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ABSTRACT

This article examines some selected ethical issues in human space missions including human
missions to Mars, particularly the idea of a space refuge, the scientific value of space
exploration, and the possibility of human gene editing for deep-space travel. Each of these
issues may be used either to support or to criticize human space missions. We conclude that
while these issues are complex and context-dependent, there appear to be no overwhelming
obstacles such as cost effectiveness, threats to human life or protection of pristine space
objects, to sending humans to space and to colonize space. The article argues for the
rationality of the idea of a space refuge and the defensibility of the idea of human

enhancement applied to future deep-space astronauts.
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Introduction

The idea of human space missions, including missions to Mars, and the establishment of a
space colony, including a Mars settlement, are seen as a possible aspect of the human future,
especially by the many who are increasingly concerned about the possibility of irreversible
damage to the Earth as a planet for human habitation.* While the main challenges of such
missions would be technological and medical, there are challenges which deserve the
attention of ethicists. The very idea of human presence in space (understood as the long-term
persistence of humans beyond the Earth’s atmosphere) presents ethical challenges for a
number of reasons. One arises from a cost/risk-benefit analysis. While such an analysis is
principally concerned with social, political and economic issues, it also entails some ethical
questions. In particular, it might be held that there are good reasons to assert that there is no
strong rationale for human space missions, including missions to Mars. Such an argument
could maintain that there would be substantial and enduring risks without countervailing
benefits. Instead of devoting substantial resources (time, money, political effort) to such
fanciful journeys, we should urgently face the growing challenges and needs that there
currently are on Earth, such as growing overpopulation, potentially irreversible climate
change and the threats from nuclear weapons.

In this article, we discuss two possible rejoinders to such objections: the value of a
space refuge and the value of scientific exploration of space. Additionally, it is possible that
successful human missions to Mars or other distant destinations may require human
enhancement. Accordingly, we discuss some issues connected with the idea of
substantial/radical biological enhancement, including gene editing of germline and somatic

cells. Some kinds of enhancements, such as the use of pharmaceutical countermeasures or

! Because Mars is the most probable destination for the future human space missions, when we discuss the issue
of human space missions, we have in mind mostly missions to Mars. We discuss the significance of Mars, rather
than other planets or our Moon, below.
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cyborgization, are likely to be unavoidable if humans are to colonise Mars. While the use of
such enhancements raises ethical issues, they are not widely seen as being ethically
particularly controversial, so long as they are non-invasive, reversible and non-heritable.
However, there are good reasons to treat the idea of radical human enhancements in space as a
practical hypothesis, rather than only as one that merits speculative consideration, due to the
fact that currently applied countermeasures to hazardous space factors are insufficient for
long-term Mars missions. By ‘long-term missions’ we mean space travel lasting at least three
years [this is a shortest estimated duration for the first future human mission to Mars (Szocik
et al. 2018)]. It is this that puts missions to Mars and other planets in a different category from
missions to the Moon or to space stations that orbit the Earth. It is also worth bearing in mind
that effective alternatives for human space missions, such as robotic missions, still present
challenges. For fully automated space exploration to operate as effectively as human space
exploration requires that space robots have human-like dexterity and intelligence (Szocik and
Tachibana in press). However, while present-day robotics cannot match human dexterity, the
gap between humans and robots in this respect is narrowing and it is very possible that in a
few decades the gap will have closed and that progress in space robotics in the near future will
therefore challenge the rationale for human space exploration.

In this article we do not consider in any detail the arguments raised by those
environmental ethicists who disagree with human exploration or colonization of space on the
grounds that the human species does not have the right to survive, as long as it is the case that
humans are not able to live in harmony with the natural world (Smith 2019). Rather, we
discuss three issues that can present objections against, as well as arguments for, human
missions to Mars and the establishment of a Mars settlement: the idea of a space refuge, the
scientific value of space exploration, and the challenge of human enhancement. The aim of

this article is to present arguments for human space exploration. We conclude that two of the

3
Szocik, K., Norman, Z. & Reiss, M. J. (2019) Ethical challenges in human space missions: A space refuge,
scientific value, and human gene editing for space. Science and Engineering Ethics. DOI: 10.1007/s11948-019-
00131-1



main arguments against sending humans to space — that there is no rationale for a space refuge
and that there is a need for a pristine space environment — do not hold under certain
conditions. We also discuss the idea of human enhancement for space. This is a new
contribution to the space ethics literature, in which human enhancement is considered as an

artificial adaptation of humans for survival in space.

The state of the art

There have been a number of published works in space policy which study the rationale for
human space missions. Critics argue that human exploration of space does not offer any
benefits for science, industry, medicine or technologies (Szocik 2019; Weinberg 2013). In
response, advocates of a human space program focus mostly on benefits for space science
(Crawford 2012; Shelhamer 2017) and spinoffs useful for humanity (Crawford 2012; Rovetto
2013, 2016). Some advocates also discuss such non-material benefits provided by human
space exploration as human feelings of pride, direct ‘access’ to the power of universe and so
forth (Rovetto 2013, 2016; Shelhamer 2017). One of the strongest arguments for the human
presence in space is the concept of a space refuge for post-catastrophic Earth. However, this
possibility is only mentioned at the margin of discussions about the existential risks on Earth
(Baum 2009; Baum et al. 2015; Jebari 2015; and has recently been critically evaluated
(Szocik 2019). The critics argue that a space refuge based in the solar system does not offer
advantages which would justify its maintenance. Some of them argue that such a refuge could
only play the role of recovery support after a catastrophe on Earth (Baum et al. 2015). This
field of research in space policy is open for new arguments to discuss the future place of
humans in space, mostly in regard to growing environmental and population challenges on

Earth but also technological advances.
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The second relevant field consists of works discussing ethical issues in space. Space
ethicists have discussed issues such as whether there is a human right to explore space,
environmental ethics, planetary protection, ethics of colonization and other astrobiological
matters. Because these issues have been fairly widely discussed (Persson 2012, 2019;
Randolph and McKay 2014), in this article we focus on less widely considered ethical issues,
such as human enhancement for space (Szocik 2015; Szocik et al. 2019; Szocik and
Wojtowicz 2019). The idea of the cyborgization of astronauts is not new (Clynes and Kline
1960). Recently, E. Paul Zehr discussed the concept of human enhancement in the context of
space missions, but only at the margin of his study (Zehr 2018). A related issue that we do not
discuss in this article, principally because it merits fuller examination than is possible here, is
the possible role that advanced Al might play in space colonization, and associated future

automatization of space exploration and exploitation (Campa et al. 2019).

The concept of a space refuge

An argument for space refuge — the concept of Mars as a backup planet — states that humans
have a duty to colonize Mars (Munévar 2014; Schwartz 2011), or another space body which is
technologically and environmentally feasible, to increase the chances of survival for the
human species. This argument finds support in a commonsense logic. We understand
intuitively, and every ecologist concerned with the preservation of endangered species would
agree, that residing on at least two space bodies is a safer option than on only one. However,
because of the challenging nature of such a project, which would require both technological
progress and substantial financial investment, the intuitive argument merits rational

investigation. Let us for now take it for granted that attempting to ensure the long-term
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survival of the human species is a duty of ours (we return to this claim below). However, this
does not imply a particular mechanism.?

lan Stoner discusses the duty to preserve the human species in terms of a dilemma
between the colonization of Mars and the protection of Earth, and he argues for the latter
alternative (Stoner 2017). If one accepts that humans are obliged to settle space to increase the
chances for our species’ survival, this goal seems likely to trump other competing values
including, for example, the scientific or aesthetic value of a pristine Mars. However, the
alternatives of shelters in space and on Earth remain. Advocates of Mars colonization are
obliged to find strong reasons to show that space settlement offers extra value when compared
with various alternatives of terrestrial shelters, and does not threaten other values such as the
risk of contamination of Mars or relinquishing environmental protection of Earth (Stoner
2017).

The simplest response to those who advocate space colonization is that this is an
attempt to increase the chances of human survival and should not be seen as an alternative to
looking after our Earth. Indeed, it can even be argued that the difficulties — and there will be
difficulties — of establishing a durable colony on Mars will increase the efforts that humans
make to protecting our own planet as the risks that there is no ‘Planet B’ become publicly
apparent. At the same time, the opposite scenario is possible: humans who learn that a safe
life beyond Earth (a Mars settlement) is possible may stop caring about planetary protection
on Earth. Opponents of Mars colonization need to show that such a space colony does not

offer any added value for protecting humanity. They may argue that even if a successful space

2 It is evident that a space refuge must be a very expensive project. For more arguments on that financial side of
the idea of space refuge, and political, social and economic challenges for a public budget policy, see Szocik
(2019).
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colony is launched somewhere in space, it will not be self-sustainable over a long period of
time, and Earth will be still the main homeland for most of humanity.®

Reference to terms discussed in existential risk studies may help clear up some
conceptual misunderstandings. Alexey Turchin discusses the ‘Plan A, Plan B’ model for the
prevention of catastrophes (Turchin 2018). This model states that plan A is aimed at
preventing a catastrophe — a so-called problem-centered approach. Plan B is realized when a
catastrophe has already happened and is aimed at providing survival — a so-called
consequence-centered approach. Another useful distinction is between improbable and bad
plans. While some scenarios are worthy of consideration and logically thought-provoking,
they are simply unrealistic — this is the case with improbable plans — or hazardous in the long-
term for humanity — they become bad plans. Turchin notes that plan A, both logically and
pragmatically, precedes plan B, and this regularity expresses the rule that it is better to prevent
than to cope with adverse consequences.

However, Turchin’s presumption that prevention is the better and simpler approach to
catastrophic risk is not necessarily true for all types of catastrophe. Consider the case of an
asteroid impact. It might be supposed that such a scenario can always be prevented — for
instance, by asteroids on collision courses with the Earth being destroyed by us before they
reach our planet. However, there are good reasons to assume that at some point in the future a
collision with an asteroid will be impossible to prevent (e.g. because of errors in the
technology to detect and destroy such asteroids or because eventually there is an asteroid too
massive to deal with).

Another point arises in regard to the distinction between plan A (prevention) and plan
B (treatment), namely that the idea of space colonization is a case which challenges this

distinction. While building a space colony requires time and a long-term perspective

3 See the concept of so-called the disposable planet mentality in Schwartz (2019).
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apparently appropriate for a plan A, building a space colony is also an example of plan B’s
approach, which is aimed at coping with the consequences of an unavoidable catastrophe.
Humanity is obligated to apply plan B as soon as it detects an unavoidable anthropogenic or
exogenous risk to the survival of humanity on the Earth. In some cases, plan B may mean a
duty to leave Earth. In the light of Turchin’s distinction between plans A and B, Stoner’s
dilemma of colonizing Mars or preventing environmental collapse on Earth becomes a false
dichotomy. Mars colonization — if considered in terms of a space refuge and not in terms of
scientific exploration or resources exploitation — is not a remedy for ‘routine’ environmental
challenges, i.e. environmental challenges other than those which threaten the future of
humanity on the Earth.

Turchin identifies three strategies belonging to plan B as ‘improving resilience’,
‘escape’ and ‘hiding’. Mars colonization falls into the ‘escape’ strategy. Experts are obligated
to identify at least one type of unavoidable exogenous global catastrophe which can be
countermanded only by Mars colonization. Two issues arise here. First, the intensity of
existential risks and the probability of success of a particular plan come in degrees. For
instance, one can estimate that collision with an asteroid of a particular size will cause the
death of some proportion of humanity. However, the percentage is not fully predictable for a
number of reasons. Survivors of an asteroid impact can die in the months after the collision
from such effects as decreasing or increasing temperature, breaks or loss in the food supply,
and transmission of illness accelerated by the lack of normally functioning public health
services. Therefore, even if one assumes that the immediate consequences of collision with a
particular asteroid are not catastrophic for all humanity, focusing only on shelter strategies on
Earth may remain too risky an approach. It would be hard to presume that such shelters
provide sufficient countermeasures for all possible, mostly long-term, consequences of the
impact.
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Secondly, even assuming that the shelter strategy enables a reasonable number of
individuals to survive both the initial impact and the various problems in the next few months
or even years (such as widespread famines and diseases), there are good reasons to suspect
that even if some people are able to survive for a sufficient period of time for climatic
conditions to return to near normal (as happens after volcanic winters), it is possible that the
long-term quality of their lives and the lives of their descendants will remain very low. A
return to the standards of life found in the pre-catastrophic period may be difficult due to
technological collapse. It is worth considering the issue of the relative qualities of life in a
settlement on Mars and on post-catastrophic Earth. There are good reasons to expect that the
quality of life on Mars, at least for the foreseeable future, will be relatively low due to the
requirements of living in a space outpost and the very substantial financial costs of providing
infrastructure that does more than ensure survival (cf. life on the International Space Station,
ISS, since 2000). However, even if the quality of life in a Mars settlement is lower than the
quality of life on post-catastrophic Earth, an advantage of a Mars base lies in the fact that
Mars settlers will live in relatively stable conditions in contrast to the unpredictable future on
post-catastrophic Earth. The idea of a space refuge would work only if such a space
settlement would not be threatened by risks and hazards typical for human populations. Some
of these hazards have a biological and social genesis and are a part of human social life — such
as diseases, social conflicts, psychological problems and challenges of planetary protection.
However, at least at the very beginning, when compared with post-catastrophic Earth, living
in a space base should be relatively feasible. Of course, a Mars base has an advantage over the
Earth only if a Mars outpost is self-sustaining. Any dependence on deliveries from Earth
removes the status of a Mars base as a feasible refuge. It is worth keeping in mind that another
challenge for Mars as a safe refuge is a risk of an asteroid strike due to its atmosphere, about

100 times thinner than the atmosphere on Earth.
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Some authors, such as Charles Cockell (2002) and Stoner (2017) take for granted that
living on Mars will be hard and challenging for daily human life. However, a Mars outpost
may be an attractive place to live when compared with life on post-catastrophic Earth (as
nuclear bunkers are better than the alternative). Survivors on Earth, previously used to
permanently available electricity, food and water and a certain level of security, may, after a
catastrophe on Earth, find themselves in conditions where no almost basic needs are satisfied.
Their quality of life will change dramatically; aside from physical problems, they may
experience stress and traumas as witnesses of ghastly events. In contrast, Mars settlers will
live in relatively stable and predictable conditions equipped with a life support system the
equivalent of which, back on Earth, depending on the type of catastrophe, will not necessarily
be available for survivors. In fact, one of the great advantages of life on Mars is that both
those on the base and those who will have spent years getting them there will always have
known that conditions will be tough, whereas many of those on Earth will have had no
experience, or even anticipation, of life in ‘frontier’ conditions. However, a large part of the
human population lives in remote areas and beyond cities, where the environmental impact of
a possible catastrophe may be lower than is the case for city dwellers. Living on a Mars base
may not be worse, overall, than life on post-catastrophic Earth but this depends on the type
and duration of the catastrophe.* One historical example of catastrophes on Earth were the
pandemics of the Black Death in the 14" century which substantially reduced the population
of Europe by between a third and a half. Comparable pandemics may be more challenging
today due to global migration and, at least theoretically, such pandemics could kill all of

humanity.

4 For more detailed discussion on possible catastrophes on Earth and their relation to the idea of space refuge,
see Szocik 2019.
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One of the main arguments for a space refuge is the risk of an asteroid impact.
Gonzalo Munévar points out that while an asteroid impact may be thought of as a temporally
distant kind of risk, any substantial asteroid impact will cause large-scale damage and the
death of up to billions of humans (Munévar 2019). We can add that it is hard to predict the
number of victims of an asteroid impact as this depends on its size and on other factors.
Potentially, an asteroid impact can kill all of humanity. Even if an asteroid impact does not
kill all of humankind, there are good reasons to mitigate its effects by launching one or more
space refuges. The main problem with assessing the implications for humanity of a large
asteroid impact or any other large-scale space catastrophe lies in the fact that they are only
likely to take place in the distant future, possibly hundreds of thousands of years or longer
from now (Munévar 2019). Astronomers predict that a collision with an asteroid larger than
one kilometer in diameter — large enough to cause global catastrophe — may happen once
every few hundred thousand years (Chodas and Yeomans 1999). Whilst it is difficult to
influence the political discourse in the case of low probability, high impact events, such as a
large asteroid collision with Earth, awareness of possible cosmic threats is growing. In 2016
the United Nations established International Asteroid Day, under resolution [A/RES/71/90],
to be observed on June 30™ the date of the 1908 Tunguska asteroid impact in Siberia, Russia.
However, as Brian Patrick Green points out, the risk of asteroid impact — even if still too
distant in time and not too destructive as in the case of Tunguska impact — should not work as
a conclusive objection to establishing a space refuge (Green 2019). Human survival requires
countermeasures able to protect humans against a number of risks in addition to those posed
by space catastrophes, such as those posed by nuclear conflict, climate change or
environmental degradation. From a long-term perspective, the arguments in favour of settling
humans in space to avoid the risk of extinction have been judged to be strong by Elon Musk

(2017), Cameron M. Smith and Evan Davies (2012), David Valentine (2012) and Keith
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Abney (2019). The key idea which lies behind the thinking of such people is that from a very
long-term perspective, life on Earth will not be possible. Green argues that an important
argument against establishing a space refuge is its possible negative impact on the stability of
civilization on Earth (Green 2019). However, as has been argued above, environmental
protection on Earth (Plan A) can be realized independently of and simultaneously with
investing in a space refuge (Plan B).

Thought-provoking arguments against the idea of a space refuge — at least, arguments
which express flexibility and appreciate the context-dependence of this idea — are discussed
by Adam Potthast (2019). Potthast argues that while the idea of a space refuge aimed at
increasing the chances for survival of humanity is worthy of consideration, there are some
situations in which human survival is not an absolute value, so that in some scenarios it would
be better for humanity not to survive (cf. Lessing 1982). He refers to a kind of ethics which
states that human life should possess some minimal level of quality of life (cf. Derek Parfit’s
‘repugnant conclusion’ (Parfit 1984)). This has been discussed above in regards to a
comparison between the quality of life on a Mars base and on post-catastrophic Earth.

In one of his arguments, Potthast makes an analogy with assisted dying. This argument
states that there are conditions in which it is better to die than to live. The concept of what we
can term an ‘inappropriate’ quality of life has here at least two meanings. One of them is that
humans are morally too bad to have, in all circumstances, the right to life. This meaning
applies to arguments discussed by those environmentalists who maintain that humans have
only, or mostly, a negative impact on the natural environment and — for this reason — their
right to explore new places in space should be limited or forbidden (Billings 2019; Marino
2019; Oman-Reagan 2019). A second meaning of an inappropriate quality of life refers to the
conditions of life experienced by humans, as indicated by the analogy with assisted dying. It

is hard to compare the quality of life on post-catastrophic Earth and on Mars. The issue is
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further complicated when one attempts to take into account the behavioural challenges of
living in a confined and remote environment. Koji Tachibana points out that isolation and
confinement are two factors associated with a permanent high risk of stress (Tachibana 2019).
They are an integral feature of space outposts. That having been said, individuals vary greatly
in the extent to which they find isolation and confinement hard to bear — a fact explored by
those responsible for the psychological assessment of putative astronauts (De La n Torre et al.
2012; Kanas et al. 2009).

In conclusion, the idea of a space refuge is a principal argument for a permanent
human presence in space. It can be argued that the great financial cost of such a space refuge
is warranted due to the fact that some kinds of possible catastrophes which may occur on
Earth may be lethal for all of humanity. At the same time, living in a space refuge will be
challenging for a number of reasons. However, living on a post-catastrophic Earth — if this

proves possible — may be worse than living on Mars or any other space refuge.

The value of science

As currently discussed in the literature, the strongest rationale for a human mission to Mars is
its expected scientific value. Stoner focuses his attention on the principle of scientific
conservation. Following this principle, a researcher does not have a moral right to apply
invasive research methods if non-invasive methods are available. If a non-invasive alternative
does not exist, only strong moral reasons may justify an invasive approach. Such a strong
moral reason is the survival of the human species in a situation in which space resources are
necessary to protect humanity. Another (related) criterion is the reversibility / irreversibility of
a particular research method. This principle is especially alarming in regards to the risk of

contamination of the Mars surface by terrestrial living forms. Stoner concludes that Mars
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colonization will break the principle of scientific conservation due to the fact that any human
contact with the Mars surface will lead to contamination of Mars.

However, Stoner’s principle of scientific conservation is valid only if one is able to
prove that scientific exploration — understood here as an un-crewed exploration aimed at
determining if life has ever evolved or currently exists on Mars — as such is an end value.
There are good reasons to argue that scientific exploration has only instrumental value which
may be protected under special conditions. Let us propose some conditions in which science
is given either absolute or secondary priority. Firstly, to be granted absolute priority scientific
investigations should be considered valuable for human flourishing. In his thought experiment
Joseph Gottlieb considers whether humanity has a right to destroy a precious object, such as a
newly-discovered pyramid, if it were demonstrated that in so doing advances would be made
leading to a treatment for cancer (Gottlieb 2019). Secondly, scientific exploration should have
absolute priority if there are no other socially pressing needs, e.g., environmental protection or
the effects of overpopulation. It is worth keeping in mind that the budget for space exploration
could potentially be spent directly on problems here on Earth, though this is more a matter for
economists than for ethicists. Thirdly, such exploration should be given absolute priority only
if humanity does not have any other interests which would necessitate Mars remaining in a
pristine state. By this principle, Mars should be protected against any human contamination
only if Mars does not offer any other benefits for humans including the value of scientific
exploration, the assessment of which as having intrinsic or instrumental value still remains an
open question. Included within the concept of human interest, as expressed above, we propose
the following: 1) human survival, as expressed by a need for a space refuge; and 2)
humanity’s right to satisfy a variety of needs, e.g., to explore for the sake of gaining
knowledge or obtaining resources. Scientific interests, when compared with human interests,

as defined above, should be considered secondary. Obviously, some authors argue that
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scientific interests possess an intrinsic value and have the potential to be beneficial for all of
humanity (Schwartz 2020). However, we argue that scientific interest is only an instrumental
value, not an end value, and it matters as a secondary human effort. The modified principle of
scientific conservation should go as follows: a scientific interest matters only if humanity as
such does not find anything interesting or valuable in the exploration of Mars, and if, in fact,
Mars has no relevance to non-scientific human interests. If, however, any other competitive
non-scientific interest appears, the scientific community is obliged to prove the priority value
of scientific interest on Mars if it wishes this scientific interest to trump the non-scientific
interest.

Let us assume that there are good moral reasons to colonize Mars. This is a scenario
considered by, among others, Gottlieb, who argues that a Mars settlement can offer a reliable
refuge and should have priority over the value of scientific exploration — at least under some
conditions. However, Gottlieb finds a couple of challenges to the idea of Mars colonization.
One of these is the fact that, while many people are aware of the concept of an existential
catastrophe, such catastrophes have not occurred in recent years and are not likely in the next
few decades. However, they happened in recorded history (see above: pandemics of Black
Death). No one is also able to exclude the possibility that some of them, such as massive
volcanic eruptions, pandemic diseases, global crop failures, wars of a scale as yet unseen or a
string of climate-related disasters, may happen in the foreseeable future. Despite this, it seems
that existential risk, as a concept, remains part of futurism but also a part of science-fiction
culture, which undermines its weight in today’s decision-making. The long-term nature of
these existential risks leads to the current situation in which humanity is not mentally
prepared for a mission to Mars as a global effort, aimed at building a space refuge. While this
mental context and the specificity of a ‘social mind” matters, however, it does not undermine

our moral duty to colonize space in order to increase the chances for human survival.
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Existential risks provide a good reason for space settlement because human extinction — being
irreversible (Turchin 2018) — cuts off all other possibilities of human activity. Human
existence is a basic value and the starting point for all other human values and, as such,
worthy of protection. In the context of the basic value of human existence, ethical
considerations about the possibly higher value of scientific interests and the unique nature of
some objects (e.g. the pristine nature of the surface of Mars), as discussed by Stoner and
Gottlieb, are inapplicable: such objects have a unique scientific value only as long as the
human species exists (e.g. because the pristine Mars is the only (or most likely) place where
one can establish whether or not there was (or even is) non-Earth life on Mars). Because only
humans are able to detect and assess their value (according to our knowledge, we are the only
species able to conduct research and evaluate nature in scientific terms), human survival is a
condition sine qua non of any assignment of value to material objects.

It is worth noting that this is an anthropocentric point of view which connects the
value of the non-human world to human observer. However, we are far from the position
which depreciates any value of the non-human world. Our anthropomorphic approach refers
only to particular types of value, namely scientific and ethical. It is hard to presume that non-
human animals are interested in explanations of the genesis of life on Mars or elsewhere in
space, at least in the same way that humans are. While non-human animals appreciate the
world as their habitat (for its survival/biological value) and possibly possess some aesthetic
biases, they surely do not perceive the world as an object of scientific investigation. Similarly,
non-human animals presumably do not have ethical norms or axiological values (but may
possess certain moral intuitions, for instance ones to do with what is ‘unfair’ (de Waal 2018).
The world possesses survival and aesthetic value without human observers but we are

skeptical as to whether the world possesses scientific and ethical values without humans.
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Another challenge discussed by Gottlieb is possibly more alarming. He points out that
maintaining a colony on Mars would be undertaken by the current generation for the benefit
of future generations. Current generations may not be able to find an incentive to make any
effort for the benefit of people who are not yet born, and who may not be related to them
(Parfit 1984) (at least not from the very long-term perspective which would be required for
realization of such a multi-generational project as space settlement). Jacob Haqg-Muisra rightly
calls this effort, if undertaken, a deep-altruism (Haqg-Misra 2019).

The end value of space science is a controversial concept, in that it presupposes the
existence of human beings able to undertake science and research and be aware of the value
of scientific achievements and discoveries. In a situation of existential risk for humanity,
human survival should take priority over the value of a pristine space environment. Space
science is of high importance as an instrumental value, however. James S. J. Schwartz points
out that it is worth investing in space science as a starting point for future space settlement
(Schwartz 2019). Without space science, no space settlement will be possible.

One specific anti-colonization argument is that there is no economic rationale for the
exploitation of Martian resources (Stoner 2017). While asteroid mining would be less
expensive than a journey to Mars, a mining industry, once established on Mars, may be
economically feasible in the long-term. In a longer perspective, space missions may be fully
automated, and highly advanced intelligent robots may be able to complete the entire mission

without any human intervention (Campa et al. 2019).

The challenge of human enhancement for space travel
The idea of human enhancement for the purposes of living in space is considered here as an
instrumental value. Instrumental value is a value which is assessed more or less in a hierarchy

of values dependent on current or future conditions and contexts. As such, it differs from
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absolute value, end value, intrinsic value and/or value per se. End value is always assessed as
a high or the highest value, independent of particular conditions. There are good reasons to
consider human enhancement for the purposes of living in space — and possibly human
enhancements in general — as an instrumental value but not as an end value. Human
enhancement for the purposes of living in space may be considered as an instrumental value
from the medical and political points of view.

In this section, only one kind of radical human enhancement, gene editing, is
considered. Gene editing includes editing of germline and/or somatic cells. The most
controversial procedure is gene editing of germline cells (Reiss and Straughan 1996), in that
this editing is heritable and thus, for obvious reasons, cannot follow the rule of informed
consent; it is also less reversible.

Medical perspective

Let us assume that current countermeasures applied in space, in mitigation of medical risks,
work more or less effectively at the ISS but — when applied to astronauts travelling to or
living on Mars — are insufficient. The authors of the recent research on the NASA Twins
Study published in Science report two interesting points. First, they point out that “any
biological, biophysical, or pharmacological countermeasures that reduce these risks should be
considered for development and implementation” (Garrett-Bakelman et al. 2019). While they
do not explicitly mention genetic human enhancement and, possibly, were not considering
such a scenario, there are good reasons to consider such when evaluating their next
observation: the authors state that there are no data on radiation exposure during
interplanetary missions longer than one year. However, the hazardous effects of long
exposure to space radiation on Mars could be minimized by living underground and/or in
appropriate shielded structures. While their statement is, in fact, trivial — because no human

astronaut has ever travelled to Mars or indeed spent a couple of months beyond low Earth
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orbit — it shows the limits of current space medicine which does not have knowledge about the
full spectrum of risks or the real impact of the deep-space environment on human health.
Mission planners are liable to be blamed if they decide to send humans to Mars while not
being aware of effective countermeasures. Human enhancement here becomes an obligation
rather than an option: such enhancement is akin to a necessary treatment only if humans are
sent to Mars. When one applies the therapy/enhancement distinction, human enhancement in
space falls into the category of therapy. There are good reasons to consider enhancement in
space as a non-trivial procedure aimed at providing a minimal level of wellbeing in a
hazardous environment. Human enhancement, including gene editing, becomes, in this case,
an instrumental value. The therapy/enhancement distinction is inadequate, however, because
some procedures, including reproductive germline gene editing, do not fall clearly into either
category (Gyngell et al. 2019).

There are good reasons and promising prospects for the future gene-editing of
astronauts. George Church identifies several dozen genes which are responsible for functions
and capabilities which may increase human resistance to hazardous space environments. It
seems that the most useful genes for humans in space include genes responsible for enhancing
bones and bone loss resistance, adaptations for breathing low oxygen atmospheres, decreasing
cancer risk, increasing radiation resistance, improving memory and learning, and decreasing
levels of stress and anxiety (Church n. d.). Assuming that genes responsible for functions and
capacities useful in space will be identified and are open to enhancement, there are strong
moral reasons to invest in clinical trials and then to enhance future astronauts. The main
targets for gene editing in space include radiation resistance and decreasing the risk of cancer.
They can be considered obligatory because of the high risk of cancer and other diseases
caused by high exposure to space radiation. The main argument for genetic modification here

is the highest value of human life and health which should be protected by all available

19
Szocik, K., Norman, Z. & Reiss, M. J. (2019) Ethical challenges in human space missions: A space refuge,
scientific value, and human gene editing for space. Science and Engineering Ethics. DOI: 10.1007/s11948-019-
00131-1



methods. If science and technology make it possible, there are no other equally valid and
strong counter-arguments which would be able to prevent human gene editing aimed at
increasing and improving human health and protecting human life (when criteria of safety and
efficacy are satisfied). Other capacities mentioned above are beneficial but not obligatory,
because higher cognitive performance or stress reduction can be achieved by non-invasive
methods such as drugs, via pharmacological cognitive enhancement, or may not be essential
anyway. However, our current knowledge of genes’ functions is still limited. Genetic
modifications may cause unpredictable on- and off-target hazardous effects. Progress in
genetic sciences is still required to consider seriously (despite many obvious ethical issues) an
opportunity to treat somatic and germline gene editing as feasible options, both for therapy

and enhancement.

Political perspective

Paradoxically, the very politicians in spacefaring countries who argue against human
enhancement may be its main benefactors. Space missions aim to succeed. The success of
human space missions depends on the performance of astronauts. If current risk-mitigation
measures are insufficient or there are strong reasons to assume that they are insufficient,
mission planners, politicians and the public cannot be sure about mission success. If the
weakest part of such a mission is human health and life, rather than the interplanetary
spacecraft or life support system, all the stakeholders involved in space missions should be
interested in human enhancement in space. Human enhancement thus becomes an
instrumental value from a political point of view. It might be objected that the same argument
could be made for coal miners, soldiers, workers exposed to radiation or any other occupation
where humans are vulnerable. Public policy makers have a right to discuss the idea of human

gene editing in regard to such occupations in situations in which other countermeasures do not
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work but people still need to be sent into dangerous environments. However, the issue we are
considering in this paper is at a different scale — namely, whether the whole of humanity
survives or not. Another substantial difference lies in the fact that while astronauts are
exposed all the time to a hazardous space environment, workers on Earth are exposed only

temporarily.

Ethical issues in gene editing for the purposes of living in space,

and other ethical issues in space exploration

While ethicists and other philosophers interested in radical human enhancement have in the
past discussed gene editing only in the abstract, now they have the opportunity to discuss the
first (publicized) case of genetically edited humans. In November 2018, the Chinese
researcher Jiankui He announced that he edited the embryos of two girls who were born in
China (Wang and Yang 2019). His work consisted of editing gene CCR5 which is responsible
for enabling HIV to infect human cells. This experiment in gene editing has been broadly
condemned by both scientists and philosophers. Scientists argue that there is no medical
rationale to justify such a risky intervention. Another criticism lies in the fact that this
experiment — based on poor available data — broke the protocols required for medical and
genetic procedures (Wang and Yang 2019). The ethical critiques explore mostly one resulting
issue: the unpredictable risk for the future development of these baby girls. It is worth
mentioning, however, that in the years before this Chinese experiment, philosophers
interested in such issues mostly discussed the moral right to conduct gene editing focused on
research purposes and disease avoidance (Gyngell 2017; Munsie and Gyngell 2018) rather
than germline gene editing for reproductive purposes. Critiques based on unpredictable risk
are supported by the fact that — as scholars argue (Wang and Yang 2019) — medical treatments

currently in use are sufficient to achieve the results aimed at by gene-editing embryos.
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It is worth considering here two points mentioned above, which may be applied to the
discussion of human enhancement for the purposes of living in space. First, human
enhancement — in this case, gene editing — must be safe for the patient. Secondly, gene editing
should be conducted on future astronauts only when no other solutions are available. It is
worth keeping in mind that one of the potential solutions may be a decision to not send
astronauts to Mars. Such a decision would be possible when the impact of the space
environment is assessed as too hazardous, and no real and reasonable rationale for the
expedition would exist. Progress in space robotics may also work as an argument against
human gene editing for space. The concept of an instrumental value is relevant here: gene
editing should never be treated as an end value or value per se. It should be considered only as
necessary under special conditions. These conditions should be as follows: 1) it should be
proved that the particular method of gene editing to be used is safe for the patient and the
patient’s descendants; 2) it should be proved that the intended outcome can only be achieved
by gene editing; 3) it should be convincingly demonstrated that the intended outcome is such
that it is worth undertaking genetic manipulation in order to realise it. These criteria — safety
and efficacy — are enumerated by the advocates of a new global moratorium on gene editing
of germline cells (Landeret et al. 2019). The distinction is drawn between genetic
enhancement and genetic correction — in ethics known better as the therapy/enhancement
distinction. In the context of space exploration, as argued above, this distinction is not as clear
as it would be on Earth.

Jiankui He broke the rule of informed consent. He did not inform the future parents
that the intended gene editing may decrease immunity against many other diseases, such as
the West Nile virus, and be harmful for health and life (Cyranoski 2018). The work did not
meet criteria of safety and efficacy. The risks, both expected and unexpected, which may be

caused by gene editing of germline cells are the main objections raised by Edward Lanphier
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and colleagues (2015). Julian Savulescu notes that He’s experiment breaks at least four
criteria: safety, necessity, reality and being beneficial (Cyranoski and Ledford 2018). Other
scholars argue that gene editing of germline cells should be considered only when no other
alternatives are available (Dzau et al. 2019).

Once the scientific community is in possession of safe tools for targeted human gene
editing, then ethicists, along with scientists, will be able to examine the moratorium on the
application of gene editing: a kind of risk-benefit analysis. Such an examination should take
into account the rationale for enhancement, particularly the social and political context, the
common good of society, and the time and energy needed to reach a particular target by
standard methods when compared to gene editing.

One of the main arguments discussed against human enhancement technologies is the
risk of distributive injustice. The argument builds from the premise that the technology will be
available (at least in its early stages — like mobile phones) only for the richest, who already
possess material advantages over the rest of the population. However — in some sense
counterintuitively — human gene editing, like good schooling or a free health service, may
reduce the extent of inequality and accompanying injustice. Christopher Gyngell and
colleagues note that heritable genome editing can, at least in principle, offer a chance for
people who are genetically predisposed to lower intellectual development, by altering this
genetic predisposition (Gyngell et al. 2019). While the authors treat this application of gene
editing as an example of enhancement, there are good reasons to treat it in terms of genetic
correction. The main argument for treating it as an enhancement is that there is no clear
minimally-acceptable standard of human intelligence, such that all intelligence levels falling
below this standard would be identified as pathological. There is a diversity in human
intelligence which is widely acceptable. Under some particular conditions, however, we could

argue that there is some minimal required level of human intelligence, such that people
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possessing lower levels of intelligence would be good candidates for genetic correction — after
all, we have manipulated children’s diets to correct for phenylketonuria for many decades. It
can be argued that many of those of lower intelligence than average have distinctive abilities
and qualities to contribute to humanity and should be left untreated. Gyngell and colleagues
conclude that gene editing of germline cells in some cases is not only morally permissible but
even morally required, albeit only after all downside effects are thoroughly understood, since
they may be irreversible. The case of enhanced intelligence shows that enhancement
procedures may play a therapeutic role, and it is hard to find strong objections against at least
some kinds of enhancements.

There are good reasons to assume that human enhancement may be necessary for
human interplanetary missions; some such enhancement may be radical and substantial,
challenging ethical standards applied in other contexts. There might be a strong argument in
favour of radical enhancement if it could reduce the risks of high exposure to space radiation
and reduced gravity (Abadie et al. 2015; NASA 2014, 2018; Simonsen and Zeitlin 2017;
Zeitlin et al. 2013).

However, it is worth keeping in mind that ethical issues are inevitable in both human
and un-crewed mission scenarios. First, the value of human life should be discussed once
again. Space ethicists and other space philosophers in collaboration with mission planners
should address concerns such as the value of individual life compared with mission success.
For instance, should a mission be cancelled — taking into account invested costs, time and
energy and putative benefits — when at least one human life is threatened? Other issues
include bioethical issues at the beginning and end of life, and the general issue of the ethics of
space settlement.

Secondly, new problems will arise when a settlement on Mars becomes a self-

sustainable base in which humans reproduce. Ethical concerns will relate to sexual and social
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engineering, a rigorous selection of ‘The Right Stuff>> for future Martian offspring, and other
restrictions connected with human sexuality in the severe environment. It is worth considering
a scenario in which parents of future children born on Mars will have an opportunity — or even
an obligation — to edit germline cells of their future offspring following various criteria.

Thirdly, space ethicists and mission planners should consider to what — if any — extent
human astronauts may be modified. Do mission planners have a moral responsibility if a
deep-space environment is too hazardous for humans, or even a legal responsibility if an
appropriate legal code is valid in a particular space-faring country? Should a failure to adopt
enhancement procedures, which might have preserved an astronaut’s health status, be a legal
responsibility of mission planners? The ethical issue arises as to the extent to which mission
planners would be responsible for the fact that no enhancements such as gene editing were
applied. This topic gets more complicated when one takes into account the social and legal
context in which radical enhancements might be prohibited — both in regards to Earth and
space as well. While we should not blame mission planners for the non-implementation of
human enhancement in situations in which gene editing is prohibited in space-faring
countries, it would still be necessary to consider their responsibility for a decision to send
humans instead of robots to deep space. We strongly advocate for much needed discussions
on these topics. Politics and public policy are intimately connected to ethics, and a mission to
Mars offers an opportunity to explore human moral intuitions, flexibility of ethical rules, and
their relation to political targets.

We still do not know exactly what kind of medical and psychological effects
astronauts will experience in the inhospitable Martian environment of mixed reduced gravity

and microgravity, and space radiation. Space scientists have access to medical data from long-

5T. Wolfe. (1979). The Right Stuff, Farrar, Straus and Giroux. This is a well-researched book involving
hundreds of interviews with astronauts and detailing NASA procedures for astronaut selection. Subsequently
(1983), it was popularised in the film of the same name.
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duration space station missions, including the longest in history, the 437-day space mission of
Valeri Polyakov at the Mir space station in 1994/1995, and the one-year 1SS mission of Scott
Kelly and Mikhail Kornienko in 2015/2016 (Garrett-Bakelman et al. 2019). However, such
missions do not offer a full analogy with a human mission to Mars for a number of reasons.
First, Polyakov’s mission was still substantially shorter than a three-year Mars mission.
Secondly, astronauts who return to Earth from the ISS have access to full medical care, in
contrast to astronauts who will be landing on Mars. Thirdly, we are not able to predict the
impact of a long-term mission to Mars on human health. Because the missions were in low
Earth orbit, not beyond, there may be additional radiation impacts associated with a mission
to Mars. These and other reasons create a specific ethical and political situation in which
mission planners will be not be able fully to assess human physical and psychological health
and behavior needs before launching a first human mission to Mars. This is a specific ethical
situation of decision making under conditions of uncertainty. There are a couple of ethical
rules which should be considered as protocols for space policy and public policy makers. One
of them — let us call it the rule of a normative uncertainty — states that if there are some
reasons to cancel a particular activity which can harm human health or life, such an activity
should be cancelled. Because of uncertainty and expected hazardous factors in space, there are
strong reasons at present to postpone human deep-space mission programs [a reasonable
alternative seems to be waiting for progress in space robotics (Szocik and Tachibana in
press)] or, if they are to take place, to consider the need for radical human enhancement. A
decision to send astronauts to Mars in a situation in which they are exposed to high doses of
space radiation, and when current countermeasures may be insufficient, may be unethical

even if there are strong political reasons to launch a human mission.
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Conclusions

In this article, we have examined a number of ethical challenges thrown up by the possibility
of human space missions: the utility of a space refuge, the value of scientific exploration of
space, and the possible need for human enhancement for life in space. The first two have
received considerable attention from space philosophers; accordingly, it is worth focusing
more on the third issue. There is an increasing tendency to apply technology and medicine for
purposes other than medical treatment. While current debates about the ethics of human
genetic enhancement are still somewhat theoretical — apart from the recently reported case of
the genetically-enhanced Chinese girls —a human mission to Mars offers a real-life space in
which human enhancement can be considered as a reasonable option. The concept of human
enhancement in space goes beyond the therapy-enhancement distinction customarily
discussed in ethics today. While substantial genetic enhancement carried out on Earth for the
purposes of those who will live their lives on Earth seems to be more of a choice than a
medical necessity — though some ethicists such as Julian Savulescu argue that gene editing
aimed at removing diseases from the population is a moral duty — there are good reasons to
believe that the substantial enhancement of future Mars astronauts might be necessary to
increase their chances of survival. In addition, human enhancement becomes, here, an
instrumental value under specific conditions, from a political point of view — that is, if one
assumes that mission success requires high-performing astronauts, and that their performance
requires enhancement. While there are good reasons — mostly medical and political — to
consider human enhancement in space, and enhancement in general, as an instrumental value,

there are still good reasons to argue against treating human enhancement as an end value.
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