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One of the Solar System’s landmarks 
could be about to disappear forever, 
writes Elizabeth Pearson

ABOUT THE WRITER
Dr Elizabeth Pearson  
is BBC Sky at Night 
Magazine’s staff writer. 
She gained her PhD in 
extragalactic astronomy 
at Cardiff University.

 
Hubble took this shot in April 2014, when 
the Great Red Spot was just 16,500km in 
diameter – its smallest known size

F
or over a 
century, the 
Great Red Spot 
has fascinated 

astronomers. But although 
it has persisted for at least 

150 years – and perhaps 
as long as 400 – this most 

striking Jovian feature is 
anything but constant. 

Legions of dedicated 
observers, both amateur and 

professional, have watched it 
change from year to year, making 

detailed recordings of its size,  
shape and colour. During this time, 

one thing has become obvious: the  
spot is not as great as it once was. It’s 
getting smaller, and this shrinking  
is getting faster.

When the first confirmed sighting 
of the storm was made in the 1830s, 
the storm spanned a third of Jupiter’s 
diameter, but it was little more than a 
pale ‘bay’ in one of the gas giant’s bands.  
That all changed in 1872, when the  
storm began to redden. By 1878 it  
was an intense scarlet colour and 
hundreds of amateurs were turning  
their scopes towards the planet. 

“By the end of the 19th Century, the 
way that reflecting telescopes were 

spotSHRINKING
JUPITER’S

constructed changed to make them more 
affordable,” says John Rogers, director  
of the British Astronomical Association’s 
Jupiter Section. “Gentlemen of leisure 
were able to get them, and look at the kind 
of things that professional astronomers 
had ignored in previous decades.”

The Great Red Spot was one such  
target. Early amateur observers made 
precise drawings of the storm, allowing 
us to track its changing form over more 
than a century. The size of the Great  
Red Spot is constantly fluctuating both 
up and down, but overall the storm is 
getting smaller. On average it has shrunk 
by 0.2º of longitude a year. Recently,  
this has sped up.

“From 2012 to 2014 the spot shrunk 
by about 2º,” says Amy Simon of NASA’s 
Goddard Space Flight Center. “About  
five times faster than it had been.”

Amateurs lead the way
As with the early days of observations,  
it was amateurs that first noticed this 
rapid change in size. In early 2014,  
Rogers collated reports and images  
from astrophotographers all over the 
world. He notified Simon, who promptly 
turned the Hubble Space Telescope on 
Jupiter. However, trying to understand 
what’s causing the shrinkage and what 

it might mean for the future of the Great 
Red Spot is difficult, as no one knows  
how the storm has kept itself going in  
the first place. 

This is one of the major questions 
about the Great Red Spot: why has it 
persisted for so long? It’s not unreasonable 
that a storm on a gas giant would last for 
several years since there is much less 
friction on such a world than there is on 
Earth. “Things will be a little bit more 
stable on Jupiter because it doesn’t have 
land, which breaks up hurricanes on 
Earth,” explains Simon.

This means it takes Jovian storms a lot 
longer to lose their energy once they start 
to spin. But even in computer models, 
researchers can only recreate storms that 
last for decades, not centuries. 

There are a few theories to explain 
the storm’s longevity. One of the main 
sources of stability in the storm stems 
from the fact that it is pinned in place >
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by the bands of wind on 
either side of it, the South 
Equatorial Belt and the 
South Tropical Zone, 
which blow in opposite 
directions. Though free 
to circle the planet, the 
Great Red Spot cannot 
move from this position 
between these bands.

“The Great Red Spot  
is fixed in latitude,” says Leigh 
Fletcher of the University  
of Cambridge. “It’s not 
wandering north or south. And 
because it’s not wandering it has remained 
stable over such a long period of time.” 

Neptune provides a good counter 
example to this. When Voyager 2 flew by 
the planet in 1989, it spotted a huge storm, 
now known as the Great Dark Spot. But 
when the Hubble Space Telescope looked 
a few years later, the storm had dispersed. 
The dynamics of Neptune’s weather mean 
that the storm was able to move around 
in latitude, and this caused the weather 
system to disperse. 

Eater of storms
Another way that the Great Red Spot may 
have lasted so long is by cannibalising 
other storms that blow up in the belt.

“It seems that large storms are fed 
by smaller vortices,” says Fletcher. “We 
see these smaller storms that approach 
the Great Red Spot get whipped up by 

Þ Observations by the Hubble Space Telescope over the past 20 years show dramatic changes to the Great Red Spot’s size and shape

ANATOMY OF THE GREAT RED SPOT

The internal workings of the Great Red Spot 
are largely hidden. The clouds that make  
the gas giant so interesting to look at also 
cover up what is going on beneath them,  
as they reflect sunlight before it penetrates  
the atmosphere. However, we do know 
something of what is going on under  
this gaseous shroud.

From the top, the Great Red Spot  
resembles an anticyclone, meaning that  
the winds move in an anticlockwise direction. 
However, around the outside of it is a very 

fast jet, circulating around the storm  
once every six or seven days. Once  
past this jet, the winds die away. 

At the centre of the storm the winds are  
in constant vertical circulation. The gases  
well up at the centre, meaning the storm  
rises far up above the rest of the cloud  
layer. As the gas rises, it expands.

“An expansion of air leads to a cooling  
of the Great Red Spot,” says Leigh Fletcher  
of the University of Cambridge, who consulted 
on the diagram above. These cool gases then 

sink back down to the bottom of the system. 
“That seems to persist down at least as far as 
the levels that we can reasonably detect with 
ground-based telescopes.”

In order to look further down into the cloud 
layer, researchers have created computer 
models, trying to recreate the storm. 

“Simulations seem to suggest that the storm 
is relatively thin in the vertical direction,” says 
Fletcher. “So instead of thinking of the Great 
Red Spot as a long column that extends really 
deep down into Jupiter, it’s more like a pancake.” 

shrinking with time,” says Fletcher.  
“We don’t understand how deep the 
atmosphere goes or behaves at lower 
altitudes, or how deep the movements  
or winds go.”

The fact that the storm’s nature is so 
uncertain means that it is very difficult  
to say why the rate of shrinking has 
suddenly leaped up, but the change has 
been an ongoing trend. For nearly the 

the surrounding jet and 
subsumed into it. Every 

time that happens it 
adds energy to keep the 
Great Red Spot going. 
It’s not a surprise that 
something so large 

would be very hard to 
suddenly remove and kill.”
The key to unlocking  

the Great Red Spot’s long 
life, and why it’s shrinking, 
could come from the storm’s 
most famous but mysterious 
qualities: its colour.

“We don’t know what makes any of  
the colours on Jupiter,” says Simon.  
“The Great Red Spot is not usually the 
reddest area on the planet; there are other 
spots that look redder. But there is some 
difference between the Great Red Spot  
and other areas, and if we understood  
the composition we might understand  

entire time we’ve known about it, the 
storm has been getting smaller. It  
won’t be long until it’s circular. 

“At the rate it’s been shrinking for  
the last decade it will be round by 2030,” 
says Simon. “If it stays at the current  
very fast rate, it would happen in the  
next four years.”

It could be that when the storm  
becomes round it will also become  

stable again and persist for another  
150 years or even longer. However, it  
could also be that the rapid increase  
in shrinking is because the storm has  
lost all stability and is racing towards  
its end. After well over a century of 
dedicated study, we may very well be 
heading towards the final days of  
one of the Solar System’s most  
distinctive landmarks. 

a little bit about how deep it goes, how 
high it goes, what difference it makes.”

The colours of the Great Red Spot 
usually follow a regular pattern. When the 
storm is pale, the South Equatorial Belt 
darkens and the border between the two 
is less distinct. This was the case when 
Voyager 2 flew past. However, when it is 
very red, the surrounding band is much 
whiter and the boundary between the  
two is much clearer. In the last year 
both the storm and belt have remained 
remarkably dark.

Intrinsic mystery
Unfortunately, while scientists have been 
tracking these changes in colour they 
haven’t be able to work out how these  
relate to the inner dynamics of the storm, 
or how they could be contributing to its 
changing size. “There must be some 
intrinsic feature in the dynamics of this 
great anticyclone that leads to it gradually 

Þ The fluent nature of the Great Red Spot relative to Jupiter’s disc is evident in recordings made over 100 years. The earliest, from 1879,   
appeared in Agnes Clerke’s A History of Astronomy in the 19th Century; the final two were captured by Pioneer 11 and Voyager 1

1879 1906 1929 1947

1967 1973 1974 1979

Þ Neptune’s Great Dark 
Spot may have vanished 
because it was not held  

at a fixed latitude

Þ In 2008 the Great Red Spot was observed destroying a smaller storm, which was known as  
Red Spot Jr. It’s thought that consuming other storms in this way has contributed to its longevity
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DIRECTION OF  
GREAT RED  
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Observations and simulations help us model the inner workings of this colossal anticyclone


