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Two methodologies for Space Weather
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NICT Space Weather Monitoring Networks
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NICT Space Weather Numerical Simulations

Mag. Field data
Solar Wind Monitoring  (SOHO satellite)

(ACE satellite)

Sun/Solar Wind simulation

Real-timo Solar Wind Simulation

Three-dimensional structure of the solar wind is simulated
in real time to predict solar wind parameters at the Earth.
The magnetohydrodynamic (MHD) simulation is performed
by using magnetic field data obtained by SOHO/MDI.

The solar wind speed and magnetic
fields inside the Earth's orbit on
ecliptic plane are drawn. The sun is
located at the center of the image,
and black circle stands for the Earth.
Color contours show the solar wind
speed. Black (White) ticks show
magnetic fields whose direction is
away from (toward) the sun.
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“Science Cloud”; A facility for the 3rd methodology

Informatics via “cloud system”

Test particle
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Integrated Database for SW data

()
ReaI time Cpmpujcer
Simulation
Data
“?

=
si=iE
]
!
i

‘
Archived
DB

Observatory

Data
processing

vie? ScienceCloud




Integrated Database for SW data
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Integrated Database for SW data
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N i CTy NICT Technology

Automatic Data Collection System
for Science Data
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Automatic Data Collection
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Integrated Database for SW data
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Global GPS Receiver Network

---------------
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o As of April 2010, NICT is collecting all the available GPS receiver data
(~5,000 receivers) which belong to GEONET, SOPAC, IGS, CORS, EPN, etc.

« We plan to provide regional/global high-resolution maps of absolute TEC,
detrended TEC, ROTI, loss-of-lock on GPS signals.
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GNSS Data providers (including future plan)
NICT GNSS TEC Data Service (5000 receivers) =5000 files/day
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Trend of the number of GSP receivers
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o The annual trend of the number of GSP receivers (world-wide
since 2000 and domestic (Japan) since 1997) .
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Ionospheric Disturbance via High-Resolution GPS-TEC

~1,200 receivers ~1,600 receivers ~830 receivers
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../../../../Videos/20110311東日本地震時のTECプロット.mpg
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NICT Space Weather Monitoring Networks
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Control/Data transfer
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Virtualization of observation and

data archive
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Status monitoring (observatories)
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Observatory Equipment Monitoring Web
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Summary

* Space Weather research works should be
separated from data collection.

— Researchers can simply analyze any types of data
without paying attention to data collection, data
management and data stewardship.

* NICT has successfully developed a virtual
database for space weather data.

— For (1) archived data over the Internet, (2) real-time
data from NICT observatories with remote operation,
(3) real-time data from satellites and ground-based
observations, (4) large-scale data from super-
computers.
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NICT Space Weather Numerical Simulations

Mag. Field data
Solar Wind Monitoring  (SOHO satellite)

(ACE satellite)

Sun/Solar Wind simulation

Real-timo Solar Wind Simulation

Three-dimensional structure of the solar wind is simulated
in real time to predict solar wind parameters at the Earth.
The magnetohydrodynamic (MHD) simulation is performed
by using magnetic field data obtained by SOHO/MDI.

The solar wind speed and magnetic
fields inside the Earth's orbit on
ecliptic plane are drawn. The sun is
located at the center of the image,
and black circle stands for the Earth.
Color contours show the solar wind
speed. Black (White) ticks show
magnetic fields whose direction is
away from (toward) the sun.

Super Computer

Heal-time lonosphere Simulation
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Node Information : seg-gfarm-n82

Last Modified Date: Wed Aug 16 1510:01 JST 2012
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Space Weather Forecast Meeting
@NICT

primation Center 9 Linls
. Topics

HOME | Curent Data of Space Weather | Space Weather Forecast Contact us

21:58:36

Flare ® Radio communications

Start(UT) Max. Imp.
=l - mp Wakkanai Kokubunji

0312 11:55 C1.7 0.00
0312 01:31 C24 0.15 Mag. Storm

Solar wind( ACE) () Satelite Operation
UT V (kmis) Bz (nT)

Yamagawa Okinawsa

Sporadic E

-2.5 Mag. Storm High-energy Protons High-energy Electrons
= GIC GPS & Aviation

SENIOAA) - 103

F10.7 - 131 — Mag. Storm — Mag. Storm
Space Weather Forecast i
Flare Activity Proton Event Geomagnetic Activity

Active : Mainor storm L Event in progress
e e

Quiet Quiet
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(NICT) 2012450312 21 530UT)

and the activity was enhanced from the 15th through 16th. o~ (W os=

Il Topics



http://seg-vs.nict.go.jp/members/captioned-wsw/20110218SL-eng-sd/
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http://www.nhk.or.jp/space/program/cosmic.html

topics

* Brief introduction of NICT space weather
operations and researches

* A new methodology for space weather
forecasting in NICT

 AOSWA: Asia-Oceania Space Weather Alliance

N(I§7?




“Science Cloud”; A facility for the 3rd methodology

Big Data!

II-III- L
Actlve
-
Observation
via Ground-based observatory

and satellite




“Science Cloud”; A facility for the 3rd methodology

Informatics via “cloud system”

Test particle

Observation

via Ground-based observatory
and satellite

Simulation
via super computer
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Ionospheric Disturbance via High-Resolution GPS-TEC

~1,200 receivers ~1,600 receivers ~830 receivers
Region = 60 ot A
# of GPSRec. 4. . ° w0 : ' S
>y A

GPS AP

Receivers # . \y | %, g
154 s 132 136 140_:144 14 110 .j00  .qo, ~ 80
OZ;OO:OO(UT) Ry gﬁomﬂm 03005 . 00:30:{;2(UT) 01;(2)6 20(;; .

Detrended
TEC Map
(30sec,

0.15°x0.15°)

[ Asia-Oceania GPS-TEC map... J

T we?ScienceCloud



../../../../Videos/20110311東日本地震時のTECプロット.mpg

Global GPS Receiver Network

---------------

o @ o’

==Y y

P90 0 20 40 60 80 10012014080 180-166146126100-80 -60 -40

o As of April 2010, NICT is collecting all the available GPS receiver data

(~5,000 receivers) which belong to GEONET, SOPAC, IGS, CORS, EPN,
etc.

« We plan to provide regional/global high-resolution maps of absolute TEC,
detrended TEC, ROTI, loss-of-lock on GPS signals.
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GNSS Data providers (including future plan)
NICT GNSS TEC Data Service (5000 receivers) =5000 files/day

/ SOPAC (World) \

CORS(USA)

EPN (Europe)

@
EPN Régiofia o

\_

T we?ScienceCloud

1GS (World)
i GNSS (JAXA/Japan)




Trend of the number of GSP receivers
6000 z

5000

4000
3000 s World-wide
2000
1000 I I I I |
apanese
0 _J | I | I | | | | | | | | | | | | (GEONET)

o The annual trend of the number of GSP receivers (world-wide
since 2000 and domestic (Japan) since 1997) .

T we?ScienceCloud




N i CTy NICT Technology

Automatic Data Collection System
for Science Data

Sept. 2010
‘ ‘ ' ‘ Target Countries 7

Facilities
(Data providers)|_§

Target Organizations 33
‘ Target Data Types 345
FTP HTTE '
k PS/SFTP Collected meta-data 5,724,175
@ Download data files Collected data files 1,058,047

' Total data file size 370TB
N RSS RSS
Q

For Space Weather data
l D RSS

Download Agent
/ (DLA)

(7 SOAP Response
with DIME-Attachment

(1) SOAP Request ’

’é) DataSet N iCTy
* ﬂ Web Service Meta-DB

@ SOAP Response

~
with Meta Data

B SOAP Request with
Download Request @ SQL Query
——-

Web application

vie? ScienceCloud




Automatic Data Collection

STARS collected file numbers

12,00 More than 11

11.00 Bl Data File Information . I I . f. I
. mition Ties
B Data File Collection
10,00
9.00 4
8.00
7.00 /

6.00

5.00 4

file numbers (x1,000,000million])

4.00 4

3.00

2.00

STARS collected file size
13.00 More than 12

12.004 WA Data File Information
tera bytes

11.004 ®@ Data File Collection

10.00
.00 4
B.00
7.004

file siza(TB)

W

.00+
5.00 4
4.00 4
3.00 4
2.00 4

<0, <o, <0 0
IG.’”CI o, 0.~ 1, )
“b
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National Institute of Information and Communications Technology

N(15/7')

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

2 MeV electron flux (log10)

6
o

4

3 &

NEXT TALK

Multivariate AR model, para4: E1+SWV+IMFBz+SWPdyn in 2004

100 200 300
Day of year

o



What you do is only...

~N

Data analysis

~ (Capsit

|

5| “getdata(date, data)”
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Web designer



Schematic Pictures of “convection” of magnetic field lines

2) The opened magnetic field is
dragged anti-sunward along
with the solar wind.

1) The oppositely directed
magnetic fields in the Earth and
solar wind reconnect, opening
the Earth’s magnetic field.

l

4) The closed magnetic field
circulates back round to the day side
and the whole process
hin. This circulation is
he Dungey Cycle, after

iy Siatanianh

3) Magnetotail reco
through the closed ma

lobes. This releases ;

stored in the lobes,
aurora, and is known

Magnetosphe e conwection




Simulation data size
global MHD code by K. Fukazawa

“Spatial and time resolution
450(x) X 300(y) X 300(z) —uniform grid (dx=0.2Re, dt=0.5sec)

SX-8 05
|Ia|on < D SecC > time
i % % % % % %

visualization

2 hours (14400 steps)

vie? ScienceCloud
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Distributed Storage/ Parallel Visualization (data size: 15TB)
xe?ScienceCloud

Traditional Method (36 days) Parallel Visualization (2 days)

Data Read Time (/O Time) Data Read Time (I/O Time)
20MB/sec -> 1.5 million secg® 18 days 100MB/sec x 200 cores -> 1500 sec. - @

= (S (-
Data Processing Time Data Processing Time
14400 steps x Tracing time (10 sec.) -> 14 14400 steps x Chasing time (10 sec.) -> 14
thousands sec. -> 2 days _ thousands sec. -> 2 days

== = =
N

Visualization Time Visualization Time
14400 steps x120sec ->(16 days 14400 steps x 120sec./200 cores

eSATA:

Disk: Low end storage ($160/TB)  CPU: 200 cores

T we?ScienceCloud




Super High Time-Resolution Visualization:
Milk Crown Visualization

e time resolution: 60 sec. (not shown herein)
e frozen-in broken

time resolution: 0.6 sec. (7,000 files)
frozen-in for one reconnection event

time resolution: 0.06 sec. (70,000 files)
reconnection captured!

' ne?ScienceCloud



http://www.youtube.com/watch?v=vT5s-RIEn2Q&feature=related

Fixed points
T+200dt

Traditional Method
T+100dt

- “Frozen-in theory”
dB

— =Vx(V x I§)+1V2|§
Plasma (vx, VV, vz) dt

Ho
VX, VY, VZ
element ( y ) (vx, vy, vz)

Ta

T+dt

T+2dt T+3dt

Present Technique -Tracing (needs to store all time—sﬁp data)




04/05/2010 08:21:00.500 UT

LA {
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Magnetic field lines via ‘\j;m'-'ne,f@é‘nft.‘t chnique

(visualization time step,ﬁ.']ﬂ'b 5 sec.)

| !
’\Ii\\ ‘||

Global 3D MHD simulation 64bit 3D player

developed by
NICT




“Crown-milk view” of reconnections
at the dayside magnetosphere

the first successful visualization of dayside reconnection!!

04/05/2010 08:00:04,/UT

(a) No dipole tilt case (spring/fall) (b) Large dipole tilt case (summer/winter)
L dc b a B




topics

* Brief introduction of NICT space weather
operations and researches

* A new methodology for space weather
forecasting in NICT

 AOSWA: Asia-Oceania Space Weather Alliance



ISWI (International Space

UN (United Nations) Weather Initiative) WG
2009~2011

Long-Term Sustainability WG
2011~2014
EG-C (SW)

. 2011~
ICTSW (Internatior

WMO (World Meteorological Organization) Coordinate Team for Space
Weather) 2009~

ICSU (the International Council for Science) WDS (World Data
1931~ System)

European Space Weather

Regional Space Weather Week/Workshop Asia-Oceania Space Weather
Alliance

International SW (operation) organizations



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

Space Research Center

(Warsaw, Poland)

Lund Space Weather Center Hydrometeorological Service

(Moscow, Russia) T T—— Natural Resource Canada

(Lund , Sweden)

RRA (Jeju- do South Korea (Ottawa Canada)

‘ O
o

Royal Observatory of Belgium

(Brussels, Belgium)

Institute of Atmospheric Physics

(Plague, Czech)

""""""""""""""""" NOAA/SWPC
Beijing Astronomical Observatory
Beumg Chlna) (Boulder USA)
: -:i J‘ :

National Physical Laboratory
(New Deli, India)

Hermanus Geomagnetic Observatory . . .......... C

(Herumanus, South Africa)

_ _ _ IPS Radio and Space Services
e e R (Sydney, Australia)

N@?
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Space Weath
Workshop :

The Meeting of Science
Research, ApplicationS;T =
Operations, and USQ
April 27-30, 2010 * Boulder, orad/

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.

AOSWA

= Asia-Oceania Space Weather Alliance

Space Weather
Workshop @USA

m

¥ o JGN2plus ...

T&W.jgn.... Y] GMC 26 Ja... » (S LAPAN, B.. ») [ eswW7 - H... x (D S

Registration and Abstract deadline: Frida)' M Gmail - ...

= ) 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
COMMITTEES
REGISTRATION

LOCAL INFORMATION
SOCIAL PROGRAM

Space Weather
Week @Europe

ESWW3
ESWWV4
ESWW5
ESWW6

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:

L



AOSWA meetings s

2010.12 - LAPAN workshop

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

2010.01.2 - SEALION workshop @Thailand
¢ Indonesia, Vietham, Taiwan, USA, Brazil, Thailand, Laos, Philippine , China and Japan
e 2"d Kick-off meeting of the AOSWA

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

e Local meeting between A-O ISES countries

maeed  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 Worksho Chiang Mai, Thailand —
e AOSWA 15t Workshop |

e 10 countries, 25 organizations, 77 participants!

s 2012.08 AOGS2012 @Singapore

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

e 2013 AOSWA 2M¢ Workshop
* (To be fixed during the 1t workshop)

N(IEF)




Call for Paper  The First AOSWA Workshop

The First Asia-Oceania Space Weather Alliance Workshop

AOSWA\ 22 — 24 February 2012

Imperial Mae Ping Hotel, Chiang Mai, Thailand

The Asia-Oceania Space Weather Alliance (AOSWA) is a regional forum for the
development of collaboration and promotion of the space weather activities in the Asia
and Oceania region.

The AOSWA 2012 in Thailand will be held during 22 — 24 February 2012, in Chiang Mai,
Thailand.

The AOSWA 2012 is regional/international workshop, providing an excellent forum for
researchers and operators of space weather in Asia-Oceania and other countries to present
and discuss operational collaborations, data exchanges and some competitions, which leads
to the development of space weather activities in the region.

Everyone, who works in space weather fields in Asia-Oceania and other regions, is
encouraged to submit a paper to the workshop. New research results and operational
issues are welcome. Significant discussions are expected, especially from the view of the
Asia-Oceania regional collaborations.

Possible Topics of Presentation

1. lonospheric Variations and Their Effect on Radio Propagation
2. Geospace Variations — Causes and Effects
3.  Present status and future plan of operation, service, and modeling of space weather

Important dates

1. Abstract Submission: 20 Dec. 2011 — 4 Jan. 2012
2. Registration: 20 Dec. 2011 — 16 Jan. 2012

For more information / Contact

Web site: http://aoswa.nict.go.jp

Email address: sw-project-office@ml.nict.go.jp N<IC,T; |

« IPS Radio and SPGCE Services fessore NATIONAL ASTRONOMICAL OBSERVATORIES ,CHINESE ACADEMY OF SCIENCES National Physical Laboratory

Committee Chair:

TBD, Japan

Co-Committee Chair:

TBD, Thailand

General Committee:

Dr. Ken T. Murata (NICT, Japan)

Dr. Phil Wilkinson (IPS, Australia)

Dr. Huaning Wang (NAOC, China)

Dr. Rupesh M. Das (NPL, India)

Dr. Bae Seok-Hee (RRA, Korea)

Program and Organizing Committee:

Dr. Ken T. Murata (NICT, Japan)

Dr. Dave Neudegg (IPS, Australia)

Dr. Huaning Wang (NAOC, China)

Dr. Siging Liu (NAOC, China)

Dr. Xiaoxin Zhang (NAOC, China)

Dr. A. K. Upadhayaya (NPL, India)

Dr. Bae Seok-Hee (RRA, Korea)

Dr. Shinichi Watari (NICT, Japan)

Dr. Tsutomu Nagatsuma (NICT, Japan)

Dr. Takuya Tsugawa (NICT, Japan)

M. Shikatani (NICT, Japan)

Dr. Takashi Maruyama (NICT, Japan)

Local Organizing Committee:

Dr. Tsutomu Nagatsuma (NICT, Japan)

Dr. Masayuki Fujise (NICT, Japan)

Dr. Akachai Sang-In(CMU, Thailand)

Dr. Suttichai Premrudeepreechachan
(CMU, Thailand)

Dr. Tharadol Komolmis (CMU, Thailand)

Dr. Ukrit Mankong (CMU, Thailand)

ot Australian Government | \\ * @ “ é ?z @ﬁ K i é '{T@q ‘lﬁﬁiﬁ g’@ﬂ'q’m m“ NATIONAL RADIO

RESEARCH AGENCY



AOSWA 15t Workshop

77 participants from 25 organizations of 10 countries
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GPS-TEC at Sumatra island

Dense and wide-coverage GPS receiver
network can reveal their spatial structures,

GPS receivers all over the world 5000 receiver data available online
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Associates (so far) AOSWA

http://aoswa.nict.go.jp/associates.html
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AO SWA . : E AOSWA mailing list

Asia-Oceania Space Weather Alliance

Preparatory Committee <AOSWA@m|.niCt,gO,Jp>

-~
Top | Introduction Event | Associates Project | | |
[ X _
=* Associates
Australia
IASSDCiEtES Df AOSWA + |onospheric Prediction Service (IPS) / RWC Australia
China
*Mumber of Azsociates 14 « Center for Space Science & Applied Research (CSSAR)
(3 countries) India

*Mumber of Mailing List Member + Radio & Atmospheric Sciences Division. National Physical Laboratory (NPLY / RWC India 2

ALztralia Z Indonesia

Chira 3 + National Institute of Aeronautics and Space (LAPAN)

India 2 Japan

Indonesia G « National Institute of Information and Communications Technology

Japan R + Research Institute for Sustainable Humanosphere

hialays i . « Solar-Terrestrial Environment Laboratory

Philippines 1 Malaysia |

South Korea 6 « National Space Agency of Malaysia (ANGKASA)

) + Universiti Kebangsaan Malaysia (UKM)
Taiwan 1
=— g South Korea
=tEn + Korea Astronomy and Space Science Institute
LSA 1 « Korean Space Weather Center/Radio Research Agency
Wietnarm 2

+ Kyung Hee University
Tatal E3 Vietnam

I
+ |nstitute of Geophysics, Viethnam Academy of Science and Technology MNew W:ICT



http://aoswa.nict.go.jp/associates.html
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AOGS 2012:
Asia-Oceania Space Weather Alliance: AOSWA (ST26)
submission deadline (extended) 21 Mar 2012

C \WA YD) Asia Oceania Geosciences Society

Session Proposal Details (ST26)

Back to my session proposal list

Session Proposal Status
Status Accepted
Review/Comments

Session Proposal Details

Section ST - Solar & Terrestrial Sciences
Session Title Asia-Oceania Space Weather Alliance: AQSWA
Session Description The solar activity controls coupling processes from the Sun to the

Earth’s upper atmosphere and produces space weather phenomena.

Space weather impacts human activities, such as communications,

navigations, satellite operations, human activity in space, aviation,

and electric power. It is expected that space weather forecasting can

minimize the impacts of them. We are now in the ascending phase of

24th =olar cycle. Several strong =pace weather phenomena will occur within =everal years. Recently, several
countries in Asia-Oceania region have started national space weather program. Although the space weather
iz controlled by the global phenomena, the local and regional observation is also imporant. It is valueable to
exchange information and results of space weather research and operation, to formulate international
collaborations in Asia-0Oceania region. This session provides a good oppotunity to discuss the recent progress
of rezearch and operaticnal activities of space weather forecasting.

Expected Duration of Session  1/2days (12Papers)



As summary...

Informatics via “cloud system”
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Invitation:
NICT Science Cloud User registration Web
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English site will be
available on April, 2012.
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https://seg-web.nict.go.jp/scuser/

Thank you for your attention!
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Weekly Space Weather News
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週刊宇宙天気ニュース.wmv

NICT Data Download Site

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

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

~“* NICT Data Download Site
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