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ABSTRACT

Fictional Johnny Jones is twelve years old and was born on Earth, but
recently immigrated with his family to Mars. This paper uses excerpts
from Johnny's diary to illustrate the physical, biological, political, and
social challenges faced by Johnny and his family as colonists on a
terraformed Mars. Diary entries are interspersed with commentary for
the benefit of readers in the opening decade of the twenty-first century,
over four hundred years before Johnny's birth.

February 10, 2442

Miss Sanders made us write an essay about terraforming Mars. It used to be
cold and dry, but before that it was wet. Now it's warm and wet again 'cause
they made it that way. But it still seems cold to me. | got a C+ just 'cause |
didn't talk about the mirrorsin space. What a gyp.

Terraforming is the process whereby a planet like Mars is engineered to be more Earth-
like, such that it becomes a hospitable home for humans and other forms of life [1]. Factors
that must be considered in such an undertaking are the planetary temperature, which
should be above the freezing point of water; and the atmosphere, which must be suitable
for animal respiration and plant photosynthesis. More to the point, the temperature and
atmospheric pressure should be sufficiently high to support the presence of liquid water
on the surface [2].

Mars, shown in Figure 1, is currently cold and dry, with a thin atmosphere primarily
consisting of carbon dioxide [2]. Experiments attempting to detect life have been
inconclusive [3], although extreme conditions on the planet make its presence highly
unlikely. If life currently exists on Mars, it would likely be limited to microbes that are
remnants of a warmer and wetter past or ancient cometary impacts.

Although low atmospheric pressure and temperature do not presently enable liquid water
to exist on the surface, there is mounting evidence that this has not always been the case.
Images taken by NASA probes exhibit features suggesting that the planet's surface once
possessed running water, as shown in Figure 2. Other images suggest that water may have
briefly existed on the surface in the geologically recent past, making the present existence
of underground sources of water a distinct possibility [4].

If Mars is once again to be a hospitable home for life, the atmosphere must be thickened to
provide the planet with an insulating layer to retain heat and infrared energy and raise the
global temperature. The temperature must be sufficient for liquid water to exist, with
adequate atmospheric pressure to prevent it from vaporising [1].
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FIGURE 1. A mosaic of Mars as it appears in the early
21* century, prior to terraforming,

FIGURE 2. Viking 1 image of Parana Valles, showing
features similar to river drainage systems on Earth.
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FIGURE 3. Stromatolites formed as a byproduct of cyanobacteria metabolism.

Most strategies for thickening the Martian atmosphere and warming the planet involve
melting the polar caps to return frozen carbon dioxide to its gaseous state [1, 4]. An
increase in temperature and pressure would also melt currently frozen water sources in
the crust and poles, and enable it to exist in liquid form on the surface.

Soot could be used to lower the albedo of the polar caps so that increased levels of solar
energy are absorbed, raising the temperature and causing the polar ice caps to melt [1].

With a similar goal in mind, huge mirrors placed in orbit above the poles could be used to
reflect additional solar energy to the surface [1, 6].

Other approaches include generating greenhouse gases on the Martian surface using small
robotic factories to produce global warming [4].

Warming the planet and thickening the atmosphere using these techniques would
produce an atmosphere rich in carbon dioxide, but lacking the oxygen necessary for
animal respiration. However, humans could comfortably work on the surface without a
bulky space suit, using only a simple respirator to supply oxygen.

In the longer term, oxygen would need to be added to the atmosphere via biological
processes. For example, some cyanobacteria are known to survive in extreme conditions.
Photosynthesizing cyanobacteria could be introduced on Mars to generate oxygen. Dead
cyanobacteria could be an organic source of nutrients used to produce fertile soil when
mixed with the Martian regolith [7]. Figure 3 shows stromatolites in Western Australia,
formed as a metabolic byproduct of living cyanobacteria colonies.

Ultimately, trees and other plants could be added to the mix. These plants would produce

more oxygen, and ultimately contribute to an atmosphere that is breathable by humans
and other animals.
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A thick carbon dioxide atmosphere could be generated within 100 years. Water could exist
in liquid form on the surface in about 600 years [4]. However, some estimate that it could
take significantly in excess 900 years before an oxygen rich atmosphere existed in which
humans and animals could breath without the aid of respirators [5, 8].

In the meantime, Johnny Jones and his family would live in comparative comfort on the
surface of a warmer, water rich Mars; but they would also face many challenges living in
an environment so different from that of their home planet, Earth.

February 24, 2442

Tonight dad had us put on therm suits and ventilators and we went outside after
dark to look at Halley's comet. We don't usually go out after dark. It's too
cold, but this was special. Dad says not to worry, that Halley's comes back
every 76 years and that it's not going to crash into Mars like Comet Mazzonlini
did a couple of hundred years ago. Dad says it was good that Mazzonlini hit
‘cause it made things warmer and that some of the ocean came from there. He
says it's too bad that Olympic Mons isn't gonna erupt, 'cause that would make
Mars warmer too. He say's its dead. I'm glad, 'cause Aunt Polly lives there.
Halley was pretty. |'m glad it's not going to hit Mars.

Families living on Mars would go to work or school, celebrate birthdays, and have family
outings just as they do on Earth. Preparing for a school sports day, a family picnic, or a
night under the stars would require greater care and planning, however. Although living
on Mars during the early stages of terraforming would be relatively comfortable when
compared to present conditions, it would still not be forgiving of mistakes or carelessness.

While warmer and wetter than at present, the surface temperature would still be colder
than that enjoyed by most populated areas on the Earth today.

When working and playing outside, pressure suits would not be necessary once the
Martian atmosphere had thickened; but in the early stages of terraforming, it would still
be necessary to wear a light mask and carry a breathable supply of oxygen [4].

"Daddy, why is the sky pink?" would be a familiar question asked of Martian parents who
would do their best to answer the quizzical questions of their offspring, much as they do
on Earth; only many of the questions would be different.

A parent on Mars might take advantage of a rare comet to teach their children about the
connection between water and life, and perhaps of comets; thought by some to have
brought water to a fledgling Earth along with the seeds of primordial life [9]. See Figures
4 and 5 for images related to the reappearance of Halley's comet witnessed by Johnny and
his family from the Martian surface on such a family outing.

Some have speculated that comet and asteroid trajectories could be altered to influence
planet climate [10], generate heat through impact [11], to mine for frozen greenhouse gases
[5], or to provide an additional source of water. Such an engineering task is likely to be
both technically challenging and uneconomical in the foreseeable future. As has been
shown, other cheaper means of achieving the same ends are available. Since preliminary
evidence has led to speculation that sufficient quantities of frozen water and carbon
dioxide may currently exist on Mars, other techniques are probably suitable.
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FIGURE 4. The sun, Halley's comet, and the constellation Scorpio set as the
moon Phobos rises as seen from Martian latitude 18 degrees south, longitude 113
degrees west in February 2442. To watch an animation of this event please visit

the following web site:
http://www.computing.edu.au/~bvk/astronomy/HET602/essay/M ars-Hal ley.html

FIGURE 5. Position of Halley's comet and the inner planets in February 2442.

FIGURE 6. The Olympic Mon volcano, home of Aunt Polly.
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Volcanism is known to have effected the planetary climate on Earth [4]. While volcanism
might be a source of planetary warming capable of returning gases and water to the
atmosphere, there is no indication that these processes are still active on Mars, so Johnny
need not worry about his Aunt Polly. She is probably safer living on Olympic Mons,
shown in Figure 6, than she would be if she lived in many Earth cities, including Naples,
in the Shadow of Vesuvius, or Tokyo near the famous Mt Fuji.

March 10, 2442

There's an election today. Dad says they want to make a new Martian calendar
'cause the year is too long here. | don't like that one bit. If it goes through,
that means I'll be six and not twelve. | wish | could vote. Some guy named
Gregorian once changed the calendar on Earth 'cause it leaped. | don't get why

they keep changing it.

One Martian day is 1.026 Earth days long, so plants and animals should readily adapt to
the Martian diurnal cycle [2]. On the other hand, one Martian year is 1.88 Earth years
long, which implies longer seasons. Plants and animals to be introduced on Mars must be
selected or genetically engineered so that they can adapt to harsh conditions and longer
winters than those experienced on Earth.

Just as the Earth calendar is regularly adjusted to keep in sequence with the seasons, it is
reasonable to speculate that Martian colonists may also wish to adopt a calendar that is
similarly tied to the succession of seasons on their planet. Such a change should not be
made lightly, however, as it might complicate Mars-Earth commerce.

Martian Calendar 1/1/0000 (March 11, 2442 old calendar)

Today dad and | made some bricks. | got to dig up the dirt, and dad mixed it
all up with a bunch of chemicals and put it in a pressure thing. He says a brick
house will make us safe from particles when the sun burps and stuff 'cause
there's no magnets on Mars. He says the atmosphere is thick now, but it's still
agoodidea. | got all red from the all the dust. It was fun, but | got tired.

The thick atmosphere and magnetic field of Earth protects its inhabitants from harmful
cosmic rays and dangerous forms of solar radiation.

Lacking a magnetic field and possessing a thin atmosphere, Mars would currently offer
only limited protection to visiting astronauts.

Initial visitors to the Martian surface would have to construct suitable shelters to protect
them from the harmful effects of this radiation using resources available on the planet.
Some engineers have suggested techniques for making bricks out of the Martian regolith
to provide a suitable form of protection [12].

On a terraformed Mars, a thickened atmosphere would provide significant additional
protection, although it is likely that colonists would choose to err on the side of caution
and continue to build shelters that offer further protection given the absence of a planetary
magnetic field.
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Epilogue

Johnny Jones grew up on Mars, a child of two worlds. Johnny's distant descendants,
however, knew a vastly different planet. Terraforming progressed, and organisms and
plant life were introduced producing breathable levels of oxygen in the atmosphere;
humans could venture outside without the aid of ventilators. As an aging sun became
warmer, so too did Mars, which became a comfortable and hospitable home for
humankind. One day, however, in the even more distant future, the people of Mars were
forced to venture to the stars in search of a new home as the sun finally exhausted that last
of its nuclear fuel and died. Perhaps Johnny's distant descendants would find a new
planet around some other younger star, and begin the long process of Marsforming, to
produce a world more like that of their ancient home.
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Image Credits

Images from NASA and the National Space Science Data Center (NSSDC) are made
available in the public domain.

Figure 1- NASA and NSSDC, global mosaic of Mars
http://nssdc.gsfc.nasa.gov/image/planetary/mars/marsqglobel.jpg

Figure 2- NASA and NSSDC, Viking 1 image of Parana Valles drainage system
http://nssdc.gsfc.nasa.gov/planetary/text/ency cd.html

Figure 3- Brian Knittel, holiday snapshot of stromatolites in Hamlin Pool, Shark Bay,
Western Australia.

Figure 4- Brian von Konsky, Starry Night simulation of Halley's comet and Phobos as
viewed from Mars.

Figure 5- Brian von Konsky, Starry Night simulation of the inner solar system, including
Halley's comet

Figure 6- NASA and NSSDC, Olympic Mons
http://nssdc.gsfc.nasa.gov/image/planetary/mars/olympus mons.jpg
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