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The interpretation of 2 – Dimensional geoelectrical resistivity data
in the field at Ekiugbo, Uhunmwode LGA, Edo State, Nigeria was
carried out using the smoothness constrained and blocky inversion
codes. This was aimed at identifying the areas of application of these
interpretation techniques. Pole-dipole array method was used for the
transverse in acquiring the data. The survey spanned a transverse of
300 m. In order to obtain a 2-D model of the subsurface, the field
data were inverted using the RES2DINV software. From the
inversion it was observed that the smoothing of model resistivity
inversion method is suitable for areas with smooth variation of
subsurface resistivity while the blocky inversion method is best
suited for areas with sharp interfaces or boundaries between
different regions with different resistivity values.
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1. INTRODUCTION
The smoothness constrained and blocky inversion codes were adopted in this study with the
aim of identifying the appropriate locations in which the interpretation techniques are
suitable. To achieve this is to carry out electrical resistivity tomography (ERT) in the field
and invert the data. Electrical resistivity tomography (ERT) is a geophysical technique for
imaging subsurface structures from electrical measurements made at the surface of the
ground. It is currently the most frequently used geoelectrical method (Dahlin 1996; Loke
2010). It is broadly used in geomorphology (Schrott and Sass 2008), engineering (Daily and
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Ramirez 2000), archaeology (Cardarelli, 2002) and environmental studies (Dahlin et al.,
2006; Amidu and Dunbar, 2008; Georgaki et al., 2008; Sechman et al., 2013). As with all
other resistivity methods, ERT employs an artificial source of electric current (DC or low
frequency AC), which is introduced into the ground through point metallic stakes
(electrodes). The purpose of electrical resistivity surveys is to determine the subsurface
resistivity distribution.
Usually
only the earth’s resistivity or electrical potential data are available, so a
successful application of ERT requires a reliable inversion algorithm that can convert the
measured data to spatial distribution of resistivity (Zhou, 2007). Geophysical inversion seeks
to find a model that gives a response that is similar to
the actual measured values.
The model is an idealized mathematical representation of a section of the Earth (Loke, 2004).
The model has a set of model parameters that are physical quantities to be
estimated
from the observed data. The model response is the synthetic data that can be calculated
from the
mathematical
relationship defining the model for a given set of model
parameters. All inversion methods essentially try to determine a model for the subsurface
whose response agrees with the measured data subject to certain restrictions.
The solution of the inverse problem (i.e. inverse modeling) requires the assumption of an
initial model. A decision must be made both on the type (e.g. horizontally layered, dipped or
tectonic structure) and the quantitative (petrophysical and geometrical) properties of the
elements of the model. It is supported, on the one hand, by the a priori geological and geophysical knowledge about the investigated geological structure and, on the other hand, the
computational
(hardware and software) facilities. The latter is of great importance in
calculating the theoretical responses (i.e. calculated data) over complex structures by using
proper physical principles and different measurement arrays.
2. BASIC INVERSE THEORY
The mathematical link between the model parameters and the model response for 2-D and 3D resistivity models is provided by the finite-difference Dey and Morrison, (1979) or finiteelement methods (Silvester and Ferrari 1990).
In all optimization methods, an initial model is modified in an iterative manner so that the
difference between the model response and the observed data values is reduced. The set of
observed data can be written as a column vector y given by:
(1)
y = Col (y1, y2, ….., ym)
Where m is the number of measurements.
The model response f can be written in a similar form.
f = Col( f1, f2, ……., fm )
(2)
For resistivity problems, it is a common practice to use the logarithm of the apparent
resistivity values for the observed data and model response, and the logarithm of the model
values as the model parameters. The model parameters can be represented by the
following vector:
Q = Col( q1, q2, ……., qm )
(3)
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where m is the number of model parameters. The difference between the observed data
and the model response is given by the discrepancy vector g that is defined by:
g =y–f
(4)
In the least-squares optimization method, the initial model is modified such that the
sum of squares error (E) of the difference between the model response and the
observed data values is minimized.
(5)
E = gT g
To reduce the above error value, the following Gauss-Newton equation is used to determine
the change in the model parameters that should reduce the sum squares error (Lines and
Treitel, 1984).
JTJ ∆qi = JTg
(6)
Where ∆q is the model parameter change vector, and J is the Jacobian matrix (of size m by n)
of partial derivatives. The elements of the Jacobian matrix are given by:
∂f
J ij = i
(7)
∂q j
That is the change in the ith model response due to a change in the jth model parameter.
After calculating the parameter change vector, a new model is obtained by:
qk+1 = qk + ∆qk
(8)
In practice, the simple least-squares equation (Equation 6) is rarely used by itself in
geophysical inversion. In some situations the matrix product JTJ might be singular, and
thus the least-squares equation does not have a solution for ∆q. Another common
problem is that the matrix product JTJ is nearly singular. This can occur if a poor initial model
that is very different from the optimum model is used. The parameter change vector
calculated using equation 6 can have components that are too large such that the new
model calculated with Equation 8 may give values that are not realistic. One common
method to avoid this problem is the Marquardt Levenberg modification (Lines and Treitel
1984) to the Gauss- Newton equation that is given by:
(9)
(JTJ + λ I) ∆qk = JTg
Where I is the identity matrix. The factor λ is known as the Marquardt or damping factor.
The damping factor effectively constrains the range of values that the components of
parameter change vector (∆q) can take. While the Gauss-Newton method attempts to
minimize the sum of squares of the discrepancy vector only, the Marquardt-Levenberg
method modification also minimizes a combination of the magnitude of the discrepancy
vector and the parameter change vector. This method has been successfully used in the
inversion of resistivity sounding data where the model consists of a small number of layers.
However when the number of model parameters is large, such as in 2D and 3D inversion
model that consist of a large number of small cells, the model produced by this method
can have an erratic resistivity distribution with spurious high or low resistivity zones
(Constable et al., 1987). To overcome this problem, the Gauss-Newton least-squares equation
is further modified so as to minimize the spatial variations in the model parameters (i.e. the
model resistivity values change in a smooth or gradual manner). This smoothness-constrained
least-squares method (Ellis and Oldenburg 1994) has the following mathematical form.
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(J T J + λ I) ∆qk = J T g − λFqk
(10)
Where F = αX CX T CX + αY CY T CY + αZ CZ T CZ
And Cx, Cy and Cz are the smoothing matrices in the x-, y- and z-directions. αX, αY and
αZ are the relative weights given to the smoothness filters in the x-, y- and z-directions.
Equation 10 also tries to minimize the square of the spatial changes, or roughness, of
the model resistivity values. It is in fact an l2 norm smoothness-constrained optimization
method. This tends to produce a model with a smooth variation of resistivity values. This
approach is
acceptable if the actual subsurface resistivity varies in a smooth and
gradational manner. In some cases, the subsurface geology consists of a number of regions
that are internally almost homogeneous but with sharp boundaries between different regions.
For such cases, the inversion formulation in equation 10 can be modified so that it minimizes
the absolute changes in the model resistivity values (Claerbout and Muir, 1973). This can
sometimes give significantly better results. Technically, this is referred to as an l1 norm
smoothness constrained optimization method, or more commonly known as a blocky
inversion method. A number of techniques can be used for such a modification. One simple
method to implement an l1 norm based optimization method using the standard leastsquares formulation is the iteratively reweighted least-squares
method
(Wolke and
Schwetlick, 1988). The optimization equation in Equation 10 is modified to:
(J T J + λ FR) ∆qk = J T Rd g − λ FR qk ,
(11)
T
T
T
with
F = αX CX Rm CX + αY CY Rm CY + αZ CZ Rm CZ
Where Rd and Rm are weighting matrices introduced so that different elements of the data
misfit and model roughness vectors are given equal weights in the inversion process.
Equation 11 provides a general method that can be further modified if necessary to
include known information about the subsurface geology.
3. METHODOLOGY
3.1. Study Location
The study was carried out at Ekeiugbo village in Uhunmwode Local Government Area, Edo
State, Nigeria. Ekiugbo village is by the Benin by–pass along Auchi road. The study location
lies between Ebueneki and Idibo in Uhunmwode Local Government Area.
3.2. Research Method
In this study, electrical resistivity survey was carried out using pole – dipole array method to
acquire the data and the interpretation was done using both smoothness and blocky inversion
methods. The inversion software used for the work is RES2DINV which has inversion
options. In inverting the data obtained from the electrical resistivity survey using the pole –
dipole array, the default smoothness-constrained inversion option was done after which bad
data points were removed and the option was repeated. Thereafter, the smoothing of model
resistivity option and the blocky inversion option were used in turn to invert the data after
which the inverse model resistivity section from each inversion option was compared.
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The inversion method was done to determine a model for the subsurface whose response
agrees with the measured data subject to certain restrictions. In the cell-based method used
by the RES2DINV program, the model parameters are the resistivity values of the model
cells, while the data is the measured apparent resistivity values.
4. RESULTS AND DISCUSSION
The results are presented in Figures 1 and 2 for interpretation using smoothing of model
resistivity option and blocky of model resistivity option respectively. The inverse model
resistivity sections obtained for the data sets showed variations of resistivity in the
subsurface. The default smoothness-constrained option showed a slight variation from that
obtained after editing the data sets. The smoothing of model resistivity inversion option gave
a clearer view of the smooth variation of the subsurface resistivity as shown in Figure 1.

Figure 1: 2D interpretation using smoothing of model resistivity option
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Figure 2: 2D interpretation using blocky of model resistivity option

However, the blocky inversion option (Figure 2) distorted the smooth variation of the
subsurface resistivity distribution as it revealed a sharp distinction of the various resistivity
layers in the subsurface. Thus the smoothing of model resistivity inversion option is suitable
for areas with smooth variation of the subsurface resistivity as it produces a model with
smooth variation of resistivity thus confirming the claim of previous researchers (Loke and
Barker, 1996; Loke, 2001).
Smooth variation of resistivity is as a result of absence of interface like soil-bed rock
interface due to absence of anomalies. For subsurface bodies with sharp boundaries such as
the soil-bedrock interface or massive homogenous bodies, the default smoothness-constrained
inversion option as well as the smoothing of model resistivity inversion option tends to smear
the boundaries thus giving rise to a blurred view of the boundaries. The blocky or robust
inversion method produces a model with sharp interfaces between different regions with
different resistivity values and is thus more suitable for areas where such a geological
situation exists. As could be seen in Figure 2, the blocky inversion method produced a model
that clearly and better distinguished the various resistivity layers compared to the other
inversion methods. Obviously, the blocky inversion methods gave a clearer view and distinct
boundary of the anomaly represented with the purple colour resistivity value in smoothness
constrained inversion.
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5. CONCLUSION
2-D Electrical resistivity survey was successfully carried out in the study area which revealed
the uniqueness of both methods of interpretation in the study area. The data sets were
successfully inverted into a 2-D image of the subsurface using the smooth and blocky
inversion methods from which it is clearly shown that, the smoothing of model resistivity
inversion method is suitable for areas with smooth variation of subsurface resistivity while
the blocky inversion method is suitable for areas with sharp boundaries between different
regions with different resistivity values.
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