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New film The Martian explores whether the  
Red Planet could ever support human life. But  

Chris Hall says it’s not just food, air and water 
that astronauts will have to worry about

 MARK WATNEY IS having a 
pretty bad sol*. After his 
team’s living habitat and 
vehicles endured several hours 

of intense buffeting from a 110mph 
sandstorm, NASA gave the order to abort 
their mission and return to Earth. In the 
process, a communications array 
shattered, sending an aerial spearing 
into Watney’s side, ripping out his 

*(In case you’re wondering, a sol is a Martian day)

All by
myself
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bio-monitor in the process. Knocked 
unconscious by the fall, he has just 

awoken with a gasp. Within minutes, he 
will realise the staggering and 
unthinkable truth. 

He has been left for dead; the only man 
on Mars. He has at least four years until a 
rescue mission could arrive, and only has 
facilities designed to last 31 days. 

So begins The Martian, Ridley Scott’s 
space survival thriller, which is out now. 
Understandably, the film focuses heavily 
on the practical elements to Watney’s 
survival. But he must also combat a far 
more insidious danger: extreme isolation. 
The psychological hazards of his situation 
are tremendous.

“So what? This is unrealistic Hollywood 
sci-fi,” you might think. But the truth is, 
any Mars mission opens up the possibility 
of exposing men and women to 
psychological effects beyond anything 
ever experienced, even in Earth’s most 
inhospitable conditions.

ALL ALONE
The damaging effects of spending 
extended periods of time cut off from 
society, isolated from necessities and 
enduring levels of sensory deprivation 
have been recognised for centuries, if not 
fully understood. It was said of St 
Anthony the Great, a monk and hermit, 

that “the devil fought [him] by afflicting 
him with boredom, laziness, and the 
phantoms of women.”

These days, we have a slightly better 
understanding of the human mind, but 
reliable, consistent data on the way people 
react to the stressors of isolation can still 
be hard to come by. Those who have spent 
large amounts of time alone involuntarily, 
be they prisoners on death row, castaways, 
or victims of circumstances, are rarely 
representative of society. And astronauts, 
who do give us reliable information, are 
rigorously selected from an already 
minuscule crop of resilient and capable 
high achievers. 

If humans are to travel to Mars – a 
journey that, at the best estimates, would 
take at least seven months in each 
direction – we need to be sure that the 
first crew can cope with what’s ahead. 

British expedition medic Dr Alexander 
Kumar has seen first-hand, and 
experienced, the effects that extreme 
isolation can have on the mind, spending 
11 months at Concordia research station in 
Antarctica. His findings are being used by 
the European Space Agency (ESA) as it 
plans manned Mars missions.

“One of the first things to think about is 
adapting to your new surroundings. If I’m 
on a country walk in England and I drop 
my glove, I pick it up again. If my glove 
comes off in Antarctica, I could lose my 

hand. It’s the sort of weather where your 
iPhone headphone cables snap in half.”

It’s not just the obvious harshness of the 
polar environment, but the knock-on 
effects that weigh on the mind. 
Throughout the winter months, 
Antarctica’s research stations are 
unreachable by any means. This subjects 
the team, which was 13 members strong 
during Kumar’s stay, to what researchers 
in the field call ‘high levels of autonomy’; 
when communication off-base might be 
limited, and problems must be tackled 
with whatever materials are at hand. 
Kumar expresses it starkly: “If I get 
appendicitis during the winter, I have two 
choices. I either cut myself open and 
take it out, or I give up and die.” 

“If I get appendicitis 
during the winter,  
I have two choices. 
I either cut myself 
open and take it out, 
or I give up and die”

Dr Alex Kumar  
near Antarctica’s 
Concordia base

COULD YOU SURVIVE?
Compare the conditions across  

our planet and Mars

M
ARS

EARTH (AVG)

ANTARCTICA

UK

AVERAGE SURFACE TEMP -63°C 14.6°C -47°C 11°C

TEMPERATURE RANGE 20°C TO -153°C 58°C TO -89.2°C 17.5°C TO -89.2°C 38.5°C TO -27.2°C

ATMOSPHERIC PRESSURE 6 MILLIBARS 1,013 MILLIBARS AT SEA LEVEL 1,000 MILLIBARS AT SEA LEVEL 1,013 MILLIBARS AT SEA LEVEL

MAX WIND SPEED 250MPH 199MPH 199MPH 173MPH

ATMOSPHERIC COMPOSITION 96% CARBON DIOXIDE, 1.9% ARGON,  
1.9% NITROGEN 

78% NITROGEN, 21% OXYGEN, 0.9% ARGON,  
0.04% CARBON DIOXIDE 

78% NITROGEN, 21% OXYGEN, 0.9% ARGON,  
0.04% CARBON DIOXIDE 

78% NITROGEN, 21% OXYGEN, 0.9% ARGON,  
0.04% CARBON DIOXIDE 

GRAVITY 3.0M/S2 9.8M/S2 9.85M/S2 (INCREASE CLAIMED AT SOUTH POLE) 9.8M/S2

LENGTH OF YEAR 1.88 EARTH YEARS 1 1 1

Antarctica’s Concordia research base regularly 
experiences temperatures below -80°C in winter

In The Martian, Mark Watney has to try to stay 
alive in a harsh and isolated environment

Dr Alexander Kumar, British expedition medic
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There are other physical stressors 
in Antarctica that are detrimental to 

one’s psychological well-being. Unlike the 
Arctic, it is a high-altitude desert, 3,800m 
above sea level. Residents at the research 
stations are exposed to chronic hypobaric 
hypoxia – the same low levels of oxygen 
that athletes actively seek out at high-
altitude training camps. 

LOSE YOUR MIND 
“It can be good and bad for you; good  
in the short term, like for athletes,” 
explains Kumar. “But mountaineers 
regularly report trouble sleeping. That’s 

not great on an expedition, but it’s short-
lived. You try struggling to sleep for a year 
and it’s very simple. You lose sleep, you 
lose your mind.”

Throw in the permanent darkness of a 
winter at the South Pole, and you have a 
powerful set of circumstances acting on 
the mind. “It puts you through a washing 
machine of time. Your circadian rhythms 
are freewheeling,” Kumar says.

Even hearing about the effects is 
frightening. People become depressed, 
and exhibit symptoms of schizophrenia. 
They lose awareness of who they are, and 
hear and see things that aren’t there. “I 
had terrible nightmares,” Kumar admits. 

“Your dreams muddle things. It’s easy to 
become disorientated. Time becomes 
jumbled – your concepts of past, present 
and future can become confusing.”

Darkness can also distort your short-
term sense of time. French speleologist 
(cave expert) Michel Siffre spent two 
months living in darkness under an alpine 
glacier; when he emerged, it took him five 
minutes to count what he thought was 120 
seconds. Others have reported an 
adjustment in circadian rhythms to a  
36-hour period of activity followed by 12 
hours of sleep. 

“You are experiencing chronic 
sensory deprivation,” says Kumar. 

Right: Members of the Endurance mission worked well as a 
team, thanks in part to Shackleton’s leadership skills

Left: During the Mars500 experiment, the crew walked on 
simulated Martian terrain and conducted experiments

Mars500 simulated 
a mission to Mars, 
isolating the six-member 
crew for 520 days

Ernest Shackleton’s 
team dine together 
during the Endurance 
mission in June 1915

“You try struggling 
to sleep for a year 
and it’s very simple. 
You lose sleep,  
you lose your mind”
Dr Alexander Kumar, British expedition medic
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HEAD 
Extended time living in microgravity 

can impair balance, and can even 
alter your vision. Emotional isolation 

has been shown to be a significant 
risk factor for Alzheimer’s, obesity, 

diabetes, high blood pressure, heart 
disease, neurodegenerative diseases 

and cancer.

UPPER TORSO
Vertebrae separate slightly without 

gravity to compress them. Astronauts 
can gain up to 5cm in height, and  

report back pain as a result.

LIMBS
Relieved of the need to walk around, the 

muscles in the legs can waste away.  
In turn, this affects balance and 
increases the risk of tendonitis.

LOWER TORSO
Astronauts experience motion  

sickness, nausea and dizziness in the 
early days of spaceflight.

WEAKENED IMMUNE SYSTEM
Isolation and sleep deprivation have 

been shown to result in a weaker 
t-lymphocyte system. Astronauts are 

more prone to infection by common 
viruses and microorganisms.

BONE LOSS
Living in a zero-g environment causes 

the body to excrete calcium and 
phosphorus, depleting bone strength 

and causing osteoporosis. A Mars 
mission would equate to a lifetime’s 

worth of bone depletion.

NERVE DAMAGE
Prolonged exposure to ionising radiation 

can harm the central nervous system, 
cause cataracts, and can even increase 

the risk of heart disease, cancer  
and brain damage.

the trip. “If people’s work is done, and 
they’re waiting to get home to analyse 
samples, the boredom factor could be 
huge on that return leg.”

Earth-based projects like Mars500 have 
had their critics, but they are a good start. 
And our awareness of these issues speaks 
to a willingness to treat psychological 
factors as seriously as the physiological 
and the technological in the run-up to a 
Mars launch. In the words of Kanas, “By 
the time we’ve figured out how to get to 
Mars, we will have figured this out. It’s 
absolutely doable.” 

CHRIS HALL is a science and technology 
journalist who has written for Esquire,  
Men’s Health and GQ 

makes the ideal astronaut – there is no 
gold standard psychiatric test.”

Mars One aims to put people on the Red 
Planet by 2025. Prof Raye Kass, from the 
project’s advisory team, highlights the 
importance of teamwork and leadership, 
citing the example of Ernest Shackleton’s 
Antarctic expedition. “Shackleton chose a 
wide selection of people and realised the 
importance of keeping them functioning 
as a team throughout; sometimes doing 
odd things like organising a haircut for 
everyone during a difficult spell. His crew 
never dispersed like Scott’s when things 
got hard. And at the end, after they’d had 
to walk from the abandoned Endurance, 
he asked if anyone wanted to go back. 
They all did!”

According to Kanas, at least one major 
orbital preparation would be necessary 
before feeling confident in launching a 
Mars mission. “My advice would be that 
we need to put people into a space station 
orbiting the Earth and simulate the seven-
month journey. You would artificially 
delay their communications and 
accurately mimic their level of autonomy 
and activities. Then you launch them from 
orbit to the Moon, get them to land, poke 
around at some rocks, and return to the 
orbital module. Then you gradually phase 
them back into Earth time.” This would 
also be a chance to observe return trip 
behaviour, which Kanas believes is 
potentially the most dangerous time of  

“fMRI tests have shown that people 
who have undergone this kind of 

extended isolation experience significant 
shrinking of the brain’s hippocampal area.”

What does the hippocampus do? It 
controls memory, among other things. 
According to Kumar, you find yourself 
recalling things you have no right to be 
able to remember – the look of a stranger’s 
face that you walked past on the street, 
years ago. “We don’t yet know whether 
these changes are reversible or not –  
no-one’s had long enough to find out. We 
need another 20 to 30 years,” adds Kumar.

UNKNOWN DANGERS
The bad news for any would-be Watneys 
is that these are just the dangers we know 
about. Certain elements of a Mars voyage, 
even if you could remove the obvious 
psychological stress of knowing there is 
no way to return to Earth, would be 
completely new to the human psyche. 

Valeri Polyakov spent 438 days in space, 
which is the longest time of any astronaut 
or cosmonaut so far. His mood and 
cognitive abilities were monitored 
throughout. The results showed that, 
aside from periods of adjustment at the 
beginning and end of the mission, his 
moods remained stable. However, certain 
skills were affected more than others, 
notably visual-motor skills, which were 
tested by his ability to line up a randomly 
unstable cross-hair with a marked target 
using a joystick.

But even Polyakov’s experience is 
incomparable in several ways. 
Psychologist and NASA adviser Prof Nick 
Kanas says one of the major unknowns is 
‘Earth-out-of-sight’ syndrome. “No-one 
has ever experienced what it’s like to look 
on the Earth as a tiny blue speck in the 
sky. We don’t know what it will do to 
people to be deprived of that connection 
with all that’s important to them, to have 
that sensation of immense distance.”

So what can be done to prepare for 
spending time in isolation? And how can 
we get to a point where we’re comfortable 
sending people into the unknown?

Preparation isn’t the key, says Kumar. 
“You can’t really train for it. But you need 
to be the right kind of person: you just 
have to get on with it. You want people 
who are sociable introverts – happy 
working alone but able to get along with 
each other. Some people are more hardy 
than others, psychologically, and it’s not 
always connected to physiological 
toughness. We’re still working out what 

HOW SPACE TRAVEL 
AFFECTS YOUR BODY

Astronauts can suffer from 
serious health issues

“No-one has ever 
experienced what 
it’s like to look  
on the Earth as  
a tiny blue speck  
in the sky”
Prof Nick Kanas, psychologist and NASA adviser

On one trip, Valeri Polyakov stayed on board the Mir space station for over 14 months


