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Global Lightning and Sprite Measurements from International Space Station (GLIMS)
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The Global Lightning and sprite MeasurementS mission (GLIMS) to observe lightning and sprites from the International
Space Station (ISS) are introduced in this presentation. Lightning is an electrical discharge which neutralizes the charge insic
thunderstorm. In the early 1990s, optical transient luminous events (TLES) occurring just above the thunderstorm were firstly
reported by the US scientists and are associated with positive cloud-to-ground discharges with a large amount of charge. Thoug
the luminous events so-called sprite, elves and jets have been investigated by numerous researchers all over the world bas
mainly on the ground observations, some important problems have not been fully understood yet such as generation mechanisi
of columniform fine structure and horizontal offset of some sprites from the parent lightning discharges. In the JEM-GLIMS
mission, observations from our synchronized sensors are going to shed light on above-mentioned unsolved problems regardi
TLEs as well as causative lighting discharges. Our goals are (1) to detect and locate lightning and sprite within storm scale res
olution over a large region of the Earth’s surface along the orbital track of the ISS without any bias, (2) to clarify the generation
mechanism of sprite, and (3) to identify the occurrence conditions of TLESs.
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Science Instruments Onboard JEM-GLIMS
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In order to study the occurrence characteristics, spatial distributions, and occurrence conditions of Transient Luminous Event
(TLES), lightning and TLE observations hamed JEM-GLIMS (Global Lightning and sprite MeasurementS on JEM-EF), which
will be carried out at Exposed Facility of Japanese Experiment Module (JEM-EF) of International Space Station (ISS), will start
this year. In this mission two kinds of optical instruments and two sets of radio receivers are employed and installed into the
Multi mission Consolidated Equipment (MCE), which is the bus system and will be installed at JEM-EF. The optical instruments
consist of two wide FOV CMOS cameras (LSI) and six-channel spectrophotometer (PH). These optical instruments are pointe
to the nadir direction. LSI uses a STAR-250 CMOS device as a detector, which has 512x512 pixels and 25x25 um pixel size
and has 28.3x28.3 deg. FOV. LSI-1 equips a wide band optical filter (766-832 nm) and mainly measures lightning emission
while LSI-2 equips a narrowband optical filter (762+/-7 nm) and mainly measures TLE emission. Five of six PH channels have
42.7 deg. FOV and use photomultiplier tube (PMT) as a photon detector. They equip band-pass filters (150-280 nm, 316+/-5 nn
337+/-5 nm, 392+/-5 nm, and 762+/-5 nm) for the absolute intensity measurement of the TLE emission. One of six photometer:
equips a wide-band filter (600-900 nm) to detect lightning occurring within 86.8 deg. FOV. These output signals will be recorded
with the sampling frequency of 20 kHz with a 12-bit resolution. In order to detect whistler wave in the VLF range excited by
lightning discharges, one VLF receiver (VLFR) isinstalled. VLFR consists of a 15cm monopole antenna directing nadir direction
and attached at the base plate of MCE and consists of a VLF receiver that records waveform data with a sampling frequenc
of 100kHz with 14-bit resolution. VHF interferometer (VITF) that measures VHF pulses emitted by lightning discharges is
installed. VITF consists of two patch-type antennas installed at the base plate of MCE and separated by 1.5m and of one receiv
which records pulse data with a sampling frequency of 200MHz with 8-bit resolution. JEM-GIMS will be launched this year by
HTV carrier cargo for ISS. In 2010 all the fabrications of GLIMS instruments and the environmental tests were completed. In
2011 all the function check tests and system environment tests were also finished. Now, MCE was delivered to the launch sit
in order to install MCE into HTV and to construct the rocket system. We will present the detailed specification and functions of
JEM-GLISM instruments and discuss the expected science outputs derived from this mission.
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VHF Lightning Observations on JEM-GLIMS Mission
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Global Lightning and sprite MeaSuremints (GLIMS) mission is scheduled on Exposed Facility of Japanese Experiment Mod-
ule (JEM-EF) of the International Space Station (ISS). This paper introduced an electromagnetic (EM) payload of JEM-GLIMS
mission, VHF broadband digital InTerFerometer (VITF) as well as our gradual approach to realize space-borne lightning moni-
toring by means of EM observations.

To realize a space-borne VHF broadband Digital InTerFerometer (DITF), Lightning Research Group of Osaka University
(LRG-OU) intends to have gradual approach for the development. As the first step, LRG-OU has installed Broadband Measure
ment of Waveform for VHF Lightning Impulses (VHF sensor) on Maido-1 satellite to examine the feasibility of the space-borne
DITF receiving VHF lightning impulses in space. VHF sensor comprises a system to record VHF broadband EM signals. Maido-1
satellite had been launched successfully and operated for 9 months in 2009. VHF sensor conducts 153 sets of lighting observ
tions around the world, and provides its function in space. The results show the clear distinction between over land and ocean :
well as the regional dependency in the feature of obtained VHF waveforms.

As the next step JEM-GLIMS mission is ongoing to observe global distributions of lightning and lightning-associated tran-
sient luminous events (TLES) by combining radio and optical sensors. The simplest DITF, witch consists of a pair of VHF
broadband antennas and electronics to record EM waveforms from lightning discharges is installed. It is designed to estimate tt
direction-of-arrival with about 10 km resolution that is equivalent to the scale of a thundercloud. It means that VITF is able to
monitor thunderclouds with lightning activities globally. Comprehensive observations with the optical payloads of JEM-GLIMS
for lightning activities and related TLEs are expected to give us many scientific impacts. The developments of VITF are basec
on the heritage of VHF sensor on Maido-1 satellite.

After the designing and manufacturing, various environmental tests such as vibration, impact and thermal vacuum tests wet
conducted as well as electrical tests. It is developed on the heritage of VHF sensor on Maido-1 satellite and is scheduled to ste
observations in 2012. It is the first platform to realize the simplest DITF and synchronous observations with optical sensors.
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Measurement of Sprites and Elves from JEM-GLIMS and mountain-based observations
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We introduce our plan to investigate Sprites and Elves observed from JEM-GLIMS and two mountains in Japan. Our target i
to observe the sprites and other related phenomena such as blue jet during the summer thunderstorm. In the ground observati
we will install several instruments at the top of the Mt. Fuji and Mt. Norikura. In addition, we compare the data of the ground-
based observation with that of the JEM-GLIMS.
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TARANIS: a satellite project for the study of transient energy transfers between atmo-
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Sprites, jets and elves called Transient Luminous Events (TLE), observed in the middle and upper atmosphere above thul
derstorms, are the manifestation of intense energy exchanges between the troposphere, stratosphere and mesosphere. Diffe
types of luminous emissions have been identified by ground based observations, showing the complexity of these phenomer
Other, possibly related, transient emissions in the Earth atmosphere include high energy electrons, radio emissions in a broad ft
guency range from ELF up to VHF, luminous emissions in FUV, X-gamma ray emissions called Terrestrial Gamma-ray Flashes
(TGF) with energies which could reach 100 Mev. The purpose of the satellite TARANIS (Tool for the Analysis of RAdiations
from lightNIngs and Sprites) is to study simultaneously these emissions above the thunderstorm areas with complementary ir
struments including: micro cameras and photometers, X-ray and gamma-ray detectors, high energetic electrons spectromete
electric and magnetic sensors. The orbit will be quasi-polar sun-synchronous at 700 km altitude. Data of "event” and "survey”
modes will be stored on a mass memory of 16 Gbits and transmitted to the ground by X band telemetry link. TARANIS, presently
in construction phase, is scheduled to be launched by the end of 2015.The presentation will describe the instrumentation and r
view the new challenges opened by the most recent observations related to these phenomena. It will also discuss the possibiliti
opened by the synergy with the other space missions GLIMS and ASIM.
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The global rate of sprites occurring in the mesosphere following positive cloud-to-ground lightning flashes was estimated from
the ISUAL satellite data to be "0.5 per minute (Chen et al., 2008). During the summer 2011, in the framework of the "Cosmic
Shore” project, we conducted a concentrated attempt to image sprites from the ISS, by directing the astronaut on-board. Tt
methodology for target selection was based on that developed for the space shuttle MEIDEX sprite during the Columbia missio
STS-107 (Ziv et al., 2004). Different types of convective systems generate thunderstorms which differ in their effectiveness for
sprite production (Lyons et al., 2009); thus, we had to evaluate the ability of the predicted storms to produce sprites. We use
the Aviation Weather Center (http://aviationweather.gov) daily significant weather forecast maps (SIGWX) to select regions with
high probability for convective storms and lightning such that they were within the camera filed-of-view as deduced from the ISS
trajectory and distance to the limb. In order to enhance the chance for success, only storms with predicted "Frequent Cb” an
cloud tops above 45 Kft ("14 km) were selected. Additionally, we targeted tropical storms and hurricanes over the oceans. Thi
accuracy of the forecast method enabled obtaining the first-ever HDTV color images of sprites from space. We will report the
observations showing various types of sprites in many different geographical locations, and correlated parent lightning propertie
derived from ELF and global and local lightning location networks (WWLLN).

Chen, A. B., etal. (2008), Global distributions and occurrence rates of transient luminous events, J. Geophys. Res., 113,A083C
doi:10.1029/2008JA013101

Lyons, W. A, et al. (2009), The meteorological and electrical structure of TLE-producing convective storms. In: Betz et al.
(eds.): Lighting: principles instruments and applications, Springer-Science + Business Media B.V..

Ziv, B., Y. Yair, K. Pressman and M. Fullekrug, (2004), Verification of the Aviation Center global forecasts of Mesoscale
Convective Systems. Jour. App. Meteor., 43, 720-726.
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Multi-color photometric observation of cloud-to-ground and intra-cloud lightning from
space
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This study aims at evaluating the effectiveness of spectrophotometric measurement from space in characterizing the properti
of lightning flash. The multicolor photometric data obtained by FORMOSAT-2/ISUAL were analyzed in both of cloud-to-ground
(CG) and intra-cloud (IC) lightning events identified by Duke RF measurement, National Lightning Detection Network (NLDN),
North Alabama Lightning Mapping Array (LMA). The ISUAL data suggested that, while the optical color of CG strokes tends
to be red, the color of IC pulses tends to be unchanged or blue. These tendencies were found consistently in about 90 % of -
lightning events analyzed so far. Furthermore, in one event which was simultaneously observed by ISUAL and LMA, the color of
lightning was found to slowly change to red as the source altitude gradually decreased. These results consistently suggest that |
color of CG component is more red than that of IC component, and we explain this as a result of more effective Rayleigh scatterin
in blue light emission coming from lower-altitude light source. This finding suggests that spaceborne spectral measurement coul
be a new useful technique to for the first time discriminate CG and IC flashes on a global level.
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The sprite emission is characterized by a vertically extending fine structure (called as carrot and column) in the altitude rang
from 40 to 90 km. The sprite has been measured by ground-based instruments, and there is no monochromatic imaging data frc
space. A satellite observation is useful to investigate the global distributions of sprite since an optical instrument on a satellite
can measure the sprite in the wide range without atmospheric absorption.

The multi-spectral camera (MAC) on Reimei has taken the monochromatic images at 428 nm, 558 nm, and 670 nm with ar
exposure time of 957 ms in the limb direction at middle and low-latitudes from March 2008. The spatial resolution at a tangential
point is ?4 km. According to the noon-midnight sun-synchronous orbit of Reimei at an altitude of 27640 km, the observation is
made around the midnight sector.

We found several sprites events at a wavelength of N2 1P (670 nm). For three events among them, the simultaneous obsen
tions between N2+ 1N (428nm) and N2 1P were performed. The electron temperature associated with a sprite can be estimat
from the intensity ratio between emission of N2+ 1N and that of N2 1P. However, it is rather difficult to identify the N2+ 1N
for these three events due to the low sensitivity of 428 nm channel of MAC. The N2+ 1N intensities of sprites are estimated to
be less than 92 - 188 R, while N2 1P intensities of sprites are 10 ? 12.5 kR. Therefore, we estimated the upper limit of electro
temperature from these data. As a result, the upper limits of the electron temperatures are 5.5 ? 6.7 eV, and the upper limits of tl
electric field intensities are 141 ? 209 Td. The altitude of sprite emission is accurately determined with the satellite attitude dat:
and the field-of-view of MAC. In this presentation, we will report precise estimation result of the temperatures and electric fields
associated with sprites using the MSIS model.
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The World Wide Lightning Location Network (WWLLN) has been enhanced to allow for the measurement of the waveguide
propagated very low frequency power radiated for each detected stroke. This allows for the 60 station network to measure th
stroke power to a 17% uncertainty alongside the location and timing accuracies of “10 ka3@umnaicro-s. The Earth Networks
Total Lightning Network (ENTLN) is a total lightning network utilizing 550 wide-band sensors (1 Hz to 12 MHz) in North
America (in 2011) allowing for a nearly 95% detection efficiency over the continental United States of CG strokes and 66%
for IC strokes. ENTLN also determines the peak current of the detected strokes. The WWLLN is compared to the ENTLN to
determine the absolute detection efficiency over the continental United States as well as investigate the relation between tt
ENTLN peak current and the WWLLN radiated power per stroke measurements over several spatial and temporal scales.

The comparison between the two networks is utilized as a validation of a recently developed relative detection efficiency
model of WWLLN. Through investigating the relationship between stroke power, peak current, and relative detection efficiency
the model is expanded to provide estimates of absolute detection efficiency outside the bounds of the direct comparison. Tt
expansion of the new model allows for WWLLN to correct for both uneven global coverage and undetected strokes, the correcte
data enables an estimation of the global lightning source function over several time scales ranging from hourly to monthly. The
longer time scale results are compared to previous seasonal and yearly estimates of the source function and with yearly satell
averages.
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Relationship between the charge moment change of parent CG and the duration of sprite

light emission

0o oo ™*oooohoooobhoooohLooolhoooo!lL,NHKOOOOOOO0O0O0O0O 2, H. Stenbaek-
Nielserf, M. McHarg!, R. Haaland, Takeshi Kanmag S. Cummet, Yoav Yair’, W. Lyons'

KUDO, Takeshi*, Takahashi Yukihird, Mitsuteru Saté, Taishi Yamada, Nui Kobayashi, Yusuke Sanmiyg NHK Cosmic
Shore Projeét H. Stenbaek-NielsénM. McHarg!, R. Haaland, Takeshi Kammag S. Cummet, Yoav Yair’, W. Lyons®

l0opoo0oO0o0o000,?2000000,3000000,40000000000,°000000000,%0000
00,7000000,3%FMA Research

'Hokkaido University,2Japan Broadcasting Corporatiotyniv. of Alaska, Fairbanks*US Airforce Academy,’Fort Lewis
College,’Duke University,’Open University>FMA Research

In the period of a combined aircraft and ground-based campaign supported by NHK Cosmic Shore project, June 27 to Jul
10, 2011, an airborne high-speed camera captured over 60 TLE events at a frame rate of 8000 /sec or 10000 /sec. In additic
we make use of waveform data recorded by the global ELF observation network, (GEON), operated continuously by Hokkaidc
University. Based on ELF waveform data, we can estimate charge moment changes (CMCs). Using GEON and NLDN data
relationship between the charge moment change / the peak current and the duration of sprites light emission was examined
detail. It is found that there exists a good correlation between the charge moment change of parent CG and the decay time of tl
sprites light-curve with R270.72.
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Relationship between structures of sprite streamers and inhomogeneity of preceding h
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Transient Luminous Events (TLES) in the stratosphere, mesosphere and lower thermosphere is phenomena of high time res
lution associated with lightning. The diffuse glows such as elves and sprite halos progresses first and discrete structure of spri
streamers progresses next. Elves and sprite halos are considered to have a relationship with structure of sprite streamers. The
fore, spatial distribution and time evolution of these phenomena is key parameters of the condition of generation and mechanisi
of TLEs.

In the period of June 27 - July 10, 2011, aircraft and ground-based campaign in support of NHK Cosmic Shore project was
carried out under collaboration between NHK, Japan Broadcasting Corporation, and universities. Two aircrafts carried the high
speed camera, and observed the TLEs.

The observation from an aircraft makes it possible to capture TLEs without influence of atmospheric absorption, and detailec
structures of TLEs over 40 events was able to observe with the high-speed camera with frame rate of 8300 /sec.

In the TLEs observed by the campaign, sprite streamers and sprite halos are always showing some inhomogeneity, and
seemed that sprite streamers is clearly related to inhomogeneity of sprite halos. At this presentation, we will show the relation
ship between inhomogeneity of halo and sprite streamers with these velocities of progress estimated from the high-speed image

gooob:opbob,0buoo,0boob,0bbobobooboo
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Operation Plan and Data Processing System of JEM-GLIMS Mission
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In order to study the occurrence conditions and generation mechanisms of Transient Luminous Events (TLES), lightning
and TLE observations named JEM-GLIMS (Global Lightning and sprite MeasurementS on JEM-EF) will start this year. JEM-
GLIMS instruments will be launched by H-IIB rocket with HTV carrier and installed at Exposed Facility of Japanese Experiment
Module (JEM-EF) of International Space Station (ISS). In this mission two kinds of optical instruments and two sets of radio
receivers are employed. After the installation, JEM-GLIMS instruments will be checked their health during the initial operation
phase, which is planned to take a few months. After the initial operation, nhominal operation phase will start. In this nominal
operation, JEM-GLIMS instruments will be operated by TLE mode mainly, which is the observation mode of lightning and TLEs
when ISS located night-side. All science data acquired by optical and electromagnetic instruments are continuously transmitte
to the ground with a 5.8 kbps telemetry speed, which enables to obtain 53 optically transient events. All these level-0 data ar
stored in JAXA data server and transmitted to ISAS/JAXA data processing system. After these level-0 data are converted int
level-1 data, they will be distributed to the JEM-GLIMS mission members. We will present the mission schedule, operation
mode and data processing system more in detail at the presentation.
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Three-dimensional Structure of Sprite Streamers by Aircraft observation
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The spatial distributions and the three-dimensional structures of sprite streamers are the key parameters to reveal the occurrer
conditions and the development mechanisms of them. However the three-dimensional structures of sprite streamers have ne
been identified, because it is difficult to capture images from multiple ground-based observation sites simultaneously. Moreove
since the time constant of sprite emissions is about a few milliseconds, it is difficult to capture detailed spatial and time evolution
of sprite streamer without using high- speed cameras.

In this study, we study the characteristic of the spatial and time evolution of sprite streamers, especially three-dimensiona
structures which have never been revealed, by analyzing the data of sprite images observed by high-speed cameras from
aircraft.

On November 28 and December 3, 2010 in winter Japan, we have carried out optical observations using a high-speed came
and a high-vision CCD camera from a jet aircraft under collaboration between Japan Broadcasting Corporation (NHK) and
Hokkaido University. Using the high-speed camera, it is possible to capture images with a sampling rate of 8,300 frames pe
second (fps). Using the high-vision CCD camera, it is possible to capture true color images of sprites with a sampling rate of 3(
fps. During the two observation flights, we have succeeded to capture 28 sprite events. We have analyzed a columniform spri
observed at 13:12:35UT on November 28, 2010 and revealed the spatial and time evolution of the sprite streamers. This spri
consists of 4 distinct sprite elements. Each element begins as a bead between 66 and 78 km altitude and moved downward witt
speed of 0.8x101.1x10 m/s and a remnant emission stayed at the region where the bead passed through. The altitudes of uppe
and lower edge of columns are estimated to be 85-90 km and 65-70 km, respectively. It is found that these results are comparak
with previous results derived from the sprite observations in North America.

On the other hand, we have carried out simultaneous optical observations using the high-speed cameras and high-visic
cameras and WATEC CCD cameras from two jet aircrafts in summer US. In the period of June 27-July 10, 2011, aircraft
observations were conducted in 8 nights totally, and succeeded to capture sprite images for over 40 events by the high-spe
cameras in each aircraft simultaneously. Using these images, we have performed triangulation analysis for two sprite even
observed at 05:20:49UT on July 3, 2011 and at 08:54:13UT on July 5, 2011, and estimated the spatial distributions. It was foun
that sprites were occurred with a horizontal shift from the location of the parent CG discharge with distance from 60 to 80 km.
This result may suggest that there are certain occurrence conditions produced by not only a vertical current of the parent Ct
discharge but also other factors such as horizontal lightning currents, atmospheric gravity waves and micro meteors. We als
studied a columniform sprite with upward streamers observed at 05:20:49UT from July 3, 2011 and performed triangulatec
analysis to identify the three-dimensional structures. It was found that upward streamers grew radially from a bottom part of the
downward streamer. It was also found that the altitudes of upper and lower edge of upward streamers are 76-78 km and 72-7
km, respectively, and that diameter and the velocity of the upward streamers are about 0.3 km arfd-5.6x10 m/s. On the
other hand, the altitude of upper and lower edge of downward streamer is estimated to be 81 km and 71 km, respectively. Th
diameter and the velocity of downward streamer were estimated to be about 0.7 km and mxI@spectively.

At the presentation, we will show the characteristic of the spatial and time evolution of sprite streamers observed in winter
Japan and in summer US more in detail.
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