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SUMMARY

Space weather forecast 1s the major function of Radio
Research Laboratory(RRL) which was started from the time of its
foundation in 1966. From then we have been contributing to
securing reliable (earth/space) radio communication services by
studying the space environment affect the radio communication
systems and providing the space weather service for the public.

Due to the rapid evolution of the radio communication
technology these days, the criteria which were used in issuing
"alerts” of space weather need to be rebuilt, and the observation
systems and the internet space environment service system had to
be modernized. We had to update them by the benchmarking of the
advanced space weather forecast services and research activities
conducted in foreign countries.

In this work, we fixed many problems with the old
observation systems and developed software programs for
automatic—controlling the systems and analysing the observed data.
We also set-up a long term research plan for preparing for the
solar extreme activity period expected in 2011 and studied the
research trends through many consultations with experts in space
environment.

The demand for the space weather forecast service 1is
increasing because of the growing interest for the space era in 21
century. However, the space environment service system(SESS) that
RRL runs in the internet is too old and outdated. So major big
changes were made in the overall format of the SESS and its

contents to monitor the space environment in near-real time and
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deliver the alert signals as soon as possible to the public. Through
the renovation of the SESS, we could offer qualitative information
of the space environment and revitalize the communication between
the users and the SESS operator and improve the public image of
the RRL as the primary service provider of space environment

information in Korea.
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2. International Space Environment Service (ISES)
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3#E2-1 ISES =44

Title

Host institution

Location

Delegate

SES Director

Matural Resources Canada

Ottawa

D. Botele

Deputy Director

Lund Space Weather Cente

Lund

H. Lunasteat

Secretary for World Days

National Geophysical Data Center

Boulder

H. Coffey

Secretary Space Weather

Space Environment Center

Boulder

J. Kunches

RWC Australia

|ES Radio and Space Services

Sydney

(5. Patterson

RWC Belgium

Roval Observatory of Belgium

Brussels

H. Van ger Linden

BWC Canada

Natural Besources Canada

Ottawa

H. Lam

RWC China

Beijling Astronomical Observatory

Beijing

H. Wang

RWC Czech Republic

Institute of Atmospheric Physics

D. Buresova

BWC India

Mational Physical Laboratory

R.S. Dabas

BWC Japan

National Institute of Information

and Communications Technology

3. Watari

BWC Poland

Space Research Centre

|. Stanislawska

RWC Russia

Hydrometeorological Service

Mmoo
vioscow

VoA Burov

Space Environment Center

Soulder

J. Kunches

HWC Sw

Lund Space Weather Cente

Lund

H. Lunasteat

European Space Agency

European Space Agency

MNoordwijk
RISISTESIVILS

AWC France

Collecte Localisation Satellites

Toulouse

AA A AAFSZ 11719 RWCZF ISESel 71 31

China (Beijing)

USA (Boulder), & 71¥ (HUB)
Russia (Moscow),

India (New Delhi ),

Canada (Ottawa),

Czech Republic (Prague),

Japan (Tokyo),

Australia (Sydney),
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Sweden (Lund),
Belgium (Brussels),( Associated warning center in France)
Poland (Warsaw)
* The European Space Agency (Noordwijk) is a collaborative expert
centre providing avenue for data and product exchange for

activities in Europe.

2. 4. 7tYd=xA

ISESe] 7|9 Ao w=d RWCE 7Hist7] flsiAe ol

AR el FAHQ FL wolok G}

Y AAGED el $FAAARE AAGoR 2R 5 A
52 R
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3. World Data Center (WDC)
(http://www.ngdc.noaa.gov/wdc)
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=2 FHote AH g AlFste sloth
7P R Algsts Azl wek o2 e WDC7F £A8hH, &
BES FHA R AFeE AU AE ATt Yok dA AR 53
o] WDC7} &A1stH, & =717t Algstes A5 7ol wet o2l i
°] WDCE %3t 3l

54 4

3. 2. ZXAFA

WDCe] #1A]ell whet 4719 gFdo = F&38tH 242 WDC-A
(1]=), WDC-B (2] Ale}), WDC-C1 () WD 2 (d&), WDC-D
(=)= 25 A
China : 9 World Data Centers
WDC Astronomy, Beijing
WDC Geology, Beijing
WDC Geophysics, Beijing
WDC Glaciology and Geocryology, Lanzhou
WDC Meteorology, Beijing
WDC Oceanography, Tianjin
WDC Renewable Resources and Environment, Beijing
WDC Seismology, Beijing
WDC Space Sciences, Beijing

Europe :12 World Data Centers
WDC Climate, Hamburg

WDC Earth Tides, Brussels
WDC Geomagnetism, Copenhagen
WDC Geomagnetism, Edinburgh
WDC Glaciology, Cambridge
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WDC Marine Environmental Sciences, Bremen

WDC for Remote Sensing of the Atmosphere, Oberpfaffenhofen
WDC Soils, Wageningen

WDC Solar Activity, Meudon

WDC Solar-Terrestrial Physics, Didcot

WDC Sunspot Index, Brussels

Asia-Pacific : 10 World Data Centers in Australia, India, and Japan.
WDC Airglow, Tokyo

WDC Aurora, Tokyo

WDC Cosmic Rays, Mito

WDC Geomagnetism, Kyoto

WDC Geomagnetism, Mumbai

WDC Ionosphere, Tokyo

WDC Nuclear Radiation, Tokyo

WDC Solar Radio Emissions, Nagano
WDC Solar-Terrestrial Science, Sydney
WDC Space Science Satellites, Sagamihara

Russia : 7 World Data Centers

WDC Marine Geology and Geophysics, Moscow
WDC Meteorology, Obninsk

WDC Oceanography, Obninsk

WDC Rockets and Satellites, Obninsk

WDC Rotation of the Earth, Obninsk

WDC Solar-Terrestrial Physics, Moscow

WDC Solid Earth Physics, Moscow

- 482 -



USA : 15 World Data Centers

WDC Atmospheric Trace Gases, Oak Ridge
WDC Biodiversity and Ecology, Denver

WDC Glaciology, Boulder

WDC Human Interactions in the Environment, Palisades
WDC Land Cover Data, Sioux Falls

WDC Marine Geology and Geophysics, Boulder
WDC Meteorology, Asheville

WDC Oceanography, Silver Spring

WDC Paleoclimatology, Boulder

WDC Remotely Sensed Land Data, Sioux Falls
WDC Rotation of the Earth, Washington

WDC Satellite Information, Greenbelt

WDC Seismology, Denver

WDC Solar-Terrestrial Physics, Boulder

WDC Solid Earth Geophysics, Boulder

3. 3. N7 &

- 483 -



SEC+ "= 3j¥th7]d (NOAA) 4Fste] NWS (National Weather

Service) otefol &= 5H7AE TY = FEve AAE B
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o At 7= stk W= Fwte] AFWA (Air Force Weather

Agency)%® SECH v]-§ A4S 537 A E st o, AA=
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syt Ut
3.3.2. IPS Radio and Space Service (http://www.ips.gov.au) &
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(1) HF radio systems, such as communications and surveillance

systems;
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(2) Geophysical exploration, power systems protection and the
cathodic protection of long-distance pipelines;

(3) Satellite and spacecraft operations

(4) Support for international and domestic research into the space

environment.
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CESWI(The Central—European Space Weather Initiative)

O 7/he
o WA : =E 93 o]UA oy 170 T 11781=(2 EU, 9 1|

#d 3 ¥ 3 dHolH ¥/ 5=

A

4

of
ozl
2
22
1

O Z2AE T4
o The Central—European Solar—Terrestrial Network(CESTNET)

o The Central—European Solar—Terrestrial Surveillance(CESTS)

o The Central—European Solar—Terrestrial Archive(CESTA)
B4 Ro

o 3 B, $FBA, AF o
0 28 ! Space Agency, Telecommunication Companies
o 7|1« : Software, Hardware, Telecommunication Companies
o W& : Sw, e, TEWS B
O H3ET
o 3t B, FFEA, AT =8 Fokoll thdk ERkek A
o8& I HY B 5783 A7 7MY vdsl, 78 945
71 vk, AAZE HolE AYE F% AHRVE TH, @
= AE A L dHoly #g 7Yy &
o Zl&  AAIZ #ZF7Is N, dHely A" Tis FY, dAXZE

= 1l
AR wd 7|E N, AT HolE AF Vs, MEHA
X

o W& : e Tt AA ALY AL B wg A
[ 33 @ 11703 197) 97713 o
o Austria, Italy, Czech, Hungary, Croatia, Poland, Romania,

Slovakia, Slovenia, Ukraine, Yugoslavia
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3.3.4 Space Environment Information Service

(http://hirweb.nict.go.jp/) & ¥

2 X National Institute of Information and Communications Technology
(NICT)4Fsl Applied Electromagnetic Research center ©o}#]el] Space
Environment group (http://www2.nict.go.jp/y/v223/)o]  F A3t}
NICT+= o]+ CRL (Communication Research Lab)e]#til &%

o Sy dadgrad sEgETa Bt =3 RWCE &

akal sl

o

of

3.3.50 Swedish Institute of Space Physics

-
0 BA : $F B, $F /1% @ U] Felo gF AR dF
37

(1 49
o 1957\d Kiruna Geophysical Observatory(KGO) ##H
o 1973d Kiruna Geophysical Institute(KGI) =3 w7
o 19873 Swedish Institute of Space Physics(Institutet for
rymdfysik, IRF)2 =3 W7

o AT S w7l ddS, AV, AR, L=, Ay dg

)

o Kiruna @ magnetometer, riometer, all-sky camera, ionosonde

o Lycksele : magnetometer, riometer, ionosonde
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o Uppsala : ionosonde
[] IRF Kiruna
o t7l=4d

- HFd, ASHE, €49 ddA dE B *E
ot Fxol dg AT 7Y

- a7 139
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o]

A48 2 )
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- 37H/1 H*é TR AE
- a7 124
o A =dlok 7=
- HSA A, 24, &, A Wi A R OS] A
o Aol g A7 73

- ol AY BAY), AR 23], AUALR BE7), AUAZA

& (Viking, Astrid-1, Munin)
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2004 Rosetta 314 A0 A& 4|
2003 Mars Express 3t 7], | 2& 9 AgA] 4 Ay
2000 Munin $-F37d W slo] W& A F3F LA ]
- A 278
% Riometer = Relative Ionospheric Opacity Meter
FFolA o= A FFol HdYFolA FFste s SAS
+ vl #5 Fu5+ 26MHz 50MHzo|H #=
Ael= oA Axpet a7 Aol FAdEHH o] 28t Frtet

of WAANTE R dwo] AskE Aol B,

- 493 -



] IRF Uppsala

0]

o A7 FA : EFEEol w

o &% : SOHO Z=HE ¥&

£, ESA 57874 3EAF, 24
58748 227 TASES) ] A9 72 HAHRWC) &9, $
Zadn B A BE o)

] IRF Umea

o A7 W&  drIse 2AF 33 (infrasound) 5S4,
= e
o AT A 73

T

Tz
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2

336 18X~

[] National Observatory of Athens(NOA)

[e)=

o &% ! Institute for Space Applications and Remote Sensing
Ho-9F34d A3 1%
0 Y AT 61
o AT &FoF
- H %

Z o], CME, 24
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[ ] National and Kapodistrian University of Athens(NKUA)
o A 144
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o A Fof
- B MR =
- HY g5 d99 W dAY
- HY$ZF % CME

[ ] Demokritos University of Thrace(DUTH)
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Hard X-ray =22
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Interplanetary Scintillation
Upstream solar wind and IMF
Terrestrial magnetic field variations
Cosmic rays

Cosmic Radio Waves

Convection Electric Filed
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1. Full disk Magnetograph and H-alpha Telescope Network

Zeeman 5 ol&ste] HIY FHe AVFS 54 G
Ha 14 oA eke] olm A2 ZAste Fulojtt. BE Fd F$
Udel 53 dHE sty A5etal, o= ARE 2304 ofv|

A o] ot

GONG (Global Oscillation Network Group)
SOLIS (Solar Long Term Investigation of the Sun, NSO)
ISOON (Improved Solar Observing Optical Network)

BBSO #2229 44

2. Radio Observations

(o]

2
ol

e ol g3t BRL BE )
o]
1

2 E & U, Ao

3E
11— H

3]
-

o

)

Radio imaging

— multifrequency Radioheliograph NRH France (150-410Mhz)
- Nobeyama Radioheliograph (17Ghz-35Ghz)

- Owens Valley Solar Array, OVSA 1-18GHz

Locator
- Solar Radio Burst Locator (SRBL) (1-18Ghz)
— Solar Radio Spectro Polarimeter (SRSP) Bell Lab

Spcetrographs and radio monitoring at discrete radio frequencies
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3. Coronagraphs

- Mauna Loa Solar Observatory, MLSO

- Mirror coronagraph in Argentina

4. Interplanetary Scintillation Measurement

A gel A Amd e o b
] o] o}

SR ER

J[m

[e)
A&

. |
5|\
_O‘L
rlr

X

ofl

European Incoherent Scatter Facility

— Multi-antenna system at STEL, Japan

Ooty Radio Telescope, India
- MEXART in Mexico

5. Neutron and Nuon detectors

F-Foll A X GO Z 592+ cosmic ray & #H=35H= g o]t}

6. Ground Magnetometer network
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7. SUPERDARN Radar

HF #lolth2Al, o] gu & ol g3lel d714¢) ¥EZ 95T

T AT

8. Ionosonde Network

A =g

AAD Australian Antarctic Division , Australia
AFRL Air Force Research Laboratory , Ionospheric Hazards
Branch , Space Vehicles Directorate, US Air Force
NICT National Institute of Information and Communication
Technology, Japan
CSSAR Center for Space Science and Applied Research, Beijing,
China

- DSTO Defence Science and Technology Organization , Australia
GST Grinaker System Technologies, South Africa
IAP Institute of Atmospheric Research, University of Rostock,
Germany
ICRA RAS Institute for Cosmophysical Research and Aeronomy,
Russian Academy of Sciences, Russia
ING L'Instituto Nazionale di Geofisica , Rome, Italy
INPE Instituto Nacional de Pesquisas Espacias , Brazil
INTA Instituto Nacional de Technica Aeroespacial, Spain
IGP Instituto Geofisico del Peru , Peru
IRM Institute Royal Meteorologique , Bruxelles, Belgium
ISS-NCU Institute of Space Science , National Central
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University, Taiwan, China

ISTP RAS Institute of Solar—Terrestrial Physics, Russian
Academy of Sciences, Russia

NIAS National Institute of Aeronomics and Space, Indonesia
PIC Polar Institute of China, Shanghai, China

PRONARP PROgrama NAcional de RadioPropagacion, Buenos
Aires, Argentina

QINETIQ , Radio Science and Propagation Group, Malvern, UK
RIRP Research Institute of Radiowave Propagation, Hainan,
China

RLM RLM Management Pty, Australia

RRL Radio Research Laboratory , Ministry of Communications,
Korea

SERC RAL Rutherford Appleton Laboratory , Science and
Engineering Research Council, UK

SUPARCO Space and Upper Atmosphere Research Commission,
Pakistan

UMLCAR Center for Atmospheric Research , University of
Massachusetts Lowell, USA

WIO Wuhan Ionospheric Observatory, China
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- Incoherent Scatter Radar
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