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Summary 

 Space weather combines observations of solar activity with the study 
of its effects on Earth’s upper atmosphere and magnetic field. 

 The all-pervasive use of electricity, transmission of information by 
electromagnetic waves, proliferation of satellites, boom in air transport 
and normalisation of manned space flights have increased the number 
of channels through which solar activity, especially if it is particularly 
intense, can affect human activity. 

 Recent progress has raised hopes for the operational deployment of 
solar activity forecasting capabilities giving operators the possibility of 
better control over this hazard, as our knowledge extends beyond the 
recurring eleven-year cycles, and with the current cycle expected to 
reach its peak in 2025. 

 Cooperation has begun between research and operators at the global 
level and in France. This must be stepped up. 

Christine Arrighi, Member of the National Assembly 

 

 First observations in the 19th century 

The solar storm of 1859, known as the Carrington Event, 

is to date the best documented extreme event on the 

effects of solar activity on Earth. In late summer 1859, this 

large-scale solar flare produced numerous polar auroras 

visible even in some tropical regions, such as the 

Caribbean, and severely disrupted electric telegraph 

telecommunication systems, in some cases causing 

damage to the stations. This was the first time that a link 

was established between the discovery of a solar flare – i.e. 

a brightening observable near a sunspot – and the 

subsequent disruption, seventeen hours later, in the 

Earth’s magnetic field, causing auroras to be visible at 

unusual latitudes. 

We must therefore trace the beginnings of space weather 

back to this time, not as a set of variable phenomena 

affecting the Earth – they are of course as old as the Earth 

itself –, but as a scientific discipline that aims to account 

for them. Space weather can therefore be defined as the 

discipline aimed at understanding the influence of the 

Sun on the Earth’s magnetic environment. This discipline 

is based on fundamental research in solar physics and 

looks into different environments, ranging from the solar 

core to the Earth’s crust, focusing on their interactions. 

 Space weather phenomena: some important 

consequences 

The only space weather phenomena observable with the 

naked eye are the auroras that light up the polar night 

sky at high latitudes, either in the south (aurora australis) 

or the north (aurora borealis, from Boreas, the 

mythological North wind); 1  they are observed less 

frequently in the middle latitudes due to the geometry of 

the Earth’s magnetic field. Their colour varies depending 

on the energy of the ionising particles (i.e. electrically 

charged) and the type of gas they are ionising (oxygen, 

hydrogen, nitrogen, etc.); at high latitudes, auroras are 

generally green, at the mid-latitudes, they have more of a 

pinkish red tint, like that observed in Brittany on 27 

February 2023. 

However, changing lifestyles expose us to some real risks 

in our daily lives. Transport and electricity distribution 

networks, also submarine cables and hydrocarbon 

transport systems are sensitive to currents caused by 

magnetic storms, which expose them to risks of 

overvoltage in the event of intense variations. In 2008, the 

American National Academy of Sciences extrapolated 2 

the repercussions that an event of the same magnitude 

as the magnetic storm that the United States experienced 

in May 1921 could have in the 21st century:3 it could cause 

ground currents of an intensity capable of knocking out 

300 key electrical transformers, thus depriving 130 million 

Americans of electricity and causing damage not only to 

infrastructure, but also to individual equipment. 
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The use of Earth’s ionosphere for radio communication 

and the deployment of fleets of satellites have also 

resulted in space weather phenomena becoming a hazard 

to be taken into account on a more regular basis. The 

ionosphere is modified by variable X-rays and UV 

radiation from the Sun, which affects the propagation of 

radio communications, damages the quality of Global 

Navigation Satellite Systems (GNSS) and may disrupt the 

navigation of satellites in low orbit due to the 

atmospheric drag effect. 4  The flow of high-energy 

particles linked to the activity of the Sun and the 

magnetosphere can accelerate the aging of the 

electronics on board the satellites, and cause computer 

errors or reduce the power of the solar panels that supply 

them with energy. “Puffs” of radio waves emitted by the 

Sun may even disrupt air surveillance radars.5 Thus as a 

result of our technological age, there are new risks that 

have to be taken into account. 

The risks to health are extremely low, however. In a 2014 

guidance note,6 the UK Health Security Agency recalled 

that 12% of the average radiation dose received by the 

UK population comes from cosmic rays. It pointed out 

that solar storms could occasionally produce increased 

doses – higher at altitude than at ground level –, but that 

this phenomenon is rarely measurable and that even a 

one-hundred-year event would not measurably affect an 

individual’s lifetime risk from radiation.7 

 Routes to better forecasting 

We must hope that it will one day be possible to draw a 

parallel between developments in space weather, which 

is currently flourishing, and those in terrestrial weather, 

which has evolved over just a few decades. A hundred 

years ago, it seemed that variations in rainfall and good 

weather had to be accepted inevitably, as if they were the 

result of pure chance, despite their age-old and seasonal 

regularity. The science of meteorology has grown 

through our understanding of the underlying physical 

phenomena, observations on the ground and from space, 

and developments in modelling. In just a few decades, the 

capability to forecast the weather on Earth has been 

extended by one day every ten years.8 

To see space weather develop in the same way, we need 

a better understanding of the physics of the Sun. 

Contrary to popular belief, the Sun is not a star emitting 

invariable radiation: there is such a thing as solar weather. 

From the beginning of the second millennium BCE, 

Chinese astronomers observed black spots on the surface 

of the Sun. The abundance of sunspots follows a cycle of 

between ten and thirteen years.9 The solar maximum in 

the current solar cycle is expected in 2025. 

In Larisa Trichtchenko and Kenneth Holmlund, “Space Weather, Extending the Borders Beyond the Earth”, World Meteorological Organisation 

(WMO) Bulletin 2021 (volume 70 (2)) @ESA/Science Office, CC BY-SA 3.0 IGO. 



 

 

DIAGRAM OF SUN-EARTH RELATIONSHIPS 
 

 
 

This diagram and paragraph are taken from the report by the Space Weather Working Group (2017). The diagram shows the processes involved and their repercussions 

for Earth. The first column gives an overview of solar phenomena, differentiating between those that are relatively stable (green), and likely to return after one solar 

rotation, those that vary slowly at the same pace as solar activity (yellow), and which are also modulated by solar rotation, then eruptive phenomena linked to instabilities 

in the magnetic field of the corona, for which the conditions are created on a scale of approximately one day (orange). Disturbances cross interplanetary space (second 

column) then, if they intercept Earth, they impact the magnetosphere (third column), the ionosphere and the thermosphere (fourth column). The effects are disruptions 

in the geomagnetic field, ionisation and the heating of the Earth’s upper atmosphere. On Earth, potential impacts concern technical equipment, radio wave 

communications and living beings on board space vessels and aircraft. 
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A major effort was begun in 1995 with the launch of the 

SoHo mission (Solar and Heliospheric Observatory), a 

collaboration between the European Space Agency (ESA) 

and NASA.10 The satellite that was launched is studying 

the internal structure of the Sun, the corona and the solar 

wind.  

With the Solar Orbiter mission, scientists now have a 

satellite that is synchronous with the Sun’s rotation. NASA 

contributed to the development of this European Space 

Agency (ESA) orbiter, which was launched in 2020. Its 

mission is to study the processes behind the solar wind, 

the heliospheric magnetic field, solar energy particles, 

transient interplanetary disturbances and the Sun’s 

magnetic field.  

In December 2021, NASA’s Parker Solar Probe mission 

collected particles from the Sun’s upper atmosphere for 

the first time. Its broader aim is to trace energy flows and 

study the heating of the solar corona, and thus better 

understand the causes of the acceleration of the solar 

wind. 

These missions are funded by international calls for 

contributions; in this way platforms can be developed that 

cost up to a billion euros. 

Work is also ongoing to improve knowledge of the near-

Earth environment and modelling. Researchers are 

already considering beacons that could be placed in 

space to measure the system at multiple points, thus 

providing data capable of constraining current models. In 

doing this, they are drawing inspiration from scientific 

models of Earth’s weather to plan the deployment of 

satellite constellations that will provide data in real time 

from several points in space, so that the models can be 

refined.  

 Strong international cooperation where France 

must maintain its position 

Two programmes are underway at the European Space 

Agency (ESA): the Space Security Programme (S2P)11 and 

the Space Situational Awareness Programme (SSA, Period 

3). 12  In this context, the aim of the RB-FAN project 

(Radiation Belt Forecast and Nowcast) is to provide data 

in virtually real time (nowcast) and 3 days ahead (forecast) 

on the state of Earth’s radiation belts.13 

In 2016, the World Meteorological Organisation (WMO) 

adopted a four-year plan for space weather; a second 

plan covers the period 2020-2023. In particular, its aim is 

to analyse, validate and assess the information collected 

on exploitation-oriented space weather models, 14 

addressing the scientific challenges that currently hinder 

the development of space weather services, for example 

the impossibility of predicting the magnetic structure of 

ejections of coronal material or checking the effect 

threshold for services intended for air navigation. 

France is heavily involved in all the major missions. French 

stakeholders are getting together to take part in the 

construction of a range of space weather services.15 For 

example, the Sievert website already enables civil aviation, 

and the general public, to assess the radiation dose 

received during a flight.16 

Launched in 1997, the National Sun-Earth Programme 

(PNST) is centred on the study of the Sun-Earth system 

from the generation and emergence of the magnetic field 

at the surface of our star and the associated flares and 

ejections of matter, to the impact on the Earth’s 

magnetosphere, ionosphere and thermosphere, and 

including the dynamics of the solar wind.17 

Since 2019, Météo France, Collecte Localisation Satellites18 

and European Satellite Services Provider have been 

operational on behalf of the International Civil Aviation 

Organisation (ICAO), providing significant research 

support. The ICAO also collaborates with the French Air 

Force around the FEDOME warning system.19 , 20  In the 

context of S2P, space weather service demonstrators have 

been set up. 

On an operational level, the aim of the French 

Organisation for Applied Research in Space Weather 

(OFRAME)21 is to meet the needs of the academic world, 

public bodies and industry in an efficient and structured 

manner. It is very much involved in organising important 

meetings, such as European Space Weather Week.22 

Thus, it is essential that France maintains a significant 

commitment to research in order to retain its position in 

the field of space weather, an area that is still new but of 

great importance for all of our societies. 

 

 

The Office’s websites: 
http://www.assemblee-nationale.fr/commissions/opecst-index.asp  

http://www.senat.fr/opecst  

http://www.assemblee-nationale.fr/commissions/opecst-index.asp
http://www.senat.fr/opecst
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