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PREFACE

Special issue “Solar–terrestrial environment
prediction: toward the synergy of science
and forecasting operation of space weather
and space climate”
Kanya Kusano1*, Mamoru Ishii2, Tomas Berger3, Yoshizumi Miyoshi1, Shigeo Yoden4, Huixin Liu5,
Terry Onsager6 and Kiyoshi Ichimoto7

The space environmental variability (widely called “space
weather”) can influence the electromagnetic environment
around the earth and human life. In particular, a severe
space weather event caused by a large solar eruption is
a potential risk to social infrastructures such as artificial
satellites, aviation, electric power, communications, and
positioning systems. Furthermore, it has been pointed
out that long-term variation in the solar cycle may affect
the global environment. Therefore, predicting the solar–
terrestrial environment is important not only as scientific
research, but also for sustaining a safe and secure modern society. However, the mechanism of solar–terrestrial
environmental dynamics and its influence on the socioeconomic system is not yet fully understood.
The special issue “Solar–Terrestrial Environment Prediction: Toward the Synergy of Science and Forecasting Operation of Space Weather and Space Climate” is a
comprehensive summary of the current status of research
on this issue. In Japan, a nation-wide joint project “the
Project for Solar–Terrestrial Environment Prediction
(PSTEP)” was conducted from 2015 to 2019 in order to
improve this situation through synergy between the basic
science research and the forecast operation. In this special issue, the various research papers of this project and
the related studies are compiled as follows.
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Kusano et al. (2021) summarized the major research
achievements of PSTEP about the space weather forecasting system, the prediction of solar storm and geospace
dynamics, solar cycle activity and its climate impact. The
scale of space weather events and their occurrence rate
in Japan was surveyed by Ishii et al. (2021), in which the
information for the space weather disaster defense was
assembled.
One of the major space weather impacts on the society is caused by geomagnetic induced current (GIC).
Watari et al. (2021) overviewed GIC measurement systems and reported several examples of the measurements
in substations around Tokyo, Japan. Yagova et al. (2021)
analyzed GIC in a transformer at the terminal station at
Vykhodnoy, Russia, during the entire year of 2015 and
found that large-scale pulsations are more effective in
GIC generation than small-scale pulsations. Kikuchi et al.
(2021) observed the electromagnetic disturbance caused
by the geomagnetic sudden commencement (SC) using
the high-frequency (HF) Doppler sounders at middle and
low latitudes and confirmed that the electric field signal
propagates near-instantaneously (within 10 s) over the
globe.
The evaluation of the influence of energetic particles on
satellites and aircraft is an important task for the space
weather forecast. Nagatsuma et al. (2021) developed the
Space Environment Customized Risk Estimation for Satellites (SECURES) system by combining models of the
space environment and those of spacecraft charging.
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Saito et al. (2021) estimated the economic impact of
atmospheric radiation storm associated with solar energetic particle (SEP) events on aircraft operations by using
the Warning System for AVIation Exposure to Solar energetic particle (WASAVIES). Oka et al. (2021) analyzed
an unusual short-duration SEP event and found that the
higher-energy (> 30 MeV) protons were detected about
four hours after the shock arrival of ICME. The impact of
energetic particle precipitation on atmospheric chemistry was investigated by Tsuda et al. (2021) and they found
that the Na loss around the topside of Na layer would be
induced by the energetic particle precipitation.
Many papers on the ionospheric dynamics and its prediction are published by this special issue. Nishioka et al.
(2021) statistically analyzed the extreme states of ionospheric total electron content (TEC) in Japan. Tao et al.
(2020b) also analyzed the statistics of short-wave fadeout
for extreme space weather event estimation. Otsuka et al.
(2021) studied the solar activity dependence of mediumscale traveling ionospheric disturbances (MSTID) using
GPS receivers in Japan. Hosokawa et al. (2020) monitored
the anomalous propagation of aeronautical VHF radio
waves due to sporadic E layer in Japan.
The Ground-to-topside model of Atmosphere and
Ionosphere for Aeronomy (GAIA) is a powerful tool to
simulate and predict the dynamics of ionosphere and
atmosphere. Shinagawa et al. (2021) developed the
numerical prediction of sporadic E layer occurrence
using the GAIA. Ghosh et al. (2020) investigated the
day-to-day variation of pre-reversal enhancement in the
equatorial ionosphere based on GAIA model simulations.
Sivakandan et al. (2021) compared the seasonal and longitudinal variation of daytime MSTID activity using GPS
observation and GAIA simulations. Tao et al. (2020a)
reported the numerical forecast of the upper atmosphere
and ionosphere using GAIA, in particular for ionospheric
storms and sudden stratospheric warming.
The solar cycle dynamics and solar eruptions are the
major cause of space weather variation in the long term
and short term, respectively, and their prediction is
one of the most important subjects in this special issue.
The variability of solar differential rotation and meridional flow were analyzed by Imada et al. (2020) using the
magnetic element feature tracking technique. Seki et al.
(2021) studied the relationship between three-dimensional velocity of filament eruptions and CME based on
the Doppler observations. A new infrared observation
for solar polarimetry was developed by Hanaoka et al.
(2020).
Nishizuka et al. (2021) reported the operational solar
flare prediction model using Deep Flare Net. Watanabe
et al. (2021) reported the model-based reproduction
and validation of the total spectra of a solar flare and
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their impact on the global environment. Nishimoto et al.
(2021) examined the computed extreme ultraviolet emission spectra during solar flares. The advanced method for
the CME arrival-time forecasts was developed based on
the assimilation of magnetohydrodynamic simulations
and the interplanetary scintillation observations by Iwai
et al. (2021).
It is also crucial to investigate the details of the severe
space weather phenomena that occurred in the past from
the literature and records for considering countermeasures against future space weather disasters. Hayakawa
et al. (2020) reported the record of south American
aurora during the Carrington storm. Oliveira et al. (2020)
investigated a possible case of sporadic aurora observed
at Rio de Janeiro. Kataoka (2020) statistically analyzed
extreme geomagnetic activities.
As mentioned already, solar–terrestrial environment
prediction is necessary to protect the future society.
However, for its development, the cooperation between
various related research fields and their applications is
essential. This special issue summarizes the latest efforts
for it. We hope that further study will progress through
the synergy between scientific research and the operational forecast of space weather.
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