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Remote Sensing Network in Tropical Zones for
Lightning Monitoring

Horacio Torres “ & Daniel Aranguren °

Abstract- The aim of this letter is to introduce the Tropical
Network of Remote Sensors (TRONSE), which is composed of
Total Lightning Detection Systems - TLDS, electrostatic field
sensors registered in Colombia as PreThor, and an information
management system developed to monitor lightning activity in
Tropical regions. These networks are part of the research work
contributing to the analysis of magnitudes of the lightning
parameters within the spatial concept and for applications in
lightning protection in tropical areas. Several research results
have shown the influence of latitude in the lightning
phenomena and how the magnitude of lightning parameters is
not necessarily valid in geographical zones all over the world.
They are different in tropical latitudes to those in temperate
ones.

Keywords: lightning in tropical zones, lightning remote
sensing, spatial variations of lightning parameters.

. INTRODUCTION

odern research on the physics of lightning
I\/l began in the early 20th century with the work of

Wilson [1]. In the global circuit context, Wilson
first suggested that thunderstorms are charge pumps,
which maintain the potential difference between the
Earth’s surface and the upper atmosphere (the
ionosphere’s potential). Whipple [2] compared the
diurnal variation in Brooks' results [3] and in the initial
electric field measurements over the ocean, thus finding
evidence that the global circuit contribution is dominated
by a superposition of effects from three major zones of
convection: tropical South America, Africa and the
Maritime Continent (Southeast of Asia and Australia).
More recent observations [4] of the ionosphere’s
potential and NASA satellite observations support this
idea [5].

Although past evidences [6], [7] suggest that
tropical regions present a semiannual cycle with
maximum lightning activity occurring during spring and
autumn in both hemispheres, it has been found [8] that
the cycle of lightning activity in Colombia (tropical land)
depends on several factors but mainly upon the
atmospheric circulation effects. Electrical atmospheric
activity varies from region to region (spatial aspect) as
well as from month to month (temporal aspect).

Although tropical South America, Central
Africa and the Maritime Continent areas were identified
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at the beginning of the 20" century as having high
atmospheric electrical activity, the information available
in the world on the characteristics and magnitudes of
lightning was based mostly on studies carried out
in semitropical or temperate zones, but scarce in
Tropical Zones.

This research work is very important to continue
to statistically verify the variation of the lightning
parameters such as the Keraunic level, the ground flash
density, the lightning peak current etc., in the tropical
zone, with respect to the temperate zone as in the USA,,
Europe or Asia. These results are fundamental for the
design of protection against lightning and its statistical
variation makes that the standards of temperate
latitudes of protection again lightning, such as
IEC62305, IEEE1410, EN50536 and others must take
into account this spatial variation and thus mitigate the
high mortality by lightning [46], [47] or the high failure of
electrical and electronic equipment [45] that occurs in
the tropical zone [11].

[I. FUNDAMENTAL ASPECTS OF LIGHTNING
PARAMETERS

a) Lightning Peak Current (LPC)

In order to estimate the Lightning Peak Current
in tropical zones, Torres et. al. (1996) [8] estimated
the return stroke of LPC from 167 electric field
measurements performed with a parallel-plates antenna
and Lightning Location Systems installed in Colombia.
The results show preliminary evidence that LPC higher
than in other latitudes could be expected for a tropical
zone such as Colombia.

Visacro et. al. [9] and Wilks [10] found that the
lightning peak current mean values (40 and 45 KA for the
first stroke and 16 KA for subsequent strokes) are higher
than other reported values.

The knowledge of spatial behavior of
lightning parameters is significant for the design,
maintenance and operation of power systems and in the
performance of warning techniques. It is essential to
strengthen this research line in order to learn the
differences between magnitude of lightning parameters
measured in north, south and tropical latitudes as well
as the differences between plain, mountain or coast
zones, and the daily, seasonal and multiannual
variations, in order to update lightning parameters for
protection of electric power systems with worldwide
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validity. Figure 1 shows a comparison of cumulative
probability of Lightning Peak Current between CIGRE
(International Council on Large Electric Systems for its

acronym in French) and four tropical sites (Malaysia,
Rhodesia, Brazil and Colombia) [11].
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Figure 1: Comparison of cumulative probability of lightning peak current from CIGRE and four tropical sites
(Malaysia, Rhodesia, Brazil, and Colombia). Taken from [11]

On the basis of a comparison of lightning
current probability distributions obtained around the
world, it is possible to state a hypothesis on the
latitude dependence of lightning current. Additionally,
there are preliminary evidences that higher values
can be expected on tropical countries. Recently,
Cooray [12] proposed that the experimental data show
that the peak currents of first and subsequent lightning
return strokes increase with decreasing latitude. The
reason for this dependence of current amplitude is
explained using the fact that the height of the charge
centers increases, as the latitude decreases. The results
obtained show that the peak value of first and
subsequent return stroke currents is around 42 kA and
15 KA, respectively, in tropical regions. This theoretical
prediction is in agreement with available experimental
data provided by instrumented 8 towers [13], [14].

The results on the behavior of lightning activity
in the tropical regions, compared with the activity in
temperate regions are presented by Torres [11], [13],
[14]. According to the displacement of the Intertropical
Confluence Zone (ITCZ - Global scale) over Colombia
(located between 4°S and 13°N Latitude), lightning
activity in the southern (Amazons Region) and northern
(Caribbean Region) tends to be unimodal (maximum
activity in January-February and August-September
respectively), whilst in the central Region (Andean
mountains) the development tends to be bimodal
(maximum activity in April-May and August-September-
October). Aka and lanoz [15] in West Africa presented
similar results, where the general trends of lightning
activity are similar to the trends in Colombian central
region (Andean  Mountain), located  between
similar latitudes.

b) Ground Flash Density (GFD) and Keraunic Level (Td)
The necessity to measure the Ground Flash
Density (GFD), as opposed to the Keraunic level (Td),
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the Td is well known. Nonetheless, the latter is still an
accepted parameter used for characterizing certain
region of atmospheric electrical activity. Moreover, the
gathered time series data of thunderstorm days is very
important for statistical analysis when the GFD is not yet
measured, which means, it is an unknown parameter.

The traditional equation relating GFD values to
Td, GFD = 0,1.Td is only valid in temperate regions. The
mentioned equation, developed by Anderson and
Eriksson and based on lightning measures obtained
from Lightning flash counters located in South Africa,
has shown good results when they are compared to
Lightning data in temperate zones but not necessarily in
tropical regions. This circumstance has motivated
research studies of Lightning parameters in Tropical
zones, especially in Colombia, Mexico and Brazil, which
have collected lightning data from their own Lightning
Location Systems.

GFD vs. Td relationship obtained from
Colombian Lightning Location System - LLS data and
Anderson’s equation were evaluated, finding great
errors that show the necessity of developing new
adequate equations for Colombian lightning behavior
[16]. The errors found in applying that equation in
Colombia have reached values up to 1568% [16], [17].
In addition, other Td vs. GFD relationships were found in
mountainous tropical regions of Mexico and Brazil as
follows [17]:

GFD = 0,024T, "2 México
GFD = 0,030.T, "' Brazil
GFD = 0,0017.T, " Colombia

The similarity between the relations found in
Brazil and Mexico may be attributed to the comparable
location in terms of latitude (Mexico [16—280 North] and
Minas Gerais, Brazil [18-220 South]). However, the



relation found in Colombia (2-100 North), which is
located closer to the equator, presents a different
behavior.

Moreover, a different behavior of Lightning
parameters in tropical zones has been observed for
both mountainous and coastal regions, therefore,
different equations have been obtained for each type of
region [18].

[1I. TRrROPICAL NETWORK OF REMOTE
SENsORS (TRONSE)

To continue the research work on the spatial
variation of the lightning parameters, we have developed
a Tropical Network of Remote Sensors (TRONSE) and
software, in some countries of the tropical zones.
Additionally, the ASIM (Atmosphere Space Interaction
Monitor) project has been integrated into the network.

TRONSE is composed by total lightning
detection systems - TLDS, electrostatic field sensors
and technology tools for Big Data management and
Data Analytics applications. TRONSE is a network that
began to be built in 2011 with the Colombian network,
with coverage of neighboring countries such as Panama
and part of Venezuela. Subsequently, new networks
have been installed in other countries of the tropical
zones. The coverage area is surrounded to the east and
north by large coastal areas in the Pacific Ocean and
Caribbean Sea; to the west by the largest jungle in the
world, the Amazon; separated from each other by the
Andes mountain range, with very high peaks, extensive
plateaus and large branches that give rise to very
complex and unique conditions, enhanced by the
continuous influence of the ITCZ.

The main contribution of TRONSE to the spatial
study of the lightning parameters has been the
installation of more than 43 antennas of location of
lightnings in Mexico, Colombia and Peru, which will have
more and better information of the lightning parameters
(Keraunic levels, Ground Flash Density, Polarity,
Lightning Peak Current etc.) in tropical zone and, in the
future, to compare these results statistically with data
from other similar networks located in temperate
latitudes such as the USA, Europe and Asia.

a) ASIM (Atmosphere Space
project

Complementary to lightning detection systems,
the research group PAAS-UN is working together with
European researchers on the ASIM project.

The terrestrial origin of intense bursts of Gamma
radiation discovered in the atmosphere (TGFs) is one of
the mysteries of the investigations on the physics of
lightning that remain unresolved.

Since the discovery of the emission of gamma
rays in the Earth's atmosphere, there have been
observations that relate the appearance of these

Interaction  Monitor)

emissions with the presence of lightnings. The mission
of the ASIM project is to clarify this point.

The TGF’s are much more common than
expected phenomena that occur throughout the earth's
surface. They are associated with storm zones with
electric shocks. They occur between the cloud layer and
the ionosphere. Their morphology and dynamics is
much more complex than expected. Its distribution in
length indicates that they are more frequent on the
continents, in tropical zones as Colombia.

The ASIM project has benefited from the
cooperation with the National University of Colombia
(Research Group PAAS-UN) to establish a network of
optical systems to monitor the TLE activity of this region.
The University has several available sites covering
continental areas such as Santa Marta and the
Caribbean (San Andrés Island). The firm Keraunos has
networks of electric field mills (PreThor) and data of the
Colombian Total Lightning Detection System — CTLDS.

The European Space Agency (ESA for its
acronym in English) received in Valencia, Spain, and the
ASIM observatory. It's a lightning, ultraviolet; X-ray and
Gamma rays observatory that will help understand the
global electrical circuit and was installed in the
Columbus module on the International Space Station
(ISS for its acronym in English). Its launch took place on
April 2, 2018 in Cape Canaveral, Florida using a Falcon-
9 SpaceX rocket. Once attached the observatory to the
Columbus module, its mission is to measure the
phenomena above the great storms and its high-energy
detector will allow obtaining new data on the violent
outbursts of terrestrial gamma rays.

The support given by Colombia to the ASIM
project through the research group PAAS-UN, has been
the installaton around the city of Santa Marta,
Colombia, of an observatory of terrestrial antennas
known as Lightning Mapping Array (LMA), which is a
three-dimensional system for locating total lightnings
and information from the network of atmospheric
thunderstorm data CTLDS owned by the firm Keraunos.
The data analysis of LMA observatory in Santa Marta
and a doctoral thesis currently developed by a student
at the Polytechnic University of Barcelona, have been
fundamental in the understanding of the phenomenon of
the terrestrial lightning, that have been basis of work in
European universities of the ASIM project (Catalonia,
Valencia, Denmark, Norway, Poland) for the
understanding of the terrestrial phenomenon of lightning
that is now expected to develop from the ISS.

In 2015, seven antennas were mounted around
the city of Santa Marta, Colombia, from where the
lightning activity between clouds and ionosphere is
captured. Now, these antennas have been moved to the
city of Barranca, Colombia, since it has been
established that the Catatumbo area - including the area
of Venezuela- presents the highest lightning activity in
the world [44].
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With the support of an oil company, the
assembly of the antennas in the city of Barranca began,
thus creating one of the Largest lightning measurement
centers in the world with equipment developed in
Colombia (PreThor), CTLDS monitoring system owned
by the Colombian firm Keraunos and the information
that will be sent from the NASA International Space
Station, to follow the steps to the luminous elves; that
could give additional lights, about global warming.

b) Total Lightning Detection System TLDS

Total Lightning Detection Networks TLDS are
commonly linked to thunderstorm monitoring systems
Class Il in accordance with standards EN50536 and
IEC62793, which are defined as: "detection of IC and
CG lightning discharges (phases 2 to 4)" [19], [20].
TLDS have been deployed in the last years along some
Latin-American countries; Aranguren et al. [21], [22]
described total lightning detection networks in Colombia
and other countries; this group is currently known as the
Colombian Total Lightning Detection System — CTLDS
and is based on the VLF/LF technology widely known as
LINET. The LINET technology was introduced in 2004 by
Betz et al [23] with a detection technique based on a
modified Time of Arrival — TOA - method, adapted to
identify and locate intra-cloud strokes, with a 3D
functionality. The performance of LLS based on the
LINET technology has been widely studied in different
researches throughout the world, whose results have
been published in papers and technical reports by
research centers and meteorological services [23-25].

The CTLDS, widely used in several applications
of early thunderstorm detection and lightning
localization, currently covers about 90% of the country's
continental territory, where more than 99% of the
population is covered with a theoretical Detection
Efficiency higher than or equal to 90%, as discussed in
[21], [22]. The current Total Lightning Detection System
- TLDS, was initiated in Colombia as the CTLDS and
then extended to neighboring countries, recently Peru,
and is described in Figure 3. The sensor base line

5000

throughout the network varies from 157 to 360 km, with
an intermediate gap in the Amazon area. The TLDS is
operative throughout a region dominated by two main
conditions: tropical location and the Andes mountain
range with very high peaks. A theoretical calculation of
the CG Stroke Detection Efficiency - SDE was
performed based on the detection efficiency simulations
given in [26], Appendix A, and a reference current
distribution peak was taken, according [26], section 5.2;
it is given in Figure 3. Previous analyses of Detection
Efficiency for the CTLDS were published in [21], [22],
[27], [28]. High detection efficiency is expected in
central areas with high number of surrounding sensors;
nonetheless, most of the areas present very high
mountains, deep valleys and complex orography in
general, where the TLDS performance statistics are not
accurately known. Figure 2 gives the altitude of the
sensor sites described in Figure 3; note that most of the
sensors in Colombia are installed at low altitude, with an
average altitude of 701 m.s.I and a maximum of 2702
m.s.l; in contrast, sensors located in Peru have an
average of 2123 m.s.l, with a maximum of 4337 m.s.l.

Aranguren et al. [27] and Gonzalez [28] studied
the detection efficiency and location accuracy based on
real lightning strikes on power transmission towers
along mountainous and flat regions in central Colombia,
considering two different power transmission systems
and periods of time. The lightning-strike reference
towers (direct or very close lightning strikes on shielding
wires) were those that showed insulation damages due
to flashovers. The accurate time reference was provided
by the power protection devices. In summary, 97% (64
out 66) outages caused by lightning strikes correctly
matched, in time and position, to the TLDS detections of
very close CG flashes, that is, at distances shorter than
a few hundred meters. Further works of relative lightning
detection efficiency at high altitudes as well as studies
based on lightning ground truth events from video
reference are currently under development.
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Figure 2: Altitude of the sensor sites that conform the described TLDS.
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Figure 3: Total lightning detection network and its
detection efficiency in Tropical countries.

c) Electrostatic field monitoring

The Field Strength Meter — FSM (electric field
mill  type), registered in Colombia as PreThor,
corresponds to the measurement principle classified as

thunderstorm monitoring systems Class | according to
standards EN50536 and IEC62793, which is defined as:
"detection of the thunderstorm over its entire lifecycle
(phases 1 to 4)" [19], [20]. As it is well known, in fair
weather conditions the environmental electric field is
approximately 100 V/m. Storm clouds are characterized
by generating electric field variations reaching levels of
up to 15 kV/m in flat areas. As the storm cloud
approaches the measurement point, changes in the
electric field amplitude and polarity (usually, from
positive to negative), are observed. These two effects
are commonly used as criteria to timely detect the
lightning risk within a region of interest, through the
activation of an early alarm. This area is defined within
the measurement range of the electric field sensor,
which can reach up to 20 km (30 km or longer in
mountainous areas). Figure 4 illustrates the typical
behavior of the electric field signal (given in blue)
recorded when a storm cloud approaches the
measurement site. The red dots indicate the lightning
strike distance to the sensor site. In this case the
lightning activity approaches to the measurement point
from a distance of approximately 60 km. As it gets
closer, there are changes in the electric field magnitude,
where, the greater the instantaneous variation AE, the
greater the electric charge transferred by the flash or the
closer the discharge to the measurement point occurs.
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Figure 4: Measure of the electric field (black line) versus flash distances (blue dots) recorded by an electric field mill
station in Bogota (2600 m.s.l) during a thunderstorm event on November 17, 2010 [29]

In spite of the electric field measurement being
recognized as the most direct way to monitor the
thunderstorm electrical evolution, it involves a lot of
uncertainty and ambiguity in relation to its calibration.
The electrostatic structures of thunderclouds have been
deeply studied typically under almost ideal
measurement conditions, as published by Jacobson et
al [30], Koshak et al [31], Krider et al. [32], and many
others, by using a high number of electric field sensors
on flat terrain, short baselines, and installed under quite
controlled locations, free of neighboring elements which
could influence on the site error. An important amount of

electrostatic  field sensors has been deployed
throughout the area described in Figure 2, during the
last years. Most of them intended to setup thunderstorm
warning systems and some of them installed to conform
experimental networks for scientific purposes. However,
the measurement conditions are far from ideal; records
of electric field measurements are available from
electrostatics field sensors installed up to 4550 MSL
(Cusco, Peru), on very irregular terrain and affected by
several additional local factors. The performance of
electrostatic field sensors under last complex conditions
has been poorly studied.
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Specifically, Aranguren et al. [29], Lopez [33]
and Lopez et al. [34] have investigated the
measurement patterns under real complex orographic
conditions within the tropical area given in Figure 2.
Orographic effects and pattern profiles of the electric
field changes AE versus the lightning striking distance
for last no-ideal conditions were investigated by
Aranguren et al [29] who carried out a comparative
analysis using atmospheric electric field records during
thunderstorm seasons in sort of locations and
situations. Thunderstorm electric field patterns at the
ground level were studied by using modified electric
field sensors [29], [35] installed in Bogotéa - Colombia, in
2010; conventional electric field mills in mountainous
areas of Navarra - Spain, in 2009 and electric field
records provided by the Advanced Ground Based Field
Mill (AGBFM) Network in Kennedy Space Center (KSC),
Florida, USA, during 2009.

Absolute reference patterns are not possible
regarding the atmospheric electrostatic field. However
electrostatic field records in Florida (electric field

changes AE versus cloud-to-ground flash strike
distances) represent one of the best reference
distributions, useful even for tropical regions, as

developed by Aranguren [29]. Figures 5 and 6 show the
electric field changes AE measured in San Martin —
Colombia, at 130 m.s.l; and Cusco — Peru, at 4,550
MSL; as a function of the cloud-to-ground flash
30

distance. The sensor type, installation characteristics
and calibration factors are practically the same in both
cases. Maximum electric field changes AE for very close
CG flashes in the lowland case are in general lower than
10 kV/m; on the contrary, at high elevation as in the
second case, the nearby flashes cause maximum
electric field changes around 30 kV/m or even higher.

Figure 7 allows comparing the behavior of the
mean magnitude of the electric field change AE
measured by electrostatic field sensors installed in
Bogota - Colombia, at 2,600 MSL and at a north latitude
of 4.64°; together with Cusco —Peru, at 4,550 m.s.| and
at a south latitude of 14.47° and the reference curve
obtained from the Advanced Ground Based Field Mill
(AGBFM) Network — AGBFM in Florida, at 0 m.s.| and at
a north latitude of 28.50° (discussed in [29]). All electric
field changes AE, as those shown in Figures 5 and 6,
were used to obtain the mean AE values at each
distance and to adjust a point charge model, as
explained in Aranguren [50]. Mean magnitudes of
sudden electric field changes for CG flashes at long
distances, that is to say longer than 10 km, are
practically the same in all cases; however, for short
distances the mean magnitudes vary considerably. For
very short distances, around 0 km, the mean magnitude
of the electric field change is close to 3.5 V/m in the first
case (elevation of 130 MSL) and around 9.7 kV/m in the
second one (elevation of 4,550 m.s.l).
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Figure 5: Electric field recorded (black line) versus flash distances (blue dots) recorded in San Martin - Colombia
(130 m.s.l), during a thunderstorm event on July 23, 2018.
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Figure 6: Electric field (black line) versus flash distances (blue dots) recorded in Cusco — Peru (4550 MSL), during a
thunderstorm event on November 15, 2017.
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Figure 7: Profiles of the electric field change AE for different electrostatic field sensors in Bogoté, Cusco and Florida.
Field sensors in remarkably different altitudes.

Last magnitudes result logical and expected
given the fact that the relative altitude of the cloud
charges respect to the sensor position becomes lower
as the terrain elevation is higher. As an additional
influencing factor, the vertical growth of thunderclouds in
the tropics is expected to be greater due to the higher
tropopause altitude. Recent papers by Lopez et al. [36],
[37] have studied the altitude of electric charge centers
in tropical thunderclouds by using a LMA (Lightning
Mapping Array) in Colombia and have found that the
majority of leader flashes are initiated at altitudes
between 10 and 11 km, and that this altitude is in
average 2 km higher than similar thunderstorms in
Europe, studied by using a similar LMA system, at a
north latitude around 41° where most of the flashes are
initiated at around 8 km. References of similar analyses
in Florida by using LDAR-II (Lightning Detection and
Ranging) [38] show that charge altitudes in Florida
thunderstorms do not present a wide difference with
respect to the observations at the tropics.

The 3D total lightning detection system
supported on LINET methods also provides valuable
information regarding the charge altitudes. Aranguren et
al. [14] reported the frequency distribution of the IC
stroke heights obtained in central Colombia and found a
median height of 10.2 km. Hoeller et al. [24] published
the IC emission height frequency for Brazil, Benin and
Australia; in all three cases the median heights vary from
10 to 11 km. Figure 8 describes the relative frequency of
IC emission heights in Colombia and Peru obtained
from the TLDS described in Figure 2. The median
emission heights (and standard deviations) in Colombia
and Peru are 10.2 km (3.09 km) and 10.8 km (3.18 km)
respectively. No significant differences are observed
between the two distributions. The reported heights are

a little higher in the dataset from Peru than in
Colombia’s, but that difference could be explained by a
systematic error associated to the terrain elevation at the
sensor sites which causes that important corrections be
applied for the IC height calculation in the lightning
location algorithm.

Having explained the above, the behavior of the
electrostatic field changes AE in the high mountain
conditions of the Andean and tropical regions is mainly
affected by the relative low altitude of the cloud charge
centers. Additional special situations result when the
measurement point is located on the top of a hill or
inside a valley; in the first case the cloud electric field
can be measured at longer distances, that is, up to 30
km or longer; in contrast to the second one where the
measurement range is reduced. Therefore, each electric
field sensor used under the Andean and tropical
conditions described along this paper has its own
measurement characteristic. Such unique
characteristics of each place influence the performance
of the sensor network applications, such as the early
warning systems.
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Figure 8: Relative frequency of the IC emission height
given by the total lightning detection systems in
Colombia and Peru.

THUNDERSTORM EARLY WARNING
SYSTEMS

V.

(Guidelines or hints for any reader if they're interesting to
learn anything from this work.)

The TRONSE system is envisioned as an
integrated information network where all data is
indistinctively used to study and develop high effective
lightning early warning systems, among many other
applications. The warning criteria  definition and
verification are based on the reprocessing of all
available historical data in the area of interest. For
example, the available large datasets of total lightning
are used to analyze an initial simple circular area
scheme composed by the Monitoring Area — MA
(geographic area used to provide a valid warning for the
target area) and the Surrounding Area — SA (geographic
area in which a Lightning Related Event — LRE causes a
potential danger); the common used warning verification
statistics such as False Alarm Ratio — FAR (ratio of false
alarms to the total number of alarms) and Probability Of
Detection — POD (ratio of effective alarm with respect to
the total number of situations with LRE in the SA),
among others, are evaluated. Simple sensitivity analyses
allow understanding how FAR, POD and others vary
when the settings are moved and static early warning
systems are then tuned; however, current Machine
Learning tools allow developing dynamic early warning
systems.

Table 1 describes some of the lightning warning
verification studies carried out in the TRONSE area by
using CG lightning detection, total (CG+IC) lightning
detection and electric field measurement — EFM under
different situations. Each study was performed to find
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the best criterion to maximize POD and minimize FAR
(warning area sizes and shapes, as well as, BIAS and
Critical Success Index - CSI were also evaluated in
some references, but not given here). CG lightning
detection on simple area schemes was initially studied
in Colombia using a data series of CG flashes from
1997 to 2001 [39]. Lightning data in that case was
provided by the lightning location system described in
[25] whose flash detection efficiency was estimated
around 60% to 80%. Poor POD and FAR was found for
early warning systems on the Colombian mountain
ranges. Lightning warnings derived from electric field
sensors at high altitude (Bogota, 2600 MSL) were
performed by Aranguren [29] by using a simple
threshold criterion; POD of 0.92 and FAR of 0.6 were
obtained. Very similar results were obtained some years
later when the electrostatic field measurement was
evaluated at very high altitude (Cusco, 4550 m.s.l) with
POD of 1 and FAR of 0.56 [40]. The First wamning
verifications based on EFM under complex mountainous
conditions (deep valley: Valle de Aburra (1490 m.s.l)
was conducted by Lopez et al. [33], [34]; the best
performance obtained showed POD of 0.68 and FAR of
0.46 when exhaustive warning criteria beyond the simple
electric field threshold was tested. Total lightning
detection was introduced by Aranguren et al. [41] and
Inampués [42] in combination with an EFM network
along a large area in the Colombian Eastern Plains;
POD of 0.96 and FAR of 0.45 were obtained. High or
very high POD has been apparently easy to obtain in
mountainous areas when EFM are supporting the
lightning warning systems; on the contrary, the FAR has
resulted in a difficult optimization subject. The most
recent studies, such as the one performed by Chavez et
al. [43] in 2018, took into account a comprehensive and
iterative search of lightning warning criteria based on
both EFM and total lightning detection. A combined
criterion of CG and IC stroke rates and electric field vs
time patterns allow obtaining a significantly improved
FAR of 0.22.



Table 1: Studies about lightning warning verifications in the TRONSE area

Location and year

Data and criteria

POD FAR

Entire Colombian territory;
Inampués et al 2009 [39]

CG lightning detection within
a simple area scheme.

Lowland: 0.6 t0 0.9
Mountain: 0.31t0 0.7

Lowland: 0.6 t0 0.8
Mountain: 0.7 t0 0.9

Bogota — Colombia; high altitude;

Aranguren 2011 [29] EFM

0.92 0.6

Medellin — Colombia;
Mountainous area; Lopez 2011
[33] and Lopez et al 2012 [34]

CG lightning detection and
EFM; conventional method
and exhaustive EFM criteria.

Conventional: 0.69
Exhaustive: 0.46

Conventional: 0.64
Exhaustive: 0.68

Colombian Eastern Plains;

Total lightning detection

Aranguren et al. 2013 [41] and (CG+IC) and EFM; 0.96 0.45
Inampués 2014 [42] exhaustive criteria.
Cusco — Peru; very high altitude.
Chévez et al. 2018 [40] EFM. 10 0.56
Magdalena River Valley — Total lightning detection 092 092
Colombia. Chavez et al. 2018 [43] (CG+IC) and EFM. ' '
V. DISCUSSION VI.  CONCLUSIONS

Several research results have shown the
influence of latitude in the lightning phenomena and how
the magnitude of lightning parameters is not necessarily
valid in different geographical zones all over the world.
Some measurements suggest that those are different in
tropical latitudes than in temperate ones. It is essential
to enhance this research in order to learn the differences
between magnitude of lightning parameters measured
in north, south and tropical latitudes as well as the
differences between plain, mountain or coastal zones,
and the daily, seasonal and multiannual variations, in
order to upgrade the parameters for lightning protection.
Taking into account the above, the main contribution of
the TRONSE system is to provide new information in
large quantities about the lightning phenomena under
very special conditions of tropical weather, large coastal
and great mountain ranges. However, the physical
models used to interpret the measurements must
themselves be revalidated. Both, the evaluation of
lightning detection efficiency and the calibration of
the electrostatic field measurement are based on
reference physical parameters  obtained  from
accepted reference measurement systems; such
reference parameters are for example the peak current
distribution in the case of CG lightning detection, or
cloud charge models in the case of the electric field.
Such reference distributions are very poor, practically
not available, in tropical areas and even less available
under high mountain conditions. This paper discussed
about some of those references physical parameters.
On the other hand, the use of thunderstorm warning
systems has increased in recent years in the tropical
regions, with a growing demand in terms of optimal
performance; such purpose intrinsically involves the use
of advanced techniques of Big Data management and
data analytics as it was partially discussed here.
(Expand the discussion on Big Data technologies)

The deployment of a remote sensing network
for lightning monitoring throughout the countries of the
tropical zones was presented. Particular characteristics
of this region are denoted by the influence of large
coastal areas, the largest jungle in the world, the
Amazon, a very high and complex mountainous system,
the Andes, and the influence of the Intertropical
Convergence Zone. Total lightning detection and
electrostatic field measurement conform the TRONSE
system with sensors located at altitudes from the sea
level to more than 4.500 MSL. The primary purpose of
the TRONSE system is to contribute to the systematic
study of the occurrence and amplitude parameters of
lightning in the Tropics, but also, in the study of the
operative principles, models and performance of
lightning monitoring systems in such conditions. Total
lightning data and LMA information provided coherent
data about the altitudes associated to the IC stroke
emission and the cloud main charges (10 to 11 km). In
addition, electrostatic field measurements at altitudes
from the sea level to 4550 m.s.| showed how the vertical
cloud structure influences the behavior of the
electrostatic field at high mountains, where the main
factor is the relative lower altitude of the charge centers.

A cumulative experience about the use of total
lightning data and electrostatic field measurements in
thunderstorm warning systems under tropical and
Andean  mountain  conditions was  presented.
Performance statistics for lightning warning verification
showed that the commonly used warning parameters
(CG lightning detection on simple warning areas, or,
EFM thresholds) do not produce very reliable or
effective systems, in some sort of typical situations.

Having explained the above, the behavior of the
electrostatic field changes AE in the high mountain
conditions of the Andean and tropical regions is mainly
affected by the relative low altitude of the cloud charge
centers. Additional special situations result when the
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measurement point is located on the top of a hill or
inside a valley; in the first case the cloud electric field
can be measured at longer distances, that is, up to 30
km or longer; in contrast to the second one where the
measurement range is reduced. Therefore, each electric
field sensor used under the Andean and tropical
conditions described along this paper has its own
measurement characteristics. Such unique
characteristics of each place influence the performance
of the sensor network applications, such as the early
warning systems.

Several research results have shown the
influence of latitude in the lightning phenomena and how
the magnitude of lightning parameters is not necessarily
valid in geographical zones all over the world. They are
different in tropical latitudes to those in temperate ones.
And it has effects in mortality rate by lightning and in the
design of power systems.

The systematic study of Holle [46] reveals, for
example, that in the USA the mortality rate from lightning
was 0.2 deaths per million inhabitants in the period
2000-2006. In Australia the mortality is 0.1 deaths per
million inhabitants in the period from 1980s to 1989. In
France were 0.2 deaths per million inhabitants in the
period from 1990 to 1995. In Japan was a little over zero
fatalities per million inhabitants in the period from 1990-
1997. In contrast, the mortality rate for all Colombia, a
typical tropical country, was 2.0 per million inhabitants
per year over the period 2000-2017, [27], [28].
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