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Abstract 
An innovative inversion code, named “Curupira v1.0”, has been developed 
using Matlab to determine the vertical distribution of resistivity beneath the 
subsoil. The program integrates Vertical Electrical Sounding (VES), success-
ful in shallow subsurface exploration and Time Domain Electromagnetic 
(TEM) techniques, better suited for deeper exploration, both of which are 
widely employed in geophysical exploration. These methodologies involve 
calculating subsurface resistivity through appropriate inversion processes. To 
address the ill-posed nature of inverse problems in geophysics, a joint inver-
sion scheme combining VES and TEM data has been incorporated into Cu-
rupira v1.0. The software has been tested on both synthetic and real-world 
data, the latter of which was acquired from the Parana sedimentary basin 
which we summarise here. The results indicate that the joint inversion of VES 
and TEM techniques offers improved recovery of simulated models and de-
monstrates significant potential for hydrogeological studies.  
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Sedimentary Basin, Brazil 

 

1. Introduction 

The inversion process in geophysics is a challenging task due to the ill-posed, 
ill-conditioned nature and non-uniqueness of the solutions for recovering model 
parameters from field-acquired data. To mitigate these issues, employing mul-
tiple geophysical methods simultaneously can improve the ambiguities men-
tioned above. This approach involves integrating results from different geophys-
ical methods to construct an overarching model. One way to accomplish this is 
through joint inversion or data fusion, which generates a single model compati-
ble with multiple data sets. In this work, we focus on Vertical Electrical Sound-
ing (VES) and Time Domain Electromagnetic (TEM) methods, which share the 
same property of exploring vertical resistivity distribution in the subsoil. 

For decades, both VES and TEM techniques have been widely used in the 
geophysical community for various investigative purposes. VES is more effective 
for detecting resistivity targets near the surface, while TEM is capable of pene-
trating deeper conductive structures in the subsurface using transmitter loops 
spanning tens of meters. However, for a successful combined picture of the sub-
surface there are incompatibilities between the techniques. VES measures ap-
parent resistivity in terms of AB electrode spacing (meters), while TEM sound-
ings relate resistivity to response times (seconds). Therefore, a computational 
technique that can handle both data sets simultaneously, often denoted joint in-
version, is essential.  

The literature contains several approaches to joint inversion in geophysics. 
Works like those by [1] [2] [3] demonstrate how joint inversion of TEM and 
magnetoteluric (MT) soundings can enhance model parameters compared to 
separate inversions. Other researchers, such as [4] and [5], applied joint inver-
sion of Direct Current (DC) and TEM to map coastal aquifers and identify sa-
line/freshwater interfaces. [6] and [7] used joint inversion of Induced Polariza-
tion and resistivity to delineate earthflow structures and prevent torrential 
surges. [8] employed joint inversion of apparent conductivity and magnetic sus-
ceptibility to characterize buried targets using EM38 frequency domain equip-
ment.  

In this paper, we introduce an innovative Matlab program capable of per-
forming both separate and joint inversions of resistivity and TEM data using the 
“Controlled Random Search” (CRS) algorithm. An interactive option to intro-
duce numerical errors into the data has also been included for algorithmic test-
ing. The program, Curupira v1.0 [9], was validated with synthetic and real data 
in [10] and has been widely applied across various locations in São Paulo state, 
Brazil [11]-[16]. It has also been used for academic purposes at different univer-
sities and research institutes. In this paper, we present examples of previously 
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research results and real data acquired in the Paraná sedimentary basin, located 
in the region of Bebedouro, São Paulo State (Brazil), in order to showcase the 
capabilities of the program that can be used in various environmental studies. 

2. Numerical Modeling 

Before exploring the joint inversion of Vertical Electrical Soundings (VES) and 
Transient Electromagnetics Soundings (TEM), we first outline the ideas behind 
each numerical model specific to the individual geophysical method. For VES, 
the forward solution employs digital linear filter theory, as proposed by [17]. In 
the case of TEM, the forward problem relies on filters developed by [18] and 
elaborated upon by [19]. Both forward models for each case are discussed in the 
following subsections: 

2.1. VES Numerical Modeling 

The concept of linear filtering for the numerical solution of electrical methods 
was originally developed by [20] and [21]. This approach enables the calculation 
of apparent resistivity at a low computational cost, an essential feature for effi-
cient code. The method entails solving the resistivity function integral through 
convolution. This resistivity transfer function is then convolved with a pre-calculated 
set of filters, resulting in the computed apparent resistivity. The accuracy of the 
linear filters used for this calculation has been significantly improved over time, 
as reported by [17]. For a more comprehensive understanding of the mathemat-
ical calculations and theory behind resistivity transformation in layered media, 
readers are referred to [22]. 

2.2. TEM Numerical Modeling 

For 1D forward modeling of TEM, we begin with the magnetic field generated 
by a vertical dipole in a layered medium, each layer having distinct resistivities 
and thicknesses. To generate this magnetic field, a large transmitter loop is 
placed on the ground, within which an induced current flow. This current is ab-
ruptly turned off, and an apparent resistivity is computed as a function of time 
using a receiver loop located at the transmitter loop’s center. Over time, the in-
duced currents penetrate deeper layers, achieving greater depths. The relation-
ship between depth and resistivity will depend on the subsurface conductivity 
distribution. Detailed schematics of the layered model and its operation can be 
found in the works of the [19] [23] [24]. 

3. Inversion Algorithm 

For more than 80 years, direct current (DC) and Time Domain Electromagnetic 
(TEM) methods have been employed to map the distribution of resistivity in the 
subsoil. These techniques have gained popularity due to their low acquisition 
cost and the ease of data collection. After data is gathered in the field, it must 
undergo a validation process before moving on to the inversion step. The final 
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objective is the interpretation of these results. 
Current approaches to solving the inversion problem primarily utilize either 

local gradient-based methods or global optimization methods (GOMs). In the 
first case, gradient methods facilitate a quick descent to the nearest minimum 
but are dependent on a good initial model [25]. In the second scenario, random 
searches are conducted in the model space until a global minimum is achieved. 
Unlike gradient-based methods, GOMs don’t require an initial model but are 
more time-consuming. This computational cost has limited the application of 
GOMs mainly to one-dimensional (1D) problems in geophysics, and less com-
monly to two-dimensional cases. 

The concept of 1D joint inversion of electrical and electromagnetic data was 
initially explored by [26]. They found that integrating both methods led to more 
accurate reconstruction of the physical properties under investigation than using 
each method separately. Extending this line of research, several studies have 
touted the benefits of using joint inversion in VES and TEM data [1] [2] [3], 
primarily employing gradient-based methods for the inversion process. More 
recently, [27] compared gradient methods and GOMs, finding more promising 
results with the latter in terms of mapping the resistivity distribution in the sub-
surface. However, they noted that GOMs took longer to compute than local or 
gradient-based methods, and that the latter required good initial models for so-
lution convergence. 

In this work, to offset the computational cost disadvantage and to capitalize 
on the absence of a need for strong initial models, we propose using a Controlled 
Random Search (CRS) algorithm for carrying out the inversion. This algorithm, 
introduced by Price [28], is considered a local method with a random search 
feature that doesn’t rely on gradient or derivative calculations. Its strategy starts 
from an initial point and then creates a random path; the step size and direction 
are controlled by a function that considers successful directions found in pre-
vious iterations. The CRS algorithm has been integrated into our Matlab pro-
gram, which offers a range of features for performing both separate and joint 
inversions of VES and TEM data. Additionally, the program gives users the op-
tion to add or omit errors in the data, useful in cases of synthetic data simula-
tion. The subsequent section will detail the program’s full capabilities and the 
features of its user interface. 

4. Software Operation 

The Curupira program was developed to serve as a versatile tool for tasks related 
to Vertical Electrical Sounding (VES) and Transient Electromagnetic (TEM) 
surveys in the form of a central loop. The program is capable of performing nu-
merical modeling for both methods, individual and joint inversion, and also has 
the capability to conduct numerical modeling with added synthetic errors. These 
features distinguish Curupira as a unique program, as it encompasses all of these 
options within a single software package. 
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The program offers a range of nine distinct operations, which can be de-
scribed as follows: 

1) Noise-free VES Modeling 
2) Noise-free TEM (Central Loop) Modeling  
3) Noise-free Simultaneous Modeling of Both Methodologies 
4) Individual VES Inversion 
5) Individual TEM Inversion 
6) Joint VES/TEM Inversion 
7) VES Modeling with Noise 
8) TEM (Central Loop) Modeling with Noise 
9) Simultaneous Modeling with Noise of Both Methodologies 

4.1. Noise-Free VES Modeling 

The Noise-free VES Modeling operation involves the simulation of Vertical 
Electrical Sounding (VES) data without any noise or interference, enabling a 
pristine representation of subsurface electrical responses. An example is pro-
vided in Figure 1(a), illustrating a synthetic model consisting of five layers. This 
approach holds significance in various contexts, encompassing educational pur-
poses as well as the analysis of everyday scenarios. In an educational context, this 
software plays a pivotal role in illustrating VES curves and how they evolve in 
response to changes in layer count, thickness, and resistivity. Such analyses pro-
vide insights into the behavior of hidden or equivalent layers. In practical daily 
applications, noise-free VES modeling proves invaluable in the planning of field 
campaigns, allowing for an assessment of the feasibility of reaching desired 
depths or specific targets. When coupled with the inversion algorithm, and when 
paired with synthetic models’ apparent resistivity curves, it becomes a powerful 
tool for scrutinizing the possibilities of detecting thin layers, equivalent layers, or 
deep subsurface structures. 

4.2. Noise-Free TEM (Central Loop) Modeling 

In this operation, we conduct noise-free modeling of Transient Electromagnetic 
(TEM) data using a central loop configuration. Similar to the previous case, this 
type of software finds extensive utility in both educational contexts and everyday 
applications. With TEM, the program can simulate various transmitter loop siz-
es, effective coil receiver areas, and measurement durations. Figure 1(b) serves 
as an illustration of the TEM forward calculation for the identical synthetic 
model, comprising five layers, that was employed in the VES forward calcula-
tion. The analytical possibilities afforded by this tool are highly intriguing, re-
vealing, for instance, the effects on early-time responses with larger loops or 
highly conductive shallow layers. It also highlights the consequences of imba-
lanced parameters at the start of measurements, transmitter loop size, and resis-
tivity of shallow layers. Furthermore, it allows for an assessment of the advan-
tages of larger effective area receiver coils. Just like in the previous case, when  
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Figure 1. Noise-free Modelling. In (a) the forward calculation for the VES case, in (b) forward calculation for TEM sounding and 
in (c) the results for the simultaneous modelling of both methodologies. 
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this tool is coupled with the inversion algorithm, it opens up a vast array of pos-
sibilities for different feasibility studies related to target detection and depth in-
vestigation. This facilitates more efficient field planning with equipment and 
configurations tailored to the specific challenges at hand. 

4.3. Noise-Free Simultaneous Modeling of Both Methodologies 

This operation facilitates the simultaneous and noise-free modeling of both VES 
and TEM methodologies, offering a comprehensive perspective on the distinct 
responses of both methods. Figure 1(c) displays the outcomes of the two for-
ward calculations (VES and TEM sounding) using the same model as in the pre-
vious cases. The calculations performed in this option do not deviate from those 
in the previous options. The difference lies in the presentation of results on a 
single graph rather than separate ones. However, having both apparent resistivi-
ty curves visualized on the same graph allows for a swift comparison of how the 
two methods perceive the subsurface differently. Furthermore, conducting ap-
parent resistivity curve calculations for the same model enables both individual 
and joint inversions of the two methodologies. This proves valuable in enhanc-
ing our understanding of the potential of combining these methods for more 
robust subsurface analysis. 

4.4. Individual VES Inversion 

In this operation, the program undertakes a dedicated inversion process for VES 
data, with the sole objective of estimating subsurface properties and structures 
exclusively from VES measurements. This approach offers an additional avenue 
for VES inversion, and it stands out as a robust algorithm, characterized by its 
global search capabilities. Unlike some local optimization techniques, which 
might converge towards suboptimal solutions (local minima), a global search 
algorithm explores a broader solution space, making it highly robust. This ro-
bustness is a critical advantage, as it minimizes the risk of falling into conver-
gence traps that could compromise the accuracy of the inversion results. The 
software has found extensive applications, such as the example depicted in Fig-
ure 2(a), showcasing a VES data acquisition carried out in a landslide-prone 
area within Campos do Jordão city, São Paulo State, Brazil. Additional findings 
in a region susceptible to mass movements are detailed in [29]. 

4.5. Individual TEM Inversion 

In this process, the program concentrates on individually inverting Transient 
Electromagnetic (TEM) data, with the primary objective of estimating subsur-
face characteristics and structures solely based on the TEM measurements. TEM 
data inversion software with global search algorithms is not as widely available 
as in the case of Vertical Electrical Sounding (VES), and especially those 
equipped with global search algorithms are relatively scarce. While not the only 
approach of its kind, individual TEM inversion remains less common in practice. 
Figure 2(b) illustrates the TEM sounding inversion utilized in a study focused  
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Figure 2. Individual and joint inversions. In (a) the forward calculation for the VES case, in (b) forward calculation for TEM 
sounding and in (c) the results for the simultaneous modelling of both methodologies. 
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on the application of the TEM method in an urban setting. This study was con-
ducted in the heart of São Paulo city, located in São Paulo State, Brazil [30]. 

4.6. Joint VES/TEM Inversion 

This operation combines both VES and TEM data to perform a joint inversion. 
This is the main tool of the software. Because it allows the integration of me-
thods, something unconventional. The joint inversion of Vertical Electrical 
Sounding (VES) and Transient Electromagnetic (TEM) sounding offers several 
advantages in subsurface characterization and geological investigations. This in-
tegration provides a more complete picture of the subsurface, leading to a better 
understanding of geological structures and properties [31] [32]. Another impor-
tant aspect is the improved Depth Resolution, once VES and TEM have different 
depth sensitivities. VES is typically more sensitive to shallow depths, while TEM 
can probe deeper into the subsurface. When combined, they provide improved 
depth resolution across a wider range of depths, allowing for a more accurate 
depiction of subsurface features. 

Also, with the joint methodology is possible to reduce ambiguity, because 
geological models derived from individual VES or TEM inversions are more 
suitable to suffer from ambiguity. Joint inversion helps to reduce this ambiguity 
by constraining the interpretations with data from both methodologies. This re-
sults in more reliable subsurface models. Joint inversion allows for cross-validation 
between the two datasets. If the interpretations from VES and TEM are consis-
tent and agree with each other, it provides greater confidence in the derived 
subsurface model. In cases where inconsistencies arise, they can be examined to 
identify potential errors or uncertainties in the data. Figure 2(c) depicts an ex-
ample of the joint inversion method applied in Urupês city, situated in São Paulo 
State, Brazil. The study conducted by [33] provides insights into the practical 
application of this joint methodology for responsible groundwater exploration. 

4.7. VES Modeling with Noise 

In this operation, the program performs VES modeling while incorporating 
noise, simulating real-world conditions and providing a more robust under-
standing of subsurface properties. Utilizing VES modeling with added noise of-
fers several distinct advantages. Firstly, it enhances the realism of the model, 
providing a more accurate representation of subsurface electrical responses in 
real-world conditions. Overall, incorporating noise into VES modeling enhances 
its accuracy and usefulness across various scientific and practical contexts. In 
Figure 3(a), is present the forward calculation of the same model with added 
noise, which was initially presented in the noise-free case. As observed, in the 
case of VES, the noise is randomly distributed, as described by [10]. 

4.8. TEM (Central Loop) Modeling with Noise 

Similar to the previous operation, this one involves TEM modeling with the  
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Figure 3. Modeling with noise. In (a) the forward calculation with added noise for the VES case, in (b) forward calculation with 
noise for TEM sounding and in (c) the results for the simultaneous modelling with added noise for both methodologies. 
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addition of noise, making the simulations more representative of actual field 
conditions. Incorporating noise into Transient Electromagnetic (TEM) mod-
eling brings forth several notable advantages. It facilitates a more realistic ex-
ploration of electromagnetic responses, making it valuable for both education-
al purposes and practical applications. When coupled with inversion algorithms, 
noise-inclusive TEM modeling widens the scope for feasibility studies related to 
target detection in large depth of investigation, enabling more efficient fieldwork 
planning with tailored equipment and configurations. In the case of TEM 
sounding (Figure 3(b)), the noise becomes more apparent during the later 
times, primarily because the signal weakens as it penetrates deeper layers. The 
mathematical expression outlining how the noise is incorporated can be found 
in [32]. 

4.9. Simultaneous Modeling with Noise in Both VES and TEM  
Methods 

In this scenario, the program performs simultaneous modeling of both Vertical 
Electrical Sounding (VES) and Transient Electromagnetic (TEM) methodolo-
gies, taking noise into account. This approach allows for a comprehensive com-
parative analysis, under realistic conditions, of how both methods appears dif-
ferent under the effect of noise, a critical aspect for practical applications. Once 
the results are ploted in a single graph. Illustrated in Figure 3(c) is an example 
showcasing the contrasting noise characteristics in both cases. 

5. Real Case Use 

The city of Bebedouro is located in the São Paulo State of Brazil, within the Pa-
raná Sedimentary Basin. The local stratigraphy consists of a Cretaceous sedi-
mentary cover made up of the sandstones of the Bauru Group [34] and [35]. 
This is overlaid by Late Cretaceous basalt layers and Jurassic sandstones of the 
Botucatu Formation, which houses the Guarani Aquifer [36]. VES and TEM 
soundings were conducted in two distinct areas of the city: the Andes and Bota-
fogo districts. 

In both the Botafogo and Andes areas (Figure 4 and Figure 5), individual 
VES inversion identified the shallow layers—comprising soil and Bauru sand-
stone—as well as the top of the Serra Geral basalt layer. In both locations, the 
VES individual inversion determined that the top of the basalt layer was at a 
depth of 90 meters. In these areas, individual TEM inversion was unable to iden-
tify the shallow soil layer within the first 10 meters. However, it did delineate the 
top and base of the basalt layer (the base of the basalt layer corresponds to the 
top of the Botucatu sandstone). In the Botafogo area, the top of the basalt layer 
was identified at a depth of 75 meters, and its base was approximately 660 meters 
deep. In the Andes area, these depths were 65 meters (top) and approximately 
760 meters (base), respectively. 

The joint inversion was able to resolve both the shallow (soil, sandstone, and 
top of the basalt layer) and deep layers (base of the basalt layer), covering the  
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Figure 4. Inversion results for Andes district. In (a) the results with individual VES inversion, in (b) the results with TEM inver-
sion and in (c) the results with the joint inversion. 
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Figure 5. Inversion results for Andes district. In (a) the results with individual VES inversion, in (b) the results with TEM inver-
sion and in (c) the results with the joint inversion. 
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entire depth interval investigated. The results from the joint inversion are highly 
consistent with the individual VES and TEM results, with layer depths that are 
compatible with those obtained through individual inversion methods. 

6. Conclusions 

The software has demonstrated its proficiency in simulating, modeling, and ac-
curately inverting VES (Vertical Electrical Sounding) and TEM (Transient Elec-
tromagnetic) sounding data. Its versatility and accuracy make it an exemplary 
tool for both academic research and practical applications. 

Specifically, Curupira v1.0 has addressed the limitations often encountered in 
TEM for shallow layers, while effectively extending the depth range beyond what 
traditional VES techniques can achieve. The synergy achieved through joint in-
version of VES and TEM data offers significant advantages. This approach en-
hances our understanding of various geological parameters, such as lithology, 
water table depth, and the presence of conductive minerals or hydrogeological 
features. These insights are invaluable for applications like groundwater explora-
tion, environmental assessments, and mineral prospecting. Additionally, the 
joint inversion technique plays a critical role in geohazard assessment, allowing 
for the prediction of risks like landslides, subsidence, and groundwater conta-
mination. This helps in the development of more accurate hazard maps and in-
forms evaluations of geological formation stability, thereby reinforcing public 
safety measures. The adaptability of joint inversion to diverse geological settings 
and research objectives further underscores its versatility, making it an indis-
pensable tool for geoscientific investigations across a broad range of regions and 
applications. 

Acknowledgements 

Cassiano Bortolozo thanks to the Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq) for the Postdoctoral Scholarship (grant 152269/ 
2022-3), for the Research Fellowship Program (grant 383480/2023-0). JLP ac-
knowledges the Fundação de Amparo à Pesquisa do Estado de São Paulo 
(FAPESP), a Brazilian research agency, for providing financial support for this 
research (Grant 2007/04325-0, Grant 2009/08466-3, and Grant 2012/02709-4). 
The IAG/USP is also acknowledged for providing infrastructure support. We 
thank Ernande, Marcelo and students for helping in data acquisition.  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Raiche, A.P., Jupp, D.L.B., Rutter, H. and Vozoff, K. (1985) The Joint Use of Coin-

cident Loop Transient Electromagnetic and Schlumberger Sounding to Resolve 

https://doi.org/10.4236/ijg.2023.1411059


C. A. Bortolozo et al. 
 

 

DOI: 10.4236/ijg.2023.1411059 1174 International Journal of Geosciences 
 

Layered Structures. Geophysics, 50, 1618-1627. https://doi.org/10.1190/1.1441851 

[2] Yang, C.H. and Tong, L.T. (1999) A Study of Joint Inversion of Direct Current Re-
sistivity, Transient Electromagnetic and Magnetotelluric Sounding Data. Terrestrial, 
Atmospheric and Oceanic Sciences, 10, 293-301.  
https://doi.org/10.3319/TAO.1999.10.1.293(T) 

[3] Meju, M.A. (1996) Joint Inversion of TEM and Distorted MT Soundings: Some Ef-
fective Practical Considerations. Geophysics, 61, 56-65.  
https://doi.org/10.1190/1.1443956 

[4] Goldman, M., Du Plooy, A. and Eckard, M. (1994) On Reducing Ambiguity in the 
Interpretation of Transient Electromagnetic Sounding Data. Geophysical Prospect-
ing, 42, 3-25. https://doi.org/10.1111/j.1365-2478.1994.tb00192.x 

[5] Albouy, Y., Andrieux, P., Rakotondrasoa, G., Ritz, M., Descloitres, M., Join, J.L. and 
Rasolomanana, E. (2001) Mapping Coastal Aquifers by Joint Inversion of DC and 
TEM Soundings-Three Case Histories. Ground Water, 39, 87-97.  
https://doi.org/10.1111/j.1745-6584.2001.tb00354.x 

[6] Schmutz, M., Albouy, Y., Guerin, R., Maquaire, O., Vassal, J., Schott, J.J. and Des-
cloitres, M. (2000) Joint Electrical and Time Domain Electromagnetism (TEM) Da-
ta Inversion Applied to the Super Sauze Earthflow (France). Surveys in Geophysics, 
21, 371-390. https://doi.org/10.1023/A:1006741024983 

[7] Schmutz, M., Guérin, R., Andrieux, P. and Maquaire, O. (2009) Determination of 
the 3D Structure of an Earth Flow by Geophysical Methods: The Case of Super 
Sauze, in the French Southern Alps. Journal of Applied Geophysics, 68, 500-507.  
https://doi.org/10.1016/j.jappgeo.2008.12.004 

[8] Santos, V.R.N., Bortolozo, C.A. and Porsani, J.L. (2017) Joint Inversion of Apparent 
Conductivity and Magnetic Susceptibility to Characterize Buried Targets. IEEE 
Geoscience and Remote Sensing Letters, 14, 846-850.  
https://doi.org/10.1109/LGRS.2017.2683400 

[9] Bortolozo, C.A. and Porsani, J.L. (2012) CURUPIRA V1.0. Registro de Software— 
Número do Pedido: 12988-1. Revista da Propriedade Industrial, 2187, 280. 

[10] Bortolozo, C.A., Porsani, J.L., Monteiro dos Santos, F.A. and Almeida, E.R. (2015) 
VES/TEM 1D Joint Inversion by Using Controlled Random Search (CRS) Algo-
rithm. Journal of Applied Geophysics, 112, 157-174.  
https://doi.org/10.1016/j.jappgeo.2014.11.014 

[11] Bortolozo, C.A., Lavalle, L.V.A., Andrade, M.R.M., Motta, M.F.B., Mendes, R.M., 
Metodiev, D., Pacheco, T.C.K.F., Guedes, M.R.G. and Porsani, J.L. (2018) Geophys-
ical Methods to Characterize a Mass Movement Event in Tropical Soils in Campos 
do Jordão City, Brazil. First Break, 36, 71-73.  
https://doi.org/10.3997/1365-2397.n0115 

[12] Hamada, L.R., Porsani, J.L., Bortolozo, C.A. and Rangel, R.C. (2018) TDEM and 
VES Soundings Applied to a Hydrogeological Study in the Central Region of the 
Taubaté Basin, Brazil. First Break, 36, 49-54.  
https://doi.org/10.3997/1365-2397.n0111 

[13] Leite, D.N., Bortolozo, C.A., Porsani, J.L., Couto, M.A., Campana, J.D.R., Monteiro 
dos Santos, F.A., Rangel, R.C., Hamada, L.R., Sifontes, R.V., Serejo, G. and Stangari, 
M.C. (2018) Geoelectrical Characterization with 1D VES/TDEM Joint Inversion in 
Urupês-SP Region, Paraná Basin: Applications to Hydrogeology. Journal of Applied 
Geophysics, 151, 205-220. https://doi.org/10.1016/j.jappgeo.2018.02.022 

[14] Rangel, R.C., Porsani, J.L., Bortolozo, C.A. and Hamada, L.R. (2018) Electrical Re-
sistivity Tomography and TDEM Applied to Hydrogeological Study in Taubaté Ba-

https://doi.org/10.4236/ijg.2023.1411059
https://doi.org/10.1190/1.1441851
https://doi.org/10.3319/TAO.1999.10.1.293(T)
https://doi.org/10.1190/1.1443956
https://doi.org/10.1111/j.1365-2478.1994.tb00192.x
https://doi.org/10.1111/j.1745-6584.2001.tb00354.x
https://doi.org/10.1023/A:1006741024983
https://doi.org/10.1016/j.jappgeo.2008.12.004
https://doi.org/10.1109/LGRS.2017.2683400
https://doi.org/10.1016/j.jappgeo.2014.11.014
https://doi.org/10.3997/1365-2397.n0115
https://doi.org/10.3997/1365-2397.n0111
https://doi.org/10.1016/j.jappgeo.2018.02.022


C. A. Bortolozo et al. 
 

 

DOI: 10.4236/ijg.2023.1411059 1175 International Journal of Geosciences 
 

sin, Brazil. International Journal of Geosciences, 9, 119-130.  
https://doi.org/10.4236/ijg.2018.92008 

[15] Campaña, J.D.R., Porsani, J.L., Bortolozo, C.A., Oliveira, G.S. and Santos, F.A.M. 
(2017) Inversion of TEM Data and Analysis of the 2D Induced Magnetic Field Ap-
plied to the Aquifers Characterization in the Paraná Basin, Brazil. Journal of Ap-
plied Geophysics, 138, 233-244. https://doi.org/10.1016/j.jappgeo.2017.01.024 

[16] Bortolozo, C.A., Couto, M.A., Porsani, J.L., Almeida, E.R. and Monteiro dos Santos, 
F.A. (2014) Geoelectrical Characterization Using Joint Inversion of VES/TEM Data: 
A Case Study in Paraná Sedimentary Basin, São Paulo State, Brazil. Journal of Ap-
plied Geophysics, 111, 33-46. https://doi.org/10.1016/j.jappgeo.2014.09.009 

[17] Johansen, H.K. (1975) An Interactive Computer/Graphic-Display-Terminal System 
for Interpretation of Resistivity Sounding. Geophysical Prospecting, 23, 449-458.  
https://doi.org/10.1111/j.1365-2478.1975.tb01541.x 

[18] Christensen, N.B. (1990) Optimized Fast Hankel Transform Filters. Geophysical 
Prospecting, 38, 545-568. https://doi.org/10.1111/j.1365-2478.1990.tb01861.x 

[19] Nielsen, T.I. and Baumgartner, F. (2006) CR1Dmod: A Matlab Program to Model 
1D Complex Resistivity Effects in Electrical and Electromagnetic Surveys. Comput-
ers & Geosciences, 32, 1411-1419. https://doi.org/10.1016/j.cageo.2006.01.001 

[20] Ghosh, D.P. (1971) The Application of Linear Filter Theory to the Direct Interpre-
tation of Geoelectrical Resistivity Sounding Measurements. Geophysical Prospect-
ing, 19, 192-217. https://doi.org/10.1111/j.1365-2478.1971.tb00593.x 

[21] Ghosh, D.P. (1971) Inverse Filter Coefficients for the Computation of Apparent Re-
sistivity Standard Curves for a Horizontally Stratified Earth. Geophysical Prospect-
ing, 19, 769-775. https://doi.org/10.1111/j.1365-2478.1971.tb00915.x 

[22] Koefoed, O. (1972) A Note on the Linear Filter Method of Interpreting Resistivity 
Sounding Data. Geophysical Prospecting, 20, 403-405.  
https://doi.org/10.1111/j.1365-2478.1972.tb00643.x 

[23] Ryu, J., Morrison, F. and Ward, S.H. (1970) Electromagnetic Fields about a Loop 
Source of Current: Geophysics, 35, 862-889. https://doi.org/10.1190/1.1440134 

[24] McNeill, J.D. (1994) Principles and Application of Time Domain Electromagnetic 
Techniques for Resistivity Sounding. Technical Note TN-27, Geonics Ltd., Ontario. 

[25] Gill, P.E., Murray, W. and Wright, M.H. (2019) Practical Optimization. SIAM, Phila-
delphia. https://doi.org/10.1137/1.9781611975604 

[26] Vozoff, K. and Jupp, D.L.B. (1975) Joint Inversion of Geophysical Data. Geophysi-
cal Journal International, 42, 977-991.  
https://doi.org/10.1111/j.1365-246X.1975.tb06462.x 

[27] Monteiro Santos, F.A. and El-Kaliouby, H. (2010) Comparative Study of Local ver-
sus Global Methods for 1D Joint Inversion of Direct Current Resistivity and Time- 
Domain Electromagnetic Data. Near Surface Geophysics, 8, 135-143.  
https://doi.org/10.3997/1873-0604.2009056 

[28] Price, W.L. (1977) A Controlled Random Search Procedure for Global Optimiza-
tion. The Computer Journal, 20, 367-370. https://doi.org/10.1093/comjnl/20.4.367 

[29] Bortolozo, C.A., Motta, M.F.B., Andrade, M.R.M., Lavalle, L.V.A., Mendes, R.M., 
Simões, S.J.C., Mendes, T.S.G. and Pampuch, L.A. (2019) Combined Analysis of 
Electrical and Electromagnetic Methods with Geotechnical Soundings and Soil 
Characterization as Applied to a Landslide Study in Campos do Jordão City, Brazil. 
Journal of Applied Geophysics, 161, 1-14.  
https://doi.org/10.1016/j.jappgeo.2018.11.017 

https://doi.org/10.4236/ijg.2023.1411059
https://doi.org/10.4236/ijg.2018.92008
https://doi.org/10.1016/j.jappgeo.2017.01.024
https://doi.org/10.1016/j.jappgeo.2014.09.009
https://doi.org/10.1111/j.1365-2478.1975.tb01541.x
https://doi.org/10.1111/j.1365-2478.1990.tb01861.x
https://doi.org/10.1016/j.cageo.2006.01.001
https://doi.org/10.1111/j.1365-2478.1971.tb00593.x
https://doi.org/10.1111/j.1365-2478.1971.tb00915.x
https://doi.org/10.1111/j.1365-2478.1972.tb00643.x
https://doi.org/10.1190/1.1440134
https://doi.org/10.1137/1.9781611975604
https://doi.org/10.1111/j.1365-246X.1975.tb06462.x
https://doi.org/10.3997/1873-0604.2009056
https://doi.org/10.1093/comjnl/20.4.367
https://doi.org/10.1016/j.jappgeo.2018.11.017


C. A. Bortolozo et al. 
 

 

DOI: 10.4236/ijg.2023.1411059 1176 International Journal of Geosciences 
 

[30] Porsani, J.L., Bortolozo, C.A., Almeida, E.R., Santos Sobrinho, E.N. and Santos, T.G. 
(2012) TDEM Survey in Urban Environmental for Hydrogeological Study at USP 
Campus in São Paulo City, Brazil. Journal of Applied Geophysics, 76, 102-108.  
https://doi.org/10.1016/j.jappgeo.2011.10.001 

[31] Bortolozo, C.A., Bokhonok, O., Porsani, J.L., Monteiro dos Santos, F.A., Diogo, L.A. 
and Slob, E. (2017) Objective Function Analysis for Electric Soundings (VES), 
Transient Electromagnetic Soundings (TEM) and Joint Inversion VES/TEM. Jour-
nal of Applied Geophysics, 146, 120-137.  
https://doi.org/10.1016/j.jappgeo.2017.09.016 

[32] Bortolozo, C.A. and Bokhonok, O. (2015) Análise da Função Objetivo para Inversão 
de Sondagens Elétricas, Sondagens TEM E Inversão Conjunta SEV/TEM: Resulta-
dos Preliminares. 14th International Congress of the Brazilian Geophysical Society 
& EXPOGEF, Rio de Janeiro, 3-6 August 2015, 1-6.  
https://doi.org/10.1190/sbgf2015-078 

[33] Leite, D.N., Bortolozo, C.A., Porsani, J.L., Couto, M.A., Campana, J.D.R., Monteiro 
Dos Santos, F.A., Rangel, R.C., Hamada, L.R., Sifontes, R.V., Serejo, G. and Stangari, 
M.C. (2018) Geoelectrical Characterization with 1D VES/TDEM Joint Inversion in 
Urupês-SP Region, Paraná Basin: Applications to Hydrogeology. Journal of Applied 
Geophysics, 151, 205-220. https://doi.org/10.1016/j.jappgeo.2018.02.022 

[34] Bortolozo, C.A. (2016) Inversão conjunta 1D e 2D de dados de Eletrorresistividade 
e TDEM aplicados em estudos de hidrogeologia na bacia do Paraná. Ph.D. Thesis, 
Universidade de São Paulo, São Paulo. 

[35] Porsani, J.L., Almeida, E.R., Bortolozo, C.A. and Monteiro Santos, F.A. (2012) 
TDEM Survey in an Area of Seismicity Induced by Water Wells in Paraná Sedi-
mentary Basin, Northern São Paulo State, Brazil. Journal of Applied Geophysics, 82, 
75-83. https://doi.org/10.1016/j.jappgeo.2012.02.005 

[36] Almeida, E.R., Porsani, J.L., Monteiro dos Santos, F.A. and Bortolozo, C.A. (2017) 
2D TEM Modeling for a Hydrogeological Study in the Paraná Sedimentary Basin, 
Brazil. International Journal of Geosciences, 8, 693-710.  
https://doi.org/10.4236/ijg.2017.85038  

 
 

https://doi.org/10.4236/ijg.2023.1411059
https://doi.org/10.1016/j.jappgeo.2011.10.001
https://doi.org/10.1016/j.jappgeo.2017.09.016
https://doi.org/10.1190/sbgf2015-078
https://doi.org/10.1016/j.jappgeo.2018.02.022
https://doi.org/10.1016/j.jappgeo.2012.02.005
https://doi.org/10.4236/ijg.2017.85038

	Curupira V1.0: Joint Inversion of VES and TEM for Environmental and Mass Movements Studies
	Abstract
	Keywords
	1. Introduction
	2. Numerical Modeling
	2.1. VES Numerical Modeling
	2.2. TEM Numerical Modeling

	3. Inversion Algorithm
	4. Software Operation
	4.1. Noise-Free VES Modeling
	4.2. Noise-Free TEM (Central Loop) Modeling
	4.3. Noise-Free Simultaneous Modeling of Both Methodologies
	4.4. Individual VES Inversion
	4.5. Individual TEM Inversion
	4.6. Joint VES/TEM Inversion
	4.7. VES Modeling with Noise
	4.8. TEM (Central Loop) Modeling with Noise
	4.9. Simultaneous Modeling with Noise in Both VES and TEM Methods

	5. Real Case Use
	6. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

