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Climate change suggests a
messy and expensive future for
this U.S. test site that’s central to
plans for countering the weapons
of China and others. Here’s the
early thinking about what to do.
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Wil humans ever =
permanently -
seftle on Mars?

With President-elect Donald Trump and Elon Musk palllng around at
Musk’s Starbase in Texas and Mar—a—Lago after’the.-elec‘tlon, it's
reasonable to wonder if U.S. tax dollars are about to be directed
toward Musk’s goal of establishing a permanent human settlement on
Mars. NASA has long voiced a desire to send astronauts to explore
Mars (the latest target being sometime in the 2040s), but it does not

yet have afirm plan to do that, and it has never embraced human
settlement as a goal: For example, the Crew Health and Performance
Exploration Analog, or CHAPEA, missions it is funding are meant to
simulate “year-long stays.” Is a permanent presence possrble? Here s
what six space community leaders have to say. o

BY DEBRA WERNER | dlpwerner@gmail.com
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Kelly Haston

Commanded NASA's first Crew Health and
Performance Exploration Analog, or CHAPEA,
mission at NASA’s Johnson Space Center in Texas.

YES NO MAYBE

Humans will eventually have a permanent
presence on Mars because of our spirit of
exploration and the opportunity to learn on
the firsthabitable planet other than our own.
And it’s a relatively close opportunity to

hone the space exploration skills we will
have developed on the moon. How big that presence becomes is
afunction of questions thatwe can’t answer yet: Whatis our space
travel capability by the time we settle on Mars? Can we go farther?
Is it going to be a way station to more distant destinations?

[ can’t put a timeline on Mars settlement, but I do think it’s
going to be many years. The logistics of the inaugural mission
under CHAPEA, a multidisciplinary, collaborative project, were
very complicated. Even putting something on Earth to look at a
subset of factors important for Mars exploration was complicated.
Thatbeingsaid, newtechnologies may accelerate it: improvements
inrockets, communications, food production and what we learn
from the moon.

"My hope, as a scientist and
as a human being, is that we
can be very thoughtful and
intentional with our approach
to going to Mars.”

The overall CHAPEA project is looking at the impact of dif-
ferent challenges people will face in extreme environments, like
Mars. In my analog, we had Mars-realistic communication delays.
When we were the farthest from the Earth, it was over 22 minutes
one way, meaning at least 45 minutes to get information or an-
swers. The crew worked out unique ways to deal with that for
communicating with the NASA ground crew and in our person-
al communications. We did not speak to anyone else face-to-face
for over a year, so we relied on each other a lot!

We also tested food growing and production systems. While
some food will be brought to Mars, we will have to figure out how
to produce some food on Mars to keep people healthywhen under
the physical challenges of another planet. While we did not have
the radiation and gravity challenges in my analog mission, we

were under stress due to isolation, resource restrictions and the
communication delay.

Itwas a very positive experience overall. It wasn’t always easy,
but I want to commend NASA for the support that they gave us.
I'm very proud that the crew managed to be productive and co-
hesive for the whole mission.

My hope, as a scientist and as a human being, is that we can
be very thoughtful and intentional with our approach to going
to Mars. What do we bring to the surface when we go to planets
or the moon, and whatwill we leave behind, such as waste prod-
ucts, garbage or even our own natural bacteria? How will that
impact that environment? Also, in all cases, the best way to do
science is collaboratively. How are we going to deal with each
other in space or on Mars?

Nick Kanas

Co-author of “Space Psychology and Psychiatry,”
among other works, and emeritus professor

of psychiatry at the University of California,

San Francisco.

YES NO MAYBE

In addition to engineering and physiologi-
cal challenges, Mars has special psychoso-
cial stressors. There’s the allostatic stress of
long-term low gravity and radiation. What-
ever thatdoes to your body s going to affect
your emotional state. You're going to have
extensive isolation and monotony. You're going to be with the
same group of people for the two to two and a half years of the
first Mars mission. You'll be dependent upon yourself because
of the time delay in communication. That’s different from the
International Space Station, where lots of the activities are done
with planning and in cooperation with mission control. Also,
there’s the Earth-out-of-view phenomenon thatI've written about
with my colleague, Dr. Dietrich Manzey. Humans have never
experienced seeing the Earth as an insignificant dotin the heav-
ens. That might enhance the sense of isolation and lead to de-
pression or homesickness.

Lookingat Earth colonization, people have described differ-
ent phases. For colonies in the Pacific, there was a pioneering
phase. Then a consolidation phase, where you set up norms of
howto govern yourself. Finally, as things become secure in terms
of growing food and survival, the colony stabilizes and starts to
become an entity. That might occur in a Mars colony, but then
you have the distance. Earth will have an impact on any Mars
colonies, but perhapsless than on alunar colony, where you'd be
three days away. A Mars colony would start developing a sense
of independence and autonomy sooner than a lunar colony.
Resupplying from Earth will be slow, so a lot of oxygen and fuel
will have to be generated on Mars from local resources. The crew
will be fairly autonomous from the get-go. After a while, the
colony may want to break away from Earth or form its own nation.
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Presumably, colonists will have some way to go back to Earth.
Nevertheless, it’s going to be a long six-, seven-month journey. For
all intents and purposes, they will be based on Mars and have to
get along. The governance structure may vary. They will probably
have a semi-military command structure. In time, it may become
more democratic as the colonists see themselves as a separate
entity. They might have different family structures, depending on
theratio ofmen and women. If children are born, ifthey can survive
the lower gravity of Mars, they might have a communal setup that
reflects the situation of being so far away from home. The social
structure could vary according to what the psychological climate
islike in the new colony.

"Humans have never
experienced seeing the

Earth as an insignificant dot

in the heavens. That might
enhance the sense of isolation
and lead to depression or
homesickness.”

Dava Newman

A former NASA deputy administrator and now Apollo
Program professor of astronautics at MIT and director
of its research-focused Media Lab. AIAA fellow.

YES NO MAY BE
- I'm notsure I'll see it mylifetime, but [work
\ on making this a reality every day. The first
- - human explorers on Mars will have a scien-
1 (? tific mandate: the search for life. It’s a rough-

ly eight-month trip in an isolated, confined

environment, so my preference is that they
stay on the surface as long as possible to find possible evidence
oflife, past or present. Then, it’s a year-and-a-halfreturn trip. It’s
not ethical for it to be a one-way trip if it’s funded publicly.

That is the first phase of humans on Mars; there could be a
second phase and a third phase. Can we live off the land? Have
settlements or towns or communities? I don’t have illusions that
we’ll have millions of people in large cities. We'll have explorers.
Antarctica and some placesin the Arctic may be our best analogs,

30 | JANUARY 2025 | aerospaceamerica.aiaa.org

and they are infinitely more hospitable than Mars.

We should be cautious and have humility in the beginning.
We have a lot to learn and it’s risky. People are going to die. We
need to communicate the high risk of exploration missions. What'’s
going to kill our astronauts? The main potential showstoppers
are radiation, the psychosocial aspect and musculoskeletal de-
conditioning, or an unforeseen mission catastrophe.

Physiologically speaking, radiation is No. 1. We've been ex-
ploring on Mars for the past 50 years with orbiters, landers,
rovers and a helicopter. We know quite a bit about the radiation
environment. Our research provides solutions to protecthumans
during EVAs, in habitats and laboratories.

Then there’s the psychosocial aspect. Mars is beautiful, red
and dusty. But when Earth is just a little speck, that’s going to be
interesting. Human factors, coping and teamwork will be para-
mount. Most of our experience in this area comes from analogs
and expeditions in submarines, Antarctic and Arctic exploration.
When it goes right, it’s great. But when it goes wrong, sometimes
it goes terribly wrong.

"I don't have illusions that we'll
have millions of people in large
cities. We'll have explorers.”

One of my specialties is investigating musculoskeletal de-
conditioning. We're measuring 1-2% bone mineral density loss
per month on the International Space Station. Thatis with hours
of exercise every day. Mars gravity is three-eighths of Earth’s
gravity. We can all slam dunk a basketball — one of mylife dreams!
People are going to be able to work well in it, but it’s still low
gravity. How we prepare for, monitor, address and try to prevent
the bone loss will be a major issue.

Moon settlements will give us the needed technology push
and experiential learning. We need a spacesuit, life support
systems, habitats, rovers, robots. And heavy-lift launch capabil-
ity, which is coming right along, will facilitate more people going.

CONTINUED ON PAGE 32



Elon Musk wants to launch the first
uncrewed Starships foward Mars in 2028,
the next time the orbits of Earth and Mars
align, reducing the transit time to as little
as six months. “If those landings go well,
then the first crewed flights to Mars will be
in4 years,” Musk wrote on X in September.
“Hight rate will grow exponentially from
there, with the goal of building a self-
sustaining city in about 20 years.”
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Jeff Thornburg

Former chief architect of SpaceX'’s Raptor engines
and now CEO of Portal Space Systems, a Washington
satellite startup.

YES NO MAYBE
/N It's amatter of when. When I was working at
SpaceX and on Raptor and the beginnings
¢ :‘ 9 of Starship, I thought about it a lot. We can
=/ do a flags-and-footprints mission in the next

five to 10 years, and we should because we
need to better understand the environmen-
tal factors. Recent Mars probes have measured radiation. Are
there caves for settlements? There is water on Mars for drinking
and to create propellantand other things, butit mightbe upwards
of 10 or 20 kilometers deep in rock. We may have to bring mining
equipment to get to the water.

The moonis a greatfirst step. You're only a few days away from
getting help if trouble ensues, and it will, because humans make
mistakes. On Mars, you're somewhere between six and 24 months
from getting help, depending on where the planets are. We're
going to have to shorten the time frame to get there. With today’s
tech, a trip is at least nine months each way. How many humans
are going to sign up for a nine- to 12-month journey with no cer-
tainty that they’re going to survive? Then, theyre going to have to
stay either avery brieftime or a verylong time. Itwould be ashame
to only be on the surface for two weeks before you spend another
nine months coming home.

"\We could have an Antarctic-
style research station in the
next decade or two, but
colonization implies a self-
sustaining entity.”

We could have an Antarctic-style research station in the next
decade or two, but colonization implies a self-sustaining entity.
The Antarctic research stations require constant resupply when
the weather and seasons allow.

We've got a lot of work to do. New space companies and en-
gineers, in general, tend to look at the tech. That’s the fun part,
but you've got to bring in doctors and psychologists and people
outside of space tech to figure out how we keep people alive and
thriving in a very austere environment.
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You probably need to pre-position a lot of assets. We're a few
years away from being able to do that. SpaceX has targeted this
huge payload capability for Starship to pre-position assets there.
Then if there’s trouble, people have spacecraft to get home. But
you also need the ability to autonomously make propellant for
thereturn trip. That’s possible thanks to the carbon dioxide and
water. Let’s demonstrate we have access to water, because that’s
going to be key to getting people there and back. A one-way trip
is going to appeal to a very limited set of the population, unless
there’s some sort of catastrophe on Earth.

Kelly Weinersmith

Adjunct biosciences professor at Rice University and
co-author of “A City on Mars: Can We Settle Space,
Should We Settle Space, and Have We Really Thought
This Through?”

YES NO MAYBE

Elon Musk is saying that in the next 30
years, we'll have a million people living
on the Martian surface. I don’t think that
is going to happen. When most people
talk about settlement, they mean families

having children who grow up to have their
own children. The goal, ultimately, is to have settlements
become self-sustaining, which means they make everything
they need from resources found on Mars.

There are big problems that we still need to solve. We need
to figure out how to protect human bodies from space radia-
tion. Most proposals involve piling meters of regolith over a
habitat. Idon’t think that’s what most of us imagine when we
think about living on the Martian surface. We imagine geo-
desic domes, red skylines and seeing the sun rise on a foreign
planet, not living underground like a mole. We don’t know if
40% gravity is enough for bones and muscles to develop ap-
propriately. We don’t know if we can have babies on Mars yet.

The International Space Station is regularly resupplied
with food and equipment. Round trips to Mars are two to three
years long. It makes sense to go to the moon first to test hab-
itats we're planning on using for Mars settlements, and it
would be great to have a human living on the lunar surface
for three years. That would be longer than anyone has been
in space consecutively. They'd be exposed to one-sixth Earth’s
gravity and exposed to space radiation. If the shielding works,
we can port it over to Mars.

Most of the funding for Mars settlements is coming from
SpaceX. If we're serious about settlement, we need to do re-
search on human reproduction. We need systems thatrecycle
everything like Biosphere 2 in the 1990s or China’s Lunar
Palace, which recycled water and grew 78% of the food by
mass. Mealworms were the protein source because they could
eat the parts of the plants that the people couldn’t eat. Lunar



Palace had three people living in the facility. The carbon
dioxide levels went up and down wildly until two big guys
were switched with two smaller women. Having these sorts
ofrecycling systems running on Mars is not going to happen
in 30 years.

"If this becomes the next Cold
War or a new space race, more
money could get thrown at
the problem and settlements
could scale up quickly. But the
self-sustaining part is hard to
imagine.”

Over many generations, Mars settlements could happen. If
this becomes the next Cold War or a new space race, more mon-
ey could get thrown at the problem and settlements could scale
up quickly. But the self-sustaining partis hard toimagine. Com-
puter chips are small and light. It’s easier to imagine filling a
rocket ship with them than telling Martian settlers to build their
own computer chip factory.

Robert Zubrin

Founder and president of the Mars Society in Colorado.
Created the Mars Direct mission architecture while
working at Martin Marietta in the 1990s.

YES NO MAYBE

I believe that Starship is going to be suc-
cessful. It is a fully reusable heavy-lift
vehicle with an operational concept of
being able to be refueled in low-Earth
orbit and sent to Mars. If Starship is suc-

cessful, it will be copied.

Elon Muskis pushing for a humans-to-Mars program now.
He has the ear of Trump. Thatwill lead to exploration. Through
exploration, we’ll learn how to operate on Mars and create a
scientific base.

How do we get from there to settlement? A key factor will

be used launch vehicles. Musk told me at one time that he
thoughthe could build the Starship upper stage for $10 million,
which means that either he or a copycat will, at some point,
be willing to sell them for $20 million. Someday, they will be
available used for $2 million. If one of these can transport 100
people to Mars, that’s $20,000 a person. That is a cost that a
person of moderate means could afford if they want to pull
up stakes and go to a new world.

There will always be groups of people who want to be able
to go somewhere where they can cut their own path. Once
that is technically possible, there will be settlements.

"There will always be groups
of people who want to be able
to go somewhere where they
can cut their own path, Once
that is technically possible,
there will be settlements.”

We could get our first human expedition on Mars within
10 years. That will require surface systems, spacesuits, vehi-
cles, life support systems and power systems. The Musk
mission architecture is a variant of my Mars Direct architec-
ture, which requires return from Mars with propellant made
on the Martian surface, methane-oxygen fuel made out of
water and carbon dioxide, both of which are clearly available
on Mars. But it takes power. Musk’s plan would require a
600-kilowatt nuclear reactor, which would probably need to
be developed by the government because it involves controlled
materials. That is why this program needs to be a public-
private partnership.

If this is perceived as a hobby horse of a very partisan
group, it stands a high chance of being canceled when polit-
icalfortunes change. If they can make this a national program,
rather than a Trump program, we can have a substantial
permanent Mars base 10 years after the first expedition: in
the 2040s-2050s.

I do notbelieve that Mars will be settled by fleets of 1,000
Starships every two years with 100,000 people. It’s going to
be much more like the settlement of America with relatively
small groups starting settlements. The settlements will es-
tablish greenhouses to grow food and various industries to
turn Martian iron oxide into steel, create plastics and other
materials. The agricultural-industrial base will allow the
population to increase.
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