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TERRAFORMING MARS QUICKLY

PAUL BIRCH
48, Cliff Road Cowes, IOW, PO31! 88N, England

Mars would be inhabitable if it were warmer and had a denser 0,/N, atmosphere, but previous terraforming proposals have been
incomplete or have described very slow processes. This paper addresses the problems of terraforming Mars quickly. k is shown
that a solar mirror could be used to vaporise portions of the Martian regolith, liberating trapped volatiles including oxygen,
nitrogen, carbon dioxide and water vapour. The creation of a breathable atmosphere could then be completed by photosynthesis.
[lumination from the same soletta would then provide a warm climate around the new canals and sunlight on the high deserts,
maintaining the 244 hour cycle of day and night. It is claimed that terraforming could be completed in as little as fifty years.

1. INTRODUCTION

Mars is perhaps the most hospitable of all the planets — after
the Earth. Although small {R+ =3393 km, R,=6376 km), with a
correspondingly low surface gravity (g+=3.77ms™2 g,=9.81ms2),
it is a rocky planet with a terrain not unlike that of earthly
deserts. For these reasons it is a prime candidate for future
colonisation. Unfortunately, it differs from Earth in a number of
important ways.

First, Mars is rather cold Its temperature is about 220K,
compared to 290K on Earth; this is partly because Mars is so
much farther from the Sun (1.52 AU) and partly because of the
absence of a warming blanket of air and water vapour.

Second, Mars has a very thin atmosphere, composed mainly
of carbon dioxide; the pressure at the surface is about 7
millibars. There is almost no free oxygen and no liguid water.

Third, the Martian gravity is only about a third of Earth's.

Now terraforming is defined as making a planet over into an
Earthlike planet. A planetological terraform leaves a fully
Earthlike planet, stable over geological eras without further
human intervention, whereas a habitable terraform uses
artificial shortcuts to adapt the planet for human habitation,
but requires continued maintenance [1].

This paper parallels my previous paper on terraforming Venus
[1] in attempting to present a fairly complete and economically
viable scenario, with emphasis on the colonisation of Mars
during the next century. I have deliberately sought techniques
that minimise the cost of terraforming, and the time taken,
allowing a habitable terraform to be reached as quickly as
possible. Afterwards terraforming may continue as far as is
practicable towards the full planetological terraform

Early ideas on terraforming Mars [2-6] relied upon warming
the planet to free carbon dioxide and water vapour from the
polar caps or regolith; a runaway greenhouse effect would, it
was hoped, trigger the desired climate shift. Albedo reduction
was to have been initiated through the imtroduction of plants
or the scattering of carbon black. Others contemplated the use
of mirrors or artificial suns, or bombardment with ice
meteoroids. These proposals now appear overly sanguine and,
of themselves, would prove largely ineffective.

Although some of the defects have been remedied in later
proposals [7-9], most of these still deal in timescales of
thousands of years; moreover, despite their planetological bias,
they do not entirely eliminate the need for artificial upkeep.

I have previously argued [1] that in order for terraforming
projects to be economically viable they should be capable of
generating revenue— or of being completed— within a relatively
short span of time, ideally less than a working lifetime. The
process of terraforming also needs to be competitive with the
construction of purely artificial space habitats [10-151

Terraforming, especially of the planetological kind, may also be
conducted as a precaution against the possibility of a catastrophe
that might otherwise threaten the survival of Mankind

For whereas a terraformed planet might sustain human life
indefinitely {even without technological upkeep), artificial space
habitats might then only survive for a limited period of time,
ranging from less than a year to perhaps a thousand years.

Although the prospects for a universal and irreversible
collapse of civilisation appear remote, it would nevertheless be
wise to provide for a moderate number of terraformed planets,
as a safety net (in addition to the plethora of artificial habitats
likely to comprise the bulk of civilisation).

Now advanced space industrialisation is surely a prerequisite
for terraforming; the costs presented in this paper are therefore
compatible with a Gross Space Product ~1T£yr™1 (still only a
tenth of current world income), by the mid-21st century [15],
when the terraforming of Mars is assumed to take place.

The value of a fully terraformed Mars may then be in the
region of 80T£ (in 1980 £'s), one third of the current Gross
World Value (~10T£yr 1% 25 yr, or £50,000 per person). The
low gravity may however detract somewhat from its market
value, as compared with rotating space habitats. Although a
terraformed Mars may need maintenance, this is unlikely to be
a major problem, since the annual cost should be no more than
a small fraction of the cost of terraforming.

Without taking these figures too seriously, we note that they
give a useful indication of the timescales and costs to be met.
It is when technology is capable of meeting these demands that
terraforming is likely to proceed; thus techniques appropriate
to a space economy at the assumed stage of development have
been considered However, the final scemario is not by any
means the most optimistic that could have been chosen, and
more effective techniques may well become available.

This paper thus addresses the problem of terraforming Mars
quickly, in the hope of finding solutions that are economically,
psychologically and scientifically sound
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2, TERRAFORMNING REQUIREMENTS
To terraform Mars we wish to:
1) Warm the planet to ~290K.

2) Increase the atmospheric pressure, supplying ~240 mbar
of breathable oxygen

3) Provide sufficient water for a water-table and seas.

Mars already possesses an eminently suitable rotation period
of 24h 37m 23s, only 3% longer than Farth's; and it displays a
slowly changing axial tilt of around 24° almost the same as
Earth's.

(Clocks showing local time on Mars can display to
24h 39m 35s, the length of the day or sol, before flicking
back to 00k O0m O0Os; the conventional twelve hour clock
can also be used, with the addition of the 'tweenmidnight
hours from 12 pm to 1239 tm. Greenwich dates should
be employed throughout. Similar protocols may be used on
other planets where the day is not exactly 24 hours. Any
suggestion that the duration of the second should be adjusted
must be deprecated; the confusion this would engender would
surely be insupportable.)

Because the Martian gravity is only 38% of Earth’s it is
doubtful whether Martian colonies are suitable for permanent
residence; for once colonists become accustomed to the lower
gravity, their tolerance of high accelerations and normal
gravity is likely to be seriously impaired After a few years
they may therefore be barred from Earth — and from most
space habitats and vessels. It is also unclear what additional
physiological problems may arise from long exposure to reduced
gravity.

In consequence, it is suggested that residence on Mars
should be mainly on a seasonal basis, alternating with periods
in full-gravity orbital space colonies The provision of 1g
centrifuges on the surface is also worthy of consideration

A variety of techniques for fulfilling these terraforming
requirements will be considered, then combined into a single
scenario. The result will prove remarkably similar to the
familiar fictional Mars of canals and high deserts [16].

3. WARNMING MARS

Methods for warming Mars may be divided into those relying
on modifications to the atmosphere or climate, and those
attempting to increase the insolation from space.

In the short term, comfortable temperatures could easily be
maintained within domed greenhouse colonies — which might
ultimately be extended to roof over the entire planet. This has
suggested to some authors that if the greenhouse effect of the
Martian atmosphere can be sufficiently enhanced, the planet as
a whole might be similarly warmed

Techniques involving albedo modification, the impact of ice
asteroids, or the release of artificial greenhouse agents (such
CFCs) have all been proposed [2-4,6,9], but in general
appear inadequate, uncertain, costly, or slow.

Since the natural insolation of Mars is only 43 of Earth’s, the
feasibility of a stable planetological terraform must be in doubt
(unless the planet itself is moved nearer the Sun). Although a
life-bearing Mars may be able to avoid runaway glaciation, it
is unlikely that fully earthlike conditions would persist without
intervention. Thare would therefore seem small reason to refrain
from the deployment of solettas capable of affording inexpensive
climate control from space.

31 Warning Mars by Soletta

A large mirror or soletta, positioned in space between Mars
and the Sun near the Lagrangian L1 point, could augment the
mean insolation and warm the planet to any desired degree.
Such solettas, utilising dynamic support techniques [17-20]
are discussed further in refs 1 & 15.

Manufactured in space from lunar or asteroidal resources, the
soletta would consist of solar sail material — aluminised film of
areal density ~3x107*kgm2. To match Earth's insolation, an
area ~ 257TRs2 ~ 9x1013m? would be required, massing
~3x1010kg and costing perhaps 30GEL. The sun's track and
appearance would then differ little from on Earth

Since the greenhouse effect would be amplified by the greater
atmospheric scale height on Mars, it appears that augmenting
the Martian insolation by as little as ~30% may suffice for the
maintenance of Earthlike conditions.

3.2 Inadequacy of Warming for Volatile Release

However, although a magnifying soletta will rapidly raise
the surface temperature of Mars to ~290K, the temperature
of the regolith or soil will lag far behind Based on a thermal
conductivity ~1Wm™1K-! and a heat capacity ~3MJm~3K,
we find that after a time T the regolith is warmed only to a
depth ~ 3m Y T/yr).

But to release a substantial fraction of the volatile inventory
one would need to warm to depths ~3km, a process taking
~1Myr. Nor is it apparent that simple warming would by itself
induce significant release of carbon dioxide, most of which is
thought to be chemically bound in carbonate rocks.

Consequently, we must accept that mere warming of the
Martian surface will not succeed (in an acceptable length of
time) in liberating sufficient wolatiles to re-form an atmosphere
dense enough to breathe.

4 MARTIAN REGOLITH

41 History

In view of the lack of core samples and mineralogical surveys
it must be admitted that the geological history of Mars is
largely unknown. The limited evidence available has, however,
permitted the derivation of a theory in which we may have
some confidence, though many uncertainties remain (21,221,

It is believed that in the distant past Mars possessed a dense
greenhouse atmosphere containing some 5-10 bars of carbon
dioxide. At that time Mars was warm and wet, with some
500- 1000m of water available to form rivers, lakes, seas and
shallow oceans. Geologically, the early Mars was not unlike
present-day Earth Many terraforming proposals are essentially
attempts at recreating those primordial conditions.

It used to be assumed that the low gravity had allowed the
Martian atmosphere to leak away into space, over the aeons.
However, calculations now indicate that only a small proportion
could have been lost this way. Instead, it would appear that, in
the presence of water, carbon dioxide from the atmosphere
combined with weathered silicate rocks, leaving deposits of
carbonates at the bottom of the shallow seas.

As the initially widespread volcanic activity diminished, and
mountains were no longer uplifted, the CO, atmosphere was no
longer replenished from below. The shallow seas silted up,
locking away water and carbon dioxide in the sediments.
Sulphate and nitrate minerals were also laid down.

With the removal of carbon dioxide from the atmosphere, the
global temperature fell, and runaway glaciation occurred






