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SPACE WEATHER OF THE HELIOSPHERE:
PROCESSES AND FORECASTS

IAU SYMPOSIUM 335

COVER ILLUSTRATION: TWO SEASONS IN THE CYCLE OF THE SUN

This is an enlarged part of the symposium poster, showing two seasons in the
activity cycle of the Sun to represent the changes in space weather, against the
backdrop of the Exeter cathedral.

The underlying inspiration for the poster logo comes from both the symposium
topic, space weather, where the Sun is center-stage, and the conference location in
Devon, UK. Since the rise of seaside resorts with the arrival of the railways in the
19th century, Devon’s economy has been heavily reliant on tourism. The sunburst
logo design is inspired by vintage British touristic posters, and is reminiscent of
19th century Art Deco sunburst. The two-season logo is reminiscent of a 1922
London Underground Museum Poster by British artist Albert E. Fruin.

The solar images in the poster are based on two events, respectively in period of
high solar activity (2002 January 4 blasting Coronal Mass Ejection (CME), right
forefront) and low solar activity (2010 July 11 solar eclipse, left background).
The ‘blasting CME’ image is from the ‘Best Of SOHO’ image gallery courtesy of
SOHO/EIT and SOHO/LASCO consortium (SOHO is a project of international
cooperation between ESA and NASA). In this composite image, the solar disk
from an EIT image in EUV light (304Å) was enlarged and superimposed on a
LASCO C2 coronagraph image. The low-activity Sun is a composite of coronal
images courtesy of NASA SDO/AIA and from the ESA ‘Space in Images’ gallery
courtesy Institut d’Astrophysique de Paris (CNRS & UPMC), S. Koutchmy/J.
Mouette. In this composite, the solar disk is made of SDO/AIA combined images
at three wavelengths in the EUV (211, 193, 171Å) taken at about the same time as
a reconstructed white-light image of the extended corona taken from the ground,
in Atoll Hao, French Polynesia.

The landscape of the Exeter Cathedral in the poster is based on a photograph
by Guy Edwards.
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D. Ó. Fionnagáin & A. A. Vidotto

Part 3. Impact of Solar wind, Structures and Radiation on
Magnetospheres

Comparison and Time Evolution of the Geomagnetic Cutoff at the ISS Position:
Internal vs External Earth’s Magnetic Field Models . . . . . . . . . . . . . . . . . . . 105
M. J. Boschini, S. D. Torre, M. Gervasi, D. Grandi, G. La Vacca,
S. Pensotti, P. G. Rancoita, D. Rozza & M. Tacconi

How does the Sun Influence the Magnetospheres of Jupiter and Saturn? . . . . . . . 109
C. M. Jackman & C. S. Arridge

The Response of the Martian Atmosphere to Space Weather . . . . . . . . . . . . . . . . 114
D. A. Brain

https://doi.org/10.1017/S1743921318000765 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921318000765


Contents vii

Geomagnetopause Position and Shape Dependence on Solar Wind Plasma and IMF
Parameters: Analytic Model Comparison with Observations and 3-D MHD
runs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
M. I. Verigin, G. A. Kotova & V. V. Bezrukikh

Analysis of Magnetic Field Variations Produced by Equatorial Electro-Jets . . . . 125
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M. Martucci, M. Mergé, G. Napoletano, L. Narici, E. Pietropalo,
G. Pucacco, A. Rizzo, S. Scardigli & R. Sparvoli

The Ionosphere Prediction Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352
C. Albanese, F. Rodriguez, R. Ronchini, S. Di Rollo, F. Berrilli,
A. Cristaldi, D. Del Moro, R. Forte, G. De Franceschi, C. Cesaroni,
L. Spogli, V. Romano, M. Aquino, S. V. Veettil, O. Kalden, M. Hutchinson
& E. Guyader

https://doi.org/10.1017/S1743921318000765 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921318000765


Contents xi

The Belgian Space Weather Observatory in Dourbes . . . . . . . . . . . . . . . . . . . . . . . 355
D. Sapundjiev, T. G. W. Verhulst, S. M. Stankov & J. C. Jodogne

The Coronal Solar Magnetism Observatory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
M. J. Thompson, S. Tomczyk, S. E. Gibson, S. W. McIntosh & E. Landi

The Forecast of Space Weather According to Ground-Based Observatories . . . . . 362
A. Tlatov

The High-Energy Particle Detector (HEPD) on Board the CSES Mission . . . . . . 365
V. Vitale, for the CSES/HEPD collaboration

Author index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 368

Parallel Education Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 372

https://doi.org/10.1017/S1743921318000765 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921318000765


xii

Preface

The Sun is an active and variable star. Instabilities and non-stationary processes con-
nected to the solar magnetic field and its evolutionary mechanisms modify its radiative
and particle output on different time scales, from seconds to the evolutionary scale of the
star. Solar activity affects interplanetary space and planetary environments. The physi-
cal state of space associated with short-term solar activity is called space weather, while
long-term activity of our star determines space climate. The multi-disciplinary IAU Sym-
posium 335 on ‘Space Weather of the Heliosphere: Processes and Forecasts’ was held at
the University of Exeter, UK in July 17-21 2017. It linked various aspects of research in
solar, heliospheric and planetary physics, emphasizing cross-disciplinary developments.

The ability to understand, monitor and forecast the space weather is of paramount
importance to our high-technology society. Sudden changes in space weather, due to
eruptive events on the Sun such as coronal mass ejections (CMEs) and solar flares, can
impact the technology we rely on every day. In June 2015 the World Meteorological Or-
ganisation (WMO) endorsed space weather activities. In addition, in October 2015 the
United States President’s Office of Science and Technology Policy released the U.S.’s
comprehensive Strategy and Action Plan for space weather, titled ‘Space Weather: Un-
derstanding Potential Impacts and Building Resilience’. This release was a major step
in the USA’s determination to address civil societal issues related to all aspects of space
weather. Also released that year was a lengthy international road map document by C.
Schrijver et al. titled ‘Understanding space weather to shield society: A global road map
for 2015-2025 commissioned by COSPAR and the ILWS’. Thus, the Symposium subject
was timely and strongly linked to our modern society’s technological and economical de-
velopments. Moreover, the human exploration vision and ongoing efforts to send manned
missions into space are putting increasing demands for space weather predictability be-
yond our Earth’s environment. The effects of interplanetary space weather on planets
or moons in our Solar System, as well as the space weather experienced by comets and
asteroids, are enriching and stretching our understandings. Our scientific community has
the responsibility to use its knowledge to support tackling societal problems; one of the
roles that the community can play is to identify the research questions that have to be
answered in order to improve forecasts.

The IAU Symposium 335 had received the support from 5 out of 9 Divisions across
IAU, including the Coordinating Division E Sun and Heliosphere. It was one of the 9 ap-
proved by the IAU Executive Committee in May 2016. The symposium brought together
scientific experts from various pertinent disciplines to the meeting from all over the world
around the topic of Space Weather. We would like to emphasize the strongly international
character of the symposium and that it was the first IAU symposium organised on this
topic. We welcomed 185 participants from 30 different countries and 21 accompanying
persons, exhibitors or public lecturer. Thanks to IAU and 14 cosponsors listed on page
xxi of these Proceedings, we supported 47 scientists from around the world to attend and
present their work. Particular noteworthy was the relatively high (36.8%) proportion of
women attendees, one of the highest ever encountered at a major international meeting
in our field.

The overall scientific program involved a total of 204 abstracts. Of those presented
abstracts, 122 were posters and 82 were in the oral program. The oral program consisted
of 26 invited talks by leaders in the field and 56 oral contributed presentations. 10 chairs
led the sessions and provided lively question and answer sessions. The scientific program
consisted of 8 sessions, scheduled over 4.5 days. Each session topic was explored by 2 to 4
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invited talks, contributed talks and poster sessions. All oral presentations were plenary,
except for the last theme where we had a common plenary and a split in 2 round tables.
Thanks to the rich representation and optimal (scientific, regional, gender) diversity of
the SOC, balance was respected in the selection of the 26 invited speakers and the general
scientific program. The symposium therefore gave a balanced international overview of
the general advances in space weather, focusing on the key topics of solar drivers and
activity levels (session 1); Solar wind and heliosphere (2); Impact of solar wind, structures
and radiation on and within terrestrial and planetary environments (3 and 4); Long-term
trends and predictions for space weather (5); Challenges and strategy plans for Earth and
the heliosphere (6); Forecasting models (7); Space weather monitoring, instrumentation,
data and services (8). This volume contains a representative sample of 83 reviewed papers
from all sessions whilst respecting the order of the scientific program.

Besides the main sessions, the oral program included a town hall session and round-
table discussions, plenary summaries, and a few opening and closing talks. In the last
few years, we have seen transformations of the UK political landscape, all in response
to space weather being on the national risk register (e.g. the Met Office centre). The
Symposium opened with a Welcome Introduction by M. Hapgood, chair of the Space
Environment Impact Expert Group (SEIEG) that advises the Cabinet Office on Space
Weather. Space weather is increasingly recognised as an international challenge faced by
several communities. In Session 6, the United Nations Expert Group on Space Weather
led a town hall session on ‘Strategy for Developing an International Framework for Space
Weather Services (2018-2030)’. On the last day, Session 8 included two parallel round
tables RT1 ‘Data Handling and Assimilation’ and RT2 ‘Relationships with the ‘civil’
society’, with the findings summarized in the plenary by invited speakers. The ability to
understand, monitor and forecast the space weather of the Earth and the heliosphere is
of paramount importance for our high-technology dependent society and for the current
rapid developments in our knowledge and exploration (robotic and human) of the Solar
System. Space weather is not just important at Earth and this symposium brought a
vast range of expertise together, discussing the activity and winds of other Suns and the
effects on planets and other objects of the solar system such as Pluto.

To foster the excitement of younger colleagues in presenting their work, two compe-
titions took place. A poster competition was organised with judges assigned among the
senior participants; the poster winners were: in joint fourth, R. Chiba and V. Pant; in
joint second, N. Hussain and M. Korsos; and in first place, S. Mahajan. An independent
committee drawn from the SOC singled out K. Tlatova for her research, oral presenta-
tion and overall performance, and nominated her for a IAGA Young Scientist Award.
Congratulations to all of them.

Special thanks are expressed to all SOC members for their help in organising the
sessions. The editors take this opportunity to thank the following reviewers, for their
valuable assistance in improving the papers: Z. Benkhaldoun, F. Berrilli, N.B. Crosby,
S. Dalla, S. Dasso, B. Fleck, C. Foullon, I. Hannah, C. Jackman, D. Knipp, J. Luhmann,
O.E. Malandraki, M. Owens, P. Reiff, K. Shiokawa, N. Srivastava, M. Thompson,
I. Usoskin, E. Verwichte, J. Wang and D. Webb. The international services that ad-
dress space weather disaster risks require a rapid dissemination of current research. May
the IAU 335 Symposium and these companion Proceedings covering interdisciplinary
topics and attracting a variety of interested parties become a crucial reference at this
moment to help the international space weather community prosper.

Claire Foullon and Olga E. Malandraki,
Exeter, UK and Athens, Greece, January 15, 2018
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Welcome Address by the Organizing Committee

Dear Colleague,

The University of Exeter is proud to host the IAU Symposium 335 on Space Weather of
the Heliosphere: Processes and Forecasts. It is a pleasure to report that 193 participants
from 31 different countries are expected to attend the event, sharing progress in all key
topics of the scientific program.

Space weather is increasingly recognised as an international challenge faced by several
communities. The ability to understand, monitor and forecast the space weather of the
Earth and the heliosphere is of paramount importance for our high-technology society
and for the current rapid developments in knowledge and exploration within our Solar
System. This 5-day Symposium aims to further our understanding of space weather by
linking various aspects of research in solar, heliospheric and planetary physics, and by
putting particular emphasis on cross-disciplinary developments, merging different com-
munities, learning from interplanetary comparisons and discussing some of the most
current challenges at the international level via various forums, including invited and
contributed talks and posters, but also a Town Hall and two Round Tables.

Exeter, UK, offers world-leading expertise in weather research and forecasting, and is
rapidly expanding its efforts in space weather. Thus Exeter provides an ideal combina-
tion of communities to host the Symposium. What is most special about the history of
space weather for our conference is that ‘the first recorded impact of space weather on
civilisation ’ can be placed here, in the South West (when the former Great Western
Railway (GWR) company was operating): on 18th of October 1841, the 10.5 PM train
between Starcross and Exeter, had been delayed by 16 minutes, on the account of a very
intense magnetic disturbance, at a time when telegraphs were means of communication
to give clearance for railway switching (Cade 2013). Scientific excursions and local exhi-
bitions are planned throughout the week, and will reveal all local treasures and facilities
surrounding us.

The heart of the city offers a wealth of history, interesting architecture, cafés, pubs
and restaurants for spending the evenings. Situated in the heart of Devon, Exeter is the
perfect base to explore the South West of England, a scenery part of the world we hope
our social activities will help you to discover.

As modern society becomes increasingly dependent on ground- and space-based tech-
nology, it also becomes increasingly vulnerable to the effects of space weather. Not only
is it important for the public to better understand space weather but it is also an area of
astronomy and space physics that inspires the public with beautiful phenomena such as
auroras. We will promote our field of astronomy and space weather science, by giving you
the opportunity to engage about space weather with our local young people (students),
teachers and the general public in an active parallel education/public outreach program.

We thank you all for your dedication and your participation.
Best wishes on behalf of the Local and Scientific Organising Committees,
Dr Claire Foullon, Chair of IAUS335 LOC & SOC
Exeter, 9 July 2017
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