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1. ELMOS Constellation
200kg

GPS
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http://www.geocities.jp/ELMOS_WG/

宇宙航空研究開発機構特別資料　

This document is provided by JAXA.



GPS
& 

Analysis of temperature and water vapor variations by GPS occultation (Tsuda, 2008)

GPS

The Impact of FORMOSAT-3/COSMIC GPS RO Data on Typhoon Prediction (Kuo, 2008)
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Miller, 2010

GPS

www.iugonet.org
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Space Weather

Space Environment Monitoring for 
Future Space Utilization by TEDA: 
TEchnical Data Acquisition instruments

sees.tksc.jaxa.jp
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3. 
Plasma Probes (Ne, Te)
GPS Occultation Receiver
Energetic Particle Detector
VLF Receiver
Electric Field Sensors
Topside Sounder
Ion/Neutral Gas Analyzer
Magnetometer
TEDA
2D Photometer

All the instruments are hi-precision, reliable and space proven

4. 
Minimum Success Nominal Success Extra Success

Practical Use:
Weather 
Forecast 

Establishment 
of GPS 
occultation 
technology

Improvement of 
weather forecast 
accuracy

Establishment of 
GPS Ocean 
reflection 
technology

Science:
Ionosphere-
Atmosphere-
Lithosphere

Data 
acquisition 
by various
onboard 
mission
instruments

Research of 
Ionosphere-
Atmosphere coupling 
and
Development of 
Reliable and accurate 
Ionospheric model

Establishing Proof 
of Pre-seismic 
Ionospheric 
Precursors and 
Clarification of the 
LAI coupling 

Engineering:
Space 
Environment
Space
Weather

Data 
acquisition 
by TEDA

Space environment 
monitoring for 
JAXA Satellite 
Design Standards 

Research of 
anomaly events by 
long-term 
operation
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, 2008

(SEU SEL)  

GPS

(HF) X

Energetic Particle Precipitation 
before Earthquakes
Aleksandrin et al., 2003
Ann. Geophys., 21, 597-602, 2003
www.ann-geophys.net/21/597/2003/
* Ongoing monitoring: 

Arina/Resurs-DK1, ISS(LAZIO-Sirad, Vsplesk)

Utkin, Russian Space Station
Program, 1999

第８回「宇宙環境シンポジウム」講演論文集

This document is provided by JAXA.



Particle Precipitation
1-10keV (Park & Helliwell, 1978)

1-100keV ?
100-300 keV (Voss et al., 1984)

VLF 100-600keV (Sauvaud et al., 2008)
30-300MeV (Arina & Vsplesk)

* 15-20% of the observed particle bursts are of 
the seismic origin (earthquake precursor). 
(Aleksandrin et al., 2009)

IUGG
(IAGA-IASPEI-IAVCEI)

Inter Association 
Working Group on

Electromagnetic 
Studies of 

Earthquakes and 
Volcanoes 
(EMSEV)

http://www.emsev-
iugg.org/emsev/

Kamogawa, 2006
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2 4 Aleksandrin et al
VLF 4 Nemec et al
600km 5 Oyama et al

foF2 GPS-TEC 1 5 Liu et al

VLF 1 2 Hayakawa and Molchanov

5 Fujiwara and Kamogawa

ULF 12 (Fraser-Smith)
ULF 1 19 Hayakawa, Hattori and Ohta
DC 20 Varotsos et al

Launched
2001.12.10 Kompass (IZMIRAN:Russia) 2001-056B
2003.06.30 Quakesat (Quakefinder:USA) 2003-031F 
2004.06.29 DEMETER (CNES:France) 2004-025C (stopped in 2010)
2004.12.24 Variant/Sich-1M (NKAU:Ukraine) decayed
2005.02.28 LAZIO-SiRad (INFN:Italy) ISS
2006.05.26 Kompass-2 (IZMIRAN:Russia) 2006-019A 
2006.06.15 Arina/Resurs-DK1 (RKA:Russia) 2006-021A 
2006.09.18 Vsplesk Experiment (Energia:Russia) ISS
2009.07.29 POISE/UK-DMC2 (SSTL: UK) 2009-041C 
2009.09.17 ETP/Tatiana II (MSU: Russia/NCU:Taiwan) 2009-049D 
2011.08.17 Potencial/Sich-2 (NKAU:Ukraine) 2011-044G 

Planned
2012 Kanopus-Vulkan 1 (RKA) 
2012 UNAMSAT-3 (UNAM:Mexico/MAI: Russia) 
2012 TechDemoSat-1 (SSTL: UK) 
2012 Kanopus-Vulkan 2 (RKA) 
2012 Pratham (IIT Bombay:India) university nanosatellite
2013 Ionosat-micro (NKAU: Ukraine)
2014 CSES (CEA/CNSA:China) two more satellites by 2017 
2015 TwinSat (Russia-UK) micro and nanosatellite
2018 IONOSATS (NKAU:Ukraine)

Proposal
OMIR (Kazakhstan)
Esparia (INFN:Italy) 

* bold:more than 100kg satellite, others are microsatellite or instrument on satellite/ISS
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Kanopus-V
www.federalspace.ru

2014

www.cea.gov.cn

Esperia
www.asi.it

TwinSat
www.ucl.ac.uk
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Cost 1M$ 100 100M$
EQ: M 7 once 10 yrs. 16 per year

per EQ 1000M$Y 6.25M$Y
Satellite is effective “160 times of the life” than Ground

also acquired scientific data from the ionosphere to the atmosphere 

Precursors of Japan Megaquake
8 month before : VHF scatterring (Moriya)
5 - 6 days before: LF/VLF propagation
(Hayakawa and Hobara: earthquakenet.com)
1 - 3 days before: OLR anomaly
(Ouzounov et al., arXiv:1105.2841v1 )
2 days before: Abnormal EM signals?
(Shen: www.sign.ac.cn)
7 hours before: TEC anomaly 
(Romanov and Urlichich, arXiv:1105.2841v1 )
2 hours before: Energetic Particle Precipitation 
(Galper et al., doi:10.3103/S1068335611070050 )
40 min. before: GPS-TEC increase 
(Heki, doi:10.1029/2011GL047908. )
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European Union Seventh Framework 
Programme (FP7/2007-2013)
http://www.pre-earthquakes.org/

PRE-EARTHQUAKES EU

GEOSS (Global Earth 
Observation System of 
Systems)
Earthquake Observation 
System (EQuOS) 

(PEG)

宇宙航空研究開発機構特別資料　

This document is provided by JAXA.



500 600
300 400

200 300
H-IIA/B LNG

130

* MD 3000
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: ELMOS Constellation

=

Low Risk & High Return is Expected

contact: kodama.tetsuya@jaxa.jp

ELMOS-WG

第８回「宇宙環境シンポジウム」講演論文集

This document is provided by JAXA.




