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Abstract 
 
 Lightning Research Group of Osaka University has been developing a VHF three-dimensional lightning map-
per and a high-resolution meteorological radar. Field campaigns for thunderstorm observations using these systems 
bring remarkable findings. After the validation with comparison to the developed equipments, we conclude that the 
functions of the systems are sufficient to continuous operation. The Broadband Radar Network which mainly con-
sists of these systems is a unique tool so far to obtain information for the thundercloud from the combining (thermal) 
dynamic and electromagnetic aspects with enough time resolution. The comprehensive thunderstorm observations 
using the Broadband Radar Network are expected to bring us a clear scenario for thundercloud microphysics. 
 

1. Introduction 
 
 It is widely believed that lightning discharges emit fairly broadband electromagnetic (EM) waves from very-
low-frequency (VLF)/ low-frequency (LF) to very-high-frequency (VHF)/ ultra-high-frequency (UHF) with a peak 
in the frequency spectrum near 5 to 10 kHz for a lightning discharge at distances beyond 50 km or so. Further, EM 
radiation from lighting discharge is detectable at even higher frequencies, occasionally up to the super-high-
frequency (SHF) and, obviously, in visible light. Recently X- and gamma ray radiations also attract attention in con-
nection with the initiation mechanism of lightning discharges. Since the causes for EM radiations in various fre-
quency ranges are completely different, a variety of techniques to locate EM radiation source, that is, lightning-
locating techniques have been presented. When a single location per cloud-to-ground (CG) stroke, typically the 
ground strike point, is required magnetic field direction finding (MDF), time of arrival (TOA) technique, or a com-
bination of the two can be employed in VLF/LF band [e.g. 1-3]. On the other hand, when imaging of the channel 
development for total lightning activities is required, the VHF/UHF TOA or interferometory can be used [e.g. 4-6]. 
It is a mainstream concept that VHF/UHF observations may not only visualize lightning channel but also give in-
formation on charge distribution inside thunderclouds, and the data fusion of VHF/UHF and meteorological radar 
observations is prevalent now. In order to discuss about thunderstorm dynamics comparing with cloud electrification, 
however, the time resolution of a meteorological radar is not high enough. Namely, the common times for a volume 
scanning, some minutes, of the conventional radars are too long compared with the electrical phenomena like light-
ning discharges.  
 Lightning Research Group of Osaka University (LRG-OU) have been developing a VHF three-dimensional 
(3D) lightning mapper, Broadband Digital Interferometer (DITF), and a meteorological radar with extremely fast 
scanning and high resolutions, Broadband radar (BBR). The networks of DITFs and BBRs could deliver us precious 
data for the further understanding of cloud microphysics from both aspects of dynamics and electricity. This paper 
presents a brief summary about the broadband radar network that consists mainly of DITFs and BBRs, and then re-
cent observation results are shown including relative high energy bursts in winter thunderstorm in Japan.  
 

2. Instrumentations and Strategy 
 
 LRG-OU has been developing DITF and BBR uniquely. DITF is a system to locate the sources of VHF im-
pulses based on the digital interferometric technique. A remarkable feature of DITF is its ultra-wide detection fre-
quency rage and implicit redundancy for estimating VHF source location. The system observes radiation electric 
field (E-field) due to a lightning discharge in the frequency range between 20 MHz and 100 MHz. Because we digi-
tize the signal directly, the system can be simple without equipment such as a down-converter. A Fast Fourier Trans-
form (FFT) is applied to calculate Fourier components of the received EM pulse. The computed phase difference for 
each Fourier component between tow antennas is a function of the incident angle of the EM pulse against the base-
line. Employing a couple of antennas as a two-element-array of a interferometer enables estimation of the incident 



angle. Two pairs of antennas and tow baselines, which are not coincident, lead to two-dimensional (2D) mapping in 
azimuth and elevation format. In our DITF, we use three sensors installed at the three apexes of a level isosceles 
right-angled triangle, and we define linearly independent two baselines with about 10 m lengths. We use circular 
flat-plate antennas, which have a diameter of 30 cm, as the sensor. The received broadband signals are limited its 
frequency range and amplified by electronics equipped just beneath of each antenna, and are digitized at a sampling 
rate of 200 MHz with 10-bit resolution. Two thousand EM pulses with less dead time (<1 s) can be recorded for a 
lightning flash within 1 second. Notice that 2000 is the maximum and the total number of observed EM pulses de-
pends on the event’s features and distance from the observation site. An additional sensor is also used to measure the 
E-field change that is used to discriminate CG strokes and to determine the polarity of CG flashes. 3D imaging of 
VHF impulse source is accomplished by synchronized operation of two DITFs with a proper distance separation. 
The detail instrumentation and localization scheme are describes in [6-7]. Since it is known that the characteristics 
of the VHF radiation such as its intensity, density and so forth are different between negative and positive break-
down in lightning discharge, VHF source location are used to discuss on charge distribution inside thundercloud 
these day [e.g. 8]. LRG-OU has been conducted field campaigns using DITFs and acquired the data at Darwin, Aus-
tralia, the coast area of the Sea of Japan, Gifu and Osaka, Japan, etc. for a decade. 
 BBR is a low-power high-resolution Doppler radar for meteorological applications. The first operational 
BBR has just be developed and delivered archaic results. BBR employs bistatic system which is composed of a pair 
of Luneberg Lens Antenna, and solid state amplifier which transmits the wideband signal (80 MHz) in Ku-band. The 
pulse compression technique, which has the advantage that high range resolution profiles can be acquired by low 
transmitting power, is applied. However, the range sidelobe of a compressed signal may contaminate the neighbor-
ing rain echo. To overcome this disadvantage, the intermediate frequency (IF) signal is acquired by a high-speed 
analog-to-digital converter (ADC), and then it is processed by sets of digital signal processors (DSPs). In the pulse 
compression processing, the cross correlation between the signal received from precipitation and reference, namely 
presampled transmitted signal. More specific description about the instrumentation and processing is shown in [9]. 
Observation time resolution for a full volume scanning and range resolution less than 1 minute and 10 m are realized 
with BBR, respectively. 
 LRG-OU works to realize the network of the equipments for thunderstorm observation, that is, the Broad-
band Radar Network. DITF and BBR, which are main components of the network, bring us precious information for 
the thundercloud from the electrical and dynamical aspects. The results of the network are expected to provide a 
clear scenario for thundercloud microphysics. Establishment of the improved numerical model for weather predic-
tion is also intended based on the comprehensive observations. 

 
3. Remarkable Results and Discussion 

 
3.1 Multiple Cloud-to-cloud lightning Flash 

 
 Figure 1 shows the 3D imaging recorded at 1628:00 h on December 16, 2006 (UT) by DITF in Darwin cam-
paign. Figure 2 represents the VHF source locations in 
parted time periods of the whole flash in Figure 1. The 
time durations drawn in (a), (b), (c) and (d) are 86.4, 1.1, 
1.0 and 10.0 ms with intervals of 100.7, 41.3 and 72.6 
ms, respectively. Estimated developing velocity for 
each breakdown is also shown in Figure 2. The first 
breakdown (Figure 2(a)) is followed by the breakdown 
from the close area but to the opposite direction (Figure 
2(b)). The following breakdowns (Figure 2(c)(d)) pro-
gress  through the exactly same channel of as the former 
breakdown (Figure 2(b)). In the relative E-field change 
(not shown), there is no abrupt change associated with 
return stroke, and K-changes are noticeable synchro-
nized with the time of the last 2 breakdowns. This 
cloud-to-cloud (CC) event can be summarized as fol-
lows. In the early stage, negative breakdowns developed 
with comparable velocities to stepped leader as shown 
in Figure 2(a)(b). To neutralize negative charge remain-

 

 
Figure 1. 3D VHF source location for the CC event  

recorded at 1628:00 h on Dec. 6, 2006 (UT). 



ing around the initiation point of the former breakdown, subsequent breakdowns develop through the same channel 
with the velocity of two orders higher than the former ones accompanied by K-change (Figure 2(c)(d)). It could be 
understood phenomenologically that this CC event corresponds to multiple strokes in the case of a CG flash. More 
than 100 “multiple CC flashes” are recorded in the same campaign.  

 
3.2 Microscopic Radar Observations for Stratiform-type Rain 

 
 Figure 3 shows an example of BBR measurement for the stratiform-type rain on January 14, 2006. In the 75-
minute observation including the period in Figure 3, many tilted rain echoes are recorded. Although the horizontal 
distribution of precipitation cannot be seen because of the test observation with vertical pointing operation, Figure 3 
is a sufficient evidence of the extremely high resolution of BBR. The tilted rain echo would be due to the descent of 
raindrops toward the ground, and the bright band is also clearly seen in Figure 3. The performance of BBR is vali-
dated in [9]. It is obvious that BBR observations with a full volume scanning less than 1 minute reveal the rain struc-
ture in much more detail than common meteorological radars. 

 
Figure 2. Divided drawing of the CC event of Figure 1. 

 

 

 
Figure 3. Time-height cross section of BBR reflectivity factor observed on Jan. 14, 2006. 



4. Summary 
 

 LRG-OU has been developing DITF and BBR for thunderstorm observations. After the validation comparing 
to the developed equipments, we conclude that the functions of the systems are sufficient to continuous operation 
with high resolution. The Broadband Radar Network mainly consists of DITFs and BBRs is a unique tool so far to 
obtain information for the thundercloud from the electrical and dynamical aspects with comparable time resolution 
to lightning discharges. Examples of the remarkable observation results are introduced. Though it is not described 
because of the limitation of the paper length, LRG-OU also measures energetic radiation bursts with the sensitivity 
for its energy band to study the mechanism of relative runaway breakdown. The results might largely contribute to 
reveal the initiation mechanism of lightning discharge. 
 The comprehensive thunderstorm observations using the Broadband Radar Network are expected to bring us 
a clear scenario for thundercloud microphysics. LRG-OU is planning to establish the improved numerical model for 
weather prediction reflecting the accomplished further understanding combining (thermal) dynamic and EM aspects. 
The final goal of this study is to realize a short-time prediction for severe storm which causes sudden torrential 
rain/snow-fall, wind gust (twister, micro-burst), lightning discharges, and so forth. 
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