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Analysis of Narrow Bipolar Pulse by VLF/LF broadband digital interferometer
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Recent studies of radio frequency emissions from thunderstorms have noted a distinct class of very energetic pulses emitte
from the upper troposphere. This pulse called narrow bipolar pulse (NBP) can be associated with a narrow bipolar event (NBE)
This event is a large scale discharge of intracloud charge structures occurring in 10us.

We have been designing and developing a 3D lightning location system based on broadband digital interferometry techniqu
in VLF/LF bands. The VLF/LF broadband digital interferometer (VLF/LF DITF) consists of four or more observation stations
which detect electromagnetic (EM) waves in a wide frequency range from 400 Hz to 500 kHz associated with lightning dis-
charges. The VLF/LF DITF is able to locate lightning discharges such as return strokes, K events, and NBP, which are energeti
breakdowns within thunderclouds several hundred kilometers away from the VLF/LF DITF.

During the summer season in 2009, we had conducted lightning observation campaign with a use of a prototype of the VLF/LF
DITF, which consisted of four stations in Darwin, Australia, to validate the system.

The observation results are compared with Doppler radar data operated by the Bureau of Meteorology (BOM) and the obsel
vations of VHF broadband digital interferometers (VHF DITF) which enable us to visualize leader developments associated with
lightning discharges.

In this paper, we focus on the statistical altitude distribution of narrow positive bipolar pulses (NPBPs) and narrow negative
bipolar pulses (NNBPs) in tropical regions.
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Three-dimensional distribution of VHF lightning radiation sources
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We have conducted a field observation, "the Shonai area railroad weather project”. This project has investigated fine-scal
structure of wind gust using two X-band Doppler radars and the network of 26 surface weather stations since 2007, in order t
develop an automatic strong gust detection system for railroad. We focus on total lightning (both intra-cloud (IC) and cloud-to-
ground (CG) lightning) activity in winter to investigate the mechanism of winter lightning discharge process and the application
to strong gust prediction. Thus, we have developed a three-dimensional (3D) lightning mapping system utilizing arrival time
differences of VHF broadband pulses radiated by leader progression

We investigate 3D distribution of VHF lightning radiation sources. In particular, the vertical distribution of VHF sources is
compared with -10 degree C level. We analyze 3D lightning data observed in the Shonai area on November 30, 2010. The vertici
distribution of the number of VHF sources exhibits a single maximum at 2.5-3.0 km altitude. The -10 degree C level retrieved
from JIMA-MANAL was 2.8 km at the same time. Hence, the vertical distribution of VHF sources is related to the atmospheric
temperature level. In this presentation, we will also show the relationship between VHF source distribution and X-band rada
reflectivity.
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Energetic radiation associated with thunderstorm activity at the top of Mt. Fuji on 2011.
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Gradual energetic radiations probably caused by a summer thunderstorm have been observed at the top of Mt. Fuji, Japan
Aug. 8, 2011. The variation lasted for a few minutes, and was found to be high-energy gamma rays having a continuous energ
spectrum up to around 10 MeV. The origin of variations might be the bremsstrahlung photons generated by the energetic electror
produced continuously with an intense electric field in the thundercloud.
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3-D tomographic approach to investigate the ionospheric disturbance prior to the 201
Tohoku Earthquake
3-D tomographic approach to investigate the ionospheric disturbance prior to the 201
Tohoku Earthquake
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In this paper, neural network based tomography using GEONET data has been performed to investigate the fine structure po
sibly associated with the 2011 off the pacific coast of Tohoku Earthquake (Mw9.0). Although the possible ionospheric anomalies
preceding large earthquakes have been reported by many researchers, a physical mechanism of the anomalies has not b
clarified yet. To understand the mechanism, monitoring of three-dimensional distributions of ionospheric electron density is con:
sidered to be effective.

At first, the Total Electron Content (TEC) anomaly associated with the earthquake using the Global lonosphere Maps (GIM)
published by the Center for Orbit Determination in Europe (CODE) has been investigated. To detect the anomalous TEC change
the normalized GIM-TEC (GIM-TE§), which is computed based on 15 days backward running mean of GIM-TEC, have been
investigated. As for the 2011 off the Pacific coast of Tohoku Earthquake, the significant enhancements are found in GIM-TEC
investigation, 1, 3-4 days prior to the earthquake. Especially, TEC increase of 3 days prior to the earthquake was remarkabl
Then the tomography has been performed. As a result, the reconstructed distribution of electron density was enhanced arou
F-region in comparison with 15 days backward median distribution, the region was found to be located over the epicenter an
extended farther southward. Additionally, we found the enhanced region at lower ionosphere over the Japan Sea and it seems
be developed toward the upper ionosphere along with magnetic field lines. In our presentation, the difference in the character «
pre-seismic disturbance and other periods will be shown.
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