Space Weather, Environment and Societies

Space Weather, Environment
and Societies
by

Jean Lilensten
Researcher (CNRS), Planetary Laboratory of the Grenoble University
(Université Joseph Fourier), France
and

Jean Bornarel
Professor Grenoble University (Université Joseph Fourier),
Physics Spectrometry Laboratory, France

A C.I.P. Catalogue record for this book is available from the Library of Congress.

ISBN-10
ISBN-13
ISBN-10
ISBN-13

1-4020-4331-7 (HB)
978-1-4020-4331-4 (HB)
1-4020-4332-5 (e-book)
978-1-4020-4332-1 (e-book)

Published by Springer,
P.O. Box 17, 3300 AA Dordrecht, The Netherlands.
www.springeronline.com
Front cover photo:
Photograph of the Sun seen by EIT from the SOHO satellite (ESA/NASA)

Printed on acid-free paper

All Rights Reserved
© 2006 Springer
No part of this work may be reproduced, stored in a retrieval system, or transmitted
in any form or by any means, electronic, mechanical, photocopying, microfilming, recording
or otherwise, without written permission from the Publisher, with the exception
of any material supplied specifically for the purpose of being entered
and executed on a computer system, for exclusive use by the purchaser of the work.
Printed in the Netherlands.

Selected and edited by Grenoble Sciences, this book is supported
by the European COoperation in the field of Scientific and
Technical Research Network (COST).

Grenoble Sciences
Grenoble Sciences pursues a triple aim :
• to publish works responding to a clearly defined project, with no curriculum or
vogue constraints,
• to guarantee the selected titles’ scientific and pedagogical qualities,
• to propose books at an affordable price to the widest scope of readers.
Each project is selected with the help of anonymous referees, followed by a oneyear (in average) interaction between the authors and a Readership Committee,
whose members’ names figure in the front pages of the book. Publication is then
confided to the most adequate publishing company by Grenoble Sciences.
(Contact : Tél.: (33) (0)4 76 51 46 95 - Fax: (33) (0)4 76 51 45 79
E-mail: Grenoble.Sciences@ujf-grenoble.fr)
Scientific Director of Grenoble Sciences : Jean BORNAREL,
Professor at the Joseph Fourier University, France
The "Space Weather, Environment and Societies" Reading Committee included:
• Anne DE RUDDER, Researcher at the Rutherford-Appleton Laboratory, Oxford
• Jean ABOUDARHAM, Astronomer at the Paris-Meudon Observatory
• Jean-Bernard ROBERT, Professor at the Joseph Fourier University
and Gwenaëlle LECLAIR, Nicolas PERETTO, Didier RIEU
Translation: Madeleine POULARD

Grenoble Sciences is supported by the French Ministry of Education and Research
and the "Région Rhône-Alpes".

European COoperation in the field of Scientific and
Technical Research
COST –the acronym for European COoperation in the field of Scientific and
Technical Research– is the oldest and widest European intergovernmental network
for cooperation in research. Established by the Ministerial Conference in November
1971, COST is presently used by the scientific communities of 35 European countries
to cooperate in common research projects supported by national funds.
The funds provided by COST –less than 1% of the total value of the projects–
support the COST cooperation networks (COST Actions) through which, with only
around €20 million per year, more than 30,000 European scientists are involved in
research having a total value which exceeds €2 billion per year. This is the financial
worth of the European added value which COST achieves.
A "bottom up approach" (the initiative of launching a COST Action comes from the
European scientists themselves), "à la carte participation" (only countries interested
in the Action participate), "equality of access" (participation is open also to the
scientific communities of countries not belonging to the European Union) and
"flexible structure" (easy implementation and light management of the research
initiatives) are the main characteristics of COST.
As precursor of advanced multidisciplinary research COST has a very important
role for the realisation of the European Research Area (ERA) anticipating and
complementing the activities of the Framework Programmes, constituting a "bridge"
towards the scientific communities of emerging countries, increasing the mobility
of researchers across Europe and fostering the establishment of "Networks of
Excellence" in many key scientific domains such as: Physics, Chemistry, Telecommunications and Information Science, Nanotechnologies, Meteorology,
Environment, Medicine and Health, Forests, Agriculture and Social Sciences. It
covers basic and more applied research and also addresses issues of pre-normative
nature or of societal importance.

TABLE OF CONTENTS
Introduction .................................................................................................................XI
Acknowledgements ..................................................................................................XIII
Chapter 1 – The Sun..................................................................................................... 1
1. The formation of the stars and the Sun.................................................................... 1
2. The characteristics of the Sun .................................................................................. 7
3. A representation of the Sun ....................................................................................11
4. The internal structure of the Sun............................................................................11
5. The photosphere, solar radiation, the solar wind ..................................................17
6. The thermal profile of the solar atmosphere .........................................................24
7. Solar dynamics ........................................................................................................27
7.1. Sunspots. The solar cycle. Prominences and eruptions ..............................27
7.2. Coronal holes. Fast wind ..............................................................................37
7.3. The large-scale structure: coronal streamers ...............................................40
7.4. Coronal mass ejections .................................................................................42
7.5. An index of solar activity .............................................................................45
8. The Sun: at the source of space weather................................................................46
Chapter 2 – The Earth ...............................................................................................49
1. The Earth within the solar system..........................................................................49
2. The internal structure of the Earth: the geomagnetic field ...................................53
3. The atmosphere of the Earth ..................................................................................58
3.1. The homosphere ............................................................................................58
3.2. The heterosphere, the thermosphere, the ionosphere..................................61
4. The magnetosphere .................................................................................................68
4.1. The magnetosphere and the network of currents ........................................70
4.2. The polar lights..............................................................................................79
4.3. Magnetic storms and sub-storms..................................................................86
4.4. High altitude lightning flashes .....................................................................89
Chapter 3 – Toward a space weather ......................................................................91
1. The consequences of solar agressions on our technological environment ..........93
1.1. Pipelines.........................................................................................................93
1.2. Transmission of electricity ...........................................................................94
1.3. Railways ........................................................................................................97

VIII

SPACE WEATHER, ENVIRONMENT AND SOCIETIES

1.4.
1.5.
1.6.
1.7.
1.8.

Telecommunications .....................................................................................98
Spacecraft launches.....................................................................................101
Satellite flight ..............................................................................................103
The reentry of spacecraft into the atmosphere ..........................................110
Space debris and its effects.........................................................................111

2. Other impacts of solar activity .............................................................................114
2.1. Biological effects ........................................................................................114
2.2. The climate ..................................................................................................117
2.3. Insurance companies...................................................................................119
2.4. Military defence ..........................................................................................120
2.5. Tourism and education of the public .........................................................121
3. Space weather in order to forecast .......................................................................121
3.1. Its birth certificate .......................................................................................121
3.2. A science that is still in its early stages and its applications.....................125
3.3. Toward maturity: the intense space weather storms
of October-November 2003........................................................................128
Appendices .................................................................................................................133
1 – The density and kinetic energy of a gas ..............................................................135
2 – The internal nuclear processes of the Sun...........................................................138
3 – The electromagnetic field.....................................................................................141
4 – The dipolar magnetic field ...................................................................................145
5 – The doppler effect and the wavelength................................................................150
6 – Photometric quantities..........................................................................................153
7 – The blackbody.......................................................................................................157
8 – A comprehensive view of electromagnetic waves .............................................160
9 – The magnetic field and the movement of particles, frozen plasma and fields......163
10 – Kinetic pressure and magnetic pressure............................................................166
11 – The Coriolis force...............................................................................................167
12 – Kepler's laws .......................................................................................................171
13 – Sidereal time and solar time...............................................................................174
14 – The characterization of magnetic activity by means of indexes......................177
15 – The variation in molecular concentration with altitude ...................................179
16 – Elements of atmospheric chemistry...................................................................181
17 – The movement of a charged particle in a magnetic field tube.........................184
18 – The calculation of the position of the magnetopause .......................................187
19 – The planets of the solar system in the glare of the Sun....................................189
20 – The Moon in the glare of the Sun ......................................................................198
21 – Comets, meteors and asteroids in the glare of the Sun.....................................201
22 – Orbital parameters ..............................................................................................205

TABLE OF CONTENTS

IX

23 – Space weather instruments.................................................................................209
A few useful constants ..............................................................................................217
References .................................................................................................................. 219
Word glossary............................................................................................................221
Glossary of names, acronyms and logos................................................................233
Index............................................................................................................................239

INTRODUCTION
Space Weather, Environment and Societies illustrates the unexpected effects of solar
activity on human activity. Although the characteristics of our star have, on the whole,
remained pretty well unchanged throughout the history of mankind, lately its mood
swings, and considerably varying ejection of matter and radiation have had disruptive
effects on our technology-based society. Data and energy are transmitted using the
same vehicles as in nature: charged particles and electromagnetic waves. This means
that whole areas of our technical environment are concerned: telecommunications,
production and transmission of electricity, transportation of oil, railways, positioning
systems, airplanes, satellites… Incidents and accidents are on the rise, hence the need to
forecast solar activity with precision and to quantify the response from the terrestrial
environment: this is the objective of space weather.
The first chapter of the book introduces the Sun and explains its emissions of electromagnetic waves and particles, particularly in the direction of the Earth. The second
chapter explains how the ionized environment and the magnetic characteristics of the
Earth form natural barriers against fatal radiation and showers of particles. The third
chapter shows how fragile our industrialized societies, with their electrical networks,
pipelines, airplanes and so on, have become in the face of natural phenomena.
A well informed or hurried reader can read Space Weather, Environment and Societies
in one sitting. This would be akin to reading a novel illustrated with diagrams and
wonderful photographs. Included with the text are footnotes that provide historical,
technical and scientific details. More detailed explanations are to be found in the
23 appendices. Some of these are aimed at the reader whose scientific level
corresponds to the first cycle of university with the aim of consolidating his
comprehension of a physical phenomenon. Others, given here purposely to avoid
overloading the main part of the text, provide further information on the relationship
between the Sun and the atmosphere of other planets or the detection apparatus
required for space weather. The meanings of words or symbols can be found in the
glossary. The bibliography of websites and books, the index and the table of contents
are intended for the reader who will use this work as a reference tool.
We hope that Space Weather, Environment and Societies will go toward furthering
the knowledge of and respect for the wonderful world that surrounds us.
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