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T
he energy of the Sun powers all 
living things on Earth, alongside 
all the advances in human 
technological civilisation. But 
what the Sun has so generously 
given us it could take away in an 

instant. According to two astronomers in the US, a 
‘superflare’ could send us back to the pre-electrical 
age or, at worst, trigger a global mass extinction.

Manasvi Lingam and Abraham Loeb of the 
Harvard-Smithsonian Center for Astrophysics 
say much attention has been paid by scientists and 
governments to the threat of an asteroid impact on 
Earth but very little to the threat posed by a violent 
eruption from the Sun. And they believe the latter 
is at least as serious a threat as the former.

What has brought this threat into sharp focus 
is the observation of around 100,000 Sun-like 
stars by NASA’s Kepler satellite in Earth orbit. 
To everyone’s surprise, such stars are not as 
stable as previously thought but instead prone to 
extraordinarily violent outbursts, and the obvious 
inference is that the Sun may be no different.

If the Sun were merely a hot ball of gas, it 
would be dull and boring, its behaviour easy to 

SUPERFLARES:
Earth under threat

The risk to our planet from coronal mass ejections may have 
been seriously underestimated, as Marcus Chown discovers

understand and predict. In fact, in the 1920s, 
the venerable English astronomer Sir Arthur 
Eddington was able to devise a theory of what was 
going on in the solar interior despite having no 
knowledge of the nuclear reactions that are the 
Sun’s ultimate power source. 

The Sun, however, is not merely a hot ball of gas: 
what changes everything – and makes it capable 
of launching deadly solar flares into space – is the 
presence of its magnetic field.

The Sun of all fears
The Sun’s magnetic field, which is not unlike 
that of a bar magnet, is generated by electrically 
charged currents of matter that are constantly 
churning deep within its interior. Because the  
Sun is not a solid body, its interior rotates at a 
different rate to its surface and its rotation speed 
also varies with latitude. This causes the solar 
magnetic field ‘lines’ to wind up, storing up  
energy like twisted rubber bands. 

When the tension becomes too great, these  
field lines ‘reconnect’ to a lower-energy state. 
High-energy protons and electrons, which were 
formerly confined by the field, are suddenly  

The size and frequency of coronal mass 
ejections varies according to a cycle, 
which, worryingly, predicts that we’re  
due a huge one very soon >
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set free and violently catapulted off into space. 
This is what is known a solar flare.

The biggest flare in the age of science was 
recorded by English amateur astronomer Richard 
Carrington on 1 September 1859. Now dubbed 
a ‘coronal mass ejection’, the ‘Carrington event’ 
involved the Sun ejecting solar material comparable 
to the mass of Mount Everest at about 1,000 times 
the speed of a passenger jet. When the magnetic 
field it carried reached the Earth, it sliced through 
electrical conductors, inducing currents so massive 
they were enough to electrocute telegraph operators.

What is worrying about Kepler’s observations is 
that they reveal flares on solar, or G-type, stars up 
to 20,000 times bigger than the Carrington event. 
Fortunately for us, such enormous flares appear to 
occur only every 20 million years or so on any given 
star. However, Lingam and Loeb point out that there 
is some evidence of a 26 million-year periodicity in 
terrestrial extinction events. They speculate that, if 
this is real, it could be explained by superflares.

A flare essentially creates high-velocity protons 
and high-energy ultraviolet light. Both have the 

global temperatures. This was observed during 
the Carrington event, which warmed the climate 
of Europe and Russia by up to 7°C. According 
to Lingam and Loeb, a sharp rise in global 
temperature from a much bigger stellar flare could 
be catastrophic for living things, which generally 
have an optimal body temperature outside of which 
vital biochemical processes are no longer stable.

But it is not necessarily just the megaflare 
events that we should be worried about. Kepler’s 
observations reveal that superflares 2,000 times 

larger than the Carrington event occur roughly 
every 200,000 years; events 200 times larger every 
20,000 years; events 20 times larger every 2,000 
years; and events twice the size every 200 years.

A very modern threat
Even another relatively small event on the same 
scale as the one Carrington observed would be 
disastrous today. Reportedly, the 1859 event 
caused a blood-red aurora borealis at low latitudes 
which was so bright that it was possible to read 

Often bigger than the Earth, sunspots form 
when particularly intense magnetic fields 
break through the Sun’s surface. Because 
the solar material is then held at bay by the 
magnetic field, the gas inside the Sun does 
not have to push outwards as hard, and so 
the area of the sunspot remains cooler and 
darker than its surroundings.

The number of sunspots grows and 
declines every 11 years. This solar cycle is 

related to changes in the Sun’s overall 
magnetic field, which reverses every 11 
years. The magnetic north pole becomes the 
magnetic south pole, and vice versa.

In addition to sunspots, the Sun produces 
solar flares when its magnetic field lines 
become twisted like rubber bands until they 
reach breaking point and catapult matter 
into space. The biggest events, when huge 
quantities of matter and electromagnetic 

radiation are ejected, are known as coronal 
mass ejections (CME).

The Sun’s magnetic field is thought to be 
created by electrically charged currents of 
gas circulating in its interior. By rights, such 
a dynamo should run down, as it loses 
energy to its surroundings. However, a 
combination of solar rotation and hot matter 
convecting from below appears to keep the 
magnetic dynamo going.

OUR MAGNETIC SUN
Solar flares and sunspots are generated by the Sun’s powerful magnetic field

Þ A selection of amateur astrophographers’ images of sunspots (top row) and solar prominences (bottom row). Prominences maintain their 
loop form and remain anchored to the Sun while flares are eruptions that break free from the Sun and fling protons and electrons into space 

“A superflare twice as big as the 1859 one 
could lead to damage costing as much  
as the world’s gross domestic product”

< A sketch of 
the sunspots 
seen by Richard 
Carrington on  
1 September 
1859. He watched 
as the points of 
activity marked 
A and B moved 
to points C and D 
over the course  
of five minutes, 
then vanished

A dramatic visual of a coronal mass ejection 
(CME) composited from two images captured by 
the Solar and Heliospheric Observatory (SOHO) 
– one of the Sun, the other of the CME – taken 
at roughly the same time in January 2002

ability to destroy the ozone shield that protects 
life on the surface of the Earth from deadly 
solar ultraviolet radiation. Not only can such 
ultraviolet directly damage the DNA of organisms 
but it can reduce the ability of phytoplankton to 
photosynthesise, a process on which life in the 
oceans depends. As such organisms decline, so too 
does their ability to suck the greenhouse gas carbon 
dioxide from the atmosphere, resulting in rising SO
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a newspaper at midnight by its light. However, 
in 1859, global civilisation was not particularly 
vulnerable to such flares because there was very 
little technological infrastructure for it to affect. 
Today, by contrast, we live in an electrically 
connected world. A Carrington-scale event would 
induce massive electrical currents that would melt 
our power stations, our transformers and our 
electrical transmission grid, while also potentially 
destroying critical Earth-orbiting satellites used 
for communications, weather forecasting and 
surveillance. In fact, a solar flare caused a major 
power outage in Quebec on 13 March 1989.

It could cost us the world
A Carrington-like event today would cost the US 
alone around $2 trillion (around £1.5 trillion). 
The loss of about 10 per cent of all satellites would 
set the world back around £70 billion. And it is 
estimated that a superflare only twice as big as the 
1859 one would lead to damage costing as much as 
the world’s Gross Domestic Product.

According to Lingam and Loeb, we can expect 
another Carrington-like within the next 100 
years. In fact, there is tentative evidence – from 
radioactive nuclei in tree rings – that the Earth  
was subject to an event even bigger than the  
Carrington one in 775 AD and possibly also in  
993 AD. Lingam and Loeb believe superflares 
should be taken more seriously as severe threats 
to human civilisation. “Humanity might witness 

a superflare event in the next century leading to 
devastating economic and technological losses,” 
believes Loeb.

But, if superflares on Sun-type stars are more 
frequent than anyone expected, they pale into 
insignificance when compared with superflares 
on cooler, M-type and K-type dwarf stars, which 
are not only bigger but also more frequent. This 

has implications for the prospects of finding life 
elsewhere in our Galaxy. M-type red dwarves account 
for about 70 per cent of all the stars in the Milky Way, 
so the discovery of planets in orbit around such stars 
has lead some astronomers to claim they may be the 
most likely places to find extraterrestrial life. The red 
dwarf TRAPPIST-1, for instance, is accompanied by 
a family of at least seven planets, three of which orbit 

within the star’s ‘habitable zone’, the region of space 
where it is cool enough for water not to boil and hot 
enough for it not to freeze.

Vulnerable exoplanets
Lingam and Loeb point out that, because red 
dwarves are so cool, the habitable zones of such 
stars are necessarily very close in, making them 
extremely vulnerable to flares. This would be a 
serious problem even if such stars had outbursts 
as big as the Sun. However, their flares are much 
more violent. Not only do they have the potential to 
erase any life on the surface of orbiting planets but 
the energy they deposit on a planetary surface may 
be sufficient to boil off any oceans, provided they 
are comparable in size to Earth’s. This is all bad 
news for astronomers hoping to find life on Alpha 
Centauri Bb, the planet orbiting one of the stars in 
the nearest star system to Earth.

K-type stars are not as prone to violent outbursts 
as M-type ones but they are still more dangerous 
than solar-type stars. Ironically, dwarf stars with a 
tenth of the mass of the Sun could live 1,000 times 
longer than our star and are much more abundant 
than similar stars which, if not for the flares, would 
make them ideal candidates for the development of 
life. “The outbursts may help explain why we, homo 
sapiens, find ourselves living on a planet orbiting 
the Sun today and not in the habitable zone of an 
M-dwarf that would outlive the Sun for 10 trillion 
years,” says Loeb. 

HOW SUNSPOTS AND FLARES DEVELOP
Because the Sun is a seething sphere of superhot gas it rotates at different speeds, causing sunspots to form

By observing the motion of sunspots, astronomers have worked  
out that the Sun rotates on its axis once in about 27 days. But its 
equatorial regions rotate faster than its polar regions (see above).

After a period of relative calm during each 11-year solar cycle, the 
differential in the rate of the Sun’s rotation between its equator and 
its poles starts to warp the Sun’s magnetic field. 

The magnetic field becomes increasingly twisted over a solar cycle, 
causing the number of sunspots and flares to build up to a peak 
known as the solar maximum.

After a few years of high activity when its magnetic field lines 
become wrapped around it, the Sun calms down again for a few 
years of low activity known as solar minimum. 

The excessive number of flares 
produced by M-type red dwarves  
like TRAPPIST-1 could mean that  
their ‘habitable’ zones may not be  
as habitable as once thought
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