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Abstract

A large number of complex variables determine permafrost temperatures, including altitude, topography, net radiation, 

research goals. Boreholes drilled in areas of steep mountain topography may penetrate complex three-dimensional 

20th century and in the early 21st

be much more rapid.
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Introduction

latitude high relief setting of the Alps, ground temperatures 

response of mountain permafrost to climate change is 

challenging because of spatially complex topography and 

the Alps, permafrost is continuous in the Arctic archipelago 

coupling results in the climate being particularly sensitive 

the maritime setting of Iceland results in permafrost being 

increases the sensitivity of permafrost to changes in the upper 

for this paper.

European Borehole Monitoring

and much of the more recent research reported here is a legacy 

of this program (Harris et al. submitted). Primary data have 

been collected through instrumented permafrost boreholes; 

The longest continuous European permafrost temperature 

et al. 2002). This borehole has been incorporated into the 
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A total of 66 boreholes are listed from the European sector 

continuously monitored, and many have only short time 

series.

periodic recalibration. In most PACE boreholes a second 15–

other borehole monitoring programs, a multimeter may be 

used to record thermistor temperatures periodically, or the 

approaches to monitoring the thermal status of permafrost 

Layer Monitoring (CALM) program), and measurement of 

ground surface thermal cycle penetrates to 15–20 m (the 

amplitude may provide direct evidence of thermal trends at 

the permafrost table during preceding decades or centuries 

permafrost, deeper penetration of climatically forced thermal 

al. 2004c). Thus, modeling the above-ground climate signal 

from observations of permafrost temperatures, and coupling 

goals (Harris et al. submitted). The greater altitudinal range 

and more complex topography in the Alps lead to greater 

recorded in April 2005.

differences in thermal gradient occur over short distances in 
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th

respectively.

Recent Trends in Permafrost Temperatures

Permafrost temperatures at depths of around 10 m in 

ground cooling events. 

provide direct evidence of thermal trends at the ground 

surface during recent decades. At all three sites a clear trend 

of depth. Time series at start in 1999 at Janssonhaugen, 2001 at 

5 years, respectively.
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-1

th and 21st

increase in frequency of high-temperature anomalies 

atmospheric temperatures are greatest, and permafrost most 

previous summer and the greatest value since monitoring 

content and therefore latent heat demand than the underlying 

permafrost. Thus, despite a much cooler summer in 2004, 

ice cover and an unusually large extent of marine open 

cumulative negative ground temperature at the permafrost 

six years.

The effect on permafrost temperatures at Janssonhaugen 

is most clearly captured by considering the 12-month period 
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In order to place this anomaly into the context of climate 

Intergovernmental Panel on Climate Change (IPCC) 

2

million by 2100. The 2006 accumulated degree day curve lay 

at Janssonhaugen, the calculated rate at the top of the 

frequency of such high temperature anomalies increases, 

such as that in 2005–2006.

Sensitivity to Geothermal Heat Flux

In Iceland, maritime conditions give cool summers and 

-

-

-

ventories, suggests the presence of permafrost above around 

Et-

-

years in Iceland have been 0.5–1°C higher than those for the 

deviation from steady state, suggesting recent rises in the 

temperatures of (a) 0.01°C a-1 -1
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ice contents. Modeled temperature evolution since 1955 

m2

PACE borehole sites. 

Conclusions

The spatial complexity of European mountain permafrost 

time series of borehole temperatures are mainly less than 10 

to climate change in European mountains requires further 

progress in physically-based numerical modeling coupled 

substrate characteristics. 

month period of sustained high temperatures during summer 

enhanced greenhouse gases in the 21st century indicates that 

climate change.

Given the variability of climate in the past and evidence 

for continued and possibly accelerated change in the 

future, permafrost is clearly in a transient state. More or 

less immediate response to extreme annual temperature 
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