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Abstract. Indirect lightning measurement, using sensors and remote systems that record the radiated electric 
fields, is one of the most used methods to study and characterize this type of electrical discharges. This is due 
to its simplicity of implementation, low cost and the valuable information it provides. However, the 
measurement of the lightning-generated electric fields (LEF) can be influenced by factors such as the type of 
sensor, its physical features and its location, as well as by characteristics of the electromagnetic environment 
like geographical features, the structures that surround the measurement station and the materials of these 
objects. Under this consideration, this paper proposes a generalized method focused on the identification of 
those parameters that affect significantly influence the LEF measurement, as well as the process to estimate 
the correction factor of any measuring system designed for this purpose. This factor is important, as it 
indicates the proportion in which the signals of interest are attenuated or amplified. The method includes a 
review about the characteristics of the sensors, their connection scheme and a detailed analysis of the effect 
of the surrounding structures, taking into account parameters such as the permittivity and electrical 
conductivity of the materials. Finally, with the aim of presenting quantitative results, the proposed method is 
validated using as a practical case the information from the LEF automated measuring station owned by the 
Universidad Distrital Francisco José de Caldas located in Bogotá, Colombia. 
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1. Introduction 
 
Currently, atmospheric discharges (lightning flashes) 

are considered as one of the most dangerous natural 
phenomena around the world. These discharges can cause 
forest fires, damage to structures, interference in different 
electronics and telecommunications systems, damage to 
electrical power systems, and in some cases, it can cause 
injury or death to people and animals [1].  This last aspect, 
a fundamental pillar on which the protection against 
lightning is focused, can cause accidents by direct contact 
between the individual and the lightning, or indirectly, by 
the induced currents that produce the rise in electrical 
potential between one or more contact points.  

In general, there are four types of lightning flashes: 
cloud-atmosphere (CA), cloud-to-cloud (CC), intracloud 
(IC) and cloud-to-ground (CG). The latter have been the 
most studied phenomena because they cause the greatest 
number of harmful effects on people, facilities, structures 
and equipment. One of the most common techniques to 
obtain several parameters of CG lightning flashes 
(magnitude of current, current derivative, polarity, 
multiplicity, total flash duration, among others) is based 
on the measurement of the electric and magnetic fields 
produced during the occurrence of the discharge. From 
these measurements, it has been possible to establish some 
predominant characteristics of CG flashes, the study of 
CC or IC flashes has been conducted, criteria for 
protection against lightning have been defined and 
warning networks and lightning location systems have 
been improved [2]–[6].  

In the Colombian case, during the last 15 years, a 
considerable percentage of studies about lightning flashes 
have been carried out using indirect measuring systems. In 
this context, the study of return strokes (RS) of CG flashes 
has been possible analyzing magnetic field measurements 
[7]–[9], while electric field waveforms have been used to 
advance in the characterization of negative CG lightning 
flashes [9]–[13], positive CG flashes [14] and the 
preliminary discharges that precede the first return stroke 
(FRS) [15], [16]. However, a major part of these works, 
and others published in several countries, have shown that 
lightning-generated electric fields (LEF) measurements in 
urban areas are particularly affected by the location of the 
sensors (ground-surface or a specific height) and the 
presence of structures or obstacles near to the field point 
(location where LEF are measured) [9], [17]–[23]. Some of 
these structures may be natural such as mountains, 
mountain ranges and trees, while others are created by 
man such as buildings, houses, metal towers, among 
others.  

From these experiences, it is possible to affirm that 
any system used to measure LEF is directly influenced by 
the physical and electromagnetic environment. Likewise, 
the effects that can be caused by the shape and location of 
the sensor (antenna), together with the characteristics 
(physical and electrical) of nearby structures, are different 
in each case. Therefore, this type of measuring system 
requires the estimation of an antenna enhancement factor, 

also called correction factor by location (CFL). This factor 
allows adjusting (correct) the measurements and the 
recorded waveforms and thus having reliable information 
to carry out lightning studies. 

Generalized methods to estimate the effect of tall 
metallic structures and buildings on the electric/magnetic 
field measurements are based on theoretical and computer 
models. Major part of these methods, include lightning 
return stroke models and the solution of integral equations 
(Maxwell’s equations) in time-domain [17]–[20], the 
application of the method of moments [22] and static-field 
estimations [24]. Among the disadvantages of these 
alternatives are: (a) the computation times; (b) the rough 
geometric approximation of the structure (wire grid or 
solid parallelepiped); (c) the materials that can be used 
(metal or conducting reinforcement); (d) simplification of 
simulations. In many of these methods, only the structure 
and the field point are included ruling out the 
electromagnetic environment and the influence that other 
structures located in the vicinity of the measuring system 
may produce. 

On the other hand, a practical method to obtain the 
CFL consists of the simultaneous measurement of electric 
fields using two antennas with similar characteristics, 
which are separated by a short distance from the 
horizontal axis (less than 8 meters in south direction) [21], 
[22]. In this case, one of the antennas is located at ground 
level and the other is located in the place where the 
measuring system will be operating (roof, terrace, mast, 
stand, etc.). In this way, by simultaneously recording of the 
LEF signals, it is possible to determine the ratio between 
the waveforms captured by the antennas (attenuation or 
amplification). However, this method requires is not 
entirely reliable since the total absence of obstacles in the 
vicinity of the antenna located at ground level must be 
guaranteed, and this, in general, is not possible. 

Another method to obtain the CFL is based on 3D 
simulations that combine electromagnetic software, 
detailed physical models and numerical methods (finite 
elements, solvers for integral equations, among others). In 
this way, some works have been presented in recent years 
focused on specifically analyzing the influence of the place 
where the measuring system is installed [10], [13], [23]. 
However, none of these works present an articulated set 
of procedures that facilitate the characterization of any 
LEF measuring system, and at the same time, guide on the 
selection of materials, the configuration of simulation 
scenarios, the collection of complementary data. and the 
estimation of the corresponding CFL.  

In this context, this paper proposes a general method 
to evaluate the influence of sensors, nearby structures and 
other objects in the measurement of LEF signals. The 
above includes a review of the characteristics that the 
sensors must have, the way in which the structures must 
be configured, the effect of some parameters such as the 
electrical permittivity of the materials and the influence of 
the grounding system in the calculation of the CFL. Finally, 
with the aim of applying and validating the proposed 
method, a study case is presented using the information 
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from the indirect lightning measuring station of the 
GISE3-UD research group, which is installed in Bogotá, 
Colombia. 

 

2. Electric Field Measuring System 
 
In general terms, an LEF measuring system is 

composed of five elements: a sensor or antenna, an 
electronic circuit, a signal acquisition/recording 
equipment and two coaxial cables to guarantee a suitable 
coupling between the first three components. A general 
diagram of this system is shown in Fig. 1. The 
characteristics of each of the components are briefly 
described below. 

 

 
Fig. 1. LEF measuring system. 

 

• Electric field sensor: used to measure the vertical 
and/or horizontal component of the electric field. In 
general, an aluminum parallel-plate antenna with 
circular shape (discs) is used, a 0.03 m of separation 
between them and a support mast with a physical 
height between 1.0 and 1.5 meters. 

• Short coaxial cable: with 0.6 m long, it is used for the 
connection between the antenna and the electronic 
circuit. Often RG-58 A/U coaxial cables with a surge 
impedance of 50 Ω are used. 

• Electronic circuit: based on a high-speed buffer, its 
function is to provide enough power for the signal 
captured by the antenna to travel through the long 
coaxial cable and reach the recording equipment 
without significant losses. 

• Long coaxial cable: with 12 m long, it is used to 
connect the electronic circuit (located near to the 
antenna) with the recording equipment. 

• Recording equipment: used to register and save the 
LEF signatures, it can be a transient recorder, a digital 
acquisition hardware or a digital oscilloscope. It must 
have sufficient capabilities to capture and save signals 
with front times of a few microseconds (sampling 
times between 10 ns and 1 µs). 

It is important to mention that the mast, the bottom 
plate of the antenna and the outer conductor of the coaxial 
cables are referenced to the same point, which, as far as 
possible, should be the grounding system of the place 
where the measuring system is installed. On the other 
hand, in the case of the electronic circuit, there are several 
alternatives (configurations) depending on the buffer-

amplifier used, although the configuration of the circuit is 
similar in all cases. Although the detailed description of 
this circuit, as well as its construction and calibration 
process, are not part of the scope of this work, it is 
recommended to review the technical features and the 
methodology described in [13], [25].  

Finally, it should be taken into account that, due to 
space restrictions, the presence of elevated structures 
around the measuring system, and in some cases, in order 
to ensure the safety of the equipment, the antenna is 
usually located in the upper part of a building or structure 
(roof, terrace or similar). Under this situation, as already 
mentioned, the estimation of the CFL is even more 
relevant. 

 

3. Practical Method for Estimating the CFL 
 
As a first aspect, it is important to emphasize that, for 

measuring systems installed in open-air at ground level 
without the presence of structures, it is not necessary to 
estimate the influence of the environment on the 
measurements. In this case, only the enhancement factor 
related to the physical height of the antenna and the 
electronic circuit should be estimated [25]. In this case, the 
LEF signals will not be affected by the presence of 
obstacles, nor by abrupt changes in the equipotential 
surfaces that are configured with respect to the antenna. 

Taking into account the above, the method proposed 
in this work can be applied to any LEF measuring system 
that uses a parallel-plate antenna or another type of sensor 
(spherical antennas or vertical conductors). In addition, 
the antenna can be immersed in a space dominated by 
objects or structures that generate alterations on the 
electric field (buildings, metal towers, trees, mountains, 
etc.) and it can also be located at a certain height with 
respect to the ground plane. In general terms, the 
generalized process is composed of five stages (described 
below) and its scheme is shown in Fig. 2. 
 
3.1. Stage 1 – Characterization of the Environment 
 

In this stage it is necessary to collect a lot of 
information about the electromagnetic environment 
where the measuring system will be immersed. This 
information is related to the spatial distribution and shapes 
of the different structures and obstacles (trees, posts, 
metal structures, buildings, etc.) located in the vicinity of 
the antenna. Taking into account that all the elements that 
can affect the LEF measurement must be considered, a 
large enough area should be established. This area should 
have a radius that can vary from a few tens to several 
hundred meters from the measuring system. 

Considering that tall buildings, close to the measuring 
system, shield or attenuate the electric fields produced by 
atmospheric discharges [21], [23], it is necessary to know 
both the height and the shape of the structures. With this 
information the results obtained by the simulation are 
optimal and close to reality. In this context, if there are no 
plans or detailed information on the area under study, 
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some tools that can facilitate this task are Google Maps®, 
Google Earth® and the Google Street View® application. 
These tools can provide updated and scaled information 
on the shape and height of the buildings that make up the 
physical environment to be simulated.  

On the other hand, regarding to the structural 
characteristics of the buildings, some studies have 
concluded that the thickness of the walls and the metallic 
reinforcement produce slight changes in the electric field 
that is registered by the antenna (upper part of the 
buildings) [23]. For this reason, in simulations with a large 
number of elements it is recommended to model the 
structures as solid blocks that include the information of 
the materials that compose them (concrete, brick, wood, 
etc.). Likewise, for buildings composed of metal structures 
and glass facades, depending on the configuration, its 
framework can be modeled as a grounded Faraday cage. 

It is important to highlight that the digital modeling 
of structures, buildings or objects can be streamlined using 
a 3D design software such as AutoCAD®, Inventor® or 

SolidWorks®, among others. In this way, after digitizing 
the entire physical environment, the CAD file can be 
imported directly to the software where the 
electromagnetic simulations will be carried out. A couple 
of examples of this type of software are COMSOL 
Multiphysics® or CST Studio Suite®. 

 
3.2. Stage 2 – Location and Type of Sensor 

 
In order to define the location, it is recommended to 

install the sensor (parallel-plate antenna) in the highest 
structure available (environment modeled in stage 1). If 
this is not possible, the sensor must be installed as far away 
from the higher structures. This will prevent the 
attenuation of the electric field by neighboring structures 
and, consequently, the reduction in the magnitude of the 
recorded signatures [22]. In addition, it is important to 
keep in mind the physical height of the antenna, which will 
be given by the mast used for its installation. 

 
Fig. 2. Process to estimate the CFL for a lightning-generated electric field measuring system. 
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Regarding the shape of the sensor, the dimension 
(diameter) and the thickness of the aluminum plates must 
be considered. In the literature, some works can be found 
where these parameters have been analyzed [13], [21], [23]. 
Thus, Pinzón et al. shows in [23] that change in the LEF 
measurement due to variations in the shape of the upper 
plate of the antenna (Rogowski profile, semicircular or flat) 
is less than 3.6%. Moreover, after modifying the thickness 
of the sheets up to 25 times (from 2 mm to 50 mm), it was 
concluded that the changes in the LEF measurement are 
below 14%. These results show that these physical 
parameters can be considered of little relevance during 
antenna modeling. 

Despite the above, other parameters such as the 
diameter of the plates and the insulation used for the 
separation between them can affect the capacitance of the 
antenna. Therefore, their influence on the measured 
electric field and the voltage difference that appears 
between the plates must be taken into account. This must 
also be considered when establishing the total correction 
factor of the measuring system, since the capacitance of 
the antenna, added to the capacitance of the short coaxial 
cable, affect the capacitive arrangement that is configured 
at the input of the electronic circuit [13], [25]. From these 
considerations, and maintaining similarity between LEF 
measuring systems, many studies use a 0.45 m diameter 
parallel-plate antenna with a separation of 0.03 m between 
them. For this configuration, using 3 mm thick aluminum 
sheets, the capacitance value of the antenna varies slightly 
between 59 pF and 62 pF [13], [25]–[27]. 
 
3.3. Stage 3 – Simulation Settings 
 

Starting from the area defined for the antenna 
environment, it is necessary to establish the simulation 
settings. For this, it is recommended to include the 
structures, buildings, sensors and other elements in a test 
cube (cuboid) with a surface between three and five times 
greater than they occupy, and a height two or three times 
greater than the highest structure. After establishing the 
boundaries, in order to guarantee convergence in the 
simulation, it is necessary to establish a "zero-charge" 
condition in the bases of the structures, while the side 
faces and the underside of the cuboid are ground-
referenced. Although this is generally a default condition 
in the simulator, it is important to verify the distances 
between the structures and the cuboid since insufficient 
space can affect the electric field behavior, and 
correspondingly, the voltage difference between the 
antenna plates. 

In the same way, during simulations, it must be 
established if the structures are connected to the 
grounding system (through the structure itself or 
reinforcement) and they have a lightning protection 
system that provides electromagnetic shielding. If so, 
these structures must be referenced to ground in the 
simulations. Otherwise, it is recommended to leave the 
structures floating, a situation under which the results will 

largely depend on the permittivity of the materials that 
make up the structures included in the tests. 

Depending on the evaluation of the electric field, and 
the influence of the aspects mentioned in stages 1 and 2, 
to reduce the computation time it is desirable to carry out 
quasi-static simulations [23]. In addition, to reduce the 
complexity of the meshing, who plays a critical role in 
simulation speed and accuracy, and the amount of 
memory required, it is recommended use a time-domain 
or physics-controlled mesh (finite elements method).  In 
any case, it is suggested to model the sensor with 
dimensions greater than 0.005% of the largest dimension 
of the cuboid defined as boundary. For example, for a 
cube with 400 meters on a side, the thickness of the sheets 
for a parallel-plate antenna must be at least 20 mm.  

On the other hand, before including the sensor and 
structures, it is suggested to adjust the background electric 
field (initial conditions). To do this, a voltage can be 
defined on the upper face of the cuboid that, depending 
on its height, generates a vertical electric field whose 
magnitude is an integer value (1, 2, 5 or 10 V/m). 

Finally, for the estimation of the vertical electric field 
using the simulator, two-dimensional vertical cuts that 
cross the antenna symmetrically can be handled. From this, 
the behavior of the electric field between the plates and 
the changes or deformations in the equipotential surfaces 
(perpendicular to the electric field) can be appreciated. To 
compute the electric field inside the antenna, two methods 
can be applied. First, using the voltage difference between 
the plates and their separation distance. The second one is 
based on the evaluation of the electric field at a specific 
point between the plates. For this method, it is 
recommended take the information at the central part of 
the antenna to avoid misinterpretation due to the increase 
of the electric field at the edges (edge effect). 
 
3.4. Stage 4 – Materials and their Electrical Features 
 

As mentioned in stage 1, it is important to know the 
electrical properties of materials since they can directly 
affect the behavior of the electric field. For this reason, it 
is convenient to identify the various materials that will be 
included during the simulations. Likewise, it is important 
to define if simulations will be performed in steady state 
or variable in time. In this context, [10] y [19] showed that 
that quasi-static simulations provide good results for this 
type of study without incurring high computational costs. 

Considering that, under electrostatic conditions, the 
most important parameter in materials is the electrical 
permittivity, some references indicate that the relative 
permittivity of dry materials (without humidity) varies 
between 3 and 7 for those that have mineral components 
and from 2 to 5 for organic materials [28]. Likewise, 
simulation softwares have extensive libraries that include 
various materials whose electrical parameters are defined 
by default. However, it is recommended to use 
information from studies focused on the experimental 
characterization of materials used in civil construction. 
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Considering that wood and concrete are the most 
commonly materials used to simulate structures, several 
works affirm that the relative permittivity of wood 
changes according to frequency and it is influenced by 
factors such as the type of plant fiber, moisture, density 
and porosity [29], [30]. In the case of concrete and other 
building materials, the permittivity changes substantially in 
terms of frequency, humidity level and type of mixture 
[31]–[35]. 

Table 1 shows the relative permittivity of different 
materials that can be used in studies similar to the one 

presented in this paper. From this summary, it is possible 
to observe that concrete is sensitive to its dry and liquid 
phases. In this way, a change in the water content of this 
dielectric causes its permittivity to be a complex variable 
that changes with the frequency of the electric field [33], 
[35]. For example, for dry concrete the relative permittivity 
can vary from 3 up to 9, but if concrete is wet the 
permittivity can take values between 5 and 18 for 
frequencies ranging from several hundred kHz to a few 
GHz. This frequency range can be related to the various 
events associated with the occurrence of a lightning flash. 

Table 1. Apparent relative permittivity for various materials. 

Material 
Characteristics 

(Moisture content) 
Frequency range 

Apparent relative 

permittivity (𝜺𝒓)+ 
Reference 

Wood 

Birch (12.5% - 15.5%) 5 kHz - 1 MHz 9 – 14 [29] 

Spruce (8.5% - 12%) 5 kHz - 1 MHz 6 – 12 [29] 

Fir (2% - 50%) 1 - 2 GHz 2 – 11 [30] 

Cherry (10% - 15%) 5 kHz - 1 MHz 8 – 11 [29] 

Dry cypress 50 Hz - 3 MHz 2 – 5 [36] 

Pine (9.5% - 15%) 5 kHz - 1 MHz 7 – 10 [29] 

Pine (2% - 50%) 1 - 2 GHz 2 – 14 [30] 

Oak (13.5% - 18%) 5 kHz - 1 MHz 13 – 18 [29] 

Fireproof plate * 5 - 100 MHz 4 – 9 [37] 

Anti-smoke plate * 5 - 100 MHz 3 – 8 [37] 

Medium density plate * 5 - 100 MHz 5 – 8 [37] 

Brick 

Dry 0.5 - 5 GHz 1.5 – 4 [38] 

Dry 5 GHz 4.2 [39] 

Dry 3 - 6 GHz 3.5 [40] 

Dry 2 - 6 GHz 4 [41] 

Dry 1 - 3 GHz 4.3 [42] 

Dry with holes 5 GHz 3.3 [39] 

Wet (2% - 11%) 3 - 6 GHz 5 – 15 [40] 

Concrete 

Dry (solid phase) < 1 GHz 5 – 8 [32] 

Dry (solid phase) 250 - 700 MHz 6 – 7 [31], [35] 

Dry (solid phase) < 5 GHz 3 – 7 [43] 

Dry (solid phase) 1 - 3 GHz 8 – 9 [42] 

Wet (14.5%) 250 - 700 MHz 8 – 18 [31], [35] 

Wet (up to 20%) < 1 GHz 8 – 16 [32] 

Wet (1% - 15%) ** 33 MHz 6 – 13 [33] 

Wet (1% - 15%) ** 1 GHz 5 – 15 [33] 

Wet (5% - 20%) < 5 GHz 8 – 12 [43] 

Clay/sand Dry < 1 GHz 4 – 8 [32] 

 Wet < 1 GHz 16 – 32 [32] 

Stone 
Dry < 1 GHz 3 – 5 [32] 

Wet < 1 GHz 5 – 26 [32] 

Drywall -------- 1 - 3 GHz 2 [42] 

Plexiglass -------- 4 - 6 GHz 2.5 – 3 [41] 

Other 
materials 

Asphalt < 1 GHz 3 – 5 [32] 

Basalt < 1 GHz 8 [32] 

Granite < 1 GHz 5 – 7 [32] 

Water 
Temperature of 20 °C 1 GHz 80 [28] 

Temperature of 20 °C 10 GHz 64 [28] 

+ The permittivity of some materials in presence of moisture is a complex amount  𝜀𝑟 = 𝜀𝑟
′ − 𝑗𝜀𝑟′′; 

* Composite wood materials; ** Steel reinforced 
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The values shown in this section for wood, concrete 
and other materials support the relevance of establishing 
the specific characteristics of all elements included in the 
simulation. In addition, although the information 
presented in Table 1 is a good starting point to select the 
permittivity of materials, it is recommended to review 
other data, especially that presented in Technical Note 
NIST 1536 [44]. 

 
3.5. Stage 5 - Estimation of the CFL 
 

Considering that the purpose of the method proposed 
is to estimate the correction factor for any LEF measuring 
system, it is necessary to determine the electric field in the 
antenna under two conditions: (a) with the presence of 

structures and other objects (𝐸𝑆); (b) without structures 

and other objects (𝐸𝑊𝑂). In this way, from simulations, 
and using equations (1) and (2), it is possible to compute 
the CFL which will indicate how many times the real 
electric field increases or decreases in the presence of the 
antenna and the structures around it. 

𝐸𝑟𝑒𝑎𝑙 =
𝐸𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝐶𝐹𝐿
 (1) 

𝐶𝐹𝐿 =
𝐸𝑆
𝐸𝑊𝑂

 
(2) 

4. Validation, Results and Discussion 
 
After presenting the method, this section shows its 

validation process and the results obtained after its 
application. For this, the EMIR-UD measuring station, 
recently implemented by the GISE3 research group is 
used as a study case. 

 
4.1. Characterization of the Physical Environment 
 

The indirect lightning measuring station of the 
Universidad Distrital (EMIR-UD) is located south of 
Bogotá-Colombia (4.579° N, -74.158° W and 2550 meters 
above sea level) at the Faculty of Technology campus (FT-
UD). In the initial stage, the parallel-plate antenna was 
installed on the roof of a three-story building at an 
approximate height of 13 meters. Under this consideration, 
the environment was delimited by an approximate area of 
58000 m2, which is equivalent to a circumference with a 
radius of 140 m. The area defined for this study (closed 
with the wide red line) is highlighted in Fig. 3. 

The polygonal shape was defined to establish clear 
boundaries in the simulation and so that no structures 
were clipped. The area under study is characterized by 
being residential and partially commercial. The height of 
the structures varies between 5 and 16 meters, there are 
few trees and there are no complementary structures of 
higher height. The 3D environment, including the 
buildings inside the campus (brown central area in Fig. 3), 
residential complexes, houses and other structures, is 
shown in Fig. 4. 

 

 
Fig. 3. Selected area for the study. Google Earth® 

 

 
Fig. 4. 3D model implemented in AutoCAD®. 

 
Once the area was defined, using the information 

provided by Google Maps®, all buildings and structures 
were modeled as blocks in three dimensions (3D) 
preserving their geometric shape. The software selected 
for this model was AutoCAD®. Likewise, based on the 
information taken from official plans of the university, the 
campus buildings were integrated into the environment 
with a higher level of detail. 

 
4.2. Setup and Location of the Parallel-Plate Antenna 

 
In this work, COMSOL Multiphysics® (finite 

element method) was selected for simulations. This 
decision was based on the following reasons: (a) it uses 
AutoCAD® files; (b) it has CAD tools for 3D modeling; 
(c) friendly graphical interface; (d) libraries with a large 
variety of materials; (e) meshes generated automatically or 
adaptively; and (f) the versatility to present results (2D cuts, 
3D contours, potential distribution, magnitude and 
direction of the electric field, etc.). These characteristics 
make this software a versatile tool that can be used in a 
variety of studies in physics and engineering [45]. 

To reduce the computational costs, and due to the 
amount of memory available (8 GB), quasi-static field 
simulations using the AC/DC module were performed. In 
addition, a lightning discharge model was not included. 
This decision was based on the study presented by Pinzon 
et al. [23] where time-domain simulations using a double-
exponential voltage pulse to the antenna were 
implemented. The comparison of results showed that 
maximum values and the enhance factor of the electric 
field in the sensor applying the varying-time pulse were the 
same as those obtained using a static voltage 
(corresponding to the pulse peak value). 
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On the other hand, the antenna was modeled as an 
arrangement of parallel-plates with separation of 0.03 m 
between them. The upper and lower plates have a circular 
shape with a diameter of 0.47 m and 0.45 m, respectively. 
Additionally, in order to reduce software requirements 
(meshing), the antenna was modeled using 0.03 m thick 
aluminum plates. This configuration was selected taking 
into account that the thickness variation of the plates does 
not significantly affect the electric field that appears in the 
antenna [23]. Based on these characteristics, Fig. 5 shows 
the antenna model, including a blue region between plates, 
which is associated with the dielectric material that 
separates them (generally air). In addition, a solid 
aluminum mast with 1.5 meters high and 0.06 m diameter 
was included. 

During simulations, the antenna was located in two 
places: (a) case 1 - initial position: the roof of a three-story 
building in the FT-UD campus (Block 5) at a height of 13 
meters; (b) case 2 - future position: roof of the new 
laboratories building (final height of 30 meters), whose 
completion is projected for 2022. These locations are 
shown in Fig. 6 and it can be seen that, even excluding the 
new building, currently Block 5 is not the tallest structure 
in the electromagnetic environment under study. This 
situation will have relevance in the results obtained with 
the simulator, which will be presented and analyzed later. 

 
Fig. 5. Parallel-plate antenna, model implemented in 
COMSOL® including the mast. 

 

 
Fig. 6. Locations of the measuring system. 

 
4.3. Simulation Settings 

 
Once the 3D physical environment was implemented, 

COMSOL Multiphysics® software was used to define the 
simulation boundaries. For this, a cuboid 500 m long, 500 
m wide and 100 m high was configured. In this way, the 
total simulation area (0.25 km2) is approximately four 
times the area containing the structures. An overview of 
the simulation environment implemented in COMSOL® 
is shown in Fig. 7 and Fig. 8. Furthermore, during 
simulations a physics-controlled mesh was used. This is a 

simple and unstructured array, which is automatically 
created and adapted for the physical environment under 
study. The meshing sequence was based on free size 
tetrahedral structures. However, the element size was set 
to the following parameters: maximum size of 50 m; 
minimum size of 9 m; curvature factor of 0.5 m and 
resolution in narrow regions of 0.1 m. 

 

 
(a) 

 
(b) 

Fig. 7. Simulation environment implemented in 
COMSOL®. (a) top view; (b) 3D view. 

 

 
Fig. 8. Antenna installed on the roof of the new building 
(case 2) - 3D view. 

On the other hand, the "zero charge" condition was 
established in the bases of the structures. In addition, the 
side faces and the base of the cuboid were ground-
referenced, while a potential difference of 100 V was 
applied on the upper face. Using this configuration, a 
background vertical electric field of 1 V/m was established 
(without elements). Finally, taking into account that the 
thickness of the antenna was previously adjusted, 
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structures with dimensions less than 3 cm were not 
included and the automatic meshing defined by the 
simulator was used. 

 
4.4. Selection and Adjustment Of Materials 

 
For the study case, during the collection of 

information it was evidenced that in the vicinity of the 
university campus there are no metal structures or high-
rise trees (less than 5 meters). From this condition, the 
materials defined to perform the simulations are as follows:  

• The antenna (plates and mast) was made of 
Aluminum [99.5 & 0.24 mm grain size]. 

• The space around the structures and the antenna is air. 

• Buildings, residential complexes, houses and other 
structures were modelled using concrete. 

In order to estimate the electric field in the antenna as 
a function of the electrical properties of the concrete a set 
of tests was carried out. In this way, this parameter was 
modified from 5 to 15 in unit steps, all structures were 
included without connecting them to ground and the 
antenna was located in the two aforementioned places 
(Block 5 and new building). The results summarized in 
Table 2 show that, although permittivity increases three 
times in magnitude, the electric field decreases by 9% 
between extreme values for case 1 (Block 5) and increases 
by 15% for case 2 (new building). In fact, the reduction 
(attenuation) of the electric field in the first case is due to 
the shielding effect caused by the presence of the new 
building (30 meters) close to the antenna (13.5 meters).  

 
Table 2. Electric field in the antenna (Block 5) as a 
function of the permittivity of the concrete. 

Relative 
permittivity 
of concrete 

Electric field (V/m) 

Case 1 
Block 5 

Case 2 
New building 

5 1.088 2.746 

6 1.084 2.817 

7 1.077 2.877 

8 1.068 2.929 

9 1.057 2.974 

10 1.047 3.017 

11 1.034 3.053 

12 1.023 3.086 

13 1.012 3.117 

14 1.001 3.143 

15 0.989 3.167 
 

From these tests it can be concluded that the relative 
permittivity of concrete can vary quite a bit without 
significantly affecting the electric field present in the 
antenna. Taking into account the above, for the remaining 
tests a permittivity of 8 will be established for this material. 
Finally, it is important to define whether the structures are 
grounded or floating. When the structures are grounded 
their influence on the electric field must be carefully 
evaluated, especially in objects of greater height. This is 

because these structures can severely modify the vertical 
electric field and the equipotential surfaces arranged 
horizontally (perpendicular to the electric field). This 
effect will be evidenced in the results presented below. 

 
4.5. Estimation of the CFL 
 

The CFL indicates how many times the electric field 
is amplified or attenuated in the antenna due to its position 
and the surrounding environment. To evaluate this effect, 
several tests changing the location of the antenna and the 
connection of the structures to ground were carried out.  

 
4.5.1. Cases with the floating antenna 

 
At first, the antenna was left floating (ungrounded) 

and six scenarios were defined. The results for the electric 
field in the antenna are synthesized in Table 3, while the 
behavior of equipotential surfaces is shown in Fig. 9 (case 
1) and Fig. 10 (case 2). These results were obtained using 
a cut in 2D (xz plane) on the symmetry axis of the antenna. 
For each scenario, the equipotential surfaces across the 
entire space are presented in the left column, while the 
voltage between the plates is shown in the right column 
using a different color map (scaled appropriately). 

Starting with the initial condition without including 
structures (see Fig. 9(a)), the potential difference and the 
electric field between plates in the antenna were 43.5 mV 
and 1.452 V/m, respectively. These magnitudes are 
considered as the reference values and will be used to 
compare the results obtained with the other 
configurations. For the original location of the antenna in 
Block B5 (test 1-A), it is observed that the presence of 
floating structures (see Fig. 9(b)) attenuates the electric 
field by a factor of 0.862, while when using grounded 
structures (test 2-A, see Fig. 9(c)) the electric field 
decreases 0.647 times. 

These results, excluding the new building, are due to 
the fact that Block 5 is not the tallest building in the 
original environment, which causes the electric field in the 
antenna to be attenuated by neighboring structures. 
Likewise, the effect of grounding structures is evident in 
Fig. 9(c), since the equipotential surfaces, especially those 
with a magnitude close to zero volts, are deformed by the 
presence of tall objects (approaching to the antenna). In 
this case, the voltage between the sensor plates and the 
electric field measured are reduced. 

On the other hand, when the new building (NB) was 
included (tests 3-A and 4-A), the shielding effect caused 
by the presence of a structure twice as high (30 meters 
approx.) in the vicinity of the sensor is more evident (see 
Fig. 9(d) and Fig. 9(e)). Similar to reported in test 2-A, the 
grounded structures in test 4-A cause a decrease in the 
voltage that appears between the plates. Comparing with 
previous results, an additional attenuation of the electric 
field between 15% (test 1-A vs. test 3-A) and 5% (test 2-
A vs. test 4-A) was observed. In these cases, including the 
new building, the CFL is 0.736 with the floating structures 
and 0.613 when they are grounded. 
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Table 3. Vertical electric field and CFL when the antenna is floating. 

Test 
Antenna 
location 

Structures 
Additional 
conditions 

Voltage  
between  

plates (mV) 

E with 
structures 

(V/m) 

E without 
structures 

(V/m) 
CFL 

1-A Block 5 Floating without NB 37.5 1.251 1.452 0.862 

2-A Block 5 Grounded without NB 28.2 0.939 1.452 0.647 

3-A Block 5 Floating with NB 32.0 1.068 1.452 0.736 

4-A Block 5 Grounded with NB 26.7 0.890 1.452 0.613 

5-A New building Floating ----- 87.9 2.929 1.422 2.060 

6-A New building Grounded ----- 185.1 6.170 1.422 4.339 
 

 

 
(a) 

 
 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

 

Fig. 9. Equipotential surfaces for case 1 (Block B5) when the antenna is floating (xz plane)  
(a) test without structures (reference); (b) test 1-A; (c) test 2-A; (d) test 3-A; (e) test 4-A. 
Note: the white circle shows the position of the antenna – zoom in the left column. 
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(a) 

 

 
(b) 

 

 
(c) 

 

Fig. 10. Equipotential surfaces for case 2 (new building) when the antenna is floating (xz plane) 
(a) test without structures (reference); (b) test 5-A; (c) test 6-A. 
Note: the white circle shows the position of the antenna – zoom in the left column. 

 
In contrast, when the antenna is located at the top of 

the new building, and the structures are floating (test 5-A), 
the results show that the electric field increases 2.06 times. 
On the other hand, when all the structures are grounded 
the CFL is 4.34 (test 6-A). Furthermore, to illustrate the 
influence of the structures, Fig. 10(b) and Fig. 10(c) show 
the variation of the equipotential surfaces (seen as 
equipotential lines in 2D view) before and after grounding 
the structures, respectively.  

These results are logical since the new building is the 
tallest structure in the simulated environment, there is no 
nearby shielding, and therefore, the electric field is 
intensified at the top of the building. Comparing test 5-A 
and test 6-A, it can be seen that the electric field increases 
more than two times when the structures are grounded. 
This is because floating structures do not significantly alter 
the trajectory of equipotential surfaces distributed 
perpendicular to the vertical component of the electric 
field (see Fig. 10(b)). 

 
4.5.2. Cases with the antenna grounded 

 
To complete the study, the effect when the bottom 

plate and the mast is connected to ground was evaluated. 
Table 4 shows the results for this condition. When the 
antenna is located in Block B5 (test 1 to 4) the reference 
value of the electric field is intensified 140 times (from 

1.422 V/m up to 200.63 V/m). This is related to the 
increase of the voltage that appears in the antenna. In this 
condition, the bottom plate has 0 volts and the upper plate 
acquires the voltage of the equipotential surface which is 
located (6.02 V at 14.53 meters approximately). From 
these tests, it can be seen that the electric field is quite 
attenuated when the antenna is ground-referenced and is 
installed in a low-rise structure. Despite this condition, the 
CFL increases when the structures are floating (tests 1-B 
and 3-B). This effect is similar to that observed when the 
antenna was not connected to ground. 

Regarding tests 5-B and 6-B (antenna located in the 
new building), the electric field increases from 1.55 up to 
3.35 times depending on the configuration analyzed. The 
most critical condition can be seen in Fig. 11(b) when all 
elements are floating with exception of the antenna (test 
5-B). In this case, the voltage between plates reaches 12.41 
V and the electric field in the antenna is 413.61 V/m. 
These results are related to the phenomenon previously 
explained in which the elements connected to ground 
cause the low-magnitude equipotential surfaces to deviate 
and surround the structures and the antenna. 

On the other hand, Fig. 12 complements the results 
obtained for test 6. First, when the antenna was floating in 
test 6-A (see Fig. 12(a)) the voltage between the plates was 
0.185 V. Later, during test 6-B (see Fig. 12(b)), the zero-
volt equipotential surface (dark blue) is initially located on 
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the structure and later it reaches the mast and the bottom 
plate of the antenna. For this case, the upper plate acquires 
a potential of 5.73 V. Under these conditions, the electric 
field in the sensor varies from 6.17 V/m (test 6-A) to 
191.11V/m (test 6-B), although the latter is less severe that 
test 5-B where 413.61 V/m was obtained. 

From simulations, it can be stated that the connection 
to ground of structures and/or the lower part of the 
antenna has effect on the equipotential surfaces less than 
15 V, causing an increase in the electric field measured by 
the antenna. This behavior can be demonstrated in Fig. 12 

with the 6-Volts equipotential surface (yellow color). In 
this case, when the structures are grounded, the 
equipotential is located 31 meters high (above the 
structure), and once the new building ends, one meter 
away, the surface begins to decay crossing the elevation of 
30.1 meters. On the other hand, when the structures and 
the antenna are connected to ground, the 6-Volts 
equipotential crosses over the building at approximately 
31.2 meters, then, in the presence of the grounded antenna, 
ascends towards its upper plate (31.53 meters), and finally, 
when it separates from the antenna, the surface is located 
30.6 meters high and continues to descend.

 

Table 4. Vertical electric field and CFL when the plate/mast of the antenna are grounded. 

Test 
Antenna 
location 

Structures 
Additional 
conditions 

Voltage  
between  

plates (V) 

E with 
structures 

(V/m) 

E without 
structures 

(V/m) 
CFL 

1-B Block 5 Floating without NB 0.579 19.308 200.63 0.096 

2-B Block 5 Grounded without NB 0.131 4.380 200.63 0.021 

3-B Block 5 Floating with NB 2.044 68.140 200.63 0.339 

4-B Block 5 Grounded with NB 0.338 11.269 200.63 0.056 

5-B New building Floating ----- 12.408 413.61 123.41 3.352 

6-B New building Grounded ----- 5.733 191.11 123.41 1.549 
 

 

 
(a) 

 
(b) 

Fig. 11. Equipotential surfaces for test 5 with floating 
structures. (a) floating antenna (test 5-A);  
(b) bottom plate and mast grounded (test 5-B). 

 
(a) 

 
(b) 

Fig. 12. Equipotential surfaces for test 6 with structures 
grounded. (a) floating antenna (test 6-A);  
(b) bottom plate and mast grounded (test 6-B). 
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In summary, the evidence presented in this section 
shows that LEF measurements carried out on low 
structures, even with those structures and/or the antenna 
grounded (mast and bottom plate), will always be 
attenuated or shielded by those objects of greater height 
that are located in the vicinity of the sensor (radius of 
influence between 10 and 30 meters). Thus, the best 
location for such a measuring system should be, as far as 
possible, the highest structure available in the physical 
environment. 

Under this optimal location, grounding the lower part 
of the antenna, while ensuring the same reference for 
coaxial cables, circuit and recording equipment, can cause 
significant increases in both the electric field and the input 
voltage of the electronic circuit. This can cause buffer-
amplifier saturation and changes in the LEF waveforms, 
especially those generated by nearby flashes (below 10 km). 
Likewise, under this configuration it is recommended to 
include a protection system against voltage surges, both 
for the electronics and for the recording equipment. 
However, regardless of the configuration analyzed, the 
process to determine the CFL will be framed in the 
method proposed and validated throughout this work. 
 

5. Conclusions 
 
In this paper, a practical method to evaluate the 

influence of nearby structures and other elements on the 
measurement of lightning-generated electric field (LEF) 
was presented. In this way, the influence of the shape of 
the antenna, its location, the physical environment, the 
relative permittivity of the structures and the effect of 
grounding various elements (buildings, lower plate of the 
antenna and mast) were analyzed. This method can be 
applied to any LEF measuring system that uses a parallel-
plate antenna or another type of sensor, as long as its 
technical specifications (dimensions, materials, etc.) are 
available. In addition, the proposed process is more 
relevant if the antenna is located at a certain height with 
respect to the ground plane and it is immersed in a space 
dominated by elevated objects. 

From simulations and an adequate modeling of the 
electromagnetic and physical environment, it was possible 
to demonstrate that the electrical permittivity of the 
concrete (material used for the structures) can alter the 
electric field up to 15%. Likewise, from the study case, it 
was confirmed that the signals acquired by the measuring 
system will always be affected by the presence of buildings. 
In this way, the installation of the sensor in low height 
places will be associated with the shielding produced by 
larger structures and the respective attenuation of the 
electric field. Otherwise, when the antenna is installed at a 
high point, the electric field is amplified. 

On the other hand, the importance of establishing 
whether buildings are adequately connected to ground was 
demonstrated. The tests showed that grounded structures 
cause strong deflection (deformation) of equipotential 
surfaces, especially those of low magnitude (close to zero 
volts). This situation, added to the floating antenna 

condition, causes a reduction in the potential difference 
that appears between the plates and a reduction in the 
measured electric field. Now, if it is decided connect to 
ground the antenna (bottom plate and mast) it must be 
taken into account that the potential difference in the 
antenna will be much greater and the intensity of the 
electric field will increase considerably. This condition can 
generate saturation in the electronic circuit, producing 
alterations in the recorded waveforms. 

Based on previous works, in order to reduce 
complexity, simulation times and hardware requirements, 
the proposed method emphasizes the use of quasi-static 
conditions and the absolute permittivity of materials. 
However, the next stage of this research may be aimed at 
implementing full-wave simulations (3D full-wave) with 
large physical environments and evaluating the behavior 
of the horizontal component of the electric field. 

Finally, it should be taken into account that the 
quantitative results presented in this work are only valid 
for the physical environment described in section 4. Also, 
it is important to remember that the CFL changes 
depending on the environment in which each measuring 
system is immersed and the installation place of the sensor. 
However, under any situation, it is enough to consider the 
suggestions and recommendations presented in section 3 
and replicate the method proposed in this paper. 
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