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The relative influence of different types of magnetotelluric data
on joint inversions
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Diverse magnetotelluric data (apparent resistivity, phase or geomagnetic transfer function) used during the
inversion process provide different information on the model as a consequence of data error. The relative influence
of these data constitutes a subject of interest on the inversion process. This influence can be evaluated from the error
ratio between two types of data; thus, when phase and the logarithm of apparent resistivity are involved, the well-
known ratio of one half is obtained. A new error ratio between the geomagnetic transfer function and the logarithm
of apparent resistivity is presented. We deduced this ratio, which is bounded by one half of the amplitude of the
geomagnetic transfer function. In order to verify this new ratio, we employed a technique based on the study of the
RMS misfit, obtained after an intensive inversion computation whilst taking different error values for the different
data. This technique was applied to synthetic and experimental data, and the results agree with the proposed value.
This value should be taken into account for setting error floors when performing joint data inversion in order to
obtain the same influence from the different data.
Key words: Magnetotelluric, inversion, geomagnetic transfer function.

1. Introduction
The magnetotelluric method is a geophysical technique

based on the electromagnetic induction which determines
the electrical conductivity distribution from the correlation
between the components of the electromagnetic field. The
magnetotelluric data (impedance tensor, Z, and geomagnetic
transfer function, T ) are calculated from this electromag-
netic field at every frequency. The impedance is determined
as a linear relationship between horizontal components of
electric (Eh) and magnetic (Hh) fields, and the geomagnetic
transfer function as a linear relationship between vertical
(Hz) and horizontal components of the magnetic field:

Eh = Z · Hh (1)

Hz = T · Hh (2)

2D inversion algorithms are currently used in magnetotel-
luric data interpretation, and the quality of the fit is mea-
sured by the RMS misfit between the data and the synthetic
response of the model. These algorithms can handle differ-
ent types of data (apparent resistivity, ρa , phase, ϕ, and ge-
omagnetic transfer function, T ) at the same time in order to
reduce the non-uniqueness of the inverse problem. However,
the incorporation of new data does not necessarily change
the model obtained for two reasons: 1) the new data do not
introduce additional information or constraints; 2) the inver-
sion algorithm does not take into account new data given that
the model is controlled by the old data. The latter reason
raises the question of the relative influence (or weight) of the
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data on the inversion process. In these algorithms, the in-
fluence of an individual datum can be controlled by its error
bar, which can be extended to all the data by using the error
floor (or minimum possible error).

It is common knowledge that the ratio between the error
of phase, ε(ϕ), over the error of the logarithm of apparent
resistivity, ε(ln ρa) is one half (e.g. Fischer and LeQuang,
1981). This ratio is directly obtained from the impedance,
which is a complex magnitude.

The polar diagram of the impedance, Z , (Fig. 1) helps to
clarify the meaning of the error, ε (|Z |). From the definition
of the apparent resistivity for a given frequency f :

Z = |Z | · eiϕ and ρa = 1

2π f μ
|Z |2 (3)

and assuming that ε (|Z |) 
 |Z |, it can be easily obtained
that

ε (ln |Z |) ≈ ε(ϕ) ≈ 1

2
ε (ln(ρa)) (4)

ε(ϕ)

ε(ln(ρa))
= 1

2
(5)

When using the inversion algorithms it is possible to se-
lect the suitable error floor for a given type of data. Re-
sult (5) means that when the same influence of the loga-
rithm of apparent resistivity and phase on the inversion pro-
cess is desired, the error floor of the ϕ must be expressed
as one half the one of ln(ρa). From this ratio a constant er-
ror floor is usually assumed for the whole range of frequen-
cies. This assumption can be critical at low frequencies: The
main component of error in the data has a statistical origin
given that the other components of error can be neglected.
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Fig. 1. Diagram of impedance, its phase, its real and imaginary parts,
and their errors in the complex plane (modified from Bendat and Piersol,
1966).

When the frequency decreases at low frequencies, the value
of |Z | does not go up but the statistical error rises because
of a diminution in the available data. Under these condi-
tions, ε (|Z |) / |Z | increases as frequency decreases, and the
assumption of constant value for the error floor should be
taken with caution. Nevertheless, in order to simplify the
method presented in this paper, a constant error for all fre-
quencies is assumed.

The aim of this paper is to obtain a similar relationship be-
tween the geomagnetic transfer function and the other mag-
netotelluric data in order to determine its relative influence.
This will be useful when using the geomagnetic transfer
function on the joint inversion process. If apparent resistivity
is affected by static shift, the geomagnetic transfer function
can give a more reliable model due to the magnetic field is
less distorted (Ledo et al., 2002; Ogawa, 1999).

This study was carried out in two steps: first, we deduced
the ratio between the errors of the geomagnetic transfer func-
tion and the impedance, which is based on Faraday’s law;
second, we devised a technique to verify the influence of the
different data on the inversion algorithm using synthetic and
experimental data (COPROD2); in particular, the ratio be-
tween the logarithm of apparent resistivity and the geomag-
netic transfer function.

2. Impedance–Geomagnetic Transfer Function
Relationship

We considered two-dimensional structures with the strike
direction along the x-axis, and the E-polarization mode,
which gives two magnetotelluric responses: impedance and
geomagnetic transfer function.

The vertical component of the magnetic field is related to
the horizontal component of the electric field according to
Faraday’s law:

−iωμHz = ∂Ex

∂y
. (6)

Applying the linear relationships (1) and (2) to (6), we obtain

Tzy = 1

−iωμ

∂ ln Ex

∂y
· Zxy = Yzx · Zxy (7)

where Yzx is an admittance: Hz = Yzx Ex . In order to
simplify the notation and because there is no confusion, we
avoid the use of subscripts in the responses Z , T and Y .

Consequently, the error of the geomagnetic transfer func-
tion can be calculated using a simple error propagation
scheme:

ε (|T |) =
∣∣∣∣∂T∂Z

∣∣∣∣ · ε (|Z |) +
∣∣∣∣∂T∂Y

∣∣∣∣ · ε (|Y |)

= |Y | · ε (|Z |) + |Z | · ε (|Y |) .

And if the term with the unknown ε (|Y |) is not taken into
account, we obtain

ε (|T |) ≥ |Y | · ε (|Z |) =
∣∣∣∣TZ

∣∣∣∣ · ε (|Z |) (8)

which can be expressed by using (4) as

ε (|T |)
|T | ≥ ε(|Z |)

|Z | ≈ ε (ln |Z |) ≈ ε(ϕ) ≈ 1

2
ε(ln(ρa)). (9)

The previous expression allows us to state a ratio between
the errors of Z and T for every frequency; and also, we can
say (see Fig. 1) that ε (|T |) = ε (TR) = ε (TI ) because T is a
complex magnitude, and TR and TI are its real and imaginary
parts. For simplicity only the error ratio ε (TR) /ε (ln(ρa)) is
studied, and the equation (9) is written as

ε(TR)

ε(ln ρa)
≥ |T |

2
. (10)

This result can be extended to error ratios between other type
of magnetotelluric data. An equivalent development could be
used to deduce the error ratio ε (TI ) /ε (ln(ρa)).

The obtained ratio (10) depends on frequency and site
(note that the phase-apparent resistivity ratio (5) does not
depend on these). In order to avoid this dependency on the
inversion process, we suggest taking the maximum value of
|T | to obtain a lower bound for this ratio:

ε(TR)

ε(ln ρa)
≥ max |T |

2
. (11)

This expression means that if we take an error of 0.1 for
ln(ρa) (or 10% for ρa), it would be equivalent to an error
of 0.05 rad (or 2.8◦) in ϕ, and at least an error of (0.05 |T | )
in T .

3. Verification of Process and Results
We devised a technique to study the influence of differ-

ent data on the inversion algorithm in order to verify expres-
sion (11).

In accordance with the hypothesis that the influence of
the data on the inversion algorithm is controlled by their
error, this technique is based on the study of the RMS misfit
obtained by multiple inversion processes.

In this procedure, the joint inversion is repeated by assign-
ing given values of error to each type of magnetotelluric data.
On inversion each type of data has the same error, which
changes from inversion to inversion. This technique allows
us to obtain a description of RMS as a function of error ra-
tios. We assume that the suitable ratio is achieved when the
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Fig. 2. Model used to generate synthetic data.
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Fig. 3. For the synthetically generated data, behavior of the RMS versus: a) error ratio between phase and logarithm of apparent resistivity (circles); b)
error ratio between geomagnetic transfer function (real part) and logarithm of apparent resistivity (crosses) .

RMS obtained by the inversions reaches its minimum value.
The RMS misfit is defined as:

RMS =
(

1

N

N∑
i=1

(di − fi )
2

ε2
i

)1/2

(12)

where di are the observed data, fi are the model responses,
εi are the observed data errors, and N is the number of
measured data.

The inversion process was performed using the REBOCC
code of Siripunvaraporn and Egbert (2000), which enables
us to take into account any type of data and any type of error
on the inversion. The joint inversion was employed for two
types of magnetotelluric data: a) ϕ and ln ρa for calibration
purposes since ratio (5) is well established; b) TR and ln ρa ,
for verifying the proposed relationship (11).

Since the computation of RMS (12) depends on error val-
ues, ε(ϕ) and ε(ln ρa) (case a), or ε(TR) and ε(ln ρa) (case b),
they are changed without modifying their product to main-
tain a similar RMS level. With this constraint, the minimum
RMS is always obtained at the same error ratio. For different
error values the RMS will be different, but if the error ratio
is the same, the models obtained from the inversion will not
change.

The procedure was applied to synthetically generated data
as well as to experimental data (COPROD2).
3.1 Synthetic data

Given that the quality of synthetic data is guaranteed, these
data were used to verify the technique. To generate synthetic
data, the model shown in Fig. 2 was considered. This con-
sists of a host medium of 100 �·m, and a conductive struc-
ture of 1 �·m with a rectangular section, 7.5 km width with
the top at 3.1 km, and the bottom at 6 km. The distance
between consecutive sites is 6 km. The E-polarization data
at 14 sites and 11 frequencies, ranging from 0.0008 Hz to 8
Hz, were considered and were calculated with the algorithm
of Wannamaker et al. (1986).

Nine inversions were performed with different values of
error ratio, ranging from 0.05 to 5 on the logarithmic scale.
The same initial model is used for every inversion, and an
average of 20 iterations is carried out.

The results of these inversions are summarized in Ta-
ble 1(a), Table 1(b) and Fig. 3, where circles are for the ra-
tio ε(ϕ)/ε(ln ρa)), and crosses, for the ratio ε(TR)/ε(ln ρa).
This figure represents the RMS misfit versus error ratios,
where the horizontal axis is logarithmic. For this model, the
highest value of |T | is 0.46, and analytical ratios (5) and (11)
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Fig. 4. Models obtained from the inversion of synthetic data (TR and ln ρa) for two different error ratios. Model A for ε(TR)/(ε ln ρa) = 0.24 and model
B for ε(TR)/ε(ln ρa) = 3.

Table 1(a). Errors of logarithm of apparent resistivity and phase, and the
corresponding error ratio for synthetic data.

Error (ln(app.res)) Error (phase) Error ratio

0.007 0.04 5.71

0.011 0.025 2.27

0.015 0.015 1.00

0.0186 0.014 0.75

0.024 0.012 0.50

0.03 0.01 0.33

0.036 0.008 0.22

0.043 0.006 0.14

0.05 0.005 0.10

give the values of 0.5 and 0.24, which correspond to the min-
ima of the RMS misfits observed in Fig. 3.

The models obtained by inverting TR and ln(ρa) are shown
in Fig. 4. Even though both models recover the main features
of the original model, the model A (error ratio of 0.24) is
better than the model B (error ratio of 3.0).

Table 1(b). Errors of logarithm of apparent resistivity and real part of geo-
magnetic transfer function, and the corresponding error ratio for synthetic
data.

Error (ln(app.res.)) Error (TR) Error ratio

0.01 0.03 3.00

0.015 0.015 1.00

0.02 0.013 0.65

0.025 0.011 0.44

0.03 0.01 0.33

0.038 0.009 0.24

0.043 0.006 0.14

0.05 0.005 0.10

0.06 0.003 0.05

3.2 Experimental data
The procedure above described is repeated with experi-

mental data. We chose the well known COPROD2 data set
(Jones, 1993) acquired in southern Saskatchewan and Man-
itoba (Canada); the E-polarization data at 27 sites and 19
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Fig. 5. For COPROD2 data set, behavior of the RMS versus: a) error ratio between phase and logarithm of apparent resistivity (circles); b) error ratio
between geomagnetic transfer function (real part) and logarithm of apparent resistivity (crosses).

Table 2(a). Errors of logarithm of apparent resistivity and phase, and the
corresponding error ratio for real data, COPROD2.

Error (ln(app.res)) Error (phase) Error ratio

0.12 0.25 2.08

0.15 0.20 1.33

0.20 0.15 0.75

0.23 0.13 0.57

0.28 0.12 0.44

0.30 0.10 0.33

0.37 0.08 0.22

0.50 0.06 0.12

1.00 0.03 0.03

frequencies, ranging from 0.0014 Hz to 1 Hz, were consid-
ered. For these data, the max (|T |) is 0.75, which suggests
the value of 0.37 for the error ratio between the geomagnetic
transfer function and the logarithm of apparent resistivity.

In line with the above criterion as in the case of the syn-
thetic data, we also considered up to 11 different values of
error ratio, ranging from 0.03 to 2 on the logarithmic scale.
The same initial model is used for every inversion, and an
average of 11 iterations is obtained.

The RMS misfit versus error ratio is represented in Fig. 5.
The minima of the RMS misfits observed in this figure
agreed with the given ratios (5) and (11). The chosen val-
ues of error are shown in Tables 2(a) and 2(b).

The models obtained for these minimum values are given
in Fig. 6. The major conductors are similar in both cases,

Table 2(b). Errors of logarithm of apparent resistivity and real part of
geomagnetic transfer function, and the corresponding error ratio for real
data, COPROD2.

Error (ln(app.res)) Error (TR) Error ratio

0.13 0.20 1.54

0.15 0.15 1.00

0.20 0.13 0.65

0.25 0.11 0.44

0.30 0.10 0.33

0.36 0.08 0.22

0.50 0.05 0.10

0.66 0.043 0.07

1.00 0.03 0.03

but the conductor under the site 503 is more outstanding in
the model B, because of the inclusion of the geomagnetic
transfer functions.

4. Discussion and Conclusions
The error ratios between different types of magnetotelluric

data account for their influence on inversion processes when
different types of data are involved. In this paper we obtained
an expression of the error ratio between the impedance and
the geomagnetic transfer function.

The previous error ratio was verified with a technique
based on the study of the RMS misfit after multiple inversion
processes. In spite of the devised procedure had limitations
associated with numerical computations, the results were
satisfactory.
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Fig. 6. Models obtained from the inversion of the COPROD2 data set corresponding with the minima RMS of Fig. 5: model A (for the ratio ε(ϕ)/ε(ln(ρa)),
and model B (for the ratio ε(TR)/ε(ln ρa)).

The obtained ratio depends on the frequency and on the
site because of the geomagnetic transfer function. For this
reason we took the following expression as a lower bound:

ε (|T |) = 0.5 max |T | ε(ln ρa).

In most fieldwork the geomagnetic transfer function |T | is
lower than one, and if this value is taken in the above ex-
pression, a value of one half is obtained. This case should be
taken as a “physical” lower bound (e.g. this value was used
by Ogawa et al., 1996), i.e., the maximum influence of the
geomagnetic transfer function.

For field data, the errors of the geomagnetic transfer func-
tion and the impedance are obtained independently, and the
ratio presented here shows the data with the most influence
on the inversion process. In general, the impedance is more
accurate, and the joint inversion of the apparent resistivity
and the geomagnetic transfer function are biased by the for-
mer data.

The result will be useful when inverting the geomagnetic
transfer function and the impedance elements at the same
time for two reasons: a) it can indicate which data will exert
the most influence on the inversion, and b) it will allow us
to optimize the processes using the suitable data error on
the inversion. The study about the error ratios opens a new
perspectives for further works.
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