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2Space Weather

Effects from lower to upper atmosphere

space weather from sun to earth

[Pedatella, 2018]



Impact of SW on GNSS 3
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GPS positioning 
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(From GSI web site: www.gsi.go.jp/denshi/denshi40001.html)
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X9.3X2.2 Dst ～-124nT
※ X-ray flux measured by NOAA/GOES satellites
※ Dst index provided by WDC Geomagnetism, Kyoto

• The Ionospheric storm on Sep. 8, 2017 made GPS positioning error ～3 times larger.
• X 9.3 flare caused rapid TEC increase (SID) on dayside, causing loss-of-lock for GNSS signals, 

degradation of SBAS availability, degradation of Precise Point Positioning (PPP) accuracy 
[Berdermann et al., 2018].



NICT Space Weather Forecast Center

Web access : 160,000/month
No. of e-mail address : 10,000
And also on Facebook, twitter
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Operational SW nowcast/forecast as an ISES member
• Solar flare occurrence
• High-energy particle condition at geosynchronous 

orbit
• Geomagnetic field condition over Japan
• Ionospheric condition over Japan

Domestic Users:
satellite operator, aviation office and companies, power plant companies, HF 
telecommunicators / broadcasters, resource survey, Univ. and research institutes, amateur 
radio operators



Ionospheric Monitoring by Ionosonde 5
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• Ionospheric sounding from the ground, 4 sites in 
Japan and 1 in the Antarctica

• First observation in 1937, and regular operation 
from 1957, normally 15 minutes interval

• Monitoring of Ionospheric storms, Flare effects, 
and so on.

Positive
Ionospheric
storm

Flare effect (Echo disappearance)



Ionospheric Monitoring by TEC 6

• Total Electron Content (TEC) map 
is derived from a dense GNSS 
receiver network in Japan 
(GEONET) provided by GSI

• High resolution (30sec, 0.15 by 
0.15 deg) 

• Monitoring of Ionospheric storms, 
Traveling Ionospheric disturbances 
(TIDs), Plasma bubble, and so on.

• Global version -> DRAWING TEC 
project (see our ICG-12 
presentation [Tsugawa et al])

Plasma bubble observationTEC ROTI Loss of Lock

GNSS receiver network 
(1,240points) provided by 

GSI

TEC disturbance after Tohoku 
earthquake 

[Tsugawa et al., EPS, 2011]



Update of GNSS-TEC Exchange Format (GTEX, v 3.0) 7

• GTEX is a format of slant TEC data
• By sharing slant TEC, various researches 

would be possible without affected by 
specific analysis procedures (e.g., bias 
estimation)

• GTEX v3.0 can treat data from multi-GNSS 
satellites, and the format similar to RINEX 3

Header

TEC data section

Header



Research for Ionospheric Forecast: 
Global model of Whole Atmosphere and Ionosphere 
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• GAIA is a 3D global model from troposphere 
to thermosphere and ionosphere

• GAIA reproduces meteorological 
phenomena, vertical coupling, neutral-
plasma interaction, ….

• Meteorological Reanalysis has been 
assimilated into GAIA. Assimilation of upper 
atmospheric observations are underway

Comparison of plasma bubble occurrence

[Shinagawa et al., 2018]

Effects of Stratospheric sudden warming on Ionosphere

[Jin et al., 2012]



Research for Ionospheric Forecast: 
Regional model of Equatorial Ionosphere 
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• HIRB is a high-resolution model of equatorial ionosphere, which reproduces detail 
structures and features of plasma bubbles

• Global-regional model coupling is on-going, and forecast of plasma bubble 
occurrence and growth will be treated by HIRB

Simulation of plasma bubbles

[Tsunoda., 2015]

Radar observation of plasma bubble

[Yokoyama et al., 2014; 2015]



Research for Space Weather Forecast: 
Prediction using Machine Learning Techniques
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• Solar flare prediction method has been developed using deep learning technique, 
which gives categorical prediction with occurrence probability at each active region

• The real-time operation using Deep Flare Net (DeFN) will start in FY2018.
• Prediction of 2D TEC map against latitude and LT has been developed using a neural 

network technique.

Solar Flare Prediction Prediction of Ionospheric  TEC

[Nishizuka et al.]

(Based on 
Maruyama [2007])



Summary 11

Observations and other data products available at: http://wdc.nict.go.jp/IONO/

• We are operationally providing space weather nowcast and forecast information as 
a member of ISES.

• The ionospheric nowcast is based on observations by ionosonde and TEC, which 
have long history. 

• For ionospheric forecast, we are developing physics based models, machine 
learning models, and data assimilation.

http://wdc.nict.go.jp/IONO/

