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Lightning narrow bipolar event (NBE) is one of the most mysterious types of lightning discharge. Since
its discovery in the 1980s, both ground-based and satellite—based observations have been carried out in
many regions of the world. There have been numerous studies on its characteristics of waveform, radiation,
physical mechanism and meteorological context. However, there are still many special characteristics of
NBE that are difficult to understand, and many fundamental problems such as its production mechanism and
relationship with thunderstorm are waiting to be answered. In this thesis, I will analyze characteristics
of NBE from multiple respects based on observations with both LF lightning location system and phased
array radar.

This thesis consists of seven chapters, organized as follows:

In Chapter 1, I introduce basic types and characteristics of lightning discharges and the general
relationship between NBE and normal lightning. Then I review some important studies on NBE and summarize
its general characteristics. At last, I present the objective and main contents of this thesis.

Chapter 2 introduces experiments, instrumentations and data for this study. There are four experiments

in four different regions. LF lightning location system was built for each experiment. In the experiment

in Osaka region, a phased array radar was utilized. General properties of the LF lightning location system
and the phased array radar are presented. »

Chapter 3 deals with waveform characteristics of NBE. First, large electric field changes produced
by NBEs are analyzed. Peak magnitude of electric field changes produced by return strokes, positive and
negative NBEs are compared with each other. It is found that NBEs generally produce larger electric field
changes than return strokes do, and negative NBEs are more powerful than positive NBEs. Then the
characteristic of temporal isolation of NBE is statistically analyzed. NBEs are usually found isolated
with other discharge processes. However, some portion of NBEs can be-the initiation processes of regular
discharge processes, and in this case, positive NBEs have much higher possibility than negative NBEs.
At last, characteristics of ionospheric reflection pairs of NBEs are analyzed. Ionospheric reflection
pairs are formed when the LF radiation of NBE is reflected at the ionosphere and the ground. The arrival
time and magnitude of these pulses are analyzed with a simple model.

Chapter 4 focuses on the discharge height of NBE. Discharge height is essential for understanding
NBE because it determines position of NBE in a thunderstorm. I develop a method to locate NBE using its
ionospheric reflection pairs. This method is much more accurate than traditional TOA or interferometry
techniques. With this method, disicharge heights of thousands of both polarities of NBEs are computed,
and it is found that positive NBEs mainly occur at the height of 7-15km, corresponding to the region between
the main negative charge layer and the upper positive charge layer, while negative NBEs mainly occur at
the height of 15-18km, corresponding to the region between the upper positive charge layer and the screening
negative charge layer at the cloud top. Further, variation of NBE discharge height in two thunderstorms
are analyzed, and it is found that for a given short time period in a single thunderstorm, negative NBEs

are always observed to occur at a higher altitude than positive NBEs, indicating a dividing charge layer

between positive NBEs and negative NBEs.

Chapter 5 focuses on the relationship between NBE and thunderstorm. First, a statistical study on
the relationship is presented, confirming the general result that NBE rate increases with increasing
convective strength. It is also found that the percentage of negative NBE seems to increase with increasing
convective strength. In another word, as the thunderstorm grows more vigorous, it is more inclined to
produce negative NBE. Based on the observation of phased array radar with unprecedented high temporal
and spatljal resolution, the spatial relationship between NBE and thunderstorm is analyzed. It is found
that negative NBEs are usually located very close to the cloud top of thunderstorm; they can be either
at the inner or the outer boundary of the cloud top. Positive NBEs, on the other hand, are always located
well inside thundercloud. It seems that negative NBEs can only be produced in thunderstorms with cloud
top higher than about 14 km. Numerous thunderstorms with lower height did not produce any negative NBE.

Chapter 6 discusses some major problems on NBE. First, I analyze the possibility of NBE production
in winter thunderstorm based on our observation in Hokuriku region of Japan. Second, I put forward a
hypothesis that NBEs can only be produced above certain height, that is, there is a height threshold for
NBE production. Finally, I suggest a way to monitor severe thunderstorm with NBE. i

Chapter 7 summarizes all the conclusions of this thesis.
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