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Analysis of temperature and water vapor variations by GPS occultation (Tsuda, 2008)_
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Left turning of the Typhoon 1s predicted with COSMIC GPSRO data.

Track error is smaller with GPSRO data.

The Impact of FORMOSAT-3/COSMIC GPS RO Data on Typhoon Prediction (Kuo, 2008)
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@ Current GPS Activities and Mission Areas: @«ﬁﬂ

Earth Science Applications
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Southern California Integrated GPS Network
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Miller, 2010
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Space Weather
lonospheric Effects on Radio Applications

Navigation Satellites
Broadcasting/Communication/ (GPS) @

Extreme Ultraviolet
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lonospheric Storm Interference
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Space Environment Monitoring for
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TEchnical Data Acquisition instruments
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m Plasma Probes (Ne, Te)

m GPS Occultation Receiver

m Energetic Particle Detector =
m VLF Receiver
m Electric Field Sensors

m Topside Sounder

m lon/Neutral Gas Analyzer

= Magnetometer

m TEDA

|

2D Photometer

EEEEEEEEE

POD antenna GPS receiver

All the instruments are hi-precision, reliable and space proven
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Minimum Success Nominal Success Extra Success

Practical Use: | Establishment |Improvement of Establishment of
Weather of GPS weather forecast GPS Ocean
Forecast occultation accuracy reflection

technology technology
Science: Data Research of Establishing Proof
lonosphere- acquisition lonosphere- | of Pre-seismic
Atmosphere- by various :‘;:;msPhere coupling | |onospheric

mission Reliable and accurate .

. . LAI coupling

instruments lonospheric model
Engineering: |Data Space environment | Research of
Space acquisition monitoring for anomaly events by
Environment by TEDA JAXA Satellite long-term

Design Standards | operation

Space
Weather
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Energetic Particle Precipitation 2

before Earthquakes
Aleksandrin et al., 2003
Ann. Geophys., 21, 597-602, 2003 MARIA-2
www.ann-geophys.net/21/597/2003/
* Ongoing monitoring:
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Radon concentration and Earth 0
surface temperature changes SAMPEX/PET
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Magnetic field force lines &
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Fig. 1. distribution histo, for cle bursts and earth-
Program , 1999 qulihs o:tarjned‘?n GM-?‘LTARIAET’EF and ELECTRON

experiments (M = 4, |AL| < 0.1).

Drift of electrons
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Particle Precipitation
n EE R :1-10keV (Park & Helliwell, 1978)
= 1 —05:1-100keV ?
m 55 :100-300 keV (Voss et al., 1984)

m VLF/5:100-600keV (Sauvaud et al., 2008)
m #h=:30-300MeV (Arina & Vsplesk)

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

* bold:more than 100kg satellite, others are microsatellite or instrument on satellite/ISS
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Science & Technology

Possibility of short-term earthquake predictions 2011-05-02

More than 50 days have passed since the devastating
earthiguake and tsunami bit Japan, The Japanese are
<till reeling from the aftereffects of the disasters,
wehiile wearld still lives in fear of nuclear fallout from the
Fukushirma plant, More and more calls are being made
for better eartbgquake predictions, Seismologists are
aready able to make long- and rmid-term predictions
that foretel earthguakes coming in decades or even
rmorths, But current technology stil makes it
impossible to forecast the onset of an earthouake
within a few days, Howewer, Dr, Chae Jang-sooil &4
of the Satelite Technology Research Center of the
korea advanced Institute of Scence and Technology
says satelites can identify earthguake precursors,
which would make short-term earthguake prediction
piossible, First, Dr, Chae wil explain the relationship between satelites and earthguakes,

Scientists have made enormous efforts to precisely predict earthguakes, but there was a limit to bhow early they
could foresee the coming of an earthquake, But we found that satelites could detect physical changes in space
above an earthouake epicenter and that significant correlations exist between an earthguake and the changes in
density and termperature of electrons and ions in space, In an earthguake the energy accumulated under the
earth’s crust puts pressure on the plates, The electrical changes generated by the plate pressure form an
electromagnetic field on the earth’s surface and this electromagnetic field affects the temperature and density of
electrons and ions in space, thereby restructuring the ion layer, When an earthguake occurs, the density and
temperature of ions in space change between & and 15%.
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HmEHIOLEE
Cost 1M$ x 100 100M$
EQ: M>7 once 10 yrs. 16 per year

R e T —F 7« 3F€yjr\33’1» 2128 — \‘b}ﬁ - s
10000 Noow=299319 | (Vi s _ - s
3 sn_‘ ' Faid N . e L

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 ]

" S
Precursors of Japan Megaquake

m 8 month before : VHF scatterring (Moriya)
m 5 -6 days before: LF/VLF propagation
(Hayakawa and Hobara: earthquakenet.com)
m 1 -3 days before: OLR anomaly
(Ouzounov et al., arXiv:1105.2841v1)
m 2 days before: Abnormal EM signals?
(Shen: www.sign.ac.cn)
m 7 hours before: TEC anomaly
(Romanov and Urlichich, arXiv:1105.2841v1)
m 2 hours before: Energetic Particle Precipitation
(Galper et al., doi:10.3103/S1068335611070050 )
m 40 min. before: GPS-TEC increase
(Heki, doi:10.1029/2011GL047908. )
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Algorithm for GPS TEC
[7]- DLR

European Union Seventh Framework
Programme (FP7/2007-2013)
http://www.pre-earthquakes.orqg/

Maps of space

Algorithm for vertical plasmaand

TEC reconstructions [8]; jonospheric
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differential mapping;
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