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Outline

 What's Space Weather ?

* Activities of UN, WMO, SWW, ISES,
ESWW, and AOSWA

« Examples of Recent Big Events of Space
Weather

— X class flares in 2012
— Radiation belt prediction
— Galaxy 15 malfunction

— Impact on ionosphere caused by big
earthquake
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International Activities \

' ' ISWI Dr. Kiyohumi Y
UN (Unlted Natlons) (International Space r- Kiyohumi Yumoto
Weather Initiative) WG
2009~2012

7

Dr. Yasushi Horikawa

COPUOS Dr. Peter Martinez
Committee on the Long-Term

Peaceful Uses of Outer Sustainability WG

Dr. Takahiro Obara
Expert Group C (SW)

~2014

Space 2011~2014

.

WMO (World Meteorological Organization)

ICTSW (Inter-programme

Coordination Team on Space

http://www.wmo.int/pages/prog/sat/spacew
Weather)

eather-productportal_en.php

-
Regional Space Weather Week/ Space Weather Workshop
Workshop

European Space Weather Week

Dr. Ken T. Murata

ICSU (the International Council for
Science)

Asia-Oceania Space Weather Alliance

WDS (World Data System)
-V




® World Data Center (WDC)

19574 [ZE FF b Bk &R B & (IGY)ZHAIZE% 3L (ICSU)

5 BRI R E IR T — B ) S5 o> |CSU
.Eﬂié ﬁg%':*ﬂbhﬁl'\?_gw EB%#E;E International Council for Science
‘mEBEEEIN T AORRSLIRH

124 E5047 AT (EITKX - Bk T 5 57 BF)
*Full and Open Access ZEYh—

+FA
2—005 > .Ev/yagr'(—)atfa—gfe?ﬁ\fllxsﬁgﬁo

BEERREVAT LHEL,
i i EBRAEHMDRELGE . HNFUXHREL TL
Federation of Astrophysical and!
Data Analysis Services (FAGS)

AR
- 19574 | E[EHh Bk &8I & (1GY)Z HAIZE% 3L (ICSU)
BEEMT 2. BHEEDRYE. AETOC /LD HEE W D S — S C
TRt A —HERE (X7
J3IER DY —ER (KX, kYR, EREFHE)

R -HEREERDFICREE
NICTOFHEX&ZIFH > F—I[LInternational Space @

Environmental Service D —Ix%

g J
N(15/7')

WDS facilities




International, Regional and Domestic

International Organization

FHERRPMBERORERNOFERIIET

BERINIEEAERBUTNICTHAODERZIRE

UN (COPOUS : Committee on the
Peaceful Uses of Outer Space)

Coordinate Team for Space
\Weather

— |

WMO (HH AR Z ) AEICFHERIEHFER
BEE=>BRIIFEILAREE -NICTIZRERFE
BREEOHTIVS

B GERAR )

NICT (X EFR#E F L REFIC =>4 ERM T HMIFE T
fifi ELEXRA SR GB RNV ERTIL 7 TG - i<
BEL P H26L)

ISES (International Space

: : | Asia-Oceania
Environment Service ) .
|

Reoinn

Advanced Countries

1]

Developing Countries

Advancing Countries

collaborations

Research Institute

AG-HSE-SHBTOEBRYERE TR
fif % (D HE@FEF) = ONICT TERIT
ERWT 2 BFICHET —2) DUUEL R
HIKFEFEG . ONICTAHREEKET
SR (7T HE B R KRANGPS-TEC
T—AR—Z HRYDOEHE - KBS T
TIL. BEHREDA DI a3 ORGSR
EIRLF—RFETIV)DESMHEESHR
BRBEDYAIVRAISIRDER

International Research
Institutes

Domestic Research
Institutes

NICT Research Laboratories

Nﬁ e

SW research and Operation

WS ER - BB T 2R ALEOR A
RHBE->MECRSEAD T (FERRIE

L—~

NICTA{T3)

F iR (BRE)ENICTHAE LIFHROETIILDIRHE
PRICKY &R (A ) O BRICEC=FIE
B%E1715.

JAXA , Space Weather Group

ENRI (Ministry of Land, Infrastructure,
Transport and Tourism: MLIT)

FEHRXKICETS
NICT/JAXA/KZ
NERXESR

AOSWA

Asia-Oveania Space Weather Alliance

BEDEEDS-
COPUOSIEE &Y
FEH

Asia—Oceania Space
Weather Alliance

FRIBAIH (A HIHEEE

Meteorological Bureau

Science Council of Japan
(STPP sub-committee)

Business Companies

(T—4%H- HEH
) =>ERDIRNS
vEMEL

ERGEREERRIITFHENESV>FERRL—YI+—JLEAT
IURBRIERIBH O AT LAICKY=—X (BE(E) IBiE

Domestic Organization( Governmental, Business)




UNCOPUOS Working Group on the Long-
term Sustainability of Outer Space

Chair: Peter Martinez (South Africa) g

UN
Vienna, Austria
Feb. 2011

Formal meeting Informal meeting

(regular/scheduled) h (irregular)
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Working Group on the Long-term Sustainability of Outer Space

(a) Sustainable space utilization
supporting sustainable
development on Earth:

(b) Space debris:

(c) Space weather: ‘ UN/COPUOS \
(d) Space operations: l
(e) Tools to support collaborative
space situational awareness: Scientific and
(f) Regulatory regimes: Technical

(g) Guidance for actors in the Subcommittee and
Space arena:

Legal

Subcommittee
and Committee

Committee

| Chair: Peter Martinez

) A (South Africa)
13 WGs in all Working Group on the Long-term Sustainability of Outer Space
I
l | |
Sustainable space Debris/Space Space Regulatory
utilization supporting Operation/SSA Weather regimes/Guidanc
sustainable e for actors in the

development on space arena
Earth

Expert Group C
Chair: Prof.Obara (Tohoku Univ.)
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Working Group on the Long-term Sustainability of Outer Space
#22

The Working Group may decide to establish expert groups to focus on
one or more of each of the agreed areas of work in order to expedite the
work of the Working Group as a whole. The expert groups would work
intersessionally and would meet on the margins of the sessions of the
Scientific and Technical Subcommittee and the Committee, and at one
other agreed time. Member States and intergovernmental organizations
with permanent observer status with the Committee would be invited to
nominate experts to participate in the activities of the expert groups.
Each expert group would select its own Chair (from among the
participating member States) to lead its work. The expert groups would
provide information to support the deliberations of the Working Group,
which would consider inputs received and make any necessary decisions
regarding those inputs.

NCI§7?
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#23. The proposed workplan under the item “Long-term sustainability of
outer space activities” for the period 2011-2014 would be as follows:

2011 Develop terms of reference, method of work and
workplan. Identify a point of contact for each member State
represented in the Working Group. Review the work done
to date on this issue and prioritize future tasks. Invite
member States and organizations having permanent
observer status with the Committee and experience in
space activities to provide information in 2012 on their
experiences and established practices in the conduct of
sustainable space activities. Begin to engage with other
entities in the commercial sector and non-profit sector on
this issue.

NCI§7?
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#23. The proposed workplan under the item “Long-term sustainability of
outer space activities” for the period 2011-2014 would be as follows:

2012 Hold a general exchange of views among States members of the
Committee and intergovernmental and non-governmental organizations
having permanent observer status with the Committee on the topics
encompassed within the scope of work. Hold a workshop at which
States members of the Committee and intergovernmental and non-
governmental organizations having permanent observer status with the
Committee provide information on their experiences and practices in
the conduct of sustainable space activities (presentations and
discussions to be conducted in the official languages of the United
Nations). Hold consultations with member States and with
intergovernmental and international organizations having experience in
space activities and those considering or initiating involvement in space
activities to provide information on established practices and proposed
measures to enhance the long-term sustainability of space activities.
Commence consolidation of information gathered. Develop a draft
outline of the report to be produced by the Working Group.

NCI§7?
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International Coordinate Team for Space Weather/WMO

€« - X |C- www.wmo.int/pages/prog/sat/spaceweather-intro_en.php —

Currently 183 Member States

World Meteorological Organization

Working together in weather, climate and water

HOME CONTACT US  LIST OF TOPICS LINKS  CLIMATE STATISTICS FAQs ACCESSIBILITY
About us . e
Gowvernance
Members — .
Space Weather impacts Home

Programmes
Meeti Space Weather encompasses the conditions and processes occurring in space, including on Activities and

estngs ohjectives

the sun, in the magnetosphere, ionosphere and thermosphere, which have the potential to

Publications affect the near-Earth environment. The effects of Space Weather can range from damage to Structurs and

Library satellites arising from charged particles to disruption of power grids on Earth during Sovemanse

Learning geomagnetic storms, radio black-out on trans-polar aircraft routes, or disturbance of satellite zﬁ:zfnnc'i:_lfﬁ,::al
Publishing tools positioning systems. Calendar of Bvents
Partnership Space Weather monitaring, study and applications are more and more important with the Contact Infarmation
Themes increasing use of space in day-to-day life for telecommunications, observation and = Space-based GOS
Vacancies nawvigation. = Data access & use

Visitors' info
= Awareness &
Youth corner Training

=% Space Weather

Regional Activities

Information
Resources

B IR

CGMS

e

GOS
WIGDS
WIS
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Space Weathéf’b S
Workshop

The Meeting of Scienceyl
Research, Applications,"
Operations, and Llsea

April 27-30, 2010 * Boulder, G

4

orado

Welcome to the Workshop's Online Registration System

The Workshop will be held April 27 - 30 at the Millennium Hotel, 1345 28th St., Boulder, CO 80302. The

registration fee for the full conference is $275.00, or $100.00 per day.

= Asia-Oceania Space Weather Alliance

Space Weather
Workshop @USA

m

Registration and Abstract deadline: Frida;’ M Gmail - ...

¥ ¢ 1GN2plus ...

) § - = A Y
& WWW.gN.... &g GMC 26 Ja... AP LAPAN, B... x/ [l esww7 - H... x \ &) |5

= () sidc.oma.be/esww7/

Online Registration
Please note: you must first register before you can submit a

If you registered last year:

HOME

PROGRAM
SPECIAL EVENTS

REGISTRATION

LOCAL INFORMATION
SOCIAL PROGRAM

Space Weather
Week @Europe

ESWWV4
ESWW5
ESWWV6

Seventh European Space Weather
Week

15-19 November, 2010 - Brugge, Belgium

The seventh European Space Weather Week will take place in Brugge, Belgium, from Monday
15th Movember to Friday 19th November 2010.

This meeting is being jointly organised by the Belgian Solar-Terrestrial Center of Excellence
(STCE), ESA, the Space Weather Working Team and the COST ES0803 communities. The local
organisation is done by the STCE and the Royal Observatory of Belgium (ROB). This event will
build on the advances made during previous European Space Weather Weeks and preceding ESA
Space Weather Applications Workshops.

The ESWWW will again adopt the central aim of bringing together diverse communities working on
all aspects of space weather from key research developments through to end user needs. Recent
space weather related actions in the framework of the ESA Space Situational Awareness
programme and the EC's Tth Framework Programme will be a key topic, as will targeted sessions
covering spacecraft environments and effects, recent advances in space weather modelling, new
space weather products and tools and new observing strategies for heliospheric phenomena.

MORE NEWS

The debate:
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Space Weather Regional Warning Centers of
International Space Environment Service (ISES)

Space Research Center

(Warsaw, Poland)

Lund Space Weather Center Hydrometeorological Service

(Lund , Sweden)

(Moscow, Russia) Natural Resource Canada

RRA (Korea) .

A

. - (Ottawa, Canada)
Royal Observatory of Belgium i

(Brussels, Belgium)

Tokyo, Japan)

Ay NOAA/SWPC
(Boulder, U.S.A.)

Institute of Atmospheric Physics

(Plague, Czech)

National Physical Laboratory

"""""" | SR (New Deli, India) D INPE (Sao Jose dos Campos, Brazil)

Hermanus Geomagnetic Observator ‘ - -
g ¥ IPS Radio and Space Services g

Herumanus, South Africa R . D

( ) : - 3 (Sydney, Australia) | =+
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The 1st AOSWA Kick-off meeting -
12/03/2010 Bandung - Indonesia \

Japan, Indonesia, Australia, India, and Malaysia g

JAPANNICT JAPAN NICT
Nagatsuma Murata

— The main objective of the AOSWA is to make a regional linkage of
_!,,@ information of space weather for operations and researches

BN Dl a4




AOSWA

Asia-Oceania Space Weather Alliance

AOSWA office @NICT/Japan

 NICT Space Weather + Mail Address
Office — sw-project-office@ml.nict.go.jp

— Director e Others
* Ken T. Murata

— NICT is in charge of “temporal”
— Administrative Officer office

* Shinichi Watari — 4(5) organizations from

— Programme Officer ISEC/RWC will be the round-
* Tsutomu Nagatsuma robin office?

— Secretariat
* Motokazu Shikatani

B NicP



AOSWA

Asia-Uczania Space Weather Alliance

Preparatory Committco

Tcp | Introductlon

I Associates of AUSWA

= Hiumber of f=zociatzz 16
[0 countrigs)
- Murrber ol Mailing Li=l Merrber

Sstrallz
Chna
Inda
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Jaran

hd= avzia
Pal:iztan
Philipp ez
Sout [Forea
Taiaar
Thalland
LiSA
Wietnam

—
et | b | 2 | =t = |t S = | e s o
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10 Countries
16 Organizations

Workzhop ‘ 4GS | azzoclates

Associates (so far)

http://aoswa.nict.go.jp/associates.html

_.-..M' = 7
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AOSWA

Asia-Oceania Space Westher Alliance

— AOSWA mailing list
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Japan
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Malaysia
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South Korea
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Australia AOSWA Associates

— lonospheric Prediction Service (IPS) / RWC Australia
China
— Center for Space Science & Applied Research (CSSAR)
— National Astronomical Observatories, Chinese Academy of Sciences(NAOC)
India
— Radio & Atmospheric Sciences Division, National Physical Laboratory (NPL) / RWC India
Indonesia
— National Institute of Aeronautics and Space (LAPAN)
Japan
— National Institute of Information and Communications Technology
— Research Institute for Sustainable Humanosphere
— Solar-Terrestrial Environment Laboratory
— Tohoku University
— Kyushu University
Malaysia
— National Space Agency of Malaysia (ANGKASA)
— University Kebangsaan, Malaysia (UKM)
Pakistan
— Pakistan Space & Upper Atmosphere Research Commission (SUPARCO)
South Korea
— Korea Astronomy and Space Science Institute
— Korean Space Weather Center (KSWC), National Radio Research Agency (RRA) / RWC Korea
— Kyung Hee University
Thailand
— International Civil Aviation Organization, Asia and Pacific Office (ICAO APAC Office)
Vietham
— Institute of Geophysics, Vietham Academy of Science and Technology

N(I§7?



AOSWA meetings s
g (01012 -LAPANworkshop

e The first kick-off meeting between Japan, Indonesia, Australia, India, and Malaysia

e 2010.01.2 - SEALION workshop @Thailand

e Indonesia, Vietnam, Taiwan, USA, Brazil, Thailand, Laos, Philippine , China and Japan
e 2" Kjck-off meeting of the AOSWA

el 2011.04 @NOAA, USA
e Space Weather Workshop @NOAA, USA & ISES meeting 2011

e Local meeting between A-O ISES countries

e 2011.08 - AOGS @Taiwan

e AOGS; “Collaborative Researches and Operations of Space Weather Forecasting in
Asia-Oceania region”

* 3rd kick-off meeting of the AOSWA

2012.02 AOSWA 15t Workshop iang Mai, Thailand

¢ 10 countries, 25 organizations, 77 participants!

mamm  2012.08 AOGS2012 @Singapore

e Asia-Oceania Space Weather Alliance: AOSWA session
e AOSWA informal meeting

mmmeed 2013 AOSWA 2" Workshop
e Tobe in Chinain 2013

NicP
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B The 1st AOSWA Workshop
irpsrant vars 22-24 February, 2012
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schedule
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Abstract
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Zorference Venue .
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10 countries, 30 organizations, 76
participants, 41 oral presentations, 21 poster
presentations, 1 tutorial lecture, an
excursion, and business meeting.




Forecasting, Data Preservation Workshop/Collaboration/
(Application and Stewardship) Data Exchange

Industrial Use/

Research Works

Practical Use

Asia-Oceania Space Weather Alliance

Four functions

International Education/
Activities Capacity Building
Information Exchange Supporting/Consulting of SW
(Web site/News Letter) operation to New Comers

B N(15/7')
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International, Regional and Domestic Research Institute

International Organization

Weather Alliance Business Companies
SRR A FIEE
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VEMEL TURBIEHRIZH Y R T LICEY=—X (B E{E) B8

Advancing Countries

collaborations International Research
FHEBRPWFGEOREANSFERSICET |nst|tutes
5EBH>NBFEEECTNICTHALDERRFRE
AB-HSE EHETOEBMERLETH Domestic Research
. BATHAR (D H&Q55 %) =>ONICT TEAIT :
UN (COPOUS : Committee on the -ém\j—’:b_g (?#r:ﬁgﬂ’;—a)wuitgﬁ%a@ Institutes
Peaceful Uses of Outer Space) HER R S ONICTHA H RREKET
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WMO.~ International FoAR—Z HRHOEEE ASERESET NICT Research Laboratories
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Coordinate Team for Space BIRLE—HTEFL) OB AR MR
\Weather BRABREOYAIURISIRDER PR (FE) ZNICTHE L= FHOET IILDERE
T — PRI KY BB (AT O BMICIEC=FEE
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EBE=->BRRKITFELILEH -NCTIEIRRTE
BREEDHTLD J ?mm
wsr ReB(Em JAXA , Space Weather Group
B GERARN) SW research and Operation
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Environment Service ) i I
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Domestic Organization( Governmental, Business) 29



National Institute of Information and Communications Technology

. ”C’é')

NICT space weather users forum

Provision of information and countermeasure of solar activities. Grasp

of needs and requirement from users on space weather forecasting.

NICP Wiwmron

e I | Space Environment Information
' . users forum (5 times from 2003 to

| RIS ;

20034F12A218

FRENI—Y—X T4~ Space Weather users forum
NICTER R RS M CH L TPEER T —F — X D7 —5 LEMEL. TEAEMEE e ARE S 7ZF2 M #1 12 DeC 2009 @NICT
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#3 NICT space weather users forum
2012 @NICT (Dec.2012)

focusing on complete investigation of
user requirement and solutions

Space Weather users forum Web
http://www-seg.nict.go.jp/SpaceWeather/forum.html 30
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International, Regional and Domestic Research Institute

International Organization

collaborations International Research
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TV news broadcasting

Space Weather Forecast Meeting
@NICT

Topics
HOME | Cuwrrent Data of Space Weather | Space Weather Forecast Contact us
Broadcasting of S.W. news :ox
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Satellite Operation
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and the activity was enhanced from the 15th through 16th. o~ (W oss
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uick View of lonospheric Observation Data in

East Asia
http://seg-web.nict.go.jp/position-c/
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New space weather prediction Web

Relativistic Electron Flux Prediction NP T
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NIC;

Japanese / English
Solar / Solar Wind
HIRAS
Ha
ACE
STEREO

Sorar-Terrestrial Activity
Chart

Magnetosphere
Geomagnetic Index
Geomagnetic Observation
HF Radar

Ionosphere

Regular Ionosonde
Observations in Japan

lonosonde Ohservations
at Syowa Station

Applied Electromagnetic Research Insti

Space Weather and Environment Informatics Laboratory,

| Sclar Wind Observation by ACE

»  ACE Real Time S

Japanese / English
Solar / Solar Wind
HiRAS
Ha
ACE
STEREC

Sorar-Terrestrial Activity
Chart

Magnetosphere
Geomagnetic Index
Geomagnetic Observation
HF Radar

Tonosphere

Regular Ionosonde
Chservations in Japan

lonosonde Observations
at Syowa Station

http://www.seq.nict.qo.jp

(to be open soon)

| Plots of the real-time zolar wind data from the ACE
| spacecraft which has chzerved =zolar wind
~| continuously at the Lagrangian point one (L1). NICT

S T

Applied Electromagnetic Research Insti
Space Weather and Environment Informatics Laboratory

] SEALION (SouthEast Asia Low-latitude IOnospheric Network )

SEALICN (SouthEast Asia Low-

=3 Pha Thr
Qr 3 Halnan & AT latitude [Onospheric Network) is an
+f Chilang Mal anasonde
W3 Eanshok OgfszxILoz3a> | jonospheric ohservation network in
aF Jt:.lu.-uu"m- W cabii GRSERTM .
...... 7@h‘$;zegl.. etk Southeast Asia. It has been conducted
L~ . O BN . .
b, " Haanetls quas Magnetometer by MICT since 2003 for the purpose of
o T @ EEXEAEDAS 9 g . -
ETEy e . All-Bky Imager monitering and forecasting equatorial

ionospheric disturbances, espedially
plasma bubbles, SEALION is a unigue
ionospheric observation network in
having the conjugate observational
points in the northern and southern
hemispheres and around the magnetic
equataor,

*  SEALICN Ionograrm Yiesver
» ALL FMOW sites latest ionogram
»  Surnmary Plots of SEALION Ionograms

»  KML for SEALION Ionosonde Data

» 5S4 index at Phu Thuy




NICT Data Download Site

http://seg-stars-s01.nict.go.jp/STARS-DLWeb

-O seg-stars-s01.nict.go.jp/STARS-DLWeb/default.aspx

= NICT Data Download Site

Guest account for a visitor
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Data: Ionogram-Im agetDK426
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Total Files 2455 Total Size  21G Byte | pownload T
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SW board (Web Application)

Make your original “Space Weather board” on your PC!
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Weekly Space Weather News (Contents)

Weekly Space Weather News: A 5 min.
movie provided by NICT everyday.

201041 81580518218 WG s

Editor (to create
English caption)

Weekly Space Weather
News with English Captions

BRFEER_—1—X

FUYIv—RERIO-NLT YT
http://wde.nict.go.jp/x-ray/index.htmi

that the communication is disturbed due to an absorption
of the short radio wave in D-region.




International, Regional and Domestic Research Institute

International Organization

collaborations International Research
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Space Weather Regional Warning Centers of
International Space Environment Service (ISES)

Space Research Center

(Warsaw, Poland)

Lund Space Weather Center

(Lund , Sweden)

(Moscow, Russia)

Hydrometeorological Service

Natural Resource Canada

(Brussels, Belgium)

Royal Observatory of Belgium

RRA (Jeju- do South Korea)

(Ottawa Canada)

Institute of Atmospheric Physics

(Plague, Czech)

Hermanus Geomagnetic Observatory

(Herumanus, South Africa)
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RWC Australia in Sydney

RWC Australia is operated by IPS Radio and Space Services. This center has a specialty on
ionosphere and provides various products for HF systems. This center also has a long history
of solar radio spectrum observation.

Australian Government 4 . . .
-— - " - IPS Radio and Space Services
Bureau of Meteorolo:

Space Weather | Satellite | Geophysical | Solar | HF Systems | Products and Services | Educational | World Data Centre

Today's Space Weather

Thursday 31 May last updated 30/2357UT|R31/05/12
s . FORECAST SOL: Moderate & MAG: Normal ® [ON: Moderate &
Low solar flare activity, with a chance of low to moderate 30/04/12
activity. Light to moderate solar wind. Geomagnetic New interactive movie tool for ionospheric Total Electron Content
conditions at quiet levels. Short-wave radio fadeouts
possible. High-frequency radio communications normal
'with isolated degraded conditions at low latitudes. New ionospheric Total Electron Content (TEC) map accuracy
estimate available
17/04/12
Large Coronal Mass Ejection around the Solar limb

Detailed forecast  Current conditions  Explanation [Site News in full]

|

On the 6th of June, 2012, the planet Venus will pass directly
befween the Sun and the Earth, casting a silhouette that will be
visible using Solar telescopes. Such fransits are very rare, with
the next one not occurring until 2117. IPS will be providing a live
broadcast of this spectacular event using the Culgoora solar

telescope.
- : . .
@  Ondine prediction tools for radio comminucations - HF to UHF,
includes point to point predictions, air route charts, signal loss
and more. Java required
Go there

About IPS | Feedback | Contact Us | Site Help | Site News | Careers | Site Map | Site search | Acknowledgments | Subscribe | Hosted Groups

© Copyright Commonwealth of Australia 2012. All rights reserved.
1PS site usage disclai ibility and privacy :

http://www.ips.gov.au
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RWC Belgium in Brussels

RWC Belgium is operated by Solar Influences Data Analysis Center (SIDC) in Royal
Observatory of Belgium and provides international sunspot number. This center works as local
organizing committee of European Space Weather Week.

SIDC - Solar Influences Data Analysis Center

otons: Quiet Predicted 10GM Flux 104 Predicted AP index: 006

Home
Welcome to the Solar Influences Data Analysis Center (SIDC), which is the solar physics research department of the

Royal Observatory of Belgium. The SIDC includes the World Data Center for the sunspot index and the ISES
Regional Warning Center Brussels for space weather forecasting.

General info

Jobs and
Students

Projects

Publications
Sunspots INFO FROM SIDC - RWC BELGIUM 30 May 2012, 0848UT
Software

Latest SWAP image Latest LYRA curve

The Sun has produced one C1.1 flare in the past 24 hours, with GOES X-ray flux peak at
882 UT. Wore C flares are possible. The Earth is currently inside an intermediate speed
solar wind stream with velociles betwesn 380 and 480 knis, and the IMF hss varied
between 5 and 10 nT. The geomagnetic field was at quiet levels (Dourbes K between 1
and 3, NOAA Kp between 1 and 2) during the past 24 hours. Quist levels (K Dourbes. <
4) are expected for May 30 and 31, and for June 1t

e Latest USET H-alpha  Latest Callisto Observations
Seminars image e e

Educational
Local Solar
Observations
Space Weather
servi

Most recent alerts

2012 May 27 0830 UTC
An eruptien in Catania sunspot group 36 (NOAA AR 1482) that is currently [more]

2012 May 17 2117 UTC
A halo or partial-halo CME was detected with the following characteristics: [more]

2011 Jun 30 1308 UTC.
END OF ALL QUIET ALERT The SIDC - RWC Belgium expects [more]

Latest News

May 21, 2012 : PROBAZ viewed the solar elipse, up to 4 times!
Apr 23, 2012 - The annual STCE meeting

Mar 22, 2012 : LYRA: the akternative to GOES flare menftoring

Mar 09, 2012 : Space and Earth on March 09 - the story continues.

Mar 07, 2012 : Solar Activity continues on March 7, 2012

ciick here for &ll SIDC news items

http://sidc.oma.be/




RWC Brazil in Sao José dos Campos

RWC Brazil is operated by INPE and has a specialty on equatorial ionosphere because of
its location. The Brazilian space weather program started at INPE in 2007 and this center is
established under this program. This center provides ionospheric information in equatorial

region.

F&R Ministério da Ciéncia e Tecnologia

EM BﬂsAac.E!_m

Estudo e Monitoramento Brasileiro do Clima ES

— Dailly Bulletin
. Dailly Bulletin

Plasma Rain

http://www.inpe.br/climaespacial/index.php
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RWC Canada in Ottawa

RWC Canada is operated by Natural Resources Canada (NRC) and has a specialty on
geomagnetic activity in high latitude and Geomagnetically Induced Current (GIC). This center
has various products of geomagnetic activity and GIC.

Government Gouvernement

I+l

of Canada

Francais
Home

Space Weather

Home

Current Space
Weather

Data

Effects on
Technology

External Links

Geomagnetism
NRCan

CSA
ISES
CARISMA

| Proactive disclosure

du Canada

Space Weather Canada

‘www.spaceweather.gc.ca

Contact Us

Space Weather Canada

ISES Regional Warning Centre for Canada -
| Time remaining until content refreshes: 04:43 | Il ﬂﬂ

Current Geomagnetic Field Conditions at
Date : 2012-05-31 Time : 04:00 UT

e e L ST

Auroral
Sub-Auroral

The Canadian Space Weather Forecast Centre in Ottawa is
operated by Natural Resources Canada (NRCan), with support

Waming Centre (RWC) of the International Space Environment
Service (ISES, formerly IUWDS). The ISES global network
monitors a variety of parameters that help to characterize the
conditions on the Sun, in space between the Sun and Earth,
and on the Earth. The data are used by Regional Waming
Centres and others to develop Space Weather warnings and
alerts.

canada.gc.ca

What is Space Weather?

Space Weather Research in
Canada

Space Weather Links
EJ Rss Feeds

Regional Warning
Centres

More Information

Beijing
Boulder
Brussels
Delhi
Hermanus
Lund
Moscow
Ottawa
Prague
S3o José dos Campos
Sydney
Tokyo

Warsaw

http://www.spaceweather.gc.ca/index-enqg.php
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RWC China in Beijing

RWC-China consists of four sub-centers: Solar Activity Prediction Center, Space Environment
Prediction Center, lonospheric Disturbance Prediction Center, and Geomagnetic Storm
Prediction Center. National Astronomical Observatories, Chinese Academy of Sciences
(NAOC) works as the headquarter of RWC-China. NAOC has a specialty on the Sun and
operates a solar vector magnetograph instrument.

- Solar Activity Prediction Center , NAOC
—

|‘._'°'. Today's Space We ‘
ruil Dizc E-alpna Inage N SolEi0iz RWCC

[ 1. Flere & Geomegretic Activity 4Bhr Forecest

[ o [ wrmrar [ oemsonbe v |
[momesw | com= | e |

2. 10.Fcm Radie Flax (F10.7) Ferecast

I - T |

i | Tia [ Tia [ Tia |

3. Proton Event Probebility Forecest

http://rwcc.bao.ac.cn/
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RWC Czech Republic in Prague

RWC is Czech Republic is operated by the Solar Department of the Astronomical Institute, the
Department of Climatology and Aeronomy of the Institute of Atmospheric Physics, and the
Geomagnetic Department of the Geophysical Institute of the Academy of Sciences of the Czech
Republic (AS CR) . The Geophysical Institute of Atmospheric Physics works as a delegate of the
ISES.

————
[ ]
F ,é:.
|
ome
Welcome to the RWC Prague website
Astronomical observatory
About Ondrejo
Ionospheric Observatory
Pruhonice
People Ionospheric Observatory
Panska Ves
Geomagnetic
Links Observatory Budkov

Publications

New
2009-0

website
5-13

New version of the RWC Prague website has been launched.
Data services will be available later.

Design by Wolfgang | Webmaster |

http://rwcprague.ufa.cas.cz/

NCI§7?



RWC India in New Delhi

RWC India is operated by National Physical Laboratory and has a specialty on ionosphere of
low latitude. This center provides ionospheric prediction models, TEC prediction model for
Indian zone, ionospheric scintillation information, and so on.

e b e === National Physical Laboratory, New Delhi
E HOME | CONTACT US | ADDRESS BOOK | STTEMAP %’b
7 SECTIONS : (Tt
RWC tndi LN S
Special Program s o
& Today's Space Weather : mmm 5.33" M
8
Feents Fast 2 hours [Carrent
& Visi View ! List of 12 RWC's ménsged by ISES worldwide :
Dr. R.C Budh
Directir, NPL
B.C. Arya

Hesa, RASD

INTERNATIONAL SPACE ENVIRONMENT SERVICES (ISES)
OPERATES 13 REGIONAL WARNING CENTRES GLOBALLY

http://www.npl-cqgc.ernet.in/atul/cgc/rwc/INTRUDUCTION4 Buln.htm
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RWC Japan in Tokyo

RWC Tokyo is operated by National Institute of Information and Communications Technology
(NICT) and has a long history as a center of ISES. This center is responsible for ionospheric
observation in Japan and developed world’s first realtime-simulation model. Now, this center

tries to space weather information services using informatics technology.

B NICT Space Weather Information Center — Windows Internet Explorer =JOE4
Pl

T\
&) [t/ /swenict g0 o cantents/ index e.phe [v]l#2] X wmo eTIW

PE HwEE FRW BRCAKD ¥-ID  ALg
* & |

G- &

& NICT Spacs Weather Infarmation Centar ‘ ‘

2012/06/04  01:58:02 ut

Quiet

CME associated with M8.7/2B flare observed by SOHO/LASCO-C3(ESA&NASA)

Intense solar energetic particle (proton) event occurred on 23, January in 2012 and reached its peak flux
6,310 PFU at 15:30UT on 24. This event was associated with M8.7/2B flare (N28W21) at 03:38UT on
23. Sudden Impulse (SI) by the CME by this flare was observed at 15:03UT on 24. Another X1.7/2B flare [vl

[3 @ ra—Fok R100% -

http://swc.nict.go.jp/contents/index e.php
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RWC Korea in Jeju Island

RWC Korea is operated by the Radio Research Agency and became a member of the ISES
last November. This center contributes to real-time solar wind data as one of the ACE ground

stations.

FAQ | SITEMAP | KOREAN

Korean Space Weather Center

NATIONAL BADIC
RESENACH AGENCY

May 31 (Thu) 2012 (KST)
13:22:18 (KST) = 4:22:18 (UT+09:00)

About the Center

Updated 2012.05.31. KST

I T T T

* Radio Blackouts
i @ [ ] { ]
Radi i ! |
Blacm?ns RO RO 0~24hr  24~48hr  48~72hr
1o crrecr i
m 20% 20% 20%
Solar [V ] [V ] [ Y] -
A A Y R3
o strong [ 1% 1% Real time!
data

Sorms S0 S0 50
(o srrcorJll o corecr)

* Solar Radiation Storms

0~24hr  24~48hr  48~72hr

5

Geomagnetic (0) (0) (0)
Storms GO GO Go
[0 crrec Il o crraor]

= Geomagnetic Storms

The Sun now
Space Weather Board (Mid-latitudes)
= Situation display for currnet Sunspot 0-24hr  24~48hr  48~72hr
Sk space weather conditions Sunspot number 7@ | FILE 1@

ﬂ Geomagnetic activity & G1
Curment: ip=3{No Eflech Minor i b 1%
24 hours max: kp=3 (ko Hiect) a2
Interplanetary magnetic field & 1% 1% 1%
B Total: 323nT | Bz 74¥nT
Solar wind &

Speed: 41352km/s | Densily: 351 proons/em”

Korean Space Weather Center 198-6, Gwideok-ro, Hallim-eup, .Jeju-si, Jeju-dno B35-922 Korea
RRA- =5 B +82-64-T37T-T031  email : spaceweather@kcc.go.kr GO 10 The institnies ~ Il
Copyright @ 2011 Korean Space Weather Center. All rights reserved.

http://www.spaceweather.go.kr/
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RWC Poland in Warsaw

RWC Poland is operated by Space Research Center and has a specialty on ionosphere. This
center provides information on HF radio communications.

http://www.cbk.waw.pl/rwc/rwc.html
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RWC Russia in Moscow

RWC Russia is operated by the Hydrometeorological Service, Institute of Applied Geophysics
and has a specialty on ionosphere. This center provides ionospheric data in Russia.

b

http://ipg.geospace.ru/
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RWC South Africa in Hermanus

RWC South Africa is operated by Hermanus Magnetic Observatory known as one of Dst
geomagnetic stations and a specialty on ionosphere. This center provides ionosphere information
in South Africa using ionosonde and TEC observations.

' ISES Regional Warning Centre for Africa

open all | close all The Hermanus Magnetic Observatory is one of twelve Regional Warning Centres globally that forms part of the ISES (International Space Environment Service) Regional Warning Centre network.

Specifically, the HMO is appumted as the Reg\uma\ Warning Centre for Africa.

i Real Time Data

: =

(-] Geomagnetic Data /

H / mmw,\ M SWW Please visit the Hermanus Magnetic Observatory for more information.
RS AN

E-] Tonospheric Data agums

(-] Warnings & Predictions E“”LDE ’ PRAGHE mmu_
B-{7] General Information / DEL“' ‘\/~ \For real-time space weather predictions and warnings, please visit http://spaceweather.co.za.
] J /‘
%
/
B IMANLE SYDNEY
\ HERMANUS
< \ -
\ -

ISES REGIONAL WARNING CENTRES

Current Space Weather Conditions

J’" i CunditiunsH heric (. de)
‘ Parameter | Station #1 ‘ Station #2
‘st tio | HER ‘ SHA
‘u te | 2012-05-51 ‘ 2012-05-31
‘T |n4 37:00 UTC ‘m 34100 UTC
o

[Horisontal Fiel \d|1ussuau T ‘IEIBU 60 nT

‘u\ atio |24EEdg‘1555dg

[Vertical Field |-23687.60 nT |-35834.50 T,

ax/de dx/dt

0.09 nT 1.5 nT
Rate of change

dv/de d/d

0.20 nT -1.37 nT

2012-05-31 | 2012-05-31

Preliminary ||03:00:00 UTC 03:00:00 UTC
K Index 1 1
QuUIET QuIeT

http://spaceweather.nmo.ac.za/




RWC Sweden in Lund

RWC Sweden is operated by Swedish Institute of Space Physics and a specialty on
predictions using neural network. Using neural network, this center provides predictions of
geomagnetic activity, geomagnetically induced current (GIC) and so on.

IEFI Regional Warning Center Sweden
af

T=tcrzasiazal Spacs Exniramment Sorvics

http://www.lund.irf.se/rwc/
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RWC USA in Boulder

RWC USA is the headquarter of the ISES and is operated by NOAA/SWPC. This center
contributes data of solar soft X-ray flux, solar energetic particle, and high-energy electron flux of
geostationary orbit by GOES satellites and hosts the Space Weather Workshop in the USA
since 1996.

W weather gov
National Weather Service

Site Map Organization search [N
Top News of the Day:
Search SWPC

The Office of the Federal Coordinator for Meteorology and the National Space Weather
[Program will hest the 2012 Space Weather Enterprise Forum on June 5, 2012, ot the
NCEP Quarterly Mational Press Club in Washingten, DC. This years theme is Sclar Maximum 20132 - How
Newsletter Space Westher Will Affect You! To learn more and registes, plesse visit the SWEF web site
at hitp:/www.nswp.goviswefiswef_2012 html.
SWPC Home Page
Curious to learn mare about space weather and its impacts? Follow this link.
Current Conditions Sign up for Emails of Space Weather Alerts, Warnings, Watches, and Forecasts.
Alerts/Warnings
e Current Space Weather Conditions
bday's Space Wx
Data and Products
Alerts & Forecasts [ Em—" Sateliite Displays —————-- R — Popular Pagas ———-——— -
Reports/Summaries
Space Wx Models
SolariGeo. Indices

Latest GOES Solar X-ra
[T —— *

Image

NOAA Scales Activity

Support Services Range 1 [minor) to 5 (extreme}
About Us

feres NOAA Scale Past24 hours  Current
Email Products - Geomagnetic Storms * none none
Space Wx Workshop
EducabonfOulreach ! Solar Radiation Storms none none
Customer Services :

Redic Bladkouts none none

News & Media Info.

Contact Us
ContactUs
Webmaster - GOES Solar Xray Flux

Feedback . 5 Mooy Pl (5 inude dobs) gy o

Space Wasther Topics:
Alerts / Wamings, Space Weather Now, Todsy's Space W, Space Westher Now, Today's
Space Wx, Data and Produdts, About Us,

Email Products, Space Wx Workshop, Education/Outresch, Customer Services, Contact Us

http://www.swpc.noaa.gov/

/
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Prediction Score Web by 4+1 RWCs
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Examples of Recent Big Events of Space Weather
X class flares in 2012

Space Weather Events in January and March 2012

NCI§7?
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Space storms in January 2012

2012/01/23 05:18
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On 23 January, Akatsuki (Planet-C)
experienced abrupt decrease of electric
power of solar array.
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On 24 and 28 January,
approximately eight flights of Delta
Air Lines were changed to non-
polar routes.
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Space storms in March 2012

-

T : 2012 Mar
5 Ao BEECHSE radikejp ¥mmker
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On 7 March 2012, SkyTerra 1 satellite suffered "
an outage because solar energetic particles
affected its attitude sensors and made the
satellite safe mode

-200 | <>
On 8 and 9 March, approximately eight flights of -300 |
Delta Air Lines were changed to non-polar routes or -400p
southern polar routes. e L R
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Examples of Recent Big Events of Space Weather

Radiation belt prediction
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National Institute of Information and Communications Technology
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Space Weather and Environment Informatics Laboratory

hMagnetic Field data
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National Institute of Information and Communications Technology
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NICT s Space Weather Monitoring Networks
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National Institute of Information and Communications Technology

. /v(/é?

Space Weather and Environment Informatics Laboratory
The 39 5-Year Plan (2011-2015)

Space Weather Research based on merging among observation,
simulation and informatics

Prediction of space Prediction of ionospheric

environment around GEO disturbances

a \ | R
Development of relativistic electron Development of near-real time
environment prediction model and prediction system for generation and
high-precision Global MHD propagation of equatorial plasma
simulation bubble and high-precision ionospheric
= Prediction of space environment simulation including atomospheric and
(keV~MeV particles) around GEO magnetospheric interactions

N g =1 hour ahead of lonospheric

disturbance forecast

\_ J




National Institute of Information and Communications Technology

Importance of predicting space environment around GEO

NCIET
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Large number of satellite
anomalies are occurred in
extreme solar flare event
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Classifications of Satellite Anomalies

12.0%

2.4%

B Electrostatic discharge

B Single event upset
" Total dose effect
B Others

Reference: Survey of spacecraft anomaly databases
(Space Architect Study: Koons et al., 1999)

More than half satellite anomalies are caused by
electrostatic discharge (Surface charging + Deep
dielectric charging)




satellite anomalies

caused by electrostatic discharge

o o -"'slzsffésssssaias‘z\a‘- Y e
More than 300 satellites on the
geo-synchronous orbit

Deep dielectric

charging

Energetic particle
acceleration of radiation
belt

Histogram of anomalies detected onboard

— Malfunctions on the geo-synchronous orbits reported
| Unknown of geosiationary satelites n 12671204 | hetween 1987 and 1994 (NOAA database)

250
PF: Part Failure . ~
e Total number: 400~500
2001 PC: Phantom Command 1

HE: Hard Emmor

RSE: Recoverable Soft Ermmor
180 55: System Shutdown

TE: Telemetry Error

ESDM: Electrostatic Discharge

UNK  PF ATT  PC HE RSE 885 TE ESDM

Fig. 1. Distribution of number of anomalies according to their
classification (whenever possible).

Geo-synchronous
orbit

./r_/‘ Radiation belt

F e ——

Surface charging

Plasma injection
triggered by substorm
(around midnight Local
time)

19 — ). 0fes

P
A

Foiled twice
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Japanese Satellite Anomalies after 2001

2005/01/17 (GEO-F) Anomalies of thruster #Proton event?
2005/07/22 (GEO-F) Anomalies of attitude control #REE?
2005/08/19 (GEO-A) Anomalies of command receiver #REE?
2005/09/23 (GEO-D) Power shutdown of Camera #REE?

nterference of telecommunication
2007/11/05 (GEO-E) Anomalies of attitude control #REE?

2009/11/11 (GEO-D) Attitude anomalies # Galactic cosmic ray?




Feb. 14, 2004 (GEO-A anomaly of broadcasting transponder)

relativistic electron enhancement
Bartels Mo, 1 2327 2004 Jan, 19 - Feb, 14
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Relationship between satellite
anomalies and relativistic electron
flux

Thick line: anomaly period =5 days
Dash line: average level

SE analysis of the GOES-7 electrons E>2MeV
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We must prepare now for mitigating

serious damage caused by satellite
anomalies.
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Two major charging phenomena related to satellite anomaly

[ J

Accelerations of N , jecti
celer il ./ GEO Satellite Injection related to
relativistic electrons - kit substorms

(DDeep dielectric charging @Surface charging

Deep dielectric

e o
3 -

charging

Constructing
prediction model of
relativistic electron

flux

Requirement for NICT’s space weather information by satellite operating companies
*Observation data and simulation results during previous satellite anomalies period are important
for investigation

*Surface charging problem is improved for new-generation satellite. However, prediction of surface
charging is still important for old-generation satellite.

Prediction of deep dielectric charging is important for next declining phase of 24t solar cycle.




National Institute of Information and Communications Technology /)

The goal of our project

e Constructing system for predicting three-
dimensional distribution and variations of

radiation belt particles

1. 1-day average flux prediction for a few days ahead
as near-real time information

e Particle Flux, pitch angle, energy, etc...
2. Re-construct outer radiation belt distribution from
our prediction

3. Advanced prediction for high time and spatial
resolution for post-data analysis
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Roadmap for the development of our
prediction model
The 3 phase

Three step development Detailted 3-D radiation
The 1st phase: predicting limited point with 1-day average @It dynamic model \

The 2 phase: re-constructing 3-D distribution from data
and empirical model
The 39 phase: detailed model will be deveoped based on

Ngﬁ')

3-D flux distribution

+
physical module particle tracing for
The 2nd phase future condition
— +
.3_P distribution Module development
The 1% phase Himited number of (wave, diffusion,
e ™\ information otc..)
Development of + |

prediction filter (AR ; Empirical model g Detailed 3D model
method) |

1-day average flux Expand prediction for 3D Collaboration with STEL
\_ (point prediction) \ . j

(data assimilation ? ) is important
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Results of linear Prediction filter (Input: Only Solar wind velocity)

Trend of variations can be predicted. But still lots of qualitative error. — Obs.
— Pred.

LPF prediction by SWV in 2004

6 " Cannot predict more 3

i

it 100,000.count ...
“ enhancement.

2 MeV electron flux (log10)
(o8]

A
L

Day of year
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Multivariate AR Prediction (Input: + dyn. P, IMF Bz)

Precision of Prediction is qualitatively improved!!

Multivariate AR model parad: E1 +SWV+IMFBz+SWden in 2004
e

[9)
SULLHI
H
H
H
H
H
H
H

2 MeV electron flux (log10)
o

200 300
Day of year

o
—_—
o
o
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Research Plan of practical radiation belt model

Current: radiation belt PreCipitatiOn

simulation only for 2MeV
electrons

Atmospheric lo
(installed)

N ] )
Will e installed

Future: constructing
prototype of relativistic
electron flux prediction

Empirical model
based on NICT’s Introducing non-

observation stationary background Will be installed
network data magnetic field from -
Global MHD simulation




Examples of Recent Big Events of Space Weather

Galaxy 15 malfunction

NICP
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Examples of Recent Big Events of Space Weather

Galaxy 15 malfunction

: Space Weather Conditions
Ly 3. Local Environment At Galaxy 15 (1 of 4)

April 05 @ 09:00 UT.: GOES magnetometers and paricle instruments showed a major

reconfiguration of the magnetosphere indicative of a substorm and injection of energetic
particles into the nightside, near-earth space environment

Galaxy 15 (133 W) Anomaly 09:48 UT

Satellite Locations

g GOES 14 WAGED 1N
waGEDS a3 10000 wai

. TEclipse.

¢ B g " _."“"' -
J N \ S
= J April 5, 2010 S:48 UT
: i
/‘ u u.w DAIS PR30 DR4S  [RIO  DRS ORI3 ORGS MBOD  NNIS 1030 I04E 10
N:I‘ | MGl 2280 2015 AN FRER ZEET BT M35 M50 MES 10 AR AN AN

/8



Examples of Recent Big Events of Space Weather

NCIET

Galaxy 15 malfunction

Receive Our Weekly Newsletter

S I AC I I N I ! FWS A weekly e-newsletter sent out each Friday that
- — e

previews the following week's issue of SPACE NEWS

04/30010 05:34 PM ET

Galaxy 15, Still Adrift, Poses Threat
to Its Orbital Neighbors

By Peter B. de Selding

] Ehare_his

PARIS — An Intelsat satellite that
stopped communicating with its ground
controllers April 5 remains out of control
and has begun moving eastward along
the geostationary arc, raising the threat
of interference with other satellites in its
path, Intelsat and other industry officials
said.

Robert Bednarek, chief executive
of SES World Skies. Credit: Space
Mews photo by Mike Abrahams

In what industry officials said is an Enlarge Image 71
unprecedented event, Intelsat's Galaxy

15 satellite has remained fully *on.* with its C-band telecommunications
payload still functioning even as it has left its assigned orbital slot of
133 degrees west longitude 36,000 kilometers over the equator.

The first satellite likely to face signal interference problems is the AMC-
11 C-band satellite owned by SES of Luxembourg and stationed at 131
degrees west, just two degrees away from Galaxy 15's starting position.

Rob Bednarek, chief executive of the SES World Skies division, which
operates AMC-11, said Intelsat and SES have been meeting since April
5 to coordinate how to minimize the Galaxy 15 impact on AMC-11's
media customers.

In an April 30 interview, Bednarek said that while it remains unclear

79



Magnetic Field
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Examples of Recent Big Events of Space Weather

MHD simulation Galaxy 15 malfunction

IMF Bz magnitude _ .
increase reconnection Fluxrope generation Released flux rope

08:04UT 08:36:11 UT

Magnetic Field (nT)
|1

. : :36: 08:36:59 UT 08:41UT
Observatlon - \ \ //x M/GOES11 (MagneticField)
GOSE11 5 100
MFI_H0_cdaw/MFI/ACE (May Field vector, GSE coord)

Magnetic field o \

(geosync. orbit) \ \

ACE . M(\ .
Magnetic field @ o~
(solar wind) o W

»7(‘

B; magmtude increase Dlpolanzatlon g/ligug_cl;_tlon
(shock) 7:56 UT 9:06 UT -
NCIC T; ®
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MHD simulation 04/05/2010 08:00:24 UT




MHD simulation 04/05/2010 08:00:00 UT




Examples of Recent Big Events of Space Weather

Numerical Prediction of CME

NICP
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20120310 CME
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Examples of Recent Big Events of Space Weather

Impact on ionosphere caused
by big earthquake
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Concentric waves appear at 300 km altitude after

|rPI

okaelgh

the 2011 Tohoku earthquake

05:00:00(UT) 03/112011
TI%CZOII() /m’]

/
0 10

D.()()

(52

+ lonospheric variations around 300 km altitude are observed using two-frequency GPS signals
transmitted from satellites at about 20,000 km altitude and recorded by ground GPS receivers (GEONET,

consisting of more than 1,200 stations).

+ |t is considered that the atmospheric waves were excited at sea surface in the vicinity of epicenter,
propagated up to 300 km altitude, and generated the concentric structures in the ionosphere. N ICT’



Generation mechanism of atmospheric waves and
ionospheric variations after the earthquake

Ionospheric Epicenter

Ionosphere Plasma Density Variation ¥

V~ ;

Gravity

Wave (-'":, Acoustic >

/ P Wa ve \‘- G I‘aVi ty
'O T, \‘

coustic 1 1

A ti ' Y Wave

wave / /‘ ——— .\

/ 3 *

Epicenter ¥ ey S

o

Rayleigh Wave

® |t is considered that the first ionospheric concentric wave with the propagation velocity of about 3.5
km/s was caused by the acoustic wave generated from the propagating Rayleigh wave.

® The second and following concentric waves would correspond to the atmospheric gravity waves (AGW)
propagating in the ionosphere. The AGWs could be generated mainly at the lower ionosphere by the

acoustic wave launched at the sea surface around the tsunami source. q



Examples of Recent Big Events of Space Weather

miscellaneous



Geographic Latitude/Geomagnetic Latitude

Latitude

Geomagnetic (350km Apex) Latitudes

[Capyright 2000, Norfhwes! Research Assoclates, Inc.]
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Loss of lock on GPS signals due to solar radio burst
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Summary

Observation

spacecraft

Ground-based observatory

Ground data-transfer system Data Assimilation

Computing Cloud System
Simulation

Super-computer @

Space Weather Forecasting

N(15/7')
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“Science Cloud”: A facility for the 4" methodology

Informatics via “cloud system”

Data intensive
approach of
large-scale
data

Active
experiment

Ground-

based Test particle

Observation Simulation

via super Computer

via Ground- based



