (2) changes in sub-
surface ice and water content at these sites inferred
by geoelectrical surveys, and (3) velocities of per-
mafrost creep determined by geodetic surveys and/or
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photogrammetry. In addition, standardized docu-
mentation of fast mass movements from permafrost
areas (e.g., rock fall) is being established.

The three observation elements complement each
other in order to deliver a comprehensive picture
that cannot be achieved without their joint interpre-
tation The connection between air and subsurface
temperatures is not straightforward in high moun-
tains since snow conditions, surface characteristics
and cover, subsurface ice content, and mountain to-
pography mask changes in atmospheric conditions
when they propagate into the subsurface. Comple-
menting the borehole data by geoelectrical surveys,
which can be linked to changes in unfrozen water
content, show the potential of a combined approach
compared to thermal monitoring alone. Similarly,
changes in creep velocities during the past years can
be interpreted together with changes in unfrozen wa-
ter content or subsurface temperatures.

Due to the dynamic of the research field, it is impor-
tant that the network develops in close contact with
academia. In order to fulfill requirements of an op-
erational monitoring service, however, the develop-
ment of a sound strategy and standards for data ac-
quisition, processing, quality control, archiving, and
reporting is crucial. Further, integration into both,
national and international monitoring programs is
required.
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The Permafrost Monitoring Site of Cime Bianche Pass (3100 m, Aosta

Valley, Italy)

U. Morra di Cella, E. Cremonese, P. Pogliotti

ARPA Valle d’Aosta, Saint-Christophe, Italy (u.morradicella@arpa.vda.it)

M. Guglielmin
Insubria University, Varese, Italy

1 INTRODUCTION

The Aosta Valley is a small alpine region in the NW
corner of Italy surrounded by the highest peaks of
the Alps. Since 2005 a permafrost monitoring pro-
gram is started in order to understand the impacts of
climate change on the cryosphere in the regional ter-
ritory. Here the characteristics of Cime Bianche Pass
site are presented and first monitoring results dis-
cussed.

2 SITE DESCRIPTION

The Cime Bianche Pass (45°55'N 7°41'E, 3100 m
a.s.l.) is located at at head of the Valtournenche Val-
ley (Fig 1). The site is characterized by bare frac-
tured bedrock mainly consisting of garnetiferous mi-
caschists and calcschists, locally mantled by shallow
coarse-debris deposits. Several gelifluction lobes,
terraccettes and sorted polygons occur on the depos-
its.

3 SITE INSTRUMENTATION

Two boreholes respectively 6 and 41 m deep were
drilled during autumn 2004. Temperature measure-
ments are continue since January 2005 in the shal-
low one and since August 2008 in the deeper. Actu-
ally both boreholes are equipped with two thermistor
chains (sensor YSI 44031 #0.1°C) cabled on a
common Campbell Scientific CR800 datalogger. A
small CALM grid with (40x10 m wide) is active
since January 2005. The monitoring grid is com-
posed by 5 nodes where ground temperature is
measured at 2cm and 30cm of depth by PT1000 sen-
sors. Moreover, air temperature, relative humidity,
incoming and outgoing solar radiation, wind speed
and direction, snow depth and atmospheric pressure
are measured since March 2006. Precipitation moni-
toring (both solid and liquid) started in January 2009
by an OTT Pluvio? precipitation gauge. All instru-
ments are powered by solar panels and temperature-
resistant buffer batteries.

4 RESULTS AND DISCUSSION

At the Cime Bianche Pass the combined effect of ir-
regular morphology and strong wind action lead to
an high variability of snow cover thickness within
few meters. In such context the shallow borehole is
drilled on a convex coarse-debris land-form highly
subject to wind erosion which usually avoids thick
snow covers while deep borehole is located in a
small depression which promotes snow accumula-
tion.

Crossing boreholes and meteorological data an high
correlation between mean seasonal snow depth and
ground temperatures have been found. Different
snow thickness due to the morphological differences
strongly affect the ground thermal regime indeed ac-
tive layer thickness in the deep borehole is almost
twice than in the shallow. Even if less strong also the
air temperature contribute to modify ground thermal
regime mainly influencing duration of snow cover at
both the beginning and end of the seasons. The tem-
perature profiles of the deep borehole allow to iden-
tify the depth of zero annual amplitude at around -17
m. The mean permafrost temperature at this depth is
about -1.36 °C. Within the CALM grid nodes the
spatial variability of mean annual ground surface
temperature is at least 2°C. This value is nearly dou-
ble in comparison with the mean inter-annual vari-
ability of a single node. These results suggest that a
single point of measure is not enough to define per-
mafrost occurrence and its thermal regime over
complex alpine morphologies.
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The Aiguille du Midi (3842 m a.s.l., Mont Blanc Massif, European
Alps): Monitoring of Rock Temperatures and Meteorological Parameters

P. Pogliotti, U. Morra di Cella, E. Cremonese

ARPA Valle d’Aosta, Saint-Christophe, Italy (p.pogliotti@arpa.vda.it)

S. Gruber, J. Noetzli

Glaciology, Geomorphodynamics & Geochronology Group, University of Zurich, Switzerland

L. Ravanel, P. Deline

EDYTEM Lab, Université de Savoie, CNRS, Le Bourget-du-Lac, France

1 INTRODUCTION

During the last decades, the European Alps have
shown to be extremely sensitive to climate change.
The numerous instability events occurred during the
hot summer 2003 in the Alpine high-mountain re-
gions are a clear example of the potentially fast re-
sponse of steep bedrock slopes to climate forcing. In
the last years, several sites have been equipped for
the monitoring of rock surface temperature in the
Alps with the purpose to collect data for calibration
and validation of permafrost and rock temperature
models in such complex morphologies. In this con-
text the Aiguille du Midi can be considered one of
the most advanced sites in high-mountain permafrost
research having several differing instrumental ap-
proaches but also a close collaboration between dif-
ferent research groups.

2 SITE DESCRIPTION

Located in the Mont Blanc massif, the Aiguille du
Midi is a beautiful summit composed by two granite
towers. The location is easily accessible all around
the year by cable car from Chamonix, France. All
instruments are installed on the south tower (Piton
Central, 3842 m a.s.l.), which has been chosen for
its “cigar” shape and fast access to its top by eleva-
tor. This morphology allows complete availability of
all slope expositions within few meters and near-
vertical faces. The rock mass is only little fractured
and characterized by widely spaced, persistent
closed discontinuities. Rockwall accessibility is very
easy thanks to a summit panoramic terrace.

3 INSTRUMENTS AND METHODS

The rock surface temperature is measured over all
faces since 2005 by mini-dataloggers with thermis-
tors placed at depths of 3, 10, 30 and 55 cm below
the surface. Deeper measurements are performed in
three 10 meters-deep boreholes drilled during 2009
in the lower section of the Piton Central. The bore-
holes are equipped with thermistor chains having 15-
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nodes. Air temperature and relative humidity are
measured only on south and north faces by means of
mini-dataloggers placed inside radiation shields. On
the south face, meteorological parameters are meas-
ured by an automatic weather station adapted and in-
stalled directly on the rockwall. Incoming and out-
going solar radiation are measured parallel to the
rock face in both shortwave and longwave bands.
Wind speed and direction are measured perpendicu-
lar to rock face with the anemometer orientation giv-
ing 0°-North values for vertical wind. All parameters
are logged each 10 minutes.

4 RESULTS

All the data are collected mainly for initialization,
calibration and validation of rock temperature and
permafrost distribution models. However their statis-
tical analysis allow to quantify the great spatial vari-
ability of near- and sub-surface temperatures in such
complex morphologies. Preliminary results shows
that: (i) the mean annual ground surface temperature
can vary of more than 5-6 °C within few meters; (ii)
freeze-thaw cycles on southern aspect are nearly
twice as frequent than in the north but markedly
shallower; (iii) a significant thermal-offset exist de-
spite the compact rock mass and the absence of
ground covers (e.g. debris, snow); (iv) the active
layer thickness varies from few centimeters to some
meters. Meteorological data on the rockwall shows
that: (i) the peak of SW radiation occurs during the
winter giving strong daily temperature excursions at
rock surface; (ii) there is a clear prevalence of up-
slope winds with speeds ranging from 4 to 9 m/s; on
average the mean annual air temperature is around -
7°C, with 5 to 6 °C of daily excursion and an abso-
lute temperature range between -25 to 12 °C.
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1 ABSTRACT

1.1 Introduction

Deception Island is an active volcano with a
high geothermal heat flux, located in the Maritime
Antarctic region at 62°43'S, 60°57'W. Its climate
with Mean Annual Air Temperature (MAAT) close
to -1.9 °C, are compatible with the existence of per-
mafrost. On the other hand, the Antarctic Peninsula
region showed very strong atmospheric warming in
the last 50 years, with MAAT increasing approxi-
mately 2.5 °C. Given these conditions the study of
the thermal regime of permafrost and its active layer
becomes especially interesting, allowing comparing
its evolution with the regional climatic variability
and the anomalous geothermal flux effects.

1.2 Methods

During the last years we have installed in
Deception Island a CALM-S (Circumpolar Active
Layer Monitoring - Southern Hemisphere) in the
surroundings of Crater Lake (S62.98333°;
W060.66667°; 85 m a.s.l). The following parameters
are monitored: maximum active layer depth (me-
chanical probing and thermal monitoring), active
layer temperatures in shallow boreholes (under 1.8
m depth), snow distribution and depth, air and soil
surface temperatures.

In the framework of a collaboration between
Spain, Portugal and Russia, in order to better analyse
the permafrost thermal regime, during the Antarctic
campaign 2008-09, three new boreholes were
drilled: STS-1; 4.5 m depth (62°59'07.7"S,
60°40'42.9"W, 97 m a.s.l), STS-2; 5.0 m depth
(62°59'07.5"S, 60°40'48.1"W, 85 m a.s.l) and STS-3;
6.0 m depth (62°59'08.0"S, 60°40'48.5"W, 88 m
a.s.]). These boreholes were instrumented with tem-
perature chains composed by i-Button DS1922L
miniloggers with and accuracy of 0.1°C for measur-
ing temperatures at different depths (see table 1).

1.3 Results

In this work we show the first results for
2009 year. Permafrost is 4.5 m thick at borehole
STS-2 and 3.5 m at STS-3, with an active layer
depth of 30-40 cm. At borehole STS-1, permafrost

Third European Conference on Permafrost

reaches over 4.5 m depth, with the temperature in
the deepest sensor is below zero, but close to it, see
table 1. Figure 1 shows 2009 mean thermal profiles
at STS-1, STS-2 and STS-3 boreholes, four month
later its mechanical drilling was done to prevent the
first step of influence or the heat dissipated by the
drilling process.

Keywords: Permafrost, Boreholes, Maritime
Antarctica.

Table 1. Characteristics of the measurements protocols used at
the Crater Lake boreholes.

Borehole Sensor position Period Max./mean
(cm) temperature at 4,5
m depth.
STS 1 5, 10, 20, 40, 1/06/2009 to -0,5°C/-0,6°C+
80, 120, 160, 200, 19/01/2010 0,15°C
250, 300, 350, (each 4
400, 450 hours)
STS 2 Equal and 500 Equal -0,1°C/-0,2°C+
0,05 °C
STS 3 Equal and 500 Equal 0,2°C/0,1 °C +
0,05 °C
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Figure 1- In the figure we show the mean thermal profile of the
temperatures registered during the winter of 2009 on the STS-
1, STS-2 and STS-3 boreholes.
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The PermaFRANCE Network

P. Schoeneich

PACTE/Territoires, Institut de Géographie Alpine, University of Grenoble, France
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1 INTRODUCTION

A French long term monitoring network of perma-
frost and frost related processes, named Perma-
FRANCE, is being built since two years. It will rep-
resent the French contribution to the Alpine wide
PermaNET network and to the global GTN-P net-
work.

2 SCIENTIFIC GOALS

The PermaFRANCE network will focus not only on
permafrost, but on all frost related phenomena at dif-
ferent altitudinal levels, including both thermal
monitoring and process observation and monitoring.
The scope is to gain a complete view of frost related
phenomena, of their distribution over altitude, and of
their evolution at different altitudinal levels. It is ac-
tually expected that some phenomena will migrate to
higher altitudes and evolve accordingly in intensity
and frequency.

2.1 Continuous and discontinuous permafrost in
rock walls

Thermal monitoring is mainly performed at the Ai-
guille du Midi (Mont Blanc massif) and includes
rock surface temperature (RST) and temperature
profils in medium depth boreholes (10 m).

Inventory and observation of rockfall activity in high
mountain rock walls: this action concerns the whole
Mont Blanc area and is based on a hitorical inven-
tory and an observation of current activity based on
a network of observers and contributors.

2.2 Discontinuous permafrost is surficial deposits

and flat bedrock

Thermal monitoring is performed on five rockglacier
sites and includes ground surface temperature (GST)
and annual BTS campaigns on some sites. Two me-
dium depth boreholes (15 m) have been made in
2009 on one site, and equipped for thermal profile
monitoring. A deep borehole (100 m) will be made
in 2010 at 45° N latitude.

Geophysical monitoring is performed on 4 sites: re-
peated vertical electrical soundings exist for some
sites since 20 years, and have been complemented
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since 2007 by electrical resistivity tomography
(ERT) and refraction seismics.

Surficial displacements of rockglaciers : surficial
displacements are measured either by classical ge-
odesy or by DGPS on 6 rockglaciers.

2.3 Sporadic permafrost at middle altitudes

An inventory of cold scree slopes and biological in-
vestigations on soil and tree growth (dendrogeomor-
phology) have already been achieved.

A thermal monitoring should be initiated on selected
sites in 2010.

2.4 Seasonal frost and frost/thaw cycles at middle
and low altitudes (infra-periglacial belt)

The effect of frost/thaw cycles on rock weathering is
monitored on 3 sites on various lithologies.

A network of seasonal frost monitoring sites (frost
occurrence and frost depth) at different altitudes is
not yet implemented, but is in discussion.

2.5 Status of data acquisition

The longest time series amount to 25 years for dis-
placement of one rockglacier, 7 years for GST moni-
toring on one site, 5 years for RST, but most time se-
ries have only 2 years or less. The first monitoring
report should be printed in the mean time and pre-
sented at the conference.

3 NETWORK PARTNERS

The PermaFRANCE network is mainly supported by
three research laboratories: PACTE/Institut de
Géographie Alpine at the Universit¢ de Grenoble,
EDYTEM at the Université de Savoie, and PRODIG
at the Université Paris 7. Several other partners
(labs, private companies, individuals, institutions)
will be associated. Financial support is provided by
several research projects: the Interreg PermaDA-
TARock project for the permafrost in rockfaces, a
Fondation MAIF project for the monitoring of rock-
glaciers, and now mainly the ETC Alpine Space
PermaNET project until 2011. For further financing,
the scope is to be recognized as a long term observa-
tion service (SOERE), a status that would ensure fi-
nancing for several years.
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Permafrost of the Sub-Polar and Polar Ural Eastern Slope Piedmont

S. N. Titkov, M. G. Tsvetkova & Y. A. Ukhova

Geological Research Institute for Construction, Moscow, Russia

The projected railway 885 km long nearby the east-
ern slope of Sub-Polar and Polar Ural Mountains
connects the Polunochnoe station (60°26° N,
60°51'E) and the city of Salekhard (66°43" N,
66°31" E). During the engineering-geological survey
along the railway line, the geocryological research
of this poorly investigated and difficult of access
region have been carried out.

The geocryological zonation is shown accurately in
the region: from continuous permafrost in its north-
ern part to sporadic at the southern border of the
permafrost zone (see fig. 1).
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Figure 1. Permafrost zones of the western part of West Siberia
and Ural Mountains

The sub-zone of continuous permafrost spreads to
66°30" N. The area occupied by permafrost is more
than 90 % of the terrain. Just under large lakes, ex-
ceeding in the diameter thickness of permafrost as
well as under Ob’ River, the existence of talics is
probable. Permafrost thickness in the vicinity of
Salekhard is 250-300 m. Mean annual ground tem-
perature (MAGT) changes from -2.0...-2.5°C up to -
0.1°C. The lowest temperature is characteristic for
the surfaces composed of peat 0.5-1.0 and more
metres thick underlayed by lacustrine-alluvial,
lacustrine-glacial deposits. In flood-lands of rivers
and streams, in leeward feet of hills and ridges, with
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shrub vegetation up to 1.0-1.5 m high, MAGT
increases up to -0.1...-0.5°C. The least depth of
active layer (0,4-0,6 m) is characteristic for flat peat-
lands and the surfaces combined with mineral
ground lying down under a layer of a damp moss 15-
20 cm thick. The depth of active layer in glacial and
marine-glacial deposits on the watersheds is 0.8 -
1.5 m.

The sub-zone of discontinuous permafrost 1is
stretched to 65° N. The area occupied by permafrost
decreases to the south from 80-90 to 50-60 % of the
terrain. A prominent feature of this zone is a
presence of two frozen layers separated by the
unfrozen massif. Thickness of the upper layerof
permafrost varies from 40-50 up to 100 m. The
lowest MAGT is characteristic for masses of frozen
peatlands (-1.5...-2.0°C, sometimes slightly lower).
The mineral ground temperature depending on a
number of factors (a relief, structure, natural ground
humidity, etc.), ranges from +£0°C (sites of deepened
permafrost table) to -0.5..-1.0°C (shrub tundra,
coniferous forests).

The depth of seasonal thawing changes from 0.4-0.6
m in peatlands and moss covered surfaces up to 1.8-
2.5 m on the drained slopes and vatershedes
composed of sandy, gravel-loamy deposits of Ural
Mountains slopes and foothills and tops of fluvial-
glacial hills and ridges).

The sub-zone of scattered and sporadic permafrost
(10-50% of area) has a southern limit at the latitude
about 63°20" N. Permafrost islands are common for
flat-topped peatlands and dark coniferous forests
with moss cover of more than 10-15 cm thick. Per-
mafrost thickness here is 20-40 m, MAGT is -0.6...-
0.8°C in peat massifs and -0.1...-0.5°C in loamy
ground at watersheds. Some separate islands of per-
mafrost up to 8-10 m thick can be found in peatlands
and mossy coniferous forests down to 62°40" N. The
depth of seasonal thawing is 0.6-1.0 m in peat, 1.0-
1.5 m in loam and 1.5-2.5 m in sandy ground. The
depth of seasonal freezing outside of permafrost
patches is from 0.8-1.0 m in peat bogs up to 2.0-2.5
m in sandy-loamy ground composing watersheds
with negligible snow cover.

In the Ural Mountains, all the boundaries between
permafrost zones listed above, are shifted to the
south for a distance about 250-300 km.
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Snow Cover and Shallow Ground Temperature Regimes in Hurd
Peninsula, Livingston Island, Antarctic
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1. INTRODUCTION

The Antarctic Peninsula region has experienced a
major warming trend in annual mean air tempera-
tures over the last 50 years (King, 1994). This region
is located near the latitudinal limit of permafrost and
increasing air temperatures may cause its degrada-
tion.

The limited knowledge of the impact of climate
change on permafrost led to an effort to increase re-
search in the Antarctic. Two core projects of the In-
ternational Polar Year 2007-2008 where approved:
ANTPAS — Antarctic and Sub-Antarctic Permafrost,
Soils and Periglacial Environments and TSP -
Thermal State of Permafrost. The present research is
integrated in these projects and intends to monitor
the ground temperature regime in several shallow
boreholes.

Hurd Peninsula is a mountainous area located in the
south coast of Livingston Island (South Shetlands,
Antarctic). About 90% of the island is glaciated and
the rest shows a seasonal snow cover and coincident
with periglacial domain. The study focuses on the
ice-free areas of the north western part of Hurd Pen-
insula in the vicinity of the Spanish Antarctic Station
“Juan Carlos I” and Bulgarian Antarctic Station “St.
Kliment Ohridski”.

This paper aims to characterize the shallow ground
thermal regimes (active layer and seasonal frost) in
different places with similar climatology and soil
composition, with special reference do the under-
standing of the influence snow cover in permafrost
spatial distribution.

2. METHODOLOGY

This study focus on data from air and ground tem-
perature and snow thickness data for 2007 and 2008
from Incinerador (25 m a.s.l), Collado Ramos (110
m a.s.l), Ohridski (140 m a.s.l) and Reina Sofia Peak
(275 m a.s.l). At each study site, data loggers were
used for the monitoring of air temperatures (150 cm
high), for the ground (5, 20 and 40 cm deep) and
mini loggers for the snow depth (2, 5, 10, 20, 40, 80
and 160 cm high) (Lewkowicz, 2008). Ground and
air temperatures and snow thickness are monitored
at 4-hour intervals.

The analysis of the ground and air temperature to-
gether with snow cover enabled the detection of ten
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types of daily regime. They were identified accord-
ing to the depth and cyclicity of freeze—thaw on a
thermal basis. A freeze—thaw cycle was considered
when temperature crossed 0°C, a definition with
some limitations, because it does not reflect a direct
relationship with the formation of ice in the ground.
This allowed identifying the controls of air tempera-
ture and snow cover on ground temperatures.

3. RESULTS

Ten types of daily ground temperature regime were
identified: 1) isothermal unfrozen 2) non-isothermal
unfrozen, 3) surficial freeze—thaw, 4) surficial
freeze—thaw and subsurficial frost, 5) surficial and
subsurficial freeze—thaw, 6) subsurficial frost, 7)
surficial and subsurficial frost with short-term fluc-
tuations, 8) surficial frost but no daily rhythm, 9)
surficial and subsurficial frost with stable tempera-
tures and, 10) isothermal surficial and subsurficial
subfreezing regime.

Shallow ground thermal conditions are marked by ir-
regularity. The summer shows very little snow cover
and similar regimes at all sites, with unfrozen
ground, and freeze-thaw regimes prevailing. In the
other seasons a spatial and temporal control of snow
cover on ground thermal regimes is clear. Sites with
thicker seasonal snow cover showed higher ground
temperatures and more frequent occurrence of two
daily regimes: surficial and subsurficial frost with
stable temperatures and isothermal surficial and sub-
surficial subfreezing regime. Sites that experienced
thinner seasonal snow cover showed lower ground
temperatures and the regime with surficial and sub-
surficial frost with short-term fluctuations occurred
more frequently.

The differences observed are particularly significant
in a marginal permafrost terrain, where snow cover
becomes a critical factor for determining the pres-
ence or absence of permafrost.
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Normal-Reciprocal Error Models for Quantitative ERT in Permafrost
Environments: Bin Analysis versus Histogram Analysis
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1 INTRODUCTION

Electrical resistivity tomography (ERT) has been
used for the monitoring of permafrost-affected rock
walls for some years now. To further enhance the in-
terpretation of ERT measurements a deeper insight
into error sources and the influence of error model
parameters on the imaging results is necessary.

Here, we present the effect of different statistical
schemes for the determination of error parameters
from the discrepancies between normal and recipro-
cal measurements — bin analysis and histogram
analysis — using a smoothness-constrained inversion
code (CRTomo) with an incorporated appropriate er-
ror model.

2 STUDY SITE AND DATA ACQUISITION

The study site is located in galleries adjacent to the
Zugspitze North Face (2800 m a.s.l.) at the border
between Austria and Germany. A 20 m * 40 m rock
permafrost body and its surroundings have been
monitored along permanently installed transects —
with electrode spacings of 1.5 m and 4.6 m — from
2007 to 2009. For data acquisition, a conventional
Wenner survey was conducted as this array has
proven to be the most robust array in frozen rock
walls. Normal and reciprocal data were collected di-
rectly one after another to ensure identical condi-
tions.

3 ERROR MODEL PARAMETERS

The ERT inversion results depend strongly on the
chosen parameters of the employed error model, i.e.,
the absolute resistance error and the relative resis-
tance error. These parameters were derived (1) for
large normal/reciprocal data sets by means of bin
analyses (Koestel et al. 2008) and (2) for small nor-
mal/reciprocal data sets by means of histogram
analyses (Slater and Binley 2006). Error parameters
were calculated independently for each data set of a
monthly monitoring sequence to avoid the creation
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of artefacts (over-fitting of the data) or unnecessary
loss of contrast (under-fitting of the data) in the im-
ages.

4 INVERSION RESULTS

The inversion results are assessed with respect to (1)
raw data quality as described by the error model pa-
rameters, (2) validation via available (rock) tempera-
ture data and (3) the interpretation of the images
from a geophysical as well as a geomorphological
perspective. Our study highlights the importance of
carefully chosen error parameters for a reliable in-
terpretation of ERT images in permafrost environ-
ments.
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Permafrost influence on climate has been largely ne-
glected in the past, but research in the last decade
emphasizes on its major significance as a component
of the cryosphere. In the recent climate change as-
sessments by the Intergovernmental Panel on Cli-
mate Change, Arctic Climate Impact Assessment
and United Nations Environment Program, reference
to present-day and future responses of permafrost
terrain to climate have already been included.

There is a widespread trend towards warming of
permafrost on Earth, with significant influences on
the climate system (carbon fluxes), terrain stability,
ecology and hydrology. Permafrost research as a
long tradition in the Northern Hemisphere, espe-
cially in the circum-Arctic region and there are hun-
dreds of boreholes and active layer monitoring sites
focusing on the evolution of the thermal state of
permafrost. However, Antarctic permafrost is still
poorly characterized and the borehole and active
layer monitoring network is scarce. The Interna-
tional Permafrost Association (IPA) maintains the
Global Terrestrial Network for Permafrost (GTN-P),
as well as the Circumpolar Active Layer Monitoring
Network (CALM). During the International Polar
Year, the IPA conducted a significant effort in de-
veloping the permafrost and active layer monitoring
networks in the Antarctic and coordinated two IPY
core projects: The Thermal State of Permafrost
(TSP) and Antarctic and sub-Antarctic Permafrost,
Soils and Periglacial Environments (ANTPAS). Por-
tugal participated in these projects with
PERMANTAR - Permafrost and climate change in
the Maritime Antarctic, funded by the FCT. Current
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activities are framed within the new project
PERMANTAR-2.
A major objective of PERMANTAR-2 is to bridge
the gap in monitoring through installing and upgrad-
ing permafrost boreholes and CALM-S sites in the
Antarctic Peninsula region, with a focus in the South
Shetlands. Together with this objective, improving
knowledge on permafrost distribution and character-
istics, with a modeling component, and also the im-
plementation of sites for monitoring the periglacial
geomorphodynamics in relation to climate change
are important goals. PERMANTAR-2 also includes
a task on snow cover monitoring using field data, as
well as ASAR satellite imagery. Following the IPA
guidelines for the implementation of a permafrost
monitoring transect along the Antarctic Peninsula, a
new site will be tentatively implemented in collabo-
ration with the University of Wisconsin-Madison in
Anvers or Brabant islands constituting an important
node in the GTN-P.
PERMANTAR-2 will takes place from 2010 to 2012
and is organized according to the following tasks:

Task 1 — Permafrost, active layer and geomorpho-
dynamics monitoring;

Task 2 — SAR analysis of the snow cover;

Task 3 — Permafrost modelling

N
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This study focus on Livingston Island (South Shet-
lands, Antarctic Peninsula), one of the Earth's re-
gions where warming has been more significant in
the last 50 years. Our work is integrated in a project
focusing on studying the influence of climate change
on permafrost temperatures, which includes system-
atic and long-term terrain monitoring and also mod-
eling using land surface models. A contribution will
be the evaluation of the possibilities for using land
surface modeling approaches to areas of the Antarc-
tic Peninsula with lack of data on observational me-
teorological forcing data, as well as on permafrost
temperatures.

The climate variability of the Antarctic Peninsula
region was studied using the new reanalysis product

from ECMWF Era-Interim and observational data
from boreholes run by our group. Monthly and an-
nual cycles of near surface climate variables are
compared. The modeling approach includes the H-
TESSEL (Hydrology Tiled ECMWF Scheme for
Surface Exchanges over Land) forced with ERA-
Interim for modeling ground temperatures in the
study region (Fig. 1). The simulation results of runs
of the land surface model compared with observa-
tional data of ground temperatures have shown sig-
nificant results with R correlation up to 0.91and bias
of -1. The use of diferent forcing parameters is com-
pared and the model vs. observation results from dif-
ferent results is analysed. The main variable needing
further improvement in the modelling is snow cover.
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Figure 1 - Modelled and observed air temperatures series from the ERA-Interim reanalysis and Reina Sofia Hill. Tair(Original) -
ERA Interim, Tair(corrected) - ERA-Interim corrected for altitude, Tair(obs) — Temperature at Reina Sofia Peak.
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Controlling Factors of Permafrost Temperatures at a High-Arctic

Site on Svalbard

S. Westermann, M. Langer, J. Boike

Alfred-Wegener-Institute for Polar and Marine Research, Potsdam, Germany

1 INTRODUCTION

The temperature distribution in permafrost soils is
affected by a wide variety of parameters, which can
vary over small distances and on short timescale. An
adequate representation of these small-scale hetero-
geneities in permafrost models remains a challeng-
ing task. Energy balance models calculate the sur-
face temperature based on the partitioning of energy
at the surface. The surface temperature is then pro-
jected into deeper soil layers. In principle, such per-
mafrost models can account for small-scale spatial
heterogeneity, if only a sufficiently resolved set of
all input parameters is provided. In practice, such
data sets rarely exist, so it is necessary to identify the
crucial parameters and the spatial and temporal
scales, over which they must be accounted for to
achieve a satisfactory accuracy of the model. For
this purpose, a detailed understanding of the surface
energy budget is indispensable.

2 SITE

The study site is located between the glacier Brog-
gerbreen and the Kongsfjorden at 78° 55°N, 11°
50’E, approximately 2km SW of the village of Ny-
Alesund on Svalbard. It is situated in hilly tundra at
the foot of two major glaciers at elevations of 15m
to 25m above sea level and is characterized by
sparse vegetation alternating with exposed soil and
rock fields.

3 METHODS AND RESULTS

We present continuous measurements of all compo-
nents of the surface energy budget at a high-arctic
permafrost site on Svalbard over the course of one
year (Westermann et al. 2009). An eddy covariance
system is used to determine the turbulent land-
atmosphere exchange processes. Our results high-
light the importance of sensible and latent heat
fluxes for the formation of the surface temperature.

During the snow-free period, the surface tempera-
tures of an area of about 100 x 100 m? have been
monitored at spatial resolutions below one meter us-
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ing a thermal camera system. Strong temperature
differences between wet and dry areas are found on
short timescales of a few hours. Using an energy
balance approach, this can be explained by different
evaporation rates and hence a different energy parti-
tioning between the sensible and the latent heat flux.
However, on timescales of one week to one month,
the differences between wet and dry areas widely
average out, so that they are negligible for the for-
mation of spatial differences in subsurface tempera-
ture.

During winter, an average temperature difference of
more than 3K is found between the air temperature
at 10m height and the surface temperature. This
strong near-surface temperature inversion is a strik-
ing feature, which clearly limits the use of air tem-
peratures as surrogate for the temperature of the
snow surface.

Furthermore, the temperature at the snow-soil inter-
face and the temperature profile to a depth of 1.5 m
have been monitored at 14 different locations within
an area of half a square kilometre. In contrast to
summer, sustained average temperature differences
of up to 6 K between different locations are found at
the snow-soil interface, although energy balance cal-
culations and direct measurements suggest little spa-
tial variation of the temperature of the snow surface.
The temperature differences is directly related to the
thickness of the snow cover and possibly also its his-
tory of formation. They result in strong site-to-site
variations of the soil temperatures at 1.5 m depth,
which range from -6°C to -0.3°C in March. The
snow cover is therefore found to be the prime source
of spatial variability of the permafrost temperatures
at the study site.
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PACE-Site Stockhorn Plateau
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1 GENERAL INFORMATION

The Stockhorn plateau (3410 m asl) is located in the
southern Swiss Alps and is part of the Matter Valley.
The site has a MAAT of -5.5 °C, a mean annual pre-
cipitation of 1500 mm and is within the zone of dis-
continuous permafrost. Here, two PACE-boreholes
(depth: 30 m and 100 m), a meteorological station
and a geoelectric monitoring profile have been in-
stalled for permafrost research. Additionally, meas-
urements of the near-surface ground temperatures
were made during different years. The effects of to-
pography cause a complex temperature regime at
this site (Gruber et al. 2004).

2 SNOW COVER

2.1 Snow cover and permafrost

Permafrost distribution and evolution is influenced
by snow cover duration, snow depth and ablation
timing due to the high insulation and albedo of
snow. Especially in complex topography, small scale
differences in snow cover conditions can diminish or
amplify the effect that colder or warmer air tempera-
tures have on the ground. Hence, the snow cover is
an important factor for the interpretation of the tem-
perature measurements made in permafrost ground.

2.2 Data situation at the Stockhorn plateau

Due to data gaps caused by lightning and a high fre-
quency of errors, a rather discontinuous time series
from the meteorological station seriously restricts
the analysis of snow depth data from this station.
Other data such as ground surface temperatures can
be used as indicator to derive e.g. the end of the sea-
sonal snow cover. Two data sets of the near-surface
ground temperatures from the years 2004-2005 and
2007-2008 are available and have been analyzed.

3 RESULTS

Results show a strong spatial variation of the abla-
tion timing at the Stockhorn plateau, which can vary
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about 30 days during a single year even though the
slope angle and orientation are the same.

These substantial small-scale variations indicate a
limited representativeness of the snow depth meas-
ured at the meteorological station for the characteri-
zation of the permafrost conditions of the boreholes
or even the whole Stockhorn plateau. The effects of
differences in snow cover thickness and duration
contribute, with other factors, to differences of up to
3 °C within the MAGST at this site.

4 CONCLUSIONS

The strong spatial variations in snow cover condi-
tions on the Stockhorn plateau revealed by the pre-
sented analysis provide important information to
support not only the interpretation of the two perma-
frost boreholes but also the heterogeneous resistivity
distribution observed in the electrical resistivity
monitoring profile. Moreover, the results from this
analysis of the two short-term data sets from 2004 to
2005 and 2007 to 2008 clearly call for the installa-
tion of permanent ground surface temperature meas-
urements across the plateau with respect to the vari-
ability of snow cover conditions and their influence
on permafrost distribution and evolution. Within the
PERMOS-network, the permanent measurement of
the ground surface temperature has been a reliable
method to derive the timing of snow cover disap-
pearance (PERMOS 2009).
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Permafrost in the Qilian Mountains, China — Report from Field Drill

Survey
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1 INSTRUCTIONS

The Qilian Mountains (93°30'~103°00' E,
36°30'~39°30" N) which along the HeXi corridor
strike northwest to southeast locate the north-east
edge of the Qinghai-Tibet Plateau, where is conflu-
ence area of three macroclimate type (i.e. seasonal,
inland arid and alpine climate) of China. The altitude
of Qilian Mountains range from 3000 to 5800m, and
the mean annual temperature of Muli (4000m a.s.l.)
is about -5.8°C, the mean annual precipitation de-
cline from about 600mm in east section to less than
200mm in west section of the Mountains.

Permafrost distribute widely in Qilian Mountains
because of alpine cold climate. The discrepancy of
local humidity between east and west section induce
the differences of permafrost distribution and char-
acters.

During 2004~2009years, a series of permafrost drill-
ing programs have been carried along the Datong
River, Buha River and Shule River valleys. Based
on the information from field drilling survey, this
paper describe the permafrost characters both east
and west section of Qilian Mountains.

40°— gqu_\ &= !
! \ ¢\ boundary line
§< Shide{i:i icll‘\}’ﬂ ; Eﬁl
t \ S\W“e
B ng

s
rangkang
B

38 |
¥ A
Buha~_
Ri

36“ o 1 o

Figure 1. Location of Qilian mountains

2 PERMAFROST CHARACTERS
2.1 The lower limit of Permafrost

Datong River valley is in east section of Qilian
Mountains, where have three sites (Reshui, Jiang-
cang, Muli). The precipitation is over 500mm, hu-
mid climate make marsh grow in bottom of valley.
Under the ecosystem protected, the permafrost oc-
curred in lower altitude local. In Reshui, the lower
limit of permafrost is about 3550m, even lower alti-
tude at about 3400m find permafrost too further to
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east. To west, the precipitation decrease to 300mm
in Yangkang and 250mm in Suli so that the vegeta-
tions deteriorate. The lower limit of permafrost raise
to about 3670m and 3750m in Yangkang (Buha
River valley) and Suli (Shule River valley) respec-
tively.

2.2 Permafrost distribution

Distribution of permafrost in Qilian Mountains is
controlled mainly by altitude. Because of discrep-
ancy of humidity between east and west section, the
occurrence of permafrost present the “longitudinal
zonality”. But the “latitudinal zonality” is not obvi-
ously for the range of latitude being small.

In generally, the depth and mean annual ground
temperature (MAGT) become deeper and colder re-
spectively with the elevation increasing. The lapse
rate of the MAGT is different between the east and
west section in the mountains. The MAGT has
dropped about 0.27°C when the elevation rise 100m
in Datong River valley, there is 0.42°C in the Buha
River valley, and 0.94°C in Shule River valley.
Because there are effects of ecosystem on the ther-
mal regime of ground surface, and the effects differ-
entiate in local. This induce the width of island per-
mafrost zone is different between the east and west
in Qilian Mountains. The width of island permafrost
zone is 70km, the height scope is 200m in Datong
River valley; in Buha River valley, these data are
40km and 100m respectively; there are not perma-
frost island in Shule River valley.
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The Unintended Research Legacy of John Munro Longyear

Frederick E. Nelson
Department of Geography, University of Delaware, Newark, DE, USA

BACKGROUND LONGYEAR'S SCIENTIFIC LEGACY

Longyearbyen’s namesake, John Munro Longyear, John M. Longyear’s life is usually interpreted
was born in Lansing, the capital of the USA’s Stateas that of a successful businessman and entrepre-
of Michigan, in 1850. After attending schools affili- neur. It is important, however, to recognize his sig-
ated with Olivet College in southern Michigan andnificant contributions to education and science, sev-
Georgetown College in Washington, DC, Longyeareral of which were unintended:
embarked on a career of “landlooking” in Michi- (1) Following submission of a 1938 report by
gan’s Upper Peninsula. He became an expert agddo Leopold about integrated scientific land man-
praiser of mineral and timber resources and amassagement in the Huron Mountains, the Club under-
a large amount of land during an economic downtook a program of environmental conservation that
turn in the 1870s. The land was rich in iron ore, andltimately resulted in the formation of the Huron
Longyear eventually became the leader of an intetMountain Wildlife Foundation (HMWF) in 1955.
national conglomerate of mining and forest-productd his organization is concerned with the encourage-
interests. He served as a member of the Board ofient of scientific research on Club property. Today,
Control of the Michigan School of Mines (now HMWF oversees a burgeoning program of scientific
Michigan Technological University), was instrumen-research into a diverse group of topics, including
tal in developing Northern State Normal Schoolforest and wildlife ecology, climatology, Quaternary
(now Northern Michigan University), and was geology and paleoecology, fisheries, and entomol-
Mayor of the City of Marquette during the early ogy. Hundreds of scientists have conducted research
1890s. in the Huron Mountain Club while living in Stone
In 1889, Longyear and several other prominentHouse, the structure that was once Longyear’s sum-
Michigan men founded the “Huron Mountain Shoot-mer home.
ing and Fishing Club” on a large tract of scenic land (2) Through his advocacy and service to two
along the shore of Lake Superior. Currently knowrfledgling universities, Longyear helped to ensure
as the “Huron Mountain Club,” this is one of thethat scientific research and education would benefit
most extensive areas of old-growth forest in thdahe citizens of Michigan’s remote Upper Peninsula
eastern USA. While President of the Club, Longyearegion, in perpetuity.
developed a gentleman’s farm on land surrounding (3) Longyear was deeply interested in historical
lves Lake, just outside Club borders. Following thetopics and, following his death, his daughter donated
Longyear family’'s move to Brookline, Massachu-his extensive collection of books, maps, photo-
setts in the opening years of thé"2fentury he built graphs, and manuscripts to the Marquette County
“Stone House,” a large summer home on the shoreklistory Museum, where it now administered as the
of lves Lake, to provide a setting suitable for trans<J.M. Longyear Research Library.” This facility is
acting those of his business enterprises remaining used heavily, and attracts both local and foreign re-
Michigan. The house was furnished exclusively withsearchers.
several consignments of furniture purchased in (4) Part of Longyear’s “unintended research leg-
Norway. Following Longyear's death in 1922 theacy,” of great consequence to this conference, in-
property, of which Stone House is part, was used imolves his activities in Svalbard. The mines devel-
a variety of agricultural and resort schemes. It evereped by the Arctic Coal Company and its successors
tually was acquired by the Huron Mountain Club.  now function as a long-term permafrost observatory.
Several years after a family visit to Spitsbergen irSeveral geographic features named for Longyear
1901, Longyear and business partner Frederick Aydrave become the subjects of successful programs of
purchased the operations of the former Trondheimresearch on permafrost and periglacial topics.
Spitsbergen Coal Company, establishing operations Longyear's activities early in the $0century
in “Longyear City” (the name was changed subsewere an important factor that allowed Svalbard to
guently toLongyearbyen). Renaming the enterprise eventually become a leading international center for
the “Arctic Coal Company,” Longyear and Ayer setresearch on permafrost and periglacial geomorphol-
up mining operations that survive to the presenbgy. Without Longyear’'s contributions a century
time. Longyear also made contributions to the govago, it is highly unlikely that an international perma-
ernance of Spitsbergen, which at the time was &ost conference would be taking place in this loca-
terra nullius (“no man’s land”). tion.
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Tuesday

Time Tuesday, June 15

8:00 —13:00 Registration Desk Open
in UNIS Entrance Hall

8:30 —9:00 KEYNOTE in Mgysalen and video streamed to Lassegrotta
The Development of Infrastructure on Permafrost in Svalbard
Arne Instanes

9:00 —9:30 KEYNOTE in Mgysalen and video streamed to Lassegrotta
State of Periglacial Research at the End of IPY
Norikazu Matsuoka

9:30 - 10:00 COFFEE/TEA

ORAL Parallel session: Periglacial Processes and landforms II
co-chairs: Michel Allard & Karianne Lillegren in Lassegrotta

10:00 - 10:15
10:15-10:30
10.30 — 10:45
10:45 -11:00
11:00 — 11:15
11:15-11:30

Mapping and Monitoring of Rock Glaciers in the Chilean
Andes: a Progress Report
A. Brenning, G.F. Azécar, X. Bodin

The Slump of the Grabengufer Rock Glacier (Swiss Alps)
R. Delaloye, S. Morard, D. Abbet, C. Hilbich

Distribution and Structure of Permafrost in Two Alpine Talus
Slopes, Valais, Swiss Alps

C. Scapozza, C. Lambiel, L. Baron, L. Marescot, E.
Reynard

Time-Lapse Electrical Resistivity Tomography (ERT) to
Estimate Temperature Changes at Depth and Isolated
Permafrost Patches in Two Low Elevation Ventilated Cold
Talus Slopes — Western Switzerland

S. Morard, R. Delaloye

Inhomogeneity of (Sub-)Surface Conditions at a Permafrost-
Affected Glacier Forefield, Swiss Alps
T. Rddder, C. Kneisel

Application of Lidar and GPR to Terrestrial and Martian
Periglacial and Glacial Geomorphology
L. Thomson, G. R. Osinski, T. Barfoot
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Time

Tuesday, June 15

11:30 - 11:45

11:45-12:00

Permafrost Landforms on Spitsbergen (Svalbard, Norway) —
Terrestrial Analogues for Martian mid-Latitude Landscapes
E. Hauber, F. Preusker, F. Trauthan, R. Jaumann, D. Reiss,
M. Zanetti, H. Hiesinger, M. Ulrich, L. Johansson, A.
Johnsson, M. Olvmo

Investigation of Thermokarst Depression Asymmetry in
Siberian Ice-Rich Permafrost in Comparison to Asymmetric
Scalloped Depressions on Mars

M. Ulrich, A. Morgenstern, F. Gunther, L. Schirrmeister, D.
Reiss, E. Hauber

ORAL Parallel session: Palaeo-Permafrost and Coastal Dynamics
co-chairs: Britta Sanell & Hugues Lantuit in Kapp Mitra

10:00 - 10:15
10:15-10:30
10.30 - 10:45
10:45 - 11:00
11:00 - 11:15
11:15-11:30

Evolution of Permafrost and Periglacial Environments in the
Northeastern China since the Last Glaciation Maximum
H. Jin, M. Weli, Q. Wu

Reconstruction of Late Quaternary Permafrost Distribution:
Utilization of the Global Climate Models

K. Saito, S. Marchenko, N. Bigelow, V. Romanovsky, K.
Yoshikawa, J. Walsh

Holocene Climate Variability as Deduced from Radiocarbon-
Dated Ice Wedges from the Central Lena Delta, Northern
Siberia

H. Meyer, T. Opel, A. Dereviagin

Quartz Weathering in Freeze-Thaw Cycles; Experiment and
Application to EI'gygytgyn Crater Lake Record for Tracing
Siberian Permafrost History

G. Schwamborn, B. Diekmann, L. Schirrmeister, A. Forster

Late Quaternary Sedimentation History of a Coastal
Permafrost Landscape, Western Laptev Sea, NE Siberia
M. Winterfeld, L. Schirrmeister, P.P. Overduin, M.
Grigoriev, V. Kunitsky

The Nature and Origin of Massive Ground Ice on Herschel
Island (Western Canadian Arctic) Deduced from Stable Isotope
and Hydrochemical Investigations

M. Fritz, S. Wetterich, H. Meyer, L. Schirrmeister, H.

Lantuit, N.J. Couture, W.H. Pollard

©
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Time Tuesday, June 15

11:30 — 11:45 Fossil Organic Carbon in Arctic Permafrost Sequences of
Northern East Siberia — Contents and Characteristics
L. Schirrmeister, S. Wetterich, G. Grosse, C. Siegert, P.P.
Overduin, H.-W. Hubberten

11:45-12:00 How Important Is Ground Ice in Coastal Flux Studies?
N.J. Couture, W.H. Pollard

ORAL Parallel session: Mathematical and Physical Modell ing of Permafrost

co-chairs: Nikolay Shiklomanov & Anna Klene in Mgysalen

10:00 - 10:15
10:15-10:30
10.30 - 10:45
10:45 -11:00
11:00 - 11:15
11:15-11:30
11:30 - 11:45

An Empirically-Based Permafrost Distribution Model for the
Entire Alps
L. Boeckli, S. Gruber, J. Noetzli, A. Brenning

Experimental and Numerical Modeling Studies of Pore Water
Pressure Variations in Subpermafrost Groundwater
A. Riviére, J. Goncalves, A. Jost, M. Font

Physical Modeling Approach of Thawing Permafrost
B. Hurault, J.-L. Lagarde, M. Font

ERT Regularization Schemes for Improved Fracture
Delineation in Alpine Permafrost Rocks: Results from
Numerical Simulations and Measurements at the Aiguille Du
Midi, France

A. Kemna, M. Krautblatter, P. Deline, L. Ravanel, V.
Coviello, E. Cremonese, P. Pogliotti

Modeling the Thermal Regime of Mountain Permafrost in
Southern Norway with Respect to a Changing Climate
T. Hipp, B. Etzelmuller, T.V. Schuler, H. Farbrot, K. Isaksen

Observed and Projected Changes in Climate, Permafrost, and
Active Layer in Northern Eurasia and Their Relation to
Permafrost Carbon Pool

S. Marchenko, V. Romanovsky, O. Bulygina, V. Razuvaev

Size Matters - Very High Resolution Permafrost Simulations on
the 4 Km Scale in Northeast European Russia

M. Stendel, J. Hesselbjerg Christensen, S. Marchenko, R.
Daanen, V. Romanovsky
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Time Tuesday, June 15
11:45-12:00

Modelling Mountain Permafrost Distribution above and below

Treeline Using Empirical-Statistical Methods, Yukon Territory,
Canada

P.P. Bonnaventure, A.G. Lewkowicz

13:00 — 18:00 FIELD EXCURSION
to infrastructure and permafrost research sites in and near
Longyearbyen
18:00 — 22:00 BARBEQUE

between SAS Hotel and UNIS
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Tuesday

Keynotes
In Moysalen and video streamed to Lassegrotta

8:30-9:00 The Development of Infrastructure on Permafrost
in Svalbard

Arne Instanes, INSTANES POLAR AS, Bergen , Norway

9:00-9:30 State of Periglacial Research at the End of IPY

Norikazu Matsuoka, Life and Environmental Sciences, university of Tsukuba, Tsukuba,
Japan
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The Development of Infrastructure on Permafrost in Svalbard

A.Instanes
INSTANES POLAR AS, Bergen, Norway

1 INTRODUCTION

The development of infrastructure on permafrost in
Svalbard has gone through several stages during the
last hundred years. This lecture aims at giving a his-
torical background for engineering design on Spits-
bergen and the development of foundation tech-
niques that can handle challenging ground
conditions such as warm, saline, ice-rich permafrost.
The uncertainty related to future reliability of exist-
ing infrastructure caused by climate change will also
be discussed.

2 INFRASTRUCTURE

The infrastructure associated with human settle-
ments in Svalbard is rather limited compared to
Alaska, Canada and Russia. There are only five
main towns or settlements on the Spitsbergen island:
Ny-Alesund, Pyramid, Longyearbyen, Barentsburg
and Sveagruva. Today only Sveagruva and Barents-
burg are solely dependent on the traditional indus-
trial acitivity on the island; coal mining. Ny-
Alesund, Longyearbyen and Sveagruva are Norwe-
gian settlements, Longyearbyen being the principle
one with close to 2000 inhabitants. The Russian set-
tlements Barentsburg and Pyramid did both have
more than 1000 inhabitants in the 1990-ties, but
there has been some decline in population in Bar-
entsburg the last couple of years and Pyramid was
abandoned in 1998.

All these communities require infrastructure such
as transportation facilities, power plants, water sup-
ply, waste-water treatment, sewage lines and build-
ings and man-made structures for various purposes.

In the Norwegian communities the buildings are
seldom more than 2/%-stories in order to reduce the
loads and/or the necessary amount of foundation
piles. In the Russian communities the buildings can
be more than 4-stories high and may require a large
number of piles to support the heavy structures.

The major parts of the engineering structures in
the settlements have been designed and constructed
during the last 30 years.
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3 PERMAFROST ENGINEERING DESIGN

In permafrost regions, special foundation techniques
have been developed in order to handle frozen ice-
rich and saline foundation soils. However, conven-
tional foundation design can be used if the founda-
tion soils does not change volume or induce excess
pore pressures upon warming or thawing. In these
cases warming or thawing of permafrost is accept-
able. Typically this is possible if the foundation soils
consist of artificially crushed rock, gravel, coarse
sand, or solid rock without ice-filled cracks and hol-
lows. If the ground becomes unstable upon warming
and thawing, the engineering design must ensure
that the thermal stability of the foundation soils is in-
tact during the construction work and service life-
time of the structure. When the ground conditions
are characterized by high salinities and high ice-
contents, it may be required to artificially cool the
foundation soils to ensure the mechanical and ther-
mal stability of the foundations and soil during the
lifetime of the structure.

4 CHANGING CLIMATE

During the last two decades the mean annual air
temperature has increased in Svalbard. This has
caused some concerns related to the reliability of in-
frastructure in the region, and reduction of lifetime
of existing structures.

The sensitivity of a particular infrastructure pro-
ject to climate change is determined by a number of
factors, including the initial soil/permafrost tempera-
tures, the temperature dependence of the material
properties, the project lifetime, and the existing safe-
ty margin that might be included in the design.

A risk-based approach should be used to evaluate
engineering projects in terms of potential climate
warming impacts. It is also important to combine
engineering knowledge with socioeconomic devel-
opment scenarios and environmental impact assess-
ments in order to evaluate how projected climate
change may affect human lives in the Arctic in the
future.
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State of Periglacial Research at the End of IPY

N. Matsuoka

Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan

1 INTRODUCTION

During IPY (2007-2009) intensive studies, including
IPA-sponsored projects, promoted significant pro-
gress in understanding periglacial processes, land-
scapes and structures in polar regions. The progress
is mainly achieved by advances in on-site and re-
mote-sensing technologies. New or featured topics
also widened research subjects as well as intensified
understanding of specific problems. This report
highlights some of the major topics in periglacial re-
search during IPY and prospects next steps.

2 TECHNOLOGICAL ADVANCES

2.1 Comprehensive monitoring of periglacial
processes

Intensive monitoring campaigns have progressed in
Canadian Arctic and Svalbard. Solifluction monitor-
ing involves 2D surface heave, internal deformation,
soil temperature and moisture with various tech-
niques. Ice wedge monitoring is enhanced by a com-
bination of 2D movements of troughs and ramparts,
breaking of subsurface cables and counting of accel-
eration events. Detailed monitoring also focuses on
dynamics of polar rock glaciers.

2.2 Visualizing surface morphology and subsurface
structure

Visual techniques permit detailed topographic map-
ping and thermal imaging of small-scale periglacial
land surface (e.g. patterned ground, rock surface).
High resolution geophysical soundings (e.g. GPR,
ERT) also visualize 2D and 3D subsurface structures
of ice-wedge polygons, pingos and smaller features,
which display stratigraphy, wedge structure, ice dis-
tribution and soil moisture content. Time series of
these images reinforce process monitoring.

2.3 Thermal, geochemical and structural analyses
of active layer-permafrost soils

Geochemical analyses provide profiles of isotopes
and dissolved ions in the active layer, as well as
temporal change in electric conductivity of soil solu-
tions below frost mounds (mudboils, palsas and li-
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thalsas). The chemical data, combined with tempera-
ture, moisture, composition and structure of soils,
imply mechanisms of frost heave or cryoturbation
responsible for these periglacial features.

3 NEW OR FEATURED TOPICS

3.1 Thermokarst and slope processes associated
with global warming/forest fire

Remote sensing and on-site investigations highlight
a recent increase in thaw slumping and thermokarst
features, associated with permafrost thawing due to
climatic change or forest fires. Prediction of thaw
slump generation requires mapping of ice-rich per-
mafrost. Other features associated with permafrost
degradation include block failures along coasts and
riverbanks, differential ground settlement, ice wedge
inactivation and, possibly, rock glacier activation.

3.2 Polar landscape as Martian surface analogues

High resolution images of the Martian surface have
recently displayed small-scale landforms resembling
polygons, pingos and rock glaciers. Their origins are
discussed with terrestrial equivalents in the Arctic
and Antarctica. Major debates concern the shape and
dimensions, the presence and source of subsurface
water and the timing and thermal condition for for-
mation. The lack of subsurface information compli-
cates the interpretation. A major question is whether
polygon troughs are underlain by ice, sand, or sub-
limation wedges.

4 PROSPECTS FOR POST-IPY PROJECTS

Periglacial features have often been used as indica-
tors of past climate, but mostly based on empirical
rules. To appeal the significance of periglacial re-
search to wide disciplines in geoscience requires es-
tablishments of more precise climatic indicators.
This goal can be achieved by synthesizing the above
techniques to evaluate the climatic thresholds and/or
dependence on climatic variables of various perigla-
cial features.
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Tuesday
10:00-12:00

ORAL Parallel Session

Periglacial Processes and Landforms Il
Co-chairs: Michel Allard & Karianne Lillegren
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Mapping and Monitoring of Rock Glaciers in the Chilean Andes: a

Progress Report

A. Brenning

Department of Geography and Environmental Management, University of Waterloo, Waterloo, Ontario,

Canada
G.F. Azocar & X. Bodin

Instituto de Geografia, Pontificia Universidad Catolica de Chile, Santiago, Chile

1 INTRODUCTION

Rock glaciers, the geomorphological expression of
creeping ice-rich mountain permafrost, exist in a va-
riety of climatic conditions along the Chilean Andes
from the arid Atacama into the humid Andes. We
review recent studies investigating the significance
of rock glaciers as water resources, and present first
results from recently established rock glacier moni-
toring sites in Chile. Research on rock glaciers in
Chile has strongly increased in recent years because
of the impacts of mining on rock glaciers and the es-
tablishment of a National Glacier Policy.

2 REGIONAL DISTRIBUTION AND
SIGNIFICANCE

Rock glaciers exist in three latitudinal zones along
the Chilean Andes: (1) The dry tropical Andes north
of the Arid Diagonal of South America (from 23.5°S
northward into Peru at 15°S), (2) the arid-to-
subhumid part of extratropical winter precipitation
area (27-35.25°S), and (3) locally in the relatively
dry, eastern part of the Patagonian Andes (~45-
50°S). However, rock glaciers are best developed in
the semi-arid Andes from Santiago (~33.5°S) north-
ward to ~28°S. Statistical sample surveys combined
with air photo analysis have been conducted to esti-
mate the water equivalent of rock glaciers, indicat-
ing that rock glaciers in the semi-arid Andes (29-
32°S) store approximately three times as much ice as
glaciers in the same area (Azocar & Brenning,
2009). Overall, there are on the order of 4000-5000
rock glaciers in Chile between 27°S and 34.5°S,
covering 460 km? and storing a water equivalent on
the order of 3.3 km?® using very conservative as-
sumptions (40% ice content by volume, fixed thick-
ness of 20 m), and 7.9 km? using more optimistic as-
sumptions (60% ice content by volume, area-volume
scaling methods). Rock glacier inventories are not
yet available but are currently being prepared by the
authors for three watersheds in the semi-arid Andes
within a project funded by the Direccién General de
Aguas (DGA) of Chile.
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3 MONITORING ACTIVITIES

Continuous monitoring of ice-rich mountain perma-
frost in the Chilean Andes has been initiated in
2003/04 in the Laguna Negra area near Santiago,
where geodetic GPS surveys are being conducted
since then. GPS measurements and multitemporal air
photo analysis (1956-1996) of an adjacent debris-
covered glacier indicate a significant downwasting
component and thus strikingly different dynamics
than on the connected debris rock glacier (Bodin et
al., in press). As a consequence of ice loss from re-
treat of the Echaurren Norte glacier (monitored by
the DGA since the 1970s) and the downwasting of a
debris-covered glacier, the amount of ice stored in
rock glaciers is increasingly exceeding the amount
stored in glaciers (current ratio: 1.5:1). A second fo-
cus of monitoring is on ground thermal conditions
and snow cover. Active rock glaciers in this area of-
ten occur at elevations with positive current mean
annual air temperatures (MAAT), suggesting a high
sensitivity to climate change.

Since 2009, a second monitoring area is being set up
in the semi-arid Andes at 30°S at and near Cerro
Tapado on behalf of and with funding from the
DGA. A high-elevation (4400 m a.s.l. at snout) de-
bris rock glacier and a nearby lower-elevation (3750
m a.s.l. at snout, MAAT ~2°C) talus rock glacier
have been instrumented with a geodetic GPS moni-
toring network and ground surface temperature sen-
sors. Active-layer boreholes for thermal monitoring
will be drilled in 2010 in cooperation with the
IANIGLA (D. Trombotto, Mendoza, Argentina).
This will allow for future comparisons with ongoing
long-term monitoring activities in Argentina.
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The Slump of the Grabengufer Rock Glacier (Swiss Alps)

R. Delaloye, S. Morard, D. Abbet, C. Hilbich

Geography Unit, Department of Geosciences, University of Fribourg, Switzerland

1 INTRODUCTION

June 2009 the Grabengufer rock glacier — a steep
500 m long and 100 m wide rock glacier located
close to the lower limit of the regional discontinuous
permafrost belt in the Valais Alps (Switzerland) —
exhibited several large transverse fresh scarps in its
rooting zone as well as in its terminal section. The
remnants of the winter snowpack were in many
places heavily crevassed. Permafrost ice-rock mix-
ture was outcropping in the uppermost cracks and in
three zones at the front of the rock glacier. The rock-
fall activity from the front was very high.

InSAR (synthetic aperture radar interferometry)
analysis of 1-day ERS-1/2 scenes dating back to the
years 1995-1997 allowed previously to identify the
rock glacier as a potentially destabilised landform
with displacement rate in the range of cm/day (De-
laloye et al. 2008). However, the above depicted de-
scription of the rock glacier pointed out a stronger
disturbance of the current creep processes. They
suggested exceptionally high movement rate and
even the possibility for the terminal part of the rock
glacier — located on a 30-40° inclined slope — to col-
lapse.

2 ROCK GLACIER SURVEY

Since July 2009, in agreement with the local and re-
gional authorities, the surface motion of the still ac-
cessible sections of the rock glacier has been regu-
larly surveyed by means of geodetic measurements
(total station, DGPS). A camera has also taken daily
one to several lateral pictures of the rock glacier. In
September 2009 a permanent GPS was installed in
the central part of the rock glacier and had to be re-
placed in February 2010. In addition, a ground-based
InSAR survey was performed in August 2009
(Strozzi et al. 2009) with the support of the Federal
Office for the Environment.

Geophysical investigation (electrical resistivity, re-
fraction seismics and ground penetrating radar) was
moreover conducted during three days in August
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2009 in the central, still accessible part of the rock
glacier.

3 PRELIMINARY RESULTS

After 8 months of survey (July 2009 — February
2010), exceptionnaly high surface velocities ranging
from 30 to more than 200 m/year have been meas-
ured depending on the rock glacier sections. Despite
a gentle acceleration the rock glacier motion rate did
not change significantly for the whole period.
Mid-February 2010, there was still no collapse of the
rock glacier tongue but a rapid erosion of the front
has occured for the previous months and a few new
scarps has opened.

Beneath every scarp the surface tends to dip back-
wards evidencing the development of rotational fail-
ures through the rock glacier. Between the scarps the
surface remains mostly undisturbed. Morphologi-
cally the current crisis of the rock glacier can be
compared to a slump.

Geophysics suggests a total thickness of the rock
glacier of about 15 to 25 m, with a basal layer con-
taining much fine-grain material and unfrozen water
and where a large part of the mass wasting is likely
to occur.

Considering the measured velocities and their devel-
opment, the involved volumes of material and their
geomerty, and so far there is no collapse, it can be
forseen that the slump should continue until 2011 or
2012 before to slow down gradually. A total amount
of about 250'000 m3 of rocks is expected to be de-
liver in the gully beneath the rock glacier snout, of
which about 3/5 until 2012.
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Distribution and Structure of Permafrost in Two Alpine Talus Slopes,

Valais, Swiss Alps

C. Scapozzal, C. Lambiell, L. Baronz, L. Marescot’ & E. Reynard1

nstitute of Geography, University of Lausanne, Lausanne, Switzerland

*Institute of Geophysics, University of Lausanne, Lausanne, Switzerland

3Risk Management Solutions (RMS), Zurich, Switzerland

1 INTRODUCTION AND STUDY SITES

In order to determine the spatial extension and the
characteristics of the permafrost within alpine talus
slopes, geophysical measurements were carried out
in several sites of the Swiss Alps, proposing a model
of the permafrost distribution in talus slopes located
within the Alpine periglacial belt (e.g. Lambiel and
Pieracci, 2008). According to this model, permafrost
appears likely in the lower part of the slope, whereas
it is generally improbable upslope. In order to vali-
date this model, two periglacial talus slopes located
in the western part of the Swiss Alps (Valais) have
been studied thanks to destructive borehole drilling
and electrical resistivity tomography (ERT) profiles:
Les Attelas talus slope, composed of paragneiss,
(Verbier area, 2600-2800 m a.s.l.) and the Petit
Mont Rouge talus slope, composed of dolomites and
limestone (Arolla area, 2600-2700 m a.s.l.).

2 RESULTS AND DISCUSSION

Three boreholes have been drilled along an upslope-
downslope transect in the two talus slopes. For both
sites, frozen sediments are present only in the two
lowest boreholes, whereas the upper borehole does
not present ice (Fig. 1 — for more details, see Scapo-
zza et al., submitted). The stratigraphy is confirmed
by ground temperatures registered in the boreholes.
In both sites, an upslope-downslope ERT profile has
been measured in summer 2009. These two profiles
show a difference in inverted resistivities between
the lower and the upper part of the slope. In the At-
telas talus slope, a resistive body with values higher
than 15 kQm (with maximal resistivities higher than
50 kQm) and a thickness of about 15-20 m is present
in the lower part of the slope, with resistivities that
decreased with increasing elevation. In the Petit
Mont Rouge talus slope, maximal resitivities are
comprised between 100 and 200 kQm in the lower
part of the talus slope (between 54 and 82 m), and
higher than 200 kQm in the protalus rampart (be-
tween 88 and 116 m). In the uppermost part of the
profiles, the resistivities are lower than 5 kQm for
the Attelas talus slope, and lower than 15 kQm for
the Petit Mont Rouge talus slope.

These results confirm that, in the two studied sites,
the presence of permafrost is probable in the lower
parts of the talus slope, whereas it appears to be im-
probable in the upper parts. The borehole data al-
lowed validating the stratigraphy obtained from the
ERT profiles, both for the distribution of frozen
sediments in the talus slope and for the depth of the
detected structures.

Attelas talus slope

Borehole stratigraphy
[T] Unfrozen sediments
[ Frozen sediments
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|20 m

0 0 ) [ ) [ .
500 10000 50'000 200'000

Resistivity in {2m

ﬂ Petit Mont Rouge talus slope

Borehole stratigraphy
[] Unfrozen sediments
[l Frozen sediments
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Figure 1. Inverted ERT profiles and boreholes with stratigra-
phy along an upslope-downslope transect.
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Time-Lapse Electrical Resistivity Tomography (ERT) to Estimate
Temperature Changes at Depth and Isolated Permafrost Patches in Two
Low Elevation Ventilated Cold Talus Slopes — Western Switzerland

S. Morard & R. Delaloye

Geography Unit, Department of Geosciences, University of Fribourg, Switzerland

1 INTRODUCTION

Seasonally reversible air circulation (the “chimney-
effect”) throughout a whole talus slope plays a major
role on its thermal regime (Morard et al. 2008). This
process lead to abnormally cold ground conditions
pointing out the possible occurrence of isolated per-
mafrost patches.

2 ERT MONITORING

As the acquisition of temperature data is generally
limited to the ground surface or — in more favourable
situations — to borehole(s), the dependency of
ground electrical resistivity to temperature makes
the use of time-lapse ERT a promising tool for
documenting more precisely the 2D spatial pattern
of the seasonal temperature changes at depth (Hil-
bich et al. 2008). In particular, freezing phases can
be detected with ERT, since resistivity increases ex-
ponentially below the freezing point.

A semi-automatic ERT monitoring system with 48
electrodes has been installed along a cross profile
since 2007 in Dreveneuse d’en Bas (DrB) talus slope
(1580 m.a.s.l.) and in Creux-du-Van (CV) talus
slope (1200 m.a.s.l.). The ERT survey has been car-
ried out with a monthly resolution.

3 MAIN RESULTS

(1) Despite differences in total resistivity due to site-
specific characteristics in material properties, the oc-
currence of a resistive body, not restricted to the
overcooled area (with summer ice and dwarf
spruces) but extending towards the upper part of the
slope, was detected in DrB and CV.

(2) In winter, resistivity increases strongly (about 4
to 12 times) at the ground surface in the lower part
of the slope, as at depth in the lower half of the high
resistive zone (fig.1). These modifications illustrate
both the deep penetration of freezing and the
(re)filling of a cold reservoir inside the porous talus
slope.

(3) In CV, a deep resistive zone remains electrically
stable during all year. It could be interpreted as a

permafrost ice body or an area not affected inten-
sively by deep air circulation.

(4) Good relationship was founded between the ob-
served resistivity and the ground surface/borehole
temperature, demonstrating the ability of ERT moni-
toring to estimate relative 2D thermal changes, espe-
cially below freezing point.

(5) A particular fact is observed in spring, where re-
sistivities are slightly lower than in fall for the same
temperatures above the freezing point. This could be
interpreted as an effect of higher unfrozen water
content due to the percolation of snowmelt water.
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Figure 1. Freezing in early winter of the inside of Dreveneuse
d’en Bas talus slope detected by ERT monitoring.
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Inhomogeneity of (Sub-)Surface Conditions at a Permafrost-Affected

Glacier Forefield, Swiss Alps

T. Rodder & C. Kneisel

Department of Physical Geography, University of Wiirzburg, Germany

1 MOTIVATION

Within the project “Sensitivity of Mountain Perma-
frost to Climate Change” the SPCC 3-team is work-
ing on the spatial assessment of permafrost charac-
teristics and dynamics in alpine periglacial
environments. The main focus lies on the small-
scale heterogeneity of substrate and subsurface con-
ditions that is typical for the discontinuous perma-
frost-zone of the Alps.

Permafrost occurrence and its characteristics are in-
vestigated by a number of methods and techniques
that will finally enable a detailed mapping and
analysis of the internal structure (ice/unfrozen water
content, porosity, active layer thickness, thermal en-
velope, thermal offset, rate of creep) of adjacent
sites with and without permafrost.

2 SITE AND METHODS

In 2009 diverse methods were implemented at a gla-
cier forefield below Piz Corvatsch in the Upper En-
gadin (Swiss Alps) such as temperature measure-
ments at the bottom of the snow cover (BTS),
borehole temperature logging, quasi-3D geoelectric
resistivity surveying, DGPS and laserscanning.
Within the forefield a complex geomorphology with
lateral moraines, coarse blocks and subsidence struc-
tures exists, offering a wide range in grain sizes
from sand to boulders.

The quasi-3D electrical resistivity tomography
(ERT) approach — established in environmental and
archaeological studies — has been applied recently in
periglacial research. For this study 23 two-
dimensional ERT profiles (Wenner and Wenner-
Schlumberger array) were collated into one grid.
This configuration enhances the horizontal and ver-
tical resolution using a 3D inversion algorithm in the
software RES3DINV. An assessment of subsurface
conditions is achieved in combination with borehole
data from a 10 m deep borehole (BH 1) in the centre
of the grid. A second borehole (BH 2) outside the
grid suggests permafrost-free conditions.
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3 RESULTS AND DISCUSSION

BTS data from winter 2009 indicate that permafrost
is possible throughout the whole glacier forefield
with temperatures at and below the -3 °C threshold
temperature. Subsequent geoelectrical measurements
across BH 1 show large contrasts in resistivity val-
ues ranging from around 1.000 Ohm.m up to more
than 200.000 Ohm.m, the latter indicating ice-rich
permafrost (Fig. 1).

Permafrost conditions in the high-resistivity region
are confirmed by borehole temperature data
(MAGT: -0.5°C in 5 m depth). Information on ac-
tive layer thickness (2.2 m) and thermal offset
(0.7 °C) are derived from the temperature records.
The combination of results from direct temperature
measurements and ERT investigations demonstrate
the inhomogeneity of the subsurface in a former gla-
ciated area, concerning permafrost distribution.
Beside a high-resistivity body that indicates a high
ice content and/or a low content of unfrozen water
there is a sharp drop towards low resistivities. This
decline coincides with a change in substrate at the
surface from interlaced boulders towards sand and
gravel covered sporadicly with pioneer species.
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Figure 1. Electrical resistivity tomogram with borehole location
of BH 1 (high resistivity body is highlighted by dotted line).

4 OUTLOOK

Ongoing research at this field site will include seis-
mic tomography for crosschecking the ERT and re-
peated DGPS/laserscanning measurements to quan-
tify the geomorpholgical dynamics.
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Application of Lidar and GPR to Terrestrial and Martian Periglacial and

Glacial Geomorphology

L. Thomson', G. R. Osinski', & T. Barfoot*

'Department of Earth Sciences, University of Western Ontario, London, Canada

?Institute for Aerospace Studies, University of Toronto, Toronto, Canada

1 INTRODUCTION

We explore the utility of lidar and ground penetrat-
ing radar (GPR) as scientific tools in the discipline
of polar geomorphology. These techniques were in-
tegrated during a series of field tests in 2008 and
2009 on Devon Island in the Canadian Arctic. The
two instruments were integrated on a rover-
prototype test bed and tested for suitability as tools
for both navigation and scientific investigation of the
Martian surface (Barfoot et al. 2009; Osinski et al.
2009). This presentation discusses the scientific re-
sults of the study according to the sites of terrestrial
geomorphic interest, including polygonal terrain,
gullies and channels, and slump/collapse features.

2 TECHNIQUES
2.1 Lidar

Lidar (Light Detection and Ranging) scanning sys-
tems offer an alternative to in situ field surveying
and stereoscopic aerial photography for the collec-
tion of three-dimensional data. In essence, a lidar
system measures the signal reflection of near-
infrared laser pulses off of a solid surface, acquiring
a high-resolution spatial measure in three dimen-
sions. When features of known coordinates are
within the field of view, the lidar point cloud col-
lected can be georeferenced and integrated into digi-
tal mapping media such as geospatial information
systems (GIS). While more commonly used as an
airborne method to collect digital elevation models
(DEMs), recent advances in lidar technology have
made portable ground-based surveys possible, as
were used in this study.

2.2 GPR

GPR systems enable subsurface reflector dimensions
to be resolved according to the relative dielectric
properties of the buried materials. In periglacial
geomorphology, GPR has been proven to be highly
successful in its ability to detect buried ground-ice
with sub-metre vertical accuracy. In this study we
executed surveys with a 250 MHz hand-towed trans-
ceiver antenna system. Depth penetration was on the
order of 5-10 metres, with a sub-metre horizontal
resolution.
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3 RESULTS

The lidar scans provided a wealth of geometric and
structural information about a site, accomplishing
the equivalent of weeks to months of manual survey-
ing and with much greater accuracy than traditional
tools (e.g., differential GPS) (Fig. 1). At the same
time, the GPR surveys enabled two dimensional
mapping of the underlying permafrost table topogra-
phy and massive ice inclusions.

The two datasets combined provide insight to the
processes linking permafrost table topography, ice
inclusions, and subsequent landscape evolution.
There is the potential for quantitative correlations to
be made between surface feature dimensions and the
strength and extent of reflectors found on the GPR
profile.

Figure 1. Bird’s eye view of lidar scan taken on ground reveals
polygon field. The lidar scan was taken at the centre; the dark
central area reflects a high number of points in data. Lake Or-
biter, Devon Island, Nunavut. Image ~1.6 km across.
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Permafrost Landforms on Spitsbergen (Svalbard, Norway) — Terrestrial
Analogues for Martian Mid-Latitude Landscapes

E. Hauber & F. Preusker & F. Trauthan & R. Jaumann
Institute of Planetary Research, German Aerospace Center (DLR), Berlin, Germany

D. Reiss, & M. Zanetti & H. Hiesinger

Institut fiir Planetologie, Westfdilische Wilhelms-Universitdit Miinster, Miinster, Germany

M. Ulrich

Alfred-Wegener-Institute for Polar and Marine Research, Potsdam, Germany

L. Johansson & A. Johnsson & M. Olvmo

Department of Earth Sciences, Gothenburg University, Géteborg, Sweden

1 INTROCUCTION

Many landforms on Mars were probably formed by
exogenic processes and show a latitude-dependent
geographic distribution. They include surface man-
tling, lobate debris aprons, viscous flow features,
gullies, and patterned ground. Collectively, these
landforms are hypothesized to represent the surface
records of Martian ice ages that were induced by as-
tronomical forcing and associated climate changes.
Many previous studies of possible periglacial fea-
tures on Mars, however, often considered just one of
the features in isolation (e.g., polygons), without tak-
ing into account the geomorphologic or physical
context. A more comprehensive investigation of the
full assemblage of landforms (landscape analysis)
has the potential to reduce the ambiguity in inter-
preting landforms (e.g., the problem of equifinality).
Here we present permafrost landforms of Spitsber-
gen as useful terrestrial analogues for the suite of
possible periglacial landforms that are typically
found at mid-latitudes on Mars. Based on this com-
parison, we propose possible scenarios which may
help to understand the evolution of these Martian
landforms into their present state.

2 DATA

We investigate the morphology and topography of
landforms on Mars and Svalbard using images and
topographic data (Fig. 1). For Svalbard, orthoimages
(20 cm/pixel) and corresponding Digital Elevation
Models (DEM) with a cell size of 50 cm, a vertical
resolution of 10 cm, and an absolute vertical accu-
racy of 20 cm were acquired in 2008 during a flight
campaign with HRSC-AX, an airborne version of
the High Resolution Stereo Camera (HRSC) on
Mars Express. Field work was done on the Brogger
peninsula and in Adventdalen in summer 2008 and
2009, including sampling of patterned ground (stone
circles, ice-wedge polygons), measurements of
thermal conductivity and moisture content of soils,
and acquisition of ground truth for HRSC-AX..
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Mars (mid-latitude craters)

Spitsbergen

Figure 1. Cold-climate landforms on Mars (left) and Svalbard
(right). Mars images: HiRISE, Svalbard images: HRSC-AX
(except for d: part of aerial photo S 704128, Norsk Polarinsti-
tutt). (a) Fractured mound. (b) Pingo in Eskerdalen. (c) Inner
wall of Hale Crater. (d) Protalus ramparts on Prins Karls For-
land. (e) Polygons in Hale Crater. (f) Polygons in Adventdalen.

3 PRELIMINARY RESULTS

A suite of periglacial landforms on Svalbard are re-
markably analogous to landforms at mid-latitudes on
Mars. Not only are the scales very similar, but also
the spatial proximity of different features within a
few km or less. The climates on Svalbard and Mars,
however, are distinctly different today (and likely in
the past). Morphologic interpretations have to take
this into account, and an identical formation of these
landforms on Earth and Mars is far from being con-
firmed. Scenarios should be explored that involve
different processes (e.g., no freeze/thaw on Mars),
but similar resulting landforms.
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Investigation of Thermokarst Depression Asymmetry in Siberian Ice-
Rich Permafrost in Comparison to Asymmetric Scalloped Depressions on

Mars

M. Ulrich, A. Morgenstern, F. Giinther & L. Schirrmeister
Department of Periglacial Research, Alfred Wegener Institute, Potsdam, Germany

D. Reiss

Institut fiir Planetologie, Westfilische Wilhelms — Universitdt, Miinster, Germany

E. Hauber

Institute for Planetary Research, German Aerospace Center (DLR), Berlin, Germany

1 INTRODUCTION AND BACKGROUND

Thermokarst landscapes are widely distributed on
Northeast Siberian Ice Complex deposits. Large
thermokarst depressions (0.5 — 3 km wide, 10 — 30
m deep) with steep slopes and flat bottoms have
been formed by massive surface subsidence during
Late Glacial to Early Holocene global warming. Par-
ticularly, the high ground ice content of Ice Complex
deposits (up to 90 vol%) is a crucial factor for deep
thermokarst formation. Lateral growth of thermo-
karst basins occurred due to thermoerosion and gra-
vimetric mass wasting along the slopes. Preliminary
studies indicate a specific asymmetric depression
morphometry suggesting spatially directed thermo-
karst processes of still unclear reasons.

Comparable depressions can be observed in Mars’
mid-latitude regions in close relation to a several
meters thick water-ice-rich mantle layer, which was
deposited during variations in orbital Mars parame-
ters. These small (80 m — 2 km wide, 5 — 25 m
deep), rimless, scallop-shaped depressions show a
N-S asymmetry, which is opposed on both hemi-
spheres with the steeper slopes pointing polewards.
Formation hypotheses for these depressions include
an asymmetric sublimation of ground ice with re-
spect to the aspect (i.e. N-S) due to solar insolation
and therefore a poleward migration.

We investigate a large thermokarst depression in
Ice Complex deposits in the Siberian Arctic as ter-
restrial analogue for scalloped depressions in Mar-
tian ice-rich mantle deposits focusing on the influ-
ence of solar insolation on thermokarst morphology.

2 DATA AND METHODS

A Digital Elevation Model (DEM) of 3 m/pixel de-
rived from geodetic measurements of thermokarst
depression morphology was used for solar radiation
modeling within ArcGIS™. Morphometric parame-
ters (slope angle, aspect, elevation, curvature) were
extracted for quantitative terrain analysis. Landsat-7
ETM+ thermal data were used for analyzing spatial
patterns of thermal emittance within the thermokarst
depression.
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Comparative analyses of Martian scalloped de-
pressions were conducted using data in high resolu-
tion (HiRISE, CTX) from the Mars Reconnaissance
Orbiter (MRO). Topographic information was de-
rived from a DEM of 1 m/pixel based on a HiRISE
stereo pair. Brightness temperatures for a selected
region were derived from Thermal Emission Imag-
ing System (THEMIS) infrared data.

3 RESULTS AND DISCUSSION

Several asymmetries within the terrestrial thermo-
karst depression become obvious in the DEM show-
ing steeper slope angles of the south-facing slopes.
GIS based morphometric analyses confirm a spa-
tially directed thermokarst development in ice-rich
deposits. Based on the general basin form, slope
asymmetry, lake location, and the lake terrace ar-
rangement, we suppose a lateral thermokarst devel-
opment in NNW direction. The results suggest solar
insolation and surface temperatures as crucial factors
controlling thermokarst slope instability and steep-
ness. The highest amounts of solar insolation and
temperatures on south-facing slopes are forcing lake
migration and, therefore, lateral thermokarst devel-
opment.

On Earth, the steeper south-facing thermokarst
depression slopes are geomorphologically more ac-
tive and therefore younger. By direct analogy, this
would imply scallop development on Mars primarily
forced on the steep pole-facing slopes in an equator-
ward direction, probably during high obliquity
(>45°) periods with higher summer temperatures on
the pole-facing slopes rather than current poleward
migration. The morphometric characteristics of the
equator-facing slopes imply the absence of strong
erosional processes and current surface stabilization.
Further, current thermal properties and albedo data
show always lower temperatures and higher albedo
of the scalloped terrain comparable to the adjacent
non-degraded uplands within the investigated area.
This would be in disagreement with areal heating
and enhanced sublimation on the equator-facing
slopes in the present stage.
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Evolution of Permafrost and Periglacial Environments in the
Northeastern China Since the Last Glaciation Maximum

Huijun Jin, Ma Wei, Qingbai Wu

State Key Laboratory of Frozen Soils Engineering, Cold and Arid Regions Environmental and Engineering
Research Institute, Chinese Academy of Sciences, Lanzhou, China 730000

1 ABSTRACT

Based on the sediment strata, relict permafrost evi-
dence, pollen records, and TL and 14C dating, the
evolution of permafrost and periglacial environ-
ments in northeastern China was reconstructed. Four
periods of cooling and warming periods, i.e., prior to
the Late Pleistocene, the Late Pleistocene (10~6
kaBP), the Megathermal in the mid-Holocene (8~3
kaBP), and the late Holocene (since 3 kaBP), were
divided on the evidence of paleobiological succes-
sions. The paleotemperatures inferred from the relic
permafrost and periglacial phenomena and those
from pollen records agree well, and the southern
limits of permafrost during each of the four periods
were delineated. In the mid-Holocene warm period,
permafrost retreated northwards to about 52°N. The
permafrost north of the latitude was an overlapping
of permafrost formed during the Last Glaciations
Maximum and that formed during the cold periods
in the late Holocene. To the south, the existing per-
mafrost was formed during the the Neoglaciation in
the late Holocene.
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Reconstruction of Late Quaternary Permafrost Distribution: Utilization of

the Global Climate Models

K. Saito, S. Marchenko, N. Bigelow, V. Romanovsky, K. Yoshikawa, J. Walsh

University of Alaska Fairbanks, Fairbanks, Alaska, USA

1 INTRODUCTION
1.1 Background

Dynamics of freezing and thawing of the soil is a
decisive factor in the eco-climate system in cold re-
gions. Changes in the distribution of frozen ground
in time and space are an important issue in under-
standing the attribution and consequence of Quater-
nary climate change. Land process models with
physically-based freeze/thaw dynamics can serve as
a strong tool for such investigation. We are to em-
ploy the permafrost dynamics models to the Quater-
nary conditions to shed light on the abovementioned
issues from a climate modeling approach. This is a
sub-project in the Paleoclimate Model Intercompari-
son Project 2 (Saito et al. 2009).

2 METHODOLOGY
2.1 Permafrost mapping by thermal indices

Firstly, the classification mapping was constructed
based solely upon the present-day near surface air
thermal (freeze and thaw) indices and the present-
day distribution of the frozen ground. Then, this di-
agnosing analysis was applied to Quaternary climate
conditions, i.e. the Paleoclimate Model Intercom-
parison Project 2 (PMIP2) output. The methodology
showed reasonable capability for large-scale map-
ping when tested against the present-day conditions.

2.2 Global climate models and data

The outputs from the PMIP2 atmosphere-ocean cou-
pling (AO) integrations are used in the analysis; nine
models for Oka, seven for 6ka, and six realizations
for 21ka. Monthly data are analyzed both for the
model outputs and the observational data (e.g. CTU
temperature data).

3 RESULTS AND IMPLICATIONS

3.1 Reconstructed distributions

The frozen ground distribution was reconstructed for
Oka (pre-industrial), 6ka (mid-Holocene), and 21ka
(the last glacial maximum; LGM) conditions (Figure
1). The Holocene simulations (Oka and 6ka) pro-
duced largely similar results. The LGM outputs
showed substantial increase of the permafrost area
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by 49.6% relative to the pre-industrial conditions in
median among the models, but also showed insuffi-
cient cooling during the cold season in some regions.

3.2 Implications and next steps

Across-model variations illustrate the regions that
need careful examination in using PMIP2 outputs for
further subsurface thermal regime calculations. The
simulated results of the land model with the perma-
frost dynamics (e.g. Romanovsky and Osterkamp,
1997) will also be presented.
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Figure 1. Frozen ground distribution (the mode among the
models) classified by the freeze/thaw index combination a)
derived from the NSIDC 1981-2000 monthly climatology for
the current climate, and from the last-ten-year monthly
climatology for PMIP2 outputs for b) Oka, c) 6ka, and d) 21ka.
The present-day coastlines are drawn commonly for reference
in all the figures. The different zones are separated by grey
scales (from high to low latitudes): the glacial ice sheet,
permafrost, transitional, seasonal, and no frost zones.
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Holocene Climate Variability as Deduced from Radiocarbon-Dated Ice
Wedges from the Central Lena Delta, Northern Siberia

Hanno Meyer & Thomas Opel

Alfred Wegener Institute for Polar and Marine Research, Research Unit Potsdam, 14473 Potsdam, Germany

Alexander Dereviagin

Moscow State University, Faculty of Geology, 119899 Moscow, Russia.

1 INTRODUCTION

In the permafrost regions of Northern Siberia, paleo-
climate investigations are mainly restricted to lakes
and permafrost profiles and, in many cases, based
upon paleoecological (thus, summer) indicators such
as pollen. Stable water isotopes in ice wedges as di-
rect paleoprecipitation proxies are considered to be
excellent winter temperature tracers due to: (1) tem-
perature-dependent water isotope fractionation dur-
ing precipitation, (2) timing of frost cracking and of
the infill of frost cracks, (3) no significant post-
depositional modifications of the isotope composi-
tion. The organic matter in ice wedges can be dated
by Radiocarbon methods, thus, allowing directly
dating of discrete parts within an ice wedge.

In the frame of the field campaign “Lena Delta
2005, ten outcrops with Holocene ice wedges and
enclosing sediments were studied and sampled in de-
tail. Keysites of the first Lena River terrace were se-
lected according to the following characteristics: (1)
Holocene ice wedge activity, (2) height of > 10 m
when possible to avoid river flooding processes in-
fluencing ice wedges during or after their growth.
The objective of this project is to link the isotope
composition of ice wedges (and by that the winter
temperature) to the time of their formation by di-
rectly AMS-dating of organic matter enclosed in ice
wedges, and hence, to establish a Holocene ice
wedge-based winter isotope thermometer.

2 RESULTS & DISCUSSION

The ice wedges of the first Lena terrace are of
milky-white appearance and display relatively high
contents of organic matter. All studied outcrops with
ice wedges are characterised by peat horizons of dif-
ferent thicknesses varying between 3 m and more
than 10 m. However, since organic matter within the
ice may be derived from either allochthonous or
autochthonous peat, hence a careful selection of the
samples to be dated is a prerequisite for a successful
application of the '*C dating to ice wedges.

The first results based upon 25 AMS-dates of or-
ganic matter in ice wedges show that the ground ice
on the first terrace of the Lena Delta was mainly
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formed in the second half of the Holocene between
5.5 kyr BP and today, thus mostly contemporane-
ously to sediment accumulation (Schwamborn et al.
2002). Different parts of the Lena Delta had differ-
ent periods of ice-wedge activity. In general, ice
wedge-growth was particularly active in the past
2000 years. At least three generations of ice wedges
related to different stable surfaces were detected on
the first Lena terrace (e.g. on Samoylov Island).

The sampled Holocene ice wedges are remarkably
variable in their isotopic composition (8'*0 of
around —26.8 to —22.8 %o) reflecting highly variable
winter conditions in the second half of the Holocene.
Warmest winter conditions were observed in the
most recent centuries and about 1000 years BP,
whereas between 4000 — 5500 years BP winter cli-
mate was significantly colder.

Several signs of degradation of Holocene ice wedges
systems were observed during our studies including
thermokarst processes e. g. by water standing above
the ice wedges, thermoabrasion forming deep gul-
lies, but also changes in the hydrological regime
leading to the formation of high-centre polygons and
secondary ice wedge growth.

3 SUMMARY

Studying outcrops of the first terrace in the Central
Lena Delta gave new insight to the understanding of
the genesis of this terrace. A detailed '*C-based
study on the stable isotopic composition of Late
Holocene ice wedges reveals the winter climate his-
tory of the last about 5,500 years. This is the first
centennial-scale resolution winter temperature re-
cord in Northern Siberia, where up to now mainly
summer proxies (bioindicators) are available as cli-
mate indicators.
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SUMMARY

Brittle and fragile sand and silt is produced in near
surface frozen ground. It makes up much of the re-
golith in permafrost areas such as Arctic Siberia.
Microscopical grain features (e.g. angular outlines,
surficial microcracks) illustrate grooves of cryogenic
destruction in the course of numerous seasonal
freezing and thawing events. Even after a grain is
transported off place (i.e. in mobile slope material,
in seasonal melt water run-off, into a lake basin), it
still keeps the particular weathering traces.

This is also valid for a mineralogical peculiarity;
quartz is more susceptible to frost weathering than
e.g. feldspar, another ubiquitous mineral. Quartz
quickly reacts to cryogenic break-up and small
grains disintegrate due to thermal fluctuations and
the explosive power of expanding ice in micro-meter
scale fissures. Quartz enriches in the fines and this
anomaly when compared to low latitude weathering
is linked to cryogenic weathering. This is demon-
strated in an experimental set-up, where after more
than 100 freeze and thaw cycles quartz-rich silt is
produced in initially fine sandy samples of perma-
frost and non-permafrost origins (Figure 1 A). The
preferential crack of quartz grains (with reference to
feldspar) can be expressed using the so-called Cryo-
genic Weathering Index (CWI). This quartz-to-
feldspar ratio highlights quartz enrichment in the
fines when values are >1 (Konishchev and Rogov,
1993) and marks a zone, which is indicative for ma-
terial resulting from cryogenic break-up.

The combination of silt abundance, quartz grain mi-
cromorphology, and quartz enrichment is used as a
proxy data set for frost weathering history in sedi-
mentary archives. It has been examined in a 5 m
core composed of frozen slope deposits and weath-
ered bedrock (P2), in surface samples and along a
lake sediment core from El’gygytgyn Impact Crater,
Central Chukotka (Figure 1 B+C). This site provides
the longest continuous terrestrial archive available
for the continental Arctic. The basin was non-
glaciated in Quaternary times and studied layers are
dating back 220.000 years according to the available
age model (Juschus et al., 2007). All frozen ground
samples and also the upper 12 meters of the lake
sediment core are characterised by silt abundance,
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cryogenic grain micromorphology, and quartz en-
richment in the silt fraction. This argues for persis-
tent permafrost conditions in the area as reflected by
the continuous input of cryogenic weathering detri-
tus into the basin.
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1 INTRODUCTION

Palacoenvironmental reconstructions of the land-
scape history of the western Laptev Sea are primar-
ily based on studies of exposed cliffs and surface
sediment cores. During the COAST drilling cam-
paign in April 2005 a transect of deeper cores was
drilled at Cape Mamontov Klyk in the western Lap-
tev Sea. Here, we present the reconstruction of a
coastal permafrost landscape including periods of
permafrost aggradation and degradation and reach-
ing back to at least the Eemian interglacial based on
myolithological, sedimentological, geochronological
(1 C-AMS, OSL on quartz, IR-OSL on feldspars),
and palaeoecological (pollen, diatoms) analyses.

2 STUDY AREA

The study area is located in the western Laptev Sea
at the coastal cliff of Cape Mamontov Klyk
(73.61°N, 117.18°E). The investigated borehole
transect reached up to ~12 km offshore including 5
cores, one terrestrial (C1) and four marine cores (C2
to C5) at different distances from the coast. The
most distant core (C2) reached the maximum depth
of 77 m below sea level (b.s.1.).

3 PERMAFROST LANDSCAPE HISTORY

The lowermost unit I (figure 1) was only observed in
core C2 (77 to 64.7m b.s.l.) and mainly consisted of
silty sands with several clayey layers. The largely
plastic-cryotic state (i.e. ice-bearing but not ice-
bonded) was a result of pore water salinities of 11.7
to 30.8 %o depressing the freezing point, combined
with temperatures of -1.0 to -1.4°C at these depths.
Along with pollen data, pore water isotope values
and one IR-OSL age of 111+7.5ka (at 77 mb.s.l.) a
marine interglacial (Eemian) origin seems to be pos-
sible although the depth b.s.l. was unexpected, par-
ticularly when compared to marine Eemian deposits
on the Taymyr Peninsula identified up to 100 m
above sea level (a.s.l.). The subsequent landscape
development was primarily governed by sea level
changes. Aggradation of terrestrial permafrost (unit
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IT + IIT) on the shelf occurred during the Weichselian
glaciation and the Holocene (unit IVa). The unfro-
zen, cryotic (<0°C) sediment unit [Vb was a result of
modern coastal erosion of unit III and IVa sediments
and their re-deposition in the marine environment as
well as thermal and chemical degradation of unit II
from above.
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Figure 1. Proposed lithostratigraphical units representing dif-
ferent stages of landscape development. The distances between
single cores are not to scale.

4 CONCLUSIONS

New marine sedimentological evidence adds to ex-
isting terrestrial records from exposures and surface
sediments, showing strong late Quaternary land-
scape dynamics and coastal development in the
western Laptev at least back to the Eemian. On-
shore, terrestrial sediments were encountered d