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A B S T R A C T

We present an electrode layout strategy that allows electrical resistivity profiles to image the third
dimension close to the profile plane. This “offset-electrode profile” approach involves laterally displacing
electrodes away from the profile line in an alternating fashion and then inverting the resulting data using
three-dimensional electrical resistivity tomography software. In our synthetic and field surveys, the offset-
electrode method succeeds in revealing three-dimensional structures in the vicinity of the profile plane,
which we could not achieve using three-dimensional inversions of linear profiles. We confirm and explain
the limits of linear electrode profiles through a discussion of the three-dimensional sensitivity patterns:
For a homogeneous starting model together with a linear electrode layout, all sensitivities remain sym-
metric with respect to the profile plane through each inversion step. This limitation can be overcome with
offset-electrode layouts by breaking the symmetry pattern among the sensitivities. Thanks to freely avail-
able powerful three-dimensional resistivity tomography software and cheap modern computing power, the
requirement for full three-dimensional calculations does not create a significant burden and renders the
offset-electrode approach a cost-effective method. By offsetting the electrodes in an alternating pattern, as
opposed to laying the profile out in a U-shape, we minimize shortening the profile length.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Over the past few decades, electrical resistivity tomography (ERT)
has been among the most popular geophysical methods for imaging
the shallow subsurface. Its versatility has made it a viable technique
for applications as diverse as aquifer characterization (e.g. Slater et
al., 2000; Kemna et al., 2002; Coscia et al., 2011, 2012; Doetsch et
al., 2010, 2012; Yeh et al., 2015), contamination monitoring (e.g.
Ogilvy et al., 2003; Olofsson et al., 2006; Genelle et al., 2012; Bichet
et al., 2016; Maurya et al., 2017), bedrock mapping (e.g. Cardarelli
and De Donno, 2017; Chambers et al., 2012, 2013), soil science (see
Samouëlian et al., 2005, for an overview), subsurface cavity detection
(Leucci, 2006; Lazzari et al., 2010; Martínez-Pagán et al., 2013; Park
et al., 2014; Bharti et al., 2016), landslide (e.g. Ling et al., 2016;
Wilkinson et al., 2016) and rock avalanche investigations (e.g. Socco
et al., 2010), studies of saline intrusion (Martínez et al., 2009; Goebel
et al., 2017), volcanology (Revil, 2008; Barde-Cabusson et al., 2013;
Brothelande et al., 2014), and archaeology (Astin et al., 2007; Ullrich
et al., 2007; Negri et al., 2008; Himi et al., 2016; Nero et al., 2016).
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Loke et al. (2013) provide an overview covering recent electrical
resistivity tomography developments.

Freely available high-performance software packages for electri-
cal resistivity tomography such as BERT (Günther et al., 2006; Rücker
et al., 2006) and E4D (Johnson et al., 2010), cheap computing power,
and improvements in algorithm design (e.g. Blome et al., 2009;
Papadopoulos et al., 2011; Plattner et al., 2010, 2012) have made
three-dimensional electrical resistivity data inversions cheaper than
ever. Nevertheless, two-dimensional investigations imaging resistiv-
ity at depth along profile lines remain the most widely used electrical
resistivity applications (Loke et al., 2013). The popularity of two-
dimensional over three-dimensional surveys is likely a consequence
of reduced equipment requirements and lower cost of work in the
field. Developments in data acquisition strategies (e.g. Blome et al.,
2011; Hoorde et al., 2017) and of the equipment itself (e.g. Stummer
et al., 2002; Blome et al., 2011) help offset some of the extra cost
of three-dimensional surveys in the field, but are unlikely to bridge
the vast gap between the simplicity of two-dimensional profiles and
the time required to set up and run a full 3-D array. To obtain sub-
surface resistivity models along profile lines, investigators typically
make use of a “2.5-D” inversion procedure (Dey and Morrison, 1979),
which implements a three-dimensional current source but assumes
that subsurface resistivities only vary within the profile plane and
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Fig. 1. Map-view schematic of the offset-electrode layout. Instead of placing the elec-
trodes along the profile line, we move each electrode away from the profile line in an
alternating pattern.

extend infinitely perpendicular to the plane. These 2.5-D inversions
allow for a quick imaging of the subsurface along profile lines but
are prone to artifacts and are unable to image resistivity variations
beyond the profile plane.

We propose a cost-effective profile approach that has the capa-
bility of imaging the third dimension close to the profile plane. As
we show in Section 3, simply inverting linear profile data using
three-dimensional software does not suffice. Our approach involves
staggering the electrodes on the surface surrounding the desired pro-
file line, thus creating an asymmetry by which 3-D inversions may
image variations in resistivity outside the profile plane. In Section 2
we further describe the field implementation of this electrode lay-
out. We show the results from synthetic and field experiments in
Sections 3 and 4, respectively. The results from the field surveys were
presented in an extended abstract (Robbins and Plattner, 2017), here
we provide additional context and explanations including a suite of
computational experiments.

2. The offset-electrode profile method

Fig. 1 shows a map-view diagram of the electrode placement with
respect to the profile line. Each electrode is moved away perpen-
dicularly from the profile line. In the regular implementation of this
layout, the electrode offset is staggered, such that odd-numbered and
even-numbered electrodes are on opposite sides of the profile, form-
ing a zigzag pattern. Alternatively, the offsets can be randomized. In
its simplest form of constant offsets, the method can be implemented
in the field by laying out parallel tape measures on either side of the
profile as shown in the aerial photograph in Fig. 8(b).

3. Synthetic surveys

To test the effectiveness of laterally offsetting the electrodes, we
ran computational experiments in which we simulated electrical
resistivity field data for an artificially chosen subsurface resistiv-
ity distribution using the software E4D by Johnson et al. (2010).
We then inverted the simulated “synthetic” survey data using the
software BERT by Günther et al. (2006) and Rücker et al. (2006).
As described by Colton and Kress (2013), when testing inversion
methods using the same discretization and forward modeling pro-
cedure in the simulation of the data as in the inversion itself, we
may bias the assessment. The inversion results from such a test
may be better than what could be obtained using a different inver-
sion discretization or forward modeling procedure. This “inversion
crime” (Colton and Kress, 2013, p. 154) would hence lead to overly
optimistic results for the performance of the inversion. Since electri-
cal resistivity tomography is heavily underdetermined and therefore
relies on regularization, we do not expect that using the same mesh
and modeling method will strongly distort the results. Nevertheless

Fig. 2. Map views of slices at 0.5 m depth through the synthetic resistivity models
used to test the effectiveness of offset-electrode profiles. Background electrical resis-
tivity is 100Ym (gray), resistivity of the buried objects is 10Ym (blue). Light-blue
dots indicate electrode positions for a conventional linear profile layout, magenta dots
show electrode positions for the offset-electrode layout. Objects are buried at 10 cm
depth and extend to 1 m depth. (a) Perpendicular profile intersection. (b) Oblique
profile intersection. (c) Single-sided contrast. Axis units are in meters.

we decided to use different software packages and different meshes
for data simulation and inversion to avoid such bias in our tests.

Fig. 2 shows the three subsurface resistivity distributions for the
synthetic surveys. In Fig. 2(a), the conductive object (blue) inter-
sects the profile line perpendicularly and therefore satisfies the 2.5-D
inversion assumptions. The conductive object in Fig. 2(b) intersects
the profile line obliquely, creating an asymmetry with respect to the
profile plane. In Fig. 2(c), the conductive contrast lies entirely on one
side of the profile, mimicking a situation often encountered when
the precise location of the target is not known. We simulated data
for both the Wenner and the dipole-dipole electrode array with a
maximum dipole separation of six times dipole length (Dahlin and
Zhou, 2004). We did not add noise to the synthetic data but set
its estimated error, which was required for the inversion, to 2%. In
the supplementary material for this article we provide all configura-
tion and parameter files required by E4D and BERT to recreate the
synthetic data and run all inversions shown in this section.

Fig. 3. 2.5-D inversion results for synthetic data obtained from the models shown
in Fig. 2. (a) Result from perpendicularly intersecting object (Fig. 2a). (b) Result from
obliquely intersecting object (Fig. 2b). (c) Result from single-sided object (Fig. 2c).
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3.1. Linear layout, synthetic data, 2.5-D inversions

Fig. 3 shows the 2.5-D inversion results of the synthetic data cal-
culated from the models in Fig. 2 for a linear electrode layout. All
three inversions used the default regularization settings in BERT (see
supplemental material for data, configuration, and log files). For the
perpendicularly striking object in Fig. 2(a), the resulting 2.5-D profile
shown in Fig. 3(a) correctly resolved the shape and location of the
conductive contrast. On the other hand, for the object crossing the
profile line obliquely in Fig. 2(b), the 2.5-D inversion result (Fig. 3b)
shows artificial “pant legs” extending from both sides of the conduc-
tive contrast. Without knowledge of the oblique object, these pant
legs could be misinterpreted as structure. Practitioners aim to avoid
such artifacts by running profile lines perpendicularly to the most
extended dimension of their target (Seidel and Lange, 2007) but the
true structure of the subsurface is rarely known in advance of the
survey. Fig. 3(c) shows the 2.5-D inversion result for the linear profile
of the single-sided block example in Fig. 2(c). The block in the true
model (Fig. 2c) is buried at 0.1 m depth and extends to 1 m. The inver-
sion result incorrectly shows the top of the block at 0.5 m. In addition
to misestimating the depth to target, the inversion result also con-
tains artifacts below and on either side of the block. These examples
show how strongly distorted 2.5-D inversion results can be when the
subsurface resistivity contrasts do not extend perpendicularly from
the profile.

3.2. Linear layout, synthetic data, 3-D inversions

To avoid assuming that the subsurface resistivity is constant per-
pendicularly to the profile plane, as is the case for 2.5-D inversions,
we ran three-dimensional inversions of the same synthetic data as in
Section 3.1. As for the 2.5-D inversions we used BERT’s default reg-
ularization. The inlay of Fig. 4(a) shows a horizontal slice at 0.5 m
depth of the inversion result for the synthetic data obtained from
the model given in Fig. 2(b) with a linear electrode layout. The black
line indicates the contour for 30Ym. The meshed background of
Fig. 4(a) shows the synthetic model for comparison. Despite using
a three-dimensional inversion, the resistivity solution appears sym-
metric with respect to the profile plane. The same problem persists
for the linear layout when the object is limited to one side of
the profile (Fig. 2c). The inversion result shown in Fig. 4(b) (inlay)
does not recognize the asymmetry of the original model (meshed
background). No contour lines are visible in this panel because the
resistivity values of the result are above 30Ym. In both examples,
the three-dimensional inversions of linear profile data incorrectly
yielded objects that were symmetric with respect to the profile
plane, as opposed to an oblique intersection, or no intersection at all.
To explain this discrepancy we must examine how typical electrical
resistivity inversions generate resistivity models.

3.3. Inversion and sensitivities

To obtain a resistivity model from electrical resistivity data, we
must select a starting model (typically a constant subsurface of aver-
age apparent resistivity) and provide additional constraints in the
form of regularization (e.g. model-update damping and structural
smoothing). Fig. 6 shows a flowchart for a typical electrical resis-
tivity tomography algorithm. In a first step, the algorithm sets the
starting model as the assumed subsurface electrical resistivity dis-
tribution (“model”). It then calculates (depending on model, data,
electrode information, and regularization) a model update to bet-
ter fit the measured data. In further iterations, the updated model
is used as the assumed subsurface electrical resistivity distribution
and the process is repeated until either the simulated data fit the
measured data up to noise level, or the model update leads to little

Fig. 4. Map views of synthetic models (meshed backgrounds) and inversion results
(inlays) sliced at 0.5 m depth. Black lines denote contours at 30Ym. Electrodes are
indicated by white squares. (a) Linear electrode layout for oblique object (Fig. 2b). (b)
Linear electrode layout for single-sided block (Fig. 2c). (c)–(e) Regular and random
offset-electrode layouts for oblique object (Fig. 2b). (f) Regular offset electrode layout
for single-sided block (Fig. 2c). (g) Regular offset-electrode layout for perpendicular
object (Fig. 2a).

change. See for example Günther et al. (2006) for a detailed math-
ematical description of this procedure. As indicated in Fig. 6, the
model update in each inversion step depends on the “sensitivities”
or “Jacobian matrix”. For each measured datum, the corresponding
sensitivity pattern describes how a variation in the subsurface resis-
tivity influences the value of this datum. The sensitivities depend on
the model, electrode positions, and electrode configuration.

To illustrate the effect of sensitivities on the model update we
show, in Fig. 7, sensitivity patterns for select electrode combina-
tions calculated for a homogeneous resistivity (a typical starting
model). Fig. 7(a) shows the sensitivity pattern, cut at 0.5 m depth,

Fig. 5. Vertical slice through the inversion result shown in Fig. 4(c) along the Y = 0
axis with color scheme as in Fig. 3. X-axis is along profile, Z-axis is depth. Axis units
are in meters.
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Fig. 6. Inversion flowchart. Gray indicates user input either recorded in the field (solid
boundary) or chosen for the inversion (dashed boundary). Blue indicates algorithm-
controlled entities. Electrode information includes electrode position and configura-
tion. The algorithm iterates through the blue cycle until either synthetic data fit the
measured data within estimated errors, or the model update is insignificantly small.

for a dipole-dipole measurement using the current injection elec-
trodes at 0.5 m and 1 m and potential electrodes at 1.5 m and 2 m for
a linear electrode layout. Fig. 7(b) shows the sensitivity pattern for
the same setup as in Fig. 7(a) but for current injection electrodes at
1 m and 2.5 m and potential electrodes at 10 m and 11.5 m. Both of
these sensitivity patterns are symmetric with respect to the profile
plane indicated by the white line. This symmetry is a result of the
dependence of sensitivities on electrical potential fields from a given
subsurface resistivity distribution and current electrode position.
Potential fields for symmetric resistivity patterns with the current
electrode positioned on the symmetry plane carry the same symme-
try as the resistivity pattern (see e.g. the derivations by Rücker et
al., 2006). The sensitivity pattern of a single source-receiver pair is
defined as the derivative of the measured potential field with respect
to each model parameter cell. This pattern can be calculated via the
inner product of the spatial gradients of the potential fields for the
electrodes (see e.g. Günther et al., 2006), and is therefore also sym-
metric for symmetric potential fields with both electrodes on the axis
of symmetry. Finally, the sensitivity pattern of an electrode combina-
tion is simply a linear combination of the sensitivity patterns for the
individual electrode pairs. If all sensitivity patterns carry the same
symmetry, then their linear combinations will also carry that sym-
metry. This causes the model update for linear electrode layouts from
a model that is symmetric with respect to the profile plane and with
all electrodes on the profile plane to be symmetric. In return, this
leads again to symmetric sensitivities from the updated model (see
Fig. 6). The sensitivity patterns in Fig. 7 are all calculated for a homo-
geneous resistivity model but any sensitivity pattern for resistivity
models that are symmetric with respect to the profile plane and with
all electrodes on the profile axis will carry the same symmetry.

3.4. Offset electrodes, synthetic data, 3-D inversions

We break the cycle of symmetry by alternatingly offsetting the
electrodes away from the profile. Each sensitivity pattern for a sin-
gle measurement may still carry a symmetry but the symmetries
vary among the measurements. Fig. 7(c) and (d) show the offset-
electrode sensitivity patterns for the same electrode combinations
as Fig. 7(a) and (b), again for a homogeneous resistivity model. Each
of the sensitivity patterns shown in Fig. 7(c) and (d) for the offset-
electrode layout contains a symmetry, but not the same kind. As
a consequence, the combination of the sensitivities for offset elec-
trodes allows the algorithm to distinguish on which side of the
profile an electrical resistivity contrast is located. The maximally
resolvable distance from the profile depends on the electrode offset
and the subsurface resistivity distribution. Fig. 4(c–e) show inversion
results for the offset-electrode approach for synthetic data created
as described in the beginning of Section 3 for the model shown in
Fig. 2(b). For Fig. 4(c) we selected a regular “zigzag” offset approach

Fig. 7. Sensitivity patterns at 0.5 m depth for various dipole-dipole measurements
comparing the linear layout to the offset-electrode layout. Electrode positions are
indicated by locations with fine mesh. The white line indicates the axis of the linear
electrode layout. Blue is negative sensitivity, red positive. Color range is symmetric
and adapted for each panel. (a) Sensitivity pattern for linear layout with injection elec-
trodes 2 and 3, potential electrodes 4 and 5. (b) Sensitivity pattern for linear layout
with injection electrodes 6 and 3, potential electrodes 21 and 24. (c) Offset-electrode
layout for same setting as in panel (a). (d) Offset-electrode layout for same setting as
in panel (b).

with electrode offset 0.25 m. For Fig. 4(d) and (e), we picked ran-
domly distributed offsets that follow a uniform distribution with
maximum offset distance 0.25 m for Fig. 4(d) and maximum offset
distance 0.5 m for Fig. 4(e). Each of the three offset examples for the
obliquely intersecting object performs better than the linear layout
shown in Fig. 4(a). The regular offset in Fig. 4(c) best detected the
orientation of the object but underestimated the resistivity contrast
of the object. The short-offset random layout in Fig. 4(d) best recov-
ered the resistivity value but not the orientation of the object. The
long-offset random layout in Fig. 4(e) recovered that there is a con-
ductive object intersecting at an oblique angle but does not correctly
recover its shape or resistivity. For the single-sided box model shown
in Fig. 2(c), the regular offset electrode result in Fig. 4(f) correctly
identified that the conductive object is only present on one side of
the profile. This was not possible with the linear electrode layout
(Fig. 4b). To demonstrate that the offset-electrode layout does not
have a disadvantage over the linear layout in the special case when
the subsurface is truly symmetric with respect to the profile line, we
inverted synthetic data for a regular offset-electrode profile and a
perpendicularly striking object. As we show in Fig. 4(g), the inversion
correctly reconstructed the orientation of the object.

The 2.5-D inversion result of the obliquely intersecting object in
Fig. 3 contained artifacts known as “pant legs”. In Fig. 5 we show a
vertical section through the inversion result of Fig. 4(c). The offset-
electrode inversion result does not contain the pant legs visible in
the 2.5-D inversion.

4. Field surveys

To test the real-world performance of offset electrodes we col-
lected both linear profile and regularly offset (zigzag) profile data on
California State University Fresno campus. Utility construction sev-
eral Months prior led to a backfilled trench with a visibly replaced
sod. Aerial imagery of the site in Fig. 8(a) and (b), taken with a
drone, shows the replaced sod traversing the image obliquely and
intersecting the profile line roughly at its center. The trench itself
was narrower than the replaced sod and is located at its center. The
images also show the sideline markings of a football practice field,
as well as the corner of a utility box and a concrete curb in the
upper right corner. Magenta dots represent the electrodes for a lin-
ear (Fig. 8a) and offset-electrode (Fig. 8b) profile layout. Electrode
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Fig. 8. Aerial photograph of the field survey site and electrode positioning (purple
dots) for a linear profile (a), and a regularly offset (zigzag) profile (b). White lines are
marks of a practice football field. Discolored grass is recently replaced sod after trench-
ing for utilities construction. Tape measures on either side of the profile line helped
accurately offset the electrodes.

spacing is 0.5 m with offsets of 0.25 m in Fig. 8(b). From observations
during the excavation, we conclude that the subsurface spatial rela-
tionships between the soil backfill and the profile resemble the ideal
case of our synthetic surveys in Section 3. However, the Months since
completion of the construction together with rain have likely led to
a weakening and possibly distortion of the resistivity contrast.

For each of the two profiles shown in Fig. 8 we collected Wen-
ner and dipole-dipole data using an AGI SuperSting R1 system with
28 electrodes and inverted the data as described in Section 3 using
the software E4D. We inverted for the electrical resistivity distribu-
tion within a rectangle with x-axis (along-profile) limits −1 to 15 m
and y-axis limits −1 to 1 m. To avoid numerical boundary effects,
we padded our modeling region with a coarsely discretized exter-
nal domain extending up to 50 m away from the origin. Overall, our
inversion mesh contained 988 313 tetrahedral cells. We regularized
the inversions of the field data using the “Smoothness Constrained
Inversion” options file provided in the E4D User Guide. Both, the lin-
ear and the offset-electrode inversion converged to a targeted w2

value of 1 within 8 and 12 iterations respectively, indicating that we
fitted the data to their estimated errors. Fig. 9 shows horizontal slices
of the resulting resistivity models at 0.5 m depth plotted over the
aerial photographs from Fig. 8. See supplemental material for raw
data, E4D configuration files, and inversion logs.

In the electrical resistivity inversion result for the linear electrode
layout shown in Fig. 9(a) we observe a prominent conductive resis-
tivity contrast coinciding with the intersection of the replaced sod
and our profile line. Reminiscent of the results in Fig. 4(a), we inter-
pret this conductive contrast as the backfilled trench underneath
the replaced sod. As in the synthetic case in Fig. 4(a), the resulting

Fig. 9. Map-views of three-dimensional inversion results, cut at 0.5 m depth. Black
lines denote contours at 30Ym. White squares show the electrode positions for
(a) linear electrode layout and (b) offset-electrode layout.

conductive feature is symmetric with respect to the profile plane.
Fig. 9(b) shows the field result for the offset-electrode profile lay-
out from Fig. 8(b). Here the conductive feature does not intersect the
profile perpendicularly but at an oblique angle. The 30Ym contour
lines on either side of the contrast within the replaced sod appear
roughly parallel to the sod on the upper part of the model (side of the
concrete curb). In the lower part, the contour line to the right hand
side deviates. We further observe a resistive feature toward the right
edge of the profile. In Fig. 9(a), the resistive feature is symmetric with
respect to the profile plane but in Fig. 9(b), it appears to be shifted
toward the concrete curb.

5. Discussion and conclusions

From our synthetic and field surveys, we conclude that offset-
electrode profiles can image three-dimensional structures close to
the profile plane, which is not possible with linear profiles. Our
method uses the same number of electrodes as its linear counter-
part and therefore has a much lower field cost compared to full
three-dimensional or multi-profile surveys. Compared to linear pro-
files, the maximum length of an offset-electrode profile, limited by
take-out connector spacing, is shortened by a factor of

√
1 + (2y/x)2,

where x denotes the electrode spacing and y is the electrode off-
set (see Fig. 1). This shortening is less than the shortening using a
U-shaped electrode layout (as used, for example, in the first step
of a three-dimensional roll-along strategy). The U-shaped layout
shortens the maximal profile length by a factor of 2.

Offset-electrode profiles lend themselves to “shifting offset”
strategies, where after collection of data for one offset, the offset
can be increased or decreased and a second data set with a different
offset can be collected. Maximally resolvable depths depend on the
maximum distance between electrodes, the subsurface resistivity
distribution, and on the choice of the electrode array (e.g. Stummer
et al., 2004). We therefore expect the maximally achievable depths
of offset-electrode profiles to be similar to those of linear profiles.
Here we used the Wenner and the dipole-dipole electrode arrays
which were designed for linear profiles. Electrode array optimization
investigations such as for example the work of Stummer et al. (2004)
and Blome et al. (2011) for three-dimensional layouts may lead to
tailored configurations for offset-electrode profiles.

Our field survey using the offset-electrode array shown in
Fig. 9(b) recovered a contrast that roughly aligned with the expected
direction but the alignment was not perfect. This may be a con-
sequence of changes in the soil since implacement during utility
construction several months ago, or from data noise.

Determining an optimal electrode offset distance will depend on
the specifics of a survey and on which parameters are most impor-
tant to the investigator. In our synthetic surveys, short offsets led to
a better reconstruction of the target’s resistivity value but its shape
was incorrectly imaged (Fig. 4d). Too large offsets did not help recon-
struct the target’s shape (Fig. 4e). An electrode offset of half the
electrode spacing led to a good reconstruction of the target shape
but underestimated the resistivity contrast (Fig. 4c). Offsetting the
electrodes by randomly varying distances as shown in Fig. 4(d) and
(e) may help avoid artifacts caused by the regularity of the electrode
placement. In practice it may be easier in the field to implement a
regular (zigzag) offset-electrode approach as shown in Fig. 4(c) since
this avoids the need to record the exact position of each electrode.
We note that all offset-electrode profiles in Fig. 4(c)–(f) correctly
identified the asymmetry of the subsurface, unlike the linear pro-
files (Fig. 4a,b). The essence of this approach is that offsetting the
electrodes breaks the common symmetry of the measurement sen-
sitivity patterns. We therefore expect offset-electrodes to also map
off-profile resistivity variations for large electrode spacing, if the
electrode offset is increased accordingly. For applications with a spe-
cific expected subsurface resistivity model, we recommend running
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synthetic surveys such as the ones presented here to determine a
suitable electrode offset. E4D (Johnson et al., 2010) allows for simu-
lation of data for almost arbitrarily complex resistivity models. The
scripts by Plattner (2017b) facilitate setting up the mesh constraints
for E4D simulations.

When comparing the susceptibility to noise of our offset elec-
trode approach to the classical profile, we note that by removing the
symmetry, we indeed increase the variance of the solution. We addi-
tionally allow asymmetric variations of the subsurface resistivity and
therefore effectively increase the degrees of freedom. At the same
time we reduce bias by removing the enforcement of symmetry with
respect to the profile line.

Offset-electrode profile data requires three-dimensional electri-
cal resistivity tomography software for inversion. Several powerful
implementations are freely available (e.g. BERT and E4D: Rücker et
al., 2006; Günther et al., 2006; Johnson et al., 2010). See Plattner
(2017a,b) for additional BERT and E4D tools and tutorials. The two-
dimensional discretization required for 2.5-D inversions leads to a
smaller number of subsurface resistivity cells and hence lower com-
putational cost compared to a full three-dimensional inversion. In
our offset-electrode profile inversions, we built three-dimensional
meshes only within a narrow band along the profile, hence limiting
the number of cells compared to a full three-dimensional inver-
sion. With computing power becoming increasingly cheap, the com-
putational advantage of two-dimensional over three-dimensional
meshes is diminishing.
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