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Very large and extreme variation in grounding res-
istances (GR) are some of the main challenges in the
monitoring of permafrost and active layer processes
with Electrical Resistivity Tomography in sediment-
ary deposits. The unfrozen, wet active layer typically
results in low electrode grounding resistances in sum-
mer. In winter, however, when the active layer freezes,
grounding resistances may increase many orders of
magnitude, and hamper the acquisition of meaning-
fully long time series.

To investigate the factors conditioning the GR, we
tested three stainless steel electrode types featuring
increased size and surface area:

1. a rod electrode, with diameter 1 cm, length 8
cm and effective surface area: 27 cm2

2. a square plate electrode, 10*10*0.1 cm (h*w*t),
effective surface area: 204 cm2

3. a wire mesh electrode, 10*10*0.6 cm (h*w*t),
effective surface area: 985 cm2

The electrodes were tested at three different loc-
alities in West Greenland: Qeqertarsuaq (69°15’N,
53°30’W, 30 m a.s.l.), Ilulissat (69° 14’N, 51° 3’W,
33 m a.s.l.) and Sisimiut site (66° 56’N, 53° 36’W,
approx. 48 m a.s.l.). Each of these sites represents
a different surface geology. The soil type at Ilulissat
is a silty clay with little organic cover, at Sisimiut
it is well drained fine sand likewise with very little
organic cover, while at Qeqertarsuaq the surface de-
posits consists of a coarse sand with high organic
content. Sisimiut and Qeqertarsuaq are located in
the discontinuous permafrost zone, while Ilulissat has
continuous permafrost.

At each site we installed three 10-electrode layouts
(electrode separation 30 cm), each featuring a differ-
ent electrode type. The grounding resistance of each

individual electrode was measured using the focus-one
protocol. The focus-one protocol, is essentially a two-
electrode resistance measurement, where one electrode
is connected to one terminal of the instrument, while
all the other electrodes of the layout are connected
in parallel to the other terminal, thereby effectively
minimizing the contribution of their grounding resist-
ances to the total measurement. Measurements were
conducted at all three sites summer, fall and winter,
to study also the effect of ground temperature.
The measured grounding resistances range from

about 600 W to 1.2 MW (across seasons, electrode
types and localities), and the effects of electrode type,
locality (surficial geology) and ground temperature
all tested statistically significant. Plate electrodes
showed 28 to 69 % lower GR than rods during both
thawed and frozen ground conditions at all sites. Mesh
electrodes improved the GR by 29 to 37 % relative to
plate electrodes in winter at the Ilulissat and Qeqer-
tarssuaq sites. The increased effective surface area of
the mesh electrodes seems to be an advantage when
the electrodes are inserted or buried in fine grained
mineral or organic soils with some cohesive properties,
where the soil may fill the mesh openings. At the
Sisimiut site, the coarser mineral soil results in no
advantage of using mesh electrodes. Under thawed
conditions, the plate and mesh electrodes did not test
statistically different at any of the sites, indicating
that the natural variation in soil and burial conditions
is larger than the effect of the larger surface area.

An existing 64 electrode monitoring array installed
at the Ilulissat site was used to further document
the advantage of mesh electrodes over rod electrodes.
Operating the monitoring setup, which was originally
installed using rod electrodes, had been a challenge
due to high grounding resistances in winter, effect-
ively prohibiting the collection of measurements. Re-
placement of the rod electrodes with mesh electrodes
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resulted in an immediate reduction of the average
GR by 73 % from 1.5±0.9 kΩ to 0.4±0.1 kΩ (thawed
conditions). Comparable winter grounding resistances
were reduced from 64±32.1 kΩ to 25±11.4 kΩ, and
following the replacement, measurements could be
collected throughout the season.

We conclude that temperature, electrode shape and
properties as well as lithology of the monitored site
have significant impact on electrode grounding res-
istance and array performance, particularly in the

cold/dry season. Thus, optimization of the electrode
design should be a main consideration when planning
a long-term monitoring project. Under the conditions
we tested, the use of plate or mesh electrodes instead
of rod electrodes were an advantage at all sites and all
seasons. Mesh electrodes constitute an improvement
only when the soil type allows to take advantage of
the larger effective surface area (fine grained mineral
or organic soils).
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