Highlights from two years of geoelectric monitoring of permafrost at the Magnetkopfl / Kitzsteinhorn
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IntrOdUCtion/BaCkground Results Fig.7a: Freezing/thawing event spring 2013:
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(location see Fig. 1), where scientists observe increasing rock instability
due to the probable degradation of permafrost as well as the decrease of
glacier height followed by a lack of counter pressure at the flanks of the
slope. Geoelectric measurements are an adequate method to measure
permafrost, since the underground electric resistivity is highly dependent
on temperature and the amount of unfrozen pore water. In October 2011
a geoelectric monitoring profile was installed on the north facing ridge of
the Magnetkopfl (see Fig. 2). Measurements of soil temperature on the
profile support the interpretation of geoelectric data.
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Fig.1: Location of the investigation
area in Austria

The geoelectric monitoring
IS carried out with the
GEOMONA4D system.The
monitoring profile, which is
measured once a day,
consists of 81 electrodes at a
spacing of 1 m. A single measurement contains 2590 data points
distributed in a gradient array.

Power is provided by a fuel cell (SFC Efoy Pro© 600).

Fig.2: The investigation area (overview and position
of the monitoring profile)

Monitoring of rock temperature

To improve the interpretation of the geoelectric monitoring data four
temperature sensors were installed at two locations directly on the profile
(Fig. 3). The sensors were placed at two different depths (10 and 80 cm
bgl.) with a measuring interval of 3 hours. These measurements are
carried out in the framework of the MOREXPERT project (University of
Salzburg and alpS).
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Fig.4: Due to the exposed position snow was blown into the instruments and power supply ->
Box-in-Box solution

Extreme weather conditions — incomplete dataset
Very high subsurface resistivities — limited range of the system/method
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Fig.5: Variation in time of the avarage apparent resistivity (calculated by using all resistivity values
of one data set) of 2011, 2012, 2013 (above) combined with air temperatures (middle),
precipitation (below).

Fig. 5 shows that different temperature periods have a direct correlation
to average apparent resistivity. Due to the connection with temperature,
the strongest variations in average apparent resistivity are observed

in spring and fall. Especially in spring 2013 (May/June) a long low
temperature period led to a distinct resistivity anomaly which indicates
the refreezing of the topmost layer (see also Fig. 7a+b). A very similar
characteristic of the average apparent resistivity during the freezing
periods in fall 2011 and 2012 is observed. In contrary to

geoelectrical monitoring in non permafrost regions precipitation shows
no distinct influence on resistivity.

The permafrost at Magnetkopfl starts at a depth of approx. 3m below
surface and seasonal temperature varations below 0°C can be observed
down to 8-10 m below surface. This helps us to interpret the selected
iInversions of the geoelectric monitoring results, derived from an
innovative 4D resistivity inversion approach (Kim et al 2013). (Fig. 6-8)
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Fig. 7b: Inversion result of the reference data set 20.5.2013

(right).

Difference images of 4D inversion for the period May-June 2013
using the above mentioned reference data set - |
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The reference data set shows the highest resistivity distribution
compared to the summer and fall measurements (Fig. 6b+8b).
The top layer with a resistivity less than 50.000 Ohmm is only
1.5 m thick and beneath resistivities up to 5 MOhmm are
observed.

Difference images of 4D inversion show a distinctive resistivity
Increase (up to 4 times compared to the reference) at the top
1.5 m due to temperatures falling below 0°C. A fast change to
o sz 210 e ooz warmer temperatures leads to a rapid decrease of resistivity
- at the beginning and end of the profile due to the low thermic
capacity of the underlying solid rock.
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Outiook

Due to the importance of additional soil parameters, soil humidity sensors
and a camera to interpret the influence of snow along the profile on the
resistivity will be installed in the near future to enhance the interpretation
of the geoelectric monitoring data.

Although the monitoring time has already exceeded 2 years there are still
seasonal periods where the amount of high quality data has to be enlarged
for an improved interpretation of ongoing processes.

“  Fig.6a: Freezing event fall 2012:
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Fig. 6b: Inversion result of the reference data set 17.10.2012

(right).
Difference images of 4D inversion for the period Oct-Nov 2012
using the above mentioned reference data set
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The reference data set shows the lowest resistivity distribution
compared to the spring and summer measurements (Fig. 7b+8b).
In 7-8 m b.s. the resistivity is less than 50.000 Ohmm.

Difference images of 4D inversion show a distinctive resistivity
iIncrease (more than 4 times compared to the reference) at the
= top 2.5 m due to temperatures falling below 0°C.

Due to the low thermic capacity of the underlying solid rock at the
beginning and end of the profile these areas freeze faster and
deeper than the loose and water filled material of the middle part.
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Fig. 8b: Inversion result of the reference data set 30.6.2013

(right).
Difference images of 4D inversion for the period July-August 2013
using the above mentioned reference data set
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Kitzsteinhorn_grad 30-06-2013_12-12-56: RMS Error = 0.0350657 Kitzsteinhorn_grad 30-06-2013_12-12-56. RMS Error = 0.0350657

Kitzsteinhorn_grad 30-06-2013_12-12-56. RMS Error = 0.0350657 Kitzsteinhorn_grad 30-06-2013_12-12-56. RMS Error = 0.0350657
Kitzsteinhorn_grad 30-07-2013_12-12-05: RMS Error = 0.0331116 Kitzsteinhorn_grad 04-08-2013_12-12-01: RMS Error = 0.0270186

The reference data set shows a very similar resistivity distribution
as the spring measurement (Fig. 7b), only the top layer with a
resistivity less than 50.000 Ohmm increased to 2.5 m.

Difference images of 4D inversion show a top 1 m layer with a
constant respectively a small increase of resistivity due to drying
up the top soil (August).

A distinctive resistivity decrease (less than a quarter compared to
the reference) is observed at the underlying 6 m due to the
seasonal temperature wave reaching this part of the subsurface.
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Kitzsteinhorn_grad 30-06-2013_12-12-56: RMS Error = 0.0350657
Kitzsteinhorn_grad 09-08-2013_12-12-11: RMS Error = 0.037018
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