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Humans evolved for and adapted to conditions on 
Earth. Move us off our planet, and we start to fail—
physically and psychologically. The cancer risk from 
cosmic rays and the problems that human bodies ex-
perience in microgravity could be deal-breakers on 
their own. Moreover, there may not be a viable eco-
nomic case for sustaining a presence on another 
world. Historically, there hasn’t been much public 
support for spending big money on it. Endeavors to-
ward interplanetary colonization also bring up thorny 
ethical issues that most space optimists haven’t fully 
grappled with. 

At this year’s Analog Astronaut Conference, none 
of these problems seemed unsolvable. Scientists and 
space enthusiasts were gathered at biosphere 2, a min-
iature Earth near Tucson, Ariz., which researchers had 
built partly to simulate a space outpost. Amid this 
crowd, the conclusion seemed foregone: living in space 
is humans’ destiny, an inevitable goal that we must 
reach toward. 

The conference attendees know it’s a big dream. 
but their general outlook was summed up by Phil 
Hawes, chief architect for biosphere 2, who gave the 
opening talk at the meeting. He recited a toast made 
by the first team to camp out here decades ago: “Here’s 
to throwing your heart out in front of you  and run-
ning to catch up with it.” 

The question remains as to whether we can—and 
will—ever run fast enough.

in 1991 eight people entered biosphere  2 and 
lived inside for two years. This strange facility is a 
3.14-acre oasis where scientists have re-created differ-
ent terrestrial environments—not unlike an over-
grown botanical garden. There’s an ocean, mangrove 
wetlands, a tropical rainforest, a savanna grassland 
and a fog desert, all set apart from the rest of the plan-
et they’re mimicking. One goal, alongside learning 
about ecology and Earth itself, was to learn about how 
humans might someday live in space, where they 
would have to create a self-contained and self-sustain-
ing place for themselves. biosphere 2, located on bio-
sphere 1 (Earth), was practice. The practice, though, 
didn’t quite work out. The encapsulated environment 
didn’t produce enough oxygen, water or food for the 
inhabitants—a set of problems that, of course, future 
moon or Mars dwellers could also encounter. The first 
mission and a second one a few years later were also 
disrupted by interpersonal conflicts and psychologi-
cal problems among the residents.

Today the people who participate in projects like 
biosphere 2—simulating some aspect of long-term 
space travel while remaining firmly on Earth—are 
called analog astronauts. And although it’s a niche pur-
suit, it’s also popular: There are analog astronaut facil-
ities in places such as Utah, Hawaii, Texas and Antarc-
tica. People are building or planning them in Oman, 
Kenya and Israel. And they all share the goal of learn-
ing how to live off Earth while on Earth. 

nASA WAnTS ASTROnAuT boots back on the moon a few years from now, 
and the space agency is investing heavily in its Artemis program to 
make it happen. It’s part of an ambitious and risky plan to establish 
a more permanent human presence off-world. Companies such as 
United Launch Alliance and Lockheed Martin are designing infra-

structure for lunar habitation. Elon Musk has claimed SpaceX will colonize Mars. but are 
any of these plans realistic? Just how profoundly difficult would it be to live beyond Earth—
especially considering that outer space seems designed to kill us?
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The people who are mingling on biosphere’s patio, 
where the desert sunset casts a pink light on the hab-
itat’s glass exterior, are part of that analog world. 
Some of them have participated in simulation proj-
ects or have built their own analog astronaut facili-
ties; others are just analog-curious. They are astron-
omers, geologists, former military personnel, mail 
carriers, medical professionals, FedEx employees, 
musicians, artists, analysts, lawyers and the owner of 
the Tetris Company. On this night many have donned 
Star Wars costumes. As the sun goes down, they 
watch the rising moon, where many here would like 
to see humans settle. 

human bodies really can’t  handle space. Space-
flight damages DNA, changes the microbiome, dis-
rupts circadian rhythms, impairs vision, increases the 
risk of cancer, causes muscle and bone loss, inhibits 
the immune system, weakens the heart, and shifts flu-
ids toward the head, which may be pathological for the 
brain over the long term—among other things.

At the University of California, San Fran-
cisco, medical researcher Sonja Schrepfer has 
dug into two of the conditions that afflict space 
explorers. Her research, using mice floating 
within the International Space Station, has re-
vealed that blood vessels leading to the brain 
get stiffer in microgravity. It’s part of why to-
day’s astronauts can’t simply walk out of their 
capsules once they return to Earth, and it would 
play out the same way on Mars—where there’s 
no one to wheel them to their new habitat on 
arrival. Schrepfer and her colleagues did, how-
ever, uncover a molecular pathway that might prevent 
those cardiovascular changes. “but now the question 
I try to understand is, Do we want that?” she says. 
Maybe the vessels’ stiffening is a protective mecha-
nism, Schrepfer suggests, and limbering them up 
might cause other problems. 

She also wants to figure out how to help astronauts’ 
faltering immune systems, which look older and have 
a harder time repairing tissue damage than they 
should after spending time in space. “The immune 
system is aging quite fast in microgravity,” Schrepfer 
says. She sends biological samples from young, healthy 
people on Earth up to orbit on tissue chips and tracks 
how they degrade.

Vision and bone problems are also among the more 
serious side effects. When astronauts spend a month 
or more in space, their eyeballs flatten, one aspect of 
a condition called spaceflight-associated neuro- 
ocular syndrome, which can cause long- lasting dam-
age to eyesight. bones and muscles are built for life on 
Earth, which involves the ever present pull of gravi-
ty. The work the body does against gravity to stay up-
right and move around keeps muscles from atrophy-
ing and stimulates bone growth. In space, without a 
force to push against, astronauts can experience bone 
loss that outpaces bone growth, and their muscles 

shrink. That’s why they must do hours of exercise ev-
ery day, using specialized equipment that helps to 
simulate some of the forces their anatomy would feel 
on the ground—and even this training doesn’t fully 
alleviate the loss.

Perhaps the most significant concern about bod-
ies in space, though, is radiation, something that  
is manageable for today’s astronauts flying in  
low-Earth orbit but would be a bigger deal for people 
traveling farther and for longer. Some of it comes 
from the sun, which spews naked protons that can 
damage DNA, particularly during solar storms. 
“[That] could make you very, very sick and give you 
acute radiation syndrome,” says Dorit Donoviel, a 
professor at the baylor College of Medicine and di-
rector of the Translational Research Institute for 
Space Health (TRISH).

Future astronauts could use water—perhaps 
pumped into the walls of a shelter—to shield them-
selves from these protons. but scientists don’t always 
know when the sun will be spitting out lots of parti-

cles. “So if, for example, astronauts are exploring the 
surface of the moon, and there is a solar particle event 
coming, we probably have the capability of predicting 
it within about 20 to 30 minutes max,” Donoviel says. 
That means we need better prediction and detec-
tion—and we’d need astronauts to stay close to their 
H 2O shield.

If you didn’t get to safety in time, the nausea would 
come first. “You would vomit into your spacesuit,” 
Donoviel says, “which now becomes a life-threaten-
ing situation” because the vomit could interfere with 
life-support systems, or you might breathe it in. Then 
comes the depletion of cells such as neutrophils and 
red blood cells, meaning you can’t battle germs or give 
your tissues oxygen effectively. You’ll be tired, anemic, 
unable to fight infection, and throwing up. Maybe 
you’ll die. See why lots of kids want to be astronauts 
when they grow up?

There’s another type of radiation, galactic cosmic 
rays, that even a lot of water won’t block. This radia-
tion is made of fast-moving elements—mostly hydro-
gen but also every natural substance in the periodic ta-
ble. The rays burst forth from celestial events such as 
supernovae and have a lot more energy and mass than 
a mere proton. “We really cannot fully shield astro-
nauts” from them, Donoviel says. And inadequately 

Perhaps the most significant concern 
is radiation, something that is 
manageable for today’s astronauts 
flying in low-Earth orbit but would be 
a bigger deal for people traveling 
farther and for longer. 
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shielding explorers makes the problem worse: the rays 
would split when they hit a barrier, making more, 
smaller particles. 

The radiation an astronaut en route to Mars might 
get from galactic cosmic rays at any one time is a small 
dose. but if you’re on a spaceship or a planetary surface 
for years, the calculus changes. Imagine, Donoviel 
says, being in a room with a few mosquitoes. Five or 10 
minutes? Fine. Days? Months? You’re in for a whole lot 
more itching—or, in this case, cancer risk.

because shielding astronauts isn’t realistic, 
Donoviel’s TRISH is researching how to help the body 
repair radiative damage and developing chemical 
compounds astronauts could take to help fix DNA 
damage in wounds as they occur. “Everybody’s wor-
ried about waiting for the cancer to happen and then 
killing the cancer,” Donoviel says. “We’re really taking 
the preventive approach.” 

Even if most of the body’s issues can be fixed, the 
brain remains a problem. A 2021 review paper in  Clin-
ical Neuropsychiatry  laid out the psychological risks 
that astronauts face on their journey, according to ex-
isting research on spacefarers and analog astronauts: 
poor emotional regulation, reduced resilience, in-
creased anxiety and depression, communication prob-
lems within the team, sleep disturbances, and de-
creased cognitive and motor functioning brought on 
by stress. To imagine why these issues arise, picture 
yourself in a tin can with a small crew, a deadly envi-

ronment outside, a monotonous schedule, an unnat-
ural daytime-nighttime cycle and mission controllers 
constantly on your case.

P hysical and mental health prob lems—
though dire—aren’t even necessarily the most 
immediate hurdles to making a space settle-

ment happen. The larger issue is the cost. And who’s 
going to pay for it? Those who think a billionaire space 
entrepreneur is likely to fund a space colony out of a 
sense of adventure or altruism (or bad judgment) 
should think again. Commercial space companies are 
businesses, and businesses’ goals include making 
money. “What is the business case?” asks Matthew 
Weinzierl, a professor at Harvard business School and 
head of its Economics of Space research efforts. 

For the past couple of years Weinzierl and his col-
league brendan Rousseau have been trying to work out 
what the demand is for space exploration and  
pursuits beyond Earth. “There’s been a ton of increase 
in supply and cutting of costs of space activity,” 
Weinzierl says, “but who’s on the other side?” Space 
companies have historically been insular: specialists 
creating things for specialists, not marketing wares or 
services to the broader world. Even commercial un-
dertakings such as SpaceX are supported mostly by 
government contracts. Company leaders haven’t al-
ways thought through the capitalism of their ideas; 
they’re just excited the rockets and widgets work. S
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September 1993, eight 
people lived inside the 
Biosphere 2 re  search 
facility in Arizona, 
helping sci entists learn 
how humans might  
live in outer space.  
The facility houses 
a greenhouse ( right ). 

© 2023 Scientific American



O C T ObE R 2 0 2 3 S C I E N T I F IC A M E R IC A N.C OM  27

“Technical feasibility does not equal a strong business 
case,” Rousseau says.

Today private spaceflight companies target tour-
ists for business when they’re not targeting federal 
contracts. but those tourists aren’t protected by  
the same safety regulations that apply to government 
astronauts, and an accident could stifle the space tour-
ism industry. Stifling, too, is the fact that only so many 
people with money are likely to want to live on a place 
like Mars rather than take a short joyride above the at-
mosphere, so the vacation business case for permanent 
space outposts breaks down there as well.

People tend to liken space exploration to expansion 
on Earth—pushing the frontier. but on the edge of ter-
restrial frontiers, people were seeking, say, gold or 
more farmable land. In space, explorers can’t be sure 
of the value proposition at their destination. “So we 
have to be a little bit careful about thinking that it will 
just somehow pay off,” Weinzierl points out.

Weinzierl and Rousseau find the idea of a 
sustained human presence in space inspiring, 
but they’re not sure when or how it will work 
from a financial perspective. After all, inspi-
ration doesn’t pay invoices. “We’d love to see 
that happening,” Rousseau says—he thinks 
lots of people would. “As long as we’re not the 
ones footing the bill.” 

Many taxpayers would probably agree. 
As hard as it is for space fans to believe, most 

people don’t place much value on astronaut adven-
tures. A 2018 Pew poll asked participants to rate the 
importance of nine of nasa’s key missions as “top 
priority,” “important but lower priority,” or “not too 
important/should not be done.” Just 18 and 13 per-
cent of people thought sending humans to Mars and 
to the moon, respectively, was a top priority. That 
placed those missions at the bottom of the list in 
terms of support, behind more popular efforts such 
as monitoring Earth’s climate, watching for danger-
ous asteroids and doing basic scientific research on 
space in general. 

A 2020 poll from Morning Consult found that just 
7 to 8 percent of respondents thought sending hu-
mans to the moon or Mars should be a top priority. 
Although history tends to remember the previous 
moon exploration era as a time of universal excite-
ment for human spaceflight, polls from the time 
demonstrate that that wasn’t the case: “Consistently 

On the edge of terrestrial frontiers, 
people were seeking, say, gold or 
more farmable land. In space, 
explorers can’t be sure of the value 
proposition at their destination. K
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throughout the 1960s, a majority of Americans did 
not believe Apollo was worth the cost, with the one 
exception to this a poll taken at the time of the  Apollo 
11  lunar landing in July 1969,” wrote historian Roger 
Launius in a paper for  Space Policy.  “And consistent-
ly throughout the decade 45–60 percent of Ameri-
cans believed that the government was spending too 
much on space, indicative of a lack of commitment to 
the spaceflight agenda.”

When space agency officials discuss why people 
should care about human exploration, they often say 
it’s for the benefit of humanity. Sometimes they cite 
spin-offs that make their way to citizens as terrestri-
al technology—such as how telescope-mirror inno-
vations improved laser eye surgery. but that argument 
doesn’t do it for Linda billings, a consultant who 
works with nasa. If you were interested in further-
ing a technology, she suggests, you could invest di-
rectly in the private sector instead of obliquely 
through a space agency, where its development will 
inevitably take longer, cost more and not be automat-
ically tailored toward earthly use. “I don’t see that 
nasa is producing any evidence that [human settle-
ment of space] will be for the benefit of humanity,” 
she says. 

Whether tax dollars should support 
space travel is an ethical question, at least 
according to  brian Patrick Green of Santa 

Clara University. Green became interested in sci-
ence’s ethical issues when he worked in the Marshall 
Islands as a teacher. The U.S. used to detonate nucle-
ar weapons there, causing lasting environmental and 
health damage. Now the islands face the threat of 
sea-level rise, which is likely to inundate much of its 
infrastructure, erode the coasts and shrink the usable 
land area. “That got me very interested in the social 
impacts of technology and what technology does to 
people and societies,” he says. 

In space travel, “Why?” is perhaps the most im-
portant ethical question. “What’s the purpose here? 
What are we accomplishing?” Green asks. His own an-
swer goes something like this: “It serves the value of 
knowing that we can do things—if we try really hard, 
we can actually accomplish our goals. It brings people 
together.” but those somewhat philosophical benefits 
must be weighed against much more concrete costs, 
such as which other projects—Earth science research, 
robotic missions to other planets or, you know, outfit-
ting this planet with affordable housing—aren’t 

happening because money is going to the moon or 
Mars or Alpha Centauri. 

And an even simpler ethical question is, “Should 
we actually send people on these sorts of things?” 
Green says. Aside from incurring significant risks of 
cancer and overall body deterioration, astronauts aim-
ing to settle another world have a sizable chance of los-
ing their lives. Even if they do live, there are issues with 
what kind of an existence they might have. “It’s one 

thing just to survive,” Green says. “but it’s an-
other thing to actually enjoy your life. Is Mars 
going to be the equivalent of torture?”

If people make the attempt, we will also have 
to acknowledge the risks to  celestial  bodies—
the ones humans want to travel to as well as this 
one, which they may return to if they haven’t 
purchased a one-way ticket. The moon, Mars or 
Europa could become contaminated by micro-

scopic Earth life, which nasa has never successfully 
eradicated from spacecraft, although it tries as part of 
a “planetary protection” program. And if destination 
worlds have undetected life, then harmful extraterres-
trial microbes could also return with astronauts or 
equipment—a planetary-protection risk called back-
ward contamination. What obligation do explorers 
have to keep places as they found them? Setting aside 
the question of whether we can establish ourselves be-
yond Earth, we also owe it to ourselves and the uni-
verse to consider whether we should.

on this question, science-fiction scholar Gary 
Westfahl casts doubt on space travel’s inherent value. 
In his vast analyses of sci-fi, he has come to view the 
logic and drive of the enterprise as faulty. “I inevitably 
encountered the same argument: space travel rep-
resents humanity’s destiny,” he says of the impetus for 
writing his essay “The Case against Space.” Space ex-
plorers are often portrayed as braver and better than 
those who remain on their home planet: they’re the 
ones pushing civilization forward. “Philosophically, I 
objected to the proposition that explorers into un-
known realms represented the best and brightest of 
humanity; that progress could be achieved only by 
boldly venturing into unknown territories,” Westfahl 
says. After all, a lot of smart and productive people 
(not to mention a lot of happy and stable people) don’t 
spend their lives on the lam. “Clearly, history demon-
strates no correlation between travel and virtue,” he 
writes. “The history of our species powerfully sug-
gests that progress will come from continued stable 
life on Earth, and that a vast new program of travel 
into space will lead to a new period of human stagna-
tion,” he concludes ominously. 

In some ways, the desire for simpler living  is part of 
what motivates space explorers. Astronauts are stuck 
with just a few people they have to get along with, or 
else they’ll be miserable—a communal way of living 
that’s more common to villages. They must make do 
with the nearby supplies or create their own, like 

Harmful extraterrestrial microbes 
could return with astronauts or 
equipment—a planetary-protection 
risk called backward contamination. 
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people did before Walmart and Amazon. Communi-
cation with those beyond their immediate sphere is 
slow and difficult. They have a strict but straightfor-
ward and prescribed work schedule. Everything is a 
struggle; there are no conveniences. Unlike in a mod-
ern, digitally connected environment, their attention 
isn’t split in many directions—they are focused on the 
present. Or at least that’s how analog astronaut Ash-
ley Kowalski felt during the SIRIUS 21 endeavor, an 
eight-month-long joint U.S.-Russia “lunar mission” 
that took place in a sealed space in Moscow. 

Kowalski’s talk at the Analog Astronaut Confer-
ence at biosphere 2 was called “Only Eight Months.” 
The goal of those eight months was to study the med-
ical and psychological effects of isolation. She and her 
teammates regularly provided blood, feces and skin 
samples so researchers could learn about their stress 
levels, metabolic function and immunological chang-
es. Researchers also had them take psychological tests, 
sussing out their perception of time, changes in cog-
nitive abilities and shifts in interpersonal interac-
tions. Inside they had to eat like astronauts would, 
guzzling tubes of Sicilian pizza gel and burger gel. 
Kowalski would squeeze them into rehydrated soup 
to make meals heartier. Via their greenhouse, they got 
about a bowl of salad between the six of them every 
three weeks.

Kowalski missed freedom and food and friends, of 
course. but the real struggle came with her return to 

the real world once the isolation was over: “reentry, 
not to the atmosphere but to the planet,” she told the 
conference audience. She didn’t remember how to go 
about having friends, hobbies or a job and had trouble 
dealing with requests coming from lots of sources in-
stead of just mission control. In the Q&A period after 
the talk, Tara Sweeney, a geologist in the audience, 
thanked Kowalski for talking about that part of the ex-
perience. Sweeney had just returned from a long stay 
in Antarctica and also didn’t quite know how to rein-
tegrate into life in a more hospitable place. They had 
both missed “Earth,” the real world. but it was hard to 
come back.

Still, the Analog Astronaut Conference crowd re-
mained optimistic. “Where do we go from here?” con-
ference founder and actual astronaut Sian Proctor 
asked at one point. On cue, the audience members 
pointed upward and said, “To the moon!”

Analog-astronaut work can’t solve space travel’s 
hardest problems—the intractable medical troubles, 
the in-red money questions, the touchy ethical quan-
daries. but while we all wait to see whether we’ll ever 
truly migrate off this planet, and whether we should, 
these grounded astronauts will continue to escape 
Earth, for a time at least, without leaving it. 

FROM OUR ARCHIVES
Lunar Land Grab.  Adam Mann; July 2019. ScientificAmerican.com/
magazine/saN
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Celestial bodies, includ-
ing our moon, are at risk 
of contamination by 
microscopic Earth life.
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