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1. INTRODUCTION

Lightning is one of the natural disaster that caused many power failure world wide [1]. A negative
ground lightning flash is usually initiated at the lower edge of a negative charge center, and the breakdown
process is aided by the electric field enhancement caused by a positive charge pocket located below the
negative charge center known as the preliminary breakdown pulses (PBP) or initial breakdown pulses [2].
The features of PBP trains in negative cloud-to-ground (CG) flashes have been previously reported [3-14].
The return stroke of positive lightning is also sometimes preceded by a train of bipolar pulses (or PBP)
lasting in a duration of few millisecond [15]. These pulse trains may provide information concerning the first
event that leads to the electrical breakdown in the cloud. However, the mechanism for preliminary
breakdown prior to positive lightning has yet to be confirmed [6, 16]. The largest amplitude of PBP is usually
much smaller than that of the following return stroke, but sometimes it can be comparable or even larger than
that of the return stroke [8]. The time interval between PBP and the first return stroke is in the order of 10ms,
with a maximum and minimum of several hundred milliseconds [4, 17, 18] and few millisecond [5, 18, 19],
respectively. The percentage of CG lightning with discernable PBP varies significantly in different studies.
As summarized by [20], such percentage apparently varies with latitude. The smallest percentage is 19%,

Journal homepage: http://iaesjournal.com/online/index.php/IJECE



845 0 ISSN: 2088-8708

recorded in Sri Lanka (7°N). In regions of higher latitudes, the percentage is much higher, such as 80% in
Austria, 90% in Finland, and 100% in Sweden.

Despite the fact that many counties already reported the PBP preceding positive return stroke [4, 6,
16, 21, 22], apart from our own study reported in [23], this is the first time preliminary breakdown preceding
positive lightning in Malaysia is reported. The initial polarity of PBP in negative cloud-to-ground (-CG)
lightning is always the same as that of the first return stroke. However, the situation for positive cloud-to-
ground (+CG) lightning is much more complicated. Opposite initial polarities between PBP and the
following return stroke are occasionally observed [16, 19]. In this study, positive lightning shows both return
stroke cases, eitherwith or without the preceded PBP. Based on these findings, PBP in positive CG lightning
was classified into four types which includes the negative PBP (-PBP), positive PBP (+PBP), PBP with
polarity reversal, and PBP with irregular polarity. Furthermore, the data available in the literature on PBP of
positive lightning from tropical thunderclouds is scarce, and there is a need to gather more data from tropical
thunderclouds. This paper aims to investigate the nature and temporal characteristic of the PBP trains in
tropical regions. This study was carried out in Johor Bahru, Malaysia using a broadband antenna system
during the monsoon period (Oct-Dec, 2012). Interestingly, any variation in the PBP trains for geographical
regions may indicate differences in the initial breakdown processes in the clouds. Therefore, it is important to
analyze and compare the features of these pulse trains in different geographical regions.

2. RESEARCH METHOD

The lightning electric field measurements were performed within the monsoon period (Oct-Dec,
2012) at the Observatory, Universiti Teknologi Malaysia (UTM), Johor. UTM is located in the southern
portion of Peninsular Malaysia which located in tropical regions. The Observatory building is located at 142
m above the sea level. The configuration of the measuring system is shown in Figure 1. The setup is similar
to experimental setups used in [24-27]. The vertical component of electric field was captured using 1.5m-
height flat plate antenna. The antenna was connected to a digital oscilloscope (LeCroy Wave Runner 44Xi-A,
8-bit resolution with a sampling rate of 50 MSs™) via an electronic buffer circuit. The buffer acts to limit
overvoltages and as an impedance matching between the antenna and oscilloscope with a frequency range of
kHz to GHz. The buffer circuit consists of an MSK0033 buffer amplifier, capacitor and resistors. The input
impedance of MSK0033 is 10'*Q. RG58 coaxial cables were used in all connections except for the DSO-PC
connection. The oscilloscope was set 150 ms pre-trigger mode. The decaying time constant of the buffer was
set to approximately 10ms by changing the RC configuration inside the buffer. Criteria to identify the PBP
are similar to [9, 10, 28] which mentioned that only pulses with amplitude larger than twice of noise level are
included. Atmospheric sign convention is used throughout the paper thus a positive return stroke (+CQG)
produces initially negative field changes.
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Figure 1. Schematic description of the lightning detection system

3. RESULTS AND ANALYSIS

It is common to notice that the initial polarity of PBP for a -CG flash is always negative, that is the
same polarity as the negative return stroke. The BIL model was first proposed by [3], in which the return
stroke is initiated by three sequential sections. The initial breakdown (B), or PBP, is the first step which lasts
for several milliseconds, and it contains intense electromagnetic radiation. This breakdown is followed by an
intermediate state (I) with little electric field change. Finally, a leader change (L) follows the intermediate
state, and this is consequently followed by a return stroke.
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3.1. BIL Model in Positive Lightning

The BIL model of +CG was found to be similar with BIL model in —CG [21]. However, the
situation for +CG lightning is much more complicated. Opposite initial polarities between PBP and the
following return stroke are occasionally observed [14, 16].Waveforms of different types of PBP are generally
similar with each other. As can be seen in Figure 2, each pulse train usually starts with one or two very small
pulses, followed by some largest pulses of the train, and ends with pulses of decreasing amplitudes.

Pulses in PBP train are mainly bipolar. Pulses at the beginning and middle of the train usually have
a very clear bipolar feature. However, at the end of the train, pulses sometimes appear as unipolar. Such an
example is given in Figure 2. It can be seen that before the time of about —22.35ms, pulses are clearly
bipolar, but during the time of —21ms to —20ms, pulses seem to be unipolar, and it is difficult to tell whether
they belong to PBP or the intermediate state. The intermediate stage in the BIL model of PBP is thought to be
caused by horizontal propagation of leader channel [21]. Such horizontal propagation produces little vertical
electric field changes at the ground and makes the time interval between PBP and the first return stroke
longer.
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Figure 2. Flash No. 271112.219 The sample waveform with negative initial polarity during +CG compatible
with BIL model

3.2. BL Model in Positive Lightning

Although the BIL model is useful as a general description for the lightning characterization, the
manner of the breakdown phenomenon differs in the thunderstorms. The behavior of the lightning flashes
varies from study to study, so it is not completely standardized. The existence of some PBP which is
followed directly by small pulses is possibly an indication of leader changes and then followed by the return
stroke without the intermediate stage named as BL model. The BL model of +CG has been shown in Figure
3. One reason for the disparity between these two model of PBP in +CG may be due to the different distances
from observing site, as in large distance, small signals produced by stepped leaders may be not detected,
resulting in an intermediate stage. However, Ting Wu et al. reported that the differences between these two
model of PBP may be due to different physical processes of preliminary breakdown or stepped leader [21].

Sometimes, it is difficult to differentiate the B, and L parts, as pulses at the end of the train seem to
gradually change from bipolar to unipolar. Such an example is given in Figure 3. It can be seen that before
about —10ms, pulses are clearly bipolar, but during —10ms to —10.50ms time, pulses seem to be unipolar, and
it is difficult to tell whether they belong to PBP or stepped leader pulses. In such cases, defining the end of
PBP train is somehow subjective, and it also may have up to 0.5ms error in calculating the duration of PBP
train.

XY Graph

Amplitude (Brbitrary unit)

-62.57m -5500m  -50.00m -45.00m -40.00m -3500m -30.00m -25.00m -2000m -1500m -1000m  -5.00m 0.00 749m
Time (s)

Figure 3. Flash No. 271112.209 The sample waveform with positive and negative initial polarity during +CG
compatible with BL model
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3.3. Types of PBP Detected in Positive Cloud-to-Ground Lightning

Other than BIL and BL models, opposite initial polarities between PBP and the following return
stroke are occasionally observed [16, 19]. Therefore, PBP of +CG is classified into four types according to its
initial polarities which are —PBP (20%), +PBP (15%), PBP with polarity reversal (10%), and PBP with
irregular polarity (15%). Out of the 20 flashes, 8 flashes occurred without any PBP (40%). Two PBP trains
had PBP with polarity reversal. The first region might consists of pulses with positive initial polarity and the
second with pulses of negative initial polarity and vice versa. Two PBP trains contain pure positive initial
pulse (+PBP) and four PBP trains contains pure negative initial pulse (-PBP). There are only 3 cases that PBP
trains consist pulses with irregular polarity. The summary of types of PBP detected in positive lightning in
relation with BIL and BL model is as shown in Table 1.

Table 1. Types of PBP detected in positive lightning in relation with BIL and BL model
Type of PBP -PBP +PBP PBP with PBP with Without PBP
polarity reversal irregular polarity

BIL 2 2 -
BL 2 1 2 - -
Total 4 3 2 3 8

Figure 2 shows a -PBP trains which is one of the most common pulse trains that precede +CG
flashes. This PBP contained pulse with negative initial polarity. It is noticed that from Figure 2 and 3, if PBP
is very strong, the following first return stroke always happenaftera short time; on the other hand, if there is a
long wait between PBP and the first return stroke, the PBP may be weak compared with the return stroke
(RS). As it can be seen in Figure 2, the leading edge of the initial half cycle of the —PBP is relatively smooth
compared to that of the pulses in the other types of PBP trains. Figure 3 shows that PBP trains had two
distinct regions. The first region has pulses of positive initial polarity and the second region has pulses of
negative initial polarity. The two regions with pulses of opposite polarity are given in an expanded time
scale. Pulses in the first region are very similar in profile to those of narrow bipolar pulse trains. The pulse
profile of the second region is somewhat similar to that of -PBP trains in Figure 2. This Figure shows that the
magnitude of the pulses in the second region is larger than that in the first region.

An irregular initial polarity in positive cloud-to-ground lightning is shown in Figure 4.
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Figure 4. Flash No. 271112.216 The sample waveform with irregular initial polarity during +CG enlarge
compatible with BIL model

Some irregular pulse activity is visible for a few milliseconds, even after the return stroke. However, [29] has
observed that in a number of positive return strokes, a pulse burst appeared immediately after the return
stroke, in which case, there was no pulse activity immediately prior to the return stroke. Hence, one cannot
confidently conclude, that the pulses, which appear after the return stroke are continuations of the respective
PBP trains. The duration from the beginning of PBP trains to return stroke in Figure 4 is 73ms and the mean
width of the pulses is 4.5pus. The mean pulse separation is 11ps. It seems that this PBP trains can be
considered to be different from chaotic pulse trains that occur mainly prior to the negative return stroke.
Figure 5 shows the +PBP trains occurred before +CG. The +PBP and —PBP in +CG have almost the
same characteristics except of their initial polarity, and it is speculated that different initial polarities are
caused by different directions of channel propagation. The PBP—RS ratio for BIL and BL model +CG shown
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in figures 4 and 3 are 0.21 and 0.42, while the PBP-RS ratio for -PBP and +PBP in Figure 2 and 5 are 0.43
and 0.59.This had shown that the peak value of RS is stronger than PBP.
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Figure 5. Flash No. 271112.254 The sample waveform with positive initial polarity during +CG

The absence of preliminary breakdown pulses in positive cloud-to-ground lightning was also found.
This is shown in Figure 6. The oscilloscope was set to save the signals 150ms before the triggering time to
capture the whole PBP trains. As it is clear in Figure 6 the first return stroke happened at 150ms after the
trigger time. However, there is no detectable PBPs before the return stroke. The return stroke happens with
no significant electric field change other than that of small stepped leader pulse found prior to the return
stroke.
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Figure 6. Flash No. 281112.164 The sample waveform without PBPs trains during +CG

4. CONCLUSION

Both BIL and BL models of PBP were found in +CG and —CG. However, the characteristic of PBP
in positive lightning was found to be different with those in negative lightning. According to their initial
polarities, the PBP in positive CG lightning is classified into four typeswhich are-PBP, +PBP, PBP with
polarity reversal, and PBP with irregular polarity. Out of the 20 flashes, 8 flashes, or 40% of flashes,
occurred without any PBP. It is noticed that if PBP is very strong, the duration between PBP and RS is
short.On the other hand, if there is a long wait between PBP and the first return stroke, the PBP is always
weak compared with the RS. The PBP-RS ratio for BIL and BL models are 0.21 and 0.42, respectively,
while the PBP-RS ratio for -PBP and +PBP are 0.43 and 0.59, respectively. For two distinct regions of PBP,
results show that the magnitude of the pulses in the second region, which has a negative polarity, is larger
than that in the first region (positive polarity). Several positive lightning flashes occurred without any PBP
process. The effect of geographical region may also cause the observed differences in the cloud discharge
processes including the types of PBP. More studies are needed to determine the relationship between the
return stroke and PBP.
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