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International Activities of Science Council of Japan (TBD)
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International activities of Science Council of Japan will be reviewed and discussed, including Future Earth, ICSU-WDS, and

CODATA etc. (TBD)
Keywords: Future Earth, ICSU-WDS, GEOSS
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Global Data Framework and Japanese Contribution
Global Data Framework and Japanese Contribution
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I'National Institute of Information and Communicatoins Technology

Open data is not only the subject discussed in the last G8 meeting 2013, but also can be a wide-spread argument and c
become substantially important factor in conducting science. Of course we cannot make all the research data publicly ope
immediately after its creation. But also data and paper are important in the modern science scheme, for validating results c
a scientific research, e.g., its reproduction or statistical significance particularly in fields such as physics, earth science, or s
Recently there are found scientific results in certain percentage of original papers which are not necessarily reproducible in lif
science fields. Today’s society has increasingly big concern with climate change and huge earthquake etc., where scientif
research may directly affect real worlds like political and people’s decision making. Validation of scientific papers is important
since it may affect mutual trust between science and society. Here electronic data which can be linked to scientific papers i
data citation scheme, are part of evidence of our scientific truth. In comparison to the history for a couple of hundred year of
the printing culture in scholarly communications, the modern technology like Internet, hard disk drives, etc., have only the tens-
of-years history. Human beings are now challenging this new system of electronic way to conduct science with society, seekin
the right strategy for management of scholarly information. International data management activity like ICSU-WDS from the
academic side, and RDA related to governmental arrangement are part of such big challenges of the international communit
Furthermore Future Earth, the international 10-year transdisciplinary research programme are promoted by ICSU, UN bodie:
Belmont Forum, etc. for future of the planetary earth and human beings, where ICSU-WDS and CODATA are required to suppor
Future Earth’s international scientific data management. We need careful discussions to promote those activities, but with a brigl
hope for the human society who has the indispensable intellectual infrastructure called "science”.

Keywords: Scientific data, World Data System, open data, data management, data science, geophysics
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The ICSU World Data System: Trusted Data Services for Global Science
The ICSU World Data System: Trusted Data Services for Global Science
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EDMUNDS, Rorié* ; MOKRANE, Mustapha

1ICSU-World Data System International Programme Office
1ICSU-World Data System International Programme Office

This presentation will give a brief overview of the current activities of the International Council for Science — World Data
System (ICSU-WDS). In particular, it will focus on ICSU-WDS’ close involvement in the new Future Earth initiative and the
Belmont Forum e-Infrastructure Steering Committee. It will also highlight joint projects between ICSU-WDS and the Research
Data Alliance.

Keywords: ICSU-WDS, trusted data, long-term preservation, interoperability
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Issues and Agenda toward Data Era
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Issues and agenda toward "Data Era” will be dicsussed.

F—T— R HARHNG 2, 7— X, CODATA
Keywords: Science Council of Japan, data, CODATA
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Importance of Future Earth in Asia
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Keywords: Global Environmental Change, Asia, Future Earth
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Integrated Data System on Climate, Water and Disaster Risk Reduction
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1School of Engineering, The University of Tokyo
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F—T— B HEREH, KGR, SUBAHE), K, 7— 2 E
Keywords: Earth Observation, Water Cycle, Climate Change, Disaster Risk Reduction, Data Integration
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Synergetic approach of bottom-up/top-down studies on CO2 and CH4 emissions fromn
biomass burning and rice paddy in East A
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LAtmosphere and Ocean Research Institute, The University of Tdkystjtute of Industrial Science, The University of Tokyo,
3Center for Environmental Remote Sensing, Chiba Univer$&glar-Terrestrial Environment Laboratory, Nagoya University,
5Nara Women’s University

There has been still a large discrepancy in estimations between bottom-up and top-down approaches for botissigns
from biomass burning and CH4 from rice paddy in East Asia. The purpose of this study is to update the emission inventory
databases as to be more consistent between these two approaches through a synergetic usage of satellite data, ground-b:
remote sensing measurements, and in situ data. The most important parameter to estimate tetais€ions from biomass
burning is the biomass amount of the forests. In this study the amount is estimated based on the normalized vegetation inde
(NDVI) observed by satellites and, G@missions from burning area are estimated by multiplying the fire strength evaluated
from hot spot data with some auxiliary data such as soil moisture and groundwater level. As for the top-down apprgach, CO
concentration data observed from space are useful for constraining the inverse analysi®ofi€bn strength. The greenhouse
gas observing satellite (GOSAT) dedicated to observe atmosphes@@®DCH, concentrations was launched in 2009 and has
been operated for more than five years. The main band of its sensor can measure the colunc@rcéftration, however,
it cannot be directly converted into the concentration near the surface. One of our attempts is to develop a retrieval method t
estimate CQ concentration in the lower troposphere, particularly in the boundary layer, from a synergy of spectrum data in a
wide spectral range covering from short wavelength infrared to the thermal infrared. In order to validate this method we have
carried out CQ sonde observations around Tokyo city where GOSAT has been operated in a specific observation mode (targetin
mode) to obtain sufficient number of data over this area. Based on the validated results, this method will be applied to analyze th
data observed in biomass burning areas. One of our important targets is Kalimantan (Indonesia) where peat fire is the main CC
emission source. We started the ground-based measurement of columneni@®ntration using an optical spectrum analyzer
(OSA), and expect that these temporally continuous data would be effective for achieving the consistency between bottom-u
and top-down approaches. Also started are observations of columnacddientration using the same type of spectrometer in
Sichuan basin (China) and Karnal (India) where are identified as the extremely higboGekntration area based on the almost
decadal record of observations by SCIAMACHY and GOSAT. It is expected that the synergetic analysis of data from satellite
and ground-based measurements could contribute to make clear the cause of high concentratian tf&3H areas.

F—TU—F: ZEEREE, ARV, GOSAT, by TRy 7 Tu—F R LT v T 7 Ta—F ik E— oy
Keywords: carbon dioxide, methane, GOSAT, top down approach, bottom up approach, ground-based remote sensing
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Estimation of Ecological Function based on Biodiversity and Ecosystem Information

i ooe
ITO, Motomi'*

VEREURSE R S EER

LGraduate School of Arts and Sciences, University of Tokyo

JUV—= ey I—=0 «FT - 27X LA (GRENBD 7Yz 7 FOBREERITEO1DELT, HL3EMZ
FRPENG iR & ERER G RO LR ZH#ED TS, THEXTO I4EMT 50 FHELLEOY . 1 /L ok
e 77— 2 N—Z2{LL, FIHARRICE > TWd, TNEOMERZRNC, & £ ABEER> LR E®RZ A T,
RV TR AR HEE P, B2 B U 7e & D MO @O AR O RERIEHE T HEE D TRE L 75> T E Te, AR T
Z. TNEOEHIITH 2 HRMBUFROHEE . “RILERGRIGE, BHRIC X 2 1EY D2k — E A&7% EOHEERZ R L.
PR NN EMZ RN ERER D 62T B BETH S LR —E X | OHEEICHT 72l D #AZHSTT %o

F—U— R MBI, RN, LSRR, ERER T —E X, IPBES
Keywords: Biodiversity Informatics, Eco Informatics, Ecosystem Function, Ecosytem Services, IPBES
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Environmental Monitoring of Soil contaminated by Radiocaesium in litate Village using
FMS developed in GRENE project
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Keywords: decontamination, radiation, soil, monitoring, database, GRENE project
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Framework of Applications of Environmental Information for Realizing Resilient and
Sustainable National Land Design

PR B b5 B 22 2 SRR HERh L I Tk L ARk NEE] P SRR e 4 BRI 5 gk R TR AT 2 SRR
A b R #hAE O g AR

HAYASHI, Yoshitsugu* ; KATO, Takaak? ; SUZUKI, Yasuhird ; TANIKAWA, Hiroki ! ; SATO, Shinji ; SHIBASAKI,
Ryosuké ; TSUKAHARA, Kenich? ; KATO, Hirokazu' ; KAWAZOE, YoshiyukiZ ; SHIBAHARA, Naoki' ; AKIYAMA,
Yuki® ; KACHI, Noriyast?
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IGraduate School of Environmental Studies, Nagoya Univerdihstitute of Industrial Science, The University of Toyko,
3Graduate School of Engineering, The University of Toky@enter for Spatial Information Science, The University of Tokyo,
SFaculty of Engineering, Kyushu UniversiiEarth Observation Data Integration and Fusion Research Initiative, The University
of Tokyo

1. Introduction

This research project, GRENE-City, aims to construct a methodology to design and realize "resilient and sustainable natione
land” with mitigation and adaptation measures against vulnerabilities of national land and society. This "resilient” concept is
derived from an understanding of "natural providence”. The proposed system takes advantage of a broad range of informatio
includes disaster risk caused by meteorological phenomena and others from DIAS (Data Integration and Analysis System) by tf
Earth Observation Data Integration and Fusion Research Initiative (EDITORIA), the University of Tokyo. As such the system
will be developed as a "Progressive Integrated Database” based on various environmental information infrastructures provide
by DIAS. In addition, this project aims to cultivate experts who can construct and utilize this database in actual policy making
fields.

To achieve this goal, a re-design of national land and society for a reduplicative system in both normal and emergency situa
tions is necessary. Both a "safety and security” concept, which takes account of damage reduction, and a "sustainability” concej
which tackles low carbon, energy saving, and prevention of climate change, are needed in order to keep pace with the threats
predicted huge earthquakes and climate change.

2. Contents

Natural hazards caused by climate change, earthquakes and other disasters may be increasing, and could strike in the n
future our vulnerable society which is characterized by with declining birth rate and a growing proportion of elderly people,
population decline, urban sprawl and etc. Based on the common recognition on these problems, this research project sets out
construct a methodology to lead to safer peaceful mind and sustainable national land and society by using DIAS.

The system needs to use data on natural and social situations. The data on natural situations includes earthquakes, clim.
change and disasters. The data on social situations include population structure, economic conditions, infrastructure, and lai
use. Additionally, not only the present data, but also historical data, such as land use and infrastructure change, record of disg
ters, population structures, and other information, are collected. Therefore "four-dimensional GIS” will be constructed to allow
guantitative prediction and to evaluate policies considering historical faces, past place names, and other qualitative information

In consequence, the system will analyze the vulnerability of national land and society caused by social, geographical, an
other conditions, and natural variations and disaster risks. This system supports the examination of various policies, especiall
the effectiveness of "Smart shrink” which could stop urban sprawil.

3. Results and future works

1) Information archives

This project collected historical data on earthquakes, tsunamis, and other natural disasters from old documents and other r
sources. In particular, records of tsunami damages of the Great East Japan Earthquake are stored. A prototype Web-GIS
developed to show these photos and tsunami height with map information.

2) Analysis and design
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This project offers the evaluation of national land and cities with a view to safety, security, and sustainability. The system
introduces QOL (Quality of Life) indicators. Data about accessibility, amenity, and disaster vulnerability to calculate QOL in-
dicators are collected and added to the system. This will be utilized to illustrate conditions of residential amenity and disaste

vulnerability in each area of the national land.

3) Utilization and deployment
This evaluation system will be applied to case study cities and regions. The problems and demands of the system will als

be clarified. As a result, the system and database will be developed to accommodate requests from policy planning of city an
national land.

Keywords: resilient national land, sustainability, natural disaster, triple bottom line
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Population health and global data sciences in Grene Ecohealth project
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nstitute of Tropical Medicine, Nagasaki Universitgchool of International Health, Graduate School of Medicine, The Uni-
versity of Tokyo,?Graduate school of international health development, Nagasaki UnivéiRigearch institute for humanity
and nature?Savannakhet Provincial Health Department, the Lao People’s Democratic Republic

Age of global and big data has come. The amount of data explosively increase and the expectations of exploring such dat
and effective utilization of data analysis results go wide of the mark. We enjoyed somehow the benefits from the big data anal
ysis in daily life and some of the field in sciences; however, how can it be delivered to the health field, especially in areas or
regions where the data collection is difficult due to the luck of data collection system? In developed countries, we can have dat
related to health and it has been already used for improvement public health service system. Furthermore, it has been linked
environmental data to know the results from climate and environmental changes. But this is only limited to developing countries
and data or information from developing countries or regions, where the most vulnerable people from climate changes live an
no information exists even on population, is still lack in identifying and monitoring the real situation. To sort out such infor-
mation lack situation, the GRENEcoH project, a GRENE-Ecohealth project that is running under the GRENE-environmental
information program, has started data collection of population health in areas in the Lao People’s Democratic Republic using
up-to-date technology to collect and link individual data. The system called in general as Health and Demographic Surveillance
System (HDSS), which collect information about residents in the certain given areas for research. The HDSS programs are ru
in different areas and by different organization in African and Asian countries, however, in Japan; the HDSS is not paid enougt
attention. In this presentation, the introduction and the scientific and social values of HDSS and our technology will be presentec

F—U— R fFER L, ik, iR, EEYE
Keywords: developing countries, marginal areas, population health, infectious disease
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Development of DIAS Metadata System
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YOSHIKAWA, Masatoshi* ; SHIMIZU, Toshiyuki ; LI, Jiyi' ; NAKAHARA, Yoko® ; KINUTANI, Hiroko 2
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!Graduate School of Informatics, Kyoto Universitynstitute of Industrial Science, The University of Tokyo

We are developing a metadata system in the Data Integration and Analysis System (DIAS) project sponsored by Japan Ministt
of Education, Culture, Sports, Science and Technology. A major goal of the DIAS metadata system is to collect all metadata o
earth observation data produced under the projects sponsored by Japanese government. The DIAS metadata system is compr
of metadata registration system, metadata retrieval system, and download system.

Cooperation with other data centers is also an important goal of the DIAS metadata system. We have imported metadata frol
JAMSTEC (Japan Agency for Marine-Earth Science and Technology) data catalog and JaLTER (Japan Long Term Ecologica
Research Network) database, and supported integrated metadata search through the DIAS retrieval system. On the other ha
by exporting DIAS metadata, DIAS is now listed in the Earth Observation Catalogs of GEOSS Portal. We are developing a
metadata coordination system to make it possible more comprehensive exchange of metadata among data centers.

F—T— F HBRE T — &, X 27—
Keywords: earth observation data, metadata

1/1



J apan Geoscience Uni_on Meeting 2014 /0 d ’

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

U01-13 215419 FF:5 H 1 H 12:30-12:45

DIAS D R DAL « 85
Design and proposal of operational DIAS
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1Japan Agency for Marine-Earth Science and Technokiggpartment of Civil Engineering, School of Engineering, The Univer-
sity of Tokyo,?Earth Observation Research Center, Japan Aerospace Exploration Afjéatignal Institute for Environmental
Studies
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Activities of the Union Commission for Data and Information of the International Union
of Geodesy and Geophysics
Activities of the Union Commission for Data and Information of the International Union
of Geodesy and Geophysics

Fox Petel* ; Barton Charle%
FOX, Petet* ; BARTON, Charle$

'Rensselaer Polytechnic Institutéustralian National University
I'Rensselaer Polytechnic Institutéyustralian National University

The data and information activities of IUGG, International Union of Geodesy and Geophysics, will be introduced, from a

viewpoint of IUGG’s Union Commission for Data and Information.
Keywords: IUGG, Data and Information, eGY
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GRENE-etE I BRI EF TR i L T % HARD IR 77— 2 N — X LUIS ORFE
The Laud Use Information System (LUIS) Database which has been developed under th

GRENE-ei biodiversity area

MU DERZ e OKEIL SER 2 SRR T L B SR
NAKAJIMA, Hideaki'* ; HIMIYAMA, Yukio 2 ; SAIGUSA, Nobukd ; NOJIRI, Yukihiro'

U ENT BRI, 2 JCHREEE A B AL
INational Institute for Environmental Studi¢sjokkaido University of Education, Asahikawa Branch
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ARG RO CE EIEE, HHHK. SIS ZRL TV, FRIE, ENEREEIIZLAT O HiBREREE 7 — X
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F—T7— R F—2 =2, LRI, LUIS, HIFEK, GRID D < i
Keywords: database, land use, LUIS, topographical map, GRID-Tsukuba
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s 7 — % 77— 4147 (ADS)
Arctic Data archive System(ADS)

SRR A 1 R W 2
YABUKI, Hironori* ;: SUGIMURA, TakesHhi

LRI TE RS, 2 [E T Mt e
1Japan Agency for Marine-Earth Science and Technol®&iggtional Institute of Polar Research

Of all the regions on the planet, the Arctic currently shows the biggest rise in average temperature due to global warming
and is one of the regions expected to become most affected by climate change on the Earth in the future. The change in tt
Arctic area brings a profound impact to the global climate system through changes in interactions between the atmosphere, oce
circulation, and the cryosphere. These climate changes not only impact upon human activities, but also the Arctic flora and faun
ecosystem.

Large parts of the observations and mechanisms of the environmental change, including the climate of the Arctic region, ar
still not well understood. In order to further our understanding of these complex systems, an integrated study carried out witl
continuous observations in the Arctic is proposed. In the Arctic Environmental Observation Center in the National Institute of
Polar Research, operations began on the Arctic Data archive System (ADS) in March 2012, in order to promote the mutual us
of scientific data.

The purpose of the Arctic Data archive System is to archive and distribute multiple observational (atmosphere, ocean, terres
trial, and ecology) and model simulation datasets, and promote utilization of these datasets. ADS is the central repository o
archived data on Arctic research in Japan.

F—U— R bk, BT, RiE(E, ADS
Keywords: Arctic, Environment, Global Warming, ADS
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JAXA OHUBREIHIT— X1 X % HIEBRE B R 2T 7S\ D Bk _
JAXA's contributions for Earth and Planetary research using earth observation data

fARH fifl 1
FUKUDA, Toru'

L i e pa R B ER L 2 2 > 2 —
LEarth Observation Research Center, JAXA

JAXA's earth observation satellites play an important role in providing essential information for Earth science and applications
regarding global warming, climate change, water cycle change, agriculture, public health and disaster management.

JAXA have been operating Greenhouse gas Observing SATellite (GOSAT), and Global Change Observation Mission-Wate
1 (GCOM-W1) successfully. These satellites are collecting geophysical data of the earth’s surfaces and atmosphere those &
important for the earth and planetary researches.

In addition to those ongoing earth observation satellite missions, new satellites will be added to the line.

One is GPM (Global Precipitation Measurement), the successor of TRMM focusing to measure precipitation. Another one is
ALOS-2 (Advanced Land Observing Satellite) carrying an L-band synthetic aperture radar. Those new generation satellites wil
contribute to observe disaster, earth resources, climate change, water cycle, etc.

JAXA will make continuous efforts to create and provide satellite-based information for not only scientists but also decision
makers and stakeholders in order to contribute to solving global and regional issues. In order to make such information usefu
close collaboration with various players in various sectors is essential.

Keywords: GCOM, ALOS, GPM, TRMM, GOSAT
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IUGONET project and its products for multidisciplinary study on upper atmospheric
physics
IUGONET project and its products for multidisciplinary study on upper atmospheric
physics

B[ B w] 1 A E R 25 Nl 23 b BE 4 9 A 5 LR IS Mk BRI e UK 2T i
A 2

ABE, Shujit* ; YATAGAI, Akiyo 2 ; KOYAMA, Yukinobu?® ; TANAKA, Yoshimasd ; SHINBORI, AtsukP ; UENO, Satorf ;
UMEMURA, Norio? ; SATO, Yukd ; YAGI, Manabu ; HORI, Tomoak?

LIUNRY: EBRFHHRGRY: « BEL > 2 —, 2 Bl ER KR EREREIIZET, 3 BB AR AR A e R g5
SRR & > 22—, 4 ENIBUIEZET, 5 SRR BIRZET, O SR A AR B A S R R S, 7 SRR
HAER RS T XY - R&tgit >y 22—

lIinternational Center for Space Weather Science and Education, Kyushu ¥8wlgr Terrestrial Environment Laboratory,
Nagoya Univ.,?Data Analysis Center for Geomagnetism and Space Magnetism Graduate School of Science, Kyoto Univ.,
“National Institute of Polar ResearctResearch Institute for Sustainable Humanosphere, Kyoto Uiiwasan & Hida Ob-
servatories, School of Science, Kyoto UnfiPlanetary Plasma and Atmospheric Research Center, Graduate School of Science,
Tohoku Univ.

In order to investigate the mechanism of long-term variations in the upper atmosphere, it is crucially important to make cross-
cutting studies with various kinds of data observed between Sun and Earth region. Thus, it is needed to combine databas
which maintained by each institute and to accelerate to make data-sharing network in the STP community. The IUGONET
(Inter-university Upper atmosphere Global Observation NETwork) project was established in 2009 as a six-year research proje
supported from the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan. It consists of the five
Japanese universities and institutes (NIPR, Tohoku University, Nagoya University, Kyoto University, and Kyushu University,
that have been leading ground-based observations of the upper atmosphere for decades), and collaborates with many dom
tic (for example, the National Institute of Information and Communications Technology (NICT), the National Astronomical
Observatory of Japan (NAOJ), and the Kakioka magnetometer observatory, Japan Meteorological Agency) and overseas ins
tutes/projects (for example, ESPAS in EU). One of our products in the IUGONET data management framework is developing
systems for searching metadata of these observational data, and the metadata database (MDB). In the STP community, there
various kinds of archived data observed by many instruments, for example radars, magnetometers, photometers, radio telescop
helioscopes, and so on. The IUGONET MDB is based on DSpace as a metadata registering system, which is mainly used
literature management. It also adopts an extension of the SPASE data model as a metadata format, which is widely used in tl
upper atmospheric community in USA. As a result, this system can deal with all kind of data belonging to IUGONET institutes,
including cosmic ray, meteorological information observed by automatic weather station, etc. The system can also get flexibility
to other type of data including the satellites and the numerical simulation which are used in the STP community. It is one of
our challenges to apply the IUGONET system to many kinds of data in other communities. This MDB system is in operation
since 2011 with over 10 million metadata. Other challenge of the IUGONET is developing software which can use for scientific
research and publication. The iUgonet Data Analysis Software (UDAS) is a plug-in software of Themis Data Analysis Software
(TDAS), which is upgraded to Space Physics Environment Data Analysis System (SPEDAS). The UDAS provides many routines
for loading the ground-based observational data from various types of instruments, and performing scientific data analysis. Thi
platform made it easier for STP community to analyze a various kind of data in a unified way. The IUGONET project will be
closed at the end of fiscal year 2014. In this presentation, we will introduce the achievements and problems of our six-yea
project and discuss futures for global data sharing and research.

Keywords: Solar-Terrestrial Physics, metadata database, data analysis software, IUGONET
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Introduction of NICT ionospheric data archive system
Introduction of NICT ionospheric data archive system

A sF T AU B A1 e
ISHII, Mamoru* ; MARUYAMA, Takashi' ; TSUGAWA, Takuya

Wit SRR
INICT

NICT has a long history of operational ionospheric observation with ionosondes since IGY 1957. On the beginning, we had
four domestic observatories, Wakkanai, Akita, Kokubunji and Yamagawa. After that Akita was closed and Okinawa joined and
we operate these four observatories continuously. In addition, Syowa station in Antarctica has been observing ionosphere &
NICT since IGY, too. In addition as the World Data Center for ionosphere, we have a lot of number of ionospheric data obtained
by foreign institutes.

The present ionosonde system named 10C provides digital image of ionogram. However, all other previous systems provid
analog image and recorded on films. Now it becomes a serious problem to lose data by corrupted of films. The only solutior
of this issue is to digitize the film image but usually the cost is very high. We search the way to keep low cost and comfortable
quality for future analysis and find a method named ribbon scanning. In this method we keep whole of one film data in one
file, which makes cost low and avoid losing data by frame skipping. We had trial of resolution of digital image and confirm the
guality is same level of original image.

We already had some fruitful results using these data archive. Maruyama et al. [2012] shows the statistic results of ionospher
variation after large earthquakes. Other than these kinds of study we expect the archive is useful for discussion of long-terr
variation of ionosphere with climate change. For improving the use of these dataset we need to solve another issue. Film
digitized images are suitable to manual scaling with naked-eye but we cannot use these data automatically because the axes v
in each image. To solve the issue we need to try image analysis to detect the axes automatically.

Reference

Maruyama, T., T. Tsugawa, H. Kato, M. Ishii, and M. Nishioka, Rayleigh wave signature in ionograms induced by strong
earthquakes, J. Geophys. Res., DOI: 10.1029/2012JA017952.
Keywords: WDS, WDC, ionosphere, space weather
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The Current and the Future of AIST GEO Grid Technologies- A Case Study of Fukushima

Radiation Monitoring Application
The Current and the Future of AIST GEO Grid Technologies- A Case Study of Fukushima

Radiation Monitoring Application

AN B AR B NI R R BRI R
KOJIMA, Isad* ; NAKAMURA, Ryosuke' ; OGAWA, Hirotaka ; TANAKA, Yoshio! ; MATONO, Akiyoshi!

VST A TBGE NEESSRR B WA

!National Institute of Advanced Industrial Science and Technology

The Current status and future perspetive will be discussed of "GEO Grid” Technologies which have been studied and devel
oped at AIST (National Institute of Advanced Industrial Science and Technology). Also a case study of Fukushima Radiation
Monitoring Application will be reviewed.

Keywords: GRID computing, geoscience data, database technology, information technology, RDA, ICSU-WDS
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Making Dynamic Data Citable: Approaches to Data Citation within the Context of the

RDA Working Group
Making Dynamic Data Citable: Approaches to Data Citation within the Context of the
RDA Working Group

Rauber Andreds
RAUBER, Andreas

Vienna University of Technology
Vienna University of Technology

Being able to reliably and efficiently identify entire or subsets of data in large and dynamically growing or changing datasets
constitutes a significant challenge for a range of research domains. In order to repeat an earlier study, to apply data from an earli
study to a new model, we need to be able to precisely identify the very subset of data used. While verbal descriptions of how th
subset was created (e.g. by providing selected attribute ranges and time intervals) are hardly precise enough and do not supp
automated handling, keeping redundant copies of the data in question does not scale up to the big data settings encounterec
many disciplines today. Furthermore, we need to be able to handle situations where new data gets added or existing data g«
corrected or otherwise modified over time. Conventional approaches, such as assigning persistent identifiers to entire data sets
individual subsets or data items, are thus not sufficient.

In this talk we will review the challenges identified above and discuss solutions that are currently elaborated within the con-
text of the working group of the Research Data Alliance (RDA) on Data Citation: Making Dynamic Data Citable. These
approaches are based on versioned and time-stamped data sources, with persistent identifiers being assigned to the time-stan
gueries/expressions that are used for creating the subset of data. We will further review examples of how these can be impl
mented for different types of data and see how this fits into the larger context of activities on Data Citation.

Keywords: Research Data Alliance, data citation, dynamic data, information technology, interoperability
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T — X N\— A0 DO 51 BY 9 % [EIN WDC D D% E)
Recent activity of DOI-minting to database by WDCs in Japan

BEBA B U/l s b AR B L A SR 2 ML B ME Y B E S
NOSE, Masahltb* KOYAMA Yukmobul IYEMORl TOShIhIkOWL ISHII, Mamoru? MURAYAMA, Yasuhiro® ; KADOKURA,
Akira* : SHINOHARA, Iku®

LITHORS: « MRS SRR > 2 —, 2 (G HGBS T ehss - SEalEfE i R KU SRR > 2 —, 3 TEHGE S I ZeRERS - WDS
FPERA R, 4 BN RIS - A —a J IRER o 2 — 5 FHMTZEVISH R - TR AR R AR v 2 —
'WDC for Geomagnetlsm, Kyoto UniversityWDC for lonosphere and Space Weather, NIEWDS Scientific Committee,
NICT, “WDC for Aurora, National Institute of Polar ReseareWDC for Space Science Satellites, JAXA

Recent electronic journals are published with DOI (digital object identifier) such as doi:10.1029/2012SW000785. DOl is a
persistent name that is resolved into URL, where readers can obtain digital objects of the journal articles; for example, abstrac
figures, and pdf files. The DOI system was launched around 2000 and becomes popular these days so that DOI is ordinari
indicated in references and citations.

The next development of the DOI system is to extend it to database. It makes possible for researchers to cite the data used ir
scientific publication, which is called "data citation”. Data citation provides the following benefits:

e Readers can more easily locate the data used in the paper, obtain necessary information of the data (i.e., metadata), &
validate the findings of the paper.

e Readers can also easily discover datasets which are relevant to their interests but has not been noticed.

e Data contributors can gain professional recognition and rewards for their published data in the same way as for traditiona
publications.

o Data centers can measure the impact of individual datasets and receive proper credit of their work.

Recognizing the importance of data citation, World Data Centers (WDCSs) in Japan including WDC for Aurora (National
Institute of Polar Research), WDC for Geomagnetism (Kyoto University), WDC for lonosphere and Space Weather (National
Institute of Information and Communications Technology), and WDC for Space Science Satellites (Japan Aerospace Exploratio
Agency) started discussion to mint DOI to their own database in August 2013. The discussion finds that Japan Link Cente
(JaLC) is a proper agency to register DOI-URL mapping, because JaLC aims at public information services to promote scienc
and technology in Japan and it handles scientific and academic metadata and content from holders nationwide, including nation
institutes, universities. Two representatives of the above 4 WDCs are working closely with JaLC to define a registration schem
to implement the DOI-URL mapping. We are also developing a web-based system to register metadata with JaLC and creat
landing pages for database. We expect to start a pilot program to mint DOI to the database from the middle of 2014.

Keywords: DOI, Database, Data Citation, Data Publication
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Interlinking Articles And Data? The Past, Present, And Future
Interlinking Articles And Data? The Past, Present, And Future

Koers Hylké*
KOERS, Hylkée*

LElsevier
LElsevier

Activities of linking scholarly articles and scientific data will be introduced.
Keywords: data publication, scholarly article, data citation
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Open Science Data Discovery Platform
Open Science Data Discovery Platform

21t gt
ZETTSU, Kojit*

U EGEE DR
I'National Institute of Information and Communicatoins Technology

Technology and use case studies of "Open Science Data Discovery Platform” will be introduced. So far we have harveste
approximately 0.6 million metadata of data citation (DOls and related metadata given to datasets) from publicly open databases
ICSU-WDS, PANGEA, ICPSR, etc., and have been developing new technology to leverage those data-citation link information
and scholarly article archives. This technology, including linguistic, time-space, and ontological analysis techniques, is expecte
to have potential to enable new knowledge finding from various relations between datasets and articles, as well as analysis
higher-class clustering and grouping structures of relationships and links between science-technology information sources ar
even various communities which are related to science and technology data and articles. Through this process, perhaps to
like easy user-interface in future (like Web of Science), even international perspectives will be easily captured of more genera
science and technology research information pieces, links, and inter-relations to each other. For example, regarding climat
change prediction and related decision making we may be able to find easily by an online search system how different eart
observation datasets are used in political papers and meteorological papers.

F—T— F: BT — &, ICSU-WDS, 7 —Z\—Ahh, T— 2 MK, T— 2 I A T7— 3V
Keywords: Scientific data, ICSU-WDS, database technology, data search, data citation
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Construction of spatio-temporal data mining system for time-series satellite imagery us:
ing Hadoop

PHRG O AP R ARH BERE
NISHIMAE, Kou' ; MIYOSHI, Tomoyd ; HONDA, Rie'*

LEHIRY:
LKochi University

A large number of spatio-temporal data have been stored in various fields of science, such as remote sensing, numerical sir
ulation, and astronomical observation, in which data often appears as time-series images. To extract spatio-temporal knowled
from spatio-temporal data including time-series images, spatio-temporal cross section relevant to a target task has to be extract
from a mass of data. Since these data are stored as a large number of files, utilization of distributed processing framework su
as Hadoop or Gfarm is promising.

We constructed distributed data mining system for time-series satellite images using 53 nodes (3 masters and 50 slaves at me
imum) of iMac and Hadoop which enables distributed file system and distributed processing using MapReduce. We evaluate
the scalability and performance of the system for the task extracting time-series data from a large number of images carefully an
found that partitioning the images into optimum numbers and reducing the data between map phase and reduce phase is essen

The system was then applied to two different tasks focusing on time-series data analysis extracted from satellite imagery
statistical modeling of seasonal changes in vegetation index and spatio-temporal correlation analysis of weather satellite image
The tasks were successfully implemented on the system and the computational time was decreased in inverse proportion to t
number of slave nodes, thus usefulness of the distributed system to spatio-temporal data mining for time-series images.

F—"7— R: /7HEULEE, Hadoop, MapReduce; — X < = >/ 27, RFZeRt], i & Hi{4
Keywords: distrubuted processing, Hadoop, MapReduce, data mining, spatio-temporal, satellite imagery
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DI
Baléic Technologies, Integrated Systems and Applications of the NICT Science Cloud

FEE RS T R L RS (EORER 2 Rk AIER 2 8K B2 S B L e A L A BE L IR RE D E
FEELL EI e PR SRR 28 S B R KR BRE S

MURATA, Ken T.'* ; WATANABE, Hidenobu ; UKAWA, Kentard® ; MURANAGA, Kazuya ; YUTAKA, Suzuki? ; KASAI,
Yasukd ; SATOH, Shinsuké: ISHII, Shoker ; YAMAMOTO, Kazunori! ; NAGATSUMA, Tsutomd ; TSUGAWA, Takuyé
: NISHIOKA, Michi! : GUO, Zhihoné : KUROSAWA, TakasHi : MIZUHARA, Takamich?

U HOE ST, 2 Rt 2y 7, 8 RSB, * R(aHE BNV ) a—2 3 Y XARBEAR, S k&t 7L
TV TT /ad—

!National Institute of Information and Communications Technol8gystems Engineering Consultants Co., LTISURIGIKEN
Co.,Ltd.,*Hitachi Solutions East Japan, LtdCLEALINKTECHNOLOGY Co.,Ltd.

This paper is to propose a cloud system for science, which has been developed at NICT (National Institute of Information anc
Communications Technology), Japan. The NICT science cloud is an open cloud system for scientists who are going to carry ot
their informatics studies for their own science. The NICT science cloud is not for simple uses. Many functions are expected tc
the science cloud; such as data standardization, data collection and crawling, large and distributed data storage system, secu
and reliability, database and meta-database, data stewardship, long-term data preservation, data rescue and preservation, |
mining, parallel processing, data publication and provision, semantic web, 3D and 4D visualization, out-reach and in-reach, an

capacity buildings.

Ground-based
Observation

Data Provider

Observation data
(large variety)

>
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Data Transfer & Data Cra
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Global spectral crustal model
Global spectral crustal model

TENZER, Robert* ; CHEN, Wenijint
TENZER, Robert* ; CHEN, Wenijint

ISchool of Geodesy and Geomatics, Wuhan University
'School of Geodesy and Geomatics, Wuhan University

We compile the harmonic coefficients, which describe the Earth crustal density structure with a spectral resolution complete tc
degree/order 180. These coefficients can be used in gravimetric studies of the Earth lithosphere structure, isostasy, crustal loadil
sedimentary basins and related topics. The global spectral crustal model is separated into 9 specific layers of the topograpt
bathymetry, polar ice sheets, sediments (3-layers) and consolidated crust (3-layers). The harmonic coefficients describe uniform
the geometry and density (or density contrast) distribution within each crustal component. The topographic and bathymetric
coefficients are generated from the topographic/bathymetric model ETOPO1 and the global geoid model GOCOO03s. A uniforn
density model is adopted for the topography. The ocean density distribution is approximated by the depth-dependent seawat
density model. The ETOPOL1 topographic and the DTM2006.0 ice thickness data are used to generate the ice coefficients, whi
assuming a uniform density of the glacial ice. The geometry and density distribution within sediments is described by the 3
stratigraphic layers of a laterally varying density model, and the same structure is used to describe the density distribution withir
the consolidated crust down to the Moho interface. The sediment and consolidated crust coefficients are generated from tt
global crustal model CRUST1.0. The density contrasts of the ocean, ice, sediments and remaining crustal structures are tak
relative to the reference crustal density.

F—7— R crust, density, gravimetric forward modeling, harmonic analysis
Keywords: crust, density, gravimetric forward modeling, harmonic analysis
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Muographic observations in Satsuma Iwojima, Japan

LA/ A
TANAKA, Hiroyuki *

VR UR AR ST

!Earthquake Research Institute, The University of Tokyo

Satsuma-Iwojima volcano continuously discharges large amounts of volcanic gasses without significant magma discharge
One of the proposed mechanisms of this continuous gas discharge is conduit magma convection. In this hypothesis, a magr
conduit is connected to a deep magma chamber and a "degassing” phenomenon drives convection. Once the volatile componen
released (by degassing) at the top of the magma conduit, the degassed magma sinks through the non-degassed magma occup
the pathway. A continuous supply of non-degassed magma from the magma chamber ensures that there is compensation for
degassed magma and the cycle continues. In 2008, a muography detector was placed at the foot of Satsuma-Iwojima volcar
and it captured an image of a large, shallow depth, low-density region existing beneath the crater floor. Degassing magma, wit
its high proportion of bubbles, has been interpreted as being the low-density region, and its dimension (location and size) wa
compared to the results from other field measurements, laboratory and theoretical studies. In 2013, an improved muograpt
detector was developed and placed at the same location as the 2008 observation to exploit advanced muographic images
Satsuma-lwojima. The recent progress in muographic observations will be reported.

F—U—R: 2aATITT 4, 2 aF VK, A ATV
Keywords: Muography, Muon, Volcanic Conduit, Imaging
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Conduit magma convection: Constraints from Muography

TR 205 1 5 TR e 2
SHINOHARA, Hiroshi* ; TANAKA, Hiroyuki 2

! PESERATRR A WL, 2 BURORE, HUEEWTSEAT
1GSJ, AIST2ERI, Univ. Tokyo

Muographic imaging is a powerful tool to radiographically reveal density structure of a shallow volcanic edifice with high
energy muons and was applied to the rhyolitic dome of Iwodake, Satsuma-lwojima in order to understand the conduit magm:
convection in this volcano. In this paper, we will discuss the constraints obtained by the muographic measurements performed i
2008 and their implication to the conduit magma convection model.

Conduit magma convection is a model to explain persistent degassing, that is continuous emission of large amount of volcani
gases without eruption and is driven by the density contrast between the ascending non-degassed magma and the descenc
degassed magma that is created by outgassing at the top of a magma column (Kazahaya et al., 1994). This model is commor
applied to less viscous basaltic magma systems but the application to andesitic or rhyolitic magma system is a matter of debat
because the large viscosity of these magmas can slow down the magma flows in the conduit. Although theoretical evaluatio
indicated that a larger diameter of a conduit can compensate the larger magma viscosity and can cause the rapid magma flo
in the conduit, it is difficult to prove its occurrence under the ground, as the conduit magma convection is a steady state proces
with few seismic signals nor deformation. In contrast, the conduit magma convection suggests that intensive degassing occu
at top of a magma column, which is likely detectable as a low density zone in a shallow magma conduit system. Therefore the
density structure survey the muon-radiography is an ideal method to reveal the size, shape and magnitude of density anomaly
the shallow volcanic edifice.

Quantitative re-evaluation of the muon radiography data at the Iwodake rhyolitic cone obtained by Tanaka et al. (2009)
confirms the existence of a low-density body of 300 m in diameter and with 0.9-1.0"§ atdepths of 135-190 m from the
summit crater floor. The low-density material is interpreted as rhyolitic magma with 60% vesicularity on average, and existence
of this unstable highly vesiculated magma at shallow depth without any recent eruptive or intrusive activity is considered evidence
of conduit magma convection. The structure of the convecting magma column top was modeled based on density calculatior
of vesiculated ascending and outgassed descending magmas, compared with the observed density anomaly. The existence
the low-density anomaly was confirmed by comparison with published gravity measurements, and the predicted degassing at tl
shallow magma conduit top agrees with observed heat discharge anomaly distribution localized at the summit area. This stuc
confirms that high viscosity of silicic magmas can be compensated by a large size conduit to cause the conduit magma convectic
phenomena. The rare occurrence of conduit magma convection in a rhyolitic magma system at Iwodake is suggested to be d
to its specific magma features of lows & content and high temperature.

F—T— R AENS TR, 2 24 Y, KIRERERGS, % M
Keywords: Conduit magma convection, muon-radiography, shallow volcanic edifice, density structure
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Development of coupled Stokes—DEM imulation scheme for geodynamical magmatic
studies

L VN S
FURUICHI, Mikito* ; NISHIURA, Daisuké

L HBETERT TR FE R
1 Japan Agency for Marine-Earth Science and Technology

For geodynamical magmatic studies such as crystal settling at the melting roof of a magma chamber, we develop a robust ar
efficient simulation scheme for solving high-viscosity fluid and particle dynamics in a coupled computational fluid dynamics and
discrete element method (CFD-DEM) framework. The high-viscosity fluid is treated by the Stokes-flow approximation, where
the fluid interacts with particles via the drag force in a cell-averaged manner. The particles are tracked with contact forces by
DEM. To efficiently solve such Stokes—DEM coupled equations, we propose two key techniques. One is formulation of particle
motion without the inertial term, allowing a larger time step at higher viscosities. The other is a semi-implicit treatment of
the cell-averaged particle velocity in the fluid equation to stabilize the calculation. We will explain some details of our model
developments in the presentation. A series of numerical experiments shows that our proposed scheme can handle sinking partic
in a high-viscosity fluid; such problems are difficult for the conventional CFD—DEM method. Then we will discuss our targeting
geodynamical problems tackled with this simulation method.

F—TU— R U, EREMAET, A b—2 A, ERIERE, AV M V— 7, Bl
Keywords: Magma, Particle-Laden flow, Stokes flow, Discrete element method, Melt roof, Numerical simulation
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Recent updates on the DIAPHANE project of muon tomography
Recent updates on the DIAPHANE project of muon tomography

MARTEAU, Jacque¥' ; GIBERT, Dominiqué ; DE BREMOND D’ARS, Jeah; JOURDE, Kevirt
MARTEAU, Jacque¥' ; GIBERT, Dominiqué ; DE BREMOND D’ARS, Jeah; JOURDE, Kevir

Hnstitut de Physique Nucleaire de Lyon, Univ Claude Bernard, UMR 5822 CNRS, Lyon, Frabeesciences Rennes, Univ
Rennes 1, UMR 6118 CNRS, Rennes, Frantastitut de Physique du Globe de Paris, Sorbonne Paris Cite, Univ Paris Diderot,
UMR 7154 CNRS, F.

Hnstitut de Physique Nucleaire de Lyon, Univ Claude Bernard, UMR 5822 CNRS, Lyon, FfdBeasciences Rennes, Univ
Rennes 1, UMR 6118 CNRS, Rennes, Frantastitut de Physique du Globe de Paris, Sorbonne Paris Cite, Univ Paris Diderot,
UMR 7154 CNRS, F.

Density radiography with atmospheric muons aims at determining the density variations or the absolute densities of geologice
or large volume bodies. The density is measured through the screening effect on the incident muons flux induced by the presen

of matter, like for the X rays in a standard medical radiography. We will present recent updates on the DIAPHANE project which

studies volcanoes with this technique since many years and is now deployed in the Lesser Antilles (Guadeloupe, Montserrat
Italy (Etna), the Philippines (Mayon) and in underground sites (France and Switzerland). Time-of-flight techniques have beer

developed to improve the data analysis and provide significant results.

F—"7— K: Volcanology, Muon tomography, Particles detector, Inverse problem
Keywords: Volcanology, Muon tomography, Particles detector, Inverse problem
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Muon radiography by nuclear emulsions - Report on activity in Italy
Muon radiography by nuclear emulsions - Report on activity in Italy

BOZZA, Cristiand*
BOZZA, Cristiand*

LUniversity of Salerno and INFN
LUniversity of Salerno and INFN

The nuclear emulsions technology has entered the field of muon radiography of volcanic edifices and faults in the last decad:
and progressively attracted the interest of nuclear emulsion laboratories and experts from various countries. The historical fir:
muographic image of a volcano was indeed generated by using this nuclear emulsion technology. In earlier times, large-sca
application was limited by the readout time and manpower needs as the emulsion films had to be scanned by eye; modern fa
automatic microscopes solved both issues with limited cost, and the readout and analysis speed increased by several ord
of magnitude, opening the door to access muography that requires large statistics. The Italian nuclear emulsion groups of tf
Universities of Salerno, Napoli and Padova and the Laboratori Nazionali del Gran Sasso (INFN) have built an Italian network of
scientists working on muography, establishing tight collaboration links with the Tokyo University Earthquake Research Institute;
more lItalian groups could join in the near future. The network performs many activities, from the preparation of emulsion film
exposure, on-site data taking campaigns, to readout and data analysis.

Nuclear emulsions are usually cast in the shape of thin films (thickness in the range of 20-100 micrometers) coating transpare!
plastic bases. Even a single film can provide 3D tracks marking the passage path of ionizing particles, when observed by
dedicated microscope. Normally emulsions films are exposed in stacks, piling several sheets, so that a single particle, afte
development, leaves several aligned tracks, one in each film.

Automatic emulsion readout systems allow track detection and measuring on sevafsunface in few weeks, collecting
large statistics, which is needed to investigate regions of high cosmic muon absorption. Angular resolution of the order of a few
milliradians is commonly achieved, which gives the ability to discriminate relatively small details, depending on the distance
between the detector and the observed volume. Currently, one line of research aims at developing faster and cheap film readc
systems, based on commercial hardware, to increase the current data-taking speed by a factor 10 or better.

Emulsions are continuously sensitive, since the time of their production: while this is an advantage because they need no pow
supply, the lack of time discrimination makes data analysis for such detectors a delicate task. The high combinatorial backgroun
of 3D tracks, due to many months’ pile-up, can be greatly reduced by exploiting the micrometric alignment precision of emulsion
tracks. Application of nuclear emulsion data to muon radiography requires also particle identification. Multi-film stacks with
interleaved slabs of dense scatterers (such as iron or lead), allow distinguishing soft particles, typically electrons/positrons fror
electromagnetic showers, from hard muons with 1 GeV/c momentum or higher. Dedicated simulation of the passage of har
muons through rock and in the emulsion-instrumented volume allows optimizing selection criteria and estimating purity and
efficiency of the selection. Systematic errors on the predicted integrated flux, which is compared to the measured integrated flu:
should be kept as small as possible; in turn, this requires proper modelling of the expected cosmic-ray muon flux, which demanc
specific efforts in some regions of the angular and energy spectrum, where the statistics is intrinsically lower. Simulation anc
modelling activities require specific software and sizeable computing resources and are shared amoung the collaborating grouy

Accounts are given of the status of muon radiography campaigns in which the Italian groups are mostly involved. The case:
covered are Stromboli, Teide and the La Palma fault. For each case, the present situation, possible developments and future plz
are also envisaged.

F—"7— F: nuclear, emulsion, muography, Italy, volcano, fault
Keywords: nuclear, emulsion, muography, Italy, volcano, fault
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Development of Nuclear Emulsion Detector for Cosmic-ray Muon Radiography and Its

Applications

AR FOIE s paRE S e L R AT L R DR
MORISHIMA, Kun|h|r01* : NISHIO, Aklra1 : KATO, Yoshito' ; NAKANO, Toshiyuki' ; NAKAMURA, Mitsuhiro!

P ERE

'Nagoya University

We are developing nuclear emulsion and its automatic analysis system for cosmic-ray muon radiography (muography). Nuclee
emulsion is very high-sensitive photographic film for detecting 3-demensional trajectories of charged patrticles like muon in its
volume with the very high position resolution (sub-micron), which gives us the very high angular resolution (a few mrad). In
addition, nuclear emulsion does not require electronic power, the size is very compact and the weight is very light. And also, it
is easy to perform the tomographic analysis using multiple detectors placed around the target. These features have advantag
in the field observation for the measurement of geoscience object, archeological object, or in the disaster area like Fukushin
Dai-ichi nuclear power plant.

In the case of Fukushima Dai-ichi nuclear power plant, high radioactivity shielding and lack of electronic power supplies
should be taken into account. Nuclear emulsion is the powerful candidate used in such area. We have conducted the basic stu
of muon radiography of reactor core at fast reactor Joyo, which belongs to Japan Atomic Energy Agency (JAEA), in order to
demonstrate the imaging of the reactor core. The result validates the observation of the reactor core with high resolution.

We will present technical developments of nuclear emulsion, latest scientific results including other observed objects and futur
prospects.

F=U—R:FHRI 2 —F TV TTT ¢, [T, IFRIEBIN, #8550 — 7 3R
Keywords: cosmic-ray muon radiography, nuclear emulsion, non-destructive observation, Fukushima Dai-ichi nuclear powel
plant
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Muon radiography Monitoring for Structural Survey of the Prambanan World Heritage
Temple

JEH Fl— 1 5 HHR 235 25 BOP KA Y RAA 11
HANAZATO, Toshikazu* ; TANAKA, Hiroyuki ? ; KUSAGAYA, Taro! ; OKAMOTO, Yumiko!

P=EHR, 2 U
IMie University,?University of Tokyo

Muon cosmic-ray can penetrate rocks and soils and give us projection of the path’ density, therefore, muography technolog
has been successfully developed in the geological field for disaster prevention of volcano explosion 1). Furthermore, it wa:
utilized to survey the inner condition of a blast furnace in a steel mill during its operation time. On the other hand, non-
destructive tests are required, in general, to conduct structural survey of heritage structures with cultural and historical values. |
particular, when World Heritage Monuments are surveyed, we have to follow this principle strictly. There are a number of World
Cultural Heritages of masonry in seismic regions in the World. When their seismic safety is assessed, seismic structural surve
is conducted by employing non-destructive tests. Considering that muography technology can be useful for structural survey c
massive masonry structures as a non-destructive test, we installed the muon detecting system at the Prambanan Temples, W
Cultural Heritage in Indonesia and monitored the muon cosmic-ray for 5 months. Here, the Prambanan Temples of stone mason
structures were severely damaged by Central Java Earthquake of 2006. We have been successfully involved in architectural a
structural survey project conducted by an international and interdisciplinary team. The damaged masonry monuments have be
restored after the earthquake, however, restoration work of Candi Siva, the oldest and highest monument of the Pramban:
Temples, was not started yet, as its inner structural condition was unknown. If the inner structural conditions are revealed, 3-I
finite element model is available for seismic structural diagnosis of such massive masonry structures. The scope of the prese
paper is to describe this challenge of non-destructive test utilizing muography technology for the Prambanan restoration projec
and to demonstrate applicability of this advanced technology to structural survey of World Cultural Heritages of masonry. The
muon data obtained at the site indicated that the monument must have inner chambers that had been unknown. The date a
indicated their sizes and locations. This information will be useful to provide analysis model for seismic evaluation.

References

1)Tanaka,H.K.M.,Taira,H.,Uchida, T., Tanaka,M.,Takeo,M.,Ohiminato, T.,Aoki,R.,Nishiyama,et al. :

Three-dimensional computational axial tomography scan of a volcano with cosmic ray muon radiograph,

J. Geophys., Res.,115, B12332, 2010
Keywords: muon, structural survey, masonry, World Heritage, seismic safety
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An Application of Muography to Exploring Gigantic Masonry Architectures: Evolution
in Pyramid ConstructionTechnique

KK SE R 1
OHSHIRO, Michinori*
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I'Komazawa University

Since the technique of Muography was used for the pyramid of Khafre (second pyramid of Giza) by L. W. Alvarez in 1970,
academic researches using non-destructive testing methods have been applied to some huge stone structures (ex. the Pyra
of the Sun in Teotihuacan, Mexico, by A. Menchaca-Rocha). Although Alvarez and his team attempted to find a new chambe
in the pyramid, they couldn’t find any hidden chambers. However, now it is thought that the result was unreliable because thei
muon detector was an old type. After Alvarez the muon detector was developed and contributed to the elucidation of mecha
nism of a volcanic eruption in recent years (e.g. Asama volcano and Satsuma-lwojima Volcano by H. Tanaka et al). Applying
this technique, the internal structures of the Shiva temple in the Prambanan temple compounds (Indonesia) and the Parthen
(Greece) is explorable. On the basis of those results, we are going to go back to the roots of Muography by Alvarez by revisiting
the pyramid.

It is assumed that if it is possible to use Muography for the pyramids in Egypt (the oldest huge stone building in the world), in
terms of the usage and volume of differing density of the stone (limestone and granite), it would make clear the developmenta
sequence and construction way of pyramids which has been impossible to know until now. Therefore, we can confirm the huma
ingenuity of earthquake-proof structures by ancient Egyptians. Most of the pyramids were made of limestone. Harder granit
was sometimes used to encase the pyramids. If it can be made clear where two different kinds of stones were used and how mu
stone were used for the pyramids, we can take possession of previously-unattainable new information in the study of earthquak
proof structures of pyramids.

The developmental sequence of burial of ancient Egyptian kings and the transition of the outer shape are as follows:1.Simpl
graves, 2.Mastabas, 3.Step Pyramids, 4.Bent Pyramid, 5.Red Pyramid (true pyramid), 6.Pyramid of Khufu (true pyramid), 7.Pyra
mid of Khafre (true pyramid), 8.Pyramid of Menkaure (true pyramid).

Judging from the above-mentioned process, it is assumed that there were further stages in the development of pyramid
However, it is still not clear. If we have the opportunity to use muongraphy to the above pyramids (from the step pyramid of
Netjerykhet to three true pyramids in Giza), we can put an end to speculation as to the evolution theory of the pyramid from the
viewpoint of earthquake-proof structures and advancement of civilization.

References

(1) L. W. Alvarez et al, Search for Hidden Chambers in the Pyramids: The Structure of the Second Pyramid of Giza is Deter-
mined by Cosmic-ray Absorption, Science 167 (1970), pp.832-839.

(2) A. Dodson, The Pyramids of Ancient Egypt (London, 2003).

(3) M. C. Gonzalez-Garcia, Francis Halzen, Michele Maltoni, and Hiroyuki K. M. Tanaka, Radiography of Earth’s Core and
Mantle with Atmospheric Neutrinos, Physical Review Letters, 100, 061802, 2008.

(4) Hiroyuki K.M. Tanaka, Tomohisa Uchida, Manobu Tanaka, Minoru Takeo, Jun Oikawa, Takao Ohminato, Yosuke Aoki,
Etsuro Koyama and Hiroshi Tsuji, Detecting a mass change inside a volcano by cosmic-ray muon radiography (muography)
First results from measurements at Asama volcano, Japan, Geophysical Research Letters, 36, L17302, 2009.

(5) Hiroyuki K.M. Tanaka, Tomohisa Uchida, Manobu Tanaka, Hiroshi Shinohara, Cosmic-ray muon imaging of magma in a
conduit: Degassing process of Satsuma-Iwojima Volcano, Japan, Geophysical Research Letters, 36, L01304, 2009.
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Overview of Neutrino Geoscience
Overview of Neutrino Geoscience
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'Hawaii Pacific University
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Radiogenic heating is a key component of the energy balance and thermal evolution of the Earth. Geo-neutrino observatior
from Japan and Italy are now measuring the radiogenic power of our planet. Although the error on the present measurement
too large to significantly constrain geological models, the potential of geo-neutrino observations is clearly demonstrated. This
contribution traces the development of neutrino geosciences and discusses the prospects for geo-neutrino observations to info

geology.

F—7— F: neutrino geoscience, radiogenic heat
Keywords: neutrino geoscience, radiogenic heat
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KamLAND: geo-neutrino result
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SHIMIZU, Itaru'*

PRAER= 2 — MY /R > 2 —
L'RCNS, Tohoku University

Geo-neutrinos are anti-neutrinos (elementary particles) produced in radioactive decays within the Earth. Those anti-neutrinc
can be detected in a terrestrial experiment using interaction via weak force, however, due to extremely low reaction probabilities
there were no feasible experiments for a long time. Owing to the development of large-size anti-neutrino detectors, the observe
tion of geo-neutrinos has been finally made, and then composition models of the Earth are constrained from the radiogenic he
estimate. In this talk, a precise measurement of geo-neutrino flux from the Kamioka Liquid-scintillator Anti-Neutrino Detector
(KamLAND) in Japan will be presented. In addition, the recent situation of KamLAND anti-neutrino data will be reviewed.
Following the Fukushima nuclear accident in 2011, the most of Japanese nuclear reactors has been subjected to a protrac
shutdown, resulting in the low reactor anti-neutrino background. It provides a unique opportunity to measure the geo-neutrino:
with an improved sensitivity. Based on this low background data, prospects of geo-neutrino sensitivity with KamLAND data in
the near future will be shown, and discuss the ability of discriminating between Earth models.

F—U—F k=2 —1+V /
Keywords: geo-neutrino
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Borexino: geo-neutrino results
Borexino: geo-neutrino results
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Geo-neutrinos are the electron anti-neutrinos produced by long-lived radioactive isotopes (such as U, Th and K) in the eart
crust and mantle. Geo-neutrinos can be detected in kiloton scale organic liquid scintillator detectors located in undergroun
laboratories. The detection reaction is the inverse-beta decay, which has a particular signature given by two correlated in spa
and time prompt and delayed signals.

In spite of the strong signature geo-neutrino can only be detected in massive low background set-ups designed for low enerc
(1 MeV) neutrinos.

Borexino at the GranSasso underground laboratory in Italy has been in operation since 2007 to search for sub-MeV sols
neutrinos.

At present experimental studies of geo-neutrinos are carried out with Kamland at the Kamioka mine in Japan and with Borexinc
at GranSasso. The first attempt of a geo-neutrino measurement was done in Kamland in 2005. Only in 2010 and 2011 bot
Borexino and Kamland observed at more the 4sigma C.L. a signal from geo-neutrinos. The search of geo-neutrinos likewis
the one of solar neutrinos for the sun provides a unique tool to probe the interior of the earth. Uranium and thorium from the
crust and the mantle make the geo-neutrino flux on surface. The energy spectrum of the detected geo-neutrinos depends on
abundance of uranium and thorium and on the different beta decays in the two radioactive chains. A spectroscopy determinatic
of the geo-neutrino signal can be done. This has been recently shown by Borexino. By means of this analysis the ultimate goal
the geo-neutrino search will be the determination of the uranium and thorium content in the mantle. For this purpose a combine
analysis of more than one experiment results will be necessary. In this talk we will review the present status of geo-neutrinc
research. We elaborate on the recent results from Borexino and Kamland. The experimental difficulties and background source
will be discussed.

F—"7— ! neutrinos, geo neutrinos, Earth, crust, mantle
Keywords: neutrinos, geo neutrinos, Earth, crust, mantle

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]“ pan

Geoscience
Union

u02-12 215419 FFfd:4 A 28 H 14:45-15:00

A reference Earth model for geoneutrinos
A reference Earth model for geoneutrinos
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Geoneutrino data from the KamLAND and Borexino experiments provide insights into Earth’s energetics and global radio-
genic heat production. In 2014, SNO+ will begin to collect data; the era of the exploration of our planet through geoneutrinos is
definitely open.

Detection of geoneutrinos provides gquantitative information about the total amounts of U and Th in the Earth and their dis-
tribution within the different reservoirs (crust, mantle and possibly core). One of the greatest potentials of geoneutrino is to
discriminate among the different models for the bulk composition of the Earth, which are based on cosmochemical argument
and geochemical and geophysical observations. In order to determine the U and Th concentration of the deep Earth from tt
geoneutrino signal, the regional and crustal contribution to the geoneutrino flux needs to be determined from detailed geologic:
studies.

We developed a geophysically based, three-dimensional global reference model for the abundances and distributions of U at
Th in a Bulk Silicate Earth (BSE) model. The structure and composition of the outermost portion of the Earth, the crust and
underlying lithospheric mantle, are detailed in the reference model; this portion of the Earth has the greatest influence on th
geoneutrino fluxes. The structure of the crust is based®rx1 © surface map of the Earth discriminating layers of sediments,
upper, middle and lower crust. For the first time three geophysical global crustal models based on reflection and refraction sei:
mic body wave (CRUST 2.0), surface wave dispersion (CUB 2.0), and gravimetric anomalies (GEMMA) are studied with the
aim to estimate the contribution of geophysical uncertainties to the reference crustal model.

On the base of new compilations of geochemical data for sediments, oceanic and continental crust, we estimate the expect
geoneutrino signal and its uncertainties for the crust of the Earth. Evaluating the U and Th abundances and their uncertainties
middle and lower crust are a focus of this model, along with using seismic velocity data to determine the lithological nature of
these layers. The fraction of felsic and mafic rocks in the deep portions of the continental crust has been estimated by comparir
the velocities of longitudinal and transverse seismic waves reported in the crustal model with the laboratory values obtained fo
ultrasonic velocities of different rock types.

An updated xenolithic peridotite database is used to represent the average composition of continental lithospheric mantle. Tt
geoneutrino signal from this reservoir is calculated for the first time and it exceeds that from the oceanic crust at all three existing
detectors.

Geoneutrino signal at Earth’s surface is calculated in TNU (Terrestrial Neutrino Unit) (see figure) and Monte Carlo simulation
is used to track the asymmetrical uncertainties of different crustal inputs. The combination of the global crust model, detailec
local crust models, and the measured signal for each detector provides the critical inputs needed to assess the global mantle sig
and its uncertainty. Thus, the mantle signal at each detector and its uncertainty can be independently combined to place limits ¢
acceptable models for the mantle’s radiogenic power.

F—"77— F: geoneutrino flux, heat producing element, radiogenic heat power, reference crustal model, deep crust compositior
bulk silicate Earth composition
Keywords: geoneutrino flux, heat producing element, radiogenic heat power, reference crustal model, deep crust compositiol
bulk silicate Earth composition
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Can noble gas reservoirs in Earth’'s mantle be identified from the geoneutrino distribu-
tion?

£ yhih 1= - Ballentine Chrig
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Noble gas isotopes in mantle-derived samples are key tracers of chemical heterogeneity in the Earth’s mantle and of the orig
of the atmosphere. Samples of mid-ocean ridge basalt (MORB) and ocean island basalt (OIB) provide a comprehensive unde
standing of mantle noble gases. MORBSs show relatively unift@/*He ratios and in &' Ne”?Ne-*’Ne/2Ne diagram form
a mixing line between the atmospheric composition and the MORB-source endmember. The latter is formed by the addition o
nucleogenié!Ne to the primordial Ne ("solar” or "Ne-B” composition, Ballentine et al., 2005; Honda et al., 1991; Trieloff et al.,
2000; Mukhopadhyay, 2012). In contrast, OIB samples, which are derived from a deeper region of the mantle, can exhibit highe
3Hef*He ratios and less nucleogenic Ne isotope compositions. The OIB characteristics provide evidence for a mantle source i
which primordial He and Ne has been less diluted by addition of radiogétécand nucleogeni¢'Ne produced by the decay
of U- and Th-series elements. Therefore, noble gas isotopic evolution in the mantle is directly related to the U and Th content:
in their reservoirs. However, the reasons for the less-radiogenic/nucleogenic character of the plume source are under debate
may be less degassed (e.g., Allegre et al. 1983; Kaneoka, 1983; Kurz et al. 1982; Porcelli and Ballentine, 2002; Porcelli an
Elliott, 2008), re-gassed through volatile recycling (Holland and Ballentine 2006; Ballentine and Holland 2008), or depleted in
U and Th by ancient melt extraction events (Parman, 2007; Albarede, 2008). Recent finding of difftxeft*°Xe ratios
(*29Xe is a product of extinct isotope&®l, while 13°Xe is primordial) in the MORB and Icelandic plume source requires that a
portion of the latter has been isolated from the MORB-source mantle over geological timescales (Mukhopadhyay, 2012). This
finding is consistent with that the less degassed nature is essential for thtHaijHe ratio of the plume source because high
noble gas concentrations in the plume source is required to preserve Xe isotope heterogeneity against dilution by depleted
surface-recycled material with atmospheric or MORB-fik&Xe/*3°Xe. If the plume source corresponds to the large low-shear-
wave-velocity provinces (LLSVPs) or’D layer at the base of the mantle, it may indeed have existed since the formation of
the Earth and cannot exclusively be composed of subducted slabs (Mukhopadhyay, 2012). This is consistent®#i‘kigh
(primordial) and low?*He/*He (recycled) components in Polynesian OIBs (Parai et al., 2009). The geoneutrino distribution will
shed light on this issue; the less degassed (i.e., primordial) plume source is expected to contain 30-40% of the total mantle U ar
Th and if the LLSVPs is dominated by undiluted primordial material this feature will generate a significantly higher geoneutrino
flux than a LLSVPs dominated by ancient subducted slabs with U and Th contents most likely lower than the convecting mantle

Subcontinental lithospheric mantle (SCLM) exhibits slightly lowete/*He ratio and more nucleogenic Ne feature (Gau-
theron and Moreira, 2002; Buikin et al., 2005), indicating it is enriched in U and Th relative to noble gases. Although U and Th
concentrations in SCLM is estimated as 10-30 times those in the convecting mantle, its small volume fraction (ca. 1.5%) result:
in insignificant contribution to global geoneutrino flux. However, it may be significant for existing detectors located in or close
to continental region such as KamLAND (Japan) and Borexino (Italy). An ocean-based or transportable detector like Hanohan
(Sramek et al., 2013) is therefore expected to have a great advantage to reveal geoneutrino flux from the deep mantle.

F—U—RHmAA VMV, U2« FUD L MER=2— Y /, LLSVP, D'/E
Keywords: Noble gas, Mantle, Uranium and Thorium, Geoneutrino, LLSVP, D” layer
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On the origin of large-scale heterogeneity in the deep mantle: Thermo-chemical mantle
convection in a spherical geometry
On the origin of large-scale heterogeneity in the deep mantle: Thermo-chemical mantle
convection in a spherical geometry
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The origin of large-scale heterogeneous structure in the deep mantle, that is, large low shear velocity provinces (LLSVP) is
still debated, which is between thermo-chemical [e.g. Nakagawa et al., 2012] and purely thermal [e.g. Davies et al., 2012]. If the
large-scale heterogeneous anomalies in the deep mantle are generated by basaltic piles, the large-scale anomalies such as LL.
may be enhanced for huge amount of heat source compared to the ambient mantle. Current efforts of geoneutrino observatio
attempt to detect the large-scale anomalous region of radioactive elements in the deep mantle [personal communication with }
Tanaka], which may have large-scale enhanced region of radioactive element in the deep mantle beneath the southern Pac
from test simulations of geoneutrino detectors. In addition, this approach could give an answer for the origin of large-scale
heterogeneous structure in the deep mantle. Here we introduce our current numerical modeling of thermo-chemical mantl
convection in a spherical geometry with self-consistently calculated mineralogy. The advantage of this approach is to include al
phase transitions in the mantle without any linearization of physics of phase transition in mantle minerals and calculate seismi
anomalies from thermo-chemical structure obtained from numerical modeling directly. In this presentation, we will show several
important information on resolving this issue.

F—77— F: thermo-chemical convection, large-scale heterogeneity, mineral physics, radioactive heat source
Keywords: thermo-chemical mantle convection, large-scale heterogeneity, mineral physics, radioactive heat source
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Anti-Neutrino Directionality with KamLAND

foe AE 1
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PRAER= 2 — MY /R > 2 —
L'RCNS, Tohoku University

KamLAND holds its novelty in the observation of reactor anti-neutrino disappearance. After the great Tohoku earthquake in
2011, almost all nuclear power plants of Japan are closed for safety inspection. This Reactor-Off period offers a unique oppot
tunity to study the directionality of anti-neutrinos from the earth and the remaining nuclear reactors with the liquid scintillator
detector.

F—YI—FK:Za—hrVU/
Keywords: neutrino
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Tracking geo-neutrinos towards the future geo-neutrinography

P Ty
WATANABE, Hiroko*
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'RCNS, Tohoku University

Directional sensitive neutrino detectors contributed to astronomy and particle physics. The solar neutrino problem was firmly
believed by the directional measurement of solar neutrinos, and the atmospheric neutrino oscillation was confirmed by the zenit
angle distribution for two types of neutrinos. Liquid scintillator detectors are marked by the ability to detect low energy neutrino
signals, such as reactor, geo, and extraterrestrial neutrinos. On the other hand, liquid scintillator detectors do not have sensitivi
of neutrino direction.

KamLAND (Kamioka, Japan) and Borexino (Gran Sasso, Italy) have showed the geo anti-neutrino detection realized by the
event rate and energy spectra. We have begun to use neutrinOprab€e’ to observe the Earths interior. Geo-neutrino
measurement does not have the sensitivity of its direction, so we can not distinguish the crust and mantle contribution.

It is hoped the development of new measurement technology to measure neutrino direction. Lithium-loaded liquid scintillator
has the potential to have the high sensitivity of coming anti-neutrino direction. Directional sensitive detectors will contribute
to the better understanding of the earth interior using geo anti-neutrino flux information. Other motivations are the earlier
determination of supernova direction and improvement of oscillation sensitivity for reactor anti-neutrinos.

F—U—F k=2 —FVU /
Keywords: geo-neutrino
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Geophysical Inversion of Geo-Neutrino Flux Data: Formulation for Reveling Chemical
Structure in the Earth

(e
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IEarthquake Research Institute, University of Tokyo

Observation of geo-neutrino flux enables us to constrain distribution of radiogenic heat sources in the Earth (e.g., Enomot
et al. 2007, EPSL). Although the data provides unique information, resolution was limited because the observed data has be¢
just one scalar quantity (geo-neutrino flux at the observational site). However, recent challenge to directional measurements t
the RCNS group will greatly improve the resolution, because the observed data becomes a vector quantity with large dimensio
(geo-neutrino flux as a function of incident angle and azimuth).

In this study, | will formulate geophysical inverse problem to effectively constrain where and how much we have radiogenic
heat sources in the Earth. Following procedures by Enomoto et al. (2007), we first categorize reservoirs of radiogenic elemen
(e.g., crust, bulk mantle, slab and LLSVP) and develop a reference distribution model of radiogenic elements in the Earth. Wk
then compute a synthetic geo-neutrino flux pattern (as a function of incident direction) for each reservoir category. We assume th:
the observed flux can be expressed by linear combination of synthetic patterns and define their coefficients as model paramete

The optimal coefficients can be obtained by solving an inverse problem. If the reference model is perfect, every coefficients
should be equal to one. If the optimal coefficient deviates from one, it suggests that the assumed concentration was not appropric
for that reservoir category. This formulation should be useful for geophysical interpretation. For example, if the coefficient for
LLSVP is large, we can suggest that a large amount of crustal material is accumulated in the LLSVP.

At the time of presentation, besides the details of the above formulation, | plan to show expected resolution when we use dat
obtained by the ongoing KamLAND experiment.

F—77— F: geo-neutrino, KamLAND, geophysical inversion
Keywords: geo-neutrino, KamLAND, geophysical inversion
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Hanohano: Future deep ocean geo-neutrino measurement
Hanohano: Future deep ocean geo-neutrino measurement
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Neutrinos from the decay chains of Uranium and Thorium from within the Earth’s mantle constitute a vital signature
of the origin of most of the heat thought to be driving all of geodynamics. The only means conceived as yet to study
the magnitude and geographical distribution of the flux of mantle geo-neutrinos is from a large and mobile deep ocean
detector. This study cannot be done from crustal locations due to the ovewhelming flux of neutrinos from local rocks. We
present a description of the Hanohano Project, aimed at opening this new discipline.

F—"7— R neutrino, uranium, thorium, geoneutrino, tomography
Keywords: neutrino, uranium, thorium, geoneutrino, tomography
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Prospects of Earth Composition Measurements via Neutrino Tomography at Next-genera
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Prospects of Earth Composition Measurements via Neutrino Tomography at Next-genera

Neutrino Detectors
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The Earth matter density is well determined through seismological measurements, however the chemical composition of th
Earth has not yet been measured and only been inferred from meteorite samples. The Earth interior composition could be d
termined using neutrino tomography. Neutrinos are naturally produced in the Earth atmosphere and can be detected at neutri
telescopes. Neutrinos are elementary particles that are extremely light and only rarely interact, so that they can traverse the ent
Earth without being absorbed. For the measurement, one can utilize a unique property of neutrinos, which is known as matte
induced neutrino oscillations. This effect changes the neutrino properties based on the electron density of the medium throug
which the neutrino travels.

The dependence on electron density is what allows us to get a handle on the composition of the Earth. While seismologice
measurements determine the matter density, so to speak the average mass of nuclei, the oscillation effects depend on the elec
density. In combination we can determine the average Z/A, where Z is the proton number (number of protons per nucleus) and
is the atomic mass (number of protons and neutrons per nucleus). The talk will introduce the measurement and discuss prospe
at next-generation neutrino detectors like PINGU and Hyper-K, that could perform it.

F—7— F: Neutrino, Tomography, IceCube, PINGU, Hyper-K, Earth Composition
Keywords: Neutrino, Tomography, lceCube, PINGU, Hyper-K, Earth Composition
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The Hyper-Kamiokande Project
The Hyper-Kamiokande Project
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In this paper, we present the baseline design and expected performance of the Hyper-Kamiokande detector (Hyper-K)[1,2
a next generation underground water Cherenkov detector proposed in Japan. Hyper-Kamiokande is a successor of Sup
Kamiokande (Super-K), which has been producing epoch-making results in particle physics and astrophysics, most notabl
the discovery of neutrino oscillation, since 1996. A water Cherenkov detector measures properties of elementary particles b
detecting Cherenkov light, which is emitted when a charged particle travels faster than the velocity of light in water. Although
neutrino itself does not emit Cherenkov light, it can be detected via particles produced in interaction with matter. Because the
interaction probability is very small, a gigantic detector is necessary for the study of neutrinos. Water Cherenkov technique is
the only solution to realize a Megaton scale detector with currently available technology. The design of Hyper-K is based on the
highly successful Super-K, taking full advantage of a well-proven technology. The science goals of Hyper-K include not only
the study of neutrino properties, but also broad topics in particle physics, astrophysics and geophysics.

Hyper-K consists of two cylindrical tanks lying side-by-side, the outer dimensions of each tank being 48 (W) 54 (H) 250 (L)
m3. The total (fiducial) mass of the detector is 0.99 (0.56) million metric tons, which is about 20 (25) times larger than that of
Super-K. The inner detector region is viewed by 99,000 20-inch PMTs, corresponding to the PMT density of 20% photo-cathode
coverage (one half of that of Super-K). In order to enhance the performance of the detector and to reduce the construction co:
new types of photosensors are under development. The design of critical components such as excavation of large caverns, n
chanical structure of the tank, and water purification system is established. Further R&D towards detailed technical design
together with study of science cases, is ongoing by an international working group consisting of more than hundred scientist
from eleven countries over the world.

Hyper-K presents unprecedented potential for precision measurements of neutrino oscillation parameters and discovery rea
for CP violation in the lepton sector. Hyper-K can extend the sensitivity to nucleon decays beyond what was achieved by Super-F
by an order of magnitude or more. The scope of studies at Hyper-K also covers high precision measurements of solar neutrino
observation of both supernova burst neutrinos and supernova relic neutrinos, and dark matter searches.

Although the main motivation of the Hyper-K project arises from particle physics and astrophysics, thanks to its large volume
and excellent performance, Hyper-K will be also able to contribute to geophysics by detection of neutrinos coming through the
inside of the earth as discussed in [1]. The prospects for geophysics using Hyper-K will be discussed.

References

[1] K. Abe, T. Abe, H. Aihara, Y. Fukuda, Y. Hayato, K. Huang, A. K. Ichikawa and M. Ikeda et al., Letter of Intent: The
Hyper-Kamiokande Experiment — Detector Design and Physics Potential —, arXiv:1109.3262 [hep-€X].

[2] Hyper-Kamiokande Working Group, Hyper-Kamiokande Physics Opportunities, arXiv:1309.0184 [hep-ex].
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Testing Geological Hypotheses Using Particle Physics
Testing Geological Hypotheses Using Particle Physics
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Installations of muon and neutrino observatories are yielding an increasing spirit of collaboration between particle physicists
and Earth scientists interested in leveraging their resources and techniques and to apply them to major outstanding scientif
problems in both fields. This comes at a very good time, as experimental methods and seismological analysis has increasing
illuminated the frontier of Earth’s deep geological structure, leading to new ideas and hypotheses regarding the evolution o
Earth since its formation. Particle geophysics offers unique new tools to test hypotheses regarding the geological evolution of th
entire Earth, some of which should help to break through non-uniqueness hurdles that arise using more traditional approache
Here we discuss some of the frontier problems in Earth science, and describe some potentially novel approaches that may le
to breakthroughs in our understanding of our planet. One already well-known application involves detection of anti-neutrinos
generated by naturally occurring radioactive decay processes in Earth’s interior, the strength and distribution of which is sensitivi
to different hypotheses regarding Earth’s origin and evolution. Other approaches, which will be made possible using the higt
energy detectors in Antarctica, is the determination of the electron density inside the Earth. This is especially useful, since thi
electron density is sensitive to the molar fraction of elements in solution inside bodies like the core, while seismology is only
sensitive to the weight percent of those solutes. Here we show how combining this independent information will help to solve
major questions such as the composition of the core.

F—"77— F: Thermal Evolution, Chemical Evolution, Composition of Earth, Earth Formation, Hadean Geology, Deep Earth
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Review of the recent muon radiography observations by using nuclear emulsion detecto
Review of the recent muon radiography observations by using nuclear emulsion detecto
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Nuclear emulsion is one of three dimensional particle tracker which have micron position resolution and the feature that nc
electricity so we can put this detector everywhere easily and also this is suitable for non-fixed point observation.

Several observations for volcanoes were done and will be done from 2011 to 2014. The imaging the of Unzen lava dome
which was formed from 1991 to 1995, was done by Miyamoto et al and they found the detector got many back ground particles
and the amount is more than several times than expected muon signal. this implies that we are on the stage of background parti
study.

The emulsion cloud chamber (ECC) is a modular structure made of a sandwich of passive material plates such as lead i
terleaved with emulsion film layers. Nishiyama et al studied the source of background noise in cosmic-ray muon radiography
using ECC. They found that the origin of background is expected to be electromagnetic components of air-showers or cosmic-ra
muons scattered in topographic material whith momentums is less than 2GeV/c.

The shallow conduit shape of Stromboli will provide the important information for eruption dynamics modeling by Tioukov
et al. Hernandez et al put the emulsion detector near the top of summit of Teide volcano to investigate the past eruption histro
of Teide. Teide volcano is located in Teferife, Canary Islands, Spain. They are also under observation of the fault appeared in L
Palma, Canary Island, in 1949, which is the sign of huge land collapse or not. The width of the fault is expected to be 1 meter o
less, so high position resolution of emulsion detector is suitable for this observation. They will measure the width, delth and the
porosity of this fault.
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Simultaneous inversion of muon radiography and gravity anomaly data for 3-D density
structural analysis of lava domes
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Cosmic-ray muon radiography (muography) has been utilized for obtaining the density profiles of volcanoes (eg. Tanaka e
al., 2007; Lesparre et al., 20104af@oganu et al., 2013). Since gravity measurement is also sensitive to the internal density of
the Earth, a combination of muography and gravimetry is expected to provide density profiles with fine resolutions (Okubo and
Tanaka, 2012). Nishiyama et al. (2014) has developed a simultaneous inversion method of both two data for determining th
3-D density structures of volcanoes and has presented the feasibility of the hybrid measurement through a case study of a sm
(500 m in diameter) lava dome, Showa-Shinzan, Hokkaido, Japan. This study revealed that a vent extends downward beneath t
dome.

We are now planning another hybrid measurement at Tarumai Lava Dome on the Shikotsu caldera, Hokkaido, Japan, in orde
to perform a comparative study on the internal structures of lava domes. The Tarumai lava dome has formed at the top of Mt
Tarumai during the 1909 eruption. We conducted gravity measurements at 23 stations spanning 1.5 km (NS) x 1.5 km (EW). Wi
are preparing the muography detector for the coming measurement. We report the possible detector sites and the result of t
resolution test of this new hybrid measurement.

References:

Tanaka et al., Earth Planet. Sci. Lett., 263, 104-113 (2007).

Lesparre et al., Geophys. J. Int., 183, 1348-61 (2010).

Carloganu et al., Geosci. Instrum. Method. Data Syst., 2, 55?60 (2013).

Nishiyama et al., J. Geophys. Res. Solid Earth, 119, doi:10.1002/2013JB010234 (2014, in press).
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Introduction about test measurement of the muon detection system for monitoring a grour
water (With some observations)
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IElectric Power Development Co., LtéEarthquake Research Institute,U of Toky@entral Research Institute of EPI

The technique to radiographically image the internal structure of gigantic objects by utilizing muon’s significant penetration
power (muography) enabled us to investigate the internal structure of volcanoes and the city foundation with higher spatial resc
lution than possible with the conventional techniques.

This observation technique is applicable to exploring a large-scale civil engineering structure, the internal state of a base rocl
etc. However, feasibility of muographic application to monitoring inside the large-scale civil engineering structure has not con-
firmed yet. Therefore, we decided to carry out test measurements in order to explore the possibility of muography for monitoring
groundwater levels.

We are currently investigating the response of the groundwater levels to major rainfall events in the landslide area. We selecte
this area as an observation area. The measurement was carried out from the inside of a scupper tunnel in the base rock. C
muon detection system consists of plastic scintillator, photomultipliers (PMTs), and a high voltage (HV) power supply.

The muography detector was installed to the observation site in August, 2012 and measurement was started on the same da

The result will be compared with the independent measurement results of groundwater levels and soil resistivity in order tc
guantitatively assess the technological limit of muography.

So far, we obtained the preliminary result that showed variations in the penetrating muon intensity; hence the density as
response of major rain fall events by plotting a moving average of the 48-hour observation time at different time intervals of one
hour, two hours, three hours, and six hours. It showed a clear rainfall effect when the time interval is 6 hours. The future prospec
includes further case studies for different rainfall-underground water coupling scenarios.

F—U—F: IaATTT 10—, I 2 A VEIEEE, HTOKAL 7 A REHI, Hg XD
Keywords: muography, muon detection system, groundwater, test measurement, landslide
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A Historical View on the Degradation on Seismic Performance of The Parthenon, Greece
and Muography as the Potential Eval

A ELL o A R 2 REGER] 3 1 L
AOKI, Shimpet* ; TANAKA, Hiroyuki 2 ; OHSHIRO, Michinor? ; YAMASHITA, Maria*

U BHPE RS AR, 2 ORI, 3 BSR4 B AR AR SR A ZE R
IFaculty of Letters, Kansai UniversityEarthquake Research Institute, the University of ToRfaculty of Letters, Komazawa
University,*Graduate Division of Arts and Sciences, Komazawa University

To reinforce the Parthenon against earthquakes, the process of disassembling and reassembling Doric columns is obligato
For this, the column strength and durability is required to withstand the reconstruction process. Wooden rods in the dowels o
each drum provide the mechanical strength of each column, however some of these rods may have been damaged during 1
Venetian bombardment of the Acropolis on September 26, 1687. Due to the size of the Parthenon’s Doric columns, muograph
is more appropriate to image the internal structure than conventional radiographic techniques. Muography may be utilized as
non-destructive technique targeting the inside composition of the Parthenon’s Doric columns, potentially providing the following
information: (1) the durability of the columns against future earthquakes, and (2) the magnitude of the internal damage sustaine
during the Venetian bombardment. The results of this muographic survey would aid conservator’s efforts to protect the Partheno
along with the possibly of applying to other cultural properties. Secondly, the state of the wooden rod inside the column will
provide evidence for the time and temperature around the column (based on the geometrical structure and thermal conductivity
the column) which would contribute further evidence to historical discussions particular to the Parthenon, such as estimates of th
amount of gun powder stored in the Parthenon by the Ottoman Empire and information on the aforementioned siege. Muograph
may supplement efforts to preserve and protect the Parthenon as well as contributing to our understanding of the historical ever
that have occurred in this ancient structure.

F—T— R ERES, EMREET, VT ) g, R 2 X TS5 T
Keywords: a Historical View, the Degradation on Seismic Performance, the Parthenon, Muography
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Geo-neutrinos and reactor anti-neutrinos expected in Daya Bay Il and in LENA
Geo-neutrinos and reactor anti-neutrinos expected in Daya Bay Il and in LENA

BALDONCINI, Marical* ; ESPOSITO, Juan; LUDHOVA, Livia® ; MANTOVANI, Fabio® ; RICCI, Barbara ; XHIXHA,
Gertit ; ZAVATARELLI, Sandrat
BALDONCINI, Marica'* ; ESPOSITO, Juan; LUDHOVA, Livia® ; MANTOVANI, Fabio! ; RICCI, Barbara ; XHIXHA,
Gerti' ; ZAVATARELLI, Sandréat

IUniversity of Ferrara?INFN, Legnaro National LaboratoriedJniversity of Milan,*University of Genova
LUniversity of Ferrara?INFN, Legnaro National Laboratoried,Jniversity of Milan,*University of Genova

Geo-neutrinos produced by beta decays occurrifdfid and?32Th decay chains are presently detected via inverse beta reac-
tion in liquid scintillation detectors (KamLAND and Borexino). Geo-neutrinos are a unique direct probe of our planet’s interior
since they instantaneously bring to the Earth’s surface information concerning the total amount and distribution of U and Th in
the crust and in the mantle, which are thought to be the main reservoirs of these elements. The geo-neutrino spectrum allov
to discriminate the different Th and U components. Measuring geo-neutrino fluxes and spectra can shed light on the radiogen
contribution to the terrestrial heat power and on the Earth’s nowadays composition, providing a direct test of the Bulk Silicate
Earth models and giving additional constraints on the Earth’s evolution models.

A better discrimination among different Earth’s global models can be reached combining the results from several sites: new
measurements of geo-neutrino fluxes are highly awaited from experiments entering operation, such as SNO+, or proposed to t
scientific community, as LENA or Daya Bay Il. In particular, LENA and Daya Bay Il would provide a substantial increase of the
detection sensitivity and of the event rate thanks to their large target masses (50 kton and 20 kton, respectively) compared to tt
1 kton mass of KamLAND and SNO+ and to the 0.3 kton of Borexino.

The main background in geo-neutrino measurements is due to the electron anti-neutrinos produced by nuclear power plant
which are the strongest man-made anti-neutrino sources. Many fission products decay through beta processes with the cc
sequent emission of electron anti-neutrinos, the so called reactor anti-neutrinos. The reactor anti-neutrino spectrum covers
energy range extending up to about 8 MeV, which results in a significant overlap between geo-neutrino and reactor anti-neutrin
signals in the geo-neutrino energy window (1:83.3 MeV). The events of reactor anti-neutrinos are strongly dependent on the
distance of the closeby commercial nuclear power plants. Therefore, a careful analysis of the expected reactor anti-neutrino eve
rate at a given experimental site is mandatory.

In this framework, we estimate the expected reactor anti-neutrino signals at ongoing geo-neutrino experiments sites, in partic
ular at Pyhasalmi and JUNO (Jiangmen Underground Neutrino Observatory), which are the candidate sites for hosting the LEN/
and Daya Bay |l experiments, respectively. The inputs required to evaluate the reactor anti-neutrino flux come from neutrinc
properties, nuclear physics in the reactors and features of nuclear power plants. In our calculation we take into account th
three neutrino oscillation mechanisms in vacuum, the most updated reactor anti-neutrino spectra and standard fuel compositior
According to the International Atomic Energy Agency (IAEA) database, we use detailed information on the locations and on the
monthly time profiles of the thermal power for each nuclear core.

In Table 1 we report the expected geo-neutrino and reactor anti-neutrino signals for different locations, expressed in TNU
(Terrestrial Neutrino Units). Nuclear power plants data refer to IAEA database reporting information of year 2012, when all
of the Japanese nuclear power plants were still switched off. The ratio between the expected reactor anti-neutrino signal in th
geo-neutrino energy window (R and the expected geo-neutrino signal (G) is calculated all over the world in order to produce a
Ra/G map. The values of G for future sites (Phyasalmi and JUNO) are almost comparable to the operating ones (LNGS and
Kamioka), with a slight preference for the Finnish location. The total uncertainty on the reactor signal predictions is on the order
of 5%: among all the accounted sources of uncertainties, the ones giving the main contributions originate frgrmikiang
angle, the anti-neutrino spectrum, the fuel composition and the thermal power.

F—77— F: geo-neutrino, anti-neutrino from reactor, neutrino detector
Keywords: geo-neutrino, anti-neutrino from reactor, neutrino detector
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Sites R[TNU] | Rg[TNU] | G[TINU] | R¢/G
LNGS 85.84+4.6 | 228+ 1.1 | 403713 | 0.6
KAMIOKA 701437 | 187411 | 31577 | 06
SUDBURY 174.6 £ 9.0 | 43.1+£2.1 | 45473 | 09
PHYASALMI | 692437 | 17.5+08 | 453710 | 04
FREJUS 587.94+31.0 | 134.0+7.1 | 42475 | 32
HOMESTAKE | 277+ 15 | 73403 | 4877, | 0.1
HAWATI 34+£02 | 094004 | 12070 | 0.1
CURACAO 95+05 | 25401 | 293%3 | o1
JUNO 99.0+5.1 | 27.4+£14 | 39787 | 07

Table 1: Comparison between expected reactor (R) and geo (G) antineutrino signal. R indicates the reactor
signal expected in the geo neutrino energy window (Ey < 3.26 MeV). 1 TNU = levent/year/ 102 protons.
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Towards a refined regional geological model for predicting geoneutrinos flux at Sudbury
Neutrino Observatory (SNO+)
Towards a refined regional geological model for predicting geoneutrinos flux at Sudbury
Neutrino Observatory (SNO+)

STRATI, Virginia'* ; HUANG, Yu? ; MANTOVANI, Fabio' ; SHIREY, Steven B’.; RUDNICK, Roberta L2 ; MCDONOUGH,
William F.2
STRATI, Virginia* ; HUANG, Yu? ; MANTOVANI, Fabio! ; SHIREY, Steven B'.; RUDNICK, Roberta L2 ; MCDONOUGH,
William F.2

LUniversity of Ferrara?University of Maryland3Carnegie Institution of Washington
LUniversity of Ferrara?University of Maryland2Carnegie Institution of Washington

The SNO+ detector is the redeployment of the illustrious Sudbury Neutrino Observatory (SNO) at SNOLAB in Ontario
(Canada). After the substitution of heavy water, (@) with liquid scintillator (CH) inside the inner vessel, in 2014 the 1
kton detector will come on-line and together with KamLAND in Japan and Borexino in Italy will accumulate geoneutrino events.
Geoneutrinos are electron antineutrinos originating from beta decays of natural radioactive nuclides in the Earth interior. A
fraction of them, generated fro?*Bi and234Pa of23®U decay chain and frof*® Ac and?'2Bi of 232Th decay chain, are above
the threshold for inverse beta reaction on free protons and can be detected by SNO+. Geoneutrinos are a real time probe of Ea
interior, because the flux at the terrestrial surface depends on the amount and distributions of U and Th in the Earth’s reservoir
To extract global information such as terrestrial radiogenic heat power or to test compositional models of the Bulk Silicate Earth
(BSE), the regional contribution to the geoneutrino signal has to be controlled by study of regional geology.

We present the 3-D refined geological model of the main reservoirs of U and Th in the regional crust extended for approxi-
mately 2< 10° km? around SNOLAB, including estimates of the volumes and masses of Upper, Middle and Lower crust, together
with their uncertainties. According to the existing global reference model (Huang et al., 2013), this portion of the crust contributes
for 43% of the total expected signal at SNO+. The remaining contributions come from the far field crust (34%), from continental
lithospheric mantle (5%) and from the mantle (18%). Since SNO+ will accumulate statistically significant amounts of geoneu-
trino data in the coming years, the calculated signal that is predicted to be derived from the lithosphere can be subtracted froi
the experimentally determined total geoneutrino signal to estimate the mantle contribution.

The main crustal reservoirs are modeled by identifying three main surfaces: the Moho discontinuity, the top of the Lower Crust
and the top of the Middle Crust. About 400 depth-controlling data points obtained from deep crustal refraction surveys and from
teleseismic receivers are the inputs for the spatial interpolation performed with the Ordinary Kriging estimator. This method
takes into account the spatial continuity of the depths and it provides the uncertainties of the crustal volumes. The Upper Crus
is further modeled in detail combining information from vertical crustal cross sections and Geological Map of North America at
1:5,000,000 scale. Seven sub-reservoirs with distinctive characteristics lithologies, metamorphism, tectonic events and chemic
composition are identified. The density and the abundances of U and Th in the seven sub-reservoirs are evaluated from the pu
lished litho-geochemical databases, including analyses of representative outcrop samples. The Middle and Lower Crust densiti
and radioactivity contents are evaluated from seismic constraints.

The numerical 3D model consists of abouwt B0 cells of 1 kmx 1 km x 0.1 km dimensions. For each of them geophysical
information, such as latitude, longitude, depth and reservoir type, are combined with estimates of the U and Th abundances
predict the geoneutrino signal at SNO+ originated from the regional crust. The total geoneutrino signal at SNO+ is about 12%
less than that calculated using the global reference model (Huang et al., 2013).

F—"7— F: geoneutrinos, SNO+, uranium, thorium, geological modeling
Keywords: geoneutrinos, SNO+, uranium, thorium, geological modeling
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Upgrade plan of the KamLAND detector for improvement of sensitivity to geo-neutrino

/N A
OBARA, Shuhel*

PRAER= 2 — MY /R > 2 —
'RCNS, Tohoku University

FhFO—FETHZD=a—F) &, HOMHEIERZEL TOMBORF & KT %, #IEAK RCNSIE, KAI=

R~ U KiHigs KamLAND ZH W T =2 — b U JRPAICOWTIHIZE L TV 5, ﬂﬂﬁkwnré@ﬁﬁz%]‘rélz%)?@f’éi%i&ﬂz%wb
DOREBUTEANDRIBRZ T 21ciE, HERNEB TR 2 X—ZFRBIC K > THE U HER= 2 — Y / ZJIET 5 T & hHHE—
DHETH %,

KamLAND MK T x NV F—DKEF=a— ) /2T 3 T EDVA[ER DRI TH %, 238U 22Th iz
EDOMSMITRIGLITORRICHEL, () BEBYF=a—rV ./ HWER=Z2—FV /) ZHlHT 5,

238y — 206pp+84He+6e +61°%" +51.7[MeV]

232Th— 208Pb+64He+4€ +4pb7 +42 7[MeV]

HER= 2 — R~V JEJET 2 & T, BEHERIRICOWTHEEAS T N TE S, EBIC KamLAND (35E 2 1C HiBk
Za—FhVY / OREZB L THRERZ T L TUVT, 238U % 22Th 12 X B HERMEEED 20.1 6,791 TW TH 3 & OHEES
fTolze THIRHERORBFHEETH S 44+ 1TW XD BHENIT/NEWEERTH %,

KamLAND ¥ g Di&E FRZHEE LT, 7w /7 L— REt#E (KamLAND2) DT TH %, HlZE. fOtE
Wik > FL—2, £HIT— BETMRONEFHEGE (PMT., AAT, K271 )VLIRE b\éw‘%ﬂh%

KamLAND2 ZEERIC B W TIE T3 )V F— R UMESEEEDR M RAFEFNTHNT, T K> TiEk=2—F~V /
MNEOENEE T, D DOEZL DFEEESLC ENAREL 755, Thbb, BTV 238U & 232Th tt%dwb%t
DFEERH NS,

A CIERRETE & Z D R&D IC L THET %,
Keywords: geo-neutrino
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The next-generation KamLAND electronics

BRI LA 1+
HAYASHIDA, Shingo'*
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!Research Center for Neutrino Science, Tohoku University

KamLAND was constructed to detect the low energy anti-neutrinos. And then, KamLAND detected reactor neutrinos and
solved solar neutrino problem on 2003. And furthermore, KamLAND detected geo-neutrinos for the first time in the world on
2005. Currently, KamLAND has already been beginning to search several new physics. However, searching new physics in th
detector of 10 years ago is difficult. So, it is necessary to update the detector. We are planning to update the KamLAND. As thit
updating, KamLAND electronics will be renewed using the latest technologies. The next-generation KamLAND electronics will
certainly contribute to geoscience.

Keywords: Neutrino detector, Data taking, electronics
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Imaging detector
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DIFEZHEFEL TS, HIER= 2 — b JRBOBICHIE SN2 PO T a2 9 % 728, Wl fliseE b i
DRENY F T L6 Z21Eh LIAATERIEY > F L— 2 ORI, T HEMEZREIES 572D, Wik vFL—X
2T A A=Y VTR ORIE E2ITO. ZNEZMHAGDRE THIBR= 2 — MY / O5mktiz HiEL TV 5,
ARAZ—=TRE., A A=V THRIEIRICOVTIHHT %, > F L—XOWEIRFOCZ 1 ETFRATHRIBL, FOtsz
X SIRES B 728, 2R E SUGEAVNE W ER, BRRDPa < MEDRAEIC T SNTothitidsz i
HEDEZRHENDH S, BlfE, bo ARG LT, B0 cmD I I —ZHWitiRe, 256F v 2 xb « %
WFT ) — BEFEEEZHAA GO T A eduiic, BFEIRML, F3Etm, BifFE N5 i eidbR5,

F—U—F:Za—hU/ MBRZ 2 — Y/, EHEER
Keywords: neutrino, geo-neutrino, radiogenic heat source
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Li loaded liquid scintillator for directional measurement
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ZFOREREST M TIIKF L aT7EDO LS ICE TN = a— M)/ OFRSKAMZHS T E ARV, L
MU, BAEFORIGEEPEFORESZENT S LIc k> TETRK =2 — ) J ORI a%EH S T LIEAHET
BB, MLFINF—ICBIFE=a— MV / ORKAHOBINATREIC AT =2 — M) /2R T L ICXFIT 5 C
ENTELEIITED, TERDEHIE D & E SICE VS TOBIIIMNHES LI E NS,

Wilks >V FL—RIC K> TETHK =2 — M)/ ORKAAZRIET 27291, RO=DOMEZERT 5 &N
EBETH D, FHUTTAERZ LS piC Pt F 2T 5 C &, i FER)IS S TR SRR c T L, 2L T#
DI O LE D REE TR T 2 REZES T & TH %,

BEDWIAY > F L—2 Tl B FEEIC X D I E N BB PO E FIC K DIl E N5 LTI 200 p shh
D, BETICK> THIEIN B I NS T3 )VF =3 22MeVD y fie m->TLE S, TNTIE. T3
A8 em B LB IS HRIZIERT T L E W, 2.2MeV D y #1134 40ecm & T4 % 7=l kA S 2 B 4
T EeHHERELESTLES, S, T OREEERT % fzdI RN AL A 940barnThg -0 0.3barnic EX
TIEHICRE L, P HERRCTRIA Y > F L— 2 h 2 BEREER B H R R o BB RS % OLi 28 A L iziRiky > 7
L—2 ¥ Uz, TOHLWIEEY > FL—RIc KD EED —DORMESZ AR L, [FRHCBIFER TH % EWNiE sy
FREE IO Z R T 2B L HAGDLRZ LICK> TE K= a— ) Ok imzERitT 5 2 ks &
N5,

A TIIINEDOTETHIE LY F7 LEHRIEY VF L—RICDWCHEIHT %,
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Tomography of the earth with large-scale neutrino experiments
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IEarthquake Research Institute, the University of ToRyisconsin IceCube Particle Astrophysics Center

Experimental techniques to study inside of the Earth have been developing remarkably in the past decades. For example, in-si
x-ray diffraction measurements under high-pressure and high-temperature opened new era for studying about possible chemic
components and structures of deep Earth. In the next ten years, we will obtain yet another technique for direct measurements
the Earth’s interior.

Probing inner structures of the Earth with neutrinos has been discussed for more than 30 years. Neutrinos are chargele
particles and have very small cross-sections. They normally penetrate the Earth without any interaction, and from the rar
interactions that do occur we obtain information on the density profile of the Earth’s interior. However, the elusive characteristic
of neutrinos poses a challenge for detecting them at experimental sites. To compensate for the small interaction cross-sectic
one needs a large volume neutrino detector.

The IceCube[1] neutrino observatory, completed in 2011 and has 1 cubic kilo-meter volume of detector size, is a possible
candidate for this study. Current status of a study for measuring the core density of the Earth with atmospheric neutrino will be
presented.

Another characteristic of neutrino is that they change their flavor periodically (neutrino oscillation). These oscillation patterns
are affected by the density profile of electrons along the path of the neutrino. Comparisons between the Earth’s mass-densi
profile and the electron-density profile give us ratio profiles of atomic number vs mass number (A/Z), which contains information
of chemical composition of the Earth.

It is crucial to use a specific energy range for source neutrinos in order to perform the neutrino oscillation tomography. For
Earth’s core, the energy range is "1GeV to 30GeV. To detect the GeV-range neutrinos with sufficient statistics, next-generatio
experiments Hyper Kamiokande[2] and PINGU[3] have been proposed. Possible discrimination powers of some chemical model
of the Earths core will be discussed.

Fig.1

Left: Exclusion of a pyrolite core model with respect to a pure iron core a time range of ten years. Right: The accuracy,
measured in units of sigma, of the Z/A measurement for the assumption of an iron core. Calculated for PINGUJ3].

References
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Muographic imaging of Usu volcano with a multilayer detector
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Usu volcano is one of the most active volcanoes in Japan and has erupted for four times in the recent 100 years (1910, 194
1977-1978 and 2000). In the 1977-1978 eruption, 18 craterlets and a U-shaped fault were formed in the summit crater. Th
eruption also caused the deformation in the summit crater area with a diameter of 1.8 km and formed an upheaval called Usl
Shinzan.

Preceding studies suggested that the cooling magma intrusion with a height of 600 m and a width of 300 m was locatec
below the Usu-Shinzan by magnetotelluric soundings (e.g. Ogawa et al., 1998, Matsushima et al., 2001). And Yokoyama an
Seino (2000) built a tilt model to interpret the formation of Usu-Shinzan. In this model, a block with a width of 800 m tilted
approximately 11 on a pivot at a depth of 800 m. So, in the present work, we conducted the muographic imaging (radiography
with cosmic-ray muon) of Usu volcano to confirm the existence of magma intrusion beneath Usu-Shinzan.

But there is the issue of background (BG) noise of muographic imaging for a large vote&mon(thick). Since the integrated
intensity of traversing cosmic-ray muons steeply decays as a function of the thickness of the target, the signal-to-noise (S/N) rati
also decreases seriously as the size of target becomes larger, and thus the density distribution cannot be accurately measure
a large volcano. The background (BG) noise that reduces the S/N ratio mainly consists of the fake tracks that are generated |
the accidental coincidence of the electromagnetic (EM) shower particles. The values of BG noise viecen1®sr! s—!
(Lesparre et al., 2012) and 10cm~2 sr! s~! (Carloganu et al., 2013). BG noise of 70cm~2 sr—! s~! corresponds to
integrated cosmic-ray muon intensity after traversing 1 km of 2.65-g*amck.

In order to solve this problem, we developed a novel muon detection system that consists of multiple layers of position sensitive
detectors (PSDs) in conjunction with a trajectory analysis method to effectively reduce the BG noise. In this method, the EM
shower-originated fake tracks are rejected by requesting a linear trajectory for a muon event (linear cut method) since EM showe
particles randomly hit each PSD layer and make a non-linear trajectory in the detection system. This detection system wa
applied to Usu volcano, Hokkaido, Japan to image its internal density structure (the spatial distribution of the density). In this
measurement, we utilized a muon detection system that consisted of 7 layers of PSDs. One PSD consisted of x- and y- arrays
plastic scintillator strips with an active area of 1.2% and a segmented area of 10x10%criihe angular resolution was +/2.3
The measurement duration was 1977 hours (82 days).

In this measurement, we compared the integrated cosmic-ray muon intensity traversing 2500 m of I5rgatnwith

observed data at an elevation angle of 55.6 mrad. Assuming that the residual between the calculated intensity and data is B
noise, we obtained the BG noises of 5.4x1@m~2 sr—! s~! with two PSDs and 1.9x1¢ cm~2 sr—! s~! with seven PSDs.
The multilayered muon detector was effective to reduce the BG noise. However, BG noise remains and they may be attributed t
another source of BG noise such as upward-going particles(Jourde et al., 2013). This measurement yielded the following result
(A) by analyzing the region that has a thickness of more than 1000 m, we confirmed that our detection system is sensitive t
a density variation of 10% in 1300-m rock; and (B) there are high- and low-density anomalies beneath between Oo-Usu ant
Usu-Shinzan peaks, which is consistent with the magma intrusion and the resultant fault generation suggested by Yokoyama al
Seino (2000), Ogawa et al. (1998) and Matsushima et al. (2001).

For the future prospect, we will try to use the shield in order to distinguish the upward-going particles from muons arriving
from a volcano side.

F—TI—R:. 2aATI5T74, 22X, TTVF T T 14—
Keywords: muography, muon, radiography
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Expecting great development of PEPS

T i
TSUDA, Toshitaka*

LU R A AR B ST Al
!Research Institute for Sustainable Humanosphere (RISH), Kyoto University

JPGUN Y ¥y —F IV EFTT 2 T Lid, KRB AT, AREANE L TOEFETHEEEITVET, TDI
B, IpGUBINE S & OIFHROBLEZHARIC, T IFEMRVICHIZD Z L OBGRE LEREHIT TS X Lz,
ZOREER, MEADA =T 7 72 AE TV ¥ —F )& LT “Progress in Earth and Planetary Sciénde¥179 % C &I/
DE LT, £, ISPSDMFLHCRANBAIEEL: [EEXEHFEMEL) OTHEM, 2013FEN DS 5 r FicbizbiEE N5
CLicED, MEHABEARLTEF LK,

AFEZHET B72, PpGUIE TV v —F IV REIRREEREER) & Vv —FHIUEERER] Z#iELE Uiz, #id
&, JpGUOY v —F )V E (DR O58t, B, MBUxE) ICBd 2 EINRHRIRZ /G U E 9, HEEORBR
JEBICDWT, 21492 & OiGnZ i £ 2 T, HBRERERIZOZR 2RO EIFE(E ) Osibiciay 72 7750 2 #iEt L
£9, B, Vrv—FHIVHRICHFEOD 2 H2EZE L LTHEL, 7NN LORRICEHZHIT 2 X518/ LE T,

—J. [Py —FIUREZER) &, Iy —FIVRITICBET 2 REMNREL Th 2 RRIUE - 2], & - - 28,
HIRZITONE S, Chicid. RSN S22 DREENSIML THET,

JpGUBI A9 4 ke T D T e Hic . 22 E DML LTH Y v —7 )L [Progress in Earth and Planetary Science
EFHTTVWERWEEZTVET, 2IELd. SEHBEIRA M BDONEMIERRZ R S5 2BV L E
T Fio. FEROFBICHT TERO TR E S BE BBV LB T ET,

F—U—R:A=TVT LA, BT v —T )V, PEPS
Keywords: open access, e-journal, PEPS
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Open Access Issues in Physics Journals

MaH &E— 1
UEDA, Ken-ichit*

PESKUBERE L= =ittt o 2 —
institute for Laser Science, University of Electro-Communications

(PR 2ARE & arXiv, INSPIRE, SCOAP3B

VIR P AE ., SR DA—T 7 72 R DVTEWELZR > T\ 5, VPSR COTMEEAEZDE D
e NEISH DWVHERZ ML L TO0 B EI D THIEEI NS LLE, @ ZEILS AT 5 Ei34RE S, Hikickii-
TV RS, BTSSR D 5D B %, EEEIZ O & O EMOBIETH % & [FIFIC,
HEEETEH D, TOLS EEEUEDO T, arXiv, INSPIREAZ ER4EAH L, FOEE L LTO SCOAP3INH S, E
KOs THEET 2 @ T )V F =R 7 )L— T DY R—h D& & HFUTHET % FRRIZEE O Rk 2 &
T RHSRE, R 2 IR R 2 B0 T, M kL F =8Ik UzEHE & LT, IUPAP WG T& YR —
FLTE, TED Redirectioz KIRICFT B LTz S THEHENS, BHERRONOKEREBHTAZ—KLDDH 3D,
Sustainableéc 3 27D E5EE TRMRNEERBTZA 9,

(G LD+ NBH & Public Access

X DHEEABNC DV T, NHXKEEE, SRKELHICN S 5 HENB Td % Public Accesse ICTP (International
Center of Theoretical Physics# i U 7z iR _LEANORER ML 1990FAM 5 H TN TS, Da< & EKEN
T3, NHEXKERE, GRKEBHEICHEN TS 205N THH B 720 T, Y EE RIS U TERANERET N
T3, NFXAZVHEOY S LETLZ LU TEVLENTZICTPIX IR AT, 42V TBUNOY R— b EZIFENS, FFE
& EEOWISEE., AEHICH LT, LA EDYHRGXOERHEREZE AL LIEEBHEHDOE L TIToTH b, it
RoyzRes, REMRED I LTS,

(ERHEHE TV vs BEEHE R T T ]

Gold CAICDWTE, HEZY] > TN EWVZEHE LIVEY, 1997FITITRMD Gold OAY ¥ —F )L TH % Optics
Express (OSA), NJP (IOF)'fi[fT& 11, Sustainable Model 553 L7z, Sustainable Modet (& #FHIC KAT T % 720 Tlk
L B TERE by TRENI IR/ e ZERLTWS, IZ/2L, TOHERICE. VY —FIVEHIZ IV —TD
BERE DDl b e, BT+ —< v T 0 VT ORE. SEEER, RO 7 LYy bW EFIFFC,
s > o4 VHIRE NS R E, BrLWRMRO M Z R LzMicd %, APSOD Physical Review X35!/ ScopeThh %
D, Gold OAIZ DWW T EZDEHEIE R TIE AV, ZD—F. APSD PR SeriesCld & FHIMIC RS 2 @0 /1D & & 21
MU, BRI OS2 E & —EAICER LT, FEMICEEATRSEOORZ2ET LTz, ThiCid PR Series
DX EENEHES )1 L RIRFIC, WTO hi#ic & 2 HED b OXEEEEGORINA DB RWCEHF G LT3, FESD OA1L
Fiak Cld. FORMEZHUC A EDNN TV S D, AREEOIEME(L, 2RO RGZ R T 2 i bR, FE AR
DI B EE LT TE DB, WPER2AEED Open Acces$tifBi & WA & 5, BfREZNT VAL, WHiklz
FHT T B 72IC, PIHERSZD 6 0 %% i % PR seriesDIERHfRZBEIL LT, FEAESET TINS5 2 LIEAR
AREE WA KD,

[OA LS B T b b Dkl TiER]

OA Vv —F)IVOTFITHINZDE D% RIWE Ua ikl it 2 it T3, UIHEROLGE. RO v 7220 0A
Uy —FINWEECTHLVEZR ST by TV —F NV EEAS E LTE N L TE R, ZOMBEMRFHCIZ¥EE, S
DFED ZMFTENLTER, LH L. Gold OA Y ¥ —F)Uidim L OIS HBGHER DI A ERE ST 2 XA = X L%
FoTHH, HBMIHEEZGED LD 80 70— RNy ZEBEZNEL TVERY, BRAIBEMELELED Y AT LE
EWVS T EBIERHLTEMITEL RV, MHRANEOINE TORBILWNWZ BT L. 2%E. 8. HREHA,
HEOFEHFIC K> T, ZEEMATAMEND D Z T, RHIETIMTERLIZE LTERLTHRIUERIEZFN R0 E W
HTETHb, HADZMiAI 2 =7 7 —h, HOLOHMEHOIIREFPREZEZE LT, B TH LWL OA ET7 )V H
B3 % C & BLERTZ, Eamiﬁéawaiﬁ®@ﬁﬁbk0Amﬁh@ HRHSEHENS C &RV, 72720
ED. HEDERT Eld, BDOZS, HMOSHIZI THRINT 5 EidEH LY, HAROZMTEZOE OB LIZEN
AEERHET AT LA, %mmm@EMT%%o
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Al 287 1
MURAYAMA, Yasuhiro!'*

WGE AR

INational Institute of Information and Communicatoins Technology

LERIE. BOEERTORE, AFOERRBTH S EZ 55, 17 D4 > + — )L Philosophical
Transaction®D N SIE K 2 M. DX DX OR EHLA1Z. RN BUM 22 MRS 2 HELER LTS
DI KRERRE R L TER LS > TIVDTIREVES S, —) T BRORPARIMNIZHIC B TR ZT T
FZHUSNRWEET — 2, 3JUTZ MG, &5, Bl RERENT 1 V2V AT 147 & UTIHEDFRE & MGt 2
2 % B ARIER E UCTHEBRIICEB#END X ICE>TETW S, Yy —TF VDA =727 7 ZEh, HIFIX
LD SFBT AT 4 7 _EANOLHIEHIREOBITICHTR D LU Eddta L R ORE L 14/ X—2 3 VD= D)
ThHseTNE, EDOK S BT —2ED5 5, MU THEITREEDOL HEE [ U A & LTS
NEZNENDH 5, 201370 GBEHMEAB XU GIEHREKRE « 7HT I —BRERBICBVWTA—T VT — X BXUH
RTF—RZ DA —T M DFERIEEFEDHA T, ICSU-WDS (World Data Systenp & 5757 /77— A1 RH S DORE
TFT—R2DOHEE L - FlIGH. RDA (Research Data Alliance) & 5 2 BURFBIR DR D H % REFHEHiER A > 7 T Dz
HOWEH), R EZ N D OMIET — X DHEEILOFERMNERLDDH D, ZO—fl& LT, HEEIN7—XZICEHR
FoADO AR T (Persistent identifier ZFXIC i DOl 7z EAFWVWENS) Z5 LT, wmxXHiE 7— 2 tHikZE) >~
7 &% T —%5H (data citation Di%EEHA, Thomson Reuter, Elsevier, Wilelx £ 2411 ikt & WDS, RDA, DataCite
ICSTI, Forcellsx £ OEFHHARIC & > THEMINIED 5NDDH B, T—XDRFE « 1008 « B/ Fii7s %  OFEN
RENTWEM, RHPICHT 57—t + D DOI 51 HZiD DOI 51 & A L)V O AN SERERHmIC FH U 5 3R 7
Ex 5T, MLDOWHZFOIMZ T [T—2 MR OBERAGHE L BICHITT 20 E S h . SHROFEEDFNS
ETATH,

F—U—R A=T U TF—X, BT —X, ICSU-WDS, RDA, G8
Keywords: Open Data, Scientific Data, ICSU-WDS, RDA, G8
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ST A C-UniBio PressDig#

SR T Y — 3 T LG iBi _ - .
of a Scholarly Publishing Consortium: UniBio Press Activities

Toward the Founding

K T
NAGAI, Yuko'*

' HAEY AR

!The Zoological Society of Japan

HAE N 2R 2 B BB R PRI D R VK 224F 8 HICIRE 21T o Itk a >y — o7 Lirz B89
NPOiEAN  UniBio PressDiGENC DWW THZEK T %, UniBio Press & 8% & Diiffic X b . EXEHFEME (A) ©
BiNZZ T, BIEREE DA A, HEADZAMOERIEA DL ZAIE TR, 2O 1 FiE#ZiT> 7,

F—T— R HACEMR G, AR, 3>y — 27 L, A=A AT LA
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Renovation and future perspective of journal "Earth, Planets and Space”

ZINEE RS By /N1 RERE 2
ODA, Hirokuni'* : OGAWA, Yasud

' PESERANRR ISR, ? R TR

INational Institute of Advanced Industrial Science and Technol6Tgkyo Institute of Technology

WA itTas Earth, Planets and Spa@eP Sik) IFHIEKRFERE S - HIERSUE B Y23, HARMIE 23, HARXILAS, HARHMIYAZ,
ABERERAED 5 PRI K > THRAERE N TV A HBRERERE O Y vy — IV TH 5, EPSEEldJournal of Geomagnetism and G
X U Journal of Physics of the Earth 2 55D kL L LT 19984EICAITIE Nz, EPSEETIX 5 A0 /1/\—F % HiERkE
RS - HEEYE - FEHERE - HIE2E - AL - Jie? - SEREZ RO E LTl ORREZ 2 Tnhd, EPSEEE
SRR 25 R FE O ZE R NP R TEBSHFEE 9t ) © 5 MO REEEA R E N, 2014FE 1AL 52 TD
WX DA—=T 2T 7 AWM FI Lz, 5% D8 LT, EPSREIREBIHRAEENEEDEN S Letter zFH b L,
20164F 1 AM 5 HAHIERSSE Rl G & HETHIRZTTS TETH 5. R TIE. T2 5 FEEICITbN I Bkt
EX =TT IR ANDE IR AT IO E LI HENEORN 21T LI, SHBOBRICOWVTHNTE
TWiziz<,

F—7— R: Earth, Planets and Spac,— 7" > 7 7 2 A, SRR NBHIEHERE, € 2 AT T )VERHR, “AIRi R, “AifriE R

FEE
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MiE TProgress in Earth and Planetary Scienc@fife & Hf53 & O
Editorial policy and goal of Progress in Earth and Planetary Science

HHEE B
IRYU, Yasufumi*

'Progress in Earth and Planetary ScieffthifE =
LGeneral Chief Editor, Progress in Earth and Planetary Science

We at the Japan Geoscience Union (JpGU) launched a new open access e-journal called Progress in Earth and Planetary ¢
ence (PEPS) in October 2013. As its name suggests, the purpose of this journal is to publish papers that present new discoveri
ideas and unifying concepts in the various fields of earth and planetary sciences (space and planetary sciences, atmospheric
hydrospheric sciences, human geosciences, solid earth sciences, and biogeosciences). In addition to normal research papers
review articles we would also like to publish material based on the best presentations given at the JpGU Annual meetings, an
we have asked and will ask session conveners from the meetings to recommend those presentations that they consider to be
most scientifically interesting.

Because PEPS is an open access journal, the following benefits can be provided to authors:

- All articles published by PEPS are made freely and permanently accessible online immediately upon publication, without
subscription charges or registration barriers.

- Authors of articles published in PEPS are the copyright holders of their articles and have granted to any third party, in advanc
and in perpetuity, the right to use, reproduce or disseminate the article.

The authors will benefit from the e-journal as follows:

- No restrictions or limitations for pages, figures, tables, or additional files to enrich the content, including videos, animations,
and large original data files.

- No cost for color figures/pictures.

- Fast publication?generally papers/articles can be published 3?4 months earlier in e-journals than in standard print publice
tions.

By taking these advantages, we intend to make PEPS a top-level international journal, and therefore all submitted papel
(including invited papers) will go through a full peer review process. In order to publish high level research papers and review
articles, we have organized a strong editorial board composed exclusively of active scientists and asked them to ensure that t
refereeing process is strict as well as fair.

The PEPS editorial team works and will work hard for PEPS. However success of this journal relies primarily on whether
JpGU members submit many high quality manuscripts or not. We earnestly wait for your submission to PEPS.

F—"7— K: Progress in Earth and Planetary Scied@él: /5 ¢, A —7"> 7 7€ X, E Vv —F IV
Keywords: Progress in Earth and Planetary Science, Editorial policy, Open access, E-journal
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HARBRER E R ZH A1C K % [Progress in Earth and Planetary Scienc@fl ]
Publication of Progress in Earth and Planetary Science by JpGU

J 1 R
KAWAHATA, Hodaka'*

P HREURA ARSI

L Atmosphere and Ocean Research Institute, The University of Tokyo

HERERE R BT 2 OREZHIE L, FEEENRI R 2 =7 ¢ — \OEIRFE @ U THIERRER2Z DA D
FEBICEHBZOIZ, BRI (v —7L) TProgress in Earth and Planetary Scien@®@F 111G 8) 7% FiMii)ic 17
5. CTORAFENIEEHRY ¥y —F VA —T> « 778 A (OA) EF Vv —F IV EEUT, & 5ICEBISHRIREE
217> TV <. RastEERE N HAMBRERER AE S OA TR & CHAAHRILS D S ORPAIZ B MilIe (e
BNPMEEE) ZAEMMCSIEHALT, BRICH I K5I RO OEHH ZHET 2 T8 TH 5. BIRNICIE, 020145
BAREZDZAMN - MEWEBEROFEROHPMN D O 2 CF —HEEDOEFFREAND HFakiE, DYy —FIVEREY >3 >~
I X BIRE O L FERME, 0V v —FIVEEEY VR L KB RE O L FRakE, OV A X ko ay
MHDY Y —FIVRELLRIZ EZ21TS. e, IRKHY v —FIVOiBHIZ215 5 12 DICILHIEENIC £ 458 5. FRC, AGU,
EGU, AOGS/ & DEBRZZEAND 7 — AHER/ > T Ly bADJREE#ERZTT S 72 iy v —F )7z L SIS 2 Bt 7%
1195, EHIC, #HE R Uy Emt - s IEED Y E—)Ld o1 F Otz BT 7% 5.

F—"TU— F: HAHBREER Al S, A—T > - 7712 A (OA) &Y+ —7)l, Progress in Earth and Planetary Science,

HEREERE, 2N E, AARZENHREL
Keywords: JpGU, open access e-journal, PEPS, earth planetary science, Participating society, JSPS
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I%:romo?i%n of Scientific Research on Atmosphere and Climate System Using Aircrafts:
Proposal of MSJ to SCJ

PP 2 e B 2 Ok R L Nt B2
NIINO, Hiroshi'* ; KONDO, Yutak& ; SATOH, Masaki ; KOIKE, Makotc?

VRO ERSUIHAENIZE T, 2 UK A B AR TS e Rt
LAtmosphere and Ocean Research Institute, The University of T8mduate School of Science, The University of Tokyo

FriZetic & 2 HIBERERIINE . N RS2 e, s BB & 3 SHIBRER O 3 AKED 1 D& LT, K&REEE X CIEIL O HER
FAOWMKROI 2 =7+ —CTRFICDOID ZORBEUENFRINTE e, Fickl, HAXS 22 LIRS YR ©
FAINERRNIC THZEEEINCEET 2 e (BaR ks GO - #)) ] Z%iE L. 2FMICh Tz b BatziE
BTEI, AT, TNETORDEOHZERBINIORE, FEERAEMIZEBII ORI, Bk RHTRER A7
1) B THIZEREEINDN R & TN 2308, BOEOBUR, HFMREOEROLENE, TREENIHR, N L#HE -
Hi BRI & O, FEARTIOERIERER LIS DWW, ML RBIED Difimh b Nz, 20124 9 Hicid TN b O
R LTS THIBRERBSA B OO0 & AR EBIROFREL X /1 = X LORIAD 7= Oz ORI FHIC B9 2524
(http://www.metsoc.or.jp/cgi-bin/kokukken/ ikenboshuleport.pd) ZHLD £ & 87z, TOMEZONRIEIG G EZ DY
MERAERBICHESTERIN, GHHOREHPHEE I Nz, FIHBRERERSZHAICSET 222 TH 5 HAKRK
fbpe C4R: RRULEIZER) EERZERTE. MEHONEIBEIE N, EEI N,

CDE D HUEf « Fame TR e LT, KERFRIEHAAMN NG UTEE 22 B2t K fiakatm « KRR ERtT
BICBEG 2 AR —TF > AR ETE ) 1S THTZEREBIINNG & 2 KRS - SRS AT LR OH#EE ] ZHE% L
Teo TOARELLTOMD TH %,

AWHEETE OB, BB S A OMZ 28 A U, REBEY « KUk AT L 2 RERNICHEET 5 2 &
Th b, HWEKRE(LZ & OBRIREIOZE N SHITHETT U, AR ORGtE21EE0/K - SRt EATEORMRIC K E
BB 520085, TOROHEKERGEZBOIRZIEE LIpkz FRIL, WHEZ2# 5 ENEETH S, TR
FARARA - AR - P R O HERBIHHEETS S L o7 TIRDENC I 2 HUBRETN O I 77§
ICBWTRBRICHIATANEREE UT, IREMRLUADIEER. EWEE - BkGERE, R OZ ., Mo 5URZ
b, IKIEROZEE R ENBTFEN TS,

NS OHIBREIR MBI ST 21Cid, i B 5 OBTHNED D Tk S fizhz O T HIBRBIH S A7 LOREE L . 2
DD DR B OREE N RIS SR T E 28O AR 2 #3732 2 AR ETH %, Sehmf/xat
HIFRZ O TEiZEic & 2 EEsiild, WESHE, BE. RZEROMREDOR TEN TV S, MBI TOBIHI TIE AL
R BRI Z R LT a0, MBI & N T E OB ZHAGDE 2 2 LIk D KEEHFENRNET 2,

Koo HIE - HEE - WOk E O EIRKEF R BFERH - EERE EOTAGERIDRET0S, TOX S &HKE - Fig
DT, A BIER 2 F5 U CRENIICEIN T 2 2K 2R 2 2 LR TH %, THUC K D Rz L
% EMAREIC 7 %o

HAMWHINY — X — 0y TRED . ENE OIS L HLF LT V7 OBRBEREOMI 2 HEE T 2 Fzdicid. A
FIH T & 2 fiZefBill O 7e i 2 e (3 2 T e DRETH %, Fio. HEFRFIH O 72D O ze ki e o]
e N LRSI Y —238) OMGINERFE - SBROOOEEL T Ty b7+ —LEED. FEROMIZHE
B2 S HFMREOERICE NI R TH D, TNHOHEMNZENT S 72dIc, BAEME OBIIG A ZRE /&
AL, REEPBFEBINHO LS A b LYy TOHRGEFEHKIC KO REFRPEZHEES 2 2 AT LOMRENLET
BB, S, KB EZRLE LTREONEZRD 5 L LI, K DJRWHIBRRPESEFICHB T 2 RIHE 3D T,
FHEZFEE L T LD 5,

F—TU— R RERPE, S AT I, fifiZekk, OARKG AR, AR 23, KGR~ A2 —T'5 >
Keywords: Atmospheric Science, Climate System, Research Aifrcrafts, Meteorological Society of Japan, Science Council o
Japan, Master Plan of Large Reserach Projects
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fiizeps e I U 72 RSHRiR 2= 20 58 77 2 D B 1B o
Long-term Observation of Atmospheric Greenhouse Gases using Aircraft

HTE s Rk F50 2 5 38 AT 2 AR A IR e ] 8
MACHIDA, Toshinobu* ; MATSUEDA, Hidekazd ; SAWA, Yousuké ; MORIMOTO, Shinji* ; AOKI, Shuiji®

U ERTERBINTIEAT, 2 SRWIZEAT, 3 RAURAREE G AT S ek
INational Institute for Environmental Studiedyleteorological Research InstitutéGraduate School of Science, Tohoku Uni-
versity

g biRE (CO2 7 & DIRZEINRA ADFFRIEE Z IEMEIC TR S 7DIcid. T D DH ADRERIGEER 72 & &I
PRG0N B, KRB RN R A A D2 ORI A B OHR L. HIEREEG D S OREE - WIEOHEE A
EERT B 720D HEDO—DTH %, LHLENSHFUTIZRIZITWD K OHhDO KRG OZFISAFEE L., FHic EZ2Eo
B E OB TS TRV ODBBIRTH %,

Pzl S NEREKEE £ TOEEIC I 2 KA Z#T % L TREGEHEOBI 5 FED—DTH 5, KX
FR NI A D =Xt PR A ZE 2B 5T 5 C L ZHINE LT, WL O OBRIEHHIHEEE N TV 5,

HALKZAE T v — 2 —#% & @ A Z=E 2 R/ U C B4 2% 200mAh 5 10000mic 350 % CO2{EE OBIZE 1979 5
BEE THIT TWVWD, TTTHROLNAERIZ 220 CO2EET—2 & L TR IERREDGRTH S, AU HILKZEE
HAR 2 (JAL) AN % Y Ro——RHB & RE—7 > A LY RT FEHRENC 351 5 CO2 R DR RE ArBlif 7
19844 5 19854FIC M THME L7z, JAL OfiiZEkz I L 7z H SR O8I S W%t (MR I XK > THBIRSY
V) V7R (ASE) 2o T 19934FEIC B X Nz, 20054E1C1E JAL O Z MR L. BA ASE & bk
VR B EhHIEREE (CME) Z21{fi > 7z CONTRAIL 7B 7 b D ENTEBIZET & KSR X » TR E iz, #ild
D ASE THEIHIE Nz M O _LEEFHREIC I 5 COIREDRERSZKIC/RY, CONTRAIL O CME & FZEIcBiT %
HHRD CO2IEE T — X ZTRIEINCERT T LI L, TNH DT —RIIREMEEROMRINI N D T, RERDKAE
B, TTOVORGE. #EBRORGEE R EICHHET N TV,

HAC B CTEITHIEF Ofize iz B8 A UzBicid, B0 REE % R U TR HIRERNIR A 2 2 BRI
T ARHIOREREZIERT %,

F—T— FiRBRA R, Wiz, W bR, BB, o
Keywords: Greenhouse gases, Aircraft, CO2, Long-term observation, Troposphere
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M2 BRNC K B SOGTESUARD RS L AR . :
Elucidation of atmospheric chemistry of reactive gases from airborne observations

& A
KANAYA, Yugo '*

b R B AR
1JAMSTEC

REIEICREZ IS % OH 2 71)b0, IBELAUATH O RKTGHME T E H 2 WA > OIS 2 PERS %1213,
HIERYIE (NOx, CO,VOC/ &) ZJTRMH L EMOIRE DL Z, HEWHRFZEMA T — IV TEEA 5T ENEHEETH
%o W, FEBIOERIC X > T, NO27%& & DI~ A7 — )L O RSB HAHEN R ENE L X 5N 5 K
ICTESTEI, L LANS, BUED & TAHEBRD SR 5N HRIZMER I ENIAT LRETH S LN
<V BESAHEREFLNC SV, T, B5NBACEIRAEICIERO DD %, HZEmMBINE C D X 5 & riZz i
ZRELS 28D TH %,

2RI £ 5 in situBifllld, NOx %> CO, VOC iz &, IOBIITFEE (V278 DEVEIICDWT, HELHES)
HOWHzZRE L, BTV Iab—ya YORMETFER L A> TE e, 5B TOX S GREZRITENEETDH
%o XTI OUERENIT ClE. ZIERNIERZHAGDEEE BRI —EEE T 5 Z L FREEN, TD
MREFE L U COMZEMBINOBEE L&, 72e X, REENHA Y 2 COI DWW TUIMRE Z &7 2 ~
JFICITEE L CREAIG 2R A 0nt i ER LT 0 HHE U 7eHiZeBiilc K AWGENEE TH 5, L <Ic, R - =
TEVRC s E OB THEEZIMENNE (K723 RGEEN) REOIEEREETH 2,

In situ gHINCANA . M2 S DV E— b2 TV TRHIIE, KT « S0 fRRE 2 FREEAVIC /8D B AT REME 2 FF > T
%o Tee 2, WRICHERENS XS BE MO SIVFF ¥ 2 3)VA X =D 2 T o0 K Bz T, K
D S OEIFIRZ LD LT, A — MIVALOKCEREEOBIHIN BT E | #TNORIEEON NI - &5
ABTEMNTE, AVAT—IVRKEERENCHAZ L7569 T ENTEBRA S, EHFMHET TELS HizEn» 5
U LZFC BN TEGEHIIZTTO, Th 22 {ORETIT> T, ZNOEORRZGDLETHNITT 5 2 LT, a7
AR 2SR 2 T LB TE %,

N R ERMUEAREOBIREMI], BRI - e & OMEMEH S HEICWN B HETH D, ZDRUISDNT
Lo L 720,

F—U— R EEOA, BRI, —BILRE, 4V, EEN S0V B— ey U T KRGS
Keywords: vertical profile, nitrogen oxides, carbon monoxide, ozone, remote sensing from aircraft, spatial resolution
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fZergic X 27 0V )LD & €TV
Aerosol measurements by aircraft and modeling studies

K E W5 52/ B 2 SR B2, Mgz 3 b fz 4 ks v 3
OSHIMA, Nagal* : KONDO, Yutak& ; KOIKE, Makoto? ; MOTEKI, Nobuhird® ;: TAKEGAWA, Nobuyuki3 s KITA, Kazuyuki4
: NAKAMURA, Hisashi®

SIS, 2 B E R R P R HIER R R A IR, 3 SRR A el B AR s et o 2 —, 4 RO B
1Meteorologlcal Research InstitutéDepartment of Earth and Planetary Science, Graduate School of Science, The University
of Tokyo, *Research Center for Advanced Science and Technology, The University of Tthgoulty of Science, Ibaraki
University

KEHDZL DT OV IV KGR EELT 2 DI U, 75w 7 -— R R TR KGR 2 53RN U
KRKEMAT S, TDIDT Ty I hH—R DR AT LR I2THRENIIEBICEETH S LI N TS, L
LEW 5, BIEDERERETIVIC KD T T v 71— R Y DZEER AR Z ONIEOFRICE R EEAHEEEN T EN TV
%, TOTRERELTIE. ETNVTIHDNSZ 7YV )LD ‘Eﬁawﬁﬁ&’@ﬁﬂkk&%Iﬁ*fﬁ&hﬁ%&?ﬁ%ilﬁb\
FNTWVBTENFETENG, T7 0V I)VORERXER EFRZERNE. 75y 7 — RV OZER i 2%
BINICIRET 2728, TS OBEOMRZHRD S LIFIEFICERTH S, TDHICIE, ﬂ?ﬁl%m{“k}bﬁ%7
w7 =R OBMPRETH N, TTv 7 h—RyOTELRRERTHZHT V7T, 20014552 ACE Asia
& TRACE-PEIIINI T N TLLK, SHREIEEETD T Ty 7 h— R OfiZEEBIINE IS N T b >z,

CTDX I IIRADH T, 20094F 3-4 F I A-FORCE (Aerosol Radiative Forcing in East ASidiiiZe BB g « B>
FiE « U LICBOTHEMES N, GF 120 iz> T, 7T v 7 h—RUh, —#biksE (CO) BE, =7aV)b
BoEEE, BRI ENVEE 0-9 kmicBWTHlE E Nz (Oshima et al., 2012; Moteki et al., 2012; Koike et al., 2012;
Takegawa et al., 2013)Z D&iHR. IEFICEHIRED T T 71— J‘J‘\/h\ﬁ@i EDH Ehﬂ{mlﬁljkiob\féﬁiﬁﬂéhho ES
7= AWi5E (Oshimaetal., 2002 Tik, COZ FL—H & U TS T & T EHBDER A —)IL Tk COZKEHN SR
EIXNVEREED), BIIESNIEZKIROT Sy 77— R ViEE & COEBDROZ L HWT, KaHICHE
ENT2T Ty 71— R 2 OMEIDPERE SN TICBIN E TnE SN 2R iR GrRZEfEoEE 28 Uik,
DT Ty 7 H— R OENFIE, 25D EREPICRERT 2 BKRIIC U TR L, @ 2-4 km TlE 70-90%
J& 4-9km Tld 30-50%EE TH - 7z,

5l & E AWML (Oshimaetal., 2018 Ti&. TN HDOBHINSEFLNIZHIRICIHEDE, =0 b Ak T TV
WRF-CMAQ THb N2 L7 V)L DOIEM ik mf2ic B OW B ZA . A-FORCEMIZEEELI L DLt Z @ U T, 7
Z v 7 J1— R OFREFEEFE & FRZEFRIC OV TNz, Bl EFIVEEREZ LR LIz 2 A, BT IVZEBIHIAD S HE
ELUEENREZLEEEICBOTELSHEHLTED, CThUIETIVTHOD DN TS T 7 1V )VOGZEEFE O 2241
ERLTWS, BEFERT ITEICEBT 2T 5y 72— RV OWEREIETEIC 3MED O, KEBIFENZ - A &Ik
ENBREE (7T 7 H—RVOREKIC K BBREZFV) A T, REJEEE (RSFEECHES Fa. PREEOR
) EHIEFEFHBONRESR (TP & BEMFTEENC LS LA, mOBRE) ICBWTHEREND 5 B HE A & 5
EEIN, 5IEHEEIEIC K > T FEORE D & AErhifiiE b7z 2 N2 Hlink SN2 REEWNFEET % T EAVRENT,

AGEHTIE, W2 K27 0V VO EEME & | BN O T T IVIFEANORE BRI OWTESZY T, k
SLDOWFFLRRIC DOV TRE L2V,

SE

Koike, M., et al. (2012), J. Geophys. Res., 117, D17205, d0i:10.1029/2011JD017324.

Moteki, N., et al. (2012), Geophys. Res. Lett., 39, L13802, d0i:10.1029/2012GL052034.

Oshima, N., et al. (2012), J. Geophys. Res., 117, D03204, do0i:10.1029/2011JD016552.

Oshima, N., et al. (2013), J. Geophys. Res. Atmos., 118, 13175-13198, doi:10.1002/2013JD020262.
Takegawa, N., et al. (2013), Aerosol Sci. Technol., 47(10), 1059-1065.

FT— R B, T OV, TSy 2 h— Ry, T TV, YIRRE, TR
Keywords: Aircraft measurements, Aerosols, Black carbon, Aerosol model, Transport, Removal
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FZee e K57 oV )IV—EM BERIZE
Aircraft measurements of aerosol-cloud interactions

/N B TR AR Ok B )1 Wz 2
KOIKE, Makoto'* ; MOTEKI, Nobuhird' ; KONDO, Yutaka ; TAKEGAWA, Nobuyuk?

VHRGURZAIEERE « BERITTERL 2 SRGURS: - SetmBl ittt > 2 —
!Graduate School of Science, University of Toky&esearch Center for Advanced Science and Technology, University of
Tokyo,

1. =7V )Vb—EMEERIZEOEEE

7YV EEOHEERIZ, HEROXIRICEDZ EEAHRETH S, T7 1V )VITERE (CCN) K@% (IN)
LT T Ick D, ERNEUREPEDH OKE IKE) 22T E 5, TORE., =7V )badZbid, EO7 )V
ANRR, EO#HWLE (adjustment 7238 U CHHERREEKELERX L0 EF|ERCT, TNHDEOI /0%
izt HIBROBEHIN R KEFIC K E R B R BXIZT EEILNTWVED, ZTORME DITITKE A
EMNH %,

IRIE(ERFDZED T ¢ — RNy 7E8FIC & KEBRARHEEDNDH O . IPCCH 5 ERICE N TEETIVHO FEEDG
BDRESDENTUEREREDIE S DEDFEFREZ> TS, TOXITEDT 4 — RNy ZBERICZ7aYV LR ED X
I ICEHRT B2 ESHROMELIRE L NS,

—HIKBWTERRIIBMHMINIC X B 7 a V) )VERSRE SR ER@E T ya Y )VicEEdT %, =7aYibe
EZOMHAFEMZ,. SGFER&GUEHE. HEVIEKAE L FE EAERBRDBE L ZESEE R TO ATEH %,

2. fizeREiine X % 7 a ) )V —EMHEAEHZE

ANTHEENSOITTY gV I)LREYFRE O, 7a— Va7 a Yy )V EZEOMHEERAMBICE N TE TLEHEET
HBH, B - HETEZYHELSBELNTNS T &RB - #EEDO AR HEELEDORMEN D S, — /7. MiZerEid s
TEZHE < BANREENED, 7V )IVEEOHAERORBTH S L7 0V )IVRE « Kb ORI 2 E
PEIT A ENTED, TOXS SMiZeiBIIORMFIC X D, Mizeizr TEAEITFRE L7 VIV EEDOHA
TEFH OBIIRZEN T NE THY TV 7, N)b—f, BVEAREE. A2 R 787 70 A, JuhipE s & R 55
THEEENTETWVS, TOFE, HIEROMEGHN Y CEEREEZ R LTV AR EEOEBEOA—T )b - &
O— X RIVDIEEZ(EDFHKICER L THD, ZORKOELE Z5|EHCTHROV DL LTI TrYILAEE L
TWABARENZ EN > TE Tz,

3. T ITICHT Bk

INE TOMREHOMIN S, T7 V)WV EEOMBEERIZ. T7 0V IVEDEZ NEEDOHEMHLETS &>z
ARG TIRAEL, EVAT LOBEEGICSCTEDIGENZLT BT EMRETN TV, 7V 7RI RT
EL7VINBENEL . THIKSEHRBIARZDOIFZHRDE L ENTFREINZMHERTH 2, 7IT3ER. 7Y
TEVA—VICHRMEND KD IFD 2B EMOHR T, BRGEZATDE - Bk AT LDNEKRENS, LhLix
ME, 7IV7 TOZEEENIC K227 0 V)L EEOMBERAMZEIIMDO TROENT WD, 77 DEMIRKEGEMIC
BOWTERENEZEANOLY OV )VOFEERKRINGARTNL T Eid, =70 YV)L EEOHEIERAFRIC R E ek
NTEBZEHFHENS,

AFEH TIE 20094 & 20124E1C i & Nz A-FORCEMZEEBINICOT Y 0 V)L-EBMZHN L E, 7V 7B
VI AWTZERS IR OY A T RIS DWW TR LI2L,

F—U— R TRV, E, HZERER, 77
Keywords: aerosol, cloud, aircraft measurement, Asia
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@%ﬁi‘%‘éﬁéﬁ?ﬁﬂ%ﬁﬁ WieBEALOMBEZ ISR & U T IER RGBT & E T IV DR R O
Evaluation of a result of a coupled atmosphere-ocean model around a tropical cyclon
center using aircraft observations

TG ORER 5 AR iz b AR SR 2 5k B phe 3 ik At b PEAR ALY B Y
SHINODA, Tard* ; KUBO, Keishi' ; AIKI, Hidenori? ; YOSHIOKA, Mayum? ; KATO, Masaya ; TSUBOKI, Kazuhisa ;
UYEDA, Hiroshi!

P2 ERAHBROKIGER IS > 2 —, 2 WEEERTL R FE RS, 3 AL KPR SO A BB > 2 —
'HyARC, Nagoya Univ.2JAMSTEC,3CAQS, Tohoku Univ.

AZE RIS B O NERAEEL (ARSOEESER) D122, BA2EN. BV GG 2 R T 2 - DICENETE TH %,
Bty R 2 L—y 3 VEBREOEERIS NS B 1-DIIZENETERTH 2N, BEONEEB O HHRMZFHME T %
TEEREH LV, ABFZE TR, IER NIRRT ST 7))V CReSS-NHOES: W CHE MO FEHEZE RV, ZFDHUN
FHEDREE T DU THZEES B ORS F 72 Bl C BB 2 214 L 72 95 D55 SR AN T 5,

T &3 % DI 20104F 10 HICER A ECHE L2 OF 13 5H)E (T1013, Meg) TH 3, 7 AV hEREE
BB O{EBL Impact of Typhoons on the Ocean in the Pacific (ITEH. 2000 Ky 7V > T L Z 5% 2.5 km
M5 TI013DESREEREAICIR FE Nz, Fay IV YTk, # FLANSRTE (B, &k, @, Jmm, muEO
META T 7 AINEBT SN TERRIRTH S, TNEHDOIMET T T 74 )7z IV TEUEEER DK FOF M %217
9o BUBIFERISAR BRI AR TS 0.02/8 (BXZ 2 kmicHY), T10138HAELTHSE 1 HED 10H 14H
00Hf (HFEE) A5 7 HEICHTz> THAEL Tz,

BUESEERCIX. BEOMER, FOKITEOZUEAPREER EZHAT A2 N TE R, Fay 7Y U7 & BiE
KEROIER 2 RIS 2721, HLAKUEDERZLEmZE R L T Fay 7Y Tl b R S 9 %
BUERBROBZ 2 RE Uz, Ry 7Y VTR FENE S NIR I B 2 8 EOFuDiEIE. KT & 0 ftans
NA NI I TF—=22IENET % T & TSz, BUEIFERIC I 2 /SR OHUONIE T 1RO 755 5RIC Braun
DOFEZEH LTSz, BINCHT 28RO Z Ray Y U FBIRIONEE, ZOFE FRERRICBIT 25
JEHLOC HERH AR BRI a7 7 A L LTz,

AW CIIBEEE A B 2 km DL RO TOE THIGHEED 9509 . M DOWVINh D CEEN 25 ms ! M EEikx
BT E Ulz, BEEBONEIZIROME, SMIZBEEIK & Uz, BUERERIC X BBEENEOENM, KK
EAL, BUEOFEEEIZ, Ray 7Y Y FERIOGEN S D 1 o (BEHE(RZR) OHIFINICINE > TE D, #HaticidE
HENINHDNTA—2OFHBIMEIIRWEEZ S5ND, BE TI013MEFEE L%, BUAFER TIZIRO I To5/a
B, BEEOMEE TRAMEMA R 5N, TNHOMLNE, BN EEORMZBEER THRTEEEZON
%, UL LEHE, BUERE CIXBEIERICEHART, BEWTORMMBEZ 3K EL, MEEBEZ 25 ms ! /h&E<
Bo T ee TN DERMNGHEZIROMIEDEWVICERTSEDTHS EHETE %, IROMIEIC DWW TORMER
WEZEREET & DHIRIC K D WD THLENCTBH T N TZREDTH S,

F—U— R fizEBIN, B, EMEE TV, RGBS AT TV, BT UL
Keywords: aircraft observation, tropical cyclone, cloud-resolving model, coupled atmosphere-ocean model, model evaluation
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XD HAREE K TA R — 7 i ORI THEETAI o
Aircraft observations over the Sea of Japan and the Sea of Okhotsk in winter

R e
FUJIYOSHI, YasusHi

Vb E R AR R AT
Hnst. Low Temp. Sci., Hokkaido Univ.

HAEAOHEE T, KFOFHAME H LRI, KEOE « KK ED S KA N, KHZEE L h
HZEHEMNRT 5, TOKHEBEIITERTNRICK D KKIEABEPHIROEFEE, I SICRIPKEREIE S, HARBOE
EIINFRICHREROSEEZ & 753 LRIICHRDEOEEKERZ L1259, £z, EFEOHEREREICX > Ta
IS THAED N > TV UM EA Ok, KERMEDORERBW A 87 R LT, K& - IEOTBRICKE A5
BrHZT05, TOXIIT, ZORIMEFHIIKED/KERNICE BEEGHEMER L TV A TH 57, ik
B 7= BUIGBII 2 92 U 7z

HAMEO KA ENEFEIC DOV T TN E THIHE 7 IVOEBIRNT 7 — 2 AV 2 8iTbNn TE iz, LML, K
SRR OFGEEFEE IR D IIFIBEE T T v 7 AWK E K50y TivEED 5 A F28F TOBEBEBIIAHEAR
AR TH %, T T THERIZ, HELOMEH LOMEINELS 20014 1 H & 2 Alica Yy 7HEAO HAE 22T s 7 fijize
B D TARGEE SR E R NI ZT- 12 TFTIE. 7 vAa 7 27 25 L U A ICH 350km E TOHEipH%
EREE T o Tz, BHNZ, AW EHUDEIHENE S FRELRWEMF T L, B EIFE UM R &
UZDHR DM FTiro Tz,

Fiz, AR—Y ZHIIEFICHIKL, WKIZEROE « KRR T T v 7 AP35, Z0O2L, /i 2ERm
WKEBENS, EHIC, AR—Y 7T, BN K > THIKEREICEND D, Peobikm (V—1F) Zill TRHAZH
MEETWVWEEEZONDS, ZNEHENDDTZHDICTLAIE, 20004F 2 HITY N VinEDh 54 R —Y Z7igHiE T, i
IKOBREENE FEFICZT BB LT, BHOT7 VAR, RERE, BXOKKEREAT T v 7 2O, 6
WA« -9V X TS X BRI O 2175 T,

FERURE T OWPK DO EIAZE 2 Tl % zoIcid, HPKER L FRRFICE X OEFRBDEARA R TH S H, KIZEGH
EDSERRIZ D, L 1E, A R—Y ZBREORGTHICRE LI XN R Ry TS5—L—RZ VT, XBIZ3iE
KT — R CHPKARL KO ERMEZEH 2B L T\ 5, AL—XE 3XTEENAEETH B DT, KD 32X
TVIRER T e & TAL WKEBOMMDERENTZ, LA L. CTOMMBEEOHKDM M ED X S ITHSLT
WEMNE S I, FADEOD THERTETWVERY, ZT T, 20144 2 AIHiZTHoKOM MR L, L— X
DMK D M O YRR 21T 5 T2,

P — Ko B K,

Keywords: snow clouds, sea ice, marine boundary layer
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%/
Use of Aircratft for Coastal and Oceanographic Research and Observations

e R
ISHIZAKA, Joji*

Ul AR BIOKIEERIT T2 > 2 —

'Hydrospheric Atmospheric Research Center, Nagoya University

Aircraft should be useful to observe coastal and ocean environments, including physical, chemical and biological properties
especially under the raid, unexpected and dangerous conditions, such as typhoon or volcanic eruption, where ship operati
is difficult. It is expected that there are two methods of observations from aircraft, other than seaplane, for oceanographic re
search; one is remote sensing and another is use of air-deployable sensors or platforms. Various remote sensing sensors
available using visible, infrared, microwave and sound waves. They have advantage to satellite-based remote sensors with hi
resolution and more flexible overflight, and they should be useful for coastal applications. Most of the remote sensing sensor
can only obtain surface information; however LIDAR can detect vertical profiles of some parameters such as plankton distribu-
tion. Air-deployable sensors have been used for measurements of vertical profiles of temperature (AXBT; Airborne eXpendable
BathyThermograph), salinity (AXCTD; Airborne eXpendable Conductivity Temperature and Depth probes), and current (AXCP;
Airborne eXpendable Current Profilers). More recently, vertical profiling floats are developed and deployed for Argo project.
There were attempts to deploy one of the vertical profiling floats, Electromagnetic Autonomous Profiling Explorer (EX-APEC),
from airplane for typhoon observation and obtained profiles of temperature, density and currents. Autonomous profiling floats
are now developing equipped with chemical, optical and biological parameters, and should be deployable from aircraft. Othe
various types of small autonomous underwater vehicles (AUV) are also underdevelopment and may be deployable from airplan
in future. Combination studies of those physical, chemical, and biological parameters in coastal and ocean environments wit
atmospheric information, such as weather condition and chemical properties, are necessary to understand coupled atmosphe!
ocean system.

F—T— N R, R, W VE— ey v, Ta— BE
Keywords: aircraft, coast, ocean, remote sensing, float, typhoon
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A2 B R e o0 R RE S AR BA 1 L— &1 &K % HUBREAI
Earth Observation by using airborne SAR

TR T T AR RO RS IE—BE Y MR R L T B VR IR L AR R T i e
URATSUKA, Seihd* ; UEMOTO, Jyunpéi ; KOJIMA, Shoichird ; UMEHARA, Toshihikd ; SATAKE, Makotd' ; KOBAYASHI,
Tatsuhardi ; MATSUOKA, Takeshi ; NADAI, Akitsugu®

U EEoE S b b
INational Institute of Information and Communications Technology

BRBAITL—4& (SAR) &, KIERXHFHCHI DO 5T, M EOIRAEERE U THSGTE 5720, N THEEOfZERIC
BHINTETW D, ZOEHMCE T 28 > &L EERMERER, SOEENSOBHINCHID ST, BOAETH
52 ETHB,

BEFER O SAR K. 1990 XK DMFI L CH B EIFSNTETHED ., BHEZ TICEITD SEHANORM > TET
W5, LML, HERBEK SARE. #lE ot I TH 5 DB, BRI TCHRIND %, TORFNCHR LT, fit
ZE AR SARIE LR FHNICERADG M 5 s C & BRI K > T FEIHRNICEPN GBI TTRETH 2 T LR BB
A ZEHRICEIRT 5T N TES, iz SARIZED ESDOBIHINARETH S T Eh 5. HERMICKIEIC K S
FIFNZIERIT DR, HREDE N B WA, fizet vk, fEBRICIER, EHE - T - BHEDO Y V—ZDHIF®
BT 2T A MINEL THEBT D, RN TORSOMRECHAEREH TESZ T ENRKERAY Y R T
H%,

TSHOBEHTZEHENE (NICT) 13 19934F X O fifi 24tk SAR DBHFICHE T L. 19984FICid 2 A (X HHB X T L) Offi
ZEf SAR TH % Pi-SARDFEHZFIMA LTz, L% 20074 F T, Pi-SARIC K % SO SFFHER A 920 L T & 7z, Pi-SAR
D L 17 (FER 23cm)iZ FHifii2e 7L BFE RS (JAXA) D224 L. X (ER 3cm) 1 NICT ORI TH 5 H,
6] UAZesic #5468 U IR Z 3206 U Tz, N Z N0 E DR DM O BEELRFE @ M 2 FIH U 7z )S 2 i 5e
ERRE EIFTZE 7z, NICT BB L X L —& i, Kb S OELDHBINTH 5 T h 5 L FHT YN
IEDHEHED B 2 B Z G TZE Z1ED, LomDEDfRaerEE 2 D07 V7 HIC KBV AWM (VT a Aoy 7 « 4V
Z—T7 X M) EEEERHT %, B HAOKEIZK 2mTH 5, T, MiKE & & EERK & K ERE O RREZE
IC KB IRIEEEEE R (RS U X R ) O a LT, MEFOBIEGENZEDTVD, Z2EETY A MY FER
BHEICBW T B SARTIX Y VYV —ADHIMNK Z S HENERERKICE EE > T\ 5,

X SARDEMRRENEERFT U A MY AV Z =Tz X b BEEZ BRE U 7z SRS AT 72 32B451i&. 200041
FELTIEEA R LB K UC=Z2EDNUENANTH O . BUEITH T2 2 G 2B & BRI O 7 — X2 it 2170, Z
DERMZEIE LTz, T 51, NICT & 2008413 77 fifAE%Z 30cmE Tréb 7z Pi-SAR27ZFAF LTz, Pi-SARYISHEEIRR
WRIVAMIBIXUOAVZ—T 20X M) BEHR LTS, TOL—XKIE, SARDIGHHIFD S B, R SEERHIC
BN AEOTERNEZA X EDTH S, B RREOLEMIZ, 2004457 U Tzgria R BitthiZE % Pi-SARY)S
B X A8 Z M LTz & Eic, ILEIS O/ NI TE O bR NI U TR HD N TH - 722 L DA
X%, o, HEBHEAD T — 2 OMESEENERTH S T EHHEET> T\ e,

T 9 LIz His LBAFE L7z Pi-SAR2IC K D, 2011EDRBEAKRESSRHICIE, SKERERH IRt bR
L& U Tz IR B 72 J2 U 24 RERIDANIC—3B 7 — 2 (BRI (FERER). 2kmPU/5) ONBEILNE LTz, 7
eI Eic X B KEOT— 2 L IL K BINEE 2 — IR 4 2 RE DB RN T &, £ RARET—X
FEME - DT BWEYIETERN RN LD, Fithfi@le LTRWES N, CORMBEICH L TR, B SBEET
ICHEHGEAIE S 27 LOEE L & T — 2 DY AT LOBFREZIT> TE e, £, BN 27 LI fize
TNy X T LIS U, 2km PUJT OFEEL T H USRI U THIZERED ER L T B B AR O i i AR L 72
2T, B T — e s REERRE TRy b RICRBIT 5 2 L& REE Uiz, &z, 77— X BHIE Pi-SARW)S
BETENLIDBEDOT—2EZH T, ATy RCUMESRZZIF T 52 AT L2 LU,

COXIITHIERDKLZIZCH E T2 HREFEOWFEZ TR HNTHRE L, ZORBEZFFONZH SARTH S
M. SAR DR ORI MHIZEREOREEN 215D LT, HIERRI:, HIBRERBIADICHD E SIS NE L T ATH %,
Pi-SARWIS#Z FHWZIGHIC DWW T, e, Mk, fRMEAE, Kili7s &2 I E NS U= S OIS IS TR 215
TERETATHAN., TNHOHRITINAZ T Pi-SAR2HDVEI U7z 30cm® &7 fRAEMEREZ 16 H L7z ISR & e T
W3EZATHS

F—U— R GRHOL—%, RSV AN, A Z—T 0 A M) —
Keywords: Synthetic Aperture Radar, Polarimetry, Interferometry, Pi-SAR2
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Applicability of airborne remote sensing to terrestrial ecosystem sciences

g et
SUZUKI, Rikie'*

U T FERA R

1Japan Agency for Marine-Earth Science and Technology

fiZepkid, BREOX S ICHE—HIEEMEICE DI DR LU TEIIT % C LR Tidal, iz [REEEIT %
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DF, UATHZN, FZEIHEX D LEEEERITTS T Eh D, BHBROKEEERT > LEm TERTLTH
%o —MRIC AT TE % WorldView-2 %> GeoEye-1- W\ o e 2 D EfMSPE IR TH > TEH . HHRD K 5 IARDEMDH
O 2 DAZHFET 2 T EIFFEBITIEDEDHE LY, UL L. fiZeth 5 ThnE, —AK—AKORHHDORER, KD
IREERHFT 5 T EMNE D, 20000EICH I AN 7 OY 77—y J{ETED S BISH I TIrb N =i Ze s @l il ¢k, 100
~150m_LZED S 2 7T A i U, BiEOREED G, MIKORMBZOARZHFIT 5 LIk > T, FRAICHBE L 72
DRI RDBHERHIRIC K > TED K I ITHERZT ZhEASMC Uz, TOFE, Bz HEHm T, HEBH
M SIENE NIz NDVI 75 EOREEFREICIZMIRDREN K ENT LWV Th o T, & HIARZEDE 10m 2 RfT L7256
BIRDMHESLPERE TR OENE KR D EVOAR— KT K TEAHAATZEMEZEOMIEE AREIC R 5 72
25, EETE. Al SRR OWESNC 1000, FDINY REEFOINA IS— A7 B )L« 7 X5 LIDAR ZfifiZek
IS 2018 H %, MYIREOREESR, EO(LFEWEECMAEMEDOHEEDNTEEE & | MAEDERRENEREDEY 2
M2 RS 20 ATk LT, SBBFEEL TS S, MZEEENOE 5 —D0Fk e LT, HiFkmicnt
T 5P —0ENA & KD AGHfa%EHHBEEEHERIGERNT ENAJEETH S T ENFITF NS, AT S5
1% (BRDF) 7z 7TIC L 7 Wi DM E NAET T IV EKGTT 2 T N TEBR XKD, HE T — 2 X 2 HEmfEE
B EOHEE D EREELICH S TE %,

F—7U— R: HMERER, LIDAR, ERERBERE, LBV 2 REME
Keywords: forest ecosystem, LIDAR, ecosystem function, biodiversity
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Ground Truth of Earth Observation Satellites using UAV

AZ FEI RS RREA] T S IER Y /NET A 2
HONDA, Yoshiaki* ; KAJIWARA, Koji ! ; TANIGAWA, Satosht ; ONO, Yusakd

PTERAEEY E— My Y I Y 2 —, 2 WVATBGEN ISR BRI S > 2 —
LCenter for Environmental Remote Sensing, Chiba UniverdiEgrth Observation Research Center, Japan Aerospace Explo-
ration Agency

Japan Aerospace Exploration Agency (JAXA) is going to launch new Earth observation satellite GCOM-C1 in near future.
The core sensor of GCOM-C1, Second Generation Global Imager (SGLI) has a set of along track slant viewing Visible and Nea
Infrared Radiometer (VNR). These multi-angular views aim to detect the structural information from vegetation canopy, espe-
cially forest canopy, for estimating productivity of the vegetation. SGLI Land science team has been developing the algorithm
for 10 standard products ( above ground biomass, canopy roughness index, shadow index, etc).

In this paper, we introduce the ground observation method developed by using Unmanned Aerial Vehicle (UAV) in order to con-
tribute the algorithm development and its validation. Mainly, multi-angular spectral observation method and simple BRF model
have been developed for estimating slant view response of forest canopy. The BRF model developed by using multi-angule
measurement has been able to obtain structural information from canopy. In addition, we have conducted some observatic
campaigns on typical forest in Japan in collaboration with other science team experienced with vegetation phenology and carbc
flux measurement. Primary results of these observations are also be demonstrated.

F—T— R HEAMTZERE, 2R ARG (SGLI), 275180, e, 404N
Keywords: UAV, Second Generation Global Imager (SGLI), Multi-angular observation, Forest canopy, Vegetation productivity
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New phase remote sensing stimulated by the use of airborne observation

NLEW/ R
KUZE, Hiroaki'*

VFBERER Y E— b v v I v A —
LCenter for Environmental Remote Sensing, Chiba University

THERPIRE) B— b2 v VWYt Z— (CEReS) T, HiE T — X BXURIHT 2 FETIT— X &2 « 77—
HAT WL, VE— b2y P BIUREEDHO I 2 =7 2 IKBA M2 To TV, K&V E— MY
UTIEBNTIE, BHAZEL Y 7 HIBICBWTHEE Ry T —72 (SKYNET) ZEB L., B#T %551 X —9K
Bt « RASEARY MVEIIEMHE > THE 7 — ZMGEPH Y O 7B 2 K7 a V)b « & « K& E O
FatED TN 5, FEVE— IV IR, HET— XX B EERONNA A AOERMNRICH, #H2 -
Hh |38 KOIANY BN K o Tt ERAE S REH O @i L DS 211> T\, TOWEZE T T, JAXA OXiH:
REETH S GCOM-CLICANT TORERY FU— L7V dY) ALEHRENTE R, <A/ 70V E—rkro v
T, N B KOTSRS U TR & RGBT L — & (circularly polarized synthetic aperture radar,
CP-SAR)DFIRZHERE I TE TV 5,

BIfE. CEReSz &, BfRY % KZEMIEDOHIZHEEINEHE L THE AR T Z F v — 2 — L., K&#EHlBXTY E—F
Y AITHERE S T S TG TEAMERE N TV S, TORDHAZED., KR - K AT LFgE (R
K. E - BIKY AT LR (BR). BEXGVE— BV V7T —ZOEREE TORENIEH (THER) HMAE HEE
TE5ZEMRFENS, THEKRKCEReSEHLE LIz BE— 2y Y IMRICBWO T, Mz LTI RTRETH -
ERT— 2 OEMBERGKMIEZEE U, B, FokE, hEEEEICB5 ) E— ey o v i 7—20EEE R
X2 EeHFOEHELTS,

EREEDH R T — Z X BI1CDN, Z DT — 2 bR E SRR E O KSR EOYFEF Sk EIcEl %
EMEDNEE > TV, ZORORKDOMEE 722 DM KRGH TR C 2 HEL & RIS X BB AT MVOZLTH %,
KEDTICE B2 (LA —HGED X RICHIEDTTRETH %, THUCK LT, B 71V )UIZZERINC &
M B ZFAKEL . TNBICK S I —HELOSHRZ IEHEICHEET % T EITIENREENES . fEkiE. T DORKDR%E
TARTHIET B8, 72 ZIET 2T+ P RA=EZRDANA TV A =Rz EOREHHI#ZZHEH FICBRL, =7ay
IVREOWERFEOFHIINM TON T E T2, £z, AN O 7 X —OM AffiZERIC K B 1 EERE 150 X— FVELRTO
FHlZRELTE . LA L, TNEDHEICK > TE, BEET— X DILEILICIT KR E AHFID D - 72 T L IFEDIRU,

SE, VRLUTWVABHZEE Ty £ 7 F Tk, HAMZEKIC K D @mEh S oR B X ORI R FETSH
Bo BHRIRNAIS—ARY MV AT EEAN (KEE) - BN (EEE) MEIcER L TtiRmnB L URAT—
ZERET BT EICE D, KEMIFICEbD B MEHEET VTV R LOWERFAFNCHED S T EATAERICE 5, T hiC
Ko T, B PR RSIRIEIC L AHEYHE O A ALRE) #HEE7 VTV ZLOEZREEMICm FX8bT &
MTE%, THIZ, CP-SAREHAMITHICHE IR L TTF— X ZHUSFT % T LI X O R RIERI O i BT D FZAE
BRZITH TN TES,

77 HIEIE IR TEERDONOEEMKTH O . BFEEHOERILIC K 5 PM2.5OBERE R & OREN LI L
TWb, Fio, KUREBHNC & & 5o TR TRE A BRIV EEDEE B> TWVWES5H, TNETHZEHY t— kv
TEMOZEIETH - 12T V7 I BN TRGIERYE DZ DLERIZEITO, KEOCEREZALSMC L, HET—X
MO DOEREEYHEENZREL T2 2 L DEFRIIKE W FIRFIC, HIZERIC K D FHEIICRE « BEm « MrEsi 217
5T &lE, HE - il - K - ARRER R BB DR N I K ORSEIC i 72 2R E REVWEDEEZ BNS,

F—U— R VE— bRy VT, RSN, ML, KK, <A it g —
Keywords: remote sensing, airborne observation, vegetation, atmosphere, microwave sensor
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Aerosol particles collected using aircrafts from anthropogenic sources and biomass burr
ing and electron microscopy

JENT EE]
ADACHI, Kouji *

LGRS
I'Meteorological Research Institute

Aerosol particles collected during four sampling campaigns using aircrafts were analyzed using transmission electron micro
scopes (TEM). The samples were collected from two A-Force campaigns in 2013 (winter and summer) conducted in Japan an
Korea, BBOP campaign in 2013 in the USA, and MILAGRO campaign in 2006 in Mexico. These campaigns aim to characterize
aerosol particles from regional transportation, biomass burning, and both. The samples collected using aircrafts are useful fc
characterization of particle agings, especially changes of their mixing states, from emissions as the aircrafts can chase plumes
different aging periods. An example of such aerosol-particle aging is tar ball formation in biomass burning smoke. Tar ball is
spherical, organic aerosol particles commonly from combustion smoke of a wide range of biomass burning. At the early stage o
the emission, tar balls are liquid but as they age in the smoke, they become solid and spherical. Sets of biomass burning aeros
samples with different aging stages collected using an aircraft revealed such processes in atmosphere. | will also discuss tl
samples collected over Japan during the A-Force campaigns.

F—U— R BTN, 1777, KILPEER, A-Force, BBOP, MILAGRO
Keywords: Electron microscope, East Asia, Northwest US, A-Force, BBOP, MILAGRO
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Aerial observations for nitrogen compounds over the East China Sea

TEK B T UE L R B 2 R B S MRk i 4 R AN O U SR O R T T L BAAK 8 K58
DM Y A AR O K R 10 Bl SER o

SADANAGA, Yasuhird* ; BANDOW, Hiroshit ; ARAKAKI, Takemitst? ; KATO, Shungd ; KAJII, Yoshizumi* ; ZHANG,
Daizhow ; WATANABE, Izumi® ; FUJIMOTO, Toshiyuki ; OKUYAMA, Kikuo® ; OGI, Takashi ; SETO, Takafunti ;
TAKAMI, Akinori 12 : SHIMIZU, Atsushil® : HATAKEYAMA, Shiro©

VIRBRIFST R, 2 BREKRE, 3 EEB R, 4 AR, 5 REAIRNT K, 6 lRUR TR, T |l TR, 8 ILERE, O &
IR, 10 BN BRI ST

lOsaka Prefecture UniversityUniversity of the Ryukyus3Tokyo Metropolitan UniversityKyoto University, ®Prefectural
University of KumamotoSTokyo University of Agriculture and TechnologyMuroran Institute of Technology:Hiroshima
University,’Kanazawa University.”National Institute for Environmental Studies

In order to clarify long-range transport of air pollutants from the Asian continent, we have conducted aerial observation over
the East China Sea and measured air pollutants centering on aerosols, as part of Grant-in-Aid for Scientific Research on Inn
vative Areas’ Impacts of Aerosols in East Asia on Plants and Human Health (ASEPH this presentation, the results of
nitrogen compounds such as nitrate are mainly described.

The aerial observations were conducted in October, 2009 (autumn), December, 2010 (winter) and March, 2012 (spring) ove
the East China Sea. The flights were performed between Fukue Island and the southern offing of Jeju Island and the fligt
altitudes were 500, 1000, 2000 and 3000 m. Onboard measurements of gaseous total odd nitrogen species, gaseous nitric &
(HNO3(9)), O3, SO,, CO and black carbon were made and particles were collected on filters for ionic and metal component
analyses.

The concentration ratios of particulate nitrate (IN@p)) to inorganic total nitrate (T.N©O= HNOs(g) + NO; ~(p)) were less
than 0.5 in most of the flights except under high concentrations of dust particles (Kosa) or transboundary air pollutants. Most o
NOs3~ (p) would be NaNQ@ formed by the reaction of gaseous nitric acid (HN@) with sea salt aerosols during the observa-
tions in autumn and winter except on October 17 and December 11, when high concentrations of Kosa were transported. In th
spring observation, the fraction of NaN@ NO;~(p) was low and a large part of NO(p) would be originated from reactions
of HNOs(g) with gas phase ammonia and soil dust particles.

O3 concentrations decreased with altitude in autumn and increased in winter. Positive and negative correlations bgtween NO
T.NO3; and G concentrations were observed throughout the flights in autumn and winter, respectively. This indicates that the
major components of N@T.NOs; were secondary photochemical nitrogen oxides such as PANs apgitN@utumn and winter,
respectively. The differences of vertical distribution and Né@mponents between autumn and winter may be caused by the
variation of solar radiation intensity.

7 — ' ATAERBI, T (), SSTERR SRR, 7 Y7
Keywords: aerial observation, nitrate, total odd nitrogen species, East Asia
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Airborne lidar measurements of water-vapor profiles

Brfff B e s AR L SR S NERAE 2 ok L 2 BT 2 SR R 3
ABO, Makotd™* ; NAGASAWA, Chikad ; SHIBATA, Yasukunt ; UCHINO, Osamé ; NAGAI, Tomohirc® ; SAKAI, Tets\? ;
SHIBATA, Takasht
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1 Tokyo Metropolitan University?’MRI, 2Nagoya University

KEHDKAESUE, BWKIEER 238 L TR « KUIRICEERRE 2 T0a, £lo, ZHLRELR EDOMINCES
HIBRIRBZIIC & > TRAHDIKEKN ED K ICEL L T A ZEHL TV T ERXUROFER 2175 [ CHHE
Thb, KEKDBRIIEEY > TREENSILATDON TV SN, TR S 7 X —Z2H X E SiIcEVEED
fiftRE CIABEPR D /KZRSUIME DB e & 750 % 0 TR IS EARAIC IR F5 2 B 5 U 7z i s SO A2 0 I S A
Z—DRAFEZITUV, 19991 TR AR R LIERER 21T > oo BIFREE NI T A X — I3 YIRS ERED & D
?%O T:o

TAX—DLIEAREE S L—T =L LT, KEKBINDTRNE D EFHNE D, ZAUTHRINL L 750> 820 nmffzd 3 3%
EOL—Y—% 12 msllfF THRIRTZ., TIN5 Y IV A% 50 HZ TAETES LD (L—¥—X A4 —F) Jilid
Nd:YLF L—%'— CFEHTI50 W) O SHG (177 30 W, 200m J, 150 Hz) Tk & 117z Ti:sapphirel — 3" — 7z Bi¥
U7z [1]o YeEZE)VEFIH U CKEKOWIERICHGH U7z —E— RO LD &V ¥ FRISLRER TR E N7z Ti:sapphire
L—HP—ICEARMA LT, AXZ b)VIE 0.045 pm AT MVESGEE 0.06 pm a1 6.8 W OV A7z 45 m)
21572,

FIFE U7 L—Y— 2 22 pIC R U T3z 1T o oo ZAEEDEO I 20 cm THHIZRCIE APD Z2 Ve, 3415,
ZEOHBEIZNZN 0.8 1.6 mradT, F¥H7 4 /WX —DFH2ME 0.6 nmTH > 7z, BIEHEE - Hnt - DE L
227 B TIT o oo MIZEREEID 1 X — CllliE ENTKASKUM L ERE CHIBIIIIE N e o~V 54 X—IC
K BIKAL DM K O—E 2R LTz,

MIRHINEEA LD OZFMmAE WO TH > 7ehd, 1548 > 7245 Tld. LD OFEIlE#EATED, Kb ar/s7 k
TEHMOMZEIEEIKER T A A= AT LOKBNIRETH %,

ZE SRR

[1] Yanagisawa, T., M. Imaki, Y. Hirano, O. Uchino, T. Nagai and C. Nagasawa, Int. Laser Sensing Symposium , 20th Japanes
Laser Sensing Symposium, 191(1999)

[2] Nagai, T., O. Uchino, C. Nagasawa, T. Igarashi, T. Nakajima, Y. Hirano, S. Ueno and S. Wakabayashi, Int. Laser Sensinc
Symposium, 20th Japanese Laser Sensing Symposium, 211(1999)

F—T— R KGR AR, &1 X —
Keywords: water vapor, airborne, lidar
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Bioavailable energy distributions in the hydrothermal systems on Enceladus and earl
Earth

A EE Y B AN Ty A3 m
SHIBUYA, Takazd* ; SEKINE, Yasuhitd ; RUSSELL, Michael ; TAKAI, Ken'

LRI SRR REAE, 2 RO, B Y oy MRS
LJAMSTEC,?University of Tokyo,?Jet Propulsion Laboratory

A recent research by Cassini spacecraft suggests that there are silica nanoparticles ih Safemming derived from the
Enceladus plume (Hsu et al., submitted). The findings of silica nanoparticles imply active water-rock reactions. Furthermore
an experimental study simulating the reactions between chondritic material and alkaline seawater revealed that the formatio
of silica nanopatrticles requires hydrothermal reactions at temperatures higher than 100 deg. C (Sekine et al., submitted). Col
sidering a short residence time of nanoparticles in the ocean, these studies imply geologically-recent or on-going hydrotherm
activity in the Enceladus subsurface ocean. Therefore, we modeled possible hydrothermal fluid/rock reactions and bioavail-
able energy in the mixing zone between hydrothermal fluid and seawater on Enceladus. The thermodynamic calculations c
reactions between CI chondrite and alkaline NaCI-NaHCO3 seawater at 100 deg.C indicate that the pH of fluid increases up t
about 10 and hydrogen concentration in the fluid is elevated up to 20 mmolal through the water/rock reaction. Based on th
estimated fluid compositions, we calculated chemical property of the mixing zone between seawater and hydrogen-rich alkalin
hydrothermal fluid, which revealed that the a certain level of bioavailable energy is derived from redox reactions based on CO:
and H2 in the mixing zone whereas there are unlikely other electron accepters such as sulfate and nitrate that are abundant
the terrestrial seawater. Thus, the CO2-H2 pair can be used for possible metabolic reaction, namely hydrogenotrophic methan
genesis and acetogenesis. In the low-temperature zone, the available energy of the Enceladus methanogenesis is higher than
of methanogenesis in the Rainbow field (Mid-Atlantic Ridge) where methanogens are certainly separated. It is therefore highly
possible that H2-based energy metabolisms have been generated in the Enceladus hydrothermal vent system. Considering t
the most ancient metabolisms in the Hadean terrestrial hydrothermal vent system could be also H2-based redox reactions, there
an energetic similarity between hydrothermal vent systems on Enceladus and Hadean Earth. The future exploration of Encelad

plume would potentially provide clues to the origin of life on Earth.
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Impact-induced D/L chiral changes of valine in early Earth’s oceans
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Keywords: Impact-induced D/L chiral changes, D/L valine, Calcite

1/1



Japan Geoscience Union Meeting 2014 /0 d ;,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

U05-03 215419 F#f:4 H 30 H 09:45-10:15

3% (AR S U IS \"E N7z iz th O ap DIEHF

e oldest remnant of life in 3.8 Ga Id early Archaean rocks

RE By 1)1 K2
OHTOMO, Yokd'* ; KAKEGAWA, Takesh?

U YBTERF SR B FERSR  HT 3 77 ST, 2 BRI
LKochi Institute for Core Sample Research, JAMSTEGraduate School of Science, Tohoku University

The suggestion that graphite in early Archaean rocks represents materials of biogenic origin has met with a degree of scept
cism. Isotopic compositions of graphite8.7-billion-year-old rocks from the Isua Supracrustal Belt (ISB), western Greenland,
which are believed to be of sedimentary origin, suggest that vast microbial ecosystems were present in early Archaean ocear
However, results of more recent studies suggest that most of graphite-bearing rocks were formed through interactions betwe:
crustal fluids and surrounding igneous rocks during later metasomatic events, thereby casting doubt on the existence of an e
tensive sedimentary sequence in the ISB and on the biogenic origin of constituents. In cbi@raigpleted graphite globules,
which are considered to form from biogenic precursors, have been reported from the metamorphosed clastic sedimentary rocks
the ISB. However, these were found at a single locality. It therefore remains unclear whether traces of life at other localities in the
ISB were lost during metamorphism or were originally absent. The presence of additional clastic sedimentary rocks containing
graphite may provide evidence for the preservation of organic constituents in early Archaean rocks, thus supporting the notiol
that microbes were active in early Archaean oceans.

We conducted a geological survey along the northwestern area of the ISB. Banded iron formations contain interbedded blac
to grey schist layers, typically 40-80 cm thick. Rare earth element patterns in samples lie close to that in Post Archaean Aus
tralian Shale, suggesting that the protoliths of the schist was clastic marine sediments. The black-grey schist samples conta
abundant reduced carbon (0.1-8.8 wt%), identified as graphite by X-ray diffraction analysis. The rahg2\aflues was -23.8
to -12.5 per mil (average, -17.9 per mil), which is within the range of values reported in previous studies. Scanning transmissior
electron microscope and high-resolution electron microscope observations present different nanoscale morphologies betwe
the graphite of metasediment and secondary vein samples. Examined metasediment included graphitic polygonal grains al
nanotubes. Sheeted flakes were a dominant morphology of secondary graphite, whereas polygonal grains and nanotubes w
absent from them, suggesting a different origin from the secondarily derived graphite.

We modelled the theoretical3C values of fluid-precipitated graphites. The low&StC values exceed -16.4 per mil when
Rayleigh-type isotope fractionation operates in the fluids. Therefd@depleted biogenic organic matter in Isua clastic sed-
iments is postulated as an initial carbon source to explain the lightest carbon isotope compositions (e.g., -23.8 per mil) in the
present study. Distorted structures are common in pyrolysed and pressurized organic compounds. Such precursors commol
contain non-planar carbon ring compounds associated with abundant pores. Biogenic organic matter, which contains variot
molecules and functional groups, is suggested as the precursors of the graphite observed in metasediment.

In summary, the graphite in metasediment from the northwest ISB is distinct from the graphite in secondary vein samples. The
combined information on geological occurrences, graphite morphologies, nanoscale structures, and isotopic compositions of tt
graphite in the metasediment suggests a biogenic origin of the graphite. High concentratit@slepleted graphite in these
rocks would require widespread biological activity to support the high rate of production and sedimentary delivery of organic
matter to the>3.7-billion-year-old ocean floor.
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Mineralogical and geochemical study of clastic sedimentary rocks in Barberton green:
stone belt, South Africa
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Cerium stable isotopic fractionation as a potential paleo-redox proxy
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Cerium (Ce) anomaly that appears in rare earth element (REE) pattern is a tool to estimate paleoredox condition and has be
used for many studies. Discussion in previous studies, however, has been limited to qualitative one based on the REE pattel
This study, therefore, aims to provide more quantitative information on the redox condition in paleoenvironment by Ce stable
isotope ratio related to the redox-sensitive property of Ce. If fractionations of Ce stable isotope responds differently to various
geochemical processes such as (i) oxidative scavenging on Mn oxide, (ii) precipitation as Ge(@H)ii) adsorption of C&"
without oxidation, it is possible that Ce stable isotope ratio can give more information on redox condition in paleoenvironment.

Cerium(lll) chloride solution was added to manganese oxide and iron hydroxide, respectively, with the concentration of Ce
systematically changed. In both systems, pH was adjusted to 5.00, 6.80, 8.20, anti.0%) énd shaken for 6 hours before
the filtration using 0.2:m membrane filter. In addition, precipitation of Ce was obtained by bubbling,afa3 in the same
CeCj solution. Stable isotope ratios of Ce in both liquid and solid phases were determined using MC-ICP-MS at Kochi Institute
for Core Sample Research. The Cg€blution used in the adsorption experiment was employed as standard solutions and the
isotope ratio of each element was expressed in delta notation relative to the average standards, which is shown in the equation
follows: §'42Ce = [(142Ce/140C€), i / (142Ce/140CQ) i3 — 1] x 10°.

Assuming equilibrium isotopic fractionation, the mean isotopic fractionation factor between the liquid and solid-phasges
of Ce adsorbed on ferrihydrite was within the analytical uncertainty for all the pH conditions. Meanwhite; the of Ce
adsorbed 0id-MnO, was gradually decreased with increasing pH. Most surprisinglyxfes, of spontaneous precipitation of
Ce showed that, with increasing pH, the direction of the isotopic fractionation was in contrast to those in the adsorbed system:
These results suggests that the degree of mass-dependent fractionation of Ce can be used to clearly distinguish spontane
precipitation from oxidative adsorption @MnOx, that occurs under more oxic conditions than the Ce(lll)/Ce(IV) boundary.
Our results suggest that the combination of the degrees of mass-dependent fractionation and chemical state of Ce can be uset
classify the redox condition into the three stages based on Ce geochemistry, thereby offering a powerful tool for exploring redo:
conditions in paleo-ocean environments.

F—U— R VUYL, ZERNAL, BeET
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Decoding the Evolution of Early Atmosphere: Experimental Reconstraction of the D36S/L

Chemostratigraphy
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IDepartment of Earth and Planetary Sciences, Tokyo Institute of TechnéBath-Life Science Institute (ELSI), Tokyo Insti-
tute of Technology?Precambrian Ecosystems Laboratory, JAMSTE&culty of Science & Technology, Sophia University

Sulfur Mass-Independent Fractionation (S-MIF) has potential to monitor chemistry of the Earth’s early atmosphere (Farquha
et al., 2000). Nonetheless, detailed mechanism of the S-MIF occurred in the Archean atmosphere is still poorly understooc
Previous laboratory experiments indicate the anomalous isotopic fractionation depends largely on (1) wavelength or spectrur
of the incident light source and (2) partial pressure of SO2, though none of these experiments have not yet succeeded to full
reproduce the S-MIF recorded in the Archean sedimentary rocks (e.g., Danielache et al., 2008; Masterson et al., 2011; Whitehi
& Ono, 2012). We have developed a new photochemical chamber for determining isotopic effect of the SO2 photolysis undel
optically thin condition. Also, a new direct fluorination technique of carbonyl sulfide allowed us precise isotopic analysis down
to 50 nmolS of photolysis product. The results indicate that the basic character of the S-MIF observed in the Archean recort
can be reproduced when SO2 column density is reasonably low (i.e. 10 to 50 times higher than preindustrial atmosphere). Tt
results with a numerical modeling of the atmospheric reaction network suggest that the observed change in D36S/D33S ratio cz
be adequately explained by the two factors: (1) SO2 partial pressure and (2) amount of reducing gas (H2, CH4 and CO). In ligh
of the new perspective, we have re-evaluated the geological record of the D36S/D33S ratio with additional analyses of Archea
sedimentary sulfides from South Africa and India. Based on the magnitude of the S-MIF and the D36S/D33S ratio, the Archear
period can be subdivided into four stages (1.e3.0 Ga, 3.0-2.7 Ga, 2.7-2.5 Ga and 2.5-2.4 Ga). These changes probably reflect
both intensity of volcanic SO2 emission and concentration of reducing gasses under the O2-free atmosphere. Particularly, tt
maximum scatter of D33S values observed in the stage 3 (2.7-2.5 Ga) requires high volcanic emission as well as very reducir
atmospheric condition in the atmosphere at that time.

F—T—FRE, R&UE, JEE R
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Archean Atmospheres Modeled with the KROME Chemistry Package

Danielache Sebasti&n; FB ff—E82 : BV F = 2V x =F 2
DANIELACHE, Sebastiah® : UENO, Yuichird® : SIMONCINI, Eugenié’

D RRREE - BT 2200 - e A an B T22F), 2INAF, Astrophysical Observatory of Arcetri, Italy?, B T 3R - HiEKEKE
B, 4 RIS - R a2

1Sophia University, Faculty of Science & Technology, Department of Materials and Life Sciéidag, Astrophysical Obser-
vatory of Arcetri, Italy.,>Earth & Planetary Sciences, Tokyo Institute of Technoldgarth-Life Science Institute (ELSI), Tokyo
Institute of Technology

Sulfur isotopic fractionation has been used as a tool to understand the composition of reducing atmospheres. Our previot
work (Danielache et al., 2008 and 2012) have shown that UV-light triggers a large Sulfur Mass-Independent Fractionation (S
MIF) on the S@Q photodissociation products. However photodissociation of unshielded UV-light alone cannot reproduce the
S-MIF signals reported for the Archean and Early Proteroze300 Ma) nor its large variability mainly at 2600 Ma (D33S =
+11%o) (Johnston, 2011). In order to study a planetary-like chemical network capable of accounting for a sulfur cycle in reducing
conditions we have introduced a high-order solver (DLSODES) administrated by the KROME (Grassi et al.,) chemistry package
The package automatically generates a set of FORTRAN subroutines with build-in rate equations and solves them with accurac
and e?ciency for sparse networks. This technique allows us to couple a detailed 4 sulfur isotopes chemistry to a 1D transpc
model capable of calculating the opacities influencing photochemistry and the temperature structure of an Archean atmospher
We present preliminary results showing the ability of the code to deal with small isotopic fractionations and compare with already
existing model studies of the Archean atmosphere.

Danielache, S. O., et al., (2008), High-precision spectroscopy of 32S, 33S, and 34S sulfur dioxide: Ultraviolet absorption cros:
sections and isotope effects, J. Geophys. Res., 113(D17), D17314,

Danielache, S. O., etal., (2012), Photoabsorption cross-section measurements of 32S, 33S, 34S, and 36S sulfur dioxide for t
B1B1-X1A1 absorption band, J. Geophys. Res. Atmos., 117(D24),

Johnston, D. T. (2011), Multiple sulfur isotopes and the evolution of Earth’s surface sulfur cycle, Earth Science Review.,
106(1-2), 161-183.

Grassi T., et al., (2014), KROME - a package to embed chemistry in astrophysical simulations, Monthly Notices of the Royal
Astronomical Society., DOI: 10.1093/mnras/stul14 (arXiv:1311.1070 [astro-ph.GA]).
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Effects of atmospheric composition on apparent activation energy of silicate weathering
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!Department of Earth and Planetary Science, Graduate School of Science, University of Tokyo

Silicate weathering is a major sink of atmospheric.C@ecause CQis an important greenhouse gas, silicate weathering
regulates not only the partial pressure of atmospherig (F0,) but also the surface temperatuf®) ( The apparent activation
energy of silicate weathering represents the temperature dependence of silicate weathering and thus interrelates the intensity
silicate weatheringPco, and surface temperature. It has been reported that solution composition can affect the apparent activa:
tion energy of dissolution/precipitation of silicates (e.g., Casey and Sposito, 1992; Lasaga, 1995; Cama et al., 1999). Howeve
the relationship between the solution composition and the apparent activation energy of silicate reaction is not yet fully under
stood.

To investigate the apparent activation energy of silicate weathering in a natural weathering system, we formulated the appare!
activation energy of silicate weathering in three different scales, namely, (i) dissolution/precipitation of each mineral, (ii) elemen-
tal loss as the net reactions of the minerals and (iii) weathering flux from a weathering profile, based on the rate expressions in t
three scales. It was found that, due to the effects of solution composition on the apparent activation energy, the temperature d
pendence of atmospheric GQAH*co,) affects the apparent activation energy of silicate weathering. Based on the formulated
apparent activation energy, we estimated the apparent activation energy of silicate-weathering flux as a fudoténosf
Then, the compensation law between the pre-exponential factor and the apparent activation energy of silicate-weathering flu
was introduced from the literature, leading to the establishment of the relationship between silicate-weatherFapfHuxi(
andAH*co;.

Based on thé=co,-T-AH*co, relationship and the greenhouse effects of atmospherigi@@he literature, we calculated
the ratio of change iFco, to that in Pco, as an indicator of silicate-weathering feedback in the Precambrian. The calculation
revealed that wheRco, >~10"9" atm, the feedback is negative and independefonk and surface temperature. On the other
hand, wherPco, <~10-%° atm, the feedback is independentRifo, but dependent on surface temperature; at law380 °C
) and high &~30 °C) temperatures, the feedback is negative and positive, respectively. Due to the positive feedback, the condi-
tions of Pco, <~10-95 atm andT >~30 °C are unstable, and immediately change, with a slight chan&edn, to either the
conditions ofPco, >~109% atm or those oPco, <~10~%% atm andT <~30 °C. WhenPco, <~10~%% atm and<~30 °C
, the feedback is not only negative, but also becomes more negative as temperature decreases, suggesting that global glaciati
are harder to bring about than previously thought.

F—U— R FAEEL, ZRBERER, 7 o — RNy T, e 7)) TR
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Kinetics and Mechanisms of Zeolite Crystallization at Hyperalkaline Conditions
Kinetics and Mechanisms of Zeolite Crystallization at Hyperalkaline Conditions

FRANCISCO, Paul clarenée; SATO, Tsutomti ; OTAKE, Tsubash
FRANCISCO, Paul clarenéég; SATO, Tsutomti ; OTAKE, Tsubash

LGraduate School of Engineering, Hokkaido University
LGraduate School of Engineering, Hokkaido University

The predicted precipitation of zeolites in geologic barrier systems for radioactive wastes due to the alkaline alteration of ben:
tonite may result in the modification or loss of favorable physicochemical properties of the bentonite as a suitable barrier material
Zeolites formation is typically preceded by an amorphous precursor, the transformation of which is seen as the rate-controllin
step. However, the structure of the precursor phase and the rates and mechanisms by which it transforms into crystalline zeolit
are poorly understood. In this study, we investigated the rates and mechanisms of zeolite crystallization from solutions.

Batch synthesis experiments were carried out over a range of solution compositions (Si/Al = 0.1 to 8.0), pH (9.5 to 13.5) anc
temperature (25C to 90C) conditions in order to clarify the effects of these parameters on zeolite crystallization. Solid products
were characterized using XRD, SEM-EDX, FTIR spectroscopy, Raman spectroscopy and MAS NMR spectroscopy.

Zeolite crystallization proceeds by the rapid formation of an amorphous precursor phase, followed by the slower transforma:
tion of this precursor into crystalline zeolite. Depending on the Si/Al ratio of the parent solution, the species of zeolite may vary.
At Si/Al >1, Faujasite forms slowly, whereas for Si/AllL, Zeolite A forms more rapidly. Higher pH and temperatures favor
transformation.

Morphological information from SEM shows intimate physical relationship between crystalline zeolites and the amorphous
precursor phase. Spectroscopic results from FTIR, Raman and MAS NMR indicate that ring structures are present in both amo
phous and crystalline phases, indicating structural similarity between the two phases. These data may suggest that amorphc
phases transform directly into crystalline zeolites. The activation energy of crystallization suggests that solid-state processes o
cur alongside dissolution of the amorphous phase in order for the transformation of the amorphous phase into crystalline zeolit
to proceed.

F—7— F: zeolite, mechanisms, transformation, spectroscopy
Keywords: zeolite, mechanisms, transformation, spectroscopy
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Effects on Phosphate lon for the Phase Changes of Amorphous Calcium Carbonate
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Re-evaluation of mineral partlcles in geothermal fluid: Focus on polysilicic acid and ad-
sorbed particles
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DFMRSIZENT A X HiZ % T N TE, ZORMZLEHENRETH 5, FHH V)V —T Tl GPCD Kav & DSL
m%ﬁi%ﬁ%xa®%%%%ﬁb Kav h 5 R Y 7 A DK 122 A X7 D% ik iiE L1z 2), LHL
}:O)J:ﬂ:rh‘/(;(@zh‘) TAHNEDX I ITHKRET % Dh (P-PIISOERE) X 57av, ZT T, AFETIEETSIC
S LR o A k7 158 REME (TEM) TBIRT 22 & T, KU T A —Rbi+DY A R L FERIGZI S h
ICT 5L B, DLSICK O Y 4 XOKEZ(LZR]IET B T Lic KD, KU T ALY A XDORZELE & DT 1A
HIC B 27 A BB O E G IR ZIH 5 i Uiz,

[2] Bukh 5 FERE AT - W& d SR 1

HEFETEFTTDO Y A A —)VOER T, BHEREICHRE LIk 7% E R0 (o e 20K )V = L) C
NCE/ T AEHNAE, EETEHTEICKD TV ARBIIDERT S 3), UL, U AR —)bHiciZBuKIC HEAX
TT7IIVIZULDIERICEEIND T &, T SICERMEIRZZUKICIRIT 2 &7V 2 =20 LDMBEIc s LD 3
BTEDNLIERBINTVEEHTHS, LHL. 7IVI =T LA ORI AT DOV TR E NIZHID T, A2 Tl
ROEEZ T 4 IV EZ—TABLUTGEED T 4 )V 2= E NI T B X CRUKICIR LT EREICAE Lk Tz
SEM THIZR LTz, F iz, Rk FIc DWW TIE EDX I K DB A Tz, T T, SERmICE T DR+,
& EE EBUKTICK T UTEELED D EEEREL THEUKD SN LIz DD 5 L EZ SNEHRFI LI TZWIGE
DD 5. 74V Z— IO EICKE LR 7 A BRIIR O MIE S Nz, — . BUKRTERLUEZRY A
BRI REICIIIZ EAEWE Likh o iz, SERmITEOR . 7V /AR, KEETIVIZTL, 7%
VU LT A BB ERER IALEHE. YA ROR AT BT e 5Tz, TNETXRTOR Y BB
EROKE LTI O E S D ERKRGEET 208N H 5,

S, WA OV F—FIHZEHET B 72DISNA TV —FHEIHEINT 5 & PRINTVWS, ZORESNTIEEAR
PERRMIC ) WA —)U (V) HEEY) DER L, BARHERME NS 2 2 ENVERENS, RIFZEOMEHRIZ, N
AFV—=FEBICB B D) A —)VEREN IS 2 Eifi 2R T 2 BEOERIERICE S & ZZ BN,

SRR
1) Shimada and Tarutani, Bull. Chem. Soc. Jpn., 53, 3488 (1980).
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2) Otsu et al., Anal Sci., 29, 333 (2013).
M5, HiEL, 39, 43 (2002).

F—T—F: RUT AW, WE NAFV—F&E, 7 A BEOES, IR T
Keywords: polysilicic acid, geothermal fluid, binary power generation, polymerization of silicic acid, mineral particles
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7 ¥ OHERIE Y7 —H B EE A\ D Hk#k— | |
Geomicroiology of Uranium - Challenges for the Deep Geological Environment

$K T 1
SUZUKI, Yohey'*

LHREUR A IEE B AR 7 R it BRI
!Department of Earth & Planetary Science, The University of Tokyo

Our understanding of uranium mobility in the environment has been rapidly expanding in the past decades, especially du
to problems associated with environmental remediation of uranium-contaminated sites and geological disposal of spent fuel
composed mostly of U® Although neither of these environmental problems was relevant in Japan, Fukushima Daiichi nuclear
disaster has dramatically changed our situation. Despite the significant advancement, it is still difficult to predict the form,
distribution and fate of uranium in the deep subsurface, as exemplified by studies of a Swedish geological disposal site where hig
concentrations of uranium was unexpectedly found in the granitic aquifer. In this presentation, the state of the art investigation
of microbially mediated redox reactions and uranium mobility in the deep granitic aquifer at Mizunami Underground Research
Laboratory (URL) will be presented to discuss factors controlling long-term uranium migration, as well as the relevance to the
formation processes of Tono uranium deposit nearby the URL.

F—U— R UT 2, WEY, BALERTRIS, IR
Keywords: uranium, microorganisms, redox transformation, underground research laboratory
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?g%'ﬁfl‘lﬁﬁ?fﬁﬂ] Haloarculdd £ BiRZIC K > T 2 HHOD 16S rRNAE LT DInE 7 il

VA I] %

Halo{arcula strains regulate transcription of two types of 16S rRNA genes by growth tem-
peratures

{1 S/ N D
SATO, Yu'* ; KIMURA, Hiroyuki?

LB R AR A B BRI AR
LGraduate school of Science, Shiuzoka university

BERIZVYRY — LI TITONEZ NN IERERT 370 A TH S, VRV =L/ Ty re kY Ta=wy
FD2DDI=w "B S, FEEEYODRY =LY T2y MME 16SIRNAL WL DHhD R VIRV EN 5D, %
< DEY2 2B T FRAEYI O RFRHTPFEIC 16S IRNABE FZFH LTV 5, 16S rRNAER T OMEHEESNICIZZ D
R OWISIRENEARE LA ENTVS LB ENTWS, TORBRIFEREOLEIRE L 16S rRNAEE ALY
D72y b rDEENDE (GHCTE) L DMDEWHBICHE DV T WS, —IC, RS X ORI &
WG+ CEED 16S rRNA (1 56-69% ZH L TW\5, XHHRIIC, HiIRE I K CIAAE O FERAENE ELIRANICR D G +
CE&&ED 16SrRNA (#)51-59% #HT 3T EMHISNTVS,

=) 7 —FF— R OUAEME SR IS 9 % Haloarculdd. 77/ I FiC 2 FEEAD 16S IRNABIZ 2 G35 2 &H
MoENTWV3S, 50 16S IRNARZERA SRS E G+ CERAERT, A TIE, BUCHT B LEMEZ R ED
G + CZED 16S rRNA(58%)h i TOHFARFICZ S FHEBIL, —75. K G + CHED 16S rRNA(56%)X K Tl
HEHARFIC 2 S FEBHT B L WG 2L Tlzo T OIRGHEMGEET % 72IC, RT-QPCRIEIC X DL RIRESME FIcBIr %
Haloarcula&itk® 16S rRNAEL T OHEEINEZHIE Uiz, ZORER, 40-55COEWIRESF FICBNT G+ CEED
W 16S IRNAEL FOFEHENE LWLz, —/. 25-35°COMRWIRESRM F T, KW\ G + CE&&ED 16S rRNA
BIETHERICEHLZ, TNHDEEX D, Haloarculd3FREIREICEK D G+ CEREDF/AR S 16S rRNABE T DL
BT %5 ERE Nz,

F—T— R UrEPES I, 16S rRNA, G+CE i, BIAR, BREIE
Keywords: halophilic archaea, 16S rRNA, G+C contents, translation, environmental temperature
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R~ Z T7IC I 5 A X2 VEBICHKAE UTAERERIC A X VRSN MIE T2
The effect of methane concentration on methanotrophic bathymodiolid mussels in the Ok
inawa Trough hydrothermal fields

SR DD T R MR L RS BB 2 R e 3 S HHE 3 BK L
MIYAZAKI, Yukari 1* ; SUNAMURA, Michinari! ; ISHIBASHI, Junichird ; WATANABE, Hiromi® ; KONNO, Ut& ; SUZUKI,
Yohey'

VRRGUR AR A RIZERE, 2 JUNRERARTE A SR, 3 et B TR
!Graduate School of Science, the University of Tokd@raduate School of Science, the University of Kyus\iAMSTEC

AR (CHy) BIRIELHATH O, AR 72T 3)VF—ii L9 % LW O HBUS BRI T O SURZ BN B 5 L 72 ATRE
MEDERTE N 5. HERRNCALER S NI X 2 VIB(LE OTRE)IC X 2 RN AR OB NEREIIN S, BIRFO KK « HED X X
VIBERIEILTES T EMHHENTV S, BIEOHFICE N T A X 2T 3)bF— & UTHEERMDEKE N 5 i3Ik
HWICBENTH D, HiF/KIK & BUKIE AT 5 N2 . IBTRKIE TIEHER TSI X 2 VRIS & > TRA X VDM
{RFRICZHE N, RN R E < BUOREBRIEO(E 2 S REYICR E NS, —77, BUKEHHETRED X 2 2 Hilih
ENB DIFKEERFLDJENHER 72 04 5 HHE T, XA 2 VRAbE & AT % w8 HADNREER —REEZETH 5. 1T+
T 7 IE AR VCEBZRRGEBVKEIIENRE SN TE D, XA X VREICHA TKERKITEEIN S > 710 v XY 711 2K
KET B AR VAR LT ERERIC G X B B 2 RIBEIE CRIIIC 2 2D wWT 7 b= 7w T4 VT TH 5.

e b 2 71 BW T T OBUKIE UK - FhEiE b T O, PY25iN. S o R ORI k2T
ONSRHEL, OFREHEL CREZIT> 7t XKINAHEBEORL LR LZHRE, BETREDHMKTE T Y1
R LZNEZED RN RSN, Himig kOO0 RERE 2 B REEEK TS Y A e NV A DBEL L,
PRI LTI AN HAFIER SN Bh DICEBEUKIED T YR (kv AANF A 3) MELETH >
Teo G TIEARBAEMRIZ E A ERSNED S T2, YA ZD/INENE N AA DY LRI FEIRARI TERILE Nz,

CONY A NG & A ERB U o e Gl L DY REGE LTI, CHy IRFEDY 2-9 p M FRETED > 72 DITH U, ##
I 294 FTIE CH, IRIED ~80 p M BRETH - 7z, Liifg fr £ I1ZIETR CIKIROF AP T /N A DR LT 7
O, IKEDLEGHKITIZANWEEZ NS, e —ARRINE N7, BAETEIC K ZHITE R, AR VREN 7%
HiI LT3 eERE N FREBE R TR SN T Y R TFICHHEIROINBILAE R DS 728, T OMNEHER D
IA)VF 72 0 TR/ & RARFNAHRD SRR TH 5 T Lz 5 M L. fit> T, PFREBRICHBNTE X
2 VPREIMEN D N HADHE LR EAVREE NI, DLEOKHEN S, BFEZ 10 ¢ M D CH, IREEDERN[A
PRFHERZ S X 2 VAUICHRAE LT ERERDINL T 2 T2 D L EWETH O, KD X 2 RS DETTICEN % & 1]
fEns.

F—T— R BUKEHAL, A eNU A, 20w AANF T, X2 B, i s =5~
Keywords: hydrothermal vent, Bathymodiolus sp., Neoverruca sp., methanotroph, Okinawa Trough
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TAEYIEBNC X O 4 UToKLER DO HERGIZIC S C % $k 36 K U IRZRDEER
Biogeochemical cycles of iron and carbon in biogenic iron- r|ch sediment

Gt RA T O W E T2 SR R 2 B B A R e R !
KIKUCHI, Sakiko™ ; MAKITA, Hiroko > ; KONNO, Ute? ; SHIRAISHI, Fumitd ; TAKAI, Ken? ; TAKAHASHI, Yoshio*

VIRER AR BREE IR o A T LA, 2 e 2 B R
!Department of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima URdagaityAgency for
Marine-Earth Science and Technology

Biogenic iron oxides are the mixture of iron oxyhydroxides and organic materials which are produced by the metabolic activ-
ities of bacteria. These biogenic iron oxides work not only as adsorbent for various trace elements, but also as a source of irc
and carbon for microorganisms. However, there is only little information about the degradation process of biogenic iron oxides
and the effect to microbial activities after their sedimentation. Thus, the purpose of our study is to identify the spatial changes o
iron species and microbial communities in biogenic iron-rich sediment (10 cm long).

We observed the existence sharp shifts for iron mineral species and microbial communities in the sediment. The dominance ¢
ferrihydrite at the surface sediment (0-2 cm) subsequently turned into goethite and siderite at sediment depth 2-5 cm, correspon
ing to the iron reduction. However, iron reduction was depleted at depth deeper than 5 cm, as opposed to the remarkable incres
of methane concentration. The microbial clone libraries were dominated by iron-oxidizing chemolithoautotrophic bacteria in
the sediment 0-2 cm. In contrast, phylotypes represented by iron reducing and fermenting bacteria at 4 cm, and unculture
delta-proteobacteria and methnogenic archaea were recovered at 10 cm depth. These changes of iron mineral species, car
metabolisms, and microbial communities only within a few centimeter intervals will also couple to the drastic change in cycles
of trace element around the biogenic iron-rich sediment.

F—T— R KEALEE, SAEMLEE, 72 UNA RSA N, 0T 54 b, $RITH, A X
Keywords: iron oxides, iron-oxidizing bacteria, Ferrihydrite, Siderite, iron-reducing bacteria, methane
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PEIC K% 0 /KL E A — 7/ Ry [EAH B

Interaction of nanoparticles with microorganisms

THCE ER EH Sh T EARAIR Y Vv At RE GE
UTSUNOMIYA, Satoshi* ; SHIOTSU, Hiroyuki ; MASAKI, Shota ; JIANG, Mingyu' ; OHNUKI, Toshihike?

LIUNREE, 2 HARIE T2 G et
LKyushu University2JAEA

Nano-mineralization by microorganisms is a key process that can constrain the migration of actinides and REEs. This stud:
demonstrates the REEs accumulation experiments to understand the effect of pH, coexistent REEs and the functional grot
of cells surfaces on the crystal chemistry of biogenic nanoparticle formation. During the experiment at 25 oC, all REEs were
removed from the solution by 24 h at pH 4 and 5, while 50 % of the initial amount remained in the solution at pH 3 after 24 h.
The nano-particles at pH 3 had monazite structure, while the particles forming at pH 4 and 5 were amorphous. The REE patter
at 24 h indicated the preferential uptake of LREES. In case transuranic elements coexist, those elements should be preferentia
incorporated into the particles compared to REEs. No cytotoxicity of CeNPs was detected; however, CeNPs induced an exce
expression of two proteins: Eno2p and Rps24bp. The released organic substances enhanced anion adsorption and chan
surface property of CeNPs. This leads to high colloid stability in solutions. This process is of great importance in the migration
of radionuclides in the subsurface environment.

F—TU— R WA, S, Ry
Keywords: Nanoparticles, Microorganisms, Rare earth elements
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R JE & AT DM MAEYIC KB X 2 A liigt & o H RS _
Microbial methanogenesis in coal seams and diatomaceous formations: Topics and app!
cation prospects

EK 7
SHIMIZU, Satord*

INOASTECHA ] WAL P BRI 52T
'Horonobe Research Institute for the Subsurface Environment

1. ZL®IC

BRA G FERIRICHB W THAEMNC X % XA 2 VERDM TN TV 5, Bl AFEEOHONEEED—DTH % (1K
JEIZ BT RS CHMAEMIRIFEDO X 2 R ENTE D, BHHOBHTHATATVS YV, LhL, ZNHHT
BIRICEBI 2 A2V ERT O RIS OWTIRBEE DL > TWial, ThHZEIHLMCT ST &k, ANFELSHIEREIE D K
FMEREANZZALZHR LA 2 D 2 TR)VF—ERE LTI O EMTIEHT 272D B TH S, A TIE. HAD
FF IR ATE S B BHEHIIC BN TEE DI T> TV 2 ARENERARE D X 2 VAR T 1t AORIAZ B U7t
2R EZDICHTEDRENC DWW TS %,

2. ARG HEEEEO X 2 Y

(1) fiREOH A

EB LMo TeZED 5 b RICATHRH (JEHK) 2 BXURIURH (KR IOV THERT %, HAEORKE. 5F
PR A7 R O ME S g G 843-907m B 5 N7z HlfE/KICIE A & A KICBE D 2 TEYI OB G T H i He T
HE NIz, BIETFT S X UEERIC K > TKRE ZRILRE. B, X2/ =)V EDXTF)ULEH 5 X 2 2 72 1F
BWEMDEET B T EDPALNICTE S TVD, —/, KILRHAD SRR E bR, B XTLX/—)Lh b
AR BT BRI L T2,

(2) HigaEoOM FgEY)

WRAE SIS D FE e J O M /K I I AEMIECIRD X 2 VB FRAR X TEEN TS, TOMOERESE Ot MY
300m-600m DHEKICDONWT, EDX I BMAEMINER L T 5 ONFEZIT - TR, A 2 VEMIEFICEONEIS
THHET BT ENHL MRS TS P, ZOWERIE, CO2EERID A X VHBHBEL Tz, FHE S, s iRl
ISR DAL o Tl RO X 2 VR OHEE YD ICE R L T0B, TS DEDOESFETH S A & VHEHOA(
H7EHEREZ FEICITZE T 2 2 I kD, HITRDAZ VAR T O AD iz HSMMCTHT M TEBR EEZBNS,

3. WRTARZUEENRT B L EDAR MRy VEHE L AREEERERED X X R T Vo v )b

MR TAR Y ZER LTI RIVF—ERE LTHINT 22 (LU, AZVERIANAZTI T I 2—L33) &,
FIREZRENC L % &, RIS ZETICH R D EET A Z I TE 2 M TRIFEICENS, LML, AXVERTH
T AZIEHE R T3V F—EFRE UTEINT 57213, HREWED 5 X 2 A S AEY DRI ATRE Y E £ T D77 fi
Tt AHHEGRINCR MLy 7 8755, TORIGT AR RN OO DIEMDEE I N TV S A, FERICHEIAE
NTVIRL,

HKLE, TORMLRY R L, WD DT7 Ta—F 27> TV 50, b HEEHL TV 5 Oh iR kE
ZHHAUICHETH S, BHAKREALT > 7 DARZ KIGE R 5 E R R TAREREDE 10 % (GRAKTH 80 %) M
A B B REO R ATRE R G HIIC A I N D O, B3 T OBHARANZISH LIz X 2 VI ANA AV T &
Z— DA ZEDTHB D, TORISTARICH UTRAZ A RBEEVIRHEEDIRINC X % X X VRIS LTV, [Akk
DFERBEHBETEAEL 2N, GEERN RV EAERD T 0 OERE N2 EYRIEGRICHENTHERN,
U U, AREOEERmMICHANTEREDRAEE Ikm M EZ2EET 3 &, EFE U TOREIIEODHEE LT
BHEHTERORT YUY IV ERA LTS EEZ BN,

References)

1) Strapoc et al. (2011) Annu. Rev. Earth Planet Sci. 39, 617-656.
2) Shimizu et al. (2007) Geobiology 5, 423-433.

3) Shimizu et al. (2006) Geobiology 4, 203-213.

4) Shimizu et al. (2011) Int. J. Syst. Evol. Microbiol. 61, 2503?2507.
5) Shimizu et al. (2013) Int. J. Syst. Evol. Microbiol. 63, 4320?4323.
6) Miura et al. (1996) Energy & Fuels 10, 1196-1201

T — K RIRA R, T, B, WML, A SR, DA A AU 7 Y s
Keywords: Methane, Coal, diatomaceous rock, subsurface microorganisms, methanogenesis, Geo-bioreactor

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’{;‘sgiem

Union

U05-18 215419 FFfd:4 A 30 H 16:45-17:00

RJEKE & HERY) T 0D b 2O HE R

Transportation process of As in surface and shallow ground waters

T HE R
MASUDA, Harue *

L RB i R
LOsaka City University

L SRIGGU Rk 19904EAALIRE, HEUNZRETH D 2 < DIFEINED SN TE M, WSROI X >
TWEV, KK H 2 W HKEHERY)O < 7&RJE T e K2 F TR0 ik U ThoKEHERYNC b 272 Was LT
WKL BRDE R E N HETR/KDETT & [FRHC T AR LT e B KFICIEHI T % £ B 2 2 EN 20, BE
REPHEIE SI3 b B2 BTRNIY) TH 2 LIS N T2, FZERIC NS OIYHIC e Rl LIeRid 2 <
B, TR, KK TR HERE N2 YR T RNAHT 5 AN =X L 2EH LT,

WJIDKHRD ZRIE, 179 2 60 LIREYNCTGE U TGHRIENS L DD D 5, ALTTIEI) KO b ZEiEE 13 10ppb
THY ., IBIAHE L REEDEIFIIATTIX 61 4 TH o7z, KLMOWIDKICIEF 7T A FoHKEEL#NZ < FIh T
B0, EROBKIIZNS TRESK LI TH >, —T1, HYIA - TIT FIKRALA DM RHERY) h D b
FIREIZE15ppmIEE TH 5, JeEHER) T L RBENSWENIZH 20, WEHEREYITE 10ppmZE A 2 K05 %,
NS OHERIH D L RO KERTIEHAEMEICEENTE D, BEERYHICEEENTHWS, eV TIT
T aRNF AR O RGHHE TRkEa N e R2 AL L TEATWS T 25 MM LA, W X > T 5k
BWEIEEYID C ROBRTHE0E LNVEV, TNHORERIE, RIF/KPICIAFS 5 R HERY)HICHES 2 BIC
R EIYNC KBS IRME EETH 20, & o & HEEL b ZEBGRREPEMIA FOBE TH S L 2R L T,

—77. MHBUKHO b SRR LETTEA pHIC K > T HREIRWIRE TZL T 5, (L PAERBEOZALICIZMEY
WHEIABG L T0a EHEE S NS D, BV ERD L ROBHICED > TV AU R, FE EOR TKEIKE T, B
EIC & O W TERL 7 DI RANE T % TRIE T L RO RIBUKIANDIAI & H/KEELERDTER & T NA\D L ROWAE DT
%o TNUF—IFC B BRSNS 2 IS TH B, L L. REFDTDEREWAE LEV, TDIH, TOHERT
M FREH KO E > L ERCBED B UG TH %,

F—TU— R C EGRU K, EEYHE ARG, Skef, $HEREE, 79 k
Keywords: arsenic contaminated groundwater, microbial geochemical reactio, chlorite, goethite, gibsite
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TP B B EE C E LAY OS2 .
Adsorption behavior of organoarsenic compounds in soils

PR HEN 1 ke AR !
TANAKA, Masato'* ; TAKAHASH|I, Yoshio!

VIRERERLGHEWT R}

!Graduate School of Science, Hiroshima University

The arsenic pollution is a world problem. Natural originated inorganic arsenic compounds are predominant cause of the
water-related disease. In addition, anthropogenic originated organoarsenic compounds such as phenylarsonic acid (PAA) al
diphenylarsinic acid (DPAA) are also pollution source. For example, DPAA polluted well water caused serious health problems
in Kamisu, Japan [1]. These phenyl arsenic compounds are considered as a decomposition product of chemical warfare agel
produced during World Wars | and II, and even now such compounds still remain in the ground [2]. Recently, adsorption
and mobility of these aromatic arsenic compounds in agricultural soils have been investigated [3]. However, their adsorptior
mechanisms on soil are still unknown. In general, the adsorption property of chemical compounds influences its migratior
process in natural environments such as soil-water system. Thus, it is important to understand the adsorption mechanism of t
arsenic compounds to predict future fate of them in environment. Recently, we reported adsorption structures of PAA and DPAA
on ferrihydrite obtained by X-ray absorption fine structure (XAFS) analysis and quantum chemical calculations [4]. In this study,
we conducted As K-edge XAFS measurements for organoarsenic compounds adsorbed on soil, as well as a sequential extracti
to understand their adsorption behavior in the soil. EXAFS analysis suggests that all arsenic compounds in this study adsorbe
on Fe or Al (oxyhydr)oxide in the soil mainly regardless of the organic functional groups. This fact indicates that the Fe/Al
(oxyhydr)oxide can control the mobility of organorasenic compounds in the ground.

References:

[1] Hanaoka S, Nagasawa E, Nomura K, Yamazawa M and Ishizaki M 2005 Appl. Organometal. Chem. 19 265.
[2]Wang A, Li S, Teng Y, Liu W, Wu L, Zhang H, Huang Y, Luo Y and Christie P 2013 J. Environ. Sci. 25 1172.
[3] Maejima Y, Murano H, lwafune T, Arao T and Baba K 2011 Soil Sci. Plant Nutr. 57 429.

[4] Tanaka M, Togo Y S, Yamaguchi N and Takahashi Y 2014 J Colloid Interface Sci., 415, 13.

F—TU— R 18, WoE, X BRI, AR e 3R
Keywords: soil, adsorption, XAFS, organoarsenic
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AR O 7)) & EERD & OREAEZEA: )
Impact-induced produtcs from glycine polymers in early Earth’s oceans

BEAR FST T & H BT AR B 5 /A ol 2
SEKINE, Toshimori* ; KATSUKI, Yuto! ; SUGUMURA, Kousuké ; KOBAYASHI, Takamich?

VIRERE, 2 INE - MORITFUREA

IHiroshima University?National Institute for Materials Science

+ W O 7)) & V2 BADEAEZT E S 2L <0 2METd 5 HINT, 7Y v 224 fADER) 22T 7t
IKF DL BT % FERFIR 2 HEKT 5.

F—U— R WIRErEh O 7)) o VEEK, BAEZEERY)

Keywords: Glycine polymers in early Earth’s oceans, Impact-induced products
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7)) ¥ EAIC I T SRR O L
Effect of mineral species on the glycine polymerization

PR CRARE | = iR = 0 i
ONISHI, Hiroyuki'* ; KITADAI, Norio 2 ; FUKUSHI, Keisuké

PEBIRKRZAERY AT LS, 2 SO LSRR A A ST, * SRR B H AR ER S o 2 > %2 —
!Department of Nature System, Kanazawa Urfizarth Life Science Institute, Tokyokogyo UnivInst Nature and Environ-
mental Technology, Sci., Kanazawa Univ.

HBR EOEMmO FEGMEME TH S 2 NI, 7 2/ BOBUKFMESICK D EKT %, mFOEmOIAEICT
WC, 72/ BOESLIZRAEARTRTH O, MERRERREICHT 27 2 /BEA LT 0 ORI A amORJRO M
HICL > THEETH S, 7 I/ BOESLIFHEREREOZMF BV THEAD SN EDNHISNTE D, #IFHIEKEREE
WKBIZT7I/BEENEDLIICBT 2 TONIRERIATY —L7E> T3 (Zaia et al., 2004)

INX THIERWIEIRIE Z AR LT 2 < D7 X JBEEEIERMTON T, SiZHN T8 EZHmMEH N TV
%o TDIEMT, FRMELE> TOBIBRTEDO—DIET X/ BIEIR LTI R ZIRE U, SRS CREAY X /BOES
{t&E 9 /71 TH % (e.g., Bujdak and Rode, 1997aBujdak and Rode, (19975 & Quartzk Alumina % W 7z 7 2
JEEGHEERN S, Alumina®5H Quartzk D &7 I = VEGEEHEL TWA T L 2R L. 7 2 /O ESITIEHEY)
OB NRKENT EZRBLTWS, LML, SIDOHET 2 EDXK D BHERENT 2/ BEAKICEE R 52 5 DhiEAR
1253 TWELy, Bujdak and Rode, (19978)0k C L& TITHA R HRYIRRIC DWW T 7 X/ B ALARIREERM T 1 T
ETV B, TR TIEEBZMDE—ENTE ST, SiEOT X/ BESUEEN RN TEZW, £
TAWIE T3k 4 % 35Y) (Rutile, Anatase, Amorphous silica, Quartg;Al203, Corundum, Hematite, Magnetite, Forsterite)
W UME— SN T7 2/ ES LSRR ZITV. 72 /BEAZEET 2 BN 2855 2 &2 HNIC Lz,

F—TU—R: 7 I/, EE, W
Keywords: amino acid, polymerization, mineral

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

U05-P03 253 R A 2 —28 IRffil:4 H 30 H 18:15-19:30

EE RS — KA BAERIC 3803 B IKEAE I RS, 2 Y DR |
Ro{e of minerals for hydrogen generation in the interaction between ultramafic rocks anc
water

R EEE D RS KT R !
FUKUHARA, Naokil* ; SATO, Tsutomti ; OTAKE, Tsubash

BB R AR L EBOREIEER > A 7 LN BRI E AT =
'Laboratory of Environmental Geology, Hokkaido university, Graduate School of Engineering, Hokkaido U

Hydrogen generation by high temperature serpentinization is understood as hydration of mafic and ultramafic rocks, owing
to the oxidation of reduced iron present in the olivine or pyroxene. On the other hand, in the Oman Ophiolite and Lost City
Hydrotherrmal Field (LCHF) in the Mid-Atlantic Ridge, hydrogen is generated via low temperature serpentinization. Moreover,
previous experimental study shown generating hydrogen at low temperatiir@8 egrees C). However, since even the rate of
hydrogen generation by high temperature serpentinization is slow, the mechanism of hydrogen generation by low temperature |
short period is yet to be explained. Therefore, the objective of this study is to clarify the mechanism of hydrogen generation via
low temperature serpentinization for a short period. Batch experiments were conducted at 30 degrees C, 60 degrees C and 90
grees C using minerals which constitute ultramafic rocks (olivine, Magnetite, Fe-Ni alloy), and serpentinite. Samples were taker
after various reaction times (3h, 6h, 12h, 24h, and 1week). Liquid samples were analyzed by ICP-AES, ion chromatography
UV-Vis, pH, and ORP. Mineral phase changes in the solid samples were characterized by TG-DTA, SEM-EDX and XRD. The
concentration of hydrogen gas was determined by GC-RGD.

Hydrogen generation was observed in all samples. Highest concentration of hydrogen gas was observed in the experime
using Fe-Ni alloy. In the experiment using Fe-Ni alloy, apparent surface change was not observed at the surface of Fe-Ni alloy
Therefore, hydrogen gas was generated by catalysis of Fe-Ni. The generation of hydrogen gas by this catalysis would be high
than that of generated hydrogen accomplished by the dissolution of olivine, which is the dominant mineral in the ultramafic
rocks.

In this study, the hydrogen generation was confirmed at a temperature of less than 90 degrees C. The hydrogen generati
process is catalyzed by Fe-Ni alloys or magnetite present in secondary minerals by serpentinization.
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Spatial distribution of chromium enrichment in 3.2 Ga Moodies BIF, Barberton Green-
stone Belt, South Africa

A R 38 I R 2 ek 85 1 B X2
ISHIKAWA, Ko '* ; OTAKE, Tsubash; KAWAI, Shohji? ; SATO, Tsutomti ; KAKEGAWA, Takesh?

VBB R ARG T2EERt BRIBIEER S A T LRI, 2 BAb R AR AR A R i
IDivision of Sustainable Resource Engineering, Graduate School of Engineering, Hokkaido Univefditgpkirtment of Earth
Science, Graduate School of Science, Tohoku University, Aoba 6-3, Aoba-ku, Senda

(L AHERE S C B 2 Rt RERELIE O e B B VIR ER R R OHEE 3 B e TDON T %, HilZIE, 24.8(&
RN E NIREIREEE IC A 5 N2 @0 CrlTi ld KR OBEZRERE LRI > TRt o LE kicic K b 4 Uz
FEMEERES R C CroME M S NIz THZ L SN TS, L LAEDD, ThE TRHROUHERSICET 203
GBI IR SN T2, IR T LIz 7 7V 71 « 73—\ k 2O MoodiseE#EC #E T % 32 fE4ERTORRIR
PRI BOTEILENHAIC X 2 7 0 LBENRR I NG, CTORRIZ, 32 MEIRIFRIC B TRRILNERBINMEE
LWl e LTWa, LLADNS, CORPIREKIVEHO 7 1 LEEIE—BE L C—HRLERHC B W TR S N
26D THY, EOEET O LBENZERMINILND ZEOM TR EFERXEINTVEY, ZT T, AWZEE Moodies
JEREDHT T3 FBIAIC BT HHEREERE ZIH S MM L, #IREEEEO 7 u LBEZFHNS L ZHNE Uiz,

IN—=/Nk Uh SR 10kmiZE EICHiiE T % Eureka synclingl & % #i 7z 5 FBHIC BV T 21T o 120 #HiTz /5 BRIETH
R U T RTIRERSLE S BEE B EES O MLICAEEL, FEfThZE T&H % Moodise Hills blockic 8\ THA E Nz RIREkELE &
ARRICHERE L 728 D TH S T E DR S Nz FATIZEORIRPILE X EE 22mThH b, EAICEE 122maD )L b
BE M EDHER L T e—77, AWEORIREILE IZJE)E 36mTH D, LAICEE 103mD S & 2V NEES
MHERE L T e, BEMEREIEID S, RIRERIEE AN 72 0 & AREREE (C15 p m) D575 % /R L RO K E 75 #kIE
(50 p m) 5% RAEN SR E N, WANSEIEYIORIRESLE TH 5 C E DRI NIz, CrOKRA MEYIT
B2 70 LFINIRE MRS (SO0 NERPE), SRIRERILE & & ICHEER T & o, MPIREKEE T O 7 1 LERERE, Fef T
ZERIBICREERSETIC N E NEAE L Tz, BIRE M= 7 0 LEkEE FE-EPMAZ W T ER DN 21T > T2o RHETEHE
RS ERIRESEE ORENC X B 21k A5 NT, WINEE Cr# (0.7670.89)% {K Mg# (0.00170.01)x #5 > T 7z, XRFIC
X B REMBAHOFER, CUTIC OV TEMFITENZASNT, RIFHIZEHIC T 2RI I, iz TH
N LBEERERTE R ol TOMHITOWTIE (L) M FEDBEWICK S &0 (2) HfbREDRERWC K S &
DO[FEMEE LTEA BN S, (1)ICDWT, AT TIEMIAf#E, ICP-MSIC X b &SN Z21T> TV 5H, At
ZCIE XRFICK B728, Ti OMMHBEFHMEIC 3HTDE DD B, LIch> T, —HEARHC BN T Ti BBHRFYELL T
Hotziz®d, CrTIHIC DOV TIEHICHHMETE TWRWATREENEZ 5N5, HD VI (2) AWFZEDRIRELILE X el TifSE
KO ELRVEG THER L7 A[REMENE Z 5, O &IFEREHICB O TERITERWIGIC O HIBLERED LD > Tz
TR LTWV5,

F—U— N REIVE, 71 L, 70 LEREE, /N N b iRk, WIIER R EER B

Keywords: Banded Iron Formation, chromium, chromite, Barberton Greenstone Belt, surface environments on early Earth
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k.
Change by a diagenesis of first minerals in 1.9 Ga sedimentary rocks of the Gunflint
Formation

TR e T B
NIKAIDO, Emi'* ; KAKEGAWA, Takesht

LHAERZ AR AR B A A
LGraduate School of Science, Tohoku University

Some microfossils in the 1.9 Ga Gunflint Formation show clear morphology of aerobic microorganisms. However, carbon
isotope compositions of microfossils and other geochemical characteristics suggest the activity of anaerobic microorganisms i
the same rock sample. This leads to the skepticism if the 1.9 Ga surface ocean environments were essentially anoxic and o»
environments were very limited.

In order to examine if oxic world were more common or anoxic world were more common, shallow water sedimentary rocks
were collected from Kakabeka (the bottom of the Gunflint) and Telly Fox (the top of the Gunflint) areas. The following features
were found in the present study. (1) Chemistry of carbonate change into either Fe-rich or Mg-rich from calcite during diagenesis
Fe-rich feature is only found at the bottom of the Gunflint Formation, suggesting wide injection of reduced fluids in sediments.
(2) Carbon isotope compositions were similar to cyanobacteria value, and feature of anaerobic bacteria were not detected. Th
suggests that previous report of carbon isotope compositions of anaerobic bacteria was limited in a few places and not widespre
in the Gunflint Formation. Therefore, aerobic microorganism was the major life forms. (3) Sulfur isotope compositions of
pyrite range from -2 to +15 per mil, suggesting closed system sulfate reduction. The closed system was most likely isolate
oxic seawater from anoxic sediments, probably high sedimentation of SiO2 and CaCO3. In addition, isolated sediments wer
anaerobic bacterial world, where organic matter from the oxic world was largely consumed.

F—T— F: FekVER, B LIERES, SSUTIERSE, BH U725
Keywords: diagenesis, oxic, anoxic, closed system
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EERERIRICHSNS ) VA R < b T 1 b ORRA
Origin of phosphate stromatolite formed after the snowball Earth

FIf SN T BRI 2 5w i 86 ° ) 35T S Y
SHIRAISHI, Fumitd* ; OKUMURA, Tomoy@ ; TAKASHIMA, Chizuru? ; KANO, Akihiro*

VIREK « B - HipReks, 2 MrEnfoe bR msns, 8 EB0K - SULBE - BREGERE, * JUMNK « bEsC - HiERZS )
'Hiroshima University?JAMSTEC,?Saga University*Kyushu University

T I e INA—=TMA L—iazficid, FEAERICGE & -2k otttf@ihnm L Tns. 205 50—,
URLUETIEFy Yy TH—RIx—=FrD EAMIC) VI (7324 ) hoAEZRFEEZANaY oA MR ENS. R
e b T4 MIBELAREERRL, ATy TREhiLZEIRRa~< A hicEST %, Aba~<xho4 FEEIRR
oA FORRIEE, —EHTEHBNTH2E00D, 2LDHEERYYy—7EERZED. Ab0ax T4 MIIRRL EE
REOMILONEENTVS. FHCEZENT 20X, EES5~10um, EX~300umEEDT T A MG TH
D, FOFREIZST /NI TIUTICHELLTWS., 2O EMD, VVBEANa NS4 FOERICIES T /N7 T
) 775 EOWARMEYDEE LTV EZLNS.

Z T, WEYIDNERDT 82 A S OWBIC G Z 55825 MMCT 5728, 200uM D CO, ZHFKkinbFRZE L
TR D7 732 A FAMIE%Z Phreeqdl K> TEIE L7z, ZOME, BEY VIBED 1 M BEDNZL, 7 /3% 1 DI
B ERICE > TELLESDONE T ENHLMNIC RS T2, —T7, REEAIVY D LOSIHIE S YEEKIC X - THEKFIC
BHHENZM, TINZA MIFEICER S & Z O BTN V. ZO/RR, MAEMOHERICEK > TT /8% A1
FAOMBICEICTERR L, V) VEEIEA tax b oA DK T B EEZ ENS.

BEOMm/KERE (B8 TR, WEV VRN TS0 7 F &> THELDL ENTWS. DIISHEREY Vik
FEIZ I T TIRL, W OKFE~1000m TEE uM FEE LRV, U b LUEOHERYRICE N TE, k&
ICDWTIRBIIE L FAEDIRIA TH - T b EZ BNDH, HEICOWVTIIEERHEFEZ DI DICIE T VIBENRIELD &
MR ED ST ENTFREENS. TOXIRERBKDST /N7 TFV Ty FOFRET HIREHITTES - AT,
oM RO VB ERICEHIBUCKIG LT, VUBEA MO b1 BB ENEES .
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Large Fe isotope fractionations in ferruginous sedimentary rocks above Kuroko deposit
in the Hokuroku district

B BT s KA E Y I se— 2 R RN B BREH Y OKH RN L ek 25t
SUZUKI, Ryohei* ; TSUBASA, Otaké ; YAMADA, Ryoichi? ; SHIN, Ki-cheouf ; KON, Yoshiaki* ; YONEDA, Tetsurd ;
SATO, Tsutomt

VAbHEE KA KB TR RER & A T LRI, 2 JUERAPIADITER, 3 #e & HIBREREE AT, ¢ NI ATBaE NFESER
e S WA

'Laboratory of Environmental Geology, Graduate School of Engineering, Hokkaido UnivéTgihku Univ.,>Research Insti-
tute for Humanity and NaturéNational Institute of Advanced Industrial Science and Technology

The Hokuroku district in Akita Prefecture, Japan, hosts many large volcanogenic massive sulfide (VMS) deposits called
Kuroko deposits formed around 15.3 million years ago by ancient submarine hydrothermal activity. VMS deposits were formed
by the precipitation of metals from hydrothermal fluids and could have contacted with seawater in geological timescales. Be:
cause they are composed of sulfide minerals that are stable in a reducing environment, such as pyrite and chalcopyrite, an ano:
environment in the Hokuroku basin may play an important role in the preservation of the sulfide ores containing valuable met-
als in Kuroko deposits. However, geochemical evidence of such an environment occurring in Hokuroku district is currently
lacking. Therefore, objective of this study is to investigate the distribution of REEs and the variation of Fe isotope composi-
tions in the Fe-Mn-rich sedimentary rocks associated with VMS deposits in the Hokuroku district to understand the depositiona
environments and ancient sea-floor hydrothermal systems in the Hokuroku basin. Sedimentary rock samples obtained frol
both outcrops and mines in the Hokuroku district include ferruginous cherts occurring directly on or above a Kuroko deposit,
manganese-rich siliceous mudstone, and amber in mudstone or tuff. Samples were analyzed by XRD, petrography, and SEN
EDS for mineralogy, by XRF and LA-ICPMS for chemical composition and MC-ICPMS for iron isotope compositftfe(

(%0) = 1000[(* FeP*Fe)sqmpic/ CCFePFe) rasar—1a -1]).

The results of these analyses show &itFe values of mine samples occurring directly on and above Kuroko deposits were
-1.5to 0.5%0. These values are largely fractionated fréthFe value that is similar with igneous rock s 6°°Fe. Iron isotopic
fractionation occurs when ferrioxide precipitate part of the bivalent iron present in the reservoir. These values are largely frac:
tionated from th&®%Fe value of the standard (i.e.%0), which is a similar to that of igneous rocks. The samples that have a large
negative value also bears negative Ce anomaly. These signatures indicate that partial oxidation of dissolved ferrous iron occurr
by mixing ferrous iron-bearing anoxic water with oxygen-bearing seawater, and therefore that the sea-floor of the Hokuroku
Basin was anoxic. On the other haiéFe values of chemical sedimentary rocks formed during 2 -3 Ma after Kuroko deposits
formed ranges from -0.8 to -0%. These values are similar to that of dissolved ferrous ion in a modern sea-floor hydrothermal
fluid. Therefore, th&®¢Fe values of the samples indicate near complete oxidation of dissolved ferrous iron in an oxic environ-
ment. Therefore, the results of this Fe isotope study suggest that the depositional environment in the Hokuroku basin shifte
from anoxic to oxic after the formation of Kuroko deposit.

Keywords: iron isotope, rare earth pattern, anoxic environment, Volcanogenic massive sulfide, hydrothermal system
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SEM and TEM observations of carbonate, Fe-oxide and silica minerals in Okuoku-hachiki
hot spring, Akita Prefecture

SR R
TERAJIMA, Shogd* ; KAKEGAWA, Takeshit

VHAERSAR A P A ZE Rt K

LGraduate School of Science, Tohoku University

Recent studies of biomineralization mainly treated biominerals produced by evolved life. It is uncertain if primordial microbes
are capable to precipitate biominerals. If biomineralization by early life is well documented, it will help to understand the Pre-
cambrian environments more in details.

Abundant carbonates are precipitating at Okuoku-hachikuro hot spring, located in Kosaka, Akita Prefecture, Japan. We col
lected sinters, soft to solidified sediments and microbial mats. Then, those constituents were observed using field emissiot
scanning electron microscopy (FE-SEM). Minerals around microbial sheath were also observed by transmitted electron mi
croscopy (TEM). Analyses of X-ray diffraction, pH, DO, dissolved amino acids, carbon isotope compositions and chlorophyll
compositions were also performed.

Hot spring water does not contain appreciable amounts of dissolved oxygen, but Fe-oxides immediately precipitated afte
discharge. Chlorophyll analyses indicate no presence of anoxic photosynthesizing bacteria. These results suggest that Fe wi
precipitated by Fe-oxidizing bacteria dominantly, supported by SEM observation of characteristic morphology of the sheath.
Cyanobacteria become more dominant in the distance.

Most samples contain radial aggregates of needle-shape aragonite. Such morphology was found in bubble in the "first” dis
charging fluid. Each needle in radial aggregates seems to be bigger depending on a distance from the discharging point. A
gregates of coarser and random orientated needles of aragonite are found in lower stream zone, where evaporation and cooli
of hot spring water are more visible. Because of no systematic correlation to biological activities (microbial mat, amino acid,
organic carbon, etc.) to those morphological changes, all aragonites are formed inorganically. On the other hand, Fe-oxid
covering sheath are found locally. Using dilute hydrochloric acid etching, Fe-oxide is observed clearly, especially in zone 1.
It has 3 morphological types: sheath-like, agglomerated and needle in radial aggregates. It is noteworthy that Fe-oxides nev
grow in large crystals. This can possibly because microbial activities or organic molecules may prohibit the growth of Fe-oxides.
Furthermore Si was detected in Fe-oxide. This result suggests that Fe-oxide probably adsorbs amorphous silica selectively. Su
unique morphology may help to interpret the origin of hematite in Precambrian banded iron formations.

F—U—F: 7odF A&, SELY), BRE(LF, SEM, TEM
Keywords: aragomte, Fe-oxide, Fe-oxidizing bacteria, SEM, TEM
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1t X
Microbial processes forming lamination in hot spring stromatolites by sulfur oxidizing

bacteria and cyanobacteria.

YRS SO b ks TS 2 P R 2 R R
OKUMURA, Tomoyo"* ; TAKASHIMA, Chizuru? ; HIRANO, Misa® ; KANO, Akihiro?

UM ATBOE NHBPERFZE B FEREAS, 2 (R - S, 3 TUNRS: «
1JAMSTEC,?Faculty of Culture and Education, Saga Unh&CS, Kyushu Univ.

T EIRFE L SV LA T B BIIKD ST B IREIEHERY) (hZ3—F-2) 1did, —fRICTT I A—
MVA— X — ORI FEE L, KEiOA b~ T4~ &R - K L BICEHUL TWa. S5, 7KDY 55 ELL D
FRIEPNCZ LD S I3—F UHERIE T, &7 /80 TV 7 £ 3B R EME D/NA A 7 ¢ )V LORKED HE R Tkl
C0, HEMICTIE S 5RO EZE T2 LT, MMERENS Z EAREI N (1,2) LML, KD EIRTH
EYNTET b IN—F VHERG T, FfRIE R Ta<7&D (3, LROWEY- SiHEEH 7 ate Ah4 Uk
75D TFHEINS. AHFETIE, EETHRIEMICET A > R 7 A< b T EILERO SipoholoniiRICHBWT, s
RIREDFEE T 2 HIBRI Y AN SR 2 R T 5.

Sipoholoniiiifid, HFHRAD VT ZiTH 2 7 SO ET Tarutungtis TIHEHS 25 ZEOMEROTT, FF3—
FUMNREERICHE T 2IRRTH 5. HEHIE, F5Hkm? IZhieo TR IN—FUDFEL, ANBHEZEDO DTN
TV A BAGANOTLY 7 B, WRMRICHET 2T 7 CO3IDICHITFENS. 2TOLY 7T, BrofhaT, i
PP OO Z U2 R IR OHERYID, il 5 RSO THEORZ & DRI E N T |
B b INN—F OXEOEIE, KRISCTELLTED, S5EMaATREY 7%, S0ELTTIEREazE2L TH»
Te. RREOBKE T, BRIREERMNEE UG N1 4 7 1)U L LIRS SRS & 1 2 FLRE ARG (Eh 0.5-1.0 mm
OMBRTHRDIET C & THMEREIN TV, —F, €V 7ol Tk, HEE LR aEoERII AR IHE D - 72

TU7 CIEBWTC, ke kkt - €270 FIN—F 7% 481K, 4B EICT > T U T =ITo TR, 2D
EEIEtmENRMIC, HEEMERICEREN TS 2l Lz, GihU s I3—F UHVET ZHIRICHB N T,
W, pH, 7IVAVE, VoI LA+ VREIIREETIZEFETho T IAFHREREER, HocidiiizEL T—
ETH-TN, YRR TIRBMICE <, "HEICEWMEZ &> Tz, 2 aDilkld 16S rRNABIL T DR 217>
ree A, MAEYOREHBIZIERTLIE> TH D, R EREEOMER(EHE D B L Tz, 220, e
OEICT 7 /o707 rnuT LIS AEONEGRMEN K D ZETH > fo. SOCBAME TEE RlE D16 2
BIERUTASR, MOORATIZRMOEEEIC, ©2 7 aniltlklTidin & IMERIC, R THbICamL T\,

DL EOREN S, fEOMR T, (ECROME LIRS, YCERHIED HEBIT b I3—F VRN F T 1)V L
FIEKT BT & TREIBKRT BT ehbholz. —7, EXY7EOMEITI, YEEKICX > TERS NEEEIS T
ZIEMNC, WEMCHEZ IR e T2 1NAF T 0 IVLDFGET 2 C L TRMERENS. THUEHBREKICB T 5817
BWEM T O A TH 5. €7 EORARORENAHBIZ O, WEEKT 220 MEZ EhE T 53047 1)1
LOEED, BEOMHBEWVHIHNNERTIY hao—)VENEHTHREZLNS. TOFHO IO RIE, BHREIC
ZULSBAEMNCE O RKEHETAEL S %, A I A MEREKT 2WMEY 70 AD—DTH 2 EENEND 5.

[5 [HISZHK]

(1) Takashima, C. and Kano, A. (2008) Sedimentary Geology, 208, 114-119.

(2) Okumura, T., Takashima, C., Shiraishi, F., Nishida, S., Kano, A. (2013) Geomicrobiology Journal, 30, 910-927.

(3) Fouke, B.W., Farmer, J.D., Des Marais, D.J., Pratt, L., Sturchio, N.C., Burns, P.C., Discipulo, M.K. (2000) Journal of
Sedimentary Research, 70, 565-585.
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Keywords: travertine, lamination, stromatolite, cyanobacteria, sulfur-oxidizing bacteria
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Inf?ﬂences of silica and embedding on thermal alteration of aliphatic hydrocarbons in
cyanobacteria as evaluated by FTIR

PR 7 1 Bl e 2 BB JE—RR 3 Al 15 2 Skurl el 3
IGISU, Motoko"* ; YOKOYAMA, Tadash? ; UENO, Yuichird® ; NAKASHIMA, Satort? ; MARUYAMA, Shigenor®

L YRR TR RRAE, 2 RIROKCE, 3 R TR
LJAMSTEC,20saka University? Tokyo Institute of Technology

Jeh1 > 7)) 7 RO ERAEY LA DA & U TERE O L Z D 2 LT 5N 5 (B 213 Schopf, 1992;
Knoll, 2003) LML, ZN5EH A ZXAVNE L, BEMNHMT, 2HhNDERMNEEL TWA78, EREES DR
B EERITO CEIEREETH D, TNETICEE L, FEREY LA ICEARCAHREZE 57201, SRS
Yk, baB R UCEHEFE—RAEMO #7211 > TE. 9 8.5EF1 &4 19 EFERTOMBE LA h S REHGkR Lk
C-H#E&ZRH L (Igisu et al., 2006) {t45D 2960cm-1/2925cm-XCH3/CH2) Y — Zi@jg Lt R312/1 5, HIFENEE A EER
FNCRFE Nz nTREME 27~ L7z (Igisu et al., 2009)

Uh U, HEREYIDGRIERZ%20) 2388 T, Mz T 268800 SR EtT s eEZ BN, £z, Z0O
ZACIE I OIFAEIC 5B 2 2T B A REEN B 5.

ARETIE, VAN L MADMEMIZH D C-HHRICH A B ZMET 5. BRMICIE, BHEDST /N
7707 OFRMEAER 21T, SRR DGEIC KD, MildrhoaREREROZkZ (1) Mildodk (2) Mig+v
71 (3) Mg+ KBr (X ©igEICHE) DORICOWVTHAN. ZOME, WINORTE YT /N7 T 1) 7HO C-HEE
AL LB LD, Fidd (2) & (3) OFRTIE (1) £K0E C-HEEDWDEENWNE L E>T. £
IEVE R0 2960cm-1/2925cm-1CH3/CH2: R3/2 ¥ — 7 i Lhid MBI LEREE NS 2 W EZ LR E o Tz,
BRI D Z < > AT MVIEH 8.5 5801 & 4 19 fEFEAOMAL A & HU L IRz T L b, MEHRE L
AOLRBECRIELIZEEZZ BN, UEOHERNS, ¥ OGN C-HESOREEREL 50, R3/2
TRAOEEB LR HENT N o7 T TRUTAEA DKW R3/21E, EWVIEEOMREN: 2R L TV,
LAAEERIC BT AL IO ETIICOX I REEERT I LIdhVEEZSNS.

F—T— R BN DIGE, 7 NI T I T, 2 A, B, BRI Rk
Keywords: micro-FTIR, cyanobacteria, silica, thermal alteration, aliphatic hydrocarbon
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Role(s) of extracellular polymeric substance in microbial mineralization

SRR EEEI VN,
NAKAMURA, Yuki '* ; SHIRAISHI, Fumitd

VIRER - B - HiBReKE

'Hiroshima University

Microbialites are defined as organosedimentary deposits that have accreted as a result of benthic microbial community bindin
detrital sediment or forming the locus of mineral precipitation. Most of microbialites are consisted of carbonate minerals, and
considered to be formed by microorganism, such as cyanobacteria and sulfate reducing bacteria. Microbialite records the histol
of interaction between life and Earth environment, and therefore, it is important to understand their formation. Microbialites
are formed mainly by three processes, including grain-trapping, mineral precipitation by metabolism and mineral nucleation by
extracellular polymeric substances (EPS). Grain-trapping is locally important, but key processes are precipitation and nucleatiol
The knowledge of precipitation process by bacterial metabolism has increased, while that of EPS is still limited. Therefore, this
study aims to investigate the influences of EPS on microbialite formation. We examined carbonate deposit developed at Kibeda!
hot spring, Shimane Prefecture. Calcite was despite of undersaturation in bulk water. Microerectrode measurement reveale
that this deposit is formed as a result of photosynthesis-induced €a@@ipitation. The result of EPS staing observation by
Confocal Laser Scanning Microscope revealed that this deposit contains abundant acidic EPS, which is generally considered
have important roles in mineral nucleation. This deposit composed of two layers: the upper layer is consisted of empty EPS
sheaths and the lower layer is of cyanobacteria with EPS sheaths. Both layers contain acidic EPS, while only lower layer wa
mineralized. This observation implies that acidic EPS cannot solely cause nucleation, and requires high mineral saturation sta
induced e.g.by photosynthesis.
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L 7 7 HEREW 0 B HEE & N5 IR RHAR OB 2 A _
Controlling factors of microbialite textures inferred by a tufa deposit

R B BRI 2 s
HANZAWA, Yuhsaku* ; OKUMURA, Tomoyd ; SHIRAISHI, Fumitd

VIRERIER PG ANTFRIMIER R > A 7 LA RI, 2 A TBOE N R R AR « MuPRERE P Pl n ek

IHiroshima university?Japan Agency for Marine-Earth Science and Technology

WM E SRS MEYIRHEIC X 2R ORI - F50, 3SR RRIC X - THERE L 72 AWk HERY) 72 i
U, Fm-K-SOMBEERIC K > TERE NS, ZOMREHE, EHZFFOA IO oA e, BEIROAT VR
T4 FTHB. HERBICBWT, A T4 NI SSEERTMOHBIL, 13EFANceR TR 5. ZOk, Ak
a< b I MIANICEET, RS SEFERICIEZNE ANEDE XS5 IRy R o4 OIS 5. ZORENIEATZ
ICHIRE N TV, [ARHHICE & To BRGSO 2l (b a L, ks - Emiic B 2HERA ARV T
WKL TWBAEEEDD D, REZESSEYNE(b 2T 2 ETHEELRHFERTHAS. TOTERMENSDEEIC
DWTCHHNCHET T % 7zdicid, BIHOMEYIHERYI OWMIE AR TH 5D, BHEOWHEEETIEA M oA b -
A0 VRITA MLICIEEICHTH S, —F, TNOEREERICB N THENESICFEET B e D, AR TIRBIKE
WCHET ZMEVI R BBIEHEREYI TH S by 7 7ICEB U, WAV S OHERHZ HE T 2 B ZHOMNCT ST &R
Hiye Uz,

by 77— fRIICA R T4 FOX S BEMEREIES. LHL, MIUESRTG EFICRSNS by 7 71,
KR DFENC K > TAMAY b T4 MREEZT TR AT VRIT A MRS RES S, KA pEIRERT T &M
SWFEnR e Uiz, KEAHRICB VT, Ahax T4 MR 2aYRI 4 MR 7 7 OHERS & & k&2
Hond, —RNAEby 7 7B OZNEFBETH >, by 7 7 REICHHT 2WMEM L, MAEMOREHERYI©
AN ED T (EPS ZHm U CHEN L —Y—EEPEMBE THE LIz L T A, ZO0MIE = DOHEREYIR T A Z <
BixoTWiz, ZAaYRI A4 MRy 77 ORE T, BRIRS T /N0 70 7 HV8I B R U CEER 500 pm OFERIRD
BEOZIERLTED, EPSIZZONEEFEICHER S 7ML Tz, —HFARA T4 MRy 7 7 DEHEOK
A TRITRONBEH L TED, RIRTT /NI TV TIN5 EPSE > THLIZ 0 L TW e, A Tty o E
EMmABHRZELIzEC A, AaYRIA MRy 77 Tld, HEEYEmICIZEER 500 um OF5 A OHEES AR SN,
FORMMTIEERIRS T /NI TFUTH, ZORBTRRIRGT /X7 TV T7HERLTWAEHETFHIRENE. —F, X
rax bF A4 MREY 77 TlE, B 10 um OMIRI A G RORERED 55> TH D, RN TIERIKS 7 /N0 T
V7 REICE L TEMAEER L Tz, 2 S OHEREYNC E R I 2MAEYRIEZFET 572012, 16S rRNAEL T
DR RITolz T A, EH 5O M EYRHEDRIEBD Y 7 /NI TV T ThH Y, TOMOREHKE K
HoahEL Wz, LHhL, AaYRIA4 MRy 77, Abax kT4 RMRFy 7 7IEED 5 NRV 551
OWMEIDMEE Nz, o e, RaVRIA MRy T 7 2/ 2WMEBEO T EWEREEERF O &V S
CTEERLTWS, £y 7 /N7FVT7IELTSE, AaYiRI A MRS 77 OITH WS R > Tz

VULEDWRNE, Abax b4 e A0V RT A S OHERHBEOEWOE, MAEYE EPSOROEWICERT % C
ENVREE NS, TORMRIIEDTE, K SEEMCEBY S, TEAMEMSOZEIX, H2 7Y 78R L RN
EVIBEEOHELEIE L AR TH .

F—TU— R WEYS, Arax b SA N ARYRI A, by T 7, REBES
Keywords: microbialite, stromatolite, thrombolite, tufa, carbonate rock
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Soil mlcromorphology and the effect of biotic activity

PR TR T IR 2 IR BT 2 A RS RS
SUZUKI, Shigeyuki* : HATTORI, Tsutomd ; HATTORI, Reikd” ; MIMURA, Kaori® ; ISHIGURO, Munehidé

VRILEREE, 2 7 Fw &« TR, 2 R H PR A, 4 GEE R
1Okayama University?Atic Laboratory,?Kanematsu-NNK CorporatioriHokkaido University

THOIE A & EYE & OEIRERIC BN T, K&RKE EDIEHE b > TERE NS £ DT, S & EMhEb O &
I IRAROYIE E AL END, L3 THMAK 5% 0 . ZTIFESHETZBEMMTHS72H, N5 DOfiFH
FNEE 2D B0, SR TEDNEMAEM AT 2 (IRES, 1987, Kithi ORI, FEY ORI ki b 721
T35 <, HIEOIEEID DL HEMIEHAND S T L ERBENTR TS (IRES, 2000, EYoOTEH) & HE RO A
TERIC DWW, MHIME D@52 Lickat Ui, HHEORURNI ML 2RS, MlILAARE TR gk 3 (e
R~ ) . AT L. N> 7573 2 Dhakai B i Ligle B 138 (8 30004Fa1) ZHW\We, 27
DRI EEIRIE FitzPatrick(1993) [AlAk75 /514 T AHEEL TR S (R CERmMER R 2 F L TS L7, 2 U A -
F /KT OB E FIEMEE 2 Vi,

S U aKEHEEK ¢ RLA RGO ME L IEMERORSENRD b N5, 1 ~2 mmiBEDO~ 7 afRiEWY 1 XD
SV E G oft, FICTRY A XL ORI 57455, et XK1 0.05~0.3mmAEE DMK 2 7% L TV 2 HFH
LIFLIEERITE %, COMBIEI7adbitAET SN, < 7alfidld I 7alfpoESGIcE>TIEREN TS T &

ZRd s MILACEREN OTRERHD S O/KH HRICB N TR, <7 aMRIEERR IR A 5 7223, 0.1~0.5mmisfE
DI 7RIS T % LB Z SNZRROMRENGED 5N %, DhakaifxliD i HHIEHHE L TR0 EHEIE N2 8,
FRED I 7Ok & EZ DNAHENRD NS, 4D I 7 afkidBAEWVITHEE LSO RHBRIZEDNZ VD, 1§
WEEO A& - S a0 OBIG -« b~ > 7 Kbk £ DIREY OR R R I KSR DEWIC
Ko THAITZ %, fFbNn2ME L LT, BOPx EDEYHEELNEE T, LA EHNENIBHAEZ VL, TDEH%
MG T FitzPatrick(1993)x £ £ < DL TH O M I N TV B K 51, Kigis E DORBEREEDZL DI MY OIEENIC K

%%bﬁi%lm_ Ehbh B,

TUA e F RTF DK - — KRR 2 T B CRISST % L. etch pitZk M NETCREDMERKE N TV 5,
<_0)J: 2 IR U T RS D E D, M 7s i O R E R 5N b, K IME OFICHYIMNERK LI T8 501

%, TNHDOT D, O TE/MKYIT 25%{)%‘*7‘4’ ORI, PIEIHIRA L, (LRSS IERIC X 21EH .
WZBSTELIeT VA - F /R TFORRICE S EDEFENS LHEHIE NS,

FitzPatrick, E.A. (1993) Soil Microscopy and Micromorphology, Wiley

ARES S0 (1987) KMt DT EMIIER, Eich

ARER #1 (2006) 1 & 441, 60(2), 105-107

F—U— K. 248, I 70k, U A - F R, Ml
Keywords: soil, microaggregate, silica-nano particle, bacteria
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A novel remediation method for nickel-bearing wastewater at neutral conditions
A novel remediation method for nickel-bearing wastewater at neutral conditions

PR BT PEINE L (e 85 2 RN 37 ORI T 2
OKAHASHI, Harukd* ; NISHIUCHI, Toru' ; SATO, Tsutomé ; OTAKE, Tsubas#; YONEDA, Tetsurg

VIEK « AR, 2 JEK - AR
IGraduate School of Engineering, Hokkaido Universifaculty of Engineering, Hokkaido University

Advances in technology such as the electronics and metal plating industries have increased the demand of Ni year by year. C
the other hand, the resources are unevenly distributed in a few countries and the supply is highly dependent on strategic policie
Moreover, since Ni is not produced in Japan and it is dependent on imports from foreign countries, the supply structures of N
are vulnerable. Because of this, the necessity of recovering Ni from wastewaters and other waste forms has been increasir
Some industrial wastewaters contain large amounts of Ni. Generally, the removal of Ni from contaminated wastewater by addin
antalkaline and flocculants to increase the pH to 10 or above would result in the generation of Ni-hydroxides after treatment
After that, it is necessary to adjust the pH below the effluent standard (pFB%8 However, this method suffers from some
disadvantages, such as the high cost for chemical reagents, problems in the disposal of alkali sludge and inefficient treatme
system. Therefore, a more sustainable remediation method must be developed to achieve sustainable wastewater treatm
operations. This study focused on natural attenuation processes which are safer, cost-effective and more environmentally friend
than traditional methods. For example, at Dougamaru abandoned mine in Japan, high concentrations of Cu and Zn in wastewa
are naturally incorporated in the structure of layered double hydroxides (LDH), which forms in the presence of Al ions, hence,
natural attenuation of Cu and Zn occurs (Okamoto et al., 2010). Because LDH has the hydroxide structure, six-coordinated heay
metals such as Cu, Ni and Co can be incorporated into the structure during the formation process. Therefore the objective of th
study is to develop a remediation method for Ni-bearing wastewaters at neutral conditions, and to clarify the behavior of Ni in
the neutralization and precipitation process.

In this context, to check the applicability of LDH in the treatment of Ni-bearing wastewaters, synthesis experiments were
carried out by co-precipitation of Ni-bearing LDHs containing,30 as the interlayer anion with different concentrations of
dissolved Al ions. Analysis of water chemistry before and after the co-precipitation show that the removal efficiencies of Ni
from the synthetic wastewaters increased with increasing dissolved Al concentration. The results further show that the presenc
of Al in the formation of LDH removed Ni at pH values lower than previous methods which precipitated Ni-hydroxides. It is
expected that treatment costs will be reduced in actual wastewater treatment systems because Al addition leads to the reducti
of antalkaline use and the neutralization process.

Ni adsorption experiments and extraction experiments were conducted to investigate the sorption behavior of Ni. Only a smal
amount of Ni was adsorbed to LDH and basaluminite (major minerals in coprecipitation experiments) as inner- and outer-spher
complexes. From the result of XAFS analysis, Niwas incorporated into the structure by being able to precipitate LDH selectively.
This shows Ni is fixed securely in the structure of LDH and that the mobility of Ni will be governed by the solubility of LDH.
Thermodynamic modeling suggests that the precipitation of LDHs with the optimum Al/Ni molar ratie{@.23) is determined
by the initial conditions (e.g. pH, Al, Ni concentrations). Furthermore, modeling results reproduce the experimental results
such as removal efficiency and mineral species well, opening the possibility of its application in actual wastewater treatmen
operations.

Keywords: Remediation, Layered double hydroxide, Nickel
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AR b7 BAERICRIES 5 N T/ N—F Dt PR TO/KEZ L & MAEYIFHDILE
Changes in water properties and microbial facies along a flow path of a travertine devel

oped in northern Sumatra Island,

S TG T TE YD L BRI 2 R s 3
TAKASHIMA Chizuru' ; HIRANO, Mlsa1 OKUMURA, Tomoy@ ; KANO, Akihiro3

YEERY: SUCEE A, 2 Brentseizesng, > FNRY: st emtseh
!Saga Univ.2ZJAMSTEC, 3Kyushu Univ.

AV RRYTDAR FTEICIZZ L DOKUMMFEL, TRUTHEOVIRRDAZ EH LTS, b OEROHICE, b
FIINN—F 2 EFEINSHBEY) Z IR EE 2 EDODMENTVWBED, AT DRV, RIN—=F 3TV 74D
A ra~X bTA N ERIH - HRNICBHELL T0a 728, Jeh > 7 7R OWEHEREMAYIHZ 15 FHA 0 DIk
LA[EEMEMH % (Takashima and Kano, 2008; Okumura et al., 2013

AWFEERIE, A< b i%jl:%[ibl%%ﬁﬁ%k@ﬁ}b?ﬁ?ﬁﬁ“é%% k2N 30 kmEFICHLiE S % Sipoholoniiii T
H%. Sipoholonifi g TIIAMEAEI 5 /7 km? D3 DDITY 7 b INN—F VINERICHERE L TV 5. AWIZETIEATH

RRENRE DR Area A5 & U, ISRIKDTETEGY, IKOMESE - IREBELGEFNIRLLORIE, HEREYIFHRICRE T 2
MWzl T 5. el {m?fxﬁﬁ{{:‘b\’cd)mé”“ﬂ:’@ s INN—F > ORHEIAS ML, WAV & DR
HPECDOWTEST 5.

Area A DRI EER 35 m T, Heh 58 156 m X TORERE Tl iE 50 cmAEEDWRERINWIC b T 3—F DTk
LTW5., ZThEKIZEMERICRD v I3—F 2 R—LOZ2%H FCIELHNS. R—LO FIHCERIEL %0,
RRIKIET 5 ARDY LT —)VERRT, RREIICELK 5 m D7 —)VICHEIVAT. 57t Tl 286 LImin DRiERZ1ES
RFUKMEH L THD, /Kikid 61.4° C, pH6.48 {AFIEZIEE (DO) 0.60 mg/LD & « i « MaF7a/KTH
%. fREKE cat (#360mg/D, SO~ (K530 mg/h) ICEH, Mg*T R ClmiZZLWw. EFih S R &KIRIZE
RL, DOIIAKRKHTOBEEZWINT % 72b8Ind %, FRICHD»WV pHIZ ERL, 7IVAVEE Cat EERERLTWL
. TOTEIECO,DHARICEKD, KRBT ZEEIMED EAL, FIN—FUMUBL TWBE T & Z2RT.

Sipoholonid /KD b T /3—F i B T LIREND, FRICW I ER SN ARZHEMAH 5. T HUIRFEIEILY)
OFEFRISDHROBNE ML TWVWS. FROBOETET T34 b OFHIRFESEDERIRICEE UHBE R L, TR
@?Bb\b”ﬁ MV ANVEIDFERBS R SNz, XRD oM KB &, bIN=FFTIT7TdF A P THRENT
WABD, MK > TNV Y A P EHEFELTWE T WD 5.

;I8 —=F ORI TE L TOAMEYHE, ER2S FRICH THIRICZEL TS, ErfhricRohsH
DT 4T AV MRAEYI< Yy MIFEBCHIE TEERK S N AHEZ BuEh, 2000 THSEEZLNS. fim2id
WIbKEZ G ATZEIRTIZIEPHEORE TEIET 2 2 LAMENTED, INSRGIHEDRMLE—T 5. ik
DFBOZVEHBKICIFTENE Y Z ok LR LN, O/ A THMENFELTWD EEZLNS. THBOmRE
VDI OWGATICIE AR EOMAEY I~ v BDMIE L TED, SORBEMEE FTHRENEZRT T T AV MR T /NI 571
TEIKREST S, COYT /NI TITY BB S TOBEOKIRIZNITNE 45° CULRTH-7=. 2Dk,
Sipoholoniit S DHEREY) D 122 kIR RIS /KRR R I IOE U T EMHA b 2 K L T %

(5 1 HISCHR]
Takashima, C. and Kano, A. (2008) Microbial processes forming daily lamination in a stromatolitic travertine. Sedimentary
Geology, 208, 114-119.
Okumura, T. et al. (2013) Processes forming daily lamination in a microbe-rich travertine under low flow condition at the
Nagano-yu Hot Spring, Southwestern Japan. Geomicrobiology Journal, 30, 910-927.
Welm 2 Bi& A (2004) AEYIHIENC 3513 B AR B O €7 )L ISR LHERE (ML) KB %7 1T X
> MRS W (LG, Viva Origino, 32, 96-108.

F—T—F: FIN=F, 7 T5adAFA b, REERE R, > 7 N7 T
Keywords: travertine, aragonite, sulfur oxidizing bacteria, cyanobacteria
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A study of irregular shaped tests formation of planktonic foraminifera

R R & PR N R N DN e S T = A ST
HORI, Masaké* ; SHIRAI, Kotard' ; TAKAHATA, Naoto! ; SANO, Yuji' ; KURASAWA, Atsush? ; KIMOTO, Katsunor?

VEEURSERSKUHBETIEAT, 2 MR T bk
LAtmosphere and Ocean Research Institute, The University of Tékapan Agency for Marine-Earth Science and Technology

MHlEEA LR, AREDORZIEKT 2 Bl A Th . ARGERELATH S TR, TORDIEE
LHERNALE MR e LS, IR 2 HEE I e U TLKFIHEI N T E /2, AfLRomkiE, —fic, H# EoD
F v UN—=IZhNTED ., MIICIER Uz Edun e LT, BIRRICO DT DOIEKT %, BEOWIETIE, LIZL
WEELRZ Ny FR 70 —EREETHE U, MEITTRLENAT & W o 7o L2 & BREEIR T OB ZRA TR 5 N T
Tieo — T, BIERICEDZITEZOBEFR,. M) H— LR 2NFICOWVTIEAPHZENZ ERENTWS, &2,
BB F T, RATRERASNEVEERBIROBDIERT 3 ehH D, BHEERIERO AW X LZHRT % T Lk,
WiEHMNC, AILEROERRRIERO 70t ADMRE2IE T L SN 5,

Z T T, AT, GILROBIE R ZEISET % HIY T, MBS TEREE L7z 2 F O LR (Globigerina bulloides
Globigerinoides ruber % RS E M N THE Lz, BIERE. 19Ch5 2 CT DI T, 256 CEXTD 4EEfEE L
Too ROWREHHZRFE T 2728, AV LENAARZBRRIN L, I—F > T x>z, £z, BIOMEEKITH L
T WKDH)IV T LEER 1092 L SR T2AIC DOV TEBIRE T Tz, MUV LERERIE pH 23 L T
B, ATy LNEEOHEINCX % pH ODZ{LIFEVWED LT S,

T OFER, 19°C, 21°C. 23 CTHIB SNz 10D G. ruber® 5 5., AN/ IEH k2K Lize —/5. G. bulloides
& 7 EAF S EADRZIER L. D55, AETORER. 2B AR L Tz 3k, BERIEENGED 5
Nizo BHEIDBRDIEK UTREROKIRIE, 21°CE 25°CTH O, BRI EIREOMICHEZENZBEFRIZZV, EXA 513
W AIAFBRERE. RGBT EBREEZEOZTH S, HBLHIGRZERT 58 POM &I 2 6 HYIILZ FE K
THTEMHENTVS, ARIERHRPOERYIEENZLT S &, POMDIEFRIEEOWETF S, B RIEKICD
B ARENEN D B,

F iz, BBUWKOTIV YT LEEEZL IR TZGEIC DOV TIE. 12 RIS BRRZS 2% & TR RS 5 iz,
i 2GRNy FORICE L TVl e b, ERTIRELS. BILEAELSET LIz DTH S, VT L&, &
ERIZT T SEXERERRISICRHENZ TETH DT D, VT LEEORZME FREM, R4k
BEREICHE 2 725 LIzTREMEDN H %,

F—T— R R TL, SE R

Keywords: planktonic foraminifera, laboratory culture
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HELLTE IR BIKIBA LI N DR R IR EA A > OWE & D% D24
Anion adsorption and post-adsorption behavior of metastable iron hydroxides

ANE TV RS B AR SR R AR L ORI B oK Y
KODAMA, Ritsu'* ; OKAHASHI, Harukd : YAMAMOTO, Takato! : SATO, Tsutomti ; OTAKE, Tsubash: YONEDA,
Tetsurd

BB R AR L EBRIEER > A 7 LN BRI E AT =
!Laboratory of Environmental Geology, Hokkaido university, Graduate School of Engineering, Hokkaido U

Pollution by dissolved anions has been a pertinent environmental concern in many areas around the world. For example
acid mine drainage from abandoned mines and contaminated waters resulting from the Fukushima nuclear power plant accide
emphasize the importance of predicting the behavior of the dissolved trace elements on Easthiface environments. Iron
minerals may play a potentially important role in the control of dissolved trace elements in the environment. In particular, poorly
crystalline iron minerals exhibit excellent adsorption capacities for toxic anions due to their high specific surface areas and re
activity. In order to evaluate the potential of poorly crystalline iron minerals as stable sinks of dissolved hazardous ions, it is
necessary to investigate the adsorption mechanism on these minerals and their post-adsorption behaviors.

Adsorption experiments using arsenate, phosphate, chromate, sulfate, selenate, fluoride, and chloride were performed to |
vestigate the selectivity of Schwertmannite and Ferrihydrite for various anions. Adsorption selectivity decreases in the following
order: HAsO,~ > HyPO,~> HCrO,~ > SeQ? = SO,2~ > F~ = ClI~ . Schwertmannite and Ferrihydrite didnt have
an ability to adsorb F and CI.The adsorption mechanism of these anions was investigated using zeta potential measurements
The results indicated that4sO, ~, H,PO,~ and HCrG ~ formed inner-sphere complexes while Sé0and SQ?2~ formed
outer-sphere complexes. The adsorption mechanism of these anions to both Scwertmannite and Ferrihydrite is generally simile
except in the case of HCrO.

Accelerated alteration experiments were performed to observe post-adsorption behaviors of Schwertmannite and Ferrihydrit
Oriented specimens loaded with varying amounts of adsorbed anions were aged under saturated water vapor pressure conditi
at 50°C for 30 days and analyzed by XRD. Results show that larger amounts of adsorbed anions delay the transformation o
Schwertmannite and Ferrihydrite into more stable phases, indicating that adsorption of anions, particularly as inner-sphere con
plexes, stabilizes poorly crystalline iron minerals.

These results show that poorly crystalline iron minerals are capable of taking up a range of toxic anions from contaminatec
waters and that the stability of these minerals will be affected by the amount of anions sorbed on the surface. These suggest tt
poorly crystalline iron minerals may serve as stable, long-term sinks for toxic anions.
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HELE TR TV T INRIBSEIINDREA A > Wrh & T D% D24
Anion adsorption and post-adsorption behavior of metastable calcium carbonate poly

morph

AR SN T /ANE T L eSS L KITE Y
YAMAMOTO, Takato'* ; KODAMA R|tsu1 SATO, Tsutomd ; OTAKE, Tsubasa

VAbHRE R R AR LA BRI ER S A 7 LN R T AT 92 2
'Laboratory of Environmental Geology, Hokkaido University

In Japanese transuranic (TRU) waste disposal facilities, 1-129 is the most important radionuclide that must be considered i
long-term safety assessments of the repository. However, the degradation of cement materials used in the repositories can prodi
high pH pore fluids that can affect to anion transport behavior. Therefore, it is necessary to understand the behavior of anion
such as I- in hyperalkaline conditions. Examples of I- behavior in natural hyperalkaline environments, such as in Oman, show
that I is taken up by aragonite, opening up the possibility of calcium carbonates as inhibitorsnigdation. This concept is
currently being applied in the development of the Advanced Liquid Processing System (ALPS), which employs carbonate copre
cipitation to treat contaminated waters resulting from the Fukushima Daiichi nuclear power plant accident. However, the stability
of the carbonate phases precipitated in this system as well as the anion uptake capacities of these phases are poorly understc
In a previous study, (Kasahara, 2012), it was found that monohydrocalcite (MHC), a precursor of aragonite, affects the iodine
capacity of aragonite, making it a possibly important material that can control the behavior of anions..The objective of this study
therefore, is to investigate the sorption capacity of MHC for anions and its stability. MHGH{(i@gl+=6; C&+/CO3;2~=1)
was synthesized and used for sorption experiments involving®F—, I—, 105~, SO,2*, CrO,2~, HAsOQ,2~, and phase trans-
formation experiments. Results show that Kd values of H&sCand F- on MHC are high, while 1Q—, SO,2~ are relatively
low. On the other hand, Br, 1=, NO;~, CrO;2~ were not taken up. It is because MHC has high chemical reactivity and high
specific surface (4 times large of aragonite, 15 times large of calcite), in addition MHC is most low density of calcium carbonate,
so MHC can takes up relatively large amount of anions than other calcium carbonate. And other thing, MHC invdives Mg
abundantly. This study indicates that kgform fluoride adsorption site. Results of the transformation experiments show that
MHC with no adsorbed anions easily transforms into a stable phase, whereas MHC loaded with increasing amounts of anior
transform after longer durations. It is because the driving force for the transformation decreases with the anions content in th
solution. In conclusion, MHC can take up fluoride and oxyanions that ionic radii is similar to carbonate but larger than that. In
addition, MHC is stabilized as a function of uptake amount of anions.
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ERRE2DMET AT A
On activities in the interdisciplinary science of Hayabusa-2

ANPR RS 15 P8 AR 2 IR R E 2 AT A Y ATF— L
KOBAYASHI, Naoki'* ; WATANABE, Sei-ichirc? ; THE INTERDISCIPLINARY SCIENCE TEAM, Hayabusa!2

Lo AT T B S ERRAE T RLATIET, 2 A R E R BB AT S R BRI A B
LISAS/IAXA, 2Division of Earth and Planetary Sciences, Graduate School of Science, Nagoya University

SRR E 21 CABEHIBR NKE TH D 1999JUh B8 TV EEB IR/ NEEHEEI v a v TH 5. TOHBHEF
BEE UT, IAMREER (NIRS3), HIRIRMEA XS (TIR), Tﬁﬁx7<DNcﬂ L—¥EEEr (LIDAR), Y
V7S (SMP), 1EZ72EE (SC, H2EIH D EH X< (DCAM-D), /M5 &2 (MASCOT) #{E# 3T %. chbHo
BIHEEE 2 R U C 1999JU3D XK@Y & LEIRERRFE L, A3 DOV VT V& EET 5. HERCRES
YT IVOSHNIC KD, 1999JUSETHEU TV AR, L AEHZMRT S &, ZOREDERN SBIEICESE
DERZGFHRES T e ZBIFELTWA. §E> THEEIEERZ B Uz R imPE & IREEO R BRI I3 1305 E 2 Of
R RINCE L L5 TS, FCTYHY TN EZ—=2Iyvya 2L ORNZED L TR, FRRE2 70
VIl b TCRMEY ATV AF— LB FFRET L TE. ARETRIEIRRE 20EYT A T2 AEHZEHNT 5.

BERSE2HET ATV AF—LIF 2012 12 HICHE Uiz, HERFICBTTZHNELULTOED THS 1 ERHE 2
OFRZET T V) F ORKMGROREEE, BB A T2 AT —< DA & &7 — I B S BIHIIREE O E| 2T
52k, 2Tvyaryyh) A BT BRLENHRSME L RENFHEZ AT 5 2 &, ZLTY A Y ADHEHZ LT
5B UNREMNSDOEERE | ZEZRLT L THS. MEVA TV AF—LDiEmE 7T a7 b A2 N—
WKIFA =TV EETITbNTWS, TNETIC, UER—2Y VT IVOoHEE, VBt Ui X 3/ NEEERROARYE
BOE, REEEHEEHRS, 7 L—2ERE, H2eE, BIRETIVERE, CRUNKEDOKF AT MY, FHEk
RERBEBIGKM LU TE . TR TREYE LIREEDY] D /3 EkIg ] & L TE i%(m?h}: LTHELTWVS. C
DN THEABIHIE ], MEsillE], TRETE25, 20 e BXU HEaNEAtEE] OAWVORFRIVR
INTVS. Kz s oEllE, #HEBNOXZKEOFELHREINTWVS. Fiz, AV ATV AF—LTIE
ﬁkﬁﬁkﬁﬁéﬂ%ﬁmk%Lf%ﬁmm%ﬁéMTm 5. WZeE IUINE ) R TOM Rz ddazdigil, £

KEZIZERS T & THHOYEZHZH T H51%E7ZH5. UL SCIOEHIHEEED S AT L)YV —A 2’5
kﬁ#bﬁ%@f%b BB NIER TS UhAEE TR> TN 5.

ERRE N zimBl 7 o — lud%&é2@ﬂ%%ﬁ%kﬁ<ﬁﬁ&&%%@f%% FNESHBEKETEN, FwEEMIC
KOEREBDEEVIAENDS. ZOHIC, MHENKZMTT 2B R EZ L DL LD BHMEXET N — T2
FTWVW3. BHERBRE ﬁ%%%%@#w07b—va/ﬁ%&a%%7l—X@M%%@szétb I e
ADIEHERRIE L LTWVABD, BT 21— XD DISEDITEN THREY A TV AEIHEERILE 5. 305K
T 2DMBEY ATV AIEENIZOREI Y v g VERINCEIHTH D, HARICE T 2 REREZEEX S 2 %E %2
2LDEEZTVS

F—U— FERRE 2, MR, B, REVE, AT AT UX, P TV 2=
Keywords: Hayabusa-2, asteroid, exploration, surface material, interdisciplinary science, sample return
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1P 5 E 20NC-TD I CETINC K 2 S 7KEEYIIRIN O #5 H AT el
Detectability of 0.7 um absorption band of hydrous minerals using the Hayabusa2 ONC-T

Flight Model

BB G U O sk b e fo il A R B5—HIE 2 ; ONC Science Teafn
KAMEDA, Shingo™* ; AKITO, Takei,! ; SATO, Masaki ; OKUMURA, Yu! ; CHO, Yuichird ; ONC, Science teain

VTR, 2 GURE, BIAXA
'Rikkyo University,?The University of Tokyo?JAXA

Hayabusa?2 has three cameras for optical navigation to the asteroid 1999JU3. ONC-T is one of them and it can be used al:
for reflectance spectroscopy. The results of the ground-based observation suggested that hydrous materials might remain on
1999JU3 but on the small part of the surface. To bring them to the Earth, we should perform reflectance spectroscopic observatic
near the asteroid using ONC-T to locate the point where hydrous mineral is rich.

In this presentation, we will report the result of final calibration test of ONC-T and discuss the detectability of hydrous minerals
on 1999JU3.
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FRSE 2 L= G R ORISR D 72 2D DB
Development and tests of Hayabusa-2 LIDAR

WA BT Y okEY 555 2 FRCIERS b L B 2 B R 3 JEK L AR 3 ; R 4 MEH N 3 BTER BBl 6 fnAs SR
B E RS EH T3 PR EL T EAR T AR S TR 18 3 B R 2 R T 2 VR IERR L
AIEH VG 15 HURE W 4 AR 72 95 RUIVHEE 25 /bR 188 2 5 = 18 25 )13 JEST 2 Bk e 10

NAMIKI, Noriyuki '* ; MIZUNO, Takahidé ; SENSHU, Hiroki ; YAMADA, Ryuhei® ; NODA, Hirotom@ ; SHIZUGAMI,
Makotd® : HIRATA, Naru* ;: IKEDA, Hitoshi® ; ABE, Shinsuké ;: MATSUMOTO, Koji® ; OSHIGAMI, Shokd ; YOSHIDA,
Fum? ; HIRATA, Naoyuki’ ; MIYAMOTO, Hideaki” ; SASAKI, Shd ; ARAKI, Hiroshi® ; TAZAWA, Seiichi® ; ISHIHARA,
Yoshiak? ; KOBAYASHI, Masanori ; WADA, Koji ' ; DEMURA, Hirohide* ; KIMURA, Jun’ ; HAYAKAWA, Masahiko? ;
KOBAYASHI, Naoki? ; MITA, Makoto? ; KAWAHARA, Kousuke? ; KUNIMORI, Hiroo!?

DT IERY, 2IAXA FHRBFARZIATS, 3 BN KSR, 4 K, 5 FHRMIZSIZEBHFERHRS, 6 HAKZ, 7 K7, 8
KRR, O BUR TR, 10 3@ ER IS

I'PERC/Chitech?ISAS/JAXA, 3NAQJ, 4The University of Aizu,> ARD/JAXA, Nihon University,” The University of Tokyo,
80saka University? Tokyo Institute of Technology’NICT

INERERARE TIE0SE 2 1T S NS L—YIHEET (LIDAR) OBIT — & 724 - 7= B2 BRI DWW TRl
5. NEEFEORENEREZ —-SICE D245, FIREERME = MKE = /NNEEA L W2 5820 missing
pieceZIHEMICT B | &S T &Ik b1EAH. VA=Y T IVIEEAG LB i D ElERZE L TWEHDT, Y27
WAHRERZ ) BE— N VT ERETDF 2 & T, YUV LUz DRt s eNTEZhEHN
Aq AN

NIRRT 2) DVYE— MYV ITRIT— 23 ZDHEETIR O N2 EIEHR TH 5. LIDAR IFAKIT AL
DIzDDINAEIRTHZD, YA T AF—LIFHEHIEN S/ 5NE T —2 2R3 5. LIDAR EHMllOR}:H
ek, [ EZENEE - SRO T A2 G T NREYIEELOREE ] TH O, BEARNICIE FEED 3DZBIF T\ 5.

(1) 1993JUID AR T M IVETI (AMICA, NIRS3 7 )L R) 75 collisional family % [6E 5 % .

(2) TBIR E E /1 & 2L R ZFHE L, rubble pile RAKDME IS « AKDREEZHEET 5.

() VU 2 —H T IVOFHHIRFF, KEGRA > TS5 V7 — 3 Uh SiE#E bz fiRd 3.

A T ltokawafk B ORI R EZRBE TS (V Z—2Y U ) E SICTEHT %) 7eOICLURD 2 iz #il- AR H
BB L 7z

(4) Rubble pileX{AZ Al S 5. Itokawal 1999JUD LM 5, rubble pile KA kM &\ T— 3 V236w d 5.
ZDTDIC, HHEEHOEEE TSN 2 OFESBIE I L T2ERROE— | AG—MN2HET 5. JBIRFD EHED
DOiHiEZ 10 MOKSETHET S L ZHE L LTV,

(B)/NEE XA DZFDOLEBIREITS . RO TIRBEINT NS XSS, & UNREELRLICTHET % 2 A N IMAE
T 555 L —OMBEERKEDEDRNENSIETTHS. BRIIY VY TIVOHBREREL IV ATHZ0H, {FiE
RARNTHZON, ZWRT 5. NREFUNTES FEX A N ERAT 5 N TENR, EMEESH D, NKEX
A OB - B2 Z OHEIE L (3) DFFRIC KNG 5.

I T NS O HEGER D T2 DI B BTRIB AR ERE 2/ U, SR E BFROBIRZ | 5.

F—U— R @REE, NEE, A, L—Y, mEGEE
Keywords: Hayabusa, asteroid, exploration, LIDAR
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FRSNE 2 TIR D@D S R 22 K& % kg
A strategy to estimate thermal properties using Thermal Infrared Imager on board HayabL

TRk A 1 R R 2 mrp R 3 R R 3
SENSHU, Hiroki* ; TAKITA, Jun? ; TANAKA, Satosh? ; OKADA, Tatsuak?

PR LR PR EREVI - v 2 —, 2 BGURE R AR AR IFZERt, 3 2 e i =t R 22 i
'PERC/Chitech?Graduate School of Science, Tokyo UniverstgAS/JAXA

Thermal InfraRed imager (TIR) on board Hayabusa-2, an upcoming japanese mission to C-type asteroid 1999JU3, is non
cooled bolometer which image mid-infrared thermal emission from the asteroidal surface. The field-of-view (FOV) of TIR is
16x12 degrees and ts effective pixels are 320x240. So the spacial resolution, which depends on distance from the suface, is ab
18m from an altitude of 20km (Home position) and less than 1m from an altitude of 1km.

By comparing the temperature distribution obtained by TIR and thermal evolution model, we can get thermophysical proper-
ties such as thermal inertia and emissivity. These parameters are diagnostic for the characteristic size of surafce grain.

In this presentation we will present our strategy to estimate the thermophysical properties from TIR observation.

F—T— R @EORE 2, BURN A XS, R, BTk, BUEMER, iuH
Keywords: hayabusa-2, thermal infrared imager, surface temperature, thermal properties, thernal inertia, emissivity
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/N DR IMIE & E R T > v VO BR _ _
Relationship on Surface Morphology of Small Asteroids and Geopotential

FE B AR S 2 R 7P
HIRATA, Naru'* ; MATSUMOTO, Koji? ; KIMURA, Jun®

PEERE, 2 BN RS RISE HBUEHREMETE, 3 BT TR AHBRAE an i STl
LARC-Space/CAIST, The University of Aiz4RISE Project, The National Astronomical Observatory of Japahe Earth-Life
Science Institute (ELSI) of Tokyo Institute of Technology

/NERSE A B /T O smooth terraink rough terraing U 5 R RO NE HEZICX 5 TE 5. smooth terrain
W em BROMK OYE CEON TR 2R DD L, rough terraind %% 10 cmA 544 m I &5 boulder T
ONIROW L X TRMDOI 5N %. A b AT LT smooth terraind 3 AN LTV, TDS5H, gD
MUSES-CHiils, JtAits{d Sagamihardliis(d 2 AFTAERAKDIAN D Z2HD. SagamiharadtiisicB#% 9% Uchinourattis
X, BIHF K DI3/NEER smooth terrainCd % .

A M AT TRIBRETIVEBIEETVHIELNTNEDT, WHANTMEZIET NERTOENRT Vv Ve
WRDBTEMTESL. COEICLTELNEENRT Vv I~y 7 & smooth terrainlD 734 & LLifig 3% £, smooth
terrainldE\E R T > ¥ v )VORNMEEIC M L, ZOXREIZIFIIFRT Vv Ilick->TW5a. i, BEHILLITL
HERI R DS R 2875 EITPE S IRENC X > TIRR T > ¥ v LIS I & - 72455 smooth terrailMEk E Nz, &S
FHE X <HIDT S.

A b AT DEE, REEIRD RS AR R LT WA T8 @ik 1.2), mitisid 2R TR OESIME, Thbb
BTV v VORI & 755, Z ISR OYIE N E - 72555, MUSES-CHlil{ & Sagamihardihis{o > smooth
terrainlc 7z > 7z LR T E %. Uchinourattiif{id Z DILIRD 5287 L —X—EZZ 5N%. V1L —X—KbEl-u—h
WIRARRT Vo v UTH D, F I OMEMNEEST2EDTHAS.

KEKH ORI EDOAEEED, KR EZE S IZETDTHNE, TOXIBENMEDRD BRI NENEEZILN
Bh, #<, NEH/NRETIEL T AR DHEATOEWED, £ M ATDX S IERT V¥ v )L OHIRIC DFH
ICPEE X 17z smooth terrai B R.SNZ 3T TH 5.

PEo T, IMNREDOIIRE 2idimt, Z U THIRRENESNNUE, ENRT VY IV hzeiiEd 32 & T, /NKE
T smooth terrailD 734z Tl 45 2 LN TE %.

INRBERERIT PR E 20 RKIETH S 1999 JU3E, T4 M A—TJBMNC X > Tk 1.2 BizEHK 7.63 h
ERBEESNTWS. 5IIRT Yoy )V EEONRT Vv )VOBGEL S, M CGEfl F) &fE (Bfl k) TOENRT
VX IVERRD D E, 1999 JUSRR TIERRG [ NIRT V¥ v LA > TWBE0D, [ZIEFWENH O G- IRREICH
LT ehbhot. {toT, TO/NKEENT smooth terrainlMERE N TV BEE, ORI > T3
h, BEZWVR T L —EZ—KEoa—)VEEHIcH B ENTFHIENS.

F—T— R /hE, VA RT ¥+ )L, smooth terraing k4177, 1999JU3
Keywords: Asteroid, geopotential, smooth terrain, Iltokawa, 1999JU3
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A T DZINY REBROERD T SR E NS SEUNKEDAXRY k)L b _
Spectral evolution of s-type asteroids suggested by principal component analysis of multi
band images of Itokawa

W TAN 2 KA B 2 AR RS S B AL AR &S
KOGA, Sumiréd* ; SUGITA, Seiji' ; KAMATA, Shunichi? ; ISHIGURO, Masaterti; HIROI, Takahird ; SASAKI, Sho

VERGUR AR ABERT USRI R ARIFZER), 2 JE R BRI, 3 ) IV RSE R SCERE, 4 790 R PR
> KBRCRZE R AR AR 1 L BR R 2

LGraduate School of Frontier Sciences, The University of Tokept. of Earth and Planetary Sci., UC Santa C¥lEpertment
of Physics and Astronomy, Seoul National Universit®epertment of Geological Science, Brown Universtipepartment of
Earth and Space Science, Graduate School of Science, Osaka University

= B8

A FATRETIEHRDO NI =D NENT &, FHBEULOREDRZ ZMIENH 2 C LR ENNLEN TS M
[1,2]. FHEULLIIHNC AT MV 2230 E 8 2 BZROARII TrICMEEE TRy, Fik ld AMICA(Asteroid Multi-band
Imaging CAmerayD-{ + 717 23> Rz iV 7e £ 738 (PCA) T, ERRITANY ML & 2 DZER i 2 X T
%o TNXTOMNIT, A bAT, AA NV MNRE L—H -5 LIBEAD AT MLD PCAZE > 2L 5|
PUNEAEZC X B FHEE [B] IS K D/INKRE D ARYT MV E S LT Z DRI N T Wz [4, LA LER/ A X
DFET, MOBERICOWTIERITTE TWiEh > Te, AW TIEER /A X ZFRE U, FHELNTERK G 2 AR
7 MIVEED R LY REBHT S L ZHNE UTHRITT %,

Hi&
AMICA DOn[fH 6 /3> Rl (FH.OEE 381,429,553,700,861,960nm)ffH LU 7z, EI{RICE N TV 5 BEIHNZ B
J A A IEZEOEREGDEZFIWTERE Uiz, [B] ICHEWVEIGIRIE & KGTHRANDZEH, IR X3 MEabEZ
??'3 f:o
B o N7z 553nmili{§ THIMEL L. PCAZIT- 7z, FrEMR WA (Black Boulder)D A - 7z i{§ & F 2,
Black Boulder®pk[X & LT [6] TEBIH{LMERH SN T WS, £7e. A M AT DAY ML7% ECAS [7] D 5401HD /)%
BARYT MV T—=2EGDETPCATA FHTE AL NV MNKREDZARYT bV & 2 g Uz,

=R

B/ A ABREWENC KO FRZERTNC EEEFE B GICHE I A S NI Z R A T & T,

A R ATDT =R TD PCATIE., PCLiE. 430-700nmTHIC 2R TH D 2L DRI HE EAD D AR
7 bV irolz, PCLAI T ZERINARIZ. KERRIVZ—D FETEIMEW R ESATHIZE [8] TIF BN TV % T a2
M4 EFRRINTH - Tz,

PC213 553nmUN DB E TIEDEZF B, H - BIHEOWANC LW AT ML EE o7, 550nmff3ETE—2
2 HrD PC2lEA M A T EERER I E DMK A FEHEO ARY MV EEGZ D . YERANERIRIEE# LV, RILVE—D
ZWHIE Tl PCLIZAE W, PCII/NEWER ESH, PC 1 A7 DOMUNIZZR)VE—2E OIS L S5 PC2A
7 DMK T % E VWS EA RSNz, £, PCL 2 DFHFG5RIZZFNTFN 60-75% 20-30%CH > 7z,

—7J5. Black Boulder® ZX% +)Lidk ECAS®D PCZERNC BWTHODERDDVES 75 A X — LN TN 0 LTz,

EmERE

A M HTREFDARY VD PCL 2 DES5RIZA AT DEHARY MVOARE—HZ 2000t Ak >TH
BENTWAT RIS, £z, PCL 2 X7 D50fIE, PC2EIRDZ T at AH, FHiEt ORI H#ErT Lz
ETATHEMNICGEC ST EERLTWAEDNEMNEY, X724 MATRLO S UNMAR T TWVERWVWHSEZIEE
BRIMT D TN s FRO#E TR hothikic R 5N A EAZ#HET ST ETH S,

—J. Black Bouldeth"E% A7 "LD k L RHOVFHEU LD e 3 2 iy & 75 % 255213, Black Boulder
OFRFENFH AL & 1330 70t X (FREE (LD —DDRFEN) TH 5 T L E2RET %,

SEDFNTTA AT RETRE TOR BN FHEELUNDO S LY RERZ ST N TER, MNELICX ST
HEULZ I TR KD KRELR[BRICK BT RG5O TEET S LT, NEREOHEILEEEZHIF LAY b
WIC K D DFEENZ /IR D T A AL OBRMEZEL) 2 & N0,

B3R
[1] Abe, M et al. (2006) Sci. 312, 1334. [2] Hiroi, T. et al. (2006) Nature 443, 56. [3] Sasaki, S. et el. (2001) Nature 410,
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ERSNE 2 DfFZLEEE
Small carry-on impactor of Hayabusa2

Pefd 220 1 SF EE L B AR Y RN BUZ 2 @R 52 2 M oz 4 s =0 RN M L B B L R
TH L NI AEES; S #hi— !

SAIKI, Takanad* ; IMAMURA, Hiroshi! ; SAWADA, Hirotaka ; ARAKAWA, Masahiko? ; TAKAGI, Yasuhiko® ; KADONO,
Toshihikd' ; WADA, Koji ® ; HAYAKAWA, Masahiko! ; SHIRAI, Kei' ; OKAMOTO, Chisatd ; OGAWA, Kazunorf ; IIJIMA,
Yuichi®

VA LRI, 2 IR, 3 BRI, 4 EEERLRE, 5 THETZERE, O iR
1Japan Aerospace Exploration Agenéitobe University,3Aichi Toho University,*University of Occupational and Environ-
mental Health? Chiba Institute of Technolog§University of Tokyo

Small Carry-on Impactor of Hayabusa2

A Japanese spacecraft, Hayabusa2, the successor of Hayabusa, which came back from the Asteroid Itokawa with sample ma
rials after its 7-year-interplanetary journeys, is a current mission of Japan Aerospace Exploration Agency (JAXA) and schedules
to be launched in 2014. Hayabusaz2 is a similar sample return mission to Hayabusa, however the type of the target asteroid
different from that of Hayabusa. Asteroid Itokawa, explored by Hayabusa is a rock-rich S-type one. Hayabusa?2 will go to a
C-type asteroid. Both C-type and S-type asteroids consist of rocks, but C-type asteroids are considered to have organic and wa
materials. Hayabusa2 has two objectives to discover: organic matters and water in the solar system and relationship between |
and ocean water. C-type asteroids are the most common variety and many of them are in the outer part of the asteroid belt beyo
2.7 AU. An asteroid, called 1999 JU3, is chosen as the target of Hayabusa2 mission because it is considerably easy to reach.
has a similar orbit as that of Itokawa and it is in the orbit that occasionally comes close to the earth orbit.

The design of Hayabusa?2 basically follows Hayabusa. Its configuration, size and weight are almost same as Hayabusa and t
touch-down operation will be performed in much the same way. However, it is planned to be equipped with some new compo-
nents. Small Carry-on Impactor (SCI) is one of the new challenges. The observations by Hayabusa discovered that Iltokawa w:
rubble-pile body with the macro-porosity. No direct observational data as for their internal structures and sub-surface material
were available, however. One of the most important scientific objectives of Hayabusa? is to investigate chemical and physice
properties of the internal materials and structures in order to understand the history of formation of small bodies such as smal
un-differentiated asteroids. In order to achieve this objective, the SCI is required to remove the surface regolith and create a
artificial crater on the surface of the asteroid. Different from other impact missions, Hayabusa2 can make a detailed observatio
of the resultant crater after the impact. Observing the size of the crater is very important to investigate the physical properties o
the asteroid. Additionally, Hayabusa?2 will try to touchdown near the crater to get the fresh material of the asteroid.

It is very difficult to create a meaningful crater on the asteroid. High kinetic energy (i.e. about 2km/s impact speed and 2kg
impact mass) is required to make a crater, but the high speed is difficult to realize. The famous impact mission, Deep Impact wa
the direct impact mission, which used the interplanetary velocity for the impact speed. Consequently, the impact energy becan
very high. On the other hand, SCI of Hayabusa?2 is a carry-on type impactor and it should accelerate itself after the separatio
from the mother spacecraft. Therefore, how to accelerate the impact body is a big challenge of SCI. The traditional acceleratio
devices such as rocket motors and thrusters are difficult to hit the asteroid without a guidance system because the accelerati
distance is large. To overcome this difficulty, the powerful explosive is use in SCI. The special type of shaped charge makes i
possible to accelerate the impact head in a very short amount of time (less than 1 millisecond) and it becomes possible to cra:
into the asteroid.

The development of SCI is now almost finished. A lot of tests were conducted during the development period. The overview
of the small carry-on impactor system and the results of the development tests will be presented in the conference.

F—TU— R EOEET 2, HIEHE AT L—X
Keywords: Hayabusa2, Impactor, Artificial Crater
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130 ST 2 /NIRRT ZEEEIC K B R .
Sm?II Carry-on Impactor Elucidates the Nature of Craters and the Evolution of our solar
system

M #_1*; SCIF—1 2 : DCAM3 F— 1 2
WADA, Koji '* ; SCI, Teard ; DCAM3, Teant

U2 T3P BE AN v 2 — 2 3R RE 2 ad e 7 b
I'PERC/Chitech?Hayabusa-2 Project

Hayabusa-2, the Japanese next asteroid exploration mission, equips Small Carry-on Impactor (SCI) to launch a decimet
scale projectile on an asteroid surface. This is a novel apparatus to excavate the asteroid surface, and hopefully it will enab
us to observe a fresh surface without space weathering and thermal alteration. Furthermore, we will be able to recover th
asteroid sample excavated from several 10 cm depth at the deposit of the impact ejecta. The SCI impact on the asteroid is ve
good chance to examine the projectile scale on the crater scaling law in addition to the study on the gravity effect on the crate
formation process. In this presentation, | will introduce the scientific goals of Hayabusa-2 mission using SCI and the scientific
problems to be solved in the near future to maximize the scientific outputs of the SCI impact.

F—U— R @REE 2, VRIS ERIEZEEE, H52¢, /i
Keywords: Hayabusa-2, SCI, impact, asteroid
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(X0 S E 2 HEZeEEE (SCI) BN M RE MR ER
The final impact tests of Small Carry-on Impactor(SCI) equipped on HAYABUSA-2

FUNCHERS b i 20 L SR R 2 B B 2 R VS 8 SR BUZ 4 A THL 2 Jti B — 1 | 352 0 FEY
BE EP(%@V ﬁ&%ﬂi*l 9@?@]2 J:#**?V FL\ﬂﬁ1 —7

HAYAKAWA, Masahlkol* SAIKI, Takanad IMAMURA, Hiroshi? ; SHIRAI, Kei? ; WADA, Koji ? ; ARAKAWA, Masahiko*
: OKAMOTO, Chisatd ; TSUDA, Yuichi' ; TAKAGI, Yasuhika® ; KADONO, Toshihikd ; NAKAZAWA, Satoru? ; IIJIMA,
Yuichi' ; YANO, Hajime? ; KAMITOMAI, Hideo” ; MATSUZAKI, Shinichi”

SRS B R T R ARSI, 2 IR A SRR R E T 0 U D L)V —T 3 TR TR AR A

> B =, A REERABEIEARIORE, ° BRIRECE, © HESEERCAZAPAES, T HAR LR (BR)

1ISAS/JAXA, 2JSPEC/JAXA?Planetary Exploration Research Center/Chiba Institute of Techndl@ggduate School of Sci-
ence, Kobe University,Aichi Toho University,University of Occupational and Environmental HealtNJPPONN KOHKI Co.
Itd

NERIE 2] BHIE. 794 FETIVRAHBOE S|P TH D, THUCTTEEYT T2 AT LI &L I Hifkz 5
E5E 7T L, BAR AR ZIT> CIEWEINET 2 C L 2R L TRETBRICEINT 2 2 LIch b, 1305 E 2 5Hh 5%
HEN7zS C 1 (Small Carry-on ImpactofgHiiit 7> X7 LT, NIRRT 2] AN SYIOEES N7tk EHEICHX
LD ALZ/NEE 1 99 9 J UB KM BIALTDDEDTH %,

AFEHTIE20 1 34E1 0 HIC S C 1 D/EHEFRD F MA Y i O P REMERE AR MM T O N D THE T %, SC 1
KX TUMNRBIH B ENZHADESIIN 2 k g, EHZEHEERN 2 km/s e c EWVWI ARV I THB, WTd 2
T3 774 M ETIVERTY hTEIFE NS C TEEID T Z A 7 VY MICERIRE), IREY 1 7 VERED
BISAMZITO, FiR, SR, EEIRE TH BRI Uiz, AYMD T T4 FETIVTRZIT 2 TH A S RERAM S
NIBBERARY I 724l LTW5B Z EDEERE Nz,

Fio. TOXD BRI EZE () 1375 T 51152 B0OT, HREEROMIHLE VI EHh 6 E, RBEEL K
HREZES AT —IVOFRE LTEMEN TS ENTE, SCIVALYAF—LELTHMRTY L—X—DT
XHRTZEEEA R T FRIRA AT IEERE, HEER R E2 TR - GHllZ T 7o, 2Ol (3250 OfEE
ZHET B,

F—T— R EZRSRE 2, 7L, @22z, RENHER, 7 L— X% —
Keywords: HAYABUSA-2, Small Carry-on Impactor, impact experiment, crater, explosion
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3R 5E 2 DCAM3-D DA EREM G R ER
Optical performance verification of DCAM3-D/Hayabusa 2

ARG Y ) BUE 2 8RS S 3 /NI R ;o B 3 AR v = 1 AR BEAECS ; R 505R 3 IR AR O ; PIEF i
Z TN IER Y R e S BRI LS i 8

ISHIBASHI, Ko'* ; ARAKAWA, Masahika® ; [1JIMA, Yuichi? ; OGAWA, Kazunort ; SHIRAI, Kei® ; WADA, Koji ' ; HONDA,
Rie® ; SAWADA, Hirotaka® ; SAKATANI, Naoya® ; KADONO, Toshihikd ; KOBAYASHI, Masanori ; NAKAZAWA, Satoru®
: HAYAKAWA, Hajime? ; IKEDA, Yu;i 8

VTRETIERE, 2 M K22, B FEMZEDIZEBHTEREAS, * UK, 5 @RIRE, O MRA M R AR, T FEEERER S, 8
Jxba—7ra v

LChiba Institute of TechnologyKobe University,>Japan Aerospace Exploration Agentiyniversity of Tokyo,’Kochi Univer-
sity, The Graduate University for Advanced Studiégniversity of Occupational and Environmental HeaftRhotocoding

IS5 2 Tk, BEEXNREKRIATH B/ 1999IUDER & b 2R 5 T2, /INKE EAD SCI (FEZe(k) Dz
MibN s, EHEK 2kg DFIDFALZ R 2km/s T/NESERIICHEZEEE S, TOHBICKO/NEKE FICA T L—
Z—ZE L. FDOWNEE IS S ORI EZITS . e, JTBRE N7 L— 2 —WNEROBIHID 5 /N D
KBS AHIRMNMES NS LI N TS, EHIC, TO SCIOEZEIMNFE FTOEIHSR 2L MMCT B &
W, NRE FETOHREEREVHOAELFHBEDE TV,

BE, 05T 21BN/ N0 EE A S [DCAM3] DFIFENED SN TV S, DCAM3 IE, ZRSNE 2Kk »
SEEE N, NREAD SCIDEZHRZ n[ Y THIT 2 A5 TH %, DCAM3ICIZTF s % (DCAM3-A), 7
V&R )I% (DCAM3-D) D2 DDA XA SHHEHKENS, DCAM3-D FRETNCAIH S M. ZoHMIE. (1) SCI (fF%:
) OFHB X O/ NEEANDEZEOME. (2) SCHEZRICKI D ERENE AV 2 7 ZOBINTH S, (1) Ti&. SCID
FEGHIE D/ NESE FOFEHITONMNE OB S, IO EZTTS, (2) Tk, BRENZ AT 27 R H—T
DR EEE, S OMHEHER EDN S| BEIKEEOHMEL, £1Y 27 2D Xr—1 > JHIOMEE, 1999JU3D#E
JERSEDHEE I E 21T o

NS OBIENZERT % 129I1ciE. DCAM3-D YERIGIEF I L WELRIER 2T T2 E R hide 5750, SCle
INKBDOW ST Z BT DDRKEEHEA (74 ), BT TOMmWOAES - SEMRE. BV SCINA Y 7 272 Z
512D B WEER (F>1.7). TSR, BES5Nz) Yy —A (FE& 30gLL R, YElillE 40mmLL ) &4
Mz, TNSZT7 7T ¢ 7REERIEMEL TERTE T eHROEN S,

AFELTIE. DCAM3-D D FM 2% (L2 A+ CMOSt ) OYEAMERERGERER D FZHEIRI 3 X O F DFE I DO
THET %, YA MRERGERERE, oV OBELGERER, 3V A—%iR, BoEGABRD 5,5, I OBELGEER T,
HERGEABR O N — A L7525 CMOS & > Y OMREDFHli 21T 7o Mt > d A 2 1 JffE D OPERENH TWhiah >
Ted, HAE L REERTHERO @AY OMRERERT B EMNTER, TV A—XR TR, FI ¥ LFBRICK D EY)
LY A YRS KO L X Y A EOREEETT o Tz ROTEZETR (<1torn) ICBWTIHRE « HEL -
HAZEISTA—=ZELUTIRD, TV XA—XICEKRE LTV R—)VROBRGEITO, 55 - £¢MEEE (ensquared energy
22 RGE. Bl L ORI 2 T o Toe ¥ LAIHEICEI L TlE. &0 BUWEHG - S2CMERER 1S5 I = [ENC)E % it
115 Tz B BRGBR CIRRIE, FAROE. 2Hx EDFHIiZTIT o7z, TN B —HDYEAMEREMGE AR OASE RIE BIF T
H . DCAM3-D H2ERIZIEF ITH LW BRI Z A0 72 L T 5 T & D EREE Nz,

F—U— F/NRE, REHRE, 3N5E 2, Bl
Keywords: asteroid, planetary exploration, Hayabusa-2, scientific payload
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Z T IISAIVRIKDNEMEIE DN 7 L — 2 —TE BOBFEIC N IF 9 5528
The effect of substrate structure of rubble-pile bodies on cratering process

2 B T A2 HT K] !
TATSUMI, Eri'* ; SUGITA, Seiji

P BRURAER BT RIS R AR

LGraduate School of Frontier Science, The University of Tokyo

s e WL D EHM  Hayabusdl & > THEEMTONT/PNRE A M AT DOERBICIE, MOKREKICTITH S NEONHTFED
ZBHEND. ZORMEHEDO—DIZ, R—ILX—DEEXXETOIZIIMEOEMNEF5NS (Hirata et al.
2009. ARTIELLT, CToO#EHi%Z QCD (Quasi-Circular Depression& "L, QCD (328 TR L 7z AT RETE D O AY,
QCD Zffj7e 7 L—2—ThH 2 L LTA FAYDOEKMERZHIET 5 &, 75Myr-1Gyr & IEHIC K E A EEMEMHTL
%5 (Micheletal., 2009. CODOKREEAMEME, FITT TIWSLIVKELRTDY L—RZ—HIOREEHICE 5. /)
KIKTDT L—2—EKIE, KRETET > TOEEELRIVF I RS LIEFFITN S BEZRI A IVF—TRI > T
W59 TH% (Benz and Asphaug, 1999 ZD K 5 REZET 1 I)VF—TWX, 1ERD T L—2—EGEE Catam E N T
XIMRBEE A —)V e BN A — VO T O ANEET 5 8 E 2 5N%. DFD, IT70WSA)IVRIKEEN
INCHEREAE L TIEMESN TS DT, ke UTRYEMRER 20D, f4ik OEBIZEE 2O, KER—
VA —DHHEIC KX B EET RV F— DR EZHHETE RO THS (ArmoringZhiHL).

£z, 7L —Z2—EHGERICBWTERGZON, B Ths. HHEEDO/NI VW NKRKTIEEEH A Y 7 ZDE
BITEREEZOEDOTH D, NEEOHWD XA LA — VICEHENICERT 5.

A P AT R=)VE—EERRERFD, BELHRNT ST TIWSLIVEEE TN TS (Abe et al., 2006; Saito
etal.,2008. Lh L, ZONHHGEDEHENZBIINZE L, REO TOREBMEINHTH . LITss 5id, MikE
TDY L—R—JGRNRIROFEERZ I BT e, Z—7y NOBHOYEDEEICK > TEX—5y N OHEOREHNZE
LB Mo TVS GRllliEh, 2012. DO ehb, HENR—ILA—L IV X@hX->T, KliR—ILZ—
OWHER 7 L— 2 — BRI KR E (LT 3 LR TE 5.

AT, FCT TIWISAIIVKIETH > TENERDMRGRE 28 > 7o R — )L X —h, MRREZR AL dY XD
KO BMENIN T L—R—EKIC K E S FET ZAREICERH Lz, TOX S BNEBOMEREOHHNEmD 7 L —
Z—IERRIC ENUE E DB 5.2 2 e RBINGEE Lz, £z, IRIKOZR A LA —)ViEkeé 2 FTEEEKRS, 7
L—2—DOKEX, TV 7 XERICEBL, dHllziT-o 7.

EZegzhs © FER T, HIAC—AZEHEL I AL L, HT AL —XPERERE 8~15mmIEEEIC RS % C & TR
R=VE—="ER LTz, 2= FOEBIIEER—ILVZ—TED, EBREERL IV A0 —X LR —ILZ—D
=DM FERAE L. A28 Z—13RU AL (¢ 10mm) % 160~180m/sTHEZEEH, mlE I AT L —
2 —EHGERE 2 BIZR LTz,

EEEER PR ER T, BENR—IVE—ETHZ L EIZ, /Y27 2ERELIVAETHZ L ED 15
TTHO, RiRNET L —2—ERE 2B NS KD T eBIREN. Tz, REPR—IVE—THsLE, £
JBOR—IVE—DHIEOFENE L 55 T RSN, TD 2 DDOBIEFERN S, HENR—ILVE—ThHs L EIC
3, BRIV F—PR—)VZ—DEIC X b Z{fibh, 7L —X—ERIcEDNZZRIVF—DPRDLIEEEZDS
N%. COEHELTE, RILE—DIENA Y E—Z VAN L) AD 105EE & RKEWD, BENR—LZX—
DGR K GHEDNERICE D, KEOR—)IVE—DPRAICHIEEI NIz WS AIEEEDNBIFE NS, —77, EEh
L3y AEOGEICE, A28 Z— b R—)V XA =D/ THRE LIO IR —IVE =5 A V=RV AD/NE W
L3V AEN\ERRNTEAR L, sEExRFiinwl 3 AEOME T )V F—IcLiEns. #EReLT, LIdY X
OFEFNCK D, XETOR—INVE—OMIEZIZEAERT DT, AV 7 ZOERBPREL Lo LHIHTE .

INEKEHE(EANDFEE - DX SIS, WEHHDR—IVZ—D X S ICHMEBREEFOLEIE 7 L—2—ERNL IV AE
WCERE NS ERICHNRT 2EBEET 5728, £ FHTDXS 5T T ISV KRIEOREERZHEMICIZPETE
o, UL, AR THRLONEY L—R2—ERPBERr—1) V7 X0 ERr—1) Y 7ITa0 L v S BllEE,
5, REFERISOWTHITIIR TRENIHEHZEERMA] (~1034F) AT SR ENTREINS. £z, KR
NS R—IL X —TH LI, A E S BRIBAN KIS S ReEDH 5 T e nholz. TDTEMDH, /I
FAKRDNERMEIE DN K > TINRIKDTHRIFRID 5 fEREEED D 5 2 T L AVRBE Nk,

F—T—F: ITIWSAOVKIK, 7 L—X—JBRR, EEEk, i
Keywords: rubble-pile bodies, impact cratering, mass loss, fragmentation
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Computer Vision in Space: Optical Navigation Technology Development for Hayabusa-2

KH EsE
OHTA, Naoyd*
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AV a—RZC Y3y (AR CV R BAATTHRONEGRENI L, Z IRE SN TOEYIEDEREZTS S F
MTH3, MRIPREE 2IIRETIVEFH T I —TIE T OFEMiZIEPRE 20DMFF T —2 a o DlzdIcF L, ek
BEOWIREETTT 2 EMZRFE LTS, AR TEZORIUTOWTHRET S, —/5. CV HiffioF &, #
TAEHFEOEMOICHICHEE ST, OB Z2HEEANESBREFZATN S, AETIEINCOVWTEERT %,

INEEREEREIRST 20I vy a3 VBT, INKEAZ Y FRY T EMEDRTER EDT=DIC, /NEKEDFIR
ETNWEIERT ZR0ENH 2, LH L/NREMNES DD, TOETIVIEH DS OBHITIIERTES., HEKI/N
RIS DWW RS TORHINCR S BRI NUE R 5a0, F iz L—Y—4& EREINRs S = 3V F—DfEah 5
WHET, B ATICX2MWGEZHWIETFEN LIRS, BRI OFIiZH#IT 2 ZHNE LTV,

E{GRD DYATIRZFIE T 20k, CV 2B THRIINICHZE SN TV S, Lich> TERADHMND oI, mER
FOMFHE L CV ZIE U & T HEGHEAM OIS & OHFEIEENLEE LV, FIL—TOEEITKERZOMIHE TH
LU KON AIEER. SO FHRUERE 7 L2 IciTbN TV M, WiZeE & LT CV 0l h b BfEH
REOA)NEER EFEE, AV ECa—2T5T 107X (LUF CG) b B IXH UKD @GR NS LT, 7
BRSNSt 211> T 5,

BIEFR & 1Z CV 28 THIFE & 17z structure from motio®D £l 7 7 0 F F/NKEE OILIRE CICTET L. BRMEZ#GE L
TWa, THUIHRZZ 5D S Ulzligz HOTIRIRZEITRE T 55 Th %, ZORRE, IPRT 20787 —
T a VNICHBERREEOIIRDMES NS T LRI NTWVWS, LALXOXRNAEST TS —2 g U EARRICT 2K E Y
BE5 IR, EaoEiEEICEEL LT RSk, Z078, itz photometric stere® Rl 7 #iif L
TW3,

photometric stere@¥AD K ZFIH LI IRE TiE TH %, L L T OEINOFIHIC S 7z > Tid. CV HKifie %
DFEFARHMNCHIHTE RV ZOHAIZHEERKD NKEDIREEITT 2K & TOFEMMHBARIEE L T2k e
MEZINETH %, AKD photometric sterebk, XEYAZ A —H b SIS MZAEZ TR 5 2 EZEL TV
%o U LA/ NRE O EHRICFERA U TH CHRMIEICHIE Uil % 2 &, BEORIK ER#TH 5, £291kD
KSHETIVE LT CV 4 E Tld Lambertd]® PhongDE T IVIHW S NS D, /INREDREHFFE I HapkeH*® Minnaert
Al LIck o> TididE Nz, 2D s, kDY )IV—T7Tld photometric stered LEIC LiaN 5 &, FHREDZ
DO/NEEIIRETTO =D DOHF T2/ FifliZF L, EPRE 20T~ a NRILTAT ExBEZ TN 5,

CV DR EEZD L. Ntd 3V EYOSHEEREZ N TICRET 2 2 e AEE k> T3, TORHFEIN
TRl & @z ER T, MRS HIER FO—RNEZEmZE L TWRIEENZ0, 2O ehb Eidnkoic,
NP FHEEDO D OFHIELMN & LTI ZOXFHHTERWEEIRT S, LML, WICTHES &V Bk HN
ZE o T CV Iz BIzGE. CORMMCEES REMMAG T 20T AV EEDN S,

FHEMTOMHZAE LG, UTNOX S RRRENRHE 5, £ 3 IRIARBIERGD S O THO I ZRET
NFEWEEEE L. CTOFMMEZRABRICHH U2 TE S, Eleabho XS, i Eo—RikziE L
2B DT EWVRI R ET IV E NG, £EEROP T ZTT S HBEESEIT T 2R IIRES NS, Z
Dz HIFED HIZ I U, Z VKT 2 0B/ NEOUIRZ IR T % &0 9 FHIEEDN R EIC K S, TGk
Hh FICHRIE U TS 25531013, SEEEBOBEDHIRE NS, ZO—HE & 2B EICHIRIZ 7% <, I
ERFOMMEHFRENIBEEZ L, TOLS BEEICIEINRD CGEFIVDLEGEIER L. ZNHBHEGRIC—
T BXIICETINEEHT % CG-CVloopD & 5 mFELHERZHT 2D TIE RV e Bbnsd, ZOMEIR/ZT T
375, MEHFARDTHDOFHIE U T B ERzE5 C &, QHEESICE U TR DB (error baryz D5 2 & 7%
EFHEAIC AN E G2 ML 2 Hli OB S . CV B O—DOEEZMIEHMICAEDISS LEZ TV,

F—U— R \EGEHL ERET, T e —v 3 y, B ST 2
Keywords: image measurement, shape reconstruction, optical navigation, Hayabusa-2
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Analytical chemistry of organic compounds in the Solar System: An attempt to link with

planetary science

HH Ohs
YABUTA, Hikaru!*

NN EahE
1Osaka University, Department of Earth and Space Science

Analytical chemistry of organic compounds in the Solar System small bodies is a microscopic approach for understanding o
the origin and evolution of building blocks of the Solar System and life, which has a complementary relationship with macro-
scopic approaches such as observational and theoretical astronomy. This approach would provide a significance of consideril
organic compounds in the planetary formation theory, which has been constructed only by silicate and ice dusts. Indeed, sic
nificant roles of organic compounds in the early Solar System are explained by (1) high abundances of C, H, O, N in the Sola
System, (2) major components of dusts in interstellar clouds, (3) high reactivity to heat, light, shock, water, and minerals (chem:
ical indicator recording the processes in the Solar System), (4) possible contribution to accretion of dusts, due to their stickines
(Kouchi et al. 2002), and (5) possible contribution to redox imbalance in solar nebula (that determined the chemical composi:
tions of chondrules) (Yurimoto and Kuramoto, 1998). Despite these significant roles, however, organic cosmochemistry was no
a very popular field in planetary science until several years ago. One of the reasons may be because of difficulty in visualizatiol
of organic compounds, i.e., drawing of a big picture. In this point, | attempt to show a simple example. When starch-syrup is
heated, how is it changed. One would tell that the color is changed from colorless to brown, the originally sticky syrup becomes
less sticky candy, and water-soluble syrup becomes an insoluble solid. These descriptions are based on visuality and are e
to understand. On the other hand, if these phenomena are translated to organic analytical chemistry, the description becom
quite different from the former; hydroxyl groups of glucose changes to carbonyl groups via dehydration as well as aromatic-
ity increases with heating. However, it should be noted that two ways of descriptions explain exactly the same phenomenor
That demonstrates that physical properties (color, stickiness, and solubility) are determined by molecular chemical structure:
Likewise, analytical chemistry of organic compounds in the Solar System has a potential to reveal the molecular science the
determines physics of macroscopic planetary formation, such as the color of asteroids (albedo). This will become possible b
improvements of the in-situ organic analyses such as spectromicroscopy (e.g., STXM), electron microscopy (TEM), and ior
probe mass spectrometry (e.g., nanoSIMS), through visualization of the distributions of organics and minerals in the Solar Sys
tem materials which record the chemical evolution from dusts to planetesimals.

F—T— F: G, KGR, b, NRIK, SETER, "Ik
Keywords: Organic compounds, Solar System, Analytical chemistry, small bodies, planetary formation, visualization
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Formation Process of Complex Organic Molecules in Protoplanetary Disks

Bh 51
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DTERICOWTCiim LTz, BURIICIE, HDED S OIS 72518 U 7z MREE « BMERET T V2 s i, EREX
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K& B, SOICHEMGER D FERDED C E2/R LTz, FADD FIFERDFERRZEED S DGR T FEARE
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W2 LickD, MBANOEERMRICOBHIFIRGEEDITREMEZ /R Uz, ffETIE S 5, NRERICBI 2 5EY
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F—U— R JFUARE R MR, G0 FERL
Keywords: protoplanetary disks, formation of organic molecules
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Status report of curation of Hayabusa-returned samples

JH VR IEE Y BB EZ L E R O 22 Y R R L T B L AN A
YADA, Toru'* ; ABE, Masanab ;: UESUGI, MasayuHi : KAROUJI, Yuzurd : ISHIBASHI, Yukihiro! : OKADA, Tatsuaki :
SATAKE, Watard ; FUJIMOTO, Masaki

VAT TS E R SRS
1 Japan Aerospace Exploration Agency

20104F 6 H. /NREHAER NI05E ) 1 SHHBRAHY NKEA N AT K0 RIER 52 HIERIC Finis & 72 (Abe et
al., 2011) ZHNLUp%, JAXA F 2 L— 3 »F—L (ESCuTe)Tld, [EIRERE ] DY VT IVF v v F v —h 5 ORiFD[H
IV - Gedk s, BUEDHT, 400 DR IR #EE A & L TAKREIN TS (Yada et al.,, 20143) AFRELTIE,
O ENFIHR K & SR OB « IEOBRE SBDOTEICDNTE LD B,

Jiie L7 PR ERE T3R5 ] OFEAA TV SO SN T ary 7+, IAXAFalb—rartky
2 — (ESCUC)D 7 ) — 2 )b— LB THEH D ROEK, BEEEHEDO 7 ) —2F 2 N—F 1B THE SN, F1 bhHTE
@YD TS > TIFx v F v —AED HEN, BRONY R V72175 EflEREREO 7 ) — 2V F 1 23—
H2EABINE, Yo )bFry vy Fy—dEiC, HiEARMEET ZEEER S, 2[BHOZ v F X0 OBICHiES
Nl zIlNd % AL, 1HHDO R v F 2 iilEARZIND 5 BEN 525, 4. WdkEEZID BT BIcEnTh
FyrvFr—A BEDITREFRUY A XDERATEHN T ZABOMEREMEM L., ZOH T AHBRO Flcd vy vF v —I
KB "5 2 THNERORL 772 % FEE 2 2 L THINE > TWeo ZOHT AMBIRN S, SEHICHHF UIEERE~< A
raxv =¥ al—2—2ZH\WT, —D—DE FEMEHHEARERFRL 2 — FICEE LT, SEM-EDSTRIEZITV. 7
V=2 F 2 N 2END TV v REY] > e G5 2k EICEEI L, R 7 ID Z{H THRE L T3 (Yada et al.,
2014b) T DA T AMBOMIC, 2013FEICIFF v v F vy — B EDT X7, HEHOE FHEMBIHREATR )L X —IC3E
LT SEM-EDSIC & D 7 % EOR 7 AEHETIH L TV 5,

T A AW FiEE. RFEEET 28I a L —2—T 1HETOBIMEIESTHEV AT &S, D
FRIE VD X7 ZEET 54, A 2013EEICF vy v Fr— A, BETXEFRY A XT, HHOE THEMBIHERER
VA —ICRRIE U CE R SEM-EDSIC X 2508 A HERR, A Z)IVT 4 A7 =A% Uiz, 20144 EE XD DT 4 A 71K B
R EIUZ BRI U, RAINCIE 2 52 T TF v v F v —NOR T-OLR 2B T 2 TETH 5 (YadaT. et al., 2014a)

JAXAJESCuUTeTlE, 20124E4JHH K b AR OMZFEE LD [ERSE ) ImEalfHC DWW TIZE 7 O R —Y)L 2 54k
L. YHFEMRD SR B EERICK D EBRER CRENT T R—P)UTH U TR 2T %, ERRA SR % Bl
U7z BIEX TR LIS L EOR—ZA TN THE D, 5 3EEDONGEN 2014EE K O FIET 52 TETH S, EIEN
SROREIE., 2013FEX DIAE - 72 JIAXA D EMT B EES R L (Hayabusa 2013: Symposium of Solar System
Materials ICTHEIN, PEDVEEGEICEEDOENETFTETH S,

Fio, HORRMERD., FERAEIZICHT 2 FHDEE L WOEEHT DWW T, JAXA/ESCuTeD L D #EsH DJTIc 20134
X0 ayy—7 LR ERIE L TW5, BIEDRT. YA X7 A Btk 1. 82387 A ek . ibskhiv, v
VR BRI O AFEICOWT, VY= 7 LMD 5N TV (Uesugi et al., 2013; Yada et al., 2013; Karouiji
etal., 2013) 5% & MOF DK MAE R DRI DOWT, VY —3 7 LR ZHBT 2 TETH 5.

ZESHR

Abe M. et al. (2011) LPS XLII, Abstract #1638.

Karouji Y. et al. (2013) 76th Ann. Meteorit. Soc. Meeting, Abstract #5148.
Uesugi M. et al. (2013) 76th Ann. Meteorit. Soc. Meeting, Abstract #5186.
Yada T. et al. (2013) 76th Ann. Meteorit. Soc. Meeting, Abstract #5150.
Yada T. et al. (2014a) LPS XLV, Abstract #1759.

Yada T. et al. (2014b) MAPS, in press.

F—T— R @RRE N, Fal—vay, bV 2—
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Examination of the origin of carbonaceous particles in Hayabusa-returned samples

R B2 Y B 2 R e S B O 4 LS EIEIE 2 S GRS EES AN B O R E
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UESUGI, MasayuKi* ; NARAOKA, Hiroshi? ; ITO, Motod® ; YABUTA, Hikaru* ; KITAJIMA, Fumio? ; TAKANO, Yoshinor?®
: MITA, Hajime® ; KEBUKAWA, Yoko® ; YADA, Toru' ; KAROUJI, Yuzurd ; ISHIBASHI, Yukihiro! ; SATAKE, Watar( ;
OKADA, Tatsuaki ; ABE, Masanab

UIRSTATEOE NSRS BB, 2 TR ARG B A S B IR R R AERI, 3 e se e st w7 wr
FEIT, 4 RBRRZARZE AR ZERE T H BRI 2 8, © b T2ERZE T AR an B R AR, O JUmE R K2R AT
gebt  BERERIAEIC HIEREE S X7 LRVE, T TR ARG SRR BR AR R 2 I

1 Japan aerospace exploration ageABgpartment of Earth and Planetary Sciences, Kyushu Univetkibghi Institute for Core
Sample Research JAMSTE@Dsaka University, Department of Earth and Space Sciettaekuoka Institute of Technoology,
Faculity of Engineering, Department of Life, Environment and M&t®epartment of Natural History Sciences Hokkaido Uni-
versity,”Department of Earth and Planetary Science, University of Tokyo

Extraterrestrial Sample Curation Team (ESCuTe) recovered more than 50 carbonaceous particles from the sample catcher
the Hayabusa spacecraft. Those carbonaceous materials, named as category 3, were found in the form of particles with simil
size range of the silicate particles those confirmed as Itokawa regolith particles. Initial description by the SEM-EDS analysis
shows variable textures and chemical compositions of them, suggesting the multiple origins of the carbonaceous materials.

Preliminary examinations of category 3 particles were carefully processed in parallel with those of silicate materials. However,
we could not obtain the information for the origin of category 3 particles before the opening of international announcement of
opportunity (A/O). The ESCuTe and preliminary examination team of category 3 particles have continued the investigations. Ir
this paper, we report the several recent results obtained from the sequential analyses.

Samples allocated for the preliminary examinations of category 3 are RA-QD02-0008, RA-QD02-0120, RA-QD02-0180, RB-
QD04-0001, RB-QD04-0037-01 and RB-QD04-0047-02. RA-QD02-0008 was lost during the manipulation at first preliminary
examination. Three samples, RA-QD02-0120, RB-QD04-0001, and RB-QD04-0047-02, were pressed on the Au plate and fixe
without any adhesive materials. We analyzed H, C and N isotopic composition by nano-SIMS in the beginning of the sequentia
study, in order to investigate the isotopic anomaly which is a direct evidence of extraterrestrial origin of organic materials [8].
FT-IR and micro-Raman spectroscopy were also applied for the pressed samples [9]. After TOF-SIMS analysis of those patrticle:
the samples were sliced by FIB in order to investigate the fine structure of the samples by XANES and TEM/STEM [10].

We performed those analyses with determining the effect on the subsequent analyses, such as sample damages and cont
inations. The rest two particles, RA-QD02-0180 and RB-QD04-0037-01 were pressed on indium plates, because significar
disturbance by Au on the ToF-SIMS analyses was found. We will also report the construction of the sequential analysis flow of
tiny carbonaceous patrticles.

In parallel with the Hayabusa-returned particles, we processed observation and analysis of insoluble organic matter (IOM) o
A881458 (CM2) and several possible materials of the origin of the category 3 particles, such as viton, silicon rubber, vectran an
particles collected from the Hayabusa?2 clean room.

We did not obtain any signature of extraterrestrial origin from category 3 particles so far. We are planning to continue the
preliminary examination of category 3 by the end of March 2014. We are also planning to open the category 3 particles to the
future International A/O, with the data of preliminary examinations before the end of 2014.

References: [1] Yada et al. 2011. Meteoritics & Planetary Science 32:A74. [2] Nakamura et al. 2011. Science 333:1113-1116
[3] Yurimoto et al. 2011. Science 333:1116-1119. [4] Ebihara et al. 2011. Science 333:1119-1121. [5] Noguchi et al. (2011)
Science 333:1121-1125. [6] Tsuchiyama et al. 2011. Science 333:1125-1128. [7] Nagao et al. 2011. Science 333:1128-113
[8] Ito et al. 2013. Abstract of Hayabusa Symposium, [9] Kitajima et al., 2013 Abstract of Hayabusa Symposium, [10] Uesugi
et al. 2013. Abstract of Hayabusa Symposium
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H, C and N isotopic compositions of HAYABUSA Category 3 organic samples
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IKochi Institute for Core Sample Research, JAMSTEBpan Aerospace Exploration Agent®gpartment of Earth and Plane-
tary Sciences, Kyushu UniversityQsaka University, Department of Earth and Space Sciéfekuoka Institute of Technology,
Department of Life, Environment and Materials Scierfdestitute of Biogeosciences, JAMSTEC

Hayabusa spacecraft had brought back asteroid Itokawa particles to the Earth on June 2010. More than 1,500 mineral particl
were identified on the Qz glass after the compulsive free fall, and most of them were very small ranging from 10rot800
are mostly smaller than 50m (Nakamura et al., 2011). In addition several amount of carbonaceous materials were found that
is called Category 3. Based on FE-SEM and EDS observations at JAXA Extraterrestrial Sample Curation Team, those sample
mainly composed of C, N, O and some of them contain NaCl and KCI (JAXA Hayabusa sample catalogue).

H, C and N isotopic compositions of extraterrestrial organic materials in Stardust cometary samples (McKeegan et al., 2006)
IDPs (Messenger, 2000), IOM (Busemann et al. 2006) and nanoglobules in primitive chondrite (Nakamura-Messenger et al.
2006) provide a clue for understanding of origin and nature of the Solar System. Large D and 15N isotopic enrichments were
observed, and C isotope is slightly enriched in 13C in extraterrestrial organic materials (Pizzarello, 2005). Those data sugge:
that extraterrestrial organics are probably interstellar material that was survived through formation processes (planetesimals)
the Solar System (Sanford et al., 2001), and may also have material that formed in the cold molecular cloud region of the proto
planetary disk (Aikawa et al., 2002).

Here we report H, C and N isotopic measurement of organic materials from Hayabusa Category 3 samples, RB-QD04-0047
02, RA-QDO02-0120 and RB-QDO04-0001, by an ion imaging with the JAMSTEC NanoSIMS ion microprobe. The purposes of
this study are to evaluate terrestrial contaminations in the Hayabusa spacecraft and in the JAXA curation facility, and to find
extraterrestrial organic materials on the basis of H, C and N isotope measurements.

Each Hayabusa organic sample was pressed on Au plate together with terrestrial organic standards of 1-hydroxybenzotriazc
hydrate and BBOT with known H, C and N isotopic compositions. Following the SEM study to check the sample condition,
texture and morphology, the samples were analyzed for H, C and N isotopic compositions by an isotopic imaging with the JAM-
STEC NanoSIMS 50L at Kochi Institute for Core Sample Research.

We studied three Hayabusa organic samples, RB-QD04-0047-02, RA-QD02-0120 and RB-QD04-0001. All of the samples
have been initially investigated by a FE-SEM and EDX observation at JAXA Hayabusa curation facility, and the EDX spectra of
the samples contain C, N and O; the dominant elements are C, and N (Hayabusa sample catalogue).

Based on NanoSIMS isotopic images of H, C and N in RB-QD04-0047-02, RA-QD02-0120 and RB-QD04-0001, all three
samples show homogeneous and terrestrial H, C and N isotopic compositions within an@rro8@ + 13 permil,§13C = 3
=+ 3 permil and§15N = -4+ 2 permil for RB-QD04-0047-02jD = 81 + 54 permil,013C = -20+ 8 permil andy15N = 2+ 2
permil for RA-QD02-01204D = 135+ 32 permil,613C = -20+ 9 permil andd15N = 16+ 12 permil for RB-QD04-0001).

The IOMs in Cl and CM chondrites show heterogeneous distributions of delta-D at the molecular (Remusat et al. 2009) anc
micron scale level (Busemann et al., 2006). The IOMs of CR, CM and ClI have D and 15N isotopic enrichments in micron-sized
regions (hot spots). The IOMs in ordinary chondrites are heterogeneous, however, they do not show many micron-scale anom
lies as IOMs in carbonaceous chondrite (Remusat et al., 2013). It is obvious that H, C and N isotope signatures of Hayabus
organic samples are different from those of IOMs in carbonaceous and ordinary chondrites: i.e., No hot spots, terrestrial value
for H, C and N isotopes.

We have not found strong evidence of extraterrestrial origin because isotope compositions of H, C and N in Hayabusa organi
samples show terrestrial values, and homogeneous distributions of H, C and N in the samples, which are unlike to IOM in variou:
types of chondrites.
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Albedo properties of main belt asteroids based on the infrared all-sky surveyors

FIFF 02
USUI, Fumihikd*

HOURY
LUniversity of Tokyo

Presently, the number of asteroids is known to be more than 620,000, and more than 90% of asteroids are classified as tl
main-belt asteroids (MBAs). The spatial distribution of compositions among MBAs is of particular interest, because the main
belt is the largest reservoir of asteroids in the solar system. Asteroids are thought to be the remnants of planetesimals formed
the early solar system, and have a clue to study the formation and evolution of asteroids, origin of meteoroids and the near-Ear
asteroids, as well as the formation of the solar system. Size and albedo are one of the most basic physical quantities of astero
Knowledge of size and albedo is essential in many fields of asteroid research, such as chemical composition and mineralog
the size-frequency distribution of dynamical families and populations of asteroids, and the relationship between asteroids in th
outer solar system and comets.

Several techniques have been developed to determine the size of asteroids. One of the most effective methods for measur
asteroidal size and albedo indirectly is through the use of radiometry, where a combination of the thermal infrared flux and the
absolute magnitude as the reflected sunlight. Using radiometric measurements, a large number of objects can be observed il
short period of time, providing coherent data for large populations of asteroids within the asteroid belt. Infrared observations car
be made still better under ideal circumstances, from space. The first space-borne infrared telescope is the Infrared Astronomic
Satellite (IRAS; Neugebauer et al. 1984), launched in 1983 and performed a survey of the entire sky. To date, there are tw
other infrared astronomical satellites dedicated to all-sky survey: the Japanese infrared satellite AKARI (Murakami et al. 2007),
and the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010). Based on the all-sky survey data obtained by IRAS,
AKARI, and WISE, the largest asteroid catalogs containing size and albedo data were constructed (e.g., Tedesco et al. 200
Usui et al. 2011; Mainzer et al. 2011). The total number of asteroids detected with size and albedo information with these thre
surveyors is 138,285, which is 22% of currently known asteroids with orbits.

In addition, several outstanding works have provided the taxonomic classification of asteroids (e.g., Tholen 1989; Bus &
Binzel 2002; Lazzaro et al. 2004; Carvano et al. 2010), based on ground-based spectroscopic observations within optical ar
near-infrared wavelengths. Along with these taxonomic classifications, size and albedo data also contribute to our understandir
of asteroid compositions. In general, the albedo of C-types is considered as low and that of S-types is high (e.g., Zellner &
Gradie 1976). The relationship between taxonomic types and albedo is, however, complex and type determinations cannot t
made on the basis of albedo values alone. Recently albedos of C- and S-type asteroids are found to vary widely, especially fi
sizes smaller than several tens km (Usui et al. 2013). Furthermore, in spite of the albedo transition process like space weatherir
the heliocentric distribution of the mean albedo of asteroids in each taxonomic type is found to be nearly flat. In the total
distribution, on the other hand, the mean albedo value gradually decreases with increasing the semimajor axis, presumably di
to the compositional mixing ratios of taxonomic types.

In this talk, we present the details of data compiling of size, albedo, and taxonomy of MBAs, and discuss the compositional
distribution in the main belt regions.

F—T— R /NEE, AA NV, RIS —_A, P A X« TIVR R, AR MV R A T 555
Keywords: asteroids, main belt, infrared surveys, size and albedo, taxonomic classifications
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Lightcurve Survey of Vestoids in the Inner Asteroid Belt
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VA S B RRS T E R AR, 2 SRR, 3 RSB BN, * A E & RXE, ° BN R SCE W R R
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Hnstitute of Space and Astronautical Science, Japan Aerospace Exploration Afjiatgye Metropolitan GovernmentKiso
Observatory, Institute of Astronomy, The University of TokydJisato Observatory; Okayama Astrophysical Observatory,
National Astronomical Observator§tiiroshima Astrophysical Science Center, Hiroshima Univer$iBraduate School of en-
gineering, , Tokyo Institute of Technolog§Asahikawa Campus, Hokkaido University of Educati®dbepartment of Physical
and Astronomy, Seoul National University

We have made the lightcurve observation of 13 vestoids ((1933) Tinchen, (2011) Veteraniya, (2508) Alupka, (3657) Ermolova,
(3900) Knezevic, (4005) Dyagilev, (4383) Suruga, (4434) Nikulin, (4796) Lewis, (6331) 1992(8&@45) 1998 TN, (10285)
Renemichelsen, and (10320) Reiland).

Lightcurves in the R-band of rotation periods were found for (1933) Tinchen, (2011) Veteraniya, (2508) Alupka, (3657)
Ermolova, (3900) Knezevic, (4005) Dyagilev, (4383) Suruga, (4796) Lewis, (6331) 1992(&&5) 1998 TN, and (10320)
Reiland.

The distribution of rotational rates of 59 vestoids in the inner main belt, including 29 members of the Vesta family that are
regarded as ejecta from the asteroid (4) Vesta, is inconsistent with the best-fit Maxwellian distribution.

This inconsistency may be due to the effect of thermal radiation Yarkovsky- O’Keefe-Radzievskii-Paddack (YORP) torques,
and implies that the collision event that formed vestoids is sub-billion to several billion years in age.

F—T— R /NKE, XA X
Keywords: asteroid, vesta
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Near-infrared spectral measurements of zodiacal light by CIBER rocket experiments

RATH B — by B RH L ORI [T L A RAC U R BEE] T RS i 2 Bock Jame$; CIBER F— L 3
MATSUURA, Shujil* : ARAI, Toshiaki' ;: ONISHI, Yosuké : SHIRAHATA, Mai! : TSUMURA, Kohji1 : MATSUMOTO,
Toshic ; BOCK, James: CIBER, Team

VS IZE ISR A FERERS, 2ASIAA, 3 A1) T 4 )V =T TRER Y
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B4k, KGR DIFRIMNCNTSH 50 2 RO FHILBUER 72, #HART 1M ORE 7 T H % TR s
& LT, a’rv &6k CIBER (Cosmic Infrared Background ExpeRimentc X D Bl L 7z. CIBEREERDOHMDT &D
&, FEHAAIVR S 2 RS 2 SR D 5 B, MEMEZ A MK 2 KGHEGELTH 2 EE BT 5 & TH
%. TNFETICHME LT CIBERFERIC K D, JE 0.8-2um DOUTARYMRIC 513 2 BHE O AR T B U & A 72 Bl
T3 LICHDTHIN LTz, AGEEHTIE, ZOBRKERICOVWTIRET 5.

CIBER I, FKEOEILESEEE LT, NASADOBHIT v b7 a7 I L0 LTz, 2009405 2013
HEE TIC AROEBRZITY, TOERICIHENTEEE 200kmLL | TOHIERAK DB LW BIF R ENT — 2 ZEUS T
X7z, CIBEREERD T HMTH % MM RN OILHS 2R3 2 BoR N 5, BRIz BB YA LR O KR8 90
FELL ISR > 723, st d 2 M OMIFEZ R U T, B R 72 S BIED S 8t il Uiz, Z
OFER, BECOEE AT MV ERCEZRIST % & L dic, MEOFME(LICHET 5 IHHRESz.

B E NIz EGE DRI AR T MIVICIE, B AREBIKIFIESTEHE N R L, KBEAXRT MU U T
E1.5um KO EIREICBI 2N EMMEDN RSN, COREND, BEHETHZREMA AN, I 7009 AX
PEDOKEIZFFOE L EIC, HEE TOIITINDOFER R LTS, WYEEIXEMIC B THRAD 20-25%0 Bl &
N, A CTOBEDOHEME L THRFEU ETH B T ehbhole. iz, SR EATEEREENEL, C
DBV TEBHIEEX D E T REVHREMEA NP ETHE T EHRBEINS.

AT, BERERE TS L 81, TNEBEODEREX X NOKG AT FUSRRELEOBM & bt L, 2%
BRIA A N OWEREIC OV TGRS 5.

F—T— R B, R A A N, SRIMR, B

Keywords: zodiacal light, interplanetary dust, infrared, observation
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Reflectance Spectra of Jovian Small Satellites and Implication of their Origin
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1. IFC®IC KRRIZEAHY LAEEX O NZERS 4 D0/NMEE L. ZOIMZE [ % ZBOARHAEEDMEET 5,
TP ER P T— 25, TNLOFBIIARERNO KA N8 DEEZSNTWVWS, L LZNZEEH
T AHEBRAGIHUCRIT TED . FTRBRRND EOTFE TR E NI RKIAZ ED X S 70t A THilE L izOh & K2R
HEINTWiERV, KEORFAFEZEORRNZ AT % C &1, Nice ETIVICR BN S X 5 KRN OENR 5 OYE
BEIOMGICE L CTEELGHIRZ5A 5 ENTEZMTLEETH S, AFETIE. ThebeDE 3 p m i TOMHT
BOADEERN Z T 7O, IKEEMSIOGFEZ RS % L L Bic, SE TONBIIN I N TCWiah - fe TR AHHI#E E O
AN Z1TO, ZTOAXRY MVRZIEREICOVE L. REFAO/NEE (VAR bavE) Lobtiizir-7,

2. BALKER

(L)Thebed 3 pu m HREAFEGHDEETHI

Thebeldli < MDOAREITH N 2D, 8 mEEHHTE 3 p mmr O CEINIZRNE# TH %, Z T T Subaru IRC3D Hy0 Ice
T4 Z— (A A=2.974-3.126p m) & KNV RT7 ¢ )L Z—IC XZHUPDEEHIN S, 3 p m i OWRINDOHE 2R Tz (B
i 20054E 5 H 25 H UT 1272 72). DR Thebelc & Amalthea& [AlARIC 3 p mAFICRINAH D, 3.05 1 m DK
SIRE KN FD 0675 TH 5B Dot TOHEDOANER. AT MIVBBEIDO Amaltheaz [FRkIC B
5 L THERLTWVS,

(2) NIRRT 2 ORI YR

g4 7 5 oD Himalia family (5 XA 4 K{K) & Themista #1152 Carme, Kalyke (Carme family), Ananke, Pasiphae(
nzFEND family D), Sinope, Callirrhoed 11 Kk, XU Amalthea (5 % TICH[EDEART MILAZESL N TWiah >
72) 72, 20124 12 A 7 H UT KU 20144F 12 H 21 H UT I Subaru/FOCASE IV T/l (A = 0.38-0.9u m, —if
KIKIF 1=0.48-09 m, AV ME2") Z{7-o7z, ZTORSHE. Himalia family [3/A38D C 2 7, [A UlE{ 7D Themisto
D2 AT, W2 lX Anankeh C, Pasiphad’ X, ZOfED XA 7 ThHad T &hnn-> Tz, Amaltheald I 1%
bNeT—R2eBDLETHDBD L, HE0.6-24umTHRZED XA TR —KITZH, HE 0.6 p mELFTIERBITK
FHRMFD L T0D, 723 p miFCROINDH 2 DV TH %,

3. EE AV LAEEXOAfIZES Amalthea, Thebe:, D X2 A T/NKE L DAXRYT MV EOKEZENE3 pm
HWOWIN OKEEMIMIC X2 EZE5ND) OARTH S, TNHO/MERIT/NEEDSAKREDHEL KK ZDE
DT, RERMHBO—HL ko> THY LABHEOMEICE ko2, FANTHED 7ot X (@2eak, ey &
NIEREDNRBICHE D TEREDEEZ L THEHRTH %, Amalthead XX k)UH CalistoDIK AV iz KD 2 X 7

MLEBRLLTWAEZ EE, TOEZAZFL TV,

FHABREIAREDNNEENSHIE L2 EZ LN TVEN, ETHLWVDIIELZONIEHD > TWiEW, AIEeEk
DEOVOFBEOAREDE ICHFET S bV HH LV CIVARETH D, ThHONKEDZART ML &ZA T IEAH
HIfR ELITVWBEDHEL,  Gravetal.(2012)c k3 &, EBLHDREEC, PRAT (~XZAT) LDEATELT
MR ENTOT, DA TOEE (EEOEE) FEFEMRKEVZEDELLSED, haVEOFNRRKkE L TD ALY
DEENZ L, FBERICE S D ZA TOREEOWMD DM THHEY (HFE 20 k mEL EOKRKTD X1 TOEIGIE, Fo
YEERI 85 %, LILVAREKI 75 % ThHSH ., EE 100 k mEL ETIE Fa-VEH 70 %I L )V AEHZK 10 % TH B ).

K2 OBIKEEN S C, XXATED XA TOUGZEROBEBE L TRDS &, KEOABAERII LIV AEDOD
R —HT B ENghoTz, RESTLRFEN D AXRT MV EA T =Y A X0z HHT2DRBH TIEEVE
BoNZDT, TOMBIEIAREDO AR IV RRE L HEOMIGTRN S SN L 2B RB L TWVW5, &

4. ¥L&

(1) Amalthea, Thebér ED AV LAEEONAIZE 2/ MR X, FAREMBANTT O AENMEROERELTH
Z AHEMEDY R,
(2) AV LAEROIMUZE 2 AR, FaYR TR < vV ZR & HEOMFATRN S i & M iz Kiko ]

HEMEDYE L,

F—TU—R: 2, RE, AXT MV, ©VERE, bav it
Keywords: satellites, Jupiter, spectrum, Hilda group, Trojan
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KT A PSRN 09 2 KRR 7 1 b S K B JEU L EH DR
Weathering effect of solar wind proton on hydrated silicate minerals

RN A&4E T 228 IEE 2 5 AR R 2 il B Y & T
NAKAUCHI, Yusuke'* ; ABE, Masanad ; KITAZATO, Kohei® ; TSUCHIYAMA, Akira* ; YASUDA, Keisuké

FRETFERSAGORY, 2 THEMTZEITICRAFERERS, 3 R, 1 5T, ° FPB T 3 )V F—wizit > & —
1The Graduate University for Advanced Studit¥apan Aerospace Exploration Agentyniversity of Aizu,*Kyoto University,
5The Wakasa Wan Energy Reserch Center

NIRS3 is an on-board near infrared spectrometer of Hayabusa-2 project which is aimed at returning samples from C-type
asteroid 1999 JU3. In this project, it is important to characterize mineralogical and heterogeneities on the asteroid surfac
for the sampling site selection. Observing wavelength of NIRS3 is including then dand which is charactering C-type
asteroid Rivkin et al. LPSC 2002, Milliken et al. 2007 The NIRS3 will measure reflectance spectra of asteroid surface in the
wavelength range of 1.8 - 3;2n. This wavelength region includes features mainly related to OH a@ H

The spectral properties of the surface, however, would have different trend to the subsurface, because the surface of asteroi
would be exposed to solar wind and micrometeorite. As for the reflectance spectrum of the moon, the absorption feature fron
2.8 m to 3.0um was reported in Mdata Pieters et al. 2009 It is thought that the implantation of solar wind proton is one of
the causesicCord et al. 201). The solar wind protons will affect the spectral shape@h3egion of air less bodies. Thus we
study effect of irradiation of solar wind protons on near-infrared reflectance spectra by laboratory experiment.

We executed the simulation of irradiation of solar wind protons using ion implantation device at the Wakasa Wan Energy
Research Center (WERC), Fukui. This device can irradiate beam with 10 keV in a vacuum (under110~° Pa). The total
amount of BT was about 18 ion/cn?. Three samples were prepared; olivine (San Carlos, Arizona), antigorite (Sangenchaya,
Kyoto), saponite (synthetic: Kunimine Industries Co., Ltd.). Antigorite and saponite were sieved betwearab 75.m and
olivine served between 7bm and 105um, and then they were heated for 24 hours at 423 K. They were packed into Cu cups
and formed pellets. After irradiated the spectra were measured using FTIR, which resolution was 2i0 wavenumber. We
adopted the analysis method lohimura et al. (2012)which is to compare the reflectance spectra of altered sample, R, with
unaltered sample,Rto determine the alteration ratio of spectra, R/Rithout absorption water.

The alteration ratios of irradiated samples were different between minerals. The alteration ratio of olivine showed increasing
of broad absorption feature from 2.8n to 3.8um due to OH/HO production. In antigorite and saponite, the alteration ratio,
additionally, showed characteristic change related to coupling state of -OH. In the alteration ratio of antigorite, stretching of -OH
bonded water molecule (-OH ' OH) at 2.77um and stretching of -OH - ¥ OSi at 2.85:m was increased conspicuously. On
the other hands, the alteration ratio of saponite was changed conspicuously @atn2.77

We think that the difference of the bands which showed conspicuously change is related with structure of minerals. Antigorite
have -OH into the crystal. Therefore the irradiated protons broke bonds of Si-O and produced newer hydrogen bonds which ar
-OH --- HOH or -OH--- #OSi. Saponite has 40 as interlayer water. It would be similarly broken bands of Si-O and produced
newer hydrogen bonds which are -OH OH. These spectral changes can explain same process. These features support that
the irradiated protons react with bonds of Si-O in the crystal.

In this study, we showed that the alteration of feature related with @BI/id different from each mineral. Next step, we will
examine the other minerals against determination minerals and the amount of water from reflectance spectra.

F—U— R EREE 2, T EIL, KFJE, 7K, CRUNEE, MG S2ER
Keywords: Hayabusa-2, space weathering, solar wind, Q8/K-type Asteroid, proton implantation
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%—i/ﬁﬂ\} SIVA L —H —Hag52ERIC K 2 FHBULERIC BW THIEERD R 729 1% E] D

The effect of coexisting iron sulfide on space weathering by nanosecond pulse laser irre
diation

e Eadr 5 e AR di T R 250
OKAZAKI, Mizuki 1* ; SASAKI, Shd ; HIROI, Takahird

VRBRRAEBEAERE, 2 7 50 VR

ISchool of Science, Osaka Universit@rown University

KEDIZNREERD, KGRI NG OEZ7: Sl X b RIZHOESLIAS WL L T { BIRE T EEER
EWVH, FEENLEEI Y R A M SEVNKREAREEZ SN TVED, AXRT MUE—HET ., SHEUNRZEIZ R
N7 FIVHIRE « BHE « TUEEDTI IR TVB NS T ehiEm S N T E Tz, FHBEULIER 220 TR, 7
PRI ER L TR ERHDV AN EERSENTWAEM, T /B VA L —Y =2 YR mEICiRad 5 &5
J SR 72 SRS AT B C M TE, FHEUBEH DO AR MV L Z Bl 2,

T, FOSIHDNEE A S AT SREBI o ek 7 OFHEL X NIz R OB TBEMBILE - B, F
J YRR 7 BV T 7 AEOIMAINCHRALERD T/ R F 2 G FER T Nz, TI2ANCE 10 p m ¥ A XDFR
LEEOFERE RO > THED ., MegicB U THEKFENERNHS N E> TS, TIN5, MR MEICETz)
KL TR C 2 FHEEIERICEGENH 2D TIEEHEHI L, 7OVAL—Y—Z AW TEEE &) eE T AT ML
& HENFEREIT- T,

KA X A45~T75 p m DA VT U, BAIKEY A X0 E#Z 10% 20%EE XLy F2{ER LT/ #7 OV A
L—H—Z M U TARY MU Z{bz5|EiT Uiz, ol E UTHY A X% 10%, 20%EE =€ DO, hi
THA R 45 p mLLFORES RS2 D TEEBETI T 72,

ZORRNE, HENEENZHEIE. AT MVAREE R, FIERWEE BB E L T3 T &R E Nz,

HOBNEENZHERIRMEIRENZ OO LIZA SRV DICH LU, LN EENZ5E TRz,
b—ﬂ—%%wkwmzo%wﬂm%ﬁgntoLhiffmkﬁaéhf%kimﬂmﬁﬁtﬁ WfEgkhihnb - 7z

ATEBEE RSN, BULAEE S C LR TE 7o, MU L TEF /8% (B L IEWILER) Wb T OF N
Z.E‘ﬁh%)ﬁ‘ é:”ﬁiﬂqtiﬁaﬂﬁkggbf@i*ﬁlﬂlq:'f%%)o
X : JVVAL—Y—FERE LY IV

F—U— B FHBULIER, SICEL, L—Y— IG5k, &R, 7 M A Y
Keywords: space weathering, iron sulfide, experiments using pulse laser, asteroids, Itokawa
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Hayabusa ZRE R KA 1999 JUIDYE At
Photometric Properties of (162173) 1999 JU3 in Preparation for JAXA Hayabusa 2 Sam

ple Return Mission

AR RS T B K 2 BRI E 3 Hayabusa 2t FEI 7L — 774
ISHIGURO, Masatertt ; KURODA, Daisuké ; HASEGAWA, Sunad ; HAYABUSA 2, Observation sub-grodp

L) VRZEMIEIORSCERE, 2 BN RSB MR R AT, 3 iz it e e b e R AR 2T, * i 2emsTne
FEREHS

IDepartment of Physical and Astronomy, Seoul National Univer8@ayama Astrophysical Observatory, National Astronomi-
cal Observatory of Japatinstitute of Space and Astronautical Science, Japan Aerospace Exploration AGlamay Aerospace
Exploration Agency

A near-Earth asteroid, (162173) 1999 JU3 (hereafter 1999 JU3), is a primary target asteroid for Hayabusa 2 sample return mi:
sion. We conducted a worldwide campaign to make photometric observations of the asteroid to determine the physical propertie
1999 JU3 is classified into C-type asteroid having a nearly spherical shape and the synodic rotational period 640206302
hr.

In this presentation, we will report further information about 1999 JU3 determined since last JpGU meeting in 2013. We
investigated the magnitude-phase angle relation. We obtained the parameters for IAU H-G formalism, H-812 24hd
G=0.0740.011 (V-band, 550nm), respectively. In combination of our result with infrared photometry, the geometric albedo is
updated to be 0.05 (Mueller et al. in preparation), which is typical to but slightly smaller than the average of C-type asteroids
in main-belt. We found that the magnitude-phase angle relation has a linear behavior in a wide range of the phase angles (5-¢
degree) and show a possible non-linear opposition brightening within the phase angle of 5 degree. The phase slope is consistt
to those of tens-km C-type asteroids, that is, 0.04 mag degre€he opposition effect amplitude;10% or less, is slightly
weaker than that of a precursor C-type mission target body, (253) Mathilde, but the difference seems to reflect the diversity o
C-type asteroids. Recently, Shevchenko & Belskaya (2010) reported that “20% of all studied low albedo asteroids did not shov
detectable opposition effect. We explore the significance of 1999 JU3 data with remote-sensing devices in terms of the oppositio
effect.

F—U— R ERSRE 2, 1999 JU3Hh BT
Keywords: Hayabusa 2, 1999 JU3, Ground-based observations
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F R SNE 2B L — Y —mEEHC K B CRUNKRE DY )L RETH

Observation of geometric albedo of the C-type asteroid by the laser altimeter on Hayabus:
2 spacecraft

(LEE 8 s TRk TG 25 Bl B 3 S Z3E L FH B2 4 R A S S K S BRE EOR L R HilfT 2
YAMADA, Ryuhei'* ; SENSHU, Hirok? ; ABE, Shinsuké ; YOSHIDA, Fumi' ; HIRATA, Naoyuki* ; ISHIHARA, YoshiakP
; HIRATA, Naru® ; NODA, Hirotomd" ; NAMIKI, Noriyuki 2

VENT KRR, 2 TETIEKRY, 3 HARE, 4 BUKY, 5 THifize s ha i pss, 6 SER0e
I'National Astronomical Observatory of Japd@hiba Institute of TechnologyNihon University,*University of Tokyo,?Japan
Aerospace Exploration AgendThe University of Aizu

20149 KFT BIF T8 O/NRERERE T30 5E 20 T, EBREI D CHBUNESE 11999JU3 DREZITS . HAWK
RS 2IHEHEI NS L—Y —EER (LIDAR) Z#H LT, L—9—EE (1064nm)ic 1) % 1999JU3D 7" )L Rz
TARDHERET L T3, IS5 E 28O LIDAR I I3 HREEK-/NEE R OBEEEZ HIE T 2 EEICNA T, L—Y'—
IV ZADIEE IR & ZAECERE R HIE T ZHEEN DOV TED, CORET—2EHAVTNKEERHODOIA A M) v
TN REHEET Z2HDARETDH o

AFETIE, £, 305 258 LIDAR OFRMERAEROFE RN 5. LIDAR Z W T/NSSE R 7 )V R 28
AR E ORLEE DKL CHYERTRED - U 725 2R 9, T T Tl BERORMENSIRE 2 7 )V ROPER IS, /)~
MEOREMRIR, T 73 AH LIDAR OFIED 53K E 2 7 LA ROHETEIC & ORLERER FIET e LI fERIC
DNTEIIBNRB,

413 LIDAR OBUHNED 516D 5 N2 /NRERED T LA R0 K O BR O BHHIT— 2 Z A AT (1)1999JU3
DOFEA SR A T, (2 /KEZEREOEEK, (3)FHEUL, YRYEIC K2 ERHERIC DOV TOIEREZTS 2 Faetist LT
W5, RFEXTIIICICTHE LIAEE TRDENZE T IV RN S, EORETN S DRIAERICONWT S M TE 50
BLIEHRICODWVWTEMET S TETH S,

F—T— R NKET VAR, CHEUNEKE | 1999JU3JER 5T 2, L—Y'— & &Rt
Keywords: Albedo of Asteroid, C-type asteroid, 1999JU3, Hayabusa-2, Laser Altimeter
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5 E 2 BEEGERINEEENIRS3D 7 2 1 1~ €7 )LIERE
Performances of Flight Model of NIRS3: the Near Infrared Spectrometer on Hayabusa-2

p R R | = U/ O e O] SN = AR 15 S ST AR VI . IR S 2V NI S0 v - o 20 N /N A 2 Rl /AR I =21
1B L Y58 A —En ¢

IWATA, Takahiro'* ; KITAZATO, Kohei? ; ABE, Masanad ; ARAI, Takehikd ; NAKAUCHI, Yusuke® ; NAKAMURA,
Tomoki* ; HIROI, Takahir@ ; MATSUOKA, Moe* ; MATSUURA, Shujit ; OZAKI, Masanobti ; WATANABE, Sei-ichird®

LIAXA FHRFAIZE, 2 2ER, 3 FeER, 4 IR, > 799 VK, S AtiER
Hnstitute of Space and Astronautical Science, JAXBniversity of Aizu,>Graduate University for Advanced Studié$phoku
University,?Brown University,’Nagoya University

PRIV YR (NIRSS) &, /NEUREEERE 11305 2 ) ICHEHEI N, 1.8~3.2 2 70 VirDinR i EEIC BV TN
HEXMED S ORGSR GRS 20 e T 52V E— by Ve TH 5, NIRSSOTFEHMIL, C AN
52 1999JU BV T 3 2 7 1 Vi TD OH HDMFMAEREN /K 70 F O AHRENC K 2RI 2 U, /NEEXRmICE
2K« BRIV D ATIREEZH S MMNCT ST & TH D, CHUNKREDEME S CICZFDMiEFINS T L. Kk
DHAE L DR TFOHBROKDIEIRZ T 5 L TEETH S, TOHIRLIE, HIER EOKICES 32 7 imol
INDBERZ TN K DI, NKREREEZEHRENT %, G/KIEYOEE 1~2 WoeDFEE THEE I %72, ki 2.6
T/ VATO SNEN B0 &A% L2 HIEIC, NIRS3BIIY A7 L Zikat Uiz,

NIRS3D 7 T A M ETIVICDWT, 20134 X D Hll FEABRZBHUA U7z. NIRS3-S (2> HH) 7 NIRS3aERH /I
F v VNN THLE BIRETH %-80 CITIHAI LT, BAKFD S O FRAEE AS U, EERIE, HERIED 8 DR
T—RERET B L B, SINFEORAMREZMHER LTz, TOMR, #E L SINTFHMEE., EHENICB N THE.
KEL ERS 300D EERB T ENHERENT, F72. NIRSIDH{ABEZLKER « MIRES AR, MUY AT LieaHR
BRICHBWTE, NIRSIDHLE FEREE T 10 5 HAE - MEREZHERF CE 5 T EMER S NIz, B, BIRF ORIV Z .
FEPIELEL (serpentine olivine). C 12 F< 1 k (Murchison, Murray, Jbilet Winselwan T4t & ¥ C NIRS3 T2t d %
ZkitkD, INSDREFAXRT MV FTIR (77— ZZHRGRNDYEED TIRONSEDLBENTH S LZ2RL
Too TNH O FEBROFERMN S, NIRS3Z Wz CIE/NERETO, WIS, KEZRK. BZR. FHiE(kIic
LT, FilcZMENMEE NS Z ENARFENS,

F—T— R ERSIE 2, /KSR, 1999JU3, NIRSITRIMR, 70T
Keywords: Hayabusa-2, asteroid, 1999JU3, NIRS3, near infrared, spectrometer

1/1



Japan Geoscience Union Meeting 2014 /0 d ,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgime

Union

U06-P04 23 R AR —2 IRFfd:4 A 28 H 18:15-19:30

N3P 5E 2 ) BRI AT T 1R RS2 & i o
Thermal Infrared Imager TIR on HayabusaZ2: Instrumentation and Ground Calibration

R EH ZER 1 R B S PR B L I B SR B 2 SR I TR S R RS O /NI S R R
6 BAIE L BT AAZ 7 k) B8 il 488 5 Aok e © 5 fnm B2 L RE AR 10 ey ek 10 5 B I AR T N
JWN—=h TV 12, 2a5— FRAB NV 77814 ERSRE2 TIRF—L?

OKADA, Tatsuaki* ; FUKUHARA, Tetsuya ; TANAKA, Satoshi ; TAGUCHI, Makotd' ; ARAI, Takehik@ ; IMAMURA,
Takesht ; SENSHU, Hirok? ; DEMURA, Hirohidé® ; OGAWA, Yoshikd ; KITAZATO, Kohei® ; HASEGAWA, Sunad ;
SEKIGUCHI, Tomohikd ; NAKAMURA, Ryosuke® ; KOUYAMA, Toru® ; MATSUNAGA, Tsuned ; WADA, Takehikd ;
TAKITA, Jun'® ; SAKATANI, Naoya'® ; HORIKAWA, Yamato'! ; HELBERT, Jori? ; MUELLER, Thomas?® ; HAGER-
MANN, Axel'4 ; HAYABUSA2, Tir tean?

LRI S BB AE TR R A ST, 2 TS PR S H SREB R A T'0 75 LU V— T, 3 JLiEE R, 4 TR
7,0 THETIERE, ¢ SEHRY, T ILREBE KR, 8 FEER AU, © ENEREEWIZEHT, 10 AU, 1 BB mPe KRR
12 RAVETEE Y Y 2 —, 13 v 7 AT T 2 HIERWNIEAEWEZE AT, 4 A —T 2 K2

HISAS/IAXA, 2JSPEC/JAXA 3Hokkaido University;*Rikkyo University,®Chiba Institute of Technolog{University of Aizu,
"Hokkaido University of EducatiorfAIST, °NIES, °University of Tokyo,!!Sokendai,'?German Aerospace Center (DLR),
3Max Planck Institute for Extraterrestrial Physics (MPEQpen University

IR AR TR RE 2 ) ITHEET 2 R A X T TIR (ZEHERRI D C AN (162173) 1999JUBD 2 Iyt iR
BziTv, RERYIMEZ RRNICRAR 2B TH 5. /INRIKEE TREGEYE QTR WIE LR 2 R T Y E R
BICHEEADPEE D, WMEEDOIERRZDE%D IR E « ELEFEOMIHICIIYIEFEEL EETH 5.

JFEE KRR CHEREME I E N BB (R2Ek) RKIEMMES N, EESRZES HEBRICKDIEEEINT
WL EEZOLNS. CRUNKEIMEEERHE 2L, FERAWNHEBROZWIRETES LT\ 5D, ZFERAIED
AR TEOHERENE Z 5N5. TN ORI TIR BRI SE 5N 8WE, R EEMEIC X 0 ERAIT & % nfgetth
H5. CHUNKETIREICH/KBREZR I EEZ BN, ZOEBNEAMIEDEIE & U TNNRE FICHEL, 24
EBHEOERELUTHERATESZNE LY., INKEA AT TEALNIERBR AR, 7L —ZEA0AY =7 24t
R 75 &3O HRIC LR T EIRIED DRI D ZERR N E S NS 728, BEMEDEWVICK > THRHETE %725 5.
Y () S, XA RNE, HREUEEYMHDSENE, TNEN5EOFRNETERHTE S REENHS. T, B
HITERG 21T T ic kb, i BB S B SN E/NKE OB OHEERIZICOWTEIHMEST 52 2 MW TE,
K/ NS FRTIOEFEEICE 2 2 HE IRV,

TIR (& 2 ZOtIERHIR O A — RS HW 2R A A S TH 5. ARmEEE 328 X 248 fHEFIZ 16° X 12
°, HZEMGREIX0.05 THH, FFE 20kmdD Home Position(HP) h SHRfd % & 20m (B 0.9km D/ NS&SE 1999JU3
DD 45HZ), & Lkm D SHRIET % & 1m LU FOEZEARGE T 280m X 210mOHiFHZ 1/N\—T&%. THII HP
B DO/ R 2RO RO Y > )V RIS DO F i « FRICT 5 BIEAE - FEIREIRIGET 2. &3, TIR DX
FROELIERET 34m 72, B Sm TE 1eml LORGEZFBAITE 5. NIRRT 2 | TlI/hEE 1999IU3% KGR
#t 0.96~1.42AU TAIGHID SBIHIT S, CHUNKED T IV R 0.05 EERR 0.90~0.95 L ET 5 &, /hakERYHID
LIFREIZ-40 C~+150C L HEL 5N 5. TIR OB EEIE 8~12 p mTH O, EKEN S OB NDRKEIL Rif
TH5.

TIR OHFIEREDL FiRER % -40~+150CIC R L THEIMEL TE TV 5. HEHIEE C OIREHIPH TR0 U s
I 3°C, NETD TO.3CLUNDMEZIERT AIIET — 272 KDZ T & TH 5. BIEHEEZ, KEANZEZETF = > h
DEEZ—y b, &RANE T ) =2 T —=ANTA A INNNAREHEA R =7y FZHWTED, TIR DLV XRER
HO 783 VIR Z T U 534 U C &z, IR ICIEEBIER & [6 U OFPN (Onboard Flat Pattern Noise7—
RIBET HENH O, RIREETH—O OFPNOEHN A THS. TNETHRKIIT S L 2R L TWSH,
RIDERIEY 27 LOMHIIC X KR « @iREO 7 —2 08k, MHESRADO AN T RIVF—IC XD T =201 7 AZ1t
DOHIE, FBMgEx LD, TIR OBEMEEON EZHIEL TV, #E T TIR ORMAEIH L & iR OR5 R
WCDWVWTHRET 5.

F—U— Fi/NRE, 305E 2, B, BURdt, Ao X—&, e g
Keywords: asteroid, Hayabusa?2, thermo-physical property, Thermal Infrared, bolometer, planetary exploration
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INRIARTHNIC B B R 51 X & ZEFEROB R _ _
Relationship between Regolith Particle Size and Porosity on Small Bodies

AR EN S A B
KIUCHI, Masatd* ; NAKAMURA, Akiko !

VR REER B E IR

!Department of Earth and Planetary Sciences, Kobe University
INKEREIZL TV ARG EMRENBRFEIC K > TEDNTE D, LIV AEOR YA X & 2RI EEL Y E

RO K S IS B ER 52 %, @MAIE, 7RaEHEIIC LS H LIV A0k A AOBEEEMTbNT
B, PR 51%E HEE TN TV 5 (Michell etal., 1974) 7z, Blic XZH#E L LT, #EL—&—Flic X
BZERRROHET Tl /NRE RO ZERRFRIE 51 + 14% LW S FERZSTE D (Magri et al., 2001, 5RO A EEfR
17172 O T2 ZEBRER OHEE Tl S AN RJE O ZEFRFROHI I 40 -80 % 72 > T\ % (Hapke, 1986; Domingue et al.,
2002), AW T, FITHEFIBROT—2 X0, RN FICITT 5 S IOBRZESZ, £ LT, ZOBFRZ/INKA
KMOFKMICHEHAT 2 & T, LIV AFDOZERR L ki 1Y 1 XDOfRZRD Tz,

Yuetal (2003 Tk, 7T —2%Z& Lic, WREZE LI LIk Fv LR ichh % E ] Fg DLk RF & 22
BROBGEHIEINT VD, ZRRIIHFIBICHAEL TOAWIRETZENZNIIEENTED, hFrI A RIck->T
ZERRII IR BEE L D, AT, KRN 7 VTV T = VAN EERNZ LT L, 77 YT IVT—)IVA I
BT DR ERER UL FDOETIVA (Perko et al., 2001 i/ L 7z,

Fv=AS?r/48 Q 2 (1)

A BN A —E8 WMD) | r i3RI ERE. Q BE T T EE (T T TREHRA A %) THhB, F7z Sid cleanliness
ratio EFHENZ & DT, K FREOWE D TOVEIEZRLTED, HER LTI 0.1EE, FHZEMTIIN 1L EWVSE
b B, WMEMKDT—RCEAMT>212T7I7A7 vy aDET—2ZMA, ¥lz(Q)RXEHWSZ T, ZEREp L
Rr(=FvIFg) D%

p=py+(1-p)exp(-mR= ~?) (2)

i3, TTT. po, M NEEHTHS, £z, ) A% QNRATR T LT, XRXWMEENS,

p=p+(1-p)exp {-mAS*64 1 Q 2 p grX)™"} (3)

CCTpINFEE, g d3ENIHETH S, (3) NIT/NKREKHDOSFEMNZHEHT 5T & T, /INRIKREOR 1128 & 22
FRRDOBRZRE T EMNTE S, e UT/NKEA FATRECE T 2[R ERFHEORFRZR, PSS DM
BXoEoniz1 F ATk A X, MIDWRFENAD B HUE TiE mm-cmy 1 XEHEEETNTEHD (Yano et al,,
2000, SREIGFSNIZRRICK D L. TOHEPADOK 73 1 X Tlk 0.55— 0.8 DHIFAD R EZE D& R bNd, [k
DJFET, ZDMO/NKRIRERMINC I 222838 L hi 7Y 1 XDOBGRZ AES 2 LW TE %,

% 7z Gundlach and Blum (2013F &, BVEMET—2 & L JdV AFIC B 2 BELE T )V S, LIV AEOK 7Y
A XEHEELTWVD, TTT. () RDE%RE Gundlachand Blum (2013D %R Z A S HE S T & T, /INKIAET DKL
FHA X EREEZNTNHET ST EMNTE, ZOMBICOVTERET %,

F—T— RN, LY X, 2
Keywords: asteroid, regolith, porosity
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TIRIC X% SCI7 L—&—OkiH /i DO fEt .
How to detect a small crater produced by Small Carry-on Impactor (SCI) using Thermal

InfraRed Camera (TIR)

RIS i a2 BE Y L SCIF— L3 TIRF—L 3
WADA, Koji '* ; NAKAMURA, Akiko 2 ; KUROSAWA, Kosuké ; SCI, Tean ; TIR, Tean?

VT TR ARERENI T V2 —, 2 i K2R A A R B R A, 3 3 SE 2 7my e 7 b
IPERC/Chitech?Department of Earth and Planetary Sciences, Kobe Univetsigyabusa-2 Project

In Hayabusa-2 mission, a crater will be formed on the surface of a C-type asteroid 1999JU3 using Small Carry-on Impactol
(SCI) and the crater should be quickly detected from the mother ship. The detection, however, will become difficult when the
crater is very small with a diameter of only 30 cm, near to the resolution limit of on-board cameras. On the other hand, Therma
InfraRed Camera (TIR) mounted on Hayabusa-2 has a possibility to detect such a small crater even if the crater size is sub-pix
of TIR resolution, because the temperature on the surface of a small crater is expected to be different from that around the crate
We, therefore, have started examination about the possibility and method to detect a SCl-formed small crater using TIR. In thi
presentation, we introduce the basic idea and the preliminary results of our modeling.

F—T— R @ERRE 2, HZE, NKE, BN AT NS RTEZEE, 7 L — 2 —BE TV
Keywords: Hayabusa-2, Impact, SCI, TIR, cater thermal model, asteroid
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(FRSE 2 « SCIOH FIGIEEER 1 7 L—2—5 A4 XIZDNT
Hayabusa 2/SCI: calibration impact experiments

FIEF U2 1 SR BUZ 25 ik 00 2 (R a3 BRI E 4 B S (R B4 BN 4 AR TH 4
eff 220 4 SR g KRB B4 A NI R BRE A — 4 P RS ER S T R
KADONO, Toshihikd* ; ARAKAWA, Masahikd® ; TSUJIDO, Sayaka; YASUI, Minami® ; HASEGAWA, Sunaé ; KURO-
SAWA, Kosuké ; SHIRAI, Kei* ; HAYAKAWA, Masahiko? ; OKAMOTO, Chisatd ; SAIKI, Takanad ; IMAMURA, Hiroshi*
; YANO, Hajime! ; NAKAZAWA, Satoru* ; OGAWA, Kazunori ; IIJIMA, Yuichi* ; HIRATA, Naru® ; TAKAGI, Yasuhiko' ;
WADA, Koji ®

VREREBERIRE, 2 SR RS RZEGEHEANTIERE, 3 e K22 B AR R el (Y TS eBR B IS, ¢ e 22 e B i,
PTHETRRY: MEEEVIIE Y Z—, 0 2R OV a— XU, T BRI,

LUniversity of Occupational and Environmental HeaRfsraduate School of Science, Kobe Universt@rganization of Ad-
vanced Science and Technology, Kobe Universifigpan Aerospace Exploration AgenéRlanetary Exploration Research
Center, Chiba Institute of Technologypep. of Computer Science and Engineering, Univ. of Afzichi Toho University

EOSE 2 AR T E D SCI(Small Carryon Impactor iZE£ 1 5 cm, EE2 k g, HZEOHRTHS. Th
/N RTEICHHE 2 k mTHESETEREINS I L—2 =D ERRE FETHS. 7L—2—&Eh
HRAERENED K S RIKEE (L, i) ThahZHEET S720IciE, FHIREND N> TV BEZMIC SCI & [Alkk
DGR ZEZL TR T, EDOXIGT L —Z—DPERENZDDNZFARTHELILEDNDH 5. DNOIUIFHIFO L
IKES 7 > T E IR L, 8, TREERIE T L—2—EfNz. £z, Wbz r—)v
DFEERICBNTHICHEEE G T TER I L—2—DY A XEiHNz. NS DORRICOWVTHET 5.

F—T— R ERSE 2, SCI, HZeH 5
Keywords: Hayabusa 2, Small Carryon Impactor, Impact experiments
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TE_%@L/\O)?%%‘% I L—2—ERFER . TV 1 U Z OIS B AR K

?l

Impact crater formation on quartz sand: the effect of projectile density on ejecta velocity
distributions

A & SR BUE L M 2 K T3
TSUJIDO, Sayaks ; ARAKAWA, Masahiko' ; WADA, Koji 2 ; SUZUKI, Ayakad®

VIR RAR AR AGeRY, 2 TR TSR PRE REII > 2 —, 3 FHifi 2 se B Fens SR 2o
LGraduate School of Science, Kobe UniversiBlanetary Exploration Research Center, Chiba Institute of Techndlimgyitute
of Space and Astronautical Science, Japan Aerospace Exploration Agency

1. lFC®IC

BT L—2— RIS TV 2 7 ZOEE 2 BERT 5 T ik, BERKEEREOmEZGE(LZEZ % L TEET
HB. FRNKEDORBIIRA YRR OEEZ SN, REOZERR, E, BHEFE, ZoORFEDEICKDKE
CEET %, 5T, BARYMEROERTOY L—R—ERICHES TY = 7 ZEESHOMRANEETHS. —7,
INREACIZRODD R A TONKENMAEL, TOYMIZZ A TIT KD KEL FR D, JI2E0RE DEE N LT 5 /%
BRITHEEL T L—F—%EKT DL, TOMHAEDEICEST, BREINE T L —Z—0DKEIRIRIZET
5. XZRSE, Dawn FRSE 2 EO/NREHEENESH, NREREICHET 2 EHRITTRENICHEZ T2 5%,
X OMRIRBNIBRIC KD, 7 L—2—EEGRIRIC R 2 B2 E O IENIH S iz hud, BillEhz 7 L—a—h
SEZEREROBIEZ EIIFETE D XKD, FOlzHIid, Z—7 Y Mo OV Z REMNICELE w7 L—
B—IGRFEBRDRETH S, L LEDS, TNET, ZL—F—JBRICHES TY 2 7 ZOME RIS LT, it
EEDMRAFEICE T 2 H i frbn Tz,

Z T T, AW TIIHHIREICERH L, H240 L—2—EKICHES T 7 ZOEE RIS 2 AL E R
ST Uz, ZTD70IC 8 DS D F /s 280 % W CTAI X —7y MR U TEZE 7 L— X2 — Bk 3
otz

2. SEB& - fENTTTE

FERIRITICIE . TEAE 500 p m O HERD, [EE 500 p m X721E 100 p m DA T A —XEKD 3fdfZ Wz, Zh
5 ORI T2 ER 30cmO BRI AN THEEE & Uz, A E72IEH T A — X% IV THEfR U 72 RER R D 223
RIFZNTN, 44.7% 41.4% 37.6%Ch 5, HENEZRET 2 ELEF v U NN—NDOENIZ, <10PPak Lz, £z, Hitk
WIXEREDRIT % FHOEKIEHAL (FAay, HIA, TIHIVIF, I)vaz=y, F2r, g 8. 8 ZHVE, 5L
ERIZITRT3IMMTH D, TOHFEZELRE 10mmDY REHNT, —EBRXBAH AR K OImE Lz, TV 2 7 ZO1EE
IREANCIE, HALDIET A B OB 2RI DEN D . TDDIC2DDOFEREHR T TS, £, ALK
Y RIC K O IEA ADEERAZITNTWS. 51, GEERz7 7V IVRy 7 A ANT, F+¥ 2 \—NICIA
Mo T EAT ZAMEIDAALTIY =7 R ER 5 2 5D%E[NTWS. BEIADOEZLHEE (vi) (X, 24?217m/sk LTz,

T E N 2 ORIk DR Z I 5 T LIk > TV = 7 ZHEN i RDTz. ZDRDITERT Y R )V
CTFA N AT LT, HegidfE 2000-100000 /R TR TR ORE 72 i Uiz, BUS L7274 H 5 >30 Dk
TOPEEV., ZNZNOR FORHNE & i, Z LTl AEORMGRERD 2,

3. KSR EBH

R ENTEEETAERTLY 2 7 AL > T 2MTF2RZ L, BEONEZF A il BEORE LY
WAZTHATIERZOIKDKREL BixB T ehbhol. TV Tk, TV 7 Zh—T7 2 DOMEHIK- & 759
AHNEL B0° BETHO I 2V Zh—T VFENTHRAS. —7, YIVAZT TREOMEILES BEE H—T
M- TRAT. TOH—T VIRDZEEDOHHZFING I2DICR OIS DOV TINTH . ZORE, [
N & A IS DOV TR, 2 TOHIUC BN TEZL SIS VRSN SR I NI HE &, bR R E < il
MEMEZERD 5iE L 22 ON TR LTS EHIA RSNz, ZOMER, mAk48 FBETHD, 30° REETH
FlZhE < Ixolz. L LAELDL, TOMAOHMAMKEICKZKFLEIR SN G0z, T, TV xH—T >
RO 258F, BHAEOEVWHFEKTIZ/ANC e 2R LTV, —F, TV ZHED R —)VH| (0) IV T,
O <6glcm? OFIPHTIE, pldHRAEICHAIL TR T ehbhr o7z, (XD

Volv; =a(x/Ry/#  -XDO

1=0.05p+038 -0

IaDL, h—TVIRIROAERR, MENMOEEDEKTHZZ LWbh>Tz. L LENDS, BICDOWTEA—T
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VHVIoTWAICEMDLT DMLY RICESEM 5T, E5IC. 7 L—2—Y A XO5IEEKF DOV T R
0) D& HBHRNRE -7,

[R(p tUm)'(1/3)]=1%[p t/p pI'0.096 20
St%, & SITJEVIEEHIF TR Y2 R DR RRNC N LT Y o 7 2 ) A DAL A 2 I S i L

TWVWERZLV.

2/2



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gim

Union

U06-P09 23 R AR —2 IRFfd:4 A 28 H 18:15-19:30

FORUARHEIC N 5 @247 L— 2 > 792

Impact cratering experiments on granular slopes

PROREST 15 B RS
HAYASHI, Kosuke"* ; SUMITA, Ikuro!

VERIRRERERE BIARZENT SR

LGraduate School of Natural Science and Technology

E7Ey L—521) VT I3REREOME 2k 2 BEGFBEO—DTH O, ZOYEZHiRd 5 = DIThhiikz 2 —
7y k& UTeRBNFEENZ b T &= (B - Walsh et al., 2003 de Vet and Bruyn, 2007) CN 5 DEEB T, TERE
N3 7 L—2—DFREIIERD I L — 2 — L RARRICEZET IV F—DRELEBICONTHM I L—2—Dh o7 L—
X—ICZb L. 7 L—2— DB BN TIE X D & HIDZEEIGEICIE 7 L— 2 —DERE T RILF—DFK)
VAFIZIEHIT B T eI > T0B, T, /NREOBREDNER, EHICBHRET L —2—DPRAREINZEXIICE-T
Tl MNERBEICHONS 7 L—2—3EH)) - sBE LI OBBHICGLY T2 EDNH O FZEZTNZHRET 272D
HRESER 7217 - 7z (Takita and Sumita, 2013)— /5 T/NEREIZZ DY A R LL U TEIRDE L z6d, RHEICEZRT 5 T
LICEDERENZEEZ NS 7 L—R2—8FAIN TS (Jaumann et al., 2012E LD 7 L—2—1) > FHERITIK
VIR 2=y FANDOEEEFNETH 5720, FHANCHT 5E22I R BTN TOEN, ARELTIE, REOLERA
W L—2—DIERIC G Z % 5872 PR 2 7o DI T 5 TeEZERDFERIC OV THE T %,

AFERTIE, Mt 25cm. £ 18cm. EE 9cmD 7 7 VIVEGRIC IR 0.204mm % 2.66g/cni, 2224 37.2 D
W72 FEEER DY 0.561075 % K D ICFEED TRtk X —7y S 2 EEOERA 6 ElF, ZDO LN ATV LABRDA 287
Z— (E£E 11mm 22.2mm %% 7.70g/cmi, E& 5.50 44.19)ZHHEE FER T L—2—ZEKT %, 7L —&—D
FERGBFAE EEE D A D TRE T %, B25T 3 )LF— EH 0.055Jk 0.073] 0.58JD 3fffH, 040° | 11° | 16° .
22° | 34 OS5MHOAE 158D DFEERZIT> T,

7 L— 2 — R ORIHRICHRIA KT O IRZ L— — 206Gt 2 AT v € T E—2 =T LEMNS 3XehICHllES
%o ZENiEt D RAEIE S S AWK 0.024mm KA TANCHK 0.1mmTH %, AT v ¥V TE—2—IF 0.2mm4IA TH)
{o 7L —2—EMuIOERDILIRT — 2 Dl 7 L — X —EEOREDIIRT — 2 DENHE LG LTI L—
Z—IERIC K ¥Rtk 22— S RIMOIMELEN 2R %, #iE T A E D KZEi7% Crater depth #BHAI /D E E 27K
SE U Te i KiEEREZ Crater length E[177 M O i AR TR Crater width& 9%,

FRETOFER, 0 5% 20° LLEICERZ &V LEFHINS V7 L—2—DF D DD W - iziinhhagtinsg 2 L hnh -
Too EHEEA AT T LTZEROBEIN S, 0 HVRE IR DIV, EZE 0 HIlOR 7 OFEO AKX k%
Mot TNHEERATY LDRUNBGERTH S, Ko, FRTIEONI /L —2— XA AZD 7 L—Z—
OHIFET— % (Jaumann et al., 2012 ik % &, FFEAUDVRHE MK D, 2 = 7 Z AR MAINCIAD 2 sty Hm L
Tz, Crater depthid 6 WK E X 2ICHE> THFRIA G % . Crater lengthz U Crater widthid 6 78 0° 5 22° £ T
BRELZEDERNA 22 Z2HA 5 EHINT 5, TORHE. 7 L—2—0 Depth/Lengthttid 6 DN, E-> T 0.250 5
0.05X TV T %, THUd 0 DRIRDOAIC K > TIEIAL Depth/LengthtbD 7 L— 2 —MWMEKTE 5 2 & 2R T\ 5,

BEIAT—NVDOIIIVF—KIFNZ AE® DIBICREET + v M9 5 & (BERHEEIILF—), 0 V(LT 2 LIk
BARZHOTERL, HaDEMZEL LT, Thid, BEEZETIETFHORA T —Y Y JAZZOXEEHTERVWI &2
RLTWVS,

5 IHISZHR

de Vet and Bruyn., 2007. Phys.Rev E 76, 041306

Jaumann et al., 2012. Science 336, 687

Takita and Sumita, 2013. Phys.Rev E 88, 022203

Walsh et al., 2003, PRL 91.104301

F—I— R @RI L—2U T, Bk
Keywords: impact cratering, granular matter
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PRRE A B2l R O R AR

Size Dependence of Impact Disruption Threshold of Iron Meteorites

BB A R EE AL A M L Sl -2 ERJINE 2 LiuXun? ; B R K3
KATSURA, Takekunt ;: NAKAMURA, Akiko 1* : TAKABE, Ayana1 : OKAMOTO, Takayé : SANGEN, KazuyosHi; HASEGAWA,
Sunag ; LIU, Xun3 ;: MASHIMO, Tsutomuf

L REAREEBEBEEANT IR, 2 T 22w 7 e RS T R A ST, 3 BRAKEE L Z0 8T — 555
!Graduate School of Science, Kobe Universitpstitute of Space and Astronautical Scientastitute of Pulsed Power Science,
Kumamoto University

PRBEAT® M AVNRE DWW DM, ML LIEHERE D a7 RIRFERIRIC T E AV F =)V ZRFEE LT0b EE X
5N%, FHMEL THSHEADREMZEMICHEZETRILES NS X TORM, SKEORMKIE, HEOIRE-DEIGELD
SIR BRI EZERZ R LTI EEZ BN%,

AL TR, HIRT, BmmD S ecm OFREAZHALE U I3EN &9 2 H2enifisziize . H2e8iEy 100 m/sh 5
B km/s DFIF Tl o 72, —DDHINNERRE . SERARRIOE 5 DEZENSREAR K D/ NS VR TREZTT 5 72, KR
gD T=oIic, AF—)VOmZEIERREIT> T2,

PRI AR AT — VAR OB A X0 hid, EADEDERERED . ZORELEDTZDITHID W VRN T
EWRENT, Tl mRABAEEEHIGIE, HALOMEE T3V F—Z2ROERTH > e 3 )VF—FELT xR i
KO A RCEMAFT B T EARENTz, Fkld. BBEAOBINRED RN IR U TR ERIKFEZ D L R0E
Uco COBINGEREZ W THIERERE 288t Lz L A, R EEEIG . Bt N7 aREE 10— 2
RIMKAFET B T LAIRENTZ, EHIC, FEARARPS AT —)VidR O EMAE G S . BIRE TR LS Nzy)iz
FEENEROTRETE S EhRENT,

ARFFEFHRA O AR—=ZX T Z A HEFH & BEAKFZ OV A/ST — GCOET 1 7T LI X D {232
L7z,

F—U— RNKEE, $RRRA, EGER
Keywords: Small Bodies, Iron Meteorite, Impact Process
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E’fi@g 2PRERIA 1999 JUID Y L— 2 — AT TIVDOREE L ONCIC K 5 @il
n] e’
Cra[?[ering chronology models for the near-Earth asteroid 1999 JU3

LR AL 1 BEEH Bva L A2 REE] 2 RH PR S B BE Y IIHE 0 AH BIE S SR HE s BT
ANDO, Kosuké* ; MOROTA, Tomokatsti ; SUGITA, Seij? ; HONDA, Rie* ; KAMEDA, Shingd* ; YAMADA, Manabl?® ;
HONDA, Chikatoshf ; SUZUKI, Hidehikd' ; WATANABE, Sei-ichiro’

VAR KRR ABERE A SRR, 2 BOURAER AR i B R AR ZERHEMEPE T2, 3 @i AR IS FH E AR,

S NTBORAPIEART, ° TR ARBIREM L > 2 —, ¢ ZHKCE, T Bl BRI EGEER A S R BRI R B
IGraduate School of Environmental Studies, Nagoya Univefdtgpartment of Complexity Science and Engineering, Graduate
School of Frontier Sciece, The Universiffpepartmant of information Sciemce, Kochi Universit§chool of Science, Rikkyo
University,®Planetary Exploration Research Center, Chiba Institute of Techndi®gg, University of Aizu,” Division of Earth

and Planetary Sciences, Graduate School of Science, Nagoya University

20144E4T B B FE O/ N R AR TI305E 20 13, CHEUNKETH B 11999 JU3 ZHEE SR E L, ZOY )L
VR=VERERHNO—DELTWS, /Na. NAT =LY T I B KIGRAT —IVOEREE S DIl
RIVF A — VDGR OMEP A ETH S, DFED, ZTOY VTN EDX S EYETH D, 1999 JUSETIZED
EITFEL T DD, Z LT 1999 JUHKIFRD E T THEEN, EDK S (kBT E>TEDOD, ZHIZHHE
W5, 1999 JUIDME(LEFEZHED T, ZORKREROHRIIFHCEETH S, AL, IRRE 2 THELNST
H A5 1999 JUIDFEMEI{RT — 2 h 5 7 L— X —4FERZEFIEICE L DO FRPEZA[HEL T 5 /28I, 1999 JUSEHIC
B2 7 L—2—EMRFA GREERE 7 L—2ESEOMGR) OMRERZHNE TS, o, Bonz7 L—2—4F
RAEBBICEDWT, T#HiEA XS (ONC) 12K %7 L—2—BHINC X B ERERSEOREEZTTS o
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EZERZ—7y MICIERRE NS T+ BT 1 IR « @2eadf o A r— V) > JfiglT
Scaling analysis of cavity morphology and disruption threshold for highly porous targets

B feH s R B R A
OKAMOTO, Takaya* ; NAKAMURA, Akiko ! ; HASEGAWA, Sunad

VR ORAERAGEEIAITIERE, 2 TR AT

!Graduate School of Science, Kobe Universitystitute of Space and Astronautical Science

INRAARIENICEZHUADNEZZ L T DL B 7 L—2—0DIKIE. ZORIKDZERRDEKNE, e, 7 L THEEADORZZ,
W, M, HEICK > TEDLZTENEILND, TNET<O0UWDKERLEMREFFOZ—T Y b (AF. HFA
E— AP, ) ZHOVEHRERMTONTED., 7L —F2—0DFEIRERNFARNSNT Xz, UL, HFEOHF
AFHERH FENC &K D NS D RIKIZIEFICZEBRRDE N (<86%)E DX TH BT EMWh > TE, TNH/IKIK
DIEBIHIC 31T B 1EHZGEL 2 R T 2 72 DITIE E BICKERZERBE A VIEEZBRONE L > TL %, HLAWEZINET
KD EBICEWERREFEDZ =7 MERENZ T Y ET 4 BIRICDODWTHIN2, T L TINE TOMET— &%
Eb¥ 3 & TIRIEOEPOZERREFOZX—7w M TESF vy ET A IBIRICDWTERM U, T, EZetEbric
BOTEE LT 5 EZeisnmE & Z2RROBURICDOWT HEM LT,

TNE THALIZZERH 80, 87, 4% KD X —7 v M lERK L., EZSEENEMEF O A — MV OEZFIEZ1T> TX
7z (Okamoto et al., 2018 FHALUTIZF 2>, TIVIZTU L, TG, AT YL AZANWTERDN, TNHICHXRTEEE
DOF AT yEAEHICH Nz, b Ty 7ORIRE., BRBEOREN NS WIGEIEHEN= Y VAL SO
REWGERI AN THRINHRE N, ARETIEICTOHTROF v ET 4 BRSOV THIET %,

ATHRDF v CT 47 L—F—bHE L, TORRKREEAORZHEROBESRIKD 7 L—2—ZA 77— »J7H|%
HONTEELZECZA, FYy T DRABREANRBELIS A=) 7 I N, R ZNTNE, EHZLEh
SRR E TOMEHE, SALOEB) T 3 )LF—DWIHAOEE T %)L F—0D e L 75 2 FHUINE S BN R SNz, R
E S I EPURBOBE L 72> TH O . MPURBUIHALOBHEORREICKIFET 2 2 &b, HALOMIEN R KEE TO
PREEICEES LT\ a T EHRBE Nz,

REHDF ¥ 7 ¢ OIS, AR, S L2805 DR & OBIRZ Tz, Bilic (EZsdE) < (R 1 i
FRD) TEREINSHBUEREZ, Hhic (Fr E7 0 ) X (Z—7v MRE) | (HALER) OF v BT ¢ Btk
& WM L (Schmidt and Housen., 1987 IEH D+ v YT ¢ OB LAATE 13 EH 2553 E O3E TR S kL
BRSO U TARFROBGD RSN, (Z—7w MEEE) | (AR OHAKREWTHRFHERIT DI DI E Al
Feolz, —J7. MAEETHRILLIZF Y BT o RAREHEE I E B S & IERPIHABRE Tl & XFROBY
BPR BNz, TNSDRFEEHIT., HBREABEICOVWTEONTERFERETFE L o7z, Ikbb, FvEr o
BHEMERO—E LTHREL TWa 2 Ehbh o7,

B NI 2 —7y NOBEEMNTOERONYNICIR S & EDTI)VF—EE R EZEHiEsheg L\ S, EZehiEnges
BZEBRRNAKE VR =7y ME EHEEGRE PR E L RS MW R > Tz, 22—y FOBEREE DOLEA0.5
DEEXDE1.0DBED S HMEZEHEREIII K E o Tz. AFE TR, BEL RIITIIGE O Zehi R g 2 e b LU
TEBHLELDICDWTHERT %,

F—T— R EEFR, DRIK, 7 L—2—, XA 0T 1 THIE
Keywords: impact experiment, small body, crater, catastrophic disruption
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FR S ERR RO > — 7 LS
A consortium study of the largest particle of Hayabusa-returned samples

FHEEZ Y GEL REED AR 22 T V2 R R L 2 EE Y
UESUGI, Masayuléi* : KAROUJI, Yuzurd ; YADA, Toru! ; ISHIBASHI, Yukihiro! ; SATAKE, Watar ; OKADA, Tatsuakt
: ABE, Masanad

LTSI TR, 2 AU A R 2B R IS R R R A I
1Japan Aerospace Exploration Agentepartment of Earth and Planetary Science, University of Tokyo

Hayabusa-returned samples retrieved by the Hayabusa spacecraft were already distributed and investigated in the prelimine
examinations and international A/Os. Through the investigations, several insights have been obtained on the formation proce:
of 25143 Itokawa and surface processes occurred on the asteroid, as well as the confirmation that the particles were certair
regolith particles from there [1-6].

There are several particles, however, which have not been distributed for those examinations because of their rare featur
appeared in the initial description done by extraterrestrial sample curation team (ESCuTe) of JAXA. Though those particles
will provide us further information for ltokawa and evolution of the asteroid, the samples should be investigated as carefully as
possible to reduce consumption and damage of the samples. RA-QD02-0136-01 is currently the largest sample of Hayabus
returned samples recovered from the sample catcher. The major axis of the particle ra is aropnd 3hd weight of the
particles is estimated around 20, assuming the volume V= 4t8,r,r. ~ 4/3r7/(2 /' 2)r, and density of the particle as 3.4
glcn?, where |, 1, and [ are major axis, semi-major axis and minor axis, respectively. The RA-QD02-0136-01 is mainly
composed of Ca-rich pyroxene, and also contains minor amount of low-Ca pyroxene, olivine, plagioclase and troilite. In order to
maximize scientific gain from the Hayabusa-returned samples, we decided to investigate this particle by constructing a specifi
consortium for the analysis.

6 teams were joined the consortium, and following analyses were proposed.

M. Uesugi and A. Tsuchiyama : CT observation of 3D texture and surface observation

J. Park and Rutger team : Ar age analysis to determine the shock ages

K. Nishiizumi and K. Nagao : Analysis of cosmogenic nuclides to estimate the erosion rate of Itokawa

N. Kita and D. Nakashima : O-isotope analysis of high-Ca pyroxenes and plagioclases by SIMS

F. Langenhorst : TEM observation of the dislocations for estimating shock effect by small impacts

L. Keller : TEM observation of the space weathering rims

Currently, we prepare the sample cutting method, and evaluate effect of the cutting and sample transfer on the subseque
analysis. We will report the sequential flow of the analyses and results of the rehearsals.

References: [1] Nakamura et al. 2011. Science 333:1113-1116. [2] Yurimoto et al. 2011. Science 333:1116-1119. [3] Ebihar:

etal. 2011. Science 333:1119-1121. [4] Noguchi et al. (2011) Science 333:1121-1125. [5] Tsuchiyama et al. 2011. Scienci
333:1125-1128. [6] Nagao et al. 2011. Science 333:1128-1131.
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(e as A MATRTOa Y —2 7 LFFRDOBLIR _
Present status of a consortium study of a NaCl bearing Itokawa patrticle

RHE Y PR EZ Y B GE L B & 2 R ol 3 ks 222 L P GERH L A R
YADA, Toru'* ; UESUGI, MasayuHi : KAROUJI, Yuzurd ;: NOGUCHI, Takaald ; ITO, Motoo® ; ISHIBASHI, Yukihiro! :
OKADA, Tatsuaki : ABE, Masanab

LA B FE R, 2 IO EEAET, 3 e o B e
1Japan Aerospace Exploration Agenéffaculty of Science, Ibaraki UniversityJapan Agency for Marine-Earth Science and
Technology

20104E 6 H. /NSSEERERE NE05E ) 1 STHERGE G N A S AT K D RN ikl 2 BRI IR & ¥ 7 (Abe et
al., 2011) ZhL#E, JAXA F 2 l—3 3 vF—L (ESCuTe)Tld. NERRE | OV VT IVF+ v Fv—h 5Dk 70
[\ - G itEsD, BEDHT, 400K FHWIHIRIEE A & LTAEXRIN TV (Yada et al.,, 2014) TOW, fbik
ORI FICOWTIE, EBEOMET LV —Th 50 7TaR—)IUNEE L. BGEHREIICK 2 RTINS A,
AV =T LIEOMG /25> TV, JIAXA Fal—r3a VF—LBNary—o 7 LR D T, LS &
W IN—TZ5E0 . BINT 255 M TRZR R Z KL T 2 AO D HTE N OCafiD 7 a—Zi@Emd LvE L. Z
D7 a—IHl> Tk EED %,

TDAVY =T LGOS EIx > TSR FD—DIC, EEFLT A BIESR 7HH %, T Ok 1~ (RA-QDO2-
0129)I3kifk 40 u m T, FICREANHKD T A BEN S50 ZOEMAIC 3?5 1 m DEIED NaClhi F-MFEL TV
%o SETREHINZ 400D NIPHRE ) BER 7O T, HEEETr A BIEN 7. TOhT 1H7Z0TH %,

REVERRIC BN T, HOFERIEFICH VI OEETH S, HEHIV FI A MEATE, SXTIKHaV RS
A bDEFNY, BITHERAHE UM RO > TWial, TNEDEAN S RO EIXEEEED I 25 129D
EHD RO > TEO, IHIRGRICBWTHIY R4 MEERAD U BMMOKRKTERE . mEAICHDIAE N
7eEZZ 5N T 5 (Zolensky et al., 1999; Whitby et al., 20Q0}EDIE I IZ/KD D> THEH . EHHERE NizRERIK
DORJFC OV TEERIFRMEONS LHRF I NS, T2 EKOIFIEIF A OYIEEL & L EBEICKKATED, &
A ELIFRIC & B G 5 BRI IZEN R TH %,

CORIFOWETETEELRDIZ., TORTFEIENTVAEOHBRIEE AT 5 L TH B, HERINEET
HBTEHRENTGS, HICA MATE LI LL 32 RIA MRERAEED, SWREFRIZIHSNCT ST L HEE
L5 %, HIZIEHWICH/NT, ahOBEA DO TR E Nz, WIIIKGROENRZ R I IHHRLE T 7 & 129 DIgHE+F
J V12908, BHEOE DN ETOMERETIEHE L, BIEDRT. T O/ NaEEORERIVEIRZ AT % T & h3HK
DYEREEGEHLE LTEZSNTVWSDIE, OD)ENSOKG T LT F5y 7O, (2) EERE» 5 OKMGENY ™~
Lo, 3)EEXBEOTHEILEOEE., THS, (1), (3) DAITIIEOBEYF 0B @S FIEMEEEL. (2) D&IciX
L—HP—AF NEEBEIEHC K 20D ETH %, ohratlie LTid, NU Y L2 N TR BIAATZIESS, & F
NV DR E OBREARNC X 2 V) N— )V Hnic X O MEBBIRTFERZH#L L, AFROMEONICEE TETH %,

ZEHR

Abe M. et al. (2011) LPS XLII, Abstract #1638.
Whitby J. et al.(2000) Science 288, 1819.

Yada T. et al. (2014) LPS XLV, Abstract #1759.
Zolensky M. E. et al. (1999) Science 285, 1377.

F—U—F: A AT, NEE R, Oy =27 L
Keywords: Itokawa, asteroid, NaCl, consortium
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TV —=R8ZATA N ATRAD ITRTTAEEIC DN T _
Three-dimensional structures of aggregate-type Itokawa particles

RHGEY, P EZ Y BFEL D @RS, LU a2, Ak 2722 ME i L 250 EE !
YADA, Toru'* ;: UESUGI, MasayuHi : KAROUJI, Yuzurd ; UESUGI, Kentard : TSUCHIYAMA, Akira? : ISHIBASHI,
Yukihiro! ;: OKADA, Tatsuaki : ABE, Masanab

S HTZE TSR FERAE, 2 SURS AR AR AR, 3w R A S v 2 —
1Japan Aerospace Exploration Agent@raduate school of science, Kyoto Universityapan Synchrotron Radiation Research
Institute

NREERBICIBOTE, EHZERZ UK U RENC X B ERE AR EIc K 0 AU LTV ZRFDMEEL TV 5,
ZDOHOERERINZ RS T & T, PUNRIAR, Z ORI RADOYIE L ZNERET 25 T EMHIKk2 EEZ BN,

N RAERE 35T ) 13 20104F 6 H. SEIDOHIERIH/ KR A b A7 70 B 2ROk HIERIC /s & B 7z (Abe
etal., 2011) T OMUNRIARED L TV AR FOHTEM/NEHEER DA (7 7V 75— b)) 241 TOR I DWT,
Z O 3LTHEEZIHS MM U, A& IMERORT 10 3 JUTHLE & Z DIEHGRIEZ T 52 2 Lick b, ZORFD
TERRERES 2B 5SS 2 DWNAHIZEDOHMNTH %,

AWFZETIE, YRR E Nz 400ERE DIZ0 S S ITMERI DN, JAXA DESFEO N 5EENTZ 5 D07 71 7'—
2 AT A N AU (K% 55-128 4 m)ICDWT, T HEDE CT DFEZ VT 3RehiEfi 2115 72, Mo khE
DT Z V)7 — MRIFORESHE CT 2175 1. WUNSHES 2w RIBIRDZE(Lr A FE 5 ik % ik R L 2 — O NERIC KL
FHE LTz, T SPring-80 BLATXU ICBWNT 7keV., 8keV D 2 FiD T 1 )LF—DRGHEZ RS L, B 5N iiEd
X 8572 TCICHHERSIC K D 3UTNEEE 2 TR T %0 TNTNOZIRIVF—IC KX ZHIPID X $RRINRE D7D 5 i
Yk kB3 2 A AIEE L /2% (Tsuchiyama et al., 2013

BIE, BUET— 2 O HEIC X B TH 5, 51813 DT —RE IS IMERKI+D 3 XothdE % 5 M L,
Z OGBS DOWTELZITS TETH S, Fio, MR FREIOHMIIFEZIHSMCT 8IS, ZTNHRIFO—BIC
DNT, BRAA VE—LINTHEBEIC K OEEY R Z/ER L. ZREMERR 21T TETH %,

ZECHR -

Abe M. et al. (2011) LPS XLII, Abstract #1638.
Tsuchiyama et al. (2013) GCA 116, 5.

F—I—F: A MATNEE, 77U — &, 3ok, et CT
Keywords: Itokawa, asteroid, aggregate, three-dimensional structure, synchrotron CT
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Itk KOV VERIY) 2 3313w 5 S ik o O > — 2 77 LilgE
Consortium Study of Troilite and Phosphate-bearing HAYABUSA Returned Samples

FEEGEY PR EZ Y RWEGED kG 22 T 2 R R L 2 EE !
KAROUJI, Yuzurd* ; UESUGI, MasayuHi : YADA, Toru! ; ISHIBASHI, Yukihiro! ; SATAKE, Watard ; OKADA, Tatsuakt
: ABE, Masanad

LTSI TR, 2 AU A R 2B R IS R R R A I
1Japan Aerospace Exploration Agentepartment of Earth and Planetary Science, University of Tokyo

HAYABUSA returned samples have been shown as Itokawa origin by the preliminary examinations (e.g. Nakamura et al.,
2011). Furthermore, international AO study has begun last year, and a formation process of asteroid Itokawa is becomin
revealed.

HAYABUSA returned samples are described initially by JAXA Extraterrestrial Sample Curation Team (ESCuTe), and a sample
catalogue is prepared based on the data of initial description (e.g. Yada et al., 2014). More than 400 returned samples we
described so far. These described samples are classified into four categories. A number of samples of each category to
distributed for international AO are decided based on the sample catalogue. But it is difficult to distribute such samples with rare
characteristics in composition, mineralogy, structure, or size, although those samples should maintain scientifically importan
information.

Therefore, in JAXA, ESCuTe started to organize the consortium studies in order to obtain the scientific information as many
as possible from these samples (e.g. Yada et al., 2014; Uesugi et al., 2014). In this paper, we report the research plan for tl
particles mainly composed of FeS and which contain phosphate minerals.

RA-QD02-0245 composed mainly of FeS (40 micron) with smaller attached olivine and pyroxene grains. This particle was
analyzed by X-ray CT at SPring-8 for 3D texture without atmosphere. Two ultra-thin section will be made from the edge of
this particle by FIB. The ultra-thin sections will be examined by TEM in detail for space-weathering effect on FeS surface. The
main mass of this particle will be analyzed for chemical composition. Especially, the siderophile element composition gives us
information on the formation process of Itokawa parent body.

Some particles including phosphate mineral were found by the initial description. Because Ca-phosphate tends to be enriche
in incompatible elements such as REEs, Th and U, we propose the investigation of U-Pb systematics using Nano-SIMS in orde
to study the history recorded in the phosphates. We will perform the U-Pb dating of the phosphates as many as possible and ai
to understand the thermal history of Itokawa parent body such as crystallization age and the catastrophic collition if recorded.
Keywords: HAYABUSA, Itokawa, troilite, phosphate, siderophile element, U-Pb dating
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Bundler& PMVS27% i\ 7z Structure-from-Motion#: i & % /N E TR IRHEE T
Asteroid Shape Reconstruction by Structure-from-Motion Method with Bundler and PMV

TH K RTINS E 2IBIRE TV MRS V—T 2
HIRATA, Naru'* ; MORI, Yohei' ; HAYABUSA-2 SHAPE RECONSTRUCTION, Study groéip

LR 2o sE27/uye 7 b
LARC-Space/CAIST, The University of AizdHayabusa-2 project

ERRE 27T 7 MBI A/INEEIRET WERTFEDOBE Dz, =72V =X LTREN TV BEIR
ey — VORI 21T - 72, FfE L7201 Structure from Motionc & 2 ARG CAYATREZR Y 7 b Bundler&, TN & 17
U CEfMGEDIIRE T IV R ERRTRE/R Y 7 s PMVS2TH 5. IS SHEBDEUYG LTz, /N&EA M AT OEiGE A
HE LT, miEdY = X BIBIRETCZITV, BHEDOIBIRET IV E T % T & TR, fRSS7R & 2FHIi L7z, Bundler
& PMVS2IC KB IRIE T, ddA NI TH O, M, FRSED M TEEAYIHICRE & 2wz LT 5.
X O SRR IRTE 7 )V shape-from-shadingPBR[E 22 A7 L A 72 EDMDTHEIC K > THER T 208N H 5.

F—"7— R /KR, FEIRHEE, bundler, PMVS2, Structure-from-Motiolg > 5 & 2
Keywords: Asteroid, shape reconstruction, bundler, PMVS2, Structure-from-Motion, Hayabusa-2
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173 % 22 [ ) R RERE R O X G R ERER _ _ _ _
Feature matching in planetary images with multiple spatial resolutions by using SIFT
algorithm

INEEZ Y RH B
KODAMA, Hiroyuki' ; HONDA, Chikatoshi*

L ERHERY
1The University of Aizu

This study uses feature matching in planetary images with multiple spatial resolution. To know where lower altitude images
are taken in high altitude images is performed based on images without the position and attitude of spacecraft in this study
The lower altitude images of AMICA on-board the Hayabusa spacecraft, asteroid probe are found as a correspondence of imag
features (keypoint) in higher altitude images. We adopted the Scale Invariant Features Transform (SIFT) to represent a kind c
key-point of image for image feature matching. In generally, the SIFT keypoint is robust to scale transition, change of lighting
condition, parallel displacement, and rotation of image, so this keypoint is suitable to feature matching of planetary image whict
contains of scale and rotation between different images. As a result, for the improvement of accuracy of feature matching, it i
important to have a preprocessing of image (e.g., equalizing).

F—U— R B, SIFT, MR, AMICA
Keywords: planetary image, SIFT, feature matching, AMICA
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TARADT)V—"T  3RTexy T el 728 U T B BOBFE DO H#EEX
Grooves on Phobos: Spatial distributions and their implications to the formational mech-

anism

A th Al b R gE
KIKUCHI, Hiroshi'* ; MIYAMOTO, Hideaki!

VAU B T YRR
1The University Museum, The University of Tokyo

NEBOWHRETHS 7+ RAZTRICRGOHELUEFHRETH S, TETIE 7+ RAGHEROEHRE TH S A 132 Bk
HIEFEMEREIN TS [1] D, TOX S A CHEMNMAET 2 -DICRFERELZE 2 5 2 LIk, —RICHEZHR
92 LTHETHD. FCOEIDR, TRLEEHBOZEEZFTANL [ TERVBELIEZKKTHS EZONS. HiE
SR 3000 D S fMBFEHENER-EINTED, 7+ RARRDLEZ L DERPEIGFEN TV E/NKkE T T

T+ RADEBTRONSIFELZEHOOCLDELT, VI—7 LMENZEFRIROFED X 5 siBENRTF 5N 5. R
BERC LICNEDE > —DOHETHEEA TR, VAKX, AXRT M, WENNFGA—ZTHELULIZE#MEL->T
WAICEEDLETII—TRE3 2 AshEy. 20NV —T3 D2 DO/NKIKICERENZMIETHED, EEITH
BERTHRIAIZ K S Do T0aRW. ZOEOHHREL L DERMISN TS T+ RAZHN T IV—T7 DIEGEREZHH 5
MTTNE, IRASEROEXREEEROMICE KL EMTSEDEEZONS.

T4+ RADT )N —T DG E LT, il 2 Xotdhe K LTy vy ¥ 7952 8T, KEDHEH RTHELIAT Y
BN REZEE LT T A RAKCEZEL, TIV—THBER LIz T 2P RLFANNTS 2 LrENz[2. LhLAED
5ZDRTIEA Y =7 ZWNERIRICUIZ TN ERJPEERIC 7V —T e S VWS ey I alb—r g vick
DIRENTZ [3]. D=7 IV—T OFRINIIE UGS R IEFEE LR, ZIV— T OIFREMNFMZ M BB, 2 otT—
RO ERCHEAITH BN, K7 IV— 7 OISR SETEATLES DT, EBNAERETSEHICE
HLOTFENMRDENS.

Z T THEA W ESE SR T8I0 NT 52 & T, 488D I —T DN ENESEHEL, TNEET +RAD
IXTTHEUHICIRE T IV FICRE Uz, ZORR, SXRTDIINN—TM, e Z—REMTIGIRCHZ BT INV—TTH->T
t, TNETNEEE LOOFH LICFEL TV 2Rt Le. @8N TREIC R > 2 & T, JIVb—71FE
IC 3HME (AB,CH) ICHHTES T Ehbh o Tz

ACHIZ ) —T DIFET Azt Uiz L 25, TOYmEehEm & i ram & g —3d % 2 &b o Iz
5 CHGER M B AERIRICER 2/ MEH DY T A R ACEHZE U a 51X, MiZeR IR MR OREm D bz & T
ATERBEWVWT EARENS. TOMGHMEEBHEHED I EZ IR LIz &, FEULEEAYNH S Z ehbhoTz. &5
2, MBS RERL, VIV—TORESR 3XTETIVTYIaL—hLkE &, BIEH L MRS RENES N
fz. DL EOFREREZRN S A,CHLZ )L — T3 0HE D /MG DVEZE L2 2 & TIER S N & E 2 2GR E R T
B2 L TR T2,

AN DNEARIRIC A A TOW R IUE TV —T & U TEEE e, i c & o RIADHE S N, MRS | EIEXE

NBHERIE 19944 ICEHE Nz a—A—H— - VE—FIOHZHENFENZINTED, RLIINETEZDE D HRIHEH
HETWBREEZ, B I al—ra vy EROVTHRIZ Lz, f5R, W@Y)s/ 8T XA—27%5 2 UM OGE & 7 +
RANRZFET B & T/ MEF DREIRICH | FIEXEND T L 2R TE . IHICINDEATADHE 32 L I,
IR DEELL T LEY, EREFEEBENEWEREZEBLZCENTER. CNEINV—TR 7+ RACH>TEAE
A WEIIADO—DICR D 25 EZ BN S.

—HBNEENS BRI —TIcDWVTIE, ACHRIEIRTETHL pitchainh®banc EDMEERENTED, &
SICHADREN LIz A, BZEAMMNT A R ADOETHNE TS L, F&AED B RIZILYERIC U 7RWEH
MHZT ML, 2O M BELITRRA IRRGERZMES, BEEL, DR e E 2DDREMNZNZHET 2 D
TH2EEZ. TDIBO—DINBICHDTEMAE LT L THIATEZ RN EZ R L, FFHCCDT AT T
37 A R AR ZM5e T 2 B e 2 R Uz, A DIGIE T + RAD T )V— T 7 ARSI T &
ZEMD T, WEZNZBEI D RADHEES NS C L 2Y)D ORBT Z2EELIICRS EEZ SN,

KEHTIE, THRADTIV—T RN EIEERZ L T05DIE, 7+ RADRE BZRISGEVWKRAETH> 727280 ThH
D, 74+ RAREONETHS L ZFIHT 5.

=BG

[1]Craddock, R.A., 2011. Icarus, 211, 1150-1161

[2]Murray, J.B., lliffe, J.C., 2011. Geomorphology. Geol, Soc, Spec, Publ., London, pp.21-41
[3]Ramslay, K.R., James, W. H., 2013. Planetary and Space Science, 69-95
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PREL Al & 75 2 BRI B5/ N oD RLAR S B

Visible wavelength spectroscopy of sub-km-sized Near-Earth Asteroids with low delta-v

HE A AR IER? &R 2 BRI E Y 25 EE 4 W 4 A2W KA S P SO 6 RS 3E 2 A
3 S Ef*‘??’, EH??ChmYoung Juh; J5i8 SRR 8 )1 E A

KURODA, Daisuké* ; ISHIGURO, Masaterti; TAKATO, Naruhis& ; HASEGAWA, Sunad ; ABE, Masanab ; TSUDA,
Yuichi* ; SUGITA, SeijP ; USUI, Fumihikd ; HATTORI, Takasht ; IWATA, Ikuru?® ; IMANISHI, Masatosh? ; TERADA,
Hiroshi® ; CHOI, Young-jur ; WATANABE, Sei-ichird® ; YOSHIKAWA, Makoto*

VERIRSCE WA IR, 2 ) )V KRAYBISCAR, 3 BN RSB NT A BHAR, * iz b e pns 5 iRk
EWFIEHT, ° BROURZERT IR R AR, © BOURSER AR AR IIIER], 7 EDOCTHRAMIZERE, ® Bt EARER
REEREIANT TR

1Okayama Astrophysical Observatory, National Astronomical Observatory of Jipapartment of Physics and Astronomy,
Seoul National University’Subaru Telescope, National Astronomical Observatory of Jdastjtute of Space and Astronauti-
cal Science, Japan Aerospace Exploration Aget@yaduate School of Frontier Science, The University of Tok@raduate
School of Science, The University of TokybKorea Astronomy and Space Science Institd@®raduate School of Science,
Nagoya University

We present a unique data set of the taxonomic type of near-Earth asteroids (NEAS) accessible with available spacecraft.

The research on NEAs has entered a new phase thanks to sample-return space explorations together with state-of-the-art la
ground-based telescopes. We made observations of twelve asteroids with Subaru, GEMINI-North, GEMINI-South and Okayam:
188cm telescopes. They have low delta-v orbits with potential to be investigated by manned/unmanned spacecraft. Also, ten su
km-sized bodies are included in them, and are one of remarkable characteristics in terms of an evolutionary scenario.

We find that eleven asteroids are classified as S-complex and one asteroid as V-type. Most S-complex asteroids (eight out
eleven,~70%) have spectra similar to subgroups of Q or Sg-type, suggesting that these objects are less matured against spa
weathering.

In this presentation, we show their spectra and discuss dominance of S-complex asteroids based on the previous research.

F—T— R /NRE, AT, AXT BV
Keywords: asteroid, visible spectroscopy, taxonomic classification
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Zﬂ%%d VRAKRDFE R & E BTN R E U 7o rIRIAR T )LV 2 — DO BFE & MEiE
FI'Development of a wide-band optical filter optimized for deep imaging of small solar-
system bodies

B E—BR U VEIL JEOR Y ) BERER L oA gl b A B L )1 B2
OKUMURA, Shin-ichird* ; NISHIYAMA, Kota! ; URAKAWA, Seitard' ; SAKAMOTO, Tsuyoshi ; TAKAHASHI, Noritsugu'
: YOSHIKAWA, Makoto?

VERANR=A N — Fipe, 2 Tzt s rg
1Japan Spaceguard AssociatidBXA

KBFZRINKIED K 51T KBtz st LU TEsd RIKROFERBI, MEfEBINC R b Uz afRIAH T ¢ )V 2 — 723G
BUWE LM 21T > 720 TWIL 7 4 )V R — ENF Tefiiat D T ¢ )b 2 —IZ i, FHTKERRF bV 7 LMD 8%
WMETRIEES>TWVS, (1) ATHDEZLRBVNAY REOREICERLTWE T, (2) KBEARTZ MVD [T %
kB OE—2713 63504 1HB T &, (3) 2 < O/NEREIFATHDE DI ERIFIC BT 70004 FifIC RO ¥ — 7 h
HHHE, RHEMEICH 7 4V EZ—Dhy MFUIEER Schottd S A7 ¢ L2 — T0G590Q Zfifd % &ic kb 58804
WCRELTze — /7. 1w M A TIHEIX OHTEHDE,. 94004 125 2 /KK OWIGE 24 LT 94004 & L, THIET
W X O Rk 72,

CNETHHL T, TilRGOEEN Y 87 12V 2— (W7 1)L —, 4900-91001) ZHHT 25E LA, WiT«
WA= KD ZEDIHZ T ENTHEDEDGEDHE 5 AN D OFGEDEITH L TE 10-20%% 5 9 C &Rz, /)
SMEBHIFFCIBNT, W)V ZR—EHRTWI 7 ¢ )V Z—35E 8 ERPZ 169682 LTWAICEDIDIDLETWI 7«
JWER—DFHIC K D/INKEDOHS1T7 5 7 2 3% A 1z, FER. W7 4 )L X —DHIIC X b /KB B OS5 5
MESLE AT 6 %I EEB 5T N TER, RZEZH CCDD X I ICEREN TEEDE W CCD 2T %551
FEslckEhdEIESNE L EbNns,

B
Wide-Band Optical Filter Optimized for Deep Imaging of Small Solar-System Bodies,
Okumuraet al. Publications of the Astronomical Society of Japé#,47 (2012)

F—T— R A, KB/ INRIK, Y6, IR T ¢ )V 2 —
Keywords: optical, small solar system body, light pollution, wide-band filter
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1Z 5 5 PEFEREOHIR T
Prediction of Phoeincid in 2014

TR HAR L Aok B 2
SHUTO, Hironobd ; SATO, Isad*

VHARYE, 2 HARCER

INihon Univ.,2Astronomical Society of Japan

1956FIC KR L7213 5 89 R ERNE. 7T >/ E A (289P/Blanpainz BERA L I B ERE T, 20144 HH
THUREMED DS, 7TV ERIZ, 1819FICEE L U THRAINTLLE, ESREDNTED, 1819FIT/\—X k
ZEZ LIAREMDNE A bNd, TDzd, 19564FEDOKHIBIE. 1819FED XA+ M L—ILOERICK 5 EDTH 5 ]HE
HREZ 5N, SEOHBEOAFEEICONTE, TOBEDSHHDEDENT VS, £z, TV VERDEEN
BRJE AL 5.274E T, RE L 94 DHIGEARICH D . ISHEFIAND 5, HE> TRENZ, 20514FIC KT 2 2 e W TREX
nTtwns,

F—TU— R RE
Keywords: Meteors
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N RIKT2 JORS B 2 IREIR G A EYE

Solidified and mixed materials on Asteroid body

VR PR L
MIURA, Yasunori*

LEINAA R
Yn & Out University

AHREROL ST LDHENS,
1) /NREOWIZEIE, HIBRNIV RO AIMIE O T 2 Fic HEA Rt L T N5,

2) /NEEDOXREYIEHIFHERDEAS AT DR TEZ SN TV A A, HEROFEYIHS & & 7 CYIERIEEZ LS DT
LDV, UL UNKEWHIZZIREZES LTI E 2 ST EMMEE TH %,

3) /NRERIKIZ, WZETARIEARIC X O JEERERT TR EN TV 2 DI, ki F-E2E CRIEARAI R S HES T
E5

4) NER DZARESHEARYIE DN ERFR EIC K D EELNTICTRIAE ORISR S NS TRENEDH 5 .

5) /NSRRI A D HIBRS 1 L TE D 75 5 T & DA A U ERIEER Th 5, HBROZBIC N2 EAA (X7
RVARD P, DTN A BBIEREDERE N TV B DT, A A U EETHAET ZDI1E7 IV A4 (Na,K,Ca)
MLV, NRERHOEAIZ, EIERADERDT-0, A 4 EE T 57 A B (Si,Al) BB S N3 < muHtIck
5T EHEW,

6) HBRDEZEE11d, A DT A G T2 O THIBRD RIS L [ CA A4 VEROPE/RT T N2V, Tk
AFUIY 7 O C /& <L SR B ORUSDIRIBIC K B R 745 B OIS NI ERIEDENTH %,

7) NER OGRS - BOKKIATH 2 DT, ERICHEHBIZRE N7cZIREEH AR & E2¢ Uah 5 2R
RE T3> TRIFIERS %, TZSE(EE ) Z2R9,

8) HHERBI RN/ N&ER & W] CIZEIE R CABRIZR I A BRI TR L T %, WERDIETTRTIAD KRS L (EX

29). K& B U7z KB 2 B S % —IREEE OIEERE 2 R g DT~ 7 1 Eamdh et LT g, hEEIIE=IR

ﬁé?}ﬁ?lybx@ﬁ:f&p@“( R ZREEZZRIC & B X 7 a BE LI DY ﬂ*!%ﬁ$¥ﬁﬁﬁfﬂf%®i%éﬁmi Tl HERA
DR B D AEHBIER S N %,

9) /NREDZIRREEE BRI XTI « K60 FHERERFICIEREL UZEIR T, ARSI N TEE Gt U CREk
{LER o 2 A IR U= B A5 2 2 LI 50T, B TOZF OB ORI EINIZET ZRXETH B,

F—U— RNRE, B LRSI, JEREEL, ik, A4 @R, X 7 aRELAmE

Keywords: Asteroids, solid aggregates, amorphous materials, fluid, ion bombardment run, micro quasi life-like materials
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SIVTA 237 MMREHIC K B H E/ERDFC _
The Origin of The Moon and The Earth in Multi-Impact Hypothesis

iy
TANEKO, Akira'*

!SEED SCIENCE Lab.
LSEED SCIENCE Lab.

RIVFA 28T M & % H & HiBROERE
TR, HipRE H ORIEANOHHRE, TRCRERM & RN — RO R T,

(1) Arri, HIERTIE TLEELL S OEYIRGEED I E Tz D2

(2).FAIE, AMEary Roo beMbaETaY R4 b - SKBEADMEESIRES 5 0?
(). i, /NEEHTREEISHENGD Tz (HEHD) Oh? A S ATEME LT Tid?
(4). EREEEEH OME R 2R 2, H ERBIEOA Y VR Z R %,

(5) AT, JFAREE - T IR L Te D2 = REHINC X B PUEZEIE & @Ry 1 K %85,
(6). KEHBNC X 5L TWEDRFROBIIMN & ARREGTIC K 2 WY )11 K % i,

(7). 7L—F 77 F =7 A0 PlatefiiiH g &, MR DO TR R ORI Z H2 5.

(8). KPErpH) & PRifg T Dbl &, BREH ) Dk 7z it

(9) AT, XAVEY RIA T T 7V BB E NTzDMN?

(20).fafill, 7RSS (K—&) WEETWBEDON? =TT 2NV T L Vi DR
(12). RERIRHEDEIHOF I, T DM LI Z2E X 2,

(12).fafif, NBEOEERE (FIINKRE) DU T A FETHZDN?

GERTOINAT Y MA 280 Miatid, AZ2E5 B0 OMRTH%.
HERNOKEY A X7 H D FIREEE DY HERNOBIAEZRORIR TH D |
BICADNS Y PV EN KM 2B L T0ERITITH S, ThdAY I HIVaEE R T .

IR S IR —FE DY U AMEICHEE Uz, b L7zs 2 503, REEBNIC X O FBAH#nEDMREHE LTz,

IRINVF—REDBICEME —ETHS. I DRORIENL, KA ER L T 5 ZFDOHEIEARE TSN O TR
9.

Y IIIARE L ST B IERC, REDOWW I THEHE Uz, ZO< > MUBER DHIBRICEZE T 5 2 2ic kb, ADERE
niz.

T BHIBRADEZE U 7= MBS AEEIC D . L — MERAZORE L It 77,

ISR ZIEBRDRIVFA VN7 N THEEBO EEES RS Nz BET— A 2 N OR.NEKBERHE U S HTEH O
WE EHEES LS.

IRIVF=HRENTY MUEFIRETRICAD, ELEERELRI TV v FHIdNEEANCTRE L TKEIZER - Tz

Y I O DAREANEZE L T, ZNDHAREDKFRHMORIR L -7 & BFMIHEE LTz,

MMELU TV BHIESG - AFREA - G8EAO S, KR bEIY RSA R EMNMEELTWVWSEH,

Y U ADWNKERFICEET S LWV S FHFHIE, BBODREIZ ZDRIICK D ITEBIHETE 5.

RIVFA 2N FRUIEER BBV SFERORN L 720, N 70 % 2 D ZHHTEH D, 7L — MERBHAOEFE
PR T E .

T ORRICIVFA %7 MREHE, BZ1ES 720 Tla S HIERO IR E i —ANCEHI T = 5.

& U/INEE A S AT SHROEG2ENHER T ENE, RIGHOGAICE 55 L Bbns.

F—U—F: LT EE, AREOEE), &5 OHLEZE, NEHO—8, T« —7 7V = GEE#IE) | BRI

Keywords: Serra tidal disruption, Perturbation of Jupiter, Orbit transition of Serra, Match of the planets revolving surface,

Feedengue zone (integrated range), Origin of Deep Sea Bottom
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7 V7 % Future EartD EEE
Importance of Future Earth in Asia

2k 17 1
YASUNARI, Tetsuzd*

LR B U ERERES 22 R 22T
!Research Institute for Humanity and Nature

HADHRRIFEZEDEE D TH B International Council for Scientific ICSBIBRIF ) & ASUHEARIFEEDHET H T
& % International Socieal Science Council (ISSEEF tE =R Aaks) b & 7% > T, HERERERZLIIZE & FrvinlseZx
Bk 2 OREERZ & & U Tz Future Earthe W 5 T LW EBRGREHA D EI E D DH 5, 197040 5 HIBREREE O fa i
SEIELMETEBMEINTERLN, 21T A > THLHEBRERBEZE L TR A>TV S L3V ARV, RBZIEHN
AEEhnOMEHNC [l 72 EERAREL D flA 2 58 THIEREE(L ) ~NOXRGE, EDOLN TV AL HHH, KA. K
SURKIESAE, AERER O & BRI 2R L TIRE D EZHEL TV S LW > TEI| S TldsW, Future Earth
W, HUBREREEZA b2 GEINICERAR U DD, Rt aTRE/R NSEAL S OREERIC A T, (78S 720 Tl a2k LTiTE)
ZIRELTWVWI I LW RHATH %, AT, REICDOWZIEH D D Future  EarthD i #kHE & BIEO )
EEEAL. 5%, HAEL LT, &9 Future Eartic i s LTV RED, &< I Future  Earth® 7 V771 1) % BB
2D, 0 DREELEFD TN LIz,

F—"7— F: Future Earthy” 7
Keywords: Future Earth, Asia
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HBERIRIE(EY A7 D L—RA T EH=0D U X7 Al
Trade-offs in climate risks and societal risk decision

{05 % 1
EMORI, Seita*

LN BRBEE ST
INational Institute for Environmental Studies

EEH SR BIHHSSINC BU) 2 EFASE T, IRIEE RO EEE E U T [P bz s I R o E AR A
2 CULNICMIZ 2B DXIRZIT O BN D 5 | LWV IO EEEINT VS, WEHFEQ HICKEZEI NI IPCCH 115
HREROH 5 GRS EIC L AUE. T DOHEEE 500D ATHEM TER T 5 72HIcid. NENS D BIERICH > THIHT %
T BIRFE DR R 300 GICREEICIZ 2 080 B 5, BIfEOH RO &I HRM 10 GICFE TH 2 DT, RKICB{ED
PEHENMBER K L LIEE T, DID 30ETTOFHIRIELTLE S, 12°CUN] DHEZARK THIET D THNUE,
RO LR B EE TE SR ECHICDICHE U X8, SR ZHRICEOIIED ) TyuhhidE 50,

IR L DB OV TEIRICDOVTEEZ L OMIENH S D, TNEDORKMPTII K EBAREREDD B, HFLFE
SIRT M2°C) ZBZ BIEBIEDALHERERERICEARY A7 R E 53 E . BUEMRPEHERRON SR AR5 IC
EARV R 2859 0OME, BRESTERICHERETE S NXWiEy, £z, 20X %Y X7 OFREOMA 5 I1EE, H
ok, HADEEL BB K > TRAD, BB tERE LIz LTE, MIEMNICHERZ LIz LTh. ZThENOHE
T 5235 N THET S]] ADWVELEEAS, EHIC, RIBLORER L S5HZ 503 A 2 EEOMETIEx
<, HRERP® EESRFERIARICH LA 5Nz A ZICEDRBLERD LI E V- T, NI K > TEK S MiE W
MBD > TL %o FEMEDFFOHMHERZ = OMEHINT & 525t % 2 Lic kb, RINEEHEED WV & [ARFCHS
ICBFHMFERE @WK S REEREZEMFEZ TSI TIREND B EEZ 5,
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e - EHIC B 2 E=2 ) V-2V T-ET Y Y TICK S MRV Y A

7 I
Integrated MRV system using Monitoring-Sensing-Modeling in Tropical Peatland and
Wet/lowland

ORI Yot 1 5 TS A 2
OSAKI, Mitsuru'* ; HIROSE, Kazuyd

VARHRE R ARG ISR, 2 IS N T o A T LN BHFE R FHEER RS
I'Research Faculty of Agriculture, Hokkaido Universitgarth Remote Sensing Division, Japan Space Systems

HHER ISR T B BRI, BEICT<V 2, HRT TV N, Hm 7 V7 ORI, FRic, hxr &,
AR bT, NI T7Za—F7 THET, ERXGREERELT->TWVW5, i, W7 V7 IKIMKEHERENRZ L, B
R, (EROATE, KIBEEBANOBHRLDEIGHR & W o TR LTS CTEETH %, TNHEEEL. +
BEHIRCTHRE OHAERDHEL L, ZLDNAEES TN TER, TOXIRVAT LR, N\—HAREAER, HAE
TREY MYRERREKT, AVRYT, XA, v U=, AV RRYT, IL—=7, TAUVEY, NVFTTTY
VicHEHHENE, TOKIIC, RRPIEEH T, REBER CHEHEMIC M) THEEL R TH S, UNFCCCOD
SBSTA38®T—7 > 3w 7T, Bk, InFEE (x> 7 a—7 ., B, KA L% SEEREERRE O, &
TEHEREL TV 5B,

aXRYN—"72 D COPISTIRIE(L T A DL RER N 5 D HFHIT 95 MRV GHAI - % - MEE) Dfzdic, VE—F
Lo FERED L) VT RRET BT EMRO SN, JST-JICAD SATREPSYO Y 27 k [V KRR 7D
BVRTEIR « BMIC B B MK EIREBEH ICBW T, IXUN=720 COPISESICZ S MRV ¥ A7 L& H U HEEK
DTHER L., REBIYVEV VT ERET SV VAR YE VTR L, AREREETTIVE RS> T LHFEE NS,

F—U— R Y MY AdE Gl - W - BEE, Ly R 7SR, B, R, @ R A e
Keywords: Satoyama Ecosystem, MRV, REDD+, Tropical peatland, Wet/low lands, High Carbon Resorvoir Ecosystem
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AR Y — B ADIRE & R rlRe A M HICEE 9 2 EFR AN F > A DR _
Current state of international governance on conservation and sustainable use of marir
ecosystem services

JURAST 1
YAGI, Nobuyuki'*

VIREURAR B R A R R AT TR
!Graduate School of Agricultural and Life Sciences, The University of Tokyo

BOEA (TROBIFFOLRERYT —ER) ZEEFMGESNETNCER L, F@EfHT 5 EDEBRNGHREE 25T
W5, KER EWIEREIESK (CBD) I3\ Tid EBSA (Ecologically or Biologically Significant Areasic B3 % i&ai/h .
F - EE AR R (FAO) ICBWVWTE VME (vulnerable marine ecosystemc B9 % igimhda X 1. L DR
2 FREENEWIEEOMIN R ENEHDDH B, INHIE. BHFOMHADH THENHIR ) Z b R R O
Hidim L C OB M THBH, AT, DIHEICE T 3 EMB RN 2 RS LRl e M 217 5 7 O FEIFRSK 2
KRBT 0 EMNCE L Caliam d A1 RD, B TERBfEET N TV S, EEHEOIER%4IE [General Assembly Ad
Hoc Open-ended Informal Working Group to study issues relating to the conservation and sustainable use of marine biologice
diversity beyond areas of national jurisdictioicd 0 . #iamz 5 69 [Bl[EHiRS (20144FED%K) OMEE T L e T
NTWs,

LA LEME, INSOEBERWNZR RIS, HEEREZ BN 2 T L IEFICERD YT > TH D, IHFERRR AR
RY—UERZDEDZRET 5 EDHENRITHEEDNMETHE EEZ 5, 720, FERRY—CRAZRERLT S
DICHENGEEMZIMT 5 & T3, FEICK 5 EDX S REHIZEHT 20RET 208 NDH D . NiFOLEIIHEA 7%
NES) (B EHREODOEZHT) FEL TSIz, TOREMFEENMEE TRV EDRMEE A LS, T LAEY
MY =LK D B ERRANDTINN E WV TR R TIEZ WG 2 C EDNENTH S AREELEZ 5N 5,

F—TU— R ERRRY — U X, [EEGEREESRKY, LV AR, [ E i R SRR
Keywords: Ecosystem services, UNCLOS, CBD, FAO, EBSA
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~HE ] RE 7 UBRBREG AN 72 E AL R 2R DEINAN TD T T b T 4 — L DG
Global and reglonal platforms for integrated environmental and sustainability studies

AL HEANT
TANIGUCHI, Makoto'*

Ui e HhBRERE AT

!Research Institute for Humanity and Nature

T e IERER BRI M) C O EBEIL R A =27 7 « 7 T % Future Earthd, [EERR2225E (ICSU) « EFEHS
RIE258 (ISSC) R EDZEi a2 2 =7 ¢ &, IGFA % Belmont Foruniz & DHIFEEETZILHIA, UNE, UNEP, UNESCQD
B S DR R AT — 7 RV A — L ipfl U, HUEREREE 2 Gl FERICHE U, MR E O RICE 3 2 78 D/ &
A7 HEE 2 ET“?IKZ%T%%W?%@*%BJ%’G%%o 3DDT—XTH5 Q) HERO X AF 2w 7 ET), (2) HIEREIEDRIFE
EFEE (3) Rt T HE HIERAE A DIEHE D& 21T, 201440 5 104E51HH T A X — b 9% Future Eartid, AR
D HERE - ?i/‘ﬂ% AN DRYR A AR AN« HRENRIZE TH % & L i, FIERBBRE DI T2 OIS «
TERATO i E R L 3%,

FHENC I B T N F TORBREIEIHTZEE. F2IC Global Environmental Change (GEG)4 DD 71 %'< . WCRP, IGBP,
DIVERSITAS, IHDPZHuLINC . HIERERIGA B O PR 26 T Z 7z, Future EarthTld T 5D GECHZEIC. Sustainable
Development Goalk B9 2%t hA. by TX IV TLAI VT ERMNLT v T Tty v 7 RHEAIC, T HICREM
ICHHERERESIIZS 2 b K 5 & LT3, F 7z Future Earthd, TNE TO X S ISR DRZKICZ DR ZHZICHET S
DT L, VDN 5T X TOFFEGE VBB Z A L, ZORUCmI TOE T UzIic#E 2 (co-design)
Rz B L OBEEERER D IR Lah SR %2 HAI U (co-produce) Z DMz EAFETI% D Hid (co-delivery)
%LVE&T%D Ju—ybea—7n)aDk ) —Y 3 FIVTORRRORER®., HFOHMH. Pz A /-
MEMREZ T IMERICBONTNS

BIE. T Future Earth@l[‘”ﬂ‘7 o ARHEK N T 2 5 72 Future Earth core projec#® 7 2 % His A & . core
projectsDIE D JiEADER SN THE D, FlcchFE T, HEREREEICET 22 OMFHBOH 2 7 ¥ 7 Hiic BT
&, HAD Future EarthDi N7 & L“COD?Q 'J%%t L. MEEEGO AT =7 R)IVE—RDZy N T—T7 EREEEL,
Future EartB DRI E R Tk « 7—X < BENR ERREMRTZ T T b T+ —LOEERPHREINTVWS, £zC
DTFy b Tr—LExy ]“7—70)1"(0):\:—\”/\/7‘4 CILT 4 Y ITRANMERICBE L TE, TNE TORERE
REEAMBROVEBZ T, AT —27 K)VEX—RD knowledge transfeDBELSA 5. X D IEWHHHAED BprEEE T h
%, ARFEEKTIX, Future EarthD core projects: Z DHEERSID D O Tz, BRTENNTDT Ty b7+ —LOEKREF
IOV TCikimd MRz 12t %,

F—U— N HIERERRA ST, Rl Al REARHIERERSS, 7 2 —F v —7 — A, TIv b T+ — L, F¥ /I TAENTA VT
Keywords: global environmental change studies, global sustainability, future earth, platform, capacity building
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W7 DT ORI REEA =2 v FTICDWT
On Sustainability Initiative for Marginal Seas in East Asia

B 85 v VA IV—FT R 20\ J—F 3
YAMAGATA, Toshio'* ;: CRUZ, Lourdes J.; HASAN, Nordin M2

LVYGPERFZEBHARE Y T r—>a VIR, 2 T4 Vv BV R, S BERRPERE. 7 Y7 K S T
LApplication Lab, JAMSTEC?National Research Council, the Philippings&;SU, Regional Office for Asia and the Pacific

The marginal seas of East Asia (MSEA hereafter) along the western Pacific, geologically as the interface between the Pacifi
Ocean and the Asian land mass, have islands spread from the Bering Sea down to the Indonesian seas consisting mainly of 1
Japanese, Philippine, and Indonesian Archipelagos. The MSEA is very important to international commerce and global securit
as linkage of heavily populated megacities with active societal, economical and industrial activities.

The MSEA is also the region of the highest marine biodiversity in the world, and its coral reefs and waters around atolls and
small islands serve as the spawning ground and nursery of many marine species including tuna and other pelagic species tt
serve as very important food commodities in the Pacific islands, the Asia mainland and North America. To conserve the healtl
of the MSEA under the pressure from the global change is of our urgent need. The region also lies along the path of destructiv
typhoons that originate in the western North Pacific and affect the Philippines, Vietham, Hong Kong, China, Korea, and Japan
It is known that the western North Pacific is one of the most active basins where about 26 typhoons are generated annuall
majority of which enter the Philippine area. The latest typhoon, Haiyan, the strongest storm recorded at landfall and the deadlie:
Philippine typhoon causing storm surges ever recorded, impinged heavily on human life, food security, energy supply, health
wellbeing, and transportation and communication systems in addition to extreme destruction of property, the economy and th
ecosystem of Central Philippines. The outpouring of support from the international community to help the Philippines rise out
of the disaster is well appreciated particularly by the victims of typhoon Haiyan and its storm surges. Many lessons now learnec
can be shared to minimize the impact, improve the resiliency of communities and to ensure protection of people against th
anticipated increase in the number of future disasters due to global climate change. The cold phase of the Interdecadal Paci
Oscillation which brought the apparent hiatus of the global warming will eventually change and we expect a dramatic climate
regime shift as observed in 1976.

In the spirit of the Future Earth initiative of ICSU, we are proposing a collaboration mechanism to share knowledge and
expertise for better well-being among ICSU members around the MSEA to work for solutions of relevant problems in the region.
While focusing on the maritime region, the researchers will aim to contribute to the attainment of the goals of Future Earth,
namely: 1) to develop the knowledge for responding effectively to the risks and opportunities of global environmental change,
and 2) to support transformation towards global sustainability in the coming decades. The main region of the proposed stud
will be the Exclusive Economic Zone beyond the territorial limit (generally 12 nautical miles from shore) in MSEA as well as
international waters relevant to the sustainable use of common areas. The collaboration will involve joint researches and capaci
building particularly of young scientist in developing countries. We had the brainstorming pre-scoping workshop for SIMSEA
in February in Yokohama, of which purposes are:

1) To exchange information and knowledge on the existing discipline-oriented research programs on the marginal seas i
Asia and the western Pacific for integrative sustainability research program involving natural, social, economic, engineering an
technological sciences.

2) To discuss and co-design a collaborative interdisciplinary research program on the marginal seas of Asia and the weste
Pacific that meets the criteria of research toward global sustainability under the framework of Future Earth.

We will summarize the outcome of the pre-scoping meeting and envisage the future of SIMSEA in accord with Future Earth.

F—T— R AROHER, foldifg, .7 27, BAAE AT — )V OACTEIRE), HIERZAA L, S22 H)
Keywords: Future Earth, Marginal Seas, East Asia, Interdecadal Pacific Oscillation, Global Change, Climate Variations
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Future EarttDigam D 7 Z v b 7+ —L & LT Digital Earth
Digital Earth as a communication platform for Future Earth

fEH: sl
FUKUI, Hiromichi'*

LR AR i S A 2T T R B GIS 2 v & —
linternational Digital Earth Applied Science Research Center, Chubu Univ.

TEHRIEALZDOAREIE, YA N—AR=RICBIT ZEEIEN, VU 7IVT—)b RISGNa&E 2 Rz Licdh b,
WO TERURDAZ T 77— LT, WINTIEFRPRIET 2 T A N=ZAR=AERREL THHAT E0IEEE L
HETH B, YAN—AXR=R7Z, TV 2SN HERZERIRICHE DV THEET 5 T Lic Kk > T, FZERD S
ZEEINDIEMEZ BN AIREICIZ D . kA 75 BRSO SRFTEE) 7% & 2828l Ficnf gk T& %, [FARfC, T
DAz ZEAE L TR AN ETI a2 —2a U270, AR - dlEEOLZRItTE 5 2 kick3, Hi
ZERIE R SRS LI TREICIEHT 5 2 LIc k> T, BERINEZ YA N—ZAXR—Z2D T %, [TIZIVT—
A EFEATWS, TV T7— AL, HIER EORA R MEEGIRORIMMGITHRLE T 5 2 L ZN[REL T2V — )L TH %,
ARERTRITIRINT =R, ZREAT—07 T HINVE—=DSINL THEDSNS Future  EarthitlEdD 75 b7 4 —
LEUTHYE - FIHT 2 L 2RE LI,

A 22—y FZFIH U THEE DHER EOEEOLMZFH Sk, MEBROML RERZRET ST & Z0HEICT
BEMDZSIOCT I RIVT —A « IXATISIYTH 5, eSSy b T+—LId, BTV I al—ya vk
TV, ZORERZIEE L Tiamz T, EHMROFMARZ T Ch{mRMSMUTHRERAREE L a3 22T~
v VTR, BERRELREY—IVELTHAT R E, ZHREERPEASNTNS, HEERHKL TV B L
AN I K BET— %, #Hit. SNSEEDTFANT—%, w7 TF—R2EEELEW., MEEHRFH
OFAMEEINE AN X LHEHEH L, HEORBIHEEE LT GISRT Y X)IVT —ZADFHMNEE > T 5,

FEAIACK, B—DHMZHRFT 5L DTH M., BFRIETORIBEREICDH 2 DT, F75 % RAFRICE 2 BRI
ZDIGET —ZIMHEL TV B DONFEETH D, fit> T BUHHET ZREEDHED, W o TeWMAISEEE S 2 D, i
BERD RGN ZIRE L TEICOHRMNE LY T Y AN— AR T 2IEREEETH 2, THICHSHDESIC
R (R - HIER) VK& KLU TV BRI, NEHHEORERICHT TATEIZ2E T 5 T2dicid, ZRERAGERHNC X
BT7EYTY—TREL REENTERARMILNIGEET — & - RO T TERANELT 5 L duifeic Lic 136 (5
UNL—32) IKEBTEV IV — GIRERTETR | WROSNTWS, ARTRTI VT —A%EIC, L
B2OMAMDOAI 2= —a Y EIEH L, TET VA=A RTUNL— g VW2 H#EEd 2 2 L Z2METd %,

BRMICT V2V 7 — A3, Hah-ei, fEmfg, BRET=2) V77— 2R EN DK E 5 22 imEg 2 W
AP —E X9 %5759 R, SNSPZa—Rixl%Zr/u—)VLERM. T —% (XU ) ZRFMYT—E X937
Z9U R, ZTNEh RS NS ZHAEHRZ T OREPAMEFRIEZ EREIKISCTAIHIEL TRRT % T2X0uhimE
REE | ZMATA Y RTIT 4T =T aI—va b= LR ETHRENS, CThZEHT 5. BREO
RaZ—rary - VAZaAIar—ray, Bk - EEEREE, MEKREIZH & Future  EarthOMET7E E 27K
MREDL—ATr— A% nNH L, ZNEORRMRICHE DI A ZER. BT 5 LT, VAT L - HlEOEAE(LZ
ITOHRITETTT 2 RRIAFROHEEZIRE LIz, T2V —RAd, 1) IIVFI—TP—DETE 2 (RWEHRT 7
LA - GHRRERE O Ot & ZRIRRIL & nTHENATRE), 2) RIVTF AT —IVTH S GNHIERIGERED 50—
VISR E T, BENBYTIVEA LZUTRRE T, = LLAICBENAEE). 3) YIVFT—XThHs (T2
AMARET, BEMZOMAZEM TORBRMNAIETDHS), LW otz fAT %,

TIVT — A, BRI, HE - AXRPAEOZBOMRHEIRZRE T 2720 T, SR EfR, fiREOH
HERZREY, f¥a3a=r—2ay - 7I9v 74 —LELTRHMENTW S, ZORFAIEN, R FERE T
AN — IR EOMEINZREE Vo 7o, BT U S HRINAREE RIb L TE e, S5, 7YXV - 24T 4T LTk
BZRMRDOBEDIDHD, TI2IVT —ABEREL S Na TRERLR, £lo, BRNET I 2V 7 —AD%
kR E R ORI H 720 . EEZEDHFESINT 27 A My FOREREKRDEN S,

F—T— R FIVT =R, WIIER S AT L, HTRRE, T—2 v —F 1) XL, Kl e iafR O 7z OHE (ESD),

Future Earth

Keywords: Digital Earth, Geographic Information System, Citizen Sciences, Data Journalism, Education for Sustainable Devel
opment, Future Earth
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Future Earthe £5iyc il RE 75 B 7 H A
Future Earth and Sustainable Development Goals

RV s
KANIE, Norichika'*

VTR
Tokyo Institute of Technology

L7 LBFEEE (MDGSs) A 20154IERMMARZM 2 5 — /5 C. 20124E D E R nTRE/RBHFEIC R 2 25k (U
F+20) IZBWT, 2TCOEZNGE L THineA BB (SDGY | ZHREL., KA 201547 Vo X
ICHEBT AT EMNAEINZ, T, MDGsICHiK, Wbwa KA MDGs) DO b FICBT %akamz K D ML
TEHEEZOLNTVS, IIETE ZAFEmDZWVEBFRH RIS, FiinfRERRE e VI FilaimZz ANs 2 kic
BBENHTH2, MHE—HREANMMEORmVFEE EEZ 5NE D, T, THF) & TR OFEE - ixa3Ia=
T4 —. TLUTITHRXGESEEINTED, MEDOMEEIEDEDETET LICZZ L DRENES EEZ H5ND,

EAEDZ  ORZEIRZ, HIERFFAROBES (Planetary Boundaty #2454 L T 0. BACKIRZH), “H0E8R. £
ZHMEHEN OO H TR ZORAZHA THE VWS HIEEH S (Rockstrom et al. 2009 A%HfH (Anthropoceng
EWV IO MERIE, HBRIZBRIC ST (Holocene Wbz HIRHERHMRX 72 2 €, HBEARES: I BV T ARMDFH
DR REZHS L0 S T e 2B L, KA E, BEXSR. BREPERN OB\, B2 ittofEk, #wim LAED
B iaaElx, NHEPIROEARZMGZELT 2 AT 25,

T Ulzh, VLS OMHFEBIZEE. AFEHE & v S HIERIC X 2 BTRERBEHFIDBIFIC & > THH T RVIFRICE T %
FE T RER IR Z L FO X S ICEE LTz, 5 HNURSRIMRO NFHOBRE LA MBS AT LERE GRS, SHO
MRO=Z—Z 7% H7=3 K 57605 (Griggs etal 2018, I745bH, TV DO DMK TR ZH Z TV % HIBRERES
BHEOBLRD . NFHEFFOIRN DB N T WA T L2 MRS % &, FiinTRER IR Z R0, (e, BREiD 3 D0xE
BHETHEEINTWVS EEZZINKATIVITY Iy FEROEZ HFIZBERICER L TN, L 5D I 52500, 211
FRIC I R TRE R BHFE L, HIBRERE 72 2 DEAM R BEZ&F & LT, ZD LITFE PO > TnD LD
HEMNEEZZTANETEHL TOLRERDH S, it> T, SDGsIE—/ T MDGs IR TH 2 BIWHIRZEER L, 5T
HIBRERBIHIIN 2 B 8T 2 &9 “DDRMERIFE LI e D LR Z0ENDH %,

T 9 LIHESHEMME X, SDGsOFEI L 5%, SDGsEEIT ZERICIE. W U TR R 2 BERFTT
ORI LU TV EWVD FT, FlehPiRzErES, 72821, SUREFICET 2 KUREBIFH A S E 2 b
PEICBET 2 AEMZ RIS L WV o T EBERHA &L SDGsE DRIRIZ E 5752 D, EDX S IERADITZITS Dh, BE
17 & SDGsE DRI E 55D, LV o/ziERD S, HBWVIE, TE=XZYVJICELTE, BEWRAOKRED
INETMDGs THITo TWeHEICA, SDGsICiE, BIZITHIERS A7 LELDE= XY VT HEEZTENS T LI
A9, HIERS A7 LA IS T B NBirt =02 b7z e 3 gAY SDGsTZ &9, SDGsOFHATIFIER ICILHIC D
720, Fio, REBHMEV AT LOZZIES D LR 2 0[REMNH %,

ZoB b, RITAIRENE R T B 7-ICE . SDGSIZZ DREIEFEN 5. EITICEE 3 % T LT SN2 BERIEY
BHRAT =T RIVE— LT % EAMRNTH S, WHSTEIRE (co-design TH B, TITHhHIEUH. E)
4 (co-production, ffEifE(t (co-delivery Z9179 % &H, SDGSKIND# L KRB EWVWA KD, THLIEFT VR
T« 7)) —ixi%Ed Future Earthh it U X 5 &S 2WI9HERED—DTH B H, ZDOFSUF O SeiE i & 72 2 e
O TWADM SDGSsTHhHSHEEZ LI,

F—17— F: Future Earth§#e FTHREZ FIFE, R rTREZRBAFE EASE, RA - 2015557 ¥ = Y &, I/ F U A
Keywords: Future Earth, Sustainable Development, Sustainable Development Goals, Post 2015 Development Agenda, Gove
nance
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How will Humanity Survive and Flourish on Future Planet Earth?
How will Humanity Survive and Flourish on Future Planet Earth?

De Mulder Eduardt
DE MULDER, Eduardé*

LEarth Science Matters Foundation
LEarth Science Matters Foundation

In the past half century the world has changed in an unprecedented way. For the first time ever humans observed their plan
from outer space. Our species also has become a geologic factor while beginning to interfere with natural forces in the Eart
to a scale which can no longer be ignored. These caused geographic modifications at the Earth’ surface and geographic ma
begin to show more and more distinct human imprints. Simultaneously, our knowledge about the Earth has increased to a lev
that the Earth crust’s anatomy and composition is increasingly known and that we begin to understand how our planet works
Knowing the basic principles of the Earth processes paves the way to forward modelling and more and more accurately predictin
the impacts of human interaction with planet Earth. That, in turn, provides tools to anticipate on both assets and threats for a
increasingly large and complex human population. As long as we remain dependent on our home planet societies should bene
more from such rapidly increasing knowledge to balance development with the Earth’ bearing capacity. Here, we describe recel
progress in our knowledge of the Earth and some trends in human development. In combination, these may point to knowledge
based options on how human societies may cope with potentials and limitations posed by planet Earth in view with the ambition:
expressed by the Future Earth science initiative.

Planet Earth by itself is not in danger and humans will never threaten its existence for another 5 billion years. But human ac
tivities will continue and possibly aggravate impacting the biosphere, the hydrosphere, and to a lesser degree, also the geosphe
Dimensions of such changes will be determined by physical factors in the first place but ability of human societies to cope with
such changes also depends on cultural diversity.

Five global trends in human development are discussed: population, urbanisation, living standard, environmental awarene:
and science & technology. Together these trends point to a growing need for physical space to accommodate future human ami
tions. Science and technology trends demonstrate accelerating potential abilities of human society to address such needs. As
proceed in the Anthropocene the need to integrate humanity issues and the geosciences will further increase while reconfirmir
the growing relevance of the discipline of the Human Geosciences.

So far, the Earth sciences play a modest role in the Future Earth initiative. That is in sharp contrast with global ambitions
to arrive at a Green Economy, as expressed in Rio+20, to be developed in balance with the Earth’ bearing capacities. Rece
progress in geoscientific and technological research demonstrate the potential of such development. This has been widely €
posed during the International Year of Planet Earth (IYPE, 2007-2009). This global initiative was proclaimed by the UN and was
particularly successful in its outreach programme. In turn, the IYPE served as a model for developing the International Year o
Global Understanding, spearheaded by the IGU, and for the UN Year of the Soil (2015).

Human ingenuity spurred discovery of larger natural resources than ever before to drive our economies to unprecedente

heights. Future Earth might mobilize the brain powers accumulated in the heads of 400,000 Earth scientists around the worl
towards a sustainable economy.
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Scientific Knowledge Creation Supported by Data Integration and Information Fusion

/Nt I
KOIKE, Toshio'*

VIR TR
1School of Engineering, The University of Tokyo

aieRE L, Zhasill, JE U THIET % T LI X > THEMNIZ LA BRI FEm
HIEROEE D h SFT G 2 R A TIRHER TR &N, V=T 2 T Ic K o T, REFRNAERNIEKE
N3, ZOWT, Bz, HAEDAREL G- T EAHDRZOHTH %,

NHOREL O T, REEORIKERIEINZ RS Tz, ZOE, B A58, IhbbRii, HEZ2EEHT 5
ERBE T, WRDTFOMMDMEDHEATE, ZTOME, WY AT LB B2RZOMIERINTE, TNk AT
LICRKENZD, BB WVIERIEKS AT L) S AT L ORGP Y30 Y AT LI D AD IR Tz, 71k
U 7e B RINC K 7o D B D AR R RIS DB BN E WS HEL E > TV 5,

HIEREREEIC B 2 Bk & 75 22707 & G HR 2 Ee i B v U €. HUBRBIH 7 — 2 DBUEE TV, HaRE T — 2 %
SIRINTHE L. BRZET 27— % - [EHREVRZME L. 2O T3 I aERRIZE0 5 DM i fE U CHiERER
R RIS S BER O Z AIE T % T DO B (inter-disciplinarity) DTV DL ENZ L TATH 5,

BETEAL U T B -IBREIESERE OMRIZ E L K0 Hr UK EE T AN L TE, FINCEREO ARG IR
L. $hRZSHRZE RS 72D ORZEOMZALIET % & & &1, ZO@EMAIC K > THIEZ R L, NHNFIREZ 8 H
THTEMRDENTED, Bt oMl (rans-disciplinarity D RIS EEN TN S, ZORBICIE, BRERE
DD L ERE R B OWMINC X 27— % « [HEHFEROMENRR T, ZOENANDERDRD SN TS,

[F— 2R E « b A7 L (DIAS) ] (&, SO EREHAEA & HIERERETIC B % bk & Rl 22 R ol X -
T, VOB EBEA THETZ2HO8E, 2) R THEATZ2HOAE, 3)REKTEST7—2 LIEMOREML. chbx
KT B7200D, HEREHT— 2 DFUEE T IV, 23T — 2 28R A L. HRz2MeT27—2 1275 7T
%, DIAS ZHEMC & FEXLRPADE DN B U CHBREREI R 2 ik 8 S RP2 ORI Z A& % 72 8 0O 53 B fldH
(inter-disciplinarity) » 220 2 2 =7 ¢ L4k & D (trans-disciplinarityYDHENZANDOEL O $lADRE > T 5,

F—T— R F=2RE, B, Bl Lt o
Keywords: Data Integration, inter-disciplinarity, trans-disciplinarity

1/1



Japan Geoscience Union Meeting 2014 /0 <9 ’

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]gggggiem

Union

uo7-11 251501 FFRE:5 A 1 H 15:10-15:35

HIRZE T — 2 & T a—F v —7—R | TV Z)UVEEGE T )L =R
Geospatial data and Future Earth: a case of digital elevation models

UNENE
OGUCHI, Takashi*

VHURY: - 2SR A v 2 —
LCSIS, Univ. Tokyo

Ta—F vy —7—AF 19984FICT )V « ATMEB LTIV RV T —ADHES L BT %, TV T7 — ARG R OZ
BRGSO HIPRZL [ 7 — 2 22 8 U TR NI Uy RER~ Mk 2 4 — )L 0D B35S R RE D fifik 12 Sh R I H  fH&D B R
DOEBRRE EEHINE LTWe, ROTEETZEE IO 27 hEREST2H, TV « d7 ORETERE TORIL
£ H 0. 21 R OTEINIMGANTHIEK R E D E > TWVWDB, T2 LT YRV — ADOMEZDO—EBIE., R TtH 4G
ENBEICTHESTT =TT —=ARE VTR TADL S AV Z—%w b —ERXE LTEHILEINz, ThbHD
Y—U RF, BICSHRRGEORK, FHEEER, fEGEOMERZHNELTWS, —/, TYXILT =R, B
D bR LICBT % K D 2R HIIZEM 7 — 2 22 T 2R E T EN T Wz, TDRDDT— XD L nhllE, —
HRP 7 IR SOERIC LEN S LEA TRV, LA LIRLICIZEATE D, Zo@)m 2R L DDzl T — X 215
L. 7a—F ¥ —7—ZADMEIHHED ANTNW T ENEETH S, KAEXTREHEEMRT—2D55, oL &HA
Wizt DD—DTH 3TV ZIVIEESET IV (DEM) ZHDO FIF, REORL 2 DEM OH5RE LU G 1) %%
ikt e, 7 a—F v —7—ALH#HT % DEM OILHAEFIEHFNT %,

F—T—F: Ta—Fv—7— A, HWHZEMT— %, T OREESETIV, T2V T — A
Keywords: Future Earth, geospatial data, digital elevation model, Digital Earth
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Promoting Studies under Future Earth supported by Super-High Resolution Simulation:

on the Global Environment

N
OKI, Taikan*
LR RS PE RN T TR

Hnstitute of Industrial Science, The University of Tokyo

ANBEDHIERS A7 LO—HTH O . BHEF ANRTEENAHIBRERR 225 2 DD % Anthropocenel{\fHH) ICA>TW5 &
WO BHRIE IR Lo e, FUIVDEDN S EDOKSIERLTERZDTH A I M. ATOBEADBRFRE. &
{EDHEEDETFIHERO VDD BB AT X OB, i - THFHOZ2 (b7l U T&REFCEFEME. SR
Y=L 2ADOHLEAE, BFL K, ZINVF—HREADLE LT 72 ANDOEEREFEDADIA, KEWHEOHEK(L
EEHULT, RE L TREE LR EEZIIELDDH S L LTE, RSO ER, AR EDX
INCELDDH > T, HlE - HIBKEREE & EO XS ICHESEA L TWBDTHA 9 b,

T LIEBWICEZ B, FEXEFMLUREIEE TD 1504 & 514 1504FE, HHHT 3004EICH 725 WD IEHIER AR
B ORI Z ML, HAR, 797, HREV S HilZ R E UT, ARtEEE & A TCHIERBRE O BT BIER &, ¢k
ARG - HIEREREIZMIC BT 2 BRI OIER LI X > T AR SEREZ (b TF— 2 28 L. RFZERM
B R AT « < v €T L, HERARIBNED K S ICEFH L TX O ZDOEUToMNMIEER L, ML THIERA
R O EAEHERZ fRIHT 2 080 H 5 .

Z DFRBEFFERIRIE D T2 D RD X 5 Inll S S EHEREE T T 0 Y = 7 N 2R R T % MSIGHIER FORAREE L, &
FEICIE 1km(30M) BT )bF—, 7K. PEMEE. IRBEICCHFE 2w 1504460, FER 1504EMICH 7z - THERF L.
ABEBNCE S (A2, SURZ B OB AR E R L DD, FtnfaEs T 3oV F—o &kl /Kix E0&HE, AR
FE. ERERY—EC ADINE TOEEP, SHREST NSNS 2 HZE 0 fRETIHSMMCT %, HATE NICAM IC
& AR CHE— D E MRS R TRl BRI E 7L SEIB-DGVM 2 ATGEI & T & S kEmkSz « IKEIRET IV
HO8/HIGW-MAT, L% E % L7z CaMa-Floodix & el &7 )URE, HiEic K 2 HIERERA| &t 81 % #: 4 L7z DIAS,
KBRS 75 & OIHEINFREBEREHZTE T IV, #ERFETIV AIMIALPSI SR8 58 578 & il 7r & h3 > T b £
ATREMEIE RV, Future BEartHS &b Tiithstzita L. RIHOKBINHRGE NS,

F—T—R: Ta—F¥—T7T A, XTI Iab— 3y, BEfgE, Nt
Keywords: future earth, offline simulation, super-high resolution, anthropocene
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Asian Economic Development and Global Environmental Sustainability

5
SUGIHARA, Kaoru*

L BORITFER AR

INational Graduate Institute for Policy Studies

WE20FIF EDHWIZIC, ET V7R, HATES L2 LDER « TXIVF—Zilm AT SH{Ick>TLE 57z,
VWhp ZHEREZ T TIdEL, hOTOEREL FEAENEROMAEICE UM S TH S, g, 7Y 7 TR,
Wk Ze IS T U T2 B AR - BIRENMN G TN ZFOEEFRM I NIZDOTId AL, BN @SR TEIRETT
EENDFIE L TEZD T, TXIVF—ENE (GDP 1 BfiZzEHT 500 VF—HER) IV EICH -
720 HADO T 3 UF—HiHIEMISIRETL R Z ) — RT3 KkUICH B, 5 LT, ®ET7I7. M7 Y7 EET)LN
W77, WEREEELE LTEHEE L L TEHROER « T3V F—DOFRBFRERET 2EEICEDDDOH S,

SFOXTERL, BVA=YTVTIE, eI VILRZELS LT 5, HBERRKODK « BEIRZAEO ML THH, 22
HERAODIFIFRSHEELTWVS, FHUL, B - B eV XK %R BAS,. WHERBOREERE LT ERER
FNCIERL L T &z BIETIEZ, T O EmmIC T3t - Akt LDDH D, T TOEMR - T xIVF—F R
BEOMZZHRLIEILDTNEDTH B,

7T ORBFFBIEIHBREIROFHMIC ED K S BB R G A TERON, X, 7YV T7HIBMNERICD> T, @
AOEREOEMNTIER L TEREFERERIRIE, TN HBRERE 2RI Z NI LIk &, ZORREED XS
WIKHIETBDTHA I D AE T, TOREIC DN TONNDRERIFFEDRRZ B LoD, BIfFEDFEHkHEZ T
FLZW,

Th. S, BEAARZINEE [T a—Fv— « 7T—ADHEEICBAT A ERES ) ITBWVW T, AX - (ESRENED LS
WICHIKTE 2D Z2EZ B3 5ILH 5, KEGDOZE L DORFHZ DS UTXHEMATINIZORe 25 WV TEN
XN TH 5,

F—U— R TIT7, REFIE, HERERBEORERE, FRERR A
Keywords: Asia, economic development, global environmental sustainability, path dependency
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Future EarttDtH i 5 B 72 E Rz A ) ¥y 7 _
International Earth Science Olympiad from the viewpoint of Future Earth

/N i
TAKIGAMI, Yutaka'* ; HISADA, Ken-ichirc?

U BIHERE, 2 BB A A ER R SA R ZE R
IKanto Gakuen University,Graduate School of Life and Environmental Sciences, University of Tsukuba

Future Earth—HGe YRR 2& 2 %2 LT, RUIAZ S IFHEREAZHS 2 & LEBENEHIITH A 5, HEReAZ A
AN HIERRE) TH O ZFOEBNR competitionTd % EREH2AZA 1) ¥y 713 Future Earthe £ D X 95 7%
FODENDBDIZA I M ? RiEHIEZ O S EHEH2A Y >y 7 Z2kdTH S,

ERHEA ) €y 7 (IESO) & EREDTZHDEEEREA Y 2w 70 1DT 200745 1 [HEE KD 5 2008
ET 4V, 200957, 20104E A1 2 R 77, 201144 2V 7, 201247 )VE VU F >, 201341 > R L 4ER i
TNTVS, ZNEHLIECHO 6 HERENS 20 HEDL FICED ., 20164 FEICIEHAD =HIETHETETH %,

CTOMEAY Uy ZEHEDILH T Future Earthe KESBEHEL TWEEDEHIFTHIZ,
1) EEEw s ATFD
EEHZA ) Sy TOMORZEA) VY 7 EDREREVZCDITRIICHS ERS, TR 1AE4AHD
SHEREDNINTINSTICRD ., FEIEE TS5 — 6 40F— L0 WHNHERITV., TORREEZLHTTLEVTS
PBETH 5, ADRXZIVIHGEORE TR, ZFOIEZE S EOETER LW EFE THIR LN biEd TV, NR
WEHIZZONETZ T Ta <, HBDOER L DU D ZICEE L EFMD T —<ICE 328 bH 5, £HiHICE>T, TDOX
S I EIB AL EIESE R IF K Future Earthie £ 2 T\ BT, BEGAERICAR S L TPHTES,
2) ZMEOEEMm
HARDOHIZEA T2 NI HIBRRIZ O 2708 2228 L WS EIZ DAV, ULH L. SIEAEM L o <@k, Fko
HIEREAKIC DT BRI E2E 2 % LT, SEDHERI ZOEENZHEL THWE T N 1DDOHHEEZ ENS,
3) EEEKRZOME
EFR R OREIIHIE « BAHIBR, &5 - . K- MED 3WITHhNTWEH, EEMEDHEDN, Bl
1F, BTN T3, DT L d Future Earths £ 2 %5 2T, BEECLEEZIBNS, kB, 20164 EOHAKRET
¥, Future Earthz Zik U7z, EEREEZBEMNICH LIz0E, BANICIEEZ TV,
4) HARDIRM
2P F 8 KEFRZ R H ThaWnizdlic, 4D V¥ 7 OZBEOREDNILRTH D, A S
30%WV%, £z, EEEAESSIN OB IZHIERR 2720 Tt BRSO, EERANEEZ L TS, DT &I
kdH 5258 D AND Future Earthie Z 2 % Fihzii> T3 T &lidik s, HAMNIIZ TN TOEREZZAY ey
DR T NEZONEX LWV & THEHN, HARDGEKMEDEERIIMD 3 DOMHBRIHICLENTH RV
2TH 5,

COXSIc, iy MERRE) 220, YA Y Yy ZIcshind 32 L. ANEZEOHERSRZEZZ T T e
WETHLHHEROANK (Future Earth I > T, ECLEERCLIEEEZ D,

F—U—F gAYV EY S
Keywords: Earth Science Olympiad
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e i REZR HIERAN O A — R A Y > B 7 _
The education for sustainable earth - The International Geography Olympiad

HH AR
IDA, Yoshiyasu*

LR
LUnivershity of Tsukuba

FEREHEEA ) ¥y 7T, EEOKEOHPZH U, FEDN S OMENIEEE N, (EREN%, INHORER, <
WFAT 4T G, 74—V RT =07 D3 %A TICHF5NBH, WTNEHBOEMEN KD Fic, FEROME,
HWBRE AT ZBNZBERL LD &I BRMBEMMERE NS, K, 7+ —)V T —7HBRTIE. BUiDBRBI%, AT LD
EWEZERRS T T BUROHEIZT ThL, FRZ2RZ2BZEES £ 9%, Blo TOMEOHMMABFZH% L. Bl
ROHfRIC L EX 0, HREAMOEDO BRUZTOZEIZML T, FEkZ RIEA X5 LI 2BEMRITI TS, FE
. FOFE—HAY ¥y /TR, BHAF—LIE, T4 —IVRT =TT A PDOFMENMEMICH 5, THid. DHE
DODHAETT 4 =)V RT=I DB ENTORVE WS FIiNEC L EHZD, FEkZREA XS LI 2HFE N TN
TOWEWCT LD, ZOTHEBENTHS 5, DHAEOHBIAFICEV T, HEINAAERICHE DV, BN ZEE
5, FEkZRIEATHT 5 LI BERNEMEES N2 0ENH S, TNICKOEDNSHEE, EENAEa > 7
ANTEFHEREZBESDHD LWV TERMA T, FiHIERNOAF & U TRERIREZEDERS S,

F— T — R FHEATRE A HEER, ERHIEE ) > Yy & BB, 7« — IV KT — 2, T a—F v —7 —2
Keywords: sustainable earth, future earth, geography education, international geography olympiad, fieldwork
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A ¥ R REEIC BT 207z S OIHEERRR ORI REA TR
Sustainable Future of Coastal and Marine Ecosystems in the Indo-Pacific Ocean

AR SER
UEMATSU, Mitsuo'*

LB URA RS ITET

L Atmosphere and Ocean Research Institute, The University of Tokyo

The Indo-Pacific Ocean Region encompasses diverse coastal ecosystems, as represented by coral reefs, mangrove forests,
grass beds, and even deep basin over 4000 m deep. These diverse environments harbor the unique and extremely high biodiver
of the region, known as the major biodiversity hotspot in the world. However, the region is also under serious threat of environ-
mental decline from various human impacts due, for example, to loads of pollutants from land and habitat destruction associate
with resort development and fisheries. There are also concerns about negative impacts of global climate change associated w
ocean acidification.

As one of Future Earth initiatives, we should establish future perspectives and needs for strengthening sustainable ocean €
vironment and development. A project aims at further expanding the network of the scientific and socio-economic studies ant
education on the Indo-Pacific Ocean Region, through (1) research collaboration applying new approaches and methodologit
such as satellite remote sensing, molecular genetic analyses, and high-precision analyses of biogeochemical parameters, (2)
tegrative, inter-disciplinary ecosystem researches, and (3) establishment of core of coastal marine science and socio-economy
each country and multilateral network. Through these activities the project aims at enhancing education of researchers who wi
play major roles not only in domestic but also in international activities on global issues.

As a practical matter that impeded harmonized implementation of the program, there will be a large gap among the mem
ber countries in their funding capabilities, resulting in the shortage of funding in some countries. This may be partly due to
the differences in political priorities for basic environmental and/or socio-economic research among countries. There are als
problems that the importance and practical application of basic research to urgent environmental issues have not effectively be
reflected in the response of funding organizations, policy makers, and/or popular audience, despite our efforts to demonstrate a
disseminate these issues in various occasions.

Keywords: Indo-Pacific Ocean region, marine ecosystem, coastal region, biodiversity, inter-disciplinary research, impacts o
global climate change
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~fe 1] AEZR HUBR D ASKRAN D HBREK 2 B2 S
Geoscientific Perspective for Sustainable Future Earth
IR sz 1
HIMIYAMA, Yukio '*
Vb EBE RS
Hokkaido University of Education
FHEMFUZZ < OB HIERBERIIE 250 2 TH 0 . FIOBKPRRQRKER EOARKEOMINCTEN TV S,

ICSUEBRRRE ) & ISSCERSE 2RPE ) 759 % Future EarthEEROAK) FHEIC & 2 HIEREIBERE & 563k -
B SRR KBRS FHRRUE . Z0 & 5 EEA IR OM % 2 HE$ & DTH %, Future Earthd i FROFHEATREN2
W 3 7o OWZEIE T D, HIBRES & \RSEE) & OBIES E RS2 S OHBRE I BT 3 i TR e it % L
BHERE R L 5T, TNAOEIREE NN TH S, HAHBRERERE A1 200645800 A 2t Zs
SIS L THRIEL, ZORIC 5 DD KIED ONEHIL Y > 3 v aRGE, 20— 8 LTHERABBERYY 7 > = &%
Tzo COURSBFHFRINC FCE BN C & TH 7, ZO®RLE LT HHARESICHE L TREOMET 33>
KO LOBICHD 27 & ZORRIGEEA RIS N, 7z RRRE L J ST 2R L O3z Bd 5 Future
EarthaFBIOAMKILANE D . 5% 7o ZOEMAEDN T 5, HERARIRLAE T NE BRI S HIERARIEOF
SRRISE « ASCHESRARIRE SRR IITE Ly B s HUBRBIBSRRE0 SS R OBERIC IR D FLA T E 720 T U, HBRER
SERPET S 2 25 ¢ O Future Eatt O D HlBZ A5 T LITE B, HETIE, HIERARIBREE 5T HIERRE
R 5 CNE CORMBIEORRZEE 2 . HERBISEIIE & SEHEOBIRIC I, HBRREN2DI 227 ¢+ O
TREGH L T ORI 826 %o

F—T— B HBREERE, 7 2 —F v — 7 — A, RGN, ReveaTselt, teR AR R
Keywords: geoscience, Future Earth, global environmental problem, human geoscience, sustainability
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HASHIE 2RI BT 2 HHAREI N I & 2RO E « BRBIcnd O 77 _
Actions to the Eastern Japan earthquake disaster by SSJ and to disaster and environmer
Issues in academic communities

[T B 1
TADOKORO, Keiichi'*

L R R AR AR
!Graduate School of Environmental Studies, Nagoya University

1. HAMEZZOKS] & HAKERZ OIS
HAMEZAS TR, HREASLE LT EHFAARES ] ZREL TS, HAAKEKERH T, HHFHEORICH
P/ R 7245 RIS B 3 2 IS HIEE 21T, 2D webY 1 k ETU U 78 L U TR LIZLSNE, HiFEEAR L LT
OME OFIEGENIEM L TRy, KEHAERESTE THEAMHORHEN TE Aozt ki, REAELLT
JRIROMATH %,
KEMRERZEROEFEREHKOO EDIE, HE « @ EICET 222 ME ORI THKETH b . HHOAKRESXE
IiE. HEORENEMMCEEESTOETE L ic, BT EAKOMEEE L O THIEHT A TEE ik 5 e
W ICBE Lz, TOMEEAIE, MoOMESSEICEWNIET L, BETIE MBI ERER A SRS NEFE
LTW3,
BOHERBEARTHBINHEEEERTIE. UFOX S B - S A3 IANOEFEH -7z
s —FRIANT AR [75dh 55 | 1T B b7 A PE B O RrE
< WWED LMD S Pk U 7 b AR IC BRI 2l FD e b £ 2 & webY 1 F TORE
o HE O FLFFERC K E R RGO — R mNFIRL B Z 5 K IHFHRD Y ~ T EOIER & webt 1k TORNE
« & S DEINEDEANDERED[EE
- RUE IR DR M
BB « B\ OFBATSEIOE RN DX G
HAZMSEOF TR, THHAARKESOMREIGICEET 2 adiges ) ISl U, SLEFIHOEIR, Hikis VR
I LR T 4+ — T LOBEICHED 5 T2,

W

\

2. HROKE - BESOH D J7 1 A7 T H % S & BRI RTE

RHAREXOHEFNG THRKE EHBREREREIE A7) EW0WS e ThHole, HRKEDNEZ o TF a7
BB 5 RERIEKFIROFET, BDEIAIHREROKRERZ LTS 5% 25 k> T, NETGSE) - #ETGE) 2
{2 S AV DICERTZGFEORISETH HH, ZOMR, WMENRAAOPHHBNHE T T L& b, FHEITHIERER
BifEANOI O A DRE L X5

D& B—HEZDMEZHE L TRASHD, SBROMIREERAIIHETH D, ZOHIIE, HBkEE
FEERNTOEBFEOHENLETH B LIFE I XTLAEY, EHIC, HEREERAZE N OZRORERICED 2540
T TH S & DEFRD N, TNZRikirRER AR OMRICEDN T 7edicid, AN e OHEENAIIRTH %, HE
IR X 592250 L OO L L TORBE LR LT2w,

HFEARIC B B AR REENOWISORERD 5, BHERFOEHIPES G M2 S8 5 720Iid, T
I BT 2 JHB S E 2 NDICEA BZDDREE U TENU E o 7o, HEZRDOKEMNCEERNTIE, BRI EAL
R CHD EAGLHEZITI DD T LA VA=V IR BENTES S, MADKFHENTE Ah oz, ik,
FRUEEEEOTFFEMNNT TEH 5, df LTV EIRE 2 EXISICHEE T 5 Z e 2h > e, HBREERZANNT
OHFEDOHEEICRIL TE R U TH D, [ CHIERERERA L3 E > TEREZEMNE 2 & DOERMNEREST 2 DAY
BT ETREY, RORKFIHEA T, FRD SHEEDOHE(FZEZ THBE T ENRETHD ., TITFHBIC, HHAKE
KzBREH L LT EERPZOPOMBKEGIE] EWo7e 7 LA YA —I VTGRS 20 BT T ES D,
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HHARER OB T 7o HAHIE "2 DHY D FH A _
Activities of the Geological Society of Japan in support of reconstruction after the 2011
Tohoku earthquake disaster

A Tk
TAKAGI, Hideo'*

VRREHARY: (HAMEZAME, 2T EER)
Waseda University (JGS Director of Outreach and Geopark Affairs)

| introduce the activities of the Geological Society of Japan (JGS) in support of the reconstruction after the 2011 Tohoku
earthquake disaster on behalf of the Social Contribution Committee of the JGS. The JGS asked its members to submit proposse
in support of the disaster recovery, and six of nine research programs in 2011 and one of two in 2012 were adopted and support
by funds of the Society. The seven projects can be categorized into three research categories: 1. recovery of specimens frc
museums destroyed by the tsunami, 2. development of methods of decontamination to help deal with the radioactive materi
spread by the Fukushima Daiichi nuclear power plant accident, and 3. surveys to recognize and quantify liquefaction caused
the Tohoku earthquake. The results of these studies were reported in poster presentations given at the JGS annual meetings
in newsletter articles published in 2012 and 2013. This report also introduces briefly the geopark activity that has been promote
by the JGS and its importance for local education in earth science including disaster prevention and mitigation in the easter
Tohoku coastal area (Sanriku area).

F—U— R AARRE 2R, SRAARERS, B, AL, BRAS, FIREEAR L AF 2 —
Keywords: Geological Society of Japan, 2011 Tohoku earthquake disaster, tsunami, liquefaction, decontamination of radioactiv
materials, recovery of museum specimens
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VEWTEIIE - HHERROESKIC B B RE L S0
Reframing the academic responsibility of JSAF on the basis of its activities after the 2011
Tohoku earthquake

=N
SHISHIKURA, Masanobti

VHESERANKS SIS TEWTE - R v 2 —
! Active Fault and Earthquake Research Center, AIST

HATEWIE 2221 2007 DS FE LK, BEICHEWRENG | UziEZe g & UTKEMSIC Y 2> TE .
W & D NPEE FRIMIEE OS2 izn 2D, HEERHES SO EEERE e R e LTED, FrddiiEs
MRBUSTOMRICBWTIX, 4 74—k, 7« T+ —)V NI b ST TEEIERORIAZIT> TE

AELONKERCIHITF B 00 L UTEEREHO 1 D0, HMZEHERE R OZET), gk s, HEIc ks g -
HE AN -8 S, BIHEAEZ TIRIC E— by v U HELWD ANTIEHICIRE T2 & TH 5. chid
MHIfE AL, BEIRKEZRZH L U TIRATWS 8 TH D, modern analogudN G EIIZE, HEZ
DHEARIZNETH .

201 1A R HIEE (M 9.0) TlX, IR DIRIKEIRS AV HIEE AR RIA E T 7z 8694F L BIHNEE & 11
HlLTwizZ &b, WEDOHIE, BEZHEAMANEHZBUS K1k, UL LIERII Thb N - BiiFHEIC
KO, HUEHERYI DR & REROIRIKE & DENWR E, BEZRED ARKZW S L TOHIE « AR IRIRHE DR E
LB AT o Te. TOEDHIEBICHES BFOMEHRRICEEHT % &, EE ORI EFHHIE NI A - BN
ZE L DOFEDPARIZICRRTE TN

Z D% 20114F 4 H 11 HICHAE L EEFIRBE O HE (M7.00 &, WEEE FZ2ERE U, AR E A H
Lizizsh, 2L ORZEBENRMFAE 217- 7. W LUZMEONE « JBIREZMBICOWVWTRElicY vy EV T L
oA, BHOKETHZHFRMESX O/ EWiEE N L— AT R L. OB KRHEICEREINT
NGNS T 2 AlBEMEIZ T H 0 BS C e TH o 1A, Wil & & ERMOFHME T, EEMENEL, LhdH
LS TIEELWIENBTH 2 &b, TNOEMNEITAZ LRIFEALEBIN T AN . ERICHIERIC
TONTAEBOBBNC K S P LU FFRICBN TS, LEEIOEIHENTNE 1 HEL ERTE Ty, OS2
FBh. CTOMREBICIEST, IFEICENTRAE LI NREERTEIC X 2 HER, 2 DL EIHIE 2N A T LU A AR /%
WikgZEIHE LTHD, 1RO TIEERE LIS WIEHTEORH & Z DRHMEDA K EZFED—D 7> T 5.

SEOEKZ@ELT, TERIEIHIED GBSOV 5 &L R8N TIREL 0 IR > 12, s OBE
KHEIC LA, NEEEREIC LS, FREROEVWHIEOREDIEE Z#IHT 2 L Tid, HE-SHEOREMNCES L
MR, RBEARBRESEEDORNED LT, TOTENSBEET T TEHEEICG > TV T &IFRWED. (EED
FRC TR A B 12Ic, IR TFEDO@EE LR L2 MNEiER DY & L TOZEEDOREEIEHICKETVEF R 5.

F—TU— R HAWEWIEY 2, 2011V 5T IIEE, 20114545 S IR O g, 1R Toe, o st

Keywords: Japanese Society for Active Fault Studies, 2011 great Tohoku Earthquake, 2011 Fukushima Prefecture Hamadc
Earthquake, Active Fault Study, Paleoseismological Study
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RHAREXRICH T 5 HAMP XD D fHA & 2R DX EFERICDH D 7 _ _
Activity of the AJG to the Great East Japan Earthquake Disaster: Role of academic soci

eties at a big disaster

FEAFER
KUMAKI, Yohta!*

L HAMBA AR B
! Association of Japanese Geographers / Senshu Univ.

RHAREIFEEICEEL, HAMPAZIIRONIGZTT> T,

1) HERRZAME L9 2 KFMCATZ S B, D5 DMWEDEANDOIIG, 28 OB 5 O
A, Az & O - HHESH, RRICKZHEIER - i - 328 OEHR— L= ETORMK EZITo T2,

2) P HHEARGRR Y ¥ T 2 BT S EORE 2 X X, RIS EGR/KIK D 272 I 5 i I 5 1F
FTF— LU T, 3H28HICH 1 IZFE L (ZDH% 12 H X T 8[HIKED.

3) REFENLFHNZLED, HICARNMBLER 2 - 72,

4) 20143 HE T, WHAREKBHONHHY VRI Y Lz 10145 (55 43RS TR, WA EZRMEE
FBUROG O GREE, WBR(E, BHmSEESE < GptsEE, BEREE L) LN SABEANBIRO & O (HEERD A,
BELHD 7R E) LD %,

KHISEFEFERFICI, HIERERERIEO 2GR, MRS S TeDh, SRR 500, ZRIAT % Alii7%E
;I TIREL, TNZREL, DO, RSFHET ST L, SO ERPBUN « BIGARD & 5\ E 1782 H
NS LIRS BT &, BENDSRE EICHHBICIO IO RETHA S, JpGUE LTE, 74—V FICA> TEENT
DRGSR T B L LI, KEREROLOOHRCMI ZEAZF DO EAHEETHA 5,
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BABE AR K F IS DGR\ DX AN 5 OEEE _ _
Catrtographlc society’s contributions to crisis resolution of environmental issues and dis:
asters

A IERE Y RE &L S End L BEAR FER L Pk R L
ARIKAWA, Masatoshi* : MORITA, Takashl : KAMADA, Kouzou! ;: KUMAKI, Yohta' ; SATO, Jun

U HAHIX A
1 Japan Cartographers Association

BB E KEFICB T B ERERICE O THIXIEEETHS. LirL, GHEREMICEHD 2 iXMLG - FIFHOILRA E
Uzt OTHLNBYEIC TN TWERV. AFRLTE, HMXZROBRDSEHERICENT, XM - AN ED
XOGEMMNTE, TRBHEED XS RRIENH B0 2L Lz, RS, UTORICBELTGRL 5.

(1) JHGEPE &

(2) B H D IRV IS U T MK G o 1 E &

(3) BRI LIS U T X ksG> U A 3%Et

(4) HEHhX & 72 Z UK

(5) BIfEDO/N\Y'— R = v T DG

G)VERRE - a3 2=l —ay - A7 4 7IKBIBHKY 75> ¢ DR
(7) 1R Sk

B) RT VT 4 TIC X ZHMXKEYE, (iiEMEH SNS ZEF2ATvEV T
(9) RFZERIE y 77— X OFITE

F—T— R M, SEERX, {5, 2R, N — R 7, VG
Keywords: maps, disaster maps, aerial photographs, geospatial information, hazard maps, Volunteered Geographic Informatio
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S 2 RS R 72 FH O 72 SEE0T i S PR T )

Disaster Response Support Activity based on Geospatial Information

JHL R
HATAYAMA, Michinori 1*

U RTERR AR ST ST

! Disaster Prevention Research Institute, Kyoto University

KERFOM NSRS BT TV r—2a T — ARG EDK I L TEIDIEA S, ERKEFREDR
B LB THI (KB,

1995E DI « KEEREKIFICIZ, GUI ORIAE Hix-> TWB T &b, I AV RUZE, EHEnHET 3
TV —ya v EREED Tz, R, HEZERER (GCTEER o T — 2 2 E T SRS A7 L (GIS:
Geographic Information Systemid, WFZEHBEAERINIC I L7z C & TBEEBAN K FERICEFICHH LI H 0,
TR MEEE NIz, FTe, HIKT —2ZERD 7D DfiZeEH 2RI U T g SRR ORI AN R I N, S5 i 2 il
BOFHDOMREME S FEE Nz, BRLRIE, 12X —Fv b ans ZX—&#nL, FIHANZMTHEEICA->/z2 &
T2 T, HIBEDNR—LRX—VZFHR L, RAGTERMIREINS XS ICk T,

20044FICHE LT Pl iR T, D Web2.0Z2AE T 50— X TH % 71 JIc K DT OEHE ENFE SN
Teo FTz, 1998 TAICHEET N, Web2.00H%M L & H D EMDIKLZHE Tz WebGISZHHILEDT2dDTF v
r 7 d—L & UTHIH U EHAE & B TR RS NPOR En BiTbNiz, TNHDY—CADERT—XE LT,
721 Tz < R B EPHZE G EN MR H E N,

20054E1C Google EarthhVifi &4, 20064EICE 7 5 RAVE a—TF ¢« Y IWRIBE N L Z2KIC, & 512 (kh
i b, 20074EICIE, HUPRZS GRS FHHEEEAE D T S NI T & 25320, ZERITEHROEIS & LT GPS& £ Df 2l
P AT LAVERICHHE N, GIS THO IS 7F— X WM X T2,

WHAREXRTIE, I—FEFr =3 VAT LOY—C A EOEDIINEEN TS TO—7EHR (BHmON
BIER) Z7—2Y— A& UlaEial rREMetE N, BHET 0 b )Lz LT Web LICABIENTHD, Mk
B WebGISTRI%, FIHd 5T &M AREE K> Tz,

1980$ﬁﬁu¥7’3‘6f5ﬁ%7’3\?‘@“&5Efn“(lﬂtﬂ‘ TV —=Z GISZ VT, 20104ED /A FHliFE Tld OpenStreetMap/”
OV MCKB7ITAVAIY EVTDRAAMTDONT VS, THUIHERHIOMXE#RZ 1 > 2 —%w F E TRV
2V =T 570 Y 7 hTHD, GISOEMND E DA TRV IO SZHRICHT 7z A nTREM 2 R 7z,

LD XS, Biwh « R REKSLEOMEAFHO IV ¥ 2 —Z R OTFUBRBEOZIC K D, EHEON; SEEH 5
ERFORISTEENC B 2 TEROUNE, TERL, oH1lE, ITEEHMBERBEOANTS O S, JEHEMREITSI T ENTES
EDICHL TE Tz, IHIC, S5%iE, WebZE ] LI ERIRIBEDERNDSNDZ 2y F7—2RREMZ 5T &H
THENTED, KERITHERNGZVE WS IREN S, KERHICTIERTHSNNZAD, DA > TRLE T HIREICHE
1952 THlENS,

F—U— R {PZERINER, GIS, KERIS SR H)
Keywords: Geospatial Information, GIS, Disaster Response Support Activity
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= B — R TR B 2 BREETH 3 & SR E DR E .
Environmental pollution by the Fukushima Daiichi nuclear power plant accident and role
of the atmospheric science

S s 1+
NAKAJIMA, Teruyuki'*

LERRURA R KU ER T
L Atmosphere and Ocean Research Institute

There are several past and future issues to be discussed regarding the role of the atmospheric science in the accident
the Fukushima Daiichi nuclear power plant. SPEEDI model results were not effectively used in the evacuation plan by the
government. It was found, on the other hand, that the performance of atmospheric chemistry transport models are comparab
to or better than that of SPEEDI, for simulation of distribution of radioactive material over the wide area contaminated by the
accident. In that situation, a bottom-up process were useful to gather results of simulation and in situ measurements by volunte
scientists to be utilized in the decision process of the government. The Science Council of Japan is now under discussion c
establishing an emergency action manual for gathering data and knowledge by scientists to be shared by professionals to ma
useful outputs to government and public. As also indicated by the IPCC assessment process for climate change, it is importa
to present uncertainties included in the scientific knowledge to be released. In this regard, it is important for the atmospheri
science to contribute to reducing the uncertainties through a further progress of the atmospheric dynamics, physics, and chemis
modeling system and through establishing more robust monitoring system of weather and other quantities. | like to discuss the:s
issues for improving our ability to reduce damage caused by future disasters that may happen.
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IR ZRTHEAARREBRICE S MEE> TN OO
How JAHS will manage the Great East Japan Earthquake?

TR AR T R IR 2 R 5 2
KONDOH, Akihiko'* ; YASUHARA, Masayd ; TSUKAMOTO, Hitosh?

VTR £— My Y I v X —, 2 RN G ST
LCEReS, Chiba University,The National Institute of Advanced Industrial Science and Technology

HAIKSRARIIKSR 22 B & U THIRE DR S AINEHATH 500, IKIBIREEZIERT 2 L L Eic. AREEHCE -
TARAIRGERTEH S, &> T, ARBTEHEKTEEROBEGRE BEEZHETH D, 1999 FDHARERIC BT E T X
<R NESDOHO Science in the Society, Sience for the Society?0104ED H AN =ik THADER ) 1B % “He
DI=DD2EMN” i ik LIiEE 17> T3, KT 20114E 3 A 11 HO BRI ELE L, a0 TtR2E
VAN S Fle I b R = G o IS R ol TR~ oY

HHARESRLAG AN, S FICB U T fIc K 21581 217> CE /e, T T TREEREH AN
IC KD BB S MU E DTS & Z D OBATICE D %t ERPZORENT DN TNz, ZhUd. i
SHEYNE IS LT OBIT. B HFRE NI TACCEDRER L TEHNEMNEHTE 25 TH 205 TH S,

BRI TS LIS E O S B OXBENC BT 217818, A Z AL L iR 0 5N b, BiEiksT
IS DOF OB L. BNIERENMESN TS, LML, BEICELUTIELZRE - N o L idv 2k
RNTH B, SCHRERICKBHZHEE= 2V V TEDRRE HBD. DN Citam 3 2 BROFKHIMNH7E B E N
TRV, HIFEADARE 2O E TlE iz 5 B I iR L RIRHCE R 2179 . ThUd. MRICK D iR TRE
TEAHMOMEHE, BlRANERE> T 2NDTH B, EFREERICEK > TR ENTAHOZE MR ER, MERDN v
TR IR DOHRE | Z 21T S TeDITIE RIS - FITE N RV, LA L, BRBIEIE, IR, EEORRECIE MR O
Y TMREEEEZDTHS, K55 ROE S HEHEYEISERE NIRRT LN TH D, 2B 5E
5 UGHM, FEA2g cida<, Blimsok - EIERICKZ IKFEL T0WENETH S, b, MiEon 4k
IIARBRRZ R R LD TH S EIXIIMBRIE LW TDHRNWERRATH o 12h, HlOB R ENTHETT % &0
5T LILES>TWVD, L L. IIMRDIBRARIUS DOV T TR R EMTON TV AR T ALY, IR Ay 22—
OEEND B, TOXIGEHEENS, LB OBEROIRAFAEZ BIT — XA FOFEZHOTRHA L, e a5
LENSSEDHRICOVWTHEm L TWAETATH S,

JFFEREHN D 3EHICAD . FHRO TEHE AR X IO RS UM T4, — S80I Tl RARBRUE (X I
LEIND L lEol, MBZREATVSERPELLICTHITI TOEDRKTH S, IFITIFIEEKEIZ R, Bill
T BEUK T 2 A IGEDIKIRIEN 5 T % IKSCADHIFKIC K 2 L H F/KDOMFRERF G —RICE <. BUKREDE
722 EBEFE LV FERICE EHICEET 5, EERKICIHREITILIARERIXIC W TETTKIRD 7 1 i X 2 ER00E
Zi1olc b T A, W 304ELL L CTH - Teo MYIRIGTCHHF 2 i UK ETRICRE T IR T 2 L E A D
N5, HIKOKIEERDD O TIPS 2 HER. BER7ZEOZCBNTIERT 2 2 LR AEDORENTEH 5,

—7. HEREE - FEREREIICHE T 2KV EERHEE UTFL U LD > TE iz, h 5 OHiES
IC& B &, BHARIIIHERENE., KXFEMEDRELTWVEEASNTNE T ENHENTH -, THITHADR
32274 —IKES>TEHEBRT B ENTERVEELMETH 5, FHERTEERT L LU TBKE NcGio—if
ZHHI L2 GATc B TON TS, B EARIERICE > THENTED ., N LizE iyl Tnad, 2ok
5 IR HIFESEE TUINT U 72 fa it F/KFRBIR D E N, Bl Tl S Nz FAKD EL O KA ST %, Bl
FR LA S O Rk ULED # FKREIRICE L. ZOFMHIGNE <, 2 IGHRE O ZLNC RS ERIC TR
L. ZOMERRIZMD TREWVWIET TH 5, MEZEHOE > TV 2 a1 2 [ttt FKREIR TH 5 T L3k
HERSITHTEDOND L ThoT, HARIIIENZHIE., HRENTZ SAVZDICEERE S NIZDN, BUA
ERZEZOBFRMNHARDEELFEDO—DTH %,

FRPAIHEORICH D, HBICES>THALENTWVS, o T, HEDHOREEHIETRETH S, RIEMRR
EHETZRHAOHT T, RZORENZEDX S ICRIZT O, HAREZZFNEESE0,

F—U— R HAKRZER, R E, 85, IKORZEORE], A & 2 — )b, #it FkiEh%k
Keywords: Japanese Association of Hydrological Sciences, nuclear disaster, FUKUSHIMA, the roll of hydrological sciences,
distribution map and its scale, groundwater flow system
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i S SRGEC TR OO U TRV E D B S /KIAN DO AT

Transfer of radionuclides to river by Fukushima Daiichi NPP

U 3 1
ONDA, Yuichi**

VIR T AV b — T BRI EN RS o 2 —
LCenter for Research in Isotopes and Environmental Dynamics, University of Tsukuba

fEEEFESERIC X O HRICRE T LI E, Z01%, TS 2@ 0 TIidT 2 2 e PiEns, £

T, AR O B 2 EHEE O R - BEIROHNE, Hhz a8 2% TR D S OREHEE O
FRECR OWE 2 KAFEF 7))V —T & UT 20114 7 HELK T > T2, sRENAE, D 5B BERIEEOR1T,
IKOBENCHES, BENTEME O 13K « HTIK « BERUK « WIDRNOBATaE &, A HHRIH To HEXE» 5 O+
W X TS EEOWNNOBITE= 2 VT 72fTo Tz,

AR, BTECRR) KRR R | ERET LR EIX Th 5, dRET5ithod Cs-13701& L 300~600kBg/m2
T2, Mih, FREH, BoEH, BRXOCAFMZEE 5 ApoER & BvkHZE3EE U, KN SO +r) « BUR Tt
FHoOWmHEOBIZIT> 2, F iz, PR FEE UM 30 AT ORIEFIC BT, TRER %8 U B E 0T
BICOWTEZRY VI 27> T3,

SHELVTHBEDRER, REBLIO Cs-137HEIXH £ D D L Thian—77, /KHD S D Cs-137HbER I I H
RoNtz, MA@ RER T O Cs-1373 b 2Rt T80, BIEDO L T3 2EEHERETNVC T 1 v T4V T &
NBEHIBEEDAENTVB T b o,

F—"U—F: Cs-137 @ — i /13EdEm, HIBRE, 1lEry, Wil 77 v 7 A
Keywords: Cs-137, Fukushima Daiichi NPP, soil erosion, suspended sediment, river, flux
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WA RER C OB EIIE DA~y 7 & T a—
Stock and Flow of Envwonmental radionuclides in Lake ecosystem

B —
NOHARA, Seiichi*

VST AT BGE NE BRI AT

INational Institute for Environmental Studies

ARYKILTERORE (BD) &, W/KEER 1,345 m 7K iH#E 0.87 knt, H/KIfifL 4.185 knt DAIILT F#ITH %,
AZFD 12 AICsEeik U, BFED 4 APICHOIKT 2, FRFEAFINEER DA T, WRICIZEDOHDFEKDH D |
HEEE) ETRBKERIKD A TH %o WHIKO TN I 23 TH 2, FEREIT BB, VAT T7 A1,
FAHT, AL, ATF, ¥/ RVEENHEREINTVS

mn&sﬁ115k%$bt$5$k%“k&9h%% JEFIFREITRRIC K D . ZROBEHEMEN KIS
M E N, WEEFEDS 190 kmi NIz /RIRKIARLOIC & BURTEE D N Uz, HREOREIZZ < RS ICE DN,
TR REIS KB DB EY B DIBICRAVA AT, NIRRT 27 A FOMGHE > LIEREIE, 20114 8 A K
TURFOEFHOEEHHE (500 Bg/kg %z % 640 Ba/kgTH > 7zo FKZEHH & REE TN DV RN L 7
D, BERY: - BEGIRKEERABRY - ENTEREIWIIUTH K OB & TS OERIRMITR G HEEE 2 > T 2 45/
bl HEFRZED T E T,

AIEDONEZ, O N UM 2D LS & 5 EEEGROIRMEHE & 2 ORFEZ(EOBIM, DARMAEICH T %
WK JERATIE, IHEEE, & 5ICfEBZ2 ST/RKEEYOREEE & LIS X 355K & 2 ORFFZ OB, O
TRIRAIA DRI « KSR 35 & CIRAERER OS> Y LGROERE L 75 2 BV O], ZETH %,

ZOBRBRAICHD LT, 1H%ED 20124 8 AKFCIE 210 Bg/kg 2 fE#40D 20134 8 HIRfICIE 130 Bg/kg Z L T
FEHIEfEIX 99 Ba/kg (20144F 1 HIRFBIAE) 75> T\, ik 137Cs L)L & T A F 137Cs LAV OB 2 7R
L. ZOHEMmRENIH 1400TCH 2, BT 57 kicid 10~150 Ba/kg i#i7K 0.10 Bg/L, JE'E 1000~2,500Bq/kg-dry
DORKBORUGEL > LDEE L MKICER L. 2D 5 B 5g/nt/day DB TER L T 1,000Bg/m/day HViEE L TV
5LEZ5N5%,

F—U— R @RS R, BRETGEE, WaERER

Keywords: Fukushima daiichi nuclear plant accident, environmental radioactivity, Lake ecosystem
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H A N IKEZ S OFE SN i U 72 1h )

Activities of JAGH relating to the earthquake disaster and disaster relief

T 1 5 UK AR 2 5 R2H 3235 e — B0 4 IS H A 0
NAKAGAWA, Kei '* ; TOKUNAGA, Tomochik& ; SUGITA, Fum? ; KAIHOTSU, Ichirow! ; SHIMADA, Jur?

L RIBRSEREGOKIE « REGFPERREWIZER, 2 RGOSR AGTHT AR R AR, ® T ERERRICERRE A, 4 JRER
FRAGAREERIAIERE, © RRACK A RARE H AR AR

!Graduate School of Fisheries Science and Environmental Studies, Nagasaki Uni#€rsitiyate School of Frontier Sciences,
The University of Tokyo?Faculty of Commerce and Economics, Chiba University of Commé@eduate School of Integrated
Arts and Sciences, Hiroshima Universitfraduate School of Science and Technology, Kumamoto University

AR F7K2E2Tld, 20114F 3 AT T - Bt 5 A EEEMEIOIG U T, XD & 5 RiG#E 211> TE e,

PHEES (EREE HE ) TlE, 20124 5 H 26 HICHIE 1% LK « IKEIRFRZHBIBICNZ, SV RDY
L MESROIER /KR E UTOHF/KFIFHDOTIED /7] ZRETREHIF v /S RAICB W THM L. £TRD 4 4Hh 556
BRIt L Cnizizniz, (R —K (B E) KIS R T LDO%4 « O, EIFEER GEFR) THHAR
REZSEE DS I51F ZIKDFELRICDWT CGiRE) L, TTARIBAR. (BhEHD T8 dEHIC BT % KEFRFOATEHIK
& LTOHE FIKDIERICDOWT Y Il K (BRAY) THHARKESRICH % #7252 00 7okiEt Mk OF#
Z 0%, AOEANK GREHIBREIR AT Za3—T « 7—Z—L U TRRIVT A ANy ark{tolk. AVURY
7 LT, JEHRE & FE RO F/K DN T OEWDER L, Bikililz EOiGarbNiz. K VRI T LONEIE,
B - REIC K D EEFRICK L BN, SKERFOH KD ARE, IEFEREOA My 7 LTOKZ EOREED X S EIE
TEATHBINRED, ZDRDDA VT T iR EDK I T TWOLINED, X/, EH - M - FIHIEREZFEICT T v
a7 TUT, el BROEE DM T, i Rk REOEE 2 T3k I 2 08 hH 2 T LI ERAXRTVS (B -
HhEs, M Rk2E2sEE, 55(1), pp.37-64, 2013

WEZAEZ (AR (UK TR, 2/FORHEES 24 - AR U7z, /R TIREAREESE L3l Rk CAEEE, 54(L),
2012.2 T, TEAhHS @ A& —ali&H 1 2011 s bt AT RMIERIC K 2 Al T R AT T O i K BRET 22 ki
DNTCY & T FZH S A ACTEMHEE OEERIC K 2 TEER TR FEEIC 351 2 Hi F/KFIH & 3R /kokE
NDFE | e L, FRE TEX EHr k) (23E, 55(1), 2013.2 T, lGmat - AHEN @ ZLeffEE L TOHI KD
HEME, TR REHEE D ¢ BEARERICHBT 2 HFHFICOWTORMEE ], TER I & Pk
23 ML AT IEE OFRIC K B /K RN DOWT Y, TER R RIED D EAKERKIC K D FE
4 UTSEEBEREY) - Bl HERR OB E GRRIICDOWT] , TER  ROBEAN - PE G U RIY L TEEREOIE
WHKFRE UCOMT/KFIFHDED 51) ZHE#HE Lz, WINng J-stageChEN TN 2D T, HUOTHAIKE> TV
72 & 7z (https://www.jstage.jst.go.jp/browse/jagh/-charlja/)

BUMEREICBE L T, /K3 - AKEPRER E OB IAFAEN GRAEME © f#—18) 2L, 20114£ 6 H 16 H~19H %
KU 20114 8 H 1 H~3 Hic, FAh, Feni b i, m =FENT O/KEFZEFTC 3510 % BRI < /KIETORK, (it
XOKHERNRHFFICB T 580K2To 7. TIGBMFAE L LT 20114 11 H 22 H~23 HIC, KA L RIFARET, §R
Aot Gtz m = REITICRR D, HURIK « J)IK « OV > T v T %275 7. ST, FICHKIC X B /KEKIEO I T
IKDIEAKAE & DB DWW TN,

F—T— R HAM NKAS, BTSRRI, o > R0 L, RS, AR, i ~KkOEK(E

Keywords: JAGH, The 2011 off the Pacific coast of Tohoku Earthquake, Symposium, Special issue, Joint investigation team
Salinization of groundwater
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IO PERADHELE U S 2 € 7 VLD D I

Oceanic dispersion model intercomparison for the Fukushima accident

FEAS MR
MASUMOTO, Yukio*

LROUORZ E R AR B A R 2R
1The University of Tokyo

20114F 3 HICHE LT o — i I 3ERATAD BRI U 7o e AR SRR O Fod 288 -0 pu iR AT

P OREIHTR. S SIEPRBTREILEIC X > TORL T <, DX a0 iz i A I OREE
TIVORERN S, HWVCHET 2072 RTiHnEH5E DD, TV TREZZ RN E L TH25HER, MRO
EEDEDOREVEEDNDHET L L7 > TE, ABHETIE., IHFARCRESNIESET —F 77 IV—TDE
TVYITYTTIV—=TDFRT, i, ZOREMZHDT —F 27 7 )V—T O N TIrbNIigEE 7 VRO R 2/
MIBELbic, WAMABIC L > THRMEZEZ T REDND 2D 2T %o

F—T— RBESERE TV, G, €7 )V E g
Keywords: Oceanic Dispersion Model, Radionuclides, Model Intercomparison

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gim

Union

U08-13 B AA VR —)b FFR:5 H 2 H 12:15-12:30

;'\:,f%b\ 5OPSELT T LR ZHINE LIc A T4 - T2 214 MEEMROR

Development of Composite Materials with Zeolite and Magnetite for Radioactive Cs De-
contamination in Soll

Y 2o
AONO, Hiromichit*

L EIRRY:
L'Ehime University

1.5

fBEE— R IREATOFHIC X D E NS CsIc &k B ORI L 75> TWb, T ORRYYT
B L TELX T A MRV R HEDMRGFRENTED ., BAARKIFEETRM P E NS GRIKEFER & LTIV
VAR KD B LU Na-PIBIA T AT 4 b (NagAlgSig052212H,0) DZAfiH D A 7 3cHiin s (CEC) 2 &
DT LICHEH UG Z#ED TE TV D, BRGGEE LT, MR OBETE CsIZHIIIARICEI T E, FIZIXTEREN
ek A A4 b RELEAT LGET Z LICXDRRTZ T ENFETH B, L L, THOBREICOWTIE, ¥
FA FKHEEICEA LT CSE ST ZNEENT B HEN RN,

—J. RTZRZA b (FgO,) OF /Wi 7 #kDEAEO T IV A VIIRIC K D ERT ST BN TE, TOEMER
Na-P1¥+Z A ~ EFELIL T %, 22T, [ UCAGRNICERZ ANFEKICT VA VTS ik DL T 1 -7
TxRE2A MEEMRL CUR, #bEA S A e d5%) DEKTESTEERWELE, ThUCKO/KAEEICHIEL, Cs
WA % DB EIIN A AT RE L 72 %o

AL TlE. Wk Na-PLURICA 5 1 F OETTIE. T DOEEMEIOM B & (51 A > A IOV THRET 2175
Teo EHIC, REERTHEE (II£HT 1,000~2,000Ba/kg ffEF 10,000Bq/kgiA . FEAHES T 1,000~2,000Bq/kg H 51K
B Cs ZHL D [k < FakakER 7z Eiiti L 745 RIS OV TR %,

2. TR

KRB TOEA T A M RO LA Z 1 MMERIE, PUEEES) JIS-N O ABBERR 2 R & LTI 100°C ThngE
iz 24nfTo 7z, WS TOTHERICH W2 RMEEA T 1 MERIZ, FHEE N OLRFEEIRZ FRL e LT, RS E
FESHIC R U TREAREfTR> T, TOWE, RIS T2 XA N F ki 1% 100°CTIER L, ¥4 541 FDJi
RTHBARFENKEEG L%, ThZz7) )V AV GEEL T 140°CT3nEY) 952 LICK DI U Tz, ARilb#R
T, T RZA b 1Iewt%F B X S ICHR L IRMEEA T4 N ER Wz, BOEICOW TR, THEEK (aviBy >
EoULREEAY T LEZOEHEAD 21 0 10EET1 00 IF> 27 Uiz, BEHICxA Y Lfif (800077
7 R) 72 O T REERSIC DU TRIMEEA Z 4 - & O 21T 5 72, WIRO AL Na-P1EIY A 5 1t & yAHBhFIZ2 s
mu. F2 2T NURGEREZI TRV, DS Nz T2 HERGE L 2 BRH OBE, HLE 3IERHOEEZI TR - T,

3. FER

3-1. Na-PYIANT AT A M K2 RBIEYINDRBE L 2 LB ATl

YA T A MK T 5 2 Ik 0. BIEMIANOREHE > LERD ENZ RIS NZ D ZHiR5 128, &
D 2,000Ba/kgD 1HEIC Na-P1RIEA T A4 b GO —F (U T Z#ASHELE) Z8E, HEA ZiTk-o7zk
T A, RPN OBITHIEDIIHIENS T Ehbh oz,

3-2.fifk Na-P1HI¥ A 5 1 + DIFRL & Z D RE

YA TA MOV A X3 p mEETHD ., ZORWNICY TR ZA FOF /R T DEEL TS EBIRTE
Tzo Flo, BATA FORMFUITRE LT TR XA FPFEFELTWB Z e, chuckb, BS54 eI %
ZA NFRLIT & DO—RBIEEM RSO N, L DEBICK > TERGERIDAIEETH S 2 L 2R L TV 5,

3-3. it Na-PII¥ A T 1 M X 2165 D S DU & LERZEZHR

WEDOTHICIIZ L DN=ZF 2T 41 M EDOM TR ZEZATED ., ThhEd ety I LzEEL T T
% 1O NI STV, THUCTAHBIAIE LT, K+ NHA+A A U B ETTARENZ S T LIic Kb A4 VBl
MO, Bt LDERT %, BE LTERHIEEA T4 MRIE, A4 VR BRENREL . LEREICRA
TNTVBDHED DEIEGTRITT %, mEIC, ROERIFICKXOREEA T A F 2T 5 T LIC K OBRRZITR S,

FRAEA DTER AT 109D L Na-PIRI YA T 1 S 2T L. & RiaHBIEIZ O TRRZ1T5 5 o FIRNCHE L
Na-P1RICA T 1+ EIRHBIAIZTIM L, S+ 2 T RORGERIEZTTR0., S N iz T2 FERGE L 2 BRH O
€. HARE3IRHOBIERTTR Tz, 3 RIORGERIEIC K D 80%D it o LW RGE Nz, &% v
THEBRE 21775 o TG, Wik Na-P1IRIE A5 A4 b DIEGEIZ THEICH U T 5%% 7213 10%E U, AHIANIE 4 % 2
THET VEZY L+ 0.1% KCHTHE— UTzo BEHREDERNRKZVDFIIIMRE, RkE, MHEEDIHTH >z, Thid/E
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NIZ Cst ZHLD AR GIN—ZF 2514 FOEERDZWVERRIDREETH S LWV H T ZRL TS,

F—T— F: BURTE CsBRA, Na-P1IREA T 1, 722 A1 &, HEME
Keywords: Racioactive Cs Decontamination, Na-P1 type zeolite, Magnetite, Composite Material
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HIBRERB T & SN\ D HIBR N R PER22 0 5 DHL D FH A
The MlSSlon of Human Geoscience in the Study of Disasters and Global Environmenta

Problems

KB SER
HIMIYAMA, Yukio **

UtiEBE R

'Hokkaido University of Education

HIER NER 2 7 2 3 VIFREARE j&éiﬁub\% FERS % RIS E & HERERE IR SIS HGHTS C £ D
EM 72 TR U HAZEN 2R HIER AR E DR 2 EHF T VR Y LORMEDR EH 21775 -> TE e, ZNEDWEH)
&, B RHARERD I NE TORH, %hb:ﬂﬁﬂ?fﬁfi‘%%%&%h%b:ﬂ?%ﬁ%ﬁ&@ﬁfﬁ%ﬁDEED\ Bk
NHEERZOBHEZ UTARICIAF I v 3 Y 2E X 5,

F—T— R BRI, RAAKESR, MEREERHE, fivinTiek, X655

Keywords: human geoscience, Great East Japan Disaster, global environmental problem, sustainability, disaster
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HRHARE X DA & I g T O
A new research field after the 2011 Tohoku earthquake and tsunami

b S 1+
IMAMURA, Fumihiko!*

P BRAERA A S F A BT S

linternational Research Institute of Disaster Science, Tohoku University

20114F 3 A 11 H 1485 4675y, sRALHIGATEEHIE & Z US> BIHIC K D, HHARRBEKRGHFLZZIE L. C
O, 2 HNEL DAL R, KB - 8Y), HEAV 7T, FRARPEHNLREREEREZE L. I6IC,
EEE—H P IREROBFREREREFEL, NEDOVXIEREROHNLHEIPHIC D - 2SS EN L L .

HHAAKEN OYETRRE & BEINC D < ZEMIBA S Z OISR DK E A ETH D, ERHER X UEEO
FERA N Z X LORIAD SHEDIRN, FEROFM -« TR ERRBIL, & 5IUKFOEFHIZES T — A 7k I
BLTOMEFNERS RV, 512, ERNOKEIHZ 2720, URAZFHGOEFEOmN E, ZEEOME, KEK
O, FERSUE RS E 2 1M O H D 175 E OISR ETH A 5.

HIRSEERZAIHC BN T, FafR, KEOHE, #HHEOMN, B, EIH -« ", FRoRAOfHEZ 2 —#Ho5H#
PAIINWEEHZ, TRENOT O ACBI 2 HREZMIAL, ZOEGENZ KL - HEkT 2 M ETHS.

HHAKRERICIT 2 HEWZE, EREEAOHROHANDESNZHER, HRET +—)ILV RE LIz HRKEER
R DR Z I IAIAR, ML T B EFT A 7N U TARM « 2B L, Sz 0 A, 2alziG
MUTWAE T R T LT 212005 M TFERMMY: ] & UTERRIEL, ZOZMHEZ B L7z

P R SRS, B AR
Keywords: Disaster Science, 2011 Tohoku earthquake and tsunami
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NIPRIFEREE « KFICE S MEE> T DM ?
How volcanology will manage environment and hazard?

FEH: i
FUJII, Toshitsugt*

'NPOBREIR SR T BRI Fehns  BRBT - B S22t
LCrisis & Environment Management Policy Institute (CeMI)

NI FIIRED AT E, MESEEXRTEEETHS. LML, Wolz AKX FE LGS, ZFOW
SR DS FIT LR TIE B ML ST L8 H 5. KUENXIZRGIET % 2 I RARETH B DT, KENDS
EmzEe 0, BFEIHOHEZR/INCT 2 72HICiE, KUK ORHHROBE, X, #HBEZ@EUNCHlrL, @myzkii
WSO ST R T T L TH D, TODRDIIFKIIZORIENERNICENTHS. Tz, KUEAKDRA =X
LDNERICHR T ERVERE TE MIIZOHEMEKICEN TH S LS DD 5. OB S, DHED LI
ZLB NI RIS 20T O K LG S e 2 I BT, NS FBEICHI L T & 2.

NS EORGRICIE, NILERADER « {TBAHVKILEAIC DOV TOIE LWHIEEZ HICDT TWA T EAENTH . £
Tz, WYY — Ry 77 LR DB S N, HE ISR D IXE N TV B T e, [EROAINCHT 3
BOEMEDI-DICEETH 5. KRS, DHEOITEICEHE N T, BiSHYEN 2 EFRE TR B VS BIR T, 1TE
LAV TONKILEK « SEEICRE T 2 EFETEE) 0 Xk EERfl7e & 2@ IIICAR D IR T T L DFRIEREWV. TDXH7%
BHECTAKIEMRE LTOMIIEEEDRKEIEETHS.

Bolt, BT IFEEFOIMNCEET 5 A BT A4 NTKIUEADE D AnbNTz. DHAEDO KSR KILETH D N5,
INETEEIND DR STAIENICETEHA RIA4 VRO ANGNZC LIFEETHS. LHL, HED
ICHICEA TNz LEH D, BELZV. DOETIEE L BN E 22 2 e H S EEKEAE 177
I LA OMETHRET S, TDX D RBESEDFEFEONHISDRS LR OUHIC & D X 5 I8 KIF T O IE
K> TRV, iz, TOEEHIAT LEERICENEN TS DI TldEY. 2O& S EEREOR TR )V
F—BERE TS, EDXH %Az BIEd XEOOE-BEIS L, HBRRIZO R TRE & FTIEAEWL

LML, TNETOELETH, INHADRIBEEEELTTREL, MAEEELTEIAbNTWVWS. 22k L
TECTETHET ZMNICONWTIRILEDHEN D 52D Tldiz. HARMIZEAETIE, ZENICHROMKEER R
EL, ZRELTECETHGIRENEED TR ZITES L LT3,

P — R L, KIS, 2

Keywords: Volcanology, volcanic hazard, volcanic disaster mitigation
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D FIKEEEH DR LR T 75 8

Recent transformation of the snow and ice disaster and emerging issues

s A B R
KAWASHIMA, Katsuhisad* ; KAMIISHI, Isao?

LR RZASEE - BRI, 2 B SR AR e SRR St > 2 —
!Research Institute for Natural Hazards and Disaster Recovery, Niigata Univégsityw and Ice Research Center, National
Research Institute for Earth Science and Disaster Prevention

A, HIBRIERR LD T El b DHE 775 £, B EZ LD % BIRBRBEIDHSEREIE R E KB LT E /e B4
I, TRBEEOMEITICPOBRRES BN L, ZOMRFIKKEDL KIBICEREINZDTRENNEVSIEZTREN
AR UIRUIERZIF SN, UL, K 18HESELIE, MBICKHENHBIL, EIRL & EHAH) & OGN FMA
BT RV ERIETIRIEL ZITANSNDDH S, 2010/1EXZTEMN S 2012/13HELFF ¢ 3L CHEH L5
FFZOUHITH D, TNTNL131A, 133N, 104 NEDFICKXZIEENHTED, KEEMLBRIORHN 5 KEL
ERLTWD, Tz, EELHTIHME - ZEWEEELT, CNEFTRHETOMIEINTI Ah > ESKEOREN
JO—R7 v TENDBLIICIRD, FKKFEMNRICEHTHED HHADRDEN TN,

ARETIE, FTTHEOREKEFKEEEL UTHAIZSELHES, 56 5% (B, R I8ERFLERIRVIKED,
FRLREE « HEBERBEOZICHE S HIKKEOERZELRT S, R, TH, BHEHEZES 72 KHE (hilihE, ERE
JEEHE) PN (FHE - MEEWN) DK ENFICEL 256 LB L HEICOWTESKEZEDRBE RS, &
BIC, FIKKEFEORIRIC AT T2 5% DD AP ER LIS OV TiEmd 2 TETH %,

F—T— R FKKE
Keywords: snow and ice disaster
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FHI K E & FHIRRUASE .
Space disasters and space weather studies

ESHIE
KIKUCHI, Takash#*

Ut R E K R ER BT ST

!Solar-Terrestrial Environment Laboratory

FEOFHMAFHRIC B O THEIC K 283, oL, MM ETES. SRS RhEEwy, e, FHAT—Y 3
VICBFHEANFHIEIHEMEIN TV S, TNSEEDEEREIRORGE SV, K7 L7 &SI xVF—hi 1
SO ERRRAT R 775 & DFEHEHRIC X D BREIESH b 232, — 7 2 OBERE(E 11O I8 e R Sl RS
bbb, e, KB 7 L7 XA K 2 EHBEEEER (7)) Yy —HS) I K 2002 miR - ot odit, 1
SURIC K BB IEERR < IKT — 7)VERGGAEERET, BB RIC X 282NN RS EmGSL, T LTHE
JERGDINEIC X 220l - R ER LSRR ENRET S, 19894 3 H OMSURKHICIEX, MEAURFFERIRIC X
D 71+ X TREWUEEDFE U, [F4E 10 HiCZ sl THREA—a SHRET 2 & & BICHRDEOEBR T & RO iFE
BIRDHER I NIz, 19944E 2 HDOXZEF ) V¥ 7 DA HEHCED KT L, 20004 7 A iZHhEORIEEEH
KEINBAD BT 523 TR I 5 HDFE LTz, ZTO%BE . BEMCEOHM, HEREI R0 S B O
REERE., FHBGHIOME L RONZHRDHEEL TS, FLlZ 20114 3 HORESK L%, #1004/ 5 1000
HIC—EEVWIERFERTIAFRIGET 2 W HFEZHDYZDIC Uz, FHEFICHBWTE., 18594FICHAE L
Carringtondi 5 Tld. 19894F 3 H O AHIRUFE A5 | Eitd C U ISR OB OBRLOMGRDFAE U, U O etk T
H o IEARNBERICEREEENEE L TWVS, BRONA T 7RHRUICFEBROMSEDFRET % L. ZOgEEEx
LD %, FHAETBHOEEDMAERICE N T, R TEHFRESFOTHRKOZIMCER L TR b 5 278 K#E
WSS B A 2RI, KRBT L7 0TS, fAUR. BEEEE. 7 U TZOMERET 2 FHMGHRCFEER R E
ERINCHEE T AW 2 ML TV 5, REETIE, FH K EOMIE & HRO T Z REIC T 2L DBURZ /N T %,

F—U— P FHORA, WU, iA SRR, FHIMEH, RS, KT EE
Keywords: Space weather, magnetic storm, geomagnetically induced current, radiation particles, satellite anomaly, power outag
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FR HERTY) 72 F L \tf’i@ N2 7 B OHER R O HEE

Estimation of the paleotsunami size using tsunami deposits along the eastern Nank:
Trough

B 15 1
FUJIWARA, Osamt*

L PERSRE TEWTE - MBI v X —
! Active Fault and Earthquake Research Center, AIST

T BT 71DV T, 201 L4E LS AR EE 23200 €, EIC X A HIEE - S OREDN RIE I Nz (hoephsi
2, 2011 2012 A, FERIN BRI T AOHE - BT BMEROIEX D LIEFICKEZEGRL D TH - Iciz bt
DFEHEFINTWS. ThUE, SHBOMEHTE - HOEZ LT, [H5DZRENEER LIZRAKY T ADE KM
Bl ZRETLIEREEINS. T TR B HEFIIHARDMES - A\OOHHZEET 5728, ZHICHd
BRI OVTHEDELDEE > TV, —HOHERE & TRERHNZRE UK - SR REERADDHS.

LhL, TD “RKT7ITADOHE @(EZ WDV, ZNDERBRIGAEICRELTZT EHNHENE S NIETHT
H%. mEilEN T 7IRETIE, ®ZE 1300FEICH 5 FEHERDH 2D, TOX D SlEEARIE SO EIMSENT
WRW. ENDIARBICK EZ S 20 EMETT 511E, KO —)V 2 RS T B A A RGE D TH . ZFHUCi,
WEOFHOMERIERTH S MY 2> 7oA N FORBENANEETHS. LHirL, BEICHEL
Te DR ORI, FRRIRRZEEMCARH L, ZAUCHE DO TIEREEC 0152 HIE « Hl O BAKIY RIS Z ORI
BERTHIL, BiSHRZIRERT 21, FRERMINELTVAS.

A HERIY D S HER OB ECT I, HIEDEE RO 2 Z BT 2 08085 5. dBEAOHEFHIEIZEE
CRKRELEZZOMNEAETHS. TDIs, HINHEREYIMN R OM - IG5 OBEOIER Gl b OIS E) A,
ZOFEFEBOHEZER L TOBRTIIARV. 22X, WEFE OMERERISHESHUICIZBIEX D o L NEICH -
12, FDH%O T OUEREIC X > THREBEICBHEDLT E T LT X7z CEBNAD-72). e anE Lz iikiE, =
KA CLlEB 2 700050 T 3-4kmfRic b /5%, T Dizéd, HOERROBEHERBYD NS TROD > TE, ZFHUAEK
MRKENS LB T, HERDBHEIDET > ENREICH > T, HEDBRERLThoZTHNE LNV,

F iz, BREEEDHONIGAT T, Em%ﬁ@%ﬁuﬁffu EDEWIGFINC O LTV, Tz Z2E, o &I
T3 50004ERTIC HEm T CHERS U 7=t i, BIfE Tl 7m&ﬁ®gz%i?%@bfﬁ%&ﬁ%ﬁ&bfwé.ﬁ
w%ﬁ@ﬁﬁﬁ%%ﬁ&ﬁ@i#%ﬁo@of%,%mﬁﬁ%ﬁﬁ®%é%ﬁbfm&wzam&%.@L%%@ﬁﬁ
5t@,&ﬁﬁﬁ%fﬁ%ﬁfif@%tg%ibﬂmf%z%nﬁb%é TN E, HEEREO#HETEICIE, T+

A RO D EIC X 2MFEORE (BREEDNENGET %) °, A THIENZMIC KSR EORKRE (HRDE
MiZzew L 255 REEWET 5.

AFETIE, YULEDOX S GHIEOZ({bZE R L DD, mMNEHAED S BIEIHR IS TiT o TV A EEHEREY O
W2 L a—LTHET 5. CTNETOREREDSIE, BE 4000-5000FEBFEE IOV T, FEHEIERC LEATH
ISR Z REFE ORI B OM > THhEw,

T R i RS 7, SO, e, HELHER

Keywords: Nankai Trough, Tokai earthquake, Tsunami, Tsunami deposit
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g N T 7 IO OENEHEREYI 5 & 2 5 ECHE & 5 1 1R E AT

Tsunami Sediment along the Nankai Trough and Nuclear Power Plants

e B 1
OKAMURA, Makoto!*

BRI B > 2 —

1SC|ence Research Center

%%%ﬁk%#ﬁ%;ﬁﬁ%bhugu Iz b HIEOMIZ I TEIC—EOESE HEN ) ICLTLEIERNL
MENEWNS T EThHDB, (B VFEZEES Fz HElER-OME K O OMEIC X2 B KEE O REMER Eid, s I
HENTWIEE WS HEIZIH -T2 LTE, THIHEMICRERIN, HSROLECAFEAERISTZICE LY, K
ETANEL L DHEDHIZEN., HEhERIEMMEZEIALDDOH 2 X3 BIEZNTEFNTERC KD, TEX
MNTAFRETAFETHEN ZETHEV] LIS FEROBVIAAZNET AHEER- LS5 L TES, C
NEDFEFRZELLFTHRLUBWVIED . A BIkEICES T L IETE RV,

MHEAOERER, BIXZETHELSEEFEORORLEREZE> TV EEZLNTVS, ZTRDELVLDTH
U, MR, THEIC—E, —HEIEEVWOIHKRFEL DB EEZZ00H#MIZ. LrLEaEDDS, A BIEEBIIET
FIZ—E LWV LVOHIFHET ST bEbETuviny, bl NE TrEilg b 5 7B X 38 0BR %
ST T B 7010, INEIITEOHEHERYI O 211> TE Tz, TORER, HAHBERE BRI TEMCD
o TEHEIC—HEEOREEGTHROIE LEELTWS T &, FKMEREIIEELHETEDON TS XS IS THEII—
EOHBEOMETH > T2H., BEBTEBTREEREESAEVWCERERZALGMICT S ENTER, LMLENDL,
ATz B HIERIRRD RIS T M TE S0, METEMO BB EEFEEIT LHvEw, FEHERY) 27t Ui
EOFRIMRIATEZ X5 AN D 2D, HEETNELTEREMESNZ DI TIEARV, FA72BI1E 30 EOWET
HEZRITOTERED, COENMTCEIFGIEREED C EMNTEZDREHITH O, KTk 3ENIcHZ/mw, FAlzBH
MRS & LT 5 & 2 RIGEIAK. milE s o 7R EBTFEE TR TH S T e BFELTED, T
W o 2B DI WMILE B0 = EIR FE CIRIBEDIIZE 21T 5 T L IEARATEEISEW, SOHCAE FE Cirb iz StED
HIHERYI O DR Z FEMCE © K 5 e, RO FEMEERE T, @ADL E T B> TUE S MERRREE

DI TIEZH LV, X 5IC, HEEHEYINENCHIHTE 301, mATH, MKENTIE L ITITEHE LUWiEZEE 7000
FEOMICESNS, HERERD D BAKINIC £ T T XA— MVOBIED K I=ONEIASMCT 3 LIFWEETHZ L, F
LU TROBRE N E T T A= R IVTEZDh, bh3idTEan, bl EOBRENZS %D LTDERTHY
MR NEESHROD, ZCTELNBHERICOVTEEGEICIERZ T 208N H 5,

CNE THERFIFEEIIMINC IR a0 ENTERZ, 100% DRSS L RHER#EICE > TiddH D
‘Bhrnc eEmn, TR, FROFRIITFEIC—REERSRREINZON, THEICEOHEL MHEs IcLTLE
SHIEBOMIZEEN, €95 LTHEROLZERIRET HT ENTELZDN, TNETE L DFEFEHNHIEDEL O E R 21T
T >1=DF. RUTRPEENLZENZIELLEEL TV A5 TRV, HIT, BFEAHIEEDE O ER 21T
B EVS T EIF. HEBNICZDS ISR S RNWTC EENDTH D, DI HHEWEIT O &M, MR, &
BENTHIFICET o722 WS FHRIZE, MEDEEEDNEFROME, HEBIcNT 2422 E o FHMiTE TWix
WZ EEFAHL TV

AE®&%®$mkﬂbf INFECHEROLZEFEEZIT> CEMITE. HARIEEOHEDWMI 21T > T E 5T
H., ZLTHEOTNOTEZMAL TS, AL L THITZ 28 DIERWVEV, FAEBIERANR M ERL
L TWzhy %LifﬁiEﬁ#ot®t@6&ﬁ#&m LEITENTESZNE LNEY, LML, B LERICH
WO C > 12356, R BHEOMIZE T TREN) TLIRESWIRLTETEZRNS C ERFFEND LidEDbERV,

Mt%ﬁ?¢k4ﬁ®ﬂghﬁMT%&#oto%m#%totSEL#tofw&wk%##bgﬁ HE DI
HRIFEROLZENICEEMNEEGZ LI E LTS, BEEM > THIZRZIT> TV AR BIZIZ. 2 bRNnT &
CEADZEVS T EMRICEEHT AL 8T, ELSHHATZ2EBEDLD S,

F—U— R ERHE, wilg -5 7, U HER), s FE T

Keywords: mega-quake, Nankai Trough, tsunami sediment, nuclear power plant
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ﬁj Eith )T TR EE 12 O FURI I ORESE & 5 DL R E A

Change of giant tsunami study and the risk evaluation of the NPP before and after the
2011 Tohoku earthquake

Rk 1715 1
OKAMURA, Yukinobu®*

SRR TSR

1The National Institute of Advanced Industrial Science and Technology

H T AR EE A U Tz 20114F 3 A 11 HIE. FEREFANFRSIZEATA L & 7% o THEed TV /- HBIHIETSE
M—E& U, HEaR E et %T@%@ﬁ%%ﬁ@E$@%@ﬁﬁﬁA§TW@&%T%Oto —J7TC. RTIIR
BAMOLZEREBEIIAE— REDLDON TV IR TH -T2 T2 %,

FERRIHC X B UGB 350 % HHEREYINTZE1d 2004 SEAMA L. 20054EE D 5 20094FEE F TldSGRIEE D
0y x 7 bO—EE UTHgE 2R, 2010FRICHREIREH 2R Uiz, ZoHicid, WBRILEHD S A& TH
RIS D, ZO0MIEE TIR/KT B EREIE S 20iid,. BB SEERMN T =F 2 — R 8401 D
HZBERE L eI NG C b, WEREMIRZ 45005 800 E TH B Ll ENT V5, TORFET, FER
@M F— LT, EEHEREYEREOHEAN T2 TH 572D, Ll & mfl OIS E SICJAMN B AREENH B T &,

B DOEPIHERYI DAtk & 0 HEHRIKEMNIANE T TH % L0 ) il Fi> Tz, ZTNEHAT % 720 0HEEE
SR B IKIIR R & TR LIGD TV, FUEOBRWVIEHSZRDOI 2 ENTETW AN ST,

JRFIIREOLREFE L., Wil aLZERBARNCEFOREINNEET 20 E 5 MOBAMN 2007FEN HUHE > T
Wiz, BEIE. 3DD0Y TN —STHYUENEIL, FY T T IL—TDOEENKD > ZRETREEZENETE 2 E8REE

AR 1T D L FIETIrb Nz, HEENICET 2 /BANMBEL I N, ZOFREERZHERE L UTE D AIEENET
U, O Z ARG T ZE LICE N, fWEH 1 EREOHPRERERIE 200050 2RSEIIRB I NN,
KN X 2 BBHEOM BN E R SN TWiah oz, TORRIKEOETIVEFIZER I NIH, HBIHIEDOAR
7RI I AR E TIT 9 & W0 I R THEGRDEIED SNz, ZOR%ROEMEFFEOEE —~EHirbN/anE X, 2011
EI3H11HEZMZ Iz,

FEFRTTO HBIHEIC B I 220 R, 20054E LI AR ERERTHREL, YAAITLHEINIZD, HAMEET
M8.4 DL FEDE KAHIEE L B D FRAET B [EEMEIC DWW T B LNV THGa DA B Z L idhh > &2 IcBbnsd, &
BT, MEREOREZKE T 5T LIS L IRIiE KEh o, ERHERICHT 2 Ekides, Htae
HRICZ U o T, BFIREMEIBHLIzEETREZZITITED., TEDENTHNTE, FRENEESC LA
75\9 710

ARG AR HNEIC X > TZ O K 5 /ikiid 180° b oz, BikE#KEmE 0, HretiEoM T s BERA
T, RABREDYIRIC IR Tz, FHEANDRGTEH UL ED ., BEDPHERINEW EBETERWIRRICE Db > Tz,
EDE R « Bk ET 5 C LICEE L Kot T e h 6. MR B AEIN O BRI D Al BEME 2 45
DN TEZRMENED/NE L IEoT, LM LEDNS, BEHEHEBICOWTEEZDI LSRN LIFZ{E>T\5, %
NEEZHSMCT B 12K 5 L E8IC, MHICDh>TWwWBZ Ll AN B T L. DhbRNnT EZ2HE
FHEICBEZ TV T ELEETH S,

F—T— R EHEHERY), EORHEN, SR, A

Keywords: tsunami deposits, giant tsunami, Jogan earthquake, Tsunami evaluation

1/1



J apan Geoscience Uni_on Meeting 2014 /0 d ’

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

U09-04 215502 5 H 1 H 16:15-16:40

fie B EORHR OsiE ) ORFIE & BORMIEDEY) & U T DR 7 H13EM OIGE

Strong motion characteristics of Mega-Thrust earthquake and the seismic response ¢
NPP as a massive, stiff structure

JUTHEA {1
KAWASE, Hiroshi'*

st N DT
I'DPRI, Kyoto University

AT AP T3 E IR « KIKEZ FUOINCE OIS TR ERINEE A9 2 mEHE BRI Lz, K87
DOHETIIERE 7 L 5> DI FEHFETO K-NET A8 (MYG004) 72 TH - Teh, B 65575 U8 AIE 40 g1
N ATz, ZF ORGSR DRANERE I K G OHE 1 EBEEOFEE = B R & e LTI 0 . i ARhmdE Tl =k

B IRIRIRIC 2 2 LW in I 38UV T 500Galll b &> TWizh, Z O KNEEE N T & 5 A% E Tld 80cm/sec
UFREHE>TWE, TOXIITHEENREZVEIDICITHEEITZNIF EREL AL, BERETHEDORERN RO S
NIERKBE L Ix 5554 TH 2 IANHE 800Galll L. HAHE 100cm/sedd DM 7207z L, M OBHRE SO0 F
B 7OVAD RS NIRRT RH 55> T,

KR, AR A OREIRIIEE 6 580, 72 5dek U7 BIl 0] O OW @iz Bt & U, JERI NSO iiE$R
THolT eZME LTS, XA EHIHYT - BRI IEERIC I % K-NET B X T KiK-net IZ X 2 BlHI5REEB);
o 7z S IR R R D RE S D4 D H T D F 72 FBE T & 2 IEIE RSO BT E T )UIC AT U TEUERIC #3534 (K
M EIEER) 251 L TV A D, 2,700Gabridék L7z K-NET £ (MYGO006) 7z 3 & — RO hmdfE DK EialifizBrEiF &
A EDHBE THERIZ 100U T RS T b > TS, TOT LIFRAIRERET O v 7 MCEDWTKEES R
ERMNET5Ze2E2HNE L TWDHADMENREE « MERED, IEENKENZTDOT VX LisERICHL
TR DB N> TVWE T ZRL TV,

— ). SBRREDGCHEI NS FHE ST 7RO OMEF TR DOV TIE, TRpFESEESEN TREREEZFHE L TED., it
KiFEEEE 7 A b R - RilEE 7 A O 3EEIETIVETOHETH > 2h, st A ErEhE =21 ¢
AHFETIVOEBENFZNEL, THICZNCXZHEETIFERENRLTWVWS, LML, TO4#EBIET)IVONE
YIEETINEETE UTEHEE & 2 OFHIEE—#HEROGRZ AW TR EEBIC K > T0wa8DTHD, D
MEEREUZ D - X5 ZERFEBHEOWERICK > THRES>TWVEDT, Fidd X S AmEdR 0@ BT T
B59. HSMITGEKFHEE 2> T 5,

FER. LT A PEMHIEE & [RIRRICIERRE RS YIS BT E T VIR LT, BADMAICHET 7Y — BEGE
EREET ARV T 4 ZH T ZEIFRET VIR UT@B i ez AT U THERZE LIz T A, 30%L EORH:
EDNTHENTZDET AR T 1 3EETHDOHIR OGS A —5HIICE £ 0. £EHINICKEENEL 2 DT TIERVE
WORERZI TV, TNEMEYOEETIICH L CRFEWHFELZ T TE, HhOMEIREOMEEDE W KT X
DFHEEAVRCENEETHE EERLTNS,

[ 3B OERKMEBIC X B8 A7 B# % % T8 T OmEIR: & R 1R EFROISERM & ORIRIZE
HThb, LY L ARRIC /7S MﬁW%LﬂJ®:/ﬂ7buﬁﬁm BETENTE D, BT ZFDHIRIRE)
Bz 72 E Z VSR E K HE CRIEEHIES DN AN LIS, RERREVECEZ T EHEHREINEZ DI THS
W, TRZENHDEBICKIEMEEYHEICHETDOIhEVS & #Hﬂ%k%km%trx HZALCEH>TEIREEHR
WHTREMEDY R,

ZDRICEI U TH A X 20034ERF 51 TOHIBAE K 258D 3 HE)E 7 )V ORI ERREREZ VT Uk 4 838€7
VORTRRRE I IIRIZ AT N TVARYY), ZOREEEE TOFERIFEIC K 5 I REMOR HREREORAEM
K (BAW) 2IEFEL, T & BT R KMEfERE & ORIRZ I L T\ % (Seckin et al., 2008, WCEE) Z D 5.
AR I N EAIPEREORAERIKE (BAK) 2, TORHERBZ % KESERANEE « SRR
DOOTHMAEREFMED 2 fFEEICEED, fGHEINBE XS &ﬁ*ﬁil/’\}bbdiéb&b\u Ehbholz, 2O LIE—fk
T REREIN TS LIEEWVHTZ0D, R AFERED @Y LTo) R4 7V 7IEZ08AMEI 8% ix
INBICT BT EELTWVBEDHT, SWZ S EF JI/\/L%Z@%H&AT%Z% T EDNEBICHEIHUTDLL DI T
BEneEWns T eZEKRLTWS,

DUEAERE T, BEREERHEOMERRE & BEYEDE T 2 A = X LIS DWW TEHEDOIIZE RIS FE DWW
TEHLNTVBHMRAZEIL 12, SH%IETHREGSEERD 4 3BT TV X B ERIEONZER > T Ll Ot R HE
ToTCRBED T EDNEABZNE S EHRET HZIVEND S,

7 — B SRR, KA, MIRGEY, < AN
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S EHT AT ER IR OFRIC N 9 2 JH 11 HE D2 2 HUED &H D T

Safety regulations of nuclear power plant for tsunami after the 2011 great Tohoku-oki
earthquake

¥l BB TRR 1
TANIOKA, Yuichiro!*

Lk RS AR A LR > 22—
Hnstitute of Seismology and Volcanology

201 14 BAEHIG PR E IR IS K O 3842 U7 RENRIC & O S — R IR MOl F & CRESRIEFRICE
D, T AGRETGR k&@%<®&§ﬁﬁﬁﬁ%ﬁ$&k&oto%&%i% o7& P ZERER0 MCHE -
A B EIR SRR B R DRE SN, WERGIE SRR OUGET A S e, FLRTOFERE TR OVT
ﬁrﬁa%ﬁ$%kﬁ?%%ﬁj&Lfmbhfmtﬁ Hiidtcld TEEZ edatsEh) L3pHE & UT I
I BEeRE AR 21ED T GRS NIz, 20124 3 HICIFANRIC N 9 2 R8GHAEAVE D IAX Nz, BT LW AR
BrULZEEEOFIENX LDHONZ, TDH%, 20124 9 BICE FIBIHIEBENFRE L. ZO NI THIEE - #ikic
B 2 BHIEAEIC B D 2 MEt - — L DR E NIz, £ T THfzIC THE N OENRICBID % 8 ik e | Dhifkam &
. 20134 6 HICHrZ et i EN X L 5Nz,

ZZiid, HAE LTEZEHEGEOBENIRO ANSNTWD, 1) EHERITN U THBIHINICEE 2R A S8R0,
2) S DB TEREMRA LTS EICHA T, Mg M TEENICHEZRASEZV, 3) (iS50 DJFE K THESKIC
HMZA L, BRI FE LRI A T, @Bl BRI Z MR U, BERERICH DB 7aw0, FHEH I
L&, mAWMOERMFEIC X B2 ERS 5 e Lic, TTTHREEZRZ DN, T OZHEHEHO T O
TH55, HEMRALIG kfifi%@%ﬂéhfb%@tb% FEHEFIC & 5D 4 DK 727 LT ERITK
EEZABFEENMTL %, TOXIBEAMNTL 5 LWCZHEBAENCT 2T LI KD, FHTERIENEST C LIcDk
MO DRE, I ZHBHO B Z@EH L TRV S,
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Seismic Safety Regulations and Earthquake Science

i — ik
KOKETSU, Kazuki*

L RUR A RIS
LEarthg. Res. Inst., Univ. Tokyo

JR-F BT OMERHEER, MtMOMEY) & F UK S ICHES) ' — F N — FOFMEN SIHE > T s, Hl
REE) N — R OFHE T EICIERA U THERGRI T & &) A THIRD 20, WERTEE SN TR T ATl
BALL, ROV XD OFHEO 7 HICHERGRN T2 MBIICTT 5. it T, HEORZOHRMEICHHNT 2 DI,
FUATHCH T BTV AHEOMEICHS.

AFRETIE, T2 =T OEGHIHEO T IFEBATORES), N — FaHiliZz oI igamd 2 0%, s E R IC B
U CHE NN — REHIC DWW T BN 5. K7z, AU ACTRMIEEIC & > TRy IRER CAE U slfisR e, <
NS DY — REHii*> > 7 ) A HIEEORE & OBIFRIC DOV TEE D REZ RN,

RBIC, BFIIFEEFOMELZ R IEFHmIC B 2 B OREO R T TREN DV Tikm L, iot(ﬂif“%ﬁ@%&%
TR EMNTERINL, MEBORAREFIIREROAEOLZRMITIIHKTE AV EWS T 2Ry, £, [
LDICEL ESDNT, FPER - A RN S, M U TEAERZTTS ] TETEOZEMMIENS LS B
AP DGR 72 w5 .
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HIERR} 22 & A TBEH 2545 OFH A HRARIC K 2 SEFHRR 2 H EF
Collaboration beyond the difference between science and government

HLike] B
YAMAOKA, Koshun'*

L R R AR
!Graduate School of Environmental Studies, Nagoya University

TECRALER T 72 a vzl LT FEBUND 5, ZDDICRZOMRERD ANTZHW « ki3, —
TiRIZAZ, EIRIIRIC K > TABEOHRZILF, BEH TV, ZDIDVSTABONIERTEZE., ZFORON
FRICEK->THEIND T bbb, TOME., BEORRZHEITBUICED ANS S, H2RTEAKRDZ A F
T DHWr « b & OARBEEDTEIELT % T EHB W, FEIZHIBREIZZO D FIC BT, AT ORHE & 5 5 hF -
ZERI R —)b & HERRLZ2 O 5 e « ZBRIR 7 — VDB K A NEG L HEMEET %, BEARITRICHEED B N2Bik, T
DEIEBHVOENZHREL, 1 LE S REND S,

LIRS, BARfIE LT, Kk 751, EREDOEFHMEICDOWTEZ %,

NI THNE, Rl e th e - 1T e OBMRDELE S X <HEEL T 5, ZORKOMMIE, TEORZ % k)
THA5, KUDBEKIZ, HARTIRKSETONITEHBEDERZ  LITHEDN TDOND, ZOFTIERERMOZE LM
DN TUIXKIIE N FHES S TITB E B DEE T 25 Tidm S 115, EZ2HD SHIBRYIER 2 £ TORBT O E N
H@mIN, ZHENERED ThNS L LB, ZRIEBVTEHEMDEEINDG, TRTICBWTE LI O A
TEEMNEMICO > TR L TWa, HIKIICHBWNTEREE DBRE HNREL D fHAIC K O Hiof 7B & W25 R OBED
RZBBFEMEENTVS,

HE ORI Z BEHALZISTEDN I 15E 72 LT 2 O HIEEFI S HEEART GlEAS) Ths., L L. KILEX
THIE R0 HIEBIEHEEDOANOE 20, HERARZBERORMBERE TR EBHWENMEZERZ T 25802 0E D
D, HIEARTOEHERD TN 2 FHIZR L, ke UTHEHORZ 2BEMEBIC WV, HIEEARTNS ZDIRELZD T, B
FHRLMSEDEHNEL RS T IR TH D, & HICHIEMZEE DR FITREST GHIEEE) 1wa iz, B’
Ko TEEN S ORTTREHRLL_EOTEHD HIBADOR; S S FICEZ I < W,

KL TENCEE U, #EE2h 5 DEEEICE & DV TKILUEK PHEIE TG E N TES NIz DHY THENER L)V T
H%, TNEILNIVEGEMER OB TEN 2 — X —ICH ST 2RITES N TV S, THIIREENICIE D & SMMITHEHT
ZLIERTH, BAICEELRERED -2, BIER, Z2NOEH TEL > TW5, A, 2011488 DR
WEERNCE > 72 K HPYRDIRZ SN o 72D, JEDTFEFIRIC L)L 2 DERPHERIE N7z, Ambhkbha e
W3 h oz,

=T O R HARHM s maEE) T HIIE, 19954FE DFRMMAEE KRS %, RETHAT S HEIC DV THMINIC RS
BEVHHBNEDEFEICEZZIEDICHILIZEDTH S, FHIREGFHEET T VICHE DN TWS, HIEOEHNX
FAENMERZFMT 5L Lich, BRFETHWA Z EDHRBIREDOFILETH A5, (TBNT DX S THlZTT S 5E,
RICHT 28NS, EERECFMT S LI1cE%, ZOMRBE UTRZINCAERZHB? S, HAHMDE D YIDIC
Lo TEAZHITHEIESN S, HWILHT OASEEERICDOW T, @BEOMEBERFERICE D EHEEZSEI L, Zh
FRCOWTHEBHEDOEZEZ Z Y TIIDH TV, ZNFNOEGEHEZ T AR 7 2 ISHIG 83 LWV S B EA
DENEENTHD, 7 AR T ODHBEEHZED ANS T ENTETWEN T, HAERIZ, BRESICOR
MBAREREYEITH O | 201145 LT A EE Z2 Bl O HA D HICEL D AN S e - IZJRROARE TH %,
BESE, T AEER ] & U CEHMEICIEE D ANSN TS EDD, EANZFORHAITDOEE TH S, T
NS EZRKICIEDNTT2HDT 73 3 DN T, WEKRFRHT EBEICDZRbNT NS,

LLED 260k, HE0BE, 1TROMMR, RI20OFRNEDOBTEAHEINTZEDTH S, HEDOMKICENT Tz
DB EEAS LT, RIZORNEDEICF Y v ITHECTWAHITH S, HERITBNT 7y a vl dkkdn
WEBESRITIRNL T2 FIRNE I 22— a Y EELT, MADEAH L8 DZHENICE D BNEDICLTW
SEBHDWRETH %,
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Space Policy in Japan after new decision system
Space Policy in Japan after new decision system

R 74
MATSUI, Takafumi*

VT REICERERAEM e Y 2 —
IPlanetary Exploration Research Center, Chiba Institute of Technology

In 2012, decision system on space policy in Japan changed. Since then, new space policy has been decided under the suy
vision of national committee on space policy. In this talk | will introduce the structure of this new system and vision of space

exploration of our country in the next decade.
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HIERERE R AT OB D O —iER 2 D570 5 . _
The relationship between Earth and Planetary Science and polyiics from the stand poir
of oceanography

/N R
KOIKE, Isa0*

LERERR
LUniversity of Ryukyus

Ocean political issue is one of the most critical issues in

recent Japan including continental shelf, recources, fishing,

conservation of living resources, and ottal environment of the Earth.

Science has been required to give contribution to policy making, which
means that to keep balance is important for us. | will discuss the

situation of science in recent Japanese ocean politics and how we should go.
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HIEREREE N\ DM 7 7 1 —F & "Future Earth”
Transdisciplinary approach for global environment and Future Earth

2k 17 1
YASUNARI, Tetsuzd*

LR B U ERERES 22 R 22T
!Research Institute for Humanity and Nature

The global environmental studies are now required to make progress toward global sustainability and futurability of the eartt
system. RIHN is now stepping forward to transdisciplinary approach for tackling these issues. This approach involves strong
collaboration with the international Future Earth initiative. We also emphasize the importance of Asia-Pacific region as a comple»

tectonic-environmental hot spot region on these issues.
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Relationship between scientists and government - public

Ly SRS
YOKOYAMA, Hiromi 1*

UREURSER AR 2R TR

!Department of Earth and Planetary Science
FAEIIITE - BRI ED XS ICHEITARNENICDOVTERET,

T — R R, T MR
Keywords: scientists, goverment, public
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HIERERERBLAE E R - AT

Earth science, community, and government

IKIE T
NAGAHARA, Hiroko'*

LHREUR A IEE B AR 7 R it BRI
!Dept. Earth Planet. Sci., The Univ. Tokyo

Earth and planetary science stands on a special position between natural science and the community and government, whi
in turn means an importance of our community from both sides. We have encountered various difficulties in March 2011, wher
our words gave a great influence on community and we had flustration how we presented scientific results that might have caus:
social confusion. We will discuss how Earth and planetary sicence keep good distances from social community and governmer
and how we should play our role.

F—U— F: HBREERE, 12, 17
Keywords: earth and planetary science, community, government
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