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A study of the morphology of winter sprites in the Hokuriku area of Japan in relation to

cloud charge height
A study of the morphology of winter sprites in the Hokuriku area of Japan in relation to

cloud charge height
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Continuous observations of sprites in the Hokuriku area of Japan were performed from two optical sites during the three winte
periods. The purpose of this observation is to study the major effect in appearance of sprites and in determining the morpholog
of sprites (columns or carrots). Detailed analysis is performed based on the estimation of the height of -100C at the time of sprit
occurrence. When the height of -100C is lower than 1,800m, the occurrence of sprites is infrequent, and the dominant shape
column. Then while when it is increased (1,800 to 3,000m), a new situation takes place; that is, the occurrence of sprites is ver
enhanced and more spectacular shapes like carrots tend to be frequently observed in addition to column sprites. These spt
characteristics are first compared with those of parent lightning in the Hokuriku area and with our latest computer simulations or
sprite initiation.
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Energetic radiation associated with winter thunderstorm activity.
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Intense gamma rays likely associated with lightning and/or thunderstorm activities have been detected in recent years, at vau
ous altitudes ranging from the ground level to the ionosphere. However, neither the source of this radiation nor its nature has bee
clarified. We have identified a migrating source of gamma rays lasting for several minutes attributed to a winter thunderstorm ir
Japan. Our findings indicate that the gamma rays were emitted continuously from a downward hemispherical surface, the bottol
of which was about 300 m above sea level, and this source of gamma rays moved from north to south above the observatic
site at a speed of about 7 m/s. The radiation source probably moved along with the charged region of the cloud at a height c
around 1 km, because the estimated migration of the radiation source was consistent with the observed movement of atmosphe
electric field variation between ground-based observation sites and with the wind speed and direction at about 1 km altitude. Thi
movement implies that the intense electric field produced by the charged region in the thundercloud generated a radiation sour
beneath the charged region. The observation helps explain not only the relation between the locations of the charged region a
the radiation source, but probably also the lightning initiation urged by the radiation.
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Winter Thunderstorms in Hokuriku district, Japan
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[1] M. Ishii, and M. Saito; Lightning Electric Field Characteristics Associated with Transmission-Line Faults in Winter
IEEE Transactions on Electromagnetic Compatibility, vol. 51, No. 3, pp.459-465, 2009.

[2] M. Ishii, M. Saito, J. Hojo, and K. Kamf, Location of charges associated with positive C-G flashes in wint&roc.
12th Int. Conf. on Atmospheric Electricity, Versailles, pp. 151-154, June 2003.
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Development of the Broadband Radar Network at Ku-band
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A new high resolution Ku-band Doppler radar with fast scanning capability for meteorological applications has been devel-
oped. With the new system design, the radar can accurately measure the radar reflectivity factor with 4-m resolution at the lowe:
usable height of 60 m from short distance to 15 km (e.g., min. det. refl. at 15km is 20dBz) for 10 W power using a pulse compres:
sion technique. Concept of the system design, signal processing algorithm, and data acquisition procedures are described. T
small radar system operates at Ku-band and can acquire the 3-D reflectivity image within 1 minute with less than 10m resolutiol
in a short range (less than 15 km in radius).

Initial observation was carried out to demonstrate the potential capability of the system. In addition to the radar system, the
equipments for lightning observations were also installed at the radar site. The results of the initial observation show that ou
radar system can successfully measure the precipitation structure within thunderstorm at high resolution. This comparison clear
shows that the observations by the Ku-band broad band radar reveal the rain structure in much more detail than the conventior
C-band radar does. This small rain structure tends to be obscured in the C-band radar observation, indicating that the observati
by the Ku-band broad band radar are well suited for fine scale measurements of precipitation from low altitude to the top of the
cloud. During the field campaign, FO scale tornado was also detected by the radar, the detail of the observation will be presente
at the presentation.
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This paper reports on the direct comparison between experimental and numerical results of the ionospheric disturbances 8
sociated with red sprites in the mesosphere. The ionospheric disturbances due to the sprite ionization column are observed
a continuous monitoring of the amplitude and phase of distant VLF transmitter signals at several locations in Japan, whilsi
the numerical computation to calculate the spatio-temporal dependence of the observed VLF waves is performed by using
two-dimensional finite-difference time-domain (FDTD) method. As a result, the observed maximum scattered amplitude and
phase changes are in close agreement with the numerical results for both carrot and column sprites.The distance variation of t
scattered amplitude from the numerical simulation is found to strongly depend on the spatial dimension of the sprite ionization
column (practically the nearest sprite ionization column to the transmitter) due to the different scattering mechanisms. The for:
ward scattering amplitude is significantly larger than that for back scattering for the carrot sprite indicating the nature of Mie
scattering, while the amplitude of both backward and forward scatterings are comparable for a column sprite showing the natur
of Rayleigh scattering.

Keywords: TLE, VLF, lonospheric disturbances



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
MIS026-07 00:.201B O00O:50 240 10:00-10:15

O00000VLFLFOOOOOOOODo0Doooooood _ o
Research on location method based on VLF/LF bands EM source associated with light

ning discharges

0000 ™ooo3oooo30000th0000Y4h,0000tY00o000O0aO?2
Yuji Takayanagi*, Manabu Akitd, Yoshitaka Nakamura Satoru Yoshidh Takeshi Morimotd, Tomoo Ushid, Zen-Ichiro
Kawasaki

l0po00,200000000000000000,3000000000000
lOsaka Univ.2E-JUST,Osaka Univ3Osaka Univ., JSPS

We have been designing and developing a new type of a 3D lightning location system based on broadband digital interferom
etry in VLF/LF bands. The VLF/LF interferometer consists of four or more observation stations which detect electromagnetic
(EM) waves in a wide frequency range from 1kHz to 150 kHz associated with lightning discharges. Since EM waves in VLF/LF
radiated by lightning discharges propagate a long distance, the VLF/LF interferometer locates lightning discharges a few hundre
kilometers away from the VLF/LF interferometer. During the summer season in 2009, we had conducted lightning observation
campaign with a use of a prototype of the VLF/LF interferometer, which consisted of four stations in Darwin, Australia, to vali-
date the system.

The observation results are compared with the observations of VHF interferometers which enable us to visualize leader de
velopments associated with lightning discharges. The VLF/LF interferometer mainly located EM waves associated with return
strokes, K events, and compact intracloud lightning discharges (CIDs), which are energetic breakdowns within thunderclouds
The upper figure shows the time series variation of lightning discharges in 3D location, (a) heights obtained from the VLF/LF
band interferometer, (b), (c) 2D mapping which coordinate system uses elevation and azimuth obtained from VHF band interfer
ometer, and (d) E-field change.

The VLF/LF radiation sources associated with the return strokes are located near the ground surface. The recoil streame
in K-events and the CID are located near the 5-8 km and 13-16 km in altitudes, respectively. The clear difference of VLF/LF
radiation source altitudes is applicable to decide effective criterion whether cloud to ground discharges or cloud discharges. |
addition, we succeed in locating K-events that involved pulse bursts, although it was difficult for other VLF/LF location system
to locate them.
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A statistical study on the AGW modulations in subionospheric VLF/LF propagation data
A statistical study on the AGW modulations in subionospheric VLF/LF propagation data
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Though there have been several papers suggesting the important role of atmospheric gravity waves (AGWS) in the generatic
mechanism of seismo-ionospheric perturbations, no reports have appeared on the statistical study of the AGW effect. Based
the data over nine years and for many propagation paths in and around Japan, this paper presents the first statistical result on
role of AGW in seismo-ionospheric effects. The conclusion by means of superimposed epoch analysis is that the AGW modula
tion (fluctuation) is rather enhanced about 10 days only for shallow (degibkm) earthquakes, but its significance level is just
close to the conventional 2sigma (sigma: standard deviation) level. So that, we can conceive that the AGW channel is the mo:
dominant hypothesis for seismo- ionospheric perturbations, but an alternative channel such as chemical (+ electric field) chann
is also operative either simultaneously for an EQ or may be dominant for a small number of earthquakes.

Keywords: VLF/LF subionospheric propagation, earthquakes, seismo-ionospheric perturbation, AGW modulation
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Recent studies have shown that there were precursory electromagnetic signals observed on the ground and in space associ
with large earthquakes. The major question, still widely debated in the scientific community is whether such signals systemati
cally precede major earthquakes. To address this problem we have started to validate the anomalous ionospheric signals duri
the occurrence of large earthquakes. In this paper, we examine pre-earthquake ionospheric anomalies in time series and perfc
a statistical test by using total electron content (TEC) derived from global ionosphere maps (GIM) around the Japan area for th
first time. The normalized GIM-TEC (GIM-TE£}, which is computed based on 15 days backward running mean of GIM-TEC,
have been investigated for minimizing possible confounding effects of consecutive earthquakes and identify the abnormal sig
nals. Meanwhile, to reduce the effect of strong geomagnetic activities such as geomagnetic storms, a criterion for removing th
GIM-TEC data have been adapted; that is Dst index exceeds -60nT. Temporal variations of GiMef EX@ye and destructive
earthquakes in Japan have been studied; which are the 2004 mid-Niigata Prefecture Earthquake (M6.8), the 2007 offshore mi
Niigata Earthquake (M6.8), and so on. Although there are some positive and negative TEC anomalies before and after the fol
earthquakes, there is a tendency that positive TEC anomalies appear 1-5 days before all the above earthquakes even in the q
geomagnetic condition. Superposed epoch analysis has been performed for statistical analysis of TEC anomalies associated w
M ? 6.0 Earthquakes during the 12-year period of May 1998 ? May 2010. The statistical result indicates the significance of the
positive TEC anomalies 1?75 days before earthquakes within 1000 km from the epicenter around Japan.

Keywords: lonospheric anomalies, Earthquake, GIM-TEC, Statistical analysis, case study
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Statistical analysis of the ULF magnetic field data linked to Izu Island earthquake swarm.
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There have been many reports on ULF magnetic anomalies in relation with local powerful seismic activities. Most previous
works have been dealt with seismo-ULF signatures based on the physical principle such as fractal and polarization analyse
whilst there are only few works based on the statistical analysis. In this paper, we aim at extracting the properties of seismo-ULI
signatures and to address their physical mechanisms by using the statistical analysis. The statistical properties (i.e. cumulati
probability distribution function) are calculated by using each half-hour period in a number of frequency band ranging from
1mHz to 2Hz for the time period of about three years around Izu Island earthquake swarm (the year of the quake, one year befo
and after the quake). As a result, the remarkable change in the shape of cumulative probability distribution starts about one mon
before the swarm particularly at the frequency band of 6.7mHz to 0.01Hz. After the swarm, the distribution returns to the original
distribution, For other two years (before and after the swarm), the cumulative probability distribution does not show systematic
dependence as is seen for the year of the swarm, which indicates that the observed changes of the distribution is due to the swal
Keywords: ULF, earthquake, statistical analysis, seismo electromagnetics
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Statistical study of the ionospheric perturbation observed by low-altitude satellite
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Using electric field power observed on board DEMETER satellite, we have performed the statistical analysis of the local ELF
electric field enhancement located at the side of the equatorial anomaly crest for the time period of one year (Jan.1 to Dec. 3:
2005). Among 7576 half orbits during a year, 363 half orbits contain the local electric field bursts corresponding to the iono-
spheric perturbation and their peak electric field intensity are obtained. As a result distribution of the peak intensity is symmetrica
about the magnetic equator and increases with increasing the magnetic latitude. This latitudinal dependence of the peak intens
is much clearer in daytime than nighttime. Then we study the connection between ionospheric perturbation and powerful seismi
events (M>6) occurred over the orbits (within 15 deg in longitude) and before 10 days from the perturbed orbits. Although the
statistical error is relatively large, the median value of the peak intensity of the ionospheric burst events above land earthquake
is much larger than those for ocean earthquakes, which implies the lithosphere-atmosphere-ionosphere coupling due to the po
erful earthquakes.

Keywords: ionospheric pertubation, DEMETER, equatorial anomaly, earthquake
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