
Space Weather 





•  A severe space weather event has been estimated to cause ~ 
several trillion $US of damage (Eastwood et al., 2017 and references 
therein) 

•  The UK government added space weather to the National Risk 
Register in 2011 

•  The UK weather service (The Met Office) has been charged with 
producing a space weather forecast alongside their standard 
terrestrial weather forecasts 

•  Space weather may impact astronaut activity, power grids, rail 
services, pipeline infrastructure, GPS signals, HF radio wave 
propagation, satellite stability, cause spacecraft instrumentation 
damage and much more. 
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The solar wind 
is highly variable... 

....and consequently 
so is the Earth’s 

geomagnetic 
activity 

The Sun 



The	Sun	is	not	just	a	“ball	of	hot	gas”,	but	is	a	
highly	dynamic	plasma	threaded	by	constantly-	

varying	electromagne:c	fields	
	

The	Sun	converts	4	million	tonnes	of	its	mass	
into	photons	every	second	-	sunlight	

	

It	also	blows	off	1	million	tonnes	per	second	
from	the	corona	to	form	the	solar	wind	

6,000 K 

The Sun 



The Solar Wind 



The Sunspot Cycle 



The Sunspot Cycle 



Solar 
minimum 

Solar 
maximum 



Measuring the Solar Wind 

STEREO A and B 
ACE 



What happens when that solar wind 
reaches the planets? 



What happens when that solar wind 
reaches the planets? 

Courtesy JHU/APL 



Thankfully here on Earth we’re protected by our 
own invisible bubble, the magnetosphere! 



This bubble is formed by our magnetic field 



• The Earth’s magnetic field 
and plasma environment  
provide an impenetrable 
obstacle to the outward flow of  
the solar wind  
 
• The dipolar magnetic field of  
the Earth is distorted by the 
impinging solar wind 
 
• Inside the magnetic field 
strength is greater than in the 
solar wind, but the plasma 
density is much lower: the 
magnetosphere is a cavity 

    Solar wind  Outer magnetosphere 
Magnetic field strength   7 nT   20-60 nT 
Particle density   7 cm-3   0.01-1 cm-3 

The Magnetosphere 



Sometimes our shield leaks… 



Auroras 

Auroral displays are most commonly 
observed at high latitudes in the northern 
and southern hemispheres. 



Current systems – pipes and electricity 

Power to 6 million 
homes in Quebec 
was lost due to a 
solar storm in 1989 



GPS Systems 

Modern society is surprisingly dependent 
on access to GPS systems 
 
Space weather events change the 
properties of the upper atmosphere and 
ionosphere, leading to errors in GPS 
accuracy. 
 
Signals are also more likely to be dropped 
during space weather events. 



GPS Systems 



Astronauts 

Radiation doses are higher in space, but being caught in a space weather event 
could cause astronauts to experience extremely high radiation doses.  This has 
profound implications for future missions to the moon and Mars. 



Satellite Drag 

…… 

In April 2010, control of Intelsat’s 
Galaxy-15 spacecraft was lost for 6 
months, likely due to space weather 

This is not uncommon, and may 
lead to collisions, dramatically 
increasing the problem of space 
debris and potentially leading to 
tremendous damage to existing 
orbiting spacecraft. 



Space Weather 



Does this interaction happen at all planets with 
an intrinsic magnetic field? 



This is what planet Mercury looks like. What 
you can’t see here is…the magnetic field! 

Courtesy NASA 

4000 metre high cliffs spanning 
350,000 metres formed AFTER 
the craters, as the planet cooled 

Colour 
highlights 
different 
minerals – 
the yellow 
is material 
excavated 
from deep 
under the 
surface 
1bn years 
ago 



Actually Mercury has a really interesting 
interior structure 

Theories of planet formation suggest that Mercury might 
have started out looking like the Earth and the surface 
have been eroded by a large impact or evaporation of 
volatiles. 

Mercury’s 
core extends 
~85% of the 
radius of the 
planet, much 
larger than 
that of the 
Earth. This 
core explains 
Mercury’s 
high density.  



Mercury has an intrinsic magnetic field 
similar to Earth’s 

Mercury’s 
magnetosphere 
is tiny! 

The solar 
wind gets very 
close to 
directly 
impacting the 
surface on the 
dayside 

Mercury’s magnetic dipole is 
offset from the centre of the 
planet, by 0.2 Rm 



Solar Wind-Mercury interaction 

The offset dipole leaves the southern cusp much more 
susceptible to sputtering and mass loss 



Solar Wind-Mercury interaction 

The magnetic field 
of Mercury is so 
weak, and the solar 
wind-
magnetosphere 
interaction is so 
strong that the 
dayside 
magnetosphere is 
eroded very nearly 
to the planetary 
surface.  This in turn 
induces currents in 
the huge iron core 
which act to push 
back at the solar 
wind. Mercury‘s magnetosphere shares many characteristics with the Earth, 

but enables us to investigate dynamic processes in a much more 
extreme environment. 



We can see Mercury’s ‘aurora’ 

MESSENGER’s x-ray 
instrument sees emission 
caused by incoming 
electrons 
 
At the Earth, these electrons 
hit the upper atmosphere, 
causing it to glow and 
generating the aurora 
borealis and australis 

Lindsay et al., 2016 



Jupiter and Saturn 

Both Jupiter and Saturn have aurora, 
however their driving process is 
complicated by internal processes… 


